
International Conference of the 
German Society for Plant Sciences

2022  Bonn
28 August–01 september

Botanik-tagung

© M.studio  l  37455251 / travelview  l  252235260  l  stock.adobe

Plant Sciences for a Sustainable Future

Programme





3

TABLE OF CONTENTS

Welcome addresses  ............................................................................................................................................................... 4

Organisation and imprint ....................................................................................................................................................... 5

General information  .............................................................................................................................................................. 6

Social and cultural programme  ............................................................................................................................................. 8

General hints for authors and presenters ............................................................................................................................. 9

Sponsors and exhibitors  ........................................................................................................................................................ 10

Programme overview  ............................................................................................................................................................ 12

Scientific programme
 Sunday, 28 August  ..........................................................................................................................................  16
 Monday, 29 August  ......................................................................................................................................... 16
 Tuesday, 30 August  ......................................................................................................................................... 20
 Wednesday, 31 August  ...................................................................................................................................  24
 Thursday, 01 September  ................................................................................................................................  28
 
Poster session I   ..................................................................................................................................................................... 31

Poster session II  ..................................................................................................................................................................... 41

Table of content  I  abstract book  ........................................................................................................................................  51

Abstracts  ............................................................................................................................................................................... 52

Index of presenting authors, invited speakers and chairs  .................................................................................................... 264



4

WELCOME ADDRESS FROM THE CONFERENCE CHAIR OF THE BOTANIK-TAGUNG 2022

Dear colleagues and friends,

We are back! Delayed by one year, we are now able to organize and run the next International Conference of the German Society 
for Plant Sciences (Botanik-Tagung 2022) as an in-person conference. On behalf of the German Society for Plant Sciences, I would 
like to invite you to Bonn for a lively exchange on the latest discoveries in plant sciences.

For more than 200 years, plant research has been a key research area at the University of Bonn, both at the basic level and as 
an applied science in agriculture. Plant research in Bonn is connected with names like Julius von Sachs, Wilhelm Pfeffer, Robert 
Caspary and of course Eduard Strasburger, who all worked in Bonn and set footprints that we still see today. Drawing on the 
spirit of translational research that has been established in Bonn for two centuries, the organizing committee put together a 
conference program that emphasizes the importance of Plant Sciences for a Sustainable Future in 8 plenary talks, 21 symposia 
and a number of workshops. Together with my colleagues, I would be thrilled if you take the opportunity to participate in this 
in-person meeting and actively engage in presenting and discussing current work and ideas in Bonn.

The City of Bonn welcomes you at the birthplace of Ludwig van Beethoven on the Rhine, a city with plenty of history and today 
a forward-looking, colorful and charming international location. See for yourself what variety is offered to you here both in sci-
ence and beyond!

Prof. Dr. Andreas Meyer
Conference chair

 WELCOME ADDRESS OF THE pRESIDENT GERMAN BOTANICAL SOCIETy (DBG)

Dear participants and colleagues,

on behalf of the Deutsche Botanische Gesellschaft (German Society for Plant Sciences, DBG) it is my pleasure to welcome you 
to the Botanik-Tagung 2022, our biennial international conference. It is a particular pleasure to see you all in person after a such 
a long break and a long time of mostly online meetings. Our conference is under the motto of “Plant Sciences for a Sustainable 
Future” – indeed a timely topic that highlights the outstanding importance of plants and plant sciences in addressing the major 
challenges of the 21st century.
 
My thanks go to the organising team from Bonn who assembled a highly interesting programme. We acknowledge the long and 
successful history of plant sciences in Bonn with a series of named plenary lectures. You as early-career scientist or leading expert 
from a wide range of disciplines in plant biology have followed the invitation of our colleagues and are going to present talks or 
posters, discuss your recent results, search for new insight or cooperation, and build your network.
 
I am convinced that the scientific and accompanying programme provide the rich setting for an inspiring time. I wish you a splendid 
experience, a scientifically successful meeting and an enjoyable stay in Bonn.

Kind regards

Prof. Dr. Andreas P. M. Weber 
President of the German Botanical Society
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ORGANISATION AND IMpRINT

Venue   Date
Main building of the University of Bonn   28 August–01 September
Regina-Pacis-Weg 3 (entrance from the back side/Hofgarten)
or
Am Hof 1 (main entrance from city centre – direct way to the check-in)
53113 Bonn, Germany

Scientific organiser
Prof. Dr. Andreas Meyer, University of Bonn

Scientific committee Bonn
Prof. Dr. Andreas Meyer
Prof. Dr. Gabriel Schaaf 
Prof. Dr. Armin Djamei 
Prof. Dr. Peter Dörmann 
PD Dr. Rochus B. Franke 
Prof. Dr. Frank Hochholdinger 
Prof. Dr. Claudia Knief 
Prof. Dr. Volker Knoop 
Prof. Dr. Annaliese Mason 
Prof. Dr. Veronica Maurino
Prof. Dr. Ute C. Vothknecht

Conference organisation
Conventus Congressmanagement & Marketing GmbH
Anja Kreutzmann Julian Unger
Phone +49 3641 31 16-357 Phone +49 3641 31 16-330
anja.keutzmann@conventus.de julian.unger@conventus.de
Carl-Pulfrich-Straße 1, 07745 Jena, Germany
www.conventus.de

Design/Layout
Satz/Layout Conventus Congressmanagemnet und Marketing GmbH
Print siblog – Gesellschaft für Dialogmarketing, Fulfillment & Lettershop mbH
Circulation 600
Editorial deadline 31 July 2022
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GENERAL INFORMATION

 Registration fees
DBG member 380 EUR
Non-member 470 EUR
Student (DGB member) 210 EUR
Student (Non-member) 260 EUR
MSc students Univ. Bonn 20 EUR
Industry 560 EUR
Day ticket 160 EUR

Workshop 29 August, 15.30–17.30
W1 – Twittern für Einsteiger – mit wenig Worten punkten 20 EUR – Student / PhD                        
 30 EUR – Postdoc

W2 – Reproducibility for Plant Biologists 15 EUR

Workshop 30 August, 15.30–17.30
W3 – Mit 5 Tricks effizienter und schneller Schreiben 20 EUR – Student / PhD
 30 EUR – Postdoc

W4 – Mental stark und gut gelaunt durch die Promotion 15 EUR

Workshop 31 August, 15.30–17.30
W5 – Funding and career development in science  free of charge

Social programme
Welcome reception accompanying person (28 August) 15 EUR
Conference dinner – regular (31 August) 50 EUR
Conference dinner – students (31 August) 30 EUR

Excursions 01 September
E1 – Botanic Gardens of the University of Bonn free of charge
E2 –  City tour Bonn – Roman foundation, Baroque residence and Beethoven city 8 EUR
E3 –  Phenotyping and Bioeconomy at the IBG-2, Forschungszentrum Jülich 5 EUR
E4 –  PhenoRob – Robotics and Phenotyping for Sustainable Crop Production, Campus Klein-Altendorf  5 EUR

GTC

 General terms and conditions
Please find our General Terms and Conditions at www.botanik-tagung.de.

 Registration
The registration desk/check-in is in the basement of the University main building – please follow the on-site signs. You 
will be provided with your name badge, the pocket planner, the vouchers for lunch at the Mensa and all other useful 
information. Please visit the check-in before attending the lectures.  

 Opening hours check-in
Sunday, 28 August 16.00–18.30 
Monday, 29 August 07.30–18.00
Tuesday, 30 August 08.00–18.00
Wednesday, 31 August 08.00–18.00
Thursday, 01 September 08.00–12.30

 WIFI access
Wireless-Lan access codes will be handed out with your conference material at the check-in.

 Certificate of attendance 
Certificates of attendance will be available on request on your last conference day at the check-in desk.
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GENERAL INFORMATION

 DBG poster prize
The German Botanical Society will offer 10 prizes for the best posters. The awarded authors will get 
140 EUR each, this is the actual age of the society in Euro. 

 poster session 
The session for the posters with poster numbers P-1 to P-159 is taking place on Monday, 29 August, 17.30–19.00. 
The poster session for poster numbers higher than P-159 is taking place on Tuesday, 30 August, 17.30–19.00. Authors 
are requested to be present at their posters during the poster session. Snacks and beverages will be provided during 
poster session.

Please note that the posters of the first poster session should be hanging on Monday, 29 August, by 11.00 and be 
removed at the latest by Tuesday, 30 August, 10.30. Posters of the second poster session should be hanging on Tues-
day, 30 August, by 13.30 and be removed at the latest by Thursday, 1 September, 10.30. Posters that have not been 
removed by that time will be considered as waste.

The pinboards will be numbered and should be used only with the designated pins. You will find your poster number 
in the programme book.
All posters will also be available as ePoster in a digital format throughout the whole conference in lecture hall HS 13.

 Catering
During coffee breaks drinks and small snacks will be provided in the “Aula” (assembly hall), 1st floor, where the indus-
trial exhibition and the posters are situated. Lunch will be offered in the “Mensa am Hofgarten” at the back entrance 
of the University main building. Lunch packages will be provided for members attending the DBG General Assembly 
on 31 August. 
Vouchers will be provided for registered participants together with the conference material (in your name badge bag). 
Please note: in case of losing the voucher we are not able to hand out a replacement.

 Smoking
Smoking is prohibited inside the entire conference area.

 Taxi
Taxi Zentrale Bonn  I  +49 228 555 555 

 public transport
After arriving in Bonn Central Train Station, follow the signs to the bus station (“Busbahnhof”).
Walk through the bus station. The main entrance of the University main building and the Arkadenhof are accessed 
from “Am Hof”. Further entrances are located in Regina-Pacis-Weg in the Hofgarten (accessible via Kaiserplatz).
Bus stops: “Bonn Hauptbahnhof” and “Markt”. For more information please have a look at www.swb-busundbahn.de.

 parking
Parkhaus Unigarage Marktgarage
Regina-Pacis-Weg 3, 53113 Bonn Stockenstraße 3, 53113 Bonn
Distance to venue: directly at the venue Distance to venue: 140 m/2 min

More information as well as an interactive routing planner can be found on the conference website.
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SOCIAL AND CULTURAL pROGRAMME

Welcome reception  I  Sunday, 28 August 
Come together at the Botanic Gardens and enjoy the evening with colleagues, old friends 
and new acquaintances. Experience the Palace Garden with old trees, glasshouses with 
exotic plants from all over the world and explore the summer kitchen garden with herbs 
and scents. 

Start/admission 18.00 (end 22.00)
Venue Botanic Gardens  I  Meckenheimer Allee 171
 53115 Bonn, Germany
Fee included in the conference fee 
 Accompanying person: 15 EUR

Conference dinner*  I  Wednesday, 31 August 
We are pleased to invite you to our conference dinner on 31 August. Take the chance to meet 
your colleagues and friends and enjoy a pleasant evening at the vessel “Rheinprinzessin”.

Start/departure 19.30
Venue Vessel „Rheinprinzessin“
 Beethovenhalle/Brassertufer, Bonn, Germany
Fee* Regular: 50 EUR
 Students: 30 EUR
 Accompanying person: 50 EUR

*Due to limited number of places, registration is required. 

Excursions  I  Thursday, 01 September
The excursions will give you an insight into the most beautiful and scientificly interesting corners of the region. Get to know Bonn 
and the Rhineland better. Visit research institutes or take city walk with us to get to know the area. The registration is required 
and possible online.

You have the following options:
E1 – Botanic Gardens of the University of Bonn (14.30–16.30)
E2 – City tour Bonn – Roman foundation, Baroque residence and Beethoven city (14.30–16.30)
E3 – Phenotyping and Bioeconomy at the IBG-2, Forschungszentrum Jülich (14.30–18.30)
E4 – PhenoRob – Robotics and Phenotyping for Sustainable Crop Production, Campus Klein-Altendorf (14.30–17.30)

Start   14.30
Venue (departure) Main building of the University of Bonn
  Entrance from the back side/Hofgarten
Fee  E1 – free of charge
 E2 – 8 EUR
 E3 – 5 EUR
 E4 – 5 EUR

© 135683290  l  Rawpixel.com  l  Fotolia

© gameboyfoto l 98412788 l AdobeStock



9

GENERAL HINTS FOR AUTHORS AND pRESENTERS

Submitting your presentation/technical information
Please prepare your presentation either in MS PowerPoint, Open Office or as a PDF file with the 16:9 widescreen format. A 
presentation notebook with a PDF reader and MS Office Power-Point will be provided. Notebook, presenter and laser pointer 
will be available at the speaker’s podium in the lecture hall. The use of Macintosh formats as well as the use of a personal laptop 
for presenting your lecture is possible upon agreement. However, it may interrupt the flow of the programme in the lecture hall. 
A technical supervisor will assist you. For video and audio files, please provide AVI, WMV and MPG files only as a separate file.

To guarantee a smooth running programme please upload your presentation on time – at least two hours before the start of 
the session.

For submission, please use a USB flash drive that is not protected by any software. Professional staff and equipment will be 
available for you to arrange and preview your presentation.

Please note: certain encodings for video and audio files could lead to technical problems.

Time allotment
Please prepare your presentation for the allotted amount of time. Chairs and moderators may interrupt should you overrun your 
time limit. 

Allotted time is assigned as follows:
Invited talks of symposia 25 minutes + 5 minutes discussion or 37 minutes + 8 minutes discussion 
Short talks of symposia 12 minutes + 3 minutes discussion or 8 minutes + 2 minutes discussion
Plenary talks  50 minutes + 10 minutes discussion

As a full-service PCO, we provide you with 
intelligent and innovative solutions in an advisory 
and implementing manner.

©
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SPONSORS AND EXHIBITORS 

We thank the following companies for their friendly support:

Main sponsors
Aralab  

DH Licht GmbH  

Poly klima GmbH  

Sponsor of conference bags
Agrisera AB

Exhibitors Booth number

Aralab 1

CLF PlantClimatics GmbH  13

DH Licht GmbH 2

Eurofins Genomics Germany GmbH  6

Heinz Walz GmbH  10

KEYENCE DEUTSCHLAND GmbH 11

LI-COR Biosciences GmbH 8

New England BioLabs GmbH  14

Nippon Genetics Europe GmbH  7

poly klima GmbH  3

Proteintech Germany  5

PSI (Photon Systems Instruments), spol. s.r.o.  4

Schweizerbart/Borntraeger Science Publishers 9

Springer Spektrum/Springer-Verlag GmbH 12

Media cooperations
John Wiley & Sons Limited
Plant Journal 
Plant Biology

MDPI AG
Plants
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SPONSORS AND EXHIBITORS 

Scientific sponsor
We thank the German Research Foundation for their  
friendly support of our international speakers.

We thank the Exzellenzcluster PhenoRob for their friendly support of Symposium 
S21 – Dynamics of Structural and Functional Plant Traits by non-invasive Phenotyping:

We thank the German Society of Plant Nutrition e.V. for their friendly support of Symposium  
S12 – Molecular Mechanisms of Plant Nutrition:

State at printing

1

2

3 4 5 6 7 8

14 13 12 11 10 9

EXHIBITION PLAN
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pROGRAMME OVERVIEW

HS 10 HS 9 HS 8 Festsaal Senatssaal HS 10 HS 9 HS 8 Festsaal

08.30–09.00 08.30–10.00
Welcome pL 3 

pfeffer 
Lecture &  
pfeffer prize

09.00–10.30
pL 1 
Strasburger 
Lecture & 
Strasburger 
prize

S. 20

S. 16
10.30–12.30 10.30–12.30 10.30–12.30
S 7 
Specialized 
Metabolism

S 9 
Synthetic
Biology and
Biotechnology

S 8 
Algae in a 
Changing 
World

11.00–13.00 11.00–13.00 11.00–13.00
S 2
Development

S 1 
Cell 
Communi-
cation ac-
ross Short 
and Long 
Distances

S 3 
Integrative 
and 
Multiscale 
Modelling S. 20 S. 21 S. 20

S. 17 S. 16 S. 17

14.00–15.00 14.00–15.00
pL 2 
Schimper 
Lecture

pL 4 
Von Sachs 
Lecture

S. 18 S. 21

15.30–17.30 15.30–17.30 15.30–17.30 15.30–17.30 15.30–17.30 15.30–17.30 15.30–17.30 15.30–17.30 15.30–17.30
S 4 
primary 
Metabolism

S 5 
Root Biology

S 6 
Topics on the 
Rise: 
Miscellaneous

WS 1 
Twittern für 
Einsteiger: 
mit weni-
gen Worten 
punkten 

WS 2
Reproduci-
bility for 
plant 
Biologists

S 12 
Molecular 
Mechanisms 
of plant 
Nutrition

S 11 
plant RNA 
Biology

S 10
plants and
Human
Health

WS 3 
Mit 5 Tricks 
effizienter 
und schneller 
schreiben

S. 18 S. 18 S. 19 S. 19 S. 19 S. 23 S. 22 S. 22 S. 23
17.30–19.00 17.30–19.00

poster Session I poster Session II

S. 31 S. 41
19.00–20.00 19.00–20.00 19.00–20.00 19.00–20.00 19.00–20.00
public 
Lecture

Meeting DBG 
Section plant 
physiology 
and 
Molecular 
Biology

Meeting 
DBG Section 
Biodiversity 
and 
Evolutionary 
Biology

Meeting 
DBG Section 
phycology

Meeting 
DBG Section 
Applied 
Botany

S. 19 S. 23 S. 23 S. 23 S. 23

MONDAy, 29 AUGUST TUESDAy, 30 AUGUST
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pROGRAMME OVERVIEW

Senatssaal HS 13 HS 10 HS 9 HS 8 Festsaal Rheinprinzessin

08.30–10.00
pL 5 
Nees Lecture 
&  
Wiehe prize

S. 24

10.30–12.30 10.30–12.30 10.30–12.30
S 13 
Evolution of 
Reproductive 
Systems

S 15 
Reactive 
Species 
in plant 
Development

S 14
Applied
Botany for
Sustainability

S. 24 S. 25 S. 25

12.45–14.45
DBG General 
Assembly

S. 26

15.30–17.30 15.30–17.30 15.30–17.30 15.30–17.30 15.30–17.30
WS 4 
Mental 
stark und 
gut gelaunt 
durch die 
promotion

S 16 
(R)evolution 
in Time and 
Space

S 18
Lipids and
Membranes

S 17 
plants and 
their 
Microbiomes: 
Beneficial 
Interactions

WS 5 
Workshop
Funding 
and career 
development 
in science

S. 23 S. 26 S. 27 S. 26 S. 27
17.30–19.00 17.30–18.30

poster Session II

pL 6 – Schacht 
Lecture

S. 27

S. 41
19.00–20.00 19.00–20.00
Meeting 
DBG Section 
Natural 
products

Meeting DBG 
Section for 
Interactions

19.30–22.00
Conference 
Dinner

S. 8

S. 23 S. 23

TUESDAy, 30 AUGUST WEDNESDAy, 31 AUGUST
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pROGRAMME OVERVIEW

HS 10 HS 9 HS 8 Excursions

08.30–10.00
PL 7 
Körnicke 
Lecture &  
poster Awards 

S. 28

10.30–12.30 10.30–12.30 10.30–12.30
S 20
Immunity and
Biotrophy

S 19
Secretory
pathway and the
Apoplast

S 21 
Dynamics of 
Structural and 
Functonal
plant Traits by 
Non-Invasive 
phenotyping 

S. 28 S. 28 S. 29

13.15–14.30
pL 8 
Caspary 
Lecture &  
Farewell

S. 29
14.30–18.00
Excursions

S. 8

plenary Lecture
Scientific Lecture

Workshop
poster Session

Social programme

THURSDAy, 1 SEpTEMBER
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FLOOR PLAN 

st1 floor
 

Ground floor

Entry ´Hofgarten´

Entry ´Schloßkirche´

Entry ´Am Hof´

Wardrobe

Arkadenhof

HS 10

Aula

HS 13

HS 9 HS 8 Senats-
saal

Fest-
saal

Arkadenhof Lichthof

Mensa
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SCIENTIFIC pROGRAMME  I  SUNDAy, 28 AUGUST

15.00–16.00 Board meeting
Room PALAZZO (Meckenheimer Allee 172)

18.00–22.00 Welcome reception
Room Botanic Gardens

  SCIENTIFIC pROGRAMME  I  MONDAy, 29 AUGUST

08.30–09.00 Welcome
Room HS 10
Chair Andreas J. Meyer (Bonn/DE)

09.00–10.30 pL 1 – Strasburger lecture & Strasburger prize
Room HS 10
Chair Ute C. Vothknecht (Bonn/DE)

09.00 Making a flat leaf – pre-patterning, morphogenic small RNAs, and turing reactions  
O-PL-001 Marja Timmermans (Tübingen/DE)

10.00 Strasburger prize

11.00–13.00 S 1 – Cell communication across short and long distances
Room HS 9
Chair Ute C. Vothknecht (Bonn/DE), Stefanie J. Müller-Schüssele (Kaiserslautern/DE)

11.00 Deciphering cell wall signalling-mediated control of plant cell identity
O-S1-001 Sebastian Wolf (Heidelberg & Tübingen/DE)

11.30 The evolution of plasmodesmata
O-S1-002 Linus Wegner (Gießen/DE)

11.45 pH regulation in the Trans-Golgi Network\Early Endosome through ion transporters and in response to 
O-S1-003 abiotic stress
 Stefanie Wege (Bonn/DE)

12.00 Impact of a vacuolar homeostat on Ca2+-signaling in plant cells
O-S1-004 Rob Roelfsema (Würzburg/DE)

12.15 Chloroplast ion transport and its function in organelle development and stress signaling
O-S1-005  Hans-Henning Kunz (Planegg-Martinsried/DE)

12.30  The role of jasmonates in the cold response of Arabidopsis thaliana and Solanum tuberosum
O-S1-006  Andras Bittner (Bonn/DE)

12.45 Stress-induced calcium signals in the crop species barley
O-S1-007 Bastian Meier (Halle an der Saale/DE)
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SCIENTIFIC pROGRAMME  I  MONDAy, 29 AUGUST

11.00–13.00 S 2 – Development
Room HS 10
Chair Frank Hochholdinger (Bonn/DE), Karina van der Linde (Regensburg/DE)

11.00 Haploidy, diploidy, triploidy and the beautiful consequences of being different
O-S2-001 Rita Groß-Hardt (Bremen/DE)

11.30 Mechanical stress underlies embryo maturation in Brassica napus
O-S2-002 Hardy Rolletschek (Seeland OT Gatersleben/DE)

11.45 Identification and characterisation of downstream components of the DOG1-PP2C module
O-S2-003 Thorben Krüger (Münster/DE)

12.00 Cryptochrome-mediated inhibition of the COP1/SPA ubiquitin ligase during light-regulated Arabidopsis 
O-S2-004 development
 Ute Hoecker (Cologne/DE)

12.15 ABRX defines a novel polarity domain in stomatal development
O-S2-005 Eva-Sophie Wallner (Vienna/AT)

12.30 Cytokinin as a regulator of flowering time
O-S2-006 Isabel Bartrina (Graz/AT)

12.45 Stamen galore – occurrence and regulation of stamen-producing ring meristems
O-S2-007 Doudou Kong (Gießen/DE)

11.00–13.00 S 3 – Integrative and multiscale modelling
Room HS 8
Chair Nadine Töpfer (Cologne/DE), Tsu-Wei Chen (Berlin/DE)

11.00 Reconstructing and leveraging plant metabolic models for improving agronomic traits
O-S3-001 Costas D. Maranas (University Park, PA/US)

11.45 Integrating cellular acclimation processes into crop models to understand climate change impact on global 
O-S2-004 crop productivity
 Tsu-Wei Chen (Berlin/DE)

12.00 Photorespiration – a metabolic trade-off between carbon assimilation and metabolic stabilization
O-S3-003 Jakob Hernandez (Planegg-Martinsried/DE)

12.15 Predictive power of regulatory network analyses in Brassica napus
O-S3-004 Bart Verwaaijen (Bielefeld/DE)

12.30 A multi-omics perspective on Arabidopsis drought response – discovering novel regulators with a machine 
O-S3-005 learning based gene-to-phene approach
 Dennis Psaroudakis (Seeland OT Gatersleben/DE)

12.45 Suitability of spectral reflectance based vegetation indices and sun-induced chlorophyll fluorescence to 
O-S3-006 monitor the spring recovery of photosynthesis in a mixed boreal forest
 Laura Junker-Frohn (Jülich/DE)
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SCIENTIFIC pROGRAMME  I  MONDAy, 29 AUGUST

14.00–15.00 pL 2 – Schimper lecture
Room HS 10
Chair Volker Knoop (Bonn/DE)

14.00 Regulation of the proton motive force in chloroplasts
O-PL-002 Matthew Johnson (Sheffield/GB)

15.30–17.30 S 4 – primary metabolism 
Room HS 10
Chair Andreas P. M. Weber, Urte Schlüter (Düsseldorf/DE)

15.30 Exploring the dynamics of subcellular energy metabolism in living plants
O-S4-001 Markus Schwarzländer (Münster/DE)

16.00 Quantifying temperature-induced dynamics of plant carbohydrate metabolism
O-S4-002 Charlotte Seydel (Munich/DE)

16.15 Sugar concentration and phloem loading in tall European beech (Fagus sylvatica) and Common oak 
O-S4-003 (Quercus robur)
 Wiebke Miehe (Wuppertal/DE)

16.30 Efficient glutaredoxin S15-mediated [2Fe-2S] transfer is essential for activity of mitochondrial lipoyl synthase
O-S4-004 Luca Pedroletti (Bonn/DE)

16.45 Challenges and chances of using proteins as major seed storage compounds – a quantitative perspective
O-S4-005 Tatjana Hildebrandt (Hannover/DE)

17.00 Chloroplast nucleotide homeostasis and interplay with photosynthesis during acclimation
O-S4-006 Vanessa Scherer (Kaiserslautern/DE)

17.15 DUF3411 defines a new class of plastidial amino acid transport proteins
O-S4-007 Franziska Kuhnert (Düsseldorf/DE)

15.30–17.30 S 5 – Root biology
Room HS 9
Chair Rochus Benni Franke (Bonn/DE), Tonni Grube Andersen (Cologne/DE)

15.30 The making of a root barrier – the periderm
O-S5-001 Laura Ragni (Tübingen/DE)

16.00 Tissue and cell-type specific responses of roots to cold stress in European Flint maize
O-S5-002 Yaping Zhou (Bonn/DE)

16.15 A micro RNA mediates shoot control of root organ formation
O-S5-003 Moritz Sexauer (Tübingen/DE)

16.30 Plant growth regulation – integration of stress responses on the subcellular level
O-S5-004 David Scheuring (Kaiserslautern/DE)

16.45 OsJACKDAW regulates root tissue patterning and plant-microbe interaction in rice
O-S5-005 Gwendolyn K. Kirschner (Thuwal/SA)
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SCIENTIFIC pROGRAMME  I  MONDAy, 29 AUGUST

17.00 Deciphering Lotus japonicus responses to rhizobial infection at the single-cell level
O-S5-006 Manuel Frank (Aarhus C/DK)

17.15 Molecular mechanisms underlying a host-independent initiation of haustorium development in the root 
O-S5-007 parasitic plant Phelipanche ramosa
 Guillaume Brun (Berlin/DE)

15.30–17.30 S 6 – Topics on the rise – miscellaneous
Room HS 8
Chair Annaliese Mason (Bonn/DE), Angela Hay (Cologne/DE)

15.30 Marchantia polymorpha var. boga as a liverwort model
O-S6-001 Wiebke Halpape (Bielefeld/DE)

15.45 Widespread processing of plant receptor-like kinases and receptor-like proteins
O-S6-002 Mariana Schuster (Oxford/GB)

16.00 Unraveling the mechanisms of C3-C4 intermediate photosynthesis in the Brassicaceae family
O-S6-003 Sebastian Triesch (Düsseldorf/DE)

16.15 GDSL-motif containing proteins in stomatal development
O-S6-004 Christopher Grefen (Bochum/DE)

16.30 Comparative genomics – inferring the stress-relevant proteome of land plants and its closest algal relatives
O-S6-005 Amra Dhabalia Ashok (Göttingen/DE)

16.45 Ancient biogeography drives sunda-sahul floristic exchange dynamics in sapindales
O-S6-006 Elizabeth M. Joyce (Munich/DE)

17.00 Broadening the impact of MRI in experimental and applied botany
O-S6-007 Ljudmilla Borisjuk (Seeland OT Gatersleben/DE)

17.15 Remember the rain – unravelling the mechanism of flooding stress memory in plants
O-S6-008 Sjon Hartman (Freiburg/DE)

15.30–17.30 Workshop – WS 1 – Twittern für Einsteiger – mit wenigen Worten punkten 
Room  Festsaal
Chair Esther Schwarz-Weig (Mistelgau/DE)

15.30–17.30 Workshop – WS 2 – Reproducibility for plant biologists
Room  Senatssaal
Chair Susann Auer (Dresden/DE)

17.30–19.00 poster session I – p-001–p-159
Room  Aula

19.00–20.00  public lecture
Room  HS 10
Chair  Andreas J. Meyer (Bonn/DE)

19:00 Nachhaltige Welternährung und die Rolle der Pflanzenzüchtung
O-PL-003 Matin Qaim (Bonn/DE)
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08.30–10.00 pL 3 – pfeffer lecture & pfeffer prize
Room HS 10
Chair Veronica G. Maurino (Bonn/DE)

08.30 Finding drugs in the garden – harnessing plant metabolic diversity
O-PL-004 Anne Osbourn (Norwich/GB)

09.30 Pfeffer prize

10.30–12.30 S 7 – Specialized metabolism
Room HS 10
Chair Ute Wittstock (Braunschweig/DE), Dietrich Ober (Kiel/DE)

10.30 Sense of smell – plant volatile emission, perception and beyond
O-S7-001 Natalia Dudareva (West Lafayette, IN/US)

11.00 Formation, exudation and microbiome interaction of biphenyl and dibenzofuran phytoalexins of roots of the 
O-S7-002 apple rootstock M26 grown in apple replant disease soil
 Belnaser Busnena (Braunschweig/DE)

11.15 Natural rubber reduces herbivory and alters the microbiome below ground
O-S7-003 Laura Böttner (Münster/DE)

11.30 Indolic glucosinolates are a source of auxin in drought-stressed Arabidopsis thaliana plants
O-S7-004 Johann Hornbacher (Hannover/DE)

11.45 Evolutionary blocks to anthocyanin accumulation and the loss of an anthocyanin carrier protein in betalain-
O-S7-005 pigmented Caryophyllales
 Boas Pucker (Braunschweig/DE)

12.00 Temporal variations in patterns of anthocyanin accumulation and scent volatiles emission in the color 
O-S7-006 changing flowers of Combretum indicum
 Upashana Ghissing (Kharagpur/IN)

12.15 Unravelling quassinoid biosynthesis in the globally invasive tree of heaven (Ailanthus altissima)
O-S7-007 Jakob Franke (Hannover/DE)

10.30–12.30 S 8 – Algae in a changing world
Room HS 8
Chair Peter Kroth (Konstanz/DE), Nora Diehl (Bremen/DE)

10.30 Investigation of light-driven processes to unveil the secrets of diatoms in marine environments
O-S8-001 Angela Falciatore (Paris/FR)

11.00 The C-terminal extension of Crytochrome P in diatoms influences the redox state of the bond flavin and the 
O-S8-002 binding of protein interaction partners
 Claudia Büchel (Frankfurt/DE)

11.15 Reconstruction of a stress-responsive gene regulatory network under different gradients of abiotic stressors 
O-S8-003 in the zygnematophycean alga Mesotaenium endlicherianum
 Janine Fürst-Jansen (Göttingen/DE)

11.30 Dynamic light- and acetate-dependent regulation of the proteome and lysine acetylome of Chlamydomonas 
O-S8-004 reinhardtii
 Jürgen Eirich (Münster/DE)
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11.45 Biotic interactions of a green alga in a nature-like microverse environment
O-S8-005 Trang Vuong (Jena/DE)

12.00 XL-MS into resolving photosynthetic protein-protein interactions in Cyanidioschyzon merolae
O-S8-006 Muhammad Younas (Münster/DE)

12.15 Complexome profiling on the Chlamydomonas psb28 and lpa2 mutants reveals novel PSII-associated proteins
O-S8-007 Michael Schroda (Kaiserslautern/DE)

10.30–12.30 S 9 – Synthetic biology and biotechnology
Room HS 9
Chair Matias D. Zurbriggen (Düsseldorf/DE), Markus Schwarzländer (Münster/DE)

10.30 Synthetic biology towards circular biomanufacturing of high value natural products through harvesting solar
O-S9-001 energy and CO2
 Birger Lindberg Møller (Copenhagen/DK)

11.00 Continuous directed evolution of short-lived plant enzymes to cut maintenance respiration costs
O-S9-002 Ulschan Bathe (Gainesville, FL/US)

11.10 Unraveling drought signal transduction of the facultative CAM plant Talinum fruticosum in orthogonal 
O-S9-003 systems
 Vanessa Reichel-Deland (Düsseldorf/DE)

11.20 Engineering of a synthetic CO2 concentrating mechanism
O-S9-004 Philipp Girr (York/GB)

11.30 Combining bacterial and viral elements for efficient gene targeting in poplar
O-S9-005 Virginia Zahn (Großhansdorf/DE)

11.40 Learning the grammar of plant regulatory DNA
O-S9-006 Tobias Jores (Seattle, WA/US)

11.50 Combinatorial diterpenoid biosynthesis in yeast – generating chemical diversity through cytochrome P450 
O-S9-007 oxygenase (CYP) plasticity
 Maximilian Frey (Halle an der Saale/DE)

12.00 Identification of unknown steps of tropane alkaloid biosynthesis in Erythroxylum coca
O-S9-008 Benjamin Chavez (Seeland OT Gatersleben/DE)

12.10 Glucosinolate accumulation in the oil crop Camelina sativa
O-S9-009 Georg Hölzl (Bonn/DE)

12.20 Targeted knockout of barley endosperm-specific storage proteins as a prerequisite for molecular farming 
O-S9-010 purposes
 Götz Hensel (Düsseldorf/DE)

14.00–15.00 pL 4 – Von Sachs lecture
Room  HS 10
Chair Gabriel Schaaf (Bonn/DE)

14.00 Nitrate transport, sensing and utilization efficiency
O-PL-005 Yi-Fang Tsay (Taipei/TW)
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15.30–17.30 S 10 – plants and human health
Room HS 8
Chair Stanislav Kopriva (Cologne/DE), Martin Gruhlke (Aachen/DE)

15.30 Fortifying vitamins in tomato using genome editing
O-S10-001 Cathie Martin (Norwich/GB)

16.00 Sulfur-containing plant secondary metabolites in Brassica – degradation pathways and vegetable processing 
O-S10-002 affect their impact for human health
 Franziska S. Hanschen (Großbeeren/DE)

16.15 Involvement of abscisic acid in tocopherol biosynthesis in Arabidopsis
O-S10-003 Nina Hoppe (Bonn/DE)

16.30 Abiotic stress networks of secondary metabolism detected in capsicum species by multi-omics analysis
O-S10-004 Alexandra Wormit (Aachen/DE)

16.45 The placenta of Hypericum perforatum L. as a model tissue for the study of dark gland differentiation and 
O-S10-005 hypericin biosynthesis
 Paride Rizzo (Seeland OT Gatersleben/DE)

17.00 Seasonal variation in glucosinolate hydrolysis in red cabbage affects formation of health-promoting 
O-S10-006 isothiocyanates
 Vanda Púčiková (Großbeeren/DE)

17.15 Thioallylation of proteins as an important mechanistic basis for the health-relevant properties of allicin from 
O-S10-007 garlic
 Martin Gruhlke (Aachen/DE)

15.30–17.30 S 11 – plant RNA biology
Room HS 9
Chair Volker Knoop (Bonn/DE), Dorothee Staiger (Bielefeld/DE)

15.30 RNA NAD capping and decapping
O-S11-001 Xuemei Chen (Riverside, CA/US)

16.00 The structured mRNA element DEAD-2 may sense RNA helicase activity to regulate alternative splicing
O-S11-002 Rica Burgardt (Mainz/DE)

16.15 Role of THO/TREX components in Arabidopsis mRNA export
O-S11-003 Klaus Grasser (Regensburg/DE)

16.30 Hints to moonlighting functions of Arabidopsis GAPDH in translational regulation
O-S11-004 Melanie Wegener (Bielefeld/DE)

16.45 DNA double strand breaks lead to de novo transcription and translation of damage-induced long RNAs in planta
O-S11-005  Tom Schreiber, Alain Tissier (Halle an der Saale/DE)

17.00 MicroRNAs constitute an additional regulatory layer in regulating plant response to UV-B (abiotic) and flg22 
O-S11-006 (biotic) stresses
 Zheng Zhou (Kiel/DE)

17.15 Fine mapping of binding sites of the chloroplast RNA binding proteins CP29A and CP31A by eCLIP, RBNS and 
O-S11-007 RIP-Seq reveals a preference for functionally linked mRNAs and localization adjacent to PPR proteins
 Christian Schmitz-Linneweber (Berlin/DE)
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15.30–17.30 S 12 – Molecular mechanisms of plant nutrition
Room HS 10
Chair Gabriel Schaaf (Bonn/DE), Edgar Peiter (Halle an der Saale/DE)

15.30 Molecular mechanisms of boron-dependent boron transporter regulation
O-S12-001 Toru Fujiwara (Tokyo/JP)

16.00 Genome wide association study reveals bx3 as novel candidate involved in boron homeostasis in maize
O-S12-002 Michaela Matthes (Bonn/DE)

16.15 A network of bHLH transcription factors fine-tunes iron acquisition in response to environmental cues
O-S12-003 Petra Bauer (Düsseldorf/DE)

16.30 Bacterial-type ferroxidase governs iron-dependent phosphate sensing during root development
O-S12-004 Christin Naumann (Halle an der Saale/DE)

16.45 Deciphering novel mechanisms of sulfur homeostasis and interactions
O-S12-005 Daniela Ristova (Cologne/DE)

17.00 Capturing tissue-specific responses to (a)biotic nitrogen signals in the root of Arabidopsis thaliana
O-S12-006 Noah Kürtös (Cologne/DE)

17.15 Nitrogen nutrition as versatile determinant of root plasticity
O-S12-007 Nicolaus von Wirén (Seeland OT Gatersleben/DE)

15.30–17.30 Workshop – WS 3 – Mit 5 Tricks effizienter und schneller schreiben
Room  Festsaal
Chair  Esther Schwarz-Weig (Mistelgau/DE)

15.30–17.30 Workshop – WS 4 – Mental stark und gut gelaunt durch die promotion
Room Senatssaal
Chair Bettina Löhr (Bergheim/DE)

17.30–19.00 poster session II – p-160–p-310
Room Aula

19.00–20.00 Meetings DBG sections
 
 plant physiology and molecular biology
 Room HS 10
 Chair  Stefan Rensing (Freiburg/DE), Andrea Bräutigam (Bielefeld/DE)

 Biodiversity and evolutionary biology
 Room  HS 9
 Chair  Elvira Hörandl (Göttingen/DE)

 phycology
 Room  HS 8
 Chair  Maria Mittag (Jena/DE)

 Applied botany
 Room  Festsaal
 Chair  Dirk Selmar (Braunschweig/DE)

 Natural products
 Room  Senatssaal
 Chair  Ute Wittstock (Braunschweig/DE)

 Interactions
 Room  HS 13
 Chair  Dominik Begerow (Bochum/DE)
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08.30–10.00 pL 5 – Nees lecture & Wiehe prize
Room HS 10
Chair Volker Knoop (Bonn/DE)

08.30 Comparative genomics may pave the way for our understanding of morphological disparity
O-PL-006 Marcus A. Koch (Heidelberg/DE)

09.30 Wiehe prize

10.30–12.30 S 13 – Evolution of reproductive systems
Room HS 10
Chair Elvira Hörandl (Göttingen/DE), Thomas Dresselhaus (Regensburg/DE)

10.30 Evolution of sex determination systems and sex chromosomes
O-S13-001 Susanne Renner (St. Louis, MO/US)

11.00 Architecture, andromonoecy and rhythmic flowering shape the reproductive system in the umbel family 
O-S13-002 (Apiaceae-Apioideae)
 Regine Classen-Bockhoff (Mainz/DE)

11.15 Evolution and function of heterostyly in Amsinckia (Boraginaceae)
O-S13-003 Mathias Scharmann (Potsdam/DE)

11.30 Expression of apomixis in hybrids of the Ranunculus auricomus complex – effects of hybridity, polyploidy and 
O-S13-004 light stress
 Elvira Hörandl (Göttingen/DE)

11.45 RNA helicases as regulators for plant sexual and asexual reproduction through seeds (apomixis)
O-S13-005 Anja Schmidt (Stuttgart/DE)

12.00 On the evolution of dehiscence – how fruits open
O-S13-006 Dominik Lotz (Gießen/DE)

12.15 MpTGA – a bZIP key regulator for sexual reproduction in Marchantia polymorpha
O-S13-007 Nora Gutsche (Osnabrück/DE)
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10.30–12.30 S 14 – Applied Botany for Sustainability
Room HS 8
Chair Jutta Papenbrock (Hannover/DE), Dirk Selmar (Braunschweig/DE)

10.30 Horizontal natural product transfer and its relevance for sustainable agriculture
O-S14-001 Dirk Selmar (Braunschweig/DE)

11.00 Inclusion of indigenous communities and adoption of synergistic approach in sustainable conservation of 
O-S14-002 Himalayan Taxaceae of India
 Sunita Bisht (New Delhi/IN)

11.15 Preparing viticulture for climate change
O-S14-003 Peter Nick (Karlsruhe/DE)

11.30 A newly developed insect resistant genetically modified oilseed rape (Brassica napus L.) plant response to 
O-S14-004 beet army worm, Spodoptera exigua
 Jam Nazeer Ahmad (Faisalabad/PK)

11.45 Improvement of drought stress tolerance in poplars (Populus) by modification of candidate genes
O-S14-005 Alexander Fendel (Großhansdorf/DE)

12.00 Halophytes in the phytoremediation process and their potential use in biorefinery
O-S14-006 Ariel Turcios (Hannover/DE)

12.15 BioIHS – a BIO-based infiltration-inhibiting layer covered with green algae isolated from potash tailing piles
O-S14-007 Azam Omidi (Rostock/DE)

10.30–12.30 S 15 – Reactive species in plant development
Room HS 9
Chair Veronica G. Maurino (Bonn/DE), Lars M. Voll (Marburg/DE)

10.30 Hydrogen peroxide signaling in plants
O-S15-001 Frank Van Breusegem (Ghent/BE)

11.00 Regulation of zeaxanthin epoxidase
O-S15-002 Stephanie Bethmann (Düsseldorf/DE)

11.15 OPDAylation of plant thioredoxins in vitro
O-S15-003 Madita Knieper (Bielefeld/DE)

11.30 Unravelling plant responses to heat stress using genetically encoded biosensors
O-S15-004 Sophie Hendrix (Bonn/DE)

11.45 Two-domain Glyoxalase I is unique to the viridiplantae and co-evolved with viridiplantae-specific Glyoxalase II 
O-S15-005 to detoxify specific reactive carbonyl species
 Manuel Balparda (Bonn/DE)

12.00 Effects of cold atmospheric plasma treated water on the stress tolerance of Hordeum vulgare
O-S15-006 Andrea Krüger, Stefan Schlömer (Greifswald/DE)

12.15 The causes and driving forces behind hypoxic acclimation of developing maize kernels
O-S15-007 Matthias Langer (Seeland OT Gatersleben/DE)
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12.45–14.45 General assembly of the DBG (lunch packages will be provided)
Room HS 10

15.30–17.30 S 16 – (R)evolution in time and space
Room HS 10
Chair Anze Zerdoner Calasan (Munich/DE), Julia Bechteler (Bonn/DE)

15.30 Systematics in 21st century – what can megadiverse lineages tell us about evolution?
O-S16-001 Tiina Särkinen (Edinburgh/GB)

16.00 Species with different underground organs have distinct evolutionary and ecological patterns in Solanum
O-S16-002 Edeline Gagnon (Freising-Weihenstephan/DE)

16.15 Moving beyond assumptions – polyploidy and environmental effects explain a geographical parthenogenesis 
O-S16-003 scenario in European plants
 Kevin Karbstein (Göttingen/DE)

16.30 Tracing down events of parallel evolution in the Arabideae through repeated evolutionary replicate
O-S16-004 Christiane Kiefer (Heidelberg/DE)

16.45 Altai Mountains – cradle of hybrids and introgressants – a case study in Veronica subg. Pseudolysimachium 
O-S16-005 (Plantaginaceae)
 Gulzar Khan (Oldenburg/DE)

17.00 Recent plant migration under long-lasting hyperaridity in the Atacama Desert
O-S16-006 Tim Böhnert (Bonn/DE)

17.15 Managing the unmanageable – tracing the evolutionary history of Australian samphires
O-S16-007 Anze Zerdoner Calasan (Munich/DE)

15.30–17.30 S 17 – plants and their microbiomes – beneficial interactions
Room HS 8
Chair Claudia Knief (Bonn/DE), Katharina Markmann (Halle an der Saale/DE)

15.30 Establishment of nitrogen fixing symbiosis and its impact on microbiota assembly at the root-soil interface of 
O-S17-001 Lotus japonicus
 Simona Radutoiu (Aarhus/DK)

16.00 A fungal endophyte-generated nucleoside signal regulates host cell death and promotes root colonization
O-S17-002 Nick Dunken (Cologne/DE)

16.15 The green seaweed holobiont Ulva (Chlorophyta) – a model system for studying chemically mediated cross-
O-S17-003 kingdom interactions and the role of thallusin in algal morphogenesis
 Thomas Wichard (Jena/DE)

16.30 Multiomics data analyses help to decipher the language of interspecies communication – the case of fungal 
O-S17-004 sesquiterpenes
 Tetyana Nosenko (Neuherberg/DE)

16.45 Combining an 11C and 13C labelling approach to track photosynthates into the root system and rhizosphere 
O-S17-005 microbiota of maize
 Sina Schultes (Bonn/DE)
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17.00 Adaptive signature and genetic basis of root functioning and microbiome assemblage
O-S17-006 Peng Yu (Bonn/DE)

17.15 Dissecting the response to beneficial microbes during improvement of plant abiotic stress tolerance, 
O-S17-007 focusing on limiting nutrients or temperature and monitored with non-invasive phenotyping and molecular 
 approaches
 Borjana Arsova (Jülich/DE)

15.30–17.30 S 18 – Lipids and membranes
Room HS 9
Chair Peter Dörmann (Bonn/DE), Ivo Feussner (Göttingen/DE)

15.30 Anionic phospholipids across scales – from plasma membrane nanodomains to plant development
O-S18-001 Yvon Jaillais (Lyon/FR)

16.00 The chloroplastic fatty-acid exporter as a key player in plant cold tolerance
O-S18-002 Annalisa John (Kaiserslautern/DE)

16.15 Thickening the cuticular skin – the contribution of a novel eceriferum gene to the biosynthesis of cuticular 
O-S18-003 waxes in Hordeum vulgare
 Yannic Müller (Bonn/DE)

16.30 Isoprenyl phosphates are key players in chlorophyll and vitamin E synthesis
O-S18-004 Katharina Gutbrod (Bonn/DE)

16.45 SLDP and LIPA mediate lipid droplet-plasma membrane tethering in Arabidopsis thaliana
O-S18-005 Till Ischebeck (Münster/DE)

17.00 Diacylglycerol kinase 5 regulates polar tip growth of tobacco pollen tubes
O-S18-006 Patricia Scholz (Göttingen/DE)

17.15 FAX proteins – molecular decoding of subcellular fatty acid transport in Arabidopsis and Chlamydomonas
O-S18-007 Katrin Philippar (Saarbrücken/DE)

15.30–17.30 Workshop – WS 5 – Funding and career development in science
Room Festsaal

17.30–18.30 pL 6 – Schacht lecture
Room HS 10
Chair Armin Djamei (Bonn/DE)

17.30 Plant pathogens manipulate host microbiota to promote disease development
O-PL-007 Bart Thomma (Cologne/DE)

19.30–23.00 Conference dinner
 Rheinprinzessin
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08.30–10.00 pL 7 – Körnicke lecture & poster awards 
Room HS 10
Chair Annaliese Mason (Bonn/DE)

08.30 Inflorescence development and floral abortion under stress in barley
O-PL-008 Maria von Korff Schmising (Düsseldorf/DE)

09.30 Poster awards 

10.30–12.30 S 19 – Secretory pathway and the apoplast
Room HS 9
Chair Andreas J. Meyer (Bonn/DE), Raimund Tenhaken (Salzburg/AT)

10.30 New and unexpected connections of the plant endoplasmic reticulum
O-S19-001 Federica Brandizzi (East Lansing, MI/US)

11.00 The trans-Golgi-localized BICAT3 protein determines manganese allocation and matrix polysaccharide 
O-S19-002 biosynthesis in Arabidopsis and barley
 Edgar Peiter (Halle an der Saale/DE)

11.15 SND pathway conservation in plants
O-S19-003 Dietmar Mehlhorn (Bochum/DE)

11.30 From nectaries to nectar – nectar production in Bromeliaceae
O-S19-004 Thomas Göttlinger (Wuppertal/DE)

11.45 Structural basis for the lipid binding and putative tethering function of a ubiquitin ligase at the plasma 
O-S19-005 membrane
 Tim Lienemann (Hamburg/DE)

12.00 Ferulate cross linking is required for suberin lamellae deposition in seed and roots
O-S19-006 Rochus Benni Franke (Bonn/DE)

12.15 Endoplasmic reticulum oxidoreductin (ERO) provides resilience against reductive stress and hypoxic 
O-S19-007 conditions by mediating luminal redox dynamics
 José M. Ugalde (Bonn/DE)

10.30–12.30 S 20 – Immunity and biotrophy
Room HS 10
Chair Armin Djamei (Bonn/DE), Alga Zuccaro (Cologne/DE)

10.30 How to restrict vascular wilts – lessons from the interaction between tomato and Ralstonia solanacearum
O-S20-001 Núria Sánchez Coll (Barcelona/ES)

11.00 Maize root-secreted diterpenoids guide the hemibiotrophic pathogen Colletotrichum graminicola to its host
O-S20-002 Daniela Nordzieke (Göttingen/DE)

11.15 Bulletin from the Ustilago maydis – hijacking growth hormone signaling in maize
O-S20-003 Mamoona Khan (Bonn/DE)

11.30 A conserved extracellular ribonuclease (Ribo1) from smut fungi has broad-spectrum cyto-toxic activity
O-S20-004 Bilal Ökmen (Tübingen/DE)
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11.45 Identification of CsLOB1 target genes that promote citrus canker disease
O-S20-005 Thi Thu Trang Phan (Tübingen/DE)

12.00 Uncoupling of growth and defense in the chs3-2D auto-immune mutant by active compounds involves GLR 
O-S20-006 receptors
 Martine Keijzer (Hamburg/DE)

12.15 Unraveling the sugar code – the role of microbial extracellular glycans in plant-microbe interactions
O-S20-007 Alga Zuccaro (Cologne/DE)

10.30–12.30 S 21 – Dynamics of structural and functional plant traits by non-invasive phenotyping 
Room HS 8
Chair Uwe Rascher, Roland Pieruschka (Jülich/DE)

10.30 Do traits from phenotyping platforms facilitate yield prediction?
O-S21-001 François Tardieu (Montpellier/FR)

11.00 Architectural plasticity in response to plant density increases canopy light interception in winter wheat 
O-S21-002 (Triticum aestivum)
 Andries Temme (Berlin/DE)

11.15 Photosynthetic dynamics under oscillating light reveal that multiple mechanisms of regulation may operate 
O-S21-003 at different frequencies
 Yuxi Niu (Jülich/DE)

11.30 Evaluation of genetic resources of chickpea using non-invasive high-throughput phenotyping under drought 
O-S21-004 stress to describe and exploit the diversity of biomass accumulation.
 Madita Lauterberg (Seeland OT Gatersleben/DE)

11.45 Stable QTL under fluctuating conditions – characterization of cross-conditional growth QTL in Arabidopsis
O-S21-005 Rhonda Meyer (Seeland OT Gatersleben/DE)

12.00 Exploring photosynthesis in mixed crop canopies by using hyperspectral and solar-induced fluorescence (SIF) 
O-S21-006 data
 Julie Krämer (Jülich/DE)

12.15 A mobile NMR sensor and relaxometric method to nondestructively monitor the dynamics of water and dry 
O-S21-007  matter content in leaves, stems and developing seeds
  Carel W. Windt (Jülich/DE)

13.15–14.30 pL 8 – Caspary lecture & farewell
Room HS 10
Chair Rochus Benni Franke (Bonn/DE)

13.15 Caspary’s strip as a model for localised cell wall formation
O-PL-009 Niko Geldner (Lausanne/CH)

14.15 Farewell
 Andreas J. Meyer (Bonn/DE)

14.30–18.30 Excursions
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POSTER SESSION I

plant RNA biology

P-001 Plant-type RNA editing in Physcomitrium patens will the E. coli system give new insight?
 Yingying Yang (Bonn/DE)

P-002 The P-type pentatricopeptide repeat protein DWEORG1 is a non-previously reported rPPR protein of 
 Arabidopsis mitochondria
 Stefanie Grüttner (Kiel/DE)

P-003 Plant mitochondrial RNA editing factors can perform targeted C-to-U editing of nuclear transcripts in 
 human cells
 Elena Lesch (Bonn/DE)

P-004 Transcriptional task coordination between RPOTmp and RPOTm in mitochondria
 Sarlita Dwiani (Halle an der Saale/DE)

P-005 Gene expression complementation and its association with the phenotypic manifestation of heterosis in 
 maize hybrids
 Marion Pitz (Bonn/DE)

P-006 AFC kinases mediate warm temperature-responsive growth in Arabidopsis thaliana
 Daniel Maag (Würzburg/DE)

P-007 Fertilization-induced degradation of maternal mRNAs in Arabidopsis thaliana
 Regina Stoeckl (Altdorf/DE)

P-008 Scrutinizing the role of the Ca2+-sensory protein CML49 in RNA-granule formation during abiotic stress 
 adaptation in Arabidopsis thaliana
 Sonja M. Schmidtpott (Bielefeld/DE)

P-009 Analysis of Marchantia polymorpha susp. Ruderalis accession BoGa transcriptome data in response to 
 various stresses
 Tim Schulze (Bielefeld/DE)

P-010 Alternative splicing of RBP45 precursor mRNAs is linked to a structured mRNA motif
 Maren Reinhardt (Mainz/DE)

P-012 Alternative splicing regulation of thermoresilience under the influence of lncRNAs
 Thorsten Bergelt (Bielefeld/DE)

P-013 A-to-I mRNA editing in sexual propagation in fungi
 Ines Teichert (Bochum/DE)
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Evolution of reproductive systems

P-014 Fruit evolution in Boraginales
 Maria-Anna Vasile (Bonn/DE)

P-015 Ornithochory and seed dispersal dynamics in the urban ecosystem of Delhi
 Divya Divya (New Delhi/IN)

P-016 Internal floral spaces – a new way to approach floral ecology and evolution
 Julius Jeiter (Bonn/DE)

Molecular mechanisms of plant nutrition

P-017 Hmx1 and Hmx2 function as manganese importer in cyanobacteria
 Mara Schultz (Duesseldorf/DE)

P-018 ITPK1-dependent generation of inositol pyrophosphates is required for phosphorus sensing
 Esther Riemer (Bonn/DE)

P-019 Elucidating polyP synthesis in the arbuscular mycorrhizal fungus Rhizophagus irregularis by a synthetic 
 biology approach
 Verena Gaugler (Bonn/DE)

P-020 Characterization of evolutionary conserved PFA-DSP-type phosphohydrolases in Arabidopsis thaliana
 Robin Schneider (Bonn/DE)

P-021 Unraveling the physiology of plant phosphorus deficiency sensing
 Lisa Zander (Bonn/DE)

P-022 Characterization of boron deficiency-induced defects in the maize primary root
 Liuyang Chu (Bonn/DE)

P-023 Establishment of reference transcriptomes to support deep learning for non-invasive diagnosis of nutrient 
 imbalances in barley
 Yeshambel E. Mihiret (Bonn/DE)

P-024 Boron-auxin interactions in the primary root of maize
 Beatrice Klammer (Bonn/DE)

P-025 Virulence activities and substrate specificities of XopH-like 1-phytase type III effector proteins of 
 phytopathogenic bacteria
 Katayoun Khosravi (Bonn/DE)

P-026 Leaf senescence and nitrogen remobilization in Arabidopsis are associated with moderate DNA methylation 
 changes
 Uwe Ludewig (Stuttgart/DE)

P-027 Acidosis-induced activation of anion channel SLAH3 in the flooding-related stress response of Arabidopsis
 Tobias Maierhofer (Würzburg/DE)
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P-028 Mineral nutrition in evolution of C4 photosynthesis
 Raissa Krone (Cologne/DE)

P-029 A vascular CDF transporter participates in iron and manganese distribution in Arabidopsis thaliana
 Bastian Meier (Halle an der Saale/DE)

P-030 Function and regulation of metal tolerance proteins in Beta vulgaris reveal diversity of metal homeostasis 
 mechanisms in dicotyledons
 Edgar Peiter (Halle an der Saale/DE)

P-031 Stem cutting treated with BA and IBA hormones, an effective method of propagating Hypericum 
 dogonbadanicum Assadi, a ptential rocky ornamental plant from SW Iran
 Donya Yeganeh (Tehran/IR)

(R)evolution in time and space

P-033 Phenotypic plasticity in Veronica officinalis (Plantaginaceae) across its Eurasian range
 Mareike Daubert (Oldenburg/DE)

P-034 A museomics approach to study disease resistance genes in a crop wild relative of tomato
 Edeline Gagnon (Freising-Weihenstephan/DE)

P-035 Plants on malagasy inselbergs – exploring the hidden diversity of isolated populations
 Juliane Rexroth (Rostock/DE)

P-036 Genetic basis of plant adaptation to aridity through evolutionary and ecological transcriptomics and 
 genomics
 Paloma Morales Sanhueza, Lara Iaboli (Bonn/DE)

P-037 Resolving orthologue genes in plant evolution
 Nora Walden (Heidelberg/DE)

P-038 Worldwide phylogeny of Zanthoxylum based on target enrichment
 Lee Ping Ang (Göttingen/DE)

P-039 Morphological and genetic inconsistency reveals complex history and evolution in the hybrid zone of alpine 
 willow species pair
 Loïc Pittet (Göttingen/DE)

P-040 NGS generated microsatellite markers are discriminative at ranks below species – evidences from annual 
 Medicago species in Iran
 Iraj Mehregan (Tehran/IR)
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Applied botany for sustainability

P-041 Adequate nitrogen management of wheat, effects on physiology yield and protein quality – a study from lab 
 scale to field scale
 Christian Zörb (Stuttgart/DE)

P-042 Back to nature – role of some sudanese tomato accessions in resistance to tomato fruit borer 
 (Tuta absoluta) (Meyrick,1917) (Lepidoptera: Gelechiidae)
 Elharith Bakheit (Kasslaa/SD), Mohammedelnazeir Mahmoud (Wad Medani/SD)

P-043 Breaking seed dormancy in common ash (Fraxinus excelsior) – methods and seedling performance
 Hans Hoenicka (Grosshansdorf/DE)

P-044 Application of Hemidesmus indicus root extracts improves postharvest shelf life of dessert banana
 Subhadip Mukherjee (Kharagpur/IN)

P-045 Elucidating the impact of spectral lights on growth and phytochemical constituents of Anethum graveolens
 Ambika Goswami (Kharagpur/IN)

P-046 Molecular investigations regarding ethylene as sprout suppressant in storage of potato tubers
 Malin Alf (Rostock/DE)

P-047 Identification of compounds with antifungal activity from wild plants
 Melanie Röcker (Großbeeren/DE)

P-048 DBAC – a DNA-barcoding platform to identify CITES species
 Khaoula Ferchichi (Bonn/DE)

P-051 An experimental system to develop and validate non-invasive detection methods of nutrient deficiencies in 
 field crops
 Marion Deichmann (Bonn/DE)

P-052 The physiological traits of N2- fixing common bean tolerance to iron deficiency
 Abdelmajid Krouma (Sidi Bouzid/TN)

P-053 Importance of animal compost use for induced-iron chlorosis alleviation in pearl millet grown in 
 calcareous soil
 Abdelmajid Krouma (Sidi Bouzid/TN)

P-054 Investigating the role of inositol polyphosphates in drought stress tolerance in Arabidopsis thaliana
 Muhammad Rizwan (Bonn/DE)

P-055 Effects of botanical insecticides on the egg parasitoid Trichogramma cacoeciae marchal 
 (Hym. Trichogrammatidae)
 Hayder Abdelgader (Wad Medai/SD)

P-056 Genotypic differences in the germination behavior and initial vigor of durum wheat (Triticum durum Desf.) in 
 response to salinity stress
 Manel Hmissi (Sfax/TN)

P-057 Alleviation of salt-inhibited plant growth and photosynthesis of tomatoes (Solanum Lycopersicum L.) by 
 exogenous application of selenium
 Fedi Hajlaoui (Gafsa/TN)

P-058 Influence of iron deficiency on morphological, nutritional and physiological attributes in different cultivars of 
 pea (Pisum sativum L.)
 Sameh Barhoumi (Sfax/TN)
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P-059 Unravelling regulatory networks involved in heat-stress tolerance of potato plants
 Selina Beck (Erlangen/DE)

P-060 Evaluating erosion resistance of freshly sown dike vegetation with high ecological value
 Jan-Michael Schönebeck (Hannover/DE)

P-061 Uncovering QTL and their candidate operating genes related to salt tolerance in wheat
 Maisa Ahmed Hussin Mohamed (Bonn/DE)

Development

P-062 Growth regulators enhance resistance in oilseed rape against sclerotinia sclerotiorum
 Gebrehiwot Nega Gebremichael (Addis Ababa/ET)

P-063 Physiological and morphological changes promoted in field elms (Ulmus minor Mill.) by priming with 
 ß-aminobutyric acid
 Hans Hoenicka (Grosshansdorf/DE)

P-064 Meta analysis of transcription factor binding motifs shows high levels of conservation in plants
 Sanja Zenker (Bielefeld/DE)

P-065 Induction of early flowering in European birch (Betula pendula) through genetic transformation with the 
 FLOWERING LOCUS T gene
 Hans Hoenicka (Grosshansdorf/DE)

P-066 Molecular plant responses to combined abiotic stresses put a spotlight on unknown and abundant genes
 Maroua Bouzid (Bonn/DE)

P-067 The role of auxin in barley pollen maturation
 Ivan Acosta (Cologne/DE)

P-068 Comparative transcriptome analysis identifies key genes and pathways that regulate fruit development in 
 cactus pear (Opuntia ficus-indica) mutants
 Rameshkumar Ramakrishnan (Sede-Boqer/IL)

P-069 Roles and interactions of Aux/IAA8 and Aux/IAA9 in compound-leaved Cardamine hirsuta vs. simple-leaved 
 Arabidopsis thaliana
 Luise Zühl (Cologne/DE)

P-070 Elucidation of protein acetylation Involved in seed germination in arabidopsis
 Jie Shen (Münster/DE)

P-071 Distinct maternal and paternal signals polarize the Arabidopsis zygote to initiate the embryonic patterning 
 process
 Martin Bayer (Tübingen/DE)

P-072 Functional characterization of unknown function genes of Arabidopsis thaliana in response to abiotic stresses
 Ying Fu (Bonn/DE)

P-073 Male germ line initiation in maize
 Jia-Chi Ku (Regensburg/DE)

P-075 Regulation of photomorphogenesis by a HY5 – BBX protein transcriptional module
 Katharina Bursch (Berlin/DE)

P-076 The impact of small secreted proteins on pathogenicity and development in Zea mays
 Finn Hartmann (Regensburg/DE)
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P-077 eam7 accelerates plant development in barley by altering the expression of core clock genes
 Gesa Helmsorig (Düsseldorf/DE)

P-078 Effect of high ambient temperature on plant growth and reproductive development in barley cultivars
 Kumsal Ecem Çolpan (Düsseldorf/DE)

P-079 Evolutionary analysis of transcription factor binding sites via ampDAP-seq in Marchantia polymorpha
 Anja Meierhenrich (Bielefeld/DE)

P-080 The translation elongation factor complex eEF1B is important for translational homeostasis and influences 
 plant development and stress responses
 Julia Lohmann (Hamburg/DE)

P-081 Two component signaling (TCS) pathways – determinants of barley endosperm formation
 Johannes Thiel (Seeland OT Gatersleben/DE)

P-082 From clock to tubers – investigating the role of StFKF1 in potato as a link between photoperiod and 
 tuberization
 Franziska Eidloth (Erlangen/DE)

P-083 The plastid nucleoid-associated protein WHIRLY1 promotes development of barley
 Susann Frank (Kiel/DE)

P-084 The PINK-complex – a novel link between the cytoskeleton, ER, and plasma membrane at plasmodesmata?
 Sandra Klemm (Halle an der Saale/DE)

P-085 From water to land – conserved functions of IQD proteins in the evolution of cell division?
 Pradeep Dahiya (Halle an der Saale/DE)

P-086 Tuber development in Chinese Yam (Dioscorea polystachya) – a tuber crop with high potential as functional 
 food in Europe
 Janina Epping (Münster/DE)

P-087 Genome-wide association study identifies novel candidate genes for stomatal density in rice (Oryza sativa L.)
 Siwaret Arikit (Nakhon Pathom/TH)

P-088 Comparative performance of wheat and faba bean under no tillage and conventional tillage systems in 
 Morocco during 2020-2021 season
 Ramdani Abdelhamid (Meknes/MA)

P-089 Regulation of vegetative phase change by cytokinin
 Sören Werner (Berlin/DE)

P-090 Cytokinin oxidase/dehydrogenase (CKX) genes of barley and oilseed rape as targets for yield improvement
 Jan Erik Leuendorf, Ireen Schwarz (Berlin/DE)

P-091 Molecular characterization of the YPEL protein family in Arabidopsis thaliana and its role in plant 
 development
 Marvin Seidemann (Münster/DE)

P-093 Elucidating auxin functions in basal angiosperm seed development
 Ana Marcela Florez-Rueda (Potsdam/DE)

P-154  The role of blue light receptors in the establishment of de novo polarity in Marchantia polymorpha spores
 Johannes Rötzer (Vienna/AT)
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plants and their microbiomes – beneficial interactions

P-094 Differential root exudation and architecture for improved growth of wheat mediated by phosphate 
 solubilizing bacteria
 Mahreen Yahya (Faisalabad/PK)

P-095 Nanopore only sequencing of two Bryophyte associated bacteria, Aneurinibacillus cand. ricciae and 
 Paenibacillus cand. marchantiae
 Marvin Hildebrandt (Bielefeld/DE)

P-096 Plant secondary metabolites in plant-bacteria interactions
 Seungwoo Jeong (Bonn/DE)

P-097 Functional characterization of protease inhibitors involved in induced systemic defenses in poplar
 Ishani Shankar Das (Göttingen/DE)

P-098 Eco-evolutionary signature of root-microbiome association in maize
 Danning Wang (Bonn/DE)

P-099 Integration of defense response and symbiotic performance in the continuous symbiosis of Azolla filiculoides 
 and its cyanobiont
 Sophie de Vries (Göttingen/DE)

P-100 Cabbage defense response induced by Trichoderma emodin
 Shu-Ying Liu (Changhua/TW)

P-101 Therapeutic potential and general toxicity of w-hydroxypachybasin from Trichoderma
 Shu-Ying Liu (Changhua/TW)

P-102 Characterization and bioactivities of Trichoderma trichorzianine
 Shu-Ying Liu (Changhua/TW)

P-103 Protein photocleavage activity of anthraquinone
 Shu-Ying Liu (Changhua/TW)

P-104 The fungal root endophyte Serendipita vermifera displays inter-kingdom synergistic beneficial effects with 
 the microbiota in Arabidopsis thaliana and barley
 Lisa Mahdi (Cologne/DE)

P-153 Indole-3-acetic acid – a key player between the plant endophyte Cyanodermella asteris and the non-natural 
 host plant Arabidopsis thaliana
 Linda Jahn (Dresden/DE)
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Algae in a changing world

P-105 Cell Wall Analysis during Sexual Reproduction in Zygnematophyceae (Charopyhta)
 Andreas Holzinger (Innsbruck/AT)

P-106 Engineering the cyanobacterium Synechocystis into a synthetic organelle
 Jeannine Schlebusch (Düsseldorf/DE)

P-107 Machine learning based gene regulatory network inference in Chlamydomonas reinhardtii and validation
 Fabian Janosch Krüger (Berlin/DE)

P-108 A DASH cryptochrome of Chlamydomonas reinhardtii absorbs in the UV-A range and is involved in balancing 
 the photosynthetic apparatus
 Anxhela Rredhi (Jena/DE)

P-109 Edaphochlamys spec., development of a de novo genome, its annotation and investigation of its 
 phylogenetic relations
 Benjamin Saalfeld (Bielefeld/DE)

P-110 Growth, physiological functions and nutrient use efficiency in wheat plants provided with microalgae from 
 sewage treatment as a source of nutrients
 Flora Mueckschel (Gießen/DE)

P-111 Comparison of gene expression profiles under abiotic stress across more than 550 million years of 
 streptophyte evolution by co-expression network analysis
 Armin Dadras (Göttingen/DE)

P-112 Aureochromes, Unique Photoreceptors in Stramenopiles
 Soo Hyun Im (Konstanz/DE)

P-113 Mitochondrial PEP carboxylase contributes to carbon fixation in the diatom Phaeodactylum tricornutum at
 low inorganic carbon concentrations
 Peter Kroth (Konstanz/DE)

P-114 Degradation of PsbS in Chlamydomonas reinhardtii
 Emin Dülger (Düsseldorf/DE)

P-115 How Klebsormidium survives on your car window seal
 Henrik Buschmann (Mittweida/DE)

P-117 Generation of high biomass of Oscillatoria sp. (cyanobacterium) using a cotton bed in an open culture system
 Vijetna Singh (Amarkantak/IN)

P-118 Investigation of a floc-forming, fast-sedimenting mixed microalgae culture used in sustainable wastewater 
 treatment
 Cedric Hering (Kiel/DE)

P-119 Botryococcus braunii associated bacteria – an omic survey of a hydrocarbonoclastic mycobacterium
 Isabel Jörger (Bielefeld/DE)

P-120 Green diatom mutants reveal an intricate biosynthetic pathway of fucoxanthin
 Martin Lohr (Mainz/DE)

P-121 Extracellular matrix dynamics in the green alga Volvox carteri – visualized by confocal laser scanning 
 microscopy
 Benjamin von der Heyde (Bielefeld/DE)
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P-122 The cleaning performance of water from sealed surfaces of several biogas plants by microalgae and 
 cyanobacteria for biomass production and utilization
 Opayi Mudimu (Kiel/DE)

P-123  Comparative transcriptomics reveals cellular responses of the terrestrial green alga Serritaenia
 testaceovaginata (Zygnematophyceae) to ultraviolet B radiation
 Anna Busch (Cologne/DE)

P-124 The role of the epidermal physode layer in UV protection of brown algae
 Wolfgang Bilger (Kiel/DE)

P-125 Illuminating the orchestrated dynamics of embryonic cell divisions in the green microalga Volvox carteri
 Eva Laura von der Heyde (Bielefeld/DE)

P-126 High resolution structure of a PSI-LHCI dimer isolated from Chlamydomonas reinhardtii
 Laura Mosebach (Münster/DE)

P-127 Microbial diversity in biocrusts from polar and subpolar regions
 Ekaterina Pushkareva (Cologne/DE)

P-128 Regulation of photosynthetic electron flow and proton motive force by an ATP synthase redox domain in 
 Chlamydomonas reinhardtii and Arabidopsis thaliana
 Lando Lebok (Münster/DE)

P-129 Aureochromes – a key factor to cellular light acclimation processes in diatoms?
 Robert Röllig (Leipzig/DE)

P-152 Role of different xanthophyll cycle genes in Phaeodactylum tricornutum
 Chiara E. Giossi (Konstanz/DE)

Reactive species in plant development

P-130 Involvement of CuZnSOD during plant terrestrialization
 Stephanie Frohn (Seeland OT Gatersleben/DE)

P-131 On the molecular function of GlyoxalaseI-like proteins
 Jonas Matteo Böhm (Bonn/DE)

P-132 Genetic diversity of the glyoxalase system
 Aylin Kerim (Bonn/DE)

P-133 Arabidopsis glutathione peroxidase-like 8 (GPXL8) acts as a H2O2 sensor and oxidizes target proteins
 Sophie Hendrix (Bonn/DE)

P-134 Ascorbate redox state regulation for iron toxicity tolerance in rice (Oryza sativa L.)
 Linbo Wu (Gießen/DE)

P-135 The cytosolic redox network of Arabidopsis thaliana
 Lara Vogelsang (Bielefeld/DE)

P-136 Genetic diversity of the glyoxalase system
 Aylin Kerim (Bonn/DE)

P-137 Defense against reactive carbonyl species involves different subcellular compartments
 Manuel Balparda (Bonn/DE)
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P-138 Proteomic quantification of the cysteine redox proteome using isobaric labelling in Arabidopsis seeds
 Michael Gasper (Münster/DE)

P-139 Genetic dissection of proline and hydrogen peroxide in bread wheat under field condition
 Mohammad Kamruzzaman (Bonn/DE)

Lipids and membranes

P-140 Chemical characterization of floral cuticular wax in tuberose
 Raktim Bhattacharya (Kharagpur/IN)

P-141 Evolution of crassulacean acid metabolism (CAM) and leaf cuticular properties in Aeonium (Crassulaceae)
 Thibaud Messerschmid (Munich/DE)

P-143 TMEM14-FAX proteins evolution – fatty acid export from chloroplast and the plant conquest of the land
 Alexander Banguela Castillo (Saarbrücken/DE)

Cell communication across short and long distances

P-144 Interorganellar communication sites within plant cells
 Vanessa Valencia (Düsseldorf/DE)

P-145 Cell wall integrity monitoring contributes to phytoalexin-mediated pathogen defence in Arabidopsis
 Richard Noi Morton (Marburg/DE)

P-146 Kinetic dissection of wound-induced calcium signals in roots
 Juan Camilo Barbosa-Caro (Düsseldorf/DE)

P-147 AN1-zinc finger proteins as potential regulators of hormonal signaling modulating abiotic and biotic-stress 
 tolerance
 Vijay Kumar (Bielefeld/DE)

P-148 Elucidating the diversity of systemic calcium signals evoked by abiotic and biotic stimuli
 Srijana Raj (Halle an der Saale/DE)

P-149 Stromule mediated plastid-nucleus interactions
 Sedef Özyürek (Halle an der Saale/DE)

P-150 Interdependence of a mechanosensitive anion channel and glutamate receptors in distal wound signaling
 Fatiha Atanjaoui (Düsseldorf/DE)

P-151 Effect of the calcium channel inhibitor LaCl3 on early second messenger signals induced by oxidative stress 
 stimuli in Arabidopsis thaliana and Solanum tuberosum
 Annelotte van Dieren (Bonn/DE)
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Immunity and biotrophy

P-160 Priming resistance to ash dieback disease in common ash (Fraxinus excelsior)
 Hans Hoenicka (Grosshansdorf/DE)

P-162 An effector of the biotrophic root pathogen Plasmodiophora brassicae modifying salicylic acid and interfering 
 with the host response in Arabidopsis thaliana
 Jutta Ludwig-Müller (Dresden/DE)

P-163 Toxic and behavioural effects of essential oil emulsion against larvae of Plutella xylostella (Lepidoptera: Plutellidae)
 Vama Etienne Tia (Korhogo/CI)

P-164 How can the interplay of carbon metabolism and salicylic acid signalling influence resistance of Arabidopsis 
 towards Colletotrichum higginsianum?
 Julia Seufer (Marburg/DE)

P-165 Intraspecific diversity in pattern triggered immune responses and defence signalling in the wild tomato 
 species Solanum chilense
 Remco Stam (Kiel/DE)

P-166 The Role of the Ustilago maydis GATA transcription factor Nit2 for the successful infection of maize and 
 nitrogen utilization during biotrophy
 Christin Schulz (Marburg/DE)

P-167 Chemical priming of the response to stress in plants by aromatic cytokinin arabinosides
 Martin Hönig (Berlin/DE)

P-168 Mechanisms of host defense protease activation in plant immune signaling
 Shubham Sharma (Jülich/DE)

P-169 A fast and easy Botrytis cinerea infection assay for various poplar species
 Steven Dreischhoff (Göttingen/DE)

P-170 Identification of yeast-derived PAMPs to induce plant immune responses
 Hye Sup Yun (Seoul/KR), Chian Kwon (Cheonan/KR)

P-171 Carbohydrate availability and homeostasis modulate susceptibility of Arabidopsis thaliana to
 Colletotrichum higginsianum
 Kristina Sandra Munzert (Marburg/DE)

P-172 Ubiquitin conjugating enzyme Ubc8 controls metabolism of storage compounds in Colletotrichum 
 graminicola conidia and pathogenicity
 Alicia Fischer (Marburg/DE)

P-173 The role of heavy metal-associated plant proteins in Arabidopsis thaliana defence response against 
 Colletotrichum higginsianum
 Hinrik Plaggenborg (Marburg/DE)

P-174 Investigating plant autophagy in the interplay between pathogen infection and heat stress
 Heike Seybold (Jerusalem/IL)

P-175 Analysis of NHP metabolism upon stress by non-targeted metabolomics
 Kirstin Feussner (Göttingen/DE)

P-176 Susceptibility of European maize lines to Ustilago maydis infections in a changing climate
 Christian Schwarz (Regensburg/DE)
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P-177 It’s “prime time” – photoperiod stress primes Arabidopsis plants for future stresses
 Venja Röber (Berlin/DE)

P-178 Identification and characterization of three novel phages against economically relevant plant pathogens and 
 understanding the impact on the plant-pathogen interaction
 Borjana Arsova (Jülich/DE)

P-179 Experimental study on a family of effectors from Ustilago maydis in non host model plants reveals 
 evolutionarily conserved targets
 Nithya Nagarajan (Bonn/DE)

P-180 The importance of ABA signaling for the interaction of Arabidopsis thaliana and Colletotrichum higginsianum
 Rebecca Schulzke (Marburg/DE)

P-181 The influence of DMR6 on SA metabolism and its role in the interaction between Arabidopsis thaliana and 
 Colletotrichum higginsianum
 Philipp Lopinski (Marburg/DE)

P-182 Cell wall integrity monitoring and cell wall composition contribute to pathogen defence in Arabidopsis
 Timo Engelsdorf (Marburg/DE)

P-183 Deficiencies in the mitochondrial electron transport chain affect redox poise and resistance towards 
 Colletotrichum higginsianum
 Lars M. Voll (Marburg/DE)

P-184 Developing dieback disease resistance linked DNA marker is Dalbergia sissoo
 Iqrar Ahmad Rana (Faisalabad/PK)

P-185 Characterization of dual functional fungal effector ApoE1 to establish biotrophy in maize
 Kishor Ingole (Bonn/DE)

P-186 Comparison of allelic loci between a Plasmopara viticola resistant Rpv12-carrier and susceptible 
 Vitis genotypes
 Bianca Frommer (Bielefeld/DE)

P-188 The pattern-triggered immune response involves an early NAD redox signature indicating sudden metabolic 
 re-routing
 Elias Feitosa Araujo (Münster/DE)

P-189 The importance of the <em>U. maydis</em> transcription factor Nit2 and its target genes in nitrogen 
 acquisition and host infection
 Leo Kuhlmann (Marburg/DE)

P-190 Electrostatic atomized water particles activate defense response in muskmelon (Cucumis melo L.) against 
 postharvest fruit rot
 Anurag Sunpapao (Hatyai/TH)

P-191 Interference with developmental and pathogenesis related genes expression in 16Sr-IX associated 
 phytoplasma infected Brassica compestris
 Samina Tanwir (Faisalabad/PK)

P-192 The study of biological control of Phytophthora citrophthora, the causative agent of citrus gummosis, by 
 Pseudomonas flourescens and its synergetics effect in the presence of Polyoxin
 Seyed Eisa Hosseini Manesh (Tehran/IR)



43

POSTER SESSION II

P-193 Potential roles for lipids and lipases in nutrition and immunity during symbiotic plant-microbe interactions
 Mathias Brands (Cologne/DE)

P-194 Functions of powdery mildew avirulence effectors inside barley host cells
 Merle Bilstein-Schloemer (Cologne/DE)

P-195 Parasitic success of the pathogenic plant Phelipanche ramosa (Orobanchaceae) is reduced in some 
 re-infected versus naïve hosts
 Julia Leman (Berlin/DE)

P-196 UBSIE genes – genetic elements controlling plastid positioning and stromule formation in N. benthamiana
 Martin H. Schattat (Halle an der Saale/DE)

Root biology

P-197 Association of genome wide association study (GWAS) technique on root-lesion nematode resistance in 
 cultivated chickpea
 Tohid Behmand (Adana/TR)

P-198 BonnMu discovers a magenta root dwarf 1 (mrd1) mutant in maize
 Yan Naing Win (Bonn/DE)

P-199 Validation and functional characterization of the maize lateralrootless 1 gene
 Marcel Baer (Bonn/DE)

P-200 Root hairs do not only grow at their tip – shank-localised cell wall expansion in Arabidopsis root hairs
 Klaus Herburger (Rostock/DE)

P-201 Galactose toxicity in plants – a paradox
 Raimund Tenhaken (Salzburg/AT)

P-202 Isolation, characterization, and transcriptome analysis of the dwarfed dizzy 1 mutant in maize (Zea mays L.)
 Magda Alejandra Guateque (Bonn/DE)

P-203 Identification of gravity regulated genes that encode direct interaction partners of barley ENHANCED 
 GRAVITROPISM 2
 Li Guo (Bonn/DE)

P-204 Salicylic acid – the role of the plant stress hormone within growth regulation
 Jonas Müller (Kaiserslautern/DE)

P-206 The vacuole – cytoskeleton connection – a handle to regulate growth
 Sabrina Kaiser (Kaiserslautern/DE)

P-207 Uncovering the transcriptomic control of heterosis manifestation during lateral root initiation in maize
 Annika Kortz (Bonn/DE)

P-208 Small RNA-based regulatory interactions increase with the heterotic response for total root growth rate in 
 Brassica napus L.
 Yang Wang (Göttingen/DE)

P-209 The split-root root system for root exudate collection to study plant-plant interactions
 Cagla Gorkem Eroglu (Nyon/CH)
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primary metabolism

P-210 The dual function of NAD-malic enzyme in C4 photosynthesis and mitochondrial metabolism is achieved by 
 association of differentially adapted subunit
 Meike Hüdig (Bonn/DE)

P-211 Differential contribution of mitochondrial malate dehydrogenase and NAD-malic enzyme to mitochondrial 
 metabolism
 María del Pilar Martinez (Bonn/DE)

P-212 New insights into catabolism of cysteine in Arabidopsis thaliana
 Jose R. Cruz Cruz (Bonn/DE)

P-213 Enzymes and cellular interplay required for flux of fixed nitrogen to ureides in bean nodules
 Luisa Voß (Hannover/DE)

P-214 Pyrimidine catabolism and possibly polyamine oxidation are sources for beta-alanine, which is transaminated 
 in mitochondria and peroxisomes
 Jannis Rinne (Hannover/DE)

P-215 Effects of drought, subsequent soil flooding and a recovery phase on growth, physiology and metabolism of 
 wheat
 Caroline Müller (Bielefeld/DE)

P-216 Substrate specificities of plastid-localised dual lysine and N-terminal acetyltransferases
 Jens S. Mühlenbeck (Münster/DE)

P-217 Sulfurtransferase-mediated formation of H2S and persulfidation in Arabidopsis thaliana
 Anna Moseler (Bonn/DE)

P-218 Regulation of crassulacean acid metabolism
 Katharina Schiller (Bielefeld/DE)

P-219 Transcription factors and their influence on the photosynthetic output of C3 leaves
 Stefanie Schulze (Düsseldorf/DE)

P-220 Fungicide treatment of strawberry plants affects the primary metabolites and aroma compounds of the fruits
 Ann-Cathrin Voß (Bielefeld/DE)

P-221 Simultaneous adjustments of major mitochondrial pathways through redox regulation of dihydrolipoamide 
 dehydrogenase (mtLPD1)
 Stefan Timm (Rostock/DE)

P-222 Identification of conserved photosynthesis transcription factors using network inference
 Donat Wulf (Bielefeld/DE)

P-223 Sugar transporters and phloem loading in tall trees of European beech (Fagus sylvatica), Common oak 
 (Quercus robur) and Norway spruce (Picea abies)
 Wiebke Miehe (Wuppertal/DE)

P-224 Investigating the role of Arabidopsis plastidial histone deacetylase in photosynthesis
 Florian Kotnik (Münster/DE)

P-225 Evolutionary optimization of C4-NADP-malic enzyme – creating a minimal NADP-malic enzyme for C4 
 photosynthesis
 Frederic Rauch (Bonn/DE)
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P-226 Alternative splicing leads to alternative targeting – a short story about cytosolic isoform G6PD5 in 
 Arabidopsis thaliana
 Loreen Linnenbrügger (Münster/DE)

P-227 Dual targeting among the three Arabidopsis 6-phosphogloconate dehydrogenase (PGD) isoforms: 
 investigation of potential mechanisms that regulate cytosolic retention versus import into plastids or 
 peroxisomes
 Lennart N. Doering (Münster/DE)

P-228 Influence of Co and Ni on micronutrients and primary metabolism in Zea mays
 Jonathan Dick (Wuppertal/DE)

P-229 Photosynthetic transcriptional regulation is modular and – with regard to auxin – diverse between 
 a liverwort and Arabidopsis
 Anna Sophie Stasche (Bielefeld/DE)

P-230 Investigation of cell wall galactose catabolism upon carbohydrate starvation in Arabidopsis thaliana
 Louisa Reckleben (Marburg/DE)

P-231 Regulatory properties of NAD-dependent malate dehydrogenases
 Maike Cosse (Kiel/DE)

P-232 Shuttling metabolites across the peroxisomal membrane
 Anastasija Plett (Düsseldorf/DE)

P-233 Class I glutaredoxins in the cytosol and endoplasmic reticulum of Arabidopsis thaliana have different 
 oxidoreductase activities
 Michelle Schlößer (Bonn/DE)

P-234 Thermoprotection of chlorophyll biosynthesis mediated by an ATP-independent chaperone
 Peng Wang (Berlin/DE)

P-235 Detect me if you can – metabolism of rare nucleotides in plants
 Marco Herde (Hannover/DE)

P-236 Shedding light on protein acetylation in chloroplasts – a new family of plastid localized acetyltransferases in 
 Arabidopsis
 Annika Brünje (Münster/DE)

P-237 Mineral nutrition of C4 plants
 Emely Silz (Düsseldorf/DE)
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Specialized metabolism

P-238 When plants paint their leaves purple – regulation of anthocyanin biosynthesis in high light
 Galileo Estopare Araguirang (Rostock/DE)

P-239 Identification of a xanthone-specific geranyltransferase from Hypericum perforatum
 Tomke Meents (Braunschweig/DE)

P-240 Aphid herbivory changes growth and metabolism of the aquatic plant, Spirodela polyrhiza
 Martin Schäfer (Münster/DE)

P-241 Production of polyprenylated xanthones in engineered yeast
 Rebekka Mögenburg (Braunschweig/DE)

P-243 Comparative metabolomics of Solanum lycopersicum to elucidate anti-fungal defense mechanisms
 Lina Muñoz (Freising/DE)

P-244 Impaired glucosinolate biosynthesis and breakdown product formation affects microbial composition in the 
 rhizosphere of Arabidopsis thaliana
 Eleanor Chroston (Braunschweig/DE)

P-245 Assessing the roles of glucosinolates and their different breakdown product types in below-ground 
 interactions
 Annika Hielscher (Braunschweig/DE)

P-246 Characterization of the hydroxy(phenyl)pyruvic acid reductase H(P)PR from Actaea racemosa
 Anne Jahn (Marburg/DE)

P-247 Molecular investigation and functional characterisation of BAHD hydroxycinnamoyltransferases from 
 Sarcandra glabra (Thunb.) Nakai
 Paul Bömeke (Marburg/DE)

P-248 Chemo diversity and genetic variability of anthelmintic selected plant species grown in alpine area
 Eftychia Martinidou (San Michele All’adige TN/IT)

P-249 Molecular and biochemical investigations of acyltransferases involved in the formation of rosmarinic acid in 
 Anthoceros agrestis
 Janik Marks (Marburg/DE)

P-250 Hydroxycinnamoyltransferases in A. agrestis
 Lucien Ernst (Marburg/DE)

P-251 Flavonoid biosynthesis related 2-oxoglutarate-dependent dioxygenases from banana (Musa spp.):
 a functional characterisation
 Mareike Busche (Bielefeld/DE)

P-252 Triosephosphate export from chloroplasts regulates anthocyanin biosynthesis and permits high light 
 acclimation through the inactivation of SnRK1
 Andreas Richter (Rostock/DE)

P-253 Independent evolution of pyrrolizidine alkaloid biosynthesis in angiosperms – the case of the acetohydroxy 
 acid synthase from Symphytum officinale and Eupatorium cannabinum
 Marco Ebeling (Kiel/DE)

P-254 Uncovering the biosynthesis of gramine in Barley
 Ling Chuang (Hannover/DE)
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P-255 Host plant adaptation in plutellid moths – do glucosinolate spectra of host plants determine host 
 plant range?
 Lisa Pormetter (Braunschweig/DE)

P-256 Analyses of MYB transcription factors as components of flavonoid-related MBW TF complexes in the 
 determination of target gene specificity in Arabidopsis thaliana
 Lennart Sielmann (Bielefeld/DE)

P-258 Influence of fertiliser application on the responses of Bunias orientalis to fungal infection and herbivorous 
 insect attack
 Blaise Binama (Bielefeld/DE)

P-259 Coordination of physical endodermal barriers and the glucosinolate-myrosinase defense system in 
 Arabidopsis thaliana roots
 Pascal Krohn (Cologne/DE)

P-260 Steroidogenesis in plants – a systematic approach
 Jan Klein (Jena/DE)

P-261 The role of root-exuded specialized metabolites in plant-plant interaction
 Claude Becker (Planegg-Martinsried/DE)

P-262 A barley gene cluster for the biosynthesis of diterpenoid phytoalexins – pathway elucidation and role in the 
 interaction with microorganisms in the rhizosphere
 Alain Tissier (Halle an der Saale/DE)

P-263 The contribution of microbiome communities in the gut of the mealybug Pseudococcus jackbeardsleyi to the 
 detoxification of cocaine and other tropane alkaloids
 Sara Leite Dias (Seeland OT Gatersleben/DE)

Dynamics of structural and functional plant traits by non-invasive phenotyping

P-264 Functional characterization of candidate genes related to cold stress found in European Flint maize
 Mauritz Sommer (Bonn/DE)

P-265 Natural variation in growth and photosynthetic performance of Arabidopsis thaliana to soil nutrient scarcity
 Ana Carolina dos Santos Sá (Jülich/DE)

P-266 Phenotyping the interactions of rice and Magnaporthe oryzae genotypes
 Angeline Wanjiku Maina (Bonn/DE)

P-267 Phenotypic and genetic diversity of root traits in MAGIC wheat population for selection in breeding
 Shiyan Jia (Jülich/DE)

P-268 Harnessing the power of 11C-labelling and Positron Emission Tomography (PET) for investigating Phloem 
 velocities and short-term carbon allocation
 Ralf Metzner (Jülich/DE)
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Secretory pathway and the apoplast

P-269 Influence of drought stress on nectar production in different species of Nicotiana and Brassica
 Dustin Nägel (Wuppertal/DE)

P-271 Ca2+ as a regulator of organellar function in the compartments along the secretory pathway
 Nico Rössner (Halle an der Saale/DE)

P-272 Is N-glycan modification important for the function of S2P in the Golgi apparatus?
 Divya Lakshmanan (Münster/DE)

Synthetic biology and biotechnology

P-273 Accumulation of the biosurfactant glycine-glucolipid in Alcanivorax borkumensis
 Jiaxin Cui (Bonn/DE)

P-274 Establishing fluorescent protein-based biosensing of NADPH:NADP+ dynamics in living plants
 Jan-Ole Niemeier (Münster/DE)

P-275 Development of a microbial host for functional testing of with an olide pathway genes
 Karan Malhotra (Hannover/DE)

P-276 Diverse mutation patterns include large deletions in a CRISPR/nCas9 double nicking approach poplar
 Tobias Brügmann (Grosshansdorf/DE)

P-277 Synthetic redesigning of plant photorespiration
 Laia Segura Broncano (Düsseldorf/DE)

P-278 The study of growth and developmental stages of psilocybe cyanescens and expression of some genes that 
 contribute in the synthesis of psilocybin and its anti_x0002_anxiety effect in rats
 Mahya Zamaniesmati (Tehran/IR)

P-279 A reliable in vitro culture system for Fagus sylvatica – first steps to expend the scope of genome editing in 
 forest trees to beech
 Virginia Zahn (Großhansdorf/DE)

plants and human health

P-280 Novel insights into phytomodificines – modification of accumulated natural compounds
 Laura Lewerenz (Braunschweig/DE)

P-281 Understanding specifier proteins in glucosinolate hydrolysis pathways in brassica
 Kudzai Gracious Mbudu (Großbeeren/DE)

P-282 Sinapic acid ester reduction by loss-of-function mutation of the SGT key enzyme in oilseed rape 
 (Brassica napus L.) and metabolomic effects on individual kaempferol derivatives
 Jasmin Vettel (Göttingen/DE)

P-284 Characterization of epidermal bladder cells in Chenopodium quinoa
 Sandra Schmöckel (Stuttgart/DE)
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Topics on the rise – miscellaneous

P-285 Using microfluidic technology for induction of embryogenesis development in haploid microspore stem cells
 Jialan Cao-Riehmer (Ilmenau/DE)

P-286 Effect of light quality and quantity on photoperiod stress
 Ishita Bajaj (Berlin/DE)

P-287 Plant mitochondria as remote-controllers of (epi-)genetic regulation in the nucleus by NAD-mediated 
 signalling
 Ke Zheng (Münster/DE)

P-288 Gene family expansion and stress adaptation
 Carolin Uebermuth-Feldhaus (Bonn/DE)

P-289 Intergenerational and transgenerational drought stress memory in winter wheat enhance offspring 
 performance under drought conditions
 Carolyn Mukiri Kambona (Bonn/DE)

P-290 Toward semantic segmentation of volumetric NMR images in plant science
 Iaroslav Plutenko (Seeland OT Gatersleben/DE)

P-291 Establishment of the CRISPR/Cas system for sunflower
 Robert Wagner (Rostock/DE)

P-292 Use of BSA-Seq to identify genes involved in drought tolerance in potato (Solanum tuberosum L.)
 Florian Schilling (Rostock/DE)

P-293 Interactions of false flax (Camelina sativa) with different microorganisms – a fight for phosphate and habitat
 Margot Schulz (Bonn/DE)

P-294 Application of DNA affinity purification sequencing (DAP-seq) to elucidate barley gene regulatory networks
 Isabel Mora-Ramírez (Seeland OT Gatersleben/DE)

P-295 Next generation sequencing approaches to resolve the phylogeny of Veronica subg. Pseudolysimachium
 Christoph Nehrke (Oldenburg/DE)

P-296 Branching and reproductive success under plant-plant competition in Arabidopsis
 Jessica Thome (Cologne/DE)

P-297 One genotype – two phenotypes – the amphibious liverwort Riccia fluitans enables insights into the water to 
 land transition
 Felix Althoff (Osnabrück/DE)

P-298 Using protoplasts transformation to assess the efficiency of multiple guideRNAs of a CRISPR/Cas system 
 in planta
 Julian Vincent Garrecht (Gießen/DE)

P-299 Droplet-based platform for miniaturized cultivation and screening of plant cell cultures
 Paulina Marczakiewicz-Perera (Ilmenau/DE)

P-300 A study of flowering time control using an exotic barley collection
 Saskia Conert (Halle an der Saale/DE)

P-301 A new genomic resource for crop improvement – the complete reference genome of Hordeum erectifolium 
 using long-read genomic and transcriptomic sequencing
 Einar Baldvin Haraldsson (Düsseldorf/DE)
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P-302 Haberland‘s plant ocelli – skototropic roots and mimicking boquila vine leaves provide new clues
 Felipe Yamashita (Bonn/DE)

P-303 (Semi-)automatic analysis tools for (pavement) cell shape quantification and (cytoskeleton) pattern 
 recognition in digital images
 Katharina Bürstenbinder (Halle an der Saale/DE)

P-304 Comparative genomics – inferring the stress-relevant proteome of the land plants and its closest algal 
 relatives
 Amra Dhabalia Ashok (Göttingen/DE)

P-305 NMR methods for spatially resolved detection of metabolites in living plants
 Simon Mayer (Seeland OT Gatersleben/DE)

P-306 Influence of the stromal phosphoglycerate dehydrogenase 3 on photoprotection and PSI acceptor side 
 limitations
 Moritz Krämer (Planegg-Martinsried/DE)

P-307 Epidermal cell type-specific chromatin dynamics underlying Arabidopsis heat stress memory
 Daniel Slane (Kashiwa/JP)

P-308 Addressing the heteroplasmy, structure, synteny, and evolution in the mitochondrial genome of the 
 lycophyte genus Isoetes and its role in the phylogenetic analyses
 Jovani B.S. Pereira (São Paulo/BR)

P-309  Interplay of plastids and peroxisomes in jasmonate biosynthesis
 Khansa Mekkaoui (Halle an der Saale/DE)
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O-PL-001
Making a flat leaf – pre-patterning, morphogenic small RNAs, and turing reactions 

E. Scacchi1, G. Paszkiewicz1, A. Burian2, K. Nguyen1, M. Timmermans1

1Eberhard Karl University of Tübingen, Center for Plant Molecular Biology, Tübingen, Germany 
2University of Silesia in Katowice, Katowice, Poland

Development of flat leaf architecture posses an unusual and mechanistically challenging problem; namely, how to create a 
stable adaxial-abaxial (top-bottom) boundary within the plane of a long and wide, but shallow, structure. Despite its central im-
portance, the mechanism by which leaf primordia acquire adaxial-abaxial polarity remained a topic of much debate. By combin-
ing time-lapse confocal imaging, cell lineage tracing and molecular genetic analyses, we have shown that the spatial information 
needed to specify adaxial versus abaxial fate is provided by a pre-pattern at the meristem periphery that converts a uniform 
auxin input into an ARF3-dependent binary auxin response output. As the primordium develops, this initial polarity resolves into 
an intricate system of gene regulatory interactions between highly conserved transcription factors that reinforce either adaxial 
or abaxial fate. The positional information needed to define the domains of transcription factor expression is provided in part 
by mobile small RNAs that, reminiscent to classical morphogens, generate sharply defined domains of target gene expression 
through an intrinsic threshold-based readout of their mobility gradients. Our most recent findings from mathematical model-
ing further show that this gene regulatory network follows the organizing principles of a Turing system. Adaxial-abaxial polarity 
thus is maintained by a self-organizing system of transcriptional interactions, and subtle changes in this Turing-like network can 
explain much of the morphological diversity in leaf shapes observed.

O-PL-002 
Regulation of the proton motive force in chloroplasts

M. Johnson1

1Sheffield, United Kingdom

The light reactions of photosynthesis couple electron and proton transfers across the thylakoid membrane, generating NADPH 
and proton motive force (pmf), which powers the endergonic synthesis of ATP by ATP synthase. NADPH and ATP then power a 
range of metabolic processes within the plant including CO2 fixation. 
The dominant ΔpH component of the pmf also plays a crucial role in regulating the light reactions through energy-dependent 
non-photochemical quenching (qE) and photosynthetic control, which modulate photosystem II (PSII) light harvesting efficiency 
and cytochrome b6 f (cytb6 f) to photosystem I (PSI) electron transfer respectively. These two aspects of photosynthetic regula-
tion have been shown to be relevant to affect plant fitness and yield in the natural environment.
ΔpH amplitude can be adjusted by increasing the proton influx via upregulation of cyclic electron transfer (CET) or via reduced 
proton efflux via downregulation of the ATP synthase. Crucially however, the interplay and relative contributions of these two 
elements of ΔpH control are not well understood. 
Here, I discuss the varying contributions of these two forms of ΔpH regulation in chloroplasts, consider their role in photoprotec-
tion and their wider influence on cellular metabolism.

O-PL-004 
Finding drugs in the garden – harnessing plant metabolic diversity

A. Osbourn1

1John Innes Centre, Norwich, United Kingdom

Plants produce a wealth of natural products. The vast majority of the natural product diversity encoded by plant genomes re-
mains as yet untapped. The explosion in plant genome sequence data, coupled with affordable DNA synthesis and new DNA as-
sembly technologies, now offer unprecedented opportunities to harness the full breadth of plant natural product diversity and 
generate novel molecules in foreign hosts using synthetic biology approaches. The recent discovery that genes for the synthesis 
of different kinds of natural products are organised in biosynthetic gene clusters in plant genomes opens up opportunities for 
mining for new pathways and chemistries. This advance, in combination with powerful new transient plant expression technol-
ogy, is enabling the development of rational strategies to produce known and new-to-nature chemicals tailored for food, health 
and industrial applications. This presentation will focus on our work on developing a translational synthetic biology pipeline for 
rapid preparative access to plant natural products and novel analogs using synthetic biology approaches.  It will also highlight 
recent advances in our understanding of the genomic rearrangements underpinning the formation of new plant biosynthetic 
gene clusters, and of the functions of plant natural products in nature.
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O-PL-005
Nitrate transport, sensing and utilization efficiency

Y. F. Tsay1

1Academia Sinica, Institute of Molecular Biology, Taipei, Taiwan

Nitrate is not only a primary nitrogen source for plants, but also a signaling molecule. We focus on the regulatory mechanism 
of nitrate homeostasis and nitrate sensing by characterizing the nitrate transporters and transceptors in the NRT1/PTR family 
(NPF). CHL1, the first member identified in the NPF family, is a dual affinity nitrate transporter involved in both low- and high-af-
finity nitrate uptake. Two action modes of CHL1 are switched by phosphorylation and dephosphorylation of threonine 101 at the 
interface of the dimer. More surprisingly, CHL1 also functionsas a transceptor that can monitor nitrate concentration changes in 
the soil, and then elicit proper expression levels of nitrate-related genes. Dynamic interactions between CHL1 and kinases ren-
der nitrate to elicit concentration-dependent and time-dependent changes of the transcriptional responses, which ensure that 
plants optimized the amount of energy spent for nitrate assimilation. Moreover, internal nitrate (nitrate in the xylem) is sensed 
by another transceptor in the NPF family, NRT1.13, to regulate flowering time and shoot architecture. 
Study of nitrate transporters in the NPF family help us to understand how nitrate is distributed into different parts of the plant. 
Characterizationof NRT1.7, NRT1.9, NRT1.11 and NRT1.12 showed that the long-standing notion that nitrate can only be trans-
ported in xylem needed to be rewritten. These studies revealed that nitrate can be transported in phloem, and phloem nitrate 
transport plays an important role in optimizing nitrogen utilization efficiency (NUE) for plant growth and yield productivity.

O-PL-006
Comparative genomics may pave the way for our understanding of morphological disparity

M. A. Koch1

1The Centre for Organismal Studies (COS) Heidelberg, Heidelberg, Germany

Angiosperms have become the dominant terrestrial plant group by diversifying for ~145million years into a broad range of 
environments. During the course of evolution, numerous morphological innovations arose, often preceded by whole genome 
duplications (WGD). The diversity of morphological traits and characters is dazzling, and its non-uniform realization during the 
evolution of plant life allowed land plants to diversify into almost all terrestrial habitats. Morphological diversity is considered 
the major product of macroevolution. It is often expressed as disparity, which by its simplest definition—that we will follow 
here—is the amount of morphological variation present in a given taxon relative to the total morphological variation in the set 
of taxa under investigation. Morphological disparity and taxonomic richness are not independent, since morphological differ-
ences are the basis for taxonomic descriptions, which are then translated into different species and genera. Nevertheless, the 
two factors are not necessarily correlated, as high disparity can be maintained in clades of low taxonomic richness, and plant 
diversification can occur without expanding morphological variation (or the morphospace) within taxa.  
The mustard family (Brassicaceae), a successful angiosperm clade with ~4000 species, has been diversifying into many evolu-
tionary lineages for more than 30 million years. We show that increased morphological disparity, despite an apparent absence 
of clade-specific morphological innovations, is found in tribes with WGDs or diversification rate shifts. Both are important pro-
cesses in Brassicaceae, resulting in an overall high net diversification rate. Character states show frequent and independent gain 
and loss, and form varying combinations. 
Tribe Arabideae of Brassicaceae is among the largest monophyletic groups in Brassicaceae. Its more than 500 species diversi-
fied not only into often extreme environments, but exhibit an enormous amount of convergent evolution. Here we elaborate 
on the idea that while exploring in parallel a similar morphospace, observed convergent evolution may require isolated and 
multiple centers of origin, which – in return – may increase the frequency of parallel evolution of form and function. Therefore, 
Brassicaceae pave the way to concepts of phylogenetic genome-wide association studies to analyze the evolution and basis of 
morphological form and function.
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O-PL-007
plant pathogens manipulate host microbiota to promote disease development

B. Thomma1

1Cologne, Germany

Beneficial plant-associated microbes are found in and on all organs of the plant and help to mitigate (a)biotic stresses. Moreover, 
plants are able to shape their microbiota and specifically attract beneficial microbes to suppress pathogen attack. Hence, the 
plant’s microbiome can be considered an inherent, exogenous layer that complements its endogenous innate immune system.

Microbes typically secrete a plethora of molecules into their environment to promote niche colonization. Especially soil-dwelling 
microbes are well-known producers of antimicrobials that are exploited to outcompete microbial co-inhabitants in the soil. Plant 
pathogenic microbes similarly secrete a diversity of molecules into their environment for niche establishment.

Upon plant colonization, microbial pathogens secrete so-called effector proteins that promote disease development. While such 
effectors are typically considered to exclusively act through direct host manipulation, for instance through the suppression of 
host immune responses, increasing evidence demonstrates that pathogenic fungi exploit effector proteins with selective anti-
microbial properties to promote host colonization through the manipulation of beneficial host microbiota. Given that effector-
mediated microbiota manipulation may have evolved in fungal ancestors that encountered microbial competition before sym-
biosis with land plants evolved, we propose that effector-mediated microbiota manipulation is fundamental to fungal biology.

O-PL-008
Inflorescence development and floral abortion under stress in barley

M. von Korff Schmising1

1Düsseldorf, Germany

An increase in global average temperature and the occurrence of extreme temperature events threaten crop productivity 
worldwide. Abiotic stresses, such as heat and drought, are particularly critical during plant reproductive development and affect 
inflorescence development and morphology, flower fertility and seed set. Barley is characterized by a high degree of genetic 
diversity and plasticity in response to abiotic stresses. However, the genetic underpinnings of spike development in response to 
stress are not well understood. We aimed to identify natural genetic variation for developmental plasticity in response to stress 
in a germplasm collection of elite cultivars and landrace genotypes from the Middle East. We found that the developmental 
plasticity and spike development strongly differed between elite and landrace barley genotypes.  Using global transcriptome 
profiling of developing shoot apical meristems under abiotic stress in genotypes with different stress responses we identified 
genes and gene networks controlling spike development, floret fertility and grain set under stress. We present and discuss the 
possible functions of these genes in controlling spike development and fertility in barley. 
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O-PL-009
Caspary’s strip as a model for localised cell wall formation

N. Geldner1

1Lausanne, Switzerland

In the 19th century Robert Caspary was able to define a new root cell type by virtue of a conserved, particular cell wall feature 
– coordinated, ring-shaped cell wall impregnations that later became known as Casparian strips (CS), the defining feature of the 
root endodermis. CS are now recognized as the main extracellular diffusion barrier in plant roots. They are precisely localized li-
gnin-impregnations of the primary cell wall that are associated with a tight adhesion of the underlying plasma membrane. About 
a decade ago, we were able to obtain molecular markers for this CS membrane domain (CSD). We could demonstrate that these 
CSD proteins 1-5 (CASP1-5) have all the features expected of structural proteins of such a domain, i.e. they accumulate to high 
levels, extensively interact with each other, are strictly immobile at the plasma membrane and appear tightly attached to the cell 
wall. However, in the absence of a full knock-out of the entire family, their precise function could not be established satisfyingly. 
A CASP quintuple knock-out(caspQ) now reveals that CASPs are not needed for localization of lignification or lignin-polymerizing 
enzymes, since we still observe correctly aligned lignin spots in the mutant. Ultra-structurally, however, these spots appear as 
highly disorganized secretory foci, with neither exclusion zone nor membrane attachment, as well as excessive cell wall growth. 
Moreover, we find that a central regulator of localised secretion, the exocyst subunit EXO70A1, co-localises with, and persists 
at, these lignin foci and we identfy RabA-GTPases as new potential CASP-interactors by biotin proximity labelling. Our findings 
now allow us to draw a new model of CASP function, whereby CASPs are required to enforce displacement of initial secretory 
foci through exclusion of vesicle tethering factors, thereby ensuring organised and restricted lignification, as well as rapid fusion 
of microdomains and thus an effective sealing of the cell wall space. 
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O-S1-001
Deciphering cell wall signalling-mediated control of plant cell identity

Paola Ruiz-Duarte2, Ann-Kathrin Schürholz2, Tasnim Zerin1, Theresa Schlamp2, Jan Lohmann2, Thomas Greb2, Sebastian Wolf1,2

1Center for Plant Molecular Biology (ZMBP), University of Tübingen, Auf der Morgenstelle 32, 72076 Tübingen 
2Centre for Organismal Studies (COS), University of Heidelberg, Im Neuenheimer Feld 230, 69120 Heidelberg

A defining feature of plants, imposed by a sessile lifestyle, is their remarkable developmental plasticity in response to the envi-
ronment. At the basis of this plasticity are continuously active pluripotent stem cells, which fuel the life-long post-embryonic for-
mation of new organs. Since plant cells are encased in cell walls and thus immotile, their individual fate-specification program is 
strongly dependent on the relative position within the organism. In addition, plant growth to a large extent relies on cell expan-
sion mediated by cell wall remodelling, highlighting the cell wall as a major determinant of plant morphogenesis. It is assumed 
that the state of the cell wall is under constant surveillance by cell surface receptors directly linking cell wall state to intracellular 
gene-regulatory networks. However, the role of these cell wall signalling pathways in plant development and the contribution 
of cell wall properties and mechanics to cell behaviour and cell identity have not yet been systematically addressed. Our results 
show that i) cell wall signalling components are involved in maintenance of cell identity, ii) manipulating cell wall properties in 
specific cell types leads to dramatic developmental alterations consistent with changes in cell identity, and that iii) control of cell 
wall properties is essential for the perpetuation of stem cell populations and organogenesis. These results point to a scenario in 
which the plant cell wall is not only involved in cell differentiation, but also feeds back on developmental transitions, paving the 
way to study how the immediate physical environment is able to guide cell fate decisions in plants.

O-S1-002
The evolution of plasmodesmata

L. Wegner1, K. Ehlers1

1Justus Liebig University Gießen, Evolutionary developmental biology of plants, Gießen, Germany

Intercellular exchange through plasmodesmata (PD) was a prerequisite for the emergence of multicellular land plants. In seed 
plants, dynamic PD networks mediate developmental control, metabolic acclimatisation and pathogen response, but informa-
tion is scarce for non-seed plants. One of the developmental aspects needing more clarity is the ability to adjust PD numbers 
postcytokinetically. In addition to the primary PD developing during cell divisions, seed plants can form secondary PD in exist-
ing cell walls, either de-novo or by longitudinal fission of a matrix PD. In contrast, secondary PD formation is thought to lack in 
bryophytes.
However, in our transmission electron microscopy images, we found evidence for PD fission in model species of all three bryo-
phyte clades: hornworts (Anthoceros agrestis), liverworts (Marchantia polymorpha) and mosses (Physcomitrium patens). PD 
counts revealed that new PD are formed during tissue differentiation in Anthoceros and Physcomitrium to increase the PD fre-
quencies. For Marchantia, the occurrence of complex branched PD in older thalli could be explained by incomplete PD fission. 
Thus, the fission mode of secondary PD formation is present in all bryophyte clades and has not just evolved in seed plants and 
some lycophytes as was previously suggested (Evkaikina et al. 2014 DOI:10.3389/fpls.2014.00031).
Further, distinct PD modifications found with the three model bryophytes support the modern moss phylogeny with Anthoceros 
(hornwort) differing from the setaphytes by forming small pits around PD in older thalli, while PD in older Physcomitrium and 
Marchantia tissues both develop enlarged central cavities. These modifications likely represent different adaptations of the total 
symplasmic transport rates to cell wall growth. To support this hypothesis, we calculated the transport rates with the PDinsight 
model (Deinum et al. 2019 DOI:10.7554/eLife.49000) and measure fluorescent dye-coupling rates for experimental validation.
In monoplex meristems, like those of bryophyte gametophytes, the single initial has high PD densities, but no additional PD are 
formed during development. Meristems with multiple initials, however, keep lower PD densities constant during development 
due to secondary PD formation. The latter PD distribution was also observed in the multicellular meristem of the Anthoceros 
hornwort sporophyte. Thus, also in bryophytes, it seems to depend on the meristem type whether secondary PD formation is 
required.
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O-S1-003
pH regulation in the Trans-Golgi NetworkEarly Endosome through ion transporters 

and in response to abiotic stress
S. Wege1,2, D. W. McKay2, H. E. McFarlane3, M. Gilliham2

1Rhenish Friedrich Wilhelm University of Bonn, Bonn, Germany 
2University Adelaide, Adelaide, Australia 

3University Toronto, Toronto, Canada

Plant cells maintain a low luminal pH in the Trans-Golgi-Network/Early Endosome (TGN/EE), the organelle in which the secretory 
and endocytic pathways intersect. Impaired TGN/EE pH regulation translates into severe plant growth defects. The identity of the 
proton pump and proton/ion antiporters that regulate TGN/EE pH have been determined, but an essential component required to 
complete the TGN/EE membrane transport circuit remained unidentified until recently − a pathway for cation and anion efflux. We 
identified the Arabidopsis Cation Chloride Cotransporter CCC1 as the missing component that completes the ion and pH regulatory 
circuit; using a combination of pharmacological treatments and genetically encoded pH sensors. Loss of CCC1 function leads and 
elevated TGN/EE luminal pH and alterations in TGN/EE-mediated downstream processes including endocytic trafficking, exocytosis, 
and response to abiotic stress (McKay et al. 2022, eLife).
A dynamic yet precise regulation of TGN/EE pH is likely particularly important for response and tolerance to salt and osmotic stress. 
Plants with reduced proton pump activity or loss of the cation/proton exchangers are sensitive to salt stress (NaCl), while plants 
with loss of CCC1 show an increased germination rate under salt and osmotic stress, as well recovery of otherwise defective root 
hair growth. We can show that sudden exposure to increased salt or mannitol induces a temporary increase in TGN/EE luminal pH in 
wildtype plants, probably as a cellular signal inducing adaptation processes in the plant. Differently, we now found that plants direct-
ly grown on media with elevated salt or osmolarity exhibit a lower luminal pH in the TGN/EE compared to control plants, suggesting 
distinct adaptation processes for short and long term stress exposure. Our work highlights that stress adaptation and response to 
changes in environmental conditions require precise changes in cellular pH, including in organelles of the endomembrane system.

O-S1-004
Impact of a vacuolar homeostat on Ca2+-signaling in plant cells

J. Dindas1, S. Huang1, I. Dreyer2, R. Hedrich1, R. Roelfsema2

1University of Würzburg, Plant Physiology and Biophysics, Würzburg, Germany 
2University of Talca, Center of Bioinformatics, Simulation and Modeling (CBSM), Talca, Chile

Vacuoles are large storage compartments in plant cells, which are likely to play a major role in ion homeostasis, as well as the gen-
eration of Ca2+ signals. However, so far little information is available for these functions of the vacuole. We combined a method to 
clamp the voltage of the vacuolar membrane, with live-cell imaging techniques in intact root hair cells. Based on this combination 
of techniques, we found that depolarization of the vacuolar membrane caused a rapid rise in the Ca2+ concentration of the cytosol. 
Concurrent with the rise of the Ca2+ level an apoplastic alkalization was measured. A modelling approach revealed that the ob-
served responses are most likely due to the activity of a H+/Ca2+ exchange mechanism in the vacuolar membrane that acts as a Ca2+ 
homeostat. We discuss the role of the identified Ca2+ homeostat, in combination with a recently described mechanism of vacuole 
exitability, for the generation of Ca2+ signals in plants.

O-S1-005
Chloroplast ion transport and its function in organelle development and stress signaling

H. H. Kunz1

1Ludwig Maximilian University of Munich, Biozentrum der LMU München, Planegg-Martinsried, Germany

Chloroplasts are at the heart of plant and algae metabolism. Being optimized to harvest light energy they also represent a sensory 
hub in the plant cell to collect information from the environment. A detailed understanding of the plastid molecular mechanisms 
affected by environmental changes and how these changes are sensed by the organelle represents a cornerstone to design plants 
with improved stress tolerance and stable yields under adverse conditions. 
Over the last years, our group has discovered several ion transport proteins in the plastid membranes of Arabidopsis thaliana. K+/
H+ EFFLUX ANTIPORTERS (KEAs) and discovered a new family designated PLASTID ENVELOPE ION CHANNELS (PEC1/2). Through 
detailed studies of loss-of-function mutants we have gained insights into the physiological significance of these proteins and the 
chloroplast ion homeostasis. Moreover, we have started to unravel how stress-induced stromal Ca2+ become shaped by the acitivty 
of members of the two ion transport protein families. In my seminar talk I will present an overview of our latest findings and share 
unpublished data about where we think our current studies may evolve to and how this knowledge could aid the design of plants 
with improved stress tolerance.
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The role of jasmonates in the cold response of Arabidopsis thaliana and Solanum tuberosum

A. Bittner1, N. Braun1, S. Mahmud1, U. C. Vothknecht1

1Rhenish Friedrich Wilhelm University of Bonn, Plant Cell Biology, Bonn, Germany

Jasmonates (JAs) are a group of phytohormones with a well-documented role in balancing growth and biotic stress defence 
(Howe et al. 2018). To which extend JAs are also required for an appropriate response to abiotic stress conditions is less well 
understood, especially due to the fact that plants only accumulate JAs and activate JA responses during a single but not during 
reoccurring stress events (Liu et al 2016, Bittner et al 2020). Recent results of our group showed, that constitutive overexpres-
sion of the jasmonate-amido synthetase (JAR1), which catalyses the formation of the bioactive JA-Ile conjugate, primes plants 
towards a higher drought resistance.
Here we investigated the impact of constitutive overexpression and knockdown of JAR1 on the early cold response of Arabidop-
sis thaliana. Transcript analyses provide evidence that high JA-Ile levels diminish the ABA-dependent cold response. In addition, 
gene-reporter studies support the negative effect of JAs on ABA-dependent transcription not only in Arabidopsis but also in 
Solanum tuberosum. In contrast to the ABA-dependent cold response, constitutive overexpression of JAR1 elevates the cold 
activated accumulation of anthocyanins under long term cold exposure. Taken together our results of the impact of JAR1 over-
expression on drought and cold illustrate how JAs shapes not only biotic but also abiotic stress responses.
G.A. Howe, I. T. Major and A.J. Koo (2018), Modularity in Jasmonate Signaling or Multistress Resilience. Annual Review of Plant 
Biology
N. Liu, P.E. Staswick, Z. Avramova (2016), Memory responses of jasmonic acid-associated Arabidopsis genes to a repeated dehy-
dration stress. Plant Cell Environ.
A. Bittner,B. Hause.,M. Baier (2021) Cold priming causes oxylipin dampening during the early cold and light response of Arabi-
dopsis thaliana. Journal of Experimental Botany

O-S1-007
Stress-induced calcium signals in the crop species barley 

B. Meier1, M. Giridhar2, F. Chigri2, J. Imani3, K. H. Kogel3, U. C. Vothknecht2, E. Peiter1

1Martin Luther University of Halle-Wittenberg, Plant Nutrition, Halle (Saale), Germany 
2Rhenish Friedrich Wilhelm University of Bonn, Plant Cell Biology, Bonn, Germany 

3Justus Liebig University Gießen, Institute for Phytopathology, Gießen, Germany

Plants have to constantly adapt to their environment, especially under stress conditions. Upon detection of external stimuli by 
cellular receptors, one of the first responses is a transient increase in cytosolic free Ca2+ levels ([Ca2+]cyt), leading to specific cel-
lular downstream responses. Our knowledge in this field has been derived from a multitude of studies using the model plant 
Arabidopsis thaliana, whereas signalling pathways in cereals, that hold monumental contribution to human and animal nutrition, 
are widely underestimated. We introduced the Ca2+ sensor APOAEQUORIN into the crop species barley (Hordeum vulgare) and 
measured dynamic changes in [Ca2+]cyt in response to various biotic stimuli such as salt (NaCl), drought (mannitol), and oxidative 
(H2O2) stress, as well as biotic stress initiated by the pathogen-associated molecular pattern (PAMP) flagellin22 (flg22). Alongside, 
Ca2+ signals of barley were compared to those produced by Arabidopsis. The results revealed a species-specific dose and tissue 
dependency with unique signatures for each stimulus, implying differences in stress response mechanisms between the spe-
cies that may be associated with different stress tolerance. Intriguingly, [Ca2+]cyt transients in response to NaCl and H2O2 varied 
substantially along the leaf blade, indicative of developmental stage-dependent Ca2+ responses. Moreover, a critical role of ex-
tracellular Ca2+ in the induction of these stress-induced Ca2+ signals was found by employing the plasma membrane Ca2+ channel 
inhibitor lanthanum chloride (LaCl3) that strongly inhibited [Ca2+]cyt transients to all tested stimuli. Considering ever-changing en-
vironmental challenges, the elucidation of early stress responses and their associated downstream adaptations are instrumental 
in the development of adapted crops.
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Haploidy, diploidy, triploidy and the beautiful consequences of being different

T. Nakel1,2, Y. Mao1,2, D. Girma Tekleyohans1, I. Erbasol Serbes1, S. Joshi1, T. Baum1, G. Fuchert1, D. Vo1, R. Groß-Hardt1

1University of Bremen, Centre for Biomolecular Interactions, Bremen, Germany 
2Max-Planck-Institute for Plasma Physics, Greifswald, Germany

For a long time, it was considered an inviolable principle that sexually reproducing organisms have no more than two parents 
and that fertilization of an egg by multiple sperm (polyspermy) is lethal in many eukaryotes. In flowering plants polyspermy 
has remained a hypothetical concept, due to the lack of tools to unambiguously identify and trace this event. We established a 
high-throughput polyspermy detection assays, which uncovered that supernumerary sperm fusion does occur in planta and can 
generate viable polyploid offspring. Moreover, polyspermy can give rise to seedlings with one mother and two fathers, challeng-
ing the bi-organismal concept of parentage. Our results provide direct evidence for polyspermy as a route towards polyploidy, 
which is considered a major plant speciation mechanism. 
Here, we discuss the role of the endopeptidases ECS1 and ECS2 in regulating fertilization and offspring genome size via haploid 
and polyspermy induction, and the implications of our results for plant breeding.
-  Mao Y, Nakel T, Erbasol Serbes I, Tekleyohans DG, Joshi S, Baum T, Groß-Hardt R (2022): ECS1 and ECS2 regulate polyspermy and  
 suppress the formation of haploid plants by promoting double fertilization. BioRxiv preprint doi.org/10.1101/2022.01.20.476184.
-  Mao Y, Gabel A, Nakel T, Viehöver P, Baum T, Tekleyohans DG, Vo D, Grosse I, Groß-Hardt R (2020): Selective egg cell polysper 
 my bypasses the triploid block. Elife doi: 10.7554/eLife.52976. – Nakel T, Tekleyohans DG, Mao Y, Fuchert G, Vo D, Groß-Hardt  
 R (2017): Triparental plants provide direct evidence for polyspermy induced polyploidy. Nat Commun. doi: 10.1038/s41467- 
 017-01044-y. 
This work is supported by grants of the European Research Council to RG: ERC Consolidator Grant “bi-BLOCK” ID 646644 and 
ERC Proof of Concept Grant “TriVolve” ID 957547.

O-S2-002
Mechanical stress underlies embryo maturation in Brassica napus

H. Rolletschek1, A. Hilo1, V. Radchuk1, S. Wagner1, S. Ortleb1, A. Muszynska1, B. Heinemann2, H. P. Braun2, 
J. Schwender3, J. J. Szymanski1, L. Borisjuk1

1IPK Gatersleben, Molecular Genetics, Seeland OT Gatersleben, Germany 
2Institut für Pflanzengenetik, Universität Hannover, Hannover, Germany 

3Brookhaven National Laboratory, Biology Department, Brookhaven, NY, United States

Physical forces on living tissue can elicit a developmental response. During embryogenesis in Arabidopsis thaliana and many 
Brassicaceae species, the expanding embryo abuts the embryo sac, forcing it to bend and fold. We here demonstrate that me-
chanical cues inside the embryo sac can also trigger embryo maturation. Magnetic resonance imaging provided insights into in 
vivo seed architecture and its characteristic alterations induced by mechanical forces. The combined use of immunolabelling, 
flow cytometry, the profiling of the transcriptome, proteome, lipidome and metabolome of developing seed of Brassica napus 
provided novel mechanistic insights on the role of mechanosensing for maturation control. It is demonstrated that the imposi-
tion of mechanical restrictions during regular development causes a reduction of cell numbers, but stimulation of oil and protein 
storage activity, characteristic of embryo maturation under both in vitro and in planta conditions. The master regulatory genes 
responsible for adjustment in metabolic flux and growth behavior were identified, and discussed in the general context of seed 
development.
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Identification and characterisation of downstream components of the DOG1-pp2C module

T. Krüger1, F. Ahloumessou1,2, J. Sodenkamp1, D. Brandt1, I. Finkemeier1, G. Née1

1University of Münster, Institut für Biologie und Biotechnologie der Pflanzen (IBBP), Münster, Germany 
2West Africa Centre for Crop Improvement, Legon, Ghana

Seed dormancy is essential for proper timing of germination and thus a major determinant of plant fitness. The phytohormone 
Abscisic acid (ABA) and the protein Delay of Germination 1 (DOG1) are absolutely required to induce dormancy. While the ABA 
pathway is well described, the molecular function of DOG1 is still enigmatic. Both underlying pathways are mostly independent 
but operate coherently to shape seed dormancy. DOG1 physically interacts and requires the type 2 C Protein Phosphatase (PP2C) 
AHG1 and AHG3 to control dormancy. In comparison to other PP2Cs, AHG1 catalytic activity is weakly inhibited by ABA and its 
receptors, but DOG1 appears to negatively impact its functions in vivo. Yet, downstream molecular events controlled by this novel 
DOG1-PP2C module operating aside of the canonical ABA pathway in seeds are still to explore.
Using phosphoproteomics we identified putative downstream targets of this module in seeds. Genetic and molecular studies 
confirmed that our candidates interact genetically and physically with components of the DOG1 pathway and modulate dorman-
cy levels. The integration of our latest experimental results into the ABA pathway further defines molecular mechanisms unique 
to seeds within which DOG1’s function is to prevent the shutdown of ABA responses in dormant seeds.

O-S2-004
Cryptochrome-mediated inhibition of the COp1/SpA ubiquitin ligase during light-

regulated Arabidopsis development
U. Hoecker1, J. Ponnu1, L. Trimborn1

1University of Cologne, Institute for Plant Sciences, Cologne, Germany

Light controls plant development throughout the plant life cycle by affecting the protein stability of key transcription factors 
with a role in plant differentiation.  These transcription factors, such as HY5, PAP2 or CONSTANS, share a val-pro (VP) motif that 
is bound by the E3 ubiquitin ligase COP1/SPA which subsequently polyubiquitinates these transcription factors leading to their 
degradation.  COP1/SPA is mainly active in darkness, and is inactivated by light, thereby allowing an accumulation of the tran-
scription factors only in light-exposed plants. Here, we will present mechanistic insight into the blue light-induced inhibition of 
COP1/SPA activity by the cryptochrome (CRY) photoreceptors. We further show that this mechanism is essential for blue-light 
induced seedling deetiolation.
We show that CRYs bind the COP1/SPA complex only after light-exposure.  Upon binding of CRY2 to COP1, substrates are competi-
tively displaced from COP1, thereby preventing their polyubiquitination.  CRY2 and substrates compete for binding to COP1 be-
cause both contain a related, COP1-binding VP motif. Interestingly, CRY1 and CRY2 have distinct C-terminal domains with respect 
to sequence and size, raising the question whether CRY1 and CRY2 inactivate COP1/SPA through similar mechanisms.  Despite 
the sequence difference, CRY1 does contain three VP-like motifs. We show that photoactivated CRY1 is also capable of displacing 
substrates from COP1, indicating that this mechanism is conserved between CRY1 and CRY2.
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ABRX defines a novel polarity domain in stomatal development

E. S. Wallner1,2, L. Dolan1, D. Bergmann2

1Gregor Mendel Institute of Molecular Plant Biology, Vienna, Austria 
2Stanford University, Department of Biology, Stanford, CA, United States

Stomata are pores in the epidermis of aerial plant tissues that regulate gas exchange and water loss. Polarity proteins, such as 
BRX-LIKE2 (BRXL2) orient asymmetric cell divisions of stomatal precursor cells to control stomatal patterning within the devel-
oping leaf epidermis (Dong et al., 2009; Rowe et al., 2019). I discovered a novel polarity domain in stomatal development that 
is marked by a protein I refer to as ANTI-BRX (ABRX). ABRX polarizes to a plasma membrane domain opposite of BRXL2 and is 
consistently inherited by the smaller stomatal daughter. Ectopically overexpressing ABRX under stomatal lineage promoters de-
lays stomatal formation in young cotyledons but increases stomatal density and size of mature cotyledons. This suggests that 
ABRX regulates stem-cell like behaviors during epidermal patterning. To identify potential protein-protein interaction partners of 
ABRX, I adapted biotin ligase-based proximity labeling for polarity proteins and compared the proteomes between the BRXL2 and 
ABRX domain. Among the enriched peptides, I found known scaffolding proteins, such as SOSEKIs alongside yet uncharacterized 
proteins as potential interaction partners of ABRX. By investigating co-localization and genetic interactions between ABRX and 
its proximity labeling targets I aim to establish ABRX as a novel stomatal regulator that, integrated into the existing network of 
stomatal development, will allow us to gain new insights into the developmental plasticity of stomatal formation.
-  Dong, J., MacAlister, C.A., and Bergmann, D.C. (2009). BASL controls asymmetric cell division in Arabidopsis. Cell 137, 1320-1330. 
-  Rowe, M.H., Dong, J., Weimer, A.K., and Bergmann, D.C. (2019). A Plant-Specific Polarity Module Establishes Cell Fate Asym 
 metry in the Arabidopsis Stomatal Lineage. bioRxiv, 614636.

O-S2-006
Cytokinin as a regulator of flowering time

I. Bartrina1, S. Werner2, A. Schenke3, D. Gasperini3, T. Schmülling2

1University of Graz, Institute of Biology, Graz, Austria 
2Free University of Berlin, Institute of Biology/Applied Genetics, Berlin, Germany 

3Leibniz Institute of Plant Biochemistry, Molecular Signal Processing, Halle (Saale), Germany

Plants undergo a major physiological change as they transition from vegetative to reproductive development. The precise tim-
ing of this process is responsible for their reproductive success. The hormone cytokinin is involved in regulating flowering time 
but the relevant cytokinin genes and its link to known flowering pathways are not well known. The analysis of flowering time of 
selected cytokinin metabolism and signaling mutants (with a higher or lower cytokinin content or signaling activity) indicates 
that cytokinin promotes the induction of flowering independent of photoperiod and independent of leaf number. Reciprocal 
grafting experiments revealed that root-derived CK is an important flowering signal. Interestingly, our gene expression studies 
and genetic analyses identified a functional link between the cytokinin and the age pathway, which is defined by the antagonistic 
expression of the microRNAs miR156 and miR172 targeting several SQUAMOSA PROMOTER BINDING LIKE (SPL) and APETALA2 
(AP2)-like transcription factor genes. The role of distinct components of the age pathway acting downstream of the canonical 
cytokinin signaling pathway will be discussed.

O-S2-007
Stamen galore – occurrence and regulation of stamen-producing ring meristems

D. Kong1, A. Becker1

1Institute of botany, Justus Liebig University, Gießen, Germany

Floral meristems are dynamic systems stem cell systems that generate floral organ primordia and often terminate while the 
gynoecium forms. However, many species develop additional ring meristems during their floral morphogenesis, that generate 
stamen primordia continuously while the floral meristem has already ceased its activity. This results in “polystemous” flowers 
(include more than twice the number of stamens than petals or sepals), and decouples the timing of stamen initiation from 
carpel initiation. Polystemy has originated several times independently and provides a widespread mechanism to modify the 
male/female reproductive ratio. But nothing is known so far about the differential regulation of these two types of stem cells in 
very close vicinity. We use the polystmous species Eschscholzia californica (California poppy) a member of the Ranunculales, the 
sister lineage to the core eudicots, as model system to understand the molecular mechanism regulating polystemy. We use his-
tological analyses and Laser Microdissection followed by RNAseq and differential gene expression analysis to identify the gene 
regulatory network orchestrating polystemy. Here, we provide a systematic overview of the occurrence of polystemy in dicots 
and summarize our first results from the differential gene expression analysis.
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Metabolic modeling advances for plant metabolism

J. Simas Coutinho Barbosa1, P. F. Suthers2, D. Sarkar1,3, C. D. Maranas1,2

1The Huck Institutes of the Life Sciences, The Pennsylvania State University, University Park, PA, United States 
2Department of Chemical Engineering, The Pennsylvania State University, University Park, PA, United States 

3International Flavors & Fragrances Inc.

The reconstruction of genome-scale metabolic (GSM) models has advanced significantly over the past two decades. Moving 
from prokaryotes to eukaryotes, challenges emerge related to enzyme localization in compartments, elucidation of inter-com-
partment metabolite possibilities, and cost. Additional challenges for multi-cellular organisms stem from tissue-specific me-
tabolism, growth-stage dependent drain, cumulative allocation of biomass, and metabolite trafficking. In this talk, we highlight 
progress associated with reconstructing GSM models for two bioenergy feedstocks plants: Populus trichocarpa (poplar) and 
Panicum virgatum (switchgrass). We describe reconstruction workflows and model content alongside application results.
The poplar GSMM, iPop8177, incorporates information from the PoplarCyc database and satisfies biomass production con-
straints, achieving agreement with experimental results. We extracted a subnetwork representing poplar leaf-specific metabo-
lism using the Regularized context-specific model Extraction method with leaf transcriptomic data for 41,335 genes and 390 
genotypes of poplar. Our switchgrass reconstruction, iPavirAL is based on the recently-published genome sequence (Panicum 
virgatum v5.1) for cultivar AP13. It separately tracks mesophyll and bundle sheath cells making up the leaf. iPavirAL addresses 
complications arising from the tetraploid nature of AP13. Information from the Switchgrass Gene Expression Atlas (PviGEA) 
and SwitchgrassCyc is incorporated into the model. Both plant models conform to community standards and have undergone 
extensive refinement that includes the removal of thermodynamically infeasible cycles. Both are designed as scaffolds upon 
which genotypic and phenotypic data are placed and are extendable into whole-plant models that include stems, roots, and 
other relevant tissues.
Plant metabolic models can be used to gain context of associations between phenotypes and single-nucleotide polymorphisms 
(SNPs). The developed tool SNPeffect offers putative genotype-to-phenotype mechanistic interpretations arising from analyzing 
SNPs in context of GSMM. We used SNPeffect with data for Arabidopsis thaliana and poplar to explain differential growth rate 
and metabolite accumulation in accessions of each species as the outcome of SNPs in enzyme-coding genes. Functional SNPs 
were found in pathways such as amino acid metabolism, nucleotide biosynthesis, and cellulose and lignin biosynthesis, and were 
in line with breeding strategies.

O-S3-002
Integrating cellular acclimation processes into crop models to understand climate 

change impact on global crop productivity
T. W. Chen1, C. Müller2

1Humboldt University of Berlin, Albercht Daniel Thaer-Institute of Agricultural and Horticultural Sciences, Berlin, Germany 
2Potsdam Institute for Climate Impacts Research, Potsdam, Germany

Ensuring yield potential and stability from local to global scale in the future depends on breeding. Since cultivars bred currently 
acclimatize to present climate conditions, it is questionable if they will be suitable in the future due to climate change. Although 
this question can be answered by modelling approach, prevalent crop models do not reflect the important roles and mecha-
nisms of plastic acclimation to fluctuating environments. Therefore, the climate-change impacts on crop productivity may be 
biased as important within-plant response patterns are ignored. To address this, acclimation processes can in principle be inte-
grated into models, making use of data and insights gained from lab experiments. We identify three major steps to implement 
such processes into crop models. First, it is infeasible to integrate every acclimation process at cellular level into hundreds of 
parameters in a crop model since a bottom-up approach of modelling leads easily to a virtually infinite number of combinations, 
so efforts on identifying meta-mechanisms using meta-modelling are inevitable to simplify the links between cellular and organ 
levels. Second, current crop models must be restructured. Since acclimation implies dynamic changes of traits (parameters or 
variables in a model), their values at time t is determined by the input- or other state variables at times between t-i and t-k. The 
time interval between t-i and t-k represents the time window in which morpho-physiological traits are plastic and able to ac-
climatize. Finally, testing acclimation strategies under different future climate-change scenarios will provide breeders concrete 
suggestion of long-term breeding strategy at regional and global scale.
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photorespiration – a metabolic trade-off between carbon assimilation and metabolic stabilization

J. Hernandez1, T. Nägele1

1Ludwig Maximilian University of Munich, Biology I, Planegg-Martinsried, Germany

The photorespiratory pathway comprises metabolic reactions distributed across several cellular compartments. It emerges 
from the dual catalytic function of ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco) which either carboxylates or 
oxygenates ribulose-1,5-bisphosphate (RuBP). Carboxylation reactions produce 3-phospho-glycerate (3PGA) molecules which 
are substrate for central carbohydrate metabolism while oxygenation forms 2-phosphoglycolate (2PG) molecules which are sub-
strate for the multicompartmental recovery process of photorespiration. Further, 2PG is a strong inhibitor of several enzymes 
involved in the Calvin-Benson-Bassham cycle which challenges the experimental and theoretical study of carbon assimilation, 
photorespiration and metabolic regulation in vivo. Here, an approach of structural kinetic modeling (SKM) is presented to inves-
tigate the extend of stabilization of CBC and carbohydrate metabolism by photorespiration. Further, our approach highlights the 
importance of feedback regulation by 2-PG for alleviation of environmental perturbation. Our findings indicate that oxygenation 
of RuBP by Rubisco significantly stabilizes CBC activity and, thus, carbohydrate metabolism. We suggest a trade-off function of 
photorespiration which reduces carbon assimilation rates but simultaneously stabilizes metabolism by increasing plasticity of 
metabolic regulation within the chloroplast. With this, our theoretical analysis sheds light on the role of a multicompartmental 
metabolic pathway in stabilizing plant metabolism within a changing environment.

O-S3-004
predictive power of regulatory network analyses in Brassica napus 

B. Verwaaijen1, A. Bräutigam1

1Bielefeld University, Computational biology, Bielefeld, Germany

As part of the AVATARS BMBF funded project we aim to exploit the predictive power of regulatory networks. The gene regula-
tory network (GRN) approach relies on transcription factor(TF) – target gene associations inferred through a random forest re-
gression algorithm. In order to achieve maximal resolution, the algorithm needs to be fed with quantitative transcriptomic data 
from a diverse array of different experimental conditions. To do so, all available RNAseq data is extracted from the sequence 
read archive (SRA) NCBI. An initial network was calculated from 1,397 datasets taking eight weeks to compute. RAM consuming 
steps in the algorithm were optimized to more efficiently parallelize computing in the de.NBI cloud. To date the available expres-
sion database has expanded to 2,990 datasets and an updated network computed. The transcription factor list was re-curated 
for compatibility with A. thaliana networks. The new network not only contains more data, but was calculated on the most 
recent B. napus genome which also forms the new central reference within the AVATARS project. It is expected that this second 
iteration of the network is more robust and improves the transfer of results between the different AVATARS work packages. The 
two networks are compared to extrapolate how much more data would be needed to reach saturation. In addition, a method 
is being developed to combine GRNs and GWAS data with the goal of improving the power of discovery for the latter and false 
positive associations in the former. In short, GWAS derived SNP scores are associated with target genes from TFs within the 
GRN and are ranked against all other SNPs. It is expected that target gene groups connected with the experimental trait possess 
overall higher scores. Two versions of this method are currently under investigation. In the first SNPs are associated with genes 
if they are positioned within the coding sequence plus introns. In the second method SNPs are associated with genes if they are 
positioned within their transcription factor binding site (3000 bp upstream of the transcription start site or next gene). As test 
data the Arabidopsis AraGWAS database is being used. After completion the method can be transferred to other species like B. 
napus to improve discovery of causal genes for traits of interest.
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A multi-omics perspective on Arabidopsis drought response – discovering novel regulators with

 a machine learning based gene-to-phene approach
D. Psaroudakis1, E. Fitzek2, B. Weisshaar2, A. Bräutigam2, A. Junker1

1IPK Gatersleben, Molecular Genetics, Gatersleben, Germany 
2Bielefeld University, Bielefeld, Germany

Drought is one of the most common and most dangerous threats to plants, causing billions of dollars worth of harvest loss every 
year. As more areas on earth become prone to drought due to climate change, it will be necessary to find or breed varieties more 
suitable to grow and prosper in these changing environments.
Plant response to drought stress is an intricate mechanism and mapping out the web of agents is no trivial task. Machine learn-
ing has become a popular tool for finding patterns in situations that are too complex for the human mind to overlook and even 
though much of the hype is focused on the latest developments in deep learning, relatively simple methods often outperform 
more complex ones, especially when data is limited or expensive to gather.
Here we develop an approach for integrating the phenotypic and transcriptomic aspects of stress response to uncover novel 
gene-to-phene connections. Using high-throughput quantitative phenotyping and the Boruta feature selection algorithm, we 
show that drought response in Arabidopsis occurs in discernible phenotypic stages which are associated with largely disjunct 
groups of phenotypic traits and genes. We are currently evaluating the gene-to-phene network and refining the method to en-
sure it can be readily generalized to other types of stressors or species (this will be completed before the conference).

O-S3-006
Suitability of spectral reflectance based vegetation indices and sun-induced chlorophyll fluorescence to

monitor the spring recovery of photosynthesis in a mixed boreal forest
L. Junker-Frohn1, P. Näthe2, B. Siegmann1, J. Atherton3, A. Burkart2, T. Julitta2, A. Porcar-Castell3, U. Rascher1

1Forschungszentrum Jülich, Plant Sciences (IBG-2), Jülich, Germany 
2JB Hyperspectral Devices GmbH, Düsseldorf, Germany 

3University of Helsinki, Department of Forest Sciences, Helsinki, Finland

Boreal forests propose a specific challenge for remote-sensing of phenology and photosynthetic capacity, as they are char-
acterized by mixed stands of deciduous and evergreen trees. In spring, onset of photosynthetic activity in deciduous trees is 
marked by the obvious development of new leaves. Conifers retain their leaves throughout the winter, and recovery of photo-
synthesis is associated with changes of bulk photosynthetic pigments. Consequently, these processes are reflected differently by 
canopy-level measurements of spectral reflectance and sun-induced chlorophyll fluorescence. Here we present results of two 
consecutive years of tower based measurements at the Finnish Hyytiälä Forestry Field Station, for which also measurements of 
environmental conditions and gross primary production (GPP) and phenological observations by digital imaging were available. 
We hypothesized, that spectral reflectance based vegetation indices vary in their suitability to represent the spring recovery 
of photosynthesis of deciduous and evergreen trees, and that sun-induced chlorophyll fluorescence measurements, F760 and 
F687, are superior due to their universal representation of photosynthesis. Contrasting spring temperatures between years re-
vealed a strong effect of the timing of phenological events on the correlation between vegetation indices with GPP. Under cold 
spring conditions, when spring recovery of photosynthesis was temperature constrained, a sudden increase in GPP after birch 
budburst was represented by drastic changes in NDVI, NIRvref, CCI, NIRvrad, and F687. Increased GPP under cold conditions 
prior to birch budburst exclusively attributable to conifers was only reflected by F687. Under warmer spring conditions, a more 
gradual recovery of GPP was well represented by NDVI, PRI, CCI, NIRvrad and F687, with an early saturation and thus mostly 
without distinct changes in response to birch budburst. Consequently, correlations of NIRvref and PRI to GPP varied consider-
ably between years, while NDVI and CCI were unable to represent GPP during cold winter and warm early summer conditions. 
Surprisingly, F760 only increased in response to adverse conditions in early summer and did not reflect the spring recovery of 
photosynthesis, likely due to technical limitations of the setup. Altogether, F687 was most suitable to reflect photosynthesis of 
deciduous as well as evergreen species, which makes it a superior measure for photosynthetic capacity of mixed boreal forests.
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Exploring the dynamics of subcellular energy metabolism in living plants 

M. Schwarzländer1

1IBBP WWU Münster, Plant Energy Biology, Münster, Germany

Primary metabolism is at the heart of plant life. The way that plants have evolved has been shaped by metabolic constraints. Vice 
versa the lifestyle of plants has brought about unique adaptations of their metabolic systems. While plant primary metabolism 
provides the energy and building blocks for growth, development, maintenance and stress responses, it is its flexibility that is 
truly remarkable.
While computer modelling of the metabolic network has delivered insight into the flux modes that may be adopted, the dynam-
ics by which cells or tissues switch between different metabolic states in vivo remain poorly understood. Yet, there is a need 
to detect those dynamics and how they are regulated if we are to understand how plants tackle transitions in development or 
environmental conditions.
 We have been exploring the dynamics of hubs of energy metabolism, such as NAD and ATP, in specific cell compartments in 
response to sudden developmental or environmental transitions, such as seed germination, changes in light intensity, hypoxia or 
pathogen exposure. Exploiting fluorescent protein biosensors to explore the dynamics of energy and redox metabolism has al-
lowed insight into how metabolism can be dynamically choreographed across different cell compartments in vivo. In this lecture 
I will set an emphasis on energy and redox metabolism in the cytosol, discuss current in vivo biosensing strategies and highlight 
recent new insights into the – often hidden – dynamics of plant energy metabolism.

O-S4-002
Quantifying temperature-induced dynamics of plant carbohydrate metabolism

C. Seydel1, J. Biener1, V. Brodsky1, S. Eberlein1, T. Nägele1

1Ludwig Maximilian University of Munich, Biology, Munich, Germany

In a dynamic environment, plants need to adjust their metabolism efficiently to prevent tissue damage. In this context, tran-
sient temperature dynamics represent a challenge due to multiple effects on gene expression, thermodynamics and resulting 
enzymatic reaction rates. Here, we present a strategy of carbon balance modelling to quantify, analyze and predict dynamic 
response of carbohydrate metabolism in Arabidopsis thaliana to transient heat stress. Reduced sucrose biosynthesis capacity 
and increased starch biosynthesis capacity were found to result in stabilized carbon assimilation rates under such conditions 
(Seydel et al. 2022). Finally, we experimentally validated our findings which proved a developed non-linear mathematical model 
of plant metabolism to reliably predict plant response to a highly dynamic environment.
Seydel C, Biener J, Brodsky V, Eberlein S, Nägele T (2022) Predicting plant growth response under fluctuating temperature by 
carbon balance modelling. Communications Biology 5: 164

O-S4-003
Sugar concentration and phloem loading in tall European beech (Fagus sylvatica) and 

Common oak (Quercus robur)
W. Miehe1, L. Czempik1, G. Lohaus1

1University of Wuppertal, Molecular Plant Science/Plant Biochemistry, Wuppertal, Germany

Phloem loading is an important step for carbohydrate partitioning in plants. The mechanisms of phloem loading are well veri-
fied in different herbaceous plant species, whereas less is known about loading strategies in trees. Herbaceous plant species 
load the phloem mainly actively, whereas for trees a passive loading mechanism was assumed, in such a manner that sucrose 
diffuses from the mesophyll cells into the phloem cells. However, several results indicate that phloem loading of sucrose must 
involve active loading steps. Because so far most studies about phloem loading have been performed with small trees grown in 
greenhouses, this study focuses on phloem loading in tall trees.
European beech (Fagus sylvatica) and Common oak (Quercus robur) were analyzed for the experiments. Leaves and branches 
at the tops of trees of about 25-30 m high were sampled. A comparison of the sugar and starch content in leaves and branches 
(bark or wood) of small (1-2 m) and tall trees (25-30 m) showed no significant differences. Non-aqueous-fractionation were used 
to determine the subcellular sugar concentrations in mesophyll cells and the concentrations were compared to the sucrose 
concentration in phloem sap. In both tree species the sucrose concentration was significantly higher in phloem sap than in the 
cytosol of mesophyll cells. Moreover, full length cDNA sequences of sucrose-uptake-transporters (SUTs) from type I, II and IV 
could be obtained from both tree species. The expression of the different SUTs in leaves and branches (bark or wood) of small 
(1-2 m) and tall trees (25-30 m) were similar. These results indicate that phloem loading of sucrose in tall trees of Fagus sylvatica 
and Quercus robur must also involve active loading steps.
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O-S4-004
Efficient glutaredoxin S15-mediated [2Fe-2S] transfer is essential for activity of 

mitochondrial lipoyl synthase
L. Pedroletti1, A. Moseler1, S. Timm2, L. Zander3, M. Wirtz4, R. Hell4, A. J. Meyer1

1Rhenish Friedrich Wilhelm University of Bonn, INRES – Chemical Signalling, Bonn, Germany 
2University of Rostock, Plant Physiology Department, Rostock, Germany 

3Rhenish Friedrich Wilhelm University of Bonn, INRES – Plant Nutrition, Bonn, Germany 
4University of Heidelberg, Centre for Organismal Studies, Heidelberg, Germany

Iron-sulfur clusters (ISCs) are crucial cofactors, especially in mitochondria, where they are essential for some enzymes in the 
TCA cycle, the electron transport chain and the synthesis of lipoic acid. ISCs are extremely unstable and thus need a chaperon-
ing protein structure to prevent their disassembly. Glutaredoxin S15 (GRXS15) can coordinate [2Fe-2S] and transfer it from the 
early ISC assembly machinery to the respective apoproteins. While grxs15 null mutants are lethal, knockdown mutants and lines 
expressing a less active GRXS15 variant are viable but show different degrees of dwarfism. These mutants are characterized 
by reduced activity of lipoic acid (LA)-dependent enzymes. In mitochondria, LA is synthesised by lipoyl synthase (LIP1), which 
sacrifices a [4Fe-4S] during each catalytic cycle for the provision of sulfur atoms in LA. However, very little is known about the 
actual role of GRXS15 and its direct and indirect protein partners, including LIP1. Based on the observation that LIP1 is far less 
abundant than most other [4Fe-4S] proteins, we hypothesized that LIP1 is the first protein to experience a shortage of cluster 
supply if the capacity of the upstream transfer system is restricted. One of the four mitochondrial LA-dependent enzymes is 
the glycine dehydrogenase complex (GDC). We demonstrate that diminished photorespiration under high atmospheric CO2 sup-
presses the dwarf phenotype of grxs15 and causes re-adjustment of the metabolite profile by overcoming the low GDC activity. 
Furthermore, we show that deletion of the high-abundant [4Fe-4S] aconitase 3 in grxs15 mutants allows for more [4Fe-4S] being 
provided to LIP1 and thus partially rescues the dwarf phenotype. Finally, overexpression of LIP1 generates a sink for [4Fe-4S] and 
completely suppresses the dwarfism of grxs15. Concomitantly, accumulation of all metabolites synthesized by LA-dependent 
enzymes is avoided. However, we also found that overexpression of LIP1 in wild-type plants is deleterious with a clear gene 
dosage effect resulting in curly leaves, delay in flowering and accumulation of several metabolites, especially cysteine. Taken 
together, our data demonstrate that the availability of ISCs in mitochondria relies on GRXS15 and that genetically altered ISC 
distribution can ensure sufficient ISC supply for LIP1. The presented data allow drawing a refined model for the mitochondrial 
ISC transfer machinery and highlight deleterious consequences of LIP1 hyperactivity.

O-S4-005
Challenges and chances of using proteins as major seed storage compounds – a quantitative perspective

C. Angermann1, B. Heinemann1, J. Moormann1, H. P. Braun1, T. Hildebrandt1

1Leibniz University Hannover, Plant Proteomics, Hannover, Germany

During germination and early seedling development plants completely rely on their seed storage compounds to provide them 
with energy and precursors for the synthesis of macromolecular structures such as cell walls until the seedling has emerged 
from the soil and photosynthesis can take over. Lupin seeds use predominantly proteins, which represent up to 35% of the seed 
dry weight, as their storage compounds and do not contain starch. Thus, lupins are valuable crops to replace soybean as a pro-
tein source for human nutrition and animal feed. However, since plant metabolism is primarily geared to using carbohydrates 
as substrates for mitochondrial ATP production and as starting materials for cellulose synthesis, completely relying on proteins 
is challenging for the germinating seedling. During germination storage proteins have to be used as alternative respiratory 
substrates and they also need to be converted to glucose for the synthesis of cell walls in the rapidly growing seedling. These 
processes potentially liberate large quantities of toxic ammonium. Based on proteomics, metabolite profiling, and the analysis 
of physiological parameters we construct a quantitative model of storage protein metabolism during germination and postger-
minative seedling growth in Lupinus albus. This approach elucidates how the different metabolic processes are coordinated to 
meet the demands of the growing seedling. Such information increases our understanding of specific metabolic adaptations 
required for using proteins as major seed storage compounds and may be used in the future to identify potential targets for 
breeding crops with a beneficial seed protein composition.
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Chloroplast nucleotide homeostasis and interplay with photosynthesis during acclimation

V. Scherer1, A. Lau1, L. Bellin1, T. Möhlmann1

1University of Kaiserslautern, Plant Physiology, Kaiserslautern, Germany

Pyrimidine nucleotides are essential for all organisms as they are components of DNA and RNA and are key play-
ers in many metabolic pathways. For plants, it is important to balance their nucleotide pool via the de novo synthe-
sis, by reduction, phosphorylation, degradation or via the salvage of nucleosides. As de novo synthesis is highly ener-
gy consuming, uracil and uridine or cytidine can be recycled into UTP or CTP via less energy consuming salvage pathways. 
During periods of fast growth or acclimation to cold, the demand for nucleotides increases to serve the produc-
tion of new ribosomes and thus accelerate protein synthesis (Busche et al., 2021; Garcia-Molina et al., 2020). 
Uracil salvage with the chloroplastidic main enzyme uracil phosphoribosyl transferase (UPP) is active, but based on previous 
results of seemingly low importance. Surprisingly, UPP-knockout mutants show a severe phenotype as they only survive few 
days after germination (Ohler et al., 2019). By use of UPP amiRNA and Overexpressor lines we confirmed a vital role of UPP for 
efficient photosynthesis, carbohydrate accumulation (and thus growth) and flavonoid biosynthesis, although nucleotide levels 
were mostly unaffected. Most experiments were performed not only under standard conditions, but also under cold and high 
light conditions. RNA-Seq analysis revealed a high number of regulated genes in both, amiRNA and Overexpressor lines. We will 
present hypotheses that bring together these partially contrasting observations about the mysterious roles of UPP.
-  Busche M., Scarpin M. R., Hnasko R., Brunkard J. O. 2021. The Plant Cell 33(5): 1615-1632.  
-  Garcia-Molina A., Kleine T., Schneider K., Mühlhaus T., Lehmann M., Leister D. 2020. IScience 23(7): 101331.  
-  Ohler L., Niopek-Witz S., Mainguet S. E., Möhlmann T. 2019. Plant Physiology 180(4): 1816-1828.

O-S4-007
DUF3411 defines a new class of plastidial amino acid transport proteins

F. Kuhnert1, P. Westhoff1, P. Lundquist1, C. Rosar1, T. Goss1, A. P. M. Weber1

1Heinrich Heine University Düsseldorf, Institute for Plant Biochemistry, Düsseldorf, Germany

Amino acids are essential building blocks for proteins, serve as nitrogen storage forms, and amongst others play important roles 
in plant growth and development, intracellular pH and redox control, and signaling. Plants can take up amino acids from the soil 
and distribute them throughout the plant body via the phloem and xylem. The uptake of amino acids by the roots and the long 
distance transport is generally mediated by plasma membrane localized amino acid transporters. In addition, plants can synthe-
size amino acids de novo. The latter requires building blocks provided by photosynthesis and thus mainly takes place in the leaf 
tissue. Within the plant leaf cell amino acid metabolism is highly compartmentalized. The majority of all amino acids are synthe-
sized within the plastids and need to be exported to supply the other organelles. Hence, transporters that catalyze the transport 
of amino acids across the plastid envelope are required. However, no plastidial amino acid transporters have been characterized 
to date. We have identified the protein family containing a Domain of unknown function (DUF) 3411 as novel components in 
amino acid metabolism. Knockout mutants of this family often display a reticulate leaf phenotype and hence have obtained the 
designation RETICULATA (RE). Arabidopsis thaliana RE1 is an integral membrane protein of the inner plastid envelope. Mutants 
deficient in RE1 show a reticulate leaf phenotype, metabolic alterations in basic amino acid content, and inhibited growth on 
plates supplemented with basic amino acids. Double knockout mutants of RE1 and its closest homolog RER1 are lethal, indicating 
a functional redundancy of both proteins. These results together with yeast complementation analyses provide evidence of the 
first plastidial basic amino acid carrier in Arabidopsis.
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O-S5-001
The Making of a root barrier – the periderm

D. Molina1, W. Xiao1, L. Ragni1
1ZMBP-University of Tübingen, Germany

Like our skin, mechanical barriers evolved to defend the plant against biotic and abiotic stresses and to control loss of water 
and gas exchanges. In roots, the endodermis and exodermis are the key barriers that isolate the primary vasculature from the 
environment, while the periderm protects tissues undergoing extensive radial thickening. The periderm is a complex barrier as 
it comprises a stem cell niche that forms toward the environment the cork and the phelloderm toward the vasculature. Barrier 
properties are conferred by lignin and suberin depositions in the cell wall of the cork. So far, the molecular network underlying 
the different steps of barrier establishment are well characterized only for the endodermis. We recently showed that auxin is re-
quired for periderm initiation and cork cambium maintenance, and elucidate the basic cork cambium regulatory network, how-
ever how stem cells of the cork cambium constantly differentiate into highly suberized and lignified cork cells is largely unknown. 
Based on periderm/cork transcript-profiling of several species, we identified a set of closely related MYB transcription factors, 
which are conserved among species and specifically expressed in the periderm/cork. Our preliminary results, exploiting the 
Arabidopsis root, as a model, suggest a dual function in periderm development for these MYBs. On one hand, they promote 
suberin accumulation by activating suberin biosynthesis and polymerizing enzymes and on the other hand they restrain cork 
cambium proliferation by repressing downstream of auxin signaling components. These findings reveal that MYB TFs are key 
players in regulating the balance of stem cell proliferation and differentiation.
Furthermore, we established a cork trans-differentiation system that will help us to dissect the early events of suberin and lignin 
deposition in the cork, to unravel novel players of cork differentiation in different environmental conditions, which will pave the 
way to design plants with improved barriers.

O-S5-002
Tissue and cell-type specific responses of roots to cold stress in European Flint maize

Y. Zhou1, G. Haberer2, C. C. Schön3, F. Hochholdinger1

1Rhenish Friedrich Wilhelm University of Bonn, Crop Functional Genomics, Bonn, Germany 
2Helmholtz Zentrum München, Plant Genome and System Biology, Munich, Germany 

3Technical University of Munich, Plant Breeding, Munich, Germany

Cold stress adversely affects plant growth and is a limiting factor in crop productivity. Maize is a highly cold sensitive species. 
Low temperature events frequently occur early after planting in temperate climates, thereby decreasing yield in modern maize. 
European flint maize landraces provide a unique genetic resource for cold adaptation (Frey et al., 2020). However, the unique 
responses of specific root cell types at different developmental stages to cold have not yet been comprehensively studied (Zhou 
et al., 2021). Therefore, this study targets to understand how maize balances between tissue organogenesis and cold tolerance. 
To this end, we surveyed the doubled-haploid line PE0075 which is derived from the Petkuser Ferdinand Rot landrace that origi-
nates from Northern Germany. To identify tissue and cell-type specific cold regulated genes and to functionally characterize the 
genes associated with cold tolerance, RNA-sequencing was applied to investigate the transcriptomic dynamics in seedling maize 
root tissues and cell types in response to mild and moderate cold temperatures. Differential gene expression analysis demon-
strated that maize roots exhibited high degree of tissue- and cell type- specific transcriptomic plasticity. Interestingly, moderate 
cold temperature induced the largest quantity of cold responsive genes in the epidermis and stimulated root hair extension. 
Overall, this study will provide a comprehensive transcriptomic landscape of maize roots in response to cold stress from the 
whole organ to the single cell type level.
-  Frey et al., (2020) Transcriptomic diversity of seedling roots of European flint maize in response to cold. BMC Genomics. 
-  Zhou et al., (2021) Cold response and tolerance in cereal roots. Journal of Experimental Botany. 
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A micro RNA mediates shoot control of root organ formation

M. Sexauer1,2, H. Bhasin1, E. Roitsch1,2, M. Schoen1, C. Wall1, U. Herzog1, K. Markmann1,2

1Eberhard Karl University of Tübingen, Tübingen, Germany 
2Martin Luther University of Halle-Wittenberg, Molekulare Genetik, Halle (Saale), Germany

In a natural soil environment nitrogen availability is often limiting and not uniformly distributed. To obtain sufficient nitrogen, 
many seed plants adapt their root system architecture in response to nitrogen availability, a process known as foraging response 
[1]. Root nitrogen foraging is known to be shoot dependent, and integrate the systemic nitrogen status of the plant [2]. However, 
the identity of the shoot derived signal(s) involved in regulating the root response is unknown.
Here we show that a microRNA acts as a mobile shoot signal translocating to the root in a nitrogen homeostasis-dependent man-
ner to control lateral root formation. Intriguingly, the miRNA and its function are conserved across land plant lineages including 
the ruderal Arabidopsis thaliana and the legume model Lotus japonicus, identifying it as an essential, evolutionarily stable factor 
in shoot dependent adaption of root organ formation in response to nitrate availability in plants of divergent lifestyles.
-  Oldroyd, G. E. D. & Leyser, O. A plant’s diet, surviving in a variable nutrient environment. Science 368, doi:10.1126/science. 
 aba0196 (2020).
-  Guan, P. et al. Nitrate foraging by Arabidopsis roots is mediated by the transcription factor TCP20 through the systemic signal- 
 ing pathway. Proc Natl Acad Sci U S A 111, 15267-15272, doi:10.1073/pnas.1411375111 (2014).

O-S5-004
plant growth regulation – integration of stress responses on the subcellular level

S. Kaiser1, J. Müller1, S. Eisele1, D. Scheuring1

1University of Kaiserslautern, Plant Pathology, Kaiserslautern, Germany

Previously, it was established that restricting the size of the plants largest organelle – the vacuole impacts cell-size control and 
ultimately restricts root growth (Löfke et al., 2015; Scheuring et al., 2016). Super resolution microscopy combined with differ-
ent staining techniques (Scheuring et al., 2015) allowed 3D reconstructions of organelles and led to the finding that the space 
a vacuole occupies in a given cell directly affects elongation rates. Changing vacuolar morphology requires a number of differ-
ent molecular players including SNAREs, Rab-GTPases and Networked (NET) proteins (Kaisers et al., 2019) which interact in a 
complex and highly regulated manner (Kaiser and Scheuring, 2020). Notably, the stress hormone salicylic acid directly impacts 
on this molecular machinery thereby altering vacuolar morphology. Eventually, vacuole size decrease, the space-filling function 
of the vacuole is impaired and plant growth is restricted. Since the bona fide salicylic acid (SA) receptors NONEXPRESSOR OF 
PATHOGENESIS-RELATED GENES (NPR) 1, NPR3 and NPR4 do not participate we hypothesize that SA-mediated growth restric-
tion is independent of induction of plant defense. Currently, we are investigating at which level these pathways diverge and how 
environmental stresses are integrated.

O-S5-005
OsJACKDAW regulates root tissue patterning and plant-microbe interaction in rice

G. K. Kirschner1, I. Blilou1, H. Butt1, M. Mahfouz1

1King Abdullah University of Science and Technology (KAUST), Thuwal, Saudi Arabia

Root radial tissue patterning is established in the root meristem. In Arabidopsis, a member of the  plant-specific INDETERMINATE 
DOMAIN C2H2 zinc finger protein family, JACKDAW, is one of the main regulators of ground tissue development. While Arabidop-
sis forms only one layer of cortex, rice forms multiple ones by consecutive cell divisions of the cortex-endodermis initial, which 
makes it an interesting model to study ground tissue patterning.
We identified the ID domain protein OsJACKDAW (OsJKD) as homologue of AtJKD and show that its function in quiescent center 
maintenance and ground tissue patterning is conserved between Arabidosis and rice. The additional cortex cell layers in rice 
have been linked to the movement of the transcription factor SHORTROOT (SHR), which is regulated by protein complex forma-
tions. Interaction of OsJKD with SHR is conserved in rice, indicating that SHR movement is dependent on other factors. Interest-
ingly, transcriptome analysis and phytohormone measurements show that the Osjkd mutant has higher jasmonic acid content 
as well as differentially regulated jasmonic acid signalling gene expression. At the same time we found differentially expressed 
defense genes, which implies that OsJKD is also involved in plant-microbe interactions.
This makes OsJKD an outstanding transcription factor, involved in both, rice root development and plant microbe interaction 
and provides an opportunity to explore how plants balance between growth and defense trade-off.
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Deciphering Lotus japonicus responses to rhizobial infection at the single-cell level

M. Frank1, L. I. Fechete1, F. Tedeschi1, S. U. Andersen1, D. Reid1

1Aarhus University, Department of Molecular Biology and Genetics, Aarhus, Denmark

During their lifetime, plants require nitrogen (N) to grow and develop. While most species depend on bioavailable soil N, le-
gumes are able to host N2-fixing rhizobia in specialized root-derived structures called nodules. Rhizobia initially colonize legume 
roots via infection threads in root hairs. The model legume Lotus japonicus develops nodules from a limited number of cortex 
cells and only few root hairs are capable of being infected by rhizobia through infection threads. The limited number of these 
cells impedes the detection of specific transcriptional signatures in classical bulk RNA-seq approaches. However, they might be 
crucial to get novel insights into nodule organogenesis and infection thread formation. By performing protoplast-based single-
cell RNA-seq, we identified not only cell populations of distinct root tissues but also those representing infected root hairs and 
cortex cells as well as nodule cells. Marker gene analysis demonstrated that known regulators were specifically expressed in 
these cell populations upon rhizobia treatment. A number of uncharacterized regulators are also specific to these cell popula-
tions. Genetic analysis confirmed the requirement for some of these in nodule organogenesis and root hair infection. Our results 
lay the foundation for identifying key factors regulating nodule organogenesis and infection thread formation in legumes.

O-S5-007
Molecular mechanisms underlying a host-independent initiation of haustorium development in 

the root parasitic plant Phelipanche ramosa
G. Brun1, F. Schindler2, D. Dorsch1, J. Gürth1, W. Weckwerth2, S. Wicke1

1Humboldt University of Berlin, Institut für Biologie, Berlin, Germany 
2Universität Wien, Molecular Systems Biology, Vienna, Austria

Specialist plants have turned into fully parasitic weeds that withdraw water, nutrients, and macromolecules from the roots of 
crops via a specialized feeding structure, the haustorium, to the point of inducing total crop failure in severe infestations. The 
evolutionary transition to parasitism brought about numerous molecular and functional adaptations. For example, exudation of 
haustorium-inducing factors (HIFs) into the rhizosphere became strictly necessary for the development of a haustorium (haus-
toriogenesis) in members of the Orobanchaceae family, such as Orobanche and Phelipanche spp. HIFs are commonly thought 
to originate from the roots of other plants and act as chemoattractants for the parasite to find a suitable host. By studying the 
holoparasitic plant Phelipanche ramosa using germination and haustorium induction assays, RNA sequencing, and HPLC-MS 
analysis, we demonstrate that contrary to the current paradigm, haustoriogenesis is naturally host-independent in this species. 
Germinating parasite seeds produce their own mixture of HIFs. This “exudome” induces the early development of the terminal 
haustorium in a dose-dependent manner, increasing with seed density regardless of the incubation medium”s state and nutri-
ent composition. Varying and increasing seed density with synthetic seed mixtures did not influence haustorium differentiation, 
thereby excluding mechanical contact between seeds as a co-factor of haustoriogenesis. The biological activity of the exudome 
declines with increasing seed incubation time, which preliminary HPLC-MS data correlate with an increase in exudome polarity. 
Several candidate molecules for haustoriogenic activity belong to the isoflavone family, which is abundantly produced by many 
preferred host plants of P. ramosa. By combining HPLC-MS and RNAseq time series data, we propose candidate molecules with 
haustoriogenic activity, as well as the transcriptional responses induced during host-independent haustoriogenesis. Together, 
our work break with the paradigm of strict host-dependence during early parasitic processes in Orobanchaceae. We will discuss 
possible eco-evolutionary scenarios that may have led to both the absence of the response to mechanical stimuli and the main-
tenance of two chemical response pathways from the host and the parasite itself.
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Marchantia polymorpha var. boga as a liverwort model

W. Halpape1, A. Busch2, N. Gutsche2, F. Althoff2, B. Frommer1, A. Meierhenrich1, V. Ortseifen3, 
B. Struck3, B. Verwaaijen1, P. M. Delaux4, S. Zachgo2, A. Bräutigam1

1University of Bielefeld, Computational Biology, Bielefeld, Germany 
2University of Osnabrück, Botany, Osnabrück, Germany 

3University of Bielefeld, Proteom- und Metabolomforschung, Bielefeld, Germany 
4Université de Toulouse, Laboratoire de Recherche en Sciences Végétales (LRSV), Toulouse, France

To facilitate the use of Marchantia polymorpha var. BoGa as a model land plant, we created a new genome assembly, a stranded 
transcriptome atlas, DAP-seq data for dozens of transcription factors and proteome data. The Marchantia polymorpha var. BoGa 
genome was sequenced using ONT, polished with Illumina reads and scaffolded onto the var. Tak genome. The transcriptome 
atlas consists of 200 replicated samples from both developmental and treatment time series and reveals conditions and devel-
opmental stages with small and large changes in transcriptome state. Stranded sequencing and the new genome enable lncRNA 
annotation and quantification. These private and publicly available RNA-seq data is used to calculate gene regulatory networks 
with a supervised machine learning (ML) algorithm. All data paints an integrated picture of regulatory events in the liverwort. 
The results are compared and contrasted with seed plant data to annotate similarities and differences and learn about evolu-
tionary changes between seed plants and liverworts.

O-S6-002
Widespread processing of plant receptor-like kinases and receptor-like proteins 

L. Ossorio Carballo1, J. Kourelis2, F. Homma1, F. Kaschani3, M. Kaiser3, R. A. L. van der Hoorn1, M. Schuster1

1University of Oxford, Plant Sciences, Oxford, United Kingdom 
2The Sainsbury Laboratory, Norwich, United Kingdom 

3University Duisburg-Essen, Essen, Germany

Plant receptorlike kinases (RLKs) and receptor-like proteins (RLPs) are the main players of cell to cell communication in plants and 
many of them constitute key immune receptors. Understanding function and regulation of these receptors therefore promises 
to reveal new opportunities for plant breeding (plant physiology) and crop protection (plant immunity).
Proteolytic processing, in particular ectodomain shedding (shedding) regulates membrane-bound receptors and it refers to the 
proteolytic release of the extracellular portion of a membrane-anchored protein. Shedding is therefore an immediate mecha-
nism to: i) generate local and systemically acting extracellular signals, ii) to shut down reception of extracellular triggers or iii) to 
modulate cell-cell and cell-matrix interactions.
Shedding is best understood in mammals, with hundreds of shedding events reported, but also occurs in other animals and 
fungi. Moreover, homologues of known sheddases (the proteases that perform shedding) can be found in most eukaryotes. 
Importantly, despite the demonstrated critical functions in animals, shedding has yet to be studied systematically in plants that 
harbour a comparative much higher number of cell surface receptors.
There are few reports of shedding in plants and all of them correspond to RLKs involved in plant-microbe interactions. Despite 
the essential functions of shedding in animals, the biological significance of receptor shedding in plants, and the fact that plant 
cells harbour many more receptors than their animal counterparts, shedding has yet to be studied systematically in plants. By 
analysis of large-scale plant proteome datasets, we found evidence of widespread receptor shedding events in plants. This re-
search suggests that the extracellular domains of plant receptors are shed in vivo, demonstrates for the first time the prevalence 
of ectodomain shedding in plants.



72

ABSTRACTS

O-S6-003
Unraveling the mechanisms of C3-C4 intermediate photosynthesis in the Brassicaceae family 

S. Triesch1, M. Y. Lin1, R. Guerreiro2, U. Schlüter1, B. Stich3, A. P. M. Weber1

1Heinrich Heine University Düsseldorf, Institut für Biochemie der Pflanzen, Cluster of Excellence on Plant Sciences (CEPLAS), 
Düsseldorf, Germany 

2Heinrich Heine University Düsseldorf, Institute for Quantitative Genetics and Genomics of Plants, Düsseldorf, Germany 
3Heinrich Heine University Düsseldorf, nstitute for Quantitative Genetics and Genomics of Plants, Cluster of Excellence on 

Plant Sciences (CEPLAS), Düsseldorf, Germany

Plants exhibiting C3-C4 intermediate photosynthesis occur in over 20 Angiosperm lineages and their phenotypes can be seen as 
interim steps on the evolutionary trajectory towards C4 photosynthesis. As C4 photosynthesis is highly complex, C3-C4 intermedi-
ate plants offer valuable insights into the early stages of the evolutionary path of biochemical, anatomical and developmental 
adjustments en route to C4. We are specifically interested in C3-C4 intermediate species from the Brassicaceae, a family contain-
ing multiple important crop and well-characterized model species. We are conducting pan-genomic association mapping across 
30 sequenced Brassicaceae species with several independent origins of the C3-C4 intermediate photosynthesis trait.
One frequently observed principle underlying C3-C4 photosynthesis is differential cell autonomy between mesophyll and bundle-
sheath cells that form the characteristic Kranz-like anatomy around the leaf veins. Initially focusing on promising target genes 
expected to underlie differential expression between those cell types, we analyzed variation in cis-regulatory patterns and their 
putative association to cell-specific expression in C3-C4 intermediate plants.
We found in three independently evolved C3-C4 intermediate species that the insertion of different transposable elements in 
the same promoter region correlates with the differential cell-specific expression of a core photorespiratory gene. Notably, this 
transposon insertion occurs in species forming a polyphyletic group and represents a convergent mechanism of differential 
expression of the same gene.
The role of transposable elements in the evolution of C3-C4 intermediate photosynthesis is now followed up by assessing their 
influence on differential gene expression on both genetic and epigenetic level. On a genetic level, we are screening native and 
engineered promoter variants regarding differential expression between bundle-sheath and mesophyll cells. Analyzing epigen-
etic regulation, we employ whole-genome bisulfite sequencing to resolve differential, transposon-related methylation patterns 
in promising promoter regions and their impact on cell-specific expression.
Understanding the mechanisms of C3-C4 intermediate photosynthesis will facilitate breeding efforts as well as genome-editing 
approaches. We aim to contribute making crops more water- and nutrient use efficient and less prone to high levels of photo-
respiration in hot and arid climate conditions.
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GDSL-motif containing proteins in stomatal development

K. Kumari1, R. Kar1, C. Grefen1

1Ruhr University Bochum, Molekulare und Zelluläre Botanik, Bochum, Germany

Opening and closing of stomata facilitates gas exchange across the otherwise impermeable cuticle of the plant“s surface. Sto-
matal function underlies complex regulation and guard cells undergo reversible changes in their shape and volume to regulate 
the dynamic of the stomatal pore, underpinning the importance of their cell wall structure. We have functionally character-
ized CGM4, a meristemoid expressed GDSL esterase/lipase that is a target of the stomatal lineage specific transcription factor 
SPEECHLESS. Double knockout mutants of CGM4 and its closest sequence homolog CGM3 result in aberrant stomatal pore 
morphology. This causes a significant reduction of the stomatal aperture index – independent of ABA – leading to increased ROS 
production, decreased transpiration rate, and enhanced drought tolerance. The cgm3cgm4 guard cells have an altered wax and 
cell wall composition. We presume that the lack of flexibility of the stomata cell walls caused through these alterations impairs 
guard cell function.

O-S6-005
Comparative genomics – inferring the stress-relevant proteome of land plants and its closest algal relatives

A. Dhabalia Ashok1

1University of Göttingen, Department of Applied Bioinformatics, Göttingen, Germany

A dynamic stress response is crucial for plant survival in rapidly changing environmental conditions. The evolutionary transition 
from freshwater algae to land plants went hand in hand with various stressors. To understand the underlying stress-responsive 
molecular mechanisms that aided plant terrestrialization, we investigate land plants and their closest algal relatives using an ap-
proach build on phylostratigraphy of protein domains. Protein domains are the building blocks of life, reshuffling of which would 
give rise to different protein functionality. We dated the origin of specific proteins by looking at its homologs across species 
through which the extant proteins can be linked to their founder protein as well as the domains from which they were assembled. 
This way we can identify possible latent genomic potential that existed before the appearance of a protein or trait, thus more.
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Ancient biogeography drives sunda-sahul floristic exchange dynamics in sapindales

E. M. Joyce1, D. M. Crayn2, A. R. Zuntini3, J. M. de Vos4, S. K. Pell5, J. B. Bachelier6, J. D. Mitchell7, 
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23Royal Botanic Gardens Victoria, Melbourne, Australia

The convergence of the Sunda continental shelf (Malaysia, parts of Indonesia and the Philippines) and the Sahul continental 
shelf (Australia and New Guinea) from c. 25 Mya was a significant event in global biogeography that resulted in the exchange of 
previously isolated floras (the “Sunda-Sahul Floristic Exchange”; SSFE). Despite the importance of the SSFE in shaping the flora 
of the region, much remains to be understood about the processes and patterns underlying it. To address this, we used Angio-
sperms353 target capture data to generate the most densely sampled phylogenetic tree of angiosperm order Sapindales to date, 
with 448 samples and c. 85% of the genera represented. Our tree resolves the relationships between Meliaceae, Simaroubaceae 
and Rutaceae and indicates that Nitrariaceae, Biebersteiniaceae and Sapindaceae emerged early in Sapindales, but the order of 
divergence remains unclear. Bayesian dating with 29 rigorously assessed fossil calibrations indicates that most Sapindalean fami-
lies arose in the Cretaceous. We then integrated target capture data with legacy Sanger data to produce a species-level phyloge-
netic tree of Anacardiaceae including 373 samples across 73 genera, representing c. 90% of the generic and 47% of the species 
diversity. This tree broadly supports the subfamily classification of Anacardiaceae while indicating that the tribal classification is 
in need of review. Biogeographic analysis of the dated, species-level tree of Anacardiaceae supports a Sundanian origin for the 
family, confirms the eastward bias in exchange from Sunda to Sahul, and highlights the importance of Wallacean emergence in 
facilitating the exchange. Most interestingly, the results also indicate that extinction of lineages on Sahul coincident with Miocene 
aridification likely contributed to the observed eastward directionality bias in the SSFE. This study has shed new light on Sapin-
dalean evolution and the SSFE, and emphasises the importance of considering ancient evolutionary history when attempting to 
understand recent and current biogeographic processes.
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Broadening the impact of MRI in experimental and applied botany

L. Borisjuk1, T. Neuberger2, P. M. Jakob3, H. Rolletschek1

1IPK Gatersleben, MOG/AAN, Seeland OT Gatersleben, Germany 
2Huck Institutes of the Life Sciences and Department of Bioengineering, State College, PA, United States 

3Julius Maximilian University of Würzburg, Würzburg, Germany

As new biologic mechanisms have been discovered and predictions made, the question raises of their practical relevance. This is 
because ´big expectations´ of plant scientists are often overturned by previously unknown properties of the inner life of plants. 
Appropriate non-invasive, in vivo technologies that have revolutionized medical and clinical research are still poorly developed 
for plant applications. Only a few approaches (like magnetic resonance imaging (MRI) or X-ray computed tomography) allow for 
non-destructive investigation of the plant/seed interior. Other techniques like the precise and highly informative omics tech-
nologies are based on destructive procedures.  
We provide a critical overview of the prominent developments in the field and emphasize the advantages of MRI as a non-
invasive platform for the investigation of plants. In our presentation, we share our experience gained by a non-invasive survey 
of plants using MRI, pinpoint on the specificity of experimental design, and explain how various MRI methods can be applied to 
the plant/seed. Our 3D models display the interior of intact florets, living seeds, and fruits usually hidden to the human eye. The 
presented dynamic imaging visualizes the entering of water into the seed during germination, the movement of paramagnetic 
tracers in the vasculature of the stem, and the inflow of nutrients into the growing seed. The presentation will also highlight the 
spatial analysis of plant metabolism using currently developed MRI-based approaches in crop seeds.
Examples of multi modal imaging integrating MRI with other methods (FTIR spectroscopy, X-ray CT, MALDI-MS) will be show-
cased to inspire future developments in this area. To conclude, MRI has already proven to be a versatile non-invasive imaging 
tool in plant biology and may develop to one off the major in vivo investigation technique in the field.

O-S6-008
Remember the rain – unravelling the mechanism of flooding stress memory in plants

S. Hartman1

1University of Freiburg, Plant Environmental Signalling and Development, Freiburg, Germany

Plants have the capacity to learn from their enviroment and perform better during stressful conditions if they have experienced 
a similar type of stress earlier in their life, a process called stress memory. However, it is unclear whether plants can remember 
flooding stress. We show that several plant species survive better during a secondary flooding stress event, compared to plants 
that were never flooded before. We demonstrate that plants require the histone 3 modulating protein VRN2 to encode flooding 
stress memory. We find that plants typically enhance their transcriptional response to low oxygen stress more strongly during 
a secondary flooding stress event. Plants lacking VRN2 have an altered transcriptional flooding memory response, potentially 
highlighting key flooding memory genes involved in enhanced flooding tolerance. Finally, we show how VRN2 is dependent on 
key flooding signals to control its function during submergence. Collectively, our results provide a network of signalling events 
that lead to VRN2-dependent encoding of flooding stress memory.
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Sense of smell – plant volatile emission, perception and beyond

N. Dudareva1

1Purdue University, West Lafayette, IN, United States

Plants synthesize an amazing diversity of volatile organic compounds (VOCs) that facilitate interactions with their environment, 
ranging from attracting pollinators and seed dispersers to protecting themselves from pathogens, parasites, and herbivores. 
Plants are also targets of released compounds as a part of plant-plant communication, as well as plant-insect and plant-microbe 
interactions. They are constantly exposed to atmospheric VOCs and can differentiate and respond to specific cues. Therefore, 
VOC release out of the cell and perception of emitted volatiles are an essential part of information exchange. Given the VOC 
multifunctionality, significant progress has been made towards understanding the biosynthesis of plant VOCs and their regula-
tion and, in recent years, the molecular mechanisms involved in VOC emission. However, to date little is known about how VOCs 
are perceived by plants and trigger cellular response(s). To be released from cells into the atmosphere, VOCs have to cross the 
plasma membrane, hydrophilic cell wall, and finally the waxy cuticle. Until recently, it was widely accepted that VOCs simply 
diffuse through each barrier. However, due to their lipophilic nature VOCs will preferentially partition into membranes and accu-
mulate to the toxic levels in the absence of biologically mediated processes. The presented results will cover different aspects of 
VOC emission including the role of transporters in VOC trafficking across the plasma membrane, lipid transfer protein facilitated 
diffusion of VOCs across the cell wall and the role of the cuticle as an integral member of the overall VOC biosynthetic network. 
This presentation will also discuss the latest knowledge about VOC perception: from an inter-organ aerial transport of VOCs via 
natural fumigation and hormone-like function for terpenoid compounds to a signaling pathway(s) involved.

O-S7-002
Formation, exudation and microbiome interaction of biphenyl and dibenzofuran phytoalexins of

roots of the apple rootstock M26 grown in apple replant disease soil
B. Busnena1, T. Beuerle1, F. Mahnkopp-Dirks2, T. Winkelmann2, S. Benning3, S. Kusari4, L. Beerhues1, B. Liu1

1Technische Universität Braunschweig, Pharmaceutical Biology, Braunschweig, Germany 
2Leibniz University Hannover, Hannover, Germany 
3Helmholtz Zentrum München, Munich, Germany 

4Technische Universität Dortmund, Dortmund, Germany

Apple replant disease (ARD) is a severe soil-borne disease frequently observed in apple tree nurseries and orchards worldwide. 
One of the responses of apple trees to ARD is the formation of biphenyl and dibenzofuran phytoalexins in their roots. However, 
there was no information on whether or not these phytoalexins are exuded into the soil.
To answer this open question, a model system was established using the ARD-sensitive apple rootstock M26 (Malus × domestica 
Borkh. Rosaceae) and GC-MS analysis in combination with an in-house GC-MS database including retention indices.
We have detected a total of 35 phytoalexins, i.e. 10 biphenyls and 25 dibenzofurans in root samples, thereby adding eight 
compounds to the previously reported 27 phytoalexins of Malinae species. When in vitro cultured M26 plantlets were treated 
with yeast extract, all the 35 phytoalexins were formed in the roots and 85.2% of the total phytoalexin amount was exuded 
into the culture medium. In roots of M26 plants grown in ARD soil in pot, 26 phytoalexins were detected and their exudation 
was demonstrated using two independent approaches of collecting root exudates. In a modified dipping experiment and a soil-
hydroponic hybrid setup, the exudation rate was 39.5% and 20.6%, respectively. The exudation rates for individual phytoalexins 
differed, indicating controlled exudation processes. Fourteen chemically synthesized biphenyls and dibenzofurans have been 
tested against a panel of ARD related bacteria. They exhibit differential inhibitory activities against ARD related bacteria (MIC 
16-256 µg/ml).
The formed and exuded phytoalexins may play an important role in shaping the soil microbiome, which appears to greatly influ-
ence the development and severity of ARD.
-  Winkelmann et al. (2019) Curr. Issues Mol. Biol. 30, 89–106  
-  Busnena et al. (2021) Phytochemistry 192:112972
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Natural rubber reduces herbivory and alters the microbiome below ground

L. Böttner1,2, A. Malacrinò3, C. Schulze Gronover4, N. van Deenen1, B. Müller4, S. Xu3,2, J. Gershenzon5, D. Prüfer1,4, M. Huber1

1University of Münster, Institute of Plant Biology and Biotechnology, Münster, Germany 
2Johannes Gutenberg University Mainz, Evolution of Plants and Species Interactions, Mainz, Germany 

3University of Münster, Institute for Evolution and Biodiversity, Münster, Germany 
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5Max Planck Institute, Chemical Ecology, Jena, Germany

Natural rubber, a cis-1-4-polyisoprene that accumulates in the laticifers of some plants, is one of the economically most impor-
tant plant polymers. Yet, the ecological function of this compound is largely unknown. Here, we tested whether natural rubber 
influences plant-herbivore and/or plant-microbiome relationships by studying the interaction between the Russian dandelion 
(Taraxacum koksaghyz), its root and rhizosphere microbiome, and the generalist root herbivore, the larvae of the May cock-
chafer (Melolontha melolontha). Rubber-depleted transgenic plants accumulated up to 34 % less biomass upon herbivory than 
rubber-bearing near-isogenic lines. Diet supplemented with the latex of rubber-depleted plants was preferred by M. melolontha 
over diet supplemented with the latex of rubber-bearing plants. Likewise, adding purified cis-1,4,-polyisoprene in ecologically 
relevant concentrations to diet deterred M. melolontha and reduced larval weight gain by more than 60 %. Abolishing natu-
ral rubber biosynthesis not only increased the susceptibility of T. koksaghyz to M. melolontha herbivory, but also altered the 
structure of the rhizosphere and root microbiota, with an effect depending on the presence/absence of the herbivore. Rubber-
depleted T. koksaghyz roots, however, did not exhibit a higher pathogen load compared to the roots of rubber-bearing plants. 
Taken together, our data demonstrate that natural rubber biosynthesis reduces herbivory and alters the plant microbiota, which 
highlights the role of plant specialized metabolites and secretory tissues in multitrophic interactions.

O-S7-004
Indolic glucosinolates are a source of auxin in drought-stressed Arabidopsis thaliana plants

J. Hornbacher1, I. Horst-Niessen1, J. Papenbrock1

1Insitut für Botanik, Leibniz Universität Hannover, Hannover, Germany

Besides their function against biotic stressors, Glucosinolates (GSLs) were found to have additional properties. Glucobrassicin 
(GB) an indolic GSL (iGSL) can be used as a substrate to synthesize indole-3-acetic acid (IAA) by plants belonging to the Bras-
sicales.
To investigate the role of this particular pathway during abiotic stress, Arabidopsis Col-0 and mutants lacking key enzymes in 
this pathway were subjected to drought stress (DS). Contents of GB, indole-3-acetonitrile (IAN), IAA, and the expression of genes 
involved in the degradation of GB and the synthesis of IAA were analyzed. To investigate the synthesis rate of GSLs, plants were 
subjected to deuterium oxide in an additional experiment, and incorporation of deuterium into GSLs was monitored using LC 
MS. Additionally, the fitness of plants was assessed by analyzing contents of reactive oxygen species (ROS).
Contents of GB were significantly higher in shoots of DS compared to control plants. Higher incorporation of deuterium into GB 
in both conditions revealed a higher turnover compared to other GSLs. Elevated expression of the thioglucosidase BGLU18 in DS 
plants suggests its involvement in the breakdown of GB. Significantly higher contents of ROS were observed in DS bglu18 mu-
tants compared to controls highlighting its importance in plant fitness. Furthermore, higher contents of GB were observed in DS 
bglu18 mutants compared to DS Col-0 indicating the compensation of the loss of BGLU18 with elevated levels of GB. Expression 
of CYP71A13, encoding for a key enzyme in the synthesis of IAA independently of GB, was observed to be higher in DS bglu18 
compared to controls. This indicates the compensation of the compromised GB pathway by using other synthesis pathways 
yielding IAA in bglu18. Higher expression of NSPs encoding for nitrile specifier proteins and higher contents of IAN in DS com-
pared to control plants highlight the direction of the degradation towards the formation of IAN. Significantly higher contents of 
ROS were observed in DS nsp1 mutants compared to controls and Col-0 underlining the compromised fitness in control and DS 
conditions. Finally, higher expression of NIT2, encoding for a nitrilase converting IAN to IAA, and elevated contents of IAA in DS 
plants compared to control plants indicate the formation of IAA from GB in DS plants.
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Evolutionary blocks to anthocyanin accumulation and the loss of an anthocyanin 

carrier protein in betalain-pigmented Caryophyllales
B. Pucker1,2, N. Walker-Hale2, W. Yim3, J. Cushman3, A. Crum4, Y. Yang4, S. Brockington2
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3University of Nevada, Department of Biochemistry & Molecular Biology, Reno, NV, United States 
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The flowering plant order Caryophyllales exhibits a complex pigment evolution, with mutual exclusion of anthocyanin and beta-
lain pigments. Given the recent discovery of multiple origins of betalain pigmentation, we re-evaluated the mechanisms under-
pinning the exclusion of anthocyanins in betalain-pigmented Caryophyllales. We examined the evolution of the flavonoid bio-
synthesis pathway using transcriptomic and genomic datasets covering 359 species in 31 families of Caryophyllales. Homologs 
of flavonoid biosynthesis genes were identified by sequence similarity and presence of conserved amino acid residues. Phyloge-
netic and syntenic analyses were conducted to infer gene duplication and gene loss events. Relative transcript abundances were 
assessed to reveal broad-scale gene expression changes between betalain- and anthocyanin-pigmented lineages.
The majority of flavonoid pathway genes is retained and transcribed in most betalain-pigmented lineages, except for flavonoid 
3”,5”-hydroxylase (F3′5′H) and Anthocyanin9 (AN9). Many flavonoid genes also show evidence of extensive gene duplication 
within betalain-pigmented lineages. But expression of most flavonoid pathway genes is reduced in betalain-pigmented lineages. 
This particularly effects the late-stage genes like dihydroflavonol 4-reductase (DFR) and anthocyanidin synthase (ANS). In addi-
tion, the gene encoding the anthocyanin transport protein AN9 has been repeatedly lost in multiple betalain lineages.
Low expression of ANS and DFR can limit the anthocyanin biosynthesis. This is reinforced by convergent loss of AN9 resulting in 
limited anthocyanin transport. These mechanisms likely underlie the loss of anthocyanins in betalain-pigmented Caryophyllales. 
This observation is consistent with multiple shifts from anthocyanin to betalain pigmentation.

O-S7-006
Temporal variations in patterns of anthocyanin accumulation and scent volatiles emission in the 

color changing flowers of Combretum indicum 
U. Ghissing1, A. Mitra1

1Indian Institute of Technology Kharagpur, Agricultural and Food Engineering, Kharagpur, India

Combretum indicum (L.) DeFilipps is a perennial liana found in many parts of the world bearing beautiful flowers with a delightful 
soothing fragrance. The pendulous racemic inflorescences bear flowers that change their color with age. Pale-white colorless 
flowers open at dusk which, on the following day, change their hue to pink and later to red; light being a vital factor that stimu-
lates pigment synthesis. Cyanidin 3-O glucoside was identified as the major anthocyanin responsible for the gradual change in 
pigmentation of petals. Light microscopic observations revealed that deposition of pigments is concentrated along the adaxial 
surface in outer epidermal cell layers of colored petal tissue. The study was further designed to elucidate a correlation among 
developmental variations in color change with scent biogenesis in floral tissue. Gas chromatography-mass spectrometry (GC-
MS) data analysis revealed that the headspace volatile organic compounds (VOCs) were dominated by terpenoids and its oxides. 
Linalool oxides, β-ocimene, α-farnesene and methyl benzoate were found to be key components in the characteristic scent 
emitted from flowers. Time course profile analysis of VOCs revealed nocturnal scent emission patterns where newly opened 
white flowers emitted maximum scent volatiles with a gradual declination in pink and red stages. Rhythmic differences in inten-
sity of VOCs emission appeared to be regulated temporally by an internal pool of volatiles. Histochemical examinations revealed 
adaxial surface of floral petals to be the major site for scent accumulation and emission. Expression studies correspondingly dis-
played a temporal differential expression of crucial genes governing changes in color and scent biosynthesis in the floral tissue. 
Work is being continued to link how alterations in the advertised color and scent emission patterns along with compositional 
variations in nectar rewards function as a unit in luring pollinators for reproductive benefit in C. indicum flowers.
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Unravelling quassinoid biosynthesis in the globally invasive tree of heaven (Ailanthus altissima)

J. Franke1

1Leibniz University Hannover, Hannover, Germany

The Tree of Heaven (Ailanthus altissima; Simaroubaceae, Sapindales) is a globally invasive tree that threatens local biodiversity. 
An important factor for its ecological success is the production of quassinoids, highly modified triterpenes with allelopathic 
properties. How these compounds are produced and transported in the plants has remained unknown so far. To uncover the 
genes and enzymes involved in the production of these unique triterpenes, we employed a combination of de novo transcrip-
tome sequencing, co-expression analysis, sequence similarity network analysis, and heterologous expression in Nicotiana ben-
thamiana. Here, we will present the first insights into the enzymatic machinery required for quassinoid biosynthesis. We show 
that the biogenesis of quassinoids is related to limonoid biosynthesis in the sister families Rutaceae and Meliaceae (Hodgson 
et al., 2019; Pandreka et al., 2021), even though the structures of limonoids and quassinoids are only distantly related. In con-
clusion, our findings provide the first biochemical details of quassinoid biosynthesis, and also shed light on the evolution and 
diversification of triterpene biosynthetic pathways in plants from the order Sapindales.
Hodgson, H., Peña, R. D. L., Stephenson, M. J., Thimmappa, R., Vincent, J. L., Sattely, E. S., et al. (2019). Identification of key en-
zymes responsible for protolimonoid biosynthesis in plants: Opening the door to azadirachtin production. Proc. Natl. Acad. Sci. 
U. S. A., 201906083. doi:10.1073/pnas.1906083116.
Pandreka, A., Chaya, P. S., Kumar, A., Aarthy, T., Mulani, F. A., Bhagyashree, D. D., et al. (2021). Limonoid biosynthesis 3: Func-
tional characterization of crucial genes involved in neem limonoid biosynthesis. Phytochemistry 184, 112669. doi:10.1016/j.
phytochem.2021.112669.

O-S8-001
Light-driven processes: key players of functional biodiversity of marine diatoms

C. Duchene1, A. Manzotti1, S. Cheminant Navarro1, J.-P. Bouly1, M. Jaubert1, A. Falciatore1

1CNRS, Sorbonne Université, Institut de Biologie Physico-Chimique, Paris, France

Microalgae are prominent aquatic organisms, responsible for about half of the photosynthetic activity on Earth. Over the past 
two decades, breakthroughs in genomics and ecosystem biology, as well as the development of genetic resources in model spe-
cies, have redrawn the boundaries of our knowledge of the relevance of these microbes in global ecosystems. However, consid-
ering their vast biodiversity and complex evolutionary history, our comprehension of algal biology remains limited.
Our major interest is in understanding the biology of the diatoms, one of the most prominent groups of phytoplanktonic organ-
isms, standing at the crossroads of several evolutionary lineages. Diatoms are found in marine and freshwater environments, 
but also in soils, rocks and ice, and show remarkable phenotypic diversity at the cellular, physiological and metabolic levels, and 
a variety of life cycles and lifestyle traits. It is well established that diatoms have developed highly effective systems for optimiz-
ing light harvesting and energy generation from photosynthesis. However, still very little is known on the role of light sensing in 
the acclimation mechanisms, which synergistically control growth and distribution of diatoms within the ecological niches and 
oceanic provinces they inhabit. In the last years, the systematic use of genome-enabled approaches has revealed a plethora of 
blue light cryptochrome and aureochrome photoreceptors in diatoms. Even sensors usually responding in red and far-red region 
of the light spectrum, e.g., Phytochrome (DPH) have been described, despite their spectral characteristics make their presence 
counterintuitive in the red absorbing water column. By characterizing photoreceptors of diverse diatom model species and by 
assessing their distribution and possible activity in the environment, our analyses indicate that light-driven processes are key 
players of diatom functional biodiversity. These findings also emphasize that integration of laboratory and environmental stud-
ies, and dialogues between different scientific communities are both timely and essential to understand the life of phototrophs 
in complex ecosystems and to properly assess the consequences of environmental changes on aquatic environments globally.
-  Falciatore A, Jaubert M, Bouly JP, Bailleul B, Mock T. Diatom Molecular Research Comes of Age: Model Species for Studying  
 Phytoplankton Biology and Diversity. Plant Cell. 2022, 32:547-572
-  Jaubert M, Duchêne C, Kroth PG, Rogato A, Bouly J-P, Falciatore A. Sensing and Signalling in Diatom Responses to Abiotic Cues,  
 In Falciatore, A., Mock, T. (eds). The Molecular Life of Diatoms. Springer, Cham. 2022, pp 607–639
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The C-terminal extension of Crytochrome p in diatoms influences the redox state of the 

bond flavin and the binding of protein interaction partners
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Cryptochromes (CRY) are photoreceptors found in all phyla. Whereas animal and plant CRYs have been studied for long, plant-like 
CRYs were only recently discovered. They can be found in stramenopiles including diatoms, but also in chlorophytes and some 
animal groups like teleosts and annelids (Oliveri et al. 2014). CryP of the diatom Phaeodactylum tricornutum belongs to this group 
and was shown by us to act as a blue-light photoreceptor involved in transcriptional regulation (König et al. 2017). It contains FAD 
and 5,10-methenyltetrahydrofolate as chromophores (Juhas et al. 2014). Here, we demonstrate that the unstructured C-terminal 
extension (CTE) of CryP has an influence on the redox state of the flavin. In CryP lacking the CTE, the flavin is in the oxidized state, 
while it is a neutral radical (FADH•) in the full-length protein. When the CTE of CryP is coupled to CPF1 (Coesel et al. 2009), another 
diatom CRY that naturally binds FADox, this chimera also binds FADH•. In full-length CryP, FADH• is the most stable redox state and 
oxidation to FADox is extremely slow, whereas reduction to FADH2 is reversible in the dark in about an hour (Krischer et al. 2022). 
The absorption spectrum of FADH• fuels the assumption that CryP might be able to sense red and yellow light besides the proven 
blue light responses. This has been shown for the animal-type CRY of Chlamydomonas reinhardtii (Beel et al. 2012) and has to be 
tested for CryP in the future.
In diatoms, the classical protein interaction partners of CRYs, COP1 and SPA, are missing. CryP binds to other protein interaction 
partners instead. Two of them were characterized in depth (Krischer et al., 2022). BolA, a putative transcription factor, binds to mo-
nomeric as well as dimeric CryP via the CTE, independent of the redox state of the flavin. In contrast, ID42612, occurring merely in 
heterokont algae, only binds to CryP dimers. Its binding is independent of the CTE and with slight differences in strength depending 
on the flavin”s redox state. Its precise function in the signal transduction pathway will have to be elucidated in the future.
Beel B, …, Mittag M (2012) Plant Cell 24: 2992–3008 
Coesel S, …, Falciatore A (2009) EMBO Rep. 10: 655–661 
Juhas M, …, Büchel C (2014) FEBS J. 281: 2299–2311 
König S, …, Büchel C (2017) Plant Cell Physiol. 58: 1914-1923 
Krischer J, …, Büchel C (2022) J. Exp. Bot. doi.org/10.1093/jxb/erac012 
Oliveri P, …, Falciatore A (2014) Mar. Gen. 14: 23–37
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Reconstruction of a stress-responsive gene regulatory network under different gradients of abiotic stressors in 

the zygnematophycean alga Mesotaenium endlicherianum
J. Fürst-Jansen1, A. Dadras1,2, T. Darienko1,3, M. Lorenz3, J. de Vries1,2,4
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2Georg August University of Göttingen, International Max Planck Research School for Genome Science, Göttingen, Germany 
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4Georg August University of Göttingen, Campus Institute Data Science (CIDAS) and Göttingen Center for Molecular Biosciences 

(GZMB), Göttingen, Germany

A dynamic stress response in rapidly changing environmental conditions is crucial for successful plant survival. During plant ter-
restrialization, the earliest land plants must have overcome a range of environmental challenges. By comparing the underlying 
molecular stress-response toolkit of embryophytes and their closest algal relatives, the streptophyte algae, we can get a deeper 
understanding which abiotic stress-response traits might have played a role in that transition. Our special focus here lies on the 
Zygnematophyceae which are the closest algal relatives to land plants based on phylogenetic analyses. We designed a fine-combed 
stress condition setup for the zygnematophycean alga Mesotaenium endlicherianum based on gradients of the terrestrial abiotic 
stressors temperature and irradiance. With this setup we were able to generate a broad range of transcriptomic data that covers 
42 different temperature/light conditions and is complemented by additional (photo)-physiological and morphological observa-
tions. Physiological data suggest a tolerance towards varying temperature conditions up to 30 °C rather than to high photosyn-
thetically active irradiance that correspond to a broad range of steady-state gene expression patterns in the transcriptomic data. 
Concomitant with drops in physiological parameters, flipping points in gene expression are pinpointed. Determining the genes 
that tip the scales sheds light on denominators in the underlying stress responsive gene regulatory network in Mesotaenium; their 
evolutionary conservation sheds light on key stress regulators that likely tipped the scales during plant terrestrialization.



81

ABSTRACTS

O-S8-004
Dynamic light- and acetate-dependent regulation of the proteome and 

lysine acetylome of Chlamydomonas reinhardtii
J. Eirich1, M. Füßl1,2,3, A. C. König2,3,4, M. Hartl2,3,5, L. Kleinknecht2, A. V. Bohne2, A. Harzen3, K. Kramer3, 

D. Leister2, J. Nickelsen2, I. Finkemeier1,2,3

1University of Münster, IBBP, Münster, Germany 
2Ludwig Maximilian University of Munich, Munich, Germany 

3MPI, Cologne, Germany 
4Helmholtz Zentrum München, Munich, Germany 

5VBP, Vienna, Germany

The green alga Chlamydomonas reinhardtii is one of the most studied microorganisms in photosynthesis research and for biofuel 
production. A detailed understanding of the dynamic regulation of its carbon metabolism is therefore crucial for metabolic en-
gineering. Post-translational modifications can act as molecular switches for the control of protein function. Acetylation of the 
ɛ-amino group of lysine residues is a dynamic modification on proteins across organisms from all kingdoms. We performed mass 
spectrometry-based profiling of proteome and lysine acetylome dynamics in Chlamydomonas under varying growth conditions. 
Chlamydomonas liquid cultures were transferred from mixotrophic (light and acetate as carbon source) to heterotrophic (dark 
and acetate) or photoautotrophic (light only) growth conditions for 30 h before harvest. In total, 5863 protein groups and 1376 
lysine acetylation sites were identified with a false discovery rate of <1%. As a major result of this study, our data show that dy-
namic changes in the abundance of lysine acetylation on various enzymes involved in photosynthesis, fatty acid metabolism, and 
the glyoxylate cycle are dependent on acetate and light. Exemplary determination of acetylation site stoichiometries revealed 
particularly high occupancy levels on K175 of the large subunit of RuBisCO and K99 and K340 of peroxisomal citrate synthase 
under heterotrophic conditions. The lysine acetylation stoichiometries correlated with increased activities of cellular citrate 
synthase and the known inactivation of the Calvin–Benson cycle under heterotrophic conditions. In conclusion, the newly iden-
tified dynamic lysine acetylation sites may be of great value for genetic engineering of metabolic pathways in Chlamydomonas.
https://doi.org/10.1111/tpj.15555

O-S8-005
Biotic interactions of a green alga in a nature-like microverse environment

T. Vuong1, H. Suma2, P. Stallforth2, M. Mittag1

1Matthias Schleiden Institute of Genetics, Bioinformatics and Molecular Botany, Jena, Germany 
2Leibniz Institute for Natural Product Research and Infection Biology, Hans Knöll Institute, Department of Paleobiotechnology, 

Jena, Germany

The biflagellate unicellular green alga Chlamydomonas reinhardtii has been recently developed as a model for studying biotic 
interactions (Aiyar et al., 2017; Krespach et al., 2020; Hotter et al., 2021). C. reinhardtii was first isolated in a soil sample taken 
from a potato field near Amherst, Massachusetts, USA (Harris et al., 1989). In nature, it is usually found in moist soil. To study the 
growth of C. reinhardtii and its interaction with other microorganisms in a nature-like environment, 3-D structured components 
using glass beads have been introduced. Our results show that the growth of C. reinhardtii is enhanced in the presence of 3-D 
structured components compared to a control in pure liquid medium. The antagonistic interaction of the soil bacterium Pseu-
domonas protegens Pf-5 that deflagellates, blinds and lyses the algal cells (Aiyar et al., 2017; Hotter et al., 2021) was also studied 
in a 3-D environment. A FISH protocol was established to visualize bacterial and algal cells in 3-D. It shows that the bacteria also 
encircle the algal cells in 3-D as they do in liquid culture (Aiyar et al., 2017). Notably, C. reinhardtii recovers in 3-D environment 
after about 25 days, which is not the case in liquid culture under the same used conditions. Further soil bacteria, including such 
of potato fields, have been analyzed in co-cultures with C. reinhardtii. Some of them exhibit also a strong inhibitory effect on 
microalgal growth and will be presented.
-  Harris, E.H., et al., 1989, The Chlamydomonas Sourcebook.  
-  Aiyar, P. et al., 2017, Antagonistic bacteria disrupt calcium homeostasis and immobilize algal cells. Nat. Commun, 8, 1756.
-  Krespach, M. K. C. et al., 2020, Lichen-like association of Chlamydomonas reinhardtii and Aspergillus nidulans protects algal  
 cells from bacteria. ISME, 14, 2794–2805. 
-  Hotter, V. et al., 2021, A polyyne toxin produced by an antagonistic bacterium blinds and lyses a Chlamydomonad alga. Proc.   
 Natl. Acad. Sci., 118, 33.
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XL-MS into resolving photosynthetic protein-protein interactions in Cyanidioschyzon merolae

M. Younas1, M. Scholz1, S. Hawat1, F. Hemker1, K. Zinzius1, M. Hippler1,2
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2Institute of Plant Science and Resources, Okayama University, Kurashiki, Japan

Cross-linking mass spectrometry (XL-MS) is a powerful tool to analyse protein-protein interactions. Herein, we aim to explore 
the interactions between different photosynthetic proteins in C. merolae using XL-MS. C. merolae (strain 10D) was grown at 
either 25 °C (long-term adapted) 1 or 42 °C using modified Allen’s medium (MA2) 2. Cross-linking of the isolated thylakoid mem-
branes with DSS (Disuccinimidyl suberate) was performed according to the protocol described by Ozawa et al. (2018) 3. The 
treated thylakoid membranes were then solubilized using either OG (0.96%), α-DDM (0.50%) or β-DDM (0.9%) detergents and 
loaded onto sucrose density gradients (SDGs). LC-MS/MS analysis of the fractions revealed several different cross-links related 
to photosystem I (PSI), photosystem II (PSII), Phycobiliproteins (PBPs) and ATP synthase etc. Taking advantage of the structure 
already resolved for C. merolae PSI (PDB IDs: 6FOS & 5ZGB), the resulting PSI-related cross-links were also checked for validity us-
ing the distance threshold for DSS. Interestingly, we observed a cross-link between PsaE subunit and one of the light-harvesting 
complexes (CMQ142C or LHCr1). In addition, cross-links of PBPs with PsaD and PsaE subunits were recognized. Moreover, we 
also identified cross-links between PSI and Ferredoxin—NADP(+) reductase (FNR), notably between the stromal side PsaD as well 
as PsaC subunits and FNR. FNR was further modelled using AlphaFold2 4 and docked onto PSI structure on the basis of identified 
cross-links using the ClusPro server 5. Similarly, cross-links were also found between the PsaF subunit and LHCr3 for the cultures 
grown at both 25 and 42 °C. In 5ZGB, the LHCr3-PsaF distance is, however, above the cross-linker threshold, which could explain 
the possibility for additional LHCrs attachment to PSI at the PsaF pole in C. merolae. In summary, our approach gives structural 
insights into PSI-LHCr and PBP association(s) and FNR binding to PSI.
-  1. Nikolova, D., et al. Plant Physiology 174.1 (2017): 35-46.  
-  2. Minoda, A., et al. Plant and Cell Physiology 45.6 (2004): 667-671.  
- 3. Ozawa, S.I., et al. Plant Physiology 178.2 (2018): 583-595.  
-  4. Jumper, J., et al. Nature 596.7873 (2021): 583-589.  
-  5. Kozakov, D., et al. Nature protocols 12.2 (2017): 255-278.
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Complexome profiling on the Chlamydomonas psb28 and lpa2 mutants reveals novel pSII-

associated proteins
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3Universität Bayreuth, Bayreuth, Germany

We aimed to identify novel proteins involved in the biogenesis and repair of PSII. To this end, we used insertional mutants from 
the Chlamydomonas library project (CLiP) of homologs of the known biogenesis factors LPA2 and PSB28 and analyzed them by 
complexome profiling. Here, solubilized thylakoid membrane protein complexes from the mutants and wild type were separated 
by BN-PAGE. Each gel lane was cut into 36 slices and proteins therein analyzed by mass spectrometry to produce quantitative mi-
gration profiles for 1734 proteins for the lpa2, and 656 for the psb28 mutant versus wild type. The lpa2 mutant was impaired in a 
PSII assembly step without which PSII monomers and further assemblies became unstable and prone to degradation. The psb28 
mutant was affected in early PSII assembly at the level of the reaction center, but also in PSI assembly. The specific assembly de-
fects in the two mutants produced unique co-migration profiles that allowed the identification of novel PSII-associated proteins. 
One of them, termed PBA1, interacts with PSII monomers and larger assemblies and is present only in green algae, brown algae, 
diatoms, and Eustigmatophytes. Two others, CGLD16 and TEF5, are highly conserved in the green lineage and interact with PSII 
assembly intermediates. In summary, complexome profiling proved to be a powerful technique to investigate PSII assembly and 
to find novel PSII assembly factors.
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Synthetic biology towards circular biomanufacturing of high value natural products 

through harvesting solar energy and CO2
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Using synthetic biology, it is now time to expand the biosynthetic repertoire of plants and microalgae by utilizing the chloroplast 
to augment the production of desired high value compounds and of oil-, carbohydrate- or protein-enriched biomass based on 
direct harvest of solar energy and the consumption of CO2. The chloroplast represents a biosynthetic power house harboring the 
process of photosynthesis and biosynthesis of key metabolites such as amino acids, lipids and diterpene backbones. These inter-
mediates may be channelled into the production of high value compounds by targeted transfer of their biosynthetic pathways 
into the chloroplast where e.g. electron transport to cytochrome P450s proceeds directly from reduced ferredoxin. Pathway 
discovery for even structurally complex diterpenoids is being facilitated e.g. by the discovered organization of the biosynthetic 
genes in gene clusters and by access to tissue specific transcriptomics data. The remarked multifunctional catalytic properties 
of many of the cytochromes P450 involved limits the number of genes to be identified and facilitates the task of functional ex-
pression of a complete pathway in a heterologous host. Storage of the high value natural products produced in confined dense 
biocondensates at seemingly impossible molar concentrations may be orchestrated by the use of natural deep eutectic solvents 
thereby avoiding auto-toxicity issues and disruption of cell homeostasis. Transfer of Multi-stream product lines based on sepa-
rate commercialization of the isolated high value compounds and of the improved bulk products increase the economic poten-
tial of the light driven production systems and speed-up commercial scale-up and thereby the transition to a biobased society. 
If the production is made in engineered microalgae, these may be grown environmentally contained on ocean-based floating 
platforms thus avoiding the use of fertile land. The floating algae platforms could be anchored to the artificial islands to be built 
in the North Sea. In all cases, the use of synthetic biology in efforts to facilitate the transition to biobased production systems 
should upfront be discussed and possibly be modified to ascertain that the products formed are accepted by the general public. 
On the research side, this requires cross-disciplinary discussions between scientists from the natural sciences, humanities, social 
sciences and law. In this way, we may secure more optimal uses and thus social acceptance of synthetic biology as one of the 
technologies that may help us to address many of the challenges humanities are facing. 

O-S9-002
Continuous directed evolution of short-lived plant enzymes to cut maintenance respiration costs

U. Bathe1, A. D. Hanson1

1University of Florida, Horticultural Science, Gainesville, FL, United States

To ensure adequate nutrition for a fast-growing world population, production of major food crops must rise by ~50% in the next 
30 years. Conventional breeding may be unable to achieve this goal, making it important to deploy also metabolic engineering 
and synthetic biology to increase yields. In addition, engineered crops could have a key role in sequestering atmospheric CO2. 
One unexplored engineering strategy is to decrease carbon loss by reducing protein turnover (degradation and resynthesis) and 
hence reducing the maintenance respiration that fuels turnover. Because protein turnover consumes 10-15% of photosyntheti-
cally fixed carbon, slowing turnover is a promising strategy to reduce maintenance respiration. The carbon saved thereby could 
be channeled into harvested yield or refractory polymers that sequester carbon.
Various abundant plant enzymes are candidates for reduction in turnover rate. The suicidal THI4 thiazole synthase that forms 
the thiazole moiety of thiamin (vitamin B1) is an extreme case. THI4 is not truly catalytic; one THI4 molecule is required per 
reaction cycle because an active-site Cys residue is destroyed to provide the sulfur atom for the thiazole ring. Destruction of 
this Cys irreversibly inactivates the enzyme followed by complete breakdown and resynthesis of the THI4 protein. The THI4s of 
Arabidopsis and barley turn over faster than any other protein measured, the metabolic cost of this turnover being estimated as 
equivalent to as much as 2-4% of biomass yield. Based on CCR (“catalytic cycles until replacement”) values, which represent an 
enzyme”s energy cost in relation to its operation, we selected thee abundant, short-lived primary metabolic enzyme candidates 
in Arabidopsis (THI4 and methionine synthases 1 and 2). We also included cereal THI4s that have no active-site Cys and appear 
to be truly catalytic but very inefficient, as well as Arabidopsis THI4 mutants whose active-site Cys is replaced by His, Glu, or Arg. 
Using the yeast OrthoRep continuous directed evolution system, previously used successfully to evolve microbial THI4s, we are 
evolving the selected candidates for longevity and improved performance in air. When substituted for the corresponding native 
Arabidopsis enzyme, the evolved enzymes are expected to decrease maintenance respiration in planta, leading to increased 
biomass production.
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Unraveling drought signal transduction of the facultative CAM plant Talinum fruticosum in orthogonal systems
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Crops that cope with increasingly dry summers will not only be important in the future but already needed today. Crassulacean 
acid metabolism (CAM) is a water saving mode of photosynthesis that can help plants survive under dry conditions. One key 
player in CAM photosynthesis is the enzyme phosphoenolpyruvate carboxylase (PEPC) which plays an important role in carbon 
fixation and is thought to be involved in its temporal control. In CAM photosynthesis CO2 fixation takes place in the dark, where 
oxaloacetate is formed by the combination of CO2 with phosphoenolpyruvate by PEPC.
The facultative CAM plant Talinum fruticosum can transition from C3 to CAM photosynthesis under unfavorable conditions 
and revert to C3 upon water supply. Using this strategy, the plant is able to survive prolonged episodes of severe drought. We 
are establishing T. fruticosum as a model plant to understand this reversible CAM switching and hope to employ the findings 
for improving crop drought tolerance in the future. Interestingly, the CAM state is not only induced by drought, but also within 
hours by exogenous application of abscisic acid (ABA). Our previous data showed increased transcript abundance in response 
to drought and ABA for different PEPC orthologs. We now aim to resolve the signal transduction chain that governs CAM induc-
tion. To this end, we are using synthetic biology approaches, i.e., synthetic reconstruction of signal transduction cascades in or-
thogonal systems. We tested the interaction of PEPC ortholog promoter regions with transcription factors that were chosen on 
the basis of water-withdrawal and ABA-treatment RNA-seq time series experiments. To study the signal transduction, we used 
mammalian cells and Arabidopsis thaliana protoplasts as orthogonal systems. To verify that the orthogonal system is suitable 
for the analysis of putative PEPC promoters and would drive expression if a transcription factor binds, we used a CRISPR based 
approach. Protoplasts of A. thaliana have been used to gain deeper insights into the molecular mechanisms. As ABA seems to 
play a crucial role in CAM induction, upcoming experiments will help to study its role in the CAM signal transduction chain. These 
results will contribute to understand the mechanism of CAM switching and help to acclimate crops for a drier climate.

O-S9-004
Engineering of a synthetic CO2 concentrating mechanism

P. Girr1, J. Barrett1, S. Butler2, H. Valkenier3, V. Šindelář4, L. Mackinder1

1University of York, Department of Biology, York, United Kingdom 
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3Université Libre de Bruxelles, Brussels, Belgium 
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To meet the food and energy demands of a growing world population, innovative strategies are required to increase crop yields. 
One promising approach is to introduce a CO2 concentrating mechanism (CCM) from algae into crop plants, which is predicted 
to increase yields by up to 60 %. The algal CCM is centred around a specialized organelle in the chloroplast called the pyrenoid. 
For efficient CO2 fixation, most of the cell”s Rubisco is concentrated in the pyrenoid by liquid-liquid phase separation and is 
actively supplied with higher concentration of its substrate, CO2. Although different components of the algal CCM have been 
successfully assembled in higher plants, the resulting plant lines failed to show enhanced growth indicating fundamental gaps in 
our understanding of the algal CCM. Here, we report progress towards engineering of a synthetic in vitro CCM in a bottom-up 
approach, which would allow testing of individual parts to guide future engineering efforts. In the synthetic CCM a liquid-liquid 
phase separated Rubisco matrix is tethered to a liposome. A HCO3

- transporters shuttles HCO3
- into the liposome, where a car-

bonic anhydrase catalyzes the dehydration of HCO3
- to CO2. The produced CO2 can diffuse trough the membrane into the Rubisco 

matrix, where is can be fixed. Both HCO3
- transport and dehydration are driven by a proton gradient, which is generated by a 

light-driven proton pump. To monitor HCO3
- uptake of the system we are using a recently developed HCO3

- specific probe, which 
changes its fluorescence properties in the presence of HCO3

-. Here, we present the current progress of engineering this system 
and outline what we learned by building a synthetic CCM.
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Combining bacterial and viral elements for efficient gene targeting in poplar
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The genetic diversity of tree species offers the possibility of adaptation to changing environmental conditions as well as com-
prehensive insights in genetic interactions by comparing different genotypes. For genetic analyses, CRISPR/Cas-mediated gene 
knock-outs are well established in Populus, the model plant genus for tree genetics. CRISPR/Cas-based gene targeting (GT) can 
exploit more advanced applications, e.g., insertion, replacement or deletion of desired sequences. This editing technique is 
based on homology-directed repair (HDR), a rare DNA double-strand break (DSB) repair pathway. Therefore, GT mostly results 
in efficiencies below 1% to 5% while genome editing using non-homologous end joining (NHEJ) mostly results in efficiencies 
between 30 and 70%.
For testing and optimizing of GT in poplar, transgenic Populus × canescens lines expressing monomeric enhanced GFP (mEGFP) 
as wells as the Cas nuclease were established. Two different Cas nucleases are compared: the temperature-tolerant ttLbCas12a 
and the D10A-mutated nickase nCas9 in a double nicking approach. The line with the highest transgene expression will serve 
as parental line for GT experiments.
A small but precisely targeted amino acid exchange is sufficient for the conversion of mEGFP to mEYFP. Using mEGFP as target, 
editing outcomes can easily be validated. gRNAs for both nucleases were designed in silico. A selection was tested in Nicotiana 
benthamiana using an oofGUS System.
To enhance activity of the Cas endonucleases in poplar, different heat treatments were tested after transformation with a 
CRISPR/SpCas9 editing vector. The effect on editing efficiency was analyzed. Optimal parameters will be used for transformation 
with the GT vector.
Since HDR efficiency is highly dependent on the accessibility of the Donor-DNA, the DNA repair template bearing the desired 
mutation (Donor-DNA) is placed within a viral replicon based on the Bean Yellow Dwarf Virus (BeYDV). This enables the Donor-
DNA to be proliferated extrachromosomal, when the viral protein RepA is expressed at the same time. The functionality of the 
BeYDV replicon was tested in P. × canescens. For a timed replicon proliferation, a GmHSP promotor was tested for its compat-
ibility with the heat treatment.
Since cell cycle of transformed cells influences GT efficiency, callus transformation using agrobacteria was optimized for P. × 
canescens using the RUBY selection marker.

O-S9-006
Learning the grammar of plant regulatory DNA
T. Jores1, J. T. Cuperus1, S. Fields1, C. Queitsch1

1University of Washington, Department of Genome Sciences, Seattle, WA, United States

Targeted engineering of plant genomes holds great promise for ensuring food security and for producing biopharmaceuticals. 
However, this engineering requires thorough knowledge of cis-regulatory elements to precisely control endogenous and intro-
duced genes. To generate this knowledge, we established a massively parallel reporter assay, termed plant STARR-seq, to mea-
sure the activity of cis-regulatory elements in plants. This assay can sensitively identify DNA sequences that drive transcription 
in a condition-specific manner.
We used plant STARR-seq to characterize over 75.000 promoters from Arabidopsis, maize and sorghum. We demonstrate that 
core promoter elements as well as GC content and transcription factor binding sites influence promoter strength. By performing 
the experiments in two assay systems, leaves of the dicot tobacco and protoplasts of the monocot maize, we detect species-spe-
cific differences. Using these observations, we built computational models to predict promoter strength in both assay systems, 
allowing us to design highly active synthetic promoters comparable in activity to the viral 35S minimal promoter.
Currently, we are measuring the enhancer potential of over 175.000 accessible chromatin regions from Arabidopsis, tomato, 
maize and sorghum. We show that enhancers are orientation-independent and that their strength is determined by transcrip-
tion factor binding sites and GC content. By testing the enhancers in different conditions (light, dark, cold and heat), we identify 
both constitutive and condition-specific enhancers and determine the elements that are responsible for their activity. The 
enhancers uncovered in our work can be combined with core promoters to yield precise and condition-specific control over 
transgene expression levels. Finally, we have trained computational models to accurately predict condition-specific enhancer 
activity. These models will enable us to design synthetic enhancers, to identify promising target loci for genome engineering of 
cis-regulatory DNA and to predict the outcome of potential edits.
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cytochrome p450 oxygenase (Cyp) plasticity
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Enzymes of specialized metabolism have a certain degree of promiscuity. We aim to exploit this feature to generate libraries of 
diterpenoids by combining diterpene synthases (diTPS) and cytochrome P450 oxygenases (CYPs) from different plant species. 
The libraries generated can then be used for bioactivity screening and identify novel potential drugs.
DiTPS and CYP genes were combined in yeast expression vectors using modular Golden Gate cloning. Yeast transformed with the 
expression vectors was grown on selective medium and gene expression was induced by the addition of galactose. Test cultures 
were extracted in parallel with hexane for GC-MS analysis and in ethyl acetate for LC-MS analysis. For new enzyme products 
structure suggestions were made based on GC-MS and LC-MSn data. Structure elucidation of selected enzyme products by NMR 
was performed after preparative purification from lager yeast cultures.
As a proof of concept, we chose ten diTPSs that use (+)-copalyl diphosphate ((+)-CPP) as substrate and four CYPs that are known 
to oxidize diterpene backbones derived from (+)-CPP. The 40 possible combinations of diTPS and CYPs were then combined with 
a core module consisting of a CYP reductase, geranylgeranyl diphosphate synthase and (when required) a (+) CPS. More than 
130 diterpenoids were produced by pairwise combinations of these ten DiTPS and four CYPs; 80 of these diterpenoids have not 
yet been reported. The CYPs accepted the majority of substrates they were given but remained regioselective. These observa-
tions encouraged us to extend this approach to a deeper level: From those four CYPs we tested the possible permutations of 
two, three, and all four P450 at once for all 10 diterpene backbones. By doing so, we revealed a complex oxidation network and 
further expanded the product range to higher oxidized diterpenes.  
Our results show the suitability of yeast as a host for the production of diterpenes and how CYP plasticity can be exploited to 
generate a large number of new products from a limited set of enzymes. In our approach we show a new level of combinatorial 
diterpene biosynthesis giving access to many new oxidized diterpenes. Our results bode well for the systematic exploration of 
diterpenoid chemical space using combinatorial assembly in yeast and can be transferred to diterpenes with other configura-
tion, macrocyclic diterpenes but also to other classes of terpenes (sesquiterpenes and triterpenes).

O-S9-008
Identification of unknown steps of tropane alkaloid biosynthesis in Erythroxylum coca

B. Chavez1, P. Srinivasan2, C. Smolke2, J. C. D’Auria1

1IPK Gatersleben, Molecular Genetics, Gatersleben, Germany 
2Stanford University, Bioengineering, Stanford, CA, United States

Tropane alkaloids (TAs) are plant secondary metabolites valuable for pharmaceutical applications such as anti-nausea, topical 
anesthesia, stimulant, and nerve gas protectant. Though TAs biosynthesis is reported in several families, especially Solanaceae, 
it has not been fully characterized in Erythroxylum coca1. We use bioinformatic approaches for identifying, annotating, and vali-
dating candidate genes using a yeast synthetic biology platform2,3. With this approach, we identified the minimal set of genes 
involved in cocaine alkaloid biosynthesis with this approach. Our research shows that, in E. coca, the TAs pathway deviates from 
the canonical one characterized in Solanaceae. We discovered a novel N-methylspermidine methyltransferase that has never 
been reported before in literature.
Our data points to the independent evolution of tropane alkaloid biosynthesis between Solanaceae and Erythroxylaceae. We are 
currently using Agrobacterium-mediated transient expression in the orthologous system Nicotiana benthamiana to reconstruct 
and validate (in planta) the proposed pathway. Our results will allow the development of for synthetic biology tools to engineer 
the production of tropane alkaloids in yeast and plant systems.
-  1. Paul, A., Longchar, B. & Dkhar, J. Tropane Alkaloid Biosynthesis in Plants: Insights from Transcriptome Analysis. in Tropane  
 Alkaloids: Pathways, Potential and Biotechnological Applications (eds. Srivastava, V., Mehrotra, S. & Mishra, S.) 133–156  
 (Springer, 2021). doi:10.1007/978-981-33-4535-5_8. 
-  2. Srinivasan, P. & Smolke, C. D. Engineering a microbial biosynthesis platform for de novo production of tropane alkaloids.  
 Nat. Commun. 10, 3634 (2019). 
-  3. Srinivasan, P. & Smolke, C. D. Biosynthesis of medicinal tropane alkaloids in yeast. Nature 585, 614–619 (2020).
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Glucosinolate accumulation in the oil crop Camelina sativa 

G. Hölzl1, J. Kumlehn2, P. Dörmann1

1Rhenish Friedrich Wilhelm University of Bonn, Institute for Molecular Physiology and Biotechnology of Plants (IMBIO), Bonn, 
Germany 

2IPK Gatersleben, Plant Reproductive Biology, Gatersleben, Germany

Camelina sativa (false flax) represents a sustainable oil crop with numerous beneficial properties including low input costs and 
resistance to many pests and diseases. The oil is characterized by a high content of omega-3 fatty acids, and the protein-rich 
press cake can be used as a valuable supplement in animal feeding. However, the relatively high content of glucosinolates with 
adverse effects on animal health restricts the use of Camelina seed products. Camelina seeds contain three aliphatic glucosino-
lates, glucoarabin (9-methyl-sulfinyl-nonyl-glucosinolate), glucocamelinin (10-methyl-sulfinyl-decyl-glucosinolate), and gluco-
nesliapaniculatin (11-methyl-sulfinyl-undecyl-glucosinolate). The glucosinolate content of Camelina seeds affects seed products 
such as meal, which compromises their use in human nutrition and animal feed. On the other hand, due to the low content of 
other antinutritional compounds such as erucic acid, phytic acid and condensed tannins, the seed oil of the genome-edited 
Camelina plants exhibits Canola quality. We will here present our strategy towards the reduction of the glucosinolate content in 
Camelina using a genome editing approach. This approach, however, is hampered by the fact that Camelina harbors an allohexa-
ploid genome which means that for each Arabidopsis gene, up to three homeologous genes are found in Camelina.

O-S9-010
Targeted knockout of barley endosperm-specific storage proteins 

as a prerequisite for molecular farming purposes
P. Pouramini1, R. Koller2, G. Huber2, A. Fischbach2, H. Björg Birnisdóttir3, J. M. Björnsson3, G. Hensel4

1IPK Gatersleben, Physiologie und Zellbiologie, Seeland OT Gatersleben, Germany 
2Forschungszentrum Jülich, IBG-2: Plant Sciences, Jülich, Germany 

3ORF Genetics, Reykjavik, Iceland 
4Heinrich Heine University Düsseldorf, Institut Biochemie der Pflanzen, Zentrum für Genomeditierung von Pflanzen, 

Düsseldorf, Germany

The concept for producing valuable proteins in plants is known as molecular farming. Besides transient expression using viral 
vector systems in tobacco leaves, the cereal grain is a natural bioreactor ideal for storing proteins under ambient conditions. 
Therefore, the cereal grain provides a cost-effective, easily scalable expression system for producing high-value proteins in the 
starchy endosperm.
CRISPR-mediated targeted knockout of barley Hordein B1 family members was achieved, and Sanger and deep amplicon se-
quencing genotyped mutant plants. ELISA and Western blotting performed the abundance and quantification of the recombi-
nant protein overexpressed in wildtype and mutant background. An automated phenotyping device evaluated the morphologi-
cal changes of the mutant grains.
To increase protein yield and overcome the competition between endogenous storage protein accumulation and the high-value 
protein, a targeted knockout of the Hordein B1 family members by using Cas9 technology was performed. The recombinant hu-
man Epidermal Groth Factor (EGF) was overexpressed in wildtype and horb1 mutant background as a proof-of-concept. Grains 
of the resulting horb1 mutants showed altered biometric traits, reduced total protein and hordein content, and delayed germi-
nation behaviour compared to wild type segregants. Western blotting and ELISA results confirmed a high EGF accumulation in 
the horb1 mutant background.
In conclusion, the strategy of higher abundance of a recombinant protein in barley grains was successfully demonstrated by 
reducing endogenous storage protein accumulation. Further fine-tuning is required to minimize the germination disadvantage.



88

ABSTRACTS

O-S10-001
Fortifying vitamins in tomato using genome editing
J. Li1, R. Broad1, A. Scarano2, A. Santino2, C. Martin1

1John Innes Centre, Department of Biochemistry and Metabolism, Norwich Research Park, Norwich, United Kingdom 
2ISPA-CNR, Institute of Science of Food Production, C.N.R. Unit of Lecce, Lecce, Italy

In 1996 the World Food Summit stated that ‘food security exists when all people, at all times, have physical and economic access 
to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life’. Currently, 
just 17 plant species are consumed as 90% of the global human diet, meaning that many lack adequate vitamins, micro-nutrients 
and health-promoting phytonutrients. As a consequence of an increasing dependency on processed foods, diets have declined 
significantly over the past 30 years, with reduced consumption of fresh fruit and vegetables. 
Vitamin D is synthesised by humans from dehydrocholesterol, following exposure to UV light, but the major source is dietary. 
Pro-vitamin D3 (7-dehydrocholesterol; 7-DHC) is synthesised by some plants, on route to cholesterol synthesis. Poor vitamin D 
status is a major EU public health problem, in all age groups and RDAs of 15 µg per day for (March 2016), cannot be achieved 
from currently available food sources without supplementation. Appreciation of the prevalence of vitamin D deficiency has be-
come more acute with its recent association with the severity of COVID-19 infection. In Solanaceous plants sterol metabolism 
has developed a separate path devoted to synthesis of steroidal glycoalkaloid synthesis from cholesterol, distinct from the path-
way for brassinosteroid biosynthesis. By editing the gene encoding the steroidal glycoalkaloid-specific isoform of the enzyme 
synthesising cholesterol from 7-DHC, we have been able to increase the levels of 7-DHC in tomato fruit such that they approach 
the values for the RDA for vitamin D. We are now working on methods to promote UV-B induced conversion of provitamin D to 
vitamin D3 in tomato fruit.
Vitamin C (ascorbate) plays a vital role in stress tolerance and amelioration of oxidative stress in both plants and animals. Hu-
mans have lost the ability to synthesise ascorbate and obtain it largely from fruit and vegetables. Deficiency in humans impacts 
dioxygenase-dependent functions (carnitine, neuro-transmitter and collagen synthesis) and immune system function, with se-
vere deficiency (scurvy) resulting in shortness of breath, bone pain, poor wound healing, and eventually death. Ascorbate is also 
important in iron uptake by plants and mammals. Multiple ascorbate biosynthetic pathways have been proposed in plants but 
there is now consensus that the Smirnoff-Wheeler pathway (or the L-galactose pathway) is predominant. GDP-L-galactose phos-
phorylase (GGP) is the first committed and rate-limiting enzyme of the L-galactose pathway and GGP activity is controlled by 
negative feedback regulation of its translation by a uORF in the 5’UTR of the gene. Genome edits that remove the functionality 
of the uORF result in increased levels of ascorbate accompanied by defects such as parthenocarpy. We have generated edited 
lines with 2-5 fold higher levels of ascorbate without the accompanying developmental defects which reduce yield.
Genome editing can make a major contribution to fortifying foods popular with consumers so that all can enjoy a healthier diet.

O-S10-002
Sulfur-containing plant secondary metabolites in Brassica – degradation pathways and vegetable 

processing affect their impact for human health
F. S. Hanschen1

1Leibniz Institute of Vegetable and Ornamental Crops, Plant Quality and Food Security, Großbeeren, Germany

Brassica vegetables contain sulfur containing plant secondary metabolites such as glucosinolates (GLS) or S-methyl-L-cysteine 
sulfoxide (SMCSO), which are precursors to volatile compounds such as isothiocyanates, nitriles or volatile organosulfur com-
pounds (VOCSs). Especially isothiocyanates but likely also VOCSs show health beneficial effects on humans. These compounds 
are typically formed due to enzymatic hydrolysis pathways. Regarding GLS hydrolysis, specifier proteins interact in the myrosi-
nase-initiated GLS breakdown, redirecting the degradation to epithionitrile or nitrile formation instead of isothiocyanate forma-
tion. In order to better understand the variation of GLS and the formation of their hydrolysis products, comercial cabbages were 
sampled over a period of three months and revealed that  the GLS hydrolysis behaviour changed over the season. Moreover, 
food preparation greatly affects the degradation pathways of GLS and the formation of the bioactive breakdown products. In 
my talk, I will show how domestic food preparation affects GLS and their breakdown products, and how GLS degradation can be 
shifted to isothiocyanate formation to increase health beneficial potential of these vegetables. Regarding SMCSO content and 
its formation of VOCSs, only few data is available for Brassica vegetables. Therefore, the levels of SMCSO and the formation of 
its hydrolysis products was investigated in white and red cabbages. Moreover, heat treatment can strongly affect VOSCs levels 
and profile. As SMCSO levels were up to 10-fold more abundant compared to GLS levels, its contribution to human health should 
be considered in the future. 
Some of the work is part of the DFG project GZ: HA 7383/2-2. F. S. Hanschen is funded by the Leibniz-Association (Leibniz-Junior 
Research Group OPTIGLUP; J16/2017).
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Involvement of abscisic acid in tocopherol biosynthesis in Arabidopsis 

N. Hoppe1, P. Dörmann1

1Rhenish Friedrich Wilhelm University of Bonn, Institute of Molecular Physiology and Biotechnology of Plants, Bonn, Germany

Tocopherols are naturally occurring lipid antioxidants located in the chloroplasts of photosynthetic organisms. During abiotic 
stress, the synthesis of tocopherols is upregulated, as they play a crucial role in maintaining cell homoeostasis by scavenging re-
active oxygen species. As much as there is known about the genes involved in tocopherol biosynthesis, their regulation remains 
unclear. Stress-related phytohormones such as abscisic acid (ABA), were shown to contribute to the regulation of tocopherol ac-
cumulation in Arabidopsis thaliana. To study the regulatory network between ABA and tocopherol biosynthesis, we analyzed to-
copherol levels and expression of tocopherol biosynthesis genes after ABA exposure in ABA-deficient (aba) and ABA-insensitive 
(abi) mutants. Thus, different factors involved in ABA signaling, including kinases and transcription factors, were identified that 
are presumably involved in the regulation of tocopherol synthesis. We are currently characterizing the corresponding regulatory 
proteins on a molecular level.

O-S10-004
Abiotic stress networks of secondary metabolism detected in capsicum species by multi-omics analysis

J. J. Reimer1,2, B. Shaaban1, F. Genzel3, G. Poschet4, A. Wiese-Klinkenberg3, B. Usadel3,5, A. Wormit1

1RWTH Aachen University, Chair of Molecular Botany, Aachen, Germany 
2Hochschule Emden-Leer, Emden, Germany 
3Forschungszentrum Jülich, Jülich, Germany 

4University Heidelberg, Centre for Organismal Studies, Heidelberg, Germany 
5University Düsseldorf, Düsseldorf, Germany

The plant kingdom contains an enormous diversity of bioactive compounds, which regulate plant growth and defends against 
biotic and abiotic stress. Those plant secondary metabolites often have antioxidant or pharmaceutically relevant properties. 
Therefore, they are important components of human nutrition, but are also used as pharmaceutical compounds or for chemi-
cal synthesis of bioactive substances. Secondary metabolites exhibit enormous chemical diversity and complexity, making their 
industrial chemical synthesis often difficult and expensive. The production of vegetables and fruits in greenhouses results in 
large amounts of unused plant biomass, which provides an important opportunity to extract these metabolites and optimize 
the utilization of crops. Moreover, abiotic stresses induce the synthesis of such metabolites as a defense mechanism. Using 
multi-omics analyses, we investigate the effect of chilling temperature, salinity and a combination thereof on the metabolome 
and transcriptome profiles of two different Capsicum species. Stress involving chilling temperature induced secondary metabo-
lism whereas stresses involving salt repressed cell wall modification and solute transport. The metabolome analysis putatively 
annotated health-stimulating flavonoids (apigetrin, rutin, kaempferol, luteolin and quercetin) induced in the Capsicum biomass 
residuals in response to salinity, chilling temperature or a combination thereof, which were highly correlated with structural 
genes of the secondary metabolism in the network analysis.
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O-S10-005
The placenta of Hypericum perforatum L. as a model tissue for the study of dark gland 

differentiation and hypericin biosynthesis
P. Rizzo1, L. Altschmied1, P. Stark1,2, T. Rutten1,3, K. Franke2, L. Wessjohann2, J. C. D‘Auria1,3

1IPK Gatersleben, Molecular Genetics, Gatersleben, Germany 
2IPB Halle, Halle (Saale), Germany 

3IPK Gatersleben, Gatersleben, Germany

Hypericum perforatum L. (Saint John”s Wort) is a popular medicinal plant with different applications related to various active 
compounds from which the most studied is hypericin, a cytotoxic naphthodianthrone stored in specialized organs called dark 
glands1.In recent years, the scientific community has become very interested in hypericin thanks to its possible applications in 
treating neurodegenerative diseases2 and in photodynamic cancer therapy3. However, despite the high interest in this com-
pound, its biosynthetic pathway remains unclear.
In previous research, hypericin biosynthesis was addressed by comparing leaf lamina vs. leaf rim containing respectively lower 
vs. higher number of dark glands4. Despite this being a viable option, lamina and rim have different morphology and transcrip-
tional programs. We use a series of contrasting phenotypes consisting of (i) heavily glanded and (ii) glandless placentas to per-
form a comparison between tissues that are nearly identical except for this trait. Our multi-stage comparative transcriptomic 
and metabolomic analysis yielded novel candidates that could explain various steps of hypericin biosynthesis5. Furthermore, we 
identified two transcription factors with expression patterns highly synchronized with the initiation of placental dark glands5. 
Our results pave the way to further engineering of hypericin biosynthesis in plants and microorganisms.
-  1. Crockett, S. L. & Robson, N. K. B. Taxonomy and Chemotaxonomy of the Genus Hypericum. Med. Aromat. Plant Sci. Biotech 
 nol. 5, 1–13 (2011). 
-  2. Hofrichter, J. et al. Reduced Alzheimer”s Disease Pathology by St. John”s Wort Treatment is Independent of Hyperforin and  
 Facilitated by ABCC1 and Microglia Activation in Mice. Curr. Alzheimer Res. 10, 1057–1069 (2013). 
-  3. Garg, A. D., Krysko, D. V., Vandenabeele, P. & Agostinis, P. Hypericin-based photodynamic therapy induces surface  
 expo sure of damage-associated molecular patterns like HSP70 and calreticulin. Cancer Immunol. Immunother. 61, 215–221 
  (2012).
-  4. Soták, M. et al. Differentially Expressed Genes in Hypericin-Containing Hypericum perforatum Leaf Tissues as Revealed by  
 De Novo Assembly of RNA-Seq. Plant Mol. Biol. Report. 34, 1027–1041 (2016). 
-  5. Rizzo, P. et al. Discovery of key regulators of dark gland development and hypericin biosynthesis in St. John”s Wort (Hyperi 
 cum perforatum). Plant Biotechnol. J. 17, 2299–2312 (2019).
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Seasonal variation in glucosinolate hydrolysis in red cabbage affects 

formation of health-promoting isothiocyanates
V. Púčiková1,2, S. Rohn2,3, F. S. Hanschen1

1Leibniz Institute of Vegetable and Ornamental Crops, Plant Quality and Food Security, Großbeeren, Germany 
2Universität Hamburg, Hamburg School of Food Science, Hamburg, Germany 

3Technische Universität Berlin, Institute of Food Technology and Food Chemistry, Berlin, Germany

Brassica species are rich in glucosinolates (GLS), which are secondary plant metabolites, playing an important role in protection 
against herbivores and pathogens. When plant tissues are damaged, GLS are hydrolysed by the enzyme myrosinase to isothio-
cyanates (ITC) or, in the presence of specifier proteins, to nitriles (CN) and epithionitriles (ETN). Since ITC show various beneficial 
effects on human health, it is desirable that Brassica vegetables release predominantly ITC instead of CN and ETN.
The aim of this study was firstly to find out to what extent GLS and the formation of their enzymatic degradation products vary 
depending on the weather conditions during the harvest season in red cabbage, and secondly to define the environmental 
growth factors with the greatest effect on GLS hydrolysis. Red cabbages (Brassica oleracea convar. capitata var. rubra L.) were 
planted in field at regular intervals and harvested regularly from late July to early December in two consecutive years. GLS were 
measured by UHPLC-DAD. GLS hydrolysis products were quantified by GC-MS. In addition, proteomic analysis was performed 
using nano-LC-MS/MS to determine the abundance of specifier proteins, as well as various stress-signalling proteins. The results 
were correlated with the weather data. Subsequently, summer and autumn simulations with varying temperatures, photoperi-
ods and light intensities were conducted with red cabbage sprouts as well as mature plants in climate chambers. GLS and their 
hydrolysis products were analysed.
Strong seasonal differences in GLS contents and clear shifts in the profiles of GLS degradation were observed. In summer, total 
GLS contents were lower and ITC were formed in particular. With decreasing temperatures and shorter photoperiods in autumn, 
GLS contents increased and the outcome of the degradation changed strongly. Predominantly CN and ETN were formed, which 
correlated with an altered protein expression.
The finding that summer red cabbage forms more ITC may help to increase its health-promoting potential. By elucidating the 
regulatory mechanisms of GLS degradation, cultivation conditions could be optimised.
Funding: This study was funded by the Leibniz-Association (Leibniz-Junior Research Group OPTIGLUP; J16/2017).

O-S10-007
Thioallylation of proteins as an important mechanistic basis for the 

health-relevant properties of allicin from garlic
M. Gruhlke1,2, J. Borlinghaus1, A. Slusarenko1,3

1Gesellschaft für Natur- und Wirkstoffforschung e.V., Aachen, Germany 
2RWTH Aachen University, Institute of Applied Microbiology, Aachen, Germany 

3RWTH Aachen University, Department of Plant Physiology, Aachen, Germany

Freshly injured garlic tissue forms allicin from the amino acid alliin, which is not incorporated into proteins, through the plant‘s 
defence system. Allicin has long been known as an extremely effective antibiotic compound that is effective against both bac-
teria and fungi. Due to its chemical nature as a thiosulfinate, allicin is redox active and can enter into reactions with cysteine 
residues that are very similar to a thiol-disulfide exchange reaction. In this process, redox buffers such as glutathione are oxi-
dized and proteins are modified by attaching S-allyl residues to cysteines. This modification, known as thioallylation, influences 
the functioning of proteins to a considerable extent; this can lead, for example, to a release of zinc bound in proteins and thus, 
among other things, cause very distinct immunological responses or influence gene expression. Another very important target 
is the cytoskeleton. Thus, the defence substance allicin, which can protect the garlic plant from pathogens and predators, is a 
fascinating compound that can also influence human health in various ways and has the potential – possibly also as a lead sub-
stance for chemical modification – for various health-associated applications. 
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RNA NAD capping and decapping

H. Hu1, Y. Wang1, H. Zhang2, Y. Xia2, X. Chen1

1Department of Botany and Plant Sciences, Institute for Integrative Genome Biology,
University of California, Riverside, CA, United States

2Department of Biology, Hong Kong Baptist University, Hong Kong SAR, China

In eukaryotes, messenger RNAs (mRNAs) harbor a 5’ methylguanosine (m7G) cap, which stabilizes mRNAs, assists in their pro-
cessing such as splicing and polyadenylation, and facilitates their nuclear export and translation. In recent years, it has come to 
be realized that the metabolite and redox agent, NAD+/NADH, can serve as an RNA cap in prokaryotes and all major lineages of 
eukaryotes (plants, fungi, and animals). NAD+-capped RNAs (NAD-RNAs) are widespread in Arabidopsis and are largely mRNAs 
from the nuclear and mitochondrial genomes. Transcriptomic strategies to profile NAD-RNAs with specificity and sensitivity will 
be discussed. Biochemical characterization of a decapping enzyme and molecular genetic studies with Arabidopsis mutants in 
the enzyme will also be presented. 

O-S11-002
The structured mRNA element DEAD-2 may sense RNA helicase activity to regulate alternative splicing 

R. Burgardt1, Z. Weinberg2, A. Wachter1

1University of Mainz, Institute of Molecular Physiology, Mainz, Germany 
2University of Leipzig, Leipzig, Germany

Alternative Splicing (AS) is a means of gene regulation widely used in eukaryotes. It is based on the variable definition of exons 
and introns on the precursor mRNA and greatly enhances transcript diversity. In the model plant Arabidopsis thaliana, at least 
61% of all intron-containing genes are subject to AS, accordingly this process needs to be tightly controlled. Regulators can be 
RNA binding proteins (RBPs), but also cis-acting elements such as RNA secondary structures. While the AS-regulatory mecha-
nisms of several RBPs have been studied, there are to date only two structured mRNA motifs known in plants that have been 
shown to control AS: The thiamine pyrophosphate riboswitch and a structural mimic of the 5S ribosomal RNA. Our research aims 
to clarify whether structured mRNA elements play a more widespread role in AS regulation. By using a bioinformatics approach, 
we identified several candidate RNA elements from plants that are predicted to form a distinct and evolutionary conserved sec-
ondary structure. Among them is the DEAD-2 motif, which consists of a stem-loop and is found in the precursor mRNAs of genes 
belonging to the DEAD-box RNA helicase family, including two closely related genes from A. thaliana. In both of these genes, the 
motif is located within an intron and overlaps with an alternative 3” splice site whose use results in transcripts degraded via the 
nonsense-mediated decay (NMD) pathway. We could show that one of the helicases regulates both itself and its homolog via use 
of this alternative 3” splice site: In presence of larger amounts of the helicase, a splicing shift towards NMD-targeted transcript 
variants occurs. Furthermore, when DEAD-2 is mutated to open up the predicted hairpin structure, this splicing shift increases. 
We therefore hypothesize that the helicases can unwind the structured element in their own precursor mRNAs and that it may 
serve as a sensor for the level of RNA helicase activity in the cell. The physiological importance of this gene-regulatory mecha-
nism is illustrated by the fact that overexpression of one homolog results in a strong wilting phenotype only days after induction. 
Since both helicases are involved in essential processes such as RNA nuclear export, NMD or salt stress response, this sensor 
function could have a major impact on plant adaptation and metabolism.
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Role of THO/TREX components in Arabidopsis mRNA export

K. Grasser1, A. Rödel1, V. Berger1, M. Grasser1

1University of Regensburg, Cell Biology and Plant Biochemistry, Regensburg, Germany

The regulated transport of mRNAs from the cell nucleus to the cytosol is a critical step in the expression of protein-coding 
genes, as it links nuclear mRNA synthesis with cytosolic translation. The pre-mRNAs that are synthesised by RNA polymerase 
II are processed by 5´ capping, splicing and 3´ polyadenylation. The multisubunit THO/TREX complex integrates mRNA biogen-
esis with the nucleocytosolic transport of the mRNAs. During mRNA maturation that occurs essentially co-transcriptionally, 
various export factors are recruited to the mRNAs. These RNA-bound export factors ensure efficient transport of the export-
competent mRNAs through nuclear pore complexes. The analysis of mutant plants demonstrated that impaired mRNA export 
causes defects in growth and development as well as it influences processes such as plant immunity, circadian regulation and 
stress responses. We are in the process of characterising various components of the THO/TREX complex primarily for their role 
in nucleocytosolic mRNA transport. Thus, information regarding RNA-binding, protein interactions and in planta function of the 
export factors will be presented.
Ehrnsberger, H.F., Grasser, M. and Grasser, K.D. (2019) Nucleocytosolic mRNA transport in plants: export factors and their influ-
ence in growth and development. J. Exp. Bot. 70, 3757-3763.

O-S11-004
Hints to moonlighting functions of Arabidopsis GApDH in translational regulation

M. Wegener1, C. Wesemann1, K. J. Dietz1

1Bielefeld University, Bielefeld, Germany

Conditional recruitment of mRNAs to polysomes is an effective mechanism to rapidly adjust cellular metabolism and optimize 
energy expenditure through fine tuned translation of existing transcripts in response to changing environments. Plants facing 
fluctuating light is a notable example of such a scenario where fast metabolic adjustment to quick and profound changes in 
light intensity is required. Moore and colleagues found that translation is the dominant level of regulation for the acclimation to 
short-term high light treatment[1]. The study identified a sequence motif that is overrepresented in the untranslated regions of 
translationally regulated transcripts and is discussed as binding site for regulatory RNA binding proteins.
Goal of our study was to identify potential binding proteins that recognize the identified RNA motif and to validate and char-
acterize their RNA binding activity. In vitro RNA-interactome capture from protein extracts from light-treated and non-treated 
plants using the RNA motif as bait, revealed several candidate binding proteins including several glycolytic enzymes, such as the 
cytosolic glyceraldehyde 3-phosphate dehydrogenase isoforms GapC1 and GapC2. RNA-electromobility shift assays validated 
direct GAPDH-RNA interaction in vitro. Additional RNA-EMSAs and enzyme activity assays were conducted to understand the 
regulation of the observed RNA-binding activity of GAPDH. Furthermore, targeted gene expression analysis in gapc1xc2 double 
knock down and GAPC2 overexpression lines were performed to clarify the physiological relevance of the RNA-binding and 
analyse the role of GAPC1/C2 in short term light acclimation.
The results indicate a complex reciprocal relationship between the catalytic function of GAPDH and its RNA-binding activity and 
suggest a role in suppressing translation under low-energy conditions. Moreover, the identification of GAPDH and other glyco-
lytic enzymes point to a tight interconnection of primary metabolism and RNA biology that regulates protein synthesis rates to 
assure a balanced energy expenditure under adverse environmental conditions. Deeper investigations are under way to expand 
on this hypothesis.
[1]  Moore et al. (2021) Retrograde Control of Cytosolic Translation Targets Synthesis of Plastid Localized Proteins and Nuclear  
 Responses for Efficient Light Acclimation,  doi: https://doi.org/10.1101/2021.02.18.431817
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DNA double strand breaks lead to de novo transcription and translation of damage-induced long RNAs in planta

T. Schreiber1, S. Tripathee1, T. Iwen1, A. Prange1, K. Vahabi1, R. Grützner1, C. Horn1, S. Marillonnet1, A. Tissier1

1Leibniz Institute of Plant Biochemistry, Cell and Metabolic Biology, Halle (Saale), Germany

DNA double strand breaks (DSBs) are lethal threats that need to be repaired. Although many of the proteins involved in the 
early steps of DSB repair have been characterized, recent reports indicate that damage induced long and small RNAs also play 
an important role in DSB repair. Here we identified DSB-induced de novo transcription of damage-induced long RNAs (dilRNAs) 
as a default response to DSBs in transgenes, endogenes and extrachromosomal T-DNAs of Nicotiana benthamiana. Importantly, 
we could show that dilRNAs can be translated into proteins if the DSB occurs adjacent to an open reading frame. Thus, DSBs 
constitue an alternative form of gene regulation. Our results support a model in which a default and early event in the process-
ing of DSBs is transcription into RNA which, depending on the genomic and genic context, can undergo distinct fates, including 
translation into protein, degradation or production of small RNAs.

O-S11-006
MicroRNAs constitute an additional regulatory layer in regulating plant response to 

UV-B (abiotic) and flg22 (biotic) stresses 
Z. Zhou1, D. Cai1

1Phytopathology, Christian-Albrechts-Universität zu Kiel, Molecular Phytopathology and Biotechnology, Kiel, Germany

Plants are often confronted in their habitats with various a/biotic stress factors and evolved sophisticated and multifaceted 
defense/adaptation mechanisms. In our previous work, we reported the crosstalk between flg22 and UV-B-induced signalling 
cascades, which affects the expression of flavonol pathway genes (FPGs), being upregulated by UV-B while suppressed by flg22 
treatment. Although several transcription factors (TFs) have been identified in regulating this crosstalk, the underlying mecha-
nism remains largely unsolved. Here, we demonstrate the role of noncoding microRNAs (miRNAs) in two distinct regulatory 
modules. The first one consisting of 15 miRNAs are suppressed by UV-B but upregulated by flg22. By contrast, 5 miRNAs in the 
second module are suppressed by flg22 and upregulated by UV-B, respectively. As expected, the majority of predicted targets 
of miRNAs belong to transcription factors regulating diverse plant stress responses, i.a. the expression of FPGs as indicated by 
chalcone synthase (CHS). Reciprocal expression patterns of the miRNAs as compared with their targets and the downstream 
FPGs support for a crucial role of miRNAs in this crosstalk. Evidently, we demonstrate that knockdown of miR858 (from module 
I) goes along with increased CHS expression while miR858 overexpression results in CHS suppression. Vice versa, knockout of 
miR164b (from module II) suppressed CHS expression while miR164b overexpression elevated CHS expression. Thus, we provide 
for the first time the genetic evidence that miRNAs constitute an additional regulatory layer in regulating plant response to the 
UV-B (abiotic) and flg22 (biotic) stresses. A functional model is postulated.

O-S11-007
Fine mapping of binding sites of the chloroplast RNA binding proteins Cp29A and Cp31A by eCLIp, RBNS and 

RIp-Seq reveals a preference for functionally linked mRNAs and localization adjacent to 
ppR proteins

B. Lenzen1, J. Legen1, S. Gathmann1, A. Okuzaki1, C. Schmitz-Linneweber1

1Humboldt University of Berlin, Berlin, Germany

The nuclear–encoded chloroplast ribonucleoproteins (cpRNPs) are a group of plastid hnRNP-like R
NA-binding proteins. They are highly abundant proteins that are regulated by various environmental stimuli. cpRNPs bind mul-
tiple RNA targets and are involved in RNA processing, stabilization and editing. The Arabidopsis cpRNP CP29A contains two RNA 
recognition motifs (RRMs) connected by an unstructured linker. Null mutants of CP29A show bleaching of newly emerging tissue 
and a global reduction in mRNA accumulation at low temperatures.
To understand the molecular function of CP29A, we established a chloroplast-adapted enhanced UV-Cross-Link and Immuno-
Precipitation protocol (eCLIP). Identified targets of CP29A are functionally enriched in mRNAs encoding subunits of the photo-
system II and the cytochrome b6f complex. We complemented this in vivo approach by RNA-Bind-N-Seq, an unbiased in vitro 
approach to determine preferred sequence elements of CP29A. The in vitro and in vivo data are well overlapping and allowed 
to narrow down several bindings sites that are in close proximity to characterized binding sites of PPR proteins. Using an ad-
ditional approach, employing chemical crosslinking, targets of another cpRNP, CP31A, were identified. Targets are enriched in 
mRNAs encoding subunits of the NADH-like dehydrogenase complex. In combination, these data led to a novel hypothesis on 
the molecular function of cpRNPs as group-specific RNA binding proteins that tie together functionally linked mRNAs in post-
transcriptional operons and are at least in part connected to PPR protein functions.
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O-S12-001
Molecular mechanisms of boron-dependent boron transporter regulation

T. Fujiwara1

1The University of Tokyo, Graduate School of Agricultural and Life Sciences, Tokyo, Japan

Boron transporters of Arabidopsis thaliana have been well studied for their regulation of expression in response to boron condi-
tions.  BOR1 the efflux transporter of boron (Takano et al 2002) is regulated at the levels of protein degradation under high boron 
conditions (Takano et al 2005, 2010, Kasai et al 2011) and it has been suggested that BOR1 acts as a sensor of boron (Yoshinari et al 
2020).  NIP5;1, diffusion facilitator of boron (Takano et al 2007) is regulated through mRNA degradation in response to high boron 
(Tanaka et al 2011).  This degradation of NIP5;1 mRNA has been demonstrated to be mediated by translational regulation; ribosome 
stalling at the AUG-Stop sequence in the 5” UTR of NIP5;1 mRNA (Tanaka et al 2016). This regulation occurs in in vitro translation 
systems (Tanaka et al 2016), suggesting that translational machinery works as a sensor of boron concentration in the cytoplasm. 
Structural analysis of ribosome stalled at the AUG-Stop under high B conditions suggest that B affect the process of translational 
termination. It is also found that BOR1 is also regulated at translation. In this case, a boron-dependent regulation involves multiple 
uORFs, including an AUG-stop (Aibara et al., 2018) in the 5” UTR of BOR1. It is likely that translational activities are affected by boron 
concentrations in the cytoplasm, suggesting that changes in boron concentration not only affect translation of boron transporter 
genes but also have a wide range of impacts on translation at genomic levels. Our recent study suggested universal effect of boron 
on translational termination (Sotta et al 2021). In this presentation I will present recent knowledge about the regulation.  I acknowl-
edge that this work has been conducted in collaboration of a number of scientists and support mainly from JSPS/MEXT of Japan.
- Aibara et al (2018) Plant Physiology,177(2),759–774
- Kasai et al (2011) J Biol Chem. 286: 6175-6183
- Sotta et al (2021) The Plant Journal 106,1455–1467
- Takano et al (2002) Nature,420(6913), 337–340.
- Takano et al (2006) The Plant Cell,18(6), 1498–1509.
- Takano et al (2010) Proc. Natl. Acad. Sci. U.S.A.17, 5220-5225
- Takano et al (2005) Proc. Natl. Acad. Sci. USA 102:12276-12281
- Tanaka et al (2016) The Plant Cell, 28(11), 2830–2849.
- Tanaka et al (2011) The Plant Cell,23(9),3547–3559.
- Yoshinari et al (2020) Plant Cell 33(2):420–438

O-S12-002
Genome wide association study reveals bx3 as novel candidate involved in boron homeostasis in maize

M. Matthes1, V. Shrestha2, L. Chu1, F. Hochholdinger1, R. Angelovici2, P. McSteen3

1Rhenish Friedrich Wilhelm University of Bonn, INRES-Crop Functional Genomics, Bonn, Germany 
2University of Missouri, Division of Biological Sciences, Bond Life Sciences Center, Interdisciplinary Plant Group, Columbia, MO, 

United States 
3University of Missouri, Division of Biological Sciences, Bond Life Sciences Center, Interdisciplinary Plant Group, Missouri Maize 

Center, Columbia, MO, United States

Levels of the micronutrient boron in the soil greatly impact the production of major crops, like maize (Zea mays) worldwide. Both, 
deficiency and toxicity of boron lead to severe reductions of grain yield. Particularly boron deficient soils are prominent worldwide, 
which necessitates a molecular understanding of how plants control boron homeostasis to secure crop yield in adverse environmen-
tal conditions. Advancement has been made in recent years in the identification and characterization of boron transporter proteins, 
which regulate boron import, export, and distribution within the plant. Molecular players that respond to varying boron levels and 
convey the information are less well understood. In order to contribute to the molecular understanding of boron nutrition in maize, 
we performed genome wide association studies using boron concentration in the leaves subtending the first ear (female reproduc-
tive structure) of the maize 282 Goodman-Buckler association panel. We identified two significant peaks, one on chromosome 4 
and one on chromosome 7. Some of the well characterized benzoxazinless (bx) genes, namely bx3 and bx4, underlied the peak on 
chromosome 4. The bx genes are involved in the synthesis of benzoxazinoids used as defense compounds in maize. Mining of pub-
lically available datasets showed that bx3 gene expression negatively correlated with boron concentration in the 282 association 
panel. Further, bx3 gene expression is elevated in the maize boron deficiency mutant tassel-less1, indicating a correlation between 
bx3 gene expression and boron levels in maize. Mutants in bx3 showed enhanced boron concentrations in leaves subtending the 
first ear compared to the B73 control plants and enhanced leaf tip necrosis, a phenotype which has been associated with boron 
toxicity. In addition, the leaf tip necrosis phenotype in bx3 mutants was enhanced when plants were fertilized with additional bo-
ron and suppressed in bx3;tls1 double mutants, emphasizing that the severity of the leaf tip necrosis phenotype is correlated with 
altered boron levels. Our study therefore suggests bx3 as novel molecular candidate involved in boron homeostasis in maize and 
additionally connects boron nutrition with a plant defense pathway, which is unprecedented.
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A network of bHLH transcription factors fine-tunes iron acquisition in response to environmental cues

P. Bauer1, K. Trofimov1, D. Baby1, D. Lichtblau1, B. Schwarz1, M. N. Ngigi1, M. Khan1, P. Kanwar1, T. Brumbarova1, R. Ivanov1

1Institut für Botanik/Heinrich Heine Universität, Düsseldorf, Germany

Iron (Fe) is abundant but at elevated pH mostly not bio-available. This micronutrient is needed for many vital processes in 
plants including photosynthesis and nutrient assimilation. Fe is often a lacking element in the human diet, and developing iron-
biofortified and diversified sets of crops to ensure an adequate human nutrition world-wide is a major challenge. Brassicaceous 
plant foods are appreciated for their richness in Fe in the leafy plant parts. The model plant Arabidopsis thaliana thrives on a 
large pH range of soils. Therefore, Arabidopsis is an optimal plant species to obtain mechanistic insight into regulatory processes 
governing Fe uptake.
Fe uptake is controlled by a complex regulatory cascade of multiple layers of basic helix-loop-helix (bHLH) transcription factors 
that interact among each other. Some bHLH proteins steer Fe mobilization in the rhizosphere and uptake of Fe into the root 
besides root cell elongation, while other bHLH proteins focus on internal Fe allocation and access to internal Fe pools at whole 
plant level. Availability in the rhizosphere and the need for Fe in the aerial parts determine the strength of Fe uptake. Some 
oxidative stresses clearly affect Fe uptake negatively, as Fe has cytotoxic potential, and this is controlled at the level of the bHLH 
cascade. Still, many mechanistic details of Fe sensing and regulation of the signaling pathways and their integration in plant 
physiology and in response to environmental cues are not completely clear. An important basis for our study was to extract in-
formation from genes that are co-expressed under Fe deficiency. Not only were we able to develop a concept for distinguishing 
the action of particular transcription factors by differential expression of such marker genes, but also we exploited Fe deficiency-
induced co-expressed gene clusters to identify among them protein interaction pairs and interactomes. Protein interaction 
complexes are crucial for the proper regulation of Fe uptake. The FIT-bHLH subgroup Ib protein pair represents a functional 
module for induction of Fe acquisition genes in cells. This module is targeted by abiotic stress regulators. Very interestingly, the 
localization of both proteins is controlled and depends on each other. We identified novel characteristics of the transcription 
factor protein accumulation inside the nucleus. In conclusion, this study highlights the mechanisms of Fe uptake regulation and 
Fe signaling pathways.

O-S12-004
Bacterial-type ferroxidase governs iron-dependent phosphate sensing during root development

C. Naumann1, W. Brandt1, J. Ziegler1, Y. Dagdas2, M. Quint3, S. Abel1
1Leibniz Institute of Plant Biochemistry, MSV, Halle (Saale), Germany 
2Gregor Mendel Institute of Molecular Plant Biology, Vienna, Austria 

3Martin Luther University of Halle-Wittenberg, Halle (Saale), Germany

Plant performance critically depends on soil resources. Access to inorganic phosphate (Pi) with its key roles in energy metabo-
lism strongly impacts terrestrial primary production. Limited Pi bioavailability, often caused by complex Pi-metal interactions, 
governs root development for optimizing soil exploration and Pi acquisition. In Arabidopsis, Pi limitation reshapes root system 
architecture to maximize Pi capture by attenuating primary root extension, stimulating lateral root development, and accelerat-
ing root hair formation [1]. We previously showed that primary root growth inhibition correlates with cell type-specific Fe3+ 
accumulation in the apoplast, formation of reactive oxygen species, and cell wall modification such as callose deposition in the 
root stem cell niche [2]. Two functionally interacting genes in Arabidopsis, which encode the single ER-resident P5-type ATPase 
AtP5A/PDR2 (PHOSPHATE DEFICIENCY RESPONSE 2) and the cell wall-targeted multicopper oxidase LPR1 (LOW PHOSPHATE 
ROOT 1) are essential for Pi monitoring by root tips [2,3]. Evidence suggests LPR1 is a key determinant of Fe-dependent local 
Pi sensing; however, LPR1 function and its regulation remain to be elucidated. Here, we show that LPR1 encodes a novel plant 
ferroxidase of high substrate specificity and affinity (Km ~ 2 µM Fe2+). LPR1 typifies an ancient, Fe-oxidizing multicopper protein 
family that evolved early upon bacterial land colonization [4]. The ancestor of streptophytic algae and land plants acquired LPR1-
type ferroxidase from soil bacteria via horizontal gene transfer, a hypothesis supported by phylogenomics, homology model-
ing, and biochemistry. Our molecular and kinetic data on LPR1 regulation indicate that Pi-dependent Fe substrate availability 
profoundly tunes LPR1 activity and function. Guided by the metabolic lifestyle of extant sister bacterial genera, we propose 
that AtLPR1 senses subtle concentration differentials of external Fe availability as a Pi-dependent cue to adjust root meristem 
maintenance via Fe redox signaling and cell wall modification. We further hypothesize that the acquisition of bacterial LPR1-type 
ferroxidase by land plant progenitors facilitated the evolution of local Pi sensing during plant terrestrialization.
- 1. Abel S (2017) Curr Opn Plant Biol 39:168-177.  
- 2. Müller et al. (2015) Dev Cell 33:216-230.  
- 3. Naumann et al. (2019) Plant Physiol 179:460-476.  
- 4. Naumann et al. (2022) Curr Biol 32: https://doi.org/10.1016/j.cub.2022.04.005.
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Deciphering novel mechanisms of sulfur homeostasis and interactions

D. Ristova1, S. Kopriva1

1University of Cologne, Cologne, Germany

As sessile organisms, plants are constantly challenged by fluctuations of mineral nutrients. However, understanding how these 
nutrients are integrated at transcriptional, developmental and metabolic level is frequently limited. Moreover, in natural envi-
ronments and agricultural production, plants are rarely exposed to isolated signals. Instead, plants are often simultaneously ex-
posed to multiple signals, and nutrient deficiencies. Therefore, understanding the molecular networks that evolved in response 
to combination of signals is necessary for effective future plant breeding strategies, and improving nutrient use efficiency and 
plant productivity under challenged environments.
Sulfur (S) is one of the critical microelements restricting plant performance, and it”s important for a plethora of metabolites and 
processes. In our research, using Arabidopsis thaliana as a model organism, we try to understand the molecular mechanisms 
of sulfur homeostasis and interactions with other nutrients and processes. We use quantitative genetics to exploit the natural 
variation in S-related traits in A. thaliana, and to identify novel genes implicated in S homeostasis and root development. Fur-
thermore, to understand the nutrient interactions, we quantify the global transcriptional response to combinatorial supply of 
nitrogen (N) and S, and their impact on developmental, physiological, and metabolic level.

O-S12-006
Capturing tissue-specific responses to (a)biotic nitrogen signals in the root of Arabidopsis thaliana

N. Kürtös1, L. Kraska1, T. Grube Andersen1

1Max Planck Institute for Plant Breeding, Plant-Microbe Interactions, Cologne, Germany

Anatomically, roots consist of the central vascular cylinder enclosed by the endodermal, cortex and epidermal cell layers. The 
innermost endodermis contains apoplastic barriers – Casparian Strips (CS) – that allow selective solute uptake from the soil by 
forcing transport across the plasma membrane. In older root parts, the entire surface of most endodermal cells is covered by 
suberin lamellae, which block transport across the plasma membrane and thereby likely renders the endodermal cell insensitive 
to its surroundings. However, some few cells situated at the endodermal xylem poles remain unsuberized. As they may form a 
path of low resistance for radial flow of solutes through an otherwise sealed endodermis, these cells have been termed “pas-
sage cells” (PCs) despite lack of functional evidence. Intriguingly, suberization and passage cell occurrence is highly dynamic and 
responsive to nutritional stress, which suggests an active role in nutrient homeostasis.
While the effect of several nutrients has been investigated (Andersen et al., 2018; Barberon et al., 2016), very little is known 
of how the N-status affects this intriguing dynamic barrier system. Thus, we set out to investigate this. Surprisingly, we found 
that nitrogen starvation results in an oversuberization of the endodermis and consequent closure of PCs. Therefore, we want 
to probe the mechanism(s) of how tissue-specific N-starvation responses connect to endodermal barriers. To do so, we have 
employed tissue-specific Translating Ribosome Affinity Purification (TRAP) using both promoters specific to the late PC-con-
taining root as well as the meristematic counterparts. This approach allows us to investigate spatially how chronic and acute 
N-starvation affects different parts of the root in a tissue-specific manner. We use fluorescent, transcriptional reporter lines to 
investigate genetic responses of candidate genes to reveal how their expression pattern changes upon mineral nitrogen avail-
ability. Moreover, as tissue-specific roles in nitrogen use efficiency (NUE) have a huge agricultural impact, we aim to translate our 
gained insights into the crop Camelina sativa and test how our findings affect agricultural qualities such as yield and resistance 
in field-like growth conditions.
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Nitrogen nutrition as versatile determinant of root plasticity

N. von Wirén1

1IPK Gatersleben, Physiology and Cell Biology, Seeland OT Gatersleben, Germany

Plants adapt root system architecture to the availability of mineral elements. When grown under nitrogen (N)-limiting soils, 
plants develop longer primary or seminal and lateral roots, but for long time it has remained unclear how this N foraging re-
sponse is coordinated. By exploiting the natural variation in the root foraging response to mild nitrogen deficiency followed by a 
genome-wide association study in 200 Arabidopsis natural accessions, we mapped three genes involved in brassinosteriod (BR) 
biosynthesis, in BR signaling and, most recently, in auxin biosynthesis. In all three cases, allelic variants modulate not only the ex-
tent of root elongation under mild N deficiency but also determine whether primary or lateral roots are preferentially promoted.
When plant roots grow under localized N supply, it has been observed previously that nitrate stimulates lateral root elongation, 
while local ammonium promotes lateral root branching. Based on auxin and pH reporters as well as pharmacological approaches 
and mutant analysis, we found that acidification of the root apoplast after AMT-mediated ammonium uptake drives pH-depen-
dent radial auxin transport to simulate lateral root emergence. In contrast, high ammonium abundance suppresses cell division 
and elongation via iron-dependent superoxide radical formation, which plants counteract with enhanced vitamin B6 formation. 
Taken together, these examples show how the balance between systemic and local N signals shape root patterning by address-
ing distinct steps in the root developmental program.

O-S13-001
Sex chromosome evolution in green algae and land plants

S. S. Renner1

1Department of Biology, Washington University, Saint Louis, MO, United States

Sex chromosomes primarily determine the sex of an individual and ensure a stable sex ratio. Usually, they carry sex-determining 
genes, although sometimes sex is instead dependent on a “balance” mechanism as in Rumex species with X/0 sex chromosome 
systems. So far, information on chromosomal sex-determining systems in green algae and land plants is available for 212 spe-
cies from 107 genera in 77 families of which 124 have XY systems, 33 ZW systems, and 55 UV systems, as found in bryophytes 
with haploid-phase sex determination. Recent results, to be illustrated with examples mainly from Coccinia, Fragaria, Ginkgo, 
Mercurialis, Populus, Rumex, and Silene, show that switches between XY and ZW systems are surprisingly frequent. All three sex 
chromosome systems are also found in lineages of the tree of life that lack the haploid-diploid generation cycling characterizing 
all land plants, and it is not yet clear how, or even whether, having cycling generations with different modes of reproduction 
(spores, gametes) influences the evolution of sex chromosomes. The crucial question is why and how recombination suppres-
sion arises and is selectively favoured, and so I will focus on data bearing on this question.
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Architecture, andromonoecy and rhythmic flowering shape the reproductive system in the umbel 

family (Apiaceae-Apioideae)
R. Classen-Bockhoff1

1Johannes Gutenberg University Mainz, Biology, Mainz, Germany

The umbel family (Apiaceae), particularly its largest subfamily Apioideae, is characterized by uniform white or yellow umbels ar-
ranged at different branch orders. Species present pollen and nectar as freely accessible rewards and attract a high number of 
unspecialized visitors. Given that the species are self-compatible and that many flowers are open at the same time, a high degree 
of geitonogamy should be expected. Surprisingly, the opposite is true.
Xenogamy is increased by multicyclic dichogamy, i.e., the repeated alteration of male and female flowering phases. This flower-
ing sequence results from synchrony within and successive flowering among umbel orders. Dependent on the degree of order 
separation, the whole range from delayed self-pollination to temporary dioecy is possible. In the latter case, reproductive suc-
cess depends on the density and asynchronous flowering in the population.
The price for outcrossing is a high degree of pollen loss reflected by an average P/O of 30:000/1 (n=23 species). The amount 
of pollen is increased by andromonoecy, i.e., the formation of perfect and staminate flowers. The distribution of the different 
flower morphs follows architectural gradients. In protandrous species, the number of staminate flowers increases with branch 
order making the terminal and first order umbels pollen receptors and the umbels of higher branch orders pollen donators. The 
degree of andromonoecy is species-specific and usually ranges between 50-80% staminate flowers per individual. In Chaero-
phyllum bulbosum, it has been proven by experiment that andromonoecy is inherited and that its degree plastically responds 
to herbivory.
Andromonoecy is rare among angiosperms but common in Apiaceae. It appears to be an evolutionary stable system in the fam-
ily. Together with the modular architecture and variable flowering sequence it contributes to an extraordinary flexible and adap-
tive breeding system. The study is based on more than 30 Central European species and illustrates how spatial and temporal 
conditions influence the reproductive success in an unspecialized family.

O-S13-003
Evolution and function of heterostyly in Amsinckia (Boraginaceae)

M. Scharmann1, M. Lenhard1

1Universität Potsdam, Institut für Biochemie und Biologie, Potsdam, Germany

Mechanisms that promote out-crossing are common in hermaphroditic plants, and their evolution is thought to be driven by 
inbreeding depression that may occur under self-fertilization. While the evolution and molecular genetic mechanisms underly-
ing several biochemical self-incompatibility systems are well characterised, less is known about morphological adaptations 
for cross-pollination. Heterostyly is a floral polymorphism in which two or more flower morphs occur in the same population, 
often maintained by balancing selection. In the simplest case, one floral morph is short-styled with anthers produced above the 
style, and the second morph is long-styled with anthers produced below. As a consequence, pollinators transfer pollen mainly 
between anthers and styles of different morphs. The relative positions of styles and anthers in the flower are most likely con-
trolled by distinct genes, which are nevertheless inherited together as a single Mendelian locus. It remains unclear how such 
supergenes evolve, and which genetic and developmental commonalities exist between independent origins of heterostyly. 
Heterostyly has evolved at least 12 times in the Boraginaceae, which will greatly facilitate comparative studies within the family. 
We used genome assembly, population genomics and genetic mapping to characterise the heterostyly supergene in Amsinckia 
spectabilis. Unlike all other known cases, the heterostyly supergene of Amsinckia is not hemizygous but diploid. We show how 
the supergene was assembled and lost recombination, while the enormous size of almost 10% of the genome raises the ques-
tion how genetic degeneration is avoided despite the lack of recombination.
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Expression of apomixis in hybrids of the Ranunculus auricomus complex:

effects of hybridity, polyploidy and light stress
B. Barke1, C. Paetzold2, F. B. Ulum1, E. Hörandl1

1University of Göttingen, Systematics, Biodiversity and Evolution of Plants (with Herbarium), Göttingen, Germany 
2Forschungsinstitut Senckenberg, Senckenberganlage 25, Frankfurt (Main), Germany

Question: Apomixis, the asexual reproduction via seed, occurs in natural populations predominantly in hybrids of otherwise sexual 
species. Gametophytic apomixis, which involves the formation of an unreduced embryo sac and parthenogenetic development of 
the egg cell into an embryo, is further strongly associated to polyploidy. However, it was so far unclear whether apomixis is directly 
triggered by hybridization, possibly as a consequence of meiosis failure, or rather due to polyploidization and gene duplications. 
Previous gene expression studies on four developmental stages of ovules in hybrids and parents of the Ranunculus auricomus 
complex revealed effects of polyploidy, transgressive effects, and effects of mode of reproduction on expression profiles.
Methods: To disentangle hybridity from polyploidy, we produced diploid hybrids from crossings of diploid sexual species. We stud-
ied mode of reproduction via DIC microscopy and flow cytometric seed screen under normal and light stress conditions, meiosis 
behavior, and transcriptomes. Hybrids expressed spontaneous appearance of apospory in the F1, ie., unreduced embryo sacs from 
somatic nucellus cells. Frequencies of apospory increased in the F2 generation and revealed allelic dosage effects of apospory-
controlling regions (Barke et al. 2018). Frequencies of apospory appeared sensitive to light stress conditions. Prolonged photo-
period significantly increased proportions of sexual ovules, with strongest effects on diploid compared to polyploids, whereby 
polyploids were more efficient in quenching excess light (Ulum et al. 2020, 2021). Parthenogenesis, however, appeared in very low 
frequencies and is obviously not influenced by hybridity. Meiosis disturbances in the F2 generation correlated to apospory, with 
stronger effects in female than in male meiosis (Barke et al. 2020). Transcriptome analyses of flower buds of F2 hybrids revealed a 
significant proportion of genes under diversifying selection, some of them related to reproductive development (in prep.).
Conclusions: We conclude that apospory is triggered primarily by a systemic, heritable effect of hybridity on the diploid level. We 
suppose a buffering effect of oxidative stress by polyploidy. Once apospory is established, it is enhanced indirectly by low stress 
conditions that are caused by side-effects of polyploidy. Polyploidy is not the major trigger but enhances establishment of apo-
mixis.

O-S13-005
RNA helicases as regulators for plant sexual and asexual reproduction through seeds (apomixis)

L. Binmöller1, C. Kiefer1, C. Volkert1, M. Kiefer1, B. Nauerth1, M. Kohnle2, L. Zühl1, R. Martinez3, D. Ibberson4, A. Schmidt2,1

1Heidelberg University, Centre for Organismal Studies, Biodiversity and Plant Systematics, Heidelberg, Germany 
2University of Hohenheim, Institute of Biology, FG Plant Evolutionary Biology, Stuttgart, Germany 

3Heidelberg University, Centre for Organismal Studies, Developmental Biology, Heidelberg, Germany 
4Heidelberg University, Deep Sequencing Core Facility, Heidelberg, Germany

Plant seeds are of great importance for animal and human nutrition. To form them, in higher plants apart from sexual reproduc-
tion, apomixis occurs rarely even though it is phylogenetically widespread. The evolutionary advantage of the co-existence of the 
different reproductive modes and the gene regulatory control underlying apomixis are to date not fully understood. Apomixis is 
classically viewed as evolutionary dead end, as an accumulation of mutations is predicted. However, we have recently shown that 
coding regions of RNA helicases are typically under purifying selection in apomicts of the genus Boechera, which is a close rela-
tive of Arabidopsis. We hypothesized that the high degree of sequence conservation is due to an involvement of RNA helicases in 
fundamental cellular and developmental processes.
RNA helicases are evolutionary ancient and functionally involved in basically any aspect of RNA metabolism, including splicing 
control, translational regulation and ribosome assembly. However, to date, only little is known about their roles for plant reproduc-
tion. To gain further insights into their spatial and temporal expression during germline development, we applied transcriptional 
profiling of reproductive tissues from sexual and apomictic Boechera accessions. This confirmed previous findings in Arabidopsis of 
an enriched activity of RNA helicases during germline formation. Furthermore, we identified a few RNA helicases as differentially 
regulated in sexual as compared to apomictic Boechera in reproductive tissues harboring mature female gametophytes. This in-
cludes GAM, which is a unique gene in Arabidopsis, but represented by one ortholog and two paralogs in Boechera. Interestingly, 
phylogenetic analysis of sequence variants from different sexual and apomictic Boechera accessions revealed that allelic variants 
of one paralog tend to form closer groups dependent on the reproductive mode. This designates GAM as a potential candidate for 
apomixis. Investigations on the likely functional diversification of the allelic variants are ongoing. Nevertheless, we could already 
demonstrate that GAM is crucial for reproductive development in Arabidopsis, as lines carrying mutant alleles showed severe 
defects during male and female gametogenesis. Further analysis suggested an association of GAM to ribosome biogenesis. In 
summary, our analysis identified GAM as crucial for plant reproduction and provided new insights into aspects of gene evolution 
in apomicts.
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On the evolution of dehiscence – how fruits open

D. Lotz1, A. Becker1, L. H. Ngyuen1

1Justus Liebig University Gießen, Botanik AG Entwicklungsbiologie der Pflanze, Gießen, Germany

Fruits open to release the seeds often at specific, predetermined break points, the dehiscence zones. Their formation, including 
precisely controlled cell-type specific lignification, and gene regulatory networks (GRN) are well studied in Arabidopsis thaliana. 
Dehiscence zones occur throughout angiosperms evolution and originated several times independently. They are of profound 
agronomical importance as preharvest dehiscence contributes substantially to yield loss. However, knowledge on dehiscence 
zone GRNs is derived from work in Arabidopsis and its origin and evolution remains elusive. Further, phylogeny reconstructions 
show that the major dehiscence zone regulators, such as INDEHISCENT, ALCATRAZ, SHATTERPROOF 1 and 2 are absent from 
species outside the core eudicots. Obviously, other genes are involved in regulating dehiscence zone formation in non-core 
eudicots.
We aim to identify a dehiscence zone GRN in Eschscholzia californica, member of the Ranunculales order and phylogenetically 
distant to Arabidopsis. Fruit architecture and opening mechanism of E. californica is comparable to Arabidopsis but the underly-
ing GRN will differ substantially. Here, we firstly use detailed morphological analysis to describe the timing and special distribu-
tion of lignin deposition. We show the differences and similarities between the Arabidopsis and E. californica dehiscence zone 
formation. Further, we have employed transcriptome analyses to identify transcriptional regulators and phytohormone associ-
ated genes that are differentially expressed in the dehiscence zone versus the valves. Using co-expression analysis, we present 
a genetic framework for the regulation of dehiscence zone differentiation formation and provide an example for convergent 
evolution of a developmental process in the plant kingdom.

O-S13-007
MpTGA – a bZIp key regulator for sexual reproduction in Marchantia polymorpha

N. Gutsche1, J. Koczula1, M. Holtmannspötter1, A. Busch1, M. Appelfeller1, S. Zachgo1

1Osnabrück University, Botany, Osnabrück, Germany

Terrestrialization over 470 MYA necessitated the adaption to various challenges leading to the development of physiological and 
morphological novelties in land plants. The bryophyte model species Marchantia polymorpha, a dioecious thalloid liverwort, 
contains almost all transcription factor (TF) families, but with lower numbers and thus less functional redundancy compared 
to seed plants. The Arabidopsis thaliana TGA TF family comprises 10 members with functions predominantly either in stress 
or development-related pathways. Strikingly, the single Marchantia TGA TF, MpTGA, is crucial for the development of sexual 
organs. Additionally, to its function in sexual reproduction MpTGA acts also as a negative regulator in oil body formation. This 
liverwort-specific organelle is rich in cytotoxic compounds serving as protection against herbivores and other pathogens. Our 
data demonstrate that the sole TGA TF from the early diverging land plant M. poylmorpha exerts a dual role in developmental 
as well as stress-related processes. In seed plants, TGA TFs interact with members of the NON EXPRESSOR OF PATHOGENESIS 
RELATED GENE (NPR) family, transcriptional co-factors predominantly involved in immune responses. The co-factor NPR fam-
ily likely evolved in the ancestor of land plants. We show that the sole Marchantia NPR, MpNPR, interacts with MpTGA in the 
nucleus and both bind together to DNA in vitro. Notably, MpNPR acts as an activator for MpTGA function in sexual reproduction 
suggesting that their function as co-regulators in immune response evolved later during land plant evolution.
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Horizontal natural product transfer and its relevance for sustainable agriculture

D. Selmar1

1Technische Universität Braunschweig, Plant Biology, Braunschweig, Germany

Triggered by alarming reports of the European Food Safety Authority on widespread contaminations of plant derived commodi-
ties by poisonous alkaloids such as nicotine or pyrrolizidine alkaloids, the origin of these alkaloidal contaminations had been 
investigated during the last decade. These studies unveiled that alkaloids, which have been leached out from decomposing 
alkaloidal donor plants, are taken up by the roots of acceptor plants growing in the vicinity. These cognitions had been the bases 
for establishing the so-called “Horizontal Natural Product Transfer” (Selmar et al., 2015). Meanwhile, it is well established that 
many other natural products, such as coumarins or stilbenes, are also taken up from the soil by plants roots and, subsequently, 
are allocated into the leaves. Moreover, it was verified that alkaloids are also transferred from living and vital donor plants into 
plants growing in their vicinity. In addition, it became evident that in a number of acceptor plants, the imported natural prod-
ucts are modified by hydroxylation, methylation and glucosylation, whereas in others, they are just accumulated (Selmar et al., 
2019). In the past, it was presumed that these reactions are part of a deliberate detoxification process of xenobiotics, denoted as 
“green liver concept”. However, since the mode and extent of these modifications strongly vary between different plant species, 
a general and universal mechanism such as the “green liver concept” can be excluded.
Apart from the high relevance for basic plant biology, the novel insights in the “Horizontal Natural Product Transfer” might open 
new doors for preventing contaminations of plant derived commodities. Moreover, this phenomenon will increase our under-
standing of plant-plant interactions.
-  Selmar, D., Radwan, A., Nowak, M (2015) Horizontal Natural Product Transfer. Journal of Environmental & Analytical Toxi- 
 cology 5:4
-  Selmar, D., Radwan, A., Nowak, Hijazin, T., Abouzeid, S., Yahyazadeh, M, Lewerenz, L., Kleinwächter, M., Nowak, M. (2019)  
 Horizontal Natural Product Transfer: Intriguing Insights into a Newly Discovered Phenomenon. Journal of Agricultural and  
 Food Chemistry 67: 8740-8745

O-S14-002
Inclusion of indigenous communities and adoption of synergistic approach in sustainable 

conservation of Himalayan Taxaceae of India
S. Bisht1, R. Singh1

1Guru Gobind Singh Indraprastha University, University School of Environment Management, New Delhi, India

Taxaceae is a gymnosperm family represented by only six genera which are distributed in the moist forested areas of northern 
hemisphere. Taxaceae in India is represented by three genera namely Taxus, Cephalotaxus and Amentotaxus which naturally 
occur in Indian Himalayan Region (IHR). Taxus is found in the western and eastern Himalayan region whereas Cephalotaxus 
and Amentotaxus are distributed in the Eastern Himalaya only. Taxaceae is economically highly important due to its medicinal 
uses by indigenous people. However, it”s potential in cancer treatment has led to the targeted mindless overexploitation and 
decimation of populations in the Himalaya apart from land transformation and natural disasters. With depletion and shrinking 
populations of Taxaceae, species related local traditional ethnoecological knowledge is also eroding with the passing away of 
each senior member of the society which is creating a gap in the transmission of age old unwritten traditional ethnoecological 
knowledge to younger generation. The paper elucidates the importance and necessity of synergistic pragmatic approach for the 
in-situ conservation of endangered and vulnerable native species, their germplasm and species related traditional ethnoecologi-
cal knowledge by involving and generating regular livelihood avenues for the betterment of the indigenous communities to fulfil 
the targets (2, 5, 7, 9, 12-15) mandated by the Global Strategy for Plant Conservation.
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preparing viticulture for climate change

P. Nick1

1Karlsruhe Institute of Technology, Botanical Institute, Karlsruhe, Germany

The progressively hot and dry summers cause outbreaks of new diseases that kill grapevines in the blossom of their productiv-
ity. The cause are wood colonising fungi that are also found in healthy grapes and act there as harmless commensalists. When 
their host is posed under stress, they suddenly change their behaviour and begin to produce toxins, to kill their host and extract 
energy from its corpse to make sex, form fruiting bodies, break out from the wood and spread their spores. (“The rats leave the 
sinking ship”). We wondered, whether we can find grapes that can cope better with this challenge.
The key for our research was the Wild Grape Collection established in the Botanical Garden of the KIT assembling the entire 
genetic diversity of the rare European Wild Grapevin (the ancestor of our domesticated Grapevine). Several of these grapes can 
ward off the attack of wood decaying fungi. Using a connection of molecular, histochemical and Cryo SEM methods we investi-
gated, how their defence works using the very aggressive model strain Neofusicoccum parvum Bt 67.
We could show that fungus and plant run a chemical arm race. The formation of wood and the formation of defence compounds 
(stilbenes) compete for the same entry molecules. The fungus tries to manipulate the grape by chemical signals to make it accu-
mulate as much wood as possible (which is the food for the fungus). The plant, instead, tries to boost the formation of stilbenes. 
The wild grapes are more powerful in this arm race and channel their metabolism in a way that the potent viniferin trimers are 
formed that can stop fungal growth. We identified, by activitiy guided fractionation, a plant compound that accumulates under 
severe drought stress. This compound is read out as “surrender signal” and causes the behavioural switch of the fungus, which 
in turn secretes a signal that triggers programmed cell death in grapevine cells. In the absence of the plant surrender signal, 
the fungus secretes a phenolic compound that is mimicking the effect of auxins on plant defence without exerting the growth 
stimulating effect of auxins.
This knowledge can now help to render grapes more resilient against the consequences of climate change by identification and 
marker assisted introgression of resilience factors into commercial varieties.

O-S14-004
A newly developed insect resistant genetically modified oilseed rape (Brassica napus L.) plant 

response to beet army worm, Spodoptera exigua
J. N. Ahmad1, S. Tanwir2, M. Ahmad1, A. M. Bones3

1University of Agriculture Faisalabad, Entomology, Faisalabad, Pakistan 
2University of Agriculture Faisalabad, Botany, Faisalabad, Pakistan 

3Norwegian University of Science and Technology, Biology, Trondheim, Norway

Brassica crops are cultivated for oil as well as fooder purpose in Pakistan. In Brassicaceae family a glucosinolate-myrosinase 
based defense system exist against herbivory which produce toxic chemicals against insect pest as well animals. In animals, 
these toxins can cause health hazards issues. First time, genetically modified oilseed rape (Brassica napus) lacking toxic mines in 
seeds were developed and cultivated under laboratory as well as greenhouses successfully. The experiments were performed in 
Dr. Jam Laboratory and learning research center at UAF. These plants were evaluated against a polyphagous pest, S. exigua that 
cause damage to oilseed crop and vegetable worldwide. Molecular, physiological and biochemical parameters were studies us-
ing PCR, HPLC, GC.MS techniques. The results showed that S. exigua consumed and gained more weight on wild type seedling in 
comparison to MINELESS seedling. Additionally, highest amount of total glucosinolate was found in MINELESS control than that 
of wild type control. Myrosinase activity was not affected by the S. exigua feeding on the MINELESS plants. However, reduced 
activity of myrosinase was observed in the wild-type seedlings. Moreover, the S. exigua induced the production of glucobras-
sicin and neoglucobrassicin that was found slightly higher in MINELESS seedlings than on wild-type seedling. Feeding of S. exigua 
deregulated the level of glucosinolate hydrolysis products in both types of plants. Transcriptional data after S. exigua feeding on 
wildtype and MINELESS showed differential response of methyl jasmonate and glucosinolate responsive genes observed. We 
also observed that after methyl jasmonate treatment, methyl jasmonate and glucosinolate responsive genes were enhanced in 
the wild-type and MINELESS seedlings showing their negative effect on the growth of S. exigua. The recently developed brassica 
plant can be great source of good oil and healthy fooder in future. It is suggested to be good for animals because of the very 
reduced amont of toxic chemical production.
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Improvement of drought stress tolerance in poplars (Populus) by modification of candidate genes

A. Fendel1, M. Fladung1, T. Brügmann1

1Thünen Institute of Forest Genetics, Genetic Technologies, Großhansdorf, Germany

Climate change and correlated weather extremes increasingly found their way into the central European temperate climate and 
threaten the tree production of European forest trees. Related impacts comprise for example crown defoliation, as it is already 
detected in over 80 % of all common beeches (Fagus sylvatica) in Germany. As trees are increasingly demanded as a renew-
able resource, their ability to assimilate CO2 simultaneously displays a natural mechanism to dampen global warming effects. 
However, although trees are evolutionarily adapted to local environments, fast-changing fluctuations of local climate conditions 
strongly affect their viability. Here, especially multidimensional drought stress, defined by the absence of natural irrigation 
over an extended period of time, appears as the most harmful factor. As non-domesticated trees harbor an enormous genetic 
variation and the consequent potential for refined tolerance breeding approaches, their late initiation of reproductive organs 
hinders the research for genetic characterizations. Utilizing genetic engineering and genome editing mechanisms in the model 
tree genus poplar (Populus), obstacles can be overcome and genes and their functions accurately classified and characterized. 
We selected candidate genes from diverse plant species (Arabidopsis, Vitis amurensis, Populus euphratica, Oryza sativa, and 
Hordeum vulgare) which are related to drought stress reactions and localized their homologs in the European poplar species 
Populus × canescens. Selected genes are genetically modified by either constitutive overexpressions or CRISPR/Cas generated 
loss-of-function mutations. Modified trees are analyzed on their altered drought stress tolerance under controlled stress con-
ditions utilizing invasive and non-invasive phenotyping methods. Overall, this approach contributes to a better understand-
ing of the natural genetic potential in poplar trees regarding their drought stress tolerance and will allow us to reveal genetic 
mechanisms important for the consideration of further forest tree species and breeding purposes. Accordingly, gained insights 
are planned to be transferred to the common beech as it is prone to drought scenarios but indispensable for the ecosystem of 
central European forests.
Keywords: climate change, drought stress, poplar, common beech, genome editing, candidate genes

O-S14-006
Halophytes in the phytoremediation process and their potential use in biorefinery

A. Turcios1, J. Papenbrock1

1Leibniz University Hannover, Institut für Botanik, Hannover, Germany

Water pollution is the leading worldwide cause of deaths and diseases, which is a major global problem and requires ongoing 
evaluation. Heavy metals and new emerging contaminants keep appearing in the aquatic environment. Phytoremediation is an 
efficient method for treating water/soil using plants and is also used in aquaculture to minimize water replacement. After using 
halophytes (salt tolerant plants) as phytoremediators, value-added products can be obtained, the remaining biomass can be 
used for bioenergy, leading to a zero-waste biorefinery. The aim of this work is to determine the phytoremediation capacity 
of halophytes and their potential use as value-added products. For this, different halophytes including Tripolium pannonicum, 
Salicornia europaea and Chenopodium quinoa have been studied with different salt, copper and sulfamethazine (SMT) concen-
trations. According to the results, halophytes are able to uptake salt and heavy metals from the growth media. The higher the 
concentration of salt in the culture medium, the greater the ability of S. europaea to uptake Na. Salicornia is also able to uptake 
a considerable amount of Cu, but it is stored in greater quantity in the root and in lesser quantity translocated to the shoots. 
Halophytes are also able to uptake and biodegrade considerable amounts of SMT. The amount of SMT found in T. pannonicum 
depends on the plant part from which it is extracted, indicating that SMT has different distribution patterns in the plant. The 
highest amount is found in the roots. In the aboveground parts, the highest quantity is found in the stem, and the lowest amount 
is found in the young leaves. In addition, these findings suggest that the SMT content not only depends on the plant part but 
also on the concentration in the culture medium. Therefore, halophytes have a great potential to be used as phytoremediators 
in different areas including constructed wetlands (https://cwetlandsdata.com/) or to treat aquaculture effluents. The biomass 
obtained after the phytoremediation process can be used for different purposes including feed, botanical extracts and biogas. 
Results obtained within the project Aquacombine show that halophytic biomass produce high amount of methane, and in addi-
tion the biomass contains high concentrations of crude protein. Thus, these species could have the potential for green circular 
economy.
Acknowledgements: European Union”s Horizon 2020 research and innovation programme, Grant Agreement No 862834.
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BioIHS – a BIO-based infiltration-inhibiting layer covered with green algae isolated from potash tailing piles

A. Omidi1, V. Sommer1,2, U. Karsten1

1Universität Rostock, Angewandte Ökologie & Phykologie, Rostock, Germany 
2Upi Umwelt Projekt Ingenieursgesellschaft, Stendal, Germany

Production of potash fertilizers is associated with unavoidable ecological impacts, especially hypersalinity in potash tailings piles, 
which restricts the growth of biota in neighboring environments. In order to minimize this problem, we tried to stablish in collabora-
tion with engineers biological soil crusts (biocrusts) on the infiltration hampering stratum (IHS) using green microalgae, which were 
isolated from the surrounding of potash tailings piles in Germany.
Three algal species, Stichococcus sp., Chloroidium sp. and Borodinellopsis sp., were grown individually and mixed in 6-well plates 
containing pure IHS, 50% IHS and pure sand supplemented with biochar and sodium alginate for 4 weeks. The effective quantum 
yield of the photosystem II (PSII) of each sample was measured every week using a PAM 2500. At the end of the experiment, the 
chlorophyll content was determined spectrophotometrically, and photographs were taken using an Imaging-PAM.
The results indicate high photosynthetic viability and hence a great potential of the tested green algae in environmental protection 
through development of a BIO-based IHS on top of saline substrates. The application of biochar in biocrust establishment might 
contribute for renaturation processes of contaminated areas, which can be significant from an economic and ecological perspective.

O-S15-001
Hydrogen peroxide signaling in plants

F. Van Breusegem1

1Ghent, Belgium

Reactive oxygen species, like superoxide, singlet oxygen and hydrogen peroxide (H2O2), are key signalling molecules that enable cells 
to respond to both environmental and developmental stimuli. In plants, hydrogen peroxide plays a crucial role in abiotic and biotic 
stress sensing, integration of different environmental signals and activation of stress-response networks, thus contributing to the 
establishment of defence mechanisms and plant resilience. An inherent part of these responses is orchestrated by genome-wide 
transcriptional reprogramming. However, the specific mechanisms that sense perturbations in H2O2 homeostasis and govern H2O2-
dependent gene expression are still poorly understood. Here, I will present our recent findings of particular components involved in 
the transcriptional and post-transcriptional response to increased H2O2 levels, as well as our efforts in plant redox proteomics that 
aim to identify in vivo regulatory cysteine oxidation events.
 

O-S15-002
Regulation of zeaxanthin epoxidase

S. Bethmann1, D. Holzmann1, P. Jahns1

1Heinrich Heine University Düsseldorf, Photosynthesis and stress physiology of plants, Düsseldorf, Germany

The xanthophyll zeaxanthin (Zx) serves important photoprotective functions in chloroplasts. Bound to the antenna of photosystem II 
(PSII), Zx is involved in the deactivation of excited singlet chlorophyll, whereas it influences the membrane stability and may detoxify 
existing reactive oxygen species (ROS) when it is present as a free pigment in the lipid phase of the thylakoid membrane (Havaux, 
1998). Zx is synthesized from violaxanthin upon high light (HL) exposure in the xanthophyll cycle (Jahns et al., 2009). The reconver-
sion of Zx is catalyzed by the Zx epoxidase (ZEP), which shows highest activity after short and moderate HL periods. Under long-last-
ing HL stress, however, ZEP activity is down-regulated in parallel with the inactivation of PSII in Arabidopsis thaliana (Reinhold et al., 
2008). Moreover, a close correlation of the kinetics of recovery of photoinhibition and Zx epoxidation have been reported for Pisum 
sativum (Jahns & Miehe, 1996) suggesting a co-regulation of PSII and ZEP activity. Comparative studies with different plant species 
revealed that ZEP activity is strongly down-regulated in parallel with PSII inactivation in all tested species. Moreover, photoinhibition 
of PSII led to a parallel degradation of ZEP and the D1 protein of PSII (Bethmann et al., 2019). The inactivation and degradation of 
ZEP ensures the maintenance of high Zx levels under severe HL stress and consequently provides rapid activatable photoprotection 
for long time after periods of HL. The mechanism of ZEP inactivation is still unknown. The effect of different reductants and ROS on 
ZEP activity was investigated in vitro using thylakoids from Spinacia oleraceae. The results indicate that ZEP is not light-regulated by 
thiol-modulation but that its down-regulation relies on the irreversible inactivation by hydrogen peroxide (H2O2).
- Bethmann S, Melzer M, Schwarz N, Jahns P (2019) Plant Direct 3:1-13
- Havaux M (1998) Trend Plant Sci 3:147-151
- Jahns P, Latowski D, and Strzalka K (2009) Biochim Biophys Acta 1787: 3-14
- Jahns P, Miehe B (1996) Planta 198: 202-210
- Reinhold C, Niczyporuk S, Beran KC, Jahns P (2008) Biochim Biophys Acta 1777: 462-469
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OpDAylation of plant thioredoxins in vitro

M. Knieper1, L. Vogelsang1, T. Guntelmann1, H. Gröger1, A. Viehhauser1, K. J. Dietz1

1Universität Bielefeld, Bielefeld, Germany

(cis)-(+)-12-oxophytodienoic acid (12-OPDA) is a reactive oxylipin derived from α-linolenic acid. 12-OPDA not only serves as 
a precursor of jasmonic acid, but also acts as an independent signalling molecule itself, affecting plant redox regulation, de-
fense mechanisms as well as plant development. 12-OPDA is synthesized in the chloroplast in a multistep-reaction employing 
13-Lipoxygenases (13-LOX), allene-oxide synthase (AOS) and allene oxide cyclase (AOC). Synthesis is upregulated upon various 
stresses such as wounding and high light. Due to its cyclopentenone-moiety, 12-OPDA classifies as a Michael acceptor and hence 
can covalently bind to protein thiols. This binding, referred to as OPDAylation, affects protein functions such as enzyme activities 
as well as the antioxidant status of the cell. 
OPDAylation and its effect on the redox regulatory network of plant cells was scrutinized by employing cytosolic as well as plas-
tidic thioredoxins (TRX) and glutaredoxins (GRX). Determination of TRX- or GRX-coupled thiol-peroxidase activity, thiol-labelling 
of remaining free thiols, HPLC-based quantification of 12-OPDA consumption and mass spectrometric analysis of OPDA-bound 
Trx-h3 underlined the significance of OPDAylation. Since OPDAylation occured fast and already at low concentrations, 12-OPDA 
proved to be highly reactive with relevant cell components. TRX as well as GRX function was significantly reduced after 12-OPDA 
treatment. Analysis of 12-OPDA consumption after incubation with TRX-h3, -h5, -f1 and -m4 revealed efficient binding of OPDA 
to protein, with a greater specificity towards chloroplast thioredoxins. In addition, MS analysis under denaturing conditions con-
firmed covalent binding of OPDA to TRX-h3 in line with our preliminary data on OPDAylation of TRX-f1. In conclusion, the results 
demonstrate a strong effect of 12-OPDA on proteins of the plant redox regulatory network and support the role of OPDAylation 
as an efficient posttranslational modification in the control of protein function.

O-S15-004
Unravelling plant responses to heat stress using genetically encoded biosensors

S. Hendrix1, J. C. Davila Frantzen1, J. M. Ugalde1, A. J. Meyer1

1Rhenish Friedrich Wilhelm University of Bonn, INRES – Chemical Signalling, Bonn, Germany

Temperature extremes are becoming more prevalent as a consequence of climate change. As heat waves severely hamper crop 
productivity, it is crucial to unravel how plants respond to heat stress in order to develop strategies to improve plant growth 
and yield under conditions of global warming. Genetically encoded biosensors are promising tools that allow characterisation of 
plant heat stress responses through kinetic monitoring of important physiological parameters.
In this study, Arabidopsis thaliana plants expressing different genetically encoded biosensors were used to determine the influ-
ence of heat stress on dynamics of the following parameters: Grx1-roGFP2 for the glutathione redox potential (EGSH), HyPer7 for 
hydrogen peroxide (H2O2), ATeam1.03-nD/nA for magnesium adenosine 5’-triphosphate (MgATP2-), YC3.6 for free Ca2+, cpYFP 
for pH, and Peredox-mCherry for the NADH/NAD+ ratio. Sensor responses were kinetically monitored in a plate reader upon 
temperature increase.
Severe heat stress (43°C) induced fast increases in cytosolic H2O2 and Ca2+ levels, whereas MgATP2- and pH rapidly decreased. 
These responses coincided with increases in EGSH and the NADH/NAD+ ratio. Responses to a milder heat stress (37°C) were very 
similar, but occurred over an extended time period. In general, responses showed a biphasic pattern in which milder effects 
were followed by more severe changes. Evans blue staining of seedlings at different time points after heat stress initiation 
demonstrated that this second phase corresponded to the occurrence of cell death. Recovery experiments revealed that all 
cytosolic parameters quickly recovered to their basal state when the temperature was returned to 25°C after 1 h of heat stress. 
Interestingly, exogenous sucrose application partially mitigated heat-induced increases in cytosolic H2O2 levels, while promoting 
the rise in free Ca2+ levels. In contrast, cytosolic heat stress responses were not affected by mannitol treatment, suggesting that 
sucrose-induced effects were related to alterations in energy metabolism rather than osmotic changes.
Our data show that genetically encoded biosensors are excellent tools to study plant heat stress responses. Biosensor analy-
ses in different mutant backgrounds and subcellular compartments will help us to further dissect these responses. However, 
stability and responsivity of the sensors under high temperature conditions should be verified via analyses of the respective 
recombinant proteins.
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Two-domain Glyoxalase I is unique to the viridiplantae and co-evolved with viridiplantae-specific 

Glyoxalase II to detoxify specific reactive carbonyl species
M. Balparda1, J. Schmitz2, M. Duemmel2, V. G. Maurino1
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2Univsersity of Düsseldorf, Düsseldorf, Germany

The main types of reactive species generated during cellular metabolism are reactive oxygen species (ROS) and reactive carbon-
yl species (RCS). As in the case of ROS, RCS are also maintained at harmless levels by scavenging mechanisms, limiting the dam-
age they can exert on macromolecules and creating potential cellular messengers. Reactive alpha-oxoaldehydes are RCS formed 
mainly as byproducts of carbohydrate metabolism. The most abundant alpha-oxoaldehydes are glyoxal (GO) and methylglyoxal 
(MGO). The main pathway to metabolize this alpha-oxoaldehydes is the glyoxalase system, which consists of two enzymes S-
D-lactoylglutathione lyase (glyoxalase I, GLXI) and S-2-hydroxyacylglutathione hydrolase (glyoxalase II, GLXII). We examined the 
evolutionary relationships of the GLXI and GLXII proteins and found that Ni2+-dependent GLXI and a cluster containing organel-
lar-localized GLXII are unique to viridiplantae. Most likely, gene copies of these GLXI and GLXII types were transferred together 
from a proteobacterium to the common ancestors of the green linage, where they evolved their specific characteristics. The 
Ni2+-dependent GLXI of the viridiplantae possess two structural domains, originated by duplication of the ancient gene copy, 
and metabolize the alpha-oxoaldehyde glucosone in vivo. In contrast, Zn2+-dependent GLXI has only one structural domain and 
is critical for detoxification of GO and MGO during germination and seedling establishment. Our results suggest that different 
GLXI isoforms in plants evolved specific biochemical properties to metabolize alternative substrates.

O-S15-006
Effects of cold atmospheric plasma treated water on the stress tolerance of Hordeum vulgare

A. Krüger1, S. Schlömer1, F. Bussmann1, C. Scholz1, C. Stöhr1

1University of Greifswald, Institute of Botany and Landscape Ecology, Greifswald, Germany

Facing climate change, the development of innovative agricultural technologies securing food production becomes increasingly 
important. Plasma treated water (PTW) might be a promising tool to enhance stress tolerance in plants. Knowledge about the 
effects of PTW on the physiology of plants, particularly on their antioxidative system on a long-term scale, is still scarce. In this 
work, PTW was applied to barley leaves (Hordeum vulgare cv. Kosmos) in the greenhouse and contents of pigments, antioxida-
tive and phenolic compounds were analyzed 30 days after treatment. The root system was analyzed in rhizoboxes. An additional 
drought stress was performed after foliar PTW application followed by a recovery period to elucidate whether PTW treatment 
improved stress tolerance. Upon PTW treatment, the analysis of the antioxidative system showed a complex reaction in the cell 
metabolism of barley plants. PTW treatment also caused changes in root architecture. That implies the involvement of systemic 
regulation processes. Phenolic compounds and flavonoids combat the changes in the redox state of plants to mediate oxidative 
stress. Both classes of secondary metabolites are affected by the PTW treatment. Hydrogen peroxide and nitric oxide might 
mediate abiotic stress tolerance and are considered to be key components of PTW.
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The causes and driving forces behind hypoxic acclimation of developing maize kernels

M. Langer1, A. Hilo1, K. Koch2, J. C. Guan2, H. Xiao3, P. Verboven3, A. Gündel1, S. Wagner1, S. Ortleb1, 
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1IPK Gatersleben, Molecular Genetics, Gatersleben, Germany 
2University of Florida, Horticultural Sciences Department, Gainesville, FL, United States 

3University of Leuven, BIOSYST-MeBioS, Leuven, Belgium

Maize is one of the most important crop plants worldwide with production values of over one billion tons and therefore ac-
counts for a significant portion of the global food supply. Our knowledge about its kernel development is still incomplete. The 
maize kernel endosperm shows a severe oxygen deficiency during grain filling and the causes, the dynamic and the mechanisms 
of acclimation to hypoxia are minimally understood. We here demonstrate that deep hypoxia develops in the small, growing 
endosperm, but not the nucellus, and becomes the standard state in modern maize (B73, popcorn, sweet corn), its mutants, 
and non-domesticated wild relatives (teosinte and tripsacum species). By applying magnetic resonance imaging, X-ray micro-
computed tomography and infrared microspectroscopy, we uncovered major determinants of oxygen supply to the endosperm 
that include 1) steep gradients in tissue hydration, 2) an interconnected void space at the chalazal pericarp, and 3) diffusion bar-
riers. Upon perturbation of oxygen supply reciprocal shifts in gene expression occur with key elements controlling mitochondrial 
functions and multiple signalling pathways (core hypoxia genes, cyclic nucleotide metabolism, ethylene synthesis). Metabolite 
profiling revealed oxygen-dependent shifts in mitochondrial pathways, ascorbate metabolism, starch synthesis, and auxin deg-
radation. The basal endosperm transfer layer and its transfer function is not constrained by hypoxia. Elevated oxygen supply 
over long-term caused a more rapid rate of kernel development. Altogether, this study provides a mechanistic framework for 
the establishment of, and acclimation to hypoxia in the maize endosperm.

O-S16-001
Systematics in 21st century – What can megadiverse lineages tell us about evolution?

T. Särkinen1

1Royal Botanic Garden Edinburgh, Edinburgh, United Kingdom

Studying large clades remains one of the biggest challenges in evolutionary sciences. Large clades provide us multiple tips to 
understand general patterns in evolution avoiding the N=1 problem. Large groups also provide morphological and ecological 
diversity, but this in itself presents a challenge because understanding such diversity takes time and effort. In this talk I argue 
that there is a huge need for scientists with robust understanding of natural history. We need breadth as well as depth in mac-
roevolutionary and ecological research: depth can only come from robust taxonomy because robust natural history knowledge 
enables us to connect molecular results to morphology, geography, and ecology. I will present our recent work on Solanum with 
~1,235 currently accepted species. My research priority over the past 10 years has been to provide “maps” of morphology, tax-
onomy, and phylogenetics of Solanum for experts and non-experts alike. Part of this work has been the publication of a global 
online multi-access key to Solanum which helps to identify species to informal groups. Our phylogenomic work has revealed that 
the major lineages within Solanum are stable but that their relationships show nuclear-plastome discordance. The discordant 
areas should be considered as polytomies in subsequent macroevolutionary analyses to better reflect their evolutionary past, 
rather than holding onto a dream of perfect bifurcation. I contrast Solanum work with recent studies of epiphytic Solanaceae 
(tribe Solandreae), where field studies have discovered two new genera, 20 species, and a fascinating natural history story hid-
den up in the canopies.
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Species with different underground organs have distinct evolutionary and ecological patterns in Solanum
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5The Natural History Museum, Botany, London, United Kingdom

Due to variation in form and function of underground plant organs, evolution of geophytes in response to different environ-
mental stresses are not well understood. However, this s Using a clade-based approach in the genus Solanum (c. 1240 sp.), we 
compared the evolution and ecological niche patterns of non-geophytes and two types of geophytes, including species with 
rhizomes and species with underground storage organs (USOs). Using expert-verified occurrence records in conjunction with 
eight environmental variables related to climatic stressors, fire, topographic heterogeneity, and soil, we show that rhizomatous 
and USOs species in Solanum occupy different ecological niche spaces based on PERMANOVA and Phylogenetic ANOVAS tests. 
In addition, we show that the evolution of these underground organs leads to changes in the relationship between range size 
and niche breadth. Finally, results from ancestral reconstructions show significant differences in the evolutionary lability of the 
different underground organs, where rhizomes appear more labile compared to USOs. Together, our results allow us to test 
various hypothesis related to the turnover of different underground organs related to different environmental conditions and 
suggests that to fully understand the adaptation of plants to stressful conditions, belowground traits are equally important as 
aboveground traits.

O-S16-003
Moving beyond assumptions – polyploidy and environmental effects explain a geographical 

parthenogenesis scenario in European plants
K. Karbstein1, S. Tomasello1, L. Hodač2, E. Lorberg1, M. Daubert3, E. Hörandl1

1University of Göttingen, Department of Systematics, Biodiversity and Evolution of Plants, Göttingen, Germany 
2Max Planck Institute for Biogeochemistry, Department of Biogeochemical Integration, Jena, Germany 

3Carl von Ossietzky University of Oldenburg, Institute of Biology and Environmental Sciences, Oldenburg, Germany

Geographical parthenogenesis (GP) is the phenomenon that apomicts tend to have larger distribution areas and/or occur at 
higher altitudes or latitudes compared to sexual relatives. However, the complex effects of genome-wide heterozygosity, ploidy, 
reproduction mode (sexual vs. apomictic), and environment shaping GP of plants are still not well understood. 
In this talk, I will present ploidy and reproduction mode measurements by flow cytometry (FC) and flow cytometric seed screen-
ing (FCSS) in combination with subgenomic RADseq data (max. 33,165 loci) of 80 taxa of the Ranunculus auricomus polyploid 
plant complex in temperate Europe. Genomic features, reproductive data, and environmental factors were combined in a com-
prehensive genetically-informed path analysis using Generalized Linear Mixed Effect Models (GLMMs).
Results indicated 7% mainly diploid sexual, 28% polyploid facultative apomictic, and 65% polyploid obligate apomictic popula-
tions. Sexuals occupied a more southern, smaller distribution area, whereas apomicts expanded their range to higher latitudes. 
Within the complex, three main genetic clusters and highly reticulate relationships were detected. The path analysis revealed 
several significant relationships: Sexuality of populations (percent of sexual seeds) was higher in diploids compared to polyploids, 
and associated with more petals. In contrast to other apomictic plant complexes, sexuality was mainly positively correlated to 
solar radiation and isothermality, which fits the southern distribution. In addition, the path analysis revealed up to three times 
higher heterozygosity in polyploids compared to diploids. A previously unknown positive association between heterozygosity 
and temperature seasonality was revealed, suggesting a higher resistance of polyploids to more extreme climatic conditions. We 
provide empirical evidence for intrinsic and extrinsic factors shaping the GP pattern and thus the evolution of one of the largest 
apomictic species complexes in Europe.
The abstract (containing slight modifications) is already published in Karbstein et al. (2021, Molecular Ecology, doi: 10.1111/
mec.15919)
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Tracing down events of parallel evolution in the Arabideae through repeated evolutionary replicate

C. Kiefer1, N. Walden1, M. A. Koch1

1Heidelberg University, Centre for Organismal Studies, Biodiversity and Plant Systematics, Heidelberg, Germany

Previous studies in the mustard family (Brassicaceae) have shown that parallel evolution – the evolution of the same trait on the 
same genetic basis – is a phenomenon found across the entire plant family, e.g. in respect to leaf shape. We are investigating 
the concept of parallel evolution in the Brassicaceae tribe Arabideae for which multiple instances of convergent evolution have 
been shown based on morphological data. In fact, convergent evolution in this tribe leads to the formation of a complete suite of 
traits which results into a particular phenotype that we refer to as Arabis-like, which is even found widely outside the Arabideae 
tribe across the entire Brassicaceae family. This is still reflected by the previous taxonomic treatment of a large range of taxa 
which had been assigned to Arabis due to morphological similarities. We have re-sequenced 26 genomes representing mul-
tiple replicates of the evolution of the same suite of traits, e.g. traits linked to life history or to reproduction in terms of flower 
characteristics. We calculate genome wide Tajima”s D, Ka/Ks values as well as SNP scores in coding and non-coding regions for 
detecting footprints of parallel evolution. Herein we aim at unraveling the principle question to what extent parallel evolution of 
form and function contributes to the repeated (and convergent) evolution of similar and evolutionary successful morphotypes, 
often growing in extreme and harsh environments, without the necessity for recruiting ancestral genetic variation.

O-S16-005
Altai Mountains – cradle of hybrids and introgressants – a case study in 

Veronica subg. Pseudolysimachium (plantaginaceae)
G. Khan1

1University of Oldenburg, Biodiversity and Plant evolution, Oldenburg, Germany

Mountains form a diverse mosaic of microhabitats over small distances created by changes in climate, soil, and water availability. 
A key to adaptation of plants to such microhabitats is genetic variation, which is a slow process and often not sufficient alone. 
Adaptive introgression via hybridization is an alternative to generate genetic variation. Here, we have investigated hybridization 
and its adaptive role in Veronica subg. Pseudolysimachium at their Altai Mountains distribution. To support our hypotheses of 
frequent hybridization and adaptive introgression, we genotyped thousands of SNPs for 233 individuals from 10 species and 
seven putative hybrids previously described based on morphology. We employed Bayesian and likelihood statistical models and 
supported our results by morphometric analysis. The results suggest that almost all the putative hybrids individuals are of later 
generation. Divergence times of Altai Veronica species estimated to be very recent with high probability of gene flow. Our results 
demonstrate that hybrid and backcross individuals show an excess of homozygous alleles from the locally endemic Veronica 
porphyriana. Our results are in favor of hybridization as a merger and bridge among species process rather than initiator of spe-
ciation. However, to support this role of hybridization in Altai Veronica, genome scan investigations are suggested to infer which 
parts of the genome introgress. We hypothesize that the large Siberian plains and topographically diverse foreland of the Altai 
Mountains provide an ideal setting for hybridization with the potential for adaptive introgression of alleles conferring tolerance 
to cooler climates, to the lowland species migrating into the Altai Mountains
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Recent plant migration under long-lasting hyperaridity in the Atacama Desert

T. Böhnert1, F. Luebert2, D. Quandt1, M. Weigend1

1Nees Institute – University of Bonn, Bonn, Germany 
2Facultad de Ciencias Agronómicas and Departamento de Silvicultura y Conservación de la Naturaleza, Universidad de Chile, 

Santiago, Chile

The post-Miocene climatic histories of arid environments have been identified as key drivers of dispersal and diversification. 
The Atacama Desert in northwestern Chile – one of the driest places on earth – is surprisingly biodiverse and harbors a range 
of endemic species adapted to hyperarid conditions, coupled with a complex biogeographical history. Atacama diversifications 
have been shown to be surprisingly recent, which is at odds with the assumed Oligocene–Miocene age of aridity in this desert. 
Studying the distribution and dispersal patterns of plants in the Atacama Desert is fundamental to understand the origins and 
diversification under extreme hyper aridity. Here, we investigate how climatic history correlates with the historical biogeogra-
phy of the Atacama Desert genus Cristaria (Malvaceae). Cristaria is one of the most species-rich genera in the region and can 
be traced back to a single colonization event. The phylogenetic relationships and historical biogeography were analyzed utilizing 
next generation sequencing techniques, molecular clock dating, Dispersal Extinction Cladogenesis and Bayesian sampling ap-
proaches. A novel way to identify biogeographically meaningful regions as well as a rarely utilized program permitting the use of 
dozens of ancestral areas were employed. Partial incongruence between the established taxonomy and our phylogenetic data 
argue for a complex historical biogeography with repeated introgression and incomplete lineage sorting. Cristaria originated in 
the central southern part of the Atacama Desert, from there the genus colonized other areas from the late Miocene onwards. 
The more recently diverged lineages appear to have colonized different habitats in the Atacama Desert during pluvial phases 
of the Pliocene and early Pleistocene. However, metapopulation dynamics and quaternary climate variability lead to increased 
diversification that is mirrored by results from other species-rich plant genera of which preliminary data will be presented. Fi-
nally, we conclude that next generation sequencing approaches combined with near-comprehensive sampling can provide an 
unprecedented degree of phylogenetic resolution and help to correlate the historical biogeography of plant communities with 
Pliocene-Pleistocene cycles of arid and pluvial phases.

O-S16-007
Managing the unmanageable – tracing the evolutionary history of Australian samphires

A. Zerdoner Calasan1, K. A. Shepherd2, G. Kadereit1

1Ludwig Maximilian University of Munich, Systematics, Biodiversity and Evolution of Plants, Munich, Germany 
2Western Australian Herbarium, Biodiversity and Conservation Science, Department of Biodiversity, Conservation 

and Attractions, Perth, Australia

Samphires (Tecticornia Hook.f. and Salicornia L.; Salicornioideae, Amaranthaceae) form dominant vegetation communities in 
estuarine and inland saline habitats across Australia. Despite recognised increasing threats through land development, climate 
change, and increased mining activity, conservation plans to mitigate the habitat loss of this integral part of Australian flora are 
missing. The main reason behind this is the lack of basic understanding of these species’ biology due to their low genetic diver-
sity, presence of polyploids, hybrids and potential apomicts, as well as their lack of obvious morphological diagnostic features 
and high ecological plasticity. While there are presently only three Salicornia species known to be native to Australia, Tecticornia 
comprises a recalcitrant group of about 70 endemic species including many undescribed taxa. To infer the evolutionary history 
of Tecticornia we utilised a HybSeq sequencing approach using a Angiosperms353 bait set as part of the national Bioplatforms 
Genomics for Australian Plants project, as well as custom baits designed based on available transcriptomes of Salicornioideae. 
Our results point towards a monophyletic Tecticornia with Salicornia being its sister clade. Preadapted to xeric and saline condi-
tions, Tecticornia likely arrived to the Australian coastline via long-distance dispersal from the Mediterranean and the western 
Irano-Turanian floristic regions in the Late Miocene. During this epoch, decreased precipitation, eustatic sea level decline and 
retreat of continental water bodies promoted the aridification of central Australia, which continued throughout Pliocene and 
Pleistocene and facilitated rapid diversification of Tecticornia. We gain new insights into the complex evolutionary history of 
this floral element and test the ‘littoral connection’ hypothesis. Our comparative bait analysis uncovers further advantages and 
disadvantages of HybSeq and offers guidelines to disentangle sources of gene tree discordance among such tenacious study 
systems. Our data will provide a framework to support future work on the taxonomy and conservation of this challenging group.
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O-S17-001
Establishment of nitrogen fixing symbiosis and its impact on microbiota 

assembly at the root-soil interface of Lotus japonicus
S. Radutoiu1

1Aarhus, Denmark

Protein-carbohydrate recognitions are central molecular events in host-microbe interactions. Legumes use LysM proteins to 
recognize carbohydrates produced by pathogens or symbionts. This suggests that an ancient recognition process has been used 
by legumes for evolution of elaborated mechanisms for perception of various carbohydrates. 

In Lotus japonicus two LysM receptor kinases, NFR1 and NFR5, initiate root nodule formation and rhizobial infection after per-
ception of Nod-factors secreted by M. loti. Lotus encodes for additional LysM receptors. We used reverse genetics coupled with 
gene expression and in planta functional studies of LysM receptors, and have identified novel components, as well as protein 
motifs involved in Nod factor recognition and signaling contributing to the symbiotic interaction between Lotus and its nitrogen-
fixing symbiont. 

To understand how root nodule symbiosis influences the ability of Lotus to associate with other soil bacteria, we performed a 
comparative analyses of microbiota associated with soil-grown wild-type and symbiotic mutants. Community profiling of 16S 
rRNA gene amplicons identified a previously unsuspected role of the nodulation pathway in the establishment of distinctive 
bacterial assemblages in root and rhizosphere. These findings imply a role of the legume host in selecting a broad taxonomic 
range of root-associated bacteria that, in addition to nitrogen-fixing rhizobia, may have an impact on plant growth and ecologi-
cal performance.

O-S17-002
A fungal endophyte-generated nucleoside signal regulates host cell death and 

promotes root colonization
N. Dunken1, A. Zuccaro1

1Institut für Pflanzenwissenschaften, Universität zu Köln, Zuccaro Lab, Cologne, Germany

Intracellular colonization of plant roots by the beneficial fungal endophyte Serendipita indica follows a biphasic strategy. After 
an early biotrophic phase, the interaction switches to a host cell death phase restricted to the root epidermis and cortex layers. 
Host cell death contributes to successful fungal accommodation during beneficial interaction in Arabidopsis thaliana. How the 
host cell death is initiated and controlled is largely unknown. Here we show that two fungal enzymes, the ecto-5”-nucleotidase 
SiE5NT and the nuclease SiNucA, act synergistically in the plant apoplast at the onset of cell death to produce deoxyadenosine 
(dAdo), a potent cell death inducer in animal systems. Uptake of extracellular dAdo, but not of the structurally related adenosine 
(Ado), activates a previously undescribed cell death mechanism in A. thaliana and the basal land plant Marchantia polymorpha, 
suggesting a conserved cell death response to dAdo across land plant lineages. Mutation of the A. thaliana equilibrative nucleo-
side transporter ENT3 confers resistance to extracellular dAdo-triggered cell death and leads to decreased fungal-mediated cell 
death during root colonization. A library screen of A. thaliana T-DNA insertion lines identified a nucleotide-binding leucine-rich 
repeat protein (NLR) as an additional intracellular component in dAdo-triggered cell death. Our data show that the combined 
activity of two apoplast-resident fungal enzymes leads to the production of a metabolite, which induces an NLR-modulated 
plant host cell death upon uptake.
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O-S17-003
The green seaweed holobiont Ulva (Chlorophyta) – a model system for studying chemically mediated 

cross-kingdom interactions and the role of thallusin in algal morphogenesis
T. Wichard1

1Friedrich Schiller University Jena, Institute for Inorganic and Analytical Chemistry, Jena, Germany

The marine green macroalga Ulva (Chlorophyta, Ulvales) coexists with a diverse microbiome. Many Ulva species proliferate in 
nature and form green tides, occurring when nutrient-rich wastewater is flushed into the sea. Hereby, bacteria are necessary for 
the adhesion of Ulva to its substrate, its growth, and the development of its thallus morphology. Under axenic conditions, Ulva 
mutabilis develops into a callus-like morphotype. However, with the addition of the essential bacteria, the entire morphogenesis 
can be restored. When compared to freshly isolated algae, Ulva’s microbiome gardening reduces the operational taxonomic 
units in aquacultures, indicating a selection process. To study the bacteria-induced morphogenesis of Ulva, a reductionist sys-
tem of a tripartite community was established. While specific bacterial strains cause blade cell division, bacteria of the genus 
Maribacter promote the differentiation of basal cells into a rhizoid and support cell wall formation because of the low concen-
tration of the morphogen thallusin (EC50 = 4.8 pM) identified in Ulva ś chemosphere. We demonstrated that gametes acquired 
the iron complex of thallusin, thereby linking morphogenetic processes with intracellular iron homeostasis. Understanding mac-
roalgae–bacteria interactions permits further elucidation of the evolution of multicellularity and cellular differentiation and the 
development of new applications in microbiome-mediated aquaculture systems. This talk focuses on the research conducted in 
recent years and discusses how U. mutabilis has developed into a model organism in chemical ecology with the specific perspec-
tive that a reductionist model system allows.
-  Alsufyani T., Califano G., Deicke M., Grueneberg J., Weiss A., Engelen A.H., Kwantes M., Mohr J.F., Ulrich J.F., Wichard T. (2020)  
 Macroalgal–bacterial interactions: identification and role of thallusin in morphogenesis of the seaweed Ulva (Chlorophyta),  
 Journal of Experimental Botany 71: 3340-3349. 
-  Wichard, T. (2022) From model organism to application: Bacteria-induced growth and development of the green seaweed  
 Ulva and the potential of microbe leveraging in algal aquaculture, Seminars in Cell & Developmental Biology, in press

O-S17-004
Multiomics data analyses help to decipher the language of interspecies 

communication – the case of fungal sesquiterpenes
T. Nosenko1, I. Zimmer1, A. Ghirardo1, T. Köllner2, B. Weber1, A. Polle3, M. Rosenkranz1, J. Schnitzler1

1Helmholtz Zentrum München, Research Unit Environmental Simulation (EUS), Neuherberg, Germany 
2Max Planck Institute for Chemical Ecology, Natural Product Biosynthesis, Jena, Germany 

3University of Göttingen, Forest Botany and Tree Physiology, Göttingen, Germany

Sesquiterpenes (STs) represent a group of secondary metabolites involved in biotic interactions between different organisms. 
STs possess antifungal and antibacterial activities and serve in plants and fungi as chemical weapon against pathogens and com-
petitors (Quintana-Rodriguez et al., 2018). Besides antagonistic interactions, STs mediate mutualistic communication between, 
for example, mycorrhizal fungi and their plant-hosts (Ditengou et al., 2015). Fungal genomes contain broad repertoires of genes 
putatively encoding sesquiterpene synthases (STSs), enzymes catalyzing ST biosynthesis. Although many fungal STSs have been 
functionally characterized (Quin et al., 2014), the enzymatic promiscuity of STSs challenges the homology-based prediction of 
the putative STSs functions. In this study, we identified putative STS genes in genomes of 30 fungal species characterized by 
different main trophic modes, including mycorrhizal fungi, plant and fungal parasites, and saprotrophs, and used integrated 
multiomics analyses to predict these gene”s functions. For this, we combined the primary sequence information for the putative 
and functionally characterized STSgenes with species-specific ST profiles and information on the STS gene expression response 
to biotic interactions. Catalytic properties of four putative STS genes induced in the symbiotic fungus Laccaria bicolor during the 
formation of mycorrhiza with its plant-hosts have been characterized experimentally using thermal desorption–gas chromatog-
raphy–mass spectrometry (TD-GC-MS). Results of these experiments, as well as product information for several previously func-
tionally characterized STS genes, were used to validate our bioinformatic predictions. Possible roles in mycorrhiza of nerolidol 
and a-cuprenene, STs produced by the L. bicolor mycorrhiza-induced genes, are discussed.
-  Ditengou FA, Müller A, Rosenkranz M, Felten J, Lasok H, van Doorn MM, Legue V, Palme K, Schnitzler JP, Polle A. 2015. Nat  
 Commun 6: 6279. 
-  Quin MB, Flynn CM, Schmidt-Dannert C. 2014. Nat Prod Rep 31(10): 1449-1473.  
-  Quintana-Rodriguez E, Rivera-Macias LE, Adame-Alvarez RM, Torres JM, Heil M. 2018. Fungal Ecology 33: 115-121.
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Combining an 11C and 13C labelling approach to track photosynthates into the root system and 

rhizosphere microbiota of maize 
S. Schultes1, C. Hinz2, R. Metzner2, D. Pflugfelder2, A. Chlubek2, D. van Dusschoten2, G. Huber2, S. Bauke3

M. Watt2, R. Koller2, C. Knief1

1INRES – University of Bonn, Molecular Biology of the Rhizosphere, Bonn, Germany 
2Jülich Research Centre, Enabling Technologies, Jülich, Germany 

3INRES – University of Bonn, Soil Sciences, Bonn, Germany

Plants transport substantial amounts of fresh photosynthates into their root system. From there, the photosynthates are par-
tially released into the rhizosphere by rhizodeposition, which promotes interactions with microorganisms. Little is known about 
the spatial distribution of photosynthates within the root system, and how these distributional patterns relate to rhizodeposition 
and the assembly of rhizosphere microbial communities. To assess root-internal photosynthate distribution, we labelled young 
maize plants with short-lived 11CO2 on days 14 and 21 after sowing. 11C allocation within the root system was then visualized using 
non-invasive positron emission tomography (PET) in combination with magnetic resonance imaging (MRI). The same plants were 
labelled with the stable isotope 13CO2 for 6 consecutive days in order to trace the path of photosynthates into the rhizosphere 
and microbiota. Roots and rhizosphere soil were harvested on day 22, using the previously acquired PET/MRI scans to target root 
regions with distinct photosynthate levels. Rhizosphere organisms that consumed 13C-labelled photosynthates were identified 
by DNA stable isotope probing followed by amplicon sequencing. Isotope ratio mass spectrometry (IRMS) was used to quantify 
13C in rhizosphere soil. The visualization and quantification of root-internal 11C by PET combined with MRI revealed an increased 
accumulation of photosynthates in root tips, particularly in young crown root tips. This pattern was partially reflected in the 
distribution of 13C in the rhizosphere as determined by IRMS. Previous results of PET/MRI guided rhizosphere sampling already 
revealed a slight effect of photosynthate distribution within the root system on the local microbial community structure. Now, 
this effect is being tested with a more sensitive method that focuses on the direct microbial consumers of photosynthates by 
combining 11CO2 labelling with 13C stable isotope probing. During the conference, the results of microbial community analysis will 
be discussed, along with the associated root-internal and -external photosynthate allocation.

O-S17-006
Adaptive signature and genetic basis of root functioning and microbiome assemblage

P. Yu1

1INRES – University of Bonn, Bonn, Germany

Crop domestication and diversification is a major driver of human civilization. Beneficial associations between root and micro-
organisms are pivotal for plant adaptation and fitness. Nevertheless, the adaptive trajectories and the genetic basis of host–mi-
crobiome associations underlying the root traits and microbiome assemblage in crops are largely unknown.
Here we address this issue, by harnessing a global investigation of functional features of root traits during global maize expan-
sion. We have assessed root traits from over 8.000 genotypes distributed in the major maize production regions of the globe. 
The observations include 175 wild teosinte accessions, 4.355 locally adapted landraces and 4.049 modern inbred lines. We 
identified the genetic components and environmental selection of the adaptive behavior of root formation. Moreover, we have 
comprehensively profiled over 3.000 microbiome samples via 16S rRNA gene and ITS gene sequencing and determined whether 
the roots and rhizosphere could establish stable and beneficial associations with microbial traits thus mitigating specific abiotic 
stresses such as nutrients depletion and drought. We identified to which extent native climate factors and soil properties drive 
root and rhizosphere microbiota assembly and adaptive differentiation during maize domestication and diversification. Further-
more, systemically functional multi-omics studies observed that transcriptomic gradients are associated with specific shifts in 
rhizosphere microbial diversity. We established that root-derived flavonoids predominantly promote the enrichment of bacteria 
of the taxon Oxalobacteraceae in the rhizosphere, which in turn promote maize growth and nitrogen acquisition. In detailed 
genetic experiments verified that LRT1-mediated lateral root development coordinates the interactions of the root system with 
flavonoids-dependent Oxalobacteraceae under nitrogen deprivation. In particular, such naturally adapted microbial features are 
genetically controlled and can be stably inherited to the offspring by hybrid breeding.
In summary, understanding how microorganisms adapt to host plants in local environments and how this is encoded in the 
genetic program will help to gain eco-evolutionary insights of host–microbiome associations. These findings will harness the 
identification of rationale microbial consortia for improving agricultural productivity and modern breeding, resilience to climate 
change and global sustainability.
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Dissecting the response to beneficial microbes during improvement of plant abiotic stress tolerance, 

focusing on limiting nutrients or temperature and monitored with non-invasive phenotyping and 
molecular approaches

W. Kuang1,2, A. Macabuhay1,3, M. Schillaci4, S. Sanow1,3, P. Huesgen5, K. Nagel1, U. Roessner6, M. Watt3, B. Arsova1

1Forschungszentrum Jülich, IBG-2 – Plant Sciences, Jülich, Germany 
2Hunan University of Arts and Science, College of Life and Environmental Sciences, Changde, China 

3The University of Melbourne, School of BioSciences, Melbourne, Australia 
4Italian National Research Council, Turin, Italy 

5Forschungszentrum Jülich, ZEA3 – Analytics, Jülich, Germany 
6The Australian National University, Research School of Biology, Canberra, Australia

We present studies where use of plant growth promoting bacteria resulted in improved plant performance under limited nitro-
gen (N) or phosphorus (P) in Brachypodium dystachion (Bd) – a model plant for cereals, or for elevated temperature in Arabi-
dopsis thaliana (At). Roots, responsible for plant nutrient uptake, vary thorough space and time [1] and were thus analyzed using 
non-invasive root phenotyping [2-4] for temporal resolution of the plant-microbe interaction.
In the case of N, Bd inoculated with Herbaspirillum seropedicae (Hs) in EcoFABs [4] had longer primary roots and shorter root 
hairs independent of N, with stronger changes at low N. A mass-balance calculation showed that at high N, Hs provided 11% of 
total plant N from sources other than seed or nutrient solution. Time-resolved phenotypic and molecular data indicates two 
modes of action: At 5 mM Bd benefits through Hs N-fixation; at 0.5 mM Hs promotes N-uptake from the root medium. When 
using Pseudomonas koreensis, growth promotion was noted primarily in Bd on low N, confirmed via 15N signatures indicating 
N-fixation, proteomics, and C:N ratio changes.
In the case of P limitation and low temperature, plant biomass was higher in Bd inoculated with a Azospirillum brasilense (Ab). 
Root phenotyping [2, 5], showed increased root length and changes in root architecture through time, pin-pointing the time 
of growth promotion after inoculation. Polar metabolite and lipid fluctuations during early plant development indicated that 
at the beginning, Ab elicited a defense response in Bd roots, while at later stages Ab reduced the stress caused by phosphorus 
deficiency [6].
Finally, Paraburkholderia phytofirmans (PsJN) improved plant performance in At at 30°C, in an advanced version of GrowScreen-
Agar [3]. Root responses to PsJN were dynamic and showed increases in lengths and growth rates, and changes in root angles 
under both temperatures. The onset of growth promotion was at day 12 post inoculation, and was greater in plants with PsJN 
at ambient temperature vs. 30°C. Importantly, the improvement at 30°C significantly reduced heat stress responses. Analysis of 
shoot biomass correlated to the root results. Lipidomic measurements to elucidate systemic changes, e.g. of membrane lipids, 
are ongoing.
1. New Phytologist(2020) 225: 1111–1119  
2. Funct Plant Biol, 2017. 44(1)  
3. Plant Methods (2020) 16:89  
4. Kuang et al., 2022, JExBot, accepted  
5. Plant Growth Regulation 2021, 93:149–162  
6. Metabolites 2021, 11, 358

O-S18-001
Anionic phospholipids across scales: from plasma membrane nanodomains to plant development

Y. Jaillais1

1École normale supérieure de Lyon, Cell Signaling and Endocytosis lab, Lyon, France

Membrane lipids are not only building blocks of membranes, they also act as privileged signaling relays within these biological 
interfaces. Membranes of eukaryotic cells are incredibly dynamic with constant molecule exchanges between compartments. 
In addition, lipids laterally diffuse in the plane of the bilayer. Local differences in lipid diffusion generate membrane domains that 
can be as small as few nanometers in size or up to an entire face of the cell. Lipid diffusion in membranes is complex as it depends 
on many factors, including for example, the type of lipid molecular species, the composition of the membrane, its shape and its 
phase behavior. It is also constrained by proteins and the extracellular matrix. The later emphasis the need to address lipid locali-
zation and dynamics in vivo. In this talk, I will describe the strategies that we are employing to study the localization of anionic 
phospholipids in plants, describe their dynamic behavior within membranes, and test their related function in development.
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The chloroplastic fatty-acid exporter as a key player in plant cold tolerance

A. John1, M. Krämer2, M. Lehmann2, H. H. Kunz2, F. Arabi3, S. Alseekh3, A. R. Fernie3, H. Peisker4, P. Dörmann4, J. Neunzig5,
K. Philippar5, H. E. Neuhaus1

1University of Kaiserslautern, Plant Physiology, Kaiserslautern, Germany 
2Ludwig Maximilian University of Munich, Munich, Germany 

3MBP Golm, Potsdam, Germany 
4Rhenish Friedrich Wilhelm University of Bonn, Bonn, Germany 

5Saarland University, Saarbrücken, Germany

When leaving specific ranges of abiotic conditions, e.g. light intensity or temperatures plants experience stress, reacting with 
genetic, metabolic and morphologic movements leading to a shifted homeostatic level to cope with such changes. Due to the 
consequences of global warming, there are more and more unusually warm winter periods, followed by rapidly occurring cold 
temperatures. For this reason, it is particularly interesting to study the acclimation process to lower temperatures. Besides 
their role in photosynthesis chloroplasts are central coordinators of many anabolic processes, like sugar, – amino acid – fatty 
acid- and lipid de novo biosynthesis. Consequently, affecting the ability of acclimation. Fatty acids are the building blocks of most 
cellular lipids, de novo synthesized exclusively in the chloroplast and exported through the sole chloroplastic fatty acid exporter 
1 (FAX1), which is located in the inner envelope membrane (Li et al., 2015). A previous proteome analysis showed a strongly 
decrease of FAX1 during short term cold treatment (Trentmann et al., 2020). In our current results FAX1 overexpressor mutants 
demonstrate an increased chilling and frost sensitivity, which could be due to a changed lipid composition and a highly affected 
reduction agent ratio.
-  Trentmann, Oliver, et al. 2020. Plant Physiology 182.3: 1239-1255.  
-  Li, Nannan, et al. 2015. PLoS biology 13.2: e1002053.

O-S18-003
Thickening the cuticular skin – the contribution of a novel eceriferum gene to the biosynthesis of 

cuticular waxes in Hordeum vulgare 
Y. Müller1, P. Patwari1, P. Dörmann1

1Rhenish Friedrich Wilhelm University of Bonn, Institute for Molecular Physiology and Biotechnology of Plants, Bonn, Germany

Changing environmental conditions demand the expansion of the genetic resources to enable the rapid adaptation and devel-
opment of crop species. In this regard, the cuticle as the direct interface between plants and their environment is of special 
interest. Our study aims to contribute to the knowledge about the genetic background of cuticular wax biosynthesis in bar-
ley (Hordeum vulgare). We characterized the cuticular wax compositions of wax-deficient eceriferum mutants and performed 
bulked segregant RNA sequencing (BSR-Seq) analysis to identify the corresponding eceriferum gene in one H. vulgare mutant. 
The expression pattern of the gene was investigated and the subcellular localization of the protein was determined. Expression 
in different heterologous hosts confirmed that the protein harbors fatty acyl-CoA reductase activity. Our results confirm that 
the gene identified contributes to the biosynthesis of cuticular waxes, in particular to the dominant C26 primary alcohol, in H. 
vulgare.
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O-S18-004
Isoprenyl phosphates are key players in chlorophyll and vitamin E synthesis

K. Gutbrod1, J. Romer1, P. Dörmann1

1Rhenish Friedrich Wilhelm University of Bonn, Institute for Molecular Physiology and Biotechnology of Plants, Bonn, Germany

Phosphorylated isoprenoids or isoprenyl phosphates are involved in various metabolic pathways in chloroplasts and in other 
compartments. In chloroplasts, geranylgeranyl-diphosphate (GG-PP) and phytyl-diphosphate (phytyl-PP) are used for the syn-
thesis of chlorophyll and vitamin E (tocopherols, tocotrienols). It was previously believed that these isoprenyl phosphates are 
derived from isoprenoid de novo synthesis .
Using direct infusion Q-TOF MS/MS and LC-Q-TRAP MS/MS, we established a comprehensive pipeline to quantify isoprenyl-
phosphates and other isoprenoid-derived metabolites in Arabidopsis.
With this setup, we and others have demonstrated that phytyl-PP for vitamin E biosynthesis is produced via two successive 
phosphorylation steps catalyzed by phytol kinase (VTE5) and phytyl-P kinase (VTE6). Consequently, Arabidopsis mutants defec-
tive in VTE5 and VTE6 have reduced tocopherol levels or are fully tocopherol deficient, respectively. The finding that the vte5 
mutant is not completely devoid of tocopherol suggested that an additional enzyme might be involved in its synthesis. We 
identified another kinase from Arabidopsis and we can show that a double mutant deficient in VTE5 and this kinase is devoid 
of tocopherol, indicating that the two enzymes are essential for tocopherol synthesis. Interestingly, the enzymes of the phytol 
phosphorylation pathway also show activities with additional isoprenoid substrates, such as geranylgeraniol and farnesol.
Therefore, the isoprenoid phosphorylation pathway might represent an alternative route for the generation of isoprenyl phos-
phates, in addition to the de novo synthesis in the chloroplast or cytosol.

O-S18-005
SLDp and LIpA mediate lipid droplet-plasma membrane tethering in Arabidopsis thaliana 

H. E. Krawczyk1, S. Sun1, N. M. Doner2, Q. Yan1, M. S. S. Lim3,1, P. Scholz1, P. W. Niemeyer1, K. Schmitt1, O. Valerius1, R. Pleskot4, 
S. Hillmer5, G. H. Braus1, M. Wiermer1, R. T. Mullen2, T. Ischebeck3,1

1University of Göttingen, Göttingen, Germany 
2University of Guelph, Guelph, Canada 

3University of Münster, Grüne Biotechnologie, Münster, Germany 
4Institute of Experimental Botany of the Czech Academy of Sciences, Prague, Czech Republic 

5Heidelberg University, Heidelberg, Germany

Lipid droplets (LDs) are subcellular structures that store neutral lipids such as tracylglycerides and sterol esters surrounded by 
a phospholipid monolayer and proteins, but it is not clear how these interact with other subcellular structures for example via 
Membrane contact sites (MCS). MCS are inter-organellar connections that allow for the direct exchange of molecules, such as 
lipids or Ca2+ between organelles, but can also serve to tether organelles at specific locations within cells. Here we identified 
and characterised three proteins that form a lipid droplet (LD)-plasma membrane (PM) tethering complex in plant cells, namely 
LD-localised SEED LD PROTEIN (SLDP) 1 and 2 and PM-localised LD-PLASMA MEMBRANE ADAPTOR (LIPA). Using proteomics 
and different protein-protein interaction assays, we show that both SLDPs associate with LIPA. Disruption of either SLDP1 and 2 
expression, or that of LIPA, leads to an aberrant clustering of LDs in Arabidopsis seedlings. Ectopic co-expression of one of the 
SLDPs with LIPA on the other hand is sufficient to reconstitute LD-PM tethering in Nicotiana tabacum pollen tubes, a cell type 
characterised by dynamically moving LDs in the cytosolic streaming. Further, confocal laser scanning microscopy revealed both 
SLDP2.1 and LIPA to be enriched at LD-PM contact sites in seedlings. These and other results suggest that SLDP and LIPA inter-
act to form a tethering complex that anchors a subset of LDs to the PM during post-germinative seedling growth in Arabidopsis 
thaliana.
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O-S18-006
Diacylglycerol kinase 5 regulates polar tip growth of tobacco pollen tubes

P. Scholz1, P. Pejchar2, M. Fernkorn1, E. Škrabálková2, R. Pleskot2, K. Blersch1,3, T. Munnik4, M. Potocký2, T. Ischebeck1,3

1University of Göttingen, Department for Plant Biochemistry, Göttingen, Germany 
2Institute of Experimental Botany of the Czech Academy of Sciences, Prague, Czech Republic 

3University of Münster, Green Biotechnology, Münster, Germany 
4Swammerdam Institute for Life Sciences, Amsterdam, Netherlands

Pollen tubes require a tightly regulated pectin secretion machinery to sustain the cell wall plasticity required for polar tip growth. 
Involved in this regulation at the apical plasma membrane are proteins and signaling molecules, including phosphoinositides and 
phosphatidic acid (PA). However, the contribution of diacylglycerol kinases (DGKs) is not clear.
We transiently expressed tobacco DGKs in pollen tubes to identify a plasma membrane (PM)-localized isoform, and then to 
study its effect on pollen tube growth, pectin secretion and lipid signaling. In order to potentially downregulate DGK5 function, 
we overexpressed an inactive variant.
Only one of eight DGKs displayed a confined localization at the apical PM. We could demonstrate its enzymatic activity and that 
a kinase-dead variant was inactive. Overexpression of either variant lead to differential perturbations including misregulation of 
pectin secretion. One mode of regulation could be that DGK5-formed PA regulates phosphatidylinositol 4-phosphate 5-kinases, 
as overexpression of the inactive DGK5 variant did not only lead to a reduction of PA but also of phosphatidylinositol 4,5-bispho-
sphate levels and could suppress related growth phenotypes.
We conclude that DGK5 is an additional player of polar tip growth that regulates pectin secretion probably in a common pathway 
with PI4P 5-kinases.

O-S18-007
FAX proteins – molecular decoding of subcellular fatty acid transport in Arabidopsis and 

Chlamydomonas
K. Philippar1

1Saarland University, Center Human- & Molecular Biology – Plant Biology, Saarbrücken, Germany

In plant cells, fatty acid (FA) synthesis occurs in the plastid stroma and thus requires subsequent FA export for lipid assembly 
in the endoplasmic reticulum (ER). In this context, the membrane-intrinsic protein FAX1 has been described to mediate FA-
export across the plastid inner envelope (IE). In Arabidopsis, FAX1 function is crucial for pollen cell wall formation, male fertil-
ity, cellular lipid homeostasis and plant biomass. Based on conserved structural features and sequence motifs, we here define 
the plant FAX-protein family in the plant model organisms Arabidopsis thaliana and Chlamydomonas reinhardtii. Besides their 
Tmemb14 membrane-spanning domain, the plastid IE intrinsic FAX1-FAX3 contain distinct N-terminal stretches. Among them, 
the apolipoprotein-like α-helical bundle of FAX2 is the most prominent. FAX5/6, however, are targeted to ER/secretory pathway 
membranes. A basic set of plastid- and ER-localized FAX proteins is represented by FAX1 and FAX5/6 in Arabidopsis and Chlam-
ydomonas. Here, we can show that also in the green microalga the function of FAX1 and FAX5/6 is crucial for triacylglycerol (TAG) 
oil production. All Arabidopsis plastid FAX and FAX5/6 proteins can complement for FA-transport function in yeast. For At-FAX1 
we show a new function in pollen tube growth as well as together with At-FAX3 in seed/embryo development and in rosette 
leaf growth. Since in comparison to fax1 single knockout mutants, fax1/fax3 double knockouts are seedling lethal and not able 
to develop mature rosette leaves, we conclude that in higher plants FAX1 and FAX3 function together in vegetative leaf growth.
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O-S19-001
New and unexpected connections of the plant endoplasmic reticulum

F. Brandizzi1,2,3

1MSU-DOE Plant Research Lab, Michigan State University, East Lansing, MI, United States 
2Great Lakes Bioenergy Research Center, Michigan State University, East Lansing, MI, United States 

3Department of Plant Biology, Michigan State University, East Lansing, MI, United States

The plant endoplasmic reticulum (ER) is a formidable organelle that produces one third of the cellular proteome, essential lipids, 
and primes secretory proteins with glycan moieties that are necessary for their folding and function. Therefore, the plant ER 
produces a great proportion of the food that we eat and materials that are essential for our lives. The ER is highly responsive 
to cell and stress cues that can modulate its shape and activity. Another remarkable feature of the plant ER is the continuous 
remodeling of the membranes that make up this organelle. The reshaping is possible through the action of specialized ER shap-
ing machinery, the cytoskeleton, and ER-cytoskeleton anchors. Analyses conducted on mutants of these proteins have clearly 
shown that altering ER shaping impacts plant yield. Therefore, understanding the basic mechanisms for plant ER structure and 
the interactions of the ER with other organelles is fundamental in cell biology studies and can contribute to our ability to improve 
plants’ performance in the field. In this talk, we will highlight new findings from our labs on the identity and function of molecu-
lar machineries that link the ER with other organelles and with metabolic pathways that balance growth, protein synthesis and 
energy availability.

O-S19-002
The trans-Golgi-localized BICAT3 protein determines manganese allocation and matrix polysaccharide 

biosynthesis in Arabidopsis and barley
J. He1, B. Yang2, G. Hause3, N. Rössner1, T. Peiter-Volk1, M. H. Schattat4, C. Voiniciuc2,5, E. Peiter1

1Martin Luther University of Halle-Wittenberg, Institut für Agrar- und Ernährungswissenschaften, Halle (Saale), Germany 
2Leibniz Institute of Plant Biochemistry, Independent Junior Research Group – Designer Glycans, Halle (Saale), Germany 

3Martin Luther University of Halle-Wittenberg, Biozentrum, Halle (Saale), Germany 
4Martin Luther University of Halle-Wittenberg, Institut für Biologie, Halle (Saale), Germany 

5University of Florida, Horticultural Sciences Department, Gainesville, FL, United States

Manganese (Mn2+) is essential for a diversity of processes in plants, including photosynthetic water splitting and the transfer 
of glycosyl moieties. Various Golgi-localized glycosyltransferases that mediate cell wall matrix polysaccharide biosynthesis are 
Mn2+-dependent, but the supply of these enzymes with Mn2+ is not well understood. We have identified a protein in Arabidopsis 
thaliana, Bivalent Cation Transporter3 (AtBICAT3), that localizes specifically to trans-cisternae of the Golgi. In agreement with a 
role in Mn2+ homeostasis, AtBICAT3 rescued yeast mutants defective in its translocation. Knockout mutants of AtBICAT3 were 
sensitive to low Mn2+ availability and show altered accumulation of the cation. Despite reduced cell expansion and leaf size in 
Mn2+-deficient bicat3 mutants, their photosynthesis was improved, accompanied by an increased Mn content of chloroplasts. 
Growth defects of bicat3 plants correlated with an impaired glycosidic composition of matrix polysaccharides synthesized in 
the trans-Golgi. In addition to the vegative growth defects, pollen tube growth of bicat3 was heterogeneously aberrant. This 
was associated with a severely reduced and similarly heterogeneous pectin deposition, and it caused a diminished seed set 
and silique length. Double mutant analyses demonstrated that the physiological relevance of AtBICAT3 is distinct from that of 
AtECA3, a Golgi-localized Mn2+/Ca2+-ATPase. To investigate whether the role of BICAT3 extends to grasses, which have a cell 
wall composition distinct from that of dicots, the BICAT3 homolog in barley (Hordeum vulgare) was functionally characterized 
and investigated by CRISPR/Cas9-mediated gene editing. Similar to Arabidopsis, Hvbicat3 mutants showed an improved pho-
tosynthesis under Mn2+ limitation. However, unlike in Arabidopsis, growth defects occurred even with ample Mn2+ supply, and 
alterations of cell wall polysaccharide composition in barley Hvbicat3 mutants were distinct from those in Arabidopsis Atbicat3 
mutants, indicating a phylogenetic specificity in Mn-dependent bottleneck processes. Collectively, BICAT3 is a principal Mn2+ 
transporter in the trans-Golgi whose activity is critical for specific glycosylation reactions in this organelle and for the allocation 
of Mn2+ between Golgi apparatus and chloroplasts.



120

ABSTRACTS

O-S19-003
SND pathway conservation in plants

D. Mehlhorn1, C. Grefen1

1Ruhr University Bochum, Molecular & Cellular Botany, Bochum, Germany

Roughly one-third of the average eukaryotic proteome comprises integral membrane proteins which take over many vital pro-
cesses. Therefore, correct delivery and insertion into the predestined membrane is a crucial step during their biosynthesis. 
Translocation, however, involves many challenges: (i) protection of the hydrophobic signal peptide or transmembrane domain 
(TMD) of nascent membrane proteins from the aqueous cytosol, (ii) guidance to the target membrane and (iii) correct insertion 
into the lipid bilayer. Different pathways for co- and post-translational insertion evolved in eukaryotes to deal with this chal-
lenge. One such system – recently discovered in yeast – is the SRP independent (SND) pathway comprising of three proteins 
that facilitate insertion of moderately hydrophobic membrane proteins which lack an N-terminal signal peptide. We discovered 
one functional ortholog in Arabidopsis thaliana that exists as two paralogs, AtSND2a and AtSND2b, and highlight similarities and 
differences to yeast SND2.
In yeast, single loss-of-function mutants of SND pathway components do not display a discernible phenotype yet upon crossing 
with mutants from another translocation pathway (Guided Entry of Tail-anchored protein (GET) pathway), lethality occurs which 
speaks for a crosstalk between both pathways. In plants however, neither single knockouts nor crossings with AtGET-compo-
nents leads to a strong phenotype. Crossing both mutant alleles, however, leads to transmission defects and seedling lethality. 
Interaction studies implicate both AtSND2a and AtSND2b as part of an intricate system for translocation processes and/or stress 
response which is reminiscent of hSND2 function in mammalian cells.

O-S19-004
From nectaries to nectar – nectar production in Bromeliaceae 

T. Göttlinger1, G. Lohaus1

1University of Wuppertal, Molecular Plant Science/Plant Biochemistry, Wuppertal, Germany

Bromeliaceae represents one of the most species-rich plant families in the Neotropics. Bromeliads are adapted to a wide range 
of different habitats with various environmental conditions and they are, therefore, also diverse in morphological, physiological 
or ecological aspects. Almost half of species use Crassulacean acid metabolism (CAM) photosynthesis whereas the other half 
uses the C3 photosynthesis pathway. The flower morphology of the different bromeliads is highly divers and most species are 
pollinated by hummingbirds (trochilophilous) or bats (chiropterophilous).
Floral nectar is the main reward for pollinators and in bromeliads it is produced in septal nectaries, which are unique in the order 
Poales. Nectar is an aqueous and biochemical complex solution, which contains mainly sugars as well as small amounts of amino 
acids, inorganic ions, organic acids and further secondary compounds. So far, there are some studies regarding nectar produc-
tion and secretion, albeit most analyses were done with dicotyl C3-plants like Arabidopsis, Brassica or Nicotiana. In contrast, 
the knowledge about sugar production and secretion of several other plant species, e.g. monocots or species with CAM pho-
tosynthesis, remains incomplete. Likewise, much less is known about the origin, production and secretion of non-carbohydrate 
compounds in nectar.
Therefore, the main metabolites and ions in nectar, nectaries and leaves of a large number of bromeliad species were analysed. 
The selection of species was based on the type of pollinator and the type of photosynthesis. The results indicate that both the 
photosynthesis type and the pollinator type have an influence on the metabolite and ion composition in nectar and nectaries. 
The composition of sugars, amino acids or inorganic ions in nectar is already largely determined by the composition in nectar-
ies. However, the sugar concentrations in nectar were higher than in nectaries whereas in the case of amino acids and inorganic 
ions, the concentrations in nectar were much lower than in nectaries. This suggests that sugars are probably actively trans-
ported when secreting nectar whereas in the case of amino acids or inorganic ions facilitated diffusion is possible.
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Structural basis for the lipid binding and putative tethering function of a ubiquitin ligase at the plasma membrane

T. Lienemann1, J. Knop1, S. Hoth1

1Universität Hamburg, Institut für Pflanzenwissenschaften und Mikrobiologie / Molekulare Pflanzenphysiologie (MPP), 
Hamburg, Germany

Plant immunity involves several events at the plasma membrane, including the recognition of microbial patterns and vesicle 
transport. Recently, we have resolved the structure of the senescence associated E3 ubiquitin ligase1 (SAUL1) that is a member 
of the plant U-box armadillo repeat (ARM) protein family. SAUL1 is localized at plasma membrane and has a regulatory function 
in pattern-triggered immunity. It is an elongated protein, consisting of an N-terminal U-box domain required for the interaction 
with an E2 enzyme and a C-terminal ARM-domain consisting of 11 ARM repeats (Knop et al., Int. J. Mol. Sci. 22, 2021). The C-
terminal ARM repeats 7-11 have been shown to mediate plasma membrane association of SAUL1 and have been suggested to be 
essential and sufficient for the SAUL1 function in tethering MVBs and/or the tonoplast to the plasma membrane (Drechsel et al., 
J. Exp. Bot. 62, 2011; Tao et al., Front. Plant Sci. 10, 2019). The C-terminal domain contains a positively charged groove consisting 
mainly of arginine residues that may bind to membrane lipids. We were aiming to test for SAUL1 lipid binding and to determine 
the contribution of R736, R737, and R775 to the tethering function. In vitro affinity experiments indeed demonstrated the ability 
of the recombinant SAUL1 protein to bind to lipids of the phosphatidylinositol family. By analyzing the localization GFP fusion 
proteins of SAUL1 and of the corresponding arginine mutant proteins by confocal microscopy, we showed that R736 is crucial 
for the tethering function of SAUL1. Since the tethering function of SAUL1 via lipid binding may depend on pathogen infection 
(Tao et al., Front. Plant Sci. 10, 2019), we assessed the effect of pathogen associated molecular patterns and additional stress 
treatments on the SAUL1 tethering function following the expression of GFP-SAUL1 in Arabidopsis leaf protoplast and Nicotiana 
benthamiana leaf epidermal cells. The structure-function relationships will be discussed with respect to the SAUL1 function to 
bind to lipids and to tether MVBs and/or the tonoplast to the plasma membrane.

O-S19-006
Ferulate cross linking is required for suberin lamellae deposition in seed and roots

R. B. Franke1, K. Markus1, C. Hidalgo-Shrestha1, M. Brands1

1Rhenish Friedrich Wilhelm University of Bonn, IZMB – Institute of Cellular and Molecular Botany, Bonn, Germany

Critical for the root”s function in water and selective nutrient transport are two apoplastic diffusion barriers in the endodermis, 
Casparian strips and suberin lamellae. Whereas the Casparian strip is dominated by the aromatic polymer lignin, suberin consists 
predominantly of lipids and only minor amounts of aromatics. In the past decade multiple genes in the biosynthesis of aliphatic 
suberin monomers have been characterized which demonstrated that severely lowering aliphatic suberin results in increased 
permeability across suberized tissue. However, little is know about the physiological importance of the aromatic phenylpro-
panoids in Casparian strip lignin and suberin lamellae. They have mostly been disregarded due to their low abundance in suberin 
polyester or the difficulty to isolate and analyse lignin from specific tissues such as the endodermis.
Screening public transcriptomic databases we identified a root expressed peroxidase (PRX11) as new candidates for endodermal 
barrier formation. Generated promoter-GUS and GFP reporter lines demonstrated that in roots PRX11 is specifically expressed 
in the endodermis, the tissue that forms CS and develops suberin lamellae. Exploiting confocal microscopy tracing Propidium 
iodide diffusion and basic fuchsine stained lignin in two isolated prx11 knockout alleles we excluded a potential role of PRX11 in 
CS formation. Instead, by GC-MS analysis we discovered that prx11 mutants are significantly reduced in aliphatic suberin mono-
mers. Histochemical suberin staining further revealed that in apical root sections, where PRX11 is most strongly expressed, 
endodermal suberin depositions are lacking and continuous suberization is significantly delayed towards basal root regions. 
Furthermore, monomeric ferulic acid, the aromatic suberin component, is strongly increased in prx11, consistent with a lack of 
peroxidase catalysed cross-linking of suberin aromatics. This hypothesis was verified by in-depth MS analysis of so far unknown 
compounds in suberin hydrolysates: We successfully identified ferulate dimers that are strongly reduced in prx11. Notably, 
transmission electron microscopy revealed that the highly structured, lineally deposited suberin lamellae between the plasma 
membrane and the primary cell wall are undulated in prx11 mutants. Together these investigations provide the first genetic 
evidence for the requirement of ferulate crosslinking in early endodermal suberin formation and barrier function.



122

ABSTRACTS

O-S19-007
Endoplasmic reticulum oxidoreductin (ERO) provides resilience against reductive stress and 

hypoxic conditions by mediating luminal redox dynamics
J. M. Ugalde1, I. Aller1, L. Kudrjasova1, R. R. Schmidt2, M. Schlößer1, M. Homagk1, P. Fuchs1, S. Lichtenauer3, M. Schwarzländer3, 

S. J. Müller-Schüssele4, A. J. Meyer1

1Rhenish Friedrich Wilhelm University of Bonn, INRES – Chemical Signalling, Bonn, Germany 
2Bielefeld University, Plant Biotechnology, Bielefeld, Germany 

3University of Münster, Institute for Biology and Biotechnology of Plants, Münster, Germany 
4Technical University of Kaiserslautern, Molecular Botany, Department of Biology, Kaiserslautern, Germany

Oxidative protein folding in the endoplasmic reticulum (ER) depends on the coordinated action of protein disulfide isomerases 
and ER oxidoreductins (EROs). Strict dependence of ERO activity on molecular oxygen as the final electron acceptor implies that 
oxidative protein folding and other ER processes are severely compromised under hypoxia. Here, we isolated viable ero1 ero2 
double mutants that are highly sensitive to reductive stress and hypoxia. To elucidate the specific redox dynamics in the ER in 
vivo, we expressed the glutathione redox potential (EGSH) sensor Grx1-roGFP2iL-HDEL with a midpoint potential of -240 mV in the 
ER of Arabidopsis plants. We found EGSH values of -241 mV in wild-type plants, which is less oxidizing than previously estimated. 
In the ero1 ero2 mutants, luminal EGSH was reduced further to -253 mV. Recovery to reductive ER stress induced by dithiothreitol, 
was delayed in ero1 ero2. The characteristic signature of EGSH dynamics in the ER lumen triggered by hypoxia was affected in ero1 
ero2 reflecting a disrupted balance of reductive and oxidizing inputs, including nascent polypeptides and glutathione entry. The 
ER redox dynamics can now be dissected in vivo, revealing a central role of EROs as major redox integrators to promote luminal 
redox homeostasis.

O-S20-001
How to restrict vascular wilts – lessons from the interaction between tomato and Ralstonia solanacearum

N. Sánchez Coll1
1Centre for Research in Agricultural Genomics CSIC-IRTA-UB-UAB (CRAG), Barcelona, Spain

Ralstonia solanacearum is a devastating bacterial vascular pathogen causing bacterial wilt. In the field, resistance against this 
disease is quantitative and only available for breeders in tomato and eggplant. We have developed reporter strains that allow 
microscopic location and non-disruptive high-throughput quantification of plant colonisation by R. solanacearum. We have ap-
plied these strains to evaluate germplasm for resistance to bacterial wilt and to understand the basis of bacterial wilt resistance 
in tomato. The developed methodology has proven useful to speed up breeding programmes and to identify latent infections 
on symptomless plants. 
We have also used this system to investigate the spatio-temporal bacterial colonization dynamics using non-invasive live moni-
toring and grafting of susceptible and resistant varieties. Our work also reveals four different restrictions to the bacterium in 
resistant tomato: root colonization, vertical movement from roots to shoots, circular vascular bundle invasion and radial apo-
plastic spread in the cortex. We demonstrate that structural constraints to bacterial spread are key for tomato resistance to 
bacterial wilt and that this resistance is expressed both in root and shoot tissues. We also show that R. solanacearum is not only 
a vascular pathogen but spreads “out of the xylem”, occupying the plant apoplast niche. 
Finally, we have investigated the physico-chemical nature of the induced plant barriers as ligno-suberin coatings and tyramine-
derived hydroxycinnamic acid amines. In agreement with these findings, overexpression of the ligno-suberin pathway in a sus-
ceptible tomato enhanced resistance by restricting R. solanacearum movement inside the plant and delaying disease progres-
sion.
Our findings open new avenues of research to engineer resistance against vascular wilt pathogens, by precisely manipulating the 
time and location of inducible vascular coatings in the roots of susceptible crops.
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Maize root-secreted diterpenoids guide the hemibiotrophic pathogen Colletotrichum graminicola to its host

A. Rudolph1, C. Sasse2, J. Gerke2, C. Schunke1, G. H. Braus2, S. Pöggeler1, D. Nordzieke1

1University of Göttingen, Genetics of Eukaryotic Microorganisms, Göttingen, Germany 
2University of Göttingen, Molecular Microbiology and Genetics, Göttingen, Germany

Zea mays is the most grown cereal for human and animal nutrition, which makes detailed knowledge about maize-pathogen 
interactions essential for food security. The hemibiotrophic fungus Colletotrichum graminicola is a maize pathogen infecting sev-
eral plant tissues like leaves, stems, and roots. In a recent project, we follow the hypothesis that oval conidia, an asexual spore 
type formed by C. graminicola, are attracted by maize root-secreted signals enabling root infection.
We have recently shown that C. graminicola generates two distinct asexual spore types, oval and falcate conidia, which exhibit 
specialized leaf infection strategies determined by spore-type specific secretion patterns. To test whether such specialization 
exists also for the infection of maize roots, we have analyzed symptom development of both conidia types. When we dipped 
maize roots in conidia suspensions, both conidia types were able to infect the maize roots. However, when we mimicked the 
root infection process in the field and planted maize seeds in spore-enriched soil, only oval conidia provoked symptom devel-
opment. From this, we concluded that a host recognition process has to take place before the infection process is initiated. 
We therefore tested the ability of maize root exudate (MRE) to provoke directed-growth of both conidia types using a recently 
developed 3D printed device combined with a fluorescent marker for polar growth. Intriguingly, only oval conidia showed a 
strong chemotropic growth to MRE after 6 h of incubation. As HPLC/MS analyses of MRE coupled with the analysis of directed 
growth demonstrate, secreted diterpenoids from maize roots are responsible for the attraction of C. graminicola oval conidia. 
Currently, we are investigating the root exudate of Z. mays gene deletion mutants to identify the molecular pathway resulting in 
the biosynthesis of the responsible diterpenoids in the host plant.

O-S20-003
Bulletin from the Ustilago maydis – Hijacking growth hormone signaling in maize

M. Khan1, S. Uhse2, B. Kogelmann2, K. D. Ingole1, J. Bindics3, N. Nagarajan1, A. Djamei1
1Rhenish Friedrich Wilhelm University of Bonn, INRES- plant pathology, Bonn, Germany

2Gregor Mendel Institute of Molecular Plant Biology, Vienna, Austria 
3Gregor Mendel Institute of Molecular Plant Biology, Vienna, Austria

Biotrophic plant pathogens employ secreted molecules named effectors to suppress their host immune system and reprogram 
its metabolism and development in their own favour. The maize biotrophic smut fungus Ustilago maydis encodes approximately 
550 predicted secretory proteins that likely function as effectors, of which around one fifth are localized to gene clusters. Dur-
ing plant colonization, Ustilago maydis also secretes certain plant growth substances including auxins. The levels of auxin are 
increased in the infected tissues of maize and auxin signalling and auxin-responsive genes are transcriptionally up-regulated. Our 
understanding of how U. maydis employs auxin signalling is just recently emerging.
Here we identify and characterized a set of Ustilago maydis effectors with the ability to induce growth hormone auxin signalling 
in plants. We identified central corepressors of the Topless family as targets of these effectors. By using different cell biological 
and biochemical approaches we demonstrate that the auxin signalling inducing sub-cluster effectors play a role in virulence and 
tumour induction. Topless Interacting protein effectors (Tips) interact solely with the N-terminal TPD domain of TOPLESS and 
compete with Aux/IAA transcriptional repressors for their binding to derepress downstream signalling targets.
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A conserved extracellular ribonuclease (Ribo1) from smut fungi has broad-spectrum cyto-toxic activity

B. Ökmen1, R. Wemhöner2, G. Doehlemann2

1Eberhard Karl University of Tübingen, Department of Microbial Interactions, IMIT/ZMBP, Tübingen, Germany 
2University of Cologne, Institute for Plant Sciences, Cologne, Germany

In order to successfully colonize their hosts, fungal pathogens establish a complex network of interactions not only with their 
respective host but also with other organisms present in the environment. These involve production and secretion of effectors 
to manipulate host defense and metabolism, and secretion of antimicrobial compounds to modulate host microbiota. Ribotoxins 
are a group of highly specific extracellular ribonucleases that specifically target and cleave the universally conserved sarcin-ricin 
loop sequence of rRNA, which leads to inhibition of protein biosynthesis and subsequently to cell death.
In this study, we have characterized the RNase T1, which is conserved in all smut fungi. Although smut Ribo1 is more closely 
related to the non-toxic RNase T1 members, heterologous expression of Ribo1 from Ustilago hordei, Ustilago maydis, and Spori-
sorium reilianum in tobacco revealed cell death-inducing activity of this protein.
To functionally understand the mode of Ribo1-induced cell death, active site mutants of both secreted and non-secreted version 
of Ribo1 have been tested on tobacco. While the cell death induced by extracellularly expressed Ribo1 is independent from its 
enzymatic activity, the cell death induced by intracellularly expressed Ribo1 requires an enzymatic activity. Thus, we hypothesize 
that while the mode of intracellularly Ribo1-induced cell death is associated with its rRNA cleavage activity, the extracellular 
Ribo1 is most likely recognized by a yet unknown plant receptor to induce defense responses.
Due to their biotrophic nature, smut fungi do not secrete any protein leading to host cell death; however, in this study we have 
showed that a conserved secreted smut RNase T1 protein from smut fungi induces plant cell death and host defense responses. 
In light of their biotrophic lifestyle of smut fungi, we suggested that smut fungi secrete Ribo1 to modulate host microbiota in 
favor of fungal colonization. In line with this hypothesis, we showed that Ribo1 has an antimicrobial activity against E. coli and 
Pichia pastoris.  Moreover, Ribo1 expression is strictly regulated so that it is only expressed at very early time point of infection 
in order to prevent Ribo1-mediated host cell death during host colonization.

O-S20-005
Identification of CsLOB1 target genes that promote citrus canker disease

T. T. T. Phan1, C. Liu2, P. Teixeira3, E. von Roepenack-Lahaye1, R. Morbitzer1, J. Jones4, T. Lahaye1

1The Center for Plant Molecular Biology (ZMBP), University of Tuebingen, General Genetics, Tübingen, Germany 
2University of Hohenheim, Institute of Biology, Stuttgart, Germany 

3University of São Paulo, Department of Biology, “Luiz de Queiroz” College of Agriculture, Piracicaba, SP, Brazil 
4University of Florida, Plant Pathology Department, Gainesville, FL, United States

Xanthomonas citri (Xc), the causal agent of citrus canker disease causes tremendous economic losses at a global scale. Pathoge-
nicity of Xc relies on PthA4, a transcription factor like effector (TALE) that upon injection into host cells transcriptionally activates 
the CsLOB1 encoding a lateral organ boundary (LBD) transcription factor. The disease promotion mechanism of CsLOB1 under 
PthA4 activation remains to be elucidated. It is conceivable that CsLOB1 target genes will cause physiological changes in infected 
host cells that promote the disease development.
We used a set of custom-designed TALEs (dTALEs) targeting CsLOB1 promoter and PthA4 in RNA-seq studies to uncover CsLOB1-
activated plant genes. RNA-seq was done at an early infection time point to detect predominantly direct CsLOB1 target genes, 
uncovering 216 up- and 76 down-regulated genes. We raised a CsLOB1-specific antibody to carry out chromatin imunnoprecipi-
tation (ChIP) of CsLOB1 bound to host target promoters. The combination of RNA- and ChIP-seq data revealed a group of ca. 50 
direct target genes of CsLOB1. These direct target genes encode many proteins involved in cell wall degradation, cell expansion 
and cell cycle control. Genome-wide analysis of CsLOB1 binding peaks shows enrichment in promoter regions and in particular 
at transcription start sites. We discovered a 15-bp motif that is distinct to a previously proposed CsLOB1 target motif. We experi-
mentally validated that our newly identified motif directly interacts with CsLOB1 protein using ChIP-qPCR, EMSA and Micro-scale 
thermophoresis assay. Our studies suggest a working model in which Xanthomonas PthA4 hijacks CsLOB1 to activate a complex 
regulon that controls cell wall degradation and cell cycle control to promote disease.
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Uncoupling of growth and defense in the chs3-2D auto-immune mutant by active compounds 

involves GLR receptors 
M. Keijzer1, M. Liebers1, C. Meier2, S. Hoth1

1Hamburg Universität, Molecular Plant Physiology, Hamburg, Germany 
2Hamburg Universität, Organic Chemistry, Hamburg, Germany

A tight balance between growth and defense ensures the success of many plants including Arabidopsis. This is especially evi-
dent in Arabidopsis auto-immune mutants, which typically have a high resistance but a reduced growth. Hence, auto-immune 
mutants represent a good model to study growth-defense tradeoffs. Recently, genetic chemical screening showed that the 
chemical compound Ro8-4304 was able to reverse the reduced growth phenotype of chs3-2d auto-immune mutants (Huang et 
al., Mol. Plant 9, 2016). However, the high resistance of chs3-2d plants was also lost.
Our aim was to synthesize a derivative of Ro8-4304 that rescues growth without decreasing immune efficiency. By means of 
chemical modification we successfully identified one Ro8-4304 derivative which uncouples this tradeoff. In the presence of this 
derivative, chs3-2D mutants grew as good as wildtype and were still more resistant to bacterial pathogens than wildtype plants. 
Such an uncoupling of growth and defense may be beneficial for agricultural purposes.
Hereafter, we were aiming to elucidate the regulatory mechanism underlying the uncoupling. In human research, it has been 
shown previously that the active component Ro8-4304 can inhibit NMDA receptors. We thus investigated on the function of 
glutamate like receptors (GLRs) that are the closest homologs in plants. In a first step, we performed pharmaceutical analyses by 
testing the effect of compounds that are known to act on NMDA receptors/GLRs, such as ifenprodil, DNQX, or BMAA. We exam-
ined their ability to alter development in combination with ro8-4304. The effects of the various compounds on the efficiency of 
Ro8-4304 in growth rescue of chs3-2D were in line with a putative role of GLRs. We thus generated different chs3-2D glr double 
mutants in Arabidopsis and showed that response to Ro8-4304 was indeed strongly reduced compared to single chs3-2D mu-
tants. The putative role of GLRs in the rescue of growth in the autoimmune mutant chs3-2D will be discussed.

O-S20-007
Unraveling the sugar code – the role of microbial extracellular glycans in plant-microbe interactions

A. Zuccaro1

1University of Cologne, Cologne, Germany

Plant pathogenic and beneficial fungi have evolved several strategies to evade immunity and cope with host-derived hydrolytic 
enzymes and oxidative stress in the apoplast, the extracellular space of plant tissues. Fungal hyphae are surrounded by an inner 
insoluble cell wall (CW) layer and an outer soluble extracellular polysaccharide (EPS) matrix. Here we show by proteomics and 
glycomics that these two layers have distinct protein and carbohydrate signatures, and hence likely have different biological 
functions. The barley (Hordeum vulgare) β-1,3-endoglucanase HvBGLUII, which belongs to the widely distributed apoplastic gly-
coside hydrolase 17 family (GH17), releases a conserved β-1,3;1,6-glucan decasaccharide (β-GD) from the EPS matrices of fungi 
with different lifestyles and taxonomic positions. This low molecular weight β-GD does not activate plant immunity, is resilient 
to further enzymatic hydrolysis by β-1,3-endoglucanases due to the presence of three β-1,6-linked glucose branches and can 
scavenge reactive oxygen species. Exogenous application of β-GD leads to enhanced fungal colonization in barley, confirming its 
role in the fungal counterdefensive strategy to subvert host immunity. Our data highlight the hitherto undescribed capacity of 
this often-overlooked EPS matrix from plant-associated fungi to act as an outer protective barrier important for fungal accom-
modation within the hostile environment at the apoplastic plant-microbe interface.



126

ABSTRACTS

O-S21-001
Do traits from phenotyping platforms facilitate yield prediction?

F. Tardieu1, C. Welcker1

1INRAE Montpellier, France

Yield results from the integration of processes over months, whereas the physiological mechanisms involved in drought or 
heat responses operate over minutes to hours, following the diurnal fluctuations of environmental conditions. The resilience 
of leaves and reproductive organs to rapidly fluctuating environmental conditions (‘stress tolerance’) therefore relies on traits 
that differ from those maximizing yield. Indeed, trade-offs are most often observed between carbon accumulation and physi-
ological mechanisms that minimize the risk of deleterious plant water status. A given physiological adaptive trait may therefore 
have negative or positive consequences on yield in favorable vs unfavorable environmental conditions. An analysis of the genetic 
progress over the last 60 years revealed that maize breeders successfully selected for high yield across environments, includ-
ing dry or hot environments (about +100 kg ha-1 year-1 in all tested environmental scenarios). In doing so, breeders essentially 
selected for constitutive traits for which the genetic progress was similar in favorable and unfavorable conditions, such as plant 
architecture, number of reproductive organs and duration of phenological phases. In contrast, physiological traits involved in 
drought acclimation (e.g. growth sensitivity, water use efficiency or stomatal conductance) showed no trend with genetic prog-
ress, probably due to the fact that they may have positive or negative impact on yield depending on fields. In order to facilitate 
the use of alleles for physiological adaptive processes in breeding programs, we proposed a probabilistic approach where the 
benefits and risks of alleles combinations are estimated for the most likely environmental scenarios in each region, under cur-
rent or future climates. Traits of hundreds of genotypes are measured in phenotyping platforms, indoor or in the field, including 
the responses of yield or traits to temperature, water deficit and light. The sensitivity of these responses was predicted based 
on genotypic information. Yield was then predicted based on a model. This strategy may allow exploiting new alleles for yield in 
future climates by explicitly taking into account those alleles that optimize physiological adaptive processes.

O-S21-002
Architectural plasticity in response to plant density increases canopy light 

interception in winter wheat (Triticum aestivum)
A. Temme1, T. C. Wang1, A. Manntschke1, L. Cabrera-Bosquet2, M. Lis2, C. Fournier2, T. W. Chen1

1Humboldt University of Berlin, Albrecht Daniel Thaer-Institut für Agrar- und Gartenbauwiss., Berlin, Germany 
2INRAE-LEPSE, Montpellier, France

With rising population levels and increased pressure on our agricultural system due to climate change a key challenge is increas-
ing crop productivity. Recent agricultural practices in winter wheat (Triticum aestivum) use high planting density to increase yield 
per ground area. However, this also enhances intra-genotypic competition, which can negatively impact yield.
To understand the balance between these effects, we used a high-throughput phenotyping platform (PHENOARCH, INRAE, 
Montpellier) to phenotype 200 winter wheat genotypes and their response to three planting densities (30, 89 and 270 plant 
m-2). Using 3D models and manual measurements, we quantified dynamic changes in a range of functional and architectural 
traits during a four weeks experimental period: plant height and plant elongation rate, tiller number and tiller development rate, 
total leaf area and leaf expansion rate, fresh and dry biomass, canopy leaf area distribution and light interception, light extinc-
tion coefficient, and degree of self-shading.
Interestingly, the development of leaf area was fastest under intermediate density, suggesting competition-driven plasticity in 
biomass allocation and/or leaf mass per area. Biomass and tiller number per plant decreased with increasing density and the 
degree of this plasticity differed largely between genotypes. High correlation between plasticity of biomass and tillering sug-
gests that biomass of genotypes maintaining tiller development under high density was least affected by planting density, likely 
by increasing light interception per plant.
To further study this, we conducted in silico experiments simulating the effects of architectural plasticity in response to density 
on light interception at individual and canopy levels by coupling our obtained 3D plant architecture models with a light model. 
Interestingly, increasing density without architectural adaptation of individual plants reduces canopy light interception in most 
studied genotypes. This indicates that architectural plasticity in response to high planting density is not purely a “selfish” be-
havior, but also beneficial to canopy light interception and productivity. Our results highlight how non-invasive phenotyping in 
combination with 3D modelling can reveal the important functions of phenotypic plasticity on canopy productivity.
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O-S21-003
photosynthetic dynamics under oscillating light reveal that multiple mechanisms 

of regulation may operate at different frequencies
Y. Niu1, D. Lazár2, A. R. Holzwarth3, D. M. Kramer4, S. Matsubara1, F. Fiorani1, H. Poorter1,5, S. D. Schrey1, L. Nedbal1,6,2

1Forschungszentrum Jülich, IBG-2, Jülich, Germany 
2Palacký University, Department of Biophysics, Olomouc, Czech Republic 

3Vrije Universiteit Amsterdam, Department of Physics and Astronomy, Amsterdam, Netherlands 
4Michigan State University, MSU-DOE Plant Research Laboratory, East Lansing, MI, United States 

5Macquarie University, Department of Natural Sciences, North Ryde, Australia 
6École Normale Supérieure, École Normale Supérieure, Paris, France

Plants have developed multiple mechanisms to protect the photosynthetic apparatus against photoinhibition under fluctuat-
ing light. However, methods widely used for monitoring photosynthesis dynamics, such as analyzing responses to the transi-
tion from darkness to constant light or to light flashes, are unsuitable to identify and distinguish multiple mechanisms if they 
operate in parallel. Thus, we used forced oscillating light of various frequencies to monitor dynamic responses and regulation 
of photosynthesis to fluctuating light. The experiments focused on two processes that play important roles in plant response 
to fluctuating light, both of which involve multiple regulatory mechanisms: energy-dependent non-photochemical quenching 
(qE, including PsbS- and zeaxanthin- dependent components) and cyclic electron transport around PSI (CET, including NDH-like 
complex- and PGR5-PGRL1- dependent pathways). The impact of each component and pathway was evaluated in wild-type Ara-
bidopsis thaliana and mutants that are deficient in PsbS (npq4), light-induced formation of zeaxanthin (npq1), NDH-like complex 
activity (crr2-2) or PGRL1 (pgrl1ab). The dynamics of chlorophyll fluorescence and optical proxies of P700, plastocyanin, and 
ferredoxin were measured under forced oscillations at various frequencies using the DUAL-KLAS-NIR spectrometer. The marked 
contrasts between the mutants and wild type revealed activation of PsbS-dependent qE in a 30 s oscillation period, whereas 
the zeaxanthin-dependent qE gained significance when the oscillation period was 2 min or longer. The NDH-like dependent CET 
barely responded to oscillation periods shorter than 30 s, whereas in periods exceeding 1 min the NDH-like dependent CET 
began to influence qE induction. The lack of the PGRL1-PGR5 pathway led to strong electron congestions in the whole electron 
transport chain in almost all frequencies of light oscillations tested. Based on the specific frequency-dependent responses found 
in the mutants, we conclude that the seemingly redundant multiple regulatory mechanisms may operate at different fluctuation 
frequencies to protect the photosynthetic apparatus under dynamic light environments. The study moreover demonstrates that 
the forced oscillating light method can reveal unique dynamic features of photosynthesis regulation in mutants, and likely also 
in plants under stress conditions.
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O-S21-004
Evaluation of genetic resources of chickpea using non-invasive high-throughput phenotyping under 

drought stress to describe and exploit the diversity of biomass accumulation.
M. Lauterberg1

1IPK Gatersleben, Automated Plant Phenotyping, Gatersleben, Germany

Chickpea is one of the most widely grown legumes in the world and is experiencing increasing demand (FAO, 2021). In the 
context of climate change and nutritional trends, chickpea is becoming more important as it is high in protein and adapted to 
low-input conditions (Rani et al., 2020; Wallace et al., 2016). However, the breeding use of germplasm from different genebanks 
is limited, mainly due to the lack of available characterization data (Varshney 2016). Although chickpea is adapted to terminal 
drought, not much is known about tolerance at pre-anthesis stage as it may occur when grown in Central European conditions.
High-quality phenotypic data from High-throughput Phenotyping (HTP) experiments, such as estimated biovolume, plant height 
and several color parameters are suitable to detect the genetic architecture of growth and drought tolerance in GWAS stud-
ies (Dhanagond et al., 2019; Mikolajczak et al., 2020). The genetic factors of biomass accumulation can be precisely dissected 
in a spatiotemporal manner and can be complemented with metabolomic and chlorophyll fluorescence data (Hall et al., 2021; 
Tschiersch et al., 2017).
200 chickpea accessions are studied on a HTP system under contrasting water regimes to exploit genetic resources and precisely 
determine growth under optimal and spring drought conditions under European conditions.  The accessions originate from IPK 
and USDA genebank and were single-seed descended and genotyped by whole genome shotgun sequencing (WGS). The collec-
tion is balanced for the two chickpea types, desi and kabuli.
The first results of the HTP experiments show a high data quality, and a large phenotypic diversity for growth in the investigated 
chickpea genetic resources. The drought impacted biomass formation and affected photosynthetic capacity. Color-related traits 
showed stress progression.
The data are suitable for GWAS that will now be performed to unravel in detail the underlying genetic architecture of growth 
and drought tolerance in chickpea.
- Dhanagond et al., (2019). https://doi.org/10.3389/fpls.2019.01307  
- Hall et al., (2019) https://doi.org/10.1016/j.tplants.2022.02.001  
- Mikołajczak et al., (2020). https://doi.org/10.3389/fpls.2020.00743  
- Rani et al., (2020). https://doi.org/10.3389/fpls.2019.01759  
- Tschiersch et al., (2017). https://doi.org/10.1186/s13007-017-0204-4  
- Varshney (2016). https://doi.org/10.1016/j.plantsci.2015.09.009  
- Wallace et al., (2016). https://doi.org/10.3390/nu8120766

O-S21-005
Stable QTL under fluctuating conditions – characterization of cross-conditional growth QTL in Arabidopsis

R. Meyer1, K. Weigelt-Fischer1, H. Tschiersch1, G. Topali1, M. Kuhlmann1, D. Knoch1, M. Heuermann1, 
L. Altschmied1, T. Altmann1

1IPK Gatersleben, Nolecular Genetics, Seeland OT Gatersleben, Germany

Plant growth is a complex process influenced by many genetic and environmental factors. We used systems genetics approaches 
to identify genetic programs operating under different environmental conditions. Vegetative growth was assessed in Arabidop-
sis thaliana under constant and fluctuating light intensities using high-throughput phenotyping and genome-wide association 
studies.
Daily automated non-invasive phenotyping of a collection of 382 Arabidopsis accessions provided growth-related data dur-
ing developmental progression under different light regimes at high temporal resolution. Under both light regimes detected 
marker-trait associations for projected leaf area, relative growth rate and photosystem II operating efficiency displayed distinct 
temporal patterns, emphasising that temporal variation of QTL action occurs even during the vegetative growth phase, a period 
of continuous formation and enlargement of seemingly similar rosette leaves. Both, light-condition-specific as well as shared 
QTL showed dynamic activity patterns, with the active phase ranging from two to nine days. The temporal and allelic expression 
patterns of candidate genes located within the confidence intervals of shared QTL were analysed in time-series experiments.
These observations highlight the importance of considering both environmental and temporal patterns of QTL/allele actions and 
emphasize the need for detailed time-resolved analyses under diverse well-defined environmental conditions to effectively un-
ravel the complex and stage-specific contributions of genes affecting growth processes that operate at different developmental 
phases.
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Exploring photosynthesis in mixed crop canopies by using hyperspectral and 

solar-induced fluorescence (SIF) data
J. Krämer1, B. Siegmann1, P. Blömeke2, O. Muller1, T. Döring2, U. Rascher1

1Forschungszentrum Jülich, IBG-2, Plant Sciences, Jülich, Germany 
2Rhenish Friedrich Wilhelm University of Bonn, INRES, Bonn, Germany

The mixing of crop species on the same field, namely mixed cropping offers high potential for an ecological intensification in crop 
production. Cereal-legume crop mixtures lead to an improved use of environmental resources such as light, water and nitrogen. 
Therefore, mixtures have shown to yield in higher land productivity with respect to grain yield compared to sole cropping, also 
referred to “mixture effect”. Within a new interdisciplinary work, we want to test if non-invasive sensing technologies can help 
to characterize structural and functional photosynthesis-related plant traits that determine the mixture effect.
In a field experiment we compared 1:1 mixtures of faba bean (Vicia faba L.) and spring wheat (Triticum aestivum L.) by combin-
ing different genotypes with contrasting shoot architectures. In total, six mixtures were compared to each other and against the 
respective sole crops. At three dates in 2021 we took field measurements (such as biomass). Also, we simultaneously collected 
hyperspectral and solar-induced fluorescence (SIF) data with the mobile field sensor system FloX (Flourescence Box). Based on 
spectral data, we calculated light absorption, several vegetation indices (VIs) and solar-induced fluorescence (SIF), being an indi-
cator for the photosynthetic functioning.
We found a strong linear relationship between land productivity (LER) based on dry matter content collected in the field and 
light absorption, which decreased over the season (r = 0.8 at flowering, r = 0.68 at ripening, r= 0.07 at early senescence). In 
contrast, SIF has shown only weak correlation to LER at flowering (r = 0.35) which even turned negative at later stages. Further-
more, our first results suggest that VIs have potential to explain the mixture effect at early ripening stage. Normalized Difference 
Vegetation Index (NDVI), Merris Terrestrial Chlorophyll Index (MTCI) and Chlorophyll/carotenoid index (CCI) showed strong cor-
relation to LER (r=0.86, r= 0.91 and r= 0.64, respectively).
Our study will contribute to understanding structural and functional plant-plant interactions in mixed crop canopies. The results 
clearly show that modern sensing technologies can be used to non-invasively measure photosynthesis-related traits. We believe 
that hyperspectral and SIF data will facilitate new insights into the complex photosynthesis dynamics in a mixed legume-cereal 
system and teach us about the mechanisms underlying the mixture effect.

O-S21-007
A mobile NMR sensor and relaxometric method to nondestructively monitor the dynamics of water 

and dry matter content in leaves, stems and developing seeds
C. W. Windt1, M. Nabel1, F. Frimpong1, J. Kochs1

1Forschungszentrum Jülich, IBG-2: Plant Sciences, Jülich, Germany

Fresh weight, water content and dry matter content are some of the most basic plant traits, but are exceptionally difficult to 
measure non-invasively. Nuclear Magnetic Resonance (NMR) relaxometry may fill this methodological gap. It allows non-invasive 
detection of protons in liquids and solids, and on the basis of these measures, can be used to monitor and quantify the liquid 
and dry matter content of seeds and plants. Unfortunately, most existing NMR relaxometers are large, unwieldy, and not at all 
suitable to measure intact plants or to be used under field conditions. In addition, currently the appropriate NMR relaxometric 
methods are poorly suited for non-expert use.
In this contribution we present a novel approach to overcome these drawbacks. We demonstrate that a basic NMR relaxometer 
with the capability to accept intact plants, in combination with straightforward NMR and data processing methods, can be used 
as an NMR plant sensor to continuously, quantitatively and non-invasively monitor changes in water and dry matter content. This 
can be done in vivo, in situ, and with high temporal resolution.
We validate the method showing that measured liquid and solid proton densities accurately reflect fresh weight, water content 
and dry matter content of a wide range of reference samples. We demonstrate the utility of the non-invasive NMR plant sensor 
in an experimental context by monitoring water content of leaves of intact plants (rice and mangrove saplings) exposed to os-
motic stimuli, and by monitoring seed filling from anthesis to mature ripe stage in grain crops such as wheat, barley and common 
bean. We further demonstrate how leaf water potential can be monitored non-invasively on the basis of changes in leaf water 
content as measured by the NMR sensor.



130

ABSTRACTS

P-001
plant-type RNA editing in Physcomitrium patens – will the E. coli system give new insight?

Y. Yang1, M. Schallenberg-Rüdinger1, V. Knoop1

1Rhenish Friedrich Wilhelm University of Bonn, IZMB, Bonn, Germany

Plant C-to-U RNA editing is a cytidine deamination process which occurs in transcripts of both mitochondria and chloroplasts, 
allowing plants to correct the information encoded in their organellar DNAs before it is translated into protein. RNA-binding pen-
tatricopeptide repeat (PPR) proteins are most prominent as specific RNA editing factors and form the largest nuclear encoded 
gene family in plants. Adapting plant-type RNA editing could offer a useful new tool for targeted transcript alteration in diverse 
systems in the future. Towards that end, it is important to understand its mechanism in detail. RNA editing factors of Physcomi-
trella patens have successfully been transferred into Escherichia coli, including PPR56 with its two native targets nad3eU230SL 
and nad4eU272SL. To elucidate the important parameters for efficient C-to-U editing, we tested how (i) target mutations, (ii) di-
verse target sequence extensions, (iii) diverse placements of the two targets in different combinations, (iv) secondary structures 
as well as (v) protein mutations in PPR56 would affect editing efficiency. Accompanying E. coli transcriptome analyses provides 
additional insights from off-target identification. The amenability E. coli system would accelerate understanding of plant-type 
RNA editing mechanism, on PPR-RNA interaction and towards further establishment of RNA editing in other genetic systems.

P-002
The p-type pentatricopeptide repeat protein DWEORG1 is a non-previously reported rppR protein 

of Arabidopsis mitochondria
S. Grüttner1, F. Kempken1

1Christian-Albrecht University of Kiel, Genetics and Molecularbiology in Botany, Kiel, Germany

Gene expression in plant mitochondria is mainly regulated by nuclear-encoded proteins on a post-transcriptional level. Pentatri-
copeptide repeat (PPR) proteins play a major role by participating in mRNA stability, splicing, RNA editing, and translation initia-
tion [1]. PPR proteins were also shown to be part of the mitochondrial ribosome (rPPR proteins), which may act as regulators of 
gene expression in plants [2,3].
In this study, we focus on a mitochondrial-located P-type PPR protein – DWEORG1 – from Arabidopsis thaliana. Its abundance in 
mitochondria is high, and it has a similar expression pattern as rPPR proteins. Mutant dweorg1 plants exhibit a slow-growth phe-
notype. Using ribosome profiling, a decrease in translation efficiency for cox2, rps4, rpl5, and ccmFN2 was observed in dweorg1 
mutants, correlating with a reduced accumulation of the Cox2 protein in these plants. In addition, the mitochondrial rRNA levels 
are significantly reduced in dweorg1 compared with the wild type. DWEORG1 co-migrates with the ribosomal proteins Rps4 and 
Rpl16 in sucrose gradients, suggesting an association of DWEORG1 with the mitoribosome. Collectively, this data suggests that 
DWEORG1 encodes a novel rPPR protein that is needed for the translation of cox2, rps4, rpl5, and ccmFN2 and provides a stabiliz-
ing function for mitochondrial ribosomes.
1. Schmitz-Linneweber, C. & Small, I. Pentatricopeptide repeat proteins: a socket set for organelle gene expression. Trends  
 Plant Sci 13, 663–670 (2008).
2. Waltz, F. et al. Small is big in Arabidopsis mitochondrial ribosome. Nat Plants 5, 106–117 (2019).
3. Rugen, N. et al. Complexome profiling reveals association of PPR proteins with ribosomes in the mitochondria of plants.  
 Molecular & Cellular Proteomics 18, 1345–1362 (2019).
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plant mitochondrial RNA editing factors can perform targeted C-to-U editing of nuclear transcripts in human cells

E. Lesch1, M. Schilling2, S. Brenner1, Y. Yang1, O. Gruss2, V. Knoop1, M. Schallenberg-Rüdinger1

1Rhenish Friedrich Wilhelm University of Bonn, Institute of Cellular and Molecular Botany – Molecular Evolution lab, Bonn, 
Germany 

2Rhenish Friedrich Wilhelm University of Bonn, Insitiute of Genetics – Cell division lab, Bonn, Germany

Site-specific C-to-U RNA editing is a hallmark of plant organelle transcript maturation. Up to thousands of specific cytidines are 
converted into uridines in plant chloroplasts and mitochondria, with no evidence of editing activity in the cytosol.
Specific RNA-binding pentatricopeptide repeat (PPR) proteins are the key factors of plant organelle C-to-U RNA editing. Just 
recently, we have transferred two plant mitochondrial PPR-type editing factors of the model moss Physcomitrium patens into 
human cell lines to explore whether they could operate in the nucleo-cytosolic environment of metazoa. We find that PPR56 
and PPR65 do not only faithfully edit their native, co-delivered targets but also perform C-to-U RNA editing on numerous en-
dogenous off-targets in the human transcriptome, which are to a large extent explained by known PPR-RNA binding properties. 
Engineering two crucial amino acid positions in the PPR array of PPR56 led to predictable shifts in target recognition and the 
resulting set of off-targets.
We conclude that (i) the operation of plant PPR editing factors is not per se incompatible with nucleo-cytosolic localization, (ii) 
can operate in the entirely different genetic environment of a human cell and (iii) may in the future be intentionally re-engi-
neered to target non-native transcripts.

P-004
Transcriptional task coordination between RpOTmp and RpOTm in mitochondria

S. Dwiani1,2, K. Kühn1,2

1Martin Luther University of Halle-Wittenberg, Plant Physiology, Halle (Saale), Germany 
2Research Training Group 2498 “Communication and Dynamics of Plant Cell Compartments”, Halle (Saale), Germany

In Arabidopsis thaliana, the mitochondrial genome is transcribed by two nuclear-encoded RNA polymerases: RPOTm and RPOT-
mp, with the latter also transcribing the plastidial genome. Co-existence of two RNA polymerases in mitochondria leads to the 
question of how transcriptional tasks are coordinated between these two enzymes. However, the understanding of the roles of 
these enzymes is still limited. To perform an organelle genome-wide survey of genes transcribed and transcription start sites 
(TSS) used by organellar RNA polymerases in mitochondria, we are applying a transcript 5” end sequencing approach so-called 
mitochondrial differential RNA-seq (mt-dRNA-seq) to Arabidopsis mitochondrial RNAP mutants and wild-type plants. While 
the rpoTmp mutant shows delayed growth, the absence of RPOTm leads to embryo lethality. Therefore, we generated rpoTm 
knocked-down mutants by creating deletions in the promoter region using a CRISPR-Cas9 system. Mitochondrial transcript 
analysis via RT-qPCR on rpoTm knock-down mutants showed changes in mitochondrial transcripts level. Genes that according to 
a previous study are less transcribed in rpoTmp were up-regulated in rpoTm knock-down plants. In addition, several genes that 
had been up-regulated in rpoTmp displayed lower transcript levels in rpoTm. However, we also observed genes that were up-
regulated in both mutants. mt-dRNA-seq performed on rpoTmp investigated the role of RPOTmp in mitochondria at a genome-
wide scale. In the future, we will apply dRNA-seq to rpoTm knock-down mutants, which will allow us to obtain comprehensive 
knowledge of the transcriptional tasks of the two mitochondrial RNA polymerases.
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P-005
Gene expression complementation and its association with the phenotypic 

manifestation of heterosis in maize hybrids
M. Pitz1, J. Baldauf1, F. Hochholdinger1

1Rhenish Friedrich Wilhelm University of Bonn, INRES Crop Functional Genomics, Bonn, Germany

Heterosis is the phenomenon, that cross-pollinated F1-hybrids are more vigorous than their parents. Hybrids produce more 
biomass, have a faster development and greater fertility. Maize, due to its cross-pollinating nature, shows this effect to an ex-
ceptional degree. As a result, the majority of the global corn production is based on hybrids. Heterosis is quantified via the mid-
parent value describing the deviation of a hybrid trait from the parental average of that trait. This phenotypic variation is often 
accompanied by transcriptomic variance. Previous transcriptomic studies showed that many genes show differences in their 
expression between the parents and the hybrid, including differential, non-additive and allele-specific patterns.
In the present study, we grew 112 different lines of the maize intermated B73×Mo17 recombinant inbred line (IBM-RIL) syn 4 
population as parental lines and IBM-RIL lines outcrossed to the inbred lines B73 and Mo17 as F1-hybrids in parallel. For RNA 
sequencing young seedling roots were harvested and a range of phenotypic root traits was collected. The expression profiles of 
the inbred lines and their corresponding hybrids will be analysed together with their phenotypic traits.
Single parent expression (SPE) complementation describes genes, that are expressed in only one parental line, but are active in 
the hybrids. These SPE expression patterns and how they influence the phenotypic performance will be a focus of this study. The 
ultimate goal of this work is to obtain a better understanding of the molecular principles of heterosis and to identify candidate 
genes involved in the manifestation of heterosis.

P-006
AFC kinases mediate warm temperature-responsive growth in Arabidopsis thaliana

D. Maag1, M. Strauch2, P. C. Müller1, P. Hausmann1, C. Weiste1, M. J. Müller1, D. Schubert3, F. Heyd2

1Julius Maximilian University of Würzburg, Department of Pharmaceutical Biology, Würzburg, Germany 
2Free University of Berlin, Laboratory of RNA Biochemistry, Berlin, Germany 

3Free University of Berlin, Epigenetics of Plants, Berlin, Germany

Plants respond to moderately elevated temperatures with adjustments of their architecture commonly referred to as thermo-
morphogenesis. While the underlying regulation at the transcriptional level is relatively well understood, the contribution of ad-
ditional regulatory layers such as co- and post-transcriptional modifications only came into focus in recent years. In this context 
heat-induced alternative splicing emerges as an important regulatory mechanism that enables fast adjustments of the proteome 
in response to changing temperature conditions. However, it is largely unknown how an increase in temperature translates into 
the observed post-transcriptional modifications in plants. We hypothesised that, in analogy to the animal system, this link is 
provided by ARABIDOPSIS FUS3-COMPLEMENTING (AFC) kinases that impinge on transcript splicing through their temperature-
dependent phosphorylation of spliceosomal serine/arginine-rich (SR) proteins.
To test this hypothesis, we generated afc single and higher order mutants in Arabidopsis thaliana and assessed their thermo-
morphogenic growth responses. Both, genetic as well as pharmacological inhibition of AFC kinase activity negatively affected 
warm temperature-responsive hypocotyl elongation. Subsequent in vitro assays demonstrated that AFC kinase activity is indeed 
temperature-dependent, and that temperature-sensitivity is an intrinsic property of these proteins. Moreover, the tempera-
ture-activity relationship could be modulated through the exchange of single amino acids within the kinase domain. Based on 
our observations we propose a previously unknown, kinase-based temperature sensing mechanism in plants, which contributes 
to thermomorphogenic growth responses via the regulation of temperature-sensitive transcript splicing.
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P-007
Fertilization-induced degradation of maternal mRNAs in Arabidopsis thaliana

R. Stoeckl1, T. Dresselhaus1, A. Bleckmann1

1Universität Regensburg, Cell Biology and Plant Biochemistry, Altdorf, Germany

Maternal-zygotic transition (MZT) of gene expression, which occurs with some delay after fertilization in animals, is a very well 
described and highly conserved mechanism in animal model systems. It includes two different steps: (i) zygotic-gene-activation 
(ZGA) and (ii) degradation of maternal mRNAs. In animals, various mRNA degradation pathways are involved including editing 
of mRNAs by methylation and uridylation, regulation of nuclease activity as well as RNAi, which is mediated by zygotically-
expressed sncRNAs. Little is known about MZT in plants. Based on available RNAseq data from sperm cells, egg cell and different 
zygote stages of Arabidopsis, maize and rice, we found that besides down-regulation of genes for maternal transcripts, there 
exists also clearing of maternal mRNAs shortly after fertilization in plant, which appears to be essential for MZT. Here, four candi-
date genes highly expressed in egg cells but not in zygote stages of Arabidopsis were selected for further studies. The candidates 
have predicted functions in fertilization mechanisms, DNA replication and signaling, respectively. We first studied clearance of 
maternal mRNAs in Arabidopsis by whole mount in situ hybridization. The process happens fast and specific to distinct mRNAs 
suggesting the involvement of small RNAs or modification of target mRNAs in the process of degradation. We currently study 
the specificity of mRNA degradation involving also sncRNA sequencing and sequencing of modified mRNAs. Transformation of 
ectopically expressed candidate gene constructs and whole mount in situ hybridization will be performed to elucidate cellular 
consequences of inhibition of mRNA clearing.

P-008
Scrutinizing the role of the Ca2+-sensory protein CML49 in RNA-granule formation during abiotic 

stress adaptation in Arabidopsis thaliana
S. M. Schmidtpott1, L. Vogelsang1, T. Seidel1, K. J. Dietz1

1University Bielefeld, Physiology and Biochemistry of Plants, Bielefeld, Germany

Plants deploy stress-responsive mechanisms to sense and react to biotic and abiotic stresses. This work explores a new mecha-
nism of possible interference between calcium- and redox-signaling and cytosolic stress granule formation.
Stress granules are cytosolic assemblies of mRNA, mRNA-binding proteins, and additional proteinaceous components. They form 
when translation initiation is stalled, in particular under the impact of severe stress. Stress granules are hypothesized to function 
in the recruitment and storage of mRNA. They harbor non-translating poly(A)-mRNA, 40S ribosomal subunits, poly(A)-binding 
proteins (PABP), and a variety of translation initiation factors (eIF). Some proteins involved in signaling pathways, including Ca2+ 
signaling, are also associated with stress granules. Calmodulins (CaMs) and calmodulin-like proteins (CMLs) are the major Ca2+-
sensory proteins in plants, and calcium is an intracellular second messenger essential for plant growth and development.
To investigate possible crosstalk of calcium and redox signaling with CMLs during the formation of stress granules, a focus was 
given to the biochemical and cell biological characterization of the calmodulin-like protein 49 in A. thaliana (AtCML49) that 
forms dot-like structures in cells under oxidizing conditions. The identification of the thiol-redox-sensitive Zn-finger protein 
AtSAP12, the Stress-Associated Protein 12, as interactor of AtCML49 prompted us to explore the hypothesis that both proteins 
function as sensory modules integrating Ca2+- and redox-based signaling during redox stress.
An in silico analysis of AtCML49 showed that 54 % of the amino acid sequence of AtCML49 is intrinsically disordered. The inves-
tigation of its localization revealed a co-localization of AtCML49 with stress granules. This pointed to a possible involvement of 
AtCML49 in translational regulation and the formation of stress granules under oxidative stress. To gain more insight into the 
response of AtCML49 to stress, more specifically to oxidative stress, the conformational alteration of AtCML49 during oxidizing/
reducing conditions was investigated. It could be shown that AtCML49 loses its monomeric form under oxidizing conditions.
These results are in line with the hypothesis that AtCML49/AtSAP12 function as an integrating module between calcium and 
redox signaling and that the association of AtCML49 with stress granules might play a role in translation regulation under stress.
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P-009
Analysis of Marchantia polymorpha susp. ruderalis accession BoGa transcriptome 

data in response to various stresses
T. Schulze1, W. Halpape1, A. Busch2, N. Gutsche2, F. Althoff2, S. Zachgo2, A. Bräutigam1

1University of Bielefeld, Computational Biology, Bielefeld, Germany 
2Osnabrück University, Botany Department, Osnabrück, Germany

Marchantia polymorpha is a liverwort with a remarkably simple genome due to the absence of whole-genome duplications. We 
generated RNA-seq data from a series of stress experiments to test how the response of M. polymorpha compares to that of 
seed plants. Seven different conditions including hydrogen peroxide (H2O2), potassium iodide (KI), amitrole (3-AT), cadmium (Cd), 
buthionine sulfoximine (BSO), glutathione (GSH), and S-nitrosoglutathione (GSNO) were tested against control conditions after 
specific times. BoGa originated RNA-seq reads were mapped with kallisto to the reference genome Tak v6. Differential transcript 
abundance was evaluated using edgeR followed by enrichment analyses. The different treatments resulted in 0 to 3504 dif-
ferentially abundant transcripts. To understand the differences and similarities between responses the overlap in differentially 
abundant transcripts were analyzed. 3660 transcripts were more abundant in all conditions tested and 3034 transcripts were 
less abundant in all conditions tested. The conditions H2O2 at 24 hours and KI at 120 hours shared the greatest overlap with each 
other at 782 differently regulated genes while the conditions H2O2 at 3 hours and GSH after 72 hours were least similar with only 
one shared differently regulated gene. A metabolic gene was identified as a common denominator in all abiotic stress genes. 
Extending the analysis toward fungal infection and herbivore treatment showed that the same metabolic gene is elevated in the 
transcript in biotic stress events. A comparison of the results with seed plant responses will be shown.

P-010
Alternative splicing of RBP45 precursor mRNAs is linked to a structured mRNA motif

M. Reinhardt1, Z. Weinberg2, A. Wachter1

1Johannes Gutenberg University Mainz, Institute of Molecular Physiology, Mainz, Germany 
2Leipzig University, Leipzig, Germany

Many RNA binding proteins (RBP) have been shown to perform feedback control via alternative splicing, based on RBP binding 
to cis-acting elements located within their own precursor mRNAs (pre-mRNAs). Besides sequence features, it has been shown 
that the RNA secondary structure can also play an important role in exon/intron definition. However, surprisingly little is known 
about the frequency and mechanisms of structured RNA elements in eukaryotic gene regulation. To date, there is only one 
RBP in plants that is known to regulate alternative splicing (AS) via binding of a specific mRNA structure: the ribosomal protein 
L5 that affects AS of the cassette exon (CE) containing a 5S rRNA structural mimic in the TFIIIA pre-mRNA. Given that basically 
every RNA is capable of forming secondary structures, our current knowledge might be a considerable underestimation of their 
regulatory function. Using bioinformatic strategies based on covariation, we searched for potentially structured motifs within 
pre-mRNAs giving rise to AS. We came across the potentially structured mRNA element 3126-1 which harbors two stem-loops. 
In Arabidopsis thaliana, this motif was identified in three RBP45 homologs (A, B and C). All three RBP homologs generate two 
major transcript variants resulting from CE inclusion/skipping. CE skipping generates a splicing variant that encodes the full-
length protein, while its inclusion targets the transcript for degradation via the RNA surveillance system Nonsense-mediated 
decay (NMD). Interestingly, the 3126-1 motif includes the alternative splice sites, suggesting a functional relationship. Using 
splicing reporters for RBP45A/B/C in transient expression assays, a negative feedback auto-regulation of their pre-mRNAs via 
AS could be proven. In addition, cross-regulation among all homologs could be shown. First analyses of stable mutants support 
that RBP45 overexpression leads to increased levels of the NMD-targeted transcript variant. When the structure of the motif 
is disrupted an increase of the CE variant can be detected, while compensatory mutations can reinstall authentic regulation. 
Based on the reported function of RBP45A and RBP45B in oxidative stress responses, their regulation via AS might be important 
for quick environmental adaptation. Using additional motif mutations and surface plasmon resonance, we will try to resolve the 
precise structural requirements for RBP binding and/or AS control.
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P-012
Alternative splicing regulation of thermoresilience under the influence of lncRNAs

T. Bergelt1, J. Bazin2, R. Rigo2, C. Charon2, M. Heidecker2, T. Köster1, D. Staiger1, M. Crespi2
1Universität Bielefeld, RNA Biology and Molecular Physiology, Bielefeld, Germany 
2University of Paris-Saclay, Institute of Plant Sciences Paris-Saclay, Orsay, France

Agriculture faces critical challenges in the current global warming era, due to an increased frequency of unpredictable droughts 
and extreme temperature changes. Alternative pre-mRNA splicing (AS) contributes to transcriptome regulation in response 
to temperature and environmental changes and plays an important role in thermoresilience (Staiger & Brown 2013). We have 
previously shown that minor changes in ambient temperature can profoundly affect AS (Streitner et al. 2013). AS is exquisitely 
controlled by interaction networks driven by splicing factors. NUCLEAR SPECKLE RNA-BINDING PROTEIN a (NSRa), a splicing fac-
tor in Arabidopsis, regulates AS of various target transcripts (Bazin et al. 2018). Recently, the Crespi lab observed that the long 
non-coding RNA (lncRNA) ALTERNATIVE SPLICING COMPETITOR (ASCO) regulates AS together with NSRa. ASCO binds to NSRa 
displacing its splicing targets, thus altering NSRa”s splicing regulation (Bardou et al. 2014). To elucidate the molecular mecha-
nism of ASCO regulation, we are using individual-nucleotide resolution Cross-Linking and ImmunoPrecipitation (iCLIP, Hafner et 
al. 2021) to determine the NSRa binding sites on ASCO and its other splicing targets with our established plant iCLIP protocol. 
We will determine whether NSRa binds to lncRNAs and its splicing targets through similar or distinct motifs. The Staiger Lab has 
determined the binding landscape of the splicing regulator GLYCINE-RICH RNA-BINDING PROTEIN 7 (GRP7), and demonstrated 
that it binds to multiple lncRNAs (Meyer et al. 2017). To determine if the regulation of splicing factors by lncRNAs is a predomi-
nant mechanism, we are testing the possibility of these lncRNAs affecting splicing regulation by GRP7. Hence, AS regulators and 
lncRNAs may dialog to control the output of specific AS processes, a mechanism also emerging in animal cells (Romero-Barrios 
et al. 2018). Since NSRa and GRP7 are involved in thermoregulation and are highly conserved; we plan to extend these results to 
assess the role of splicing regulation during thermoresilience in plants. 
- Bardou, F. et al. Developmental Cell 30, 166–176 (2014). 
- Bazin, J. et al. Frontiers in Plant Science 9:1209 (2018). 
- Hafner, M. et al. Nat Rev Methods Primers 1, 1–23 (2021). 
- Meyer, K. et al. Genome Biology 18, 204 (2017). 
- Romero-Barrios, N.et al. Nucleic Acids Res 46, 2169–2184 (2018). 
- Staiger, D. & Brown, J. W. S. Plant Cell 25, 3640–3656 (2013). 
- Streitner, C. et al. Plant Signaling & Behavior 8, e24638 (2013).

P-013
A-to-I mRNA editing in sexual propagation in fungi

I. Teichert1

1Ruhr University Bochum, Allgemeine und Molekulare Botanik, ND6/166, Bochum, Germany

RNA editing occurs in all kingdoms of life and in diverse RNA species. The editing of mRNAs from nucleus, plastids and mito-
chondria changes the coding capacity of these mRNAs. In organelle mRNAs, editing restores open reading frames for evolu-
tionarily conserved proteins. This is different for nuclear mRNAs. In metazoan and bacterial species as well as certain fungi, 
editing changes codons of already functional proteins, thereby modifying the function of the proteins. In filamentously growing 
fungi (i.e. not in yeasts) of the ascomycetes, adenosin (A) to inosine (I) editing has been detected to occur in nuclear mRNAs. 
Interestingly, editing occurs solely during the formation of fruiting bodies, multicellular structures harboring the meiospores. In 
the long-standing model system for fungal fruiting body formation, Sordaria macrospora, editing sites have been identified by 
RNA-seq analysis of different developmental stages, and proof of editing at the protein level has been shown by proteomics and 
proteogenomics. S. macrospora like other fungi, shows editing at amino acid codons and also at stop codons, changing TAG or 
TGA codons to TGG codons for tryptophan. This so-called stop loss editing leads to C-terminal elongation of proteins and can 
result in additional targeting signals, small motifs or even domains. We have shown by gene deletion that edited genes tend 
to have functions in sexual reproduction, specifically in meiospore formation. Re-introduction of wild type genes as well as al-
lelic versions with always edited or never edited stop codons revealed the biological significance of editing sites. In addition to 
the characterization of edited genes, results will be shown on screening approaches to identify the fungal editing mechanism, 
which remains elusive. It may be hypothesized that A-to-I mRNA editing enables fungi to diversify their proteome through post-
transcriptional modifications, while generating sexual offspring, which requires massive cellular reorganization.
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P-014
Fruit evolution in Boraginales

M. A. Vasile1, J. Jeiter1, M. Weigend1

1Rhenish Friedrich Wilhelm University of Bonn, Nees Institute for Biodiversity of Plants, Bonn, Germany

Fruit diversification and concomitant changes in dispersal can be considered a major driver of angiosperm evolution. Fruits 
evolve both in a morphological/ontogenetic and an ecological/functional context and are subject to phylogenetic constraints. 
Boraginales, a medium sized order, are characterized by divergent fruit morphology, which has traditionally been used as an im-
portant character complex for (infra-)familial classification. Two major clades are currently recognized, Boraginales I and II, each 
comprising a basal grade of two families with capsular fruits. The remaining families are characterized by (mostly) four-seeded, 
indehiscent fruits and we assume that capsular fruits represent the ancestral condition and that convergent evolution of nutlets 
occurred in both major clades. However, little is known about the evolution of indehiscent fruits from dehiscent capsules and 
the underlying mechanisms of this transition.
We used micro-computed tomography and scanning electron microscopy to study the development of the gynoecium and fruit 
in Boraginales. Our sampling comprised 9 out of the 11 families.
Our ontogenetic studies demonstrate similar developmental trajectories across Boraginales. The most probable mechanism for 
the reduction in the ovule number to four is the truncation of ovary development after the initiation, while carpel bulging is the 
key mechanism for the mericarp formation. Carpel multiplication is the only escape from the fixed number of two to four seeds 
for the indehiscent fruits and this is found only in the parasitic Lennoaceae and in one genus of Boraginaceae (Trigonotis). Fami-
lies with dehiscent fruits (Hydrophyllaceae, Namaceae, Codonaceae, Wellstediaceae) show a striking diversity in seed number 
and internal ovary architecture. Families with indehiscent fruits have a fixed number of 2 to 4 seeds and show different types of 
functional integration between the seed and fruit walls, such as with schizocarps (Heliotropiaceae), eremocarps (Boraginaceae) 
and endomericarps (Ehretiaceae, Lennoaceae).
Our data indicate that a reduction and multiplication of seed number is readily reversible as long as fruits remain capsular and 
dehiscent. Conversely, the functional integration of seed and fruit wall is a near-irreversible step in evolution. The bulk of the 
morphological diversity found in the fruits of Boraginales can be explained by minor heterochronous shifts in ovary develop-
ment.

P-015
Ornithochory and seed dispersal dynamics in the urban ecosystem of Delhi

D. Divya1, R. Singh1

1Guru Gobind Singh Indraprastha University, University School Of Environment Management, New Delhi, India

Ornithochory involves mutualistic plant- avian frugivore interactions, and even the slightest disturbance in the ecosystem can 
cause cascading impacts on the diaspore dispersers. With the ever-increasing anthropogenic pressure, rapid urbanization has 
resulted in changes in natural ecosystem, instigating alterations in the mutualistic interactions between plants and avian frugivo-
res. The impact of urbanization on plant-avian frugivore interaction is poorly understood. Delhi is one of the main urban centers 
of India, comprising urban green spaces with planted exotic tree species. The present study uses phyto-centric approach to 
understand the seed dispersal dynamics in Delhi’s human-dominated landscape. The current study also identifies and compre-
hends new avian feeding interactions and analogies between exotic and native tree species in the urban green spaces of Delhi. 
The study suggests that seed dispersal networks are complex and act as an important monitoring tool for the management of 
novel ecosystems to increase urban biodiversity.
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Internal floral spaces – a new way to approach floral ecology and evolution

J. Jeiter1, M. Weigend1

1Nees Institute – University of Bonn, Bonn, Germany

Flowers are complex three-dimensional structures which ensure sexual reproduction through pollination. Pollination can be carried 
out by different vectors, but animals are by far the most important single category. Zoophily is believed to be one of the drivers be-
hind the evolutionary success of the flowering plants. Animal pollination ensures pollen transfer from the anthers (of one flower) to 
the stigma (of another flower) with relative high specificity. Plants evolved a broad variety of different flower morphologies. These 
include morphological strategies to grant access to the reward to effective pollinators, while excluding illegitimate visitors. Flowers 
are often compartmentalised to exclude illegitimate and/or increase handling time for legitimate floral visitors. The latter is often 
achieved through revolver architecture, a type of compartmentalisation correlating with reward partitioning (usually nectar). Com-
partmentalisation may be achieved via different structures, but its function is probably similar across flowering plants. The study of 
the “internal floral space” (IFS) is here introduced as a new approach to floral ecology and evolution.
In a multifaceted case study on Hydrophyllaceae (Boraginales), function and evolution of IFS were studied. Hydrophyllaceae have a 
conserved flower morphology, but variable floral architectures mainly achieved through modifications of the stamen-corolla tube. 
Morphology and development of the modifications and the nectary were studied using scanning electron microscopy. Micro-com-
puted tomography was employed to study integration between modifications and nectary and to visualise the IFS. IFS function was 
tested in a nectar removal experiment simulating pollinator behaviour. The development of the stamen-corolla tube modifications 
follows similar trajectories across the family and the gynoecial nectary disc is often subdivided into five separate glands. Glands and 
modifications are spatially correlated, indicating a high degree of synorganisation. Furthermore, the modifications enclose IFSs of 
different coherence and complexity. Nectar removal experiments revealed a complex relation between nectar properties and IFS. 
Our results indicate that structural, as well as non-structural aspects play a role in functional floral architecture of Hydrophyllaceae. 
Changes in non-structural aspects, such as nectar volume, may precede morphological changes and may indicate ongoing evolu-
tionary processes.

P-017
Hmx1 and Hmx2 function as manganese importer in cyanobacteria

M. Schultz1, F. Brandenburg2, A. Plett1, S. Metzger3, M. Eisenhut1,4

1Heinrich Heine University Düsseldorf, Institute of Plant Biochemistry, Cluster of Excellence on Plant Sciences (CEPLAS),  
Düsseldorf, Germany 

2Helmholtz-Centre for Environmental Research – UFZ, Department of Solar Materials, Leipzig, Germany 
3University of Cologne, MS-Platform, Cluster of Excellence on Plant Sciences (CEPLAS), Botanical Institute, Cologne, Germany 

4Universität Bielefeld, Fakultät für Biologie, Computational Biology, Bielefeld, Germany

Photosynthetic organisms rely on sufficient supply of manganese (Mn) to form the oxygen evolving complex (OEC), which is essen-
tial for oxygenic photosynthesis. The OEC drives the oxidation of H2O and thus serves as electron donor for photosystem II. Never-
theless, Mn has detrimental effects if accumulating inside the cell, since Mn excess may cause mismetalation of metalloproteins. 
Hence, proper homeostasis is crucial to avoid an excess on the one hand, but also ensure sufficient Mn supply on the other hand [1]. 
Our group has identified the thylakoid Manganese exporter (Mnx, [2]), a member of the Unknown Protein Family 0016 (UPF0016), 
in the model cyanobacterium Synechocystis sp. PCC 6803. Besides Mnx, two additional members of the UPF0016 are encoded in the 
genomes of cyanobacteria. Due to their structure and size, they are called Hemi-manganese exchanger (Hmx) 1 and 2.
We test the hypothesis that Hmx1 and Hmx2 interact and function as another Mn transporter in cyanobacteria. We furthermore aim 
at unraveling the function of this transporter in the Mn homeostasis network in Synechocystis.
Localization studies with Synechocystis strains expressing Hmx1::CFP or Hmx2::CFP fusion proteins were conducted as described in 
[2]. Using knock-out strains in hmx1 and/or hmx2 quantification of the intracellular and periplasmic Mn pools and drop-test assays 
under Mn depletion (0 and 4.5 µM MnCl2), sufficient (9 µM MnCl2), and excess (45 and 90 µM MnCl2) conditions [2] were performed.
Fluorescence microscopy indicated that both, Hmx1::CFP and Hmx2::CFP, reside in the plasma membrane. On medium supplement-
ed with 0, 4.5, or 9 µM MnCl2 the knock-out mutant lines showed retarded growth in comparison to the wild type. The growth phe-
notype was compensated by application of excess MnCl2. Furthermore, intracellular Mn pools were reduced in the mutant lines.
Hmx1 and Hmx2 assemble as heteromers in the plasma membrane. Here they likely function as importer for Mn under Mn deplete 
and sufficient conditions.
1.  M. Eisenhut, “Manganese homeostasis in cyanobacteria,” Plants, vol. 9, no. 1, 2020, doi: 10.3390/plants9010018.
2.  F. Brandenburg et al., “The Synechocystis manganese exporter mnx is essential for manganese homeostasis in cyanobacteria,”  
 Plant Physiol., vol. 173, no. 3, pp. 1798–1810, 2017, doi: 10.1104/pp.16.01895.
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ITpK1-dependent generation of inositol pyrophosphates is required for phosphorus sensing 

E. Riemer1, D. Qiu2, D. Laha3, R. K. Harmel4, P. Gaugler1, V. Pries1, M. Frei5, V. Pries1, M. Frei5, M. R. Hajirezaei2, N. Parvin-Laha1, 
H. J. Jessen2, D. Fiedler4, R. F. H. Giehl6, G. Schaaf1

1Rhenish Friedrich Wilhelm University of Bonn, INRES, Bonn, Germany 
2Albert-Ludwigs University, Freiburg, Germany 

3Indian Institute of Science, Bangalore, India 
4Humboldt University of Berlin, Berlin, Germany 

5Justus Liebig University Gießen, Gießen, Germany 
6IPK Gatersleben, Gatersleben, Germany

Phosphorus (P) is an essential element, and often limits crop growth as only a minor fraction of soil P is plant available. Because 
worldwide P-deposits that can be exploited to produce P-fertilizer are limited and because P is a strong, global pollutant of 
open water bodies, there is a high interest to increase crop P-efficiency. Furthermore, a large portion of P is present as phytic 
acid in plant seeds that represents an antinutrient for humans and non-ruminant animals as it renders essential micronutrients 
such as iron and zinc unavailable. In plants, phosphate (Pi) homeostasis is regulated by the crosstalk of Pi starvation response 
transcription factors (PHRs) with stand-alone SPX proteins, which act as sensors for inositol pyrophosphates (PP-InsPs), raising 
the importance of these molecules for Pi signaling. Arabidopsis thaliana ITPK1 was shown recently to generate 5-InsP7 from 
InsP6 in vitro. We will present evidence that disruption of ITPK1 impairs Pi-dependent InsP7 and InsP8 synthesis in planta and 
leads to uncontrolled Pi accumulation. In addition, we will show by NMR spectroscopy and PAGE analyses that besides InsP6 
pyrophosphorylation, ITPK1 also functions as ATP synthetase using 5-InsP7 but not any other InsP7 isomer as a P-donor when 
ATP is low. Furthermore, we will show that the dynamic changes in InsP7 and InsP8 to cellular Pi are conserved from land plant 
species to human cells, suggesting that Pi-dependent PP-InsP synthesis is a common component of Pi signaling across kingdoms. 
Together, our study demonstrates how Pi-dependent changes in nutritional and energetic states modulate ITPK1 activities to 
fine-tune the synthesis of PP-InsPs. We will discuss how the elucidation of P-sensing in plants might be employed to breed crops 
with increased P-use efficiency and with increased nutritional value for the human and non-ruminant animal diet and how such 
efforts might contribute to a more sustainable agriculture.

P-019
Elucidating polyp synthesis in the arbuscular mycorrhizal fungus 

Rhizophagus irregularis by a synthetic biology approach
V. Gaugler1, P. Gaugler1, R. Schneider1, I. Prucker2, G. Liu2, D. Qiu2, H. J. Jessen2, G. Schaaf1

1Institute of Crop Science and Resource Conservation/University of Bonn, Plant Nutrition, Bonn, Germany 
2Institute of Organic Chemistry/University of Freiburg, Bioorganic Chemistry, Freiburg, Germany

Phosphorus (P), an essential nutrient for plants, often limits crop growth as only a minor fraction of soil P is plant available. 
In regard to the limited P-deposits used to produce P-fertilizer and the contribution of P-fertilization to the pollution of open 
water bodies, there is a high interest to increase crop P-use efficiency among others by taking advantage of arbuscular mycor-
rhizal fungi (AMF). AMF form symbiotic interactions with roots of approximately 80% of plant species in natural and agricultural 
systems. In this association, the obligate biotrophic fungus is supplied with fixed carbon compounds and in return improves the 
nutrient and water uptake of the plant roots. One of the main nutrients transferred to the host plant is inorganic phosphorus 
(Pi). However, only limited information on the molecular mechanism of the symbiosis-specific Pi-metabolism in mycorrhiza is 
available. Due to the difficulty of genetic manipulation of AMF, alternative strategies have to be applied to get more insight into 
this process.
In the model organism Saccharomyces cerevisiae Pi-homeostasis and polyP synthesis were shown to be regulated by inositol 
pyrophosphates, molecular messengers that can bind and activate proteins bearing SPX domains.Here we present a biosynthetic 
approach to investigate whether inositol pyrophosphates might also play a role in the regulation of P-homoeostasis and in par-
ticular polyP synthesis in the AMF Rhizophagus irregularis.
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P-020
Characterization of evolutionary conserved pFA-DSp-type phosphohydrolases in Arabidopsis thaliana

R. Schneider1, P. Gaugler1, G. Liu2, D. Qiu2, V. Gaugler1, H. J. Jessen2, D. Laha3, G. Schaaf1

1Institute of Crop Science and Resource Conservation/University of Bonn, Plant Nutrition, Bonn, Germany 
2Institute of Organic Chemistry/University of Freiburg, Bioorganic Chemistry, Freiburg, Germany 

3Indian Institute of Science, Biochemistry, Bangalore, India

Inositol pyrophosphates (PP-InsPs), such as InsP7 and InsP8, are molecules derived from myo-inositol (Ins) esterified with unique 
patterns of monophosphates (P) and diphosphates (PP), and have been described as versatile messengers in yeast, amoeba, 
and animal cells. With recent discoveries that PP-InsPs regulate nutrient sensing, hormone signalling and plant immunity, these 
molecules have become a novel focus of research in plant physiology. However, despite the rapid hydrolysis of these molecules 
in plant extracts, very little is known about the molecular identity of the phosphohydrolases that convert these messengers back 
to their inositol polyphosphate precursors. Work in baker’s yeast revealed the presence of a PP-InsP phosphohydrolase, named 
Siw14, with a high specificity for the β-phosphate at position C5 of 5-InsP7. This enzyme is a member of the Plant and Fungi 
Atypical Dual Specificity Phosphatases (PFA-DSPs) that belong to a large family of protein tyrosine phosphatases. Blast search 
analyses revealed that the Arabidopsis thaliana genome encodes five PFA-DSPs, which adopts an α/β fold typical for cysteine 
phosphatases, with the predicted catalytic cysteine residing at the bottom of a positively-charged pocket. Here, we investigate 
whether Arabidopsis PFA-DSP1-5 catalyze inositol pyrophosphate phosphohydrolase activity. We will provide evidence that all 
five homologs display in vitro and in vivo phosphohydrolase activity with a high specificity for the 5-β-phosphate of inositol py-
rophosphates. We further show that heterologous expression of Arabidopsis PFA-DSP1-5 rescues wortmannin-sensitivity and 
deranged inositol pyrophosphate homeostasis caused by the deficiency of the PFA-DSP-type inositol pyrophosphate phospho-
hydrolase Siw14 in yeast. Our findings lay the biochemical basis and provide the genetic tools to uncover the roles of inositol 
pyrophosphates in plant physiology and plant development.

P-021
Unraveling the physiology of plant phosphorus deficiency sensing

L. Zander1, M. Kuczkowska2, Z. Khalilova3, F. Bauer4, A. Schnepf4, G. Lobet4, P. Yu5, P. Dörmann2, G. Schaaf1

1Institute of Crop Science and Resource Conservation/University of Bonn, Plant Nutrition, Bonn, Germany 
2University Bonn, Institute of Molecular Physiology and Biotechnology of Plants, Bonn, Germany 

3Institute of Crop Science and Resource Conservation, Crop Functional Genomics, Bonn, Germany 
4Forschungszentrum Jülich, Agrosphere (IBG-3), Jülich, Germany 

5Institute of Crop Science and Resource Conservation, Emmy Noether Group Root Functional Biology, Bonn, Germany

Phosphorous (P) is an essential plant macronutrient important for plant growth. Low P availability under many soil conditions 
limits the crop yield in agriculture. To maintain P homoeostasis, plants developed mechanisms for P acquisition, recycling and P 
remobilization from internal stores. This reorganization of plant metabolism during P limitation starts with the plant”s ability to 
perceive P deficiency. Recent work in Arabidopsis revealed that plants cannot sense P directly but instead sense the inositol py-
rophosphate InsP8 as a proxy for the P nutritional status. Inositol pyrophosphates (PP-InsPs) are myo-inositol-derived signaling 
molecules containing at least one phosphoanhydride (PP) bond that regulate a wide range of cellular processes in eukaryotes.
However, little is known about the physiology of P sensing in crops. We will investigate in detail P sensing in barley and maize 
both at a local and a systemic level to unravel the physiological processes controlling P deficiency responses and to better 
understand the consequences of P limitation on root architecture, water uptake and photosynthesis. A better physiological un-
derstanding of how crops perceive their P nutritional status and how metabolism is reorganized during P limitation will support 
breeding efforts to increase P-use efficiency – but will hopefully also help to diagnose P deficiency with higher accuracy under 
field conditions. 
We have developed powerful analytics to investigate inositol (pyro)phosphate signaling during P deficiency and hope that our 
combined efforts in understanding the physiology of P-sensing and phenotyping data will also contribute to the development 
of computational models of how P deficiency affects crop development, and to better understand the effects of plant structure 
and function under P-deficiency.
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P-022
Characterization of boron deficiency-induced defects in the maize primary root

L. Chu1, A. Brox1, F. Hochholdinger1, M. Matthes1

1Rhenish Friedrich Wilhelm University of Bonn, INRES, Bonn, Germany

Boron is an essential micronutrient for plants and taken up by plants in the form of boric acid. Under boron deficiency, plants 
show growth and developmental defects. For example, in roots, the defects are shown as shorter, thicker primary roots and 
fewer lateral roots. The only characterized molecular function of boric acid is to link two cis-diols in the primary cell wall. There-
fore, boron deficiency-induced defects are often correlated with cell elongation defects. More recent findings of additional 
boron-bound partners, boron deficiency induced cell division defects, and relations of boron to phytohormone pathways, open 
up exciting new avenues to reveal the molecular mechanisms, that underly boron deficiency-induced defects in plants. However, 
the experimental induction of boron deficiency, needed to explore such mechanisms, is challenging, as boron is omnipresent. 
One approach is to use the chemical phenylboronic acid (PBA), which can induce defects similar to boron deficiency. According 
to PBA”s molecular structure, it can interfere with boron-diol esters and therefore is proposed to mimic boron deficiency.
To assess the suitability of PBA as a boron deficiency mimic in planta, we characterized the PBA-induced defects on a molecular 
and cellular level in primary and lateral roots of the major crop maize (Zea mays) and compared these defects to those induced 
by boron deficiency. To this end, we applied time course experiments in seedling rolls in combination with genetics approaches, 
which additionally will allow the identification of molecular targets of PBA. While the PBA and boron deficiency-induced defects 
in the maize root were similar the time points when the defects occurred first varied between the PBA-and the boron deficiency 
treatment. Under PBA treatment, a severe reduction of lateral root numbers in comparison to the water control was observed, 
which importantly appeared earlier than the reduction of primary root length. This implies a functional role of boron in lateral 
root development. Our results further suggest that the underlying mechanism might not be limited to boron deficiency-induced 
cell elongation defects. In addition, the reduction of lateral root number appeared earlier in PBA-treated seedlings, compared 
to boron deficiency treated ones, suggesting PBA as a highly efficient boron-deficiency mimic.

P-023
Establishment of reference transcriptomes to support deep learning for

 non-invasive diagnosis of nutrient imbalances in barley
Y. E. Mihiret1, M. Deichmann1, A. Klaus2, A. B. Endeshaw1, J. Yi3, J. Gall3, P. Yu2, F. Hochholdinger2, G. Schaaf1

1Institute of Crop Science and Resource Conservation/University of Bonn, Plant Nutrition, Bonn, Germany 
2Rhenish Friedrich Wilhelm University of Bonn, Institute of Crop Science and Resource Conservation, Bonn, Germany 

3Rhenish Friedrich Wilhelm University of Bonn, Information Systems and Artificial Intelligence, Bonn, Germany

Nutrient imbalances, both deficiencies and toxicities represent a major bottleneck in agricultural plant production. Currently, 
non-invasive technologies, such as chlorophyll meters are commonly employed to determine the nitrogen (N) status of crops. 
However, these sensors do not measure the N content in plants directly but instead report spectral properties that might also 
be caused by nitrogen-unrelated nutrient imbalances, drought stress or even pathogens resulting in poor yield and potentially 
severe environmental consequences due to excess N-application. Thus better technologies to detect nutrient imbalances ac-
curately, remotely and with good temporal and spatial resolution are essential for sustainable crop production.  On the other 
hand, validation of these sensor detection systems in the field using methods that complement classical nutrient analytics is 
instrumental.
We conducted mild nutrient deficiency hydroponics experiments in barley for all 14 essential macro- and micro-nutrients and 
induced also Al and Mn toxicities commonly found in agricultural soils. To this end, we established reference transcriptomes for 
these nutrient imbalances that will be instrumental in the identification of differentially expressed genes to diagnose nutrient 
deficiencies, especially under field conditions where various nutrient imbalances might be responsible for poor crop perfor-
mance. We further collected a large dataset of RGB images for each nutrient imbalance to test the performance of convolutional 
neural networks in future experiments with the ultimate goal to diagnose nutrient imbalances with high accuracy under field 
conditions and thus reducing the chemical footprint of agriculture.
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P-024
Boron-auxin interactions in the primary root of maize

B. Klammer1, F. Hochholdinger1, M. Matthes1

1Rhenish Friedrich Wilhelm University of Bonn, INRES -Crop Functional Genomics, Bonn, Germany

Boron is an essential micronutrient for plant growth and is taken up by the roots in form of boric acid. Boron deficiency leads to 
detrimental defects, the most pronounced ones being severe yield losses in major crops including maize (Zea mays). The best 
characterized functional role of boron is its cross-linking capabilities of the pectic subunits, rhamnogalacturonan-II, to stabilize 
the primary cell wall. Typical defects caused by boron deficiency in maize are an inhibition of root growth and reduction of lateral 
root numbers. Development of the root apical meristem is halted in boron deficient conditions, leading to shorter, thicker roots 
that appear stunted in their growth. In addition, boron deficient root cells appear deformed in contrast to root cells of plants 
grown with adequate amounts of boron. The molecular mechanisms underlying these defects are not fully understood. Proper 
maize root development is not only dependent on adequate nutrient levels, but is shaped through the coordinated action of 
multiple plant hormones, including auxin. Auxin regulates organ initiation and differentiation and its importance for maize root 
development is well established. We therefore hypothesize that defects in auxin-mediated pathways are instrumental for the 
boron deficiency-induced defects of the primary root system. In our studies we simulate boron deficiency with phenylboronic 
acid (PBA), which similar to boric acid also binds to pectic subunits in the cell wall. Unlike boric acid, PBA does not have cross-
linking capabilities, therefore leading to a destabilization of the primary cell wall and mimicking boron deficiency. To assess the 
involvement of auxin-mediated pathways in the boron deficiency response of maize, we perform seedling assays with PBA, using 
known mutants in various steps of the auxin pathway and transgenic marker lines of the auxin efflux transporter PINFORMED1, 
whose localization was shown to be altered in boron deficient conditions. Our study will aid in understanding the molecular 
mechanisms underlying the boron deficiency-induced defects in the maize root and will provide insights of the importance of 
auxin-mediated pathways in the boron response of plants.

P-025
Virulence activities and substrate specificities of XopH-like 1-phytase type III 

effector proteins of phytopathogenic bacteria 
K. Khosravi1, E. Riemer1, A. Strauß2, D. Qiu3, D. Laha4, H. J. Jessen3, T. Lahaye2, G. Schaaf1

1Rhenish Friedrich Wilhelm University of Bonn, Institute of Crop Science and Resource Conservation, Bonn, Germany 
2Eberhard Karl University of Tübingen, Center for Plant Molecular Biology (ZMBP), Tübingen, Germany 

3Institute of Organic Chemistry and Centre for Integrative Biological Signalling Studies (CIBSS)/Albert-Ludwigs University, 
Freiburg, Germany 

4Indian Institute of Science, Department of Biochemistry, Bengaluru, India

Many Gram-negative phytopathogenic bacteria inject type III effector (T3E) proteins into plant cells to compromise plant im-
munity during infection. In resistant plants, specialized immune receptors recognize single T3Es or their biochemical activities, 
thus preventing pathogen propagation. However, the molecular targets for most T3Es remain elusive. We previously showed 
that the Xanthomonas campestris T3E XopH possesses a novel and peculiar phytase activity that dephosphorylates phytate 
(myo-inositol-hexakisphosphate, InsP6), the major phosphate storage compound in plants, at position C1. While we were able 
to show that the catalytic activity of XopH is critical to elicit a hypersensitive response in pepper (Capsicum annuum) cultivars 
(ECW-70R) containing the Bs7 resistance gene, it remains largely unclear how hydrolysis of InsP6 and/ or the generation of the 
resulting InsP5 [1-OH] isomer benefits the bacterial pathogen when infecting susceptible pepper cultivars lacking Bs7. We ana-
lyzed substrates specificities of a number of XopH homologs from various phytopathogenic bacteria and correlated their activi-
ties with their ability to trigger a hypersensitive response in ECW-70R cultivars. We further investigated how distinct nutrient 
imbalances modulate the susceptibility of pepper cultivars lacking Bs7 to XopH-containing X. campestris strains. We will discuss 
the potential use of these effector proteins to dissect inositol polyphosphate signaling in plants and will provide a perspective 
how our findings might help to mitigate crop losses caused by phytopathogenic bacteria to thereby increase the sustainability 
in crop production.
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P-026
Leaf senescence and nitrogen remobilization in Arabidopsis are

 associated with moderate DNA methylation changes
U. Ludewig1, E. Vatov1, U. Zentgraf2

1Universität Hohenheim, Ernährungsphysiologie der Kulturpflanzen, Stuttgart, Germany 
2Universität Tübingen, ZMBP, Tübingen, Germany

The lifespan of plants is restricted by environmental and genetic components. Following the transition to reproductive growth, 
leaf senescence ceases cellular life in monocarpic plants to remobilize nutrients to storage organs. We initially observed altered 
leaf to seed ratios, faster senescence progression, altered leaf nitrogen recovery after transient nitrogen removal and ultimately 
enhanced nitrogen remobilization from the leaves in two methylation mutants (ros1 and the triple dmr1/2 cmt3 knockout). 
Analysis of the DNA methylome in wild type Col-0 leaves identified an initial moderate decline of cytosine methylation with pro-
gressing leaf senescence, predominantly in the CG context. Late senescence was associated with moderate de novo methylation 
of cytosines, primarily in the CHH context. Relatively few differentially methylated regions, including one in the ROS1 promoter 
linked to the down-regulation of ROS1, were present, but these were unrelated to known senescence-associated genes. Differ-
ential methylation patterns were identified in transcription factor binding sites, such as the W-boxes that are targeted by WRKYs. 
Methylation in artificial binding sites impaired transcription factor binding in vitro. However, it remains unclear how the moder-
ate methylome changes during leaf senescence are linked with up-regulated genes during senescence.

P-027
Acidosis-induced activation of anion channel SLAH3 in the flooding-related stress response of Arabidopsis

T. Maierhofer1, J. Lehmann1,2, M. Sauer2, R. Hedrich1, D. Geiger1, I. Dreyer3, T. Müller1

1University Würzburg, Institute for Plant Physiology and Biophysics, Würzburg, Germany 
2University Würzburg, Biotechnology, Würzburg, Germany 

3Center for Bioinformatics, Talca, Chile

Plants, as sessile organisms, gained the ability to sense and respond to biotic and abiotic stressors to survive severe changes in 
their environments. The change in our climate comes with extreme dry periods but also episodes of flooding. The latter stress 
condition causes anaerobiosis-triggered cytosolic acidosis and impairs plant function. The molecular mechanism that enables 
plant cells to sense acidity and convey this signal via membrane depolarization was previously unknown. Here, we show that 
acidosis-induced anion efflux from Arabidopsis (Arabidopsis thaliana) roots is dependent on the S-type anion channel AtSLAH3. 
Heterologous expression of SLAH3 in Xenopus oocytes revealed that the anion channel is directly activated by a small, physi-
ological drop in cytosolic pH. Acidosis-triggered activation of SLAH3 is mediated by protonation of histidine 330 and 454. Super-
resolution microscopy analysis showed that the increase in cellular proton concentration switches SLAH3 from an electrically 
silent channel dimer into its active monomeric form. Our results show that, upon acidification, protons directly switch SLAH3 
to its open configuration bypassing kinase dependent activation. Moreover, under flooding conditions, the stress response of 
Arabidopsis WT plants was significantly higher compared to SLAH3 loss-of-function mutants. Our genetic evidence of SLAH3 pH 
sensor function may guide the development of crop varieties with improved stress tolerance.
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P-028
Mineral nutrition in evolution of C4 photosynthesis

R. Krone1

1University of Cologne, Institute for Plant Sciences, Cologne, Germany

The C4 mechanism is a modified form of photosynthesis increasing its efficiency by decreasing the demand for photorespiration. 
C4 photosynthesis evolved several times independently in different plant families. C4 plants concentrate CO2 around the Rubisco, 
favoring its carboxylating over its oxygenating activity. This is achieved by splitting CO2 fixation into two steps carried out in me-
sophyll and bundle sheath cells arranged in a so called Kranz anatomy (Slack et al., 1969; Sage, 2004).
Next to the C3 and C4 species, there are also intermediate as well as C4-like plants, representing different stages in the evolu-
tion of C4 photosynthesis from a C3 ancestor. One prominent plant genus containing species of all stages is the Flaveria (Ku et 
al., 1991; Engelmann et al., 2003). C3 and C4 plants do not only vary in their photosynthesis but also in demand, assimilation 
and distribution of nutrients including several adaptations in their sulfate assimilation pathway (Weckopp and Kopriva, 2015; 
Gerlich et al., 2018). Another essential plant nutrient is phosphorus, which is a component of many molecules including DNA, 
RNA, phospholipids, as well as ATP and is involved in crucial processes such as photosynthesis. Plants take up phosphorus as 
inorganic phosphate (Pi) via several transporters and must sense and respond to changes in the Pi level by inducing a bulk of 
transcriptional, post-transcriptional and post-translational adaptations (Wang et al., 2018).
To further understand the importance of an adapted mineral nutrition for performing C4 photosynthesis, this project aims to 
describe differences between C3 and C4 plants in their phosphate homeostasis as well as potential differences in uptake and as-
similation of other nutrients with the example of Flaveria species. First experiments showed that there are indeed differences 
in phosphate homeostasis between the C3 species F. robusta and the C4 F. bidentis. While F. robusta is able to take up a higher 
amount of phosphate, F. bidentis shows a higher phosphate translocation into the shoots under phosphate starvation.

P-029
A vascular CDF transporter participates in iron and manganese distribution in Arabidopsis thaliana 

B. Meier1, S. Höller1, E. Peiter1

1Martin Luther University of Halle-Wittenberg, Plant Nutrition, Halle (Saale), Germany

Manganese (Mn) and iron (Fe) play critical roles in photosynthesis. Mn catalyses the water-splitting reaction during photosyn-
thesis, resulting in the evolution of oxygen, while Fe-cofactors are an important part of the photosynthetic electron transport 
chain. Consequently, a deficiency of both metals leads to impaired growth, whereas excess supply causes symptoms of toxicity. 
In Arabidopsis thaliana, members of the Cation Diffusion Facilitator (CDF) family are involved in metal detoxification processes. 
The Metal Tolerance Protein 11 (MTP11), a Golgi-localized transporter mediates detoxification of excessive Mn via exocytosis 
(Peiter et al., 2007), and the vacuolar transporter MTP8 secures Fe acquisition by sequestering excess Mn into the vacuole (Ero-
glu et al., 2016). We found that another member of the CDF family is involved in the homeostasis of both elements. Heterologous 
expression of this transporter in yeast indicated transport activity for both metals. Plant histochemical GUS studies showed pro-
moter activity in the vascular system of roots and shoots which was specific to the pericycle in roots. Based on this expression 
pattern, the transporter was presumed to have a function in the elemental translocation from roots to shoots. Supporting this 
notion, Mn concentrations were altered in shoots of an Arabidopsis T-DNA insertion line compared to the wild type. Intriguingly, 
these mutants showed tolerance to Mn toxicity and sensitivity to Mn deficiency. Under Fe deficiency, those mutants maintained 
higher Fe concentrations in older leaves, while plants were not able to translocate Fe to younger leaves, as the wild type did. 
This altered metal homeostasis led to an impaired photosynthetic performance under Fe-deficient conditions supporting the 
importance of Fe translocation within the plant. Our results strongly indicate that altered distribution of both metals impacts 
plant tolerance to changing nutrient supply and the involvement of a CDF transporter in these processes.   
- Eroglu S. et al. (2016). The vacuolar manganese transporter MTP8 determines tolerance to iron deficiency-induced chlorosis  
 in Arabidopsis. Plant Physiology 170: 1030-1045
- Peiter E. et al. (2007). A secretory pathway-localized cation diffusion facilitator confers plant manganese tolerance. Proceed- 
 ings of the National Academy of Sciences 104: 8532-8537
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P-030
Function and regulation of metal tolerance proteins in Beta vulgaris reveal diversity of metal 

homeostasis mechanisms in dicotyledons
S. Alejandro1, B. Meier1, M. T. T. Hoang1, E. Peiter1

1Martin Luther University of Halle-Wittenberg, Institut für Agrar- und Ernährungswissenschaften, Halle (Saale), Germany

Plant micronutrients are important in diverse physiological process inside different plant cell compartments. Therefore, their 
transport and cellular homeostasis have to be tightly controlled by diverse transport proteins. Among them, plant metal toler-
ance protein (MTPs) transporters have been shown to mediate Mn, Fe, and Zn transport to several compartments in Arabidopsis 
and rice. To get further insights into this gene family in a dicot plant phylogenetically distant to Arabidopsis, we identified and 
functionally characterized the MTP transporter family in sugar beet (Beta vulgaris). BvMTPs were localized in endomembrane 
compartments, vacuoles, as well as in chloroplasts and mitochondria, albeit the localization did not always coincide with their 
Arabidopsis orthologs. Expression profiling of BvMTP genes in root and shoot showed a specific expression of splice variants de-
pending on the plant developmental stage. Upon expression in yeast, BvMTPs complemented Mn, Fe, and Zn transport-deficient 
mutants. Moreover, the expression of BvMTP1 and BvMTP11 complemented the sensitivity of Arabidopsis atmtp1 and atmtp11 
mutants to high Zn and Mn, respectively. However, besides the subcellular localization, regulation of gene expression under 
micronutrient starvation of some BvMTPs differed greatly to their closest homologs in Arabidopsis. Taken together, the results 
suggest that the localization, regulation, and hence role of homologous MTP proteins is highly diverse amongst dicots, which has 
implications on the general applicability of metal homeostasis models derived from Arabidopsis.

P-031
Stem cutting treated with BA and IBA hormones, an effective method of propagating Hypericum 

dogonbadanicum Assadi, a ptential rocky ornamental plant from SW Iran
D. Yeganeh1, V. Abdousi1, S. Kalate-Jari1

1Islamic Azad University, Horticulture, Tehran, Iran

Rocky ornamental plants have long attracted professional gardeners and enthusiasts. Genus Hypericum (Hypericaceae) with 
ca. 500 species worldwide, is mainly consisted of perennial herbs in Iran. As an exception, Hypericum dogonbadanicum Assadi 
is a pendulous woody species with large yellow flowers. Several species of Hypericum are cultivated as ornamentals. Large yel-
low flowers, rocky habitat and the unique morphology of this species is making it a potential nominee to be domesticated. An 
analysis of molecular variance (AMOVA) based on AFLP, indicated that a large majority of the genetic variance was due to the 
variance within populations (94 %) and the rest (6 %) was among populations. Stem cuttings including the axillary buds pro-
duced significantly more shoots on MS medium supplemented with combination of BA (2 mg/lit) and IBA (1 mg/lit). Hypericum 
dogonbadanicum is a narrow endemic to SW Iran with dry Mediterranean climate. Despite this, an acceptable rate of genetic 
variation was observed in its known populations. Hypericum dogonbadanicum can be easily propagated via seeds and stem cut-
tings. Plants are very sensitive to over-watering. In the wild, they grow only in the limestone rocks with an appropriate and very 
slow current of internal water reserve. Its natural propagation method is chiefly by means of seeds. Plants are very sensitive to 
amount of water. Despite the relatively low rate of seed germination (13 %), numerous seeds are produced by each flower. Seeds 
ripen in early summer and stay dormant during the arid months of summer and early autumn. They begin to germinate on the 
limestone cliffs during the 3-4 humid months of the year (mainly winter) that reserve enough water covering the 2-3 months of 
establishment and optimal growth of the seedlings.
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P-033
phenotypic plasticity in Veronica officinalis (plantaginaceae) across its Eurasian range

M. Daubert1, D. C. Albach1

1Institut für Biologie und Umweltwissenschaften, Oldenburg, Germany

Morphological variation as a response to environmental conditions has been studied in a plethora of systems. Here, we aim 
to combine the study of phenotypic plasticity in a widespread herb (Veronica officinalis (Plantaginaceae)) with insights into the 
variability present across its range gained from herbarium sheets. We subjected populations of Veronica officinalis to differ-
ent watering regimes, light and soil conditions. Leaf shape was described with the help of Elliptic Fourier Descriptors (EFDs). In 
addition, we measured specific leaf area (SLA), trichome and stomatal characteristics, internode lengths and overall biomass. 
Environmental conditions had a stronger effect on morphology than the geographic origin of populations. Only one Scandina-
vian population consistently produced small leaves. Equally, plants grown in shade produced small, long-petiolate leaves. Water 
availability and soil conditions had no impact on leaf shape, but nutrient availability had a noticeable positive effect on leaf size 
and biomass. Trichome length and density depended mainly upon the position of the leaf along the shoot. Yet, there was also a 
trend for the reduction of trichome densities in treatments with good water and nutrient status. In the future, we hope to inte-
grate these findings with information on leaf shapes and sizes extracted with the help of a object detection pipeline (GinJinn2) 
from herbarium specimens as well as with measurements of leaf trichome lengths and densities. This synthesis, together with 
information on the species’ phylogeographic history gained from a genotyping-by-sequencing approach, will yield a comprehen-
sive picture of the processes shaping variability within V. officinalis across its range.

P-034
A museomics approach to study disease resistance genes in a crop wild relative of tomato

E. Gagnon1, G. Renaud1,2,3, R. Stam1,2

1Technical University of Munich, Chair of Phytopathology, Freising, Germany 
2Christian-Albrecht University of Kiel, Department of Phytopathology, Kiel, Germany 

3Technical University of Denmark, Department of Health Technology, Copenhagen, Denmark

Unlocking the genetic diversity of Crop Wild Relatives (CWRs) is crucial to improve crop resistance to abiotic and biotic stress, 
but CWRs are at the risk of losing genetic diversity due to anthropogenic pressures and climate change. Recent advances in 
high throughput sequencing now facilitates sequencing of CWR herbarium collections, which are more widely distributed than 
germplasm collections and contain historical specimens from extinct populations. Through target enrichment capture, sequenc-
ing historical herbarium and germplasm collections of CWRs can be used to develop time-series analyses, to gain a more direct 
and realistic understanding of how these genes evolve in the face of habitat loss. Using Solanum chilense, a well-studied CWR of 
tomato in germplasm collections, I propose to apply previously designed baits for population genomics and the study of disease 
resistance genes to answer the following questions: (1) Are germplasm collections representative of the genomic diversity pres-
ent in the entire population of S. chilense? (2) Are there signs of loss of genetic diversity in populations of S. chilense in the past 
70 years due to habitat loss? This will be achieved by studying contemporary field-collected samples alongside historical collec-
tions from both herbarium and germplasm collections. This research will inform how potential loss of genetic diversity caused 
by anthropogenic pressures is affecting disease resistance in natural populations, a subject of interest to both the agricultural 
sector and environmental conservation.
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P-035
plants on malagasy inselbergs – exploring the hidden diversity of isolated populations

J. Rexroth1, C. Porsche2, K. Weising3, M. Rabarimanarivo4, S. Porembski1
1University of Rostock, Department of Biological Sciences, Botany, Rostock, Germany 

2University of Rostock, Department of Biological Sciences, Ecology, Rostock, Germany 
3University of Kassel, Faculty of Mathematics and Natural Sciences, Plant Molecular Systematics, Kassel, Germany 

4Missouri Botanical Garden, Madagascar, Madagascar

Inselbergs are isolated, often monolithic rock outcrops, usually consisting of granite or gneiss. They are ecologically separated 
from the surrounding landscape and are thus referred to as terrestrial islands. Only a few plant species possess adaptive traits 
that enable them to grow successfully in inselberg habitats, characterised by a lack of soil and nutrients deficiencies. As a typi-
cal floristic element of Malagasy inselbergs, the poikilohydric Velloziaceae should be highlighted. To explore the hidden genetic 
diversity of isolated populations of Malagasy Velloziaceae, which belong to the genus Xerophyta, we used microsatellite markers 
to assess the importance of geographic and ecological isolation on inselbergs as a trigger for speciation. All loci were polymor-
phic and revealed high levels of genetic diversity in broad sampling. Furthermore, almost all individuals had different multilocus 
genotypes, which rather excludes clonality. Nevertheless, we were able to identify a few clones in our data. However, the emer-
gence of clones is a relatively rare event. Our previous research has shown low gene flow between individual inselbergs regard-
less of their distance from each other, favouring strong genetic and geographic differentiation. The morphological differences 
between plants from the different localities are probably the result of local adaptations. In our ongoing study, we characterise 
the genetic diversity of the genus Xerophyta to contribute insight into evolutionary processes leading to the diversification of lin-
eages of the Malagasy inselberg species and to identify endangered regions needing special conservation measures. Currently, 
Malagasy inselbergs suffer from human impacts (e.g. quarrying, fire), resulting in a dramatic decrease in the genetic diversity of 
taxa that consist of small isolated populations. It can be concluded that many spectacular taxa (incl. orchids, Aloe spp.) are facing 
similar problems concerning their long-term survival in Madagascar.

P-036
Genetic basis of plant adaptation to aridity through evolutionary and ecological transcriptomics and genomics
P. Morales Sanhueza1, L. Iaboli1, M. Agnes1, K. Ferchichi1, B. Hüttel2, A. Stoll3, T. Wiehe4, D. Quandt1, J. Bechteler1

1Rhenish Friedrich Wilhelm University of Bonn, Bonn, Germany 
2Max Planck Institute for Plant Breeding, Cologne, Germany 

3Centro de Estudios Avanzados en Zonas Aridas (CEAZA), La Serena, Chile 
4University of Cologne, Cologne, Germany

Deserts with their extreme environmental conditions set high demands on their inhabiting species and plants have adapted to 
their various abiotic stress factors. However, the genetic basis of adaptations to aridity is only poorly understood. Within the 
Collaborative Research Centre CRC 1211 ‘Earth–Evolution at the dry limit’, our project aims to identify genetic mechanisms, 
such as candidate genes, signatures of natural selection, and gene expression patterns, involved in the adaptation of plants to 
desert habitats.
We employ a comparative transcriptomic and genomic approach using phylogenetically distant Loasaceae desert species from 
the Atacama (Huidobria, Presliophytum) and Namib (Kissenia) as well as their mesic relatives. Long-read PacBio IsoSeq data of 
15 Loasaceae species cultivated under controlled conditions in combination with whole genome data for key species, such as 
Huidobria chilensis, H. fruticosa, and Kissenia capensis will be used to decipher candidate genes, structural variations, and sig-
natures of selection. To evaluate the impact of population structure and environmental conditions on gene expression, we col-
lected RNA, DNA, as well as associated soil samples of Huidobria chilensis individuals from five geographic sites in the Atacama 
Desert. RNASeq data of these individuals obtained from cultivations under controlled conditions as well as population genetic 
analyses complement our field-based transcriptomic approach. First results on gene expression under drought stress of Huido-
bria chilensis seeedlings from two of our targeted geographic sites in the Atacama Desert will be displayed.
Our evolutionary and ecological transcriptomic and genomic approach in the interdisciplinary setting of the CRC1211 will lead to 
a better understanding of the genetic mechanisms underlying the fascinating abilities of desert plants.
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Resolving orthologue genes in plant evolution

N. Walden1, C. Kiefer1, M. A. Koch1, M. E. Schranz2

1Universität Heidelberg, Heidelberg, Germany 
2Wageningen University & Research, Wageningen, Netherlands

Large genomic datasets are becoming the new normal for any facet of phylogenetic research, but identification of true or-
thologous genes is still challenging. We compared conventional ortholog detection using OrthoFinder with ortholog detection 
through genomic synteny in a dataset of eleven representative diploid Brassicaceae whole genome sequences spanning the en-
tire phylogenetic space. The use of synteny resulted in considerably more orthologs and also allowed us to reliably identify para-
logs. The synteny dataset comprised a multitude of gene functions, strongly suggesting that this method of marker selection for 
phylogenomics is suitable for downstream gene function analysis, gene interaction and network studies. Surprisingly, the effect 
on species tree estimation was minor. However, synteny data can be used to study genome evolution further. We reconstructed 
ancestral genomes at nine important nodes of the Brassicaceae evolutionary history. Furthermore, our large dataset allowed 
us to show that branching order of gene trees is not equally distributed along the chromosomes, which might indicate adaptive 
constraint. Our results suggest that when a phylogeny is difficult to resolve, marker selection needs to be considered carefully, 
and the use of synteny can help create large and reliable dataset suited also for various functional analyses.

P-038
Worldwide phylogeny of Zanthoxylum based on target enrichment 

L. P. Ang1, J. Wen2, M. S. Appelhans1,2

1Georg August University of Göttingen, Department of Systematics, Biodiversity and Evolution of Plants (with Herbarium), 
Göttingen, Germany 

2Smithsonian Institution, Department of Botany, Washington, D.C., United States

With about 225 species, Zanthoxylum L. is the second most species rich genus in Rutaceae. It is the only genus with a pantropi-
cal distribution. Economically, it is used in several Asian countries as traditional medicine and spice. In terms of its morphology, 
the main characters include the Citrus fragrance, glandular dots in the leaves and thorny bosses of variable size on its trunk, 
branches and/or leaves. The leaves are alternate, and either unifoliate or trifoliate and paripinnate or imparipinnate while the 
flowers can be heterochlamydeous in most (sub)tropical species or homochlamydeous in the temperate species. This genus is 
much under studied. Up to date, there has only been one monograph of the genus from the Neotropics.
In a pilot study, we designed a target enrichment bait set for the genus which was tested in a dataset of 47 species worldwide. 
The bait set has now been improved further and is used to establish the first densely sampled phylogenomic study for Zanthoxy-
lum and its closest relatives. The improved bait set consists of 745 exonic regions belonging to 354 single-copy genes. Sampling 
wise, a total of 506 of samples throughout the distributional range of the genus have been collected mainly from herbarium 
sheets.
Our initial results show that the morphology-based classification systems established by Engler in 1896 and Reynel in 2017 are 
problematic and need revision. There is a strong geographical pattern in the phylogeny and Zanthoxylum colonised the Americas 
from an Old World origin and later migrated back to Eastern Asia from the Americas. Quartet Sampling results suggest that a 
hybridisation event occurred before the Hawaiian Islands were colonised and this event might be connected to polyploidization. 
To conclude, this study will provide deeper insights in the phylogenetic relationships of Zanthoxylum, which will allow us to evalu-
ate whether the homochlamydeous flowers and apomictic reproduction evolved once or several times in the genus.
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Morphological and genetic inconsistency reveals complex history and evolution in the hybrid zone 

of alpine willow species pair
L. Pittet1, N. Wagner1, P. Marincek1, E. Hörandl1

1Albrecht-von-Haller Institute for Plant Sciences, Department of Systematics, Biodiversity and Evolution of Plants 
(with Herbarium), Göttingen, Germany

Species interactions are influencing the recolonization of the Alps since the Last Glacial Maximum and have contributed to the 
current species ranges. In secondary contact zones of two closely related but previously isolated species, homoploid hybrids can 
either generate adaptive combinations in the parental species by introgression or create a separate species by hybrid specia-
tion. Hybrids may therefore block the range expansion of the parents. Although the hybrid zones influence the recolonization 
dynamic of species, only few studies focused on secondary contact hybrid zones so far.
Among the 35 willow species (Salix L.) occurring in the European Alps, two closely related diploid species (Salix alpina/ Salix 
breviserrata) show a distinct biogeographical vicariance pattern and hybridize. Next generation RAD (Restriction site Associated 
DNA) sequencing allows us to address the following questions: What is the genetic composition and structure of populations of 
the two species across the Alps? Are the hybrid phenotypes observed in the contact zones supported by the genetic analyses? 
Are the contact zones characterized by introgression or tendencies to hybrid speciation?
Our results indicate an overall low divergence of the two analyzed species and their hybrids illustrated by a low amount of ge-
netic diversity. We will emphasize the possible long term isolation and tendency to speciation of three populations with hybrid 
morphology.
- Wagner, N.D.; He, L.; Hörandl, E. The Evolutionary History, Diversity, and Ecology of Willows (Salix L.) in the European Alps.  
 Diversity (2021), 13, 146.
- Gramlich, S.; Wagner, N.D.; Hörandl, E. RAD-seq reveals genetic structure of the F-2-generation of natural willow hybrids  
 (Salix L.) and a great potential for interspecific introgression. BMC Plant Biol. (2018), 18.

P-040
NGS generated microsatellite markers are discriminative at ranks below species: 

evidences from annual Medicago species in Iran
I. Mehregan1, R. Zareie1, S. S. Emami-Tabatabaeie1, Z. Bagheri1, Z. Morshedi1, M. Bayat1, M. Assadi2, E. Small3

1Islamic Azad University, Department of Biology, Tehran, Iran 
2Research Institute of Forests and Rangelands, Agricultural Research Education and Extension Organization (AREEO), PO Box 

13185116, Tehran, Iran 
3Science and Technology Branch, Ottawa Research and Development Centre, Ottawa, Canada

The genus Medicago L. (Fabaceae) consists of ca. 90 species worldwide, mainly centered in the Mediterranean basin, with Iran 
being among its more important centers of diversity. They are very common in western and southwestern Iran and similar 
to other members of the family, they play an important role in soil health and quality by adding nitrogen and organic matter. 
Taxonomy of the genus at section and species levels has been the subject of many studied in recent decades. Having more 
sophisticated methods available, more focuses are now on the ranks below species level. SSR/Microsatellites markers are now 
widely desired in the studies involving genetic diversity, structure analyses and plant cultivar identification. We aimed to use 
SSR markers identified by NGS technologies to clarify the genetic structure and relationships between and within populations of 
some Iranian Medicago species. Microsatellites loci were identified and screened using NGS. PCR primers for hundreds of SSR 
loci were developed and tested. Selected labelled primers were used in the fragment analysis of different Medicago populations 
sampled from NW, W and SW Iran. Fragment analyses of SSR markers revealed different genetic structures and relationships. Ex-
cept for M. sinskiae, a rapidly expanding species of W and SW Iran, other annual species including M. rigiduloides, M. rigidula, M. 
polymorpha, M. minima and M. orbicularis showed well-establish geographical distributions related to their genetic structures. 
It also indicated that the strong effect of the selfing mating-system could be the main reason for their genetic diversity status 
and population structure. We found that NGS is a cost-effective method for developing SSR markers and provides reliable tools 
in study of annual species of Medicago.
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P-041
Adequate nitrogen management of wheat, effects on physiology yield and protein quality – a study from 

lab scale to field scale
C. Zörb1, A. Rekowski1, M. Dier1

1Universität Hohenheim, Institut für Kulturpflanzenwissenschaften, Stuttgart, Germany

Nitrogen (N) can be taken up by the roots in various forms such as nitrate, ammonium, urea or even amino acids which had to 
be proven. The application of different amounts and different forms and different ratings of nitrogen may affect not only yield 
but also the protein and metabolite patterns in wheat leaves and may therefore also influence kernel storage protein composi-
tion and finally can affect the bread quality. Nitrogen application does influence the uptake and transport pattern from roots 
over leaves and finally to the kernels. The proteome profile might be changed if the rating and amount and the form of nitrogen 
is varying. With a changed proteome profile in wheat storage proteins also a change of the quality of flower is affected which 
may lead to different bread quality. It is interesting to find out which of the possible 700 storage proteins may contribute to bak-
ing quality and which do not. Accordingly, those proteins may be included or excluded in modern wheat varieties. With those 
improved quality genotypes, it would be possible to reduce up to one third of the nitrogen fertilizer applied to wheat. This ap-
proach may also have massive impact on the decrease of environmental N losses. The resulting genotypes may have less crude 
protein but a better ratio of wanted quality proteins. Up to date it is not clear how to reach this goal and the knowledge about 
quality storage protein is still pending. Moreover, the nitrogen use efficiency (NUE) has to be improved either by genotypic 
changes or by management of N rating and timing. The effects of nitrate reductase and other key enzymes on NUE can also be 
monitored in advance to future changes of climate change especially in terms of CO2 enrichment or increasing drought events. 
We show results which were obtained by conducting experiments ranging from the molecular to the field level.

P-042
Back to nature – role of some sudanese tomato accessions in resistance to tomato fruit borer 

(Tuta absoluta) (Meyrick,1917) (Lepidoptera: Gelechiidae)
E. Bakheit1, M. Mahmoud1, A. Taha2, T. Abdelhalim1, E. Mohamed1, K. Mustafa1

1Agricultural Research Corporation, Plant Protection Research Center, Wad Medani, Sudan 
2Sudan University of Science and Technology, College of Agricultural Studies, Department of Plant Protection, Shambat, Sudan

A field experiment was conducted for three consecutive seasons at Kassala and Gash Research Station farm, Kassala, Sudan 
to evaluate the resistance of 12 Sudanese tomato accessions to tomato fruit borer Tuta absoluta (Meyrick,1917) (Lepidoptera: 
Gelechiidae) compared to 4 hybrids widely cultivated.   A randomized complete block design replicated thrice was used applying 
cultural practices of the Sudan Agricultural Research Corporation. Parameters; included number of active mines, percentage 
of infested plants/ plot, percentage of infested fruits (%), days to 50 % flowering, fruit diameters (FD), total soluble solids (TSS), 
density of trichomes/cm2 (DT), chemical constituents and yield (ton/ ha), were used as indicators for resistance. The results 
revealed high significant differences between accessions and hybrids (pr>f<0001) in the percentage of infested plants/plot, 
mean number of active mines/plant, percentage of infested fruits/plot, TSS, fruit diameter (cm) and yield of tomato (Ton/Ha) for 
the three seasons as well as the interaction between seasons and accessions and hybrids. Also High significant difference was 
revealed between accessions and hybrids on the DT and content of Lycopene, Tannin, Carotene and Ascorbic acid. Accessions 
HSD11429, HSD6071 and HSD14358 recorded the least percentage of infested leaves/plot, least number of active mines/plot 
and least percentage of infested fruits/plot, high TSS, highest yield and highest TD on leaves. Accessions, HSD14358 obtained 
the highest content of Tannin followed by HSD11429 and HSD6069. Lycopene content was found in high percentage in HSD4420, 
HSD4419 and HSD6639 while HSD6069, HSD4420 an HSD6639 contained the highest percentage of Carotene. On other hand 
the content of Ascorbic acid was found greatest in HSD4419, HSD10689, HSD10665. TSS and DT were found correlated highly 
negative with the percentage of infested leaves/plot and number of mines/plot.    Results in this study showed that accessions; 
HSD6071, HSD11429 and HSD14358 are potent to resist infestation of T. absoluta and increase yield of tomato. Due to their 
hairiness and inclusion of high content of high number of trichomes, high TSS and high percentage of Tannin, the three elite ac-
cessions of tomato in this study can be introduced as source of resistance to T. absoluta.
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Breaking seed dormancy in common ash (Fraxinus excelsior) – methods and seedling performance 

S. Bein1, H. Hoenicka1, W. Graf1

1Thünen Institute of Forest Genetics, Grosshansdorf, Germany

Common ash seeds have a dormancy phase of up to 6 years. The time required for germination represents a hindrance for us-
ing seeds of many forest tree species. Therefore, reliable methods are required to brake seed dormancy for many applications. 
Several strategies can be used to promote seed germination in plants (Finch-Savage and Leubner-Metzger, 2006). Treatments 
based on cold/warm temperatures, photoperiods, seed scarification and in vitro cultures have been used to foster seed germi-
nation with different levels of success. In this study, the efficiency of methods for seed germination and seedling development 
were studied in common ash.
Several variables were evaluated for breaking seed dormancy in ash (1) collection time (June-October), (2) cold treatment, (3) 
seed scarification, (4) in vitro cultures.
In vitro cultures: ash seeds were sterilized and the zygotic embryos were isolated using a binocular microscope. A culture me-
dium was developed for in vitro embryo germination. This medium contains macro/microelements and vitamins (Rugini,1984) 
supplemented with maltose (0.5%), sucrose (0.5%), and phytoagar (0.75%).
In vitro cultures of immature embryos, collected between June and October, allowed the fastest and most reliable germination 
induction. In this case seedlings were obtained after just few days. However, the development of those seedlings in the growth 
chamber and greenhouse was poor. Better seedling development was obtained when immature ash seeds, collected in June, 
were put under cold temperatures and dark conditions until the next spring; older seeds showed a low germination rate under 
these conditions. Short cold treatments or seed scarification did not promote seed germination.
It is known that seed dormancy is regulated by many genes. Although germination was best promoted by in vitro cultures of 
zygotic embryos, it is possible that activity of some dormancy related genes still disturbs seedling development.
- Rugini E (1984) In vitro propagation of some olive (Olea europaea sativa L.) cultivars with different root-ability, and medium  
 development using analytical data from developing shoots and embryos. Scientia Horticulturae 24:123-134
- Finch-Savage WE, Leubner-Metzger G. (2006) Seed dormancy and the control of germination. New Phytol. 171:501-23

P-044
Application of Hemidesmus indicus root extracts improves postharvest shelf life of dessert banana

S. Mukherjee1, A. Mitra1

1Indian Institute of Technology Kharagpur, Agricultural and Food Engineering, Kharagpur, India

Banana (Musa sp.) as a climacteric fruit ripen rapidly after harvesting, resulting in a very short postharvest shelf-life that in turn 
reduces the marketability of produce and incurred losses to the growers. Multiple approaches to improve the shelf-life of this 
commercially important horticultural produce commonly adopted include a wide array of postharvest treatments by chemi-
cal agents. However, such exercises generate chemical waste and are contrasting with the sustainable agricultural practice. 
The universally accepted strategy to slowing down climacteric ripening involves perturbation of ethylene production and the 
application of exogenous salicylic acid (SA) has proved to be an undebated choice for the same by many authors for blocking 
ethylene production and boosting defence against fruit rotting pathogens. In view of the same, this study assessed the possibil-
ity to replace chemically synthesized SA with a plant-based natural product (PBNP) namely, 2-hydroxy-4-methoxy benzaldehyde 
(MBALD), – a chemical analogue to SA, sourced from roots of Hemidesmus indicus (HI). Dessert banana fingers (cv. Kanthali and 
cv. Malbhog) harvested after 80 days of post-anthesis were subjected to postharvest treatment by dipping in treatment solution 
for 8 h. Four different experimental sets namely, water (C), 2 mM MBALD (T1), 1 mM SA (T2) and 200g/L HI root extracts (T3) 
were employed. After treatment, the fingers were stored at 25 ± 2 °C with 90 ± 2 % relative humidity (RH) and studied for 10 days 
at an interval of one day. Ripening-related physicochemical and physiological changes were found to decrease in T1, T2 and T3 
as compared with control (C). A similar pattern was also observed for the activities of major cell wall degrading enzymes. Semi-
quantitative reverse transcriptase PCR study of selected genes namely, ACC synthase (ACS), ACC oxidase (ACO), chitinase (CHT) 
and pathogen-related protein-1 (PR1) showed downregulation of ethylene production (ACS and ACO) and increased pathogen 
protection (CHT and PR1) in all treatment with T3 being the best in either aspect followed by T2 and T1. Furthermore, in vitro 
culture of latently infected fruit mycoflora when grown in presence of T3 showed a substantial reduction in growth rate. Such 
observation makes T3 a promising alternative to choose in the postharvest management of banana.
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Elucidating the impact of spectral lights on growth and phytochemical 

constituents of Anethum graveolens
A. Goswami1, A. Mitra1

1Indian Institute of Technology Kharagpur, Agricultural and Food Engineering, Kharagpur, India

The development of a plant is dependent on the quality and quantity of light wavelength. Manipulation of light spectra with the 
help of Light Emitting Diodes (LED) plays a major role in regulating the growth and secondary metabolite synthesis relevant to 
plant defence system. However, understanding the effects of various spectral lights on growth and phytochemical constituents 
of dill (Anethum graveolens L.), an aromatic plant of the Apiaceae family widely known for flavouring and seasoning of foods, 
have not been taken up till date. In this study, we explored the implications of growing dill using the following combination of LED 
lights: red (100R), red:blue (50R:50B); blue (100B) and warm white (WW, control light) on various parameters including growth, 
profiles of photosynthetic pigments, soluble phenolics and leaf volatiles. We observed the longest stem length under 100B 
light, whereas the shortest stem length with highest number of leaves were found to be under 50R:50B light giving the plants a 
stunted and bushy appearance. Chlorophyll and carotenoids contents were observed to be the highest under 50R:50B light and 
lowest under 100B light. Moreover, the maximum and minimum quantum yield of photosystem II in dark adapted state (fv/fm) 
were found in 50R:50B and 100B lights, respectively. HPLC analysis revealed chlorogenic acid and rosmarinic acid as the major 
phenolic compounds under different spectral irradiations. The highest content of chlorogenic acid was observed in 50R:50B 
light as opposed to other spectral lights. In contrast, the highest content of rosmarinic acid was found in dill plants grown under 
100R light. Dill plants grown under 50R:50B light displayed higher content of volatile compounds such as, myristicin, dill apiole, 
psi-limonene and α-phellandrene, when compared to other lights. Together, these studies suggest that proper combinations of 
blue and red spectra of light could play an important role to augment the growth and phytochemical characteristics of dill that 
could improve its value addition in the food industry.

P-046
Molecular investigations regarding ethylene as sprout suppressant in storage of potato tubers

M. Alf1, I. Smit2, B. Wulf3, A. J. Meyer3, R. Horn1

1Universität Rostock, Pflanzengenetik, Rostock, Germany 
2Max Rubner Institut, Detmold, Germany 

3Versuchsstation Dethlingen, Münster, Germany

Potato (Solanum tuberosum L.) is one of the most important food crops in the world. It is not only consumed fresh but its starch 
is also used for many industrial products. Due to its limited cultivation period it is essential to find suitable storage conditions to 
be able to use potatoes all year round. Until 2019, when chlorpropham (CIPC) was banned in the EU because of its toxicity, CIPC 
has been the most commonly used sprout suppressant for potato tubers. Over the last years scientists were trying to find an 
alternative for CIPC as sprout suppressant for potato tubers.
Potato tubers contain great amounts of starch, which is degraded to reducing sugars such as glucose and fructose during stor-
age. Together with the amino acid asparagine these reducing sugars form toxic acrylamide and browning of the products when 
potatoes are processed. Therefore, it is important to find a sprout suppressant, which results in as little formation of reducing 
sugars as possible.
A promising alternative for CIPC is ethylene. It is known that formation of reducing sugars during storage under ethylene condi-
tions depends on the cultivar. In this work, two potato cultivars with different tolerances to ethylene treatment during storage 
were studied. RNA-Seq analyses were performed to determine differentially expressed genes involved in the different responses 
to ethylene treatment. Additionally KEGG Enrichment analyses were used to identify the different metabolic pathways affected 
by the differentially expressed genes.
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Identification of compounds with antifungal activity from wild plants

M. Röcker1, K. Witzel1, F. S. Hanschen2

1Leibniz Institute of Vegetable and Ornamental Crops, System Plant-Microbe, Großbeeren, Germany 
2Leibniz Institute of Vegetable and Ornamental Crops, Plant Quality and Food Security, Großbeeren, Germany

Wild plants play an important role in the ecosystem. Through their nectar and pollen supply, they attract pollinating insects. In ad-
dition, they can provide an alternative to insecticides by biocontrolling pests in flowering strips, thus securing or even increasing 
yields. Wild plants can have a phytosanitary effect and are widely used as food or medicinal products. So far, only a few wild plants 
have been studied in more detail.
In the InnoWild project, we are investigating seven wild plants: wild thyme (Thymus serpyllum), rabbitfoot clover (Trifolium arvense), 
wild carrot (Daucus carota), burnet-saxifrage (Pimpinella saxifraga), meadow clary (Salvia pratensis), common evening primrose 
(Oenothera biennis) and mountain-parsley (Peucedanum oreoselinum), for which various effects have been observed (e.g., antimi-
crobial properties, phytosanitary effects), but which have not yet been studied in detail.
Due to the fact that so little research has been done on wild plants, growth experiments had to be done to find out optimal light 
conditions, temperatures and on which substrate the plants grow best and when they flower.
Initial experiments have shown that wild thyme, rabbitfoot clover, wild carrot, common evening primrose and meadow clary germi-
nate better under long-day conditions (16h light, 8h dark) than in short-day conditions (8h light; 16h dark).
In a bioactivity assay, the effect of volatile compounds released from organs of wild plants (roots, stems, leaves, flowers) on the in 
vitro growth of a pathogen was tested by exposing the soilborne plant pathogenic fungus Rhizoctonia solani to hydrated lyophilized 
plant tissue. Results showed that especially the roots of mountain-parsley, wild carrot and burnet-saxifrage lead to an inhibition of 
the fungal growth. This assay will now be extended to aqueous and solvent extracts of wild plant organs to identify plant compounds 
with antifungal activity.
Funding: This study and the InnoWild project is funded by the Federal Ministry of Education and Research (BMBF), through the Proj-
ect Management Jülich, Grant No. FKZ 03WIR3012 A. The InnoWild project is part of the “Land-Innovation-Lausitz” Initiative, which 
is part of the WIR! Alliance (Wandel durch Innovation in der Region). F. S. Hanschen is funded by the Leibniz-Association (Leibniz-
Junior Research Group OPTIGLUP; J16/2017).

P-048
DBAC – a DNA-barcoding platform to identify CITES species

K. Ferchichi1, D. Quandt1, B. Hüttel2, C. Klak3, P. Bruyns4, J. Bechteler1, K. Müller5, M. Nöthen6, 
P. Hoffmann7

1Rhenish Friedrich Wilhelm University of Bonn, Bonn, Germany 
2Max Planck Institute for Plant Breeding, Genome-centre, Cologne, Germany 

3University of Cape Town, Department of Biological Sciences, Cape Town, South Africa 
4University of Cape Town, Department of Mathematics, Cape Town, South Africa 

5University of Münster, Department Institute for Evolution and Biodiversity, Münster, Germany 
6University Hospital Bonn, Institute of Human Genetics, Bonn, Germany 

7University Hospital Bonn, Bonn, Germany

Identification of CITES species in commercial products, e.g. food, pharmaceutics or cosmetics, is of upmost importance for conser-
vation measures. DNA barcoding provides a reliable tool for species identification, however, for established protocols using short-
read sanger sequencing-based marker regions it remains a challenge to identify the relevant species in mixed samples. Next and 
third generation sequencing techniques were shown to provide an advantage in clarifying taxonomic questions and hence started 
a new era of DNA barcoding.
We designed the free and user-friendly open-source online platform DBAC (DNA-Barcode Analyser for CITES species) with the aim 
to contribute towards effective monitoring of the commercial use of biological resources. Besides analysing sanger sequencing data, 
the newly developed platform handles single molecule real time sequencing data (SMRT, PacBio). The integrated pipeline based 
on PacBio tools streamlines the analyses of SMRT raw data resulting in a rapid taxon identification and detection of CITES species.
To test the platform and to explore the usefulness of established DNA barcode markers as well as next-generation sequencing data 
for DNA barcoding within young and rapidly radiating groups, we employed the CITES listed genus Hoodia (Apocynaceae, approx. 
17 species) as an example. For each taxon the whole 45S cistron (nrDNA) as well as the whole plastome was generated and success-
fully analysed using DBAC. Although the platform was able to identify the genus Hoodia, it struggled at the species level, no matter 
if established DNA barcode markers were used or the complete nrDNA or plastome.
Our DBAC platform offers a novel and reliable tool for “next-generation DNA barcoding” as it facilitates the handling and analysis 
of short- and long-read sequencing data to identify CITES species. Subsequent steps in the advancement of DNA barcoding should 
focus on untangling species in young and rapidly radiating groups.
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An experimental system to develop and validate non-invasive detection methods of nutrient deficiencies in field crops

M. Deichmann1, J. Yi2, Y. E. Mihiret1, J. Gall2, G. Schaaf1

1Rhenish Friedrich Wilhelm University of Bonn, Institute of Crop Science and Resource Conservation, Department of Plant 
Nutrition, Bonn, Germany 

2Rhenish Friedrich Wilhelm University of Bonn, Department of Information Systems and Artificial Intelligence, Computer Vision 
Group, Bonn, Germany

Nitrogen deficiency of field crops is often diagnosed by optical sensors of ground-based fertilizing systems that use “greenness” 
i.e. chlorophyll content as a proxy for nitrogen sufficiency or deficiency. However, nitrogen deficiency is not the only reason 
causing low chlorophyll content since a number of biotic and abiotic stresses including imbalances in other nutrient elements 
can easily be interpreted as N-deficiency by current sensor technology with negative consequences for crop management, i.e. 
poor yield and severe environmental consequences due to excess N-application. In consequence, a better technology to detect 
nutrient imbalances accurately and with good temporal and spatial resolution is essential for sustainable crop production.
Deep machine learning offers the opportunity to develop sensor systems of much higher accuracy. Here we describe an experi-
mental system that provides the opportunity to raise exhaustive data sets of nutrient deficient crop plants as a base for machine 
learning approaches and in parallel, plant material to validate the accuracy of a sensor detection by investigating the plant ś 
gene regulation in response to nutrient deficiencies. Reference transcriptomes for single nutrient deficiencies are obtained from 
plants grown in strictly controlled, single nutrient deficient hydroponic cultures and are the base for later in-field validation of 
sensor detection by transcriptomic means. The experimental system that we describe presents ranges from the investigation of 
nutrient deficiencies in plants in nutrient solutions, through experiments with plants in potted nutrient-poor soil, towards field 
conditions in long-term fertilizer field experiments.
-  1. Yi J et al. (2020). Deep Learning for Non-Invasive Diagnosis of Nutrient Deficiencies in Sugar Beet Using RGB Images. Sensors.  
 2020; 20(20):5893
The presented study has partially been funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) 
under Germany“s Excellence Strategy — EXC 2070–390732324 (PhenoRob)

P-052
The physiological traits of N2- fixing common bean tolerance to iron deficiency

A. Krouma1,2

1Faculty of Sciences and Techniques of Sidi Bouzid, Biotechnology, Sidi Bouzid, Tunisia 
2Laboratory of Ecosystems and Biodiversity in Arid Land of Tunisia, Faculty of Sciences of Sfax, Sfax, Tunisia

Iron is an essential element for plants as well as all living organisms, functioning in various physiological and biochemical pro-
cesses such as, photosynthesis, respiration, DNA synthesis and N2 fixation. Plants take up iron from soil in which its solubility is 
extremely low especially under aerobic conditions at high-pH range. However, some genotypic differences in response to this 
nutritional constraint have been observed among multiple species. In order to express the physiological basis of the tolerance/ 
sensitivity of some common bean cultivars to iron deficiency when depending on symbiotic nitrogen fixation, a greenhouse 
experiment was conducted hydroponically on two phaseolus vulgaris L. cultivars (ARA14 and coco banc) inoculated with an ef-
ficient strain of Rhizobium tropici CIAT899.  Whole plant and nodule growth, leghaemoglobin accumulation, symbiotic nitrogen 
fixation and Fe nutrition were evaluated and the necessary correlations are established. Obtained results demonstrated a clear 
difference in response of common bean cultivars to iron deficiency. ARA14 proved to be tolerant, as compared to coco blanc, 
sensitive. Other its ability to maintain nodules integrity through the allocation of Fe to these organs that provides whole plant 
with the necessary nitrogen, ARA14 expressed a high Fe use efficiency for leghaemoglobin accumulation, symbiotic nitrogen 
fixation and for whole plant and nodule growth.
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P-053
Importance of animal compost use for induced-iron chlorosis alleviation in pearl 

millet grown in calcareous soil
A. Krouma1,2

1Faculty of Sciences and Techniques of Sidi Bouzid, Biotechnology, Sidi Bouzid, Tunisia 
2Laboratory of Ecosystems and Biodiversity in Arid Land of Tunisia, Faculty of Sciences of Sfax, Sfax, Tunisia

Organic fertilization improve physicochemical and biological properties of the soil. It is an effective practice to mitigate nutrient 
deficiency commonly observed in calcareous soils. In this latter, the nutritional disorder is known due to the insoluble forms 
of iron that limit free Fe availability for crops. For this purpose, a greenhouse experiment was conducted on four pearl millet 
genotypes cultivated on calcareous soil added with an increasing concentration of animal compost as a sustainable, coast- ef-
fective and eco-friendly approach to improve calcareous soil quality and resolve the induced iron deficiency. Soil and plant Fe, 
plant growth, chlorophyll, and photosynthesis were analyzed. Obtained results demonstrated that the addition of compost 
improved iron availability in the calcareous soil, increased Fe uptake and translocation to shoots to support key metabolic func-
tions and plant growth, and alleviates symptoms of iron chlorosis observed on young leaves. Compost has a positive effect on 
all physiological functions of the plant. We suggest that compost improves calcareous soil characteristics, then Fe availability 
and uptake, and plant nutrition. The differences in response to compost amendment observed in this study among pearl millet 
genotypes were attributed to the differences in the capacity to improve Fe availability in the rhizosphere, its uptake, and pref-
erential allocation to shoots

P-054
Investigating the role of inositol polyphosphates in drought stress tolerance in Arabidopsis thaliana

M. Rizwan1, G. Schaaf1, Y. E. Mihiret1, P. Gaugler1, M. Frei1,2

1Rhenish Friedrich Wilhelm University of Bonn, Department of Plant Nutrition, Institute of Crop Science and Resource  
Conservation, Bonn, Germany 

2Institute of Agronomy and Crop Physiology, Justus-Liebig-University, Gießen, Germany

Drought is one of the major abiotic stress factors that causes a drastic yield reduction of economically important plant spe-
cies. Drought stress tolerance is a very complex mechanism that involves many genes and signalling pathways. Inositol poly-
phosphates are signalling molecules involved in many cellular processes, such as development, cellular signalling and nuclear 
processes in many eukaryotic organisms. Some reports show that there is an interaction between inositol polyphosphates 
homeostasis and drought stress tolerance in some plant species, however, the identity of molecules that govern drought stress 
tolerance is poorly understood.
In this study, we followed a reverse genetics approach to investigate the role of inositol polyphosphates in drought stress tol-
erance in Arabidopsis thaliana. For this purpose, we conducted drought stress experiments to examine morphological, physi-
ological, biochemical and molecular parameters. In this work, we used lines deficient in myo-inositol and inositol polyphosphate 
biosynthesis.
We show that, disrupting a specific kinase we consider to represent a key enzyme involved in the synthesis of higher inositol 
polyphosphates, results in a surprising increase in drought stress tolerance of Arabidopsis seedlings. The drought tolerance 
phenotypes are correlated with reduced oxidative stress damage, enhanced reactive oxygen species scavenging capability and 
increased expression of stress responsive genes. In addition, modulation of inositol polyphosphates altered the root growth and 
the shoot biomass accumulation of seedlings in response to abscisic acid and osmotic stress treatments.
Overall, our findings suggest that an increase of lower versus higher inositol phosphates results in the upregulating of stress 
responsive and ABA dependent gene expression causing a stimulation of the antioxidant system and increased drought stress 
tolerance.  We hope these findings can be transferred to increase drought tolerance in crops.
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Effects of botanical insecticides on the egg parasitoid Trichogramma cacoeciae marchal (Hym. Trichogrammatidae)

H. Abdelgader1

1ARC, Crop Protection, Wad Medai, Sudan

Abstract: Laboratory studies were carried to investigate the side effects on Trichogramma cacoeciae of two formulated prod-
ucts of each of two botanical insecticides: Azadirachtine (Neemazal T/S Blank and Celaflor®) and Quassin (alcoholic or water ex-
tracts). The results showed that by exposing adults T. cacoeciae to residues of Neemazal formulations on glass plates, the tested 
preparations were either harmful (Neemazal-Blank) or moderately harmful (Celaflor). The two Quassin formulations tested were 
harmless. When treated host eggs were offered to adults T. cacoeciae, all tested chemicals were almost harmless. In a further 
test, host eggs parasitized at different time intervals (1-8 days), were sprayed at the same day. The results indicated that only 
Neemazal T/S-Blank formulation was slightly to moderately harmful reducing adult emergence.

P-056
Genotypic differences in the germination behavior and initial vigor of durum wheat (Triticum 

durum Desf.) in response to salinity stress 
M. Hmissi1, A. Krouma1,2, M. Chaieb1

1University of Sfax, Tunisia, Biology, Sfax, Tunisia 
2Faculty of Sciences and Techniques of Sidi Bouzid, Sidi Bouzid, Tunisia

The salinity of soil and irrigation water is one of the main factors limiting crop production, particularly in arid and semi- arid 
agrosystems. Other abiotic factors like drought limits seeds germination and plant growth and continue to threaten food secu-
rity worldwide. In addition to these conditions, the physiology and quality of seeds represents a major factor controlling their 
germination capacity, eventually under abiotic stress. It is well established that plant response to salinity depends on the sever-
ity and duration of stress, the species and/ or genotype as well as the stage of the developmental plant cycle. In this context, 
seed germination is considered as the most sensitive stage to abiotic stresses. Durum wheat (Triticum durum Desf.), the most 
cultivated strategic crop in Tunisia, is usually subjected to soil and water salinity, particularly at germinating stage. However, dif-
ferences in the germination and early-stage establishment behavior of species and cultivars have been identified under salinity 
and other stresses. The exploration of this variability to screen cultivars with good germination and plantlets initiation under 
salinity stress represents a rapid, safe and ecofriendly approach. The right start of the plant’s cycle under saline conditions can 
guarantee its subsequent success. For this purpose, the germination capacity and its associated parameters (germination rate, 
germination index, velocity coefficient, mean time germination …) as well as plantlets initiation (plant height, initial vigor …) were 
studied in eight Tunisian cultivars of Durum wheat subjected to an increasing NaCl concentration (0, 2, 4, 6, 10 g. L-1).
Obtained results showed that increasing NaCl concentration decreased significantly germination capacity, germination rate, 
daily mean germination, germination index and plantlets initiation and development. The initial vigor is also affected by salinity 
stress. The calculated coefficient of velocity demonstrated that salinity stress delays seed germination. Some genotypic differ-
ences are observed, khiar, karim and portodur showed higher capacity of tolerance to salt stress at germinating stage and early 
stage establishment even at high concentrations of NaCl, whereas Razek, Maali and Monastir are the most sensitive ones
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P-057
Alleviation of salt-inhibited plant growth and photosynthesis of tomatoes 

(Solanum Lycopersicum L.) by exogenous application of selenium
F. Hajlaoui1,2, A. Krouma3,4, H. Hajlaoui2

1Faculty of Sciences of Gafsa, Biology, Gafsa, Tunisia 
2Regional Centre for Agricultural Research, Sidi Bouzid, Tunisia 

3Faculty of Sciences and Techniques of Sidi Bouzid, Sidi Bouzid, Tunisia 
4Faculty of Sciences of Sfax, Laboratory of Ecosystems and Biodiversity in Arid Land of Tunisia, Sfax, Tunisia

The goal of this study is to investigate the impact of exogenous supply of selenium as a biostimulant, on the alleviation of salinity 
stress in tomatoes plants. For this purpose, a field experiment was conducted on the Firenze cultivar cultivated in the agricul-
tural plot of the Regional Centre for Agricultural Research (CRRA), Sidi Bouzid, Tunisia (9°430 E, 35° 010 N). Plant irrigation was 
made using borehole water with adjusted salinity to moderate salinity stress (3 g. L-1 NaCl) and severe salinity stress (6 g. L-1 
NaCl). Three levels of biostimulant were applied for each treatment (0: control, 0.5 mM and 1 mM selenium as Na2SO4). Plant 
growth, gas exchange, chlorophyll fluorescence and ionic compartmentation were deeply analysed.
The main results obtained show that, depending on its severity, salinity stress decreased plant growth, net photosynthesis, 
quantum yield of PSII and shoot potassium concentration, against a clear increase of sodium accumulation. Foliar spraying with 
selenium improves these physiological functions and clearly alleviates the effect of salinity, particularly when using 1 mM Se. 
The analysis of potassium and sodium accumulated in the plant tissues demonstrated that selenium improves the compart-
mentation of potassium under salinity stress at the expense of sodium, and therefore participate in the protection of shoots 
against their overload with the toxic ion, Na+. Finally, our results suggested that selenium is an efficient, rapid and eco-friendly 
biostimulating agent that can be used to improve crop tolerance to salinity

P-058
Influence of iron deficiency on morphological, nutritional and physiological attributes 

in different cultivars of pea (Pisum sativum L.)
S. Barhoumi1, A. Krouma1,2

1Laboratory of Ecosystems and Biodiversity in Arid Land of Tunisia, Faculty of Sciences of Sfax, Sfax, Tunisia 
2Faculty of Sciences and Techniques of Sidi Bouzid, Sidi Bouzid, Tunisia

Plants mainly acquire Fe from the rhizosphere. However, Fe availability to plant roots is very low despite its abundance in the 
earth’s crust. In the aerobic and/ or higher pH soils, Fe is rapidly oxidized and exists in the form of unavailable and insoluble 
ferric oxides. However, Fe is needed for various cellular processes such as respiration, chlorophyll biosynthesis, and photosyn-
thesis, and serves as a cofactor for enzymes involved in the electron transfer chain. Because 1/3rd of the world’s cropland is too 
alkaline, such as calcareous soils of Tunisia, and the major staple crops, like pea, are sensitive to Fe deficiency, much research 
has focused on how plants cope with this nutritional constraint. Nevertheless, the variability in stress response that exists 
within crops represents a genetic potential that can be exploited to select tolerant genotypes. In this context, a greenhouse 
experiment was conducted on four pea (Pisum sativum L.; Alexandra, Alex; Douce de Provence, DP; Lincoln, Lin and Merveille de 
Kelvedon, MK) cultivars cultivated on clean inert sand and irrigated with Hoagland nutrient solution added (control) or no with 
optimal Fe concentration as K-Fe-EDTA. Obtained results demonstrated the induction of iron chlorosis more intense and earlier 
in MK and DP than Lin and Alex. SPAD index, plant growth, net photosynthesis and active Fe decreased also in the same way 
with MK the most affected than Lin, DP and Alex, respectively. Our results suggests that the relative tolerance of Alex is linked 
mainly to its capacity of Fe uptake and translocation to shoots under limiting condition and its Fe use efficiency for plant growth 
and for photosynthesis.
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Unravelling regulatory networks involved in heat-stress tolerance of potato plants

S. Beck1, A. Kaier1, U. Sonnewald1, S. Sonnewald1

1University of Erlangen–Nuremberg, Biology, Erlangen, Germany

Potato is the world“s most important non-grain food crop in terms of production. Potato tubers are a valuable staple food and 
an important source of starch, minerals, vitamins, and essential amino acids. Centuries of breeding have resulted in many potato 
varieties for different purposes from table potatoes to starchy varieties.
Modern European varieties were adapted to grow under long day conditions and moderate temperatures with an optimum 
from 14°C to 22°C [1]. Potato cultivation is susceptible to moderately elevated temperatures (above 27°C). Considering the rise in 
temperature due to global warming and a growing world population, there is a strong demand to develop heat-tolerant potato 
varieties that sustain high yields under heat stress.
To aid breeding, it is essential to understand morpho-physiological, biochemical and molecular responses to increased tem-
peratures. Within a previous study we investigated a heat-sensitive potato cultivar [2]. Moderate heat stress affected source 
strength by impairing photosynthesis, assimilate-production and -allocation and expression of the tuberization signal SP6A and 
decreased sink strength by reducing the expression and activity of enzymes associated with tuber starch metabolism.
In order to expand our knowledge, a set of approx. 200 European cultivars was exposed to heat stress in controlled glass house 
experiments and phenotyped. The different cultivars displayed a diverse spectrum of morpho-physiological, biochemical and 
molecular responses, but overall heat caused thermomorphogenesis, reduced tuber yield and starch content. In addition, all cul-
tivars were sequenced using a genotyping by sequencing approach followed by genome wide association studies using different 
traits. Thereby, genetic variants were identified that might be associated with yield determining parameters under heat-stress. 
In further work, we selected two potato cultivars with contrasting heat responses and performed an RNA-Seq analysis to gain 
insights into the dynamics of adaptational responses. Identified targets are investigated in ongoing studies and first results will 
be presented.
1. Birch, Paul RJ, et al. „Crops that feed the world 8: potato: are the trends of increased global production sustainable?“ Food  
 Security 4.4 (2012): 477-508.
2. Hastilestari, Bernadetta Rina, et al. „Deciphering source and sink responses of potato plants (Solanum tuberosum L.) to el 
 evated temperatures.” Plant, cell & environment 41.11 (2018): 2600-2616.

P-060
Evaluating erosion resistance of freshly sown dike vegetation with high ecological value

J. M. Schönebeck1, K. Keimer2, M. Paul1, T. Schlurmann1

1Leibniz University Hannover, Ludwig-Franzius-Institute, Hannover, Germany 
2Technische Universität Braunschweig, Leichtweiß-Institute, Braunschweig, Germany

The interest in ecosystem services increased over the last few decades. Therefore, the effort to raise the ecological value 
of coastal infrastructure and integrating ecosystem-based coastal protection arose. Sea dikes are essential for the protec-
tion of extensive coastal areas and a dike breach would lead to large damage and economic losses. The integrity of a veg-
etated sea dike depends especially on its surface soil and biological revetment including the below-ground biomass and root 
system architecture. To increase biodiversity while retaining coastal protection requirements, the seed mixture in Germa-
ny currently consisting of four grasses is to be replaced by a more biodiverse seed mixture. At the end of 2021, two seed 
mixtures with proportions of 80% grasses and 20% herbs and 2% grasses and 98% herbs were sown on a 37 m long dike 
section at the North Sea coast of Lower Saxony as part of the research project „Gute Küste Niedersachsen“. These seed 
mixtures have proven promising in a past project called EcoDike (Scheres und Schüttrumpf 2020). These seedings are com-
pared with the common seed mixture of 100% grasses sown in Norddeich (North Sea coast) and a seed mixture with 70% 
grasses and 30% herbs of a regional dike association sown in Oldenburg on a polder overflow to quantify differences with 
respect to soil strength and erosion resistance. These locations are regularly examined both visually above ground with 
UAV flights as well as with soil samples including below ground biomass. Strong storm surges at the end of February 2022 
led to different degrees of erosion at both sites at the North Sea coast, which were recorded by drone flights and subse-
quent processing with sfm (structure from motion). The erosion at the sites was investigated in regards to the composition 
of the seed mixture, the degree of coverage, the root length density, the grain size distribution and the aggregate stability.  
The results show that the seed mixtures with a proportion of >80% grasses as pioneer plants have a higher erosion resistance 
than a seed mixture with a proportion of only 2% grasses growing under the same conditions. The data further show the impact 
of abiotic conditions, like wind and waves, on freshly sown vegetation. These findings  are important for decision-makers indicat-
ing the relevance of sowing time for the coastal protection function of biological revetments and showing vulnerability of green 
sea dikes without a well-established vegetation cover.
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Uncovering QTL and their candidate operating genes related to salt tolerance in wheat

M. Ahmed Hussin Mohamed1,2, N. Siddiqui1, B. C. Oyiga1, J. Leon1, A. Ballvora1

1Rheinische Friedrich-Wilhelms-University, INRES Plant Breeding, Bonn, Germany 
2South Valley University, Agronomy Dept., College of Agriculture, Qena, Egypt

Salt stress is one of most destructive abiotic stressors causing severe yield losses in wheat production worldwide. Prerequisite 
for improving salt tolerance in wheat is the identification of informative traits which can characterise salt tolerance and which 
can be used for screening genotypes in order to find causative genes. In this study, two populations of 274 and 277 F3 lines devel-
oped from crosses between Bobur (tolerant)*Altay2000 (sensitive) and Bobur*UZ-11CWA08 (tolerant), were tested for salinity 
tolerance at seedling stage. As the progenies possessed high phenotypic and genetic variabilities in the traits, the genotypes 
could be classified in sensitive and tolerant. Under saline conditions, the tolerant genotypes from both crosses showed lower 
Na+ and proline contents, but higher K+ and chlorophyll contents, a higher K+/Na+ ratio, higher rates of PSII activity, and a higher 
photochemical efficiency compared to the sensitive genotypes. In the tested biparental populations five QTL could be validated, 
which have previously been described in a Genome Wide Association Study with a broad panel of cultivars. One of these showed 
a major QTL region for dry root weight under salt stress on the short arm of chromosome 1D. Several putative candidate genes 
underlying this QTL were identified. Expression analysis of several candidate genes showed that TraesCS1D02G052200 and 
TraesCS5B02G368800 had the highest expression in most of the organs and tissues. Additionally, gene expression analysis re-
vealed that ZIP-7 exhibited higher differential expressions compared to KefC, AtABC8 and 6-SFT under saline conditions.
This study provides information on genetic and molecular basis of salt tolerance that might be useful in developing salt-tolerant 
wheat cultivars.

P-062
Growth regulators enhance resistance in oilseed rape against sclerotinia sclerotiorum

G. N. Gebremichael1, A. Welch2

1Georg August University of Göttingen, Plant pathology, Addis Ababa, Ethiopia 
2Georg August University of Göttingen, Göttingen, Germany

Sclerotinia stem rot, Sclerotinia sclerotiorum, is one of the most serious disease problems in canola-growing areas in the world 
and causes significant yield loss (Koch et al., 2007). Previous studies showed that disease response to S. sclerotiorum of oilseed 
rape is depending on the stem morphology. In particular, the stability of the tissue and accumulation of phenolic compounds 
and lignin in the cell walls are important determining factors for the spread of the fungus. Though, the aim of this study was 
to enhance resistance in oilseed rape by growth regulators against Sclerotinia sclerotiorum. A partially resistant Zhongyou 812 
and a susceptible Loras oilseed rape cultivars were grown in the greenhouse and later inoculated with S. sclerotiorum. At BBCH 
32 growth stage, the oilseed rapes were treated with four growth regulators (Caramba, Carax, Toprex and Moddus) including 
control. The cultivars Zhongyou 812  and Loros showed significant difference in BBCH, height and lesion length  The lesion length 
was lower in the Zhongyou 812 than Loros cultivar. This shows that the growth regulators enhance resistance of Zhongyou 812 
to Sclerotina sclerotium. In this experiment, the growth regulators treatment induced a resistance against S. sclerotiorum in 
oilseed rape. This seems to have evident relationship with the rate of lignin accumulation. To conclude, these growth regulators 
inhibit gibberellin synthesis and more robust cells with more lignin, less infection.
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P-063
physiological and morphological changes promoted in field elms (Ulmus minor Mill.) by priming 

with ß-aminobutyric acid 
H. Hoenicka1, S. Bein1, W. Graf1, D. Hanelt2

1Thünen Institute of Forest Genetics, Grosshansdorf, Germany 
2University Hamburg, Hamburg, Germany

Climate change and the growing number of tree pandemics are serious problems jeopardizing many forests worldwide. Unfor-
tunately, the potential of conventional breeding for overcoming those problems in trees is very limited. Therefore, the develop-
ment of alternative approaches for resistance induction can be a contribution for preserving the integrity of endangered tree 
species.
Resistance priming is an adaptive strategy that promotes resistance in plants. Chemicals but also microorganisms have been suc-
cessfully used for priming biotic and abiotic stress resistance. The non-proteinogenic amino acid ß-aminobutyric acid (BABA), a 
naturally occurring stress hormone, has been used for priming resistance in many plant species. However, no studies have been 
hitherto reported in forest trees. In this study different conditions were tested for resistance priming of field elms (Ulmus minor 
L.) with BABA, followed by evaluation of their effect on promoting drought stress resistance, and changes in the photosynthetic 
system and development, including long-term effects six months after priming.
Seeds/seedlings and young plants were used for priming with BABA at different concentrations (0/0.5/1/5/10 mM). Drought 
stress tests were carried out with elms after priming. Two watering conditions were evaluated: 20% and 70% water capacity. 
Phenotyping: growth, leave pigments (chlorophyll, carotenoids, flavonoids) and maximum quantum efficiency of PSII photo-
chemistry (Fv/Fm).
Our results showed that BABA influenced several resistance relevant parameters. At certain concentrations, priming resulted 
in increased plant growth, chlorophyll content in leaves, and the maximum quantum efficiency of PSII photochemistry (Fv/Fm) 
under both normal watering and drought stress conditions. A BABA concentration of 0.5 mM promoted a 60% plant height 
increase under drought stress conditions, two months after priming of young plants (PP). Long-term effects were confirmed six 
months after seed/seedling priming (SP). SP with 0.5 mM BABA promoted 8% higher plant height under normal watering condi-
tions. Results showed that BABA concentration played an important role on the induction of long-lasting priming under drought 
stress (DS); only SP with 10 mM BABA induced plant height increase (34%) under DS. Furthermore, levels of chlorophyll and 
anthocyanins were in this case similar to those of plants under normal watering conditions.

P-064
Meta analysis of transcription factor binding motifs shows high levels of conservation in plants

S. Zenker1, D. Wulf1, A. Bräutigam1

1Bielefeld University, Computational Biology, Bielefeld, Germany

Plant development and stress response are organized in gene regulatory networks. An integral part of these networks are tran-
scription factors (TFs), which regulate gene expression by binding to cis-elements in the DNA. The Arabidopsis genome contains 
more than 1700 TFs organized in 71 families with one to more than 100 members based on their protein domains. These families 
expand by gene duplication, which enables sub- and neo-functionalization. Binding motifs for 687 transcription factors of Arabi-
dopsis thaliana are in the public domain as FAIR data. We hypothesized that comparing phylogenetic patterns with DNA binding 
specificities would inform us about possible regulatory mechanisms and evolutionary patterns.
Data in the public domain is available for over 700 TFs in plants. All TF families with at least four TFs with an annotated motif 
were analyzed in detail. TF families can be grouped into three types: families with overall conserved motifs, families with four or 
less different motifs, and families with high diversity of motifs. In highly conserved TF families, unknown TFs have a high prob-
ability of sharing the family motif. Within a TF family, which shows at least some variation, phylogenetic position is frequently 
correlated to motif.
We found that most analyzed families show a high degree of conservation, which raises questions about specificity of regulation. 
The high degree of conservation also suggests that the motif within the TF family is stable over evolutionary time.
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Induction of early flowering in European birch (Betula pendula) through genetic t

ransformation with the FLOWERING LOCUS T gene 
H. Hoenicka1, V. Briones2, S. Bein1, P. Hoffmann1, K. Heier1, M. Fladung1

1Thünen Institute of Forest Genetics, Grosshansdorf, Germany 
2Universidad Nacional de la Plata, La Plata, Argentina

Forest tree species require many years or even decades to reach reproductive maturity. As a consequence, the development 
of breeding approaches in forest tree species has been poor when compared to annual plants. Therefore, many strategies have 
been tested for early flowering induction in trees. The heat inducible FLOWERING LOCUS T gene from Arabidopsis thaliana (L.) 
Heynh allowed flower induction in European poplar (Populus tremula) (Hoenicka et al., 2014) some years ago. In this study, the 
same approach was successfully used for the induction of early flowering in birch (Betula pendula).
Early flowering in birch was promoted using genetic transformation. The Agrobacterium mediated approach, with strains con-
taining the gene construct HSP::AtFT, was used with in vitro plants. For transgenic plant regeneration, ½ MS medium was supple-
mented with 0.01% Pluronics F-68, thidiazuron (0.01 µM) and antibiotics, cefotaxime (500 mg L-1) for Agrobacteria elimination 
and kanamycin (50 mg/L) for of transgenic shoots. Transgenic lines obtained were characterized and molecular analyzed. Heat 
treatments (40 °C, 90 min, 3–5 weeks) were applied daily until appearance of the first flowers.
Transgenic plants obtained after genetic transformation were selected according to PCR and Southern blot results. HSP::AtFT 
plants showed a normal growth and early flowering was obtained ten months after genetic transformation. After heat treat-
ments, flowers showed a normal morphology and viable pollen grains and seeds were obtained. This last point is remarkable as 
HSP::AtFT poplars required a long cold treatment phase after heat treatments for the induction of fertile flowers (Hoenicka et 
al., 2016).  
- Hoenicka H, Lehnhardt D, Nilsson O, Hanelt D, Fladung M. (2014) Successful crossings with early flowering transgenic poplar:  
 interspecific crossings, but not transgenesis, promoted aberrant phenotypes in offspring, Plant Biotechnol J. 12:1066-74.
- Hoenicka H, Lehnhardt D, Briones V, Nilsson O, Fladung M. (2016) Low temperatures are required to induce the development  
 of fertile flowers in transgenic male and female early flowering poplar (Populus tremula L.), Tree Physiol. 36:667-77.

P-066
Molecular plant responses to combined abiotic stresses put a spotlight on unknown and abundant genes

M. Bouzid1, Y. Fu1, N. Sewelam2, D. Brilhaus3, A. Bräutigam4, V. G. Maurino1

1Rhenish Friedrich Wilhelm University of Bonn, Department of Molecular Plant Physiology, Bonn, Germany 
2Tanta University, Egypt, Botany Department, Faculty of Science, Tanta, Egypt 

3University Düsseldorf, Institute of Developmental and Molecular Biology of Plants, Düsseldorf, Germany 
4Bielefeld University, Computational Biology, Faculty of Biology, Potsdam, Germany

Abiotic stresses such as drought, salinity, and heat are serious factors limiting plant growth and crop productivity world-wide. As 
in natural environments these stresses may occur individually or simultaneously, we conducted a combined-stress experiment 
to elucidate the molecular basis underlying the response to salt, osmotic and heat stress using the model species Arabidopsis 
thaliana ecotype Col-0. Results of metabolite profiling and transcriptomic analysis revealed so far that heat stress has the stron-
gest impact on metabolite accumulation patterns as well as gene expression levels. Specific compatible solutes were accumu-
lated in response to specific applied stresses. Under treatments including heat stress, genes coding for abundant photosynthetic 
proteins and proteins regulating the cell life cycle were found to be strongly down-regulated, whereas genes involved in protein 
degradation were up-regulated. As input for upcoming abiotic stress resistance engineering in plants, this study highlighted 
candidate genes, many of which are of unknown function.



161

ABSTRACTS

P-067
The role of auxin in barley pollen maturation 

I. Acosta1

1Max Planck Institute for Plant Breeding, Cologne, Germany

Starch accumulation is a hallmark of maturity and fertility in cereal pollen grains but its regulation has remained unexplored. 
Through the characterization of the barley mutant male genetic sterile 38 (msg38), we discovered that auxin is essential to ac-
tivate starch accumulation in barley pollen. MSG38 encodes the enzyme HvYUCCA4, catalyzing the last step in the synthesis of 
bioactive auxin. Importantly, this enzyme is found only in maturing pollen, indicating that pollen grains autonomously produce 
auxin to drive their maturation. The accumulation of auxin is required to enhance the expression of central carbon metabolism 
factors both at the gene and protein level. This results in an increased flux through the canonical pathway that generates energy 
(ATP) in heterotrophic tissues. Accordingly, auxin is also necessary to maintain high levels of essential metabolites of this path-
way, such as pyruvate (the product of glycolysis), and two tricarboxylic (TCA) cycle metabolites (citrate and pyruvate). Interest-
ingly, the function of HvYUCCA4 seems specific to pollen grains. This suggests HvYUCCA4 as a strong candidate for targeted 
inhibition of male fertility in barley and wheat. Implementing such a system would enable large scale hybrid seed production 
between multiple parent pairs, an unfulfilled need of crop breeders.

P-068
Comparative transcriptome analysis identifies key genes and pathways that regulate fruit 

development in cactus pear (Opuntia ficus-indica) mutants
R. Ramakrishnan1, U. Zurgil1, N. Tel-Zur1, Y. Sitrit1

1Ben-Gurion University of the Negev, French Associates Institute for Agriculture and Biotechnology of Drylands, 
BIDR, Sede-Boqer, Israel

Transcriptomic sequencing was used to identify key genes and pathways regulating the fruit development of cactus pear (Opun-
tia ficus-indica). Prickly pear fruits have juicy pulp containing 10–15% of hard-coated seeds, which limits the acceptability of the 
fruits for consumers. Two different cactus pear mutants, known as “Beer Sheeva-1” (“BS-1”) and “Revertant”, were discovered 
in Israel. “BS-1” fruits are parthenocarpic (seedless) and contain enlarged unfertilized ovules that develop into small, aborted 
seeds. Whereas some branches (about 10 %) of “BS-1” set normal fruits, containing small ovules and viable seeds; that pheno-
type named “Revertant”. We hypothesis that the parthenocarpic phenotype of “BS-1” is due to a mutation that leads to elevated 
levels of phytohormones in the ovary. This results in earlier fruit ripening, fruit morphology of longer neck, enlarged and unfertil-
ized ovules, smaller and less glochid, and aborted seeds.
In this study, ovary tissues of BS-1 and Revertant were sequenced by using an Illumina sequencing platform (RNA–Seq). A total of 
7,717 differentially expressed genes (DEGs) were identified and 2178 of them were upregulated and 5539 were downregulated. 
KEGG (Kyoto Encyclopedia of Genes and Genomes) enrichment analysis revealed that DEGs related to the functional category 
“plant hormone signal transduction” were significantly enriched during fruit development. Identification of plant hormone-re-
lated genes (abscisic acid, auxin, brassinosteroids, cytokinin, ethylene, and gibberellic acid) and their regulatory signaling genes 
may enhance our understanding of parthenocarpic fruit development.
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P-069
Roles and interactions of Aux/IAA8 and Aux/IAA9 in compound-leaved Cardamine hirsuta vs. 

simple-leaved Arabidopsis thaliana
L. Zühl1, N. Bhatia1, C. L. A. Kamei1, S. D. Pophaly2, S. Laurent1, P. Huijser1, M. Tsiantis1

1Max Planck Institute for Plant Breeding, Comparative Development and Genetics, Cologne, Germany 
2Max Planck Institute for Plant Breeding, Cologne, Germany

Leaves of vascular plants display a plethora of different shapes which to a large extent reflect variation in size and form of their 
marginal protrusions. On this basis, leaves can be classified as simple or complex. When complex leaves are fully dissected into 
distinct leaflets, they are called compound. Morphogenesis of different leaf forms is an attractive model to understand how 
morphological diversity arises.
Previous findings demonstrated that paralogous Aux/IAA8 and Aux/IAA9 contribute to leaf margin development by local growth 
repression in both simple-leaved Arabidopsis thaliana and compound-leaved tomato. However, it remains unclear whether they 
also play a role in Cardamine hirsuta a compound leafed relative of A. thaliana, and to which degree their function has diverged 
between these two species. In this study, we aimed to elucidate the developmental roles of Aux/IAA8 and Aux/IAA9 and their 
genetic relations with known growth regulators in the closely related C. hirsuta and A. thaliana.
For this purpose, we characterised several ChIAA8 and ChIAA9 mutant alleles and performed cross-species complementation. 
Additionally, we analysed expression patterns for these genes in developing leaves and flowers. Our observations indicate that 
Aux/IAA8 and Aux/IAA9 act redundantly in C. hirsuta, and that they have a conserved role in the maintenance of marginal pro-
trusions in simple and complex leaves. We also identified potential species-specific divergent roles of Aux/IAA8 and Aux/IAA9 in 
the separation of leaf nodes and repression of stipule and stamen development in C. hirsuta. Finally, through a combination of 
transcriptome and genetic analyses, we explore how Aux/IAA8 and Aux/IAA9 might interact with other known regulators of leaf 
morphogenesis and thereby contribute to shape diversity.

P-070
Elucidation of protein acetylation Involved in seed germination in arabidopsis

J. Shen1, M. Gasper1, I. Finkemeier1

1University of Münster, Institute of Plant Biology and Biotechnology, Münster, Germany

Seed germination is the first step of the life cycle of most angiosperms and is regulated by phytohormones such as abscisic 
acid (ABA) and gibberellins (GA). The binding of ABA to its receptor proteins activates signaling via phosphorylation-dependent 
posttranslational protein modification (PTM) cascade. Here we investigate the role of another PTM, which might be involved in 
seed germination regulation in the oil seed plant Arabidopsis. Protein N-ε-Lysine acetylation is a dynamic and important post-
translational modification (PTM) that can control physiological functions of proteins, such as their localization, stability, enzyme 
activity, or interactions. However, the exact molecular mechanisms between the role of protein N-ε-Lysine acetylation and seed 
germination are still to be discovered. Here we investigated the ABA sensitivity of different families of protein acetyltransferases 
during seed germination. Our results revealed some candidate proteins, which need to be further investigated. Overall, this 
study indicates that protein acetylation plays an important role during seed germination.

P-071
Distinct maternal and paternal signals polarize the Arabidopsis zygote to initiate the embryonic patterning process

M. Bayer1

1Eberhard Karl University of Tübingen, Tübingen, Germany

Plant embryogenesis is initiated by an asymmetric cell division of the zygote. However, how different cell identities are achieved 
in the daughter cells of this asymmetric cell division on a molecular, mechanistic level is poorly understood.
In Arabidopsis thaliana, the cellular identity of the resulting daughter cells is controlled by a MAP kinase signaling cascade includ-
ing the MAP3K YODA (YDA). Polar activation of YDA suppresses embryo formation in the basal daughter cell and ultimately pro-
motes suspensor formation. In Brassicaceae, the YODA pathway can be activated by distinct parental contributions: This includes 
canonical receptor-mediated signaling by a maternally provided receptor complex including ERECTA and BRASSINOSTEROID 
SIGNALING KINASE1 (BSK1) and BSK2. In addition, the paternally provided pseudokinase SHORT SUSPENSOR (SSP/BSK12), a 
Brassicaceae-specific member of the BSK family, activates YODA in a receptor-independent fashion. 
We present new data on the impact of polar YODA activation on early embryonic patterning and shed light on the mechanism 
and evolution of distinct modes of YDA activation in the zygote on a molecular and structural level. We furthermore discuss 
possible benefits of different modes of YDA activation and their distinct parent-of-origin effects.
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P-072
Functional characterization of unknown function genes of Arabidopsis thaliana in response to abiotic stresses

Y. Fu1, M. Bouzid1, J. Çιrakman1, V. G. Maurino1

1Institute of Molecular Physiology and Biotechnology of Plants (IMBIO), Bonn, Germany

In natural environments, plants are exposed to various abiotic stresses such as salt, heat, and drought. These environmental 
stresses can occur individually or simultaneously, and are serious factors that limit plant growth and productivity. Based on our 
previous transcriptome analysis of the model species Arabidopsis thaliana subjected to combined stress, we selected 10 genes 
of unknown function that exhibited specific differential expression patterns under various stress treatments. We also included in 
the study NADP-malic enzyme that was expressed in leaves only under the applied stress conditions, but nothing is known about 
its involvement in stress responses. To decipher the function of these selected genes and their role in the response to abiotic 
stresses, we isolated loss-of-function mutants and produced over-expression lines that we analyzed under single and combina-
tion of drought, salt, and heat stresses. Characterization at the phenotypical level includes measurements of photosynthetic 
efficiency, time and soil moisture at wilting, desiccation rate, stomatal size and density. We are also investigating the subcellular 
localization of the predicted proteins and their interaction partners. This study will allow us to disentangle the molecular func-
tion of these genes and validate some of the predictions made by gene co-function network analysis.

P-073
Male germ line initiation in maize

J. C. Ku1, K. van der Linde1

1University of Regensburg, Department of Cell Biology and Plant Biochemistry, Regensburg, Germany

Proper gamete formation is important to ensure successful sexual reproduction. The male gametes of angiosperms are formed 
in the anther. Premeiotic angiosperm anthers have a typical butterfly shaped structure, where within each of the four lobes the 
central germline cells (archesporial (AR) cells) are surrounded by layers of somatic tissue. All anther cells, including the germline, 
date back to a small set of pluripotent meristematic layer 1 and layer 2-derived (L1-d and L2-d) cells. Anther formation begins 
with distinct patterning events that result in the four-lobed form. In parallel, L2-d cells acquire AR cell fate in the four corners of 
the anther primordia. Then, the AR cells-surrounding L2-d cells undergo rounds of periclinal divisions to form the endothecium, 
the tapetum, and the middle layer. Previously published data indicate that factors involved in anther patterning might also gov-
ern germline initiation and that both L1-d and L2-d cells can acquire germline fate. To obtain more detail on male germline for-
mation and to elucidate differences and similarities within L1-d and L2-d we initiated laser-capture dissection of maize stamen 
cells for subsequent RNAseq and smallRNAseq and started to obtain CRISPR/Cas9-mediated anther patterning factor mutants. 
Latest results from these approaches will be presented.

P-075
Regulation of photomorphogenesis by a Hy5 – BBX protein transcriptional module

K. Bursch1, H. Johansson1

1Free University of Berlin, Institut für Angewandte Genetik, Berlin, Germany

The bZIP transcription factor HY5 is not only a major positive regulator of photomorphogenesis but is also involved in the regula-
tion of numerous plant developmental processes. In response to light exposure, the HY5 protein accumulates and can associate 
with a large number of promoters of the Arabidopsis genome. However, as a transcription factor without any apparent regula-
tory domain the HY5 protein is dependent on cofactors to regulate the expression of its target genes.
In recent years, numerous members of the B-BOX DOMAIN (BBX) transcription factor family were identified as HY5-interacting 
proteins. Within structural group IV of the BBX protein family, BBX20 – BBX23 were shown to act as cofactors of HY5 to positively 
regulate photomorphogenesis. In contrast, the two closely related HY5-interacting proteins, BBX24 and BBX25, act as negative 
regulators of photomorphogenesis.
Here we present our latest results investigating the functions of the HY5-BBX transcriptional in the regulation of photomorpho-
genesis.
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P-076
The impact of small secreted proteins on pathogenicity and development in Zea mays

F. Hartmann1, K. van der Linde1

1University of Regensburg, Cell Biology and Plant Biochemistry, Regensburg, Germany

The development of the male maize inflorescence, the tassel, is regulated by multiple factors. At first, meristematic cells, flo-
ral homeotic genes and phytohormones govern development, while later, development becomes more and more meristem-
independent. In turn, other factors like environmental cues and cell-cell signaling via e. g. small secreted proteins (SSPs) become 
important in guiding correct development. In general, SSPs are key factors in many plant development processes, while only a 
few were identified in inflorescence formation so far. The high abundance of SSPs, detected in proteomic studies of anthers and 
own data of immature maize tassels, indicates a pivotal role in floral organ formation. Therefore, uncovering the role of SSPs in 
the molecular network of male maize inflorescence development is a highly promising research topic.
To identify novel SSP candidates we filtered own mass spectrometry data from immature tassel for proteins below 20 kDa, which 
are predicted to be secreted followed by cloning and conformation of apoplastic localization.
The biotrophic corn smut fungus Ustilago maydis is well known for its severe tumorigenesis on Zea mays. The “Trojan Horse” 
(TH) assay exploits the great secretory potential and genetic accessibility of U. maydis to microinject maize proteins in situ on a 
highly specific spatiotemporal level. Importantly, successful fungal infection relies on total integrity of developmental process 
in the host plant. Thus, we used the TH approach and subsequent disease ratings to analyze effects of SSP candidate overabun-
dance in the immature tassel on plant-pathogen interactions and tassel development.
With the help of this screening pipeline we found three highly promising SSP candidates, of which latest characterization results 
will be presented.

P-077
eam7 accelerates plant development in barley by altering the expression of core clock genes

G. Helmsorig1, M. von Korff Schmising1

1Heinrich Heine University Düsseldorf, Institute of Plant Genetics, Düsseldorf, Germany

Photoperiodic flowering is a major factor determining reproductive success and thus yield in plants. Agronomically important 
temperate cereal crops, such as barley and wheat, are long day plants requiring day lengths above 12 hours to induce reproduc-
tive development. While some central regulators of photoperiodic flowering in crops, such as PHOTOPERIOD 1 (Ppd-H1) have 
been identified, large parts of the underlying genetic mechanisms remain to be elucidated.
Barley plants carrying mutations at the early maturity 7 (eam7) locus show accelerated reproductive development and flower 
in non-inductive photoperiods below 12 hours (short day conditions). This effect is even stronger when the mutation appears in 
combination with the photoperiod-insensitive winter Ppd-H1 allele (eam1), implying an interaction between these two loci. The 
same applies to plant and spike architecture, which are affected more severely in combination with eam1.
To investigate the effect of eam7 on gene expression, diurnal expression of clock and clock target genes were analyzed in the 
wild type, eam7 mutant and double mutant for eam7 and eam1. Core circadian clock genes were tested in SD and showed dif-
ferences in their diurnal expression pattern and intensity in the eam7 mutant. These effects were even more pronounced in the 
eam7 and eam1 double mutants.
These findings extend our knowledge of the circadian clock in cereal crops and has therefore the potential to improve crop per-
formance in specific environmental conditions.
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P-078
Effect of high ambient temperature on plant growth and reproductive development in barley cultivars

K. E. Çolpan1, M. von Korff Schmising1

1Heinrich Heine University Düsseldorf, Institute of Plant Genetics, Düsseldorf, Germany

Increasing average ambient temperatures threaten the crop production worldwide. As one of the most important cereal crops, 
barley (Hordeum vulgare) is an important target to generate cultivars that are more tolerant to high ambient temperatures. 
Recently, a natural mutation in PPD-H1 prevalent in spring barley (ppd-H1) has been reported to cause delayed flowering and 
impaired reproductive growth under high ambient temperature, while the introgression lines carrying the wild type Ppd-H1 
prevalent in winter barley show accelerated flowering and reproductive growth. Furthermore, the spring barley genotypes 
(ppd-H1) showed reduced numbers of grains and florets while the fertility and grain set were not significantly affected by high 
ambient temperature in introgression lines. These findings suggest that PPD-H1 is a promising target for the generation of more 
resistant barley cultivars with improved grain set under high ambient temperature. However, the underlying molecular mecha-
nisms behind Ppd-H1 mediated regulation of flowering time as well as reproductive development under high ambient tempera-
tures remain unclear. Ppd-H1 is controlled by phytochromes. A natural variation on HvPYHTOCHROME C has been reported to 
interact with Ppd-H1 to accelerate flowering under different photoperiods. However, little is known about their interaction with 
high ambient temperatures. Therefore, I study the molecular and genetic components involved in the regulation of reproductive 
development in barley. I analyse the genetic, hormone and metabolite networks in shoot apical meristem (SAM) which control 
the spike development downstream of PPD-H1 and PHYC under different ambient temperatures.

P-079
Evolutionary analysis of transcription factor binding sites via ampDAp-seq in Marchantia polymorpha

A. Meierhenrich1, D. Wulf1, W. Halpape1, B. Frommer1, A. Bräutigam1

1Bielefeld University, Computational Biology, Bielefeld, Germany

The liverwort Marchantia polymorpha exhibits a good model for evolutionary studies. Its haploid genome has a relatively small 
size for a plant (~280 Mb) and low genetic redundancy due to limited whole genome duplications. Many transcription factor 
(TF) families consist of fewer members compared to seed plants. The liverworts however is a land plant and underwent the 
fundamental events necessary for life on land and exhibits the necessary features such as UV light resistance. We hypothesized 
that studying TF binding in a liverwort would support understanding of TF binding site specificities in the last common ancestor 
between liverworts and seed plants.
DNA Affinity Purification sequencing (DAP-seq) is a quite recently developed method to analyze binding sites of in vitro produced 
proteins throughout a whole genome of an organism irrespective of methylation of chromatin patterns. In this assay, in-vitro 
expressed TFs and DNA library from short fragments of gDNA are combined, the bound DNA is analysed by next-generation 
sequencing, mapped onto genome, and the binding motifs are extracted from the bound sequences.
We grouped the ~400 potential transcription factors of M. polymorpha by comparing them to seed plant transcription factors 
using Orthofinder. To increase likelihood of successful ampDAP, we compared each orthogroup to publicly available DAP-seq 
and ampDAP-seq data and selected families known to be amenable to DAP-seq. Currently, data is available from 30 TFs repre-
senting 20 TF families. The degree and patterns of similarity of liverwort binding sites compared to seed plant binding sites are 
presented.



166

ABSTRACTS

P-080
The translation elongation factor complex eEF1B is important for translational homeostasis and 

influences plant development and stress responses
J. Lohmann1, C. de Luxán-Hernández1, Y. Gao2, R. Zoschke2, M. Weingartner1

1Universität Hamburg, Abteilung Molekulare Pflanzenphysiologie, Hamburg, Germany 
2Max Planck Institute of Molecular Plant Physiology, Potsdam, Germany

The important role of translational control for maintenance of proteostasis during plant development and stress response is well 
documented in plants. However, the exact mechanisms that coordinate rapid adaption of translation rates during stress and re-
initiation of translation after stress relief are still not well understood. Here, we analyzed the conserved translation elongation 
factor complex eEF1B and its role in plant development, translational regulation and stress response. In Arabidopsis, the eEF1B 
complex consists of three subunits: eEF1Bα, eEF1Bβ and eEF1Bγ. While eEF1Bα and eEF1Bβ have a conserved GTP/GDP exchange 
function, which is necessary for recharging eEF1A during the translation elongation process allowing for efficient protein syn-
thesis rates, the function of eEF1Bγ is still unknown. We used Arabidopsis T-DNA insertion lines to analyze the role of eEF1Bγ 
during plant development under control conditions and upon heat and oxidative stress and examined how reduced eEF1Bγ 
function influenced protein translation rates. Confocal-laser scanning microscopy was used to analyze the dynamic subcellular 
re-localization of all three eEF1B subunits during acute heat stress. Our data revealed that eEF1Bγ has an essential function dur-
ing growth and development at control conditions. Polysome profiling combined with measurement of protein synthesis rates 
using the SunSET method revealed that eEF1Bγ influences translation homeostasis. Moreover, we show that each of the three 
eEF1B subunits rapidly accumulates in heat-induced cytoplasmic foci and co-localizes with the stress granule marker PAB8. 
Quantification of cytoplasmic foci demonstrated that eEF1Bβ accumulates more often and more efficiently in stress granules 
than the other two eEF1B subunits, indicating that this aggregation-prone subunit might be important for efficient adaption 
of protein translation rates to stress. In conclusion, our data demonstrate a so far unknown important role for eEF1Bγ in plant 
development and provide important new insight into the mechanisms that allow for rapid re-organization of translation and 
cellular signaling during stress response.

P-081
Two component signaling (TCS) pathways – determinants of barley endosperm formation

C. Hertig1, I. Mora-Ramírez1, T. Rutten1, J. Kumlehn1, J. Schippers1, J. Thiel1
1IPK Gatersleben, Seeland OT Gatersleben, Germany

Assimilate supply to reproductive organs has a major impact on grain yield in cereal crops like barley and wheat. Identification 
of molecular mechanisms triggering differentiation of distinct transfer tissues for nutrient uptake in the endosperm is a prereq-
uisite for improvement of yield potential. Tissue-specific mRNA-sequencing identified two-component signaling (TCS) phospho-
relays as major signal transduction pathway in differentiating endosperm transfer cells (ETCs) of barley. Functional studies with 
TCS components demonstrate that histidine kinase 1 (HvHK1) coordinates initial ETC specification and cell fate acquisition in the 
young endosperm whereas type-C response regulator HvRR15 was shown to impact differentiation of the central endosperm 
and aleurone differentiation in the lobe region of grains. We generated further models for functional studies of TCS genes by 
employing the CRISPR/Cas9-technology. Mutants of type-B RRs (rr10, rr8 and rr4) in different combinations depict grain-specific 
phenotypes with defects in endosperm development, finally leading to smaller grains. Particular in triple mutants, grain number 
is reduced as numerous spikes contain less filled grains, which abort during further development. As type-B RRs work as tran-
scription factors, DNA affinity purification sequencing (DAP-seq) was performed to identify targets of HvRR10 and HvRR8. For 
both RRs a high number of common target genes were identified showing an enrichment in signaling, regulation, cell wall and 
transport processes. Further evaluation of the data set will uncover novel insights into transcriptional activation and function of 
barley type-B RRs in the context of grain development.
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P-082
From clock to tubers – investigating the role of StFKF1 in potato as a link between photoperiod and tuberization

F. Eidloth1

1University of Erlangen–Nuremberg, Biologie, Erlangen, Germany

Potato (Solanum tuberosum) is one of the most important food crops worldwide. Its tubers are rich in starch, have high amounts 
of amino acids and are therefore an essential source of food for the world population. Unfortunately, potato yield and quality 
suffer from elevated temperature due to climate change. To address this problem, it is important to understand the underlying 
mechanisms. To achieve this goal a study investigating source-sink relations under different heat applications was performed 
(Hastilestari et al., 20181). Among others, the expression of the blue light receptor Flavin-binding Kelch repeat F-Box 1 (StFKF1) 
was downregulated in source leaves when heat was only applied to belowground organs. This indicated that there is a link be-
tween abiotic stress (heat) and the circadian clock, which may affect tuberization in potato. To better understand the role of 
StFKF1 in plant development, especially in tuberization, plants overexpressing GFP-StFKF1 in addition with RNAi-StFKF1 plants 
were generated. GFP-StFKF1 plants tuberizied earlier compared to WT and RNAi-StFKF1, but their overall plant growth was 
impaired and tubers stay little and do not increase in size. In contrast, the RNAi-StFKF1 plants had with slightly more tubers and 
earlier flowering.
Thus, the GFP-StFKF1 plants appeared to be arrested in their development. In accordance with this assumption, the expression 
of many genes (associated with tuberization) were not altered from four- to seven-week-old leaflets when comparing them to 
WT and RNAi-StFKF1 leaves in a RNASeq experiment. Among them is SP6A, the mobile tuberigen, which expression increased 
in leaves in both WT and RNAi-StFKF1 plants. Additionally, the early tuberization cannot be explained by an early induction of 
StSP6A expression. This leads to the assumption, that other regulators are affected by GFP-StFKF1 overexpression, which might 
be so far unknown players in tuberization. These factors are being analyzed in ongoing studies and will be discussed in the pre-
sentation.
1. Hastilestari, Bernadetta & Lorenz, Julia & Reid, Stephen & Hofmann, Jörg & Pscheidt, David & Sonnewald, Uwe & Sonne- 
 wald, Sophia. (2018). Deciphering source and sink responses of potato plants (Solanum tuberosum L.) to elevated tempera- 
 tures. Plant, Cell & Environment. 41. 10.1111/pce.13366.

P-083
The plastid nucleoid-associated protein WHIRLy1 promotes development of barley

S. Frank1, C. Desel1, G. Hensel2, J. Eirich3, I. Finkemeier3, K. Krupinska1

1Christian-Albrecht University of Kiel, Botanical Institute, Plant Cell Biology, Kiel, Germany 
2Institute of Plant Biochemistry, HHU Düsseldorf, Centre for Plant Genome Engineering, Düsseldorf, Germany 
3University of Münster, Institute of Biology and Biotechnology of Plants, Plant Physiology, Münster, Germany

The DNA-binding protein WHIRLY1, that is dually located in plastids and nucleus, assumes multiple functions. As a component 
of the plastid nucleoids, WHIRLY1 promotes the compaction of nucleoids in monocots (Oetke et al. 2021) and affects essential 
processes like photosynthesis (Saeid et al. 2022) and ribosome formation (Prikyl et al. 2008). In the nucleus, WHIRLY1 influences 
gene transcription and interacts with telomers (Yoo et al. 2007).
The why1 KO mutant prepared by CRISPR/Cas9 technology shows a dramatic delay in plant development with late flowering 
and kernel development as well as reduced kernel yield. At the cellular level, chloroplasts develop markedly slowly and contain 
uncompacted nucleoids.
Gene expression analyses revealed that the transcription in plastids of the mutant is mainly mediated by the nuclear-encoded 
phage-type RNA polymerase (NEP) and less by the plastid-encoded RNA polymerase (PEP). Both polymerases are active in the 
plastids of wild-type plants, whereby a strong increase in transcriptional activity of PEP is required for chloroplast development 
(Börner et al. 2015). Interestingly, the chloroplasts of the why1 KO mutant contain lower amounts of PEP associated proteins 
(PAPs), although the transcript levels of their genes are increased in contrast to the wildtype.
These results suggest, that WHIRLY1 dependent nucleoid compaction is required for an efficient activity of PEP and thereby 
determines the kinetics of the overall plant development.
- Börner et al. (2015), BBA-Bioenergetics 1847, 761-769. 
- Oetke et al. (2021), Plant and Cell Physiology 63, 234-247. 
- Prikryl et al. (2008), Nucleic Acids Research 36, 5152-5165. 
- Saeid-Nia et al. (2022), Planta 255, 1-15. 
- Yoo et al. (2007), Plant Journal 49, 442-451.
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P-084
The pINK-complex – a novel link between the cytoskeleton, ER, and plasma membrane at plasmodesmata?

S. Klemm1, K. Bürstenbinder1, J. Zang2, P. Wang2

1Leibniz Institute of Plant Biochemistry, Molecular Singaling, Halle (Saale), Germany 
2Huazhong Agricultural University, Key Laboratory of Horticultural Plant Biology, Wuhan, China

Plant responses to developmental stimuli or environmental challenges are dependent on rapid cell-to-cell transport and sig-
naling. Plasmodesmata (PDs) are tubular connections between neighboring cells, which enable fast transport of cargoes and 
signaling molecules through the symplastic pathway. PDs interconnect the cytoplasm, endoplasmic reticulum (ER), and plasma 
membrane (PM) between cells. In PDs, the PM is attached to the ER at ER-PM contact sites (EPCS). In the model plant Arabidopsis 
thaliana Networked (NET) 3C, a plant-specific actin binding protein, connects the actin cytoskeleton to EPCS via physical inter-
action with VAMP associated proteins (VAP27). We identified Kinesin Light Chain-Related proteins (KLCRs, also referred to as 
Cellulose Microtubule Uncoupling (CMU)) and IQ67-Domain proteins (IQDs) as new interactors that connect microtubules with 
EPCSs. KLCR1 is proposed to play a role in stabilizing microtubules at the PM. IQDs are a family of microtubule and PM localized 
proteins that share hallmarks of scaffold proteins thought to enable the formation of large protein complexes. Members of IQD 
families are involved in the regulation of plant growth. KLCRs directly interact with NET3C and serve as a bridge to connect IQDs 
within a higher order complex, the VAP27-IQD-NET-KLCR1 (PINK) complex. Together the PINK complex may act as a cross-linker 
between actin, microtubules, and EPCS, in which KLCRs serve as adaptor proteins that mediate the association of NET3C and 
scaffold-like IQDs. Mutants defective in PINK complex subunits, such as net3c, klcr1, iqd2 and iqd5 exhibit defects in pavement 
cell morphogenesis, root growth, EPCS size and cytoskeleton arrangements suggesting that the PINK complex is a central regu-
lator of cellular organization and plant growth. The molecular function of most PINK subunits, the dynamics and composition 
of IQD-assembled complexes, and their potential role in regulation of PD functions or biogenesis, however, are still unknown. 
Interestingly, besides KLCRs, IQDs bind Calmodulins (CaM), one of the largest classes of plant signaling components that act as 
calcium sensors. IQDs may thus function as scaffolds for assembly of CaM-regulated calcium signaling modules at distinct sub-
cellular sites. Collectively, we propose that the PINK complex serves to orchestrate cellular organization and to integrate calcium 
signaling into the regulation of growth and defense.

P-085
From water to land – conserved functions of IQD proteins in the evolution of cell division?

P. Dahiya1, S. Haluska2, G. Stamm3, K. Bürstenbinder4

1Leibniz Institute of Plant Biochemistry, Molecular signal processing, Halle (Saale), Germany 
2Institute of Experimental Botany, Prague, Czech Republic 

3Leibniz Institute of Plant Biochemistry, Halle (Saale), Germany 
4Leibniz Institute of Plant Biochemistry, Molecular signal processing, Halle (Saale), Germany

Evolutionary studies suggest that the ancestors of present-day land plants belong to the aquatic unicellular streptophyte alga. 
From water till colonizing land, plants have gone through several developmental and organizational changes in the basic body 
plan. Some of these notable features include the development of rigid cell walls, and of multicellular and complex 3D body forms. 
These changes became the limiting factor for the ancestral form of cell division which is based on cleavage. To stay in sync with 
the demands of new organizational attributes plants have evolved a novel process of cell division. In Charophyceae, the phrag-
moplast, a microtubule based structure evolved that serves as a scaffold for cell plate assembly and guides the newly forming 
cross wall from the center to the cortex of the cell to complete cytokinesis. In Zygnematophyceae, a cortical microtubular ring 
termed as isthmus band of microtubules (IBM) evolved that marks the future site of cell division. The pre-prophase band (PPB), 
an analogue to IBM, likely appeared later during evolution and marks the future division zone at G2 to M transition at the cortex 
of parent cell for the fusion of expanding phragmoplast to conclude cytokinesis. Networks of microtubule-associated proteins 
(MAPs) play central roles in regulating the dynamics of microtubules during formation of the PPB and expansion of phragmo-
plast. Although knowledge is present related to the course of evolution of cell division no information is available in connection 
to the evolution of land plant-lineage specific MAPs that are central to the formation of these new mitotic microtubule arrays. 
We have identified a class of MAPs, termed IQ67 domain proteins (IQDs), members of which are vital for PPB formation and 
the maintenance of phragmoplast orientation during cell division in angiosperms. In a comprehensive phylogenetic analysis we 
uncovered the presence of IQD protein family members early during land-plant evolution starting from streptophyte alga. We 
further report the association of IQDs from different plant-lineage clade with microtubules and their ability to function similar to 
Arabidopsis IQ67 domain proteins during the process of cell division. Collectively, we propose that IQDs emerged as MAPs that 
played a central role in the evolution of cell division in the land plant lineage.  
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P-086
Tuber development in Chinese yam (Dioscorea polystachya) – a tuber crop with high potential 

as functional food in Europe
J. Epping1, J. Riekötter1, T. Ried1

1University of Münster, Institute of Plant Biology and Biotechnology, Münster, Germany

Yams (Dioscorea spp.) are monocotyledonous plants that produce edible and nutritious tubers that constitute an important 
staple food for millions of people in tropical and sub-tropical countries. The Chinese Yam (Dioscorea polystachya) is a yam spe-
cies that can grow in temperate climates like central Europe and could be cultivated here to enrich our daily diet. The under-
ground tubers are rich in starch and minerals and contain healthy ingredients that can be applied for treatment of diabetes and 
hypertension as well as regulation of blood cholesterol levels. Therefore, Chinese yam tubers have a high potential as “functional 
food”. However, cultivation is difficult because the heavy underground tubers reach up to 1.5 meters deep into the ground and 
have a club like shape with the tuber being thin at the top and getting thicker at the base. This shape makes harvest a challenge, 
as tubers cannot be pulled out but have to be dug out carefully. Consequently, commercial yam cultivation in Europe is scarce. 
Our research focuses on the molecular mechanisms of this unique growth behavior of Chinese yam tubers. We aim to identify 
molecular markers of tuber development that allow breeding approaches for preferred shapes. To reveal mechanisms involved 
in tuber development and shaping, we work with a clonal model population that was subject to vegetative selection for about 
80 years. This led to two cultivars that resemble significantly different tuber shapes: the original long/thin tubers and optimized 
short/thick tubers. The two cultivars differ mainly in this phenotypic trait, while being genetically clones. We use an integrated 
approach of comparative transcriptomic analysis, functional gene characterization, chemical profiling and genotyping to reveal 
how tuber shape is determined in this model. Based on RNA-sequencing data, we could identify several candidate pathways that 
potentially influence the tuber shape.

P-087
Genome-wide association study identifies novel candidate genes for stomatal density in rice 

(Oryza sativa L.)
S. Arikit1,2, W. Phetluan3, M. K. Pitaloka2, S. Wanchana4, A. Vanavichit1,2, T. Toojinda4

1Kasetsart University, Agronomy, Nakhon Pathom, Thailand 
2Kasetsart University, Rice Science Center, Nakhon Pathom, Thailand 

3Kasetsart University, Center for Agricultural Biotechnology, Nakhon Pathom, Thailand 
4National Science and Technology Development Agency (NSTDA), Khlong Luang, Thailand

Stomata are among the most important features of plants and have been an interesting object of research for decades because 
of their magnification function. However, knowledge about stomata in crop plants is still insufficient compared with what has 
been well studied in the model plant Arabidopsis thaliana. Recently, reports on the evolution of stomata in crop plants have 
been accumulating, and some have been published in rice. However, knowledge about the genetic basis of stomata, especially 
stomatal density, is still very limited. In this study, a natural population of 235 Thai rice accessions was analyzed for stomatal 
density on flag leaves. Genome-wide association was performed in this population with 160,498 SNPs using the fixed and ran-
dom model circulating probability unification (FarmCPU) method to reveal genome associations. As a result, five significant QTLs 
associated with stomatal density were identified on chromosomes 2, 3, 9, and 12, and thirteen genes were annotated within 
these QTLs. Based on haplotype analysis,  the gene encoding GATA zing finger domain containing protein and the gene encoding 
B-box zinc finger family protein showed variation in stomatal density between different haplotypes. The results of this study 
provide further information on the genetic association with stomatal density in rice and may be useful for future breeding pro-
grams.
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P-088
Comparative performance of wheat and faba bean under no tillage and conventional tillage systems 

in Morocco during 2020-2021 season
A. Ramdani1

1INRA, CRRA Meknès, Meknes, Morocco 

The superiority of wheat grain yield under no-tillage has been reported by many authors, and others reported significant in-
teraction between wheat cultivar and tillage system for grain yield and other related traits. Hence, new breeding initiatives are 
needed to introgress favorable traits into wheat, barley and other crops in areas where no-tillage is being adopted.
In addition to small grains cereals, the use of other field crops such as food legumes is a prerequisite to ensure a large adoption 
and sustainability of NoTill system. So, the ultimate objective of this research is to find out if wheat and faba bean behave dif-
ferentially under NoTill compared to Conventional Tillage.
Trials were carried out in the region of Sefrou and according to a strip plot design with three replications. The tested cultivars 
are Faiza for bread wheat and Alfia 305 for faba bean.
Trials were conducted as recommended (seed rate, sowing date, ….) in addition to herbicide treatment before sowing for NoTill 
trials. Evaluation and scoring were done at early growth stage, at grain filling and at maturity. Weeds have been well controlled 
except for Faba bean where we noticed a clear infestation of both systems with clover (Trifolium sp.) meaning that Corum (her-
bicide used in post emergence) had no effect on this species presumably because it belongs to the same family (Leguminosae 
or Fabaceae) as Faba bean.
The 3rd evaluation was carried out on April 29th, 2021 corresponding to Dough growth stage for bread wheat and beginning 
of maturity for Faba bean. Slight infection of wheat by septoria-like diseases (SLD) and stem rust were scored on both tillage 
systems. Chocolate spot (Botrytis) and Rust were observed on Faba bean under both tillage systems with a severity of 5S for rust 
and 15% of Botrytis. Yield, yield components and other related traits were measured and no significant difference was detected 
between tillage systems for all measured traits according to Duncan”s Multiple Range Test. However, we might depict the trend 
toward a superiority of NoTill for all measured traits except for biomass of roots.  The superiority of NoTill might be confirmed if 
we take into account le cost of production including mainly the seed bed preparation needed for the CT system. For Faba bean, 
there is no significant difference between tillage systems for all measured traits.

P-089
Regulation of vegetative phase change by cytokinin
S. Werner1, I. Bartrina2, B. Eichstädt1, T. Schmülling1

1Free University of Berlin, Institute of Biology/Applied Genetics, Berlin, Germany 
2University of Graz, Institute of Biology, Graz, Austria

Flowering plants pass from a juvenile to an adult phase during vegetative growth. Upon this vegetative phase change (VPC), 
plants undergo changes in shoot morphology and acquire the competence to flower enabling the plant to respond to flowering-
promoting cues, such as light period and intensity, temperature, carbohydrate state, and phytohormones. In Arabidopsis thali-
ana, the morphological changes as well as the transition itself is regulated by an age-dependent mechanism consisting of the 
microRNAs miR156/miR157 and miR172, as well as their respective target genes belonging to the SQUAMOSA PROMOTER-LIKE 
BINDING PROTEIN (SPL) and AP2-like families of transcriptional regulators, respectively. The age pathway is influenced by sev-
eral phytohormones, among which the role of GA is best studied. We discovered a role for cytokinin (CK) in the age-dependent 
regulation of VPC which links CK to miRNA action. We identified the most important CK signaling components involved, as well 
as its promotive effect on miR172 abundance. The miR172 targets TOE1 and TOE2 were necessary and sufficient to mediate the 
influence of CK on VPC. In recent work we have studied a possible crosstalk of CK and GA in the regulation of VPC.
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P-090
Cytokinin oxidase / dehydrogenase (CKX) genes of barley and oilseed rape as targets for yield improvement

J. E. Leuendorf1, I. Schwarz1, R. Hoffie2, G. Hensel3, J. Kumlehn2, R. C. Schmidt4, M. T. Scheirlinck4, T. Schmülling1

1Free University of Berlin, Institut für Biologie – Angewandte Genetik, Berlin, Germany 
2IPK Gatersleben, Gatersleben, Germany 

3Heinrich Heine University Düsseldorf, Center for Plant Genome Engineering, Düsseldorf, Germany 
4BASF Belgium Coordination Center CommV, Gent, Belgium

Yield of crop plants is a complex trait controlled by numerous genes. It has been shown that mutation of certain CYTOKININ OXI-
DASE/DEHYDROGENASE (CKX) genes, encoding enzymes which degrade the hormone cytokinin, result in an increased cytokinin 
level in reproductive meristems which alter yield-related traits such as the number of flowers and seed-bearing structures in 
monocot (rice) and dicot (oilseed rape) crop plants. This work highlighted the relevance to increase the sink capacity of plants 
to achieve yield enhancement.In order to explore whether CKX genes control yield also in other cereals we searched for OsCKX2 
orthologs in barley and identified two closely related genes. Mutant alleles of HvCKX2.1 and HvCKX2.2 were generated using 
CRISPR/Cas9 and the phenotypic consequences of these mutations in the first generation will be reported. In the allotetraploid 
oilseed rape combined mutations of the four BnCKX3 and the two BnCKX5 genes, identified by TILLING, increased the cytokinin 
level and altered the size and activity of inflorescence meristems. These ckx3,5 mutants formed more flowers on the main stem 
with gynoecia containing more ovules and producing more pods resulting in an increased total seed weight (Schwarz et al., J. 
Exp. Bot. 71, 7146-7159, 2020). However, the role of individual CKX genes, which are expressed during reproductive develop-
ment in distinct phases and tissues, and the cytokinin level required for optimal seed set remained unclear. To study the eventual 
subfunctionalization of the CKX3 and CKX5 genes we identified 64 different CKX3 and CKX5 mutant genotype combinations and 
will present first results on their reproductive behavior.

P-091
Molecular characterization of the ypEL protein family in Arabidopsis thaliana and its role in plant development

M. Seidemann1, F. Bußwinkel2, K. Schrödter2, D. Prüfer1, P. Känel2
1University of Münster, Institut für Biologie und Biotechnologie der Pflanzen, Münster, Germany 

2Fraunhofer Institute, Münster, Germany

Plant development and organ structure rely on a continuous maintenance of stem cells and their cell niches called meristems. 
These Meristems underlie a complex system of inter- and intracellular communication networks to maintain the integrity of 
the niche. Various signaling cues regulate self-renewal, proliferation and differentiation of meristematic cells. Members of the 
ancient YIPPEE-like (YPEL) protein family are seemingly involved in the regulation cell division and proliferation as shown in hu-
mans. These proteins contain several conserved amino acid motifs including putative DNA binding sites. Despite high conserva-
tion, plant YPEL proteins and their functions are hardly characterized.
In Arabidopsis, we identified seven putative YPEL genes with differing spatiotemporal expression patterns. Promoter activity was 
consistently found in distinct meristematic cells and adjacent, developing tissues. While overexpression or knock-out of single 
YPEL genes had only negligible phenotypical effects regarding plant growth or flowering time, these effects were elevated by 
multiple knockout of YPEL genes. Furthermore, the expression of dominant negative YPEL genes led to dwarfism and increased 
branching. Transcriptome analysis of these plants revealed numerous deregulated transcription factors known to be involved in 
plant development. Additionally, YPEL proteins were shown to interact with several proteins involved in developmental process-
es, again including proteins classified as transcription factors. Interaction partners and deregulated genes therefore represent 
likely targets of YPELs to render the striking phenotype.
In summary, the strong effect on plant growth through expression of dominant negative YPEL genes indicates a prominent role 
for this family in plant development. This assumption was further supported by distinct promoter activity in meristematic tissues 
and the conspicuous functions of interacting proteins and downstream targets which correlates with the evoked phenotype.
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P-093
Elucidating auxin functions in basal angiosperm seed development

A. M. Florez-Rueda1,2, J. B. Bachelier3, D. D. Figueiredo1

1Max Planck Institute of Molecular Plant Physiology, Plant Reproductive Biology and Epigenetics, Potsdam, Germany 
2University of Potsdam, 1Institute for Biochemistry and Biology, Potsdam, Germany 

3Free University of Berlin, Institute of Biology, Berlin, Germany

The seed is a complex plant organ composed of tissues of different ploidy and parental contributions. The embryo represents 
the next generation, which in angiosperms is nourished by the endosperm. Both of these tissues are the product of fertilization. 
In contrast, the gymnosperm embryo is nourished by the haploid megagametophyte, which develops independently of fertil-
ization. The evolutionary advent of angiosperms coincides with the sexualization of the embryo-nourishing structure and the 
appearance of the endosperm. In basal angiosperms the endosperm is reduced in size in comparison to eudicots and also the 
nucellus assumes a nourishing function. The role of auxin as a critical factor for seed viability and endosperm development has 
been described in Arabidopsis thaliana: Ectopic auxin application leads to fertilization-independent endosperm development; 
and auxin biosynthesis genes are paternally imprinted in the endosperm, i.e. the maternal alleles are silenced by epigenetic 
mechanisms and thus auxin biosynthesis only takes place after fertilization. This leads us to hypothesize that sexualization of 
auxin biosynthesis is the factor that coincides with the evolution of the endosperm and thus angiosperm diversification. We 
revised and histologically described different seed conformations and its compartments in selected taxa with a basal place-
ment on the angiosperm phylogeny. We will report the expression of auxin related-genes and detail patterns of differential 
expression, as determined by transcriptomic analyses of laser-captured seed compartments. We will quantitatively show that 
ectopic auxin application triggers fertilization-independent seed development in basal angiosperms. Overall, our results show 
that auxin”s role in modulating seed development is an evolutionarily conserved trait of the angiosperm seed. It still remains to 
be elucidated whether this function has been also sexualized in basal members of the plant clade.

P-154 
The role of blue light receptors in the establishment of de novo polarity in Marchantia polymorpha spores

J. Rötzer1,2, L. Dolan1

1Gregor Mendel Institute (GMI), Austrian Academy of Sciences, Vienna BioCenter (VBC), Vienna, Austria
2Vienna BioCenter PhD Program, Doctoral School of the University of Vienna and Medical University of Vienna, Vienna, Austria

The establishment of cell polarity fundamentally shapes the development of multicellular organisms. Initial data from our re-
search group suggest that directional blue light can induce polarity in Marchantia polymorpha spores. Based on steady state 
mRNA level measurements during spore polarization, I hypothesize that the blue light receptors PHOTOTROPIN (MpPHOT) with 
its putative interactor NON-PHOTOTROPIC HYPOCOTYL 3 (MpNPH3), CRYPTOCROME (MpCRY), and FLAVIN-BINDING KELCH RE-
PEAT F-BOX PROTEIN (MpFKF) play a role in translating these directional blue light cues into de novo polarity in developing 
Marchantia polymorpha spores.
To test my hypothesis, I generated mutant lines with loss of function mutations in the MpPHOT, MpNPH3, MpCRY, and MpFKF 
genes employing the CRISPR-Cas9 system. I am characterizing cell polarization and initial divisions of these mutant spores under 
blue light conditions. First data are consistent with my hypothesis. Mpphot spores are defective in the orientation of the new 
cell plate, meaning that the orientation of the cell plate occurs irrespectively to the direction of the light source. 
Through the generation of reporter fusions, I will study the subcellular localization of MpPHOT and MpNPH3 during spore po-
larization. These reporter lines facilitate testing the hypothesis whether specific localization of MpPHOT and MpNPH3 sets up 
polarity de novo. 
Using a combination of genetic and imaging approaches, I aim to define the role and molecular networks of blue light receptors 
in de novo polarity formation in Marchantia polymorpha. Ultimately, my work proposes to describe how blue light receptors 
control de novo polarization in a single isolated cell that eventually gives rise to a complex multicellular plant.
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P-094
Differential root exudation and architecture for improved growth of wheat mediated by phosphate solubilizing bacteria

M. Yahya1, S. Yasmin1, M. Rasul1, K. Ejaz1, N. Mahreen1, M. Suleman1

1NIBGE, SEBD, Faisalabad, Pakistan

Phosphorous (P) deficiency is a major challenge faced by global agriculture. Phosphate-solubilizing bacteria (PSB) provide a 
sustainable approach to supply available phosphates to plants with improved crop productivity through synergistic interaction 
with plant roots. The present study demonstrates an insight into this synergistic P-solubilizing mechanism of PSB isolated from 
rhizosphere soils of major wheat-growing agro-ecological zones of Pakistan. Seven isolates were the efficient P solubilizers based 
on in vitro P-solubilizing activity (233-365 μg ml–1) with a concomitant decrease in pH (up to 3.5) by the production of organic 
acids, predominantly acetic acid (~182 μg ml–1) and gluconic acid (~117 μg ml–1). Amplification and phylogenetic analysis of gcd, 
pqqE, and phy genes of Enterobacter sp. ZW32, Ochrobactrum sp. SSR, and Pantoea sp. S1 showed the potential of these PSB to 
release orthophosphate from recalcitrant forms of phosphorus. Principal component analysis indicates the inoculation response 
of PSB consortia on the differential composition of root exudation (amino acids, sugars, and organic acids) with subsequently 
modified root architecture of three wheat varieties grown hydroponically. Rhizoscanning showed a significant increase in root 
parameters, i.e., root tips, diameter, and surface area of PSB-inoculated plants as compared to uninoculated controls. Efficiency 
of PSB consortia was validated by significant increase in plant P and oxidative stress management under P-deficient conditions. 
Reactive oxygen species (ROS)-induced oxidative damages mainly indicated by elevated levels of malondialdehyde (MDA) and 
H2O2 contents were significantly reduced in inoculated plants by the production of antioxidant enzymes, i.e., superoxide dis-
mutase, catalase, and peroxidase. Furthermore, the inoculation response of these PSB on respective wheat varieties grown in 
native soils under greenhouse conditions was positively correlated with improved plant growth and soil P contents. Addition-
ally, grain yield (8%) and seed P (14%) were significantly increased in inoculated wheat plants with 20% reduced application of 
diammonium phosphate (DAP) fertilizer under net house conditions. Thus, PSB capable of such synergistic strategies can confer 
P biofortification in wheat by modulating root morphophysiology and root exudation and can alleviate oxidative stress under P 
deficit conditions.

P-095
Nanopore only sequencing of two Bryophyte associated bacteria, Aneurinibacillus cand. ricciae 

and Paenibacillus cand. marchantiae
M. Hildebrandt1, A. Meierhenrich1, F. Althoff2, S. Zachgo2, A. Bräutigam1, B. Verwaaijen1

1Bielefeld University, Bielefeld, Germany 
2Osnabrück University, Osnabrück, Germany

We sequenced the genomes of two plant-associated bacteria, Aneurinibacillus ricciae and Paenibacillus marchantiae. A. ricciae 
was isolated from Riccia fluitans (floating crystalwort) and P. marchantiae from Marchantia polymorpha (common liverwort). 
Both bacterial genera contain species with useful properties, especially in the context of plant-growth promotion and biocon-
trol.
Sequencing was carried out on a GridION using a nanopore only method with the use of the new super high accuracy basecalling 
algorithm. The nanopore sequence reads were used for assembly as well as for polishing, resulting in two complete and circular-
ized genome assemblies. Based on phylogenetic analysis against the DSMZ typestrain collection with the Type strain Genome 
Sever (TYGS), each of the two strains represent a potential new species within the family of Paenibacillaceae.
Genome-scale comparisons of A. ricciae with related species show that the closest known relative is A. terranovensis, found in 
geothermal soils. The formation of colonies on agar in close proximity of the host plant, but the lack of growth on media without 
suggests an obligatory symbiotic relationship. Currently the A. ricciae strain is under investigation to elucidate possible auxotro-
phies which may explain the obligate interaction with their host plants. 

P-096
plant secondary metabolites in plant-bacteria interactions

S. Jeong1, V. Schütz1, M. Schulz1, P. Dörmann1

1Institute of Molecular Physiology and Biotechnology of Plants (IMBIO), University of Bonn, Bonn, Germany

Shaping of the soil microbiome by plant secondary metabolites covers an import aspect in plant microbe interactions. We re-
cently studied the impact of the two indole metabolites 2-benzoxazolinone (BOA) and gramine, and of the flavonoid quercetin 
on the bacterial composition after addition of the compounds to soil. Next generation sequencing (NGS) data of bacterial 16S 
rRNA revealed that BOA predominantly exhibited inhibitory effects, while gramine and quercetin treatment resulted in prolifera-
tion of a number of bacterial strains, with potentially beneficial interactions with plants. More than one hundred bacterial strains 



174

ABSTRACTS

were isolated from the treated soil. Bacterial strains capable to degrade BOA, gramine or quercetin were found by screening 
the bacteria individually in the presence of the metabolites in the growth medium. Degradation products were characterized 
by HPLC and LC-MS in the supernatant of the cultures. One Arthrobacter strain was able to survive exposure to BOA-derived 
2-acetoaminophenol (AAP), and it converted AAP into nitrated compounds. The impact and bioactivity of AAP-nitro derivatives 
for plants will be studied in the future. Another Arthrobacter sp. was able to degrade gramine via indole-3-carboxaldehyde and 
indole-3-carboxylic acid. Both degradation products are related to auxins. Plant growth promoting properties of gramine and its 
degradation products indole-3-carboxaldehyde and indole-3-carboxylic acid will be studied by gene expression analysis (RNA-
seq) after application to Arabidopsis plants. Indole-3-carboxaldehyde resulted in an increased fresh weight of A. thaliana and 
an upregulation of expression of auxin related genes, highlighting its importance in plant microbe-interactions. The flavonoid 
quercetin was degraded by two Arthrobacter sp. via protocatechuic acid, resulting in a full metabolization. Exposure to quercetin 
also revealed an impact on bacterial lipids by shifting the fatty acid composition towards an increase in long chain fatty acids. 
Therefore, these data highlight the importance of plant secondary metabolites and their interaction with bacterial strains in soil.

P-097
Functional characterization of protease inhibitors involved in induced systemic defenses in poplar

I. S. Das1, A. Polle1

1Georg August University of Göttingen, Forest Botany and Tree Physiology, Göttingen, Germany

Our forests constantly face threats in their environment including herbivores that cause substantial loss to the foliage. It is ex-
pected that global change with increasing temperatures and extended periods of drought will enhance biotic stresses. However, 
we have recently learnt that below-ground symbionts such as ectomycorrhizal fungi (EMF) have the potential to induce defense 
responses in their host trees.  The interaction of poplar (Populus x canescens) and the root-colonizing EMF Laccaria bicolor, de-
creased the fitness of poplar leaf-beetle, Chrysomela populi by leading to strong decrease in egg deposition (Kaling et al. 2018; 
Plant physiology, 176.4, 2639-2656). Transcriptomic analyses of mycorrhizal and non-mycorrhizal poplars identified differentially 
expressed genes (DEGs) in the leaf tissues, which are specifically regulated in the presence of the EMF and are also involved in 
plant defenses. The identified DEGs include potential functions such as protease inhibitors, pathogenesis-related metabolites 
and the induction of signaling pathways of major plant defenses. We now aim to generate functional mutants of Poplars by a 
CRISPR-Cas based knock-out and by an over-expression of the individual DEGs. Such transgenic approaches will enable us to 
characterize their roles in EMF-induced plant defenses. This study is supported under the framework of the International Re-
search Training Group:2172 “PRoTECT” and is funded by the German Science Foundation (DFG). We aim through this project in 
alleviating the plant health threats, especially the insect-herbivores by showcasing the importance of the natural below-ground 
associations.

P-098
Eco-evolutionary signature of root-microbiome association in maize

D. Wang1, X. He1, X. Chen2, F. Hochholdinger1, P. Yu1

1INRES – University of Bonn, Bonn, Germany 
2Southwest University, Chongqing, China

Specifically enriched microorganisms in the root and rhizosphere play essential functions such as promotion of plant nutrient 
uptake, stress resistance and overall plant performance. The interactions between microbes and the host is influenced by inter-
nal factors such as genotype and growth stage and is modulated by external factors such as climate  (precipitation, temperature, 
elevation) and soil properties (nutrient and water availability). However, it is challenging to separate the effects of internal and 
external factors by experiments because in most instances these factors are interacting with each other. Therefore, there are 
only a few studies elucidating the interaction between plant roots and the microbiome.
To cover the genetic diversity of maize, we grew 11 teosinte accessions, 97 landraces, 11 inbred lines and 10 hybrids in pots in 
the phytochamber. To test microbial adaptation to environmental stress conditions, we used four different soil conditions (con-
trol, drought, low nitrogen and low phosphorus). Rhizosphere and root samples were collected for bacterial and fungal amplicon 
sequencing. Alpha diversity and beta diversity were used to uncover the difference of community composition among four soil 
conditions in each compartment and among the four germplasm groups under each soil condition. We used SparCC to find the 
interaction networks within or between bacteria and fungi. To identify heterotic microbes, we used the t-test to determine 
midparent heterosis and better parent heterosis patterns of microbes. 
Community composition was different between each pair-wise comparison of soil conditions in each compartment and be-
tween each pair-wise germplasm comparison in each soil condition of each compartment but not between hybrids and inbred 
lines. We found that intrakingdom interactions are mostly positive, but the interkingdom interactions are mostly negative for 
all three compartments. The genera streptomyces and massilia are the key microbes under all stress and control conditions. 
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Heterosis analyses showed that roots have more heterotic bacteria ASVs but less heterotic fungal ASVs.
In conclusion, bacterial and fungal community composition showed differences under different nutrient soil conditions and in 
most instances we observed difference between different germplasms. Bacteria negatively interacted with fungi in roots at dif-
ferent stresses. Both bacteria and fungi showed heterosis patterns in both root and rhizosphere compartments.

P-099
Integration of defense response and symbiotic performance in the continuous symbiosis of 

Azolla filiculoides and its cyanobiont
S. de Vries1, A. Dadras1, C. Herrfurth2, C. Köhne1, J. Fürst-Jansen1, J. K. von Dahlen3, I. Feussner2, J. de Vries1

1Institute for Microbiology and Genetics, Uniiversity of Goettingen, Applied Bioinformatics, Göttingen, Germany 
2Albrecht-von-Haller Institute for Plant Sciences, Department of Plant Biochemistry, Göttingen, Germany 

3Heinrich Heine University Düsseldorf, Institute of Population Genetics, Düsseldorf, Germany

Symbiotic nitrogen fixation is a pillar of the biologically available nitrogen in terrestrial ecosystems. Across the green lineage, 
nitrogen-fixing cyanobacterial symbioses occur in a diversity of hosts. Among these, that of Azolla with its cyanobiont is unique. 
Azolla harbours the only obligate and inheritable cyanobacterial symbiosis—within the plant kingdom this feat has otherwise 
only been achieved by the cyanobacterial progenitor of chloroplasts. In the Azolla symbiosis, none of the two partners can 
live without the other, necessitating that plant immunity must be coordinated between host and cyanobiont for their survival. 
How is plant immunity integrated within this obligate symbiosis? To address this question, we have exogenously applied the 
phytohormones Methyl jasmonate and Methyl salicylate (MeSA) to Azolla filiculoides. MeSA treatment significantly affected the 
plant fitness, cyanobacterial abundance, and the expression of marker genes for nitrogen fixation. Metabolic analyses showed 
that MeSA treatment led to a significant increase of salicylic acid (SA) in the fern. Therefore, we profiled i) the response of SA 
biosynthesis and signaling homologs in the presence and absence of the cyanobiont and ii) the transcriptomic response of A. 
filiculoides after MeSA treatment. Our data show that the presence of the cyanobiont is able to alter the putative SA biosynthesis 
and signaling in A. filiculoides, possibly suggesting a feedback-loop between SA signaling and cyanobacterial performance. These 
data are underpinned by our transcriptomic analyses. We show that SA is able to induce certain routes of the partially function-
ally characterized flavonoid pathway on the transcript level, including those routes leading to flavonoid derivatives that affect 
motility and growth of symbiotically competent cyanobacteria in vivo. 

P-100
Cabbage defense response induced by Trichoderma emodin

S. Y. Liu1, C. K. Liao2, L. W. Wang1, K. C. Peng2

1Da-Yeh University, Department of Biomedical Sciences, Changhua, Taiwan 
2National Dong Hwa University, Institute of Biotechnology, Hualien, Taiwan

The aim of this study is to investigate the molecular mechanism of Trichoderma emodin in protecting and promoting growth 
of cabbage infected with Rhizoctonia solani. A three-way-interaction system was established and deployed to reach the goal. 
Cabbage leaves treated with pure emodin significantly constrained damaged leaf area caused by R. solani infection. In response 
to emodin treatment, the expression levels of genes involved in photosynthesis such as ribulose-1,5-bisphosphate carboxylase 
oxygenase, Rubisco activase, and ATP synthase increased 2.64, 2.31, and 1.64 folds, respectively. The transcription levels of su-
crose transport protein 1 increased 6.6 fold. As to the expression of defense-related genes, the transcription level of ascorbate 
peroxidase increased 1.56 fold. On the contrary, pathogenesis-related protein 1, chitinase, β-1,3 glucanase, and glutathione S-
transferase decreased significantly. Overall, the results indicated that emodin may stimulate CO2 fixation and sucrose transport 
and elicit host defense responses in cabbage against R. solani, and this elicitation of defense response is likely to contribute to 
induced systemic resistance of host plant. In conclusion, emodin secreted by T. harzianum significantly activated the expression 
of genes involved in photosynthesis, sucrose transport, and plant defense mechanisms, indicating that emodin may function in 
Trichoderma as an elicitor to stimulate CO2 fixation, carbon partitioning, and elicit host defense responses in cabbage against 
pathogen infection. This elicitation of defense response is likely to contribute to ISR of host plant.
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P-101
Therapeutic potential and general toxicity of w-hydroxypachybasin from Trichoderma

S. Y. Liu1, F. J. Tsai2, Y. T. Chen1, K. C. Peng2

1Da-Yeh University, Department of Biomedical Sciences, Changhua, Taiwan 
2National Dong Hwa University, Institute of Biotechnology, Hualien, Taiwan

The aim of this study is to evaluate the therapeutic potential and general toxicity of anthraquinones from six strains of either T. 
harzianum or T. virens.  For initial assessment measures, biocontrol activities against major phytopathogens Rhizoctonia solani 
and Botrytis cinerea were tested and screened. As the results, emodin and w-hydroxypachybasin (wHP) from T. harzianum R16 
showed significant antifungal activities. Since emodin are well studied in the literature but not wHP, we chose wHP for further 
investigation upon therapeutic potential using human lung cancer cell line A549 and general toxicological testing in mice. The 
IC50 of wHP against A549 was 11.95 μg mL-1. The elucidated mechanism demonstrated that wHP inhibited the growth and 
propagation of A549 by inducing G2/M arrest and apoptosis. The toxicity data showed that with either 5 or 20 mg Kg-1 wHP i.p. 
injection, mice behavioral responses such as motor coordination, spontaneous locomotor activity, or nociceptive pain were not 
influenced. In long-term effect (daily injection for 14 days), the physiological, hematological, liver, and kidney functions were 
not altered either. Taken together, wHP exhibited prominent anticancer potential and there is no significant general toxicity 
presented in wHP-treated adult male mice, indicating that wHP could be ideal therapeutic agent and/or be safely used as bioag-
ricultural agent someday.

P-102
Characterization and bioactivities of Trichoderma trichorzianine

S. Y. Liu1, Y. R. Lin2, H. C. Yang1, K. C. Peng2

1Da-Yeh University, Department of Biomedical Sciences, Changhua, Taiwan 
2National Dong Hwa University, Institute of Biotechnology, Hualien, Taiwan

Membrane active peptides of the peptaibol class, including trichorzianine A and trichorzianine B, were isolated from Trichoder-
ma. Trichorzianine mixture was separated and purified by HPLC on octadecyl bonded and SiO2 phases successively. Peptaibols 
usually form short, linear helical structures, several of which aggregate to form ion channels and may damage lipid membranes. 
The structure of this investigated trichorzianine was showed to be highly bent, almost hairpin-like, helical structures throughout 
the trajectory, along with linear conformation. Bioactivity tests were performed on phytopathologically important filamentous 
fungi (Botrytis cinerea, Rhizoctonia solani), mammalian cells (porcine kidney cells, PK-15), and Arabidopsis thaliana seedlings. The 
MIC of trichorzianine against phytopathogens was ranging from 0.05-0.1 mg/mL-1. The EC50 of trichorzianine against PK-15 was 
7.5 μg mL-1 (the inhibition end point of proliferation). At concentrations ≥0.25mg ml−1, trichorzianine inhibited the growth of 
A. thaliana. Taken together, trichorzianine exhibited prominent plant protection potential and could be an ideal bio-agricultural 
agent one day.

P-103
protein photocleavage activity of anthraquinone

S. Y. Liu1, K. C. Chang2, C. Y. Lu1, K. C. Peng2

1Da-Yeh University, Department of Biomedical Sciences, Changhua, Taiwan 
2National Dong Hwa University, Institute of Biotechnology, Hualien, Taiwan

Photocleavage agents (reagents that can bind to proteins and cleave the protein backbone upon activation with light, also re-
fers to photoprotease or photocleaver) have been employed in investigative studies of both DNA and proteins. For instance, 
the cleavage of peptide backbones can be employed to investigate the interaction site of enzyme-substrate recognition, the 
functional analysis of protein domains, ligand-protein and protein-protein interactions in solution, the design of new therapeutic 
agents, and protein fragmentation for sequencing. This study investigates the photocleavage activity of anthraquinone isolated 
from T. harzianum SY upon proteins. The photocleavage activity was exhibited by the ability to degrade BSA/lysozyme with UV 
365 nm radiation and analyzed on SDS-PAGE. The action mode to degrade proteins was found to be random cleavage by an 
oxygen-derived radical. The resulting binding constants to lysozyme and BSA were 6.4 ± 0.5 x 104 M-1 (ΔGo = -26.52 kJ/mol at 
25oC) and 6.4 ± 0.4 x 105 M-1 (ΔGo = -31.12 kJ/mol). In conclusion, the photocleavage activities were shown to be irradiation 
time-dependent, concentration-dependent, and O2–dependent.
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P-104
The fungal root endophyte Serendipita vermifera displays inter-kingdom synergistic beneficial effects with 

the microbiota in Arabidopsis thaliana and barley
L. Mahdi1, S. Miyauchi2, C. Uhlmann2, R. Garrido-Oter2, S. Robertson-Albertyn3, D. Bulgarelli3, J. Parker2, A. Zuccaro1

1University of Cologne, Institute for Plant Science, Cologne, Germany 
2Max Planck Institute for Plant Breeding, Department of Plant Microbe Interactions, Cologne, Germany 

3University of Dundee, Plant Science, Dundee, United Kingdom

Plant root-associated bacteria can confer protection against pathogen infection. By contrast, the beneficial effects of root endo-
phytic fungi and their synergistic interactions with bacteria remain poorly defined. We previously demonstrated that both local 
and systemic colonisation by the Sebacinales endophyte Serendipita vermifera (syn. Sebacina vermifera, hereafter Sv) afford 
protection against infection of the soil-borne plant pathogen Bipolaris sorokiniana (syn. Cochliobolus sativus, hereafter Bs) in 
Hordeum vulgare (barley). Here we explore how Sv and Bs colonisation capacities in two plant species, barley and Arabidopsis, 
are modulated by the presence of individual members of the core bacterial microbiota or SynComs isolated from the barley rhi-
zosphere or Arabidopsis roots. The finding that Bs also infects and causes disease symptoms in Arabidopsis roots motivated us 
to develop a set of physiological measurements to characterize disease severity and plant growth in Arabidopsis under different 
microbe treatment regimes. These measurements include ion leakage (quantified via electric conductivity) and photosynthetic 
activity (measured using pulse amplitude modulation fluorometry) as readouts for host cell death progression and biotic stress 
during the host-microbe interaction. Analyses of inter-kingdom activities in barley and Arabidopsis revealed that Sv can func-
tionally replace root-associated bacteria by mitigating pathogen infection and disease symptoms in both hosts. Additionally, we 
show that cooperation between bacteria and beneficial fungi leads to inter-kingdom synergistic beneficial effects. We found 
that inter-kingdom protective benefits are largely independent of the host while synergism leading to early growth promotion is 
driven by host species and microbiota composition. Finally, RNA-seq experiments with selected bacterial strains alone or com-
bined with Sv and/or Bs provide insights to how microbes synergistically protect plants. We conclude that plants have evolved 
to preferentially accommodate communities that support their health and that root-associated prokaryotic and eukaryotic mi-
crobes can act synergistically with the plant host in limiting fungal disease.
- Mahdi, L.K., Miyauchi, S., Uhlmann, C. et al. The fungal root endophyte Serendipita vermifera displays inter-kingdom synergistic 
 beneficial effects with the microbiota in Arabidopsis thaliana and barley. ISME J (2021). https://doi.org/10.1038/s41396-021-  
 01138-y

P-153
Indole-3-acetic acid – a key player between the plant endophyte Cyanodermella asteris and the 

non-natural host plant Arabidopsis thaliana
L. Jahn1, U. Hofmann1, J. Ludwig Müller1

1TU Dresden, Institute of Botany, Plant Physiology, Dresden, Germany

The plant hormone indole-3-acetic acid (IAA) is an important signal in the communication between plant host and endophytes. 
Endophytes can synthesize IAA de novo and influence IAA homeostasis in plants. Although much is known about IAA biosyn-
thesis in bacteria, knowledge about the biosynthetic pathway(s) of IAA in fungal endophytes is still scarce. The aim of this study 
was to examine a possible IAA biosynthesis pathway in the fungal endophyte Cyanodermella asteris. In vitro cultures of C. asteris 
were incubated with the IAA precursors tryptophan (Trp) and indole, as well as possible intermediates, and they were addition-
ally treated with the IAA biosynthesis inhibitors 2-mercaptobenzimidazole and yucasin DF to elucidate possible IAA biosynthesis 
pathways. Additionally, the non-natural host plant Arabdiopsis thaliana was co-cultivated with C. asteris in the presence of the 
IAA influx inhibitor 2-naphthoxyacetic acid (NOA) and the IAA efflux inhibitor N-1-naphtylphthalamic acid (NPA) on petri dishes 
sealed with Millipore tape.  We found that (a) C. asteris synthesized IAA without adding precursors; (b) indole-3-acetonitrile, 
indole-3-acetamide and indole-3-acetaldehyde increased IAA biosynthesis; and (c) C. asteris synthesized IAA also by a Trp-
independent pathway. The uptake of fungal IAA into A. thaliana is necessary for the induction of lateral roots and other fungus-
related growth phenotypes, since the application of the influx inhibitor NOA but not the efflux inhibitor NPA were altering these 
parameters. Together with the genome information of C. asteris, the possible IAA biosynthetic pathways found can improve the 
understanding of IAA biosynthesis in fungal endophytes.
- Jahn, L.; Hofmann, U.; Ludwig-Müller, J. Indole-3-Acetic Acid Is Synthesized by the Endophyte Cyanodermella asteris via a  
 Tryptophan-Dependent and –Independent Way and Mediates the Interaction with a Non-Host Plant. Int. J. Mol. Sci. 2021, 22, 
 2651. https://doi.org/10.3390/ijms22052651
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P-105
Cell Wall Analysis during Sexual Reproduction in Zygnematophyceae (Charopyhta)

A. Holzinger1, C. Permann1, K. Herburger2, N. Gierlinger3

1University of Innsbruck, Department of Botany, Innsbruck, Austria 
2University of Rostock, Institute of Biological Sciences, Rostock, Germany 

3University of Natural Resources and Life Sciences Vienna (BOKU), Department of Nanobiotechnology, Vienna, Austria

Zygnematophyceae, a class of streptophytic green algae, has evolved as sister group to land plants (Embryophytes). These 
algae live in aquatic to semi-terrestrial environments. The transition from aquatic to terrestrial habitats requires adaptions in 
the physiology of vegetative cells including structural and chemical traits of their cell walls. During their special mode of sexual 
reproduction, the so-called conjugation, vegetative cells mate without forming flagellated stages. Conjugation results in the for-
mation of zygospores, possessing a unique yet poorly characterized multilayered cell wall possibly crucial for terrestrialization.
We investigated the structure and composition of cell walls of field-sampled Mougeotia sp. and Spirogyra sp. zygospores by 
using comprehensive microarray polymer profiling (CoMPP), immunolocalization, transmission electron microscopy (TEM), RA-
MAN spectroscopy and atomic force microscopy (AFM).
Mougeotia zygospores were formed in the conjugation tubes, Spirogyra zygospores in the receptive gametangium. Zygospore 
walls of both species exhibited three main layers, where the endo- and exospore (inner and outer layer) as well as the conjuga-
tion tubes were composed of different types of polysaccharides and glycoproteins. CoMPP revealed the presence of homoga-
lacturonans with low degree of esterification, xyloglucans, b-glucans, extensins and arabinogalactan proteins (AGPs) as most 
abundant cell wall components. Spirogyra showed a newly discovered arrangement of the cellulose microfibrils in a higher or-
der. In contrast, the electron dense mesospore (middle layer) contained aromatic compounds, potentially algaenan or another 
sporopollenin-like material as suggested by RAMAN spectroscopy. AFM confirmed the three-layered structure in Spirogyra sp. 
based on different nanostructures and the cell wall mechanical properties.
The cell wall of sexually formed zygospores is composed of protective compounds that are absent in vegetative cell walls. Par-
ticularly, the non-hydrolysable mesospore might provide resistance against desiccation stress and high irradiation. Given their 
potential role in the colonization of terrestrial environments, the intricate nature of the zygospore cell walls might have been an 
advantage of Zygnematophyceae allowing them to establish the only stable land plant lineage and still has a function for survival 
in a changing world.
Supported by FWF projects P34181-B and Y 728-B16.

P-106
Engineering the cyanobacterium Synechocystis into a synthetic organelle

J. Schlebusch1,2, M. Feldbrügge3,2, M. Eisenhut1,2,4, A. P. M. Weber1,2

1Heinrich Heine University Düsseldorf, Institute of Plant Biochemistry, Düsseldorf, Germany 
2Heinrich Heine University Düsseldorf, Cluster of Excellence on Plant Sciences (CEPLAS), Düsseldorf, Germany 

3Heinrich Heine University Düsseldorf, Institute of Microbiology, Düsseldorf, Germany 
4University Bielefeld, Institute of Computational Biology, Bielefeld, Germany

Plastids in plants and algae evolved through the endosymbiotic incorporation of an ancient photosynthetic cyanobacterium. The 
reduction of the cyanobacterium to an organelle involved processes like endosymbiotic gene transfer, development of a protein 
targeting and import system, metabolic integration through the insertion of transporters, retrograde and anterograde signaling, 
and the synchronization of host and endosymbiont cell cycles [1]. It is suggested that the development of the plastid involved 
an additional partner, a Chlamydia-like intracellular pathogen. In this Ménage à trois hypothesis, the cyanobacterium and the 
bacterial pathogen coexisted within a parasitophorous vacuole and a hexose-phosphate and an adenine nucleotide transporter 
were acquired by the nascent plastid and cyanobacterial glycogen storage was lost early during this tripartite symbiosis [2].
We test the hypothesis that losing the glycogen storage capacity while being externally supplied with energy is a basic step to-
wards metabolic cooperativity between cyanobacterial endosymbiont and host.
We use the model cyanobacterium Synechocystis sp. PCC6803 (Synechocystis) in our experiments. A knock-out mutant in carbon 
storage metabolism was generated by insertional inactivation. This strain was tested for glycogen accumulation and survival 
under diurnal rhythm.
We were able to generate a fully segregated mutant in ADP-glucose pyrophosphorylase (glgC). The ∆glgC mutant was impaired 
in glycogen accumulation and needed constant light for survival. Mutant strains with additional deletions in the carbon parti-
tioning pathway and expression constructs for different transport proteins (e.g., ATP transporter, hexose-phosphate carrier) 
were generated. The metabolic and physiological effects on the engineered strains are currently under work and will be dis-
cussed with respect to its relevance for metabolic cooperativity.
- 1. S.B. Gould et al. (2008). Annu. Rev. Plant Biol. 59
- 2. F. Facchinelli et al. (2013). TiPS 12
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P-107
Machine learning based gene regulatory network inference in Chlamydomonas reinhardtii and validation

F. J. Krüger1,2,3, D. Wulf2, O. Blifernez-Klassen3, L. Wobbe3, O. Kruse3, A. Bräutigam2

1Technische Universität Berlin, Berlin, Germany 
2Bielefeld University, Computational Biology, Bielefeld, Germany 

3Bielefeld University, Algae Biotechnology and Bioenergy, Bielefeld, Germany

For single-celled organisms, like Chlamydomonas reinhardtii, regulation of gene expression is an important way to respond to 
their environment. Transcription factors are the key players in this process. They take effect at the core of the gene regulatory 
network (GRN) governing the dynamic function of the cell. The function of a majority of transcription factors in Chlamydomonas 
reinhardtii currently remains unknown. The growing demand for alternative and sustainable sources of energy and food due to 
climate change and an increasing world population calls for new biotechnological solutions involving photosynthetic organisms 
including algae. We hypothesized that a machine learning based GRN construction approach yields candidate transcription fac-
tors for the control of photosynthesis, light protection, and carbon concentrating mechanism.
In recent years, RNA-seq has become widely adopted in the research community. It enables taking a snapshot of the complete 
cellular transcriptome at a specific moment of time. We used RNA-seq data from 870 publicly available samples to infer Chlam-
ydomonas reinhardtii”s GRN in a random forest decision tree based approach. In order to associate transcription factors with 
pathways and to overcome high error rates inherent to bulk GRN prediction approaches like ours, we ran enrichment analyses. 
From these results, we selected nine candidate transcription factors putatively involved in photosynthesis, light protection, or 
carbon concentrating mechanism. To validate the network predictions, knockout mutants are analysed. We test the strains for 
detectable phenotypes like e.g., measurable changes in levels of chlorophyll, photosynthetic activity, and cellular growth. We 
also perform RNA-seq to precisely trace back any potential changes in transcriptional activity in the respective predicted cellular 
processes.

P-108
A DASH cryptochrome of Chlamydomonas reinhardtii absorbs in the UV-A range and is involved 

in balancing the photosynthetic apparatus
A. Rredhi1, J. Petersen1, V. Wagner1, M. Mittag1

1Matthias Schleiden Institute of Genetics, Bioinformatics and Molecular Botany, Biological Sciences, Jena, Germany

Cryptochromes evolved as UV-A and blue light receptors from DNA repair enzymes called photolyases and can be found in all 
domains of life, including algae (Petersen et al., 2021). DASH (Drosophila, Arabidopsis, Synechocystis and Homo) cryptochromes 
can act as DNA repair enzymes but little is known about their biological function in plants (Kiontke et al., 2020). Recently, we 
characterized CRY-DASH1 from the green alga Chlamydomonas reinhardtii which is localized in its chloroplast. CRY-DASH1 binds 
fully reduced flavin adenine dinucleotide and 5,10-methenyltetrahydrofolate and its absorption peaks in the UV-A range (Rredhi 
et al., 2021). We functionally characterized a knock-out mutant of cry-dash1. Albeit the photoautotrophic growth of the mutant 
is reduced compared to wild type, an increased level of photosynthetic pigments, a higher photochemical efficiency for photo-
system II (PS II) and a reduced photoautotrophic growth rate was found in the mutant. Through electron microscopy imaging we 
noticed hyper-stacking of thylakoid membranes within the chloroplast. Additionally, we found an increase in proteins of the PS 
II reaction center, D1 and its antenna CP43, but not of their transcripts (Rredhi et al., 2021). Currently, we perform comparative 
analyses of the plastid proteome of the wild-type and the cry-dash1 knock-out mutant, to depict differences in chloroplast-
related proteins in the mutant and wild type.
- Kiontke S, Göbel T, Brych A, Batschauer A. (2020). DASH-type cryptochromes – solved and open questions. Biol. Chemi.  
 401: 1487– 1493.
- Petersen J, Rredhi A, Szyttenholm J, Oldemeyer S, Kottke T, Mittag M (2021) The world of algae reveals a broad variety of  
 cryptochrome properties and functions. Front Plant Sci. doi: 10.3389/fpls.2021.766509
- Rredhi A, Petersen J, Schubert M, Li W, Oldemeyer S, Li W, Westermann M, Wagner V, Kottke T, Mittag (2021) DASH crypto- 
 chrome 1, a UV-A receptor, balances the photosynthetic machinery of Chlamydomonas reinhardtii. New Phytol. 232: 610–624  
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P-109
Edaphochlamys spec., development of a de novo genome, its annotation and 

investigation of its phylogenetic relations
B. Saalfeld1, B. Frommer1, B. Verwaaijen1, T. Busche2, V. Klassen3, D. Wibberg4, C. Rückert4, J. Kalinowski4, 

O. Blifernez-Klassen3, O. Kruse3, A. Bräutigam1

1Universität Bielefeld, Computational Biology, Bielefeld, Germany 
2Center for Biotechnology (CeBiTec), Omics Core Facility, Bielefeld, Germany 

3Center for Biotechnology (CeBiTec), Arbeitsgruppe O. Kruse, Bielefeld, Germany 
4Center for Biotechnology (CeBiTec), Mikrobielle Genomik und Biotechnologie, Bielefeld, Germany

A Chlamydomonas-related alga was isolated from a wastewater stream. First analyses of an Illumina short-read genome indi-
cated a close relationship to Edaphochlamys debaryana. To further investigate the phylogenetic classification and to provide 
a genome for molecular biology applications, the genome sequence of Edaphochlamys spec. was sequenced with long read 
technology.
DNA was extracted from the algal sample, purified, and then sequenced using long read Oxford Nanopore sequencing. The long-
read sequencing data was processed and assembled with Canu (2.1.1). Illumina sequencing data was used to further enhance 
quality by polishing with Racon (1.4.20). The genome was repeat masked with RepeatMasker (4.1.2.p1) and annotated using 
the gene prediction pipeline BRAKER2. Genomes of other algae species were selected, and the genomes compared with the 
genome of Edaphochlamys spec. For investigation of the phylogenetic relation the plant core genes were predicted for the gene 
annotation and genome sequence with BUSCO (5.3.0). Orthogroups were built with Orthofinder (2.5.4) and the phylogenetic 
relationship of Edaphochlamys spec. within the Chlamydomonadaceae was investigated.
From ~10 Gbp of Nanopore sequencing data a genome with 240 contigs and a genome size of ~129 Mbp was generated. 98.5% 
of complete plant core genes were identified for the gene set and for the genome sequence with BUSCO indicating a high level 
of completeness. Dot-plots showed Edaphochlamys spec. is closest related to Edaphochlamys debaryana strain CCAP 11/70.
A detailed genome and genome annotation of the alga was developed, and its phylogenetic classification revealed. The genome 
provides the basis for rational design changes in this transformable Chlamydomonadaceae which thrives in wastewater.

P-110
Growth, physiological functions and nutrient use efficiency in wheat plants provided with microalgae 

from sewage treatment as a source of nutrients
F. Mueckschel1, E. Ollo2, H. Velten3, R. A. Düring4, S. P. Glaeser2, M. Frei1

1Justus Liebig University Gießen, Department of Agronomy and Crop Physiology, Gießen, Germany 
2Justus Liebig University Gießen, Department of Applied Microbiology, Gießen, Germany 

3University of Applied Sciences, Gießen, Germany 
4Justus Liebig University Gießen, Department of Soil Science and Soil Conservation, Gießen, Germany

Wastewater, e.g. from sewage treatment plants contains high levels of nutrients such as phosphorus and nitrogen that can be 
harnessed for plant nutrition. Classical wastewater treatment plants use complex microbial consortia of autotrophic and het-
erotrophic microorganisms (especially bacteria, fungi and protozoa) for biological wastewater treatment. These are either active 
under oxic or anoxic conditions and require aeration thus causing high energy demand. However, certain autotrophic microal-
gae (e.g. species of the genera Chlorella, Scenedesmus and Pediastrum) accumulate nutrients such as nitrogen and phosphorus 
from wastewater very effectively without any aeration requirement. In this study, we investigate the potential of such microal-
gae biomass obtained from a prototype sewage treatment plant as a nutrient source for crops. In an ongoing experiment, we 
provided wheat plants with different levels of fresh or dried algal biomass equivalent to 60, 120, and 180 kg N per hectare or 
with mineral fertilizer (N, P and K) equivalent to the amounts contained in the algal biomass. During growth, regular measure-
ments of physiological and phenotypic traits are taken, including vegetation indices reflecting the pigment status of plants, 
photosynthetic performance and growth. Nutrient use efficiencies are determined based on nutrient uptake into shoots com-
pared to a non-fertilized control treatment. In addition, we will evaluate the abundance and diversity of microbial communities 
developed in the rhizosphere and root endosphere to determine the effect of microalga application on the abundance of both 
beneficial and harmful microorganisms. We hypothesize that microalgae have high nutrient acquisition potential, which can be 
harnessed for providing a novel source of organic fertilizer that can sustain plant physiological functions and growth similar to 
mineral fertilizers.
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P-111
Comparison of gene expression profiles under abiotic stress across more than 550 million years of

 streptophyte evolution by co-expression network analysis
A. Dadras1,2, J. de Vries1,2

1University of Goettingen, Department of Applied Bioinformatics, Göttingen, Germany 
2International Max Planck Research School for Genome Science, Göttingen, Germany

Zygnematophyceae are the closest streptophyte algae relatives of land plants. The discovery of genes for core phenylpropanoid 
biosynthesis pathway and lignin-derivatives in these algae has important implications for the evolutionary history of abiotic 
stress response in the earliest land plants. Here, we investigated (differential) gene co-expression networks of a phylodiverse 
collection of Viridiplantae to identify conserved and clade-specific modules of genes expressed differentially under a range of 
abiotic stresses.
Building on publically available RNA-Seq reads of representative species under abiotic stresses as well as data produced in our 
lab, we created a reproducible, transparent, and scalable pipeline for global gene expression analyses that includes adjust-
ment for batch effects. Differential gene co-expression network analyses using CEMiTool were used to identify gene modules; 
investigation of these modules enabled the identification of hubs and the prediction of functions for poorly annotated genes 
that were present in co-expressed modules using a guilt-by-association rationale. These predictions were bolstered by gene set 
over-representation analysis on the discovered modules. Finally, using Co-expression Differential Network Analysis (CoDiNA)  
we compared co-expression networks of different species to find common, specific, or different nodes and edges. Using this 
method we found sets of genes associated that are conserved or species- or clade-specific. Our data uncovered novel modules 
as well as evolutionary robust hubs across more than 550 million years of streptophyte evolution—illuminating key aspects of 
the stress response toolkit of the earliest land plants.

P-112
Aureochromes, Unique photoreceptors in Stramenopiles

S. H. Im1, S. Madhuri1, M. Serif2, B. Lepetit1, M. Mann3, C. Wilhelm3, P. Kroth1

1University of Konstanz, Biology, Konstanz, Germany 
2Norwegian University of Science and Technology, Biology, Trondheim, Norway 

3University of Leipzig, Biology, Leipzig, Germany

Diatoms are the major group of photosynthetic stramenopile algae that contribute around 20% of global primary productivity. 
They can acclimate easily to variable light conditions and are known to predominantly use blue light which plays an important 
role in balancing photosynthesis. The model diatom Phaeodactylum tricornutum has two major types of blue light receptors, 
Cryptochromes and Aureochromes (AUREOs). Aureochromes are blue light photoreceptors and transcription factors possess-
ing a light-oxygen-voltage-sensing (LOV) domain and basic region/leucine zipper (bZIP) domain. Four isoforms of Aureochromes 
have been identified in P. tricornutum: AUREO1a, 1b, 1c, and 2. Transcription of the individual Ptaureo genes is differentially 
regulated throughout the daily light/dark phases, suggesting that each PtAUREO might have a distinct function. Also, a coopera-
tive functionality among PtAUREOs has been proposed, as they are capable to form homo-/hetero dimers. We found that blue 
light-induced gene regulation in a PtAUREO1a knock-out mutant is almost completely inhibited after a red light to blue light shift, 
stressing the important role of PtAUREO1a for cellular gene regulation. Here, we will demonstrate PtAureo1a-induced changes 
of gene transcription, as well as protein/DNA-binding properties of the Aureochromes.

P-113
Mitochondrial pEp carboxylase contributes to carbon fixation in the diatom Phaeodactylum 

tricornutum at low inorganic carbon concentrations
P. Kroth1, G. Yu1,2, K. Nakajima3, A. Gruber1,4, C. Rio Bartulos1,5, A. Schober1,6, B. Lepetit1, Y. Matsuda3

1Universität Konstanz, Fachbereich Biologie, Konstanz, Germany 
2Nanchang University, Key Laboratory of Aquatic Animal Resources and Utilization, Nanchang, China 

3Kwansei Gakuin University, Department of Bioscience, Sanda, Japan 
4Czech Academy of Sciences, Institute of Parasitology, České Budějovice, Czech Republic 

5Städtisches Klinikum Braunschweig gGmbH, Institut für Röntgendiagnostik und Nuklearmedizin, Braunschweig, Germany 
6Nanyang Technological University, School of Biological Sciences, Singapore, Singapore

Photosynthetic carbon fixation in aquatic ecosystems is often limited by CO2 availability, which led to the evolution of CO2 con-
centrating mechanisms (CCMs) that allow a more efficient photosynthesis. Some diatoms, unicellular algae, possess CCMs that 
employ biochemical fixation of bicarbonate, similar to C4 plants, but it is controversially discussed whether biochemical CCMs 
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are commonly found in diatoms. In the diatom Phaeodactylum tricornutum, Phosphoenolpyruvate Carboxylase (PEPC) is pres-
ent in two isoforms, PEPC1 in the plastids and PEPC2 in the mitochondria. We used real-time quantitative PCR, western blots, 
and enzymatic assays to examine PEPC expression and PEPC activities, under low and high concentrations of dissolved inorganic 
carbon (DIC). We generated and analyzed individual knockout cell lines of PEPC1 and PEPC2, as well as a PEPC1/2 double-
knockout strain. While we could not detect an altered phenotype in the PEPC1 knockout strains at ambient, low or high DIC 
concentrations, PEPC2 and the double-knockout strains grown under ambient air or lower DIC availability, show reduced growth 
and photosynthetic affinity to DIC, while behaving similarly as WT cells at high DIC concentrations. These mutants furthermore 
exhibited significantly lower 13C/12C ratios compared to WT. Our data implies that in P. tricornutum at least parts of the CCM 
relies on biochemical bicarbonate fixation catalyzed by the mitochondrial PEPC2.

P-114
Degradation of psbS in Chlamydomonas reinhardtii 

E. Dülger1, P. Redekop2, N. Rothhausen1, L. Küster1, M. Zoels1, P. Jahns1

1Heinrich Heine University Düsseldorf, Biochemistry of plants, Düsseldorf, Germany 
2Carnegie Institution for Science, Department of Plant Biology, Stanford, CA, United States

Absorption of excess light leads to the formation of reactive oxygen species (ROS), which can damage cell compounds [1]. There-
fore, plants and algae have developed different mechanisms to reduce the risk of cell-damage and to deal with excess light. One 
of the short-term mechanisms is the pH-regulated qE component of non-photochemical quenching (NPQ). In vascular plants, qE 
is controlled by protonation of the non-pigment binding PsbS protein, which acts as a sensor of the lumen pH. In Chlamydomo-
nas reinhardtii, NPQ is only activated after prolonged hours of high light (HL) and depends on the accumulation of the pigment-
binding LHCSR3 protein, which functions as pH sensor and quencher [2]. PsbS in C. reinhardtii is only transiently expressed during 
HL exposure and is degraded after 24 h of HL acclimation [3].
Previous works showed that PsbS degradation is accelerated under high CO2 conditions [3]. To gain more knowledge about the 
process of PsbS degradation, we investigated (1) the degradation of PsbS protein in various over-expressed strains of C. rein-
hardtii during HL acclimation at different CO2 concentrations and (2) to what extent degradation of C. reinhardtii PsbS is affected 
in mutants defective in stromal and luminal proteases, which are known to be involved in D1 protein degradation during the PSII 
repair cycle [4].
1. Møller I.M. et al., 2007, Photosynth Res 137, 281-293
2. Peers G. et al., 2009, Nature 462, 518-521
3. Correa-Galvis V. et al., 2016, J Biol Chem 291, 17478–1748
4. Kley J et al., 2011, Nat Struct Mol Biol 18, 728-731

P-115
How Klebsormidium survives on your car window seal

H. Buschmann1, A. Degenhardt1

1Hochschule Mittweida, Biotechnology, Mittweida, Germany

Human activities often result in habitat destruction. On the other hand, man-made structures can support specific biomes, es-
pecially microbiological communities. One such artificial environment is the car window seal, which is often inhabited by green 
organisms. Car window seals are extreme environments characterized by rapid changes in water availability, radiation and tem-
perature. Microscopic analyses of the communities from Volkswagen and Opel car windows indicated the presence of micro-
plastics, various green algae, cyanobacteria and fungi. We isolated metagenomic DNA and probed it by barcoding PCR. Strongest 
signals obtained for green algae included species closely related to Klebsormidium and the lichen-forming Chloroidium. Several 
mono-algal cultures were established and subjected to further analyses in order elucidate the physiological adaptations that 
enable survival under these extreme conditions. PAM fluorometer analyses established sustained electron transport capacitiy 
under conditions of low water availability in a Klebsormidium strain from Volkswagen. Moreover, time-lapse analyses of chloro-
plast behaviour revealed that the plastid of Klebsormidium is highly mobile and shows regular oscillating “wobble” movements. 
It is hypothesized that the wobble movement serves to protect that plastid from radiation overload under extreme conditions. 
The movement of plastids in streptophytic algae is discussed in relation to the evolution of the plastid relocation machinery of 
higher plants.
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P-117
Generation of high biomass of Oscillatoria sp. (cyanobacterium) using a cotton bed in an open culture system

V. Singh1, B. Tripathi1
1Indira Gandhi National Tribal University, Amarkantak, India

The high biomass is the fundamental requisite for harnessing the commercial potentials of cyanobacteria. The present study 
demonstrates the faster production of high biomass of Oscillatoria sp. in the open-tray culture system. Oscillatoria sp. requires 
a suitable surface for forming its mat; therefore, initially, we have screened cotton, rice husk, gravels, and mud as supporting 
beds for the quicker growth of the Oscillatoria sp. Based on the expansion rate, the development of the Oscillatoria mat was the 
fastest on the cotton bed. Based on the result, the Oscillatoria mat grown on the cotton bed was superior in thickness, biomass 
quantity, and ability to produce phycocyanin than the naturally growing Oscillatoria mat. The Oscillatoria mat on the cotton bed 
was approximately 57.0% thicker than the naturally growing mat of Oscillatoria sp. Similarly, the Oscillatorial mat on the cotton 
bed generates almost double biomass and 15.0% higher phycocyanin content than that of the naturally growing mat of Oscilla-
toria sp. FTIR and GCMS analysis of the biomass of Oscillatoria sp. generated on cotton bed also confirmed the suitability of this 
biomass for industrial applications. Finally, we compared four different harvesting methods, e. g. wiping, squeezing, centrifu-
gation and vortexing with centrifugation for their efficiency to harvest the Oscillatoria biomass generated on the cotton bed.  
These four methods harvested more than 85.0% of the biomass of Osciallatoria sp., with more than 96.0% harvesting efficiency 
wiping was recorded as the most efficient harvesting methods followed by vortexing and centrifugation with approximately 
94.0% harvesting efficiency. The present findings suggest using the cotton bed as a supporting surface for the quick generation 
of a high volume of biomass of Oscillatoria sp.  in open culture system.

P-118
Investigation of a floc-forming, fast-sedimenting mixed microalgae culture used in sustainable wastewater treatment.

C. Hering1, J. Durchgraf1, L. Spreng1, R. Schulz1, C. Schein1

1Christian-Albrecht University of Kiel, Botanical Institute, Department of Plant Cell Physiology and Biotechnology, Kiel, 
Germany

The mixed microalgae culture here described was created by Dr. Niels Chr. Holm by isolating a freshwater sample from a lake in 
Schleswig-Holstein and by selecting it repeatedly for fast sedimenting structures. This selected behaviour makes it suitable for 
a vast field of biotechnological applications especially in the field of wastewater treatment. The microalgae culture has already 
been used in a pilot study for wastewater treatment at a sewage plant. The sedimentation mechanic was used to keep the water 
flow in the bioreactor infinitely running while the microorganisms had a positive impact on nutrient and pollutant concentration 
in the wastewater. In part of our work group, we seek the answer to the exact mechanism of the flocculation and the resulting 
sedimentation behavior of the flocs. Therefore, we repeatedly measured the medium size of flocs and we also found that the 
surface of the flocs is mainly negatively charged. Furthermore, we characterized samples with various microscopy techniques 
and we identified involved microorganisms with Next-Generation Sequencing. We found that only a few different microalgae 
and cyanobacteria species were mainly present in the culture besides large fungal hyphae structures and small rod bacteria that 
seemed to be somehow attached to filamentous cyanobacteria which might enhance flocculation processes. In comparison to 
other (axenic) microalgae cultures, the microalgal mix sediments multiple times faster. Therefore, a new method was developed 
to observe the sedimentation process over time in a spectrometer. To test the stability of the culture, we also conducted physi-
ological test where we manipulated parameter such as pH value and temperature. As a result, the fast sedimentation behavior 
could always be observed although the pH value somewhat had an impact on the sedimentation efficacy. In the future, we hope 
to find answers to why the mix seems to be so stable. This might be due to an increased amount of extra polymeric substances 
which have been found to be involved in bioflocculation in recent research (Salim et al., 2014). Additionally, potentially new bio-
technological applications could reveal during further research.
-  Salim, S., Kosterink, N.R., Wacka, N.T., Vermuë, M.H. and Wijffels, R.H., 2014. Mechanism behind autoflocculation of unicel- 
 lular green microalgae Ettlia texensis. Journal of biotechnology, 174, pp.34-38.
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P-119
Botryococcus braunii associated bacteria – an omic survey of a hydrocarbonoclastic mycobacterium

I. Jörger1, A. Bräutigam1, O. Blifernez-Klassen1, J. Voss1

1Universität Bielefeld, Bielefeld, Germany

Bacteria occupy all major ecosystems and maintain an indispensable relationship to the eukaryotes, developing together into 
complex biomes. Earlier multifaceted analysis of the microbial consortium of the ancientphytoplanktonBotryococcus as an at-
tractive model food web revealed that its abundant bacterial members belong to a distinct niche of biotin auxotrophs, essen-
tially depending on the microalga. In addition, hydrocarbonoclastic bacteria such as the isolate Mycobacterium sp. Bb-A, which 
adversely affect the algal cell morphology in reconstituted two-organism co-cultivation, appeared in low abundance, although 
the Botryococcus alga is well-known to accumulate high amounts of hydrocarbons. The genome reconstruction of the bacterial 
isolate revealed a very pronounced catabolic capability for the degradation of hydrocarbons, xenobiotics and fatty acids.
Whole genome analysis by blast of the mycobacterium revealed its similarity with Mycobacterium frederiksbergense. Mycobac-
terium frederiksbergense is described as a hydrocarbon degrading bacterium found in soil.
We hypothesized that the mycobacterium responds to its culture conditions with upregulation of particular enzymes and path-
ways. We cultivated the isolate on extracted microalgal hydrocarbons as the sole carbon source and performed extensive omics 
analyses in comparison to the bacterial growth on glucose. Detailed transcriptome and time-resolved proteome data, sup-
ported by metabolomic analyses, identified different monooxygenases which were rapidly induced in response to hydrocarbon 
provision. A detailed analysis of the bacterial response enabling growth on hydrocarbons of the alga will be presented.

P-120
Green diatom mutants reveal an intricate biosynthetic pathway of fucoxanthin

Y. Bai1, T. Cao2, O. Dautermann3, G. Peers1, X. Li2, M. Lohr3

1Colorado State University, Department of Biology, Fort Collins, CO, United States 
2Westlake University, School of Life Sciences, Hangzhou, China 

3Johannes Gutenberg University Mainz, Institut für Molekulare Physiologie, Mainz, Germany

Fucoxanthin is a major light-harvesting pigment in ecologically important algae such as diatoms, haptophytes and brown algae 
(Phaeophyceae). Therefore, it is a major driver of global primary productivity. Species of these algal groups are brown-colored 
because the high amounts of fucoxanthin bound to the proteins of their photosynthetic machineries enable efficient absorp-
tion of green light. While the structure of these fucoxanthin-chlorophyll-proteins has recently been resolved, the biosynthetic 
pathway of their distinct chromophore is still unknown. Here, we identified several enzymes central to this pathway by generat-
ing corresponding knockout mutants of the diatom Phaeodactylum tricornutum that are green due to the lack of fucoxanthin. 
Complementation of the mutants with the native genes or orthologs from haptophytes restored fucoxanthin biosynthesis. We 
establish the complete biosynthetic path to fucoxanthin in diatoms and haptophytes based on the carotenoid intermediates 
identified in the mutants and in vitro biochemical assays. It is substantially more complex than anticipated and reveals diadi-
noxanthin metabolism as the central regulatory hub connecting the photoprotective xanthophyll cycle and the formation of 
fucoxanthin. Moreover, our data show that the pathway evolved by repeated duplication and neofunctionalization of ancient 
genes encoding earlier steps of carotenoid biosynthesis in photosynthetic eukaryotes. Brown algae lack diadinoxanthin and the 
genes described here and instead use an alternative pathway predicted to involve fewer enzymes. Our work represents a major 
step forward in elucidating the biosynthesis of fucoxanthin and understanding the evolution, biogenesis and regulation of the 
photosynthetic machinery in algae.

P-121
Extracellular matrix dynamics in the green alga Volvox carteri – visualized by confocal laser scanning microscopy

B. von der Heyde1, A. Hallmann1

1University of Bielefeld, Germany, Cellular and Developmental Biology of Plants, Bielefeld, Germany

The multicellular green alga Volvox carteri is a suitable model organism to study the evolutionary transition to multicellularity, in-
cluding the basic principles and characteristics of an ECM. The Volvox ECM mainly consists of hydroxyproline-rich glycoproteins 
(HRGPs), dominated by a single protein family: the pherophorins. 117 pherophorin genes were identified in the Volvox genome 
but only 9 of them have been characterized on protein level.
By fusion with the fluorescent reporter protein YFP, we localized a pherophorin called “pherophorin-S” (PhS) during the life cycle 
of Volvox carteri. Unlike other ECM components, PhS is not cross-linked within the ECM-meshwork but migrates to different 
characteristic positions throughout the life cycle. After being synthesized by somatic cells, PhS diffuses towards the inner ECM 
zones and eventually accumulates around the developing embryos.
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Based on our observations, we hypothesize that PhS functions as an ECM plasticizer in order to allow dynamic ECM remodeling. 
More precisely we state that PhS binds to previously digested ECM structures and prevents their reassembly.
-  Benjamin von der Heyde and Armin Hallmann (2020): Targeted migration of pherophorin-S indicates extensive extracellular  
 matrix dynamics in Volvox carteri, The Plant Journal.

P-122
The cleaning performance of water from sealed surfaces of several biogas plants by microalgae and 

cyanobacteria for biomass production and utilization
O. Mudimu1, L. Rau1, T. Bauersachs2, R. Schulz1

1Christian-Albrecht University of Kiel, Plant Cell Physiology and Biotechnology, Kiel, Germany 
2Christian-Albrecht University of Kiel, Organic Geochemistry, Kiel, Germany

Through the close networking of producers and users, supported by experts from application-oriented research, processes in 
algae production are to be optimized and new value creation paths in agriculture are to be taken using the effects of a circular 
economy. The aim of the project is to establish multiple uses of algae in sustainable agriculture in conjunction with biogas plants 
and operational production processes, which are characterized by their practicality, easy implementation and a good ecological 
balance. One of the focuses of this project is the evaluation of the cleaning performance of surface water by microalgae and 
cyanobacteria using nutrients, electricity, CO2 and heat from the environment of the biogas plants to optimize the production 
of algae biomass.
In this study, water from sealed surfaces of several biogas plants was used as cultivation media at laboratory scale to evaluate 
the cleaning performance of water by microalgae and cyanobacteria as well as biomass production. Due to the fact that cultiva-
tion media are cost intensive, the results of this study show that microalgae are able to utilize nutrients from the wastewater 
of biogas plants for biomass production and simultaneously reduce the nutrient load to the environment. In addition, the cya-
nobacteria used were not grown in water from sealed surfaces of biogas plants. The microalgae species have been examined 
to evaluate their use in cosmetics and as livestock feed. The biomass was analyzed for fatty acids, tocopherols and tocotrienols 
production.

P-123
Comparative transcriptomics reveals cellular responses of the terrestrial green alga Serritaenia

testaceovaginata (Zygnematophyceae) to ultraviolet B radiation
A. Busch1, S. Hess1

1University of Cologne, Cologne, Germany

The conjugating green algae (class Zygnematophyceae) form the sister lineage of land plants and are highly relevant for under-
standing embryophyte evolution. Many zygnematophyte species live on land and colonise diverse natural and anthropogenic-
substrates. They are ideal subjects to compare zygnematophycean adaptations to a terrestrial life with features known from 
land plants. The terrestrial members of the genus Serritaenia, for instance, produce colourful sunscreen mucilage, which can 
be induced by UVB and represents a unique sunscreen strategy among eukaryotic algae. To further study Serritaenia´s cellular 
responses to the harmful radiation, we applied comparative transcriptomics with two conditions (with and without UVB) to 
our laboratory model Serritaenia testaceovaginata. From short read RNA-seq data, we assembled a de novo transcriptome of 
high quality and performed a differential expression analysis with a focus on light perception and the production of secondary 
metabolites.
Our data on photoreceptors (e.g. UVR8) and enzymes of the phenylpropanoid pathway – both well known from higher plants: 
point to interesting avenues for future experimental research.
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P-124
The role of the epidermal physode layer in UV protection of brown algae

R. Meichssner1, M. Wilkens1, F. Pescheck1, W. Bilger1

1Christian-Albrecht University of Kiel, Botanical Institute, Kiel, Germany

Brown algae (class Phaeophyceae) are believed to produce phlorotannins, a brown algae specific group of polyphenols, to pro-
tect themselves from the harmful effects of UV radiation. Hitherto, experimental investigations focused on the phlorotannin 
content of the entire thallus in relation to UV exposure in order to understand the UV-protective effect of phlorotannins. Howev-
er, in Fucus species (Fucaceae, Fucales), phlorotannin-rich vesicles, called physodes, are localized specifically in the periphery of 
the outermost cell layer of the cortex forming an “epidermal physode layer”. This layer might represent a specific UV-protective 
anatomic feature, which has, however, not been studied with respect to UV-B protection yet.
We employed fluorometric methods, which have been used so far for studying the UV transmittance through the epidermis 
of higher plants, to investigate in which wavelength region, and to which degree the epidermal physode layer of Fucus species 
reduces the transmittance of UV radiation. For comparison, we also studied Saccharina latissima (Laminariaceae, Laminariales), 
a brown algal species without epidermal physode layer.
We could show that the epidermal physode layer absorbs throughout the entire UV wavelength range. The transmittance of the 
more harmful UV-B radiation into the thallus was strongly reduced by the epidermal physode layer (down to 15% in F. vesiculo-
sus) while in S. latissima 80-100% of UV-B radiation entered the thallus. The UV-B transmittance of the epidermal physode layer 
varied strongly with growth depth but hardly with season. Differences in the UV-B transmittance correlated with differences of 
photosystem II (PSII) stress responses upon artificial UV-B illumination. The UV-B protection provided by the epidermal physode 
layer appears to be more than sufficient for the UV-B levels of the natural habitat and to be of rather constitutive nature. Thus, 
the epidermal physode layer seems to form an effective screen against UV-B radiation, which might be an important adaptation 
that enables the Fucaceae to be the dominant macrophytes of the UV-B-exposed intertidal.

P-125
Illuminating the orchestrated dynamics of embryonic cell divisions in the green microalga Volvox carteri

E. L. von der Heyde1, A. Hallmann1

1Bielefeld University, Cellular and Developmental Biology of Plants, Bielefeld, Germany

Cell division is a fundamental process that is highly conserved among eukaryotes. Nevertheless, there are significant differences 
in mitosis and cytokinesis of plants, fungi, animals, and algae. The cell division of green microalgae is characterized by a set of 
specific structural features, such as a persistent nuclear envelope, cytoplasmic centrosomes and the phycoplast, a microtubular 
array that is involved in cytokinesis. We found that inherent structural features and the advantages of an established model 
organism make the multicellular flagellate Volvox carteri (Chlamydomonadales) a well-suited system for the study of green algae 
cell division [1]. We generated transgenic Volvox algae that produce fluorescent-tagged versions of proteins that are relevant for 
mitosis and cytokinesis and used confocal laser scanning microscopy for in vivo analyses of the embryonic cell divisions.
We investigated the molecular and cellular dynamics of the division process and were able to clarify spatio-temporal relation-
ships of subcellular structures. Although the nuclear envelope of Volvox does not break down during early mitosis, we found 
a substantial change of nuclear envelope permeability. The consequent intermixing of cytoplasm and nucleoplasm causes loss 
of nuclear identity. Furthermore, we observed massive rearrangements of the microtubule cytoskeleton including the gen-
eration of previously unknown structures. During centrosome separation, different microtubule-based structures divide the 
microtubule-organizing center [2]. The two resulting centrosomes participate in the initiation of spindle formation and thereby 
determine the spindle orientation. Finally, we discovered that disassembly of the mitotic spindle is precisely coordinated with 
the establishment of the phycoplast at the onset of cytokinesis.
Exploring the dynamics of microtubule-based structures during cell division is essential for understanding the asymmetric cell 
divisions, which are crucial for the development of Volvox embryos. Furthermore, we identified characteristic components of 
animal, plant, and fungal forms of mitosis in the cell divisions of this microalga. Thus, representing simple multicellular eukary-
otes from the chlorophyte lineage, Volvox provides insight into evolutionary aspects of cell division.
1.  von der Heyde, E. L.; Hallmann, A. (2022): The Plant Cell 34 (4): 1326–1353.
2.  von der Heyde, E. L.; Hallmann, A. (2020): The Plant Journal 102 (2): 276–298.
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P-126
High resolution structure of a pSI-LHCI dimer isolated from Chlamydomonas reinhardtii

A. Naschberger1, L. Mosebach2, V. Tobiasson1, S. Kuhlgert2, M. Scholz2, A. Perez-Boerema1, H. H. Thi Thu2, A. Vidal-Meireles2, 
Y. Takahashi3, M. Hippler2, A. Amunts1

1Science for Life Laboratory, Stockholm, Sweden 
2University of Münster, Institute of Plant Biology and Biotechnology, Münster, Germany 

3Research Institute for Interdisciplinary Science, Okayama, Japan

Photosystem I (PSI) enables photo-electron transfer and regulates photosynthesis in the bioenergetic membranes of cyanobac-
teria and chloroplasts. Being a multi-subunit complex, its macromolecular organization affects the dynamics of photosynthetic 
membranes. Here we reveal a chloroplast PSI from the green alga Chlamydomonas reinhardtii that is organized as a homodimer, 
comprising 40 protein subunits with 118 transmembrane helices that provide scaffold for 568 pigments. Our cryo-EM structure 
identifies that the absence of PsaH and Lhca2 gives rise to a head-to-head relative orientation of the PSI-LHCI monomers in a 
way that is essentially different from the oligomer formation in cyanobacteria. The light-harvesting protein Lhca9 is the key ele-
ment for mediating this dimerization. The interface between the monomers is lacking PsaH/Lhca2 and thus partially overlaps 
with the surface area that would bind one of the LHCII complexes in state transition [1]. These findings imply that PsaH/Lhca2 
may play a regulatory role in defining the macromolecular organization of PSI-LHCI. Depletion of Lhca2 alters the regulation 
of photosynthetic electron transfer and hydrogen production in vivo [2], indicating physiological effects of PSI-LHCI structural 
dynamics. PSI dimerization is potentially conserved in plants, as larger than monomer fractions of plant PSI have been reported 
[3] and 2D projections from negative stain images of Arabidopsis thaliana PSI suggest the presence of a putative Lhca1/Lhca4 
heterodimer at the PsaL pole that is analogous to alga [4]. We also define the most accurate available PSI-LHCI model at 2.3 Å 
resolution, including a flexibly bound electron donor plastocyanin (Pc), and assign correct identities and orientations of all the 
pigments, as well as 621 water molecules that affect energy transfer pathways.
1. Huang, Z. et al. Nature Communications 12, (2021).
2. Thi Thu, H. H. et al. Plant Physiology (2022). doi:10.1093/plphys/kiac055
3. Amunts, A. et al. Journal of Biological Chemistry 285, 3478–3486 (2010).
4. Crepin, A. et al. The Plant Journal 102, 398–409 (2020).

P-127
Microbial diversity in biocrusts from polar and subpolar regions

E. Pushkareva1, J. Elster2, A. Holzinger3, B. Becker1

1University of Cologne, Cologne, Germany 
2University of South Bohemia, České Budějovice, Czech Republic 

3University of Innsbruck, Innsbruck, Austria

A wide range of microorganisms inhabit terrestrial environments of Polar Regions. These taxa live and thrive under extreme 
conditions and, moreover, play important roles in biogeochemical cycling. Despite this importance, polar microbial communi-
ties and their geographic distribution are not well investigated. Here, we studied the diversity and abundance of bacteria and 
microeukaryotes in biocrusts of the Antarctica, Arctic and Iceland using amplicon metagenomic sequencing. In general, bacterial 
community composition was dominated by Acidobacteria, Actinobacteria, Chloroflexi and Cyanobacteria. The majority of eu-
karyotes were assigned to Chloroplastida, Metazoa and Rhizaria. Within Chloroplastida, Embryophyta and green algae Treboux-
iophyceae constituted the major fractions.
Furthermore, multivariate statistical analyses showed that microbial diversity in Antarctica is more distinct from the Arctic and 
Iceland. Indeed, samples from Antarctica exhibited higher numbers of reads assigned to Cyanobacteria or/and Firmicutes within 
bacteria and Metazoa within eukaryotes.
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P-128
Regulation of photosynthetic electron flow and proton motive force by an ATp synthase redox 

domain in Chlamydomonas reinhardtii and Arabidopsis thaliana
L. Lebok1, F. E. Buchert1

1University of Münster, Institute of Plant Biology and Biotechnology, Münster, Germany

With a cysteine couple in the γ-subunit redox domain, the chloroplast ATP synthase (CF1F0) comprises a specific fine-tuning 
mechanism to the green lineage. This mechanism is based on interactions with the torque-transmitting DELSEED-loop inside the 
β-subunit. In vascular plants formation of a disulfide between both cysteines is known to increase the activation threshold for 
ATP synthesis and hydrolysis reactions via CF1F0. The resulting slowed activity prevents CF1F0 to act as ATPase in the dark when 
the transmembrane electrochemical proton gradient (pmf) is low. However, the disulfide is efficiently cleaved enzymatically, 
for example at sub-saturating light in the dawn. Consequently, acidification of the thylakoid lumen by inefficient ATP synthesis 
is prevented, avoiding premature photosynthetic control of the cytochrome b6f complex and excessive non-photochemical 
quenching.
In contrast to that, Chlamydomonas CF0F1 is not deactivated despite formation of the disulfide. This leads to an elevated pmf 
in the dark. On the CF0F1 amino acid level, rather conserved sequences in vascular plants differentiate from Chlamydomonas 
by an altered hairpin-forming redox subdomain inside the γ-subunit. Here, we pursue reciprocal exchanges between Chlam-
ydomonas and Arabidopsis to create a plant-like CF0F1 in Chlamydomonas and an algal-like CF0F1 in Arabidopsis. Electrochromic 
shift measurements in algae harbouring a plant-like CF0F1 showed large membrane potential spikes upon light fluctuations. This 
indicates that in wild type algae a potentially missing γ-β salt bridge might favour an active ATPase form of the enzyme to pre-
vent large membrane potential variations in fluctuating light. Furthermore, CF0F1 studies on a cysteine to serine mutant in the 
absence of disulfide formation were carried out in Chlamydomonas. The mutation produced an even more active enzyme with 
high H+-conductivity in both directions. The mutant revealed that a classical electrochromic shift assay, employing dark interval 
relaxation kinetics to describe pmf, is prone to ATPase-related reactions in algae. Under low light conditions a more pronounced 
donor side inhibition and a relaxed acceptor side of photosystem I was detected assuming that the CF0F1 C199S mutant acts as 
ATP hydrolase and acidifies the thylakoid lumen. Possible applications for directed algal photosynthesis regulation are outlined.

P-129
Aureochromes – a key factor to cellular light acclimation processes in diatoms?

R. Röllig1, S. H. Im2, N. Strumpen2, B. Lepetit2, P. Kroth2, C. Wilhelm3

1Leipzig University, Institute of Biology – Plant Physiology / Algae Biotechnology, Leipzig, Germany 
2Konstanz University, Plant Ecophysiology, Konstanz, Germany 

3Leipzig University, Institute of Biology – Algae Biotechnology, Leipzig, Germany

Diatoms are major contributors to primary production, accounting for ca. 20 % of global carbon fixation (Falciatore et al. 2020; 
Tréguer et al. 2018).
Despite their great ecological success which is believed to be caused by their distinctive physiology and genetic background 
combining plant-like, animal-like and bacterial traits research is lagging behind diatoms’ biological relevance (Armbrust, 2009; 
Smith et al., 2019). Light drives not only photosynthesis but also influences acclimation to rapid changes in the aquatic environ-
ment caused by turbulences, depth and scattering materials.
Therefore, photoreceptors are crucial to sense different light quantities and qualities to trigger an improved acclimated state 
for optimal environmental fitness (Li et al., 2009). One class of newly described blue light (BL)-absorbing photoreceptors are 
Aureochromes of which four were identified in the marine diatom Phaeodactylum tricornutum: PtAureo1a/b/c and PtAureo2 
(Schellenberger Costa et al., 2013; Takahashi et al., 2007). Aureochromes are BL-induced transcription factors consisting of a LOV 
domain binding Flavin and absorbing BL as well as a bZIP domain that binds DNA (Herman et Kottke, 2015; Takahashi et al., 2007).
The crucial role of PtAu1a in BL acclimation has been shown previously by inactivation of PtAu1a leading to a more or less com-
pletely blocked transcriptomic response in a light shift experiment compared to wild-type (WT) giving rise to the question of 
how and why the inactivation of a single gene changed thousands of other genes: it is hypothesized that PtAureo 1a might be 
a “master switch” affecting (either alone or in cooperation with other Aureochromes) other transcription factors (Mann et al., 
2020).
This study will show first data on comparative transcriptomic and metabolic analysis of knockout (KO) strains of PtAureo 1c and 
existing data of KO PtAureo 1a. The correlation between transcriptome and metabolome profiling seeks to unravel the so far 
largely unknown functions of Aureochromes via precise physiological and molecular characterization and elucidate the genetic 
and metabolic network behind the BL-induced acclimation process in P. tricornutum.
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P-152
Role of different xanthophyll cycle genes in Phaeodactylum tricornutum

C. E. Giossi1, P. Kroth1, M. Lohr2, B. Lepetit1

1Plant Ecophysiology, Department of Biology, University of Konstanz, Konstanz, Germany  
2Institute of Molecular Physiology, Plant Biochemistry, Johannes Gutenberg University, Mainz, Germany

Diatoms belong to the most important primary producers on Earth, thriving in complex ecosystems characterised by sudden 
and extreme light changes. To cope with excess excitation energy and avoid photoinhibition, these microalgae display very 
efficient photoprotective strategies. One of these, known as qE – the high-energy-state quenching component of Non-Photo-
chemical Quenching (NPQ) – plays a key role in diatoms photophysiology. It is modulated by three interacting components: 1) 
ΔpH between chloroplast lumen and stroma, 2) antenna proteins of the Lhcx family and 3) the xanthophyll cycle. The latter is 
performed by two counteracting reactions: under excess light, Violaxanthin De-Epoxidase (VDE) catalyses the conversion of 
diadinoxanthin into diatoxanthin, generating energy dissipation through heat; under low light, diatoxanthin is epoxidized back 
to diadinoxanthin thanks to Zeaxanthin Epoxidase (ZEP), restoring the cycle. In this work, we characterized the physiology of 
different xanthophyll cycle knockout mutants of the model diatom Phaeodactylum tricornutum. We propose that different 
xanthophyll cycle proteins play characteristic roles in the xanthophyll cycling of this diatom, with remarkable implications for its 
photophysiology and pigment metabolism.

P-130
Involvement of CuZnSOD during plant terrestrialization 

S. Frohn1, J. Schippers1

1IPK Gatersleben, Molecular genetics, Gatersleben, Germany

Plant terrestrialization went along with dramatic changes of growth conditions for the first water deriving pioneers. Besides 
temperature and drought tolerance the adaptation to higher oxygen concentrations had to be challenged. One known family 
of reactive oxygen detoxification enzymes are superoxide dismutases (SOD). Besides the well-known enzymatic function, the 
youngest variant, a cytosolic copper zinc SOD (CSD), can act as a transcriptional regulator in Arabidopsis. Moreover, this variant 
appeared around the Great Oxidation Event and is already present in the streptophyte alga Chara braunii, indicating a possible 
involvement in the molecular adaption to land conditions and enabling the transition to land. While exploring this we focussed 
on embryogenesis and abiotic stress tolerance of bryophytes, which represent the most similar living plant family to ancient 
pioneers. So far, cytosolic CSD seems to accompany terrestrialization via tuning oxidative stress responses and gained new func-
tions through land colonization.

P-131
On the molecular function of GlyoxalaseI-like proteins

J. M. Böhm1, M. Balparda1, Y. Zaplatnikov1, T. Dieckmann1, J. Schmitz2, V. G. Maurino1

1Rhenish Friedrich Wilhelm University of Bonn, Bonn, Germany 
2University of Düsseldorf, Düsseldorf, Germany

Plant metabolism produces a plethora of harmful metabolites by spontaneous reactions or enzymatic side reactions. Toxic com-
pounds produced are the reactive carbonyl species (RCS) methylglyoxal (MGO) and glyoxal (GO). These RCS can interact with 
DNA or proteins damaging cellular function. Cells possess the glyoxalase (GLX) system to counteract the toxicity of RCS by con-
verting them into less harmful molecules. The GLX system consists of two enzymes, S-D-lactoylglutathione lyase (GLXI) and S-
2-hydroxyacylglutathione hydrolase (GLXII), acting in sequence. The Arabidopsis genome contains 11 GLXI genes, three of these 
genes encode GLXI homologs with proofed GLXI function. These homologs possess conserved amino acid positions responsible 
for their catalytic activity, at the metal ion and the glutathione binding sites. We found that the remaining eight GlyoxalaseI-like 
(GLXI-like) proteins do not present full conservation of the amino acids at the binding sites. This suggests that GLXI-like proteins 
might not act as canonical GLXI but possibly use different substrates or have a different biochemical function than GLXI. Our 
work aims to decipher the functions of these GLXI proteins using the model plant Arabidopsis thaliana. We performed a correla-
tion analysis, to predict a possible involvement of the proteins in plant metabolism. GLXI-like;4 and GLXI-like;7 are co-expressed 
with enzymes involved in branched-chain amino acid and lysine catabolism and with proteins involved in proteolysis. GLXI-like;9 
and GLXI-like;11 are co-expressed with proteins located in the chloroplast and involved in photoprotective processes. Phyloge-
netic analysis showed that GLXI-like;4 and GLXI-like;7 clustered together, distantly from GLXI-like;9 and GLXI-like;11. Knock-out 
mutants of the different GLXI-like proteins were isolated and used for functional analysis under different conditions.
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Genetic diversity of the glyoxalase system

A. Kerim1, M. Balparda1, V. G. Maurino1

1IMBIO, Molecular Plant Physiology, Bonn, Germany

Essential processes of plant metabolism, such as glycolysis and the Calvin Benson cycle, generate cytotoxic and mutagenic com-
pounds such as reactive carbonyl species (RCS). The glyoxalase (GLX) system is the major scavenging pathway of alpha-oxoalde-
hydes, RCS comprising methylglyoxal (MGO), glyoxal, and glucosone. The GLX system consists of two enzymes, GLXI and GLXII, 
which function sequentially and are each represented by multiple isoforms in different cellular compartments. The Arabidopsis 
thaliana genome encodes three active metal ion-dependent GLXI isoforms that differ in substrate specificity when the metal ion 
cofactor is switched. Our work showed that the cytosolic GLXI;3 isoform is the primary MGO detoxifying agent, while GLXI;2 is 
mainly involved in the detoxification of glucosone. Here, we search for ecotypes of Arabidopsis thaliana exhibiting variations in 
the phenotype with respect to Col-0, the ecotype we used as control, when growing in the presence of different RCS. We found 
that the IP-Pal-0 ecotype showed better root development when supplemented with glucosone. We provide support for the 
involvement of the GLXI;2 isoform in the detoxification of glucosone, as the qRT-PCR analysis revealed increased expression of 
GLXI;2 in tissues of IP-Pal-0.

P-133
Arabidopsis glutathione peroxidase-like 8 (GpXL8) acts as a H2O2 sensor and oxidizes target proteins

T. S. Trenz1,2, S. Hendrix2, Y. Bodnar3, C. H. Lillig3, M. Margis-Pinheiro1, A. J. Meyer2

1Federal University of Rio Grande do Sul, Center for Biotechnology, Porto Alegre, Brazil 
2Rhenish Friedrich Wilhelm University of Bonn, Institute for Crop Science and Resource Conservation (INRES), Bonn, Germany 

3University of Greifswald, Institute for Medical Biochemistry and Molecular Biology, Greifswald, Germany

Glutathione peroxidases (GPXs) are antioxidant enzymes that catalyze the reduction of hydrogen peroxide (H2O2) or organic 
peroxides into water or alcohols, using either glutathione or thioredoxins (TRXs) as reducing agents. Whereas all GPX genes 
share common ancestors, plant GPXs were termed GPX-like (GPXL) to account for the fact that they use TRXs as reductants. Plant 
GPXLs have been mostly implicated in plant defense reactions and detoxification of H2O2 originating from normal metabolic 
activity in the cytosol, mitochondria, plastids and the endoplasmic reticulum. Yeast Gpx3p (syn. Orp1p) is able to oxidize the 
transcription factor Yap1 by “sensing” H2O2, ultimately increasing the expression of genes encoding antioxidants. This suggests 
that GPXs have other functions besides peroxide reduction. In contrast to their mammalian counterparts with either two cyste-
ines or one selenocysteine and one cysteine, yeast and plant GPXLs contain three conserved cysteines: the peroxidatic cysteine, 
the resolving cysteine and a central third cysteine of unknown function. Arabidopsis thaliana GPXL8 is localized in the cytosol 
and the nucleus. Although its role in reactive oxygen species (ROS) detoxification has been described previously, little is known 
about its involvement in ROS sensing and signaling. Therefore, our main goal is to identify proteins interacting with GPXL8 and 
to determine whether and how GPXL8 oxidizes such proteins. To evaluate the ability of GPXL8 to sense H2O2 and oxidize target 
proteins, a reduction-oxidation-sensitive GFP (roGFP2) was used as an artificial GPXL8 target protein. In vitro assays showed that 
GPXL8 can oxidize roGFP2 albeit to a very limited extent. In this system, transfer of the primary oxidation from GPXL8 to roGFP2 
very likely occurs through a nucleophilic attack of roGFP2 on oxidized GPXL8. Substitution of the resolving cysteine (C89S) or the 
central cysteine (C70S) close to the active site revealed that both are involved in regulating and limiting the oxidation of roGFP2. 
In silico simulations and biochemical assays with GPXL8 are currently performed to unveil the role of C70 in GPXL8-mediated 
protein oxidation. Through this project we expect to expand our understanding of how plants transmit information from H2O2 
to target proteins in response to various environmental stimuli.
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Ascorbate redox state regulation for iron toxicity tolerance in rice (Oryza sativa L.)

L. Wu1, M. Frei1
1Institute for Agronomy and Plant Breeding, Justus-Liebig University Giessen, Department for Agronomy and Crop Physiology, 

Gießen, Germany

Iron (Fe) toxicity is a commonly observed abiotic stress in rice fields. Excess uptake of ferrous (Fe2+) ions causes oxidative stress 
due to the reaction between Fe2+ and hydrogen peroxide (H2O2), generating highly reactive hydroxyl radicals (OH·), which irre-
versibly damage lipids, DNA, and protein. The genetic basis of Fe toxicity tolerance is rather complex since only small-effect QTL 
were detected through many genetic mapping studies1,2. Up to date, no major tolerant loci have been cloned or utilized in the 
breeding practices.
Our previous study identified a novel tolerance mechanism associated with the ascorbate (AsA) redox state in rice. A recombi-
nant inbred line FL483, with a lower AsA redox state, showed higher tolerance than its parent IR29, which had a higher AsA redox 
state. The tolerance is possibly conferred by avoiding the prooxidant activity of reduced form of AsA under Fe toxicity3. Two 
AsA redox-regulating enzymes determined the contrasting redox state between FL483 and IR29: dehydroascorbate reductase 
(DHAR) and ascorbate oxidase (AO), while FL483 had lower DHAR and higher AO activity than IR29.
However, the genetic factors underlying the contrasting DHAR and AO activities between FL483 and IR29 remain elusive. A fur-
ther question is how can we apply this novel tolerance mechanism to breed Fe toxicity tolerant varieties?
We created new plant materials to address these questions by crossing FL483 with IR29 and another sensitive variety, IR64. 
Through analyzing the enzymatic activities in FL483/IR29 near-isogenic F2 plants, we aim to identify the genetic architecture 
regulating DHAR and AO activities. In addition, bulked segregant analysis with whole-genome sequencing will help to identify the 
genes or regulatory elements controlling DHAR/AO activities in rice. Furthermore, we will screen the progenies of IR64/FL483 
crosses under Fe toxic conditions to test the plausibility of applying the AsA redox-related mechanism in breeding Fe tolerant 
varieties.
1. Matthus, E. et al. Loci, genes, and mechanisms associated with tolerance to ferrous iron toxicity in rice (Oryza sativa L.).  
 Theoretical and Applied Genetics 128, (2015).
2. Wu, L.-B. et al. Genetic and physiological analysis of tolerance to acute iron toxicity in rice. Rice (N Y) 7, 8-8, (2014).
3. Wu, L.-B., Ueda, Y., Lai, S.-K. & Frei, M. Shoot tolerance mechanisms to iron toxicity in rice (Oryza sativa L.). Plant, Cell &  
 Environment 40, 570-584, (2017).

P-135
The cytosolic redox network of Arabidopsis thaliana

L. Vogelsang1, J. Eirich2, I. Finkemeier2, K. J. Dietz1

1University Bielefeld, Biochemistry and Physiology of Plants, Bielefeld, Germany 
2University of Münster, Plant Physiology, Münster, Germany

The cytosolic thiol-redox regulatory network in Arabidopsis thaliana comprises thiol peroxidases like Type II PEROXIREDOXINS 
(PRXII) B, C and D and GLUTATHIONE PEROXIDASE-LIKE PROTEINS (GPXL) 2, 4,5 and 8, of which GPXL4 and 5 in fact are anchored 
to the plasma membrane but are still exposed to the cytosol. PRXIIB/C/D and GPXL2/8 play decisive and distinct roles within 
the network and are linked to a large set of GLUTAREDOXINS (GRX) and THIOREDOXINS (TRX), as they function as important re-
generators. Other components of the network are the GLUTATHIONE REDUCTASE (GR) and NADPH-DEPENDENT THIOREDOXIN 
REDUCTASE (NTR), which couple the redox state of above described proteins to the cytosolic glutathione- and NADPH-pools. An 
increasing number of cytosolic proteins have been identified to be redox-regulated in the recent years, which might be targets 
of the redox regulatory network.
The measurement of PRXII and GPXL thiol peroxidase activity revealed that GRXs are efficient regenerators of PRXIIs whereas 
GPXLs are regenerated by TRXs. The most active TRXs were TRXh1 to 5, whereas TRXh7 to 9 showed only marginal activities in 
insulin assays. Furthermore, GRXC2 was more active than GRXC1 in the hydoxyethyl disulfide-assay. Similar patterns were ob-
served in the thiol peroxidase assays, if GRXs and TRXs were applied as regenerators of PRXIIs and GPXLs, respectively.
Own and published proteomic data revealed PRXIIB as predominant PRX and GRXC2 as the most abundant GRX. Among the 
TRXs, TRXh3 and TRXh5 showed the highest abundance, while GPXL2 amounts exceeded that of GPXL8. These data and the 
activity measurements point to an important role of the redox couples PRXIIB and GRXC2 as well as GPXL2 and TRXh3 in the 
cytosolic network. Current research focusses on reconstituting the cytosolic redox regulatory network through mass spectros-
copy analysis and subsequent labeling of cysteine residues. Thus, the redox state of the proteins will be monitored over time 
after hydrogen peroxide application. This work is complemented by search for interaction partners and characterization of 
loss-of-function mutants in order to identify redox-responsive targets of the network and to assess the overall relevance of the 
cytosolic peroxidases in plants.
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Genetic diversity of the glyoxalase system

A. Kerim1, M. Balparda1, V. G. Maurino1

1IMBIO, Molecular Plant Physiology, Bonn, Germany

Essential processes of plant metabolism, such as glycolysis and the Calvin Benson cycle, generate cytotoxic and mutagenic com-
pounds such as reactive carbonyl species (RCS). The glyoxalase (GLX) system is the major scavenging pathway of alpha-oxoalde-
hydes, RCS comprising methylglyoxal (MGO), glyoxal, and glucosone. The GLX system consists of two enzymes, GLXI and GLXII, 
which function sequentially and are each represented by multiple isoforms in different cellular compartments. The Arabidopsis 
thaliana genome encodes three active metal ion-dependent GLXI isoforms that differ in substrate specificity when the metal ion 
cofactor is switched. Our work showed that the cytosolic GLXI;3 isoform is the primary MGO detoxifying agent, while GLXI;2 is 
mainly involved in the detoxification of glucosone. Here, we search for ecotypes of Arabidopsis thaliana exhibiting variations in 
the phenotype with respect to Col-0, the ecotype we used as control, when growing in the presence of different RCS. We found 
that the IP-Pal-0 ecotype showed better root development when supplemented with glucosone. We provide support for the 
involvement of the GLXI;2 isoform in the detoxification of glucosone, as the qRT-PCR analysis revealed increased expression of 
GLXI;2 in tissues of IP-Pal-0.

P-137
Defense against reactive carbonyl species involves different subcellular compartments

M. Balparda1, J. Schmitz2, M. Hüdig1, V. G. Maurino1

1Rhenish Friedrich Wilhelm University of Bonn, Molecular Plant Physiology, Bonn, Germany 
2Univsersity of Düsseldorf, Düsseldorf, Germany

Metabolism is not a perfect system. During cellular activity, spontaneous reactions and the side activity of enzymes contribute 
to the formation of unwanted compounds, which in most cases are harmful to the cell. Methylglyoxal (MGO) is a highly reactive 
carbonyl species whose production is closely associated with glycolysis and the Calvin-Benson cycle. To control MGO content in 
the cell, plants have the glyoxalase (GLX) system, which acts as a scavenger mechanism producing L-lactate. The GLX system in-
volves two sequential reactions catalyzed by glyoxylaseI (GLXI) and -II. In Arabidopsis thaliana, three GLXI and three GLXII homo-
log genes are present, of which different isoforms are formed by alternative splicing. We identified the physiologically relevant 
splice forms and showed that the resulting proteins have distinct subcellular localizations. Recombinant GLXI isoforms showed 
activity for MGO and glyoxal (GO), albeit with different catalytic rates and cofactors. All three GLXI homologs are functional in 
vivo as they complemented a yeast GLXI loss-of-function mutant. In Arabidopsis, the cytosol and chloroplasts harbor a complete 
glyoxalase system for detoxification of MGO and GO.

P-138
proteomic quantification of the cysteine redox proteome using isobaric labelling in Arabidopsis seeds

M. Gasper1, J. Giese1, J. Eirich1, I. Finkemeier1

1IBBP WWU Münster, Münster, Germany

Protein post-translational modifications have important functions in regulating protein structures and activities. Furthermore, 
they play a central role in fast acclimations of the cellular metabolism to stresses, changing environmental conditions and in the 
transition through different developmental stages. Here we developed a protocol for isobaric labelling of cysteine (-SH) residues 
by the labelling reagent iodoTMT in seeds. The seed to seedling transition, called germination, is one of the most important 
transitions in the life cycle of seed plants. It starts with the uptake of water by the dry seed and ends when the radicle protrudes 
through the micropylar endosperm. At the beginning of this process the quiescent seed metabolism is reactivated within min-
utes. The onset of germination is accompanied by a rapid oxidative burst. Here we set out to investigate cysteine-based redox 
regulation during early seed germination.
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Genetic dissection of proline and hydrogen peroxide in bread wheat under field condition

M. Kamruzzaman1, M. A. Beyene1, M. N. Siddiqui1, A. Ballvora1, A. A. Naz1

1University of Bonn, Institute of Crop Science and Resource Conservation (INRES)-Plant Breeding and Biotechnology, 
Bonn, Germany

Proline and hydrogen peroxide are important metabolites and essential components of different signaling and developmental 
pathways. Despite having a pivotal role, studies identifying key regulators of proline and hydrogen peroxide are remain elusive 
in crops, especially in wheat. We accessed the phenotypic variation of proline and hydrogen peroxide in 184 bread wheat culti-
vars at heading stage (BBCH 51) both for control and drought treatment under field condition. A genome wide association study 
was performed to elucidate underlying loci and candidate genes. The marker trait association detected total 125 significant 
SNPs across different chromosomes associated with proline, including 18 for control, 36 for drought, and 71 for stress tolerance 
index (sti), respectively. Literature based studies revealed several putative candidate genes in significant loci and their Link-
age Disequilibrium (LD) block regions including F-box family protein, zinc finger protein, pentatricopeptide repeat-containing 
protein etc. Similarly, for the trait H2O2, total 53 significant SNPs were identified, including 16 for control, 2 for drought and 34 
for sti. These loci and their LD block regions are linked with several putative candidate genes including superoxide dismutase, 
E3 ubiquitin-protein ligase, and several disease resistance protein coding genes. Collectively, this study provides a fundamental 
basis for key regulators of proline and hydrogen peroxide which might be utilized in shaping genetic architecture and improving 
drought tolerance in wheat cultivar.   

P-140
Chemical characterization of floral cuticular wax in tuberose

R. Bhattacharya1, A. Mitra1

1Indian Institute of Technology Kharagpur, Agricultural and Food Engineering, Kharagpur, India

Tuberose (Agave amica syn. Polianthes tuberosa L.) is a widely cultivated floricultural crop for fragrant cut flowers. Though 
several in-depth studies conducted in recent past reported scent emission mechanism in tuberose flowers, attention yet to be 
given on elucidating the nature of the floral cuticle in tuberose that might have significant bearing on epicuticular wax deposi-
tion and scent emission. Cuticle layer consists of waxy substances which gave the characteristic glossy appearance to the leaves 
and flower petals. In this study two popular tuberose cultivars viz, “Calcutta Single” (CS) and “Calcutta Double” (CD) have been 
chosen for studying the cuticular wax. CS, as the name suggests consists of a single whorl of petaloid tepals, whereas, CD con-
sists of two separate whorls of tepals, one inner and another outer whorl. The cuticular wax was characterized and quantified 
thoroughly using GC-MS analysis. A total of 40 compounds were detected in both cultivars, consisting of six different chemical 
classes dominated by fatty acids, fatty alcohols and alkanes. Extraction of cuticular wax was carried out using two major meth-
ods, viz. epicuticular wax extraction and total wax extraction. For epicuticular wax, the abaxial and adaxial sides of the petaloid 
tepals of tuberose were considered separately. For CD, the epicuticular wax was analysed from both the sides of the two whorls 
to determine whether wax composition follows any specific pattern for abaxial or adaxial side. More deposition in terms of 
compositional content was noticed in case of adaxial side in all cultivars. Among the cultivars, CD was found to contain a greater 
number of diverse functional groups than CS. In CD however, the outer whorl was found to be most diverse of all in terms of 
wax load (ng/ sq. cm). Surface ultrastructural studies using scanning electron microscopy (SEM) were carried out in both sides 
of the tepals to confirm the presence of waxy nanoridges. Further, SEM analysis also revealed the role of stomata and its pos-
sible involvement in wax deposition. The results obtained from this study can be used to explain the correlation between scent 
emission and cuticle formation and can shed light on the unique compositional development of the cuticular wax in abaxial and 
adaxial side in tuberose.
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Evolution of crassulacean acid metabolism (CAM) and leaf cuticular properties in Aeonium (Crassulaceae)

T. Messerschmid1, S. Hamburger2,3, P. dos Santos4,5, J. M. de Vos5, G. Kadereit6,1

1Botanical Garden Munich-Nymphenburg, Munich, Germany 
2Julius Kühn-Institut für Biologischen Pflanzenschutz, Dossenheim, Germany 

3Johannes Gutenberg University Mainz, Mainz, Germany 
4Universidade de Lisboa, Lisboa, Portugal 

5University of Basel, Basel, Switzerland 
6Ludwig Maximilian University of Munich, Munich, Germany

Crassulacean Acid Metabolism (CAM) is a specialized and plastic photosynthetic pathway that originated independently in a high 
number of different succulent plant lineages (Smith & Winter, 1996). As CAM plants are characterised by nocturnal CO2 fixation 
and diurnal closure of stomata, their day-time transpiration is usually directed through the cuticle. Therefore, cuticular transpira-
tion barrier properties certainly play a significant role for CAM expression. To investigate this, we recorded the variation of CAM 
expression patterns and cuticular properties in Aeonium (Crassulaceae), an ecologically highly diverse succulent plant genus of 
40 species largely endemic to the Macaronesian islands. As a classic example of adaptive radiation, Aeonium showcases an array 
of different growth forms and habitats and can therefore serve as a model for the evolutionary ecology of CAM. A fully sampled 
phylogeny of Aeonium was inferred on the basis of genomic DNA sequence information using a ddRADseq approach. The reaction 
norm of CAM expression was investigated in a climate chamber experiment with varied treatments of heat and drought, whereby 
over-night acidification of leaf tissue was quantified by means of titration. Transpiration barrier properties of the cuticle were 
quantified through leaf drying curves and measurement of the minimum conductance to water beyond the turgor loss point. Our 
results indicate a general correlation of CAM activity and minimum conductance (gmin) such that species with strong or constitutive 
CAM were more likely to have an efficient cuticular transpiration barrier, i.e., having lower gmin. This was mostly the case for tall 
and woody Aeonium species, while acaulescent rosette plants and dwarf shrubs expressed CAM more sporadically and in lower 
levels, and dwarf shrubs had the highest values of gmin. Furthermore, the phylogenetic signal we found for CAM expression and 
gmin suggests a certain constraint in the evolution of these two traits. In conclusion, we present evidence for the need of reduced 
cuticular transpiration in strong and constitutive CAM plants which is to be expected when a high water-use efficiency is selected 
for. Our results underline the role of CAM as a flexible trait in the adaptation to climatic conditions.

P-143
TMEM14-FAX proteins evolution – fatty acid export from chloroplast and the plant conquest of  the land

A. Banguela Castillo1, J. Neunzig1, K. Philippar1

1Saarland University, Plant Biology, Saarbrücken, Germany

The colonization of land by descendants of algae was a watershed moment in Earth’s history, allowing for the evolution of 
today’s various terrestrial ecosystems. Plant chloroplast evolution was necessary for plant conquest of the land. These or-
ganelles are not only key in photosynthesis, but they are also the place of the synthesis of fatty acids (FA) and lipids. The 
membrane-intrinsic FAX1 has been described to mediate FA-export across the plastid inner envelope. FAX1 protein belongs to 
the four conserved-helical domains TMEM14 superfamily of proteins, whose function is largely unknown. In Arabidopsis, FAX1 
is part of a family of seven proteins (AtFAX1-7), from which AtFAX1-FAX4 are localized in plastids. A maximum-likelihood tree of 
1164 TMEM14-protein sequences showed four well-supported Streptophyta clades, including the AtFAX proteins: FAX1, FAX2, 
FAX3/7, and FAX5/6. AtFAX4 forms a mixed clade with scarce plant representation, but including bacterial TMEM14, suggesting 
a cyanobacterial endosymbiotic origin. FAX1-FAX2, FAX3/7, and FAX5/6 share a common ancestor with Chlorophyta. Green al-
gae, Rhodophyte, Fungi, and SAR form a small clade (FAXC) absent in Stretophyta, and phylogenetically close to FAX3/7. AtFAX3 
and AtFAX7, and AtFAX5 and AtFAX6 are paralogs respectively and have homologs in Fungi and Straminopile. Additional analysis 
suggests that FAX5/6 and FAX1-2 share a common ancestor and the acquisition by horizontal gene transfer of the FAX5/6 gene 
from Archaea. In addition, FAX2 is a vascular Embryophyta specific TMEM14, but N-terminal FAX2 domains are present in Strep-
tophyte algae and Bryophytes FAX1-like proteins. Detection of those domains and the occurrence of the first FAX2 protein in the 
spikemoss Selaginella moellendorffii indicate a link between FAX2 and land plant development. N-terminal domain gain, from 
FAX5/6 to FAX1-2 and FAXC to FAX3, suggests the advent of new functions in plant TMEM14. Database mining, alignments, and 
phylogenetic trees allowed us to depict the evolution of TMEM14, from plants’ last common ancestor until Embryophyta and 
discerning their relationship in the plants’ conquest of the land.
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Interorganellar communication sites within plant cells

V. Valencia1, F. Kuhnert1, A. P. M. Weber1

1Heinrich Heine University Düsseldorf, Plant biochemistry, Düsseldorf, Germany

Membrane contact sites (MCS) function as distributors as they serve as temporary hubs between the membranes of two organ-
elles allowing the exchange of molecules. Proteins and lipids required to conduct this sort of communication are concentrated 
in these areas to build and sustain interaction. So far, MCS have been extensively explored in yeast and mammalian cells and 
defined in terms of regulation, function, and the proteins involved. However, knowledge on MCS in plant cells is very limited. 
Because of the presence of plant-specific compartments, metabolic pathways, and processes, e.g., photosynthesis/photorespi-
ration, some functions and the respective MCS are likely to be unique to plants. Since a homology-guided approach is limited, 
investigation of plant specific MCS and the identification of the proteins and factors involved needs to cut a new way. As a pre-
requisite to study MCS, indicative visualization tools need to be established in plant cells.
The aim of this project is to visualize MCS in plant cells by a bimolecular fluorescence complementation approach (BiFC) using 
a split sfGFP targeted to different compartments, such as mitochondria and chloroplasts. To provide a basis for the detailed 
analysis of MCS, we will employ previously identified proteins of the mitochondrial outer membrane and the plastidial outer 
envelope as anchors. By doing so, the approach is fully proximity-dependent and thus enables detection of MCS by proximity 
between two interacting organelles. Eventually, the approach will provide a visible overview of present MCS in model plant cel-
lular systems, such as Arabidopsis thaliana and Nicotiana benthamiana. After the establishment of the visualization tool for plant 
MCS, our future work aims at the identification of plant tethers involved in MCS and their interaction partners.

P-145
Cell wall integrity monitoring contributes to phytoalexin-mediated pathogen defence in Arabidopsis

T. Engelsdorf1, R. N. Morton1, A. Rajendran1, H. Plaggenborg1

1Philipps University of Marburg, Biology, Marburg, Germany

The plant cell wall provides mechanical support to plant cells and plays an important role in plant responses to abiotic and biotic 
stress. This is achieved by innate mechanisms which constantly monitor the cell wall integrity (CWI) and trigger the appropriate 
compensatory response should this integrity be impaired. Although the cellular mechanism governing these processes aren”t 
well understood, available knowledge suggests that several plasma membrane-localized proteins are associated with CWI sur-
veillance and maintenance, of which the receptor kinase THESEUS1 (THE1) has been identified to be a key CWI monitor in Ara-
bidopsis.
We found that the phytoalexin camalexin accumulates from 6h after cell wall damage (CWD) caused by cellulose biosynthe-
sis inhibition in Arabidopsis seedlings. CWD-mediated camalexin accumulation depends on THE1 and the transcription fac-
tor WRKY33. Similar to CWD-induced phytohormone accumulation, camalexin accumulation is suppressed when co-treated 
with the plant elicitor peptide PEP3, but is further enhanced in Arabidopsis mutants defective in PEP signalling, suggesting 
that CWD-mediated camalexin production might be negatively regulated by PEP-signalling. Using RNA-Sequencing and qRT-PCR 
time-course experiments, we aim to characterize the transcriptional responses governing these processes and to understand 
through what means PEP signalling interferes with CWI signalling to suppress camalexin accumulation. In agreement with a role 
of CWI monitoring in pathogen defence, the THE1 loss-of-function mutant the1-1 shows increased susceptibility to the cell wall-
penetrating fungal pathogen Colletotrichum higginsianum. Camalexin and salicylic acid accumulation are significantly reduced in 
the1-1 mutants in comparison to the wild type after C. higginsianum infection. Our ongoing experiments aim to explain whether 
the increased pathogen susceptibility of the1-1 occurs because of its limitation in camalexin and/or SA accumulation.
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Kinetic dissection of wound-induced calcium signals in roots

J. C. Barbosa-Caro1, J. A. Feijó2, W. B. Frommer1, M. M. Wudick1

1Heinrich Heine University Düsseldorf, Düsseldorf, Germany 
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Plants perceive and react to environmental stresses. In response to herbivory plants  generate systemic defense responses1, en-
coded as Slow Wave Potentials (SWPs); electrochemical signals characterized by membrane potential (Vm) depolarization and 
cytoplasmic calcium ([Ca2+]cyt) increase1. Our work addresses how SWPs are triggered and propagated. 
In Arabidopsis thaliana leaves, SWP generation relies on members of the ligand-gated GLutamate Receptor-like (GLR) family2 and a 
mechanosensitive channel (MSL10)3. These channels likely contribute to transduce the propagating chemical and hydraulic stimu-
lus proposed in other plant models4. However, it has also been suggested that electric and Ca2+ signals can self-propagate along 
the phloem 5.
To evaluate signal propagation and activation, propagating [Ca2+]cyt and Vm transients were generated in roots by local application 
of 1 mM glutamate (glu) or by tip ablation. Ca2+ transients were reported by the genetically encoded Ca2+ indicator Matryoshka 6s, 
and transmembrane electric transients were recorded via intracellular electrodes in root cortical cells.
Physically hindering diffusion along the root surface allowed ablation-induced signals to propagate through the vasculature, while 
glu-induced signals did not, hinting lack of [Ca2+]cyt signal self-propagation. Glu-induced, local [Ca2+]cyt signals have SWP-like kinetics 
but Vm-signals are shorter, implying a glu-independent depolarizing component. Furthermore, glr3.3/3.6 double-knockouts have 
diminished glu-induced [Ca2+]cyt signals, similar to wild-type plants treated with anion channel blocker. This supports the hypothesis 
that glu-independent, anionic depolarization is required for proper [Ca2+]cyt-SWP activation3. Also indicates that neither [Ca2+]cyt nor 
Vm signals can self-propagate as in animal neuronal cells 5, but are rather locally activated by a propagating stimulus.
Genetic identification of the [Ca2+]cyt-signal potentiating, anion-permeable protein in roots is currently under investigation.
1.  Mousavi et.al., 2013
2.  Nguyen et.al., 2018
3.  Moe-Lange et.al., 2021
4.  Vodeneev et.al., 2012
5.  Hedrich et.al., 2016

P-147
AN1-zinc finger proteins as potential regulators of hormonal signaling 

modulating abiotic and biotic-stress tolerance
L. Vogelsang1, S. M. Schmidtpott1, V. Kumar1, I. Finkemeier2, M. Persicke1, C. De La Torre3, T. Seidel1, K. J. Dietz1

1Bielefeld University, Bielefeld, Germany 
2University of Münster, Münster, Germany 

3Heidelberg University, Heidelberg, Germany

AN1-zinc finger proteins are ubiquitously present from Archaea to Eukaryotes. Commonly, these proteins have AN1-domain in 
combination with A20-zinc finger domain. Several members of this protein family are established as regulators of immune respons-
es in mammals. In plants, these proteins have potential function in diverse abiotic and biotic stress tolerance and therefore are 
rightly named stress associated proteins (SAPs). SAPs are differentially expressed under various abiotic stresses like cold, drought, 
salinity, or heavy metal exposure etc. Among several economically viable angiosperms, plants in poales and brassicales show high 
abundance of AN1 proteins. Furthermore, of the identified 32 unique AN1-proteins, with exclusive presence of two AN1 domains 
(without association to any other domain e.g., AtSAP12), 30 are present in crops or their wild relatives in poales and brassicales.
AtSAP12 has been identified as a redox sensitive protein in our working group. Although, in vitro oxidant treatments (limited to 
physiological conditions) do not result in shifts of mPEG-mal-labelled SAP12, redox titration revealed conformational shifts at 
strongly oxidizing conditions. This might point to a redox mechanism that involves additional proteins in vivo to establish the redox 
state of SAP12. Opted omics approaches (transcriptome, proteome, and metabolome), indicate involvement of SAP12 in regula-
tion of transcription or protein synthesis for genes involved in JA and ABA signaling, under abiotic (e.g., Osmotic: freezing, drought 
etc.) and biotic (e.g., Pseudomonas syringae pv tomato DC3000, Meloidogyne incognita infection etc.) stresses alike. For example, 
compared to WT, sap12 plants showed slightly better performance upon sequential freezing (-2, -4 and -6°C) and subsequent re-
covery. In addition, roots of cold treated hydroponically grown sap12 mutants showed less ion leakage upon cold treatment. On 
the other hand, the sap12 plants show 24 to 54% higher biomass loss after 5 days of P. syringae infection. These results indicate a 
stress-dependent (negative or positive) regulation of stress-specific tolerance mechanisms by SAP12. Abundance of these SAP12 
like unique AN1-zinc finger proteins (2x AN1) in the crops and their wild relatives might indicate a functional specialization. How-
ever, mild phenotypic differences under different stresses also point to partial redundancy of function among proteins with one 
or two AN1 domains.
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P-148
Elucidating the diversity of systemic calcium signals evoked by abiotic and biotic stimuli

S. Raj1, B. Meier1, E. Peiter1

1Martin Luther University of Halle-Wittenberg, Institut für Agrar- und Ernährungswissenschaften, Halle (Saale), Germany

In plants, systemic Ca2+ signals are involved in the rapid activation of responses to biotic and abiotic stress that prepare yet unaf-
fected parts for an imminent threat. A range of stresses, including salinity and wounding by herbivores, has been demonstrated 
to evoke systemic Ca2+ signals in Arabidopsis. This raises the question of whether there is a spatio-temporal stimulus specificity 
in the nature of these signals. Naturally, previous studies have been conducted in different laboratories, and therefore with vari-
ous Ca2+ reporters and detectors, on a diverse scale, and with differently cultivated plants at different developmental stages. 
This situation renders a comparison of systemic Ca2+ signals and an analysis of their dependency on the state of the plant rather 
impossible. Therefore, in this study, we aim to systematically unify our current view of systemic Ca2+ signals at a mesoscopic 
level. Employing GCaMP-based [Ca2+]cyt sensors in combination with a high-resolution on-axis zoom microscope with a large 
field of view, systemic Ca2+ signals are characterized with high spatio-temporal resolution in plants of different developmental 
stages grown on hydroponics, soil, and agar. Mutant analyses serve to understand the contribution of specific players described 
to be relevant under certain conditions for responses to other stimuli. Examples for stimulus specificity of components of the 
Ca2+ signalling toolbox will be presented.

P-149
Stromule mediated plastid-nucleus interactions

S. Özyürek1, M. H. Schattat1

1Martin Luther University of Halle-Wittenberg, plant physiology, Halle (Saale), Germany

The question of how plastid-created signals are transferred to the nucleus has not been resolved yet. Recently it has been sug-
gested that plastid localized proteins and other molecules reach the nucleus via plastid-derived stroma-filled tubules, so-called 
stromules. Initial observations in N. benthamiana epidermis cells indicated that plastids form stromules to “reach out” to the 
nucleus for signal transfer. The question arises how do stromules find the nucleus? In order to address this question, we per-
formed life cell imaging of different A. thaliana mutants and quantitatively analyzed plastid and nucleus behavior.
Our data shows that, at least in A. thaliana, plastids do not reach out to the nucleus, but instead, the moving nucleus pulls out 
stromules from stationary nucleus-associated plastids. By the use of different mutants and quantitative life cell imaging, we 
found that nucleus-associated plastids restrict nucleus movement like a dog owner prevents his dog from running away with an 
extendible leash. Our data suggest that the association of plastids with nuclei ensures plastid nucleus contact, allowing efficient 
signal transfer.



198

ABSTRACTS

P-150
Interdependence of a mechanosensitive anion channel and glutamate receptors in distal wound signaling

F. Atanjaoui1, J. Moe-Lange1,2,3, N. M. Gappel1, M. Machado3, M. M. Wudick1, C. S. A. Sies1, S. N. Schott-Verdugo1,4,5, M. Bonus1, 
S. Mishra1, T. Hartwig1, M. Bezrutczyk1, D. Basu6, E. E. Farmer7, H. Gohlke1,5, A. Malkovskiy3, E. S. Haswell6, M. J. Lercher1, 

D. W. Ehrhardt3, W. B. Frommer1,2,8, T. J. Kleist9

1Heinrich Heine University Düsseldorf, Düsseldorf, Germany 
2Stanford University, Stanford, CA, United States 

3Carnegie Institution for Science, Stanford, United States 
4Universidad de Talca, Talca, Chile 

5Forschungszentrum Jülich, Jülich, Germany 
6Washington University in St. Louis, St. Louis, MO, United States 

7University of Lausanne, Lausanne, Switzerland 
8Nagoya University, Nagoya, Japan 

9Heinrich Heine University Düsseldorf, Düsseldorf, Germany

Plants have evolved a multitude of mechanisms to recognize and respond to external stimuli. Upon local herbivore attack, 
plants generate a combined calcium and electrical signal that ultimately leads to the activation of defense gene expression in 
local and distal tissues. Signaling involves Glutamate Receptor-like (GLR) channels 3.3 and 3.6, both localized in the vasculature. 
Their well-characterized homologues, the mammalian ionotropic Glutamate Receptors (iGluRs), are underlying synaptic signal 
propagation and are activated by glutamate (glu). Sudden release of glu into the synaptic cleft and subsequent binding to iGluRs 
causes the influx of calcium to the post-synaptic neuron. Based on in -vitro studies, GLRs of Arabidopsis also appear to be ac-
tivated by glu. Given the dual role of glu as metabolite and signaling molecule, the plant needs to differentiate between both 
functions. One possible mechanism by which plants are able to achieve this, could be coincidental detection of another signal. 
Indeed, it was long proposed that changes in pressure could be another key component for systemic signaling. Here, we identi-
fied the stretch-activated anion channel MSL10, to be necessary for proper wound-induced electrical and calcium signaling. 
Wound gene induction, genetics, and calcium imaging indicate that MSL10 follows the same pathway as the GLRs. We propose 
that in systemic tissues, full activation of GLRs may require a combination of membrane depolarization mediated by MSL10 and 
concomitant binding to glu. Our study provides a molecular genetic basis for mechanical signal perception and the transmission 
of long-distance electrical and calcium signals in plants. Future experiments will address the possible role of a putative GLR/
MSL10 feedback loop, the source, transduction and specificity of the glutamate signal and the identification of further proteins 
involved in long-distance wound signaling.

P-151
Effect of the calcium channel inhibitor LaCl3 on early second messenger signals induced by 

oxidative stress stimuli in Arabidopsis thaliana and Solanum tuberosum
A. van Dieren1, S. Hartmann1, A. Bittner1, U. C. Vothknecht1

1IZMB (Institut für Zelluläre & Molekulare Botanik), Cell Biology, Bonn, Germany

In order to perceive environmental changes, plants evolved complex signaling networks. Ca2+ transients are an important sec-
ond messenger and often one of the earliest components of the plant stress response. Stress induced Ca2+ transients are well 
described in several species, however, the molecular basis for the transition of stimuli-specific Ca2+ signatures into an appropri-
ate cellular response is less well understood even in model plants like Arabidopsis. An important role in this response plays the 
cross-talk with other signaling pathways.
Here we present two approaches to analyse these stress-induced molecular changes. In the first approach, we compared the ef-
fect of the calcium channel inhibitor LaCl3 on Ca2+ transients in response to oxidative stress stimuli between Arabidopsis thaliana 
and Solanum tuberosum. Subsequently, the effect of LaCl3 on redox changes was analyzed by constitutive expression of different 
roGFP2 based biosensor constructs in both species, to elucidate the contribution of Ca2+ signaling on oxidative stress response.
In a second approach, the phospho-proteome of Arabidopsis will be analyzed after an oxidative stress stimulus with and without 
pretreatment with LaCl3. This way, we aim to identify Ca2+ dependent phosphorylation targets within the stress-induced phos-
phorylation event.
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P-160
priming resistance to ash dieback disease in common ash (Fraxinus excelsior) 

H. Hoenicka1, S. Bein1, W. Graf1

1Thünen Institute of Forest Genetics, Grosshansdorf, Germany

Common ash (Fraxinus excelsior) is an essential part of the European forests. However, the ash dieback disease, which first 
appeared in the 1990s, has rapidly spread to most European countries. This illness, caused by the pathogenic Asiatic fungus 
Hymenoscyphus fraxineus, has become a serious threat to ash populations.
Resistance breeding can help overcome both biotic and abiotic stress factors. However, the resistant individuals required for 
breeding are often missing. Furthermore, the prolonged non-reproductive phase of trees additionally hampers resistance in-
duction with conventional breeding methods when compared to annual plants.  Although genetic modification and genome 
editing have a big potential for fast resistance induction in trees, both methods are still banned for use in applied research in 
many countries. Therefore, the development of alternative methods for faster induction of stress resistance in tree species is of 
paramount importance.
Resistance priming is an adaptive strategy that promotes resistance in plants. Priming is characterized by an improved activa-
tion of defense mechanisms. Resistance priming with chemicals, like ß-aminobutyric acid (BABA), but also microorganisms could 
increase tolerance to ash dieback disease. In this study different priming conditions have been tested to improve disease resis-
tance in common ash.
4-month-old untreated plants were randomly distributed between the five different BABA concentrations (0/0.01/0.1/0.5/1/5/10 
mM). BABA was applied, using soil both drenching and spraying with BABA solutions. Plants were inoculated with Hymenoscy-
phus fraxineus two days after priming using wood pieces containing the pathogenic fungus. The inoculation took place after 
wounding stems with a scalpel.  Plant growth, the concentration of leaf pigments, and the incidence of ash dieback disease was 
determined eight weeks after priming.
BABA treated ash plants showed a normal growth and no significant effects were detected on the concentration of leaf pigments. 
Resistance tests showed a significantly improved tolerance to ash dieback disease after priming with BABA. Plants treated with 
more than 1 mM BABA showed a lower incidence of ash dieback disease than the control plants. Furthermore, BABA reduced 
the size of necrotic tissues. However, the hitherto BABA concentrations tested did not avoid ash dieback disease. Experiments 
under new priming conditions are ongoing.

P-162
An effector of the biotrophic root pathogen Plasmodiophora brassicae modifying salicylic acid and 

interfering with the host response in Arabidopsis thaliana
J. Ludwig-Müller1, F. Benade1

1Technische Universität Dresden, Faculty of Biology, Dresden, Germany

The clubroot disease caused by the root parasitic protist Plasmodiophora brassicae is among the most damaging diseases world-
wide among brassica crops. Its control often relies on resistant cultivars, since the manipulation of the disease hormones, such 
as salicylic acid (SA) alters plant growth negatively. Alternatively, the SA pathway could be increased by the addition of beneficial 
microorganisms for biocontrol. We have identified a protein from the protist that has homology to plant methyltransferases 
and has the potential to act as a secretory protein in the host cells. The protein was coined PbBSMT (Plasmodiophora brassicae 
salicylic acid benzoic acid methyltransferase) based on its homology to the plant proteins of the SABATH family. The protein was 
conserved among four isolates of the protist from different worldwide origins and its expression present over the complete life 
cycle. The heterologous expression of the PbBSMT gene in the host Arabidopsis thaliana resulted in more susceptible plants and 
the in vitro enzyme activities gave indications as to which could be the relevant substrates, among these was SA. Consequently, 
constitutive upregulation of a SA pathway resulted in reduction of clubroot symptoms and the pathogenic protist itself in trans-
genic plants.
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P-163
Toxic and behavioural effects of essential oil emulsion against larvae of plutella xylostella (Lepidoptera: plutellidae)

V. E. Tia1

1Martin Luther University of Halle-Wittenberg, Biochemistry, Korhogo, CÔte D’ivoire

The use of synthetic chemicals in vegetable production is the main method of controlling pests associated with cabbage in Côte 
d’Ivoire. The use of unauthorized chemical pesticides at high frequencies increases the risk of exposure of producers, consum-
ers and the environment to poisoning. The cabbage moth, Pluttella xylostella L. (Lepidoptera, Plutellidae).) is an insect pest 
with increasing resistance to conventional pesticides. The present study was initiated within the framework of the research of 
alternative methods with low toxicity and whose use would allow to control efficiently this major pest of cabbage while reduc-
ing the risks of intoxication.The objective of this work was to develop an eco-responsible alternative by the use of essential oils 
(EO) and aromatic hydrolats by considering their insecticidal and repulsive properties. An emulsion of EO/hydrolat was prepared 
by homogenizing 5% of essential oil of Hyptis suaveolens, Cymbopogon citratus and Ocimum canum with 77.5% of aromatic 
hydrolat and 17.5% of gelatin as natural emulsifier.For biologicals assays, the nanoemulsion obtained was evaluate against 2th 
and 3th instar larva of P. xylostella. Larva result to rearing at laboratory. The efficacy of essential oil emulsion was compared 
with the synthetic pesticide Cypercal 50 EC. These assays were performed according the dip leaves method. The effects of the 
nanoemulsion on the larva feeding was determined after 24h of larva exposure and the mortality percentage was evaluated 
after 24 h, 48 h and 72 h of larva exposure. Laboratory bioassays indicated that the emulsion of the essential oil (diluted at 1/10 
i.e. 0.5%), of these three local aromatic plants, has a larvicidal activity on P. xylostella comparable to that of cypercal 50 EC, the 
chemical insecticide. The sensitivity of these larvae to this emulsion at the 5% concentration far exceeds that of the synthetic 
insecticide.The biopesticide was the most toxic with TL50 and TL90 respective values of 34.99 h and 63.79 h compared to the 
synthesis insecticide (TL50 = 54.40 h and TL90 = 135.04 h). The biopesticide has shown in a laboratory the highest potential 
larvicidal activity against P. xylostella.In the present study, the results showed significantly decreased the consumption of larva 
of P. xylostella with nanoemulsion (5%) 8,9 ± 0,6 mm2 than controls (Cypercal 50 EC: 37,23 ± 11,92 mm2 and untreated: 44,96 ± 
10,86 mm2).These results are promising for further research in this area.

P-164
How can the interplay of carbon metabolism and salicylic acid signalling influence resistance of 

Arabidopsis towards Colletotrichum higginsianum?
J. Seufer1, S. Goll2, T. Engelsdorf1, L. M. Voll1

1Philipps University of Marburg, Molecular Plant Physiology, Marburg, Germany 
2Martin Luther University of Halle-Wittenberg, Institute of Biology, Dept. of Genetics, Halle (Saale), Germany

The hemibiotrophic ascomycete fungus Colletotrichum higginsianum is adapted to the model plant Arabidopsis. Previous work 
in our group has shown that C. higginsianum does not depend on carbon supply by intact host cells during the biotrophic phase, 
but that carbohydrate availability and allocation in the host tissue are important determinants for the efficiency of the salicylic 
acid-mediated defense response On one hand, the starch free Arabidopsis mutant pgm shows impaired carbohydrate avail-
ability and is more susceptible towards C. higginsianum. Early post-penetration establishment in starchless pgm mutants is 
enhanced due to altered cell wall composition, while during the transition to the necrotrophic phase, pgm exhibits dampened 
responsiveness of salicylic acid induced genes despite increased levels of free salicylic acid. On the other hand, the double mu-
tant sweet11/sweet12, which lacks the two major phloem loading sucrose transporters, has been shown to be more resistant 
than the wildtype during pathogen challenge. The sweet11/sweet12 mutant shows elevated levels of free sugars and salicylic 
acid as well as increased responsiveness of salicylic acid dependent genes. We have now studied sweet11/sweet12/pgm triple 
mutants in order to assess the interdependence of these opposing interaction phenotypes. In comparison to pgm, the triple mu-
tant exhibited alleviated hypersusceptibility towards Colletotrichum higginsianum, which was accompanied by further increased 
accumulation of soluble sugars compared to the pgm parent and further enhanced premature SA accumulation compared to 
the sweet11/sweet12 parent. Our data strongly favour the idea that carbohydrate availability and the defence response are 
increased in the triple mutant compared to pgm, because excess sucrose export to roots is prevented. Using the triple mutant 
as a tool, we currently investigate the crosstalk of sugar and defence signalling. In addition, we are using genetically encoded 
fluorescent nanosensors to assess the spatiotemporal organization of the defence response in the epidermis of the individual 
genotypes.
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P-165
Intraspecific diversity in pattern triggered immune responses and defence signalling in the wild 

tomato species Solanum chilense 
P. Kahlon1, A. Förner1, M. Muser1, M. Oubounyt1,2, M. Giggl3, R. Hammerl3, J. Baumbach2, R. Hückelhoven1, C. Dawid3, R. Stam4,1

1Technical University of Munich, Chair of Phytopathology, Freising, Germany 
2University of Hamburg, Chair for Bioinformatics, Hamburg, Germany 

3Technical University of Munich, Chair for Food Chemistry, Freising, Germany 
4Christian-Albrecht University of Kiel, Institute for Phytopathology, Kiel, Germany

Natural plant populations need to adapt to their local environment. What the implications are of such adaptations for the 
functioning of the pathogen defence signalling network is not known. We study the species-wide diversity in pathogen defence 
mechanisms in the wild tomato species Solanum chilense. It grows in Chile and Peru and its specific demography, resulting from 
different expansions into new environments, allows us to learn how evolution of pathogen resistance properties happens in a 
natural context.
We performed large-scale phenotyping and measured defence responses in over 90 plants representing 9 different wild popu-
lations and show significant differences in defence properties, that are not limited to responses triggered by major resistance 
genes like NLRs or RLPs.
By measuring oxygen species and levels of diverse phytohormones upon elicitation in all plants, we established that assumed 
conserved quantitative defence responses (e.g. PTI) are variable within the species. Using generalized linear modelling, we 
show that the observed variation in quantitative resistance can only be explained by additive effects of multiple components. 
Moreover, by analysing individual Solanum chilense populations, we show that  the effect of individual components differed 
dependent on the population”s origin. For example, we confirmed the positive correlation between resistance and ethylene 
production only in coastal populations.
These findings indicate that PTI or quantitative defence signalling is not static, but dependent on a multitude of factors and 
highlighs the importance of looking beyond model plants or single accessions to understand defence signalling pathways.

P-166
The Role of the Ustilago maydis GATA transcription factor Nit2 for the successful infection of maize 

and nitrogen utilization during biotrophy.
C. Schulz1, N. Schäfer1, L. M. Voll1

1Philipps University of Marburg, Biology, Marburg, Germany

The biotrophic phytopathogenic fungus Ustilago maydis makes use of a variety of molecular tools to successfully infect its host 
plant maize (Zea mays). Pathogenic development of U. maydis is initiated by the fusion of two compatible haploid sporidia, re-
sulting in the formation of a dikaryotic hypha followed by the formation of appressoria to achieve the invasion of the plant cell 
by biotrophic hyphae. Both, the transition from saprophytic, yeast-like cells to biotrophic hyphae, as well as the modulation of 
host metabolism and suppression of plant immune defenses, requires extensive transcriptional regulation.
In previous studies, the transcription factor Nit2 was shown to play a major role for the utilization of non-favored nitrogen 
sources like minor amino acids or nucleobases in sporidia. Nit2 transcript amounts were increased during biotrophy compared 
to axenic culture and deletion of Nit2 resulted in retarded filamentation and reduced virulence in planta, indicating that favored 
nitrogen sources may be limiting during biotrophy. Employing ΔNit2 mutants, we identified 33 potential Nit2 targets in planta, 
which largely differed from the known Nit2 targets in sporidia. We currently analyze the transcriptional induction of selected 
Nit2 target genes during biotrophy and the role of Nit2 with its targets for the nitrogen utilization in planta by steady state me-
tabolite analysis. Since we also found that Nit2 targets are overrepresented among b-regulated genes, we aim at resolving the 
role of Nit2 in the transcriptional network during early pathogenic development.
- Lanver D, et al. (2018). The Biotrophic Development of Ustilago maydis Studied by RNA-Seq Analysis. The Plant Cell, Volume  
 30 (2), pp. 300-323.
- Horst R, et al. (2012). The Ustilago maydis Nit2 homolog regulates nitrogen utilization and is required for efficient induction  
 of filamentous growth. Eucaryotic Cell, Volume 11 (3), pp. 368-380.
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P-167
Chemical priming of the response to stress in plants by aromatic cytokinin arabinosides

M. Hönig1,2, A. Cortleven1, M. Bryksová2, T. Schmülling1

1Free University of Berlin, Institut für Biologie, Angewandte Genetik, Berlin, Germany 
2Palacký University, Department of Chemical Biology, Olomouc, Czech Republic

Two aromatic cytokinin (CK) derivatives, 6-benzylaminopurine-9-arabinosides (BAPAs), namely 3-methoxy-BAPA and 3-hydroxy-
BAPA, are able to trigger pathogen-associated molecular pattern triggered immunity (PTI) in Arabidopsis thaliana. In this study we 
focus on priming by these cytokinin arabinosides (CK-A) in more detail and aim to elucidate the underlying molecular mechanisms. 
Foliar application of CK-A on four-weeks-old soil-grown Arabidopsis plants revealed priming against Pseudomonas syringae pv. 
tomato DC3000 (Pst). This priming effect is caused by the ability of CK-A to enhance the defense capacity of treated plants rather 
than by direct interaction of the compounds with Pst. Oxidative stress marker genes (FRK1, BAP1 and ZAT12) were found to be 
upregulated after foliar application of CK-A. Moreover, after Pst inoculation both FRK1 and PR1 were stronger upregulated in CK-A 
treated plants than in untreated control plants indicating that CK-A triggers an improved plant immunity. This was also reflected in 
the decreased number of Pst colony forming units occurring in CK-A treated plants in comparison to untreated controls. Expression 
analysis also showed that CK-A does not induce the CK response gene ARR5. This rises an interesting question about the mecha-
nism of action of CK-A as they are not able to trigger a typical CK response but possess similar priming activity as canonical CKs. 
We also observed that CK receptor mutants are not primable by neither CK-A nor t-zeatin. The primability for Pst infection by CK-A 
has been tested in several mutants of the salicylic acid (SA) and jasmonic acid (JA) signaling pathways. Results indicate that the SA 
pathway is important for the CK-A priming effect. Together, CK-A can prime Arabidopsis plants for future infection by Pst but the 
underlying mechanisms are still under investigation.

P-168
Mechanisms of host defense protease activation in plant immune signaling 

S. Sharma1, M. Mantz1, A. Perrar1, P. Huesgen1

1Forschungszentrum Jülich, ZEA-3, Jülich, Germany

Constitutive disease resistance 1 (CDR1) encodes for apoplastic aspartic protease, overexpression of which has been demonstrated to 
result in accumulation of salicylic acid, a dwarf phenotype, and resistance to virulent Pseudomonas syringae in Arabidopsis thaliana. 
Previous work by Xia et. al. (EMBO J 2004) showed that plant immunity is stimulated by proteinaceous signaling molecule between 
3 and 10 kDa. However, the identity of the released (poly)peptide(s) has remained unknown. Also, it has remained unclear whether 
overexpression of CDR1 directly leads to the release of yet unidentified immune-active peptide signals or if this occurs indirectly by the 
activation of papain-like cysteine proteases (PLCPs) and subtilisin serine proteases.    
Here we identified a mutant line carrying a T-DNA insertion in the CDR1 promoter region, resulting in moderate overexpression of 
CDR1, a mild growth deficit but nevertheless constitutively induced defense responses. We are now profiling the leaf apoplast pro-
teome and peptidome to gain insights into processes altered in the mutant. In addition, we apply the chemical proteomic approach 
known as activity-based protein profiling (ABPP). ABPP probes selectively label active enzymes, but not their inactive forms, and there-
by allows for monitoring of changes in enzyme activities. Commercially available activity-based probes DCG-04 and Desthiobiotin-FP 
were applied to profile cysteine and serine proteases active in wild type and CDR1 overexpressors. With this, we aim to decipher direct 
and indirect substrates that arise from CDR1 misexpression and may play a key role in plant immunity.

P-169
A fast and easy Botrytis cinerea infection assay for various poplar species

S. Dreischhoff1, I. S. Das1, A. M. Wolf1, K. Kasper1, A. Polle1

1University of Göttingen, Forest Botany and Tree Physiology, Göttingen, Germany

Poplars are ecologically and economically significant trees that are challenged by many pathogens. Especially in the face of climate 
change, it is crucial to study disease resistance in poplar trees. Currently, there are not many reliable fungal pathogen assays available 
for poplar because the pathogens are often specific to distinct poplar species or show metoecious behavior. Botrytis cinerea is an 
important pathogen that infects many plant species, including many crops causing massive yield losses and also causing problems in 
tree nurseries. It is considered a necrotrophic pathogen that not just bluntly kills its host but instead hijacks the programmed cell death 
machinery to kill the plant when it is the right time and thus can be categorized as hemibiotroph. Here, we present a fast and easy 
pathogen assay for the interaction of poplar species from different sections with Botrytis cinerea. We isolated a B. cinerea strain from 
greenhouse-grown Populus × canescens, which causes necrosis 48 h after infection of poplar leaves. To evaluate the infection and dis-
ease severity, we adapted techniques for the quantification of B. cinerea at macroscopic and molecular levels. We studied fungal quan-
tification in relation to disease symptoms and will discuss the interaction of B. cinerea with other biotic and abiotic environmental cues.
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P-170
Identification of yeast-derived pAMps to induce plant immune responses

K. Park1, M. Jo1, H. R. Kwon1, M. K. Kim1, H. S. Yun2, C. Kwon1

1Dankook University, Department of Molecular Biology, Cheonan, South Korea 
2Konkuk University, Department of Biological Sciences, Seoul, South Korea

Due to the lack of mobile immune cells and the circulatory system, plants solely rely on innate immunity to microbial pathogens. 
Like animals, plants also utilize a surface receptor called pattern-recognition receptor (PRR) to firstly detect an approaching 
potential pathogen by recognizing a pathogen-associated molecular pattern (PAMP). Since plants are sessile, it is thought that 
plants have a larger repertoire of PRRs to better detect pathogens. As a beginning step of identifying a new PRR in plants, we 
in this study tried to isolate a PAMP in the budding yeast Saccharomyces cerevisiae that rarely colonizes on plant surface. Since 
PAMPs are mostly secreted or externally exposed, we first treated Arabidopsis seedlings with collected secreted proteins from 
yeast. Surprisingly, we found that yeast-secreted proteins can trigger immune responses in Arabidopsis. By LC-MS/MS with parts 
of gel-retrieved proteins that can induce the expression of PR1, a representative marker gene of plant immune responses, we 
identified yeast-secreted proteins (YSPs) as candidate PAMPs. In Arabidopsis seedlings, bacterially purified YSP1 and YSP2 induce 
growth inhibition at a potential cost of immune responses. Further transcriptomic analysis in Arabidopsis suggests that YSP1 
transcriptionally reprograms the expression of a set of genes, many of which are related to plant immunity.

P-171
Carbohydrate availability and homeostasis modulate susceptibility of Arabidopsis thaliana to 

Colletotrichum higginsianum
K. S. Munzert1, L. M. Voll1, T. Engelsdorf1

1Philipps University of Marburg, Biology, Marburg, Germany

Plant carbohydrate availability has profound effects on susceptibility to fungal pathogens. The starch-free Arabidopsis thaliana 
mutant phosphoglucomutase (pgm) suffers from nocturnal carbohydrate shortage and impaired defence against the hemibio-
trophic pathogen Colletotrichum higginsianum. Previous studies revealed that both preformed defence like the composition of 
the plant cell wall as a penetration barrier, and induced defence responses like accumulation of the phytohormone salicylic acid 
and the phytoalexin camalexin are impaired in pgm, leading to hypersusceptibility to C. higginsianum.
To identify genes involved in the regulation of carbohydrate-dependent pathogen susceptibility, we performed a forward ge-
netic screening and identified suppressors of  pgm hypersusceptibility to C. higginsianum. The selected pgmhypersusceptibil-
ity suppressor candidates were mapped using bulked segregant analysis followed by whole genome sequencing to identify 
the causative mutations. Additionally, the candidates were analysed for alterations in their carbohydrate metabolism, cell wall 
monosaccharide composition as well as differences in their induced defence responses to C. higginsianum in comparison to 
pgm. We found that the increased resistance was partially established in the early biotrophic interaction with C. higginsianum 
and correlated with changes in cell wall composition, as well as in the production of defence-related secondary metabolites. 
One of the suppressor candidates was mapped to OUTERENVELOPE PROTEIN 40 (OEP40), coding for a b-barrel solute channel 
in the chloroplast outer envelope membrane. OEP40 is permeable for glucose, glucose 1-phosphate and glucose 6-phosphate 
and regulated by trehalose 6-phosphate in vitro, suggesting a function in sugar homeostasis and/or signalling in the context of 
pathogen defence.

P-172
Ubiquitin conjugating enzyme Ubc8 controls metabolism of storage compounds in 

Colletotrichum graminicola conidia and pathogenicity
A. Fischer1, A. M. Voitsik2, S. Münch3, H. B. Deising3, L. M. Voll1

1Philipps University of Marburg, Biology, Marburg, Germany 
2University of Erlangen–Nuremberg, Biology, Erlangen, Germany 

3Martin Luther University of Halle-Wittenberg, Halle (Saale), Germany

An Agrobacterium tumefaciens-mediated insertional mutant collection of the hemibiotrophic ascomycete maize pathogen Col-
letotrichum graminicola was screened for mutants with weakly affected pathogenicity in order to identify genes involved in fun-
gal nutrition. A T-DNA insertion near the Ubc8 homolog of Colletotrichum graminicola showed reduced virulence, which could 
be confirmed in targeted knockouts of CgUbc8. In the yeast Saccharomyces cerevisiae, the ubiquitin-conjugating enzyme Ubc8 
had already been identified to play a central role in regulation of gluconeogenesis through the ubiquitin-dependent degradation 
of the irreversible enzyme fructose-1,6-bisphosphatase (FBPase).
Our work has revealed that the glycogen content in C. graminicola Δubc8 knockout mutants is significantly reduced in young co-
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nidia. When glycogen is mobilized during conidia maturation, lipid accumulation was increased in mutant compared to wild type. 
Hence, our data suggest that CgUbc8 is involved in the regulation of the interconversion and mobilization of reserve compounds 
during maturation of C. graminicola conidia. Pulldown and MS analysis of ubiquitinated proteins from young conidia revealed 
that several enzymes of glycolysis were less ubiquitinated in Δubc8 knockout mutants than in wild-type and we are currently 
investigating the contribution of the identified enzymes during the individual stages of conidia maturation. With the help of a 
CgUbc8:3xHA in locus fusion, we aim to identify direct and indirect CgUbc8 interaction partners in vivo.

P-173
The role of heavy metal-associated plant proteins in Arabidopsis thaliana defence response against 

Colletotrichum higginsianum
H. Plaggenborg1, R. N. Morton1, T. Engelsdorf1

1Philipps University of Marburg, Biology, Marburg, Germany

The plant cell wall represents a barrier against pathogen infection. The hemibiotrophic fungus Colletotrichum higginsianum 
breaches this barrier with a combination of cell wall-degrading enzymes and turgor-driven penetration via infection structures 
termed appressoria. Therefore, the plant cell wall and its integrity surveillance mechanism play major roles in determining 
the degree of susceptibility against this pathogen. Cell wall damage, for example caused by infection, would trigger defence 
responses like the release of the phytohormone salicylic acid (SA) and production of the phytoalexin camalexin in Arabidopsis 
thaliana.
In a screening for genes involved in responses to cell wall damage, we identified HEAVY METAL-ASSOCIATED PLANT PROTEIN 17 
(HPP17), which was transcriptionally activated by cell wall integrity impairment. The knockout mutant hpp17-1 shows an altered 
cell wall composition, reduced accumulation of SA and camalexin and increased susceptibility to Colletotrichum higginsianum. 
To investigate the contribution of limited SA and camalexin accumulation to increased pathogen susceptibility in this mutant, we 
crossed hpp17-1 with SA or camalexin overproduction and deficient lines, respectively, and analyzed susceptibility to C. higgin-
sianum. The HPP family is plant specific and not well characterized to date. Besides HPP17, several other members of this family 
are transcriptionally upregulated during pathogen infection and cell wall integrity impairment. We performed co-expression 
analyses to identify HPP genes that might be involved in SA- or camalexin- related pathogen defence. Four candidates were 
selected and further characterized regarding their time-dependent expression during infection. By investigating pathogen sus-
ceptibility and defence responses in hpp mutants, we aim to gain insight into the role of HPP genes in plant defence.

P-174
Investigating plant autophagy in the interplay between pathogen infection and heat stress

H. Seybold1, E. Katz1, T. Avin-Wittenberg1

1The Hebrew University of Jerusalem, Plant and Environmental Sciences, Jerusalem, Israel

Autophagy is a highly conserved eukaryotic cellular transport mechanism that delivers intracellular macromolecules, proteins, 
and even entire organelles to a lytic compartment (i.e., lysosomes/vacuoles) for degradation and nutrient recycling. In plants, 
a basal level of autophagy guarantees normal plant growth and development under favorable conditions. Environmental stress 
(incl. both abiotic and biotic stress) further induces autophagy. This induction of autophagy contributes to plant survival under 
unfavorable conditions by cellular reprogramming and removing damaged proteins or foreign intracellular compounds. Plant 
responses to abiotic and biotic stress are generally thought to counteract each other. However, induction of autophagy has the 
potential to increase plant tolerance to both stresses at the same time. Autophagy could therefore play a major role in future 
plant breeding strategies for climate change resilient crops. Nevertheless, responses to combined biotic and abiotic stress are 
understudied in the field of plant autophagy. We investigate the role of autophagy in simultaneous heat stress and Xanthomonas 
infection in different plant species. By testing the activation of Autophagy-related (ATG) 8 proteins, which are part of the core 
machinery of autophagy and contribute to targeted degradation of proteins, we show that heat stress and Xanthomonas infec-
tion activate a distinct subset of the ATG8 protein family. In addition, we use mutants with impaired autophagy as well as plants 
over-expressing ATG genes to study diverse stress-related phenotypes which improve in ATG over-expressing plants compared to 
wildtype while atg mutants are hypersensitive to the combined stress.



205

ABSTRACTS

P-175
Analysis of NHp metabolism upon stress by non-targeted metabolomics

K. Feussner1, L. Mohnike1, B. Worbs2, I. Feussner1

1University of Goettingen, Plant Biochemistry, Göttingen, Germany 
2University of Goettingen, Organic Chemistry, Göttingen, Germany

Plant immunity is a tightly controlled process that needs to keep the balance between growth and defense. Hormones that drive 
the immune process are salicylic acid (SA) and N-hydroxy pipecolic acid (NHP). While the metabolism of SA as well as the synthe-
sis of NHP are well characterized, knowledge on NHP catabolism is scarce. To close this gap and to identify additional compounds 
of NHP turnover, we used a non-targeted metabolomics approach.
Leaves of Arabidopsis wild type and fmo1 (NHP biosynthesis mutant) plants were infiltrated with a mixture of NHP and its stable 
D9-labeled isotopologue and subsequently treated with UV-light for the induction of endogenous SA and NHP-metabolism. Leaves 
were harvested after 24 hours and their extracts were analyzed via ultra-high performance liquid chromatography coupled to 
high-resolution mass spectrometry. The resulting data set was analyzed for all metabolite feature pairs that accumulated after 
treatment and exhibited a characteristic mass shift of 9.056 Da, which reflected the exchange of nine hydrogen to deuterium 
atoms. With the application of this NHP/D9-NHP mixture, sensitivity and specificity of the unbiased search for NHP-derived me-
tabolites was strongly increased and several so far not described molecules belonging to the endogenous NHP-turnover have 
been identified. This data set now serves as basis for the search of enzymes being involved in NHP metabolism together with the 
help of publicly available transcriptome data sets.

P-176
Susceptibility of European maize lines to Ustilago maydis infections in a changing climate

C. Schwarz1, K. van der Linde1

1University of Regensburg, Cell Biology and Plant Biochemistry, Regensburg, Germany

With an average annual production of 1.1 billion tons worldwide, maize is the most important staple crop. However, increasing 
effects of global climate change pose a threat to its productivity. Besides migration of novel pathogens into agricultural regions 
where they once were uncommon due to rising temperatures, it is also predicted that climate change will cause increased in-
fections with already established pathogens. Therefore, we wanted to investigate the susceptibility of 17 European maize NAM 
founder lines to the fungus Ustilago maydis in regard to changing temperatures due to climate change. U. maydis is a biotrophic 
smut fungus that infects all aerial parts of maize. The fungus has been co-domesticated with its host maize and is now common 
in all parts of the world where maize is cultivated. Infected cobs are not marketable, and livestock does not accept silage made 
from infected plants well. Until now, neither fungicides nor maize lines resistant against U. maydis infections are available. For 
our study, maize seedlings were infected with the U. maydis wildtype strains FB1 and FB2 at different temperature conditions 
that reflect the temperatures of 1985 and 2050 plus a short heat wave of three days. Disease ratings were performed to rate 
the symptoms and identify maize lines that are more resistant to infections under the different temperature conditions. Further-
more, a RNAseq analysis was conducted to identify possible susceptibility factors during infections with U. maydis in regard to 
temperature. In a next step, we plan to target the identified susceptibility factors by RNA interference to test, if the resistance to 
infection can be increased. The latest results from these experiments will be presented.

P-177
It’s “prime time” – photoperiod stress primes Arabidopsis plants for future stresses

V. Röber1, S. Illgen1, V. Lortzing2, T. Schmülling1, A. Cortleven1

1Free University of Berlin, Institute of Biology, Applied Genetics, AG Schmülling, Berlin, Germany 
2Free University of Berlin, Institute of Biology, Applied Zoology/Animal Ecology, Berlin, Germany

Plants are normally exposed to a regular daily light/dark rhythm. Changes of the photoperiod, in particular a prolongation of 
the light period, induce photoperiod stress in Arabidopsis thaliana. The response to photoperiod stress is characterized by a 
typical course of events: During the night that follows a prolonged light period oxidative stress characterized by an increase in 
the peroxide content as well as enhanced peroxidase and decreased catalase enzyme activities causes the induction of stress 
marker genes. In addition, phytohormone levels (jasmonic acid, salicylic acid, auxin) increase in stress-sensitive plants. The next 
day, the photosynthetic activity decreases and programmed cell death ensues in strongly stressed plants. Experiments revealed 
that a first photoperiod stress stimulus (prolongation of the light period by four hours, named priming stimulus) suppresses 
the response to a second similar photoperiod stress event (triggering stimulus) for several days on the transcriptional level. 
This indicates cis-priming, i.e. an altered response to a recurrent identical stress, and memory to photoperiod stress. Further 
experiments revealed that a prolongation of the light period by 8 hours increases the resistance to subsequent infections with 
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Pseudomonas syringae pv. tomato DC3000 and Botrytis cinerea. This implies that photoperiod stress improves the plant ś re-
sponse to pathogen attacks without an actual pathogen (trans-priming). Preliminary results indicate that the photoperiod stress-
induced priming and memory depend on a functional salicylic acid signalling pathway and in particular on NONEXPRESSOR OF 
PATHOGENESIS-RELATED GENES1 (NPR1).

P-178
Identification and characterization of three novel phages against economically relevant plant 

pathogens and understanding the impact on the plant-pathogen interaction 
S. H. Erdrich1, J. Frunzke2, U. Schurr1, B. Arsova1

1Forschungszentrum Jülich, IBG-2 – Plant Sciences, Jülich, Germany 
2Forschungszentrum Jülich, IBG-1 – Department for Biotechnology, Jülich, Germany

Rising world population and limited arable land pose a challenge for future agricultural demands. Yield lost due to plant patho-
genic bacteria is estimated to account for 10% of our total yield losses. Additionally, classically used pest control agents like 
antibiotics lose their effect since more and more bacteria develop resistance due to over-use. Therefore, phages provide a sus-
tainable and targeted solution for biocontrol in agriculture, which is still underutilized.
Many plant pathogenic microbes are soil-born and target the plant root as an early entry point. However, the role of viruses 
shaping the plant microbiome along the root is not well understood and a better understanding of phage influence within the 
rhizosphere could lead to new application strategies. In this project we isolated novel phages for the economically relevant 
plant pathogenic bacteria Agrobacterium tumefaciens, Xanthomonas translucens and Pseudomonas syringae. The work aims 
to (i) characterize the phage- bacteria interaction and (ii) identify if and how the phage supressed the pathogen in a tripartite 
gnotobiotic system, with particular focus on the plant root.
The results show the isolation and phenotypic characterization of phage Alfirin infecting Agrobacterium tumefaciens, phage Pfei-
fenkraut infecting Xanthomonas translucens, and phage Athelas infecting Pseudomonas syringae. All phages show a lytic lifestyle, 
which is supported by genome sequencing and phage infection curves, making them suitable candidates to test their potential 
in planta. Further, we used plaque assays, TEM, sequencing, and annotation of phage genes as well as infection experiments to 
validate our potential phage candidates in terms of suitability for biocontrol applications.
To study the disease suppression in planta, we are using a Fabricated Ecosystem (EcoFAB), with slight modifications to opti-
mize root growth conditions. Its gnotobiotic environment is constructed by fusing a fluidic camber on a microscope slide, both 
enclosed in a sterile container. This enables the investigation of the plant-pathogen interaction, as well as plant-phenotypic 
changes over time using non-invasive phenotyping and invasive harvests (for future molecular analyses). The plant-pathogen 
interaction has been established and undergone phenotyping to establish the timeline of disease progression. The experiments 
with phage as a third component show promising preliminary results and are ongoing. 

P-179
Experimental study on a family of effectors from Ustilago maydis in non host model 

plants reveals evolutionarily conserved targets
N. Nagarajan1

1Rhenish Friedrich Wilhelm University of Bonn, INRES-Pflanzenpathologie, Bonn, Germany

Ustilago maydis, corn smut fungus has a bountiful secretome which aids in colonizing its host maize. A family comprising of 11 
effectors play a vital role in virulence and is known to have redundant functions (Khrunyk et al., 2010). Most of them have a pre-
dicted nuclear localization signal indicating they might be translocated effectors. Localization study in Nicotiana benthamiana 
shows localization specificity for some of the effectors indicating that they indeed target various organelles in the host. Majority 
of them show nuclear localization, whereas a couple of them are also cytosolic and one of them shows specificity to plastids. 
The over-expression lines in Arabidopsis thaliana show in most cases distinct phenotypes which point towards conserved host 
targets. Here we show some experimental evidences that the Eff1 family effectors acts inside the host cell and target conserved 
pathways.
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P-180
The importance of ABA signaling for the interaction of Arabidopsis thaliana and Colletotrichum higginsianum

R. Schulzke1, S. Goll2, L. M. Voll1
1Philipps University of Marburg, biology, Marburg, Germany 

2Martin Luther University of Halle-Wittenberg, biology, Halle (Saale), Germany

The phytohormone Abscisic acid (ABA) is synthesized in response to abiotic stress conditions like cold, drought or salinity, but 
ABA signaling is also involved in communicating sugar signals in plants. The effect of ABA on plant defence is not fully understood 
yet, since both negative and positive influences on resistance have been described depending on the plant-pathogen system 
investigated. Treatment with ABA suppresses the induction of salicylic acid-mediated resistance in dicotyledonous plants and 
similarly, reduced carbohydrate availability was shown to dampen the salicylic acid (SA) response in Arabidopsis thaliana. There-
fore, we investigate the crosstalk between sugar availability, ABA and SA using the model pathosystem of Arabidopsis thaliana 
and Colletotrichum higginsianum. The hemibiotrophic ascomycete Colletotrichum higginsianum is virulent on Arabidopsis and 
sensitive to the SA-response in its biotrophic phase. We use several mutants that are either unable to sense or produce ABA, 
as well as the starchless and hypersusceptible phosphoglucomutase mutant (pgm) and the ABA INSENSITIVE 4 mutant (abi4), 
which is disturbed in the inhibition of the SA-response and thus has an increased SA level. In addition, abi4/pgm double mutants 
are probed to investigate whether the lack of ABA diminishes or exacerbates the hypersusceptibility of the pgm mutant. Most 
ABA-insensitive mutants were more resistant to C.  higginsianum compared to the wild type, while the abi4 mutant and abi4/
pgm double mutants were more susceptible than the wild type. We currently analyze major carbohydrate metabolism, free and 
conjugated SA as well as intermediates in SA metabolism in the investigated mutants in order to shed light on the relationship 
between carbohydrate metabolism, ABA and SA in the defence against C. higginsianum.

P-181
The influence of DMR6 on SA metabolism and its role in the interaction between Arabidopsis thaliana and Colletotrichum 

higginsianum
P. Lopinski1, T. Engelsdorf1, L. M. Voll1

1Philipps University of Marburg, Biology, Marburg, Germany

During pathogen challenge, an immune response is triggered in the host plant. Salicylic acid (SA)-dependent responses are 
efficient against many biotrophic and hemibiotrophic pathogens. SALICYLIC ACID 5-HYDROXYLASE (S5H) / DOWNY MILDEW 
RESISTANT 6 (DMR6), is involved in SA metabolism by hydroxylating the C5 position of SA and loss of S5H/DMR6 in Arabidopsis 
thaliana leads to increased pathogen-induced SA accumulation and downy mildew resistance.
We aim to investigate the effects of DMR6/S5H loss on salicylic acid metabolism, as well as on the interaction between Arabidop-
sis and the hemibiotrophic ascomycete fungus Colletotrichum higginsianum. We isolated the DMR6 mutant allele dmr6-5n in a 
screening for suppressors of the hypersusceptibility of starch-free Arabidopsis pgm mutants. HPLC analysis revealed that leaves 
of all investigated dmr6 alleles in the Col-0 and WS-4 wild type backgrounds exhibited higher amounts of free and glycosylated 
SA as well as strongly reduced free and glycosylated 2,5-DHBA pools in both conditions, validating an impaired conversion of 
SA to 2,5-DHBA upon loss of DMR6 as in previous reports. Free 2,5-DHBA, but not conjugated 2,5-DHBA pools, were reduced 
in pgm/dmr6-5n double mutants relative to pgm single mutants, indicating the presence of an alternative source of 2,5-DHBA 
glycosides in pgm/dmr6 double mutants. Similarly, the 2,3-DHBA pools were four-fold increased in pgm and pgm/dmr6-5n com-
pared to all other genotypes, suggesting the involvement of S3H, a close relative of S5H, which is capable to catalyze 2,5-DHBA 
synthesis in vitro. To reveal a potential involvement of S3H or the glycosyltransferases UGT89A2, UGT76D1 or UGT76B1, that 
might able to glycosylate 2,3- and 2,5-DHBA, we are performing qRT-PCR analysis.

P-182
Cell wall integrity monitoring and cell wall composition contribute to pathogen defence in Arabidopsis

S. Thiel1, L. Reckleben1, R. N. Morton1, A. Rajendran1, T. Engelsdorf1

1Philipps University of Marburg, Biology, Marburg, Germany

Plant cell walls support plant growth and protect the cells against damage during abiotic and biotic stress. Impairment of cell 
wall integrity (CWI) during plant development and upon stress exposure leads to dynamic modification of cell wall composition 
and structure.
We show that loss-of-function of the receptor kinase THESEUS1, a main CWI sensor protein, and of other wall stress response-
related proteins leads to impaired pathogen defence in Arabidopsis and increased penetration success of the hemibiotrophic 
cell wall-penetrating fungal pathogen Colletotrichum higginsianum. During infection, pectin polymers in the host cell wall are 
targeted by fungal pectin-degrading enzymes and congruently, pectin amount and composition are important for resistance 
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against C. higginsianum. Reduced carbohydrate availability in leaves of starch deficient Arabidopsis mutants or carbohydrate-
depleted wild type plants after extended darkness leads to galactose salvage from pectic cell wall polymers and consequently 
causes impaired CWI and reduced penetration resistance. While several enzymes involved in galactan degradation and salvage are 
transcriptionally upregulated during carbohydrate depletion, de novo galactan synthesis is strongly reduced. Increased cell wall 
galactan content caused by GALACTAN SYNTHASE 1 overexpression modulates defence responses and rescues penetration resis-
tance. In summary, our data show that CWI monitoring contributes to basal pathogen resistance, while carbohydrate deficiency 
limits the cell wall’s ability to restrict fungal penetration.

P-183
Deficiencies in the mitochondrial electron transport chain affect redox poise and resistance towards 

Colletotrichum higginsianum
L. M. Voll1,2, C. McCollum2, S. Geißelsöder2, T. Engelsdorf1, A. M. Voitsik2

1Philipps University of Marburg, Molekulare Pflanzenphysiologie, Marburg, Germany 
2FAU Erlangen-Nürnberg, Lehrstuhl für Biochemie, Erlangen, Germany

To investigate if and how the integrity of the mitochondrial electron transport chain (mETC) influences susceptibility of Arabidopsis 
towards C. higginsianum, we have selected previously characterized mutants with defects at different stages of the mETC, namely 
the complex I mutant ndufs4, the complex II mutant sdh2-1, the complex III mutant ucr8-1 and a mutant of the uncoupling protein, 
ucp1-2. Relative to wild type, the selected complex I, II and III mutants showed decreased total respiration, increased alternative 
respiration as well as increased redox charge of the NADP(H) pool and decreased redox charge of the NAD(H) pool in the dark. In 
the light, mETC mutants accumulated free amino acids, albeit to varying degrees. Glycine and serine, which are involved in carbon 
recycling from photorespiration, and N-rich amino acids were predominantly increased in mETC mutants compared to the wild 
type. Taking together the physiological phenotypes of all examined mutants, our results suggest a connection between the limi-
tation in the re-oxidation of reducing equivalents in the mitochondrial matrix and the induction of nitrate assimilation into free 
amino acids in the cytosol, which seems to be engaged as an additional sink for reducing power. Taking metabolite profiling data 
from all investigated mETC mutants, a strong positive correlation of resistance towards C. higginsianum with NADPH pool size, 
pyruvate contents and other metabolites associated with redox poise and energy charge was evident, which fosters the hypothesis 
that limitations in the mETC can support resistance at post-penetration stages by improving the availability of metabolic power.

P-184
Developing dieback disease resistance linked DNA marker is Dalbergia sissoo 

U. B. Zafar1, I. A. Rana1, M. Z. Niaz2, K. Shahzad3, N. Chughtai3
1University of Agriculture, Faisalabad, Centre of Agricultural Biochemistry and Biotechnology, Faisalabad, Pakistan 

2Ayube Agricultural Research Institute, Plant Pathology Research Institute, Faisalabad, Pakistan 
3Punjab Forestry Research Institute, Faisalabad, Pakistan

Dalbergia sissoo is a deciduous tree also known as Indian rosewood, was introduced into South Asia in the middle of the 19th 

century by British Army. It produces tough wood which has significant importance in the timber industry.  In Punjab province of 
Pakistan Shisham Dieback has destroyed 40% and 80% of tree population along sides of highways and canal banks. 1. Diverse 
healthy germplasm was collected, 2. disease nurseries were established for screening this germplasm against causal organism Bot-
ryodiplodia theobroma, 3. Pathogenesis-related (PR) proteins gene families were isolated from transcriptomic data, 4. SSR primers 
were developed from identified gene families using “SSR Finder”, 5. identified SSR primers (70) were applied on six resistant and 
six susceptible sources, 6. isolation of differential primers based upon the separation of PCR products, 7. screening wild planta-
tions with differential primers, and 8. verification of screened trees by using invitro detached leaf assay. Diverse germplasm was 
collected from Punjab province and evaluated by inoculating 12 months old seedlings at collar region. Plants showing blocking of 
inoculated pathogen were designated as resistant and the not blocking the pathogen were marked susceptible. 11 plants showed 
resistance out of a set of 700 tested. In-order to confirm resistance at genetic level, transcriptomic data was analyzed, and eight 
PR gene families were identified.  SSRs were developed from these families using “SSR Finder”, an online tool. A total of 70 SSRs 
belonging to PR gene families were applied to DNA isolated separately from six disease resistant and six disease susceptible trees. 
Of the 70 tested primers, 2 showed presence only in resistant while not insusceptible. These primers are being used to screen re-
sistance sources from wild plantations. Screening results of these markers were cross-checked through in-vitro detached leaf assay 
and found to verify them. Uptill now we identified another 8 resistant trees out of 100 healthy-looking plants from wild. 6 resistant 
trees have already been crossed with susceptible trees in reciprocal. These crosses will be studied in coming years. Through this 
study, the primers linked with dieback disease resistance in Dalbergia sissoo are identified and being used for screening resistant 
trees from wild plantations, and in future plants screened at the molecular level will be enough to declare them resistant/suscep-
tible against Dieback disease. 
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P-185
Characterization of dual functional fungal effector ApoE1 to establish biotrophy in maize

K. Ingole1, A. Djamei1
1Rhenish Friedrich Wilhelm University of Bonn, Institute of Crop Science and Resource Conservation (INRES), Bonn, Germany

Biotrophic plant pathogens including bacteria and fungi secrete effector proteins to suppress the immune system of host and 
also to acquire nutrients from plants for their own proliferation. In this study, we characterise an effector called ApoE1 (Apoplas-
tic Effector1) protein secreted by phytopathogenic fungus Ustilago maydis which causes smut disease in maize. We first confirm 
the secretion of this putative effector by expressing mCherry tagged effector with or without signal peptide into its natural host 
maize. The confocal microscopy images clearly showed the mCherry signal at hyphal membrane with signal peptide whereas 
the effector without signal peptide was accumulated inside the hyphae. The knockout of ApoE1 resulted in reduced virulence of 
U. maydis on maize plants whereas this defect was completely restored to wild-type level by expressing the effector under its 
own promoter in knockout strains. Arabidopsis thaliana overexpressing ApoE1 exhibited susceptibility to Pseudomonas syringae 
pv. tomato DC3000 infection which indicated that ApoE1 might suppress the plant immune system. Using LC/MS and yeast two 
hybrid assays, we identified a potential interactor from host cells which plays an important role in SA homeostasis in plants. 
Surprisingly, the overexpression of ApoE1 in N. benthamiana induced also auxin signaling which suggests possibly a dual function 
in different compartments of the host cell.

P-186
Comparison of allelic loci between a Plasmopara viticola resistant Rpv12-carrier and susceptible Vitis genotypes

B. Frommer1, S. Müllner2, D. Holtgräwe1, P. Viehöver1, B. Hüttel3, R. Töpfer2, B. Weisshaar1, E. Zyprian2

1Bielefeld University, Bielefeld, Germany 
2Julius Kühn-Institut, Institute for Grapevine Breeding Geilweilerhof, Siebeldingen, Germany 

3Max Planck Institute for Plant Breeding, Cologne, Germany

Since genetic disease resistances are overcome by pathogens over time, independently evolved disease resistance quantitative 
trait loci (QTLs) are of high relevance for plant breeding. Often, resistance QTLs used in grapevine (Vitis vinifera) breeding pro-
grams originated from American Vitis wild-species. To broaden the pool of genetic resistance factors of cultivated grapevines, 
QTLs from Asian species such as V. amurensis are a precious supplement.
The grapevine genotype Gf.2014-099-0003 (VIVC 27131), short Gf.99-03, resulting from an interspecific cross of V. vinifera x ((V. 
vinifera x V. amurensis) x V. vinifera), carries the QTL Rpv12 for resistance to the oomycete Plasmopara viticola causing downy 
mildew. The genome of Gf.99-03 was long-read sequenced (Sequel II, PacBio), and a well phase-separated genome sequence 
assembly was generated. Its Rpv12-carrying haplotype, which originated from a resistant V. amurensis descendant carrying 
Rpv12 (VIVC genotype 41129), was compared with the susceptible haplotype as well as with sequences from other P. viticola 
susceptible grapevine cultivars. The analysis was supported by results from a P. viticola time-course infection experiment with 
Gf.99-03 providing data on genes differentially expressed during infection. Two striking gene regions, one comprising a cluster 
of differentially expressed ACD6-like genes and a second comprising resistance genes like NBS-LRRs were identified in the Rpv12 
locus. Since Rpv12 is so far not investigated in detail and P. viticola is a serious grapevine threat, these candidate genes provide 
a valuable resource for genetic P. viticola disease resistance breeding.

P-188
The pattern-triggered immune response involves an early NAD redox 

signature indicating sudden metabolic re-routing
E. Feitosa Araujo1, L. S. Knorr1, M. Schwarzländer1

1Institut für Biologie und Biotechnologie der Pflanzen (IBBP), Plant Energy Biology, Münster, Germany

At pathogen attack the plant cell recognizes conserved pathogen-associated molecular patterns (PAMPs) through pattern rec-
ognition receptors (PRRs). This recognition leads to a cascade of events to elicit pattern triggered immunity (PTI), as a first line 
of immunity. Several key mechanisms involved, such as calcium channel regulation, phosphorylation of signaling proteins or the 
generation of the apoplastic ROS burst, have received extensive attention. These events and the downstream defences they 
initiate are reliant on a profound re-routing of cellular metabolism. While it is evident that metabolic dynamics are at the heart 
of the network of pathogen response strategies the specific integration of primary metabolism and pathogen defence programs 
is poorly understood. Recently, the metabolic cofactor nicotinamide adenine dinucleotide (NAD) has gained attention as part of 
the effector-triggered immune response (ETI), which includes the degradation by cellular NAD by TIR-associated NADase activ-
ity. Independently, defects in pathogen responses have been observed in mutants affected in NAD metabolism. We recently 
made the serendipitous observation that the bacterial elicitor flg22 triggers an early NAD redox signature in Arabidopsis leaves. 
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Since the transient is rapid, and difficult to resolve through destructive approaches for NADH/NAD+ quantification, we estab-
lished a monitoring system for NADH/NAD+ in vivo exploiting the genetically-encoded fluorescent biosensor Peredox-mCherry. 
This approach has been the basis for testing specific hypotheses as to (i) the characteristics of the NAD redox transient, (ii) its 
origin and (iii) its potential significance in establishing immunity, by using genetic and chemical interference. We will present our 
latest observations on the interdependence of cellular NAD (redox) and immune signaling, which highlight the remarkably tight 
connectivity between central metabolism of plant cells and their immune capabilities. 

P-189
The importance of the U. maydis transcription factor Nit2 and its target genes in nitrogen 

acquisition and host infection
L. Kuhlmann1, C. Schulz1, N. Braun1, C. Rohrbach1, L. M. Voll1

1Philipps University of Marburg, Fachbereich 17 Biologie, Marburg, Germany

Ustilago maydis is a tumor-inducing biotrophic pathogen of the crop plant Zea mays. Host penetration by Ustilago maydis re-
quires mating of two compatible haploid sporidia on the plant surface, leading to infectious dikaryotic filaments. We previously 
demonstrated that Nit2 is a transcription factor, which is critical for the regulation of genes required for the utilization of non-
favorable nitrogen sources in sporidia. Among others, the urea transporter dur3, a purine permease, and a GABA permease were 
found to be target genes of Nit2 in sporidia. Employing two complementary approaches, we set out to investigate the function 
of Nit2 and its targets during biotrophy in planta. After validating the expression of the three Nit2 target genes in tumor tissue, 
we created transcriptional reporter strains using the promotors of these three genes to drive GFP expression. These transcrip-
tional reporters were used to examine the spatial induction of the selected target genes during biotrophy in planta. For dur3, 
relatively strong signal along hyphae with occasional specks next to the filaments could be seen, while both the purine and the 
GABA permease reporter lines showed very weak signals. To investigate the nitrogen flux in tumor tissue containing Ustilago 
maydis wild type, nit2-mutants as well as mutants of selected Nit2 target genes, we currently employ stable isotope labeling 
with 15N-nitrate. These analyses will help to elucidate the relevance of Nit2 and Nit2-regulated genes for the flux of nitrogen 
into organic N-pools during biotrophy.
- Robin J. Horst, Christine Zeh, Alexandra Saur, Sophia Sonnewald, Uwe Sonnewald, and Lars M. Voll. The Ustilago maydis Nit2 
Homolog Regulates Nitrogen Utilization and Is Required for Efficient Induction of Filamentous Growth. Eukaryotic Cell 2012, 
11(3):368.
- Robin J. Horst, Gunther Doehlemann, Ramon Wahl, Jörg Hofmann, Alfred Schmiedl, Regine Kahmann, Jörg Kämper, Uwe Sonne-
wald, and Lars M. Voll. Ustilago maydis Infection Strongly Alters Organic Nitrogen Allocation in Maize and Stimulates Productiv-
ity of Systemic Source Leaves. Plant Physiology 2010, 152(1):293.

P-190
Electrostatic atomized water particles activate defense response in muskmelon

(Cucumis melo L.) against postharvest fruit rot 
A. Sunpapao1, S. Kheawleng1

1Prince of Songkla University, Pest Management, Hatyai, Thailand

This study determined the effect of electrostatic atomized water particles (EAWPs) on disease resistance of muskmelon fruits 
against postharvest fruit rot caused by Fusarium incarnatum. Application of EAWPs onto muskmelon fruits were conducted at 
0, 30, 60 and 90 min. EAWPs treated muskmelon fruits were inoculated by F. incarnatum and disease progress was measured. 
Activities of polyphenol oxidase (PPO) and peroxidase (POD), chitinase and β-1,3-glucanase of EAWPs treated and un-treated 
muskmelon fruits were assayed. Reverse transcription quantitative polymerase chain reaction (RT-qPCR) of chi and glu was also 
performed in EAWPs treated and un-treated muskmelon fruits. The results showed that disease progress was limited by EAWPs 
treatment for 30 min prior to pathogen inoculation. Treatment of muskmelon fruits with EAWPs resulted in high activity of cell 
wall degrading enzymes (CWDEs), chitinase and β-1,3-glucanase in comparison with control. Muskmelon fruits treated with 
EAWPs resulted in upregulation of CWDEs genes, chi and glu observed by reverse transcription quantitative polymerase chain 
reaction (RT-qPCR), which led to high activities of chitinase and β-1,3-glucanase as observed by enzyme assays. These results 
demonstrated that pretreatment of muskmelon by EAWPs suppressed the development of F. incarnatum in the early stage of 
infection by regulating CWDEs gene expression and elevated CWDEs activities in muskmelon.
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P-191
Interference with developmental and pathogenesis related genes expression in 16Sr-IX 

associated phytoplasma infected Brassica compestris 
S. Tanwir1, J. N. Ahmad2, S. Yasin1

1University of Agriculture Faisalabad, Botany, Faisalabad, Pakistan 
2University of Agriculture Faisalabad, Entomology, Faisalabad, Pakistan

Phytoplasmas (Mollicutes) are phloem-limited, all not uncultivable, plant pathogenic bacteria. They are transmitted by insect 
vectors from infected to healthy plants. In our study, Phytoplasma belonging to 16Sr-IX-H group causes abnormality in Brassica 
campestris.  Phytoplasma-infected brassica compestris showed flower abnormalities that were closely associated with changes 
in the expression of flower developmental genes. The alteration in the expression of developmental genes and its association 
with DNA methylation was investigated as a possible mechanism. Brassica plants were infected with phytoplasma by insect 
vector, Orosious orientalis and grafting. The study was carried out through RT-PCR, MSRE-PCR, Southern blotting, Bisulfite Se-
quencing etc. Transcriptional expression of methylated genes was found to be globally down-regulated in plants infected with 
phytoplasma, These results showed that genes particularly orthologous to Arabidopsis APETALAs involved in petal and stamen 
formation during flower development were down-regulated severely in phytoplasma-infected plants. The DNA methylation sta-
tus of flower developmental gene in phytoplasma infected plants with 5-azacytidine restored gene expression suggesting that 
DNA methylation was involved in down-regulation of floral development genes.

P-192
The study of biological control of phytophthora citrophthora, the causative agent of citrus gummosis, by pseudomonas 

flourescens and its synergetics effect in the presence of polyoxin.
S. E. Hosseini Manesh1

1Islamic Azad University, Tehran, Iran

Since there are pathogens that cause human and plant diseases, especially agricultural products, so the control of such factors, 
on the one hand can reduce the damage to agricultural products and on the other hand, reduce human diseases. Among the 
pathogens are fungi, which due to the provision of biological conditions for growth in most orchards and agricultural lands and 
rapid transmission by wind, humans, tools and equipment, etc. can in the shortest possible time, part Affect a large number of 
trees and lands in an area; That this rapid transition and growth can have far-reaching effects on the economy and public health. 
Citrus Gummosis fungal disease is also one of the destructive and harmful diseases that cause many injuries to gardeners and 
farmers in the country every year. Due to the importance of environmental issues and the destructive effects of toxins and their 
persistence in the environment, controllers that do not have a negative impact on the environment have a better position in the 
world. For this reason, instead of using toxins to eliminate pathogens and reduce disease, we use biological control methods. 
So far, no practical research or study on the biological control of Phytophthora citrophthora as a Gummosis agent in citrus with 
Pseudomonas flourescens and Polyoxin and their synergistic effects and optimal conditions for control of this disease has not 
been done in this project. We will carefully examine these parts and provide solutions to solve the problem. According to the 
above, the purpose of this project is to control citrus Gummosis disease by Pseudomonas flourescens and fungicides polyoxin 
independently as well as the synergistic effect of both of them and the possibility of creating optimal conditions for biologi-
cal control of citrophthora Phytophthora are the cause of citrus Gummosis disease.For biological control of this fungus, after 
sampling, we first cultivate the fungus under different conditions with variables of temperature, PH and humidity and examine 
its growth by measuring the conditions. After the growth of the fungus in each stage, we affect the Pseudomonas flourescens 
bacterium and examine its effect under the same variable. Then we apply the fungicide pilyoxin in the same way and examine 
it, and finally the bacteria and the fungicide.
1.  Salahi ardakani, 2012
2.  Banihashemi & tabatabaei, 2004
3.  Abbasi damshahri & qaderi, 2018
4.  Akbarpour & banihashemi, 1998
5.  Banihashemi, 1981
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P-193
potential roles for lipids and lipases in nutrition and immunity during symbiotic plant-microbe interactions

M. Brands1, P. Saake1, A. Zuccaro1

1University of Cologne, Institute for Plant Science, Cologne, Germany

In plants, the root endophytic fungus Serendipita indica enhances growth, nutrition and conveys protection against pathogens. 
It follows a biphasic colonization strategy comprising a biotrophic and a cell-death associated stage where beneficial effects on 
the host plant persist. The cell-death associated stage is accompanied by induction of fungal hydrolytic enzymes such as lipases 
as well as transporters. It remains unclear why S. indica shows this biphasic growth style.
Lipids are essential cell components that make up membranes and serve as energy and carbon storages. They also function 
during signal transduction and stress signaling. As synthesis of lipids is energy-demanding, plant-derived lipids can be taken up 
by pathogenic and mutualistic fungi as nutrients. On the other hand, fungal-derived molecules such as lipids can be perceived 
by plant surface receptors as microbe-associated molecular patterns (MAMPs), leading to Ca2+-influx, production of reactive 
oxygen species (ROS) and induction of Pathogenesis-related genes. 
In this project, the function of secreted hydrolytic enzymes during the cell-death associated growth phase of Serendipita indica 
is investigated. Besides, perception mechanisms of lipids derived from Sebacinales and how this is integrated with host immune 
signaling are being characterized.

P-194
Functions of powdery mildew avirulence effectors inside barley host cells 

M. Bilstein-Schloemer1, I. Saur1,2

1University of Cologne, Institute for Plant Sciences, Cologne, Germany 
2Cluster of Excellence on Plant Sciences (CEPLAS), Cologne, Germany

Upon infection of barley, the biotrophic powdery mildew fungus Blumeria graminis f. sp. hordei (Bgh) secretes a variety of 
proteins into the hosts cells to promote fungal virulence (virulence function). Some of these proteins are recognised by barley 
immune receptors encoded at the barley Mildew locus A (MLA receptors). The immune-related recognition of these so-called 
pathogen effectors is widely designated as avirulence function and the Bgh effectors recognised by MLA receptors are called 
AVRA effectors. Although the recognition of the AVRA effectors and the establishment of immunity in barley plants present a 
major disadvantage for the fungus, a multitude of these effectors are maintained in the fungal genome, suggesting an essential 
function of the effectors in the development of virulence, fungal proliferation, and mildew disease. We aim to isolate additional 
Bgh effectors recognised by barley immune receptors. Additionally, we investigate the virulence function of multiple already 
isolated Bgh AVRA effectors and their effector variants, that have escaped recognition by barley immune receptors. We started 
to develop new strategies and use established systems to measure the effect of individual AVRA effectors on the rate of Bgh viru-
lence. In the long run, our study will clarify if AVRA virulence function is linked or can be separated from their avirulence function.

P-195
parasitic success of the pathogenic plant Phelipanche ramosa (Orobanchaceae) is reduced 

in some reinfected versus naïve hosts
S. Wicke1, J. Leman1

1Humboldt University of Berlin, Institute for Biology, Berlin, Germany

Plants are exposed to infection and predation by organisms from most kingdoms of life, including their own. Layers of molecular 
defence mechanisms have evolved to limit damage and disease from microbial and insect pathogens. Certain pathogens can trig-
ger systemic acquired resistance (SAR), which primes the plant to further infection or attack by the pathogen. SAR has been an 
area of interest for pathogen control in plant research because it can elicit a stable and long-lasting defence response in distant, 
pathogen-free parts of the plant after the initial inoculation. This priming can also be passed down to progeny. Induction of SAR is 
thought to be linked to the pathogen- triggered immunity (PTI) pathway, in which microbial compounds such as ssRNA and chitin 
are detected by pattern recognition receptors. Parasitic plants attach to and uptake nutrients from a host plant, but it is not yet 
known whether parasitic plants can elicit a systemic defence response, as they have much more in common molecularly with 
their host than viruses and fungi. In order to gain preliminary insight as to whether previous infection reduces the susceptibility of 
a host, this study used multiple rounds of infection of the same host plants with the holoparasite Phelipanche ramosa. Two culti-
vars of tomato were tested, and preliminary results indicate that infections of previously infected hosts in one cultivar were less 
efficient than the naïve hosts. We have collected and sequenced transcriptomic material from the parasites at different stages 
of development, and have found that parasites developing on previously infected hosts have different transcriptional profiles. 
Together, these data suggest that some tomato cultivars may be naturally able to build up systemic responses to parasitic plants.
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P-196
UBSIE genes – genetic elements controlling plastid positioning and stromule formation in N. benthamiana

M. H. Schattat1, C. Lampe1, S. Ortmann1, T. Staps1

1Martin Luther University of Halle-Wittenberg, Pflanzenphysiologie, Halle (Saale), Germany

The shape of plastids, particularly the formation of plastid envelope out-folds, called stromules, play an important role in the control 
of organelle constellations and interactions in response to stress. Although stromules appear to be evolutionarily conserved, and 
their formation tightly regulated, our current knowledge about their precise role for plastids in plant cells or the underlying mecha-
nisms of stromule formation and regulation are not known. Intriguingly stromules are formed in response not only to one specific 
kind of stress but to a number of stresses, suggesting that stromules are connected to fundamental stress related cellular processes. 
Because stromules provide an easy visual read out they are the ideal model system to study organelle shape change and at the same 
time to uncover and study those fundamental stress responses. In order to identify those fundamental processes and related genes 
we utilized plant microbe-encoded effector proteins that interfere with core cellular processes in plants to screen for stromule pheno-
types. This led to the identification of a set of stromule inducing effectors. Differential transcription analysis using those effectors en-
abled us to identify a set of genes co-regulated with stromule formation (up-regulated by stromule inducing effectors = UBSIE-genes). 
Among those we found several transcription factors, to be sufficient to positively regulate stromules in N. benthamiana. Due to their 
affiliation to the WIRKY transcription family these transcription factors seem to connect stromules to fundamental stress responses.

P-197
Association of genome wide association study (GWAS) technique on root-lesion nematode resistance 

in cultivated chickpea
T. Behmand1

1Cukurova University, plant protection, Adana, Turkey

Identification of sources of resistance in cool-season legumes to root lesion nematodes (Pratylenchus thornei and P. neglectus) is gen-
erally based on number of nematode reproduction in shoot tissue. Various levels of resistance to root lesion nematodes have been 
detected in chickpea. Broad-based durable sources of resistance to plant parasitic nematodes are required. Basic research is needed 
to develop transgenic plants with resistance based on hatch stimulants, inhibitors, toxins, or repellents found in antagonistic rhizo-
sphere microorganisms. Selection of genotypes that favor development of beneficial rhizosphere microorganisms or root endophytes 
that increase the plant resistance to nematode infection deserves attention. The objectives of this research was to evaluate 898 ac-
cessions of chickpea germplasm in the greenhouse for resistance with root-lesion nematode resistance by using via genome-wide 
association study (GWAS). Randomized complete block design with four replications for each genotype is performed for phenotyping 
by using greenhouse inoculation techniques. The genetic diversity panel used in this experiment was assessed. phenotypic variation 
explained between collection sites by GWAS. The associated markers could be applied in breeding programs for marker assisted 
selection.

P-198
BonnMu discovers a magenta root dwarf 1 (mrd1) mutant in maize 

Y. N. Win1, A. Klaus1, M. Baer1, T. Stöcker2, C. Marcon1

1Rhenish Friedrich Wilhelm University of Bonn, INRES – Crop Functional Genomics, Bonn, Germany 
2Rhenish Friedrich Wilhelm University of Bonn, INRES – Crop Bioinformatics, Bonn, Germany

The maize root system plays a vital role in water and nutrient acquisition and microbial communication, and it mechanistically sup-
ports the aerial part of the plant. Mutant analyses have uncovered root-type-specific genetic regulators determining the maize root 
system architecture. Here we report the discovery of a magenta root dwarf 1 (mrd1) mutant from the BonnMu resource, a unique 
European transposon-tagged mutant collection in maize. We identified the mrd1 mutant in a forward genetic screen of 10-day-
old seedlings of the BonnMu F2-stocks. As expected for a monogenic recessive mutant, mrd1 segregates in a 3:1 Mendelian ratio. 
The striking phenotype of the dwarfed mrd1 mutants is characterized by a strongly magenta pigmented root system, indicating an 
over-accumulation of anthocyanins. Anthocyanins predominantly accumulate in primary, seminal, and crown roots of mrd1 mutants 
shortly after their emergence under light and dark conditions. Furthermore, the mrd1 plants show a constitutive photomorphogenic 
growth in the absence of light. A bulked segregant RNA-seq approach in combination with Mutator-seq (Mu-seq) identified a con-
stitutive photomorphogenesis 9 signalosome complex subunit 4 (csn4) as a candidate gene underlying the mrd1 phenotype. Mu-seq 
detected a Mu-insertion in the 2nd intron of the mrd1 gene, 546 bp downstream of the start codon which was confirmed by PCR-
based genotyping. In addition, qRT-PCR-analysis revealed that the expression of mrd1 is significantly reduced in the primary roots of 
homozygous mrd1 plants compared to heterozygous and wild type plants. Validation experiments by an independent CRISPR/Cas9 
mutant allele are currently in progress to demonstrate that mrd1 encodes the CSN4 protein.
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P-199
Validation and functional characterization of the maize lateralrootless 1 gene

M. Baer1, F. Hochholdinger1

1Rhenish Friedrich Wilhelm University of Bonn, INRES, Crop Functional Genomics, Bonn, Germany

The monogenic recessive maize mutant lateralrootless 1 (lrt1) was identified in a segregating F2-generation of an EMS muta-
genized B73 population. The lrt1 mutant is deficient in lateral root formation in the embryonic primary and seminal roots during 
early postembryonic development. Shoot borne roots are not affected and are able to build normal lateral roots. During later 
development, primary and seminal roots form some rudimentary lateral roots.
The lrt1 mutant is impaired in shoot and root formation throughout development, as reflected by a significant reduction in shoot 
and root dry mass in comparison to wild-type plants.
The lrt1 gene was mapped to the long arm of chromosome 10 by a combination of mapping and BSA-seq experiments and vali-
dated by the generation of two novel mutant alleles by genome editing via CRISPR/Cas9.
Phylogenetic analyses showed that the lrt1 gene encodes a DCAF protein homolog, which is a subunit of the CUL4-based E3 ubiq-
uitin ligase complex. DCAF proteins are substrate receptors, which enable their ubiquitylation and thus their subsequent degra-
dation in the 26S proteasome. The maize genome contains 55 genes with one to three DWD-motifs, which are characteristic for 
DCAF proteins. LRT1 has been duplicated during evolution and maps together with its paralog LRT1-LIKE to a monocot-specific 
clade of DCAF proteins.
Subcellular localization analysis showed that LRT1 is exclusively localized in the nucleus.
Gene expression analysis of the lrt1 gene demonstratedd, that lrt1 is preferentially expressed in the root meristematic zone, 
whereas no significant expression differences were observed between the different root types at different developmental stages. 
The paralogous genes lrt1 and lrt1-like likely act in independent molecular pathways.

P-200
Root hairs do not only grow at their tip – shank-localised cell wall expansion in Arabidopsis root hairs

K. Herburger1, J. Mravec2

1University of Rostock, Institute for Bioscience, Rostock, Germany 
2University of Copenhagen, Department of Plant and Environmental Sciences, Copenhagen, Denmark

Root hairs are highly elongated tubular extensions of root epidermal cells and exert numerous physiological functions, such as es-
tablishing the root-rhizosphere interface. The expansion of root hairs is generally thought to be exclusively mediated by so-called 
tip growth—a highly controlled and apically-localised secretion of cell wall material-enriched vesicles that drives the extension of 
the apical root hair dome. However, here we show that tip growth is not the only mode of root hair elongation in Arabidopsis. We 
identified events of significant shank-localized cell wall expansion along the polar growth axis of root hairs using morphometric 
analysis with trackable quantum dots. These regions expanded post-in vivo immunolocalization using cell wall-directed antibod-
ies and appeared as distinct bands which were devoid of cell wall labelling. Application of a novel click chemistry-enabled galac-
tose analogue for pulse chase and real-time imaging allowed us to label xyloglucan, a major root hair cell wall glycan, and dem-
onstrate its de novo-deposition in root hair shank regions. Moreover, our data suggest that the remodelling of xyloglucan by cell 
wall-resident transglucanases is crucial for root hair shaft expansion. Our study reveals a previously unknown aspect of root hair 
growth in which both tip- and shank-localised dynamic cell wall deposition and remodelling contribute to root hair elongation.

P-201
Galactose toxicity in plants – a paradox

R. Tenhaken1, M. Althammer1, M. Höftberger1

1University of Salzburg, Department of Environment and Biodiversity, Salzburg, Austria

Galactose is an abundant sugar in plant cell walls and raffinose family oligosaccharides, which are seed storage sugars or stress 
metabolites. Arabidopsis seedlings grown on MS-medium agar plates in the presence of 1-2 mM galactose surprisingly have a 
strong root phenotype, termed galactose toxicity. The term originally refers to a rare genetic disease in humans, which cause 
a problem in recycling galactose to UDP-galactose. The molecular mechanism for toxicity in humans is still unknown, despite a 
100 year of research. The root of Arabidopsis wildtype seedlings stop to grow after a few days and the root tip shows strong 
morphological changes including dead cells near the root tip, lignification and incomplete cell walls after cell division (cell wall 
stubs) leading to binuclear cells. Nevertheless, new lateral roots emerge, which grow normal for a few days but undergo the same 
developmental cessation of growth as found in the primary root. Galactose toxicity depends on a functional galactokinase, which 
converts galactose into galactose-1-phosphate. In mammalian systems, galactose-1-phosphate levels correlate with increased 
toxicity phenotypes, contrary what is found in plants.
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P-202
Isolation, characterization, and transcriptome analysis of the dwarfed dizzy 1 mutant in maize (Zea mays L.)

M. A. Guateque1, L. Lukas1, T. Stöcker2, A. Brox1, Y. Naing Win1, C. Marcon1

1Rhenish Friedrich Wilhelm University of Bonn, INRES, Crop Functional Genomics, Bonn, Germany 
2Rhenish Friedrich Wilhelm University of Bonn, INRES, Crop Bioinformatics, Bonn, Germany

The dizzy 1 (diz1) mutant was identified in a forward genetic screen of Mutator-tagged maize stocks of the BonnMu resource, 
a novel European insertional library. Initial screening of the F2-family that isolated the diz1 mutant revealed a 3:1 segregation 
ratio expected for a monogenic recessive mutant. The mutant diz1 displays a severely dwarfed shoot and a striking curly stunted 
root system. Moreover, the mutants have essentially no internode elongation and exhibit no etiolation response in the dark. The 
commonly occurring phytohormones gibberellin (GA) and brassinosteroid (BR) regulate multiple aspects of plant growth such as 
stem elongation. Exogenous application of GA and BR will show if the phenotype can be rescued. To identify a candidate gene 
underlying the diz1 phenotype, the mutant was subjected to a bulked segregant RNA-seq (BSR-seq) experiment using RNA-seq 
reads to map the gene in a population with polymorphic markers. BSR-seq confined the diz1 gene to a large ~150 Mb interval 
on chromosome 2. A positional cloning approach is in progress to narrow down that mapping interval. To better understand the 
differences in the molecular network of the diz1 mutant and its wild-type, 3-7 cm long primary roots of mutant seedlings and 
homozygous wild-type plants were subjected to an RNA-Seq analysis. This comparative transcriptome profiling identified 7,599 
differentially expressed genes (DEGs). Among them, 3,417 genes were down-regulated and 4,182 genes were up-regulated in 
primary roots of diz1. Progress in the functional enrichment analysis of the DEGs will be presented.

P-203
Identification of gravity regulated genes that encode direct interaction partners of barley 

ENHANCED GRAVITROpISM 2
L. Guo1, S. Silvio2, F. Hochholdinger1

1Rhenish Friedrich Wilhelm University of Bonn, Bonn, Germany 
2University of Bologna, Bologna, Germany

Plant root gravitropism allows plants to adjust the direction of their root growth, thereby contributing to anchor plants to the 
ground and optimizing the uptake of water and nutrients. Root gravitropic response can be divided into three steps that occur in 
different zones of the root tip. First, gravity perception takes place mainly in the root cap. Second, signals are transmitted from 
the root cap to the elongation zone and finally result in a curvature response in the elongation zone. In a previous study, we 
cloned the barley ENHANCED GRRAVITROPISM 2 (EGT2) gene that controls root gravitropism (Kirschner et al., 2021). In the pres-
ent study, we revealed genes regulated by EGT2 by tissue-specific comparative transcriptomic analysis of wild-type (WT) and 
egt2 roots in a time course experiment between 0 and 12 h after rotation. A principal component analysis revealed greater tran-
scriptomic differences between tissues than between genotypes or the time of gravistimulation. Pairwise comparisons between 
egt2 and WT transcriptomes as well as WT transcriptomes over the time course indicated that the elongation zone contained 
more differentially expressed genes, whereas the meristematic zone had the fewest differentially expressed genes at all time 
points. Of these, 357 genes were significantly differentially regulated (FDR<5% and |log2FC|≥1) in both egt2 and gravistimulated 
WT roots at ≥1 time point, indicating their potential roles in regulating the root gravitropic response of the mutant egt2. Yeast-
two-hybrid screening revealed, that 24 genes preferentially expressed (FDR < 5%) in the elongation zone of gravity-stimulated 
WT roots encode interaction partners of EGT2. Moreover, 16 genes preferentially expressed (FDR < 5%) in the elongation zone 
of egt2 encode interaction partners of EGT2. Taken together, this study provides insights into the transcriptome reprogramming 
of barley root gravitropic response and identified graviregulated genes that encode direct interaction partners of EGT2.
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P-204
Salicylic acid – the role of the plant stress hormone within growth regulation

J. Müller1, M. Krebs2, K. Schumacher2, D. Scheuring1

1Technical University of Kaiserslautern, Phytopathologie, Kaiserslautern, Germany 
2Heidelberg University, Heidelberg, Germany

Plant hormones (phytohormones) are chemical messengers that coordinate cellular activities of plants (Fleet and Williams, 2011). 
Besides regulation of growth and development, some phytohormones are also involved in responding to biotic and abiotic stresses. 
One of them, salicylic acid (SA) mediates the induction of an effective defence response against pathogens. In response to infection 
by biotrophic pathogens, in particular during plant-microbe interactions, SA is initially accumulated at the local infected tissue trig-
gering a plethora of immune responses (Maruri-López et al., 2019). In addition, SA also seems to be crucial in a variety of responses 
against abiotic stress, e.g. drought and salinity (Khan et al., 2015). Recently, the phytohormone salicylic acid has been shown to di-
rectly impact plant growth as well independently of its described function in plant defense (Pasternak et al., 2019; Tan et al., 2020). 
In the event of a pathogen attack, the accumulated SA actively suppresses growth and developmental processes, leading to a stop 
in biomass increase (van Butselaar and van den Ackerveken, 2020). This is possible through modulation of molecular events, which 
involve an efficient and systemic crosstalk between various phytohormones (Singh and Singh, 2018). The resulting balance can be 
considered as a growth-defence trade-off and is based on the assumption that plants possess a limited pool of resources which can 
only be invested in growth or in defence, but not in both (Huot et al., 2014). However, the subcellular mechanism of how growth 
restriction by SA is mediated is still largely unknown. Using a combination of biochemical, genetic and microscopical approaches we 
could observe a strong root growth inhibition, which correlates with changes of cell size, cellular pH and vacuolar morphology. To 
shed light on the underlying molecular mechanism of SA-mediated growth inhibition, we are currently conducting a forward genetic 
screen using EMS on Arabidopsis thaliana. The identification of central players within the growth-related SA pathway could in the 
long term help to uncouple plant resistance from growth inhibition.

P-206
The vacuole – cytoskeleton connection – a handle to regulate growth

S. Kaiser1, S. Eisele1, D. Mehlhorn2, C. Grefen2, F. Ries3, F. Willmund3, F. Sommer4, D. Scheuring1

1University of Kaiserslautern, Plant Pathology, Kaiserslautern, Germany 
2Ruhr University Bochum, Molecular & Cellular Botany, Bochum, Germany 

3University of Kaiserslautern, Molecular Genetics of Eukaryotes, Kaiserslautern, Germany 
4University of Kaiserslautern, Molecular Biotechnology and Systems Biology, Kaiserslautern, Germany

Changing the morphology of the plant vacuole depends on the integrity of the cytoskeleton (Scheuring et al., 2016). So far, only little 
is known about the nature of this relationship. The plant-specific Networked (NET) family of membrane-associated actin-binding 
proteins contains two members, NET4A and NET4B, which are of special interest since they localize to the tonoplast (Deeks et al., 
2012). Recently, we could show that NET4 modulates the compactness of vacuoles and this in turn affects its space-filling function 
and eventually inhibits cell elongation and growth (Kaiser et al., 2019). Since the net4a net4b double mutant only has a mild pheno-
type and other NETs seem not to compensate (Kaiser et al., 2021), we expected a higher molecular complexity and searched for new 
interactors. Pull-down experiments followed by MS-MS identified several new interactors, potentially participating in the regulation 
of the vacuole-cytoskeleton interface.

P-207
Uncovering the transcriptomic control of heterosis manifestation during lateral root initiation in maize

A. Kortz1, F. Hochholdinger1, P. Yu1

1Rhenish Friedrich Wilhelm University of Bonn, Crop Functional Genomics, Bonn, Germany

Hybrid vigor, also known as heterosis, refers to the phenomenon that a hybrid offspring has improved traits relative to their inbred 
parents. Prominent examples of traits affected by heterosis are growth rate, biomass and stress tolerance, but also the hidden root 
system of maize plants shows heterosis.
In young maize seedlings lateral root density displays the highest degree of heterosis compared to other root traits. Initiation and 
patterning of lateral roots along the root axis plays an important role in water and nutrient acquisition but the transcriptomic regu-
lation of this heterosis manifestation remains mostly elusive. Phloem-pole pericycle cells are the origin of lateral roots in maize. To 
better understand this process, we compared the transcriptomic landscape of phloem-pole pericycle cells of recombinant inbred 
lines displaying contrasting lateral root densities and their backcrosses into the founder lines Mo17 and B73. To harvest pericycle 
cells we utilized laser capture microdissection (LCM) which enables the targeted isolation of specific cells involved in lateral root 
development. A major focus of our study is the exploration of heterosis-associated gene expression patterns such as single parent 
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expression (SPE) in this specific cell type. The identification of lateral root initiation candidate genes in hybrids will contribute to 
optimizing crop root systems to increase agricultural productivity and resilience to climate change.

P-208
Small RNA-based regulatory interactions increase with the heterotic response for total 

root growth rate in Brassica napus L.
Y. Wang1, S. Edelmann2, F. Seifert3, C. Rockmann4, H. Pospisil4, K. Nagel5, A. Abbadi6, G. Leckband6, S. Scholten1

1Georg August University of Göttingen, Göttingen, Germany 
2Eberhard Karl University of Tübingen, Tübingen, Germany 

3CropSeq Bioinformatics, Hamburg, Germany 
4TH Wildau, Wildau, Germany 

5Forschungszentrum Jülich, Jülich, Germany 
6NPZ Innovation, Holtsee, Germany

Oilseed rape hybrids display outstanding performance and stability in adverse environments. Heterosis is observed for many traits 
including yield, and already manifests during seedling development. While the root is important for future plant growth, heterosis 
for root traits of oilseed rape and its molecular basis remains elusive.
We analyzed root phenotypes until 18 days after sowing of 24 F1 hybrids and their parents by robotic precision phenotyping. To 
survey regulatory changes that are involved in the heterotic response of total root growth rate (TRGR), we profiled mRNA tran-
scriptomes, small RNAs (sRNAs) and DNA methylation by deep sequencing of 13 days old whole seedlings. We concentrated on 
non-additive changes i.e. deviations in hybrids (F1) from the mid-parental (MP) values (F1-MP). The 24 hybrids were divided into 4 
groups (EL: extreme.low, ML: mid.low, MH: mid.high, EH: extreme.high) optimized for equal variance of mid-parent heterosis (MPH) 
for TRGR by K-Means.
F1 hybrids show high variation in MPH for TRGR ranging from -28% to 196%. This is higher than the yield, which ranges from 0.5% 
to 35%.
The number of genes with nonadditive expression (F1-MP DEGs) increased with TRGR heterotic response. The up-regulated genes 
in EL link to flavonoid metabolic process, which is described plays a negative role in heterosis, while the up-regulated genes in other 
groups link to carbohydrate metabolism and photosynthesis, which are related to enhancing plant growth.
The number of nonadditively expressed sRNAs (F1-MP DEsRNAs) and nonadditive methylation regions (F1-MP DMRs) increased 
with the heterotic response. We predicted the targets of sRNAs with psRNATarget. In agreement with sRNA-based post-transcrip-
tional gene silencing (PTGS), we found that 3.9%, 23.7%, 31.5% and 71.4% F1-MP DEGs are predicted targets of F1-MP DEsRNAs in 
EL, ML, MH and EH, respectively.
Additionally, we found 112 F1-MP DEGs coincide with F1-MP DMRs in EH. About 8% of these F1-MP DMRs contained F1-MP DEsR-
NAs, consistent with transcriptional gene silencing (TGS) by sRNA-regulated DNA methylation changes.
Our results show that deviations in hybrids from mid-parental values on the level of genes, sRNAs and DNA methylation increase 
with the heterotic response for TRGR in oilseed rape. In large part the non-additive gene expression changes are regulated by sRNAs 
through PTGS and TGS and also these regulatory interactions increase with the heterotic response.

P-209
The split-root root system for root exudate collection to study plant-plant interactions

C. G. Eroglu1, A. Gfeller1

1Agroscope, Herbology in Field Crops, Nyon, Switzerland

The split-root system is prepared by dividing the roots of a single plant into two or more independent compartments where they are 
isolated from each other without any contact. Split root systems enable treating separate parts of a single root system differently. 
Plants interact with their neighbours through various complex mechanisms directly and indirectly. Direct interactions involve the 
production of biochemicals produced by plants that influence the germination, growth, and survival of neighbouring plants. Plants 
secrete root exudates composed of various compounds, including primary and secondary metabolites, and products of these com-
pounds modified by microorganisms. Root exudates are promising natural alternatives to chemical herbicides that have detrimental 
effects on the environment and health. In the present study, a split-root system that allows differential root exudate collection is 
established for analysis to elucidate below-ground plant-plant interactions. Since the soil is a highly complex matrix and creates a lot 
of noise, the most of the studies carried out root exudate collection from hydroponic systems causing potential damage and osmotic 
stress. Our split root system is designed to obtain extracts from independent compartments containing non-complex soil-free media 
with minimized root damage. It enables fast and simultaneous collection with filtering under controlled pressure and vacuuming. 
The split root system is successfully used for root exudate analysis and assessment of physiological characteristics of roots to provide 
insights into the below-ground cover crop (Fagopyrum esculentum, Avena strigosa) – weed (Amarantus retroflexus) interactions.
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P-210
The dual function of NAD-malic enzyme in C4 photosynthesis and mitochondrial metabolism is 

achieved by association of differentially adapted subunit
M. Hüdig1, M. A. Tronconi2, J. P. Zubimendi2, T. L. Sage3, G. Poschmann4, D. Bickel5, H. Gohlke5,6, V. G. Maurino1

1Rhenish Friedrich Wilhelm University of Bonn, Molecular Plant Physiology, Bonn, Germany 
2Universidad Nacional de Rosario, Centro de Estudios Fotosintéticos y Bioquímicos, Rosario, Argentina 

3University of Toronto, Ecology and Evolutionary Biology, Toronto, Canada 
4Heinrich Heine University Düsseldorf, Molecular Proteomics Laboratory, Biomedical Research Centre (BMFZ) & Institute of 

Molecular Medicine, Medical Faculty and University Hospital Düsseldorf, Düsseldorf, Germany 
5Heinrich Heine University Düsseldorf, Institute for Pharmaceutical and Medicinal Chemistry, Düsseldorf, Germany 

6Forschungszentrum Jülich, John von Neumann Institute for Computing (NIC), Jülich Supercomputing Centre (JSC), Institute of 
Biological Information Processing & Institute of Bio- and Geosciences, Jülich, Germany

In plant mitochondria, nicotinamide adenine dinucleotide-dependent malic enzyme (NAD-ME) has a housekeeping function in 
mitochondrial malate metabolism. In different plant lineages, NAD-ME was independently co-opted into C4 photosynthesis bio-
chemistry. Until now, no specific C4-NAD-ME was found and we elucidated how NAD-ME performs this dual function.
In the C4 Cleome species, Gynandropsis gynandra and Cleome angustifolia, all NAD-ME genes (NAD-MEα, NAD-MEβ1, and NAD-
MEβ2) were affected by C4 evolution and are expressed at higher levels than their orthologs in the C3 sister species Tarenaya 
hassleriana. In T. hassleriana, the NAD-ME housekeeping function is performed by two heteromers, NAD-MEα/β1 and NAD-
MEα/β2, with similar biochemical properties. In both C4 species, this role is restricted to NAD-MEα/β2. In the C4 species, 
NAD-MEα/β1 is exclusively present in the leaves, where it accounts for most of the enzymatic activity. G. gynandra NAD-MEα/
β1 exhibits high catalytic efficiency and is differentially activated by the C4 intermediate aspartate, confirming its role as the 
C4-decarboxylase. We show that during evolution, NAD-MEβ1 repeatedly lost its catalytic activity; its contribution to the en-
zymatic activity of the heteromer results from a stabilizing effect on the associated α-subunit and the acquisition of regulatory 
properties.
We conclude that in mitochondria of C4 species, the functions of NAD-ME as C4 photosynthetic decarboxylase and as a house-
keeping enzyme coexist and are performed by isoforms that combine the same α-subunit with differentially adapted β-subunits.

P-211
Differential contribution of mitochondrial malate dehydrogenase and NAD-malic enzyme to mitochondrial metabolism

M. d. P. Martinez1, M. Hüdig1, K. Zehng2, M. Schwarzländer2, V. G. Maurino1

1Rhenish Friedrich Wilhelm University of Bonn, Molecular Plant Physiology, Bonn, Germany 
2University of Münster, Institute of Plant Biology and Biotechnology (IBBP), Plant Energy Biology, Münster, Germany

In plant mitochondria, malate can be metabolized by mitochondrial malate dehydrogenase (mMDH) and NAD-malic enzyme 
(NAD-ME). We use combinations of loss-of-function lines of mMDH and NAD-ME to examine the effect of altered mitochondrial 
malate utilization under different photoperiods and light intensities. No phenotypical differences between the genotypes were 
observed in long days. In short days, double mutants of mMDH1 and NAD-ME2 (mmdh1*nad-me2) are pale green and much 
smaller than all other mutant and wildtype lines. In short days and low light intensity, the triple mutant mmdh1*nad-me2*nad-
me1 is also smaller than the wild type, but intriguingly it is bigger than mmdh1*nad-me2. In short days and moderate light 
intensity the triple mutant develops like wild type. These results suggest that the lack of functionality of NAD-ME1 induces a 
complementation of the phenotype of mmdh1*nad-me2 in a light intensity-dependent manner. Analysis of the photosynthetic 
performance indicate that the mmdh1*nad-me2 mutants, and to a lesser extend the triple mutant, present limitations of pho-
tosystem II activity. Metabolite abundance analysis suggests that mmdh1*nad-me2 suffer from severe metabolic limitations and 
they develop a carbon starvation phenotype. We found that the impaired function of different isoforms of mMDH and NAD-ME 
produce different changes in the metabolic profiles at dark-light transitions, indicating a differential contribution of mMDH and 
NAD-ME isoforms to mitochondrial metabolism. A complex role for mMDH and NAD-ME isoforms emerges in the partitioning 
of carbon and energy in leaves.
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P-212
New insights into catabolism of cysteine in Arabidopsis thaliana

J. R. Cruz Cruz1, A. J. Meyer1, J. Couturier2, A. Moseler1

1Rhenish Friedrich Wilhelm University of Bonn, Chemical Signalling, Bonn, Germany 
2Université de Lorraine, INRAE, UMR1136 Interactions Arbres-Microorganismes, Nancy, France

Sulfur is essential in all organisms for the synthesis of amino acids and as a component of numerous prosthetic groups and 
cofactors including biotin, lipoic acid, and different iron-sulfur clusters. Plants take up sulfate, and after reductive assimilation 
incorporate the resulting sulfide into cysteine. This first organic sulfur-containing metabolite is the hub of reduced sulfur for 
the synthesis of other sulfur containing compounds. Cysteine undergoes transamination to 3-mercaptopyruvate (3-MP) by cys-
teine transaminases (CTA) and then 3-MP-sulfurtransferase (MSTs) using 3-MP as substrate releasing thereby pyruvate. These 
enzymes form an intermediate persulfide group, which in the presence of appropriate cellular reducing systems like thioredoxin 
can be reduced to hydrogen sulfide (H2S). The enzymatic release of the gasotransmitter H2S is assumed to represent a key step 
in H2S-dependent signaling pathways. MSTs are highly conserved and in Arabidopsis, two isoforms of a distinct sulfurtransferase 
subclass, called STR1 and STR2, are present in mitochondria and the cytosol, respectively. While 3-MP is present at medium-
low levels in plant mitochondria, the enzyme(s) that generate 3-MP through transamination of cysteine are still unknown. Thus, 
our aim is the identification of enzymes involved in the degradation of cysteine to get new insights into the cysteine catabolism 
and generation of 3-MP as well as the concomitant release of H2S in Arabidopsis. Five putative Arabidopsis CTAs have been 
identified based on sequences homologies, namely the aspartate aminotransferases ASP1-5. These proteins are predicted to be 
localized in the cytosol, mitochondria, and plastids. To functionally characterize these candidate proteins regarding their role in 
cysteine transamination, biochemical properties are being analyzed, their subcellular localization determined, and null mutants 
are being isolated and characterized.

P-213
Enzymes and cellular interplay required for flux of fixed nitrogen to ureides in bean nodules

L. Voß1, K. Heinemann1, M. Herde1, N. Medina-Escobar1, C. P. Witte1

1Leibniz University Hannover, Institut für Pflanzenernährung, Hannover, Germany

Legumes have the unique ability to access atmospheric N2 through a symbiotic relationship with nitrogen-fixing bacteria in root 
nodules. Legumes of (sub)tropical origin such as Glycine max (soybean) or Phaseolus vulgaris (common bean) transport fixed 
nitrogen in form of ureides (allantoin and allantoate) from the nodules to the shoot. Ureides are formed from purine mononu-
cleotides by a partially unknown reaction network that involves bacteroid-infected and uninfected cells. We compared nodule 
and root transcriptomes of different legumes to identify candidate genes involved in ureide biosynthesis. Candidate genes were 
experimentally tested using a newly established pipeline to generate, genotype and metabolically analyze CRISPR mutant hairy 
roots and nodules of common bean. We demonstrate that four enzymes, xanthosine monophosphate phosphatase (XMPP), 
guanosine deaminase (GSDA) and the nucleoside hydrolases 1 and 2 (NSH1, NSH2), are components of the ureide biosynthesis 
pathway which involves xanthosine and guanosine but not inosine monophosphate catabolism. To investigate the interplay 
between infected and uninfected cells, we used a promoter-fluorescent reporter system revealing in which type of nodule cells 
the promoters of several known and here newly described genes of ureide biosynthesis are active. Cell-type specific promoter 
activity may serve as a proxy for the cellular localization of the corresponding enzyme. Interestingly, the data suggest a complex 
cellular organization of ureide biosynthesis with three transitions between infected and uninfected cells. We hypothesize that 
this setup serves to create a focused metabolic barrier against reactive oxygen species at the interface between infected and 
uninfected cells protecting the oxygen-sensitive nitrogen fixation process in the infected cells. Furthermore, the data suggest 
the formation of an allantoin diffusion gradient between the central infection zone and the peripheral vascular tissue which 
likely fosters ureide export from the nodule.

P-214
pyrimidine catabolism and possibly polyamine oxidation are sources for beta-alanine, which is 

transaminated in mitochondria and peroxisomes
J. Rinne1, C. P. Witte1

1Leibniz University Hannover, Molecular nutrition and biochemistry of plants, Hannover, Germany

Beta-alanine is a structural isomer of the canonical amino acid alanine with the amino group attached to the beta- instead of 
the alpha-carbon. It is required, for example, as precursor for Coenzyme A biosynthesis. In plants, beta-alanine is formed during 
the degradation of the pyrimidine base uracil, but also the catabolism of polyamines (spermine/spermidine) as well as branched 
chain amino acids are discussed as beta-alanine sources. Neither the sources nor the fate of beta-alanine in metabolism are 
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entirely clear. We tested three candidate genes of Arabidopsis thaliana potentially encoding a beta-alanine aminotransferase 
(BAAT) and could confirm beta-alanine accumulation in the mutant of one of these genes. Double mutants of BAAT with dihydro-
pyrimidine amidohydrolase (DPYH), involved in pyrimidine ring catabolism, accumulated significantly less beta-alanine suggest-
ing that BAAT is placed downstream of DPYH in metabolism. However, even this double mutant has an increased beta-alanine 
pool, showing that there are other sources for this metabolite. Interestingly, a methylated variant of beta-alanine, beta-amino-
isobutyrate, derived from pyrimidine catabolism of thymine also accumulates in baat background but not at all in a baat dpyh 
line demonstrating that its exclusive source is pyrimidine breakdown. By confocal microscopy of fluorescent protein-tagged 
BAAT, we could show that the enzyme is dual localized to the mitochondria and peroxisomes. Beta-alanine and beta-amino-
isobutyrate from pyrimidine catabolism are generated in the cytosol and we hypothesize that they are transported into the 
mitochondria to enter branched-chain amino acid catabolism via BAAT. Peroxisomal BAAT may be involved in transaminating 
beta-alanine derived from polyamine breakdown. We are currently investigating how beta-alanine is generated and further 
metabolized in peroxisomes. Our goal is to develop a comprehensive model of beta-alanine metabolism in plants.

P-215
Effects of drought, subsequent soil flooding and a recovery phase on growth, physiology 

and metabolism of wheat
R. Schweiger1, A. M. Maidel1, T. Renziehausen2, R. R. Schmidt2, C. Müller1

1Bielefeld University, Chemical Ecology, Bielefeld, Germany 
2Bielefeld University, Plant Biotechnology, Bielefeld, Germany

With climate change, longer periods without precipitation as well as heavy rains will become more frequent. Thus, understand-
ing and predicting implications of drought-flooding cycles for crop plants and their potential recovery are essential. We inves-
tigated the effects of drought, drought followed by soil flooding and drought followed by soil flooding and a potential recovery 
phase on wheat (Triticum aestivum; Poaceae). We measured the impacts of these treatments on plant biomass, photosynthesis, 
foliar primary metabolites and transcripts of enzymes involved in metabolism as well as transcripts involved in signaling. Plants 
grown under all stress treatments produced less shoot biomass than well-watered control plants. Traits related to photosynthe-
sis were not affected by drought and drought followed by soil flooding. However, after the recovery phase previously stressed 
plants showed higher transpiration rates and lower instantaneous water use efficiencies. Many organic acids of the citrate cycle 
were lower, while most amino acids were higher concentrated in  plants of the stress treatments compared to the controls. Tran-
script analysis of genes involved in metabolism but also signaling components such as members of the subgroup VII ETHYLENE 
RESPONSE FACTORS revealed different expression patterns under the stress treatments. While some genes responded only to 
drought or drought followed by soil flooding, several genes were induced upon both treatments and interestingly, some were 
still upregulated after a recovery phase. In summary, drought and drought followed by soil flooding severely affected biomass-
related parameters, with negative effects prevailing after recovery. Drought likely led to impaired plant processes including 
nutrient uptake and transport. Subsequent soil flooding may have caused oxygen shortage and changed the availability of nu-
trients. We provide fundamental insights into how wheat plants respond to predicted changes in water regimes and potential 
recovery. Breeding crops with tolerance against climate change may support crop production.

P-216
Substrate specificities of plastid-localised dual lysine and N-terminal acetyltransferases

J. S. Mühlenbeck1, J. Eirich1, J. Sindlinger2, A. Brünje1, D. Schwarzer2, I. Finkemeier1

1University of Münster, Institute of Plant Biology and Biotechnology, Münster, Germany 
2Eberhard Karl University of Tübingen, Interfaculty Institute of Biochemistry, Tübingen, Germany

Acetylation of amino groups is a widespread protein modification in most organisms. N-terminal acetyltransferases (NATs) and 
lysine acetyltransferases (KATs) are able to transfer acetyl groups from acetyl-Coenzyme A (acetyl-CoA) onto the N-terminal 
amino groups and lysine side chains of proteins, respectively. In plants, most plastid proteins are imported form the cytosol and 
undergo N-terminal signal peptide cleavage. The remainder plastid-encoded proteins are N-terminally processed by a variety 
of aminopeptidases. Many of the (neo-)N-termini as well as of the protein”s lysine side chains have been found acetylated, but 
the NATs and KATs which are responsible for the respective acetylation events are still largely unknown. Recently, eight plastid-
localised and dual-specific acetyltransferases (GNATs) have been identified in the model plant Arabidopsis thaliana (Bienvenut 
et al. 2020). Here we used in vitro HPLC assays and synthetic fluorophore-coupled peptides, harbouring diverse N-terminal resi-
dues for profiling the substrate specificities of the recombinant GNATs. In addition, we aimed to determine whether Arabidopsis 
KATs and NATs have tissue-specific functions. For this, we used lysine-CoA (LysCoA) and N-terminal CoA-conjugated peptide 
probes (NCoA) to enrich and identify active KATs and NATs by quantitative label-free LC-MS/MS analysis in different Arabidopsis 
tissues. The same probes have also successfully been used on HeLa cell lysates, where the catalytic and auxiliary subunits of the 
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major Nat complexes were specifically recruited to the NCoA probe while, aside of other CoA binding proteins, only a subset of 
endogenous KATs bound to the LysCoA probe. Here we will present the newly developed NCoA probes and their utility for NAT 
and GNAT profiling by quantitative proteomics.

P-217
Sulfurtransferase-mediated formation of H2S and persulfidation in Arabidopsis thaliana

A. Moseler1, T. Dhalleine2, A. J. Meyer1, N. Rouhier2, J. Couturier2

1Rhenish Friedrich Wilhelm University of Bonn, Chemical Signalling, Bonn, Germany 
2University of Lorraine, INRAE, IAM, Nancy, France

Sulfur is an essential and versatile element in all living organisms. It is present in the amino acids methionine and cysteine, part of 
several secondary compounds, several cofactors and in hydrogen sulfide (H2S), which acts as a signaling molecule. Sulfurtrans-
ferases (STRs) are characterized by their rhodanese domain and constitute a large and complex protein family with 21 members 
in Arabidopsis. Some of these proteins might act as sulfur carriers in diverse molecular and signaling processes. One subgroup 
of STRs, called 3-mercaptopyruvate sulfurtransferases (MSTs), is implicated in persulfidation of proteins and H2S generation 
through transfer of a sulfane sulfur atom in form of a persulfide (-SSH) from 3-mercaptopyruvate (3-MP) to an acceptor. MSTs 
are highly conserved and two isoforms, called STR1 and STR2, are present in Arabidopsis mitochondria and cytosol, respectively. 
Aiming for functional characterization of these enzymes, we initially characterized the biochemical activity of both MSTs in vitro. 
This work revealed that both MSTs efficiently use 3-MP as a sulfur donor while thioredoxins and glutaredoxins served as high-
affinity sulfane sulfur acceptors in a reaction that led to the release of H2S. Other transpersulfidation reactions, not necessarily 
generating H2S, have been observed with glutathione, cysteine, or the model acceptor redox-sensitive GFP (roGFP2), suggesting 
that MSTs could participate in the metabolic channeling of sulfane sulfur. However, a preferential interaction with the thioredox-
in system and glutathione was observed in case of competition between the different sulfur acceptors. Moreover, we observed 
that MSTs are sensitive to overoxidation but are protected from an irreversible inactivation by their persulfide intermediate. 
Subsequently, oxidized persulfides can be reactivated and reduced back to native thiols by thioredoxins or glutathione. We now 
seek to understand the precise function of MSTs and their impact on cellular H2S production as well as the persulfidation state 
of proteins and low molecular weight thiols like glutathione in Arabidopsis.

P-218
Regulation of crassulacean acid metabolism

K. Schiller1, S. Janshoff1, S. Zenker1, P. Heinkow2, J. Eirich2, I. Finkemeier2, A. Bräutigam1

1Bielefeld University, Computational Biology, Bielefeld, Germany 
2University of Münster, Plant Physiology, Münster, Germany

Plants evolved crassulacean acid metabolism (CAM) in environments where water availability is limited and/or extremely sea-
sonal. By temporal separation of CO2 uptake and fixation via Rubisco, plants improve their water use efficiency. This makes it a 
promising target for engineering more drought-resistant crops. All enzymes and transporters used in the CAM pathway are also 
present in C3 plants. Therefore, engineering of this trait will require knowledge about the regulation of the pathway.
Since CAM has evolved at least 35 times independently and is utilized by ~ 6-7 % of flowering plants, we hypothesized there are 
specific changes in the amino acid (AA) sequence of proteins involved in the pathway that enable plants to perform CAM. We 
analyzed the AA sequence of 78 proteins involved in the CAM pathway in 27 C3 and 20 CAM species for conserved AA positions 
in C3 plants with changes in CAM. We collected publicly available genome data for 33 species and used TRINITY to assemble 
RNA-seq data for 14 species where genome data was not available. Orthofinder connected the orthologues and clustalO pro-
duced the alignments. We will present several positions in CAM proteins where the AA is conserved across the C3 plants, while 
it is not conserved in CAM plants and the AA belongs to a different group (non-polar, polar, acidic, basic) in at least 60 % of the 
analyzed CAM sequences.
We hypothesized that CAM plants may also use posttranslational modifications (PTMs) to control the pathway. To identify the 
positions, posttranslational modifications in Arabidopsis thaliana in CAM pathway proteins were identified and their respective 
amino acids were tested for conservation in 47 flowering plants. We expected that only conserved residues are likely to be 
involved in regulation by PTM and that regulatory events are largely similar between C3 and CAM metabolism since facultative 
CAM plants can switch between the types. We are currently testing our CAM model plant, Kalanchoë laxiflora, for changes in 
candidate PTMs between day and night via proteomics.
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P-219
Transcription factors and their influence on the photosynthetic output of C3 leaves

S. Schulze1, K. Makowska2, G. Hensel2, P. Westhoff1

1Heinrich Heine University Düsseldorf, Entwicklungs- und Molekularbiologie der Pflanzen, Düsseldorf, Germany 
2Heinrich Heine University Düsseldorf, Center for Plant Genome Engineering, Düsseldorf, Germany

The initial aim of this project was the identification of novel genes that influence the photosynthetic performance of the leaf of 
a C3 plant. The model species Arabidopsis thaliana was used in an approach to identify new candidates but ultimately the goal 
was to test verified candidates in crop plants.
A GFP marked reference line was created that was used in an activation tagging approach. We used the GFP that marked ev-
ery green cell as a proxy to track changes in the leaves of transformed plants, which allowed us to easily screen for aberration 
through a fast screen of the fluorescence intensity of the GFP in the first leaf pair.
Although lines with altered GFP were detected in an excessive T1 screen, none of the observed phenotypes were stable in later 
generation thus not leading to the desired outcome. We therefore changed to a new approach in which we did an extensive 
literature search for putative important transcription factors involved in the regulation of photosynthesis.
We chose transcription factors to conduct an analysis in Arabidopsis thaliana and in addition to that we chose two transcription 
factors for an analysis in Hordeum vulgare (barley). For the transformation of barley, we work together with the Center of Plant 
Genome Engineering (CPGE) led by Götz Hensel at the Heinrich-Heine-University in Düsseldorf.
For Arabidopsis we chose candidates that showed an observable phenotype when down-regulated or knocked out and used an 
RNAi approach to knock down/out the homologous genes in Arabidopsis. In contrast to that for the barley candidates we chose 
two transcription factors that were shown to enhance photosynthetic performance if they are overexpressed in rice.

P-220
Fungicide treatment of strawberry plants affects the primary metabolites and aroma compounds of the fruits

A. C. Voß1, E. J. Eilers1, C. Müller1

1Bielefeld University, Chemical Ecology, Bielefeld, Germany

The use of pesticides, including fungicides, is controversially discussed. While pesticide use increases agricultural yields, pesti-
cides and their degradation products accumulate in the environment and can harm a wide variety of organisms either directly 
or indirectly via effects on the plants. Cultivated strawberries (Fragaria x ananassa, Rosaceae) are economically important crops, 
but the fruits are highly vulnerable, especially to fungal diseases. Therefore, numerous fungicides are approved for cultivation. 
Although most of the approved fungicides are considered harmless to the environment, many of the active substances can 
cause measurable changes in plant metabolism, which in turn could affect fruit quality and could potentially indirectly affect 
interacting organisms. The aim of this study was to investigate the effects of two commonly used systemic fungicides, one for 
conventional (CON) and one for organic (ORG) cultivation, on primary and specialized metabolites determining the aroma and 
flavour of the fruits (i.e. aroma compounds) of two cultivated strawberry varieties and the wild strawberry (F. vesca). Only minor 
fungicide amounts were applied before, during and after the flowering stage according to the manufacturer’s instructions and 
extracts of ripe fruits were analysed using HPLC (amino acids), GC-MS (organic acids, sugars, aroma compounds) and photomet-
ric quantification (total phenolics). We found that CON-treated fruits had a significantly higher total amino acid content than 
ORG-treated fruits, with control fruits having an intermediate content. Additionally, significant differences were found in the 
composition of amino acids, organic acids, sugars and aroma compounds as well as in the total phenolic content between all 
tested strawberry types. Moreover, some compounds (e.g. glycine, glucose) were significantly affected by the fungicide treat-
ment, with different effects depending on the strawberry type. In summary, even a minor treatment with fungicides has mea-
surable effects on the metabolism of the strawberry plants. These changes influence the quality of the fruit and may therefore 
modify the taste for humans but also the acceptability for seed dispersers. Disentangling such effects will help to highlight the 
environmental consequences of fungicides and provide an incentive for sustainable alternatives.
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P-221
Simultaneous adjustments of major mitochondrial pathways through redox regulation of 

dihydrolipoamide dehydrogenase (mtLpD1)
S. Timm1, N. Klaas1, J. Niemann1, K. Jahnke1, S. Alseekh2, Y. Zhang2, P. V. L. Souza3, L. Y. Hou4, P. Geigenberger4, 

D. M. Daloso3, A. R. Fernie2, M. Hagemann1

1University of Rostock, Plant Physiology, Rostock, Germany 
2Max Planck Institute, Max Planck Institute of Molecular Plant Physiology, Golm, Germany 

3Martin Luther University of Halle-Wittenberg, LabPlant, Departamento de Bioquímica e Biologia Molecular, Universidade 
Federal do Ceará, Fortaleza, Brazil 

4Ludwig Maximilian University of Munich, Department Biology I, Munich, Germany

Thioredoxins (TRX) are pivotal for the redox regulation of enzyme activities to adjust metabolic fluxes towards environmental 
changes. Previous reports demonstrated TRX o1 and h2 impact on mitochondrial metabolism including photorespiration and 
the tricarboxylic acid (TCA) cycle. Here, we aimed to unravel potential specificities between regulation modes of both TRXs, 
especially under conditions with short-term changes in photorespiration. Therefore, short-term metabolite responses of single 
TRX mutants were analyzed after exposure to altered CO2/O2 ratios during darkness and illumination. This approach was com-
plemented by comprehensive characterization of multiple Arabidopsis mutants lacking either one or both TRX in the wild-type 
Arabidopsis or the glycine decarboxylase (GDC) T-protein knock down line (gldt1). The results provided evidence for additive 
effects of combined TRX o1 and h2 deficiency to suppress growth, photosynthesis and mitochondrial metabolism. Quantifica-
tion of pyrimidine nucleotides in conjunction with metabolite and 13C-labelling approaches revealed a rather uniform impact on 
mitochondrial dihydrolipoamide dehydrogenase (mtLPD1) dependent pathways. Biochemical analysis of recombinant mtLPD1 
demonstrated its inhibition by NADH, pointing at an additional measure to fine-tune it”s in vivo activity. Collectively, we propose 
that TRX o1 and h2 contribute to the communication of altered subcellular redox-states through direct and indirect regulation 
of mtLPD1. This regulation module might represent a common intercept for simultaneous adjustments in the operation of pho-
torespiration, the TCA-cycle and the degradation of branched chain amino acids.

P-222
Identification of conserved photosynthesis transcription factors using network inference

D. Wulf1,2,3, W. Halpape1,3, S. Zenker1,3, A. Bräutigam1,3

1Bielefeld University, Computational Biology, Bielefeld, Germany 
2Bielefeld University, Graduate School DILS, Bielefeld, Germany 

3Bielefeld University, CeBiTec, Bielefeld, Germany

Global challenges like drought and heat will become more frequent in the future. For feeding the world, it is critical that crop 
yields remain high. One target for improvement is the primary metabolism of plants, because it determines how resources are 
acquired and allocated in the plant. Photosynthesis and photosynthetic gene expression are affected under heat, drought, and 
pathogen stress among other stressors. Optimizing the plants response to stresses will require understanding the photosyn-
thetic gene regulatory network.
To associate transcription factors (TFs) with photosynthesis and other traits we infer GRNs from expression data using random 
forest machine learning. Associations for six monocot crop plants were predicted and compared with Arabidopsis and Marchan-
tia. Typically, ML prediction of GRNs result in false positives of up to 80%. We developed enrichment analyses to overcome high 
error rates in the prediction of GRNs and enable identification of candidate TFs for traits. We hypothesized that GRNs are con-
served and found a high degree of conservation of GRNs. The conservation follows their phylogenetic relationship. Conservation 
was validated for selected candidates by examining transcription factor binding sites across Arabidopsis, Marchantia and maize 
with cross-species DAP-seq. Conservation in at least three different species GRNs enables identification of high confidence TF 
candidates. The top candidate was validated by promoter binding assays, and RNA-seq of mutants and overexpressors. Five ad-
ditional candidates were validated by RNA-seq of mutants or overexpressors. Currently 36 additional candidates are pipelined 
for knockout, overexpression and RNA-seq.
To refine networks and leverage data on open chromatin regions, we developed new network inference approaches from 
scATAC-seq data in maize and barley. There results are then compared with RNA-seq GRNs. We are currently integrating binding 
data, RNA-seq GRNs and ATAC-seq GRNs to improve accuracy and prediction capability.
The combination of machine learning and experimental approaches provide insights in GRNs and identify TFs controlling pho-
tosynthesis.
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P-223
Sugar transporters and phloem loading in tall trees of European beech (Fagus sylvatica), 

Common oak (Quercus robur) and Norway spruce (Picea abies)
W. Miehe1, L. Czempik1, F. Klebl2, G. Lohaus1

1University of Wuppertal, Molecular Plant Science/Plant Biochemistry, Wuppertal, Germany 
2University of Erlangen–Nuremberg, Molecular Plant Physiology, Erlangen, Germany

In higher plants assimilates such as sucrose must be transported over long distances from photosynthetically active source tis-
sues to sink-tissues like small leaves, fruits or roots. The transport of sucrose and other assimilates takes place in the phloem. 
Sucrose/H+ symporters (SUTs) transport sucrose across the plasma membrane of companion cells or sieve elements (SE/CC) 
complex. Different types of SUTs, which are involved in phloem loading have been described for several herbaceous species. In 
the case of trees, previous studies on SUTs and phloem loading have mainly focused on small trees grown in greenhouses and less 
on tall trees. Therefore, SUT expression was studied in tall trees of different species, which are typically grown in central Europe.
Leaves and branches (bark and wood) were collected from tall trees (15-25 m) of Fagus sylvatica, Quercus robur and the conifer 
Picea abies. Full length cDNA sequences of sucrose uptake transporters from type I, II, and IV were obtained from F. sylvatica and 
Q. robur as well as type I and II SUTs from P. abies. The classification of these transporters into the groups of SUTs was carried out 
by phylogenetic analysis. Expression analysis via qRT-PCR showed that SUTs are expressed in leaves, needles, bark and wood and 
the expression levels were similar to those measured in small trees.
The functionality of the transporters was investigated by heterologous expression in yeast cells (S. cerivesiae). Uptake measure-
ments with 14C-sucrose concluded that SUT I, II and IV from F. sylvatica and Q. robur are functional and can translocate sucrose 
across the plasma membrane. The determined Km-values ranged from 1.6 to 6.8 mM sucrose. Moreover, in situ-hybridization 
was used to localize the RNA of the different SUTs in leaves, bark or wood of the tall trees. The results will be discussed in relation 
to the role of SUTs in phloem loading and unloading in the analyzed tree species.

P-224
Investigating the role of Arabidopsis plastidial histone deacetylase in photosynthesis

F. Kotnik1, C. Markiton1, I. Finkemeier1

1University of Münster, Institute for Plant Biology and Biotechnology, Münster, Germany

Lysine acetylation is an important post-translational-modification (PTM) that plays a vital role in plant development and the re-
sponses to different environmental stimuli. While most work has focussed on histone acetylation the importance of non-histone 
lysine acetylation has become more and more apparent in recent years. Proteins of many different organelles have been found to 
be lysine-acetylated including those from chloroplasts. Histone deacetylases (HDACs) are responsible for removing lysine acetyla-
tion on various proteins. From the 18 HDACs found in Arabidopsis only HDA14 has been found to localize in plastids. In a previous 
study performing a mass spectrometry-based lysine acetylome profiling 1,022 Arabidopsis protein groups with acetylation sites 
were identified. 43 % of these sites were associated with the chloroplast and 10 % directly with photosynthesis. This gives great 
importance to the study of HDA14 and its potential role in regulating photosynthesis. Here we use different co-immunoprecip-
itation approaches to help identifying possible interaction partners. Many co-immunoprecipitated proteins showed a plastidial 
localization further strengthening the role of HDA14 as an important plastidial deacetylase.

P-225
Evolutionary optimization of C4-NADp-malic enzyme – creating a minimal NADp-malic enzyme for 

C4 photosynthesis
F. Rauch1, M. Hüdig1, C. E. Alvarez2, V. G. Maurino1

1Rhenish Friedrich Wilhelm University of Bonn, Molecular Plant Physiology, Bonn, Germany 
2Universidad Nacional de Rosario, Facultad de Ciencias Bioquímicas y Farmacéuticas, Rosario, Argentina

Adaptations of C4 enzymes to their central role in C4 photosynthesis include changes in structural and biochemical properties 
compared to their ancestors, the housekeeping enzymes. For the C4-NADP-malic enzyme (ME), these adaptations were fixed in a 
duplicated copy of a plastidic NADP-ME gene, resulting in a C4- and a non-C4 NADP-ME. An important adaptation of C4-NADP-ME 
in Poaceae is its inhibition by its substrate malate at pH 7.5. This is the pH of the stroma during the night, and therefore C4-NADP-
ME inhibition probably prevents malate consumption when photosynthesis is not active to avoid carbon loss and starvation. In 
addition, the C4-NADP-ME is active as a tetramer, while the non-C4-NADP-ME is present as a dimer. To understand the underlying 
molecular basis of these adaptations, we first identified specific amino acids and protein regions important for C4 adaptations 
based on the strict differential conservation of amino acids combined with the resolution of the crystal structures of C4-NADP-ME 
of maize and sorghum. Structural and biochemical analyses of specific protein mutants in conjunction with modeling analyses 
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revealed that an N-terminal region of C4-NADP-ME is involved in tetramerization of the enzyme, F140 is critical for stabilization of 
the oligomeric structure, and E339 enables regulation by malate. We have also constructed a minimally functional C4-NADP-ME 
in the background of the non-C4 protein and reconstructed an evolutionarily feasible pathway to reproduce the C4 properties. 
These results not only shed light on the evolution of a protein for a new biochemical pathway, but also open up the possibility of 
minimally modifying other plant proteins to create new properties.

P-226
Alternative splicing leads to alternative targeting – a short story about cytosolic isoform G6PD5 in 

Arabidopsis thaliana
L. Linnenbrügger1, L. N. Doering1, A. von Schaewen1

1University of Münster, Institut für Biologie und Biotechnologie der Pflanzen (IBBP), Münster, Germany

Glucose-6-phosphate dehydrogenase (G6PDH) is the first enzyme of the oxidative pentose phosphate pathway (OPPP), an im-
portant metabolic route that serves NADPH production from sugars in most organisms. In Arabidopsis, there are six G6PDH iso-
forms which differ in their activity, regulation, and localisation. In terms of enlightening the redundancy among these isoforms, 
we found that cytosolic annotated G6PD5 (but not G6PD6) can be recruited to the surface of the endoplasmic reticulum (ER) by 
alternative splicing. In our studies we focused on confocal laser scanning microscopy analyses of fluorescent reporter fusions of 
three splice variants (G6PD5.1, G6PD5.4, and G6PD5.5), testing co-expression of membrane-bound G6PD5.4 and G6PD5.5 with 
possible OPPP interaction partners (for metabolon formation) and with NADPH consuming enzymes that also localise at the cy-
tosolic face of the ER.

P-227
Dual targeting among the three Arabidopsis 6-phosphogloconate dehydrogenase (pGD) isoforms – investigation 

of potential mechanisms that regulate cytosolic retention versus import into plastids or peroxisomes
L. N. Doering1, N. Gerling1, A. von Schaewen1

1University of Münster, Institut für Biologie und Biotechnologie der Pflanzen (IBBP), Münster, Germany

6-Phosphogluconate dehydrogenase (6PGDH) is the third enzyme of the oxidative pentose phosphate pathway (OPPP) that pro-
duces NADPH from sugar phosphates in most organisms. In Arabidopsis thaliana, there are three PGD isoforms which are all 
partially retained in the cytosol besides localising in plastids (PGD1, PGD3) or peroxisomes (PGD2). OPPP defects in plastids are 
embryo-lethal, but lack of PGD2 in peroxisomes led to aberrant pollen-tube growth and failed fertilization. Rescue by pollen-
specific complementation allowed for investigation of additional defects during vegetative growth, demonstrating PGD2’s im-
portance in roots, especially in the presence of sugars. Since this may relate to shortcomings in the cytosol and/or peroxisomes, 
we investigated the mechanisms that may govern dual targeting. Aside of interaction with thioredoxin (shown to regulate dual 
targeting of the first two OPPP steps), sequences at both the N- and C-terminus seem to be important for PGD dimer formation, 
thereby regulating cytosolic retention versus initial organelle import.

P-228
Influence of Co and Ni on micronutrients and primary metabolism in Zea mays

J. Dick1, A. Thiel2, J. Bornhorst2, G. Lohaus1

1University of Wuppertal, Molecular Plant Science /Plant Biochemistry, Wuppertal, Germany 
2University of Wuppertal, Food Chemistry, Faculty of Mathematics and Natural Sciences, Wuppertal, Germany

The heavy metals nickel and cobalt are ubiquitous in soils. While nickel (Ni) is an essential trace element and is needed to main-
tain the biochemical processes in plant cells, cobalt (Co) is not essential although a positive effect on plant growth has been 
observed. Both deficiency and excess of the above heavy metals can have a negative effect on plant growth. The risk of excess Ni 
and Co is generally low. However, anthropogenic contaminations (e.g. excessive use of fertilizer or illegal dumb of electric waste) 
increase concentrations locally and lead to a risk of toxicity.
The aim of this project is to investigate the influence of Ni and Co on micronutrients and primary metabolism in Zea mays. The 
plants were grown hydroponically. After 14 days of growth different concentrations of Nickel and Cobalt were added and after 
another 14 days, the plants were harvested and analyzed. The heavy metal concentration was analyzed using ICP-OES while for 
the primary metabolites different HPLC methods were used.
The results showed that with increasing Ni concentration, the produced biomass decreased. A Ni concentration of 200 µg/l led 
to clearly visible necrosis. Even lower concentrations influence the root-to-shoot ratio, the micronutrient composition (especially 
for Mn and Cu) as well as the primary metabolism of the plants.



226

ABSTRACTS

P-229
photosynthetic transcriptional regulation is modular and – with regard to auxin – diverse 

between a liverwort and Arabidopsis
A. S. Stasche1, W. Halpape1, D. Wulf1, A. Bräutigam1

1Universität Bielefeld, Computational Biology, Faculty of Biology, Bielefeld, Germany

Transcriptional regulation of photosynthesis is a crucial field of study due to its relevance for future biotechnological improve-
ments on crop plant yields. The aim of this study was gaining insight into transcriptional control of the individual metabolic pro-
cesses that make up photosynthesis in Arabidopsis thaliana, as well as the effect of the phytohormone auxin in liverworts and 
in A. thaliana. While liverworts photosynthetic genes responded transcriptionally to prolonged auxin treatment, auxin was not 
found to induce significant changes in photosynthesis related transcripts of mature Arabidopsis shoots.
Photosynthesis consists of a “light reaction”, the photosynthetic electron transfer chain (ETC), which captures the light and 
stores its energy in ATP and NADPH, and the “dark reaction”, the Calvin Benson Bassham cycle (CBBc), which uses the energy 
to fix CO2 and produce sugar phosphates. If the ETC is running without a functional CBBc, the stored energy has no place to go 
and energy capture will likely destroy the leaf. On the other hand, a functional CBBc with its redox regulation may exists without 
detriment. We hypothesized that “photosynthetic transcriptional regulation” is indeed regulation of either the CBBc, the ETC, 
or possibly both. We also decided to test, whether the regulatory network is strictly hierarchical or whether it is governed by 
loops and a net-like structure.
To test the hypothesis, a meta data analysis of publicly available data of known photosynthetic transcription factors GOLDEN2-
LIKE 1 (GLK1), GOLDEN2-LIKE 2 (GLK2), GATA NITRATE-INDUCIBLE CARBON METABOLISM-INVOLVED (GNC), GNC-LIKE (GNL), 
ELONGATED HYPOCOTYL 5 (HY5) and PYTOCHROME INTERACTING FACTORs (PIFs) 1, 3, 4, 5 and 7 was performed. In the meta 
data analysis binding information in the form of ChIP- and DAP-seq experiments, as well as microarray and RNA-seq differ-
ential transcriptome data of overexpression and knock-out mutants was incorporated. Four PIF family transcription factors 
were found to be general suppressors of photosynthesis while one PIF surprisingly acted differently. The remaining TFs showed 
diverse patterns with some showing specificity for either sub-pathway of photosynthesis. In addition, the meta data analysis 
revealed several positive and negative instances of transcriptional regulation between the different analysed TFs suggesting that 
the regulatory network upstream of photosynthetic genes is looped and net-like rather than hierarchical.

P-230
Investigation of cell wall galactose catabolism upon carbohydrate starvation in Arabidopsis thaliana

L. Reckleben1, T. Engelsdorf1

1Philipps University of Marburg, Biology, Marburg, Germany

The plant cell wall is not only important for the plant”s shape, but also for its responses to environmental stress. The cell wall 
composition of starch-free Arabidopsis thaliana phosphoglucomutase (pgm) mutants shows specific differences compared to 
the wildtype that are indicative of alterations in pectic polymers. pgm mutants have to cope with nocturnal carbohydrate defi-
ciency and might mobilize carbohydrates from the cell wall during this time.
In order to characterize cell wall-remodelling processes during carbohydrate deficiency, we investigated the impact of dark-
induced carbohydrate starvation in Arabidopsis wild type plants. Time course analysis of cell wall composition and soluble sugar 
content revealed similar changes of the cell wall composition in wild type plants after extended darkness as in pgm mutants. 
Especially the galactose amount in the cell wall decreased over the time of starvation in the wildtype. Galactose is a major com-
ponent of pectic rhamnogalacturonan I (RG-I). We perform purifications of RG-I and further analysis of the polymer composition 
via ion exchange chromatography. By comparing RG-I composition in wildtype, pgm and starved wildtype plants, we will char-
acterize specific alterations in this polymer. In both, pgm and starved wildtype, decreased cell wall galactose amount correlates 
with increased expression of genes involved in galactose catabolism. UDP-GLUCOSE 4-EPIMERASE 1 (UGE1), UGE3 and GALAC-
TOKINASE2 (GALK2) are transcriptionally upregulated and might indicate increased recycling of cell wall galactan. We analyze 
uge1, uge3 and galk2 single, double and triple mutants to investigate changes in cell wall composition, soluble sugars, as well as 
galactose metabolites under control and starvation conditions. Overall, we aim to understand the importance of carbohydrate 
recycling from the cell wall during starvation conditions.
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P-231
Regulatory properties of NAD-dependent malate dehydrogenases

M. Cosse1, T. Rehders1, H. Makoben1, J. Selinski1
1Christian-Albrecht University of Kiel, Department of Plant Cell Biology, Botanical Institute, Faculty of Mathematics and Natural 

Sciences, Kiel, Germany

Plant membranes are essentially impermeable to NAD(P)+ and NAD(P)H. Therefore, plant cells possess specific shuttle systems 
enabling the indirect exchange of reducing equivalents between subcellular compartments. Systems consisting of malate dehy-
drogenases (MDHs) and malate/oxaloacetate (OAA) translocators are described as malate valves (Selinski & Scheibe, 2019). MDH 
isoforms occur in the cytosol, peroxisomes, mitochondria as well as in plastids and catalyze the NAD(P)+-dependent, reversible 
interconversion of malate and OAA (Gietl, 1992). Malate can easily be transported across subcellular membranes and can be 
used as a substrate for mitochondrial ATP production or provision of NADH to the cytosol. To maintain redox homeostasis in 
plant cells, fluxes of reducing equivalents in form of malate need to be controlled by the activity of MDH isoforms in the respec-
tive compartment. While the chloroplast NADP-dependent MDH and cytosolic NAD-dependent MDHs have been shown to be 
post-translationally regulated by redox mechanisms and small molecules (Scheibe, 1987; 1991; Liszka et al., 2020), knowledge 
about other MDH isoforms is scarce. Therefore, we aimed to scrutinize regulatory properties of plastid-localized NAD-depen-
dent MDH as well as mitochondrial NAD-dependent MDHs. Data obtained during our studies will be presented.
- Gietl C (1992) Malate dehydrogenase isoenzymes: Cellular locations and role in the flow of metabolites between the  
 cytoplasm and cell organelles. Biochim Biophys Acta 1100, 217-234.
- Liszka A, Schimpf R, Cartuche Zaruma KI, Buhr A, Seidel T, Walter S, Knuesting J, Dreyer A, Dietz KJ, Scheibe R, Selinski J (2020)  
 Three cytosolic NAD-malate dehydrogenase isoforms of Arabidopsis thaliana: On the crossroad between energy fluxes and  
 redox signaling. Biochem J 477, 3673-3693.
- Scheibe R (1987) NADP+-malate dehydrogenase in C3-plants: Regulation and role of a light-activated enzyme. Physiol Plant 71,  
 393-400.
- Scheibe R (1991) Redox-modulation of chloroplast enzymes: A common principle for individual control. Plant Physiol 96, 1-3.
- Selinski J, Scheibe R (2019) Malate valves: Old shuttles with new perspectives. Plant Biol 21, 21–30.

P-232
Shuttling metabolites across the peroxisomal membrane

A. Plett1, P. Westhoff1, F. Atanjaoui2, M. M. Wudick2, A. P. M. Weber1, N. Linka1

1Heinrich Heine University Düsseldorf, Plant Biochemistry, Düsseldorf, Germany 
2Heinrich Heine University Düsseldorf, Molecular Physiology, Düsseldorf, Germany

Plant development is a complex process that can be narrowed down from an organism perspective to subcellular compart-
ments. In particular, the adaptation of peroxisomal metabolism is required to mediate the transition between three important 
developmental states within a plant life cycle. First, seedling establishment in seed oil-storing plants, like Arabidopsis, depends 
on the peroxisomal mobilization of fatty acids, called β-oxidation. The transition from heterotrophic growth on mobilized fatty 
acids to photoautotrophic growth requires the metabolic adaptation of peroxisomal metabolism to the needs of photorespira-
tion. Finally, during leaf senescence peroxisomes contribute to fatty acid turnover of membrane lipids. The tight coordination of 
development and peroxisomal metabolism requires metabolite, cofactor and ion shuttling across the peroxisomal membrane. 
Our group identified a peroxisomal membrane protein belonging to a family of non-selective pore-forming channels. Studies of 
the mitochondrial channel in human revealed, gating properties are dependent on the membrane potential, redox state and pH. 
By opening at certain stress conditions a rapid exchange of ions and small solutes leads to a transient decrease of the membrane 
potential thus acting as a protective mechanism to prevent eg. excessive ROS production. Our studies on the peroxisomal chan-
nel in Arabidopsis revealed an altered amino acid content under certain stress conditions. Based on our results we hypothesize 
that the peroxisomal channel acts as a non-selective channel, involved in amino acid metabolism under stress conditions.
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P-233
Class I glutaredoxins in the cytosol and endoplasmic reticulum of Arabidopsis thaliana have 

different oxidoreductase activities
M. Schlößer1, A. Moseler1, M. Homagk1, L. Pedroletti1, J. M. Ugalde1, A. J. Meyer1

1Rhenish Friedrich Wilhelm University of Bonn, INRES – Chemical Signalling, Bonn, Germany

Class I glutaredoxins (GRXs) are small oxidoreductases that use reduced glutathione (GSH) as a co-factor to reduce substrate 
proteins or glutathione disulfide (GSSG) for oxidation. The Arabidopsis genome encodes six class I GRXs of which GRXC5 and 
GRXS12 are localized in plastids and have been described earlier. While GRXC1 and GRXC2 are annotated for the cytosol and 
GRXC3 and GRXC4 as secreted, the exact localization and function of these enzymes is unknown. Bioinformatic algorithms pre-
dict GRXC3, GRXC4 and the splice form GRXC2.2 to be single-spanning membrane proteins with a N-terminal transmembrane 
domain (TMD) in the secretory pathway. The predicted orientation of these proteins as type I or type II proteins, however, is 
highly controversial and clearly demands detailed experimental evidence.
Fusion of GRXs C1-C4 with roGFP2 at their N- and C- termini show a cytosolic localization for GRXC1 and GRXC2 after transient 
expression in tobacco or stable transformation of Arabidopsis. While detailed characterization shows that GRXC1 is attached to 
membranes through N-terminal myristoylation, GRXC3 and GRXC4 were identified as type II ER membrane proteins with their 
catalytic domains oriented towards the lumen. Additional studies with only the TMDs fused to roGFP2 showed that the TMDs 
alone are sufficient to keep roGFP2 in the ER and thus are likely to act as membrane anchors that simultaneously restrict the 
localization of both proteins to the ER.
To further study the function of the cytosolic and luminal class I GRXCs, the proteins were synthesized as recombinant proteins 
and purified. Like their cytosolic siblings GRXC1 and GRXC2, GRXC3 and GRXC4 proteins are both capable of reversibly reducing 
and oxidizing roGFP2 as an artificial substrate protein. Cytosolic GRXC1 and GRXC2 have an enhanced capacity to reduce roGFP2 
and a less pronounced capacity for oxidation. For GRXC3 and GRXC4 the catalytic properties appear to be shifted towards the 
oxidizing reactions in which addition of glutathione disulfide leads to oxidation of roGFP2. This strongly suggests an evolutionary 
adaptation of the biochemical properties of closely related GRXs depending on the redox conditions in their native compart-
ment. The revised localization of class I GRXs in the cytosol and ER sets the base for further genetic and physiological work to 
explore the molecular functions of class I GRXs in Arabidopsis.

P-234
Thermoprotection of chlorophyll biosynthesis mediated by an ATp-independent chaperone

P. Wang1, S. Ji1, A. Siegel1, S. O. Shan1, B. Grimm1

1Humboldt University of Berlin, Institut für Biologie, AG Pflanzenphysiologie, Berlin, Germany

Temperature is an essential environmental factor that significantly affects plant development and productivity. Elevating tem-
perature owing to global climate change poses a serious threat to protein homeostasis by causing protein misfolding and aggre-
gation. To cope with it, plants have evolved a superfamily of molecular chaperones, which either assist protein folding or protect 
aggregation-prone proteins against stress-induced aggregation. Given that the chloroplast is one of the major targets of heat 
stress, it is largely unknown about the regulatory functions of diverse chloroplast-localized molecular chaperones in response 
to heat stress.
Chlorophyll underpins photosynthesis. Newly synthesized chlorophylls must be timely incorporated into the chlorophyll-binding 
proteins to form photosynthetically active photosystems and their surrounding light-harvesting complexes, whereas accumulat-
ing free chlorophylls will generate deleterious reactive oxygen species upon illumination (Wang & Grimm, 2021). Various auxil-
iary factors are required for efficient chlorophyll biosynthesis and for the synchronization of chlorophyll biosynthesis with the 
biogenesis of chlorophyll-binding proteins (Wang et al., 2021).
Our results presented revealed that chloroplast signal recognition particle 43 (cpSRP43) is not only involved in the post-transla-
tional trafficking of light-harvesting chlorophyll-binding proteins (LHCPs), but also engaged in the control of chlorophyll biosyn-
thesis. cpSRP43 exhibits ATP-independent molecular chaperone activity, which protects hydrophobic LHCPs from aggregation 
in the aqueous stroma of chloroplasts. Our studies pinpointed new clients of cpSRP43, which are implicated in the checkpoints 
of tetrapyrrole biosynthesis, including 5-aminolevulinic acid synthesis, magnesium chelation of protoporphyrin IX, and light-
operating enzyme protochlorophyllide oxidoreductase (Wang et al., 2018; Ji et al., 2021). In vivo and in vitro data revealed that 
cpSRP43 efficiently protects these enzymes against heat-induced aggregation. Overall, this study deciphers a molecular mecha-
nism by which the chaperone function of cpSRP43 connects LHCP translocation with chlorophyll biosynthesis by safeguarding 
the homeostasis of thermo-sensitive chlorophyll biosynthetic proteins. 
- Ji et al., 2021. Nature Plants 7: 1420-1432.
- Wang P, Grimm B. 2021. Trends Plant Sci 26: 484-495.
- Wang et al., 2020. Nat Commun 11: 1254.
- Wang et al., 2018. PNAS 115: E3588-E3596.
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P-235
Detect me if you can – metabolism of rare nucleotides in plants

M. Niehaus1, H. Straube1, L. Fischer1, N. Passon1, L. Krumwiede1, C. P. Witte1, M. Herde1

1Leibniz University Hannover, Department of Molecular Nutrition and Biochemistry of Plants, Hannover, Germany

Nucleotides and nucleotide-derived metabolites are vital for all known forms of life. Two attributes of nucleotides are crucial for 
their functionality. First, the absolute concentration of nucleotides and the ratios of, for example, deoxyribonucleotides to each 
other are a prerequisite for faithful DNA replication, and alterations affect the mutation rate and the rate of DNA synthesis. Sec-
ond, the abundance of non-canonical nucleotides that arise from enzymatic or non-enzymatic processes negatively impacts the 
processes in which nucleotides are involved. The low abundance of deoxyribonucleotides and non-canonical nucleotides, their 
chemical properties, and the requirement for an efficient quenching pose a significant challenge for analytical techniques that 
attempt to detect and quantify them. Thus, technological advances are required to study the underlying molecular mechanisms 
that determine the size and purity of nucleotide pools. We developed an analytical workflow utilizing a sample preparation 
and LC-MS to quantify deoxyribonucleotides and nucleosides in plants which are sufficiently sensitive to detect non-canonical 
nucleotides as well. This technique allowed the quantification of nucleotides during germination and seedling establishment. 
Assessing mutants impaired in the thymidylate formation resulted in a reevaluation of the respective enzymes in establishing 
the thymidylate pools required for the synthesis of plastidic DNA. Although the source of thymidine is not known our study 
emphasizes the importance of this metabolite for thymidylate formation. Since the synthesis of thymidylates occurs in different 
subcellular compartments, we furthermore established that during early time points the thymidine phosphorylation in chloro-
plasts is crucial for thymidylate pools while at later time points cytosolic processes can complement the lack of plastidic thy-
midine phosphorylation. In another study, the detection of non-canonical nucleotides allowed the functional characterization 
of an enzyme that sanitizes the nucleotide pool by dephosphorylation of non-canonical nucleotides ITP and dITP. This process 
was demonstrated to be crucial for suppressing the incorporation of ITP and dITP in RNA and DNA, respectively. The metabolic 
origin of ITP is likely a non-enzymatic process that is enhanced by abiotic stress such as exposure to heavy metals. In total, these 
studies shed a light on molecular mechanisms that establish and maintain the nucleotide pools in plants.

P-236
Shedding light on protein acetylation in chloroplasts – a new family of plastid 

localized acetyltransferases in Arabidopsis 
A. Brünje1, W. V. Bienvenut2, A. Ivanauskaite3, J. S. Mühlenbeck1, M. M. Koskela4, J. Sindlinger5, D. Schwarzer5, 

P. Mulo3, T. Meinnel2, C. Giglione2, I. Finkemeier1

1University of Münster, Institute of Plant Biology and Biotechnology, Münster, Germany 
2Université Paris-Saclay, Paris, France 

3Turku University, Turku, Finland 
4The Czech Academy of Sciences, Trebon, Czech Republic 

5Tübingen University, Tübingen, Germany

Post-translational modifications (PTMs) of proteins allow cells to rapidly respond to varying environmental conditions, thereby 
having the potential of altering localization, interactions or enzymatic activities of proteins. Similar to phosphorylation, acetyla-
tion is one of the most abundant protein modifications involved in several cellular pathways. Specific acetyltransferases catalyze 
the acetylation of the ε-amino groups of internal lysine residues or the α-amino groups of different N-terminal amino acids by 
transferring acetyl-groups donated by the metabolite acetyl-CoA. According to consensual knowledge, distinct acetyltransfer-
ases might be responsible for either of the two acetylation mechanisms, but dual activities have been discussed in limited cases.
For a long time, N-terminal acetylation was mostly seen in the context of cytosolic proteins and studies on lysine acetylation 
were even more focused on histone modification and chromatin regulation. With the help of high-resolution mass spectrom-
etry, it has been discovered that Neo-N-termini as well as lysine acetylation is widely abundant on chloroplast-localized proteins.
Here, I will present our results on the identification of a new family of plastidial acetyltransferases in Arabidopsis, which possess-
es dual specificities for the acetylation of protein N-termini and lysine residues. By taking a closer look at selected acetyltrans-
ferases some first insights into the features of the plastid acetyltransferase machinery and their involvement in photosynthetic 
light harvesting will be provided.
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P-237
Mineral nutrition of C4 plants

E. Silz1

1University of Cologne, Institute for Plant Science, Düsseldorf, Germany

Food security is threatened by low nutritional quality. When exposed to elevated CO2 concentration, many crops show an in-
crease in yield, but a decrease in both micronutrient (e.g. zinc and iron) and macronutrient content (e.g. nitrogen) (doi: 10.7554/
eLife.02245, doi: 10.1126/ sciadv.aaq1012, doi: 10.1371/journal.pone.0212840). C4 crops are an exception because their carbon 
uptake is saturated at ambient CO2 levels (doi: 10.1038/nature13179). They, therefore, profit much less from elevated CO2 than 
C3 plants (doi: 10.1023/A:1025830019591) but are simultaneously less affected by the carbon dilution effect. Plant proteins are 
the primary source of the essential sulphur-containing amino acid methionine. The decreasing protein content in plants will 
therefore negatively affect the availability of sulphur for human nutrition, stressing the potential of C4 properties for human 
food and health. To access this potential, efforts are being made to engineer C4 photosynthesis into C3 crops. This requires a 
deeper understanding of the control of nutrient fluxes and homeostasis, as well as their interplay with photosynthesis in C4 
plants (doi: 10.3389/fpls.2020.01267,  DOI: 10.1093/jxb/erz250).  One requirement for C4 photosynthesis is the spatial separation 
of certain photosynthetic enzymes between mesophyll (MC) and bundle sheath (BSC) cells (https://doi.org/10.1146/annurev-
arplant-042811-105511). Similarly, the assimilation of the mineral nutrients nitrogen (N) and sulphur (S) is cell type-specific in 
most C4 plants (doi:10.1126/science.209.4455.513, doi:10.1104/pp.74.4.866, doi:10.1007/s11120-005-3482-z). The differential, 
spatial expression of S, P, and N metabolism-related genes between BSCs and MCs was further investigated through the com-
parative analysis of expression data of various C3 and C4 species. The analysis revealed a high percentage of species-specificity in 
expression patterns of mineral nutrition genes.  The BSC-preferential expression of APR2 in all C4 monocot species and the lack 
of differential expression in the C4 dicot C. gynandra is consistent with previous findings of APR2 expression at comparable levels 
in both cell types in the C4 dicot and indicates the differential organisation of mineral nutrition pathways between C4 monocot 
and dicot species.

P-238
When plants paint their leaves purple – regulation of anthocyanin biosynthesis in high light

G. E. Araguirang1,2, T. Kleine3, D. Leister3, A. Richter1,2

1University of Rostock, Physiology of Plant Metabolism, Rostock, Germany 
2Humboldt University of Berlin, Physiology of Plant Cell Organelles, Berlin, Germany 

3Ludwig Maximilian University of Munich, Biology I (Plant Sciences), Munich, Germany

During high light (HL) exposure, plants accumulate flavonoids such as anthocyanins to protect their photosynthetic apparatus 
from excessive amounts of (UV) light. Although the anthocyanin biochemical pathway is already well-established, the regulatory 
network tuning the expression of its pathway genes remains elusive. Here we show that knockout of INCREASED LEVEL OF POLY-
PLOIDY-1 (ILP1), a component of the non-canonical spliceosomal complex, results in faster activation of flavonoid biosynthesis 
and significantly increased anthocyanin contents compared to wild-type (WT) after HL exposure. Time-resolved RNA-sequencing 
analysis and metabolic profiling were performed to dissect the molecular mechanism behind the deregulated HL response. Our 
data revealed dynamic and temporal changes in both the transcriptome and metabolome of HL-exposed ilp1-1. Of the differen-
tially expressed genes before the HL shift, MYBL2, a repressor of anthocyanin biosynthesis, and PAP2, a key transcription factor 
of the pathway, were significantly downregulated and upregulated, respectively. This indicates that ILP1 most likely functions as 
a transcriptional regulator upstream of MYBL2 and PAP2. In addition, we found notable differences in the metabolome between 
WT and ilp1-1 mutants during a 24-h HL shift, suggesting a crucial function of ILP1 for metabolic adjustments of primary and 
specialized metabolism during HL acclimation. Our data collectively provide new insights on a previously unrecognized function 
of ILP1 and its role in regulating gene expression and metabolism during plant acclimation.
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Identification of a xanthone-specific geranyltransferase from Hypericum perforatum

T. Meents1,2, H. Sayed1,3, B. Liu1, I. El-Awaad1,3, L. Beerhues1,2

1Technische Universität Braunschweig, Institute of Pharmaceutical Biology, Braunschweig, Germany 
2Technische Universität Braunschweig, Center of Pharmaceutical Engineering (PVZ), Braunschweig, Germany 

3Assiut University, Faculty of Pharmacy, Assiut, Egypt

Xanthones are phenolic natural products widely distributed in various microorganisms and plant families, such as Hypericaceae1. 
They can be prenylated in reactions catalysed by aromatic prenyltransferases (aPTs) giving rise to polyprenylated compounds 
with interesting biological activities including anti-inflammatory, antitumoral, antioxidant and antimicrobial properties. Unfortu-
nately, their use in clinical research is currently limited due to low yields and poor selectivity of chemical synthesis. In contrast, 
aPTs exhibit remarkable regioselectivity and, therefore, offer a promising alternative for biotechnological production of these 
substances2. Although roots of Hypericum perforatum are known to contain various prenylated xanthones, a limited number 
of xanthone-specific aPTs have been identified so far. In this work, we expand the repertoire of aPTs by isolation and functional 
characterization of a xanthone-specific aPT named HpPTxan. Analysis of transcriptomic data from H. perforatum, followed by 
cloning and heterologous expression in Saccharomyces cerevisiae revealed relatively broad substrate and donor specificities 
for HpPTxan. Isolated microsomes containing HpPTxan catalyse the addition of a geranyl group to 1,3,7-trihydroxyxanthone, 
1,3,6,7-tetrahydroxyxanthone and 1,3,5,6-tetrahydroxyxanthone. In addition to geranylation of non-prenylated xanthones, 
HpPTxan also accepts mono- and diprenylated xanthones as substrates. Microsomes containing HpPTxan are able to catalyse 
the addition of a geranyl group to 8-prenyl-1,3,6,7-tetrahydroxyxanthone. In contrast, a prenyl group is added by HpPTxan to 
patulone, a geminal diprenylated xanthone with intriguing pharmacological properties2. Identification of the enzymatic products 
of HpPTxan will provide valuable information on the biosynthesis of prenylated xanthones in H. perforatum roots and bring us 
a step closer to establishing the metabolic pathway for biotechnological production of pharmaceutically interesting polyprenyl-
ated xanthones.
1. El-Awaad et al. 2016 Nat. Commun. 7:11472
2. Nagia et al. 2019 New Phytol. 222:318-334

P-240
Aphid herbivory changes growth and metabolism of the aquatic plant, Spirodela polyrhiza

M. Schäfer1,2, C. Walcher3, M. Sarazova2, L. Böttner1,2,4, R. Petrig3, S. Xu1,2

1Johannes Gutenberg University Mainz, Evolution of Plants and Species Interactions, Mainz, Germany 
2University of Münster, Plant Adaptation-in-action group, Münster, Germany 

3Swiss Federal Institute of Aquatic Science and Technology (EAWAG), Department of Aquatic Ecology, Dübendorf, Switzerland 
4University of Münster, Plant Ecology group, Münster, Germany

Plants that grow on the surface of freshwaters ecosystems, such as duckweeds, represent important primary producers that 
are accessible not only for aquatic, but also terrestrial herbivores. Therefore, they represent important keystone species that di-
rectly link aquatic and terrestrial ecosystems via trophic interactions. However, while herbivory-induced responses in terrestrial 
plants are well-understood, the effects of herbivory on freshwater plants, in particular at the metabolic level, remain unclear. 
Here, we analyzed the interaction between the giant duckweed, Spirodela polyrhiza and the waterlily aphid, Rhopalosiphum 
nymphaeae, that switches between terrestrial and aquatic host plants within the year. We analyzed the effect of aphid herbivory 
in the controlled lab environment, as well as under outdoor conditions. Aphid herbivory significantly reduced the growth of S. 
polyrhiza, altered phytohormone levels and restructured the primary and secondary metabolism. Interestingly, the herbivory 
response of S. polyrhiza caused further changes in the aquatic system, e.g. in the nutrient levels of the water. Together, we show 
that the interaction between S. polyrhiza and its terrestrial herbivore plays a central role for the interaction between the ter-
restrial and aquatic ecosystem.
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P-241
production of polyprenylated xanthones in engineered yeast

R. Mögenburg1, B. Liu1, L. Beerhues1

1Technische Universität Braunschweig, Institut für pharmazeutische Biologie, Braunschweig, Germany

Polyprenylated xanthones, such as hyperixanthone A and patulone, are basic xanthone scaffolds substituted with multiple C5 
units. They have been mainly found in plants of the families Clusiaceae and Hypericaceae, particularly of the genera Garcinia 
and Hypericum [1]. In the producing plants, prenylated xanthones function as chemical defenses against microorganisms as 
either preformed phytoanticipins or induced phytoalexins. The attachment of prenyl moieties increases the lipophilicity of the 
resulting products, leading to enhanced interaction with biological membranes and hence increased biological activities [2]. For 
example, patulone significantly inhibited platelet-activating factor (PAF)-induced hypotension in mice and may be useful for the 
treatment of PAF-mediated diseases, such as allergy, inflammation, thrombosis and asthma [3, 4]. Despite these promising and 
interesting pharmacological activities, the limited natural resources of polyprenylated xanthones and the economic unfeasibility 
of chemical syntheses restrict their use in extensive pharmacological studies and controlled clinical trials. Therefore, synthetic 
biological approaches represent an alternative to produce these valuable bioactive compounds at high yield and good quality. 
Based on our research focusing on the biosynthesis of polyprenylated xanthones [5], we attempt to integrate the plant biosyn-
thetic pathway into Saccharomyces cerevisiae using the MoClo-YTK system [6]. Our preliminary results indicate that in vivo syn-
thesis of the xanthone core structure is achieved. For the final steps, i.e. polyprenylation of the patulone core structure, several 
approaches have been pursued. Even though these attempts have not yet led to a successful synthesis of patulone in yeast, 
interesting insights into the in vitro activity and localization of the wild-type and mutant enzymes of this biosynthetic pathway 
have been gained.
1. Hemshekhar et al. (2011) Phytochem Rev 10: 325–351
2. Chen et al. (2017) Nat Chem Biol 13: 226–234
3. Oku et al. (2005) Planta Med 71: 90–92
4. Singh et al. (2013) Fitoterapia 84: 180–201
5. Nagia et al. (2019) New Phytol 222: 318-334
6. Lee et al. (2015) ACS Synth Biol 4, 975-986

P-243
Comparative metabolomics of Solanum lycopersicum to elucidate anti-fungal defense mechanisms

L. Muñoz1

1Technical University of Munich, Lehrstuhl für Phytopathologie, Freising, Germany

Tomato crops are attacked by diverse pathogens resulting in enormous losses of agricultural yield. Upon sensing the pathogens, 
plants mount various defense responses. In addition to well-studied responses such as a Reactive Oxigen Species burst and 
strong up-regulation of Ethylene, Salycilic Acid, Jasmonic Acid, and other phytohormones, the Secondary metabolites (SM), are 
expected to be involved in the quantitative resistance of different plants to certain pathogens. Leaf blight caused by species of 
genus Alternaria is a devastating disease in tomatoes and only very few cultivars show strong resistance against it. A large num-
ber of studies exist, investigating the role of SM in tomato, and have their structures determined by mass spectrometry. How-
ever, these focus predominantly of fruit and flavour-related compounds, SM after infection with Alternaria remain unknown. 
We applied metabolomics based on UPLC-QTOF mass spectrometry in combination with multivariate data analysis compare 
the metabolomic profiling in Solanum lycopersicum after treatments with A. alternata, A. solani and chitin (a general elicitor of 
anti-fungal plant defense responses) at two different time points, 3 and 24 hours post inoculation (hpi). Here we present out 
latest analyses: we find large overlaps between generic (chitin-triggered) anti-fungal defence responses and Alternaria-triggered 
responses, but also unique responses observed for each of the treatments and differences between the time points. We will 
discuss how these results might help resolve difference in quantitative resistance against closely related pathogen.
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Impaired glucosinolate biosynthesis and breakdown product formation affect microbial 

composition in the rhizosphere of Arabidopsis thaliana
E. Chroston1, B. M. Ravindran2, E. J. Stauber1, N. Bziuk3, K. Smalla3, U. Wittstock1

1Technische Universität Braunschweig, Institute of Pharmaceutical Biology, Braunschweig, Germany 
2IPK Gatersleben, Department of Molecular Genetics, Gatersleben, Germany 

3Julius Kühn-Institut, Institute for Epidemiology and Pathogen Diagnostics, Braunschweig, Germany

Root exudates influence and shape the structure of microbial communities in the rhizosphere, i. e. the soil compartment in di-
rect vicinity to the plant”s roots. Although glucosinolates and/or their breakdown products have been detected in root exudates 
of hydroponically grown Arabidopsis thaliana, their influence on the rhizosphere microbiome is largely unknown. Glucosinolates 
are sulphur-containing phytoanticipins produced by plants of the order Brassicales whose myrosinase-mediated breakdown 
products act as a defense mechanism against herbivores and pathogens upon tissue damage, (sub)cellular reorganisation or 
digestion. Besides toxic isothiocyanates, various other breakdown products can be formed in the presence of specifier proteins. 
For example, nitriles are formed upon myrosinase-catalyzed glucosinolate hydrolysis in the presence of nitrile-specifier proteins 
(NSPs). A. thaliana expresses at least three NSP genes (NSP1, NSP3, NSP4) in the roots. Their biological roles are only incom-
pletely understood to date.
In this study, the rhizosphere microbiome of several A. thaliana knockout mutant lines was compared to that of the wildtype. 
Mutant lines included myb28 myb29 deficient in biosynthesis of aliphatic glucosinolates, cyp79b2 cyp79b3 lacking indolic gluco-
sinolates, the quadruple mutant myb28 myb29 cyp79b2 cyp79b3 devoid of aliphatic and indolic glucosinolates, as well as nsp1-1, 
nsp3-2 and nsp1 nsp3 nsp4 which are deficient in one or several of the root -expressed NSPs. Plants were grown in a sand/soil 
mixture and total community DNA was extracted from the rhizosphere. GC clamp PCR products of 16S rRNA genes were checked 
with Denaturing Gradient Gel Electrophoresis (DGGE) to investigate the microbiome composition, and the DNA was then anal-
ysed with 16S rRNA gene amplicon sequencing.
The analysis of DGGE gels indicated significant differences between the rhizosphere microbiome composition of all genotypes. A 
significant influence of the genotype on the rhizosphere microbiome composition was confirmed by PERMANOVA based on the 
sequencing results for all experimental variants. This suggests that glucosinolates and/or their hydrolysis products are excreted 
to the rhizosphere and affect rhizosphere microbes. Deeper studies of the rhizosphere microbiome are currently performed and 
the results will be presented

P-245
Assessing the roles of glucosinolates and their different breakdown product types in below-ground interactions

A. Hielscher1, B. M. Ravindran2, E. J. Stauber1, U. Wittstock1

1Technische Universität Braunschweig, Institute of Pharmaceutical Biology, Braunschweig, Germany 
2IPK Gatersleben, Department of Molecular Genetics, Gatersleben, Germany

Specialized metabolites may defend plant roots against pathogens and soil herbivores, but they can also be secreted into the 
surrounding soil and may influence the microbial community of the rhizosphere.  Roots of Arabidopsis thaliana contain aliphatic 
and indolic glucosinolates. Upon tissue disruption, these glucosinolates are hydrolyzed by myrosinases. As roots express three 
nitrile-specifier proteins (NSP1, NSP3, NSP4), nitriles are the major hydrolysis products in root homogenates next to isothiocya-
nates which are also formed.  Glucosinolates can also be hydrolyzed in undamaged tissues, but these breakdown pathways are 
less well understood. In this project we want to analyze the involvement of different breakdown product types, namely nitriles 
and isothiocyanates or derived compounds, of aliphatic vs. indolic glucosinolates in below-ground interactions using A. thaliana 
mutants as a tool.
As a first step, we have generated a mutant deficient in nitrile formation in root homogenates (nsp1 nsp3 nsp4) by using the 
CRISPR/Cas9 system. Next, we have successfully crossed this mutant with glucosinolate biosynthesis mutants (myb28 myb29, 
myb34 myb51 myb122). The heterozygous F1 generation was genotyped, all mutant alleles were confirmed by PCR. After self-
pollination, the F2 generation has developed. Following Mendelian genetics, one out of 64 F2 plants is expected to be the 
desired quintuple knockout mutant myb28 myb29 nsp1 nsp3 nsp4. In case of myb34 myb51 myb122 nsp1 nsp3 nsp4 the ratio is 
1/256. The F2 generation is screened for the desired homozygous quintuple and sextuple mutants by chemical analysis of glu-
cosinolate breakdown products in homogenates. As a result, we expect plants which accumulate only indolic or only aliphatic 
glucosinolates and are unable to form nitriles upon tissue disruption. These plants will be used in bioassays in comparison with 
the parental lines and the wildtype to test the effects of aliphatic and indolic nitriles, isothiocyanates and derived compounds 
on soil organisms. Metabolite profiles of root exudates of all mutants will also be determined.
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Characterization of the hydroxy(phenyl)pyruvic acid reductase H(p)pR from Actaea racemosa

A. Jahn1, M. Petersen1

1Philipps University of Marburg, Marburg, Germany

The perennial plant Actaea racemosa (syn. Cimicifuga racemosa) from the family Ranunculaceae is native to North America. 
According to the European Pharmacopoeia, extracts of its roots and rhizomes are therapeutically used for the relief of gynaeco-
logical symptoms like menstrual irregularities or post-menopausal complaints [1]. The extracts of black cohosh are characterized 
by triterpenoid glycosides, N-containing structures and phenolic compounds (like hydroxycinnamic acids and their derivatives). 
Hydroxycinnamic acids can be esterified with piscidic or fukiic acids thus forming fukinolic acid and cimicifugic acids. The biosyn-
thesis of these congeners has not been fully clarified so far [2].
The biosynthesis of cimicifugic acids has been investigated recently, but further investigations need to be undertaken. Cimici-
fugic acids are synthesized by a hydroxycinnamoyl-CoA:piscidic acid hydroxycinnamoyltransferase (syn. CAS = cimicifugic acid 
synthase). CAS transfers a hydroxycinnamic acid from hydroxycinnamoyl-CoA to piscidic acid [3]. Due to low isolated amounts of 
fukiic acid, the activity measurement with a further possible substrate is so far lacking.
The biosynthesis of fukinolic acid has been investigated in 2004 by feeding experiments [4], but important questions remain 
open. Piscidic acid may be chemically deduced form p-hydroxyphenyllactic acid and a glycolyl-CoA moiety. Therefore, we assume 
a different biosynthesis of fukinolic acid than proposed by [4]. Probably H(P)PR is a key enzyme in the pathway towards fukiic 
acid. Within the framework of this work, H(P)PR was isolated from Actaea racemosa (ArH(P)PR) and biochemically characterized.
Further investigations of fukinolic acid and cimicifugic acid biosynthesis in A. racemosa are currently undertaken on genetic and 
biochemical levels.
1.  European Union herbal monograph on Cimicifuga racemosa (L.) Nutt. rhizoma EMA/HMPC/48745/2017).
2.  Jahn A, Petersen M (2021) Fukinolic acid and cimicifugic acids: a review. Phytochem Rev https://doi.org/10.1007/s11101-021- 
 09781-1
3.  Werner V, Petersen M (2019) A BAHD hydroxycinnamoyltransferase from Actaea racemosa catalyses the formation of fukinolic 
 and cimicifugic acids. Planta 250: 475-485
4.  Hasa Y, Tazaki H (2004) Biosynthesis of fukinolic acid isolated from Petasites japonicus. Biosci Biotechnol Biochem 68: 2212- 
 2214

P-247
Molecular investigation and functional characterisation of BAHD hydroxycinnamoyltransferases 

from Sarcandra glabra (Thunb.) Nakai
P. Bömeke1, M. Petersen1

1Philipps University of Marburg, Pharmazeutische Biologie, Marburg, Germany

As Sarcandra glabra (Thunb.) Nakai is one of a few species of the Chloranthaceae, it is interesting for plant evolutionary research. 
Dry plant parts are known in Traditional Chinese Medicine in form of infusions. The antioxidative and anti-inflammatory effects 
can be related to different natural compounds such as rosmarinic acid [1]. Its biosynthetic pathway is well known in Lamiaceae 
[2]. L-phenylalanine and L-tyrosine are precursors, which are modified differently: L-phenylalanine results in 4-coumaroyl-coen-
zyme A (pC-CoA) whereas L-tyrosine is converted to 4-hydroxyphenyllactic acid (pHPL). A BAHD hydroxycinnamoyltransferase, 
rosmarinic acid synthase (RAS), transfers the hydroxycinnamic acid to the aliphatic OH group of pHPL [3]. Rosmarinic acid is the 
twice hydroxylated product of this intermediate.
Three nucleotide sequences (SgHCT-A, -C, -D) were amplified from total RNA by PCR. The corresponding enzymes were heter-
ologously expressed in E. coli and purified. In biochemical assays, which were analysed by HPLC, suitable substrates for each HCT 
were found. In the second step, reaction parameters were optimized and Michaelis-Menten kinetics were analysed. All enzymes 
accept pC- and caffeoyl-CoA as acyl donor substrates, whereas they vary in acceptor substrate specificities. SgHCT-A can form 
hydroxycinnamic acid esters with shikimic acid, 3-hydroxyanthranilic acid and various hydroxybenzoic acids. However, SgHCT-C 
only shows activity with quinic acid. The precursor of rosmarinic acid, pC-pHPL, can be formed by SgHCT-D.
The differences in substrate specificity indicate distinct functions of SgHCTs. All three nucleotide sequences can be found in total 
RNA which means the corresponding enzymes are actively involved in formation of natural products. Besides a broad range of ac-
ceptor substrates, additional acyl donors such as cinnamoyl-CoA will be tested. Further investigation of rosmarinic acid metabo-
lism in S. glabra needs to address the subsequent hydroxylations. This knowledge will help to understand how pharmacological 
active phenolic acids in S. glabra are produced.
1.  Zeng Y et al. (2021) The Traditional Uses, Phytochemistry and Pharmacology of Sarcandra glabra(Thunb.) Nakai, a Chinese  
 Herb With Potential for Development: Review. Front Pharmacol 12:652926
2.  Petersen M (2013) Rosmarinic acid: new aspects. Phytochem Rev 12:207–227
3.  Petersen M (2016) Hydroxycinnamoyltransferases in plant metabolism. Phytochem Rev 15:699-727
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Chemo diversity and genetic variability of anthelmintic selected plant species grown in alpine area

E. Martinidou1, L. Palmieri1, M. Sordo1, S. Martens1, P. Fusani2, I. Poulopoulou3, M. Gauly3, B. Siewert4, 
M. Horgan4, H. Stuppner4, I. Sigg4

1Fondazione Edmund Mach, Biotechnology and Natural Products, San Michele All’adige, Italy 
2Centro di ricerca Foreste e Legno, Villazzano, Italy 

3Free University of Bolzano, Faculty of Science and Technology, Bolzano, Italy 
4University of Innsbruck, Institute of Pharmacy/Pharmacognosy, Innsbruck, Austria

The main objective of HERBAL is to reduce the use of chemical drugs against roundworm nematodes by introducing alternative 
treatments with new anthelmintic (AH) natural substances derived from ethno-vetinary alpine plants. Among the plethora of 
medicinal herbs distributed in the Italian Alps, two species of the Asteraceae family were selected for their AH activity: Cicerbita 
alpina & Tanacetum vulgare. Sesquiterpene lactone (STLs) are bitter secondary metabolites, whose synergistic effect demon-
strates strong AH activity1 and several STLs derivatives were documented in the above species2. Therefore, different germplasm 
collections of Cicerbita alpina & Tanacetum vulgare, originating from natural populations in the Italian Alps, were evaluated for 
their chemical composition and genetic variability. A new target LC-MS/MS method including MRM quantification was validated 
for the characterization of specific STLs and caffeic acid derivatives, while the genetic characterization was done using different 
SSRs markers for each species. The final objective would be to select chemotypes and genotypes rich in AH substances that could 
serve as starting material in plant breeding programs to establish cultivated varieties of high content in AH active metabolites. 
Finally, an approach to elucidate the biosynthetic pathway leading to main STLs was initiated. The most common STLs in Astera-
ceae belong to the class of guaianolides and derive from a single sesquiterpene, germacrene A3, while the first biochemical steps 
to costonulide, a precursor of the main lactucin – derivative found in C. alpina, are well described in related Asteraceae species4. 
An effort to isolate candidate genes from a C. alpina public available RNAseq dataset was made and the amplified products will 
be cloned in multiple gene expression vectors for functional expression in a yeast strain specifically designed to produce high 
amounts of FPP.
1. Angela H.Valente, Matthew de Roodeb Madeleine Ernst, Journal for Parasitology Drug Resistance Volume 15, April 2021,  
 Pages 105-114
2.  Pietro Fusani, Christian Zidorn, Journal of Food Composition and Analysis, 2010 Sept, 23(6):658-663
3.  Jan-Willem de Kraker, Maurice C.R. Franssen, Plant Physiology, Volume 117, Issue 4, August 1998, Pages 1381–1392
4.  Qing Liu, Mohammad Majdi, August 15, 2011
  

P-249
Molecular and biochemical investigations of acyltransferases involved in the formation of 

rosmarinic acid in Anthoceros agrestis
J. Marks1

1Philipps University of Marburg, Institut für Pharmazeute Biologie und Biotechnologie, Marburg, Germany

Anthoceros agrestis (Aa) is a hornwort of the division Anthocerotophyta. Its ancestor is speculated to be one of the first plants 
to conquer dry land.1 To accomplish that, a myriad of adaptations were needed to protect the organism from environmental 
hazards. An interesting molecule with UV- and pathogen-protecting capabilities is rosmarinic acid (RA), the caffeic acid ester of 
3,4-dihydroxyphenyllactic acid. Previous research revealed, that Anthoceros agrestis is capable of producing large quantities of 
RA, up to 5% of its dry weight.2,3 However, the biosynthesis of RA still has to be investigated in Anthoceros agrestis.3

Recently, a serine carboxypeptidase-like acyltransferase (SCPL) in Echinacea purpurea was shown to form chicoric acid.4 That 
poses the question: Could an SCPL form an alternative pathway in the formation of RA in Anthoceros agrestis, without involve-
ment of enzymes of the BAHD family? SCPLs are a family of enzymes which transfer glucose-activated moieties onto hydroxy 
groups of other molecules. We selected two gene sequences (AaSCPL1, AaSCPL2) for heterologous expression in bacteria and 
yeast. If characterisation of these enzymes does lead to promising results, it will significantly shape the direction, in which further 
research will be conducted.
After amplification via polymerase chain reaction (PCR), the genes were introduced into E. coli or yeast. The enzymes were then 
expressed and purified. Enzyme assays were conducted and analysed by HPLC and LC-MS. Thorough testing of bacterial and yeast 
SCPLs still has to be performed.
Further investigations will be needed and hopefully help us close this gap in our understanding of this fundamental metabolic 
pathway in Anthoceros agrestis.
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1.  Konrat M, Shaw AJ, Renzaglia KS (2010) A special issue of Phytotaxa dedicated to Bryophytes: The closest living relatives of  
 early land plants. Phytotaxa 9:5-10
2.  Vogelsang K, Schneider B, Petersen M (2005) Production of rosmarinic acid and a new rosmarinic acid 3’-O-β-D-glucoside in  
 suspension cultures of the hornwort Anthoceros agrestis Paton“. Planta 223:369-373
3.  Pezeshki S (2016) Biosynthese von Kaffeesäuremetaboliten im Ackerhornmoos Anthoceros agrestis und im Kleinen Blasen- 
 mützenmoos Physcomitrella patens. Doctoral Thesis, Philipps-Universität Marburg
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 Commun 12:1563

P-250
Hydroxycinnamoyltransferases in A. agrestis

L. Ernst1, M. Petersen1,2

1Universität Marburg, Pharmazeutische Biologie, Marburg, Germany 
2Universität, Biologie, Marburg, Germany

Rosmarinic acid (RA), first isolated in 1958 from Rosmarinus officinalis (Lamiaceae), is an ester of caffeic acid with 3,4-dihydroxy-
phenyllactic acid [1]. It is found in many plant species of the families Boraginaceae and Lamiaceae but not exclusively in those 
families. RA is the active ingredient of many medicinal plants. Furthermore, it can be found in different taxa including ferns and 
hornworts. For higher plants the biosynthesis has already been clarified for Coleus blumei (Lamiaceae) [2]. In total seven/eight 
enzymes are involved in the biosynthesis of RA. It starts with the aromatic amino acids phenylalanine and tyrosine as precursors 
which are converted to p-coumaroyl-CoA (pC-CoA) and 4-hydroxyphenyllactate (pHPL) and then coupled via an ester linkage 
under the elimination of CoA and finally hydroxylated to RA. The esterification is catalyzed by a hydroxycinnamoyltransferase 
(HCT) from the BAHD acyltransferase family, rosmarinic acid synthase (RAS). HCTs transfer hydroxycinnamic acid units from an 
activating cofactor (e.g. coenzyme A) to an acceptor molecule (with e.g. an OH- or NH2-group) and form esters or amides [3].
RA is also found in the hornwort Anthoceros agrestis (belonging to the earliest land plants) of which the genome is known [4, 
5]. However, the biosynthetic pathway for RA in A. agrestis is still unclear as there is no sequence found coding for RAS. Several 
sequences show highly conserved motives typical for BAHD acyltransferases [6] and show similarities to the sequence of RAS 
from Coleus blumei with AaHCT6 being the most similar with a score of 47%. However, the encoded AaHCT6 protein does not 
catalyze the linkage of pC-CoA and pHPL. In this work we show the accepted substrates and the respective affinities of AaHCT6 
to those substrates.
1.  Scarpati ML, Oriente G (1958) Isolamento e costituzione dell’acido rosmarinico (dal rosmarinus off.). Ric Sci 28: 2329-2333
2.  Petersen M et al. (1993) Proposed biosynthetic pathway for rosmarinic acid in cell cultures of Coleus blumei Benth. Planta  
 189:10-14
3.  Petersen M (2016) Hydroxycinnamoyltransferases in plant secondary metabolism. Phytochem Rev 15:699-727
4.  Petersen M, Simmonds MSJ (2002) Molecules of Interest – Rosmarinic acid. Phytochemistry 62:121-125
5.  Szövenyi P (2016) The genome of the model species Anthoceros agrestis. Adv Bot Res 78:189-2011
6.  D”Auria JC (2006) Acyltransferases in plants: a good time to be BAHD. Curr Opin Plant Biol 9:331-340

P-251
Flavonoid biosynthesis related 2-oxoglutarate-dependent dioxygenases from 

banana (Musa spp.) – a functional characterisation
M. Busche1, H. M. Schilbert1, C. Acatay1, S. Martens2, B. Weisshaar1, R. Stracke1

1Bielefeld University, Bielefeld, Germany 
2Fondazione Edmund Mach, San Michele All‘adige, Italy

Bananas (Musa) are monocotyledonous, perennial plants whose fruits are consumed worldwide. The cultivation of banana 
provides food security in many tropical countries and the fruit contains high levels of beneficial minerals and phytochemicals, 
including flavonoids. Until recently, functional data about flavonoid biosynthesis in banana was very limited, especially on the 
enzymatic level. To broaden the knowledge on flavonoid biosynthesis in this major crop plant, we functionally characterised 
structural genes of the 2-oxoglutarate-dependent dioxygenase (2-ODD) family: flavanone 3-hydroxylase (F3H), flavonol synthase 
(FLS), and anthocyanidin synthase (ANS). These 2-ODDs share a common catalytic mechanism which enables multifunctionalities 
and sometimes leads to overlapping functions.
Using in vivo bioconversion assays, we demonstrated enzymatic functionalities of two F3Hs, two FLSs and one ANS from banana. 
Moreover, analyses in the corresponding Arabidopsis thaliana mutants showed that MusaF3H, MusaFLS and MusaANS were 
able to complement the respective loss-of-function mutant phenotypes, thus validating the functionality of these enzymes in 
planta. Like some other 2-ODDs involved in flavonoid biosynthesis, MusaFLS3 was identified as a bifunctional enzyme which 
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shows FLS and F3H activity. To study such overlapping functions in planta, we generated and characterised a novel A. thaliana 
f3h/fls1/ans triple mutant as a valuable tool for the complementation analysis of multifunctional 2-ODDs from several species.
In summary, this study provides a basis for further research towards genetic engineering of banana plants with enhanced anti-
oxidant activity and increased nutritional value of the fruits.

P-252
Triosephosphate export from chloroplasts regulates anthocyanin biosynthesis and permits 

high light acclimation through the inactivation of SnRK1
M. E. Zirngibl1, G. Estopare Araguirang2,1, A. Kitashova3, K. Jahnke2, T. Rolka1, C. Kühn2, T. Nägele3, A. Richter2,1

1Humboldt University of Berlin, Institute for Biology/ Physiology of Plant Cell Organelles, Berlin, Germany 
2Universität Rostock, Institute for Biosciences/ Physiology of Plant Metabolism, Rostock, Germany 

3Ludwig Maximilian University of Munich, Faculty of Biology, Plant Evolutionary Cell Biology, Munich, Germany

Plants evolved multiple strategies to cope with rapid changes in the environment. During high light acclimation, biosynthesis of 
photoprotective flavonoids, such as anthocyanins, is induced. However, the exact nature of the signal and downstream factors 
for high light induction of flavonoid biosynthesis (FB) are still under debate. Here we show that carbon-fixation in chloroplasts, 
subsequent export of photosynthates by triosephosphate/phosphate translocator (TPT), and the rapid increase in cellular sugar 
contents permit the transcriptional activation of transcripts involved in anthocyanin biosynthesis during high light acclimation. 
In combination with genetic and physiological analysis, targeted and whole transcriptome gene expression studies showed that 
reactive oxygen species and phytohormones play only a minor role for rapid HL-induction of the anthocyanin branch of FB. In 
addition to FB, sugar-responsive genes were late-repressed or induced in tpt-2 in the course of the high light treatment and 
a significant overlap with transcripts regulated by SNF1-related protein kinase 1 (SnRK1) was found. Analysis of mutants with 
increased and repressed SnRK1 activity revealed that inactivation of SnRK1 is required for the rapid induction of anthocyanin 
biosynthesis during high light acclimation. Our study underlines the central role of chloroplasts as sensors for environmental 
changes and emphasizes the vital function of sugar-signalling in plant acclimation, even beyond the regulation of FB.

P-253
Independent evolution of pyrrolizidine alkaloid biosynthesis in angiosperms – the case of the 

acetohydroxy acid synthase from Symphytum officinale and Eupatorium cannabinum
M. Ebeling1, A. Engelhardt1, S. Fritz1, D. Langel1, D. Ober1

1Christian-Albrecht University of Kiel, Dietrich Ober, Kiel, Germany

Pyrrolizidine alkaloids (PAs) are a group of toxic secondary metabolites that are produced by plants as part of their chemical de-
fense against herbivores. They are composed of a bicyclic necine base moiety that is esterified with one or more necic acids. The 
structural diversity of the necic acids account for the huge structural diversity of PAs with more than 600 described structures. 
The occurrence of PAs in the angiosperms is very sporadic with PAs being found in plant families like the Fabaceae, Asteraceae 
and Boraginaceae. Phylogenetic studies on the homospermidine synthase (HSS), the first pathway-specific enzyme, showed 
that this enzyme and most likely the complete pathway evolved several times independently. In this project I use the species 
Eupatorium cannabinum (Asteraceae) and Symphytum officinale (Boraginaceae) as models to study the convergent evolution 
of PA biosynthesis in these two lineages. Their PAs are of the lycopsamine type, which are characterized by a C7 necic acid, that 
is esterified to the necine base. Of special interest here is the observation, that within the Boraginaceae and the Eupatorieae 
the ability to synthesize the same necic acids with the same steroechemistry has evolved. This has happened despite the phylo-
genetic distance and the likely independent origin of PAs between the two groups. Previous studies in S. officinale have shown 
that an acetohydroxy acid synthase (AHAS) is involved in PA biosynthesis, as the inactivation of this enzyme resulted in PA free 
plant tissues. Further studies on the biochemistry of the catalytic subunit of the AHAS, the SoCSU2, showed activity with the 
substrates pyruvate and 2-oxoisovalerate, while AHAS involved in branched amino acid biosynthesis use pyruvate and 2-oxobu-
tyrate. The resulting C7 carbon acid is the direct precursor of the C7 necic acid backbone shared by all lycopsamine type PAs.
The focus of our research is the AHAS and its involvement in PA biosynthesis in E. cannabinum, where the enzyme most likely 
evolved independently from the AHAS of S. officinale. A candidate sequence that is expressed exclusively in the roots, the PA-
producing tissue, was identified. Using CRISPR/CAS9 knock-outs in planta and in vitro enzyme characterization, the aim is now 
to study the differences and similarities between the AHAS of S. officinale and E. cannabinum.
We present first data of our project and discuss it with respect to the evolutionary implications.
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P-254
Uncovering the biosynthesis of gramine in Barley

L. Chuang1, J. Wolf1, F. Brendel2, B. Chavez2, J. C. D’Auria2, J. Franke1

1Leibniz University Hannover, Hannover, Germany 
2IPK Gatersleben, Gatersleben, Germany

Barley (Hordeum vulgare) is one of the major crops, feedstocks, and the primary source of malt for beer and other alcoholic 
beverages[1]. It has a stronger adaptivity to extreme conditions than other widely used crops[1]. Gramine, an indole alkaloid found 
in the leaves of wild barley and a subset of cultivars[2], has been linked to barley’s defense against aphids, fungi, bacteria, and 
ruminant animals[3,4]. Thus, gramine is an attractive trait in grain-producing barley accession but is undesirable in barley forage. 
With the potential to manipulate gramine levels for functional studies and agricultural applications, we are interested in how 
gramine is biosynthesized in barley.  
We analyzed the sequence data of different barley cultivars using the only known gramine biosynthetic enzyme, an N-meth-
yltransferase which catalyzes the final reaction[5], as a bait to discover potential biosynthetic genes. Candidate genes were 
expressed in the heterologous host Nicotiana benthamiana and yeast (Saccharomyces cerevisiae) for further characterization.
We discovered the critical enzyme that generates 3-aminomethylindole (AMI) – the first known stable intermediate of gramine. 
Heterologously produced gramine and AMI were characterized by LC-MS and NMR analysis.
Our results provide a solid foundation to further study the function of gramine in barley. Our discovery additionally provides the 
opportunity to improve the adaption of domestic barley to various biotic stresses to meet the food supply in a changing environ-
ment and allow future development aimed at improving forage for better livestock performance.
1.  B.-K. Baik, S. E. Ullrich, Journal of Cereal Science 2008, 48, 233–242. 
2.  A. D. Hanson, P. L. Traynor, K. M. Ditz, D. A. Reicosky, Crop Science 1981, 21, cropsci1981.0011183X002100050024x. 
3.  H. Matsuo, K. Taniguchi, T. Hiramoto, T. Yamada, Y. Ichinose, K. Toyoda, K. Takeda, T. Shiraishi, Plant and Cell Physiology  
 2001, 42, 1103–1111. 
4.  G. C. Marten, R. M. Jordan, A. W. Hovin, Agronomy Journal 1976, 68, 909–914. 
5.  K. A. E. Larsson, I. Zetterlund, G. Delp, L. M. V. Jonsson, Phytochemistry 2006, 67, 2002–2008.

P-255
Host plant adaptation in plutellid moths – do glucosinolate spectra of host 

plants determine host plant range?
L. Pormetter1, M. Pfalz2, J. Kroymann2, H. Vogel3, U. Wittstock1

1Technische Universität Braunschweig, Institute of Pharmaceutical Biology, Braunschweig, Germany 
2Université Paris-Saclay/CNRS/AgroParisTech, Écologie, Systématique et Évolution, Orsay, France 

3Max Planck Institute for Chemical Ecology, Department of Insect Symbiosis, Jena, Germany

The glucosinolate-myrosinase-system is a well-studied plant defense system against pathogens and herbivores. It occurs in 
plants of the Brassicales and is characterized by an immense structural diversity. One of the most damaging pests of Brassi-
caceae crops, the diamond back moth (Plutella xylostella (Lepidoptera: Plutellidae)), overcomes the glucosinolate-myrosinase 
defense system by larval gut-expressed glucosinolate sulfatases (GSS). Other species of the Plutellidae also use glucosinolate-
containing plants as hosts, but with a remarkable variation in host plant range. Based on the hypothesis that Plutellidae species 
generally employ sulfatases to overcome the glucosinolate-myrosinase system, we want to investigate which factors determine 
host plant specificity and host range of these insect herbivores.
To assess host plant glucosinolate diversity, we collected leaf samples of different Brassicales in Germany and France and charac-
terized the glucosinolate spectra by HPLC-DAD and LC-MS analyses. In parallel, we generated sequence information of selected 
Plutellid species to identify putative glucosinolate sulfatase genes and to reconstruct ancestral sulfatase sequences. Candidate 
GSS enzymes are expressed heterologously in Sf9 cells and characterized using a range of glucosinolates as substrates.
First experiments indicate that several Plutellidae species express multiple glucosinolate sulfatases with different substrate 
specificities. Furthermore, we found distinct glucosinolate profiles in one of the analyzed plant species, depending on the col-
lection site. Comparing GSS characteristics of different Plutellidae species with the glucosinolate spectrum of the corresponding 
host plants will show if GSS enzyme properties match the specific glucosinolate profiles of the host plants individual Plutellidae 
species will encounter. Furthermore, biochemical characterization of extant and ancestral glucosinolate sulfatases will provide 
insights in the molecular evolution of GSS function.
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P-256
Analyses of MyB transcription factors as components of flavonoid-related MBW TF complexes in the 

determination of target gene specificity in Arabidopsis thaliana 
L. Sielmann1, D. Wulf2, A. Bräutigam2, B. Weisshaar1, R. Stracke1

1Bielefeld University, Genetics and Genomics of Plants, Bielefeld, Germany 
2Bielefeld University, Computational Biology, Bielefeld, Germany

Flavonoid biosynthesis is one of the best studied specialized metabolism pathways in plants. Flavonoids are categorized into dif-
ferent classes according to their structure, although not every class occurs in every species. Different flavonoids have different 
functions, including among others flower, fruit and seed pigmentation, protection against UV-light and ROS as well as signal-
ing and regulation of developmental processes. The structural genes of flavonoid biosynthesis are regulated primarily at the 
transcriptional level by a sophisticated regulatory network containing members of numerous transcription factor (TF) families. 
Relevant TF families reported so far are MYBs, bHLHs, WD40s, WRKYs, and NACs.
Branches of flavonoid biosynthesis result in the formation of flavonols, anthocyanins, and proanthocyanidins in Arabidopsis 
thaliana. Different MYB TFs are involved in the regulation of all three branches and are considered to be the main players de-
termining the specificity for different target genes, presumably recognizing distinct cis-elements. MYB12-type MYBs control the 
flavonol branch. Other MYBs form complexes with bHLHs and WD40s that were designated MBW complexes; these control the 
anthocyanin (MYB75-type) and proanthocyanidin branch (MYB123-type) of flavonoid biosynthesis.
We used amplified DNA affinity purification sequencing (ampDAP-seq) to identify flavonoid-branch specific, and thus MYB-type 
specific binding motifs. Despite a high similarity, the identified binding motifs for the different MYB-types show differences. Al-
though the different MYB-type TFs control different flavonoid-branches, early structural genes of the flavonoid biosynthesis are 
regulated by all three MYB-type TFs or TF complexes. We used the first structural gene of the flavonoid biosynthesis, chalcone 
synthase (CHS), to identify the cis-elements targeted by the different MYB-type TFs. 

P-258
Influence of fertiliser application on the responses of Bunias orientalis to fungal infection 

and herbivorous insect attack
B. Binama1, L. J. Tewes1, M. Behrendt1, C. Müller1

1Bielefeld University, Biology, Bielefeld, Germany

Plants are able to live in environments, in which they are subjected to a range of abiotic (e.g., different nutrient availability) and 
biotic (pathogens and herbivores) challenges. As sessile organisms, they have evolved various mechanisms that enable them to 
sense changes in the environment and adapt to the surrounding conditions, limiting biomass loss and saving essential nutrients 
for plant growth and reproduction. Plants of Bunias orientalis (Brassicaceae) from different populations grown in the field under 
different fertilisation levels showed distinct levels of pathogenic fungus and herbivorous insect attack. In the present study, we 
investigated the influence of fertilisation (low and high) on plant responses to these two types of antagonists under controlled 
conditions in a plant population that had shown a reduced pathogen and herbivore damage in the field under high fertilisa-
tion. Plants were either treated with the fungus Alternaria brassicae or the herbivore Mamestra brassicae and aboveground 
biomass, water content, leaf carbon and nitrogen content and concentrations of leaf glucosinolates, characteristic chemical 
defence metabolites of the Brassicaceae, were measured. In the plant-pathogen interaction also leaf peroxidase activity was 
analysed. Moreover, the performance of the herbivore was tested by determining its relative growth rate. Trichome density on 
leaves was only compared in response to the two fertilisation levels. In general, the aboveground biomass as well as the leaf tri-
chome density were enhanced in plants under high fertilisation. In contrast, the leaf water and nitrogen content, as well as leaf 
glucosinolate concentrations, remained unaffected by both fertilisation and antagonist attack. However, fungal infection led to 
enhanced leaf peroxidase activity independent of fertilisation. The relative growth rate of the herbivore was likewise unaffected 
by fertilisation. Our results demonstrate that B. orientalis plants of the tested population invest more resources in growth and 
morphological defences than in chemical defences when exposed to high fertilisation. The enhanced peroxidase activity indi-
cates its contribution to leaf pathogen defence for B. orientalis. The distinct plant responses under controlled laboratory condi-
tions compared to earlier observations in the field highlight that multiple environmental factors may influence the interactions 
between B. orientalis and antagonists.
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P-259
Coordination of physical endodermal barriers and the glucosinolate-myrosinase defense s

ystem in Arabidopsis thaliana roots
P. Krohn1

1Max Planck Institute for Plant Breeding, PSL, Cologne, Germany

The glucosinolate-myrosinase system constitutes the primary chemical defense in plants of the order Brassicales. Thus, the 
most prominent model plant Arabidopsis thaliana and many agriculturally important brassica species like Brassica napus or 
Brassica oleracea heavily rely on glucosinolates (GSLs) to ensure plant fitness in the permanent presence of herbivores and 
pathogens (Wittstock, Burow et al., 2010). Thereby, glucosinolates serve as precursors for a multitude of toxic compounds, 
which are released upon cleavage by myrosinases.
The stele as the main plant lifeline is highly protected by the Casparian strip (CS) and suberin lamellae, established in-between 
and as secondary cell wall on endodermal cells, respectively. At the same time progressing root tips, passage cells and lateral 
root emergence sites, which naturally lack an intact physical endodermal barrier need to be protected otherwise in order to de-
fend these opportunistic entry sites. In Arabidopsis thaliana, this chemical defense barrier is mainly constituted by methionine-
derived (aliphatic) and tryptophan-derived (indolic) GSLs (Harun et al.,2020).  
However, so far most work on plant-pathogen interactions has focused on the above-ground plant parts and hence our knowl-
edge on the spatio-temporal regulation of GSLs in the root is limited. In contrast, physical root barriers, particularly the endo-
dermis, are well studied. Therefore, we are interested in how plants regulate the synthesis, distribution and secretion of GSLs 
and their respective myrosinases in coordination with the deployment of physical root barriers.
Combining CRISPR/Cas9-driven genome editing, mass spectrometry, microdialysis and advanced long-term imaging on living 
roots, we aim to identify patterns of gene expression related to GSL biosynthesis and degradation under laboratory as well as 
near-natural conditions. Ultimately, we will further study the importance of these dynamics for plant-microbe interactions with 
a special focus on their role in edaphic adaptations and shaping of the root microbiome.
Glucosinolate Breakdown in Arabidopsis: Mechanism, Regulation and Biological Significance, Ute Wittstock and Meike Burow, 
2010
A Comprehensive Gene Inventory for Glucosinolate Biosynthetic Pathway in Arabidopsis thaliana, Sarahani Harun, Muhammad-
Redha Abdullah-Zawawi, Hoe-Han Goh, and Zeti-Azura Mohamed-Hussein,2020

P-260
Steroidogenesis in plants – a systematic approach

M. Paulmann1, G. Shiko1, F. Feistel2, M. Ntefidou3, V. Hermann-Ene4, W. Vetter4, G. Kunert2, R. Oelmüller1, J. Klein1

1Friedrich Schiller University Jena, Lehrstuhl für Pflanzenphysiologie, Jena, Germany 
2Max Planck Institute for Chemical Ecology, Department for Biochemistry, Jena, Germany 

3University of Erlangen–Nuremberg, Lehrstuhl für Zellbiologie, Erlangen, Germany 
4Universität Hohenheim, Lehrstuhl für Lebensmittelchemie, Stuttgart, Germany

Sterols and steroids are produced in nearly all organisms and are powerful tools to control fluidity and flexibility of cell mem-
branes. In plants, a broad range of brassinosteroids act as phytohormones (Peres et al., 2019). The occurrence of gestagens 
(e.g. progesterone) and androgens (e.g. testosterone) were first reported in plants in the 1960s (Bennett and Heftmann, 1965; 
Gawienowski and Gibbs, 1968), but less is known about the the pathway and involved enzymes in plant gestagen and androgen 
biosynthesis. Therefore, we established an HPLC-based to analyze the occurrence of gestagens and androgens in organisms 
within the kingdom of plants systematically. We identified androgens in a broad range of plants (starting with Chlorella vulgaris). 
In our analyses DHEA was the most widespread androgen in the analyzed plants.
Additionally, the conversion of steroids in green algae (Chlamydomonas reinhardtii), bryophytes (Physcomitrella patens), gym-
nosperms (Larix decidua), monocotyledons (Hordeum vulgare and Spirodela polyrhiza) and dicotyledons (Arabidopsis thaliana) 
was analyzed by the new established method. The resulting data indicate for landplants, in contrast to mammalia, a preferred 
conversion of gestagens to androgens using progesterone (PO), 17α-hydroxyprogesterone (17-OHPO) and androstenedione (A) 
as intermediates. C. reinhardtii is the only analyzed organism of this study showing both 17-OHPR and 17-OHPO indicating a 
mixed type of gestagen conversion. We conclude that the occurrence of gestagens and androgens and their biosynthesis is 
highly conserved in plants. 
- Bennett, Heftmann. 1965. Progesterone: biosynthesis from pregnenolone in Holarrhena floribiinda. Science 149:652–653.
- Gawienowski, Gibbs. 1968. Identification of cholesterol and progesterone in apple seeds. Steroids12:545–550.
- Peres, Soares, Tavares, Righetto, Zullo, Mandava, Menossi. 2019. Brassinosteroids, the sixth class of phytohormones: A  
 molecular view from the discovery to hormonal interactions in plant development and stress adaptation. Int. J. Mol. Sci 20:  
 331.
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P-261
The role of root-exuded specialized metabolites in plant-plant interaction

J. Villaécija Aguilar1, S. Priego Cubar1, E. Knoch1, L. Rouyer1, R. Shanmuganathan1, K. Tomita2, M. Lehmann1, K. Okada2, 
K. Schläppi3, N. Schandry1, C. Becker1

1Ludwig Maximilian University of Munich, Faculty of Biology, LMU Biocenter, Martinsried, Germany 
2University of Tokyo, Tokyo, Japan 

3University of Basel, Basel, Switzerland

Plants usually grow in dense communities, together with plants from the same or a different species. Because resources are 
scarce, they must compete with their neighbours for resources and space. In a strategy called allelopathy, plants produce and 
release chemical compounds that inhibit biochemical processes and ultimately growth in neighbouring plants. This type of 
biochemical interference occurs in both natural and agricultural settings and is a key determinant in ecosystem dynamics and 
crop-weed interactions. Our lab aims to understand the molecular mechanisms and the genetic and organismic dependencies 
that play a role in allelopathic processes. In my talk, I will emphasize two allelopathic systems that comprise very different chemi-
cal arsenals. In the first one, many grasses, including major crops such as maize and wheat produce and release benzoxazinoids, 
multi-purpose specialized metabolites that not only play a role in plant defence and iron homeostasis but also influence the root 
microbiota and the growth of neighbours. The second part of my talk focuses on rice, which is triggered by non-kin neighbours 
into producing momilactones, specialized metabolites with a currently unknown mode of action and a distinct evolutionary his-
tory. I will show how we use a mix of genomic, genetic, and biochemical approaches in plants and plant-associated microorgan-
isms to understand the function and the genetic basis of allelopathic interactions.

P-262
A barley gene cluster for the biosynthesis of diterpenoid phytoalexins – pathway elucidation and 

role in the interaction with microorganisms in the rhizosphere
Y. Liu1, G. Balcke1, A. Porzel2, P. Stark2, H. Hussain2, A. Scherr-Henning1, U. Bathe1, L. Mahdi3, I. Acosta4, A. Zuccaro3, A. Tissier1

1Leibniz Institute of Plant Biochemistry, Cell and Metabolic Biology, Halle (Saale), Germany 
2Leibniz Institute of Plant Biochemistry, Bioorganic Chemistry, Halle (Saale), Germany 

3University of Cologne, Institute of Plant Sciences, Cologne, Germany 
4Max Planck Institute for Plant Breeding, Cologne, Germany

Phytoalexins are specialized metabolites that are induced upon pathogen infection and contribute to the defense arsenal of 
plants. Maize and rice produce multiple diterpenoid phytoalexins and there is evidence from genomic sequences that other 
monocots may also produce similar compounds. Upon infection by the fungal pathogen Bipolaris sorokiniana, several diterpe-
noids with multiple oxidations and with molecular masses of 316, 318 and 332 were induced in barley roots and secreted in the 
medium. We identified a gene cluster in barley (Hordeum vulgare cv. Golden Promise) localized on chromosome 2, spanning 600 
kb and comprising genes coding for a (+)-copalyl diphosphate synthase (HvCPS2), a kaurene synthase like (HvKSL4) and several 
cytochrome P450 oxygenases (CYPs) (1). Most of the genes in the cluster are strongly induced upon infection by B. sorikiniana, 
suggesting that they may be responsible for the biosynthesis of the diterpenoids secreted by the roots. Expression of HvCPS2 
and HvKSL4 in yeast and Nicotiana benthamiana resulted in the production of a single major product, whose structure was de-
termined to be of the cleistanthane type and was named hordediene (1). Co-expression in yeast of HvCPS2, HvKSL4 and three 
CYPs from the cluster resulted in the production of several diterpenoids, including the most abundant barley root product 
with a molecular mass of 316, demonstrating reconstitution of the barley pathway in yeast. This compound and a number of 
intermediates in the pathway were isolated and their structure determined by NMR. Mutants were generated by CRISPR/Cas9 
gene editing of HvCPS2 and HvKSL4. Plants with homozygous mutations in either of these two genes resulted in a complete loss 
of diterpenoid production in barley roots, showing that these diterpene synthases are responsible for the entire set of root 
diterpenoids produced during fungal infection. These mutants are a powerful tool to investigate the role of these diterpenoids 
in the interaction of barley with pathogens, in shaping the root microbiome and in the interaction with beneficial fungi such as 
Serendipita vermifera and mycorrhizal fungi.
1. Yaming Liu, Gerd U. Balcke, Andrea Porzel, Lisa Mahdi, Anja Scherr-Henning, Ulschan Bathe, Alga Zuccaro, Alain  
 Tissier. A barley gene cluster for the biosynthesis of diterpenoid phytoalexins. bioRxiv 2021.05.21.445084; doi: https://doi. 
 org/10.1101/2021.05.21.445084
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P-263
The contribution of microbiome communities in the gut of the mealybug Pseudococcus 

jackbeardsleyi to the detoxification of cocaine and other tropane alkaloids
S. Leite Dias1, B. Chavez1, J. C. D’Auria1

1IPK Gatersleben, Molecular genetic, Seeland OT Gatersleben, Germany

Plants produce a wide spectrum of toxic defensive metabolites. Very little is known regarding how sap-sucking herbivores adapt 
to hosts producing them. The tropane alkaloids present in the phloem of
coca plants, notably Erythroxylum coca and Erythroxylum novogranatense, are examples of molecules serving as a natural pesti-
cide. However, certain melybugs belonging to the Pseudococcidae family seem to be able to feed on the plant phloem exudates 
without any apparent negative effects.
Our studies are interested in understanding the chemical ecology of this interaction. Moreover, the study of the mechanisms un-
derlaying tropane alkaloids breakdown, will help exploit the potentiaal of natural detoxification strategies for medical treatment.
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P-264
Functional characterization of candidate genes related to cold stress found in European Flint maize

M. Sommer1, F. Hochholdinger1

1Rhenish Friedrich Wilhelm University of Bonn, INRES – Crop Functional Genomics, Bonn, Germany

Maize displays the most widespread geographical distribution of all major crop species, yet it is highly cold sensitive. Cold stress 
adversely affects plant growth and is a limiting factor in crop productivity. Low temperature events frequently occur early after 
planting in temperate climates and are predicted to increase in frequency and severity in the context of a globally changing cli-
mate. In central European maize breeding, the commonly used heterotic pattern is that of flint x dent hybrids, in which the flint 
line represents the cold tolerant parent. However, to date, variation for cold tolerance in elite hybrids is scarce. Positive alleles 
for cold tolerance have accumulated in European Flint lines, likely caused by the long-term adaptation to temperate climate 
conditions. Therefore, European flint maize landraces provide a unique genetic resource for cold adaptation. Doubled-haploid 
flint lines (derived from the Petkuser Ferdinand Rot landrace that originates from Northern Germany) from both tails of the phe-
notypic distribution for root traits were used to study the transcriptional response under cold stress. In-depth analyses of gene 
expression data yielded first candidate genes for root cold tolerance and insights on potential mechanisms leading to root cold 
tolerance. In this study candidate genes located in genomic regions with significant marker trait associations are functionally 
characterized utilizing BonnMu, a sequence-indexed resource of transposon-induced maize mutations. Overall, the goal of this 
study is to identify novel alleles useful for improving elite germplasm in regards to seedling cold tolerance.

P-265
Natural variation in growth and photosynthetic performance of Arabidopsis thaliana to soil nutrient scarcity

A. C. dos Santos Sá1, L. Jansen1, Y. Niu1, A. Fischbach1, D. van Dusschoten1, J. Kochs1, B. Stich2, S. Matsubara1

1Forschungszentrum Jülich, IBG-2: Pflanzenwissenschaften, Jülich, Germany 
2Heinrich Heine University Düsseldorf, Institut für Quantitative Genetik & Genomik der Pflanzen, Düsseldorf, Germany

Plants use diverse strategies to cope with nutrients scarcity in the soil. Plasticity in this capacity to acquire and use nutrients 
more efficiently may be exploited to reduce fertilizer input in agriculture for sustainable crop production. To investigate natu-
ral genetic diversity in tolerance to nutrient deficiency, we grew a selected set of Arabidopsis thaliana genotypes in a poor 
soil lacking primary macronutrients (nitrogen, potassium and phosphorus). Phenotypic traits related to photosynthesis and 
rosette growth were collected and used for GWAS to identify candidate genes. Photosynthetic traits were monitored daily in 
ca. 3-week-old plants using the light-induced fluorescence transient (LIFT) method under the growth conditions at predawn (in 
a dark-adapted state) and around midday (under 600 μmol m-2 s-1 light intensity) in a climate chamber. Rosette growth was as-
sessed by destructive analysis of projected leaf area at the end of the experiment. Accessions varied in their capacity to grow 
in nutrient-depleted soil. Genotypes Wei-0 (0.48cm2 ±0.18cm2, n=3) and JEA (0.30cm2 ±0.17cm2, n=3) had large and greenish 
rosette, while Nc-1 (0.05cm2 ±0.01cm2, n=3) and Hov4-1 (0.06cm2 ±0.00cm2, n=3) had small and purple rosette due to anthocy-
anin accumulation. Large variations in photosystem II quantum yield were also found among the genotypes. Wei-0 (0.73±0.00, 
n=3) showed the highest maximum quantum yield in the dark in all measurement dates, while UKNW06-436 (0.42±0.12, n=3) 
showed the lowest maximum quantum yield on two consecutive measurement dates. Accessions Ren-1 (0.40±0.01, n=3) and 
LAC-5 (0.08±0.01, n=3) showed the highest and the lowest effective quantum yield under the saturating light intensity on three 
consecutive measurement dates. Resilience of growth and photosynthesis-related traits against soil nutrient depletion will be 
discussed in conjunction with the results of GWAS.
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P-266
phenotyping the interactions of rice and Magnaporthe oryzae genotypes 

A. W. Maina1, E. C. Oerke1

1Institute for Crop Science and Resource Conservation (INRES), Plant Pathology, Bonn, Germany

Blast caused by the ascomycetous fungus Magnaporthe oryzae is the most important disease in rice production. Symptoms of 
leaf blast range from tiny necrotic spots on resistant genotypes to large, spindle-shaped lesions with subareas differing in color-
ation on susceptible genotypes. Phenotyping of the different disease symptoms which depend on the compatibility of the specif-
ic host-pathogen interaction by hyperspectral imaging (HSI) may increase the efficiency of plant breeding for disease resistance.
In this study, the interactions between five rice genotypes and three isolates of M. oryzae differing in virulence were recorded by 
using HSI – 140 wavebands in the range 450 – 850 nm – on the tissue level. Reflectance data were analysed by using the spectral 
angle mapper algorithm for supervised classification.
The gene-for-gene interactions resulted in a large variation of disease symptoms highly suitable to analyse the variability of leaf 
blast symptoms and their spectral characteristics. Time series recordings of symptom development from emergence to maturity 
demonstrated significant differences in the development and the appearance of mature blast symptoms depending on the host-
pathogen interaction. The complexity of symptoms increased with the compatibility of the host-pathogen interaction and with 
the stage of pathogenesis. Subareas of mature blast symptoms differed in spectral characteristics and were also suitable to iden-
tify earlier symptom stages with lower numbers of subareas. Although small differences in spectral reflectance of non-infected 
leaves of rice genotypes also affected the spectral characteristics of blast symptoms on different cultivars, it was possible to use 
a general hyperspectral library in order to classify symptom subareas in different gene-for-gene interactions.
Data analysis was suitable to categorize and to quantify the blast subareas according to their spectral characteristics. Application 
of a comprehensive spectral library including endmembers of blast symptoms from resistant and susceptible rice genotypes is 
recommended for the use of hyperspectral imaging in screening approaches for disease resistance in plant breeding.

P-267
phenotypic and genetic diversity of root traits in MAGIC wheat population for selection in breeding

S. Jia1, S. Pariyar1, H. Lenz1, K. Nagel1, F. Fiorani1
1Forschungszentrum Jülich, IBG-2: Pflanzenwissenschaften, Jülich, Germany

Root system architecture (RSA) is a target for plant breeding because of the interest to develop crops with roots that use nutri-
ents and water more effectively. Breeding for root traits requires phenotypic diversity in populations amenable to quantitative 
trait loci (QTL) identification to provide markers for large breeding programs. Our research aims to identify the genetic variation 
for root traits across a Multi-parent Advanced Generation Inter-Cross (MAGIC) wheat population by implementing the use of a 
state-of-the-art phenotyping platform, which is an automated non-invasive high throughput phenotyping system, GrowScreen-
Rhizo III (based on Nagel et al., 2012). With the help of the platform, we will be able to quantify root traits of plants grown in 
rhizobox filled with a substrate providing mechanical impedance to root growth and record the dynamics of both root and shoot 
development during an early plant developmental stage. The NIAB eight-parent winter wheat MAGIC population (Mackay et al., 
2014) will provide high-density and high-resolution genotypic information, and reliable pedigree map to help with the associa-
tion study. The phenotypic data will subsequently be correlated to genotypic data and QTLs linked to the traits of shoot and root 
are identified by Genome-Wide Association Study (GWAS). Newly detected QTLs and candidate genes will require further vali-
dation. Our findings will not only increase the knowledge about root traits and their roles at early stage of crop establishment, 
a critical stage for crop productivity, but also provide novel genetic material for selection in breeding. The root phenotyping of 
the young wheat plant in the controlled environment will also provide valuable reference data for future studies in the field for 
exploring root development and its correlation to the stress/disease tolerance. We suggest that genes and QTLs revealed in our 
study could be a target in the wheat breeding practice when introduced in breeding programs.
-  Mackay, Ian J., et al. „An eight-parent multiparent advanced generation inter-cross population for winter-sown wheat:  
 creation, properties, and validation.“ G3: Genes, Genomes, Genetics 4.9 (2014): 1603-1610.
-  Nagel, Kerstin A., et al. „GROWSCREEN-Rhizo is a novel phenotyping robot enabling simultaneous measurements of root and  
 shoot growth for plants grown in soil-filled rhizotrons.“ Functional Plant Biology 39.11 (2012): 891-904.
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P-268
Harnessing the power of 11C-labelling and positron Emission Tomography (pET) for investigating 

phloem velocities and short-term carbon allocation
R. Metzner1, A. Chlubek1, D. Pflugfelder1, U. Schurr1, G. Huber1, S. Schultes1,2, R. Koller1

1Forschungszentrum Jülich, Institute of Bio- and Geosciences (IBG) 2: Plant Sciences, Jülich, Germany 
2Rhenish Friedrich Wilhelm University of Bonn, Institute of Crop Science and Resource Conservation (INRES), Molecular Biology 

of the Rhizosphere, Bonn, Germany

The short-lived radioisotope 11C can be applied non-invasively to the plant as 11CO2 to follow the flow and allocation of recently 
fixed carbon. The combination with 3D-PET detection and compartmental modelling allows the imaging and quantification of 
phloem flow in complex 3D structures such as root system or branched shoots. Additional MRI adds 3D structural information 
on roots in the soil. We will show examples using this technique to study photosynthate allocation in legume nodules and their 
dynamic response to external nitrate. Simultaneous phloem flow imaging in different structures of the shoot and root system, 
including parallel flow mapping in different root types of maize will be demonstrated and potential and challenges will be dis-
cussed. This highlights the versatility of the technique to investigate functional processes in plants ranging from carbon alloca-
tion response in nodules upon changes in biological nitrogen fixation to the homogeneity of phloem flow in space and time in 
shoot and root systems.

P-269
Influence of drought stress on nectar production in different species of Nicotiana and Brassica 

D. Nägel1, T. Göttlinger1, G. Lohaus1

1University of Wuppertal, Molecular Plant Science/Plant Biochemistry, Wuppertal, Germany

Dryness as a result of accelerated climate change is increasing worldwide and poses a serious threat to both agricultural crop 
production and precisely balanced ecosystems. Drought stress is one of the main limiting factors in agriculture and reduces 
growth, health and fruit yield of most crops. For sexual reproduction, most angiospermous plants form flowers in which nectar 
serves as the main attractant for specific pollinators, such as different groups of insects or birds. Effects on nectar production, 
volume and composition in this context have not yet been sufficiently understood and could reduce the pollinator attractiveness 
of drought-stressed plants to the extent that fruiting fails due to disruption of the respective pollinator syndrome.
The aim of this research project is to investigate the regulation of nectar composition and the metabolism in nectaries under the 
influence of drought stress. Different species of the genus Nicotiana and the genus Brassica were selected as well suited study 
specimens. The main compounds of nectar, such as sugar, free amino acids and inorganic ions were analyzed in control and 
drought-stressed plants. First results indicate that drought stress influences nectar composition significantly, e.g. shifts in the 
hexoses-to-sucrose ratios or substantially increased proportions of certain amino acids such a proline. These changes in nectar 
composition and nectar quantity could affect the coevolutionary established symbiosis between plants and their respective pol-
linators and thus have profound ecological implications. Further studies in this regards have yet to be conducted.

P-271
Ca2+ as a regulator of organellar function in the compartments along the secretory pathway

N. Rössner1, H. Würsig1, B. Meier1, E. Peiter1

1Universität Halle-Wittenberg, Nat Fak III Agrar- und Ernährungswissenschaften, Halle (Saale), Germany

Calcium (Ca2+) serves as second messenger in plants, and numerous biotic and abiotic stresses trigger transient Ca2+ elevations 
in the cytosol, where they initiate distinct Ca2+-dependent signalling pathways. In contrast, the knowledge of Ca2+ functions in 
compartments of the plant secretory pathway is still scant. Nonetheless, there are hints that endow these organelles with a 
functional role for Ca2+. For example, in animal cells, Ca2+ elevations in the lumen of the Trans Golgi Network (TGN) were shown 
to regulate the vesicle formation and cargo transport to the plasma membrane (Deng et al., 2018). In plants, Vacuolar Sorting 
Receptors (VSRs) enable the cargo transport of Vacuolar Sorting Determinants (VSDs) along the Secretory Pathway, and their 
physical interaction was shown in vitro to be Ca2+-dependent (Suen et al., 2010). Furthermore, besides other bivalent cations like 
manganese, Ca2+ is able to act as a cofactor for glycosyltransferases in the Golgi apparatus, such as mannosidases required for N-
glycosylation (Liebminger et al., 2009). Despite those potential functions of Ca2+ in the plant secretory pathway, its homeostasis 
has not been investigated yet. To measure the free Ca2+ levels in the cis- and trans-Golgi ([Ca2+]Golgi), as well as in the Trans Golgi 
Network ([Ca2+]TGN), transgenic A. thaliana plants were generated expressing the Ca2+-binding photoprotein Aequorin specifically 
targeted to those vesicular organelles. In response to stresses, transient increases in [Ca2+] were observed that were stimulus-
specific and differed between compartments. These Ca2+ elevations might have a regulatory function on glycosylation, cell wall 
synthesis, or vesicle trafficking to cope with the respective stress.
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P-272
Is N-glycan modification important for the function of S2p in the Golgi apparatus?

D. Lakshmanan1, A. von Schaewen1

1University of Münster, Institute of Plant Biology and Biotechnology, Münster, Germany

N-glycosylation is a post-translational modification in which a high-mannose glycan structure is attached to an asparagine resi-
due within the recognition sequence (N-X (P)-S/T) of a growing polypeptide chain. This occurs mostly co-translationally in the lu-
men of the endoplasmic reticulum (ER), and essential for folding assistance by lectin chaperons responsible for ER quality control 
of majority of polypeptides entering the secretory system. Upon correct folding, the glycoproteins are released and transported 
to the Golgi apparatus, where their N-glycans may be further modified.
Accumulation of misfolded proteins in the ER causes stress, perceived by a conserved mechanism in Eukaryotes, and activates a 
transcriptional regulatory network known as unfolded protein response (UPR). One arm of the UPR involves proteolytic cleavage 
of membrane-bound bZIP transcription factors. Upon ER stress, the HSP70 chaperone BiP dissociates from luminal bZIP domains 
to support protein folding in the ER lumen. The bZIPs cluster and move to the Golgi where site-specific proteases, S1P and S2P 
cleave-off the cytosolic domain. The released bZIPs enter the nucleus and upregulate genes to help with protein folding, includ-
ing BiP.
S2P is a polytopic membrane protein in the Golgi containing two N-glycosylation sites. CLSM imaging of fluorescent S2P-reporter 
fusions in transiently transfected Arabidopsis protoplasts showed that they localize not only in cis-but also in trans-Golgi cister-
nae. Thus, putative N-glycans in this protein may be complex-modified. To determine whether the N-glycosylation sites in S2P 
are used and necessary for function, they were individually deleted by site-directed mutagenesis. The obtained S2P variants 
were investigated by immunoblot analyses, revealing band shifts compared to the wildtype protein. Upon co-expression with 
reporter-bZIP17 or -bZIP28 constructs in s2p mutant background (where bZIPs were held-up in clusters), both bZIP fusions en-
tered the nucleus. This was also the case when S2P carried one or both mutated N-glycosylation sites, demonstrating that the 
protein is still functional. Since mutation of the N-glycosylation sites did not affect the ability of S2P to cleave bZIPs, this cannot 
be the reason why bZIPs evolved to migrate through the Golgi upon ER stress.

P-273
Accumulation of the biosurfactant glycine-glucolipid in Alcanivorax borkumensis

J. Cui1, G. Hölzl1, P. Dörmann1

1Institute of Molecular Physiology and Biotechnology of Plants (IMBIO), Bonn, Germany

Microorganisms produce a large variety of surface-active compounds. These biosurfactants enable their attachment to surfaces 
and subsequent biofilm formation and facilitate the utilization of hydrophobic substrates. The biosurfactants can have antibac-
terial or antifungal properties. Furthermore, they are important virulence factors during bacterial pathogenesis. In biotechno-
logical applications, biosurfactants can be employed in numerous applications such as petroleum remediation and agriculture. 
The marine bacterium Alcanivorax borkumensis produces a surface-active glycine-glucolipid for the solubilization of long-chain 
alkanes. We developed an HPLC method based on the conversion of the glycine-glucolipid to phenacyl esters for the absolute 
quantification. Different molecular species were separated by HPLC which were identified as glucosyl-tetra(3-hydroxy-acyl)-gly-
cine with different numbers of 3-hydroxy-decanoic acid or 3-hydroxy-octanoic acid groups via mass spectrometry. The amount 
of surface-active glycine-glucolipid measured by HPLC was normalized by quantifying the 3-hydroxy fatty acids by GC-MS. Us-
ing a combination of HPLC and Q-TOF protocols, we measured the absolute amounts and composition of the glycine-glucolipid 
produced by A. borkumensis grown with different media. The amount of glycine-glucolipid per cell was higher during growth 
on hexadecane compared with growth on pyruvate. The glycine-glucolipid from pyruvate-grown cells contained considerable 
amounts of 3-hydroxy-octanoic acid, in contrast to hexadecane-grown cells which almost exclusively incorporated 3-hydroxy-
decanoic acid into the glycine-glucolipid. The glycine-glucolipid isolated from the bacterial cell broth, cell pellet or cell-free 
supernatant showed the same structure containing a glycine residue, in contrast to previous reports, which suggested that a 
glycine-free form of the glucolipid exists which is secreted into the supernatant. Therefore, the analytics developed here pro-
vided the means to study the glycine-glucolipid of A. borkumensis which is resident to the cell wall and enables the bacterium to 
bind and solubilize alkanes at the lipid-water interface.
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P-274
Establishing fluorescent protein-based biosensing of NADpH:NADp+ dynamics in living plants

J. O. Niemeier1, M. Mai2, J. B. Kroll1, S. Raetz1, P. Höhne1, R. Jaeger1, J. Steinbeck1, B. Morgan2, M. Schwarzländer1

1IBBP WWU Münster, Biology, Münster, Germany 
2Institute of Biochemistry Saarland University, Saarbrücken, Germany

Nicotinamide dinucleotide phosphate (NADP) is an essential and universal redox cofactor. In plants NADP integrates central 
metabolism, such as the Calvin-Benson-Bassham cycle or the oxidative pentose phosphate pathway, with cysteine-based redox 
regulation, antioxidant defense and signaling. While the biochemical importance of NADP has been well established, its subcel-
lular regulation and dynamics in living cells have been difficult to capture.
We will present a rational approach of protein engineering to generate a fluorescent protein-based sensor family that specifi-
cally responds to NADPH:NADP+. The design of the new sensor family enables the monitoring of the biologically important pa-
rameter of NADP redox status and overcomes critical downsides of previous NADPH sensors that have suffered from severe pH 
artefacts. Plant lines expressing the sensor enable the dynamic mapping of NADP redox dynamics and the resolution of NADP 
responses down to the single cell. We will introduce the new sensor family for exploration of plant cell physiology and will high-
light our attempts to dissect NADP redox dynamics at the interface of metabolism, stress response and signaling.

P-275
Development of a microbial host for functional testing of withanolide pathway genes

K. Malhotra1, A. Stein1, J. Franke1

1Leibniz University Hannover, Institute of Botany, Hannover, Germany

Withanolides are steroidal lactones1 mainly found in plants belonging to the Solanaceae family. Withania somnifera, or ashwa-
gandha serves as the most important source of withanolides. Extracts of W. somnifera possess anti-inflammatory and anticancer 
properties and its use as a medicinal plant in Indian Ayurveda dates back 3000 years. Despite the medical importance of witha-
nolides, low yield (~0.5% on dry weight basis) from the native plant limits the commercial use of withanolides. The biosynthetic 
pathway of withanolides beyond 24-methyldesmosterol is not known. Non-availability of authentic standards and pathway 
intermediates underscores the need to develop an alternative host for functional testing of withanolide pathway genes. Using 
CRISPR based EasyClone-MarkerFree2 system and manipulation of sterol metabolism, we developed a metabolically engineered 
yeast strain capable of accumulating 24-methydesmosterol, which is the first committed intermediate of the withanolide path-
way. Transcriptome mining of withanolide producing plants identified putative cytochrome P450 candidates. Virus induced gene 
silencing (VIGS) studies in withanolide producing plants further showed a significant reduction of withanolide content for several 
of these gene candidates. Putative gene candidates will be tested in the genetically modified yeast strain for the accumulation 
of withanolide pathway intermediates. The newly developed strain should serve as an ideal platform for complete pathway elu-
cidation and de novo production of withanolides and related compounds.
-  1. Chen, L.-X.; He, H.; Qiu, F. Natural Withanolides: An Overview. Nat. Prod. Rep. 2011, 28 (4), 705–740. https://doi.org/10.1039/ 
 C0NP00045K.
-  2. Jensen, N. B.; Strucko, T.; Kildegaard, K. R.; David, F.; Maury, J.; Mortensen, U. H.; Forster, J.; Nielsen, J.; Borodina, I. Easy 
 Clone: Method for Iterative Chromosomal Integration of Multiple Genes Saccharomyces Cerevisiae. FEMS Yeast Res. 2014, 14  
 (2), 238–248. https://doi.org/10.1111/1567-1364.12118.
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P-276
Diverse mutation patterns include large deletions in a CRISpR/nCas9 double nicking approach poplar 

T. Brügmann1,2, S. Zebbedies2, V. Zahn1, M. Fladung2

1Thünen Institute of Forest Genetics, Genetic Technologies, Grosshansdorf, Germany 
2Thünen Institute of Forest Genetics, Genome Research, Grosshansdorf, Germany

The Cas9 nuclease, which is used in the CRISPR/Cas9 mechanism via DNA double-strand breaks for genome editing, can be 
converted to a nickase by a single amino acid exchange. Nickases trigger only single-strand breaks (SSBs), which are usually re-
paired error-free by cellular mechanisms. Double-nicking approaches can use nickases for genome editing. They offer improved 
specificity by using two gRNA targets at the same time and repairing individual nicks without errors. 
We tested the D10A-mutated Cas9 nickase Cas9n in poplar (P. tremula × P. tremuloides) for the first time. A vector containing 
the 35S-driven nCas9 as well as two gRNAs and a hygromycin resistance gene for selection were transferred into poplar via 
Agrobacterium-mediated transformation. The GUS-encoding transgene uidA was selected as a target for two staggered gRNAs. 
Because the targets are located outside the functional domain, edits had no effect on GUS activity. Deep amplicon sequencing 
was used to sequence the editing target in independent transgenic regenerates at different time points. Large genome editing 
sites with deletions up to 53 bp and insertions of copied DNA fragments up to 40 bp were obtained.
Double nicking approaches seem particularly promising for deleting larger sequence regions. In addition, the revealed natural 
tendency to integrate DNA fragments could be favorable for gene targeting.

P-277
Synthetic redesigning of plant photorespiration

L. Segura Broncano1, M. S. Roell1, A. P. M. Weber1

1Institute for Plant Biochemistry, Düsseldorf, Germany

Carbon fixation and assimilation by plants constitutes the main source of nutrition for life on earth, and will play a crucial role 
in ensuring food security of an increasing world population.  Ribulose-1,5-bisphosphate carboxylase/oxygenase (RubisCO) is 
responsible for the conversion of carbon dioxide into biomass in the majority of plant species, yet is still prone to errors. The 
oxygenation reaction catalyzed by RubisCO leads to the formation of a toxic by-product, which is neutralized in the photorespi-
ratory pathway. Photorespiration is an energy consuming reaction that leads to the loss of 25% of the previously fixed carbon, 
placing a metabolic burden on the plant and ultimately limiting plant yield. Metabolic engineering can be used to design novel 
bypasses towards a more efficient photorespiration and is expected to enhance plant growth and yield. 
Previous studies from our lab led to the functional expression of the recently described β-hydroxyaspartate cycle (BHAC) in 
the model plant Arabidopsis thaliana peroxisomes (Roell et al., 2021). However, the introduction of the BHAC pathway altered 
carbon and nitrogen metabolism and had an unexpected growth penalty. Our work aims to circumvent such growth penalty 
by working with modified versions of the BHAC cycle and testing its expression in A. thaliana chloroplasts. If prototyping of the 
BHAC in A. thaliana looks promising, further attempts will be made to introduce the BHAC cycle into crop species in cooperation 
with the European Union funded project Gain for Crops. Additionally, the new to nature tartronyl Co-A (TaCo) pathway has been 
proposed as a synthetic photorespiratory bypass and has been predicted to increase carbon efficiency from 75% to 150% (Schef-
fen et al., 2021). Our research project aims on introducing and testing the TaCo pathway into A. thaliana chloroplasts.
Using a synthetic biology approach, our work seeks to design, construct and test synthetic metabolic pathways that enable 
carbon-neutral, energy efficient photorespiration in plants. We aim to improve our understanding of the impact of the imple-
mentation of heterologous photosynthetic bypasses in plant metabolism.

P-278
The study of growth and developmental stages of psilocybe cyanescens and expression of some genes that 

contribute in the synthesis of psilocybin and its anti anxiety effect in rats
M. Zamaniesmati1

1Islamic Azad University, Department of Biology, Tehran, Iran

There are more than 200 species of fungi in nature with hallucinogenic properties. These fungi are classified as Psilocybe, Gym-
nopilus and Panaeolus, which contain substances with hallucinogenic properties. These substances (Solano et al, 2018 (baeocys-
tin and psilocin, psilocybin, ibotenic acid: from the expression of fungi of psilocybin (mushroom Psilocybin,) which is popularly 
known as magic mushroom (mushroom Magic) Also called multilayered group of umbel fungi, they contain the hallucinogenic 
substance psilocybine. It is noteworthy that psilocybin (Psilocybin) has been found in more than 100 species of fungi, many of 
which are Psilocybe. It is often used in addiction, often in animal and human research, and today, with the use of psilocybinein 
the fields of depression, cancer, pain, inflammation, migraine and incurable diseases, much research has been done. It is thought 
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that in order of developmental stages of Psilocybe cyanescens, the expression of the gene related to the substance Hallucinogen 
hallucinogenicity, production of psilocybine and its extraction and then its effect on anxiety in rats. Nerves or neuroscience have 
been used, it can be predicted that this substance can also be effective in controlling anxiety.
In this article is presented in order to observe the growth stages of this fungus species from spores to its development, measure 
the gene expression and production of the hallucinogenic substance psilocybine and also observe its effect on anxiety control.
This hallucinogenic substance has received much attention in the fields of depression, cancer, pain and inflammation, etc., and 
a number of scientific findings play a key role in the functioning of the human brain, especially in the serotonergic system in 
complex functions such as perception and bring emotions. Psilocybine has strong research and therapeutic potential and based 
on its safety and zero potential for addiction, it is often used in animal and human research.
It is thought that under optimal conditions, high purity psilocybine can be extracted from psilocybe cyanescens. Psilocybine is 
thought to control anxiety in the animal model of rats.

P-279
A reliable in vitro culture system for Fagus sylvatica – first steps to expend the scope of 

genome editing in forest trees to beech
V. Zahn1, A. J. Sievers1, M. Fladung1, T. Brügmann1

1Thünen Institute of Forest Genetics, Genetic Technologies, Großhansdorf, Germany

Being the most abundant deciduous tree species in Central Europe, European beeches (Fagus sylvatica) are an important part of 
forest ecosystems, with large economical relevance. Due to climate change-caused rising periods of drought, F. sylvatica suffers 
in German forests especially since 2018 (“beech dieback”). Approximately 80% of all beech trees in Germany revealed defolia-
tion symptoms after extended drought periods. The speed of climate change in contrast to the extremely long reproduction 
cycle of beeches indicates that classical beech cultivation schemes according to the German Forstvermehrungsgutgesetz (FoVG) 
does not sufficiently address the need of rapid adaptation of beech to a new, less favorable environment. Healthy beech trees 
are extremely important to protect a finely tuned ecosystem and to prevent loss of a relevant resource in German forests. Mod-
ern biotechnological techniques such as transformation and genome editing could support the selection of beech trees that are 
more resilient to climate change. For these methods, an efficient in vitro system is an essential prerequisite.  
To check possible genetic predisposition to in vitro cultivation, we transferred different beech genotypes from the whole dis-
tribution area (Sweden to Italy, Spain to Ukraine) collected from two German provenance trials into tissue culture. Additionally, 
several biological parameters were considered like harvesting time, plant age, and tissue type. Using seedlings, culture media 
with different supplements and concentrations have been tested. Genetic transformation will be tested with agrobacteria and 
particle gun and using protoplasts. Using transformation plasmids encoding optical markers such as the red pigment “Ruby”, 
transformation success can easily be determined. So far, different seedling tissues were used for callus induction, and protoplast 
isolation from leaves was optimized.
To circumvent tissue culture for testing genetic elements in planta, direct transformation of seedlings with agrobacteria is being 
tested. After successful implementation, genome editing of beech will be addressed. Following method establishment, candi-
date genes from other parts of the project are available as editing targets, whose influence on drought stress tolerance was 
previously tested in poplar.

P-280
Novel insights into phytomodificines – modification of accumulated natural compounds

L. Lewerenz1, S. Abouzeid2, D. Selmar1

1Technische Universität Braunschweig, Institut für Pflanzenbiologie, Braunschweig, Germany 
2Mansoura University, Pharmacognosy Department, Mansoura, Egypt

Plants synthesize a vast number of different defence compounds to battle attacks from herbivores and pathogens, or to sustain abiot-
ic stress, respectively. In many cases, these defence compounds are constitutively present in the plants – either as active compounds 
or as precursors that are activated post mortem, e.g. via hydrolysis. Nowadays, these two groups are summed up as “phytoanticipins”, 
and set against the “phytoalexins”, which – in response to a stress situation – are synthesized de novo from primary metabolites.
Recently, Abouzeid et al. (2019) discovered that stress, e.g., by applying the elicitor methyl jasmonate onto Vinca minor plants, re-
sulted in the modification of typical phytoanticipins. Since these modified substances can be categorized neither as “phytoanticipins” 
nor as “phytoalexins”, Abouzeid et al. (2019) denoted this novel class as “phytomodificines”.
However, the question arose whether or not similar processes could be induced by stress in other plants, and thereby solidifying the 
existence of further “phytomodificines”, which would broaden our general understanding of plants stress responses.
To gain further insights into this complex issue, various alkaloid-containing plants were treated with elicitors (methyl jasmonate, 
methyl salicylate) to induce putative modifications of alkaloids accumulated as “phytoanticipins”. In most of the employed plants, the 
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alkaloid spectrum was very similar in controls and elicitor treated plants. By contrast, in Eschscholzia californica and Ruta graveolen, 
the composition of alkaloids was significantly altered in response to the elicitors. Based on reversed changes in the concentration of 
various alkaloids, it could be argued that also in these two plants “phytomodificines” are generated.
Apart from the relevance for basic plant biology, phytomodificines also opens quite new doors for applied perspectives: by inducing 
the generation of phytoanticipins accumulated in medicinal plants, novel, so far unknown phytomodificines could be discovered, 
which – due to their similarity to the well-known active substances – might represent new effective pharmaceuticals.
1. Abouzeid et al.  (2019), Phytochemistry 159: 102–107

P-281
Understanding specifier proteins in glucosinolate hydrolysis pathways in brassica

K. G. Mbudu1,2, K. Witzel3, F. Börnke2,4, F. S. Hanschen1

1Leibniz Institute of Vegetable and Ornamental Crops, Department of Plant Quality and Food Security, Großbeeren, Germany 
2Institute of Biochemistry and Biology, University of Potsdam, Potsdam, Germany 

3Leibniz Institute of Vegetable and Ornamental Crops, Department of Plant Microbe Systems, Großbeeren, Germany 
4Leibniz Institute of Vegetable and Ornamental Crops, Department of Functional Plant Biology, Großbeeren, Germany

Glucosinolates (GLS) are amino acid derived secondary metabolites formed in Brassica vegetables such as kohlrabi or cabbage. Upon 
tissue disruption, GLS hydrolysis by the endogeneous enzyme myrosinase often causes the release of isothiocyanates (ITC). ITC show 
several health beneficial effects. However, in the presence of specifier proteins such as epithiospecifier protein (ESP) or nitrile speci-
fier protein (NSP), alternative GLS hydrolysis products are formed. The exact role of specifier proteins in the GLS hydrolysis pathway 
of Brassica is still not fully understood.
To get a better understanding of the function of specifier proteins, we profiled the protein abundance patterns of BoNSP1 and BoN-
SP2, BoESP1-3, BoESM1-like protein and myrosinase in nine mature kohlrabi organs (leaf midvein, leaf lamina, leaf margin, leaf stalk, 
bulb core, bulb middle part, bulb peel, stem and root) based on LC-MS proteome analysis. BoNSP1 was only expressed in the root 
whereas the BoNSP2 was expressed in all tissues analyzed but was highest in root tissue. BoESM1-like protein was highly abundant in 
the stem. Myrosinase was expressed in all nine organs but was found in relatively low abundance in the bulb core and roots. Analysis 
of the GLS breakdown experiment showed that nitriles were the predominant GLS hydrolysis product in five out of the nine organs 
studied (leaf midvein, leaf lamina, leaf margin, bulb core and bulb middle part). ITC formation was predominant in the leaf stalk, bulb 
peel, stem and roots. The GLS levels and profiles observed in all nine organs were consistent with the GLS hydrolysis product profiles. 
The ESP activity was highest in the bulb core but was barely detectable in the stem and roots.
Funding: F. S. Hanschen and this study is funded by the Leibniz Association (Leibniz-Junior Research Group OPTIGLUP; J16/2017)

P-282
Sinapic acid ester reduction by loss-of-function mutation of the SGT key enzyme in oilseed rape 

(Brassica napus L.) and metabolomic effects on individual kaempferol derivatives
J. Vettel1, C. Hald2, H. M. Schilbert3, E. C. Tannen1, J. Crede1, K. Holzenkamp1, C. Dawid2, C. Möllers1

1Georg August University of Göttingen, Dept. of Crop Sciences, Crop Plant Genetics, Göttingen, Germany 
2Technical University of Munich, Chair of Food Chemistry and Molecular and Sensory Science, Freising, Germany 

3University of Bielefeld, Genetics and Genomics of Plants, CeBiTec, Bielefeld, Germany

Oilseed rape (Brassica napus L.) is the world’s third most important oil crop and holds enormous potential to become a globally 
important source of high-quality vegetable protein for human nutrition. However, phenolic acid esters, especially the predominant 
sinapic acid ester sinapine, known to cause a bitter off-taste and dark color of oilseed rape protein. Recently, Kaempferol 3-O-(2‴-O-
sinapoyl-β-sophoroside) (K3OSS) was identified as another major bitter-tasting compound in oilseed rape protein isolates. The objec-
tive of this study was to elucidate the effects of loss-of-function mutations of two paralogs of the key enzyme UDP-glucose: sinapic 
acid glucosyltransferase (SGT), induced by Emrani et al. [Mol Breeding 35(1):54 (2015)] using TILLING, on the sinapic acid ester and 
kaempferol content. To this end, the segregating genotypes of the BC1F2 and BC1F3 generations were tested in two consecutive field 
experiments. KASP markers were used to identify homozygous and heterozygous genotypes at both loci. Selected identified geno-
types were forced to self-pollinate and harvested seeds were analyzed for seed quality traits.
In the low-sinapine double mutant genotypes, significantly lower levels of sinapine (2.87 mg/g) and sinapoylglucose (0.04 mg/g) were 
detected by UHPLC-MS/MS compared to the wildtype (4.61 and 1.53 mg/g, respectively). In addition, we found K3OSS significant en-
riched in double mutants. SGT mutations were confirmed to have a significant effect on the levels of individual kaempferol glycosides 
by being involved in down- or up-regulating them via an as yet unknown interaction mechanism. Metabolomic and differential gene 
expression analyses are underway to gain further insight into these complex biosynthetic pathways.
The authors would like to thank Dietrich Kaufmann and Jutta Schaper for excellent technical support. Financial support of the BMBF 
funded project RaPEQ-P2 (FKZ031B0888C) is kindly acknowledged.



251

ABSTRACTS

P-284
Characterization of epidermal bladder cells in Chenopodium quinoa

S. Otterbach1, H. Khoury1, T. Rupasinghe1, H. Mendis1, K. H. Kwan1, V. Lui1, S. H. A. Natera1, I. Klaiber1, N. M. Allen1, D. E. Jarvis1, 
M. Tester1, U. Roessner1, S. Schmöckel1

1University of Hohenheim, Physiology of Yield Stability, Stuttgart, Germany

Chenopodium quinoa (quinoa) is considered a superfood with its favourable nutrient com-position and being gluten free. Quinoa 
has high tolerance to abiotic stresses, such as salinity, water deficit (drought) and cold. The tolerance mechanisms are yet to be 
elucidated. Quinoa has epidermal bladder cells (EBCs) that densely cover the shoot surface, particularly the younger parts of 
the plant. Here, we report on the EBC’s primary and secondary metabolomes, as well as the lipidome in control conditions and 
in response to abiotic stresses. EBCs were isolated from plants after cold, heat, high-light, water deficit and salt treatments. We 
used untargeted gas chromatography–mass spectrometry (GC–MS) to analyse metabolites and untargeted and targeted liquid 
chromatography-MS (LC–MS) for lipids and secondary metabolite analyses. We identified 64 primary metabolites, including 
sugars, organic acids and amino acids, 19 secondary metabolites, including phenolic compounds, betanin and saponins and 240 
lipids categorized in five groups including glycerolipids and phospholipids. We found only few changes in the metabolic compo-
sitionof EBCs in response to abiotic stresses; these were metabolites related with heat, cold and high-light treatments but not 
salt stress. Na+ concentrations were low in EBCs withall treatments and approximately two orders of magnitude lower than K+ 

concentrations.

P-285
Using microfluidic technology for induction of embryogenesis development in haploid microspore stem cells 

J. Cao-Riehmer1, F. Richter1, M. Chen2, P. Schaub3, G. A. Groß1, P. Mäder2, K. Palme3, J. M. Köhler1

1Technische Universität Ilmenau, Physical Chemistry and Microreactionstechnology, Ilmenau, Germany 
2Technische Universität Ilmenau, Institute for Computer and Systems Engineering, Ilmenau, Germany 

3ScreenSYS GmbH, Freiburg, Germany

The application of droplet-based microfluidics for the cultivation of microspores from Brassica napus using the double haploid 
technology was investigated. Under stress conditions or by chemical induction a certain fraction of the microspores can be re-
programmed and androgenesis can be induced. This process is an important approach for plant breeding because desired plant 
properties can be anchored in the germline on a genetic level. However, the reprogramming rate of the microspores is generally 
very low, increasing it by specific stimulation is therefore a both necessary and challenging task.
In order to accelerate the optimizing and development process, the application of droplet-based microfluidic can be a promising 
tool. Here, we used a tube-based microfluidic system for the generation and cultivation of microspores inside nL-droplets. Dif-
ferent factors like cell density, tube material, medium aviability and heat shock conditions were investigated in order to improve 
the yield of vital plant organoids. Evaluation and analysis of the stimuli response was done on image base aided by an artificial 
intelligence cell detection algorithm.
In addition, droplet-based microfluidics allowed us to apply large concentration programs in small test volumes and to screen 
the best conditions for reprogramming cells by the histone deacetylase inhibitor Trichostatin A and for enhancing the yield of 
vital microspores in droplets. Finally, the developed embryos could be removed from the nanoliter droplets and further grown 
into mature plants.
Overall, we demonstrated that the droplet-based tube system is suitable for implementation in an automated, miniaturized 
system to achieve the induction of embryogenic development in haploid microspore stem cells of Brassica napus.

P-286
Effect of light quality and quantity on photoperiod stress

I. Bajaj1, A. Cortleven1, T. Schmülling1

1Free University of Berlin, Institute of Biology/Applied Genetics, Berlin, Germany

Photoperiod stress is a novel abiotic stress caused by a prolonged photoperiod. Previous work has shown that a defective cir-
cadian clock system and a reduced cytokinin signaling renders plants sensitive to photoperiod stress. During the night following 
the prolonged light treatment, stress marker gene expression is induced and stress hormones (JA, SA) as well as ROS accumu-
late. The next day, strong photoperiod stress may lead to the formation of water-soaked lesions in leaves and programmed cell 
death may ensue. In this study, the impact of a number of light characteristics, including light intensity and light quality, on the 
photoperiod stress response was investigated. A minimum light intensity of 70 µmol m-2 s-2 is necessary for inducing photo-
period stress indicating the involvement of chloroplasts. Light intensities higher than 120 µmol m-2 s-2 did not lead to stronger 
stress symptoms. Lower photoperiod stress symptoms in gun mutants revealed a role of retrograde signaling in photoperiod 
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stress and corroborated the role of chloroplasts. Both, monochromatic red and blue light caused a photoperiod stress response 
but red light provoked a stronger response. Genetic analyses showed that the photoreceptors phyB and CRY2 as well as down-
stream components in the light signaling pathway are important to perceive photoperiod stress. Overall, these results showed 
that both, plastid-dependent and photoreceptor-dependent signaling pathways are involved in sensing light conditions causing 
photoperiod stress and govern the response to it.

P-287
plant mitochondria as remote-controllers of (epi-)genetic regulation in the nucleus by 

NAD-mediated signaling
K. Zheng1, M. d. P. Martinez2, F. Kotnik1, V. G. Maurino2, I. Finkemeier1, M. Schwarzländer1

1University of Münster, Institut für Biologie und Biotechnologie der Pflanzen, Münster, Germany 
2Rhenish Friedrich Wilhelm University of Bonn, Institute of Molecular Physiology and Biotechnology of Plants, Bonn, Germany

Mitochondria are hubs of cellular energy transformation and act as key players in central metabolism and cell signaling. They 
constantly generate, transduce and receive signals that are embedded in the cellular signaling network, which includes an im-
pact on genetic and epigenetic regulation in the nucleus, known as retrograde signaling. In recent years the coenzyme NAD, 
which acts as a central coenzyme of redox metabolism, has been recognized as a key regulator of genetic regulation through 
RNA- and histone modification.
We have observed that manipulation of mitochondrial metabolism and electron transport has pronounced impact on cytosolic 
and nuclear NAD status, raising the hypothesis that NAD plays a role as a retrograde signal upon transitions in mitochondrial 
metabolism.  
To determine the role of mitochondria in cyto-nuclear NAD signaling we have set up a system to interfere with cyto-nuclear NAD 
metabolism by manipulating processes within the mitochondria. We have been developing and combining different fluorescent 
protein-based biosensing approaches to define the dynamics in subcellular NAD status. Specifically, we have been mapping 
NAD concentrations and redox state in response to genetic, pharmacological and environmental interventions. Using custom 
high-throughput fluorimetry and confocal microscopy for in vivo analyses, we found that interference with mitochondrial ma-
late metabolism can re-route electron flux to the cytosol resetting cyto-nuclear NAD status. Our ongoing efforts to dissect and 
understand the impact of a highly plastic NAD status on (epi-)genetic regulation and the significance to link metabolic dynamics 
to genetic programs will be discussed in the light of the specific lifestyle of plants.

P-288
Gene family expansion and stress adaptation

C. Uebermuth-Feldhaus1, T. Stöcker1, H. Schoof1

1Rhenish Friedrich Wilhelm University of Bonn, INRES – Crop Bioinformatics, Bonn, Germany

We explore genetic diversity and uncover evolutionary adaptation to stresses by exploiting genome comparisons and existing 
RNA-Seq data sets. In order to identify candidate genes, we integrate gene family expansion as an important driver of adapta-
tion with differential gene expression as a to link of gene to function. We have selected several data sets to compare drought 
tolerant and sensitive species among Poaceae, among Brassicaceae and among Arabidopsis thaliana ecotypes. We evaluate the 
candidate genes in silico with gene set enrichment analyses and evolutionary measures such as evolutionary rate from sequence 
analysis. Furthermore, selected candidate genes are veryfied in vivo by selecting mutants from sequence indexed mutant col-
lections such as BonnMu (Marcon et al., 2020). We have so far identified functions uniquely enriched in the candidate gene 
sets. Moreover, gene families with duplications conserved in Poaceae species compared to Arabidopsis thaliana and vice versa 
are enriched for differentially expressed genes under drought stress. We could identify duplicated genes in drought tolerant 
Poaceae species that have signatures of episodic positive selection. Some maize mutants in candidate genes showed improved 
growth upon drought treatment. The relation of phenotype to genotype is yet to be veryfied and we will screen further mutant 
lines of candidate genes for stress tolerance.
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P-289
Intergenerational and transgenerational drought stress memory in winter wheat enhance offspring 

performance under drought conditions
C. M. Kambona1, P. A. Koua1,2, J. Léon1,3, A. Ballvora1

1INRES – University of Bonn, Bonn, Germany 
2Deutsche Saatveredelung AG, Salzkotten-Thüle, Germany 

3Field Lab Campus Klein-Altendorf, Rheinische Friedrich-Wilhelms-University,Bonn, Germany, Bonn, Germany

Plants exposed to stressful environments have the potential to adaptively affect the expression of traits in their offspring. The 
persistence of the drought stress memory across generations and its adaptive value in winter wheat is poorly examined so far.
In this study, fifteen winter wheat genotypes contrasting for drought stress response were grown under drought stress and 
control environments for two generations in a randomized complete block design to produce individuals with all combina-
tions of grandparental and parental environment histories. We analyzed both intergenerational and transgenerational effects of 
drought stress memory on plant performance and function in the offspring cultivated under drought stress and control in two 
independent growing seasons (2019/2020 and 2020/2021).
Seeds with a history of stress had increased percentages of protein, sedimentation, and nitrogen regardless of the level of 
stress history. Offspring of stressed parents and/or grandparents produced more photosynthetic pigments, more biomass, and 
higher yields under drought stress environment compared to offspring of the same genotypes from non-stressed parents and/or 
grandparents. Interestingly, additive effects of drought stress memory were observed over the course of the two generations. 
Offspring from two generations of drought stressed seeds had increased plant height, biomass, number of grains per plant and 
grain weight per plant in both years under drought conditions.
The results of this study indicate that drought stress, via intergenerational and transgenerational effects, allows the offspring ex-
posed to similar stress to pre-adapt to perform better compared to offspring whose parents and grandparents have no prior his-
tory of stress. This would suggest the need for further investigation of the ability of inter- and transgenerational stress memory 
to produce wheat seeds with increased drought tolerance.

P-290
Toward semantic segmentation of volumetric NMR images in plant science 
I. Plutenko1,2, S. Ortleb1, S. Wagner1, V. Radchuk1, L. Borisjuk1, R. O. Hryniv2

1IPK Gatersleben, Gatersleben, Germany 
2Ukrainian Catholic University, Faculty of Applied Sciences, Lviv, Ukraine

The non-invasive survey by nuclear magnetic resonance imaging (MRI) is a relevant tool to analyze the living seed, including its 
inner structure and composition. NMR is the indispensable method that allows for 3D visualization and quantification of lipid in 
living seeds. However, the high throughput analysis of seeds is challenging and often relies on manual annotation of the defined 
tissues in virtual sections. The Artificial Intelligence (AI) techniques that emerged in Computer Vision during the last decade can 
help to accelerate the time-consuming manual segmentation procedure. 
In our work, we intend to automate the process of semantic segmentation on NMR imaging data using the Deep Learning ap-
proach and knowledge generated in medical MRI. We construct the image processing pipeline robust to various scanning set-
tings, utilizing source samples that differ in intensity, resolution, and signal-to-noise ratio. To further reduce the manual labor, 
we use a continual learning approach and leverage the abundance of unannotated data by employing unsupervised and semi-
supervised methods. 
We started working with a small population of seeds, restricted numbers of NMR images of varying quality, and only a few 
labeled specimens, yet substantial progress is already reached. The application of our approach allows producing accurate 
segmented images that can be assembled back into 3D objects with reliably structured organs. We further demonstrate the 
method in use, analyzed the collection of wheat seeds of different accessions (provided by IPK Gatersleben) and evaluated the 
accuracy of performance with experts in seed biology. It was concluded, that the method could be useful for comparative analy-
sis of the grain properties of diverse wheat varieties, phenotypic changes in structure of mutated and transgenic grains as well 
as lipid accumulation in wheat grains. 
Up to our knowledge, such a combination of AI techniques and magnetic resonance imaging for seed structure discovery has 
not been reported before. Thus, using AI in the analysis of NMR images opens new opportunities for application of MRI in plant 
research and breeding. 
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P-291
Establishment of the CRISpR/Cas system for sunflower

R. Wagner1, R. Horn1

1Universität Rostock Biowissenschaften, Pflanzengenetik, Rostock, Germany

Sunflower (Helianthus annuus L.) represents an economically important oil crop. The seeds are used as food but also for the 
production of edible oil and fuel additives. For modern breeding, it is essential to have access to new genetic engineering meth-
ods. However, this requires an efficient and simple transformation system, which has not yet been described for sunflower. This 
study shows the attempt to establish the CRISPR/Cas system in sunflower. This includes transformation experiments via floral 
dip. It is also shown how the required vectors were multiplied and used for the transformation of Agrobacterium tumefaciens 
and agroinfiltration. Different vector constructs were used for the transformation of sunflowers. First, pCAMBIA1302, a vec-
tor containing the Green Fluorescent Protein (GFP) as reporter gene, was used for estimation of the transformation efficiency 
and for rapid selection. Further on, CRISPR/Cas9 vector constructs were used, which included guide RNAS designed to knock 
out phytoene desaturase and specific Pentatricopeptide Repeat (PPR) genes as potential candidates for fertility restoration in 
sunflower. Here, it is shown, which vectors are required, how the gRNAs were derived, and how all vectors were assembled into 
overall constructs. In addition, the functionality of the constructs will be demonstrated in transient protoplast assays and by 
agroinfiltration. The study shows difficulties in establishing genome editing in sunflower, which is recalcitrant to tissue culture, 
and discloses suggestions for improvement.

P-292
Use of BSA-Seq to identify genes involved in drought tolerance in potato (Solanum tuberosum L.)

F. Schilling1, C. Schumacher1, K. Köhl2, H. Sprenger3, S. Seddig4, J. Kopka2, R. Peters5, E. Zuther2, R. Horn1

1Universität Rostock, Pflanzengenetik, Rostock, Germany 
2Max Planck Institute of Molecular Plant Physiology, Potsdam, Germany 

3German Federal Institute for Risk Assessment, Department of Food Safety, Berlin, Germany 
4Julius Kühn-Institut, Institute for Resistance Research and Stress Tolerance, Sanitz, Germany 

5Landwirtschaftskammer Niedersachsen, Münster, Germany

Climate changes leading to more frequent and longer seasonal drought periods in large parts of the world increase the need for 
breeding drought tolerant crops. Due to its shallow root system cultivated potato (Solanum tuberosum), the third most impor-
tant vegetable crop worldwide, is regarded as drought sensitive. Breeding for drought tolerance is, due to field tests labour- and 
time-intensive, therefore modern methods as molecular biotechnology and bioinformatics are required to support the breeding 
process and reduce cost and duration to a minimum. By combining Bulked Segregant Analyses with whole genome sequencing 
(BSA-Seq) using bulks of drought tolerant F1-clones and of drought sensitive F1-clones and applying the R package QTLseqr, 15 
QTL comprising 588,983 Single Nucleotide Polymorphisms (SNPs) in 2,325 genes associated with drought stress response were 
identified. SeqSNP analyses in an association panel of 34 potato varieties using 2-3 SNPs for each of 186 selected genes were 
performed to narrow down the number of candidate genes underlying the QTL. Significantly with drought tolerance associated 
SNPs tagged six candidate genes. Sequence comparisons in these genes revealed further differences between the parent cul-
tivars that might be relevant for drought tolerance in potatoes. Traits like leaf area expansion, leaf senescence, partitioning of 
assimilates, tuber initiation and tuber growth are majorly influenced by limited water supply. [RH1] Identifying drought stress 
tolerance associated genetic regions and developing markers for marker assisted selection in breeding programs for drought 
tolerance in potato are the main goals of the project.

P-293
Interactions of false flax (Camelina sativa) with different microorganisms – a fight for phosphate and habitat
M. Schulz1, V. Schütz1, D. Hofmann1, S. Jeong1, L. Bigler1, B. Wu1, B. Thiele1, F. Kovacic1, G. Hölzl1, P. Dörmann1

1Rhenish Friedrich Wilhelm University of Bonn, IMBIO, Bonn, Germany

We aim at unraveling interactions between the ancient oil crop false flax (Camelina sativa) and microorganisms under phosphate 
deficiency conditions.
Phosphate uptake: use of 33P-labeled apatite; 33P–imaging Bioimager CR35 Bio; phosphate solubilization: ICP-MS; identification 
of microorganisms: by sequencing (fungi: ITS rDNA; bacteria: 16S); secondary product identification: UPLC-MS/MS.
Inoculation of Camelina sativa with phosphate solubilizing Trichoderma viride and Pseudomonas laurentiana did not improve 
phosphate uptake by the plant as verified by rhizotron experiments using a natural, P-depleted soil mixed with 33P-labeled 
apatite. Not only microorganisms isolated from the root surface had a high potential to solubilize phosphate, but also those 
isolated from the P-deficient soil, such as Penicillium aurantiogriseum and species belonging to diverse genera of bacteria. Con-
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sequently, a competitive behavior between the soil microorganisms, the added ones and the root colonizing microorganisms, 
was developed. In pot experiments with P-deficient soil, P. aurantiogriseum killed older Camelina seedlings, whereas the fungus 
was harmless when a complete, P-containing fertilizer was added. In turn, glucosinolates from young C. sativa seedlings were 
inhibitory to P. aurantiogriseum.  C. sativa glucosinolates, combined with cyclo (Leu-Pro), an antibiotic diketopiperazine released 
by P. aurantiogriseum, selectively inhibited defined phosphate solubilizing, root colonizing microorganisms synergistically, while 
others, e.g., Paenibacullus polymyxa and the fungus Penicillium alsonii, were not affected. P. aurantiogriseum produces addi-
tional phytotoxic compounds, which are inhibitory for Camelina, for instance penicillic acid.
Thus, secondary metabolites are used by the plant and by the fungus for suppression of competitive organisms to improve the 
own life conditions under phosphate deficiency. The results may contribute to explain the contradictory effects of phosphate 
solubilizing microorganisms when used as biofertilizers in agriculture. The study broadens the knowledge of the molecular com-
munication between interacting organisms.

P-294
Application of DNA affinity purification sequencing (DAp-seq) to elucidate barley gene regulatory networks

I. Mora-Ramírez1, A. Himmelbach2, T. Schnurbusch3, J. Schippers1

1IPK Gatersleben, Seed Development group, Seeland OT Gatersleben, Germany 
2IPK Gatersleben, NGS lab at IPK, Seeland OT Gatersleben, Germany 

3IPK Gatersleben, Plant Architecture, Seeland OT Gatersleben, Germany

Plants control their response to environmental and developmental cues by the modulation of gene expression through the ac-
tion of transcription factors (TFs). TFs bind to specific upstream DNA sequences, called cis-elements, in the promoters of target 
genes. In barley, TFs are to date poorly characterized and their downstream gene regulatory networks are virtually unknown. 
Here we setup and applied DNA affinity purification (DAP) followed by Next Generation Sequencing (NGS) to identify TF binding 
sites (BS) and target genes in a high throughput manner. DAP-seq data is comparable to ChIP-seq in that the DNA used during 
this approach retains its methylation state1,2.
In the Seed Development group at the IPK-Gatersleben we have successfully established and optimized a DAP-seq platform fo-
cusing on the elucidation of the barley cistrome. Due to its economic importance, in-depth understanding of barley grain set and 
grain filling is crucial for food security worldwide. Currently, we study the transcriptional networks of grain and developing-spike 
specific TFs involved in reproductive tissue development and grain filling. The identified gene regulatory networks are currently 
being validated using different in vitro and in vivo approaches. Amongst these, several GRAIN-NACs (poaceae-specific) were 
found to have a role in endosperm development3,4.
1.  Bartlett, A. et al. Mapping genome-wide transcription-factor binding sites using DAP-seq. Nat. Protoc. 12, 1659–1672 (2017).
2.  O“Malley, R. C. et al. Cistrome and Epicistrome Features Shape the Regulatory DNA Landscape. Cell 165, 1280–1292 (2016).
3.  Murozuka, E., Massange-Sánchez, J. A., Nielsen, K., Gregersen, P. L. & Braumann, I. Genome wide characterization of barley  
 NAC transcription factors enables the identification of grain-specific transcription factors exclusive for the Poaceae family of  
 monocotyledonous plants. PLoS One 13, e0209769 (2018).
4.  Zhang, Z., Dong, J., Ji, C., Wu, Y. & Messing, J. NAC-type transcription factors regulate accumulation of starch and protein in  
 maize seeds. Proc. Natl. Acad. Sci. U. S. A. 166, 11223–11228 (2019).

P-295
Next generation sequencing approaches to resolve the phylogeny of Veronica subg. 

Pseudolysimachium
C. Nehrke1, D. C. Albach1

1Carl von Ossietzky University of Oldenburg, Biodiversity and Evolution of Plants, Oldenburg, Germany
Veronica subg. Pseudolysimachium is well-differentiated from other Veronica by both morphological and genomic character-
istics. However, the phylogeny within the subgenus is still not completely resolved. We extracted DNA from 120 samples and 
used Genotyping-by-sequencing (GBS) and whole genome shotgun sequencing (WGS) approaches to infer the relationships 
within the subgenus. We merged overlapping paired-end reads and generated SNP- and sequence- based datasets for Maxi-
mum Likelihood (IQ-Tree) and Bayesian analyses (MrBayes). In addition, we performed STRUCTURE analyses in order to delimit 
genotypically informative clusters. We obtained the following results: The earliest-branching clade consists of Eastern Asian 
samples, which form a well-delimited group. The samples belonging to the subsection Pinnata form a well-supported clade. The 
remainder of the collections constitute two clades, one of them including samples belonging to the subsections Longifolia and 
Bachofenii, the other including collections belonging to the subsections Pseudolysimachium and Orchidae. We will discuss the 
suitability of WGS approaches for old herbarium specimens with highly degraded DNA and point out possible further steps to 
resolve the phylogeny of the subgenus.
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P-296
Branching and reproductive success under plant-plant competition in Arabidopsis

J. Thome1, C. Reize1, C. Schenkel1, U. Hoecker1

1Institute for Plant Sciences, University of Cologne, Cologne, Germany

In natural environments, plant-plant interactions are inevitable and can have many outcomes depending on the abiotic environ-
ment. Competition for resources such as water, nutrients, and light has long been considered a predominant force in shaping 
plant communities and natural selection. To cope with the ambient environment and resource limitations in space and time, 
the development of plants is characterized by a high degree of plasticity. An example of developmental plasticity is the control 
of shoot architecture that is, amongst others, defined by the number of lateral shoot branches that grow out of axillary buds. 
The outgrowth of a bud is controlled by a range of factors including abiotic factors, phytohormones, and the bud-located nega-
tive regulator BRANCHED1. Here, intraspecific plant-plant competition severely reduced the number of shoot branches and the 
reproductive success of an Arabidopsis plant. Although many signaling pathways controlling shoot branching are well-under-
stood, it still must be elucidated how plant-plant competition reduces branching. The results provided here suggest that the 
reduced number of shoot branches is not due to starvation responses and hint toward a complex interplay between hormones, 
BRANCHED1 and light-responsive factors in the control of bud outgrowth under plant-plant competition.

P-297
One genotype – two phenotypes – the amphibious liverwort Riccia fluitans enables

 insights into the water to land transition
F. Althoff1, L. Wegner2, K. Ehlers2, H. Buschmann3, S. Zachgo1

1Osnabrück University, Botany, Osnabrück, Germany 
2Justus Liebig University Gießen, Gießen, Germany 

3Hochschule Mittweida, Mittweida, Germany

The colonization of land by ancestors of embryophyte plants was one of the most significant evolutionary events in the history 
of life on earth. The lack of a buffering aquatic environment necessitated adaptations for coping with novel abiotic challenges, 
such as high light intensities and desiccation as well as the formation of novel anchoring structures. Bryophytes mark the transi-
tion from freshwater to terrestrial habitats and form adaptive features such as rhizoids for soil contact and water uptake, devices 
for gas exchange along with protective and repellent surface layers. The amphibious liverwort Riccia fluitans can grow as a land 
form (LF) or water form (WF). A single R. fluitans plant can adapt to different growth environments forming distinctive morpho-
logical features along its growth axis. Previously, we established an Agrobacterium-mediated transformation procedure using R. 
fluitans callus tissue to generate stable transgenic plants.  R. fluitans lines expressing GFP-TUBULIN and mCherry proteins were 
generated to study cell division and differentiation processes. The WF of R. fluitans initiates air pore formation and rhizoid initial 
cells, which are arrested at an early stage, and can resume development if desired under changing environmental conditions. 
Furthermore, we detected that the LF of R. fluitans has a reduced surface permeability compared to the WF, likely mediated by 
formation of thicker LF cell walls and a distinct cuticle compared to the WF. The developmental plasticity of R. fluitans enables 
investigation of molecular adaptation mechanisms essential for plants during the conquest of land.

P-298
Using protoplasts transformation to assess the efficiency of multiple guideRNAs of a CRISpR/Cas 

system in planta
J. V. Garrecht1, A. Becker1

1Justus Liebig University Gießen, Gießen, Germany

Pteriodphytes(ferns and allies) are the sister lineage to seed plants and are thus an interesting group to study the evolution of 
developmental processes, genetic networks and even specific gene families in contrast to the seed plant lineage. The homo-
sporous fern Ceratopteris richardii (C-fern) is an emerging pteridophyte genetic model organism combining several useful traits: 
easy cultivation, a fast life cycle of approximately three months, its draft genome sequence is available and in recent years a 
protocol for stable transformation was established.
The CRISPR/Cas system is a well-established tool for the targeted mutation of specific DNA regions. Nowadays it is possible to 
target several DNA positions at the same time, via the simultaneous use of multiple guideRNAs (gRNAs). This allows for the easy 
knockdown and analysis of several gene functions at once and the study of their cumulative effect on the organism itself.
The analysis of gRNA efficiency however is an important step beforehand, to assess how well different gRNAs function in planta, 
especially, when plant transformation and regeneration involves tissue culture steps and is very laborious.
Here, we provide an overview  of protoplast transformation system to interrogate the efficiency of individual gRNAs of a mul-
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tiplex CRISPR system. The gRNAs targets are several C-fern homologs of LEUNIG (LUG) and SEUSS (SEU), as well as their related 
genes LEUNIG-HOMOLOG and SEUSS_LIKE, genes  known to regulate the formation of reproductive organs in Arabidopsis thali-
ana. We thus firstly provide a system to predict the efficiency of gRNAs in C-fern and, as a mid-term goal, learn more about the 
conservation of function of the LUG- and SEU homologs within the vascular plants.

P-299
Droplet-based platform for miniaturized cultivation and screening of plant cell cultures

P. Marczakiewicz-Perera1, T. Winkelmann2, J. M. Köhler1, J. Cao-Riehmer1

1Technische Universität Ilmenau, Department of Physical Chemistry and Microreaction Technologies, Ilmenau, Germany 
2Leibniz University Hannover, Institute of Horticular Production Systems, Hannover, Germany

Development of new cultivars of plant species utilized in many fields and adaptation of the existing ones requires a long process 
of plant propagation, which is typically both time- and space consuming. Importance of specific external and internal factors can 
be defined already in the early stages of development, allowing for faster selection of crucial growth conditions [1].  
Protoplasts are cells without a cell wall, originating from different tissues and capable of differentiation leading to regeneration 
of the whole organism. Our research subject is the investigation of early plant development stages starting from protoplasts 
(Nicotiana tabacum and Brassica juncea protoplast). 
Till now, the necessary screening procedures are time-consuming and throughput is limited, as a large part of the process 
steps are carried out manually and the sterile handling of long-term cultures is a challenge. This high labour and cost input is a 
bottleneck for plant biotechnology. Microfluidic technique enables reduction of space consumption by creating large number 
of separate environments by automated procedures using computer-controlled pumps [2]. In our droplet-based system, small 
populations of protoplasts are encapsulated in segments of 300 nl volume. In this setup, hundreds of replicates of each condi-
tion can be generated, providing statistical significance. The approach supports a systematic variation of nutrient compositions 
or effector concentrations for larger screening programs. Moreover, it is possible to track the changes within the culture nearly 
at the single cell level. In this study the effects of segment size, cell density and the addition of media during cultivation on cell 
division activity inside micro droplets was investigated. 
1. Hays, D. B., Yeung, E. C., and Pharis, R. P. (2002). The role of gibberellins in embryo axis development. Journal of Experimental  
 Botany, 53(375), 1747-1751. 
2.  Zhao-Miao, L., Yang, Y., Yu, D., & Yan, P. (2017). Advances in droplet-based microfluidic technology and its applications.  
 Chinese Journal of Analytical Chemistry, 45(2), 282-296. 

P-300
A study of flowering time control using an exotic barley collection

S. Conert1, B. Thakkar1, A. Maurer1, K. Pillen1, T. Schmutzer1

1Martin Luther University of Halle-Wittenberg, Institute of Agricultural and Nutritional Sciences, Halle (Saale), Germany

Barley is one of the most important cereal crops in the world, used for both food and feed. The optimal time of flowering in crops 
plays an important role in keeping grain yield stable or further maximising it even under different climatic conditions. Controlling 
the timing of flowering therefore plays an essential role in food security under climate change conditions.
We used an exotic collection containing 96 highly diverse barley accessions from international Gene Banks to further investigate 
the genetic mechanisms underlying the regulation of flowering time in barley. To assess the molecular genetics that influence 
flowering time we performed amplicon sequencing using Oxford Nanopore Sequencing of twelve major quantitative trait loci 
known to influence the control of flowering time in barley. Our long-read sequencing approach reached N50 read length of 
approximately 10 kb which allowed us to screen for SNPs as well as large insertions and deletions to construct a comprehen-
sive genetic picture for this important trait. Finally, we constructed haplotype-groups to gain detailed insights into the genetic 
mechanisms regulating flowering time in the 96 wild barley cultivars.
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P-301
A new genomic resource for crop improvement – the complete reference genome of Hordeum 

erectifolium using long-read genomic and transcriptomic sequencing
E. B. Haraldsson1, M. von Korff Schmising1

1Heinrich Heine University Düsseldorf, Institute of Plant Genetics, Düsseldorf, Germany

To be or not to be, annual-perennial.
Genetic diversity in crops is the cornerstone of a productive, robust, and adaptive agriculture. Now that we are facing increasing 
environmental disruptions through climate change, crop genetic diversity has become more crucial for resilient and agricultur-
ally sustainable crops. However, over 85% of our caloric intake is represent by only a few annual crops. A major drive in rethink-
ing the current agricultural system is the creation of low-input, robust, and adaptive perennial crops. With modern technological 
advances in genetic transformation we can now employ more precise and efficient crop enhancements by genome editing or 
direct gene transfer between species, but first we need new genomic resources to discover unknown, unique and novel loci.
We have now generated a complete reference genome of Hordeum erectifolium, a perennial grass species in the Hordeum genus 
and a wild relative of the common annual crop barley (H. vulgare). Hordeum erectifolium has a 4.4 Gbp genome and is an en-
demic species to a single location in Argentina. The genomic base was constructed with long-read Oxford Nanopore Technolo-
gies sequences and for structural gene annotation of the transcriptome we employed Pacbio Isoseq.
This genome is the first complete reference of a perennial species within the Hordeum genus and the second reference genome 
after barley. It will serve as a platform to discover new genetic adaptations and give us a first glance into the genomics of a pe-
rennial Hordeum species.

P-302
Haberland’s plant ocelli – skototropic roots and mimicking boquila vine leaves provide new clues

F. Yamashita1, F. Baluška1

1Rhenish Friedrich Wilhelm University of Bonn, IZMB, Bonn, Germany

In 1905, Gottlieb Haberlandt proposed concept of plant ocelli for plant leaves (Haberlandt 1905, Baluška and Mancuso 2016, 
Mancuso and Baluška 2017), which was experimentally supported Harold Wager (Wager 1909). Later, this concept of plant 
ocelli was forgotten until 1975 when seedlings of tropical wine Monstera gigantea were reported to localize and exploit suitable 
host trees using growth towards a darkness termed skototropism (Strong and Ray 1975). Plant ocelli were supported also by 
vision-like features and behavior of prokaryotic cyanobacteria and single celled eukaryotes Dinoflagellates (Gavelis et al. 2015, 
Haykawa et al. 2015, Schuergers et al. 2016). Intriguingly, weed plants are known to mimic neighbouring crop plants (Barrett 
1983, McElroy 2014). Moreover, arabidopsis seedlings use photoreceptor-mediated recognition of their neighbours via body 
shape recognition (Crepy and Casal 2015). Here we will discuss our new data, including tropical woody wine Boquila trifoliata 
mimicking leaves of artificial plastic host plant (White and Yamashita 2022) and root apices of arabidopsis seedlings accomplish-
ing skototropism within the half-darkenned Petri dishes.
- Baluška F, Mancuso S (2016) Vision in plants via plant-specific ocelli? Trends Plant Sci 21, 727-730
- Crepy MA, Casal JJ (2015) Photoreceptor- mediated kin recognition in plants. New Phytol 205, 329-338
- Barrett SCH (1983) Crop mimicry in weeds. Econ Bot 37, 255-282
- Gavelis GS et al. (2015) Eye-like ocelloids are built from different endosymbiotically acquired components. Nature 523, 204-207 
- Haberlandt G (1905) Die Lichtsinnesorgane der Laubblätter. W. Engelmann
- Hayakawa S et al. (2015) Function and evolutionary origin of unicellular camera-type eye structure. PLoS ONE 10, e0118415
- Mancuso S, Baluška F (2017) Plant ocelli for visually guided plant behavior. Trends Plant Sci 22, 5-6
- McElroy JS (2014) Vavilovian mimicry: Nikolai Vavilov and his little-known impact on weed science. Weed Sci 62, 207-216
- Strong DR, Ray TS (1975) Host tree location behavior of a tropical vine (Monstera gigantea) by skototropism. Science 190,  
 804-806
- Schuergers N et al. (2016) Cyanobacteria use micro-optics to sense light direction. eLife 5, e12620
- Wager H (1909) The perception of light in plants. Ann Bot 23, 459-490
- White J, Yamashita F (2022) Boquila trifoliolata mimics leaves of an artificial plastic host plant. Plant Signal Behav 17, e1977530
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P-303
(Semi-)automatic analysis tools for (pavement) cell shape quantification and (cytoskeleton) 

pattern recognition in digital images
K. Bürstenbinder1, B. Möller2

1Leibniz Institute of Plant Biochemistry, Molecular Signal Processing, Halle (Saale), Germany 
2Martin Luther University of Halle-Wittenberg, Institute of Computer Science, Halle (Saale), Germany

Pavement cells form the ground cell type in the leaf epidermis. In many species, including the model plant Arabidopsis thaliana, 
pavement cells acquire highly complex, jigsaw puzzle-like shapes with wavy interlocking patterns at their anticlinal walls. Muta-
tions or pharmacological treatments that affect microtubule organization often also affect pavement cell shape in various ways, 
e.g., by reducing lobe number, lobe growth or lobe shape. Vice versa, altered cell shapes lead to formation of different stress 
fields, which in turn affect microtubule organization. Microtubule organization and cell shape thus are closely linked and should 
be analyzed in parallel. Here, we present a pipeline for quantitative analysis of microtubule organization in pavement cells in 
the context of altered shape complexity or in response to changes in tissue-scale mechanical forces using microtubule marker 
lines and confocal laser-scanning microscopy. The core of the analysis pipeline is formed by PaCeQuant, FeatureColorMapper, 
and CytoskeletonAnalyzer2D, which are part of the Microscope Image Analysis Toolbox (MiToBo), a collection of freeware pl-
ugins implemented in ImageJ/Fiji. PaCeQuant facilitates automatic segmentation of cell contours and quantitative analysis of 28 
shape features, including global, contour- and skeleton-based, and pavement cell-specific features. The supplementary R script 
PaCeQuantAna enables statistical analysis and graphical visualization in box and violin plots. Feature values can be mapped to 
segmented cells for visualization in heat maps with FeatureColorMapper. CytoskeletonAnalyzer2D quantifies the texture of cells 
based on local binary patterns and extracts for each cell a characteristic fingerprint vector that describes the structural appear-
ance of the cytoskeleton. Thereby, CytoskeletonAnalyzer2D yields a flexible basis for quantitative comparisons of cytoskeleton 
appearance, e.g., among individual cells or complete populations, which can be visualized in heat maps of pairwise distances 
with a supplementary R script. Information on MiToBo and implemented tools can be found at https://mitobo.informatik.uni-
halle.de/index.php/Main_Page. While optimized for analysis of microtubule patterns and pavement cell shape, these tools can 
be applied for diverse sets of input images and provide a versatile platform for cell segmentation, shape quantification, and 
pattern analysis.

P-304
Comparative genomics – inferring the stress-relevant proteome of the land plants and its closest algal relatives

A. Dhabalia Ashok1

1University of Göttingen, Department of Applied Bioinformatics, Göttingen, Germany

A dynamic stress response is crucial for plant survival in rapidly changing environmental conditions. The evolutionary transition 
from freshwater algae to land plants went hand in hand with various stressors. To understand the underlying stress-responsive 
molecular mechanisms that aided plant terrestrialization, we investigate land plants and their closest algal relatives using an 
approach build on phylostratigraphy of protein domains. Protein domains are the building blocks of life, reshuffling of which 
would give rise to different protein functionality. We dated the origin of specific proteins by looking at its homologs across 
species through which the extant proteins can be linked to their founder protein as well as the domains from which they were 
assembled. This way we can identify possible latent genomic potential that existed before the appearance of a protein or trait, 
thus more accurately mapping the genetic composition at the time of terrestrialization. Our data highlight the presence of latent 
genetic potential for stress-responsive proteins in the closest algal relatives of land plants—potential that created a hotbed for 
molecular adaptation during plant terrestrialization.
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P-305
NMR methods for spatially resolved detection of metabolites in living plants
S. Mayer1,2, S. Wagner1, F. T. Gutjahr2, H. Rolletschek1, P. M. Jakob2, L. Borisjuk1

1IPK Gatersleben, Gatersleben, Germany 
2University of Würzburg, Institute of Experimental Physics 5, Würzburg, Germany

Nuclear magnetic resonance (NMR) spectroscopy and its imaging pendant MRI (Magnetic Resonance Imaging) are non-invasive 
methods that allow for non-destructive in vivo investigations of living organisms, in particular in medicine. So far, the application 
of NMR-methods in plant sciences is not yet as developed and thus used less frequently [1].
Our goal was to compare already existing spectroscopic NMR protocols for the study of living plants/seeds (peas, barley) with a 
new approach for metabolic detection in plants, namely CEST.
We performed high-field experiments at 9.4 T for 1) the 3D visualization of the seed architecture using MRI, and 2) the detection 
of plant metabolites using spectroscopic NMR-methods such as CSI and (for the first time) CEST. Chemical shift imaging (CSI) is an 
established multi-voxel NMR spectroscopy method, which facilitates in vivo detection of low concentrated metabolites [2], but 
is usually performed with limited spatial resolution due to long acquisition times needed to detect low concentrated metabolite 
signals.  On the other hand, chemical exchange saturation transfer (CEST) is a relatively new method. The CEST image contrast 
arises from low-concentrated metabolites containing exchangeable protons that are not detectable on conventional NMR im-
ages; a detailed description is given e.g. in [3].
Our experiments showed that the CSI and CEST methods can detect low-concentrated sugars and amino acids in plant samples. 
In our investigations, CEST appears rather interesting due its higher detection sensitivity. At the same time, it showed lower 
sensitivity to magnetic field inhomogeneities, which often occur in plant tissues and make CSI measurements difficult in general. 
In the current implementations, CEST does not distinguish between specific sugars or amino acids, but is informative about the 
ratio of sugars and amino acids in living plant tissues.
In summary, it is demonstrated that CSI and CEST methods can be used to detect the distribution of metabolites in living plants 
and seeds. We conclude, that the low sensitivity to magnetic field inhomogeneities and higher spatial image resolutions (com-
pared to CSI) make CEST a promising approach for studying plant metabolism.
1.  Borisjuk, L., & Melkus, G. (2014). In In Vivo Imaging: New Research.
2.  Skoch, A. et al. (2008). Eur. J.  Radiol., 67(2), 230–239.
3.  Wu, B. et. al. (2016). EJNMMI Physics, 3(1).

P-306
Influence of the stromal phsphoglycerate dehydrogenase 3 on photoprotection 

and pSI acceptor side limitations
M. Krämer1

1Ludwig Maximilian University of Munich, Dept. Biologie I – Botanik, Planegg-Martinsried, Germany

Plants in the field experience rapid changes in light intensities. This so-called dynamic high light stress is caused for instance by 
sun flecks, wind, and cloud movements and can be very dangerous for plants. Therefore, plants have evolved strategies that aid 
in protecting the photosynthetic machinery located in the chloroplast, a specialized organelle in leaf cells.
These protective mechanisms function on different timescales ranging from seconds to minutes. One critical feature of pho-
toprotection is to avoid a buildup of electrons at the photosystem I (PSI) acceptor side. This is accomplished through NADPH 
consuming metabolic pathways, as well as the export of reductants via the malate valve.
In a recent study, we identified the stromal enzyme PHOSPHOGLYCERATE DEHYDROGENASE3. PGDH3 represents a NAD(H) 
dehydrogenase active in illuminated chloroplasts. It utilizes 3-PGA directly from the Calvin-Benson-Bassham-Cycle (CBBC) for 
serine biosynthesis, generating NADH and thereby indirectly withdrawing electrons via the CBBC to rebalance the stromal 
NADP(H) pool. Arabidopsis mutants deficient in PGDH3 reveal affected photosynthesis with increased acceptor side limitation 
and elevated transient nonphotochemical quenching (NPQ). Most importantly, pgdh3 null mutants are highly sensitive toward 
dynamic high light stress. PGDH3 is therewith likely to be involved in photoprotective mechanisms connected to the PSI accep-
tor side. Another highly efficient PSI protector is the redirection of electrons from PSI back to the cytochrome-b6f complex via 
cyclic electron flow (CEF). CEF is mainly driven by the PGR5 protein and to a lesser extent by the NDH-Complex both resulting in 
ATP but no NADPH generation. With our research, we aim to understand how stromal NADH production via PGDH3 is balanced 
with CEF. Understanding the fine-tuning of photoprotective mechanisms like the CEF and PGDH3 should inform the design of 
more stress-tolerant plant growth.
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P-307
Epidermal cell type-specific chromatin dynamics underlying Arabidopsis heat stress memory 

D. Slane1, K. W. Berendzen2, Y. Yoshitake3, M. Bayer4, T. Sakamoto5, C. Grefen6, T. Kohchi3, S. Matsunaga1

1The University of Tokyo, Department of Integrated Biosciences, Laboratory of Integrated Biology, Kashiwa, Japan 
2Eberhard Karl University of Tübingen, ZMBP, FACS & Transformation, Tübingen, Germany 

3Kyoto University, Graduate School of Biostudies, Laboratory of Plant Molecular Biology, Kyoto, Japan 
4Eberhard Karl University of Tübingen, ZMBP, Developmental Genetics, Tübingen, Germany 

5Tokyo University of Science, Department of Applied Biological Science, Noda, Japan 
6Ruhr University Bochum, Molecular & Cellular Botany, Bochum, Germany

In the past decades, rising temperatures have negatively affected the distribution and yield of major crop species such as rice, 
maize, and wheat. This trend will continue in the future due to increased global warming. As sessile organisms, plants must cope 
with constant biotic and abiotic stress exposure and adapt their growth and development accordingly. In extreme cases, these 
adaptative processes also lead to stress responses. Most of these responses are transient physiological answers to intermediate 
stress, but plants also possess a memory potential to stay alert even if an unfavorable condition has already ceased.
This memory is controlled by chromatin-based mechanisms and has been mainly studied in whole tissues or plants. However, 
as mixed cell populations can lead to an averaging effect of chromatin marks and dynamics, the experimental resolution and 
specificity become more apparent if mechanisms underlying stress memory are analyzed in a cell type-specific context. Sto-
mata, the microscopic pores on the leaf epidermal surface of plants, are crucial to mitigate the otherwise harmful effects of 
higher temperatures. Therefore, deciphering the molecular mechanisms underlying stomatal stress responses is essential for 
understanding plants” ability to adapt to changing environmental conditions.
To assess the transcriptional states and corresponding chromatin dynamics underlying heat stress (HS) memory effects in sto-
mata and epidermal leaf cells, we have used flow cytometry to generate whole-genome chromatin accessibility and expression 
maps from stomatal and epidermal cells by assaying for transposase-accessible chromatin (ATAC) regions and the transcriptome 
via RNA-seq. We are also generating histone profiles for two specific histone modifications – activating H3K4me3 and repressing 
H3K27me3 – and are merging the information from the different omics approaches in combination with loss of function mutants 
of novel cell type-specific memory genes to better understand stress memory regulation in plants.

P-308
Addressing the heteroplasmy, structure, synteny, and evolution in the mitochondrial 

genome of the lycophyte genus Isoetes and its role in the phylogenetic analyses
J. B. S. Pereira1, R. R. M. Oliveira2,3, G. Oliveira2, S. Vasconcelos2, J. Prado1

1Instituto de Pesquisas Ambientais, São Paulo, Brazil 
2Instituto Tecnológico Vale, Belém, Brazil 

3Universidade Federal de Minas Gerais, Programa Interunidades de Pós-Graduação em Bioinformática, Belo Horizonte, Brazil

Next-generation sequencing (NGS) data provide sequences to assemble easily the organelle genomes that have a huge impact 
on our current understanding of the relationships in plant groups. In plant systematics, organelle-based phylogenomics is mostly 
based on plastomes. However, due to their usual uniparental inheritance, which supposedly do not involve recombination, many 
studies are arguing that plastomes behave as single locus, providing a gene tree instead of a species tree. Thus, phylogenetic 
reconstruction using organelle should ideally use data provided by both possible sources of genomic data: mitochondria and 
chloroplast. However, the number of complete annotated mitochondrial genomes lies far behind of plastome in vascular plants. 
On the other hand, the presence of several introns in the mitogenome of plants may be an important source of phylogenetic 
information that deserves to be more deeply explored. This study addresses the heteroplasmy, structure, synteny, and evolution 
in the mitochondrial genome within the lycophyte genus Isoetes from the Brazilian Amazon using PacBio and Illumina sequenc-
ing. The genes were annotated using transcripts, which also allowed us to measure the amount of RNA-editing. We used No-
voPlasty to assemble the mitogenome with Illumina reads, whereas since there is no mitogenome assembler software that can 
handle Pacbio data, we developed a methodology to tackle this issue, allowing us to compare the mitogenomes obtained with 
different sequencing technologies. We also infer the phylogenetic relationships among species of the tropical American clade 
using the 24 protein-coding genes (exons and introns) of the mitogenomes and explore the potential incongruence between 
mitochondria- and plastome-based phylogenies to reach a robust maternal phylogenetic framework. Our findings have far-
reaching implications for how we view mitochondrial genomes and how their sequences can be used for evolutionary analyses.
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P-309
Interplay of plastids and peroxisomes in jasmonate biosynthesis

K. Mekkaoui1, B. Hause1

1Leibnitz Institute of Plant Biochemistry, Weinberg Campus, Halle (Saale), Germany

Jasmonates (JAs), including jasmonic acid (JA) and its derivatives, are important signals mediating plant development and its 
acclimation to biotic and abiotic stresses. JA biosynthesis involves the synthesis of a JA-precursor, cis-12-oxo-phytodienoic acid 
(OPDA), in plastids and its translocation to the peroxisome where it is converted to JA. A high regulation of OPDA ś movement 
between these organelles is proposed, therefore its transport out of the plastid is expected to be regulated by JA. OPDA was 
reported to be sequestrated in the plastids by its biosynthetic enzymes, but OPDA was also shown to be the mobile precursor 
of JA, translocating from shoot to roots upon wounding and this raises the question about how it is moving within the cell. Ad-
ditionally, in the absence of the peroxisomal biosynthetic enzyme OPR3, a JA by-pass biosynthetic pathway was found resulting 
in the formation of JA by the cytosolic enzyme OPR2 indicating the presence of alternative JA biosynthetic pathways involving 
other cell compartments than plastids and peroxisomes. Transport of OPDA from plastids to peroxisomes was investigated us-
ing a transcriptomic approach to identify a putative plastids-located transporter. Additionally, to test whether OPDA could be 
moving to other cell compartments, a complementation approach of the opr2 opr3 (opr2/3) double mutant was performed by 
targeting OPR3 fused to YFP to different cell compartments, such as ER, cytosol, nucleus, plastids and mitochondria. ER-located 
OPR3 led to a partial complementation of the opr2/3 mutant sterility, while plastid and cytosolic targeting of OPR3 fully rescued 
the mutant sterility. The results indicate that it is likely that OPDA can be converted by OPR3 in other cell compartments than 
peroxisomes leading to an increase of JA production in the mutant background and complementation of its sterility phenotype.
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