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WELCOME TO THE PLANT BIOLOGY
EUROPE 2021

Andrea Schubert
Convener

Plant biology is a blooming scientific area where novel developments continu-
ously arise, opening new avenues of research and empowering innovation for
agriculture and for food and non-food applications. In the frame of a well-es-
tablished tradition of biennial congresses jointly organized by the Federation
of European Societies of Plant Biology (FESPB) and the European Plant
Science Organization (EPSO), the Plant Biology Europe (PBE) Congress was
originally planned for June 2020 in Turin, but organization was abruptly
halted by the Covid pandemic.

However, capitalizing on the subalpine spirit of this city, longtime trained to
resilience and understatement, work was continued through the pandemic
with the goal of delivering PBE a year later, performing the event from 28
June to 1 July 2021 with help from advanced tools of online conferencing.

PBE2021 focuses on delivering the latest scientific developments in plant
biology, following an inclusive approach where long-standing research
sectors and novel breakthrough topics are showcased, including aspects of
science policy and ethics, and fostering participation of young scientists.

We regret that you will not be with us in Turin, experiencing our historical
setting and the Italian way of life, but | am confident you will feel some Italian
atmosphere even in the apparently aseptic frame of an online event. | wish to
thank all those that contributed to the success of this Congress, in particular
the Scientific Organizing Committee, the Local Organizing Committee, the
Turin Task Force, and the Congress Secretariat.

| warmly welcome plant scientists from and outside Europe to present their
work and results at PBE2021, sharing a vibrant and successful Congress!




Laura De Gara
FESPB Secretary General

Dear colleagues and friends, dear students,

I am very pleased to welcome you, also on behalf of the other members of the
Executive committee of the Federation of European Societies of Plant Biolo-
gy, to the 2021 Plant Europe Congress.

As many of you probably know, in the last year, the FESPB renewed its Execu-
tive Committee with the election of new members:, Christian Zorb as treasur-
er, Maria Isabel Diaz Rodriguez as Chair of the Awards Committee, Jana Albre-
chtova as Chair of the Grants committee and Janos Gydrgyey as Chair of the
Publication Committee (and web media). Also for me, this has been the first
year of my mandate as Secretary General.

At the beginning of this congress, | would like to thank the old members of the
Executive Committee: Christin Foyer, Heinz Rennenberg and Maria Dolores
Rodriguez. Each of them has made a significant contribution to our Federa-
tion, really supporting its development with their competences but also with
their enthusiasm and generosity. | really thank all of them for their support to
the federation and for their friendship during the year in which | had the
pleasure to work with them.

As you know, the aims of FESPB are to advance research, education, and the
exchange of information amongst plant researchers within Europe and
beyond, and to support the publication of the results of research through the
affiliated international journals. This international Congress is an example of
the activity of exchange and dissemination of scientific knowledge. | hereby
would like to thank the President of the FESPB and the Congress Andrea
Schubert and all the colleagues involved in the congress organization for
their effort (to organize an international congress in a pandemic period is
really a big challenge!).  would also like to mention the positive collaboration
with EPSO in organizing this congress. The collaboration between the two
institutions allows the co-organized events to comprise all the aspects of
research in plant science, from the fundamental to the very applicative
aspects, form the theoretical one to social implications and policies strate-
gies.

Finally, | would like to thank the editors of the affiliated journals for their sup-
port, in different ways, to our activities. | hope that the collaboration with the
affiliated journals will further increase. | invite the editors participating in the
Congress to join the meeting we have organized in these day in order to iden-
tify new activity of collaboration.

| would also like to mention the FESPB Council, the key point of FESPB's life.
The Council is composed of one delegate for each member scientific society. |
really hope that also the collaboration with the delegate will further
increase. Their role in giving new ideas, improving the traditional activities
and helping the Executive Committee in carrying them out is crucial. | thank
the delegates for their last job: the selection of the winners of the grants
allowing almost 70 students to participate in the congress, the identification
of the evaluation committee for the selection of the two FESPB Awards and
the selection of the best posters that will be shown by students during the
congress.

Another issue | would like to address and make more known to this research
community is our last activity approved by the Council: FESPB annually offers
some travel grants to young scientists for spending a short period in other
laboratories in Europe. We started this activity just before the lockdown
imposed because of the pandemic situation, for this reasons very few
students could take advantage of this opportunity, but we are confident that,

— .. in a near future, this initiative could help many of our students to improve
: their scientific expertise and knowledge.
Who is interested in knowing better the initiatives of FESPB can find more

information on our website (https://fespb.org).
2 O 2 1 Again, | wish you very interesting scientific days, rich of excellent research
and stimulating interaction with other colleagues!



Alan Schulman
EPSO President

Dear colleagues, it is a pleasure to join you as EPSO President in our virtual
PBE2021. This pandemic year has been one of big challenges for all of us,
both personal and professional. However, the rapid development of vaccines
is an example of what science, with the right tools and priorities, is able to
deliver in the public service. Likewise, plant science today has the potential
to address the primary production side of the many pressing problems in
delivering sufficient, sustainable, and secure food while preserving biological
diversity in the face of climate change. EPSO has been working hard to extend
accurate and cogent advice to policy makers regarding orientation, research
areas, and topics in the formation of Horizon Europe. A major EPSO focus,
especially of our AgTec Working Group, has been on the current fettered
status of NBTs in Europe under the EC] 2018 decision, which is undermining
plant research, development and application. We have been interacting on
multiple occasions with those making and implementing policy from Member
States within the context of the EC NBT study that was published in April. We
have also been very concerned with the ongoing consideration of the position
of Digital Sequence Information within the Nagoya Protocol and its implica-
tions for R & D. Beyond EPSO's interactions with public servants on policy and
EU funding instruments, we have strived to build networks of interactions
between scientists. Our Working Groups have been very active in this regard.
These WGs, in turn, provide a path for delivering science information and
advice to those beyond the walls of research institutions. As widespread
adoption of online meeting tools during the pandemic gave EPSO an opportu-
nity to initiate a Zoom-based Plant Science Seminar Series, which is being
held on the third Thursday of each month at 3 PM CET. Each has centred on
one theme and featured three speakers. Our public outreach through Fasci-
nation of Plants Day in May went virtual this year. As we look forward to end
of the pandemic and its restrictions and the emergence of a new normal, we
welcome all of you to be active EPSO members and participants. We as an
organisation and as a discipline are as strong and dynamic as our collective
creative energy. | wish you all an inspiring meeting.

Francesco Loreto
Chair, PBE2021 Scientific Organizing Committee

When | accepted chairing the Scientific Organizing Committee of Plant Biology
Europe 2021, | was afraid that the task would have been overwhelming. Then
the COVID-19 pandemics came in to make our endeavor even more difficult.
Defying all incumbent and unfavorable circumstances, and giving one of the
best proof of “resilience” | have seen so far, one year after the set congress
date, we are finally here with the usual outstanding program. This exception-
al result would not have been possible without the strong will and dedication
of all members of the SOC, the local organizers, and the funding organiza-
tions. Them all deserve my deepest acknowledgments for having brought to
completion such a “mission impossible”. Our work has also highlighted that
plant biology is alive and kicking despite the pandemics. If experimental work
has often and unavoidably been restrained to comply with the strict requla-
tions set up to combat COVID-19 worldwide, we have seen theoretical, in-sili-
co, and modeling work flourishing with new and important ideas. Minds flew
over the pandemics, which gave us an opportunity to rest and think. There is
now growing awareness of the multi-faceted and increasingly important role
of plants. Plants have created the world as we see it (plant power came first),
and plants will help us fight the problems and address the grand challenges of

— ® our time: overpopulation and consequent overexploitation of resources,
PB: o climate change mitigation, and food security attainment among the main

ones. We need to better know plants to let them help us with our quests. We
are now ready to hear and learn at the PBE 2021 congress the most brilliant

new ideas on how plants will drive our society and our planet toward a more
sustainable and better future.
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08.00 - 08.30
08.30 - 09.00
09.00 - 09.45
09.45 -10.30
10.30 -10.50
10.50 -11.20
11.20-11.40
11.40-12.00
12.00-12.20
10.50 -11.20
11.20-11.40
11.40-12.00
12.00-12.20

Monday 28" June 2021

Connection time

Opening of the Congress

Andrea Schubert (Convener)

Laura De Gara (FESPB Secretary General)

Alan Schulman (EPSO President)

Francesco Loreto (Chair, PBE2021 Scientific Organizing Committee)

Plenary Lecture Theme 1 - Abiotic stress and plant performance
Pierdomenico Perata (Pisa, Italy)

Plants and hypoxia: occurrence, sensing and adaptation

Chair Kirk Overmyer

Plenary Lecture Theme 3 - Plant metabolism and bioactive compounds
Cathie Martin (Norwich, UK)

The benefits of a colourful diet

Chair Robert Hancock

Comfort break

Parallel Session 1A - Phenotyping plant performance under abiotic stress
Chair Kirk Overmyer

Keynote lecture

Francois Tardieu (Bordeaux, France)

Plant performance under abiotic stress: combining multi scale phenotyping,
modelling and genomic prediction

100 Federico Betti - Arabidopsis ARGONAUTE 1, ARGONAUTE 3, and
ARGONAUTE 4 regulate gene expression and hypoxia tolerance.

189 Sara Cimini - A specificintra-species modulation of redox balancing systems is
crucial for the tolerance of Baldo rice cultivar against salt stress

443 Nadia Bazihizina -The characterisation of ion transport in stalk cells reveals
their role in salt sequestration in quinoa epidermal bladder cells

Parallel Session 2A - Cell signaling in plants
Chair Pilar Cubas

Keynote lecture
Michel Hothorn (Geneva, Switzerland)
Plant signal transduction cascades - from atoms to phenotypes and back

149 Attila Fehér - ROP GTPase-activated kinase signaling in Arabidopsis

529 Martin Guiomar - Contribution of alternative splicing in plants and animals in
response to different types of stimuli

136 Benoit Menand - A pharmacogenetic approach to decipher the role of the TOR
signaling pathway in plant growth and development

PBc -~
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12.20-12.40
10.50 -11.20
11.20-11.40
11.40-12.00
12.00-12.20
12.20 -12.50
12.50 - 14.00
14.00 - 14.45
14.45 -15.30
15.30 - 16.00
16.00 - 16.20
16.20 - 16.40
16.40-17.00

Monday 28" jJune 2021

Parallel Session 5B - Plant evolution and development
Chair Dirk Inze

Keynote lecture
Sabine Zachgo (Osnabriick, Germany)
Evolution of plant cell proliferation control: Redox matters

163 Marco Maccaferri - Durum wheat pan-transcriptome as a bridge to unravel
tetraploid and hexaploid wheat gene function and evolution

252 Gergo Palfalvi - Evolution and development of carnivorous plant leaves

444 Tomas Werner - Studying the evolution of gene networks through Marchantia
polymorpha

Plenary FESPB Young Scientist Award lecture 1

Matous Glanc

Heads and tails? Cell polarity and cell division in the context of each other
Chair Laura De Gara

Lunch break

Plenary Lecture Theme 2

Signaling at cell and plant level

Anna Stepanova (Raleigh, USA)

Building a SynBio toolbox to monitor and control plant hormone activity
Chair Pilar Cubas

Plenary Lecture Theme 4

Plant and ecosystem adaptation to environmental change

Ulo Niinemets (Tartu, Estonia)

Plant adaptation to environmental change: potentials, limits and feedbacks to
global change

Chair Francesco Loreto

Parallel Session 4B - Plants in extreme environments
Chair Francesco Loreto

Keynote lecture

Xavier Picd (Sevilla, Spain)

Understanding the ecology and genetics of local adaptation in plants: lessons from
natural Arabidopsis thaliana populations along wide environmental gradients

166 Laura Bertini - Global warming: friend or foe for the survival of the C. quitensis
antarctic ecotype?

436 Payel Bhattacharjee - Exploring differential sensitivity to gamma radiation in
plants: A systematic approach using growth studies, histology, and molecular
biology tools.

499 llaria Colzi - Do Ni-hyperaccumulators manage the high amount of metal in
their shoots without affecting the photosynthetic activity?

Parallel Session 3 -Plant metabolism and bioactive compounds - part1l
Chair Robert Hancock

PBc -~
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16.40-17.00

Monday 28" June 2021

Keynote lecture
Lazaro Pereira Peres (Piricicaba, Brasil)
Crop improvement for healthy diet. Tomato as a model system

191 Carpaneto Armando - | Tonoplast cytochrome b-561 controls
ascorbate homeostasis in Arabidopsis plants exposed to high light

240 Cohen Hagai - The multifaceted networks regulating
suberin metabolism in plants

Parallel Session 10 - Plant nutrition
Chair Antonio Leyva

Keynote lecture

Hatem Rouached (East Lansing, USA)

Getting to the root of plant mineral nutrition: system genetics to study how plants
make sense of various nutrient signals

187 Grmay Lilay - F-bZIPs - the Sensors and Molecular Switches for Plant Zinc
Acquisition

547 Valéria Custédio - Uncovering factors that modulate the microbiota assembly
in Zea mays

483 Esther Riemer - ITPK1-dependent generation of inositol pyrophosphates is
required for systemic requlation of phosphorus homeostasis

PBE +
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08.30 - 09.00
09.00 - 09.45
09.45 -10.30
10.30 - 11.00
11.00 -11.20
11.20-11.50
11.50-12.10
12.10-12.30
12.30-12.50
11.20-11.50
11.50-12.10
12.10-12.30
12.30-12.50
11.20-11.50

Tuesday 29" June

Connection time

Plenary Lecture - Theme 5 - Plant development and flowering

Miltos Tsiantis (KdIn, Germany)

The genetic basis for diversification of leaf form: from understanding to recon
structing

Chair Jos Schippers

Plenary Lecture -Theme 6 - Protein modifications and trafficking
Eugenia Russinova (Gent, Belgium)

Cell biology meets development: endocytic regulation of signalling pathways in
plants

Chair Eva Stoger

Plenary EPSO Young Plant Scientist Award on applied science

Ann-Katrin Beuel (Aachen, Germany)

LEDitGROW - Lighting Systems to Optimize the Secondary Metabolite Content of
Plant Cell Cultures Chair Ernst van den Ende

Comfort break

Parallel Session 6A - Trafficking and transport in plant cells
Chair Przemijslav Wojiaszek

Keynote lecture
Viktor Zarsky (Prague, Czech Republic)
Exocyst complex functions in plant secretory pathway

63 Mathieu Bruggeman - Functional Interactions of Nuclear RNase P in Arabidopsis

133 Mirko Zaffagnini - Glutathionylation of plant glyceraldehyde-3-phosphate
dehydrogenase triggers late and irreversible collapse into insoluble aggregates

426 Agata Ciesla - The post-translational modifications are crucial for
Arabidopsis type Ill ACC synthases regulation

Parallel Session 12B - Translating plant research from lab to field
Chair Eva Stoger

Keynote lecture
Hilde Nelissen (Gent, Belgium)
Translating plant organ growth from model to crop

115 Martina Huber - Rice growing in high density: Elucidating the genetic networks
of weed-competitive rice architectures

427 Joseph Swift - Single-nuclei sequencing reveals drought's impact on hormone
activity and leaf development

457 Shimizu Kentaro -The pattern of genome-wide polymorphisms in natural and
crop polyploid species

Parallel Session 5A - Plant development and flowering
Chair Jos Schippers

Keynote lecture
Kerstin Kaufmann (Berlin, Germany)
Mechanisms underlying cellular differentiation in flowers

PBc -~
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11.50-12.10
12.10-12.30
12.30-13.30
13.30 - 14.15
14.15 - 15.00
15.00 - 15.30
15.30 - 15.50
15.50 -16.10
16.10 - 16.30
15.00 - 15.15
15.15-15.40
15.40 - 16.00
16.00 - 16.20
16.20 - 16.40

Tuesday 29" June

80 Alexis Porcher - Light-dependent H202 scavenging as a critical process in the
photo control of axillary bud outgrowth?

429 Alice Pajoro - The anti-florigen TERMINAL FLOWER 1 orchestrate plant architec
ture coordinating floral transition and vascular bundle development

Lunch break

Plenary lecture - Theme 7 - Molecular and cellular organization of the
photosynthetic system

Roberta Croce (Amsterdam, The Netherlands)

Harvesting the sun...safely and efficiently

Chair Michel Havaux

Plenary lecture - Theme 12 - Genomics and genome editing for crop design
Zachary Lippman (Long Island, USA)

Revealing cis-regulatory complexity and the principles of quantitative trait
variation

Chair Dirk Inze

Parallel Session 7A - Molecular and cellular organization of the
photosynthetic system
Chair Paolo Trost

Keynote lecture
Donald Ort (Urbana, USA)
Improving photosynthetic efficiency for increased yield

17 Cristina Pagliano - Molecular determinants of grana stacking in plant thylakoid
membranes

111 Radoslaw Mazur - The influence of LHCII complex composition on the grana
structural reqularity in Arabidopsis thaliana plants

181 Pedro Carvalho - Novel function for an iron requlator: OsbHLHG60 activates a C4
PEPC1 promoter

Parallel Session 12A - Genomics and genome editing for crop design
Chair Dirk Inze

Samplix Company talk
Peter Mouritzen - Xdrop®: targeted enrichment to overcome challenges in long-
and short-read sequencing of large and complex plant genomes

Keynote lecture
Catherine Feuillet (Cambridge, USA)
Seeds for a changing planet

247 Marie Pfeiffer - Overcoming genetic redundancy and lethality: Novel CRISPR
tools for plant loss-of-function studies

72 Andrea Moglia - CRISPR/Cas9-Based Mutagenesis of PPO genes in eggplant for

the improvement of the berry quality

279 Eniko Lorincz-Besenyei - Developing a viral based genome editing toll
for plant editing

PBc ~



PBc -~

15.00 - 15.30
15.30 - 15.50
15.00-17.00
17.00 -18.30

Tuesday 29" June

Parallel Session 1C - Stress resilience in horticultural and fruit crops
Chair Isabel Baurle

Keynote lecture

Francesca Cardinale (Turin, Italy)

A tale of plant hormones: how strigolactones cross-talk with ABA to set drought
responses in tomato

539 Andrea Schrader - Characteristics of a salt stress resilient transcriptome -
splice variants in tomato roots

The Global Plant Council (GPC) Science Communication workshop
Michele Catanzaro, Isabel Mendoza

Aninteractive, hands-on workshop to provide tools for communicating research
based on presentation and discussion of selected press releases.

GPC-EPSO panel discussion on access to genetic resources
Roslyn Gleadow, Jens Sundstrom: Introduction

Jane Anderson: What we are talking about

Nils Stein: A researcher’s perspective

KC Bansal: Potential conflicts related to DSI

Amber Hartman Scholz: What to do now

PBc -~
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08.30 - 09.00
09.00 - 09.45
09.45 -10.30
10.30 -10.50
10.50 -11.20
11.20-11.40
11.40-12.00
12.00-12.20
10.50 -11.20
11.20-11.40
11.40-12.00
10.50 -11.20
11.20-11.40
11.40-12.00

Connection time

Plenary lecture - Theme 8 - Carbon fixation and plant productivity
Spencer Whitney (Canberra, Australia)

Improving RuBisCO function and plant growth

Chair Francesco Loreto

Plenary lecture - Theme 9 - From plant defence to plant immunity
Roberto Solano (Madrid, Spain)

Evolution of jasmonates in land plants and their role in thermotolerance
Chair Giulia De Lorenzo

Comfort break

Parallel Session 6B - Seeds of tomorrow
Chair Eva Stoger

Keynote lecture
Alessandro Vitale (Milan, Italy)
How to make a protein body: a cell biologist's evolutionary view

402 Davide Gerna - Seed physical state critically affects the influence of oxygen on
seed deterioration.

106 Rocio Soledad Tognacca - A novel role for athb2/hat4 as a regulator of germi
nation in Arabidopsis thaliana seeds

535 Elsa Arcalis - Multiscale imaging reveals novel trafficking routes and novel roles
for the storage vacuole in maize endosperm

Parallel Session 9B - Priming and memory of stress - from model to crop
Chair Miroslav Strnad

Keynote lecture
Jose Gutierrez Marcos (Warwick, UK)
Molecular changes induced by stress and developmental reprogramming in plants

48 Simone Ferrari - The Arabidopsis thaliana LysM-containing receptor-like kinase
AtLYKZ2 is required for elicitor-induced priming of defenses against fungal infection
independently of chitin perception

222 lvan Visentin - From tomato to Arabidopsis and back: role of strigolactones in
the stomatal memory of drought stress

Parallel Session 7B - Chloroplast biology
Chair Michel Havaux

Keynote lecture

Chanhong Kim (Shanghai, China)

From singlet oxygen signalling to chloroplast protein import pathways:
An unforeseen adventure

105 Stefano D'Alessandro- Detox them alll Promiscuous detoxification contributes
to plant stress tolerance

477 Matteo Ballottari - LPA2 proteinis involved in Photosystem Il assembly in
Chlamydomonas reinhardtii

PBc -~
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12.00-12.20
12.20-13.00
13.00 - 14.30
14.30 - 15.00
15.00 - 15.20
15.20 -15.40
14.30 - 15.00
15.00 - 15.20
15.20 - 15.40
15.40 - 16.00
14.30 - 15.00
15.00 - 15.20

486 Luca Tadini - GUN1 promotes the accumulation of NEP-dependent transcripts
and chloroplast protein import upon perturbation of plastid protein homeostasisin
Arabidopsis cotyledons

Lunch Break

EPSO Plenary Science Policy Session - Contributions of plant science to the
European Green Deal and the UN Sustainable Development Goals (SDGs)
and the role of the Horizon Europe R&I Programme

Opening speaker:

Dorothée André, Head Plant Health, European Commission, DG SANTE

Brussels, Belgium

Panel experts:

Jingyuang Xia, Director of Plant Production and Protection Division, FAO Rome, Italy
Raffaele Maiorano Chair, FAO Global Forum on Agricultural Research and Innovation
(GFAR), Rome, Italy

Ulrich Schurr, EPSO Vice-President, Julich,Germany

Alan Schulman, EPSO President, Helsinki,FInland

Massimiliano Giansanti, President Confagricoltura Farmers Association, Rome, Italy

Parallel Session 8 - Carbon fixation and plant productivity - part1
Chair Michel Havaux

Keynote lecture
Tomas Morosinotto (Padova, Italy)
Lessons from evolution to improve photosynthetic productivity

93 Stefan Schillberg - Two strategies for promoting carbon fixation in plants to
increase biomass production

281 Nelson Saibo - Unveiling the requlatory networks underlying C4
photosynthesis

Parallel Session 9A - From plant defence to plant immunity
Chair Andrea Schubert

Keynote lecture
Giulia De Lorenzo (Roma)
Plant cell-wall derived DAMPs in immunity and development

220 Tetiana Kalachova - Disrupted actin cytoskeleton : a switch from immunity to
senescence

64 Lucia Marti - Orchestration of the oxidative burst in elicitor-induced immunity
requires the multiple organelle-targeted Arabidopsis NPK1-related protein
kinases (ANPs)

263 Roslyn Gleadow - The end of the trade wars: a new paradigm in plant
defence theory

Parallel Session 1B - Plant adaptation to climate change stress
Chair Przemijslav Wojiaszek

Keynote lecture
Julio Salinas (Madrid, Spain)
Unveiling a new plant molecule involved in tolerance to abiotic stress

481 Melo Fredilson - Functional characterization of drought-responsive RING
E3-Ubiquitin ligases inrice

PBc -~
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15.20 -15.40
15.40 - 16.20
16.20 - 16.50
17.00 -18.30

Wednesday 30" June

498 Anna Johanna - Wiese Arabidopsis bZIP18 and bZIP52 accumulate in nuclei
following heat stress where they regulate the expression of a similar set of genes.

Comfort break

Plenary EPSO Young Plant Scientist Award on Fundamental Science
Apolonio Huerta

Resistance to Fusarium oxysporum 1: A novel cell wall Integrity sensor required for
resistance against F. oxysporum

Chair Alan Schulman

Plenary ERC Session - The ERC Funding For Frontier Research
In Plant Science
Dirk Inzeé, Miina Rautiainen, Jean-Luc Khalfaoui, Alessandra Ferrari
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08.30 - 09.00
09.00 - 09.45
09.45 -10.30
10.30 -10.50
10.50 -11.20
11.20-11.40
10.50 -11.20
11.20-11.40
11.40-12.00
10.50 -11.20
11.20-11.40
11.40-12.00
12.00-12.20

Thursday 1stjune 2021

Connection time

Plenary lecture - Theme 10 - Plant nutrition and beneficial interactions
Caroline Gutjahr (Munich, Germany)

Arbuscular mycorrhiza development and function

Chair Antonio Leyva

Plenary lecture - Theme 11 - Plant epigenetics

Vincent Colot (Paris, France)

Transposable element mobilization in Arabidopsis thaliana: highly deleterious yet a
major force of local adaptation

Chair Isabel Baurle

Comfort break

Parallel Session 4A - Plant ecosystems under environmental change
Chair Martin Lascoux

Keynote lecture

Giorgio Matteucci (Firenze, Italy)

Plant ecosystems and environmental change: extreme events, resilience and
adaptation mechanisms in natureTitle

129 Fanny Petibon - Leaf pigmentomics - a new approach for better understanding
of seasonal pigment dynamics?

Parallel Session 11 - Plant epigenetics - part1
Chair Isabel Bdurle

Keynote lecture
Franziska Turck (Kéln, Germany)
Pinpointing regulation in epigenetic gene regulation

15 Stéphane Maury - Evolutionary and functional impact of epigenetic variations in
forest trees facing climate change

175 Alba Rodriguez Diez - Loss of function of an Arabidopsis ortholog of the mam
malian MRG15 adaptor protein connecting splicing to chromatin leads to defective
abscisic acid signalling

Parallel Session 2B - Long-distance messages in plants
Chair Miroslav Strnad

Keynote lecture
Sabrina Sabatini (Rome, Italy)
Developmental boundaries: choosing between division and differentiation

113 Rana Surbhi - Local and systemic effects of brassinos
teroid perception in developing phloem

52 Giovanna Frugis - Dissecting the cytokinin genetic pathway and
the main gene regulatory networks in Cichorium endivia leaves: fundamental
biology in leafy crops

182 Julia Santiago - Structural basis for recognition of RALF peptides by LRX
proteins during pollen tube growth

PBc -~
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10.50-11.10
11.10-11.30
11.30-11.50
12.20 -12.50
12.50 - 14.00
14.10 - 14.30
14.30 - 14.50
14.00 - 14.30
14.30 - 14.50
14.00 - 14.30
14.30 - 14.50
14.50 - 15.10
15.10 - 16.00

Thursday 1stjune 2021

Parallel Session 3 - Plant metabolism and bioactive compounds - part 2
Chair Paolo Trost

22 Raimund Tenhaken Why are some sugars toxic to plants?

213 Richard Macknight - Vitamin C biofortification: Overcoming the complexity of
metabolic pathway regulation

527 Lena Hunt - Localization of phenolic compounds in barley leaves can be modu
lated by irradiance and CO2

Plenary FESPB Young Scientist Award 2

Sara lzquierdo Zandalinas

ROS-mediated systemic signalling during acclimation to environmental stress
conditions

Chair Isabel Diaz-Rodriguez

Lunch break

Parallel Session 10B - The plant microbiome and new strategies

for biofertilization

Chair Antonio Leyva

469 Guido Domingo - Proteomic analysis reveals how pairing of a Mycorrhizal
Fungus with Plant Growth-Promoting Bacteria modulates growth and defense
in wheat

531 Bradley Dotson - Breeding for Plant-Trichoderma compatibility

Parallel Session 11A - Plant epigenetics - part 2
Chair Pilar Cubas

Keynote lecture
Martin Crespi (Paris, France)
Plant non-coding RNAs in chromatin regulation

471 Francesca Lopez - Gene dosage compensation of rRNA transcript levelsin
Arabidopsis thaliana lines with reduced ribosomal gene copy number

Parallel Session 8 - Carbon fixation and plant productivity - part 2
Chair Francesco Loreto

Keynote lecture
Alexandra Baekelandt (Gent, Belgium)
CropBooster-P: aroadmap for future European plant research

532 Sina Schultes - Linking root carbon partitioning to inter-kingdom microbial
variation in the maize rhizosphere

410 Nicole Salvatori - Dynamic photosynthesis in two soybean varieties:
short and long term acclimation to fluctuating light conditions

Closing of the Congress
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Extended Elevator Pitches PBc +

(10 minutes, available on the Congress platform throughout the Congress)

To this aim, the Congress will present 12 Plenary lectures each focusing on a theme, and parallel sessions
that will explore different angles of the theme itself. Besides keynote speakers, the SOC selected among
the more than 500 contributions sent to the Congress oral communications to complete each session.
However, as the number of very well rated abstracts was way higher than the available slots, the SOCalso
selected a number of them to be presented as 10 min EEP that will be available on demand during the
Congress.

Topic 1A - Phenotyping plant performance under abiotic stress

406 Roel Lammerant - Impact of experimental soil moisture manipulation on tropical tree

seedling demographic fates and functional traits

424 Cristian Mateo - Arsenite provides a selective signal that coordinates arsenate uptake and detoxi-
fication in Arabidopsis

439 Sivakumar Krishnamoorthy - Identification of downstream targets of MAPKKK17/18 cascade in
Arabidopsis

447 Micaela Andrea Navarro Correa - Regulatory interplay between root developmental programs
and the arsenic response in Arabidopsis

514 Maria Fitzner - Influence of salinity and different light regimes on growth and metabolite profiles
of halophytes

517 Shaaban Basel - Molecular analysis of abiotic stress response in different Capsicum genotypes
525 Yuri Luca Negroni - The fundamental role of plant mitochondria in stress responses is linked to
the functionality of the mitochondrial nucleoid binding protein WHIRLY?2

526 Ralf Metzner - In vivo imaging and quantification of carbon tracer dynamics in nodulated root
systems of pea plants

540 Andrej Frolov - Does glycation of plant proteins impact on ageing and response to environmental
stress?

Topic 1C - Stress resilience in horticultural and fruit crops

58 Matteo Chialva - Comparative transcriptomics between Solanum lycopersicum and S. pennellii
sheds light into adaptation to arbuscular mycorrhizal symbiosis and combined stress resilience
539 Andrea Schrader - Contrasting responses of two grapevine cultivar with different hydraulic
behaviour to drought: the role of non-structural carbohydrates in xylem embolism

Topic 2A - Cell signaling in plants

415 Monika Chodasiewicz - Stress Granules as novel mechanism for stress signaling

445 Francesca Resentini - Simultaneous imaging of ER and cytosolic Ca2+ dynamics reveals long
distance ER Ca2+ waves in plants

473 Catarina Campos - Involvement of small RNAs in long- and short-term heat stress response in
mycorrhizal grapevine plants

Topic 2B - Long-distance messages in plants

463 Matteo Grenzi - At the edge of the gate: discerning the GLUTAMATE RECEPTOR-LIKE ligand-bind-
ing role in plant systemic responses

Topic 3A -Plant metabolism and bioactive compounds

184 Katarina Soln - Inside of allelopathy of invasive Japanese and Bohemian knotweed: rhizome
extracts stimulate programmed cell death and affect cell structure and function in young radish roots
452 Matteo Pivato - Heterologous expression of cyanobacterial Orange Carotenoid Protein (OCP2) as a
soluble carrier of ketocarotenoids in Chlamydomonas reinhardtii

524 Julie Buges - Metabolic engineering of BAHD acyltransferases involved in the production of an
unusual chemical signature in Asteraceae pollen coat
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Extended Elevator Pitches PBc +

(10 minutes, available on the Congress platform throughout the Congress)

Topic 4A - Plant ecosystems under environmental change

139 Cecilia Brunetti - Widespread holm oak dieback in Mediterranean forests: the roles of carbon
stress and hydraulic failure under recurrent drought events

282 Norul Sobuj - Effects of lateral bud removal in growth and phenolics in male and female saplings of
Populus tremula (L.) under simulated climate change

285 Francesca Secchi - Inhibition of xylem cellular activity blocks recovery from drought induced
embolism in poplar - insights from micro-CT analysis

521 Oksana Lastochkina - The role of endogenous salicylic acid in endophytic bacterium Bacillus
subtilis-mediated drought tolerance in wheat plants

Session 4B - Plants in extreme environments

225 - Chiara Puciariello - Auxin is required for the long coleoptile traitin rice germination under submergence

Session 5A - Plant development and flowering

108 Francesca Giaume - A triple florigen system is essential for flowering and panicle architecture inrice
134 Maurizio Di Marzo - SEEDSTICK controls Arabidopsis fruit size by regulating cytokinin levels and FRUITFULL
158 Misra Chandra Shekhar - Transcriptome reprogramming in the Arabidopsis male germline during
pollen tube growth

179 Giulia Castorina - Genetic control of juvenile phase-specific cuticle deposition and cuticle-mediat-
ed plant response to drought in maize

322 Jose Muino - Understanding meristem differentiation at single cell level during flower development
433 Pedro Barras - Conserved requlatory networks acting during phellem development in Arabidopsis
and cork oak roots

464 Ana Marques - Functional analysis of AtDRIF genes during the development of Arabidopsis thaliana seedlings
488 Luis Andrade - The evening complex is necessary for rice flowering activation

522 Tomas Takac - FSD1: a plastidial, nuclear and cytoplasmic enzyme with antioxidant, osmoprotec-
tive and developmental functions

Session 5B - Plant evolution and development

92 Martin Bayer - Parental conflict or cell polarity establishment? Mechanistic insight in MAP kinase
signaling in the plant embryo

Session 7A - Molecular and cellular organization of the photosynthetic system

476 Federica Perozeni - Toward an effective use of microalgae by disentangle LHCSR role on non
photochemical quenching (NPQ) in Chlamydomonas reinhardtii

Session 7B - Chloroplast biology

198 Valeriia Dmitrieva - Chlorophyll b and far-red light influence permeability of plasmodesmata in
leaves of Arabidopsis thaliana

Session 8 - Carbon fixation and plant productivity

131 Libero Gurrieri - Molecular clues from the redox regulation of Calvin-Benson cycle

274 Davide Patono - Source-sink carbon movements in grapevine under drought stress and following
rehydration

479 Inés Luis - A novel threonyl-phosphorylation regulates the activity of maize C4-enzyme phosphoe-
nolpyruvate carboxylase

544 James Bunce - Carboxylation capacity limits photosynthesis at elevated CO2 throughout diurnal cycles

PBc -~




Extended Elevator Pitches PBc +

(10 minutes, available on the Congress platform throughout the Congress)

Session 9A - From plant defence to plant immunity

146 Kriton Kalantidis - Host factors involved in viroid and satellite RNA infections

173 Anna Philippova - Immune signaling peptides in early land plants

413 Erika Sabella - Xylella fastidiosa in olive tree: physiological evidences correlated to the resistance
419 Gaia Salvatore Falconieri - GLYI4: a potential key hub of primary metabolism and hormone signal-
ing pathway in Arabidopsis thaliana

Session 9B - Priming and memory of stress - from model to crop

412 Anne Cortleven - Photoperiod stress protects Arabidopsis plants against pathogen attack

441 Valentino Casolo - Understanding the response to water stress in poplars: can the balance
between non-structural carbohydrates metabolism and growth prime recovery after stress relief?

461 Moira Giovannoni - The Plasma Membrane-Associated Ca2+- binding protein PCaP1 is required for
oligogalacturonide and flagellin-induced priming and immunity

Session 10A - Plant nutrition

150 Dimitrios Savvas - Effect of different biostimulants on tomato crop performance grown under
combined nutrient and water stress

160 Katerina Karamanoli - PGPR isolated from the rhizosphere of plants grown under harsh environ-
ments enhance tomato seedling performance under abiotic stress

399 Raffaella Balestrini - Systemic responses in two hazelnut genotypes to the colonization by the
black truffle Tuber melanosporum

Session 10B -

270 Oksana Lastochkina - Effect of seed priming by endophytic Bacillus subtilis on growth and drought
stress tolerance of Triticum aestivum L. cultivars of steppe Volga and forest-steppe West Siberian
agroecological groups

458 Fracisca Reis - Cork oak forests plant growth promoting rhizobacteria (PGPR): key partners to
prevent drought stress

Session 11 - Plant epigenetics

286 Irene Perrone - Key transcripts and epigenetic signatures underlying the somatic embryogenesis
process in different grapevine genotypes

405 Alessandra Boccaccini - Detection of neighbors and transcriptional reprogramming: does chroma-
tin accessibility count?

Session 12A - Genomics and genome editing for crop design

264 Radomiro Ortiz - Genomic prediction to deliver heat tolerant wheat to the Senegal River basin
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Plenary Lecture

Transposable element mobilization in Arabidopsis thaliana: highly deleterious yet a major force of local
adaptation

Vincent Colot

Institut de Biologie de I'Ecole normale supérieure (IBENS), Paris, France

Transposable elements (TEs) are potentially powerful endogenous mutagens. Their mobilization can disrupt
genes in many ways and their propagation across the genome provides increased opportunities for
chromosomal rearrangements, notably through ectopic recombination. Comparative genomics has
confirmed that TE sequences are not only the main component of many eukaryotic genomes, including those
of mammals and most plants, but also major contributors to the evolution of genome structure and function
across species. Yet, we still know little about TE mobilization and its impact within species. Here, | will report
the results of our recent study of natural transposition in Arabidopsis thaliana (Baduel et al, Genome Biology,
2021), where we found that TE insertions occur at rates of the same order of magnitude as single base
substitutions (SNPs), but with much more dramatic consequences. Indeed, while most SNPs are neutral and
tend to accumulate over time, over 99% of TE insertions are purged by natural selection within a few
thousand years because of their strong and mainly deleterious effects on gene expression. Nonetheless, we
find that higher transposition rates are favored at the borders of the species range, due to a combination of
environmental and genetic factors that influence the epigenetic control of TEs. Moreover, we find that
environmentally-responsive genes, including the main gene controlling flowering time, FLC, are recurrent TE
targets in nature. | will discuss the implications of these and other findings, notably in light of the increasing
need for species to rely on new mutations for their rapid adaption to climate change.




Plenary Lecture

Harvesting the sun.....safely and efficiently
Roberta Croce

Vrije Universiteit Amsterdam, Faculty of Science, Amsterdam, Netherlands

Photosynthesis sustains nearly all life on earth, but the simultaneous presence of excitation energy and
molecular oxygen in the membrane makes it a hazardous business. If excitation energy is not immediately
used for charge separation and the subsequent enzymatic reactions, it can lead to the formation of reactive
oxygen species that damage the photosynthetic apparatus. Over-excitation happens quite often: oxygenic
organisms are exposed to (drastic) changes in environmental conditions (light intensity, light quality and
temperature), which influence the physical (light-harvesting) and chemical (enzymatic reactions) parts of the
photosynthetic process to a different extent, leading to severe imbalances.To avoid photodamage while
keeping the process working efficiently, plants regulate the amount of excitation energy in the
photosynthetic membrane by switching from a light-harvesting state, in which most of the photons absorbed
are used for photosynthesis, to a quenched state, in which the excess absorbed energy is dissipated as heat.
How does it happen? In this presentation, | will discuss our recent in silico, in vitro and in vivo data focusing
on the location and mechanism of quenching in plants.




Plenary Lecture

Arbuscular mycorrhiza development and function

Caroline Gutjahr ¥

Technical University of Munich (TUM), Plant Genetics, Freising, Germany *)

Arbuscular mycorrhiza (AM) is an ancient symbiosis between plants and glomeromycotan fungi that is
extremely widespread in the plant kingdom and is based on nutritional benefits to both symbiotic partners.
The plant receives mineral nutrients, especially phosphate from the fungus and in return provides the fungus
with carbohydrates and lipids. As a result, AM can significantly increase plant growth in low nutrient soils.
For symbiosis establishment AM fungi colonize the root interior. This involves distinct and genetically
separable developmental steps that are largely under plant control. They include drastic plant cell
rearrangements that precede differentiation of fungal hyphae into particular shapes inside plant cells. We
are interested in the plant molecular mechanisms required for initiation of AM symbiosis and for the
rearrangement of root cortex cells allowing formation of highly-branched fungal arbuscules, which mediate
nutrient exchange. In addition, we work towards elucidating the genetic determinants of AM-mediated plant
growth increase. Recent progress in our understanding of AM development and function will be presented.
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Plenary Lecture

Tuning Genes, Genomes, and Traits in Plants and Agriculture

Zachary Lippman

Howard Hughes Medical Institute, Cold Spring Harbor Laboratory

Genome editing is being lauded as a revolutionary technology that will invigorate plant breeding. However,
crop domestication and improvement is founded on genetic complexity that goes well beyond single gene
mutations with dramatic phenotypic effects, which have dominanted plant genome editing thus far. To
advance to the next stage, for both agricultural application and to address fundamental questions, we are
dissecting the mechanisms and principles underlying quantitative trait variation. Our early focus was on
epistasis, which revealed that interacting genes are highly dose-sensitive systems that can exploited to create
continuums of quantitative variation. More recently we have applied genome editing to investigate the
genetic architecture of cis-regulatory regions that control transcriptional and phenotypic outputs from key
developmental genes. We have found that gene promoters are also highly dose-sensitive and can serve as
“tunable” transcriptional control regions, which can be manipulated to create novel alleles and quantitative
variation that goes beyond what nature has provided. Open chromatin and evolutionary conserved non-
coding sequences in these promoters may predict functionally important cis-regulatory regions, but hidden
epistasis and tissue-specific regulatory elements exist and can be resolved empirically. | will present several
case studies that open the debate on whether “rules” can be established to achieve predicable outcomes
from genome editing.
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Plenary Lecture

The benefits of a colourful diet
Professor Cathie Martin MBE, FRS,
John Innes Centre, Norwich Research Park, Norwich, UK

The appreciation of the challenges of achieving global food security has matured to include nutritional
security, as scientists have realised that not only calorie content but also food composition impact our health
and well-being, dramatically. The ways that the nutrients we consume affect our health are highly complex
due to the diversity of what we eat, the varying digestibility of what we eat, the changing composition and
functioning of each individual’s gut microbiota, the differences in absorption and bioavailability of the
nutrients we eat, the differences in responses between individuals to what they eat and the multi-fold
mechanisms of action that nutrients have on our health. However, one generic conclusion is possible: it has
been accepted for more than 50 years that diets rich in plants, particularly fruit and vegetables, protect
health. Yet over this same period diets have declined, with lower fruit and vegetable content replaced by
more cheap, sugary, oily processed foods. These dietary shifts are having a marked impact on the incidence
of chronic diseases; obesity, metabolic diseases, type2 diabetes and cardiovascular diseases.

By understanding which nutrients from plants confer greatest benefits and how they protect against specific
diseases (a process termed comparative nutrition) we hope to achieve dietary improvements at all levels in
society. | hope to illustrate the potential of dietary improvement using plant-based foods to improve our
health and quality of life and to reduce the economic burden on our health-care systems.

12




Plenary Lecture

Plant adaptation to environmental change: potentials, limits and feedbacks to global change
Ulo Niinemets

Chair of Crop Science and Plant Biology, Estonian University of Life Sciences, Tartu, Estonia ¥

Global change involves simultaneous alteration of multiple environmental drivers, creating novel
environments and increasing the frequency and severity of stress episodes. Plant adaptation to
environmental alterations improves plant performance under changed environmental conditions, but there
is a large variation in the rate of adaptation and overall adaptability among different species and in
dependence on the rate and severity of environmental change. Furthermore, plants can themselves alter
their environment via production of volatile organic compounds, emissions of which are particularly strongly
enhanced under different abiotic and biotic stresses. Understanding the factors controlling plant adaptation
capacity to environmental perturbations is of utmost importance for predicting future changes in vegetation
productivity, and release of biogenic volatile compounds and vegetation role in global biosphere-atmosphere
interactions.

13




Plenary Lecture
Plants and hypoxia: occurrence, sensing and adaptation
Pierdomenico Perata

Sant’Anna School of Advanced Studies, Pisa, Italy

Plant life is greatly impaired under conditions of oxygen deficit. When the supply of oxygen is hampered, a
variety of acclimation responses is activated to reduce detrimental effects of energy depletion. The most
recent discoveries in the field of oxygen sensing will be presented.

14




Plenary Lecture

Endocytic regulation of signaling in plants

Eugenia Russinova !

Center for Plant Systems Biology, VIB-UGent, Gent, Belgium ‘!

Plants deploy numerous plasma membrane receptors to sense and rapidly react to environmental changes.
Correct localization and adequate protein levels of the cell-surface receptors are critical for signaling.
Receptor-mediated endocytosis is an integral part of signal transduction. On the one hand, endocytosis
attenuates signaling by removal of activated receptors and their bound ligands from the cell surface. On the
other hand, receptor internalization allows the spatial and temporal regulation of the signaling outputs from
the endosomes. Crucial for understanding the interplay between endocytosis and signaling of plant receptor
kinases is the development of imaging tools to visualize active ligand-bound receptor at a high
spatiotemporal resolution. We visualized endocytosis of different receptor kinases in living Arabidopsis
thaliana cells using fluorescent small-molecule and peptide ligands. The bioactive fluorescent probes
together with genetic, biochemical and pharmacological analyses revealed distinct dynamics of endocytosis
and differences in regulation of signaling outputs. In my talk, | will summarize the up-to-date knowledge of
receptor complex endocytosis and its effect on the signaling outcome, in the context of plant development
and immunity.

15




Plenary Lecture

Evolution of jasmonates in land plants and their role in thermotolerance
Roberto Solano ¥

CNB-CSIC, Plant Mol Genetics, Madrid, Spain ¥

Jasmonate-Isoleucine (JA-lle) is a fatty acid-derived phytohormone structurally similar to metazoan
prostaglandins, and essential for plant defense and development. The SCF"! E3-ubiquitin ligase is the JA-lle
receptor. JA-lle triggers the interaction of SCF® with its targets, the JAZ co-receptors, which are repressors
of downstream activators of jasmonate responses. This interaction leads to ubiquitination and proteasomal
degradation of JAZ repressors.

A. thaliana has been an excellent model system in identifying the bioactive hormone and elucidating its signal
transduction pathway in eudicots. Nonetheless, information in A. thaliana unlikely represents the diversity
of this pathway in other plant lineages.

Bryophyte genomes contain conserved sequences for all JA-lle signaling components, but in contrast to
higher plants, lack JA-lle. | will introduce a new plant model system, the liverwort Marchantia polymorpha,
and explain its enormous advantages for research in Plant Molecular Biology. | will also discuss that in spite
of 450 million years of independent evolution, the JA-lle co-receptor COI1/JAZ is functionally conserved
between the bryophyte Marchantia polymorpha and A. thaliana. However, this co-receptor perceives and
responds to different ligands in each species. Instead of JA-lle, the ligand of Marchantia MpCOI1 is the JA-lle
precursor dinor-OPDA. Our analysis of the biosynthetic pathway for dinor-OPDA uncovered an ancient OPR3-
independent pathway for JA biosynthesis that is widely distributed from charophycean algae to eudicots.
Moreover, we discovered that dinor-OPDA has a COl1-independent function regulating thermotolerance in
all land plants. The evolutionary implications of these discoveries will be discussed during the talk.
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Plenary Lecture

Building a SynBio toolbox to monitor and control plant hormone activity

Anna Stepanova

North Carolina State University, Department of Plant and Microbial Biology, Raleigh, United States *)

Phytohormones are critical regulators of plant development and environmental responses. In the past three
decades, the molecular pathways that govern hormone biosynthesis, signaling, and catabolism have been
largely mapped out using a combination of genetics, molecular biology, biochemistry, and cell biology
approaches. Despite the major progress, our ability to monitor and precisely control hormone action remains
limited. With the development of inexpensive DNA synthesis technologies and the rise of synthetic biology
as a new discipline at the intersection of molecular genetics and engineering, new molecular tools can now
be built to enable hormone tracking and targeted hormone manipulation. We have generated a synthetic
biology toolbox that allows rapid construction of multi-hormone transcriptional reporters. In addition, we
are building CRISPR-based logic gate devices to confer novel, highly restricted patterns of expression to any
genes of interest using a limited set of available native and synthetic drivers. The latter technology can be
employed to tune the expression levels and subtract undesired domains of expression from existing drivers
to precisely control output genes of interest, such as hormone biosynthesis, signaling, or catabolism genes,
to regulate plant architecture, responses to stress, and other traits of interest. By combining multi-hormone
reporters and genetic logic devices, we aim to shed fresh light on the mechanistic role of hormones in
orchestrating plant development and stress physiology. That knowledge can then be relied upon to develop
resilient next-generation crops.
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Plenary Lecture

The genetic basis for diversification of leaf form: from understanding to reconstructing

Miltos Tsiantis

A key challenge in biology is to understand how diversity in organismal form is generated. While key
regulators that shape the body plans of model organisms have been identified, less is known about how the
balance of conservation versus divergence of relevant developmental pathways influences cell growth to
generate morphological diversity. To help address this issue, we developed the Arabidopsis thaliana relative
Cardamine hirsuta into a versatile system for studying morphological evolution. We use a combination of
genetics, advanced imaging and computational modelling to understand the mechanisms through which leaf
morphology evolved in these species, resulting in simple leaves in A. thaliana and complex leaves with leaflets
in C. hirsuta. This presentation will discuss our findings on identifying such mechanisms and in
conceptualizing how they regulate the number, position and timing of leaflet production. It will also consider
progress towards understanding the basis for interspecific variation in C. hirsuta leaf form and is physiological
significance.
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Plenary Lecture

Improving Rubisco function and plant growth

Spencer Whitney ¥

ARC Centre of Excellence for Translational Photosynthesis, Australian National University, Canberra,
Australia Y

Simulations of natural Rubisco kinetic diversity has identified variants beneficial to C3-photosynthesis. In this
talk | will examine whether this diversity is sufficient to alter plant productivity and discuss the feasibility of
directed evolution as a more feasible pathway towards generating the step change in Rubisco performance
needed to visibly improve higher rates of leaf photosynthesis and plant growth.
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FESPB Young Scientist Award lecture 1
Heads and tails? Cell polarity and cell division in the context of each other
Matous Glanc

Department of Plant Biotechnology and Bioinformatics, Ghent University, 9052 Ghent, Belgium

VIB Center for Plant Systems Biology, 9052 Ghent

Eukaryotic cells are polarized. Polarity, or structured and asymmetric distribution of components in space,
enables cells to exchange directional signals with each other and the environment, and as such is a key
prerequisite for the development and coordinated functioning of complex multicellular organisms. All cells
are formed from other cells, either by cell fusion or, much more often, by cell division. Because somatic plant
cells cannot migrate within tissues, they must precisely position the division plane according to polarity cues
during cell division to ensure correct patterning and morphogenesis. On the other hand, as plant cytokinesis
is executed by transient re-routing of most vesicle trafficking routes to the cell plate, the asymmetric
subcellular localization of polarity landmarks must be correctly (re)-established in the daughter cells after
each cell division event. These features imply that in plants, cell polarity and cell division are very tightly
connected and interdependent phenomena. In spite of their developmental importance, the cellular
determinants of polarity, within and beyond the context of cell division, are only beginning to emerge. | will
discuss the efforts | have been involved in that aim to shed light on this fascinating, yet still enigmatic area at
the interface of plant cell and developmental biology.
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FESPB Young Scientist Award lecture 2

ROS-mediated systemic signalling during acclimation to environmental stress conditions

Sara lzquierdo Zandalinas & Ron Mittlerl

The Division of Plant Sciences, College of Agriculture, Food and Natural Resources, Christopher S. Bond Life
Sciences Center, University of Missouri, 1201 Rollins St, Columbia, MO, 65201

Stress-induced systemic signaling and systemic acquired acclimation (SAA) play a key role in optimizing
growth and preventing damages associated with changes in the plant environment. To be effective, SAA has
to occur at a fast rate utilizing rapid signaling pathways that transmit signals from affected tissues to all parts
of the plant. Each leaf therefore rapidly acclimates to the naturally occurring fluctuations in environmental
conditions (e.g., light intensity, temperature and/or mechanical injury), and different leaves of the same plant
coordinate their responses with each other via rapid systemic signals. Our studies reveal that the systemic
stomatal and transcriptomic responses of plants to excess light, wounding and/or heat stress are dependent
on the function of the reactive oxygen species (ROS) wave, and the respiratory burst oxidase homolog D
(RBOHD) protein. We further determine that specific plant tissues, such as the phloem, mesophyll and xylem
parenchyma tissues are involved in mediating rapid systemic signals. Furthermore, we reveal that different
stresses simultaneously impacting the same plant can trigger stress-specific rapid systemic responses, and
that the rapid systemic signals generated by the simultaneously occurring stresses are integrated in plants to
induce SAA. Plant can therefore mount a rapid and dynamic response to different stresses, even if they occur
together within the plant environment. Because global warming and climate change are increasing the
number of co-occurring stresses in the plant biosphere, we also begun a study of plant responses to
multifactorial stress combinations. Our findings reveal that as the number and complexity of multifactorial
stress combination increase, plant growth and survival decrease. This finding should serve as a dire warning
to our society! Further polluting our environment could result in even higher complexities of multifactorial
stress combinations that in turn would drive a critical decline in plant growth, soil conditions and overall
agricultural productivity.
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Plenary EPSO Young Plant Scientist Award on applied science

LEDitGROW - Lighting Systems to Optimize the Secondary Metabolite Content of Plant Cell Cultures -
AWARD 3

Ann-Katrin Beuel Y - Max Schubert ¥ - Holger Spiegel ¥ - Stefan Rasche ¥

Fraunhofer Institute for Molecular Biology and Applied Ecology IME, Department Plantbiotechnology,
Aachen, Germany

| won the EPSO Young Plant Scientist Award (YPSA) 2020 for applied sciences with LEDitGROW:

Plant secondary metabolites (PSM) are important ingredients for the food, cosmetic and pharmaceutical
industries. They can be produced in plant cell cultures under sterile conditions, thereby eliminating the risk
of contamination with bacterial endotoxins. Moreover there is no need to use herbicides, further
contributing to the high and consistent quality of the PSM. Additionally, plant cells can be cultured
independent on seasonal effects, location or geopolitical issues and enable easy harvesting and processing.

However, yields and quality strongly depend on the cultivation conditions, including optimal illumination.
Light influences photosynthesis, biomass production, plant morphology and the production of PSM. But
current shaking incubators do not allow different light wavelengths, intensities and photoperiods to be tested
in parallel.

We therefore developed LEDitGROW, a modular lighting system with six different LEDs (red, green, blue,
white, farred, UV), allowing the screening of multiple lighting conditions simultaneously. The system is
suitable for plants, plant callus cultures (LEDitREST) and plant suspension cultures (LEDitSHAKE). LEDitSHAKE
offers the possibility to test up to 12 different lighting conditions within one shaking incubator at the same
time, which was not realizable before.

As a proof of principle, we used LEDitSHAKE to optimize anthocyanin production in grapevine cell suspension
cultures. We determined the effect of 24 different light compositions on the total anthocyanin content of
grapevine cell suspension cultures with a Design of Experiments approach. The optimal lighting conditions
for the upregulation and downregulation of 30 anthocyanins were predicted and we found that long-
wavelength light (red) decreased the concentration of most anthocyanins, whereas short-wavelength light
(blue, UV) had the opposite effect. Based on these results we concluded that LEDitSHAKE is suitable to study
the influence of lighting conditions for the optimization of plant cell cultures.
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Plenary EPSO Young Plant Scientist Award on Fundamental Science

RESISTANCE TO FUSARIUM OXYSPORUM 1: A novel Cell Wall Integrity sensor required for resistance
against F. oxysporum. -AWARD 4

Apolonio I. Huerta ¥ - Gloria Sancho Andres ! - Temurkhan Ayupov ? - Christopher Kesten V) - Pedro Javier
Jimenez Sandoval ® - Julia Santiago ® - Clara Sanchez-Rodriguez

Swiss Federal Institute of Technology, ETH, ETH/Department of Biology, Zurich, Switzerland (*) - UniLaSalle,
UniLaSalle, Beauvais Mont-Saint-Aignan, France 2! - University of Lausanne, University of Lausanne/Dept.
of Plant Molecular Biology, Lausanne, Switzerland

Fusarium oxysporum is one of the most important fungal plant pathogens, infecting over 100 different crop
varieties. During infection, these fungi squeeze between cells, loosening and deforming plant cell walls —rigid
cellular scaffolds made up of cross-linked polysaccharides and proteins, such as cellulose, pectin, lignin and
arabinogalactan proteins. For plants to perceive and launch an attack against F. oxysporum, they must first
be able to detect molecules derived from the fungus (e.g. chitin) and/or molecules released from the plant
cell wall during infection. Both strategies employ extra- and intracellular receptors. Although much is known
about the perception of fungal derived molecules, little evidence exists which directly links cell wall-derived
signals with plant immunity.

Here we aim to characterize the Arabidopsis plasma membrane receptor, RESISTANCE TO FUSARIUM
OXYSPORUM 1 (RFO1) as a putative cell wall integrity (CWI) sensor acting during plant defense against F.
oxysporum. Previous work identified RFO1 as a WALL-ASSOCIATED RECEPTOR KINASE-LIKE (WAKL) protein
necessary for full resistance to F. oxysporum infection. However, the molecular mechanism of RFO1-
mediated defense, including what it perceives and how it acts during fungal attack is still unknown. We have
confirmed that RFO1 mediates plant responses to genetic and pharmacological modification of pectin at the
cell wall. Furthermore, the transiently expressed RFO1 ectodomain strongly localizes to plant cell walls upon
plasmolysis. Finally, preliminary bimolecular fluorescence complementation (BIFC), biochemical, structural,
and proteomic data provide further evidence that RFO1 acts to detect changes in pectin integrity and shed
light on the mechanisms used to activate downstream defense responses during F. oxysporum infection.
Overall, our data implicate RFO1 as a novel CWI sensor that acts against F. oxysporum infection through its
perception of changes in pectin structure at the cell wall.

Keywords: Cell wall integrity signalling, plant innate immunity, live-cell imaging, pectin, receptor kinase.
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Keynote Lecture

Lessons from evolution to improve photosynthetic productivity

Tomas Morosinotto ¥

Universita di Padova, Biology, Padova, Italy ()

Life on earth depends on photosynthetic organisms capable of exploiting sunlight to fix carbon dioxide.
Natural environmental conditions are highly dynamic and photosynthesis requires continuous modulation to
maintain the balance between light availability and metabolic demands. Photosynthetic organisms evolved
multiple mechanisms to modulate the flow of excitation energy and electrons according to metabolic
constraints and environmental cues.

Even if photosynthesis is finely regulated in all organisms, the molecular mechanisms are generally not
conserved and changed during evolution following adaptation to new ecological niches.

Considering the major impact of those regulatory mechanisms have on growth, a deeper understanding of
their role opens the possibility of improving biomass productivity in plants and algae.
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Oral Communications

93 - Two strategies for promoting carbon fixation in plants to increase biomass production

Stefan Schillberg " - Greta Nélke

Fraunhofer IME, Fraunhofer IME, Aachen, Germany ¥

We have manipulated photorespiration and integrated a CO,-concentrating mechanism to significantly
increase photosynthetic efficiency and growth in C3 plants. A photorespiratory bypass has been engineered
in potato plants by expressing a polyprotein (DEFp) comprising all three subunits (D, E and F) of Escherichia
coli glycolate dehydrogenase (GIcDH). Transgenic potato plants accumulated functional DEFp in the plastids,
reducing photorespiration and improving CO, uptake with a significant impact on carbon metabolism.
Transgenic lines with the highest DEFp levels and GlcDH activity produced significantly higher levels of
glucose (5.8-fold), fructose (3.8-fold), sucrose (1.6-fold) and transitory starch (threefold), resulting in a
substantial increase in shoot and leaf biomass. The higher carbohydrate levels produced in potato leaves
were utilized by the sink capacity of the tubers, increasing the tuber yield by 2.3-fold in greenhouse
experiments and by 29% in semi-field trails. Comparable phenotypic effects were also observed when
tobacco plants overexpressing DEFp were grown under normal and nitrogen-restricted conditions. In
addition to the higher shoot and root biomass, the transgenic lines also suffered less chlorosis under
nitrogen-restricted conditions.

Alternatively, we increased photosynthetic efficiency and biomass of tobacco plants by expressing individual
components of the Chlamydomonas reinhardtii carbon concentration mechanism (CCM). Independent
transgenic lines accumulating carbonic anhydrases CAH1 or CAH3, or bicarbonate transporters LCIA or LCIB,
respectively, showed enhanced CO, uptake rates (up to 15%), increased photosystem Il efficiency (by up to
18%), and chlorophyll content (up to 19%). Transgenic lines produced more shoot biomass than wild-type
and azygous controls, and accumulated more carbohydrate and amino acids, reflecting the higher rate of
photosynthetic CO, fixation. These data demonstrate that individual algal CCM components can be
integrated into C; plants to increase biomass, suggesting that transgenic lines combining multiple CCM
components plus the DEFp polyprotein could further increase the productivity and yield of C3 crops.
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281 - Unveiling the regulatory networks underlying C4 photosynthesis

Rita Borba (*) - Alicja Gorska ¥ - Pedro Carvalho ¥ - Paulo Gouveia ' - M. Margarida Oliveira (*) - Christoph
Peterhaensel ? - Jane Langdale ©® - Julian Hibberd ' - Nelson Saibo

ITQB NOVA, Universidade Nova de Lisboa, Oeiras, Portugal *) - Institut fur Botanik, Leibniz Universit€at
Hannover, Hannover, Germany ¥ - Department of Plant Sciences, University of Oxford, Oxford, United
Kingdom ©® - Department of Plant Sciences, University of Cambridge, Cambridge, United Kingdom

One of the greatest scientific challenges in the coming decades is to enhance crop productivity. It is well
known that C4 photosynthesis is much more efficient than C3 photosynthesis and many efforts have been
undertaken to implement the C4 metabolism in C3 crops. However, among others, the little knowledge
regarding the regulation of the C4 photosynthesis has impaired this challenge. During the last years, our lab
has contributed to better understand the molecular mechanisms underpinning the regulation of the C4
photosynthesis. Since the C4 metabolism is highly dependent on the compartmentation between mesophyll
and bundle sheath cells, it is fundamental to unveil the molecular networks regulating the differential
accumulation of key photosynthetic proteins in these specialized cells. Using different approaches, we have
identified and characterized a number of transcription factors and cis-acting regulatory elements involved in
the cell-specific expression of the PEPC1 and NADP-ME maize genes. We have identified, among others, two
bHLH transcription factors that bind to the ZmPEPC1 promoter, act antagonistically, and thus contribute to
regulate PEPC1 cell-specific gene expression in maize. Given that C4 PEPC1 promoters can drive cell-specific
gene expression in rice, we have also identified and characterized rice transcription factors underpinning this
regulation. In addition, we have identified and characterized novel bHLH TFs binding to the ZmNADP-ME
gene promoter as well as their binding cis-elements. We showed that each of these TFs interact synergistically
with two cis-regulatory elements present in the ZmNADP-ME gene promoter and these interactions seem to
be based on an ancient code found in the ancestral C3 state. In order to identify new C4 regulators, we have
lately performed a 24 h time-course analysis in maize bundle sheath and mesophyll cells (separately)
followed by RNA-seq. We will present and discuss our last results and future perspectives.
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410 - Dynamic photosynthesis in two Soybean varieties: short and long term acclimation to fluctuating
light conditions

Nicole Salvatori ¥ - Kelvin Acebron ? - Francesco Giannino ©® - Fabrizio Carteni ® - Stefano Mazzoleni ©® -
Giorgio Alberti V' - Alessandro Peressotti

University of Udine, Department of Agricultural, Food, Environmental and Animal Sciences, Udine, Italy
- Forschungszentrum liilich, Institute for Bio-and Geosciences, IBG-2: Plant Sciences, Jiilich, Germany ? -
University of Naples Federico I, Department of Agricultural Sciences, Napoli, Italy ®

It has been widely recognized the need to consider some photosynthetic processes in their transient states
since those are more representative of the natural environment. Recently, findings on physiological and
phenotypical acclimation to fluctuating light assisted selection for more productive varieties and
understanding of natural ecosystem functioning. Here we present two experiments with our newly
constructed system which measures canopy gas exchange in 12 growth chambers in a controlled
environment. The fully randomized design includes light treatments - diurnal light trend and fluctuating light
in which we added oscillations every 2 minutes - and two Soybean varieties (Eiko and Minngold). The two
separate experiments had different maximum intensity of light and different amplitude of oscillations (high
light and low light).

Minngold has a modified Mg-chelatase enzyme which entails lower total chlorophyll and carotenoids, but
higher chl a/b ratio, higher PSII/PSI ratio and a reduced WUE. We hypothesized that the two varieties would
respond differently to fluctuations of light, but this was only confirmed in the high light treatment. Then, we
looked at phenotypical adaptation of photosynthesis (Ac) at both canopy and leaf level during short term
fluctuations. Eiko and Minngold had similar steady state Ac but different photosynthetic induction rates.
Furthermore, once steady state is reached, but the light is still fluctuating, the two varieties have an
interesting response in Ac, i.e. carbon uptake is faster in Minngold than in Eiko. Finally, we present a dynamic
process-based photosynthetic model at leaf level focused on these fast dynamics to explain the differences
observed by few state variables and to test different hypothesis on the relation among CO2 uptake, Rubisco
activity, electron flux, and NPQ.
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532 - Linking root carbon partitioning to inter-kingdom microbial variation in the maize rhizosphere

Sina R. Schultes ) - Lioba Riiger @ - Ralf Metzner ©® - Daniel Pflugfelder ©® - Dagmar van Dusschoten ©® -
Carsten Hinz ©® - Michael Bonkowski ? - Michelle Watt ) - Robert Koller ) - Claudia Knief %)

Bonn University / INRES / Molecular Biology of the Rhizosphere, Bonn University / Molecular Biology of
the Rhizosphere, Bonn, Germany "Y' - Cologne University / Institute of Zoology / Terrestrial Ecology, Cologne
University / Terrestrial Ecology, K6In, Germany ? - Jiilich Research Centre / IBG2 / Enabling technologies,
Jiilich Research Centre / Enabling technologies, Jiilich, Germany ® - Melbourne University / School of
BioSciences / Chair of Botany, Melbourne University / School of BioSciences / Chair of Botany, Melbourne,
Australia ¥

As much as 20% of a crop’s photosynthetically fixed carbon is transported belowground where it is used for
root growth, respirated or released into the rhizosphere. The excretion of plant derived carbon compounds
into the rhizosphere is a substantial source of soil organic carbon. It supports the development of rhizosphere
microorganisms and can thereby benefit plant performance. Meanwhile, little is known about the temporal
and spatial distribution patterns of recently fixed carbon in roots and how it links to the rhizosphere microbial
community structure. To address this point, we employed a combination of the two non-invasive imaging
techniques magnetic resonance imaging (MRI) and positron emission tomography (PET) to visualize root
carbon allocation over time. MRI allows 3D monitoring of root growth in soil, while PET uses the short-lived
radioactive CO; to trace recently fixed carbon within the root system. Maize plants were grown in a sandy
loam for three weeks. Roots were scanned using MRI and PET at day 6, 13 and 21 after sowing. Monitoring
of root growth and tracer allocation revealed an increased accumulation of recently assimilated carbon at
root tips, particularly at young crown root tips. On day 21 after sowing, image-guided sampling based on co-
registration of PET and MRI scans allowed us to sample the rhizosphere at high spatial resolution, whilst
targeting areas with distinct patterns of recently assimilated carbon. We furthermore distinguished between
all relevant root types and age classes to document small-scale differences in microbial community structure.
Amplicon sequencing revealed that the community composition of bacteria, fungi and protists was
significantly influenced by both, root carbon partitioning and the associated root type. During the congress,
findings of bacterial, fungal and protist community analysis will be discussed, along with the associated tracer
allocation patterns obtained by MRI/PET.

This work was conducted within the framework of the priority program 2089, funded by the Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation) — SPP2089
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Extended Elevator Pitches

131 - Molecular clues from the redox regulation of Calvin-Benson cycle

Libero Gurrieri ¥ - Roberto Marotta ) - Barbara Zambelli ) - Mirko Zaffagnini (*) - Pierre Crozet * - Julien
Henri ¥ - Stéphane D. Lemaire - Paolo Trost (*) - Simona Fermani ©® - Francesca Sparla

Molecular Plant Biology Lab, Department of Pharmacy and Biotechnology - University of Bologna, Bologna,
Italia Y - Istituto Italiano di Tecnologia, IIT, Genova, Italia ¥ - Bioinorganic Chemistry Lab, Department of
Pharmacy and Biotechnology - University of Bologna, Bologna, Italia ©® - Istitut de Biologie Physico-
Chimique, MR8226, CNRS, Sorbonne Université, Paris, Francia ' - Department of Chemistry "G. Ciamician",
University of Bologna, Bologna, Italia ©*

Photosynthetic conversion of CO, in organic compounds (fixation) supports all life on Earth and
understanding its regulation is essential for optimizing the production of food, fuels and chemicals by crops
and algae. In oxygenic photosynthetic organisms, carbon fixation is operated by the Calvin-Benson (CB) cycle,
a complex metabolic pathway catalysed by 11 enzymes that are differentially regulated to coordinate whole
photosynthetic process in a continuously changing light environment.

Thioredoxins (TRXs) are small ubiquitous proteins having the function of reducing disulfide bonds in target
enzymes thereby modulating their activity. During the day, photosynthetic reducing equivalents are
transferred from photosystem | to TRXs which in turn reduce key enzymes of the CB cycle. At night, electrons
are drawn off by the recently discovered TRX-peroxiredoxin system.

In either plants or algae, the activities of five out of eleven enzymes of the CB cycle are modulated by light
via TRXs. We focused on phosphoribulokinase (PRK), whose redox regulation is conserved in both oxygenic
photosynthetic prokaryotes and eukaryotes, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
which evolved a TRX-dependent isoform in land plants (GAP-B) that can form inactive hexadecameric
complexes. Moreover PRK and GAPDH may also form a different type of supramolecular complex assembled
by CP12, a redox-sensitive disordered protein, in which both enzyme are temporarily inactivated. Recently
we obtained the first crystal structure of PRK from two oxygenic photosynthetic organisms (Arabidopsis
thaliana and Chlamydomonas reinhardtii) providing fundamental insights into the regulatory mechanisms in
which PRK is involved. Moreover, we obtained the first cryoEM structure of hexadecameric GAPDH, the last
still unresolved element of the CB-cycle redox regulation puzzle.

Altogether our investigations shed new light on the fine regulation of the main CO; fixation pathway on Earth.
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274 - Source-sink carbon movements in grapevine under drought stress and following rehydration.

Davide L. Patono (! - Daniel Said Pullicino ¥ - Leandro Eloi Alcatrao ¥ - Giorgio Ivaldi (¥ - Andrea Firbus ) -
Giorgio Gambino @ - Irene Perrone ? - Walter Chitarra ¥ - Davide Ricauda Aimonino ¥ - Luisella Celi ¥ -
Claudio Lovisolo ¥

DISAFA, University of Turin, Grugliasco, Italy ) - Institute for Sustainable Plant Protection, CNR, Torino,
Italy @

Allocation kinetics of carbon in the different sinks competing in drought stressed and rehydrated grapevines
have been investigated.

A plant growth chamber for stable isotope labeling has been set in an environmental control system, basing
on pulse-chasing isotopic strategy to trace carbon phloem flows.

In addition, an open-air plant/soil growth system consisting in twelve independent plant/pot balloons with
computing-adjustable air flows allowing continuous gas exchange detection between plants / soil and
atmosphere has been set.

Water stress led to a drastic decrease in the photosynthesis rate and a decrease in the respiration rate of the
soil by about 50%; after rehydration the plants fully recovered the photosynthetic capacity in the morning,
while the photosynthetic capacity in the afternoon remained compromised. Sugar accumulation in berries
decreased in plants subjected to continuous stress, while the acidity was higher for both plants subjected to
continuous stress and rehydrated plants. Grape production was lower in plants subjected to continuous
stress.

Plants under water stress had a low and constant microbial biomass throughout the season, while irrigated
and rehydrated plants remained similar in the first days of the experiment, but an explosion of microbial
biomass was recorded in plants rehydrated 15 days after rehydration. This may indicate a greater
contribution of carbon allocated by the rehydrated plant to the microbial mass of the rhizosphere, thanks to
an increase in root respiration.

Delivery of labeled carbon in different sinks is discussed in parallel with the expression of genes involved in
carbohydrate transport. Genes encoding proteins that regulate the delivery of sucrose to the sinks and which
catalyze the hydrolysis of the sucrose discharged to trigger respiration or carbon storage are analyzed.

Financial support: CARBOSTRESS project - Cassa Risparmio Torino Foundation.
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479 - A novel threonyl-phosphorylation regulates the activity of maize C4-enzyme phosphoenolpyruvate
carboxylase

Inés M. Luis ¥ - Bruno M. Alexandre ¥ - Ana Gongalves ¥ - Vera M. Mendes ©® - Bruno Manadas ©® - Célia
V. Romio V- Isabel A. Abreu !

Instituto de Tecnologia Quimica e Biolégica Antdnio Xavier, Universidade NOVA de Lisboa, Oeiras, Portugal
() . iBET, Instituto de Biologia Experimental e Tecnoldgica, Oeiras, Portugal ? - Center for Neuroscience
and Cell Biology, University of Coimbra, Coimbra, Portugal ®

C4-photosynthesis evolved by establishing a mechanism to concentrate CO, around RuBisCO. A key player of
the C4-photosynthesis is the enzyme phosphoenolpyruvate carboxylase (C4-PEPC). C4-PEPC locates in the
mesophyll cells and uses the atmospheric CO; to produce oxaloacetate, which is converted to malate. The
latter accumulates in the mesophyll cells to diffuse into the bundle sheath cells, where the CO; is released to
be fixed by RuBisCO. But, C4-PEPC is allosterically inhibited by malate. And, to maintain activity during the
photosynthetic process, C4-PEPC inhibition is alleviated by a conserved seryl-phosphorylation at the
enzyme’s N-terminal. However, this posttranslational modification (PTM) was abolished in the C4-plant
Flaveria bidentis and no alterations in carbon assimilation were found. Therefore, we used the C4-plant Zea
mays and an LC-MS approach to study the proteome of photosynthetically active leaves and search for
additional PTMs regulating C4-PEPC activity in vivo. We found 15 new PTMs occurring on C4-PEPC, 8 of which
are phosphorylations. To dissect the functional role of these phosphorylation sites we produced phosphor-
mimic and -null proteoforms for each residue with amino acid substitutions to Asp and Ala residues,
respectively. Then, E. coli strain PCR1 (Appc-2) was complemented with the mutant proteoforms to evaluate
the effect of the phosphorylation. E.coli protein extracts were used to in-depth characterize both the kinetics
and the allosteric regulation of the mutant enzymes. Results revealed the role of a novel threonyl-
phosphorylation in the regulation of the catalytic mechanism of maize C4-PEPC.
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544 - Carboxylation capacity limits photosynthesis at elevated CO2 throughout diurnal cycles
James Bunce ¥

PP Systmes, Plant Science, Amesbury, United States ¥

The response of carbon fixation in Cs plants to elevated CO; is relatively larger when photosynthesis is limited
by carboxylation capacity (Vc) than when limited by electron transport (J). Recent experiments under
controlled, steady-state conditions have shown that photosynthesis at elevated CO, may be limited by Vc
even at limiting PPFD. These new experiments were designed to test whether this also occurs in dynamic
field environments. Leaf gas exchange was recorded every 5 minutes using two identical instruments both
attached to the same leaf. The CO; concentration in one instrument was controlled at 400 Emol mol* and
one at 600 Bmol mol™?. Leaves were exposed to ambient sunlight outdoors, and cuvette air temperatures
tracked ambient outside air temperature. The water content of air in the leaf cuvettes was kept close to that
of the ambient air. These measurements were conducted on multiple, mostly clear days for each of three
species, Glycine max, Lablab purpureus, and Hemerocallis fulva. The results indicated that in all species,
photosynthesis was limited by V¢ rather than J at both ambient and elevated CO; both at high midday PPFDs
and also at limiting PPFDs in the early morning and late afternoon. During brief reductions in PPFD due to
midday clouds, photosynthesis became limited by J, indicating that it may take several minutes for the
RuBisco activation state to decrease at low PPFD. The net result of the apparent deactivation of Rubisco at
low PPFD was that the relative stimulation of diurnal carbon fixation at elevated CO, was larger than would
be predicted when assuming limitation of photosynthesis by J at low PPFD.
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672 - Hirschfeldia incana, an attractive model to explore the physiology and genetics of high
photosynthesis

Francesco Garassino ' - René Boesten () - Raul Y. Wijfjes ? - Ludovico Caracciolo ©® - Moges A. Retta * -
Steven Driever ¥ - Jeremy Harbinson ©® - Sandra Smit ©® - Dick de Ridder ® - Paul C. Struik ¥ - Mark G. M.
Aarts ¥

Laboratory of Genetics, Wageningen University, Wageningen, Netherlands *) - Faculty of Biology, Ludwig-
Maximilians-University of Munich, Planegg-Martinsried, Germany ® - Laboratory of Biophysics,
Wageningen University, Wageningen, Netherlands ® - Centre for Crop Systems Analysis, Wageningen
University, Wageningen, Netherlands ¥ - Bioinformatics Group, Wageningen University, Wageningen,
Netherlands *

Not all plants have the same overall efficiency of photosynthesis, the biological process that sustains most
life on our planet. Hirschfeldia incana is a member of the Brassicaceae family that can achieve very high
photosynthesis rates at high irradiances (>1500 pmol-m2-s!) compared to many other species with C3 or
even C4 photosynthesis. This translates into high rates of CO, assimilation at high irradiances. Unravelling
the genetic basis of the high photosynthetic light use efficiency of H. incana will open a new avenue for
understanding the mechanistic basis of high light use efficiency in plant photosynthesis, and an important
resource for future crop yield improvements. To achieve this, we use an interdisciplinary approach combining
physiology, genetics and bioinformatics. We verified the high CO; assimilation rates of H. incana relative to
close relatives Brassica nigra and Brassica rapa, and the more distantly related Arabidopsis thaliana. We
modeled and compared parameters of the photosynthetic metabolism of H. incana and B. nigra, highlighting
differences that may be essential in achieving higher photosynthetic light-use efficiency. We present the first
reference genome assembly for H. incana and analyzed the genome sequence for preferential maintenance
or loss of genes upon an ancient whole genome triplication. Genes associated with photosynthesis appeared
to be preferentially maintained in H. incana, compared to B. nigra, B. rapa, and A. thaliana. The first
preliminary investigations revealed several of them to be highly expressed upon high light treatment in H.
incana. With the results obtained so far, we propose the use of H. incana as a preferred model for the study
of high photosynthetic light-use efficiency at high irradiance.
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8 - Exploiting Increased Atmospheric Carbon Dioxide Concentrations to Enhance Crop Yields
Bruce Osborne ¥ - Charilaos Yiotis *)

University College Dublin, UCD School of Biology and Environmental Science and UCD Earth Institute,
Dublin, Ireland ?

Increasing crop productivity to feed an ever ever-increasing population remains a major challenge. Whilst a
range of strategies have been proposed for enhancing crop productivity, many recent studies have focussed
primarily on increasing leaf photosynthetic rate under current atmospheric CO, concentrations. Given that
the atmospheric CO; concentration is likely to increase significantly in the foreseeable future an
alternative/complementary strategy might be to exploit the well-known fact that many crop plants, at least
in the short term, show significant increases in growth/yield and leaf photosynthesis at elevated CO,
concentrations. In order to exploit this, we need to know what genetic variability there is in the response of
plants to elevated CO; and what trait(s) underlie any differences. To examine this we assessed the response
of a wide range of ryegrass genotypes, comprising cultivars differing in their year of introduction, as well as
wild and semi-natural material with contrasting geographical origins, to ambient (400 ppm) and elevated
(800ppm) CO, concentration. We show large (~8 fold) intraspecific variations in above-ground biomass
productivity among the genotypes at both elevated and ambient CO,. Examination of the reason for these
intraspecific differences showed that this was related largely to variations in tillering/leaf area, with only
small differences associated with leaf photosynthetic rates. As expected, however, whole-plant
photosynthesis, approximated as the product of leaf photosynthesis and total leaf area, was strongly
correlated with plant productivity. Our results suggest that greater yield gains are likely through the
exploitation of genetic differences in tillering and leaf area to exploit future increases in CO; concentration,
rather than solely focussing on leaf photosynthesis. These results also indicate that the practical realisation
of any intraspecific differences in productivity will depend on a better understanding of tiller formation and
growth and how this information can be utilised under field conditions.
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275 - Effects of light spectral quality on the photosynthetic activity and biomass production in lettuce
plants

Ivan Tarakanov V) - Daria Tovstyko () - Alexander Shmakov ) - Alexander Shmarev @ - Ivan Chuksin * -
Vladimir Litvinskiy @ - Alexander Ivlev

49, Timiryazevskaya str., Russian State Agrarian University - Moscow Timiryazev Agricultural Academy,
Moscow, Russian Federation ¥ - 2, Institutskaya str., Institute of Basic Biological Problems RAS, Pushchino,
Russian Federation ® - 31a, Pryanishnikova str., Pryanishnikov Institute of Agrochemistry, Moscow,
Russian Federation ©®

A series of experiments with lettuce, Lactuca sativa L., plants using artificial lighting based on narrow-band
LEDs was carried out in controlled environment in a special multifunctional photobiological research unit.
Experimental design provided conditions for the studies on plant responses to the exclusion of certain
spectral ranges of light in the region of photosynthetically active radiation; in comparison, the responses to
guasi-monochromatic radiation in the red and blue regions were studied. The data on plant phenotyping,
photosynthetic pigment accumulation, photosynthetic activity determination, and PAM-fluorometry,
indicating plant functional activity and stress responses to anomalous light environments are presented. The
study of carbon isotopic composition of photoassimilates in the diel cycle made it possible to characterize
the balance of carboxylation and photorespiration processes in the leaves, using the previously developed
oscillatory model of photosynthesis. Thus, the share of photorespiration increased in response to red light
action, while blue light accelerated carboxylation. However, the lowest water use efficiency was observed in
the last case. These data were supported by the observations from the light environments missing distinct
PAR spectrum regions. The fact that light of different wavelengths affects the isotopic composition of total
carbon allows us to elucidate the nature of its action on the organization of metabolism in plants. Further
study of these photo-dependent mechanisms should help in the development of ways of fine regulation of
physiological processes during plant cultivation with artificial lighting, e.g., in plant factories.

This research was supported by the RSF grant No. 19-16-00078.
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276 - Studies on light-dependent processes in Indian mustard (Brassica juncea) plants using PAR
guasimonochromatic spectra and distinct spectrum regions knockout

Ivan Tarakanov ) - Maxim Lomakin *) - Alexander Shmarev ? - Nikolay Sleptsov *) - Vladimir Litvinskiy © -
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Federation ©®

To explore the action mode of different light spectrum regions, various experimental approaches are used.
Experimental set up can include studies on the effects of the quasimonochromatic irradiation. Also, plant
responses to PAR missing distinct spectrum regions can be investigated. In our studies with Indian mustard,
Brassica juncea (L.) Coss., we have used both screens. Plants were grown in special light modules with tunable
light-emitting diodes (LEDs) varying in the wavelength and spectral composition of the emitted light. Four
types of high-performance narrow-band LEDs were used: short-wave red (640 nm), long-wave red (660 nm),
far-red (730 nm), and blue (460 nm). Plant responses were investigated under various light quality
treatments. The control variant included all 4 types of LEDs, in each of the other regimes one of them was
excluded in order to elucidate the wavelength that affect distinct crop physiological processes. Besides, plant
responses to quasimonochromatic red and blue light were studied. The earliest transition to flowering was
observed in control and 660 nm band missing treatments; absence of 730 nm and monochromatic blue and
especially red light (660 nm) delayed bolting. The dependence of various functional processes on the
presence of a certain light wavelength in the spectrum of optical radiation was examined in the course of
complex studies. The data on plant phenotyping, photosynthetic pigment accumulation, gas exchange
(determination of the intensity of photosynthesis, respiration, transpiration, stomatal conductivity) are
presented. Studies on the carbon isotopic composition of photoassimilates from donor leaves and acceptor
organs included water-soluble and water-insoluble fractions of organic matter determination using mass
spectrometric analysis. This made it possible to characterize more precisely the balance of carboxylation and
photorespiration processes within different examples of source—sink relations, using previously developed
oscillatory model of photosynthesis.

This research was supported by the RSF grant No. 19-16-00078.
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533 - A Protein Contact Network approach applied on L8S8 plant Rubisco

Matteo Gionfriddo ¥ - Sara Cimini ) - Hamid Hadi-Alijanvand ¥ - Francesco Loreto © - Luisa Di Paola * -
Laura De Gara ¥

Unit of Food Science and Nutrition, Department of Medicine, Universita Campus Bio-Medico di Roma, Via
Alvaro del Portillo 21, 00128, Rome, Italy, Universita Campus Bio-Medico di Roma, Roma, Italy ¥ -
Department of Biological Sciences, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan 45137-
66731, Iran, Institute for Advanced Studies in Basic Sciences, Zanjan, Iran (islamic Republic Of) @ -
Department of Biology, University Federico ll, Via Cinthia, 80126 Naples, Italy, University Federico lI,
Napoli, Italy ® - Unit of Chemical-physics Fundamentals in Chemical Engineering, Department of
Engineering, Universita Campus Bio-Medico di Roma, Via Alvaro del Portill, Universita Campus Bio-Medico
di Roma, Roma, Italy ¥

Plants fix atmospheric CO, in organic molecules using ribulose-1,5-bisphosphate carboxylase/oxygenase
(Rubisco) within the photosynthetic Calvin-Benson-Bassham cycle. In higher plants, a complex of eight large
subunits (L) and eight small subunits (S) forms the LsSs Rubisco structure. For catalysis, optimal
complementarity between the L and S subunits is required. Rubisco is indispensable for plant survival and
growth, but photosynthesis is often limited by Rubisco low efficiency. Besides being a very slow enzyme,
catalyzing 3-4 reactions per second in higher plants, Rubisco poorly discriminates between fixing CO, and O,
as substrates, the oxygenation reaction leading to the energy consuming and CO,-releasing process of
photorespiration. Improving the carboxylation properties of Rubisco has therefore long been as a main target
for improving plant photosynthesis and growth. Structural and topological differences among selected
Rubisco proteins crystallized in Spinacia oleracea have been identified by means of the emerging Protein
Contact network (PCN) technology. PCN is based on the formalization of 3D structures as contact networks
among amino-acidic residues. We aimed to reconstruct the already known functional domains and to identify
significant amino acid regions involved in the interactions between chaperonin complexes and large/small
(L/S) subunits. Here we presented preliminary results showing a topological signature (graph energy) of the
different affinity of the enzymes towards different substrates and inhibitors. This allowed the identification
of regions/specific amino acids more involved in the enzymatic regulation. By using two more tools, Affinity
by Flexibility (SEPAS) and Perturbation Response Scanning (PRS) based on elastic network modes on the
selected Rubisco structures, the dynamics and properties of binding interfaces between Rubisco subunits
and protein interactors has also been studied. The obtained results help to decipher the systemic regulation
of Rubisco as a complex protein network.
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643 - Maximizing glycolate production in Chlamydomonas reinhardtii mutants

Sonja Réssler ) - Christian Wilhelm )

Leipzig University, Department Algal biotechnology, Leipzig, Germany !

The goal of the concept of “New Green Chemistry” is the excretion of glycolate by green algae in order to
replace biomass for starch production. In this alternate approach biomass production is prevented while
glycolate production needs to be increased as far as possible. Ideally, harvesting and refinement can be
avoided using the glycolate enriched medium directly in downstream processing (e.g. fermentation). In this
study Chlamydomonas reinhardtii cells are converted into continuous glycolate producing factories. An
increase in glycolate production can be achieved by exploiting the oxygenase function of Rubisco. This
procedure requires three steps. Firstly, an adjustment of the CO, / O, ratio. Secondly, it calls for the
inactivation of the Carbon Concentrating Mechanism (CCM) and lastly the inhibition of the
Glycolatedehydrogenase (GYD), the key enzyme in glycolate metabolization. This can be done e.g. by adding
an inhibitor such as Ethoxzolamide (EZA). However, EZA disturbs the subsequent usage of the glycolate
enriched medium for direct fermentation or chemical conversion. Therefore, process optimization asks for
genetic modification of the cell. To show the biotechnological potential of such modified cells, double
mutants with functional defects in the CCM master regulator gene (cia 5) and in the gene coding for GYD
were used for screening. Glycolate production process optimization on physiological and biotechnological
levels are presented.

Guidelines for abstract submission

e All abstracts must be submitted in English and in Word format following the template
provided.
e Abstract cannot exceed a limit of 300 words (excluding title, authors and affiliations).

e Standard abbreviations do not need explanation. Otherwise abbreviations must be definedin
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e Do not include citations of published work in the abstract.
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CropBooster-P: A roadmap for future plant research in Europe
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To achieve food and nutrition security and to meet the demands of a future bio-economy, a doubling of
global crop production is required by 2050, while mitigating the effects of global climate change. To future-
proof European agriculture, the H2020 CropBooster-P project aims to draft a roadmap to re-design our
current crops, accompanied with the broadest societal support. For this, we carried out a scenario building
analysis in which a multitude of trends and key uncertainties were considered. This resulted in the
development of four contrasting scenarios depicting potential future socio-economic developments: ‘Bio-
Innovation, ‘My Choice’, ‘Food Emergency’ and ‘REJECTech’. In parallel, a database was developed capturing
information on plant traits, technologies, genes and methods exploitable to sustainably improve crop
productivity and nutritional and/or industrial quality in a wide range of crops. Based on the database,
potential routes to improve crops were identified, focusing on their genetic basis and delivered through
conventional breeding and/or more advanced biotechnological methods. Modelling approaches were also
used with photosynthetic traits as an example to demonstrate their potential in improving crop biomass and
yield across Europe for current and projected environments.

In this way, CropBooster-P will define (1) which land-based and aquatic production systems should be in
focus, (2) which crop traits can be engineered to produce high quality biomass in a sustainable manner for
food, feed and non-food purposes, and (3) which methods will be available and/or should be considered to
meet the future needs. The option space was further developed with relevant stakeholders, involving
consumers, farmers, industry, policy-makers and networks of EU scientists, and the implications of the
different scenarios on Europe’s options to future-proof its crops were interrogated. Altogether, this will result
in a roadmap that sets out the plant science and multi-actor systems research required to enable future
European agriculture while ensuring the broadest societal support and benefits.

39




TOPIC:
Carbon fixation and plant productivity 2

External Elevator Pitches

398 - The potential of transgenic Chlamydomonas reinhardtii in the recycling of dairy wastes

Manuel Benedetti (¥ - Giovanna Gramegna ) - Anna Scortica ¥ - Valentina Scafati ¥ - Luca Dall'Osto ? -
Roberto Bassi (¥ - Benedetta Mattei V)

University of L'Aquila, Department of Life, Health and Environmental Sciences, L'Aquila, Italy ' - University
of Verona, Department of Biotechnology, Verona, Italy ?

The Dairy sector produces the 16% of the total organic carbon waste from food and feed industry, producing
200 million cubic meters of wastewaters per year. This requires a correct waste management process in order
to mitigate pollution. Application of microalgae culturing to wastewater treatments offers the opportunity
of producing valuable biomass containing enzymatic activity for lignocellulose degradation and biofuel
production. Here, we investigated the potential of transgenic Chlamydomonas reinhardtii to support the
mixotrophic growth of the oleaginous microalga Chlorella vulgaris in dairy waste-based media despite
lactose, the most abundant carbohydrate in such wastes, cannot be metabolized by either microalgal species.
The transplastomic C. reinhardstii strain accumulating the B-galactosidase from Pyrococcus furiosus grew in a
dairy waste-based medium with a productivity of 0.28 g dry weight (DW) day L. Subsequently, the heat
treatment of the exhausted growth medium with the transplastomic C. reinhardetii cell extract converted the
residual lactose into glucose and galactose, allowing for assimilation by Chlorella vulgaris. Following this two-
phase mixotrophic growth, microalgae reached a total biomass yield greater than 4 g DW L upon 12 days,
by concomitantly cleaning the dairy waste-based medium that, at the end of the growth, met the analytical
parameters for its release in the environment.
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195 - Performance and lateral mobility of photosynthetic complexes in grana membranes of Arabidopsis
and barley mutants lacking chlorophyll b

Elena Tyutereva (V) - Svetlana Senik ' - Anastasiiya Maksimova (! - Alexandra Ivanova (%' - Ekaterina Kotlova
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Komarov Botanical Institute, ul. Professora Popova, 2, Saint-Petersburg, Russian Federation

The lateral mobility of integral components of thylakoid membranes, such as plastoquinone, xanthophylls
and pigment-protein complexes, is critical for maintenance of efficient light harvesting, linear electron
transport and successful repair of damaged photosystem Il (PSIl). The packaging of the photosynthetic
complexes in the membrane depends on their size and form, which in turn depend on their composition.
Chlorophyll b (Chlb) is an important regulator of antenna size and composition. In this study, the lateral
mobility of pigment-protein complexes and lipids was analyzed in grana membranes of chlorina mutants of
Arabidopsis (ch1-3) and barley (chlorina f2-3613) lacking Chib.

The sizes of mobile fractions and the rates of diffusion of membrane components were determined by
Fluorescence Recovery After Photobleaching (FRAP). The composition of PSIl antennae was analyzed by
immunoblotting. The sizes of the total PQ-pool vs. the reduced PQ-pool under high light, as well as functional
antenna size, were determined using PAM fluorimetry. Production of reactive oxygen species (ROS) was
estimated using ROS-sensitive dyes (the singlet oxygen-specific dye SOSG and the general ROS indicator CM-
H2DCFDA). In the barley chlorina f2-3613 mutant, lipid profiles of the photosynthetic membranes were
examined using HPTLC (for lipid classes) and GC-MS methods (for fatty acids), and the distribution of
photosynthetic complexes in grana membranes was analyzed after their isolation using differential
centrifugation by means of SEM and TEM.

The data will be discussed in the context of protein composition of antennae, thylakoid lipid composition,
characteristics of the plastoquinone pool and production of reactive oxygen species in leaves of chlorina
mutants.

The study was supported by RSF projects No. 14-16-00120 and No. 14-16-00120-P.
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The Dairy sector produces the 16% of the total organic carbon waste from food and feed industry, producing
200 million cubic meters of wastewaters per year. This requires a correct waste management process in order
to mitigate pollution. Application of microalgae culturing to wastewater treatments offers the opportunity
of producing valuable biomass containing enzymatic activity for lignocellulose degradation and biofuel
production. Here, we investigated the potential of transgenic Chlamydomonas reinhardtii to support the
mixotrophic growth of the oleaginous microalga Chlorella vulgaris in dairy waste-based media despite
lactose, the most abundant carbohydrate in such wastes, cannot be metabolized by either microalgal species.
The transplastomic C. reinhardtii strain accumulating the B-galactosidase from Pyrococcus furiosus grew in a
dairy waste-based medium with a productivity of 0.28 g dry weight (DW) day L. Subsequently, the heat
treatment of the exhausted growth medium with the transplastomic C. reinhardtii cell extract converted the
residual lactose into glucose and galactose, allowing for assimilation by Chlorella vulgaris. Following this two-
phase mixotrophic growth, microalgae reached a total biomass yield greater than 4 g DW L upon 12 days,
by concomitantly cleaning the dairy waste-based medium that, at the end of the growth, met the analytical
parameters for its release in the environment.
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351 - Directed evolution of Chlorella strains at reduced cell wall robustness for efficient lipid and
metabolite extraction.

Anna Scortica V) - Giovanna Gramegna ¥ - Moira Giovannoni ! - Valentina Scafati ) - Manuel Benedetti *)
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University of L’Aquila, Dept. of Life, Health and Environmental Sciences, L'Aquila, Italy ¥

Chlorella is a genus of microalgae with application as bioenergetic feedstock due to the high level of lipid
accumulation and the relatively fast growth rate in waste-based growth media. However, exploitation of
Chlorella species in biofuel industry is still limited by the low extractability of intracellular compounds, the
latter mainly due to the intrinsic robustness of Chlorella cell-wall. Here we report on the generation of
Chlorella strains with reduced cell wall robustness by directed evolution. Genetic variability was randomly
induced by EMS-mediated mutagenesis and the putative cell wall deficient mutants were selected by
differential sedimentation using a Percoll-based gradient. Part of the microalgae mutants characterized by
a lower cell density, were also characterized by an increased permeability to Nile-Red dye, a molecule that
binds the intracellular lipids with high affinity. Notably, the isolated mutants released more proteins than
wild-type strain upon disruption through mild-extractive procedures. The next step will be the evaluation
of lipid extraction yield from these mutants upon growth in waste-based media. Thus, the reduced cell-
wall recalcitrance of these Chlorella mutants can allow their exploitation also in other important fields
ranging from the cosmetic to nutraceutical due to the high metabolic versatility of microalgae.
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360 - Characterization of an Aspergillus isolate with degrading activity towards green microalgae cell wall

Valentina Scafati (¥ - Moira Giovannoni ) - Anna Scortica ? - Giovanna Gramegna ¥ - Manuel Benedetti !
- Maria Benedetta Mattei V)

University of L'Aquila, Department of Health, Life and Environmental Sciences, L'Aquila, Italy ¥ -
Universuty of L'Aquila, Department of Health, Life and Environmental Sciences, L'Aquila, Italy @

Microalgae are currently considered an attractive source of lipids and high-value chemicals for biofuel
production and nutraceutical and pharmaceutical industries. Moreover, Chlorella species have the ability to
remove nutrients rich in nitrogen and phosphorous, making them a good candidate for wastewater
bioremediation

The main limitation in the industrial exploitation of microalgae is the recalcitrance of their cell walls consisting
of a polysaccharide and glycoprotein matrix characterized by a high resistance to degradation. Technologies
to disrupt microalgae cells wall are needed to gain access to their proteins and lipids and to improve their
exploitation as biomass for biofuel production.

Here we report on the isolation of an Aspergillus specie capable of disrupting Chlamydomonas reinhardtii
and Chlorella vulgaris microalgae in dark condition. The analyses of fungal medium revealed the presence of
CWDEs enzymes whit pectinase, B-glucosidase and cellulolytic activities. Cell disruption induced by enzymatic
treatment was assessed by measuring the reducing sugars and the oligosaccharides profile. The release of
lipids and proteins was assessed in both supernatant and residue after incubation with the enzymatic
mixture. Whole genome sequencing and comparative genomic analysis of the fungus combined with
secretome proteomic analysis were conducted to identify cell wall degrading enzymes positively impacting
the extraction of useful metabolites from these algal species.
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Plant membrane & nutrient signal transduction
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Plants have evolved unique signal transduction cascades to coordinate their growth and development and to
interact with their environment. | will present how plant unique membrane receptor kinases with leucine-
rich repeat ectodomains sense small molecule and different peptide ligands to regulate various aspects of
plant development. Receptor activation of these membrane proteins relies on the interplay of shape-
complementary co-receptor kinases and receptor pseudokinases. Their signaling mechanisms can be
exploited to constitutively activate membrane receptor kinase signaling cascades in plants.

Next, | will discuss a nutrient signaling pathway that enables plants to maintain sufficient amounts of cellular
phosphate, and to take up more phosphate when needed. The pathway is based on inositol pyrophosphate
nutrient messengers that are perceived by cellular receptors termed SPX domains. SPX domains can engage
in protein — protein interactions, for example with phosphate starvation response transcription factors. | will
describe how inositol pyrophosphate level change in response to changes in nutrient availability control
protein — protein interactions, resulting in specific signal transduction events.
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113 - Local and systemic effects of brassinosteroid perception in developing phloem
Surbhi Rana ") - Moritz Graeff (*) - Petra Marhava ¥ - Bernard Moret ' - Christian S Hardtke

University of Lausanne, Department of Plant Molecular Biology, Lausanne, Switzerland

The plant vasculature is an essential adaptation to terrestrial growth. Its phloem component permits efficient
transfer of photosynthates between source and sink organs, but also transports signals that systemically
coordinate physiology and development. Here we provide evidence that developing phloem orchestrates
cellular behaviour of adjacent tissues in the growth apices of plants, the meristems. Arabidopsis thaliana
plants that lack the three receptor kinases BRASSINOSTEROID INSENSITIVE 1 (BRI1), BRI1-LIKE 1 (BRL1) and
BRL3 (“bri®” mutants) can no longer sense brassinosteroid phytohormones and display severe dwarfism as
well as patterning and differentiation defects, including disturbed phloem development. We found that
despite the ubiquitous expression of brassinosteroid receptors in growing plant tissues, exclusive expression
of the BRI1 receptor in developing phloem is sufficient to systemically correct cellular growth and patterning
defects that underlie the bri® phenotype. Although this effect is brassinosteroid-dependent, it cannot be
reproduced with dominant versions of known downstream effectors of BRI1 signaling and therefore possibly
involves a non-canonical signaling output. Interestingly, the rescue of bri3 by phloem-specific BRI1 expression
is associated with antagonism towards phloem-specific CLAVATA3/EMBRYO SURROUNDING REGION-
RELATED 45 (CLE45) peptide signaling in roots. Hyperactive CLE45 signaling causes phloem sieve element
differentiation defects, and consistently, knock-out of CLE45 perception in bri® background restores proper
phloem development. However, bri® dwarfism is retained in such lines. Our results thus reveal local and
systemic effects of brassinosteroid perception in the phloem: it locally antagonizes CLE45 signaling to permit
phloem differentiation, while it systemically instructs plant organ formation via a phloem-derived, non-cell
autonomous signal.
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136 - A Pharmacogenetic Approach to Decipher the Role of the TOR Signaling Pathway in Plant Growth and
Development

Adam Barrada ' - Romain Perdoux ! - Christophe Robaglia ' - Marie-Héléne Montané *) - Benoit Menand
(1)

Aix_Marseille Univ, CEA, CNRS, UMR7265, Biosciences and biotechnologies institute of Aix-Marseille,
marseille, France ¥

Target of Rapamycin (TOR) protein is the central component of the TOR signaling pathway which regulates
cell growth and metabolism in response to environmental cues in eukaryotes. Our long-term goal is to
understand how this conserved central regulator of eukaryotic growth has integrated new functions through
evolution of photosynthetic organisms. In order to decipher new aspects of the plant TOR signaling pathway,
we have performed a screen of Arabidopsis thaliana ethyl methanesulfonate (EMS) mutants having different
sensitivity to ATP-competitive TOR inhibitors. We will present recent advances on the use of this screen to
discover new members of the plant TOR pathway, such as the DYRK kinase YAK1 (Barrada et al 2019
Development: dev.171298), and to help understand how the TOR pathway regulates plant growth and
development.
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149 - ROP GTPase-activated kinase signaling in Arabidopsis
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Receptor-like cytoplasmic kinases (RLCKs) are related to plant receptor kinases (PRKs) but have neither
transmembrane nor extracellular domains. The Arabidopsis genome codes for almost two hundred of these
cytoplasmic kinases that were classified into several families. The functions of most of these plant-specific
kinases are unknown. In our laboratory, we characterize those members of the RLCK Class VI family (RLCK
VI_A) that were shown to have ROP G-protein-dependent in vitro activity. One of these kinases, RLCK VI_A2
was investigated in detail using loss-of-function and gain-of-function transgenic plants, biochemical and
molecular biology tools. Seedlings of the T-DNA insertion mutant rick VI-a2 exhibited short hypocotyls and
small cotyledons, while the adult plants had small rosettes. Cellular investigations indicated that the above
phenotypes are associated with impaired cell elongation (epidermal cell length/shape was measured) in the
loss-of-function mutant. Exogenous gibberellic application could restore normal seedling/plant growth. Since
gibberellic acid synthesis was found to be unaffected in the mutant, the kinase may affect gibberellic acid
sensitivity. Transcriptomic data supported the role of the kinase in the above pathways. Yeast two-hybrid
screening completed with in vitro kinase assays as well as phospho-proteomic characterization of the mutant
was used to identify potential substrates. A chromatin-remodelling ATPase, involved in similar processes as
the kinase, was identified as a potential target of the RLCK VI_A2 signaling pathway.

This research was supported by NKFI “OTKA” grants (K 124828, K132486) and a grant from the Hungarian
Ministry for National Economy (GINOP-2.3.2-15-2016-00001).
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182 - Structural basis for recognition of RALF peptides by LRX proteins during pollen tube growth

Steven Moussu V' - Caroline Broyart V) - Gorka SantosFernandez ® - Sebastian Augustin ) - Ueli
Grossniklaus ? - Julia Santiago

University of Lausanne, Department of Plant Molecular Biology, Lausanne, Switzerland () - University of
Zurich, 2Department of Plant and Microbial Biology and Zurich-Basel Plant Science Center, University of
Zurich, Zurich, Switzerland ?

Plant reproduction relies on the highly regulated growth of the pollen tube for sperm delivery. This process
is controlled by secreted RALF signaling peptides, which have previously been shown to be perceived by
Catharanthus roseus RLK1-like (CrRLK1Ls) membrane receptor-kinases/LORELEI-like
GLYCOLPHOSPHATIDYLINOSITOL (GPI)-ANCHORED PROTEINS (LLG) complexes, or by leucine-rich repeat
(LRR) extensin proteins (LRXs). Here, we demonstrate that RALF peptides fold into bioactive, disulfide bond-
stabilized proteins that bind the LRR domain of LRX proteins with low nanomolar affinity. Crystal structures
of LRX2-RALF4 and LRX8-RALF4 complexes at 3.2 and 3.9 A resolution, respectively, reveal a dimeric
arrangement of LRX proteins, with each monomer binding one folded RALF peptide. Structure-based
mutations targeting the LRX-RALF4 complex interface or the RALF4 fold reduce RALF4 binding to LRX8 in vitro
and RALF4 function in growing pollen tubes. Mutants targeting the disulfide-bond stabilized LRX dimer
interface fail to rescue Irx infertility phenotypes. Quantitative biochemical assays reveal that RALF4 binds
LLGs and LRX cell wall modules with drastically different binding affinities, and with distinct and mutually
exclusive binding modes. Our biochemical, structural and genetic analyses reveal a complex signaling
network by which RALF ligands instruct different signaling proteins using distinct targeting mechanisms.
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211 - Membrane bound class Ill peroxidases: Overlooked enzymes in the initial phase of plant stress
response

Sabine Luthje ¥ - Anne Hofmann @ - Teresa Martinez-Cortes ©® - Frangois C. Perrineau ¥
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Hamburg, Germany ¥

Class Il peroxidases are haem-containing peroxidases of the secretory pathway. Due to their catalytic cycles
these enzymes are involved in production and scavenging of reactive oxygen species (ROS). Only a few studies
demonstrated presence of guaiacol peroxidases in plant plasma membranes and some of these data suggest
a localisation of these enzymes in microdomains. Although these peroxidases have been characterised
biochemically, our knowledge of these enzymes is still in its infancy. After contact with biotic or abiotic
stressors a so-called oxidative burst, a massive production of ROS, can be observed within 15 to 30 minutes.
Respiratory burst oxidase homologues (Rboh) have been established as the major source of this burst. While
up-regulation of several soluble peroxidase isoenzymes have been demonstrated after the initial phase of
stress response, membrane-bound peroxidases appeared to be overlooked. Our studies demonstrated not
even an increased abundance of plasma membrane-bound peroxidases after treatment with biotic and
abiotic stressors, but also up-regulation and higher abundance of specific plasma membrane-bound
peroxidases within 15 to 30 minutes by heavy metals and salinity. A hypothetical model will explain possible
functions of these enzymes in stress response.
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529 - Contribution of alternative splicing in plants and animals in response to different types of stimuli

Guiomar Martin ) - Yamile Marquez ? - Federica Mantica ? - Paula Duque ¥ - Manuel Irimia

Instituto Gulbenkian de Ciéncia (IGC), Plant Molecular Biology Laboratory, Oeiras, Portugal ‘¥ - Centre for
Genomic Regulation (CRG), Systems Biology, Barcelona, Spain ?

Plants adapt their development to different environmental and developmental cues by rewiring their
transcriptomes and proteomes. During the last decades, much effort has been put into understanding how
signaling cascades initiated by multiple stimuli control transcriptomic responses. These research efforts have
focused mainly on the role of transcription factors in regulating gene expression. However, recent studies
are beginning to uncover a key contribution of alternative splicing, a posttranscriptional mechanism that
generates multiple transcripts from the same gene, to the diversification of plant transcriptomes. Despite
functional evidence pointing to alternative splicing as a major player in the adaptation of plant development
to different external and internal stimuli, little is known about the molecular mode of action of these
mechanisms from a genomic point of view. What are the molecular features of genes undergoing splicing in
response to different stimuli? Do they have a similar impact on protein levels and on proteome
diversification? Are these patterns similar to those of animals? To assess the similarities and differences
between the molecular processes controlled by alternative splicing in different multicellular organisms, we
have first implemented vast-tools for the model plant Arabidopsis thaliana, a computational pipeline to
detect and quantify all types of alternative splicing events from RNA-seq data
(https://github.com/vastgroup/vast-tools). We then used this pipeline to quantify alternative splicing from
RNA-seq samples available in the Short Read Archive (SRA) for various environmental conditions and
differentiated tissues in A. thaliana. We compared the regulatory and functional patterns observed in A.
thaliana with those of three animals with very distinct exon-intron architectures (humans, fruitflies and round
worms), shedding light on the particularities of the mode of action and biological functions of alternative
splicing in response to different stimuli in plants.
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415 - Stress Granules as novel mechanism for stress signaling
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Stress granules (SGs) are evolutionary conserved membrane-less organelles formed in response to stress.
Despite their importance for stress adaptation and tolerance, we lack the knowledge about their assembly
and signaling during stress conditions. In this study, we addressed the existing gap. We provide evidence for
proteome and metabolome composition, not only for cytosolic SGs (cSGs) but also for plastidial SGs (pSGs).
To isolate SGs we used Arabidopsis seedlings expressing green fluorescent protein (GFP) fusion of the SGs
marker protein, Rbp47b for ¢SG and SCO1 for pSGs. We used an experimental protocol combining differential
centrifugation with affinity purification (AP). SGs isolates were analyzed using mass spectrometry-based
proteomics and metabolomics. In addition, sequestered mRNA was analyzed for pSGs. From cSG proteome,
a quarter of the identified proteins constituted known or predicted SG components. Intriguingly, the
remaining proteins were enriched in key enzymes and regulators, such as cyclin-dependent kinase A (CDKA),
that mediate plant responses to stress. In addition to proteins, nucleotides, amino acids and phospholipids
also accumulated in SGs. Also for pSGs proteome showed high diversity and similar metabolites were
identified. Taken together, our results indicated the presence of a preexisting SG protein interaction network;
an evolutionary conservation of the proteins involved in SG assembly and dynamics; an important role for
SGs in moderation of stress responses by selective storage of proteins and metabolites.
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445 - Simultaneous imaging of ER and cytosolic Ca2+ dynamics reveals long distance ER Ca2+ waves in
plants
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Plants are exposed to environmental factors such as fluctuating light, day/night cycle, temperatures, water
availability, humidity and interaction with other organisms. Often these variations can affect plant growth,
development and, in several cases, causing major yield losses in agriculture. Unlike animals, plants cannot
move away from danger to survive and they, thus, need to continuously control, and possibly anticipate, any
upcoming stress.

Plants early responses to stress often appear in a time frame of seconds or a few minutes in different cell
compartments, and in these cases, they mainly rely on quick changes of ions concentrations (e.g. Ca2+, H+,
K+, NO3-, Cl-, etc) which are dependent by their movements across membranes.

In plants, a plethora of environmental and developmental stimuli promote specific Ca2+ increases in cytosol
as well as in different cellular compartments including the endoplasmic reticulum (ER). The ER represents an
intracellular Ca2+ store that actively accumulates Ca2+ taken up from the cytosol.

By exploiting state of the art genetically encoded Ca2+ indicators (GECls), we describe the generation and
characterization of a new Arabidopsis thaliana line that allows for simultaneous imaging of Ca2+* dynamics
in both the ER and cytosol, at different spatial scales. By performing analyses in single cells, we accurately
qguantify the time required by ER to import Ca2+ from the cytosol into the lumen. Furthermore, the imaging
of mature and soil-grown plants, revealed the existence of a wounding-induced long distance ER Ca2+ wave
propagating in the injured and systemic rosette leaf.

This technology boosts high-resolution analyses of intracellular Ca2+ dynamics at cellular level and in adult
organisms, and paves the way for new methodologies aimed at defining the contribution of subcellular
compartments in Ca2+* homeostasis and signaling.
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473 - Involvement of small RNAs in long- and short-term heat stress response in mycorrhizal grapevine
plants.
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Heat stress is a major abiotic stress that significantly affects grapevine’s (Vitis MicroRMAs are a complex group of short regulatory RMAs that are key
vinifera L] growth, productivity, and grape guality. Arbuscular mycorrhizal fungi  components in a wide range of biological processes, including the mediation of
[AMF) form mutualistic relations with grapevine roots and can ameliorate their symbiotic interactions and plant stress responses. Howewver, not much is known
response to environmental stress. on the inter-regulation of AMF and plant miRNAs under heat stress conditions.
Aim of the study:

To determine if the incculation of different AMF spedes induces differential miRNA expression in grapevine leaves that could be linked to an increased plant heat
stress tolerance.

1. Experimental set up 2. miRMNA analysis and bicinformatic analysis
Experiment 1 Experiment 2 * miRNAs of leaf samples from * Target Eenes of ciﬂe.rentia_ll'y
Grapevines ov. Touriga-Macional Grapevines ov. Touriga- E)q)erirr_lentl were sequenced using E‘_P'Eﬂd miRMNAs were i
inoculated with Rhizeglomus Macional inoculated with the HiSeq lllumina platform. using psRMATarget software, and GO
irreguiare (Ri) or Funneliformis same mycorrhizal species (Ri | =——=| * Trimmed sequences were blasted terms were assignad to target genes.
mosseae (Fm) were exposed to a and Fm) were exposad once at against miRBase. * gPCR of selected miRNAs was
prolonged heat stress of £h per day 42 *C for 6h (short-term heat * EDGE analysis was performed to further performed on leaf samples
at 40 *C for one week (long-term stress - 5THS). compare the axpression of conserved of Experiment 2.
heat stress - LTHS). mifMNAs between treatments.

Plant physiology measurements - photosynthesis rate (Pn), stomatal conductance (gs), transpiration rate (E).

miRNA expression in grapevine leaves
G0 of target genes of miRNAs up-regulated at 40 =C E:perim ent 1 (LTHS) G0 of target genes of miRMAs down-regulated at 40 *C
> ed th - - i
repressed processes/pathways R irn?gu.fans - increased processes/pathways

intracellular membrane-bounded arganelle _'? IEN N n s nsnnnss YR I
zg: I I pratealysis mmwea.ln _-:_e:ll_l-Jlir'pra.tg-a-ln catabodic pracess
— membrane Y proteolysis
nucleus
intracellular anatomical structure

intracellular membrans-bounded organelle

cytoplasm

L
2 nucleus
E
Grapevine physiology parameters
— ph = . miR3g4b
- Under LTHS, mycorrhizal plants had . N 10 T
higher Pn and an inaease in E, AT o SR
indicating that they acdimated to high T T —_—
temperatures. 2
= Under 5THS, a general increase in Pn, ;
gs and E was observed. .
RI___ Cararsh®  Fm  Costrsl Frn Ri__Coearsl®i Fn  CostrelFom Ri__ Costrsl @8 Fas Centrel Fm

L, LI\
= Under LTHS, root inoculation with A. irmeguiaris induced a higher number of differentially expressad miRMAs in grapevine leaves than incoulation with F. mossoe.
- Inresponse to LTHS, the A irregeiaris treatment up-regulated several members of the miR156/miRS22/miR535 superfamily, related to tolerance to heat stress.
= LTHS and 5THS led to different miRMa expression patterns: under STHS, mikt3ssh (related to thermotolerance) was down-regulated by FI comparing to /i, but at LTHS did not
show mycomrhizal effect; Besides, miR394b was down-regulated in the Fm treatment under HSTS but not under STHS.
= It is concluded that specific miRMAs expressed in mycorrhizal plants can contribute to modulate adaptive heat stress responses in grapevine.

Acknowiedgments: Thiswork is funded by MeSional Funds through FCT - Foundation for Scence and Technalogy through the projects MYCOVITIES |PTOC ASR-PRO/GETE/2044]), UIDE,/ 044252020 and UIDE/05153,/ 2030,
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611 - ERAD-mediated maturation of the regulatory protein of plant meristematic cells CLAVATA 3 emerged
during evolution from algae to higher plants.
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The indefinite growth capacity of plants is guaranteed by meristems, where totipotent cells are in continuous
division and differentiation. The activity of these undifferentiated cells is under control of the negative
feedback between two genes WUSCHEL (WUS) and CLAVATAS3 (CLV3) (Brand et al. 2000). CLV3 gene encodes
a small secretory protein that undergoes proteolytic maturation to release an active dodecapeptide that
binds to a receptor complex (CLV1/2), but the actual maturation mechanism is still unknown (Kondo et al.
2006). The current model predicts CLV3 secretion in the extracellular space and maturation mediated by
specific proteases, with the enzymes that carry out this proteolysis not yet identified. A recent study
suggested that CLV3 maturation in higher plants occurred in the endoplasmic reticulum via a process
mediated by Endoplasmic Reticulum Associated Degradation (ERAD), and that CLV3-GFP expressed in
transgenic tobacco was biologically active because only the CLV3 peptide, and not the entire fusion protein,
was present in the extracellular medium (De Marchis et al. 2018). Our idea is that the maturation mechanism
of CLV3 emerged when photosynthetic organisms evolved into vascular plants, therefore unicellular algae
should have not developed this mechanism. To prove our hypothesis, we transformed cells of C. reinhardtii to
express CLV3-GFP. Secretion of the intact CLV3-GFP protein in the algal growth medium was detected,
corroborating our hypothesis. Moreover we show , by using a physiological assay based on root growth
inhibition, that the production of the active 12 amino acid peptide is absent in algae of the genus
Chlamydomonas. In the future, we will try to discover which genes are involved in the maturation mechanism
of CLV3.
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644 - A fungal sRNA may guide the silencing of host plant genes in the arbuscular mycorrhizal symbiosis
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Small RNAs (sRNAs) are short non-coding RNA molecules that regulate gene expression in eukaryotes via RNA
interference (RNAI) (1). Interest in SRNAs has grown as we have discovered the fundamental roles they play
in a wide variety of biological processes, such as developmental regulation and stress responses. SRNAs are
also emerging as important signalling molecules in different inter-species, and even inter-kingdom,
interactions (2). Indeed, mobile sRNAs can be transferred from “donor” to “receiver” organisms, where they
can regulate host gene expression by exploiting the host’s molecular RNAi machinery. While this process,
cross-kingdom RNAI, has been principally studied in plant-pathogen interactions, increasing evidence points
towards mobile sRNAs as potential contributors to the inter-species molecular dialogue in plant mutualistic
associations, including the arbuscular mycorrhizal (AM) symbiosis.

Previously, we characterized the sRNA population of the AM fungus Rhizophagus irregularis during the
symbiosis with the host plant Medicago truncatula and we reported, based on in silico data, that dozens of
fungal sRNAs have potential for host gene regulation through cross-kingdom RNAI (3). We chose to further
characterize the fungal sRNA Rir-2216 in view of its high number of in silico predicted M. truncatula target
genes. Utilizing Agrobacterium-mediated transient co-expression assays in tobacco leaves, we proved that
Rir-2216 can silence two of the predicted plant targets: a WRKY transcription factor and a Lipid Transfer
Protein. Moreover, by exploiting laser microdissection coupled to gRT-PCR assays, we observed that some
Rir-2216 plant targets, including WRKY, showed a reduced transcript accumulation in specific populations of
root cortical cells colonized by R. irregularis compared to corresponding cells from non-colonized roots. We
are currently characterizing the targets of Rir-2216, but the data already obtained suggest that fungal sSRNAs
can silence host plant gene expression in the AM symbiosis. These results represent an important step
towards understanding the sRNA-mediated dialogue in this mutualistic interaction.
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13 - PII signal transduction proteins in plants: conservation and evolution of structure and sensory
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The Pll signal-transduction superfamily is widespread in all domains of the life, representing one of the largest
and most ancient families of signaling proteins in nature. Signaling proteins of the PIlI superfamily are
characterized by their highly conserved trimeric structure. Canonical Pll proteins sense the cellular energy
state through competitive binding of ATP and ADP and sense the C/N balance through 2-oxoglutarate binding
(2-0G). The ancestor of Archaeplastida inherited the PIl signal transduction protein from the ancient
cyanobacterial endosymbiont. In plants, the major interaction partner of Pll is the controlling enzyme of
arginine synthesis, N-acetyl-L-glutamate kinase (NAGK). The plant Pll proteins are not covalently modified
and its mode of action has been shown to require direct binding of effector molecules. The results suggest
that PIl signalling system of red algae represents an intermediary state between Cyanobacteria and
Chlorophyta.To our data, in the course of evolution, plant Pll proteins acquired a glutamine-sensing C-
terminal extension, present in all Chloroplastida PIl proteins (except Brassicaceae family). Sensing glutamine
as the primary product of nitrogen assimilation indicates that in the Chloroplastida, PIl became specialized
to respond to the nitrogen status. In agreement with glutamine becoming the dominant signal for plant PII
proteins, the sensory properties of Pll proteins that were determined from different Chlorophyta towards
the ATP/ADP status or towards 2-OG are quite variable. Among these organisms, the colorless alga
Polytomella parva is a special case, as its the PII-NAGK system has lost the ability to estimate the cellular
energy and carbon status but has specialized to provide an entirely glutamine-dependent arginine-feedback
control. The observed differences towards the effector molecules between Pl proteins from different
representatives of Chlorophyta and higher plants demonstrate the evolutionary plasticity of Pll signaling
system. (This research was funded by Russian Science Foundation, N 16-14-10004, and DFG, F0195/9-2,
Fo195/13-1).
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29 - Novel results of application of methylglyoxal for priming crop plants
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Many abiotic and biotic stress lead to the generation of reactive oxygene species (ROS) and lipid peroxidation,
the subsequent damage of membrane lipids. Beside ROS, certain lipid peroxidation breakdown products, the
reactive aldehydes (RA) also contribute to the cellular damage. In nature, many effective defence
mechanisms have evolved for RA-detoxification in the cell, including the glyoxalase system, glutathione-S-
transferase, alkenal/alkenone reductases, aldehyde dehydrogenases and aldo-keto reductases. However to
an extent, the increased ROS and RA level can still be considered physiological, acting as signal to activate
stress-tolerance mechanisms. The signal can also be added from outside. Appropriate level of chemical
hardening can facilitate growth and develop stress tolerance. Our aims were to find the possibility of priming,
the optimum level of exogenously applied RA, named methylglyoxal (MG).

In the frame of our work, we found the adequate way of treatment and MG concentration which enhanced
frost-hardiness of wheat in the absence of prior cold-acclimation from less than 10% to more than 30%. The
role of several polyols and RA-scavenging enzymes, including glyoxalases and tau class glutathione S-
transferases were found to be responsible for the frost-tolerance. On the other hand, exogenous MG
facilitated the growth and assimilation of young maize seedlings at low temperature. The hormonal and
transcriptome sequencing analysis revealed gene expressional changes which explain the differences in
growth. Since maize is a basically cold-sensitive organism, our results open new perspectives to enhance
cold-tolerance and extend the growth period of maize via chemical hardening.
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31 - How does Arabidopsis escape from vegetative shade?
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In nature, light conditions can be highly dynamic and heterogeneous. Plants can use light as a signal to obtain
information from the environment and adapt their growth. In dense vegetation, the far red (FR) light is
reflected by leaves decreasing the red (R)/FR ratio. In a more dramatic situation, called canopy shade, not
only the R/FR ratio decrease, but light is also filtered by leaves creating an environment with low PAR, low R
and blue light. The shade-intolerant species Arabidopsis thaliana perceives these conditions as a signal of
competition for light, which triggers several responses, such as hypocotyl elongation, leaves elevation,
flowering acceleration, etc...

When a canopy shade situation is combined with a directional blue light signal, also phototropism is improved
to position the photosynthetic organs towards the best source of light. Phototropism is mainly controlled by
the blue light photoreceptors phototropins, which sense the direction of light and drive plant curvature. This
peculiar response is due to asymmetrical cell growth, as a consequence of differential auxin distribution
across the hypocotyl. In canopy shade, the availability of auxin in the seedlings increases because of new
auxin biosynthesis, improving plants' growth towards light. Here we show that also cryptochromes, a class
of photoreceptors sensing the intensity of blue light in the environment, modulate phototropism. If seedlings
are in the presence of directional blue light in a full sunlight condition, cryl avoids phototropism balancing
the levels of the transcription factor PIF4. On the contrary, in presence of the same directional blue light
signal but in a canopy shade situation, the inhibitory effect of cryl is relieved, triggering the accumulation of
PIF4, which positively regulates the hypocotyl re-orientation towards the upcoming blue light. These results
highlight the capacity of plants to integrate different light stimuli, in order to adopt the best growth solution.
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44 - New insights into stomatal immunity and CO2 responses revealed by guard cell ‘omics

Sixue Chen Sixue

University of Florida, Biology, Gainesville, United States ¥

Human population is expected to reach 9 billion by 2050, and global crop productivity needs to increase by
70% to feed the growing population. Unfortunately, pathogen infection and other adverse environmental
conditions have posed grand challenges to crop yield and food security. Stomatal pores are major entry
points of bacteria pathogens. How stomatal guard cells respond to pathogen invasion and other
environmental factors (e.g., rising CO; levels) is an important and interesting question. Recently, we have
reported a new redox proteomics method called cysTMTRAQ that combines two types of isobaric tags,
isobaric tag for relative and absolute quantification (iTRAQ) and cysteine tandem mass tag (cysTMT) in one
experiment. The method not only enables simultaneous analysis of cysteine redox changes and total protein
level changes, but also allows determination of bona fide redox modified cysteines in proteins through
correction of protein turnover. This technology has recently been applied to discover potential redox proteins
in stomatal guard cells in response to the flagellin’s N-terminal domain’s 22-aa peptide (flg22) of
Pseudomonas syringae pv. tomato str. DC3000 (PstDC3000). Stomatal closure was observed within 5 minutes
of the flg22 treatment and became significant after 15 minutes of treatment. Reactive oxygen species (ROS)
levels increased throughout the time course of treatment, and reached the peak at 15 minutes. Based on
these results, three time points (15, 30 and 60 minutes) were selected for the cysTMTRAQ experiments. A
total of 2144 proteins were identified, 677 contained cysteines with cysTMT labels, and 57 showed significant
redox changes (q <0.05) after flg22 treatment. Here | report the functional characterization of a lipid transfer
protein in in guard cell innate immunity. As CO; levels affect stomatal immunity and stomatal movement, we
studied CO; signaling using hyphenated metabolomics technologies. A new signaling pathway involving
jasmonic acid was discovered. Future directions in signal crosstalk and data integration will be discussed.
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Signaling pathway of prokaryotic type named stringent response (SR) is activated in plant chloroplasts under
abiotic and biotic stress. In bacteria and plants, the SR mediator is ppGpp, a specific signaling molecule that
modulates the expression of a number of genes encoding defense factors such as bacterial stress sigma factor
RpoS and plant salicylic acid signaling. Since the internal environment of the host organism is stressful for
microorganisms, we assumed that under infection SR is activated both in the plant-host and in the pathogen.
In our work we have studied coupled SR in bacterial pathogen Pectobacterium atrosepticum and in specific
plant-host potato Solanum tuberosum or nonspecific plant-host tobacco Nicotiana tabacum under infection
(in terms of gene expression).

Bacterial SpoT-dependent SR was activated in Pectobacterium when pathogen infected potato as well as
tobacco plants. Plastid SR was not activated in potato plants under infection. At that time the induction of
salicylic acid signaling pathway occurred and transcripts of key gene PR-1 accumulated in potato leaves.
Symptoms of the disease developed slowly and only 53% of plants died after 25 days of inoculation.
Pectobacterial infection induced SR in tobacco plants with the increase in the expression level of Ntrsh2 gene
encoding ppGpp synthase. Jasmonate signal pathway was activated in tobacco leaves: expression of allen
oxide cyclase and lipoxygenase genes increased by more than 27 and 360 times respectively. Rapidly
progressive disease led to death 100% tobacco plants during 3 days of inoculation.

Thus, under infection SR is always activated in bacteria, but not always in plants. The lack of activation of SR
in potato plants probably ensures a more prolonged coexistence of the phytopathogen with its host, which
can be considered as a more perfect form of plant-microbe interactions developed during co-evolution.
This study was supported by RFBR 20-34-70043.
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82 - H202 and Ca2+ interplay in conferring salt tolerance to rice
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Salinity tolerance is a complex trait and, despite many efforts to obtain crop plants resistant to the salt, few
results have been achieved and a deeper understanding of the tolerance mechanisms is needed. By studying
two ltalian rice varieties with contrasting salt response, we found that salt tolerant plants adopted
morphological, hormonal, and gene regulation changes in order to achieve the survival and resuming of
growth. Calcium and ROS are well-known signal molecules in the transduction of external stimuli, like salt
stress. By using Ca** and H,0, fluorescent probes we observed peculiar dynamics of the two signaling
molecules in the cytosol of salt-tolerant plants. In response to salt stress, an early and narrow H,0, burst was
detected in the roots of the salt-tolerant rice variety while, in the sensitive variety, a later and long lasting
H,0, production was observed. These different H,0, profiles were associated with a dissimilar regulation of
genes involved in signal transduction, oxidative stress and ion homeostasis recovery thus leading to different
fates: survival or death. The comparison between Ca?* dynamics in the cytosol of salt-tolerant and -sensitive
cells showed a different response upon salt and H,O, application. Differences are related to H,0, signals and
gene expression between the two rice varieties. Our results suggest that the acclimation mechanism adopted
by tolerant plants is regulated by specific H,O, responses, putatively triggered by specific Ca?* signatures,
that lead to the osmotic compensation, photosynthesis preservation and phenotypic plasticity needed for
the survival of plants.

Funds: PRAT2014 and PRIN2015 to FLS; PRID-seed2018 to EF
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107 - Early response in salicylic acid-treated roots of Arabidopsis glutathione transferase (Atgstf8 and
Atgstul9) mutants
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Glutathione transferases (GSTs) play crucial role in detoxification processes due to their glutathione (GSH)
conjugating activity, and through glutathione peroxidase or dehydroascorbate reductase activities they
influence the redox state of GSH and ascorbate. Thiol redox biochemistry is considered to have pivotal role
in cellular processes, thus maintaining equilibrium through antioxidant mechanisms is crucial. However, it is
still an outstanding question what are the detailed mechanisms by which redox regulation occurs and what
is the significance of GSTs in this process.

Seven-day-old Arabidopsis thaliana L. wild type (Col-0), Atgstf8 and Atgstul9 mutant seedlings were used to
investigate the role of AtGSTF8 and AtGSTU19 in early salicylic acid (SA) responses of roots. Vitality and H,03
levels were measured with fluorescent microscopy. Redox state of GSH was estimated using redox-sensitive
green fluorescent protein. Gene expression of selected GSH related sequences, AtGST genes and
transcription factors were studied using high throughput quantitative real-time PCR.

Atgst mutants had more positive GSH redox potential (Egsn) compared to Col-0 throughout the experiment.
Eesn values became more positive in the Col-0 plant after SA treatment however, it shifted toward more
negative values in the mutants especially after 1 and 24 hours of treatments. The vitality was lower and H,0,;
levels were higher in the mutants after SA treatment. The expression of several investigated genes was
induced in all lines, but there were only slight differences among the Col-0 and mutant plants.

According to our results AtGSTF8 and AtGSTU19 may be part of the redox state regulation under control
conditions and in SA treatment. However, to reveal the exact molecular mechanisms through which they can
act needs further investigations.

Financial support to the project was provided by the Hungarian National Research, Development and
Innovation Fund (grant numbers are K 125265, PD 121027, PD 131909 and PD 131884).
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The biological functions of peptides or microproteins encoded by short Open Reading Frames (sORFs) in
plants are generally unknown. Based on known examples, it can be suggested that these peptides regulate
the diverse range of cellular processes in plants, such as cell proliferation (ROT4), nodulation and sugar
metabolism (ENOD40), pollen grains germination (Zm908), programmed cell death (KOD) and root growth
(PLS). Using a mass-spectrometry approach, we discover a new regulatory 41-aa peptide PSEP1
(Physcomitrella sORF-encoded peptide) encoded by IncRNA in the moss Physcomitrella patens. The
overexpression of PSEP1 increase the moss protonema growth rate but decrease stress tolerance. In
particular, PSEP1 overexpressing plants are more sensitive to salt and oxidative stresses. Moreover, these
plants were partly insensitive to abscisic acid (ABA). To estimate quantitative changes between wild type and
mutant lines, the proteomic profiling analysis with isobaric tags for relative and absolute quantification
labeling (iTRAQ) was performed. Overall, we identified 95 differently expressed proteins (DEP) in PSEP1
overexpressing line and 70 DEPs in a psepl knockout mutant line. Based on proteomic analysis we show that
PSEP1 can regulate primary metabolism, photosynthesis, translation and stress responses. To discover the
mechanism of action of PSEP1 peptide we used a co-immunoprecipitation assay. We created the
Physcomitrella mutant lines with overexpression of PSEP1 fused with FLAG tag and use its in further study.
The list of possible protein partners of PSEP1 includes calmodulin, pathogen related protein 10 (PR-10) and
non-symbiotic hemoglobin class 1. Calmodulin is a small conservative calcium-binding protein which involved
in response to phytohormones, light, wounding, biotic and abiotic stresses. Both PR-10 protein and non-
symbiotic hemoglobin class 1 takes part in a responses to different stresses. So, all of these proteins can be
a link between PSEP1 peptide, ABA signaling and regulation of growth and stress responses.
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Cycloastragenol (CAG), a molecule isolated from ‘Astragalus membranaceus’, significantly stimulates the
telomerase activity and cell proliferation. It is proven that CAG has ability to prevent some diseases in human.
In this study, we aimed to figure out the CAG effects on the different signaling mechanisms in plants and to
broadly analyze the genome-wide transcriptional responses in order to demonstrate CAG as a new key
molecule that can potentially help plants to overcome different environmental stresses. RNA-seq strategy
was employed to assess the transcriptional profiles in A. thaliana roots calli. Our work primarily focused an
overall study on the transcriptomic responses of Arabidopsis to CAG. A total of 22.593 unigenes have been
detected among which 1045 unigenes were differentially expressed. The up-regulated genes are principally
involved in cellular and metabolic processes in addition to response to stimulus. The data analysis revealed
genes associated with defense signaling pathways such as cytochrome P450s transporter, antioxidant system
genes and stress responsive protein families were significantly upregulated. The obtained results can
potentially help in better understanding biotic and/or abiotic tolerance mechanisms.
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Phosphoinositides (Pls) are minor structural components of plant cell membranes. They are characterized by
negatively charged polar heads. Pls have emerged as important second messengers regulating growth,
development and responses to environmental changes. Pls are produced by the phosphorylations of
phosphatidylinositol by specific lipid kinases. Phosphatidylinositol 4-kinases (Pl4Ks) generate
phosphatidylinositol-4-phosphate and have been recently reported to participate in vesicular trafficking.
The aim of our work is to decipher the role of PI4Ks and their products in plant morphogenesis, especially in
root development. An Arabidopsis thaliana mutant, deficient in two isoforms of PI4Ks (pi4kB1B2), shows
stunted growth both in rosettes and roots. While the rosette dwarfism is connected with the accumulation
of salicylic acid, the root phenotype appears to be independent on it. To reveal the mechanism beyond this
phenotype, we analysed root elongation in various conditions. pi4kB1B2 roots showed lower sensitivity to
exogenic auxins and impaired cell elongation. Interestingly, while some defects at cytokinesis have been
detected in pidkB1B2 root cells, the sensitivity to cytokinins and the expression of CycB1 were not affected
in the double mutant. We found that response to gravistimulation is slower in pi4kf1B2 mutant, however it
is not connected with auxin gradient re-establishment. Otherwise, PIN2 internalization in response to light
was impaired in pi4kp1B2 mutants. Our work thus opens new insights into the involvement of
phosphoinositides in morphogenesis through affecting phytohormonal signaling.
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Heat Shock Protein 90 (HSP90) is a molecular chaperone that is required for the function of various substrate
proteins that are collectively referred as clients, is considered also as one of the few well-connected hubs in
molecular networks. HSP90 activities through signalling pathways and internal signals are interconnected
with abiotic cues. In plants, HSP90 are involved in brassinosteroid (BR), auxin, and jasmonate signalling
pathways. Brassinosteroids (BRs), a class of plant steroid hormones, are modulated by light and act
synergistically with other hormones to promote development from early stages of embryogenesis to flower
pattern formation. BRs bind either to preformed LRR receptor kinase BRI1 (BRASSINOSTEROID INSENSITIVE
1) homodimers which facilitates BRI1 ASSOCIATED RECEPTOR KINASE1 (BAK1) binding, or to a small pool of
preformed BRI1-BAK1 heterooligomers.

The signaling pathway results in the activation of BRI1 EMS SUPPRESSOR1 (BES1) and BRASSINAZOLE
RESISTANT1 (BZR1), transcriptional factors controlling BR-responsive gene expression via the inactivation of
BRASSINOSTEROID INSENSITIVE 2 (BIN2).

Using genetic, fluorescence live cell imaging, molecular and biochemical approaches, such as, co-
immunoprecipitation assay, yeast-two hybrid and Bimolecular fluorescence complementation (BiFC), we
studied the ability of HSP90 to interact and form complexes with BRI1 and BAK1. The interaction investigated
under active BR signaling and under inhibitor of the ATPase activity of HSP90.
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L-ascorbic acid is a major antioxidant and one the most abundant carbohydrates in plants. We still poorly
understand how this molecule is transported within plants and whether it is involved in signaling and growth
control. Here, we tested the hypothesis that plasma membrane anion channels catalyse the efflux of L-
ascorbate from plant cells. We also report novel physiological functions of extracellular ascorbate, such as
Ca?* signaling and control of growth. Intriguingly, patch-clamp electrophysiological analyses demonstrated
that efflux currents of L-ascorbate in Arabidopsis thaliana roots were comparable with chloride and malate
currents. Biophysical properties of ascorbate conductance were similar to those that are mediated by malate-
permeable ALMT channels. EPR spectroscopy tests showed that the level of extracellular ascorbyl radicals
increased dramatically under salt stress (50-200 mM NacCl), osmotic shock, in the presence of elicitors and
heavy metals. This is indicative of massive stress-induced ascorbate efflux. Exogenously added ascorbate
(0,05-10 mM) induced transient elevation of cytosolic free Ca?* triggering Ca®* signaling events. The shape of
ascorbate-induced Ca?* signals resembled those that are produced by hydroxyl radicals. The ascorbate-
induced Ca?* elevation was inhibited by cation channel blockers, free radical scavengers and by removal of
extracellular Ca?*. Moreover, removal of the cell walls (in protoplasts) resulted in disappearance of ascorbate-
induced Ca?* transients. Copper and iron stimulated ascorbate-induced Ca?* elevation while other transition
metals, such as nickel and manganese, inhibited this reaction. Phenotyping of ascorbate effects on growth
demonstrated that 0,01-0,3 mM L-ascorbate stimulated plants growth while 0,3-10 mM ascorbate inhibited
this processes. Ascorbate also triggered programmed cell death and autophagy in the range of
species/models and induced changes in Arabidopsis proteome demonstrating specific signaling and redox
proteome modifications. This work was supported by Pearl River Fellowship to VD and Belarus-China
Exchange Project (Ministry of Science of China and Belarusian SCST).
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WHIRLY2 is a single-stranded DNA binding protein associated with mitochondrial nucleoids. Although the
why 2-1 mutant does not show a macroscopic phenotype during vegetative growth, a major proportion of
the mutant leaf mitochondria owns an aberrant structure characterized by disorganized nucleoids, reduced
abundance of cristae and a low matrix density. These features coincide with impairment in dynamics and
functionality of mitochondria.

In contrast to vegetative growth, embryo development and seeds germination are compromised in the why
2-1 mutant. The energy demand due to a greater metabolism rate, required for cell division and
differentiation in these early phases of development, could account for the crucial role of WHIRLY2. We
observed, indeed, that WHILY2 is highly expressed during embryo development and the early stages of seed
germination, when compared to other plant life phases..

Experimental evidences show the importance of WHIRLY2 also in plants exposed to abiotic stress. In
particular, the absence of WHIRLY2 strongly compromises the ability of mutant plant to build-up an efficient
drought stress resistance response.
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Within dense communities, competition for light resources affects plant growth and leads to the shade-
avoidance syndrome (SAS), characterized by elongation of vegetative organs and upward leaf movements
(hyponasty) to favor access to unfiltered sunlight. In parallel, attacks from herbivores induce defense
mechanisms depending on the jasmonate (JA) pathway and are associated with growth inhibition. Previous
studies have shown that shaded plants challenged with herbivores, or more generally with pathogens,
prioritize growth over defense. Our aim was to investigate the potential interaction between shade-
avoidance and JA pathways on leaf growth and movement, using repetitive wounding of leaf blades to mimic
herbivore attacks. Phenotyping experiments with combined treatments on Arabidopsis thaliana rosettes
revealed that shade inhibits the wound effect on leaf elevation while both stimuli act additively for petiole
elongation. Thus the relationship between shade and wounding pathways varies depending on the
physiological response.

To identify regulatory genes controlled in opposite ways by these stimuli, we analyzed gene expression
patterns of petioles upon single and combined treatments by RNA-sequencing. We chose to focus on genes
with expression patterns matching the hyponastic response (opposite regulation by both stimuli, interaction
between treatments with shade dominating wound signal). Our hypothesis is that some of these genes may
be important for the regulation of leaf movement and the interaction between shade and wounding. Among
them, we found PKS4, one of the four members of the PKS (Phytochrome Kinase Substrate) gene family,
which was mostly studied for its role in phototropism. Interestingly we observed less suppression of
wounding effect by shade in a pks2pks4 double mutant while a PKS4 overexpressing line showed
constitutively elevated leaves and was less sensitive to wounding. This result is in total agreement with our
hypothesis, which makes PKS genes good candidates controlling the interaction of shade and wounding
regulating leaf hyponasty.
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Plants adapt their development to different environmental and developmental cues by rewiring their
transcriptomes and proteomes. During the last decades, much effort has been put into understanding how
signaling cascades initiated by multiple stimuli control transcriptome diversification. These research efforts
have focused mainly on the role of transcription factors in regulating gene expression. However, recent
studies are beginning to uncover a key contribution of alternative splicing, a posttranscriptional mechanism
that generates multiple transcripts from the same gene, to the diversification of plant transcriptomes.
Despite functional evidence pointing to alternative splicing as a major player in the adaptation of plant
development to different external and internal stimuli, little is known about the molecular mode of action of
these mechanisms from a genomic point of view. Does alternative splicing have a similar impact on protein
levels and on protein diversity in response to different stimuli? Is this impact comparable to that of animals?
And, finally, are the genomic features associated with these responsive alternative splicing events similar
between plants and animals? To assess the similarities and differences between the molecular processes
controlled by alternative splicing in different multicellular organisms, we have first implemented vast-tools
for the model plant Arabidopsis thaliana, a computational pipeline to detect and quantify all types of
alternative splicing events from RNA-seq data (https://github.com/vastgroup/vast-tools). We then used this
pipeline to quantify alternative splicing from RNA-seq samples available in the Short Read Archive (SRA) for
various environmental conditions and differentiated tissues in A. thaliana. We compared the regulatory and
functional patterns observed in A. thaliana with those of three animals with very distinct exon-intron
architectures (humans, fruitflies and round worms), shedding light on the particularities of the mode of action
and biological functions of alternative splicing in response to different stimuli in plants.
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Selenium-Binding Protein 1 (SBP1) is a highly conserved widespread protein in all life kingdoms. SBPs are not
members of the selenoproteins as they don’t contain the modified amino acids of selenomethionine and
selenocysteine, however they bind selenium in a covalent manner. Moreover, SBP1 binds cadmium. Its
human homologue is connected with many malignancies and it has been proposed as a pharmacological
target and biomarker for psychotic diseases. Studies in different plant species such as Oryza sativa, Triticum
aestivium, Theobroma cacao, Lotus japonicus and Arabidopsis thaliana indicate that SBP participates in a
cadmium / selenium detoxification mechanism. Furthermore, SBP1 enhances tolerance not only against
abiotic stress but against pathogenetic fungi and bacteria, as well. In Arabidopsis thaliana there is evidence
that indicate the participation of SBP1 in a novel protein network, as it is able to interact with a GAPDH and
FBA, as well as, with other proteins related to vesicle trafficking, membrane synthesis and redox control of
cells. In our study, we have shown that SBP1 interacts in planta with the glutaredoxins AtGRX14 and AtGRX16,
the phospholipase Al, AtDALL3 and the papain-like protease AtRD19c. Glutaredoxins are connected to the
regulation of the redox state of chloroplasts, while AtDALL3 has crucial role in the biosynthesis of jasmonic
acid, a hormone necessary for stress responses. Our lab has also revealed interactions of AtSBP1 with the
papain-like cysteine protease, AtRD19c that is probably involved in the activation of programmed cell death.
Glutaredoxins and AtDALL3 are localized in chloroplasts with different patterns of expression while AtRD19c¢
is localized probably in vacuoles. The interaction of AtSBP1-AtDALL3 complex is localized in chloroplasts while
that with AtRD19c is probably in the vacuoles. Interestingly, the AtSBP1-AtGRX14 interaction takes place in
the cytoplasm and nucleus, while the respective SBP1-AtGRX16 only in the cytoplasm.
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Truncated hemoglobins (trHbs) form a widely distributed family of proteins found in archaea, bacteria, and
eukaryotes. Truncated hemoglobin sequences are 20—-40 amino acid residues shorter than full-length
hemoglobins and form a characteristic helix arrangement folded in a 2-on-2 a-helical sandwich. Accumulating
evidence suggests that trHbs may be implicated in functions other than oxygen delivery, but these roles are
largely unknown. Characterization of the conditions that affect trHb expression and investigation of their
regulatory mechanisms will provide a framework for elucidating the functions of these globins. Two THB
family members, THB1 and THB2, were expressed at the highest level. For the first time, we demonstrate the
synthesis of nitric oxide (NO) under P-limiting conditions and the production of NO by Chlamydomonas cells
via a nitrate reductase-independent pathway. To clarify the functions of THB1 and THB2, we generated and
analyzed strains in which these THBs were strongly under-expressed by using an artificial microRNA
approach. Similar to THB1 knockdown, the depletion of THB2 led to a decrease in cell size and chlorophyll
levels. We provide evidence that the knockdown of THB1 or THB2 enhanced NO production under P
deprivation. Moreover, the THB1- and THB2-downregulation led to mis-regulation of P-deprivation induced
genes. PSR1 is a well-studied transcription factor that regulates P-metabolism in Chlamydomonas. To our
data, the accumulation of PSR1 transcripts were affected in the amiTHB1- and amiTHB1-strains starved for
P. Overall, these results demonstrate that THB1 and THB2 are likely to contribute, at least in part, to
acclimation responses in P-deprived Chlamydomonas. (This research was funded by Russian Science
Foundation, N 21-14-00017).
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The MAPKKK18-mediated MAPK module harbouring downstream MAPKK3 and MPK1/2/7/14 is involved in
ABA signalling, drought tolerance and senescence in Arabidopsis thaliana. Available studies demonstrate that
the stability of MAPKKK18 is regulated by the ubiquitin proteasome system (UPS) via the ABA core pathway.
However, the tight control of MAPKKK18 protein turnover is still not fully characterized.

Plants utilize UPS to modulate growth and development. The importance of the UPS in plants is exemplified
by the fact that nearly 6% of the of the Arabidopsis thaliana genome is involved in UPS-related functions. UPS
involves the covalent attachment of one or more ubiquitin (Ub) proteins to a specific lysine residue within
target proteins through a consecutive action of three enzymes: E1 ubiquitin-activating enzyme, E2 ubiquitin-
conjugating enzymes and E3 ubiquitin-protein ligases. Among these enzymes, in response to various cellular
cues, a critical role is played by E3 ubiquitin ligases that recognize specific protein substrate and catalyses
the transfer of activated ubiquitin to the target protein.

To elucidate the molecular mechanism of MAPKKK18 degradation we use multiple approaches. Using
computational methods we selected potential ubiquitination sites, which were further analysed by molecular
studies. Here we show that the arginine substitution on lysine 154 (K154) has significant effect on MAPKKK18
stability, compared to the wild-type protein. In addition to that we found that the turnover of ABA-regulated
MAPKKK18 is controlled by specific E3 ligases, belonging to HECT and RING family, respectively. Collectively,
this study provides a mechanistic understanding of how MAPKKK18 abundance is regulated by the the
ubiquitin-proteasome pathway.
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Elongation of coleoptile is essential to ensure emergence of rice seedling from soil and is highly regulated by
light conditions. Light represses coleoptile growth, being its maximum growth rate and final length observed
under dark. However, the regulatory mechanisms underlying this process remains largely unknown. In the
plant model Arabidopsis thaliana, phytochromes, the Red/Far-Red photoreceptors, are activated by light and
induce the degradation of Phytochrome-Interacting Factors (PIFs), a bHLH transcription factor family, by
targeting them for degradation. PIFs are therefore more stable under dark, when they promote plant growth.
In rice, six PIF-like (OsPIL) are identified and we have produced rice single knockout mutants for each OsPIL
using the CRISPR/Cas9 technology. When we analyzed the above ground development of the different
mutants grown under dark, we observed that OsPIL15-KO and OsPIL16-KO show shorter coleoptile and longer
leaves, as compared to WT, a phenotype that resembles light grown seedlings. In addition, under Red or Far-
Red no differences were observed between WT, OsPIL15-KO, and OsPIL16-KO mutants, suggesting that both
OsPILs are degraded by Red and Far-Red. We also observed that light-mediated coleoptile repression is
dependent on light quality, Red plays a stronger repression than Far-Red, suggesting that other OsPILs might
play a minor role in coleoptile elongation under Far-Red.

Overall, our results suggest that both OsPIL15 and OsPIL16 promote coleoptile growth and that the light-
induced repression of coleoptile elongation is mediated by the degradation of both OsPIL15 and OsPIL16. We
are now analyzing the transcriptome of dark- and light-grown mutants. These data will be shown and
discussed in order to understand the molecular mechanisms underlying rice coleoptile elongation. This study
will contribute for the identification of candidate genes that in the future can be used in breeding programs
to improve seed emergence under adverse conditions, such as low temperature, water deficit, etc.
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Viticulture has been highly affected by several diseases. Downy mildew, caused by the obligatory biotrophic
oomycete Plasmopara viticola, is one of the most devastating grapevine (Vitis vinifera L.) diseases worldwide.
To cope whit it, the current strategies rely on the massive use of phytochemical compounds on each
cultivation season. Understanding the grapevine defence mechanisms is vital to develop alternative and
sustainable disease control approaches. We have provided evidences about the role of fatty acids (FA) and
lipid signalling in the establishment of the incompatible grapevine-Plasmopara viticola interaction. In
response to abiotic and biotic stresses, changes in membrane lipid composition can alter membrane
properties. Moreover, membrane lipids and FA can act themselves as signalling molecules or can be
channelled to biosynthetic pathways of other signalling molecules, such as jasmonic acid (JA). In a tolerant
grapevine genotype (Vitis vinifera cultivar Regent) there is an accumulation of JA, activation of its
biosynthetic pathway and accumulation of its precursor, a-linolenic acid (C18:3), a polyunsaturated FA. The
generation of unsaturated FA results from the activity of FA desaturases, that catalyse the insertion of double
bonds into the FA chains of glycerolipids. Despite being an essential process in lipid signalling events, FA
desaturation has not yet been studied in grapevine response to pathogens. Here we characterized for the
first time the FA desaturase’s gene family in grapevine and demonstrate their involvement in defence
response to the downy mildew agent. In the first hours upon pathogen inoculation, Regent showed an
increase of the expression of genes encoding FA desaturases acting on galactolipids, the major lipids of
chloroplast membranes. Reenforcing these evidences, a progressive FA desaturation in galactolipids was also
observed, culminating in an increase in C18:3 content. Our work provides a new insight on the involvement
of lipids in grapevine signalling processes in response to Plasmopara viticola.
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Salinity tolerance is a complex trait and, despite many efforts to obtain crop plants resistant to the salt, few
results have been achieved and a deeper understanding of the tolerance mechanisms is needed. By studying
two ltalian rice varieties with contrasting salt response, we found that salt tolerant plants adopted
morphological, hormonal, and gene regulation changes in order to achieve the survival and resuming of
growth. Calcium and ROS are well-known signal molecules in the transduction of external stimuli, like salt
stress. By using Ca** and H,0, fluorescent probes we observed peculiar dynamics of the two signaling
molecules in the cytosol of salt-tolerant plants. In response to salt stress, an early and narrow H,0, burst was
detected in the roots of the salt-tolerant rice variety while, in the sensitive variety, a later and long lasting
H,0, production was observed. These different H,0, profiles were associated with a dissimilar regulation of
genes involved in signal transduction, oxidative stress and ion homeostasis recovery thus leading to different
fates: survival or death. The comparison between Ca?* dynamics in the cytosol of salt-tolerant and -sensitive
cells showed a different response upon salt and H,O, application. Differences are related to H,0, signals and
gene expression between the two rice varieties. Our results suggest that the acclimation mechanism adopted
by tolerant plants is regulated by specific H,O, responses, putatively triggered by specific Ca?* signatures,
that lead to the osmotic compensation, photosynthesis preservation and phenotypic plasticity needed for
the survival of plants.

Funds: PRAT2014 and PRIN2015 to FLS; PRID-seed2018 to EF
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Chloroplast-generated singlet oxygen (10,) alters nuclear transcriptome via retrograde signaling pathways,
contributing to foliar acclimation and cell death responses. An Arabidopsis crumpled leaf (crl) mutant
deficient in plastid binary fission is known to express '0,-responsive nuclear genes constitutively. The cr/
gigantic chloroplasts induce autoimmune responses through lipid peroxidation-dependent retrograde
signaling. In the present study, via a forward genetic screen, we unveil dominant gain-of-function
TRANSLOCON AT THE INNER ENVELOPE OF CHLOROPLAST (TIC236) mutations, each of which abolishes the
autoimmune responses and rescues the plastid-division defect in crl. This result indicates the shared
functionality between CRL (mainly located in the outer envelope of chloroplast) and TIC236 proteins. Ensuing
reverse genetic analyses show CRL's genetic interaction with SP1, a RING-type ubiquitin E3 ligase, and the
intrinsic inner envelope membrane FTSH11 protease, whose functions are implicated in TOC and TIC
turnover, respectively. Either loss of SP1 or FTSH11 rescues crl phenotypes in varying degrees due to
increased translocon levels. Consistent with the impaired plastid division in both cr/ and tic236-knockdown
mutants, CRL interacts with the preproteins of plastid-division machinery, and TIC236GF reinforces their
import. Last but not least, we found these GF mutations significantly stabilize TIC236 proteins. We collectively
shed new light on the probable link between protein import defect and plant innate immunity.
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Living organisms are exposed to many potentially toxic compounds, both from ectopic sources, like
pollutants, and from endogenous sources. For example, under excessive light, saturation of the
photosynthetic electron transport chain leads to a ROS burst generating apocarotenoids and lipid peroxides.
These two molecular families have opposite effects: B-cc and dha, two apocarotenoids, can induce stress
acclimation, while Reactive Carbonyl Species, such as 4-hydroxynonenal, lead to cell death. We discovered
that the protective action of B-cc is mediated by the induction of the SCL14 dependent xenobiotic
detoxification response. Consistent with this, mutants of SCL14 show lower stress tolerance and
overexpressing SCL14 enhances plant performance under conditions causing photooxidative stress such as
excess light and drought. Finally, we show that apocarotenoids generated during photosynthesis signal the
oxidative status of the chloroplast and elicit an additional level of photo-protective mechanisms.
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Light-dependent photosynthesis in photosynthetic eukaryotes requires the proper assembly of photosystem
I1 (PSII). In Arabidopsis thaliana, one of the PSII subunits (CP43/PsbC) was suggested to be assembled into the
PSIl complex via its interaction with an auxiliary protein called Low PSIl Accumulation 2 (LPA2). However, the
original articles describing the role of LPA2 in PSIlI assembly in higher plants have been retracted. To
investigate the function of LPA2, here we generated in the model organism for green algae, Chlamydomonas
reinhardtii, knockout Ipa2 mutants by using the CRISPR-Cas9 target-specific genome-editing system.
Biochemical analyses revealed the thylakoidal localization of LPA2 protein in the WT while Ipa2 mutants were
characterized by a drastic reduction in the level of D1, D2, CP47 and CP43 proteins. Consequently, reduced
PSIl supercomplex accumulation, chlorophyll content per cell, PSII quantum yield and photosynthetic oxygen
evolution were measured in the Ipa2 mutants, leading to an almost impairment of photoautotrophic growth.
Pulse-chase experiments demonstrated that the absence of LPA2 protein caused a reduced PSII assembly
and reduced PSII turnover. Reduced PSII activity was only partially compensated in [pa2 mutants by increased
cyclic electron transport, and state transition. Taken together, our data indicate that, in Chlamydomonas
reinhardtii, LPA2 is required for PSIl assembly and its proper function.
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486 - GUN1 promotes the accumulation of NEP-dependent transcripts and chloroplast protein import upon
perturbation of plastid protein homeostasis in Arabidopsis cotyledons
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Correct chloroplast development and functioning require the orchestrated expression of plastid and nuclear
genes and rely on a complex network of signals that flow from the plastid towards the nucleus. The plastid-
located protein GUN1 (genomes uncoupled 1) plays a central role in the chloroplast-to-nucleus
communication. GUN1 was found to physically interact with factors involved in chloroplast protein
homeostasis and with enzymes involved in tetrapyrrole biosynthesis that act in various retrograde signalling
pathways. Although a clear and unified view of GUN1's role is still missing, we recently showed that GUN1
promotes the activity of the Nuclear-Encoded plastid RNA Polymerase (NEP) upon impairment of chloroplast
protein homeostasis, having an impact on chloroplast protein import and cytosolic folding stress. Biochemical
and genetic evidences suggest that this response becomes critical for the correct proplastid-to-chloroplast
differentiation when plastid protein synthesis, folding, import or degradation are perturbed. Here we show
and discuss the recently identified connections between plastid RNA metabolism and retrograde signalling,
by providing an extended concept of GUN1 activity, which integrates the multitude of functional genetic
interactions with its primary role in plastid transcription and transcript editing.
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Plasmodesmata (PD) allow cell-to-cell exchange of water, ions, nutrients, hormones and informational
macromolecules like mRNAs, small RNAs or transcription factors. The ability to adjust the PD size exlusion
limit (SEL) is critical for plant performance in any environment at every stage of a plant’s life. Photosynthesis
regulates a plethora of cell functions via the reduction state of thioredoxins which is controlled by electron
supply from PSI. At the same time, photosynthesis can serve as a source of ROS, which act as signal molecules
while at high levels damage cells. Both thioredoxins and ROS levels influence the number and permeability
of PD.

We investigated the relationship between the functions of PSI and PSII, ROS production and PD permeability
using Arabidopsis mutants with changed levels of Chlb (ch1-3 lacking Chlb and PhCAO transgenic plants over-
accumulating Chlb) as well as trxm3 and ntrc mutants impaired in thioredoxin functions. Numbers of PD were
studied by TEM and immunohistochemistry, the functions of PSIl and PSI were analyzed using a DUAL-PAM
100 (Walz, Germany), ROS were detected using fluorescent probes with a special attention paid to singlet
oxygen production. Callose was quantified using aniline blue staining, and PD permeability was estimated
using a symplastic tracer.

The results showed that in Arabidopsis leaves, performance of PSI and PSIl depended on Chlb-levels and on
the presence of trxm3. The levels of chlorophyll b inversely correlated with PD SEL. Most interestingly, an
increase in the levels of far-red light in the illumination spectrum influenced PD SEL in the mutants via
metabolism of PD-associated callose. Altogether, our results suggest that photosynthesis exerts control over
PD functions not only via ROS levels and thioredoxins but also via supply of energy to leaf cells.

Supported by the Russian Foundation for Basic Research (project # 18-34-00821) and Russian Science
Foundation (project #14-16-00120-P).
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231 - Chloroplast-localized ion channels in the modulation of stress response in higher plants
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Chloroplasts sense biotic and abiotic stress in plants, but their role in transducing Ca**-mediated stress signals
is still poorly understood. cMCU, a member of the mitochondrial calcium uniporter (MCU) family, is an ion
channel mediating Ca®* flux into chloroplast in vivo. Aequorin reporters targeted to chloroplast stroma and
the cytosol in wild-type and knock-out lines for cMCU, provided evidence that stress stimulus-specific Ca%*
dynamics in the chloroplast stroma correlate with expression of the channel. Fast downstream signalling
events triggered by osmotic stress, involving activation of the mitogen-activated protein kinases (MAPK)
MAPK3 and MAPK6, and also the transcription factors MYB60 and ethylene-response factor 6 (ERF6), are
influenced by cMCU activity. Relative to wild-type plants, cMCU knock-out ones display increased resistance
to long-term water deficit and improved recovery on re-watering. Modulation of stromal Ca% in specific
processing of stress signals identifies cMCU as a component of plant environmental sensing.

Ca* represents the most important second messenger in plant cell, but Ca?* channels are not the only players
of stress response modulation. In particular, a newly-identified K* channel in the chloroplast envelope is
indirectly involved in Ca* dynamics regulation during abiotic stress exposure. Aequorins targeted to
chloroplast stroma and cytosol revealed a statistically-significant increase in Ca** transients triggered by
mannitol (that mimics drought stress) in both compartments of knock-out plants respect to wild-type
controls. Further, mass spectrometry analysis indicated also a clear correlation between this K* channel and
chlorophyll synthesis; preliminary experiments shown that mutants have a lower chlorophyll content respect
to wild-type.

The search for the link between ion channels of plant bioenergetic organelles and stress response (or
development) is still pioneering, but the limited knowledge already acquired is very promising.
Understanding of plant response mechanisms will open new paths to increase resistance and, therefore,
plant productivity, useful for food purposes.
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Correct chloroplast development and function require coordinated regulation of chloroplast and nuclear
gene expression. This is achieved through chloroplast signals that modulate nuclear gene expression in
accordance with the chloroplast’s needs. Genetic evidence indicates that Genomes Uncoupled 1 (GUN1), a
chloroplast-localized pentatricopeptide-repeat (PPR) protein with a C-terminal Small MutS-Related (SMR)
domain, is involved in integrating multiple developmental and stress-related signals in both young seedlings
and adult leaves. Recently, GUN1 was found to interact physically with factors involved in chloroplast protein
homeostasis, and with enzymes of tetrapyrrole biosynthesis in adult leaves that function in various
retrograde signaling pathways. Here we show that, following perturbation of chloroplast protein homeostasis
i) by growth in lincomycin-containing medium, or ii) in mutants defective in either the FtsH protease complex
(ftsh), plastid ribosome activity (prps21-1 and prpl11-1) or plastid protein import and folding (cphsp70-1),
GUN1 poaitively influences the Nuclear Encoded Polymerase (NEP)-dependent transcript accumulation
during cotyledon greening and intervenes in chloroplast protein import.

Key Message: GUN1 postitively modulates plastid NEP-dependent transcription and protein import, upon
perturbations of plastid protein homeostasis, and is required for chloroplast-to-nucleus retrograde signaling.
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Chloroplasts retain elements of a bacterial stress response pathway that is mediated by the signaling
nucleotides guanosine penta- and tetraphosphate (ppGpp). In Arabidopsis, ppGpp can act as a potent
regulator of plastid gene expression and influences photosynthesis, plant growth and development.
However, little is known about ppGpp metabolism or its evolution in other photosynthetic eukaryotes. Here,
we will present recent results on the role of ppGpp in non-vascular plants and algae, highlighting conserved
roles, such as the regulation of photosynthesis, and specialised roles, such as in the regulation of growth and
stress acclimation. Our findings underline the importance of ppGpp as a regulator of chloroplast function
across different domains of life, and lead to new questions about the molecular mechanisms and roles of
ppGpp signalling in photosynthetic eukaryotes.
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proteins to the thylakoid lumen.
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Nuclear-encoded chloroplast proteins require the transit signal peptide for translocation to the chloroplast.
Particularly, thylakoid targeted proteins possess bipartite transit peptide. One part of the transit peptide
targets protein into the chloroplast and another part targets protein into the thylakoid lumen. To determine
the signal peptide for thylakoid targeting, we used the 23kDa Oxygen-Evolving proteins (OE23s), which are
involved in photosynthesis in plants. The OE23s contain bipartite transit peptide for translocation to the
thylakoid lumen. Four different transit peptides isolated from tobacco (Nicotiana tabacum cv. Xanthi NC)
OE23s were translationally fused to the green fluorescence protein (GFP), then cloned into the plant
expression vector and transformed into tobacco plants. The GFP was localized into the thylakoid lumen and
the transit peptide was removed from GFP after the localization. In order to determine transit peptide
sequence mediating thylakoid targeting, we generated transgenic tobacco plants expressing the GFP fused
with truncated signal peptides. The N-terminal 38 amino acids were sufficient for the translocation of GFP
across the two membranes of the chloroplast. The 20 amino acids from the first cleavage site mediated the
translocation of GFP into the thylakoid lumen. The peptide contains twin arginine which is known to be
required for translocation of proteins into the thylakoid. Interestingly, only 10 amino acids from the cleavage
site without twin arginine also mediated translocation of GFP into the thylakoid lumen. Collectively, we
determined region of signal peptide required for translocation into the chloroplast and the thylakoid lumen.
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Chloroplast-generated singlet oxygen (10,) alters nuclear transcriptome via retrograde signaling pathways,
contributing to foliar acclimation and cell death responses. An Arabidopsis crumpled leaf (crl) mutant
deficient in plastid binary fission is known to express 0,-responsive nuclear genes constitutively. The crl
gigantic chloroplasts induce autoimmune responses through lipid peroxidation-dependent retrograde
signaling. In the present study, via a forward genetic screen, we unveil dominant gain-of-function
TRANSLOCON AT THE INNER ENVELOPE OF CHLOROPLAST (TIC236) mutations, each of which abolishes the
autoimmune responses and rescues the plastid-division defect in crl. This result indicates the shared
functionality between CRL (mainly located in the outer envelope of chloroplast) and TIC236 proteins. Ensuing
reverse genetic analyses show CRL's genetic interaction with SP1, a RING-type ubiquitin E3 ligase, and the
intrinsic inner envelope membrane FTSH11 protease, whose functions are implicated in TOC and TIC
turnover, respectively. Either loss of SP1 or FTSH11 rescues crl phenotypes in varying degrees due to
increased translocon levels. Consistent with the impaired plastid division in both crl and tic236-knockdown
mutants, CRL interacts with the preproteins of plastid-division machinery, and TIC236GF reinforces their
import. Last but not least, we found these GF mutations significantly stabilize TIC236 proteins. We collectively
shed new light on the probable link between protein import defect and plant innate immunity.
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Ascorbate (or vitamin C) is an essential human micronutrient predominantly obtained from plants. Our
primate ancestor lost its ability to synthesis vitamin C at a time when its diet was rich in ascorbate. Today,
eating sufficient fruit and vegetables to obtain more than the minimum level of ascorbate consistently is a
challenge for many people. While scurvy is uncommon, research is revealing the importance of ascorbate in
human health. Since ascorbate plays a crucial role in regulating iron uptake, increasing dietary ascorbate
levels should help reduce iron deficiency anaemia, which affects around two billion people worldwide.
Ascorbate also acts as a cofactor for enzymes involved in epigenetic programming, providing a possible
mechanism by which insufficient ascorbate contributes to the progression of cancer and age-related
diseases.

We have been investigating the regulation of ascorbate production and are using this knowledge to generate
plants with elevated ascorbate levels. We have previously shown that GDP Galactose Phosphorylase (GGP)
mRNA, which encodes the rate-limiting enzyme of ascorbate biosynthesis, contains an upstream open
reading frame (UORF) which negatively regulates the translation of GGP. We have used gene-editing to
mutated the uORF, and this results in higher ascorbate levels. Overexpressing GGP gene also leads to
increased ascorbate but only to modest levels. RNAseq analysis of plants either stably or transiently
overexpressing GGP, reveal that transcriptional feedback results in the downregulation in endogenous
ascorbate biosynthesis genes and the upregulation of genes that likely function to limit ascorbate
accumulation. To reduce the impact of this feedback regulation, we used fruit-ripening specific promoters to
increase GGP expression late in tomato fruit development. This resulted in ~5-fold increase in ascorbate (200
mg/100 gFW), the highest recorded ascorbate content for fresh tomato fruit. Overall, this work provides
insights into the complexity of ascorbate regulation and ways to generate ascorbate biofortified crops.
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Grain texture is an important milling characteristic of common wheat. Previously, it was shown that the Ha
locus on 5DS, containing the puroindoline a, puroindoline b and GSP-1 genes, has a crucial role in endosperm
texture. Puroindoline-like genes mapped to chromosome group 7 also contribute to this trait. However, some
other loci were detected on different chromosomes, but no specific genes were proposed to be involved in
grain hardness organization.

In this study, we used a panel of spring wheat varieties adapted to Western Siberian environments. The
varieties were different in their grain texture, ranging from soft to hard. Analysis of the flour particle size and
flour particle specific surface of wheat varieties cultivated in different environments demonstrated high
heritability (0.75-0.82) and strong repeatability of the traits. Genotyping of wheat varieties with allele-specific
markers for the puroindoline-a and puroindoline-b genes demonstrated that both the Pina and Pinb genes
were polymorphic in our population. A strong association with grain hardness was shown for allele Pina-D1k,
which lacked both Pina and Pinb genes (double null allele). Association analysis with the use of SNP
genotyping (lllumina 15K Wheat) and two-year phenotyping confirmed the key role played by puroindoline
genes in determining the grain texture of Russian spring wheat varieties. The analysis also detected
significant SNPs on the 1B, 3A, 5B, 6A, 6D, 7B, and 7D chromosomes.

The best candidate loci for the grain texture were located on chromosomes 5B and 7B (FDR < 0.05). We
dissected a number of candidate genes and proposed a possible mechanism for their contribution to
endosperm texture determination. These genes are involved in the metabolism of galactolipids (DGDG),
carbohydrates (1,3-B-glucan) and defensins.

This study was supported by the Russian Scientific Foundation (Project No. 16-16-00011-P).
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In the last decades, agricultural practices are changing to meet the increasing market demand in response to
a growing population's nutritional requirements. This high food production leads to an overexploitation of
the resources, especially of the soil, and it is needed to develop new cultivation methods to enhance its
production in a sustainable way. This work evaluates the combined effect of light quality regimes and
biofertilization treatments on soybean plants (Glycine max L.) to improve sprout nutritional value and
seedling photosynthetic traits. Germinated seeds pre-treated with different concentrations (0.01%, 0.05%,
0.5%) of an aminoacidic biostimulant were grown for 4 days at the light quality regimens D-dark, white W,
full-spectrum FS and red-blue RB to evaluate the variations in antioxidant capacity. Part of the sprouts was
grown at W, FS, and RB light regimes for 24 days to assess the possible beneficial effect on the photosynthetic
apparatus. The seed priming with all biostimulant concentrations significantly increased sprouts antioxidant
compounds, sugar and protein content compared to control. The positive biostimulant effect was improved
under FS and RB compared to D and W light regimes. At the seedling stage, 0.05% was the only biostimulant
concentration effective in increasing the specific leaf area (SLA) and photosynthetic efficiency. The growth
under FS and RB light regimes significantly enhanced the beneficial effect of 0.05% on SLA and photosynthesis
compared to W.

The present study provides evidence that the seed priming with proper biostimulant concentration combined
with specific light regimes during plant development may be a valuable means to modify the bioactive
compound amount and leaf structural and photosynthetic traits.
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Yam (genus Dioscorea) are monocotyledonous perennial climbing vines that can be cultivated as annual
plants for tuber production. The Chinese yam D. polystachya is an edible yam of Asian origin that can grow
in temperate climates and therefore comprises high potential as a crop in Germany and Europe. The delicious
tubers of Chinese yam 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”. Unfortunately, cultivation is very labor intensive
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 simply pulled out. We focus our research on this unique growth behavior of
Chinese yam tubers, because harvesting the tubers would be much easier if they were shorter and thicker
with a more roundish shape at the base. To date tuberization in yam has not been investigated on a molecular
level. Our project project aims to identify molecular key regulators of tuber development in Chinese yam to
enable future breeding options.
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Wheat and barley production under low energy input in organic farming was tested in a randomized split plot
trial at two experimental field stations of University of Hohenheim with either an organic or conventional
farming system. The results showed that the yield of summer wheat and summer barley in organic agriculture
was lower compared to conventional conditions. Effects of root densities (different row distance) was
analyzed. Grain yield of different row spacing was similar at 12.5, 20 and 30 cm row distance in all plots of
organic and conventional origin in wheat and barley. Grain quality parameters of wheat storage protein
fractions (albumin/globulin, gliadin, and glutenin) were analyzed by SDS-PAGE and the pattern of protein
storage bands where compared qualitatively. Moreover, a quantitative analysis of all single sub fractions
(bands) were performed. The concentration of storage fractions was similar at all row distances but the sub-
fractions of the gliadins and glutenins varied in concentration. This indicates that both wheat flower and
bread quality might differ at different row distances. This will be further analyzed in the ongoing project, in
addition to other factors like with/without N-fertilization and seed coating with a plant growth promoting
bacterium.
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Tomato (Solanum lycopersicum) is an important crop consumed and cultivated worldwide. Quality-related
tomato compounds such as sugars, acids and flavonoids show marked differences along tomato fruit
ripening. Metabolic engineering for the enhancement of nutritionally important secondary metabolites can
contribute to the improvement of fruit quality and to study the metabolic and molecular changes occurring
during fruit ripening. In this study, molecular and biochemical analyses were carried out on the engineered
Bronze tomato line at four different ripening stages to unravel the effect of regulatory and structural
transgenes on metabolic fluxes of primary and secondary metabolisms.

The present study highlights the involvement of the energy-related shikimate pathway, with a higher
consumption of sugars and malate in Bronze compared to wild type Money Maker fruit, and the enhanced
gene expression of transporters to compensate the engineered accumulation of anthocyanins in the vacuolar
compartment. This study contributes to understanding the impact of transgenes on different metabolic
pathways committed to quality and nutritional value of tomato fruit.
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Seeds of flax (Linum usitatissimum L.) are enriched with unsaturated fatty acids, including linolenic (LIN),
linoleic (LIO), and oleic (OLE) ones, which role in the prevention and treatment of cardiovascular, oncological,
and other diseases is extensively studied. Linseed oil is used in pharmaceuticals, nutraceuticals, functional
feed, composites, and polymeric materials. The field of linseed use is determined by certain characteristics,
primarily by the fatty acid composition of the oil. Flax cultivars differ significantly in oil composition (mainly
in the content of LIN, LIO, and OLE). We studied the role of the expression of genes involved in fatty acid
biosynthesis in the determination of the fatty acid composition of linseed oil. RNA was extracted from
capsules of seven flax varieties with diverse LIN, LIO, and OLE content in the green-yellow stage of maturity
with a Quick-RNA Microprep Kit (Zymo Research, USA). NEBNext Ultra Il Directional RNA Library Prep Kit for
Illumina (New England Biolabs, USA) was used for cDNA library preparation. Transcriptome sequencing was
performed on NextSeq 500 (lllumina, USA) and about 10 thousand 81-bp reads were obtained for each
genotype. For evaluation of gene expression, reads were mapped to the L. usitatissimum reference genome
(GenBank: GCA_000224295.2) using STAR, quantified using BEDTools, and analyzed with edgeR. We revealed
differences in the expression of genes involved in the fatty acid biosynthesis, including FAD2A, FAD2B, FAD3A,
and FAD3B, for varieties with different content of LIN, LIO, and OLE in oil. In some low-LIN varieties,
expression of FAD genes was downregulated, however, this trend was not observed in all studied low-LIN
genotypes. The obtained results are essential for establishing the role of gene expression in the
determination of the fatty acid composition of linseed oil. This work was financially supported by the Russian
Science Foundation, grant 21-16-00111.
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Cowpea is a drought and heat resistant grain legume; features highly sought in crops in the context of global
warming. With high protein content it also fits an eco-friendlier diet, pursued by an exponentially growing
population. Moreover, it is a promising source of anti-inflammatory compounds both in the grain and other
parts of the plant. Cowpea is highly consumed in some regions of Africa where it is said to “feed people, their
livestock and the next crop”. In the Mediterranean area, its consumption is not of that magnitude, but it
certainly is part of the Mediterranean diet; forgotten for a period; but now with revived attention. In
countries where small scale family agriculture was suddenly substituted by monoculture, many landraces
empirically selected over years were set aside. In an effort to evaluate Portuguese cowpea variability, we
began by collecting such landraces (21) and comparing them with a commercial variety for their physiological
performance under water stress and phenolic value. Phenolic content in ultra-sound-assisted extracts varied
between 50 and 250 mg EAG /100 g of grain with AO capacity ranging over 6-fold among extracts with highest
values around 160 umol TEAC / g of grain. HPLC analysis showed peaks that indicate the presence of phenolic
compounds (to be identified) that may justify the high AO values obtained for some of the landraces.
Subsequently, 5 varieties pinpointed by their AO capacity, phenotypic contrast and economic/national
importance were evaluated for drought resistance in pots and under rainfed Mediterranean conditions. In
the field there were no differences in productivity in both irrigated and rainfed plots. In the pot trial, under
severe water stress, plants produced less grain, but grain dimensions and AO activity were similar in stressed
and well-watered plants. The obtained results show valuable characteristics that should be integrated in
cowpea breeding programs.
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69 - Effect of salicylic acid and terpenoid containing natural products on field grown cereal plants (winter
wheat and barley)
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The role of salicylic acid (SA) in plant disease resistance is well documented for plants, where it is required
for basal resistance against pathogens as well as for the inducible defense mechanism, systemic acquired
resistance (SAR). The activation of SAR is associated with the heightened level of expression of the
pathogenesis-related (PR) proteins, some of which possess antimicrobial activity. SA has been the focus of
intensive research due to its function as an endogenous signal mediating local and systemic plant defense
responses against pathogens. In future, the exogenous application of SA might act as a powerful tool in
enhancing the growth, productivity and also in combating the ill effects generated by various abiotic stresses
in plants. The terpenes (terpenoids), constitute the largest class of secondary metabolites. They are toxins
and feeding deterrents to many herbivorous insects and mammals. Some of them are popular ingredients in
commercial insecticides because of their low persistence in the environment and their negligible toxicity to
mammals. Field studies were carried out to evaluate the effect of one salicylic acid and one terpenoid
containing products on cereals (winter wheat and barley). Plants were treated once, twice and/or three times
in small plot experiments. Physiological status of the plants was investigated according to their
photosynthetic pigment content levels. Yield quantity and quality were evaluated. Based on the experimental
data we can state that both products have provided positive effect on the development of winter wheat and
barley. More application is beneficial compared to single one. Application of SA containing product in
suboptimal conditions in autumn also caused positive effect on cereal plants. As a conclusion we can state,
that one terpenoid treatment in the middle of spring, followed by one spraying of SA product could enhance
the physiological properties of winter cereals which lead higher yield results.
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637 - Chromatographic profile of antioxidants in plants of subtropical cultures
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Introduction

Antioxidants can neutralize free radicals in the body. Natural antioxidants are interesting, because synthetic
analogues are often unsafe to use [1].

The important sources of antioxidants are tea and citrus plants which content polyphenols and amino acids
(later AA). These substances are used to assess the quality of products, breed plant species [1].

But the methods used provide only for the determination of integral indicators, which is not informative
enough. It is necessary to develop methods for determining individual compounds [2].

The purpose of the work: to develop an express version of the polyphenols and AAs determination in
subtropical crops by HPTLC so to obtain chromatographic profiles of analytes in.

The conditions of the polyphenols, gallic acid, caffeine, AAs separation were optimized [2,3]. The factors
affecting the retention parameters of analytes have been identified and a scheme of samples of tea &
tangerines preparation for chromatographic analysis has been developed. Quantitative determination of
analytes was carried out by video densitometry [2]. The detection limits for catechins and AAs were found.
The chromatographic profiles of polyphenols and AAs were obtained and chemometric treatment of these
profiles was made. Dominant analytes which determine the differences between tea varieties were identified
[4].
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Acrylamide, a molecule which is known to be toxic to the nervous system and fertility and suspected to be
carcinogenic, has been detected in many foods after high temperature processing. In wheat derivatives, the
guantity of free asparagine (fAsn) has been identified as a key factor in acrylamide formation. Therefore, the
control of fAsn content is of current interest in contemporary crop and food sciences. Exploring natural
variation for fAsn content in wheat genotypes could help breeders to identify novel beneficial traits and
useful genes for breeding programs.

To this purpose, 216 durum wheat (Triticum turgidum L. ssp. durum (Desf.)) genotypes, which originate from
35 different countries, were selected from the international Global Durum Panel (GDP), a collection which
has been previously genotyped with lllumina iSelect 90K SNP array technology. The selected genotypes
include 195 durum wheat landraces, which were chosen to increase genetic variability. Population structure
analysis identified four groups, matching the geographic origin of the genotypes.

The 216 genotypes were grown in Fiorenzuola d’Arda (ltaly) in 2019-2020. Quantification of fAsn levels in the
whole-grain samples was conducted using an enzymatic/spectrophotometric method and up to now, 174
samples have been analyzed for fAsn content. The analysis indicates the presence of a good variability for
this trait in the chosen population, with a fAsn content ranging from 0.12 to 0.58 mg/g dry matter. A one-
year preliminary genome-wide association study (GWAS) is in progress to identify chromosomal regions and
putative genes associated with grain fAsn content. In addition, NMR and HPLC-MS analysis is being exploited
to monitor metabolite composition in the selected genotypes and get insight into the factors that control
fAsn accumulation in durum wheat seeds.

This work was partially funded by the European Regional Development Fund under the ROP of the Lombardy
Region ERDF 2014-2020—Axis | “Strengthen technological research, development and innovation” —Action
1.b.1.3 “Support for co-operative R&D activities to develop new sustainable technologies, products and
services”—Call Hub.
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Recognition at the plasma membrane of danger signals (elicitors) belonging to the classes of the
microbe/pathogen- and damage-associated molecular patterns is a key event in pathogen sensing by plants
and consequent rapid activation of immune responses. Different subcellular compartments, including plasma
membrane, chloroplasts, nucleus and mitochondria, are involved in carrying out the immune cellular
program. However, how pathogen sensing is transmitted throughout the cell remains to be uncovered.
Arabidopsis NPK1-related Proteins (ANPs) are mitogen-activated protein kinase kinase kinases previously
shown to have a role in immunity. In this paper, we studied the in vivo intracellular dynamics of ANP1- and
ANP3-GFP fusions and found that in physiological conditions these proteins are present in the cytoplasm,
while ANP3 is also localized in mitochondria. After elicitor perception, both proteins localize also into plastids
and nucleus, revealing a localization pattern that is so far unique. The N-terminal region was responsible for
mitochondria and plastid localization of the protein kinases. Moreover, we found that ANP localization
coincides with sites of elicitor-induced ROS accumulation and that plants lacking the ANP function do not
produce intracellular ROS. Our results suggest that ANPs are required both for ROS generation and ROS
signaling in those organelles, pointing to ANPs as central hubs in the orchestration of ROS accumulation and
signaling.
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220 - Disrupted actin cytoskeleton : a switch from immunity to senescence
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Actin cytoskeleton dynamics is crucial for plant cell, especially upon the changing environment. In stress
conditions, i.e. pathogen infection, actin filaments get rapidly reorganized to enable defence responses.
Chemical drugs like latrunculin B (latB), affecting actin polymerisation, also influence the infection process,
and support pathogen growth while applied together with pathogen. On the contrary, being applied
previously to infection, such drugs specifically trigger defence-like responses and even induce resistance to
further infection. Among such responses, we detected the accumulation of salicylic acid (SA), specific
activation of SA signalling pathways and SA-responsive genes, callose deposition through PMRA4.
Interestingly, this was specific to actin cytoskeleton, as the drugs targeting tubulin organization had no such
effect.

In this study, we investigated the similarities and differences between latB-triggered reactions in Arabidopsis
thaliana to those caused by Pseudomonas syringae infection or recognition of microbe-associated molecular
patterns. We focused on physiological responses, callose deposition patterns, transcriptomic signatures and
induced SA biosynthesis pathways. Interestingly, short-term actin disruption partly mimicked early defence
events, while prolonged exposure to latB caused localized senescence, typical for the later infection stages.
A sensing of disrupted actin cytoskeleton can thus be a triggering point for immune responses that escalate
up to local induced senescence.
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263 - The end of the trade wars: a new paradigm in plant defence theory
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Why and when plants divert resources to deploying defensive chemicals instead of to energy production
(photosynthesis) is still not understood. Resource allocation theories predict that diverting resources to the
synthesis of defence should result in lower photosynthetic rates and a growth penalty, but this is often hard
to detect. Indeed, sometimes they are positively correlated. My research uses cyanogenic glucosides (CNglc)
as a model system to investigate how metabolic and energetic processes in biological systems may be so
entangled that a new paradigm is required. It is important to understand these relationships in order to
ensure there are no inadvertent effects arising from eliminating cyanide from staple crops such as cassava
and sorghum.
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Viroids and satellites are small non-coding RNAs which may have agronomic importance. Both pathogens
counteract host defense responses through replication speed but also through subcellular localization and
interaction with specific host factors. Their interactions with the silencing machinery and especially DCL
proteins remained elusive for many years. By focusing on DCL proteins using DCL knock-down (RNAI) plant
lines we have started to unravel the complex relationship between viroids and the RNAi silencing machinery.
We have shown that viroid RNA is mostly processed by DCL4 but this is not necessarily the most efficient
anti-viroid silencing pathway. Here we have extended our studies by generating CRISPR DCL knock-out plants
using CRISPR/Cas9 technology to study both viroid (mostly PSTVd) and satellite (SatL and B10 of tomato
bushy stunt virus) interplay with the silencing machinery. Further, we have focused on subcellular localization
of different RNAIi proteins upon pathogen infections which is revealing aspects crucial not only for viroid
biology but also for the silencing machinery per se. Finally, we have extended our search for additional host
factors necessary for PSTVD. Most recent findings in these areas will be further discussed.
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173 - Immune signaling peptides in early land plants
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Plants are constantly exposed to various pathogens and, thus, have evolved a complex innate immune
system. Cell surface localized pattern recognition receptors (PRR) recognize conservative pathogen-
associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs) released by host
cells, which ultimately triggers host immune responses. Endogenous immune plant signaling peptides have
recently attracted special interest. Such peptides are derived from nonfunctional or functionally active
precursor proteins and trigger antiherbivore and antimicrobial defense pathways. However, evolution of
peptide signals as well as components of signaling cascades are poorly studied in early land plants.

To understand whether plant peptide signaling might be conservative among angiosperms and early land
plants we treated the model “basal” plant, Physcomitrella patens, with synthetic Arabidopsis thaliana
peptide elicitor (AtPEP), which is known to amplify the innate immune response. We then analyzed whereas
AtPEP leads to activation of defense gene expression and reactive oxygen species production. Further we
performed comprehensive peptidomic analyses of the key components of immune signaling mutant lines
upon chitosan treatment, which is a well-known elicitor of host defense in P.patens. Mass-spectrometry and
bioinformatics approaches allowed us to identify thousands of extracellular peptides. We then provided a
list of peptides, which are potentially involved in immune responses. Our results suggest that degradation of
functionally active proteins might play an important role in defense mechanisms by generating a new source
of bioactive peptides and shed more light on the plant peptide signaling in early land plants.

This work is supported by grant Ne 20-04-00938 from Russian Foundation for Basic Research.
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413 - Xylella fastidiosa in olive tree: physiological evidences correlated to the resistance
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The identification of Xylella fastidiosa (Xf)-resistant olive genotypes represents the most promising strategy
to control this pathogen; since the first observations in Salento (2013, Southern Italy) some cultivars showed
different levels of resistance to Xf. Therefore, to identify the mechanisms explaining this resistance, we have
compared susceptible cultivars to resistant ones adopting different research approaches. A first finding was
the increase of quinic acid, a lignin precursor, significantly detected only in Xf-resistant trees; in addition,
laser scanning microscopy observations revealed lignin deposition in xylem vessels and expression of
phenylpropanoid pathway genes showed, in branches of resistant cultivars, the Cinnamoyl-CoA Reductase
upregulation, described as strongly induced during “defence response associated” lignin formation. These
data are in agreement with the hypothesis that increased cell wall lignification can reduce bacterial
movement, thus delaying disease progression. Moreover, scanning electron microscopy-Energy Dispersive X-
ray observations of olive tissues displayed starch grains accumulation (a refilling mechanism) in vessels, while
anatomical measurements on healthy stems indicated that resistant trees could be constitutively less
susceptible to cavitation. Gene expression patterns (upregulation of aquaporin OeTIP1.1, sucrose
transporters 0eSUT1 and OeMST2, amylases OeAMY and OeAMY2) suggested that the resistant cultivars are
able to modulate genes involved in embolism sensing and refilling mechanisms: this ability to detect
embolism and to restore hydraulic conductivity can influence symptoms severity. Furthermore, the
occlusions and the Xylella-induced changes in wood-anatomical characteristics, such as the increase in both
ring width and vessels number, were revealed by a dendrochronological approach in rings from the year 2010
to 2017 in either resistant or susceptible olive cultivars; as expected, vessel occlusions in the susceptible
cultivars were significantly higher than in resistant ones. These studies indicated that the resistance to Xylella
has a multifactorial basis, and the composition and structure of xylematic tissues play a central role in the
pathogen colonization.
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Plant responses to biotic and abiotic stresses employ finely tuned regulatory mechanisms, largely
orchestrated by phytohormones. Typically, salicylic acid (SA) plays a central role in defense responses against
biotrophic and hemi-biotrophic pathogens. By contrast, jasmonic acid (JA) is usually associated with defense
against necrotrophic pathogens and herbivorous insects. Moreover, plants subjected to stress can produce
cytotoxic compounds, as methylglyoxal (MG), which is detrimental to the cell. MG is detoxified by the
glyoxalase system composed of two enzymes, glyoxalase | (GLYI) and glyoxalase Il (GLYII), which transform
MG in D-lactate and GSH. Recently, by a genome-wide association study performed in Arabidopsis, we
identified GLYI4, a member of the GLYI family, as a new actor in the crosstalk between SA and JA signaling
pathways. In glyl4 mutant plants, we observed a general stress phenotype, characterized by MG
accumulation, impaired MG scavenging, accumulation of reactive oxygen species (ROS), stomatal closure and
altered fitness. Interestingly, accumulation of MG in the glyl4 mutant led to a lower efficiency of the JA
pathway, causing a greater susceptibility to the pathogenic fungus P. cucumerina. Here, a metabolomics
approach based on high resolution mass spectrometry on the glyl4 mutant revealed a bunch of 72
differentially regulated metabolites, compared to wild-type. A bioinformatics analysis revealed accumulation
of compounds related to redox reactions and in cellular energy maintenance, and impairment of those
involved in plant defense and growth. Focusing on redox reactions, enzymatic assays confirmed an altered
ROS scavenging. These results corroborated the role of GLYI4 as an important actor for plant metabolism and
health.
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461 - The Plasma Membrane-Associated Ca2+- binding protein PCaP1 is required for oligogalacturonide
and flagellin-induced priming and immunity.
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Early signaling events in response to elicitation include reversible protein phosphorylation and re-localization
of plasma membrane (PM) proteins. Oligogalacturonides (OGs) and flagellin are well-known elicitors acting
as endogenous and exogenous inducers, respectively, of plant immune response. Previous data on early
phosphoproteome changes in A. thaliana upon OG treatment uncovered the phospho-regulation of several
membrane proteins including PCaP1, a PM-anchored protein with actin filament-severing activity.

PCaP1 was shown to be implicated in some development processes, however its role in immunity has not
been previously investigated.

Here, we demonstrated that PCaP1 is specifically involved in the induction of elicitor-triggered late defence
responses, including the response to Botrytis cinerea infection.

Additionally, pcapl null mutants were unable to mount defence responses to consecutive elicitor treatments
pointing to PCaP1 as a player in the elicitor-induced priming.

The use of transgenic plants expressing a PCaP1:GFP, under the control of its native promoter, revealed that
PCaP1 is localized in PM. In basal condition, PCaP1 is distributed in microdomains whose organization rapidly
rearranges upon elicitor treatments. Notably, fluorescence is associated with endocytic vesicles that allow
an endocytic turnover of PCaP1 for maintaining its homeostasis at the PM during the immune response.
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Oligogalacturonides (OGs) are released from the breakdown of the plant cell-wall by microbial
polygalacturonases during infection and alert plants by acting as Damage Associated Molecular Patterns
(DAMPs). After the early-phase of infection, plant cells secrete different OG-oxidases (OGOXs) paralogs,
defence flavoproteins capable of oxidazing the reducing ends of OGs by concomitantly releasing H,0;; the
oxidized OGs lose their elicitor nature in favor of an increased recalcitrance to enzymatic hydrolysis. Among
the different plant defense responses, the increase of apoplastic pH that accompanies pathogenenesis is
hypothesized to be pivotal in reducing the degrading potential of microbial PGs on one side and in boosting
the oxidizing activtiy of OGOXs on the other. In accordance with this hypotesis, all 0GOXs so far characterized
show an optimum activity at pH values ranging from 8 to 11. By an integrated approach of molecular
dynamics and alanine-scanning mutagenesis, we identified the aminoacids D325 and D344 as responsible for
the pH-dependent activity of OG-OXIDASE 1 (OGOX1) at basic pH. According to our results, D325 and D344
act in antagonistic manner in modulating the activity of OGOX1 at pH 8.5 but not at pH 5.0. Compared to the
wild-type enzyme, D344A mutation increased OGOX1 activity whereas the D325A mutation reduced it;
intriguingly, the activity of OGOX1 variants was altered in opposite manner by a similar extent, suggesting
that pH dependent activity of OGOX1 is dependent on the antagonistic action of both aminoacids at basic
pH.
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Nowadays the management of crops requires the use of a large quantity of pesticides, herbicides and
fertilizers, especially in high-income crops such as vines, which undergo several treatments per year. Their
use, however, is highly inefficient, with considerable losses that have harmful effects on the environment
and human health. For this reason, the interest towards methods able to make agronomic practice more
sustainable is growing noticeably. Particular attention is paid to nanotechnology applied in agriculture, as
this could lead to the development of nano-agrochemicals more effective than conventional ones,
concerning leaching and treatment persistence on plant. In fact, nanomaterials allow to bind the molecules
of interest and to transport them directly to the target site in the plant, thus reducing the overall doses used
and their dispersion into the environment.

According to this perspective, in this work two types of calcium - phosphate nanoparticles were applied on
Chardonnay grapevine cultivar: the aim was to evaluate their potential as vectors for low amounts of ionic
elements, which may have a nourishing or biocidal function. In particular, two different methodologies have
been used for functionalization with copper (Cu Il), aiming to investigate its inhibitory action on Plasmopara
viticola infection and to verify its entry into the leaves.
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Plant essential oils (EOs) are potential biopesticide natural sources, showing high toxic activity in vitro against
several high-impact crop phytopathogens. The domestication of plant producing EOs is not evident, the
characterization of new EOs is under progress, and the direct effect of EOs on crop protection remains poor.
The EU framework aims to achieve the sustainable use of new plant protection products (PPPs). Since 2020,
the use of contaminant PPPs is not allowed. Hydroponic culture emerges as an increasing farming strategy
to develop sustainable crops, reducing water consumption, space, and fertilizers, under the current climatic
change situation. Spain produced 5 million of tons of tomato plants in 2019 (FAO). In this work, the effects
on tomato seedlings growth and immunity response, of an EO extract from a previously domesticated
Artemisia sp. (AEO), was tested both in vitro and in vivo, using hydroponic culture of plants, inoculated with
Fusarium solani (F.s) phytopathogen. AEO showed protection capacities on tomato seedlings, against F.s, at
concentrations as lower as 0,8mg/ml. The results open new perspectives to the use of EOs as a source of
non-contaminant biopesticides in a new agroforestry environment.
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Abiotic and biotic environmental factors like high temperature and pathogen infections can have a profound
influence on disease resistance of plants. For example, it is known from the 1970s that Tobacco mosaic virus
(TMV) is capable of replication and systemic spread in non-host barley plants at prolonged high temperatures
(30 °C). TMV spread is further enhanced if heat-exposed barley is also infected by an adapted virus, e.g. Barley
stripe mosaic virus (BSMV). We have shown previously that the non-host resistance of barley to wheat
powdery mildew can be partially suppressed by a simultaneous application of heat shock and antioxidant
treatments. However, the effect of a heat shock on virus infections is currently not known. In the present
study we have aimed at elucidating how heat shock may influence non-host resistance of barley to a non-
adapted virus, TMV.

In barley cv. Ingrid plants containing BSMV and mechanically inoculated with TMV a heat shock treatment
(49 °Cfor 20 sec) resulted in an initial decline of TMV accumulation within the first two days after inoculation
(DAI). On the other hand, at four and seven DAI TMV levels became significantly (50-100%) higher in heat
shock-exposed plants. Expression of a barley pathogenesis-related gene (HvPR-1b), a NADPH oxidase gene
responsible for production of the reactive oxygen species (ROS) superoxide and host disease resistance
(HYRBOHF2), and HvSOD1 (superoxide dismutase) and HvBI-1 (BAX-inhibitor), genes encoding an antioxidant
and a cell death regulator, respectively, correlated with TMV levels, rather than non-host resistance. Our
results therefore indicate that these barley genes might function as stress/susceptibility markers, rather than
defense components, at least at these relatively later time points (1 to 7 DAI). It seems that a heat shock and
BSMV infection in concert can impair the non-host resistance of barley to a non-adapted virus, TMV.

This research was supported by a grant of the Hungarian National Research, Development and Innovation
Office (NKFIH-OTKA, K128868)
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RNA-based silencing functions as an important mechanism of antiviral immunity in plants. Viral infections are
accompanied by a massive production of small interfering siRNAs, either of viral origin (viral siRNA, v-siRNA)
or of plant origin (virus-associated siRNA, va-siRNA). The latter are associated with widespread silencing of
host gene expression.

Turnip and canola are respectively susceptible and tolerant species to cauliflower mosaic virus (CaMV)
infections. In the present work we have used an objective and accurate phenotyping process to select the
leaves of Brassica rapa (turnip) and B. napus (canola), infected by CaMV to characterize the va-siRNAs loci,
i.e. transcripts producing va-siRNAs associated to symptoms of mosaic.

A group of 15 orthologues sharing turnip, canola and Arabidopsis in the production of va-siRNA in response
to CaMV infection was identified. These include proteins encoding the components of the photosynthetic
machinery, i.e. rubisco activase and intrinsic factors of the antenna complex, or factors sensitive to biotic and
abiotic stimuli, i.e. proteins associated with senescence, heat shock protein 70 and catalase. As previously
reported, the va-siRNAs loci transcripts are dramatically down-regulated. va-siRNAs of 22-nucleotides (nt)
were overrepresented compared to those of 21-nt in the two pathosystems. The 22-nt va-siRNAs showed
affinity with RNA-induced silencing complexes core proteins AGO1 and AGO2 and they exerted the ability to
effectively drive the cleavage of the target RNAs.

Together these data suggest (i) a general mechanism of plant response shared between viruses of different
taxa and including those with DNA genome and (ii) the involvement of a specific group of genes common to
Brassicaceae, including core components of the photosynthesis along with specific host factors involved in
stress response.
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34 - PAMP-Responsive Long Noncoding RNA ELENA transcriptionally regulates innate immunity in
Arabidopsis
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Long noncoding RNAs (IncRNAs) have emerged as important regulatory factors of diverse biological
processes. However, plant IncRNAs involved in innate immunity remain largely unknown. Plant innate
immune responses are initiated upon the perception of PAMP (pathogen-associated molecular pattern) such
as flagellin (flg22) and EF-Tu (elf18). In this study, we analyzed custom IncRNA array datasets generated from
PAMP treatments and identified 1,370 Arabidopsis IncRNAs induced or repressed by flg22 and elf18. Real-
time RT-PCR validation confirmed the differential expression of these IncRNAs in PAMP and tissue-specific
manners. Out of them, we chose 13 ELENAs (elf18-induced long noncoding RNAs) for further analysis. All
ELENAs are induced by PAMP treatments, and some of them are responsive to salicylic acid. ELENA3 is a
natural antisense transcript of acyl-transferase induced by PAMP, and ELENA3 knockout plants show
decreased callose deposition. ELENA11 is a long intergenic noncoding RNA as a negative regulator, and
ELENA11 knockout plants show increased expression of nearby lipase and elevated callose deposition. Our
results suggest that ELENAs play key roles in the transcriptional regulation of innate immunity.
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GSTs are multifunctional enzymes that play an important role in stress resistance by catalyzing the
conjugation of the reduced form of glutathione to endogenous compounds and xenobiotics. They are well
studied in animals, however the functions of individual GST genes in plants are not clear yet. AtGSTF11 gene
of Arabidopsis thaliana encodes GST of the class phi and have been found in many groups of plants which
means that this gene is of high evolutionary importance. In our experiments its expression was induced by
salinity and drought and decreased under heat stress. This gene was cloned into binary vector pCambia
1301with 35S promoter cassette, and resulting genetic construct was used for transformation of Nicotiana
tabacum and spring variety of Brassica napus. Under normal conditions transgenic N. tabacum with
constitutive expression of target gene had longer stems and increased raw and dry weight in comparison
with control plants. The expression of AtGSTF11 gene in B. napus was suppressed in normal conditions,
probably due to 87% identity to own B. napus GSTF11 gene, which resulted in shorter stems and lower
weight. Experimental plants were exposed to different stress factors. Transgenic tobacco better maintained
raw weight than control plants in the conditions of drought, and root growth - under salinity and cold stress.
Transgenic B. napus better maintained raw weight under cold stress, most probably due to a 3-times increase
in target gene expression. It is the most interesting, that transgenic plants also demonstrated resistance to
powdery mildew. The expression level of GSTF11 gene in nontransgenic oilseed rape decreased dramatically
both under cold and drought stress, so it probably has different functions than AtGSTF11, which can be
used as a target to improve stress resistance in plants. Research was supported by grant of President of
Russian Federation MK-1146.2020.11.
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Cell wall (CW) is the foremost interface at which plants and fungi interactions take place.
Pectin is methylesterified in the Golgi and secreted in the CW in a high methylesterified form.
The activity of Pectin Methyl Esterase (PMEs) and methylesterification status of pectin are
critical for the outcome of plant-fungus interaction. PME activity was associated to the
production of de-methyl esterified and active Oligogalacturonides, the best characterized
damage-associated molecular patterns (DAMPs) in plants. Moreover, PME is responsible for
the release of methanol, which may function as DAMP alerting adjacent non infected tissues
or neighbouring plants. The de-methyl esterified pectin can form crosslinks with calcium
promoting wall stiffening. However, evidence indicates that pectin de-methylesterification
also trigger the degradation by pectinases from pathogens. Despite this evidence, the current
knowledge about the molecular mechanisms regulating pectin methylesterase activity during
disease remains largely unknown. PME activity can be regulated by subtilisin-like proteases
(SBTs) and by PME inhibitors (PMEIs). By using biochemical and reverse genetic

approaches we demonstrate the role of specific PMEs and SBTs in plant immunity. PME17
and SBT3.3 emerged as functional pectin methyl esterases regulating PME activity and
Arabidopsis resistance against Botrytis attack. The potential mechanisms of regulation and
signal transduction triggered by pectin methyl esterase activity during fungal infection will be
discussed.
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Vladimir Gorshkov ¥ - Olga Parfirova () - lvan Tsers @ - Olga Petrova ' - Natalia Gogoleva ' - Marina
Ageeva © - Bakhtiyar Islamov () - Vladimir Vorob’ev () - Polina Mikshina ¥ - Andrei Smolobochkin ' - Yuri
Gogolev ¥

Kazan Institute of Biochemistry and Biophysics, Federal Research Center Kazan Scientific Center of Russian
Academy of Science, Laboratory of Molecular Biology, Kazan, Russian Federation ¥ - Federal Research
Center Kazan Scientific Center of Russian Academy of Science, Laboratory of Plant Infectious Diseases,
Kazan, Russian Federation ¥ - Kazan Institute of Biochemistry and Biophysics, Federal Research Center
Kazan Scientific Center of Russian Academy of Science, Laboratory of Microscopy, Kazan, Russian
Federation ® - Kazan Institute of Biochemistry and Biophysics, Federal Research Center Kazan Scientific
Center of Russian Academy of Science, Laboratory of Glycobiology, Kazan, Russian Federation * - Institute
of Organic and Physical Chemistry, Federal Research Center Kazan Scientific Center of Russian Academy of
Science, Laboratory of Organoelement Synthesis, Kazan, Russian Federation ®

Many agricultural plants suffer from devastating soft rot-causing bacteria, including Pectobacterium
atrosepticum (Pba). Herewith, these bacteria often establish prolonged commensalistic interactions with
plants without causing the disease. Our comprehensive study aims to understand what drives the peaceful
coexistence of plants with pathogens in terms of the molecular physiology of both organisms and what
disturbs the equilibrium within the pathosystem.

Different types of microscopy and NGS-transcriptomics constitute the basis of our systemic methodology
providing information on 1) spatial organization of microbial population in planta and phenotypic diversity
of Pba cells — both are the criteria of the infection type; and 2) plant and bacterial genes differentially
expressed during latent and acute infection enabling us to assume the molecular players (including novel
ones) that determine the type and outcome of plant-pathogen interaction. Then, specific test-systems
(including those involving mutagenesis, cloning, chromatography, NMR-spectroscopy, phytohormone
application, immunodetection, etc.) are developed to experimentally characterize these players.

The obtained results show that latent, disease-free infections are likely to be the physiological norm and
reflect natural equilibrium between plants and pathogens, and the development of pathological processes is
a result of the disturbance of this equilibrium due to the specific physiological reactions of both organisms.
Different types of induced plant susceptible responses with different outcomes were characterized. Specific
role in determination of the infection type was shown for phytohormonal status (which is actively modulated
by the pathogen) and Pba-induced plant-mediated reorganization of the plant cell wall by plant cell wall
proteins/enzymes and ROS. Novel determinants of plant-Pba interaction were revealed and characterized.
Global comparative picture of the pathosystem at the equilibrated and desequilibrated states will be
presented and maintenance of a pathosystem at the equilibrated state will be discussed as a perspective
plant protection strategy. The study is supported by RSF (No 19-14-00194).

116




66 - The modulation of regulatory networks of infected plant: a view from the point of transcriptomics
Ivan Tsers (V) - Vladimir Gorshkov ? - Natalia Gogoleva - Yuri Gogolev ?

Fedetal Research Center Kazan Scientific Center of Russian Academy of Science, Laboratory of Plant
Infectious Diseases, Kazan, Russian Federation ¥ - Kazan Institute of Biochemistry and Biophysics, Federal
Research Center Kazan Scientific Center of Russian Academy of Science, Laboratory of molecular biology,
Kazan, Russian Federation ?

Plant responses, including those activated during biotic stress, are coordinated by the action of transcription
factors (TFs) that regulate the expression of genes with a particular cis-regulatory element (CRE). Elucidation
of key TFs is a significant point in the characterization of molecular mechanisms of infection. In our study, we
developed a pipeline that enables the prediction of TFs taking part in disease development by the example
of the tobacco soft rot caused by Pectobacterium atrosepticum. This pipeline includes the following steps: 1)
identification of genes expressed differentially (DEGs) during the infection, including those encoding TFs; 2)
extraction of DNA sequences located upstream the transcription start site of all genes in tobacco genome; 3)
search for CREs in the extracted sequences; 4) clarification if a pool of genes with a particular CRE is
significantly enriched with DEGs. Thus, in our analysis, we have taken into account not only the expression
level of TF-encoding gene but also the expression pattern of a pool of genes that are targets of a particular
TF.

The comparative transcriptome profiling of intact and infected plants revealed 8606 DEGs, including 271 up-
regulated during the infection genes encoding TFs. In total, 577029 CREs of 546 annotated CRE variants were
revealed in tobacco genome. In a number of cases, pools of genes with specific CREs were enriched by DEGs.
Among these CREs were those for WRKY and NAC and some other TFs. Genes for some of these TFs (WRKY®6,
28, 31, 40, 42, 45, 50, 51, 65, 69, 72 and NAC029) were up-regulated during the infection. Taken together,
we have identified the TFs that seem to play major role in regulation of the development of a given
pathological process. The study is supported by Ministry of Science and Higher Education of the Russian
Federation (grant Ne 075-15-2019-1881).
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Salicylic (SA) and jasmonic (JA) acids are key regulators of plant defense responses to pathogen invasion.
However, there are examples indicating that the induction of the above systems leads to plant susceptibility
to some of the pathogens. SA- and JA-induced pathways operate antagonistically. In turn, pathogens possess
different degree of sensitivity to SA- and JA-induced responses and may activate the type of response
preventing their development within the host to a lesser extent. For example, pseudomonads produce
phytotoxin coronatin which activates JA-dependent plant responses thus blocking SA-dependent ones. Gene
cluster that encodes enzymes for biosynthesis of coronafacic acid (cfa) (a structural component of coronatin)
was identified in Pectobacterium atrosepticum (Pba). Pba is usually considered as brute force pathogen
causing soft rots. However, it may also colonize the host asymptomatically. We assumed that different types
of interactions could be related to alterations in JA/SA balance in the infected plants. To check this, we
assessed 1) the activity of JA- and SA-dependent hormonal systems by analyzing the expression levels of
marker genes during latent and typical infections caused by the wild type Pba and its cfa-deficient mutant;
2) the effect of JA and SA pretreatment on plant resistance to pectobacteria; 3) the role of cfa in systemic
plant colonization by pectobacteria. We have revealed that the type of the infection (typical or latent) caused
by Pba is determined by the balance of JA- and SA-dependent responses. SA inhibits the propagation of
pectobacteria or determines the development of asymptomatic interaction of pathogen with the host. The
development of typical infection is related to the activation of JA-mediated responses induced by Pba-
produced coronafacic acid. Our results show that the induction of JA-mediated responses is a criterion of
induced susceptibility of plants to Pba. This study was supported by Russian Scientific Foundation #19-14-
00194.
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Plant responses to biotic and abiotic stresses employ finely tuned regulatory mechanisms, largely
orchestrated by phytohormones. Typically, salicylic acid (SA) plays a central role in defense responses against
biotrophic and hemi-biotrophic pathogens. By contrast, jasmonic acid (JA) is usually associated with defense
against necrotrophic pathogens and herbivorous insects. Moreover, plants subjected to stress can produce
cytotoxic compounds, as methylglyoxal (MG), which is detrimental to the cell. MG is detoxified by the
glyoxalase system composed of two enzymes, glyoxalase | (GLYI) and glyoxalase Il (GLYII), which transform
MG in D-lactate and GSH. Recently, by a genome-wide association study performed in Arabidopsis, we
identified GLYI4, member of GLYI family, as a new actor in the crosstalk between SA and JA signaling
pathways. Here, we investigated the impact of GLYI4 knock-down on MG scavenging and JA pathway. In glyl4
mutant plants we observed a general stress phenotype, characterized by MG accumulation, impaired MG
scavenging, accumulation of reactive oxygen species (ROS), stomatal closure and altered fitness. A
metabolomics approach based on high resolution mass spectrometry on the glyl4 mutant revealed an
accumulation of compounds related to redox reactions and in cellular energy maintenance, and an
impairment of those involved in plant defense and growth. Interestingly, accumulation of MG in the glyl4
mutant led to a lower efficiency of the JA pathway, causing a greater susceptibility to the pathogenic fungus
P. cucumerina. Furthermore, MeJA stimulus was able to relocate the GLYI4 protein from the plasma
membrane to the cytoplasm. Based on these results, GLYI4 has emerged as an important actor for MG
scavenging and plant health. Finally, it's tempting to speculate that there may be a crosstalk between the
MG and JA pathway in which GLYI4 likely plays a key regulatory role.
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Pectin is a major cell wall component that plays several important roles in plant development and response
to environmental stresses. Arabidopsis plants expressing a fungal polygalacturonase (35S:AnPGll plants) that
degrades homogalacturonan (HGA), a major pectin component, show enhanced expression of defense
responses and increased resistance to the fungal pathogen Botrytis cinerea. Here we show that resistance to
B. cinerea of 35S:AnPGlI plants, as well as of plants mutated in QUASIMODO?2 (qua2-1 and tsd2-1), encoding
a putative pectin methyltransferase important for HGA biosynthesis, is suppressed by exogenous abscisic
acid (ABA). Notably, loss of HGA integrity results also in a dramatic increase in leaf cuticle permeability and
is also suppressed by ABA. Cuticle permeability in plants with altered HGA is possibly mediated by the
peroxidase-generated reactive oxygen species, as plants overexpressing the class Ill peroxidase AtPRX71,
whose expression is enhanced in 355:AnPGll and qua2-1 plants, show increased cuticle permeability, and the
atprx71-1 loss-of-function mutation partially suppresses cuticular permeability and resistance to fungal
infection in qua2-1 plants. Mutants with altered content of cellulose, fucose or arabinose do not show
increased resistance to B. cinereal or cuticle permeability though some of them have increased ROS
accumulation. Hyperaccumulation of ROS mediated by class Il peroxidases in plants with altered cell wall
composition may therefore be necessary but not sufficient to impair cuticle deposition and increase
resistance to B. cinerea, that are instead specifically affected in mutants with altered HGA.
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Grapevine leaf mottling and deformation (GLMD) is a novel disease that has been putatively associated with
a new trichovirus, named grapevine pinot gris virus (GPGV). Yet the role of GPGV in symptom display is poorly
understood since it has been detected both in symptomatic and symptomless grapevines. We exploited a
recently constructed pRI-derived infectious clone (pRI::GPGV-vir) to induce an antiviral response in Nicotiana
benthamiana plants. In silico prediction of virus-derived small interfering RNAs (vsiRNAs) and gene expression
analyses revealed the involvement of DCL4, AGO5 and RDR6 genes during GPGV infection, suggesting the
activation of the post-transcriptional gene-silencing (PTGS) pathway as a plant antiviral defense.
Furthermore, PTGS-suppression assays were conducted in transgenic N. benthamiana 16c plants, revealing
the ability of GPGV coat protein (CP) to overcome plant antiviral defense, exhibiting suppression activity of
RNA silencing. This work provides novel insights on the interaction between Grapevine Pinot gris virus and
its host, revealing the ability of the virus to trigger and suppress antiviral RNA silencing and suggesting that
symptoms display in Grapevine Leaf Mottling and Deformation disease could depend on the delicate balance
between antiviral RNA silencing and its virus-mediated suppression.

121




159 - Antimicrobial activity of divinyl ethers - geometric isomers of etherolenic and etheroleic acids. The
effect of double bond geometry on the intensity of antimicrobial effect of the divinyl ethers

Elena Smirnova V) - Svetlana Gorina (¥ - Olga Petrova ¥ - Yana Toporkova ¥ - Alexander Grechkin ¥

Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center, Russian Academy of Sciences,
The Laboratory of Oxylipins, Kazan, Russian Federation ¥ - Kazan Institute of Biochemistry and Biophysics,
FRC Kazan Scientific Center, Russian Academy of Sciences, The Laboratory of Molecular Biology, Kazan,
Russian Federation ?

Plant oxylipins - large group of secondary metabolites, derivatives of polyunsaturated fatty acids, which play
an important role in protecting plants from phytopathogenic microorganisms. Some oxylipins are produced
by plants in response to invasion of a wide range of pathogens; others exhibit a narrow specificity against
certain microorganisms. They can also act as signaling molecules inducing the expression of protective plant
genes.

Oxylipins are the products of lipoxygenase cascade, the key enzymes of which are lipoxygenases and
cytochromes P450 of the CYP74 family: allene oxide synthases (AOSs), hydroperoxide lyases (HPLs), divinyl
ether synthases (DESs), and epoxyalcohol synthases (EASs).

We showed that (11Z)-etherolenic, etherolenic and (w5Z)-etherolenic acids are active against gram-
negative bacteria: Xanthomonas campestris ssp. vesicatoria, Pseudomonas syringae ssp. tomato,
Pectobacterium atrosepticum SCRI1043. These chemical compounds differ in geometry of the only double
bond (cis and trans). There are literature data that fatty acids with cis double bonds have more pronounced
antibacterial properties than fatty acids with trans double bonds. (w5Z)-Etherolenic acid with two
conjugated double bonds shows the greater biological activity than other isomers of etherolenic acid.

In order to check the double bonds geometry effect on the biological activity of divinyl ethers, in this work
etheroleic acid isomers were tested. Moreover the number of phytopathogenic microoranisms was
extended. The data obtained would become the basis for the development of new agricultural antimicrobial
drugs that are not harmful for human health and the environment.

The reported study was funded by RFBR, project number 20-34-70126.
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The first line of defence in plants against pathogens is induced by the recognition of microbe-associated
molecular patterns (MAMP). The best-characterized MAMP is the flagellin (flg22). Flg22-induced defence
responses can be dependent on various external and internal factors. Here we studied the effects of the
daytime-dependent flg22 treatments on salicylic acid (SA), jasmonic acid (JA) and ethylene (ET) signalling in
leaves of intact tomato plants. FIg22 was applied in the afternoon (late light phase) and at night (early dark
phase) and defence responses of the plants were recorded one hour later. FIg22 induced the rapid closure of
stomata, but the degree of this closure was dependent on the daytime of the elicitor application. Flg22
perception in the first hours can be crucial to induce several defence responses in plants, thus signalling
events after flg22 treatments were analysed following the different application times. Accumulation of
reactive oxygen species (ROS) and nitric oxide (NO) was different after flg22 treatments in the late light phase
and the early night. Surprisingly, ET emission and NO production were not significant in the dark phase-
treated leaves. Moreover, SA and JA accumulation were also different in the two time-points. Expression of
hormone response genes, Pathogenesis-related 1 (PR1), Ethylene response factor 1 (ERF1) and Defensin (Def)
also showed significant differences in these daytimes upon flg22 treatments. Interestingly, we were able to
detect a rapid systemic response of intact plants in the distal/upper leaves of flg22-treated ones based on
the changes in stomatal closure, defence hormonal contents and hormone-mediated gene expression. These
data highlight the importance of the daytime and the defence hormones in the response of intact plants to
bacterial elicitor treatments. This work was supported by the National Research, Development and
Innovation Office — NKFIH, (Grant no. NKFI FK 124871), and by the UNKP-19-4-SZTE-86 and 19-1-SZTE-42
Programs.
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Plasmodiophora brassicae is an obligate biotrophic pathogen causing clubroot disease of oilseed rape and
other brassicas. P. brassicae induces the formation of large galls on infected plants establishing a favourable
environment for sequestration of host resources and spore multiplication. This interferes with the nutrient
and water uptake ability of the host and thus leads to significant crop loss. To better understand the genetic
basis underpinning resistance and susceptibility to clubroot disease we carried out a screen of Arabidopsis
accessions, quantifying their pathogen levels when infected with an aggressive pathotype (P1b) prevalent in
Poland. We inoculated 142 accessions and collected the hypocotyl and upper 1 cm of root 19 dpi.
Quantitative PCR was performed on DNA extracted from these galls using primers for the pathogen gene
Pb18S and the host gene AtSK11 to determine relative infection levels. 12 accessions were resistant based
on pathogen quantification and absence of gall formation. Genome wide association (GWA) analysis
highlighted 2 SNPs- one in a novel TIR-NBS-LRR gene and the other in AT1G32030 which is adjacent to the
RPB1 resistance loci previously identified in Tsu-0. Confirmation of the NBS-LRR and RPB1 as the genes
responsible for resistance in each incompatible interaction is ongoing. GWA analysis of the 130 susceptible
accessions has implicated numerous genes and T-DNA knock-out lines for selected candidates are being
evaluated. Gene expression responses in the compatible and incompatible interactions have also been
profiled using RNA-Seq.
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The identification of Xylella fastidiosa-resistant genotypes represents the most promising strategy to control
this pathogen. Since the first observations in Southern Italy, the cultivar Leccino showed resistance to Xylella;
in order to identify the mechanisms explaining this resistance, we compared Leccino to susceptible cultivars
adopting many approaches and looking at several aspects. A first finding was the increase of quinic acid, a
lignin precursor, detected only in Leccino infected leaves: increased cell wall lignification can reduce bacterial
movement, thus delaying disease progression. Laser scanning microscopy observations revealed lignin
deposition in xylem vessels and expression of phenylpropanoid pathway genes showed, in infected Leccino
branches, the Cinnamoyl-CoA Reductase upregulation, described as strongly induced during “defence
response associated” lignin formation. Scanning electron microscopy-Energy Dispersive X-ray observations
of infected stem sections displayed starch grains accumulation (a refilling mechanism) in Leccino vessels,
while anatomical measurements on healthy stems indicated that Leccino could be constitutively less
susceptible to cavitation. Gene expression patterns (upregulation of aquaporin OeTIP1.1, sucrose
transporters 0eSUT1 and 0eMST2, amylases OeAMY and OeAMY2) suggested that infected Leccino is able
to modulate genes involved in embolism sensing and refilling mechanisms: this ability to detect embolism
and to restore hydraulic conductivity can influence symptoms severity. A fluorescence in situ hybridization
probe specific for Xylella fastidiosa (hamed KO210) was optimized to survey the colonization behavior in olive
trees. The occlusions and the Xylella-induced changes in wood-anatomical characteristics, such as the
increase in both vessels number and ring width, were observed in rings from the year 2010 to 2017 in both
olive cultivars by a dendrochronological approach: as expected, vessel occlusions in the susceptible cultivars
were significantly higher than in Leccino. These studies indicated that Leccino resistance to Xylella has a
multifactorial basis, moreover, composition and structure of xylematic tissues play a central role in the
pathogen colonization.
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There are many compounds which can be used as enhancements of resistance to biotic and abiotic stress in
plants. One of them are poliamines or compounds based on cholinum structure which increase the tolerance
of plants to adverse environmental factors. However, it is possible to combine these anti-stress factors with
the biologically active substance (here the plant immune inducer) into a bifunctional salt which exhibits
behavior of both ions. The high biological efficiency of the elicitors combined with protective properties in
one chemical compound may be an interesting possibility to show a new concept of design of plant protection
agents.

We have successfully synthesized bifunctional salts with anti-stress cation and SAR activating properties
anion. SAR inducing properties of synthesized compounds were examined by monitoring inhibition of the
viral infection in tobacco plants as compared to control plants (not treated). Also phytotoxicity assessment
was performed on tobacco N. tabacum var. Xanthi plants and Raphanus sativus seeds. Obtained results show
that the presence of anti-stress cations decreased the phytotoxic effect of SAR inducers compounds.
Moreover anti-stress cations have not changed the SAR-inducing properties.

The work was supported by grant no. POWR.03.02.00-00-1023/17 co-financed by the European Union
through the European Social Fund under the Operational Program Knowledge Education Development.

This work was supported by the National Science Centre (Poland), project PRELUDIUM (No.
2018/29/N/NZ9/01813) - “Systemic Acquired Resistance (SAR) of plants against viruses: new elicitors and
biological and molecular characterization of their mechanism of action” co-financed by European Union.
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Modern agriculture at present times is facing many challenges. On the one hand, society requires crops and
plant-related products free from contaminations of plant protection products (PPP) residues. On the other,
crop quantity and quality should be sufficient due to continuously increasing demand for food. Unfortunately
most often crop yields are reduced by pathogens, insects, other pests or weather conditions, so that tasks
posed to modern agriculture focuses on finding new and more sophisticated methods of plant protection,
even not chemical-based.

One of the promising method of plant protection is the activation of the systemic acquired resistance (SAR).
Systemic acquired resistance has a broad spectrum action against pathogens, most often simultaneously
against bacteria, viruses and fungi. This phenomenon is one of the defense mechanism against pathogens
which were developed in the evolutionary process. Systemic acquired resistance is activated by pathogen
attack or artificially, by compounds imitating the plant-pathogen interaction. Activation of this phenomenon
is followed by transportation of the signaling substances such salicylic acid or salicylic acid methyl ester to
every part of the plant. This signaling compounds activate metabolic pathways in which defense compounds
and pathogenesis-related (PR) proteins are synthesized. Those proteins have antifungal, antiviral and
antimicrobial activity.[1]

We have successfully synthesized new ionic liquids composed of the anion of plant resistance inducers and
cholinium, betainium and chlorocholinium cations. Following the synthesis we determined phytotoxicity and
SAR inducing properties.

This work was supported by the National Science Centre (Poland), project PRELUDIUM (No.
2018/29/N/NZ9/01813) - “Systemic Acquired Resistance (SAR) of plants against viruses: new elicitors and
biological and molecular characterization of their mechanism of action” co-financed by European Union.
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Fusarium circinatum Nirenberg & O’Donnell, the causal agent of pine pitch canker, represents a considerable
threat to conifer forests worldwide being associated to significant economic losses. Although essential for
the development of disease mitigation strategies only recently research focused on host’s
susceptibility/tolerance mechanisms has begun. Our current research line relies on the use of a
multidisciplinary approach to study the contrasting responses of Pinus radiata D. Don (highly susceptible) and
Pinus pinea L. (relatively tolerant) to F. circinatum artificial inoculation. In the present work, the proteomic
profiles of both pine species were analysed 10 days post-inoculation with the pathogen, when all inoculated
P. radiata seedlings presented disease symptoms (tip dye-back and needle wilting and browning). This data
was integrated with physiological, hormonal and oxidative stress-related results for the same sampling point.
In addition, epigenetic variation was assessed. This strategy allowed us to identify species-specific responses
and provided a comprehensive overview of the mechanisms occurring upon F. circinatum attack in Pinus
spp., defining new interactions, signalling pathways and related targets depending on species
susceptibility/tolerance to F. circinatum infection. In general, this approach contributes to fulfil knowledge
gaps on forest tree stress responses and is aimed at developing markers for the implementation of
environmentally friendly pest management strategies to control pine pitch canker.
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Fusarium verticillioides (Fv) is considered one of the most common plant pathogenic fungi affecting Zea mays
(maize) roots, stalk tissues and kernels causing diseases, such as stalk and ear rot. Moreover, Fv is capable to
produce mycotoxins, which can accumulate into the kernels in storage that can be dangerous for animal’s
and for human’s health. Although its economic importance, little attention has been given to this pathogen.
Here we report a comparative genomic study between Fv Italian strains and worldwide strains. The Fv Italian
strain (Fv10027) was compared to 24 Fv Italian isolates, to the Fv7600 which is the BROAD institute reference
strain isolated in USA and to three strains from Australia. Pulsed-field electrophoresis analysis showed
chromosomes polymorphisms between the Fv7600 and Fv10027. Therefore, the genome of Fv10027 was re-
sequenced using Nanopore sequencing and used as reference for comparative genomics. The comparative
analysis confirmed chromosome polymorphisms of two mini-chromosomes (Chr12 and Chrl3) between
Fv10027 and Fv7600 strains. Additionally, we observe chromosomes polymorphisms between Fv10027 and
both Australian and Italian Fv strains. Gene prediction analysis and annotation was performed resulting in an
accumulation of putative effectors and cluster for secondary metabolites on the mini-chromosomes.
Phylogenetic analysis was performed to determine the origin of the mini-chromosomes. The results suggest
that the mini-chromosomes follow the same evolutionary path of the core chromosomes leading us excluding
a horizontal transfer from other fungi. To support this hypothesis, ~1/3 of all genes codified on the Chr12 of
about 1Mbases had a homology with genes located on the dispensable Chr3 of F. oxysporum f. sp. lycopersici.
Interestingly, synonymous substitution analysis showed an accelerated evolution of the genes on Chr12 and
Chrl3 compared to the core genome. Additional analysis are required to understand the role of these
chromosomes on the virulence of Fv10027 in maize.
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Chemical compounds as natural plant extracts can either directly or indirectly increase the tolerance of plant
towards both environmental stresses and defence towards pathogens. The main object of this study was to
test different natural plant extracts in barley plants inoculated with Blumeria graminis, the pahogen
responsable of powdery mildew disease in barley. With this aim, either plants inoculated and non-inoculated
with Blumeria were studied to investigate the most favourable treatment in terms of plant-pathogen
interaction. The combination of untargeted metabolomics and gene expression analysis were applied not
only to select the most effective treatment to enhance the plant defence, but to elucidate the plant response
at molecular level.

Firstly, two different plant natural extracts (Tea Tree Qil (TTO) and a mix containing TTO, eugenol and thymol)
were applied to barley plants. Afterwards, barley plants were inoculated with oidium and natural products
were also tested after biotic stress application. Subsequently, a comprehensive characterization of the
metabolomic profile was performed using a UHPLC chromatographic system coupled to a hybrid quadrupole-
time-of-flight mass spectrometer (UHPLC/QTOF-MS). Multivariate statistics allowed to discerning the
metabolic changes in plants after natural extracts application and to identify differential metabolites.
Thereafter, data interpretation using the Plantyc Pathway Tool Software leaded to a better understanding of
the physiological processes involved. The untargeted metabolomics allowed discriminating the most
effective treatment against pathogen-induced stress. In order to better comprehend the complexity of the
physiological response to Blumeria, a Chemical Similarity Enrichment Analysis for Metabolomics was also
carried out, obtaining the principal classes of metabolites involved in the plant defence. Additionally, the
principal genes related to plant defence were evaluated by using RNAseq.

Our findings revealed that the mix was the most efficient extract. Secondary metabolism was strongly
stimulated by this treatment. Phenylpropanoids, in particular flavonoids, were up-accumulated after the mix
application. Moreover, both the TTO and the mix extracts provoked a high prodution of phytoalexins in
inoculated-plants.

To summarize, the combined use of metabolomic and transcriptomic allowed to study in depth the effect of
plant extracts on plant pathogen interaction and priming induction.
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Blackseed (Nigella sativa L.) is a rich source of a wide range of biologically active compounds with different
activities. This plant is widely used as a medicinal plant and a spice. Several antimicrobial peptides (AMPs)
belonging to some structural families were found in N. sativa seeds. In this study, we report the investigation
of new AMPs with a previously unknown cysteine motif for all the kingdoms of living things. Six novel
cysteine-rich and disulfide-linked homologous peptides were isolated from N. sativa seeds via acetic acid
extraction followed by liquid chromatographic techniques. These petides were found in the 0 mM NaCl
fraction after cation-exchange (pseudo-affinity) medium-pressure chromatography and then further purified
using reversed-phase high-performance liquid chromatography (RP-HPLC). The individual peptides were
collected manually, and their primary structure was evaluated by automated Edman degradation. The
unusual cysteine motif of XnCiXXXCXXXC3XnCaXXXCsXXXCeXn was detected. No analogous sequences were
found in the databases, so we propose this motif as new AMP representatives and termed them “nigellins”.

The resulting peptides demonstrated specific antifungal activities against Aspergillus and Penicillium species
over a wide range of tested micromolar concentrations but were found to be completely inative against both
Gram-negative and -positive bacteria and yeasts. These compounds were found to be similar with respect to
their spatial structures, which are represented by two a-helices, B-turn, and N- and C-terminal random coils.
This folding type and secondary structure elements are typical for the previously identified plant a-haipinins.
Therefore, the newly described peptides are presumably members of a novel a-haipinin subfamily.

This work was supported by the Russian Science Foundation (grant Ne 18-74-10073).
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The herbivorous mustard leaf beetle Phaedon cochleariae feeds on brassicaceous plants and possesses
various digestive carbohydrases targeting plant cell wall polysaccharides. Amongst those, polygalacturonases
(PGs) hydrolyse the polysaccharide pectin.

In beetles, PGs are mainly restricted to the Phytophaga clade (leaf beetles, longhorned beetles and weevils).
Surprisingly, their PG-encoding genes originate from horizontal gene transfer from a fungus to a common
Phytophaga ancestor approximately 200 million years ago. During Phytophaga radiation, the ancestral PG
gene underwent extensive duplication, enabling functional divergence.

In plants, cell wall-associated PG-inhibiting proteins (PGIPs) counteract microbial PGs and thus contribute to
the defence against phytopathogens. However, the impact of plant PGIPs on beetles and their PGs is
unknown.

| aim to characterize the interaction of plant PGIPs with beetle PGs and the subsequent consequences on PG
activity and beetle performance. Putative PGIPs were identified from Chinese cabbage, a food plant of the
polyphagous P. cochleariae, in an unbiased interaction assay and stably overexpressed in the model plant
Arabidopsis thaliana. Using PGIP knockout as well as overexpression lines in feeding assays revealed a
negative impact of PGIPs on the beetles’ performance in vivo. PG enzyme activity assays further elucidated
the specificity of binding and inhibitory effect of PGIPs towards beetle PGs in vitro. These experiments
provide the first insights into both the importance of PGs for Phytophaga beetles and the dual, protective
role of PGIPs defending plants against microbes and insects.
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In this study, a comparative analysis of the antimicrobial polypeptide compositions of several cultivated and
related rapeseed plants (Brassica napus) was carried out to comprehensively analyze the polypeptides’
contribution to resistance to environmental biotic stress factors, particularly fungal and bacterial plant
pathogens. Overall, 10 of 12 samples showed identical protein-peptide composition profiles, and the highest
degree of polypeptide representation, in all the variants, was localized to a lower-molecular-weight region
(less than 10 kDa). Regarding the antimicrobial activity of the studied protein-peptide extracts of rapeseeds,
at the concentration of 2 mg/ml, there was a complete absence of any inhibitory effect on the tested cultures,
but increasing the load to 8 mg/ml resulted in an exclusively fungistatic effect on C. albicans and F. solani.
When comparing the protein-peptide profiles of the rapeseeds to that of a closely related weed, the wild
radish (Raphanus raphanistrum), it was found that the qualitative composition of proteins and peptides of
the wild radish radically differed from that of rapeseed, mainly due to the absence of macromolecular
components, presumably reserve proteins. These results make it possible to examine, in greater detail, some
aspects of the molecular basis of plant immunity to diseases. This work is supported by the Russian Science
Foundation (grant Ne 18-74-10073) and Russian Foundation for Basic Research (grant Ne 18-34-20058).
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S-nitrosylation, the addition of a NO moiety to protein cysteine thiol to form an S-nitrosothiol (SNO), has
shown to be involved in plant immunity against bacterial and fungal pathogens. However, not much is known
about its effect on plant’s interaction with viruses. Here, we show that increased SNO levels in plants confer
them with viral resistance. Interestingly, this observation opposes the trend seen with bacterial and fungal
pathogen. In this study, we explore the mechanism associated with S-nitrosylation based viral resistance.
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Low oxygen availability is often associated with soil waterlogging or submergence, but may occur also as
hypoxic niches in otherwise aerobic tissues. Experimental evidences assign a role in Botrytis cinerea
resistance to a group of oxygen-unstable Ethylene Response Factors (ERF-VII). The involvement of the
oxygen-destabilized ERF-VII proteins in the response of plants to biotic stresses raises the question about the
mechanism by which they get stabilized during pathogen infection. Pathogens often attack fully aerobic
tissues such as leaves and, additionally, they often induce the synthesis of NO that can further destabilize the
ERF-VII proteins. Given that these proteins are potentially highly unstable during pathogen infection, it is
tempting to speculate that pathogen infection locally induces hypoxic conditions in an otherwise fully aerobic
plant tissue such as leaves. Alternatively, a mechanism independent from oxygen might stabilize the ERF-VII
proteins. We analysed the expression of hypoxia-responsive genes in infected leaves. Confocal microscopy
was utilized to verify the localization of the ERF-VII protein RAP2.12. Oxygen level was measured to evaluate
the availability of oxygen. We discovered that infection by Botrytis cinerea induces increased respiration,
leading to a drastic drop in the oxygen level in an otherwise fully aerobic leaf. The establishment of a local
hypoxic area results in stabilization and nuclear relocalization of RAP2.12. Hypoxia at the site of pathogen
infection generates a nearly oxygen-free environment that allows the stabilization of ERF-VII proteins and
may also affect the stability of other N-degron-regulated proteins as well as the metabolism of elicitors.
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Salinity is one of the main stresses reducing plant growth and productivity. Impaired ionic and osmotic
balance and increased levels of reactive oxygen species are the main damaging factors of salt stress. The
increase of plant resistance is largely determined by hormonal factors, such as brassinosteroids (BS). The 24-
epibrassinolide (EBL) exhibits high biological activity. A potentially active compound also can be its precursor
— ketone-containing, 24-epicastasterone (ECS). In this work, we compared the effects of EBL and ECS on
Brassica napus plants in normal conditions and under salt stress. Plants, at the age of three weeks, were
pretreated with EBL or ECS at a concentration of 108 M for 4 hours, after that plants were transferred to a %
Hoagland and Snyder (HS) solution without BRs for 20 h. Then, plants were placed into HS medium in the
absence (control) or presence of 150 mM NaCl (experimental variants) for 6 days. In normal conditions, ECS,
in contrast to EBL, showed a growth-promoting effect on rapeseed, which consists in enhancing of the leaf
surface and fresh weight of plants. In addition, exogenous ECS stimulated the accumulation of chlorophyll a
and carotenoids, while EBL did not cause significant changes. To grow of rape plants on HS medium
containing 150 mM NaCl resulted in a decrease of growth parameters, the content of photosynthetic
pigments, and induced of osmotic and oxidative stresses. ECS pretreatment to a greater extent than EBL
pretreatment reduced the negative effect of salt on leaf surface size and fresh plant weight. The specificity
in the activation of antioxidant enzymes in response to short-term treatment of EBL or ECS with subsequent
chloride salinity was revealed.

The reported study was funded by RFBR, project number 19-34-90093.
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Bacterial blight of rice, caused by Xanthomonas oryzae pv. oryzae (Xoo) is one of main diseases in rice filed.
Xoo translocates effectors including transcription activator-like (TAL) effector into the host through the Type
[l secretion (T3S) system. These proteins migrate to the rice nucleus and bind to the promoter of a specific
gene to induce its transcription. In this study we isolated TAL effectors from a Korean Xoo strain and tried to
identify host genes regulated by them. Based on search results of predition program we carried out qRT-PCR
for candidate genes. We found that OsbZIP73 was up-regulated upon the infection of a Korean Xoo strain.
To investigate whether TAL effectors regulate OsbZIP73 expression, we performed a promoter transient
expression assay and found that only TALe2 increased expression of OsbZIP73. In addition, chromatin
immunoprecipitation gPCR assay using transgenic plants overexpressing TALe2 gene demonstrated that
TALe2 directly bound to a specific nucleotide sequence of the promoter of OsbZIP73. Based on analysis of
transgenic plants overexpressing OsbZIP73 we found that OsbZIP73 suppresses basal defense instead of
sugar supply. Now we tried to mutagenize TALe2 target sequence of OsbZIP73 promoter through
CRISPR/Cas9 system. We obtained rice lines containing various mutations of OsbZIP73 promoter such as
deletion or insertion. We found that mutant rice lines showed reduced symptoms to Xoo, it is proposing that
mutation in rice lines is responsible for TALe binding. This approach will provide a novel strategy to develop
disease resistant rice cultivar.
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Phytoplasmas are phloem-restricted plant pathogenic bacteria that infect hundreds of vegetal species,
causing considerable crop losses worldwide. Flavescence dorée phytoplasma (FDp) is a quarantine pest
associated with a disease of grapevines causing severe damages to the viticulture in Southern Europe. FDp is
transmitted by the leafhopper Scaphoideus titanus in a persistent-propagative manner. The management of
the disease is based mainly on roguing of infected plants, planting of healthy grafted rootstocks, and
compulsory insecticide treatments against the vectors. Resistant Vitis vinifera genotypes are not reported so
far, and all the cultivars are susceptible even if in different degrees. Studying the interactions between FDp
and its natural plant host is rather difficult due to the long life cycle of grapevine, the dimension of its
genome, and the difficulties in obtaining genetic mutants. Therefore, the model system Arabidopsis thaliana
was adopted to explore the plant genome and discover candidate genes for resistance to FDp. A. thaliana,
infected by FDp in controlled conditions by the vector Euscelidius variegatus, show a partial
tolerance/resistance to the phytoplasma, revealing a low infection rate and mild symptoms. Comparison of
RNAseq data of both grapevines and Arabidopsis FDp-infected plants, resulted in a list of twenty genes
putatively involved in plant response to phytoplasma infection, mainly belonging to the GO categories of
‘plant defense’, ‘hormone metabolism’ and ‘cell development’. The relative expression of these genes was
studied overtime by qRT-PCR on FDp-infected Arabidopsis in comparison with healthy controls. The genes
involved in the metabolisms of jasmonate and callose deposition were differentially expressed, and the
results were validated using Arabidopsis mutants in a reverse genetic approach. This study represents a first
step towards the identification of new plant pathways involved in resistance to Flavescence dorée.
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Climate changes and increased temperatures support the spreading of pathogens, thus challenging future
harvests. Plants have developed an effective immune response against pathogens. However, the defence
often occurs at the expense of plant biomass production. We aim at the identification of chemical compounds
that uncouple growth and immunity in order to obtain resistant plants with sufficient yield.

We are performing a chemical genetic screen, using the autoimmune mutant saull-1 (senescence associated
ubiquitin ligasel-1) as a marker line. In the homozygous knockout mutant saull-1 the effector triggered
immunity can be induced by low ambient temperatures below 24°C, which results in a dwarf phenotype with
lesioning of all above-ground organs and an up-regulation of pathogenesis related (PR) genes. We aim at
identifying chemical compounds that induce growth and prevent lesions but maintain a high level of
expressed defence genes.

A previous chemical genetic screen performed in the group of Prof Xin Li at the University of British Columbia
identified the chemical compound Ro8-4304 as a potential uncoupler of growth and immunity in the mutant
chs3-2D (chilling sensitive3-2D. Ro8-4304 stimulated growth and kept defence gene expression slightly
higher in chs3-2D than in the wild type. Here, we show that in different Ro8-4304 derivatives its efficiency is
affected.
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Previous research has shown that short term heat treatment (49 ° C for 20 to 30 seconds) increases
susceptibility to a biotrophic pathogen Blumeria graminis f.sp. hordei in barley and at the same time a
decrease in the level of reactive oxygen species (ROS) was detectable. In our recent project we want to study
how heat shock influences the defense responses of barley to a necrotrophic pathogen Pyrenophora teres.
We used two barley cultivars (Hordeum vulgare cv. Ingrid and cv. Himalaya) which are both susceptible to P.
teres f sp. teres 289 Hungarian isolate. A short term heat shock (49 ° C for 20 seconds) significantly increased
both the severity of necrotic symptoms caused by P. teres and the accumulation of fungal biomass in both
barley cultivars as detected by real-time qPCR, especially in cv. Himalaya. Among the tested defense related
genes the expression of HYPR-1b increased significantly one and four days after inoculation while heat shock
further induced the expression of HvPR-1b. The amount of ROS (superoxide and hydrogen peroxide)
increased significantly in heat shock-exposed and infected plants, as compared to infected plants without
heat treatment. Both the heat treatment and the infection induced the amount of oxidized glutathione.
However, in cv. Ingrid, the amount of reduced glutathione was also increased along with the level of oxidized
glutathione, whereas in cv. Himalaya, most of the glutathione was oxidized, associated with enhanced
susceptibility of this cultivar to P. teres.

This research was supported by a grant of NKFIH FK 131401.
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The plant hormones cytokinins affect a various array of plant growth and development processes, in addition
to the induction of juvenility/inhibition of senescence. It is generally accepted that biotrophic pathogens
prefer juvenile, but necrotrophic pathogens prefer senescent plant tissues. We found that cytokinin
overproducing paraquat tolerant juvenile tobaccos are more tolerant, while NahG salicylic acid deficient
tobaccos are more sensitive to the reactive oxygen H,0; than their respective controls, indicating the higher
and lower antioxidant capacity, respectively. The biotrophic powdery mildew (Golovinomyces orontii)
infection slightly changed the leakage of ions from tobacco leaves. Although the necrotic leaf area was only
about 35-45% larger on NahG than on Xanthi leaves by TMV infection, it led to a 6-fold and 2-fold elevation
of ion leakage from HR resistant NahG and Xanthi leaves, respectively.

Furthermore, we report on the different, sometimes opposite, effect of kinetin (N®-furfuryladenine) and
benzyl adenine (BA) on development, on tolerance to virus, bacteria and fungi infection of Arabidopsis and
tobacco plants, in addition to the changes in gene expression profiles of Arabidopsis as reactions to
treatments with the two cytokinins. Generally treatments with water solution of BA had much stronger stress
protecting effect on both plants than treatments with water solution of kinetin. Similarly, in microarray tests
only BA treatment upregulated more than 1000 genes, and downregulated more than 2000 genes, while only
134 genes were upregulated and 133 genes were downregulated by kinetin treatment. Even, there were 28
genes where BA and kinetin treatments caused changes of gene expressions into the opposite directions.
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Abiotic and biotic environmental factors like high temperature and pathogen infections can have a profound
influence on disease resistance of plants. For example, it is known from the 1970s that Tobacco mosaic virus
(TMV) is capable of replication and systemic spread in non-host barley plants at prolonged high temperatures
(30 °C). TMV spread is further enhanced if heat-exposed barley is also infected by an adapted virus, e.g. Barley
stripe mosaic virus (BSMV). We have shown previously that the non-host resistance of barley to wheat
powdery mildew can be partially suppressed by a simultaneous application of heat shock (49 °C for 20 sec)
and antioxidant treatments. However, the effect of a heat shock on virus infections is currently not known.
In the present study we have aimed at elucidating how heat shock may influence non-host resistance of
barley to a non-adapted virus, TMV.

In barley cv. Ingrid plants containing BSMV and mechanically inoculated with TMV a heat shock treatment
(49 °C for 20 sec) resulted in the decline of TMV accumulation within the first two days after inoculation
(DALI), as compared to untreated controls. On the other hand, at four and seven DAl this trend has reversed,
since TMV levels became significantly (50-100%) higher in heat shock-exposed plants. Expression of a barley
pathogenesis-related gene (HvPR-1b) varied in parallel with TMV levels. It seems that a heat shock and BSMV
infection in concert can impair the non-host resistance of barley to a non-adapted virus, TMV.

This research was supported by a grant of the Hungarian National Research, Development and Innovation
Office (NKFIH-OTKA, K128868)
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Vitis vinifera berries are extremely sensitive to infection by the biotrophic pathogen Erysiphe necator causing
powdery mildew disease and deleterious effects on grape and wine quality.

The combined analysis of the transcriptome and metabolome associated with this common fungal infection
has not been previously carried out in any fruit. In order to identify the molecular, hormonal and metabolic
mechanisms associated with infection, healthy and naturally infected Carignan berries were collected at two
developmental stages: late green (EL33) and early véraison (EL35). RNA sequencing combined with GC-
EI/TOF-MS, GC-EI/QUAD-MS and LC-MS/MS analyses revealed that powdery mildew-susceptible grape
berries were able to activate defensive mechanisms with the involvement of salicylic acid and jasmonates
and to accumulate defense-associated metabolites (e.g. phenylpropanoids, fatty acids). The defensive
strategies also indicated organ-specific responses namely the activation of fatty acid biosynthesis. However,
defense responses were not enough to restrict fungal growth. The fungal metabolic program during infection
involves secretion of effectors related to effector-triggered susceptibility, carbohydrate-active enzymes and
activation of sugar, fatty acid and nitrogen uptake and could be under epigenetic regulation. This study also
identified potential metabolic biomarkers such as gallic, eicosanoic and docosanoic acids, and resveratrol,
that can be used to monitor early stages of infection.
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Grapes are of a significant worldwide economic importance, but fungal diseases pose threats to its yield and
quality as well as wine production. Powdery mildew is one of the most prevalent grape diseases and is caused
by the fungus Erysiphe necator and it can infect both leaves and grapes. Being a biotrophic fungus, E. necator
requires a living host, having preference for green chlorophyll-containing tissues, and manipulates plant
metabolic pathways for its own advantage. The plant cell wall acts as an important dynamic structure in
plant-pathogen interaction and with the cuticle, functions as the first barrier against pathogens. Besides it’s
physical barrier role, when breached, it can also trigger signaling pathways involved in defense and de novo
synthesis of defensive compounds, leading to a full cellular response against the invader. The cell wall is an
intricate matrix of different polysaccharides, including cellulose, pectins and hemicelluloses. However,
pathogens have evolved enzymatic machinery to cleave glycosidic bonds, leading to cell wall rupture. In this
detailed study, GC, FTIR and Comprehensive microarray polymer profiling (CoMPP) were used to explore how
cell wall monomers and polysaccharides vary upon infection in Carignan grapes at two different time points
— green (EL33) and véraison (EL35). A reduction of galactose and increase of glucose was noticed at EL33 in
infected samples. To complement the metabolic data, RT-qPCR analysis was used to analyse V. vinifera genes
involved in cell wall metabolism and pathogen defense responses. Diverse genes coding for glucosidases and
galactosidases were upregulated upon infection, as well as chitinases, whereas there was a downregulation
in pectinesterases’ expression. These metabolic and transcriptomic results provide novel insights into the
role of the cell wall in grape defense against an important biotrophic pathogen.
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478 - Virulence-related metabolism may be activated in Botrytis cinerea mostly in the interaction with
tolerant green grapes that remain largely unaffected
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Botrytis cinerea is responsible for the gray mold disease, severely affecting Vitis vinifera grapevine and
hundreds of other economical important crops. However, many mechanisms of this fruit-pathogen
interaction remain unknown. The combined analysis of the transcriptome and metabolome of green fruits
infected with B. cinerea from susceptible and tolerant genotypes was never performed in any fleshy fruit,
mostly because green fruits are widely believed to be resistant to this fungus.

In this work, peppercorn-sized fruits were infected in the field and mock-treated and infected berries were
collected at green (EL32) stage from a susceptible (Trincadeira) and a tolerant (Syrah) variety. The RNAseq
and GC-MS data suggested that Syrah exhibited a pre-activated/ basal defense relying on signaling pathways
(enrichment in protein kinases, transcription factors, Ca%* signaling) together with jasmonates and ethylene
metabolism, among several up-regulated genes involved in phenylpropanoid metabolism. In addition,
metabolites such as ursolic acid, trans-4-hydroxy cinnamic acid, and epigallocatechin were more present in
Syrah before infection. On the other hand, Trincadeira undergone a broad metabolism reprograming upon
B. cinerea infection, however, insufficient to contain disease progression at green berry stage.

RNA-seq analysis of the fungus in planta revealed an opposite scenario with higher gene expression activity
in B. cinerea during infection of the tolerant cultivar and lesser activity in Trincadeira infected berries. The
results suggested an active virulence state even without visible disease symptoms on the tolerant cultivar.
Together, this study brings novel insights related to B. cinerea early infection strategies and the green berry
defense regulation involved in tolerance/ susceptibility against necrotrophic fungus.
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lonizing radiation is a ubiquitous stressor that affects growth, development, and physiology of plants. The
primary exposure to this factor causes radiolysis of macromolecules. Reactive oxygen species are important
byproducts of radiolysis initiating oxidative stress in plants. Besides, direct DNA damage provokes
chromosomal aberrations and mutations. Notably, ionizing radiation's effect depends on its intensity and
exposure period. Stressed plants synthesize specific proteins and metabolites modifying transcriptomic and
proteomic profiles. Two scenarios are plausible: (i) Primed defense system may help plants to cope with pests
and pathogens, or (ii) Plants can become more susceptible to invaders due to the negative effect of ionizing
radiation on their morphological barriers and biochemical arsenal. Our earlier research showed increased
infestation of the wild aquatic plant (common reed—Phragmites australis) by mites in lakes heavily
contaminated with radionuclides. Such data encouraged us to design a further study for discovering
biochemical mechanisms responsible for the compromised immunity in the common reed in the aftermath
of ionizing radiation exposure. We collected mature leaves from contaminated (primarily with radionuclides
137Cs and °°Sr) and reference lakes in the Chernobyl exclusion zone. Currently, we are testing infectious
bioassays to verify field effects in robust laboratory conditions. Discovery proteomics with liquid
chromatography profiling and mass spectrometry quantification will detect complex changes in affected
plants. Complementary analysis of carbonylated proteins, enriched with affinity chromatography, should
pinpoint cellular targets suffering from oxidative stress. We aspire to solve the intriguing knowledge gap in
fundamental radiobiology and produce relevant practical guidelines for the management of contaminated
lakes.
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494 - Transcriptomic and biochemical analyses highlight the molecular mechanisms involved in Pinus
pinaster resistance to pine wilt disease
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Pine wilt disease (PWD) is caused by the parasitic nematode Bursaphelenchus xylophilus, or pinewood
nematode (PWN). Since its introduction in the 90’s, PWD has become a serious threat to conifer forests in
Iberian Peninsula, where Pinus pinaster is the most affected species due to its high susceptibility.
Interestingly, heritable resistance has been reported in P. pinaster trees, opening the possibility for selecting
and breeding for this trait. Understanding the molecular basis of this resistance can be useful for future
programs aiming at mitigating PWD impact in P. pinaster forests. In this study, we compared the
transcriptional changes between resistant and susceptible plants after inoculation, highlighting the
mechanisms possibly involved in P. pinaster resistance to PWD. Furthermore, the role of miRNAs in the
regulation of P. pinaster response was investigated by analysing the small RNA expression in the same
samples. Our analysis revealed a strong reprograming of gene expression, with a higher number of
differentially expressed genes in resistant (1916) than in susceptible plants (1226). Biochemical analyses
confirmed a role of lignin synthesis and jasmonic acid defence pathway in resistance, while secondary
metabolism, oxidative stress response and resistance genes also seem relevant to overcome PWD. From the
over 2000 miRNAs identified, 40 were differentially expressed after inoculation, some of which with
predicted targets associated to plant defence response, such secondary metabolism and resistance genes.
This study provides valuable information about the molecular mechanisms involved in P. pinaster resistance
to PWD and elucidates the role of miRNAs in the post-transcriptional regulation of P. pinaster defence
response, which may be useful for the development of new strategies to protect P. pinaster forests from
PWD.
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501 - Tolerance and susceptibility of grapevine leaves during interaction with Erysiphe necator is genotype-
specific and may be associated with constitutive levels of phytohormones

Rute Amaro ¥ - Inés Diniz ? - Helena Santos () - Diana Pimentel V) - Cecilia Rego ? - Axel Mithéfer @ - Ana
Margarida Fortes *)

BioSystems and Integrative Sciences Institute, Faculty of Science, University of Lisbon, Lisbon, Portugal Y
- Instituto Superior de Agronomia, University of Lisbon, Lisbon, Portugal ¥ - Plant Defense Physiology, Max
Planck Institute for Chemical Ecology, Jena, Germany !

Biotrophic fungus Erysiphe necator causes powdery mildew in grapevine and imposes high economical losses
through reduction of grapes’ yield and quality. During grapevine — E. necator interaction, phytohormones are
major modulators of structural and biochemical defensive responses. Nevertheless, the analyses of hormonal
profiling in this context are scarce. In the present work, changes in hormonal metabolism in grapevine were
compared between a tolerant (Vitis rupestris x riparia cv. 101-14 Millardet et de Grasset) and a susceptible
(Vitis vinifera cv. Aragonés) species when infected with E. necator.

Under greenhouse conditions, infected and mock-inoculated leaves were collected at 0, 6, 24, 96 hours post-
infection for analysis of hormonal profiling and targeted qPCR analysis of genes related to hormonal
biosynthesis, metabolism and signalling.

The results showed a substantial reprogramming of hormonal metabolism in response to fungal attack.
Constitutive high levels of salicylic acid (SA) and auxins (IAA) together with additional induction of SA and
constitutive low levels of jasmonates and ABA are likely involved in a priming stage leading to a faster
response upon infection. This hormonal combination may be related to the interspecific genetic background
and may be fundamental in providing tolerance or susceptibility. Finally, the present study also confirmed
the well-known role of SA against biotrophic phytopathogens and a possible new role for IAA in tolerance.
These insights may be used to develop strategies for conventional breeding and/or gene editing aiming at
providing a durable resistance/ tolerance in grapevine against E. necator.
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502 - Proteomic signatures uncover the early key players on Vitis vinifera cv. ‘Regent’-Plasmopara viticola
crosstalk
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The analysis of complex biological systems keeps challenging researchers. Aiming to overcome this
complexity, the study of different cellular compartments, like apoplast, could allow a broader understanding
of the cell dynamics. Plant apoplast, the cellular compartment external to the plasma membrane including
the cell wall, is the first contact point between plant and pathogen molecules. Also, it is where the first
pathogen structures develop after infection. In grapevine (Vitis vinifera L.), little is known about apoplast and
the role of apoplastic proteins in cellular mechanisms, particularly in response to pathogens. Grapevine,
which has a high economic importance due to its final products, is very susceptible to diseases, like to downy
mildew, caused by the obligate biotrophic oomycete Plasmopara viticola. Normally, upon P. viticola infection
the colonization of grapevine leaf tissues is rather fast. At 6 hours post inoculation (hpi), the pathogen
penetrates through the stomatal opening and develops substomatal vesicles with primary hyphae. In tolerant
cultivars, like ‘Regent’ (crossing line tolerant to P. viticola), the infection progress, at this early stage, is slowed
down, inhibited, or completely stopped.

In this study, we have evaluated two different leaf proteomes (whole leaf and apoplast proteomes) of
‘Regent’ at 6hpi with P. viticola. Mock-inoculated leaves treated with water were used as control. Both
proteomes were sequenced by nanoLC-MS/MS and the proteins identified by homology search in NCBIprot
Vitis vinifera database. Protein differential accumulation between apoplast and total leaf proteomes, for both
inoculated and mock conditions, together with functional annotation analysis, are being conducted. This
analysis will allow an understanding of protein movement between the inside and outside of the cell, under
non-stress conditions and after inoculation with P. viticola. Also, it will allow the identification of proteins
directly involved in plant-oomycete communication and key players in the establishment of an incompatible
interaction.

Acknowledgments: Portuguese Foundation for Science and Technology (FCT, Portugal) funded fellowships
and contracts to AF, MSS, ARC and JF: IF/00819/2015, CEECIND/02246/2017, SFRH/BD/131030/2017,
SFRH/BD/137066/2018, respectively. FCT funded the Research Units and project: BiolSI (UIDB/04046/2020
and UIDP/04046/2020), and LEAF (UID/AGR/04129/2019), and the project PTDC/BIA-BQM/28539/2017.
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503 - Tomato reprograms photosynthesis and monolignols metabolism to activate plant defense responses
against Clavibacter michiganensis infection
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The pathogenic bacterium Clavibacter michiganensis subsp. michiganensis (Cmm) infects tomato plants
causing yield loss and reduction of fruit quality. Cmm spreads through the xylem causing stem canker. While
progress has recently been made to elucidate plant responses to pathogenic bacteria, a clear understanding
how the host could block Cmm infection remains still elusive. Here, we present a deep transcriptome analysis
to characterize the dynamic expression profile of tomato genes upon Cmm infection. An indigenous virulent
Cmm strain was used to artificially inoculate tomato seedlings of the Ekstasis F1 hybrid variety. Symptoms of
bacterial canker became evident from the third day, whereas the morphology of infected stems was
completely distorted eighteen days after inoculation. Following the severity of the disease symptoms, the
population of bacteria in planta increased, reaching the highest level at six days and remained constant till
day twelve, before a downward slope. Given the constant pattern of symptom emergence, these two time
points were selected for transcriptomics. A progressive shut down of key genes in control of photosynthesis
was observed, supporting that monitoring chlorophyll levels could be useful for precision agriculture to
determine the health status of tomato plants. In terms of defense mechanisms activation, PAMP-Triggered
Immunity (PTI) highly responded first followed by a progressive activation of the Effector-Triggered Immunity
(ETI), which reached the highest level of activity late. In support to PTI, the pathway of phenylpropanoids was
also early activated by diverting the synthesis of monolignols away from S-lignin units. This twist towards G-
lignin units enrichment is consistent with previous findings, highlighting a response to generate an early
defensive barrier and enlightening a tight interplay between lignin recomposition and PTIl. Temporal
deactivation of phenylpropanoids coincided with upregulation of ETI genes supporting a functional crosstalk
towards the establishment of an acute line of defense to confine pathogen invasion.
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The present study investigates molecular and biochemical aspects of the crosstalk between the circadian
clock and the defense mechanisms in Phaseolus vulgaris (common bean) during the primary stages of
infection by the pathogen Pseudomonas syringae pv. phaseolicola (Psp) which causes the halo blight disease.
The circadian clock is the endogenous timekeeping mechanism that synchronizes the plant physiology and
metabolism to the 24-hour cycles of day/night transitions. The clock has been shown to play a major role in
controlling plant defense mechanisms but also to receive significant feedback from the infection process. The
present work is the first study conducted with an important crop plant (common bean) that investigates the
crosstalk of the circadian clock and the pathogen-triggered immunity (PTI) caused by one of the plant’s major
pathogens, Psp. Assays to study the in planta growth of a virulent Pseudomonas strain (1148A) in leaves of
Red kidney beans indicated that bacterial growth was infection-time dependent. In addition, analysis of the
plant oxidative burst after treatment with the bacterial elicitor peptide. flagellin 22 followed a similar pattern
of variation. Therefore, we asked whether these results rely on gene expression. The study of genes involved
in the oxidative stress response identified rhythmic and non-rhythmic genes that are significantly affected by
the infection, an indication that they contribute to the plant’s defense. As plant diseases pose a global threat
to adequate food supply, the present work is essential in order to understand control mechanisms of the
plant to cope with pathogenic bacteria and lays the groundwork for relevant bean research.

This research is co-financed by Greece and the European Union (European Social Fund- ESF) through the
Operational Programme «Human Resources Development, Education and Lifelong Learning» in the
context of the project “Reinforcement of Postdoctoral Researchers - 2™ Cycle” (MIS-5033021),
implemented by the State Scholarships Foundation (IKY).
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The following research focuses on phytoplasma-induced pathological changes in Eriobotrya japonica, Thuja
occidentalis L., Abies Nordmanniana (Steven) Spach., Picea pungens var.’argentea’ Rosenthal, Picea excelsa
Link. at the dendropark of Agricultural University of Georgia.

Experiments were conducted during 2019-2020. Plants were varied to be between 40-45 years old. The
plants were chosen for their visually symptoms of the disease. The phytoplasma infection in plant samples
were diagnosed using Diene’s cytochemical method [Srinivasan, 1982]. Rate of the disease was estimated
according on how large the blue-dyed parts of the phloem. Water levels in sample plant stems were
established using Weight Method. Acid-insoluble lignin content was quantified using the Klason method
[Dence, 1992, Ayeni et al., 2015].

All the examined plants had the most common symptoms of the phytoplasma disease: nedles hortening.
yellowing, exsiccation (A. nordmanianna, P. pungens, Th. occidentalis), foliage deformation (E. Japonica).
Both visually healthy and diseased plants pith, parenchyma and phloem had phytoplasmas in them. Visually
infected plants usually had higher percentage of the inoculum (especially E. Japonica, Th. occidentalis, A.
nordmanniana). In a few cases the intensity of the infection in visually healthy and diseased plants were
nearly equal. In all the visually infected plant stems water volume was decreased by 5-12%, lignin quantity in
E. Japonica, A. nordmanianna and P. execelsa was increased correspondingly by 14%, 56% and 15%. In
phytoplasma-infected plant samples, we also described the following structural changes: a reduced space
and diameter of the plant xylem, stem and petiole. Meanwhile, in visually infected plants, we observed an
increased number of additional vascular bundles, which were arranged into one or two rows. Resin duct were
also decreased in infected coniferous.

The results provide an opportunity to better understand the mechanisms of plant resistance to
phytoplasmosis.
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The domesticated European Grapevine Vitis vinifera is highly affected by pathogens, particularly Plasmopara
viticola, the causing agent of Downy Mildew. Extensive resistance breeding activities between resistant and
susceptible cultivars have succeeded in establishing tolerant to resistant varieties. However, with the
emergence of P. viticola strains that overcome resistance it is crucial to also focus on the pathogen, as they
become more aggressive and/or overcome the resistance traits. In grapevine, subtilisin-like serine proteases
have been shown to play an important role in context with increased disease tolerance. Equally, recent
studies show the importance of pathogen effectors as highly adaptable weapons, within those, protease
inhibitors are gaining raising interest.

P. viticola isolates, avrRpv3+ (unable to overcome resistance) and NW-10/16 (can overcome) were used to
inoculate susceptible ‘Mueller-Thurgau’ and tolerant genotypes ‘Calardis blanc’, ‘Cabernet blanc’, ‘Regent’,
and resistant ‘Sauvignac’. Comparing the two isolates NW-10/16 was able to fully develop and release
sporangia in all cultivars, except for ‘Sauvignac’, also producing more sporangia. Moreover, the growth rate
of mycelia was slightly faster. Both results indicate an increase aggressiveness for NW-10/16.

Twelve putative protease inhibitors were identified in P. viticola genome, five as serine protease inhibitors.
Gene expression for these five genes was determined for ‘Mueller-Thurgau’ ‘Cabernet blanc’ and ‘Sauvignac’.
Two genes presented interesting results. Pvit_020s gene expression with NW-10/16 increases over time in
the susceptible cultivar, however, has no revelant expression in the resistant cultivar. While avrRpv3+ isolate
presents a high expression throughout time in the resistant cultivar. PVIT_0007026.T1 gene expression in
NW-10/16 peaks at 12 and 6 hours in the susceptible and tolerant cultivar, respectively. Still, it has no
revelant expression in the resistant cultivar. This might indicate that the genes are possibly not the cause for
increased aggressiveness but may be part of the pathogen weaponry to counterattack plant defenses.

This work is being carried out in the frame of the Fundacdo para a Ciéncia e Tecnologia (FCT), Portugal funded
fellowship PD/BD/142859/2018 to CG and the PTDC/BIA-BQM/28539/2017 project Gravitas.
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Blackseed (Nigella sativa L.) is a rich source of a wide range of biologically active compounds with different
activities. This plant is widely used as a medicinal plant and spice. Several antimicrobial peptides (AMPs)
belonging to some structural families were found in N. sativa seeds. Here, we represent the investigation of
new AMPs with previously unknown cysteine motif for all the Kingdoms of Living. Six novel cysteine-rich and
disulfide-linked homologous peptides were isolated from N. sativa seeds by acetic acid extraction followed
by liquid chromatography techniques. They were discovered in 0 mM NaCl fraction after cation-exchange
(pseudo-affinity) medium-pressure chromatography and further purified using reversed-phaseHPLC. The
individual peptides were collected manually; their primary structure was evaluated by automated Edman
degradation. The unusual cysteine motif of XnCiXXXCXXXC3XnCaXXXCsXXXCeXn was firstly detected. There
was no analogous sequence in databases so we suggested them as new AMP representatives, and called
them “nigellins”.

The peptides obtained have shown specific antifungal activity against Aspergillus and Penicillium species in a
range of micromolar active concentrations tested, and was absolutely inactive against both Gram-negative
and Gram-positive bacteria, and yeasts. These compounds are similar for spatial structure which is
represented by two a-helices, B-turn and N-terminal and C-terminal random coils. This folding type and
secondary structure elements are typical for previously identified plant a-haipinins. Therefore, the newly
described peptides presumably are members of a novel a-haipinin subfamily.

This work was supported by the Russian Science Foundation (grant Ne 18-74-10073).
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576 - Expression of micro RNAs and target genes in Scots pine (Pinus sylvestris L.) needles in response to
methyl jasmonate treatment.
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The aim of this study was to identify and characterize novel and conserved microRNAs (miRNAs) and to
investigate the effect of methyl jasmonate (MelJA) treatment on miRNA and gene expression in Scots pine
needles and to compare the differential expression of miRNAs and their target genes. MicroRNAs are small
molecules, that regulate gene expression by binding and cleavage of target gene transcripts.

4975 annotated miRNA sequences were identified and assigned to 173 miRNA groups, belonging to a total
of 60 conserved miRNA families. A total of 1029 potential novel miRNAs, grouped into 34 families were found,
and 46 predicted precursor sequences were identified. The majority of previously reported highly conserved
plant miRNAs were identified in this study, as well as some conserved miRNAs previously reported to be
monocot specific. A number of potential gymnosperm or conifer specific miRNAs were found, shared among
a number of conifer species. A total of 136 potential target genes targeted by 28 families were identified.
58 miRNAs with, from 28 families, were confirmed to be significantly differentially expressed (fold-change
>1.5, p<0.05) between the control and MelJA treated samples. 15 miRNAs were up-regulated and 43 were
down-regulated. Comparing miRNA expression data with expressed transcripts in Scots pine after treatment
with MelA, 38 differentially expressed miRNAs from 23 families targeted 44 differentially expressed gene
transcripts. For 27 down-regulated miRNA sequences, their target gene transcripts were up-regulated and
for 3 up-regulated miRNA sequences, their target gene transcripts were down-regulated. The same direction
of transcriptional regulation was found for 9 up-regulated and 13 down-regulated miRNA sequences and
their target genes.
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High salinity extensively affects plants life cycle, negatively influences plant development and productivity by
causing ionic toxicity, osmotic stress, oxidative damage, and nutritional shortage. In the last few years large
amount of information have been generated on the importance of glutathione transferases (GSTs) in
response to different environmental stress conditions. Despite of this, the function of individual GSTs in
abiotic stresses is still poorly understood. In our experiments we investigated the response of five-week-old
tomato (Solanum lycopersicum L. cv. Mobil, cv. Eldan F1 and cv. Moneymaker) cultivars to 100 mM NaCl
applied for one week. Our aim was to reveal the differences in their salt stress response with a special
attention on the glutathione and related processes. We measured the growth of plants, H,0,,
malondialdehyde and non-enzymatic antioxidant (ascorbate and glutathione) levels in leaves. The activities
of glutathione reductase, -transferase and -peroxidase were detected, and gene expression of SIGSTs was
investigated also. After one week of salt treatment the fresh weight (FW) of Moneymaker remained on the
control level, however in Eldan F1 and Mobil lower FW was measured than under control conditions.
Glutathione and ascorbate levels and glutathione reductase activity was also lower in Mobil compared to the
other two cultivars under control condition and after salt treatment. Expression of investigated SIGST genes
showed different pattern in the cultivars. Our results indicate that lower glutathione and ascorbate levels,
and more positive redox potential of glutathione under control conditions influenced negatively the salt
stress response of Mobil, while in Moneymaker higher glutathione reductase activity and elevated non-
enzymatic antioxidant levels supported a more efficient stress response.

This research was supported by the Hungarian National Research, Development and Innovation Office [NKFIH
K 125265, PD 131884 and PD 131909] and by the EU-funded Hungarian grant EFOP-3.6.116-2016-00008.
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The membrane localized senescence associated E3 ubiquitin ligase 1 (SAUL1) is a known regulator of immune
responses. However, the precise structure and function remains elusive. Lately, it was demonstrated that
SAUL1 forms membrane-patches by tethering multi-vesicular bodies (MVBs) with the plasma membrane
(PM). A structural analyses of SAUL1, led to the identification of an arginine-based positively charged groove
that might contribute to the tethering. Here we present results confirming that the arginine-based groove is
indeed involved in the patch formation. The grove is located among the ARM-like domain 7-11 of SAUL.
Therefore, a truncated versions lacking parts of domain 7-11, as well as constructs with an amino acid
exchange of arginine R736, R737 and R775 with alanine were generated. We can demonstrate that ARM
domain 7-11 is required for the membrane association of SAUL1, since the PM localisation is lost, if just parts
of the domain are present. Interestingly, the arginine exchanges of R736 is sufficient to lose patch formation,
although the protein structure of the mutated version SAUL1R736A is identical to the protein structure of
native SAUL1. The other mutations showed only a slight change in membrane-patch occurrence. The
mechanism of the membrane association is yet unknown, but first protein-lipid assays showed an interaction
between the recombinant GST-SAUL protein and lipids of the phosphatidylinositol family, making protein-
lipid interactions with the plasma membrane and MVBs highly probable and revealing a potential mechanism
of SAUL1 in tethering lipids.
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INTRODUCTION Intensive application of agro- EXPERIII'IEHTAL DESIGN

chemicals causes an increasing environmental impact m

in agrculture, especially in high-income crops swch as

grapevine. Their delivery, however, is highly ineficient, m"’,ggg;“m

since a considerable amount is leached im the of Culij

enviromment [1]. For this reason, nanotechmology could rase

represent a sustainable practice able to improve the

efficacy of application of agro-chemicals by increasing Sheavesiplant B Inifac
their permanence on the camopy [2]. In vineyard, with 4=10+ sporangta miL-
copper compounds are intensively used as antifumgal Iy growth Inhikition
pesticides, with strict limitations in their application [3, assassment [5]
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to prewvent F. wificola infection by more
RESULTS AND DISCUSSION The profile of the total concentration of Cu (I} in g o 50%, showing no  statistically

unwashed leaves and that of absorbed Cu (Il) [washed leaves) was followed for one difference with CuS0, treatment, sven if
week. As expecied, the application of nHA-Cu and nACF-Cu caused a significant increase (I} concentration after its application
(~11 amd 8.6 times, respectively) in the awerage foliar concentration of Cu (ll}) compared 10 wac 3 fimes higher (1381.8 # 5121 mg
CTHL or nHA alone. Both in unwashed and washed leaves treated by Cu-functionalized kgow ™). In case of a techmical
nanoparticles, there was a progressive decrease in Cu (ll} concentration over time. [t was improvement in  functionalization, this
maore evident in nACP-Cu freatment, whose pattem was significantly lower if compared to result opens the possibiity of complying
nHA-Cu (p=0.001). Regarding the washed leaves, a significant decrease occurred during with EU regulations by administering low
the terminal phases of the experiment in the nACP-Cu thesis. if compared to nHA-Cu. dosage of Cu (I} associsted to a
where Cu (ll) concentration remained constant This fact supporis the hypothesis that the oo o0 The  inhibiion was
nHA-Cu was able to maintain a more siable and longlasting amount of Cu (I} in significantly lower in the absence of Cu,
comparison to the nACP-Cu formulation, where Cu (Il) is maore soluble. as confirmed by treatment with nHA_

CTRL nHz mHA-T RACP-C

3 ESEM analysis showed the presence of Ca-

i - P MPs in aggregates of different sizes (in the

- range of 0.7-30 pm) in all treatments, except

T in the control amd in CuS0, (not shown).

. 5 : The resolution level obitained in low vacuum

: i r mode may not have allowed the detection of

- smaller particles of nanometric size.

CONCLUSION The application of caldum phosphate based nanomaterials doped with Cu (Il is efficient to inhibit the propagation of
P viticols at an extent comparable to CuS0,, even though the nanomaterial showed a yield distribution in copper of 30% if compared o
the conventional treatment. The improvement of the agronomic distribution technigue is clearly required. In addition, the resulis provide
evidence that calcium phosphates functionalization sllows to deliver ionic elements both on grapevine canopy and at mesophyll level.
According o an improvemnent of the method for the application of Calcium-FPhosphate nanoparticles, this technical solution will be
promising as a low environmental impact treatment.
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671 - A PME-mediated increase of ascorbic acid level affects susceptibility of Solanum lycopersicum to
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Solanum lycopersicum, the second most important vegetable crop worldwide, is an important source of
antioxidants, such as ascorbic acid (AsA), exhibiting positive effects on human health. One introgression sub-
line IL12-4-SL, that shows increased levels of AsA, was previously selected from a Solanum pennellii IL
(Introgression Lines) population which consists of 76 lines with different wild chromosomal segments in the
genetic background of the cultivated variety M82. The increased level of AsA in IL12-4-SL, compared with
M82, was due to the activation of the alternative D-galacturonate pathway related to the up-regulation of
the Solyc12g098340 and Solyc12g096730 encoding respectively a pectin methylesterase (PME) and a
polygalacturonase (PG). Commercial tomato varieties are highly susceptible to microbial pathogens and in
particular to fungal necrotrophs. It is well established that the orchestration of pectic enzymes activity affect
plant resistance to pathogens.

The aim of this research is to study the responses of the tomato IL12-4-SL line to Botrytis cinerea. B. cinerea,
the causal agent of grey mold disease, is a broad-spectrum fungal necrotroph that causes serious pre- and
post-harvest rot in more than 200 species worldwide. To identify pectic genes induced in tomato by B.cinerea
leaf infection, a bioinformatic-based data mining on the available transcriptomics data was performed. The
response of M82 and IL12-4-SL to B.cinerea was evaluated in tomato leaves challenged with the fungal
necrotroph. Our results indicate a significant reduced susceptibility of the IL lines to the pathogen. The
definition of the molecular bases of the observed plant resistance will provide new insights into the
regulatory control of plant resistance by antioxidant accumulation and pectin metabolism and could provide
novel tools for obtaining tomato genotypes more resistant to pathogens.

Financial support: Sapienza University of Rome grant no. RM11816432F244FD, and Laziolnnova-Regione
Lazio

CUP: B81G18000770002.
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Lathyrus sativus (grass pea) plants are impacted by biotic constraints, compromising yield stability. Powdery
mildew (PM) disease in grass pea is mainly attributed to Erysiphe pisi (Ep), causal agent for pea PM.
Nevertheless, Erysiphe trifolii (Et), known to overcome Ep-resistance genes in pea, could also impact grass
pea productivity, given its broad host-range. Breeding grass pea for PM resistance would be more effective
if the genetic basis of resistance against these two potential pathogens would be clarified.

To tackle this we explored the natural variation of a worldwide grass pea accessions collection through a
Genome-Wide Association Study (GWAS) to identify resistance associated genomic regions. Accessions were
repetitively and independently inoculated with both pathogens under controlled conditions, being this the
first report of grass pea response to Et. Phenotypic response was scored as the percentage of leaf covered
by mycelia. The same collection was genotyped with high-throughput single nucleotide polymorphism (SNP)
approaches and SNP-resistance associations tested using mixed models accounting for population structure.
For GWAS validation, candidate genes expression was analyzed by quantitative PCR in leaf samples collected
at different time-points of inoculation from phenotypically contrasting accessions.

A wide-range of responses to PM was observed, with high levels of resistance more frequent in response to
Ep than to Et. Distinct SNP-trait associations were detected in response to each pathogen, suggesting that
resistance to each pathogen may be under different oligogenic control. Nevertheless, one SNP marker was
associated with the response to both pathogens. Candidate genes underlying the detected SNP-trait
associations were predicted to be involved in gene expression regulation, ATP-metabolism, retrotransposon,
and protein-protein interaction.

By exploring grass pea natural variation, this study clarified common and unique genetic components of
oligogenic grass pea resistance to PM, identifying new resistance sources and genomic targets for the
development of molecular tools for precision breeding.
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FIGURE 1.- In vitro analysis of toxic activity of AEO on F. solani spores.
Histogram showing different active concentrations of AEO (ug/ml), tested on
Fusarium solani spores 10° spores/ml by MTT/ DMSO assay (Abs 630 nm).

FIGURE 4.- Disease symptoms on tomato seedlings. (A-B). Inoculated tomato
seedlings with F.solani (10° sp/ml), 12dpi, pre-treated with AEO (1mg/ml). (C-
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FIGURE 2.- AEO direct effect on tomato seedlings. (A). Plant fresh weight of
12 days old control plants (C) non inoculated (-), or inoculated (+), with
F.solani (10° sp/ml), with or without AEO (1mg/ml) pre-treatment. (B). Plant
water content respect to (C-), 12 days after inoculations with Fsolani, or
without, treated with AEO at 1mg/ml.
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FIGURE 5.- Chlorophyll plant content. Chlorophyll A and Chlorophyll B
measured by absorbance of leave tissues, 12 days after inoculation with
F.solani (10° sp/ml) (+), or without the fungus (-), pre-treated or not with AEO
at Img/ml.

Statistical significance has been calculated with p.value 0.05.

CONCLUSSIONS
AEO inhibits spore germination of F.solani at 0.8mg/ml in vitro.
AEO pre- treatment protects fungal penetration on tomato seeds
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PMEs are widespread in plants and belong to a large multigene family whose members display different
expression profiles, mediate different physiological responses and play critical role in the outcome of plant-
pathogen interaction. Differently from fungi and bacteria, higher plants PMEs are classified in two groups on
the basis of their structures: groupl contains only the catalytic PME domain; group 2 defined as ProPME,
possesses, in addition to the catalytic domain, a N-terminal Pro-region. The Pro-region shows sequence
similarities with characterized PME inhibitors proteins. Between Pro-region and PME domain there is a
conserved Serine-like proteases (SBTs) processing site cleaved for the secretion and activation of the PME
domain in the apoplast. Much remains to be discovered about the peculiar mechanism of intramolecular
regulation of group 2 PMEs.

The heterologous overexpression of functional ProPMEs is a major bottleneck of structural biology studies
for understanding their SBT-mediated post transcriptional regulation. We have previously demonstrated that
AtPME17, a ProPME isoform, from Arabidopsis highly induced in response to several pathogens strongly
contributes to resistance against B. cinerea.

We have expressed and purified the AtPME17 catalytic region using P. pastoris and the characterization of
the biochemical features of the enzyme are in progress. In E. coli, we demonstrated that the PRO region acts
as an intramolecular inhibitor of AtPME17 activity. The optimization of the bacterial expression system is in
progress to obtain Pro-AtPME17 amounts useful to solve the 3D structure. These studies will give more
insight into the peculiar on-off mechanism of post transcriptional regulation of this class of enzymes.

Financial support: Sapienza University of Rome grant no. RM11816432F244FD, and Laziolnnova-Regione
Lazio CUP: B81G18000770002
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Inari is designing seeds to help address one of the greatest challenges of our times - growing enough
nutritious calories for a growing population while reducing the footprint of agricultural production on the
environment. Embracing the complexity and diversity of nature, we use our SEEDesign™ platform to
overcome these challenges. Our platform integrates Predictive Design and advanced Multiplex Gene Editing
tools to develop resilient seeds that require fewer natural resources and inputs, in a drastically shorter time
and lower costs than current approaches. In Predictive Design, we harness the power of Artificial Intelligence
and cell-based assays to gain a deep understanding of the sequence polymorphisms that underpin crop
performance. Once the target sequences have been identified, we generate new allelic diversity using our
comprehensive Multiplex Editing toolbox to deliver the changes into elite parental lines. We then provide
our improved seeds to our customers through a simple and collaborative go-to-market strategy. Results and
illustrations of our technical approaches and product concepts will be presented.
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The polyphenol oxidase enzymes (PPOs) are implicated in undesirable enzymatic browning of eggplant fruit
due to the oxidization of polyphenols after cutting.

Following a survey of the eggplant genome, ten ppo genes (named ppol-10) were isolated and four of them
(ppo1-3-4 and 5) highlighted a strong increase in transcript levels in flesh after cutting.

A CRISPR/Cas9 system, integrated into the GoldenBraid (GB) cloning standard tool, was applied to knock-out
the ppo genes. An eggplant breeding line of the variety ‘Black Beauty’ and a double haploid of the variety
‘Ecavi’ were selected for Agrobacterium-mediated transformation. Seed-derived cotyledons were
transformed with a CRISPR/Cas9 construct targeting a conserved region of ppo4-5 as well as ppo6 (due to
the high homology between these gene family members).

Genotyping of these plants through Illlumina deep sequencing of amplicons revealed that the plants were
successfully edited in PPO4,5 and 6 loci, with the insertion of a single nucleotide as the most frequent
mutation. We investigated potential off-target effects through deep sequencing of amplicons of the putative
off-target sites identified in silico and the lack of off-target mutations confirmed the high specificity of the
system. The mutations were stably inherited in the T1and T, progeny in which some individuals, due to
segregation, no longer carried out the transgene construct. A reduction of browning potential as well of PPO
activity were highlighted in our knock out T1and T, edited lines.

Altogether, this study provides for the first time a useful methodology involving the use of the CRISPR/Cas9
system for mutagenesis studies in eggplant.
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How does a rice plant in the field fight against the weeds growing next to it?

Weeds are the major constraint in modern rice farming. Since rice feeds more than half of the worlds
population as a staple food, tackling this issue is of great relevance. Driven by climate change, the traditional
rice farming of transplanting rice into flooded paddy fields, needs to adapt. Currently, a transition from
transplanting to direct-seeded rice is occurring. Besides the advantages of water saving and less labour, the
major constraint of this system is the weeds. This raises an urgent need for a sustainable weed control.

The main goals of this project are:

e First, to explore the plethora of different rice varieties searching for relevant traits that make rice
more competitive against weeds. For this, we phenotyped a rice diversity panel of 344 varieties for
traits related to shading and early plant vigour.

e Second, to connect the phenotype with its underlying genes. With the known genomes of the
screened rice population, we performed a genome-wide association study. We identified genetic loci
associated with shoot architectural traits and hubs involved in several aspects of plant architecture.

To get a holistic picture, a functional validation of the selected varieties carrying the candidate genes is tested
in the field.

Ultimately, the identification of target genes regulating the shade-casting traits of competitive phenotypes
can be integrated in future breeding programmes. This will help to reduce the amount of herbicide usage
and enable us to make rice-farming more sustainable.

165




247 - Overcoming genetic redundancy and lethality: Novel CRISPR tools for plant loss-of-function studies

Marie Pfeiffer ' - Roman Hudeéek ¥ - Rafael Andrade Buono ¥ - Ward Decaestecker (*) - Kevin Debray?-
Nick Vangheluwe ¥ - Joris Jourquin ) - Mansour Karimi (V) - Gert Van Isterdael ) - Tom Beeckman ¥ - Tom
Ruttink ® - Moritz Nowack V) - Thomas Jacobs V)

VIB-UGent, Center for Plant Systems Biology, Ghent, Belgium ‘¥ - VIB-UGent, Center for Inflammation
Research, Ghent, Belgium @ - Flanders Research Institute for Agriculture, Fisheries and Food (ILVO), Plant
Sciences Unit, Melle, Belgium ©®

The generation of stable, inheritable loss-of-function mutant alleles has been indispensable for functional
genomic studies in plants. In recent years, the high efficiency and simplicity of designing CRISPR-mediated
mutagenesis in plants has revolutionized the generation of loss-of-function mutants. However, standard
mutagenesis approaches are limited by two main factors: severe pleiotropic phenotypes or even lethality
upon knockout of essential genes and genetic redundancy among gene family members masking phenotypic
consequences in single knockout mutants. To overcome these limitations, we devised novel strategies using
the CRIPSR-Cas9 technology. We devised CRISPR-TSKO that enables the generation of somatic mutations in
particular plant cell types, tissues, and organs. This system can circumvent pleiotropic or lethal phenotypes
when generating knockouts. We created Arabidopsis thaliana CRISPR-TSKO mutants in essential genes, which
caused well-defined, localized phenotypes in the root cap, stomatal lineage, or entire lateral roots. To address
genetic redundancy, we are using high throughput multiplex CRISPR screens. While already an established
routine in animal systems, CRISPR screens are still not widely employed in plant research. The resulting
combinatorial mutant collections can be screened for phenotypes, and a high-throughput HiPlex amplicon
sequencing approach will facilitate mutant genotype identification.
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Genome editing with site directed nucleases such as Cas9 is a powerful tool in plant breeding. Moreover, it
has proven its efficiency, versatility and simplicity being already applied to numerous applications.

A key requirement for better public acceptation of plant gene editing by the CRISPR/Cas9 system is the
avoidance of any foreign DNA sequence during the process of plant manipulation. Besides other RNPs
delivery methods we established an RNA based plant virus delivery method. We developed a tomato bushy
stunt virus (TBSV)-based genome editing CRISPR/Cas9 system. TBSV is a small icosahedral virus whose
genome is a single copy of a positive sense single-stranded RNA. It encodes five open reading frames (ORFs)
which were modified to express Cas9 and the sgRNA. The synthetic viral based RNA strand it is able to
replicate, but is attenuated, thus it’s not able to systemically infect plant tissue. As proof of the concept, we
have successfully induced mutations in the GFP gene in N. benthamiana 16 c line protoplasts. Using deep
amplicon sequencing we were able to see small deletions three nucleotide upstream the PAM (protospacer
adjacent motif). In a next step, we will apply the system to improve important agronomic traits in potato.

This project is founded by the German Federal Ministry of Education and Research, (DeviCCpo project).
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Drought stress can cause plants to slow their leaf growth rate and limit their leaf size. While this is a well-
known physiological response, at the molecular level it remains unclear how drought signaling pathways
influence leaf development to arrest growth. This is in part because the onset of drought as well as leaf
development are both dynamic processes, making it difficult to measure how one influences the other.

To address this challenge, we used single nuclei transcriptome sequencing to determine how different
Arabidopsis leaf cell-types respond to drought over time; sequencing nuclei using both fluidic and plate-
based methods. To ensure we captured how a change in water availability impacts leaf development, we
sequenced the nuclei of over 100 individual leaves, each of which was at a different developmental stage and
experiencing a different level of drought severity. Additionally, since hormone signaling is known to play a
role in arresting plant growth during drought, we tested how each of the 8 major hormones informed leaf
cell-type specific transcriptome responses.

Thus, by untangling the effects of drought severity, developmental stage, and hormone signaling within each
leaf cell-type, we gained insight into the transcriptional signaling events that work to arrest leaf growth in
response to drought with unprecedented cell-type resolution. By these means, our work helps identify new
loci that can assist boosting leaf growth and crop productivity in the face of drought.
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437 - The pattern of genome-wide polymorphisms in natural and crop polyploid species

Kentaro K. Shimizu ) - Gwyneth Halstead-Nussloch ¥) - Tim Paape

Department of Evolutionary Biology and Environmental Studies, University of Zurich, Zurich, Switzerland
(1

Polyploid species are common in plants, including crop species. Although advantages and disadvantages of
polyploidization have long been discussed, genome-wide analysis of allopolyploid species has been difficult
due to high sequence similarity of duplicated genes, or homeologs. We have developed bioinformatic
workflows HomeoRoq and EAGLE-RC for RNA-seq and resequencing of polyploid species. To examine the
pattern of selection at an early stage of allopolyploid speciation, we resequenced 25, distribution-wide
individuals of the model allotetraploid Arabidopsis kamchatica. Negative selection was only slightly weaker
than in diploid parental species, showing that homeologs are not totally redundant. We found a significantly
positive value of alpha, the proportion of adaptive substitutions, in contrast to most diploid plant species.
Interestingly, the pairs of homeologs showed only weak correlation in diverse indices measuring diversity
and selection, including the HEAVY METAL ATPASE4 (HMA4) homeologs responsible for zinc
hyperaccumulation. Our data of zinc concentration in soils and leaf tissues supported that A. kamchatica
inherited the ability to survive in contaminated soils and elemental defense against herbivores from one of
the parental species A. halleri. This shows that pairs of homeologs evolve independently in the allopolyploid
species. To examine whether similar patterns can be found in crop polyploid species, we analyzed the 10
genome sequences of hexaploid bread wheat. Consistent with the results above, the trios of homeologs
showed weak correlation in Tajima's D. These data suggested that polyploidy increased the number of targets
for natural or artificial selection, and enabled the polyploids to combine environmental adaptations of
different parental species.
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264 - Genomic prediction to deliver heat tolerant wheat to the Senegal River basin
Filippo Bassi (") - Hafssa Kabbaj ) - Amadou Tidiane Sall ? - Rodomiro Ortiz

ICARDA, Biodiversity and Crop Improvement Research Program, Rabat, Morocco ¥ - ISRA/ICARDA/CRA,
Biodiversity and Crop Improvement Research Program, Saint Louis, Senegal ? - Swedish University of
Agricultural Sciences, Plant Breeding, Alnarp, Sweden

This research provides insights on durum wheat tolerance to warming climates with the aim of pyramiding
multiple sources of heat tolerance through genomic prediction of breeding values (GEBV) for selection. Days
to heading, days to maturity, plant height, tillering capacity, grain yield (GY) and 1,000-kernel weight were
the traits evaluated in the Senegal River Basin, where temperatures vary across the growing cycle with
warmer temperatures during the grain filling period. The analysis of variance across target population of
environments revealed significant difference among durum wheat landraces, cultivars and breeding lines;
environments across the Senegal River; and their interaction effect. Association genetics (GWAS) led to
identifying most significant quantitative trait loci (QTL) across sites for various agronomic traits. The
haplotype of the 64 markers underlining 32 QTL was used to describe allelic variations occurring for the 9-
top yielding durum wheat genotypes, which allows targeting crossing between the top yielding lines to
maximize the number of positive alleles. Genomic prediction for GY works using simple models. Likewise, a
small number of DNA markers (< 300) and small training populations (TP) may be enough for getting suitable
GEBV, particularly when the TP relates highly to the breeding population (e.g. full-sibs). Such an approach
may decrease the accuracy of genomic selection but brings savings on expenditures. Furthermore, QTL
analysis or using DNA markers linked to target genes increase drastically accuracy. These results suggest
therefore, the value of combining genomic selection with marker-aided breeding (e.g. based on GWAS
outputs) to improve GY under stress.
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618 - IMPROVING ABIOTIC STRESS TOLERANCE IN TOMATO BY CRISPR/CAS9 EDITING OF KEY STRESS
RESPONSE REGULATORS

Paola Punzo V) - Alessandra Ruggiero ® - Nunzio D'Agostino ©® - Stefania Grillo ? - Teodoro Cardi * -
Alessandro Nicolia (" - Giorgia Batelli

Council for Agricultural Research and Economics, Research Centre for Vegetable and Ornamental Crops
(CREA-OF), Pontecagnano Faiano (SA), Italy ") - CNR Institute of Biosciences and Bioresources, Research
Division Portici, Portici (NA), Italy ® - University of Naples Federico Il, Department of Agricultural Sciences,
Portici(NA), ltaly ©®

In a world of constant population increase, the impact of climate change on environmental resources
requires breeding efforts to develop stress-tolerant crops. Here, we used the CRISPR/Cas9 technology to edit
two genes involved in proline metabolism and the Salt Overly Sensitive (SOS) pathway to obtain tolerant
tomato plants. Proline is a multifunctional amino acid acting as a compatible osmolyte under osmotic stress
to maintain cell turgor pressure. To generate plants with increased proline levels, we selected the gene
encoding PYRROLINE-5-CARBOXYLATE DEHYDROGENASE1 (P5CDH1), involved in proline catabolism, as
target to be edited for generating loss-of-function mutants. The Na*/H* antiporter SOS1 controls ion
homeostasis by reducing the concentration of toxic Na* ions in plant cells during salt stress. To obtain mutants
producing constitutively active SOS1, we targeted the protein autoinhibitory domain that keeps the protein
inactive in unstressed conditions. Constructs containing two single guide RNAs (sgRNAs) for each gene were
tested using the hairy root system. Genotyping through high resolution DNA fragment analysis showed high
mutation efficiency in the target sites. To obtain stable edited plants, Solanum lycopersicum cotyledons were
transformed using Agrobacterium tumefaciens carrying the validated vectors. Through DNA sequencing we
selected mutations resulting in premature stop codons in p5cdhl and large deletions in the C-terminal
domain of sosl. These results demonstrate that the CRISPR/Cas9 system and the tested sgRNAs can be used
to successfully edit the two tomato genes previously mentioned. Progenies of independent transformants
harbouring different p5cdh1 alleles were used to measure proline content. Compared with wild-type, p5cdhl
mutants showed higher proline levels in leaves. Phenotyping of these lines and of sosl mutants in stress
conditions is in progress to verify the tolerance to suboptimal environmental conditions.
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645 - The Role of StBEL11 Transcription Factor in Potato (Solanum tuberosum) Tuber Formation

Andrea Zounkova V) - Petra Maskova ' - Magdalena Dybova ¥

Charles University, Department of Experimental Plant Biology, Prague, Czech Republic )

Solanum tuberosum is the fourth most important crop in the world, so understanding the mechanism of
tuber formation regulation has a great potential for practical use, like design new approaches to achieve
increased tuber yield and quality. Regulation of the onset of tuberization via environmental conditions have
been known for a long time, but the molecular basis of this process has only recently started to be uncovered.
The timing of tuberization is, besides external factors, affected by overall plant condition reflected by energy
status, particularly carbohydrate metabolism, and the equilibrium of mobile signals transported from leaves
to target tissues (stolons) by phloem. BELL (BEL1-like) transcription factors are among the important
components of the regulatory signalling network. A role in the regulation of tuberization has been
demonstrated in three BELL transcription factors: StBEL5, which has a positive effect on tuber formation, and
StBEL11 and StBEL29, which in turn act as repressors. This work is focused on characterization the role of
transcription factor StBEL11, whose transcript acts as a mobile signal repressing the onset of tuberization.
We prepared StBEL11RNAI transgenic potato plants (Solanum tuberosum cv. Kamyk) to test effect of reduced
StBEL11 expression on parameters related to initiation of tuberization and characterize the role of selected
mobile signals regulating this process and carbohydrate status.

The work was supported by the Grant Agency of the Charles University: Project number 1308119.
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3 - Karyotypic studies of four Physalis species from Nigeria

Sekinat Okikiola Azeez V) - Julius Olaoye Faluyi *)

Obafemi Awolowo University, lle-Ife, Nigeria, Department of Botany, lle-Ife, Nigeria ¥

The chromosome numbers in Physalis peruviana, P. pubescens and P. micrantha have not been ascertained
in Nigeria. In addition, there is lack of consensus on the chromosome number of P. angulata. In view of the
above, this study was carried out to investigate the mitotic chromosomes of these four Physalis species from
Nigeria in order to elucidate the karyotypic variation that exists among them with respect to their karytype.
The mitotic chromosomes of four Nigerian Physalis species were studied from root tips pretreated in 0.002
M 8-hydroquinoline using squash method according to standard procedure and stained in FLP orcein. Physalis
angulata, a tetraploid was found to have chromosome number of 2n = 48 with average centrometric index
of 34.04%. The proportion of chromosomes in P. angulata with arm ratio greater than 2 was 0.38 placing it
in 2A stebbins category having karyotypic formula of 2M + 5m + 16sm + 1st. Physalis micrantha, P. peruviana
and P. pubescens that are diploids showed chromosome number of 2n = 24; belong to Stebbins categories
2A, 2B and 3A with centromeric indexes of 35.21%, 42.77% and 43.18% respectively. Their karyotypic
formulae were shown to be 1M + 1m + 9sm + 1st, 4M + 6m + 1sm + 1stand 1M + 1 m + 2sm + 8st respectively.
It can be concluded from this study that P. angulata is more advanced when compared to the other three
diploids studied. Polyploidy is an evidence of advancement. Among the diploids, P. pubescens is the most
advanced.
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67 - Comparative genomics of ACGT Cis regulatory elements in Plant Gene expression

Rajesh Mehrotra V) - Zaiba HAsan Khan ? - Sandhya Mehrotra ?

Birla Institute of technology and Science, Biological Sciences, Goa, India (*! - BITS,Pilani, Biological Sciences,
Goa, India @

Gene expression is an extensively controlled process that occurs at various levels, transcription being the
central, It depends on a variety of interactions mediated by the core promoter region, sequence specific
DNA binding proteins and their cognate promoter elements. Cis regulatory elements are short nucleotide
sequences that provide binding sites for transcription factors. According to PLACE database, there are
469 cis regulatory elements have been reported in plants. The ACGT core sequence has been established
as a functionally important cis element in several promoters that respond to different stimuli like light,
jasmonic acid ,salicylic acid, abscisic acid. Promoter activity is largely affected by the copy number, inter
motif distance, position of cis elements.

We did comparative genomic analysis of four different plant genomes In this study, we used two
monocotyledonous — Oryza sativa and Sorghum bicolor, and two dicotyledonous species — Arabidopsis
thaliana and Glycine max to analyze the conservation of co-occurring ACGT core elements in plant
promoters with respect to spacer distance between them. Using data generated from Arabidopsis
thaliana and Oryza sativa, we also identified conserved regions across all spacers and possible conditions
regulating gene promoters with multiple ACGT cis-elements. Our data indicated specific predominant
spacer lengths between co-occurring ACGT elements, but these lengths were not universally conserved
across four species under analysis. However, the frequency distribution indicated local regions of high
correlation among monocots and dicots. Sequence specificity data clearly revealed a preference for G at
the first and C at the terminal position of a spacer sequence. Using gene expression databases, we also
observed trends suggesting that co-occurring ACGT elements are responsible for gene regulation in
response to exogenous stress. Data obtained in this study will be presented in the conference.
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70 - The Effect on gene flow from GM to non-GM rices by heading date difference
Doh-Won Yun ) - Sungdug Oh ) - Sung-gon Lee (") - Gang-sub Lee ¥

National Institute of Agricultural Science, Biosafety, jeonju, Korea, Republic Of !

Genetically modified (GM) crops have been increased continuously over the world and concerns about the
potential risks of GM crops have also been increasing. Even though GM crops have not been cultivated
commercially in Korea, it is necessary to develop technology for safety assesment of GM crops. In this study,
we investigated the influence of heading date difference on gene flow from GM to non-GM rice. In the
experimental design, The PAC gene GM rice was placed in the center as a pollen donor and non-GM rice were
placed in eight directions as pollen receivers. Five pollen receiver rice cultivars were Unkawng, Daebo,
Saegyejinmi, Nakdong, and limi which had different flowering times. A total of 266,436, 300,237, 305,223,
273,373, and 290,759 seeds were collected from Unkawng, Daebo, Saegyejinmi, Nakdong, and IImi,
respectively, which were planted around PAC GM rice. The GMxnon-GM hybrids were detected by repeated
spraying of herbicide and PAT immunostrip assay. Finally, the hybrids were confirmed by PCR analysis using
PAC gene specific primer. The hybrids were found in Nakdong which had the same heading date with PAC
GM rice. The hybridization rate was 0.0007% at Nakdong. All of GMxnon-GM hybrids were located within 2
m distance from the PAC rice zone. The physiological elements including rice heading date were found to be
important factors to determine GM  rice out crossing rate. Consideration should be taken for many factors
like the physiological elements of field heading date of rice cultivars to set up the safety management
guideline for prevention of GM rice gene flow.

*Corresponding author: Doh-Won Yun, E-mail : dwyun@korea.kr
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71 - ‘B.Y.O.R.” = Bring Your Own RuBisCO
A Nicotiana sylvestris RuBisCO System Recipient line

Gongalo Elias da Silva ' - Joachim Forner @ - Nelson Saibo *) - Ralph Bock ?

Instituto de Tecnologia Quimica e Bioldgica Anténio Xavier (ITQB), Universidade Nova de Lisboa, Oeiras,

Portugal 'Y - Max-Planck-Institut fiir Molekulare Pflanzenphysiologie, AG Bock, Potsdam-Golm, Germany
()

The Calvin-Benson-Bassham (CBB) cycle is the metabolic pathway by which plants assimilate CO; into
biomass. One limiting factor in photosynthetic CO; fixation, and, ultimately, in biomass accumulation, is the
activity of the CO,-fixing enzyme, ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO) [1]. Although
all land plant RuBisCOs amino acidic sequences are highly conserved, RuBisCOs fall in a broad spectrum of
enzyme speed and affinity to CO,. This led researchers to propose that other variants of RuBisCO might be
introduced into crops to improve yield.

However, there are several technical and biological obstacles to apply this idea. RuBisCOs from any
photosynthetic eukaryote cannot be properly folded and assembled in E. coli, which has impeded structure-
function studies of higher plant RuBisCOs [2]. Genes that code each of the subunits are in separate cellular
compartments. The LSu is coded by the plastidial gene rbcL, and the SSu is coded by a nuclear gene family
(RbcS). RuBisCO activation regulation is complex and involves another enzyme, RuBisCO activase (RA) coded
by a nuclear gene family (Rca) that co-evolved with the other RuBisCO genes. Finally, precise genetic
manipulation of the chloroplast genome is only achieved in a limited number of species.

Here we present the pipeline applied for the development and future use of a Nicotiana sylvestris RuBisCO
genes recipient line that we hope will help the study of mutated and/or non-native sequences of the LSu and
SSu, and RA. We choose N. sylvestris as the model organism to create this line because both transformation
of the plastome and the genome is feasible and efficient [3]. Using several rounds of transformation and
regeneration we: (i) knocked-out the nuclear genes using CRISPR/Cas9; (ii) removed rbcL from the plastome;
(iii) reinstated the photosynthetic capacity of the line using a synthetic nuclear cassette.
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241 - Genome Editing to Help Us Eat More Fresh Produce
Shai Lawit ¥

Pairwise, Genome Editing Technologies, Durham, United States w

Nutritional deficit is the leading health risk factor globally. Consumption of fruits and vegetables — the most
effective solution to malnutrition — can be limited by low production or high cost in some countries and by
poor quality characteristics or inconvenient preparation in others. Americans, for example, consume only
half the recommended daily intake of fruits and vegetables despite widespread availability. Pairwise seeks to
address these challenges regionally and globally by making healthy food more convenient, affordable,
and sustainable. To fulfill this mission, we have assembled a world class portfolio of CRISPR technologies and
a state-of-the-art R&D capability focused on delivering differentiated products to the fresh produce aisle. We
have established base editing and cutting tools with industry-leading performance profiles in plants, including
editing efficiencies as high as 85% and extensive target sequence accessibility through gene and protein
engineering. We are applying these tools for novel consumer traits in cane berries. To enable this, we recently
developed transformation capabilities in these species. This presentation will describe Pairwise progress in
developing genome editing tools and transformation systems in crops, as well as our vision for opportunities
in fresh produce.
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288 - Development of genomic tools for cultivation of local avocado varieties in Northwestern México.

Carlos Ligne Calderén-Vazquez ¥ - JM Higuera-Rubio ' - Davila-Pulido Davila-Pulido ' - AY Peraza-
Magallanes V) - E Sandoval-Castro ' - A Cruz-Mendivil ¥ - E Ibarra-Laclette ) - RS Dodd ©

Instituto Politecnico Nacional. CIIDIR Unidad Sinaloa. Guasave, Sinaloa ‘¥ - Instituto de Ecologia A.C.,
Xalapa, Veracruz ? - University of California-Berkeley, Environmental Science Policy and Management
Department, Berkeley, CA, @

Avocado (Persea americana Mill.) is a climacteric fruit well recognized by its benefits on human health, mainly
because of the high vitamin contents, fatty acids and other lipids that accumulate over its ripening. Most
avocado orchards in Mexico are located in temperate areas and dedicated to the production of the Hass
variety. However, Hass is not able to grow well in hot weather and low elevation or sea level soils. There is a
large and unexplored stock of adapted avocado genotypes at northwestern Mexico. This represents an
outstanding opportunity to explore new materials of local genotypes for breeding programs. This research
aims to characterize the genetic diversity and gene content of avocado genotypes in northwestern Mexico
by using two genomic tools: Large-scale SNP detection by genotyping by sequencing (GBS) and RNA-
sequencing for obtaining transcriptomes of contrasting genotypes. GBS allowed to identify 13426 SNP using
60 avocado genotypes from 4 different regions. Values of He = 0.284 and PIC = 0.35 were obtained. Our
findings suggest a high genetic diversity for local avocado genotypes in northwestern Mexico. Despite the
high diversity, low levels of heterozygosity were observed in the populations, which suggest the presence of
inbreeding. RNA sequencing generated a total of 8383 and 7360 annotated transcripts from two local
genotypes, and 29159 annotated genes from Hass. A functional analysis focused on fatty acid, lipids and
secondary metabolism was detailed. The generated knowledge would help in the understanding of fruit
metabolism and its genetic control in lowland avocado resources.
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353 - Microinjection of microspores and its application for the introduction of mutations in wheat cells
Bartosz Szabata V) - Magdalena Swiecicka ¥ - Monika Rakoczy-Trojanowska V) - Leszek tyznik )

Warsaw University of Life Sciences, Institute of Biology, Warsaw, Poland *)

Genome editing and single-cell DNA/RNA sequencing are two major developments that advance the interest
in micromanipulations of plant cells. While microinjections have become standard procedures for studying
cellular activities and for the production of genetically modified metazoan organisms, plant cells do not
readily yield to micromanipulations. We found that microspores reprogrammed for embryogenic
development are suitable for microinjection-facilitated delivery of DNA and protein molecules to
metabolically active wheat cells. The system is compatible with the CRISPR technology, delivering mutations
at the sites of double-strand breaks formed by the Cas9 protein. This is a natural, streamlined procedure for
single-cell cellular/genetic research as well as for genetic micromanipulations towards crop improvement.
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359 - Evaluation and optimization of a direct DNA extraction procedures for the analysis of genome-edited
tomato plants

Ju Hui Do ¥ - Se Hee Park ' - Hyun Min Kim () - Seo Young Park ) - Thanh Dat Mai (¥ - Won Choi ¥ - Hye
Min Jang ¥ - In Yeong Na ¥ - Jae Sung Shim ¥ - Young Hee Joung ¥

School of Biological Sciences and Biotechnology, Chonnam National University, Gwangju, Korea, Republic
of W

Genomic DNA isolation is a crucial technique for the PCR-based characterization of genome-edited plants,
but at the same time, it is also time-consuming step for large-scale analysis. Here, we developed direct DNA
extraction procedures and evaluated their efficiency for PCR-based characterization of genome-edited
tomato plants. To achieve rapid extraction of genomic DNA without homogenization of tomato tissue, we
used intact tomato tissues and evaluate efficiency of genomic DNA extraction by three different factors (heat,
proteinase K, and B-mercaptoethanol). PCR analysis showed that the genomic DNA extracted by heat
treatments was sufficient for robust amplification of target fragments by the PCR reaction. Further
sequencing analysis using the amplified fragment showed clear separation of peaks, which is sufficient for
identification of mutation patterns of the target region. We then tested the procedures with various tomato
tissues harvested from different stage of growth, and found that our methods can be applied for analysis of
tomato leaves and fruits (from green to breaker stages). In addition, we confirmed that the genomic DNA
extraction procedures can be used for analysis of genome-edited rice plants. Our results suggest that the
developed heat-based genomic DNA extraction procedures can be used for rapid screening of genome-edited
plants.

*Corresponding author: Tel. 062-530-5202, e-mail: yhjoung@chonnam.ac.kr
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364 - Direct delivery of CRISPR/Cas9 machinery in grapevine protoplasts and plant regeneration

Floriana Nuzzo - Luca Nerva ? - Walter Chitarra ? - Amedeo Moine ' - Paolo Boccacci V) - Giorgio
Gambino ¥ - Irene Perrone V)

National Research Council, Institute for Sustainable Plant Protection, Torino, Italy Y - Council for
Agricultural Research and Economics, Research Centre for Viticulture and Enology, Conegliano, Italy ?

Plant genetic engineering has seen great improvements thanks to the availability of new biotechnological
tools, including nucleases like TALEN and ZINC-FINGERS, meganucleases and, over the last ten years, the
CRISPR/Cas9 system. The latter has become the predominant choice as it is cost-effective and easier to
design, it allows for precise modification of target gene (or genes), it has been delivered to plant and animal
cells to perform functional studies and to genetically improve desired traits. The plasmid-mediated
CRISPR/Cas9 genome editing by means of Agrobacterium tumefaciens infection consistently provides
efficient transfection of the desired expression cassette; however, it implies that foreign DNA can persist in
the host organism and can potentially have undesired off-target effects. Instead, direct delivery of
CRISPR/Cas9 machinery into protoplasts shows interesting advantages: it offers lower likelihood of off-target
effects and ensures a transient presence of the foreign elements into the plant cell. The ribonucleoprotein
complex (RNP complex) of Cas9 and gRNA is degraded shortly after its transfection, thus allowing the
regeneration of tDNA-free gene-edited plants. In grapevine (Vitis vinifera), gene editing via CRISPR/Cas9
shows up in very few studies, mainly because of the general recalcitrance of this species to transformation
and the highly cultivar-dependent responses to in vitro culture. Herein we present the results concerning the
direct delivery of CRISPR/Cas9 RNPs targeting the pds gene in grapevine protoplasts obtained from
embryogenic calli. Furthermore, we illustrate our progress in the optimization of a protocol for grapevine
plant regeneration from edited protoplasts.
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446 - Targeting plant architectural traits for yield enhancement in chickpea
Udita Basu ¥ - Hari D. Upadhyaya ? - Venkatraman S. Hegde © - Shailesh Tripathi ® - Swarup K. Parida "

National Institute of Plant Genome Research (NIPGR), Genomics-assisted crop improvement, New Delhi,
India V) - International Crops Research Institute for the SemiArid Tropics (ICRISAT), ICRISAT Genebank,
Patancheru, India ? - Indian Agricultural Research Institute (IARI), Division of Genetics, New Delhi, India ®

Chickpea (Cicer arietinum L.), an important legume crop cultivated and consumed worldwide, requires a
breakthrough in its yield and productivity. Since land resources are limited, the focus needs to shift towards
altering the plant types to enhance the net seed yield output. The development of high-yielding cultivars with
restructured plant architecture is required to bridge the gap between demand and production of this crop.
Being indeterminate in nature, chickpea exhibits enormous vegetative growth when subjected to proper
irrigation, which demands more space and creates a competition between vegetative and reproductive tissue
for photosynthates. The semi-determinate plant types with restricted vegetative growth, early flowering,
maturation, and synchronized growth pattern would be more remunerative to farmers in this regard. The
inflorescence architecture, comprising its development timing and features, holds the key to yield stability
with optimal resource use. The developmental events also directly influence the flowering time, a crucial
parameter for stress avoidance in crops like chickpea. Thus, the plant architectural traits have immense
potential for yield enhancement and stability. Considering the relevance of plant architectural traits, a
comprehensive understanding of its genetic regulation and molecular signaling is necessary for future crop
improvement programs in chickpea through translational genomics approaches. Our study integrates various
classical and molecular genetics, and advanced next generation sequencing driven genomics strategies to
delineate major QTLs/genes and natural alleles regulating desired architectural traits. Functional validation
of these molecular signatures in near-isogenic lines (NILs) and transgenics and their subsequent introgression
in chickpea cultivars will help us to develop a high-yielding restructured new plant type in chickpea.
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467 - PhyloGenes: an online resource for plant gene function prediction using phylogeny and prior
knowledge

Peifen Zhang ¥

Phoenix Bioinformatics, NA, Fremont, United States ()

One of the great challenges facing plant biology is accurately and efficiently transferring knowledge gained
from model organisms to other plants. Individual gene duplications and whole genome duplications are
common in plant lineages, which result in complex evolutionary relationships between related genes. Such
genes can have similar sequences but highly divergent functions. Therefore, function inference often requires
integration and analysis of multiple types of information beyond sequence similarity, such as phylogenetic
relationships. We have developed a new resource PhyloGenes (phylogenes.org) that presents precomputed
phylogenetic trees of gene families along with known function information for individual members. By
displaying experimentally validated gene functions associated to individual genes within a tree, PhyloGenes
enables functional inference for genes of uncharacterized function, based on their evolutionary relationships
to experimentally studied genes, in a visually traceable manner. For the many families containing genes that
have evolved to perform different functions, PhyloGenes also facilitates the observation and study of
function evolution. PhyloGenes includes 40 plant genomes and 10 non-plant model organisms represented
in over 8,000 gene families. Trees can be customized to display only genes of the desired species. A tool
allows a user to add a protein sequence from other species to a matching family tree. Over two-thirds of the
families have at least one member with a validated known function as GO terms. The gene function
information displayed adjacent to a tree can be swapped with a multiple sequence alignment with conserved
residues highlighted. Future work will incorporate additional functional datasets such as gene expression and
enable automated genome-scale function prediction. This presentation includes an introduction to
PhyloGenes and a case study of using PhyloGenes for inferring gene function in a crop species.
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474 - Genetic Dissection of Complex Plant Architecture and Yield Component Traits in Chickpea

Laxmi Narnoliya ¥

National institute of plant genome research, National institute of plant genome research, New Delhi, India
@

Chickpea (Cicer arietinum) is an important legume food crop of profound economic and nutritional value.
This is commonly represented by two types of cultivars, desi and kabuli whose genomes have been
sequenced recently. Enhancing chickpea productivity by developing high pod/seed-yielding-cultivars of
restructured new plant types with desirable architecture (erect/semi-erect and semi-dwarf) is very essential
in order to sustain global food security amidst climate change scenario. For instance, in case of the “Green
Revolution”, significant increase in grain yield/productivity has been achieved by growing lodging-resistant
semi-dwarf (ideal plant architecture) varieties of wheat and rice. In this context, genetic dissection of complex
plant architectural quantitative traits is vital to enhance yield, productivity and yield stability in chickpea.
Plant height (PH) and plant width (PW), two of the major plant architectural traits determining the yield and
productivity of a crop, are defined by diverse morphometric characteristics of the shoot apical meristem
(SAM). The identification of potential molecular tags/QTLs and genes that simultaneously modulates these
plant/SAM architectural traits is prerequisite to achieve enhanced yield and productivity in crop plants
including chickpea. The present study integrated a genome-wide association study (GWAS), regional gene-
by-gene association analysis with QTL/fine-mapping and map-based cloning, molecular haplotyping and
transcript profiling, for the dissection of plant/SAM architectural traits in chickpea. These exertions
delineated CabHLH121 transcription factor (TF) gene and its derived natural alleles and superior haplotypes
of a major QTL governing said architectural traits in chickpea. These molecular signatures have potential to
regulate both PW and PH traits by modulating proliferation, differentiation and maintenance of the
meristematic stem cell population in the SAM. The salient outcomes thus be very useful in developing high-
yielding chickpea cultivars restructured with ideal plant architecture and enhanced productivity.
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497 - Role of SIGRAS9 and SIGRAS10 in tomato fruit ripening
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Fleshy fruits, like Solanum lycopersicum (tomato), comprise an indispensable commercial and nutritional
food commodity, being an important crop in agriculture worldwide. Tomatoes are climacteric fruits, and
these fruits continue their fast process of ripening after harvest making it much more difficult to store and
distribute, compared to other fruits. These processes of ripening and post- harvest decay are very complex.
The trigger to the reprogramming of fruit development and ripening comprises several transcription factors
with GRAS as putative regulators. These transcription factors are plant-specific and involved in plant growth
and development. However, their role in fruit development is not fully understood yet. Recent genome-wide
analysis of the GRAS gene family in tomato showed that the duplicated genes SIGRAS10 and SIGRAS9 might
be involved in tomato fruit ripening.

In this study, we have first developed SIGRAS10 mutant plants using CRISPR/Cas9 which generated mutations
in two different regions of the SIGRAS10 gene. Phenotypically, no major differences were found in mutated
fruits compared with wild type fruits. However, molecular analyses using RT-qPCR genes showed that genes
involved in the ripening process were differentially expressed in the mutated fruits compared to the wild
type, in particular, RIN, ACS2 , ACO1, PYL9 and PSY. Currently, we are quantifying carotenoid accumulation
in order to integrate with this information that suggests a role of the SIGRAS10 in tomato ripening.
Additionally, we have developed double mutants for SIGRAS10 and SIGRAS9 that may exhibit functional
redundancy and/or neofunctionalization.
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507 - How to Study Plant Transcriptome Data? Using a Shiny-Based Application Called “NORMALIX"!

Francesca Marzorati Y - Luca Mizzi @ - Piero Morandini ¥

Dept. Environmental Science and Policy, University of Milan, Milan, Italy ‘¥ - Dept. Biosciences, University
of Milan, Milan, Italy ?

Microarray and RNA-Seq technologies allow the investigation of gene expression data for several organisms
under different conditions. Both are widely used to study transcript profiles in plants; however, researchers
without programming skills cannot easily approach and use the massive plant transcriptome data available
online. NORMALIX is an application/open-source web tool implemented in R using the Shiny framework for
the analysis of plant microarray and RNA-Seq data. It is organized in 10 tabs allowing users to perform
different operations, such as the normalization of Affymetrix microarray data for 11 plant species, the
generation of several plots (heatmaps, PCA, dendrograms, scatterplots), Pearson correlation (between
hybridizations and genes) and differential gene expression analyses. Several datasets of normalized
microarray will be freely downloadable and questionable. NORMALIX source code will be available at GitHub,
therefore, users will be able to launch NORMALIX in any operating system with the R programming
environment and RStudio IDE installed. Furthermore, NORMALIX will be also provided online as a shiny
application in web browsers for users who are not familiar with R. NORMALIX is the first tool specifically
designed for plant transcriptomics analysis, developed with a user-friendly web interface for plant
researchers to help them analyzing plant gene expression data. We aim to develop an application that makes
plant transcriptomics approachable to everyone and we hope to upgrade NORMALIX with other features.
Therefore, we encourage users to contribute to future developments of NORMALIX through comments and
suggestions.
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665 - The CHIC project: New Plant Breeding Techniques; Chicory as a multipurpose crop for dietary fibre
and medicinal terpenes

Katarina Cankar ¥ - Dirk Bosch ¥

Wageningen University and Research, Wageningen Plant Research, Wageningen, Netherlands

The CHIC project (Chicory Innovation Consortium), which is funded by the EU Horizon 2020 programme,
consists of 17 partners from 12 different countries. The overall objective is to implement New Plant Breeding
Techniques (NPBTSs) in root chicory in order to establish it as a multipurpose crop and as a sustainable
approach to molecular farming, i.e. the production of health-related products with clear benefits for
consumers. CHIC will develop root chicory varieties that on the one hand produce more and healthier inulin
food fiber and on the other hand produce sufficient amounts of medicinal terpenes. CHIC is highly
interdisciplinary and focussed on interaction with stakeholders. The Consortium will evaluate the technical
performance of different NPBTs, as well as the safety, environmental, regulatory, socio-economic and
broader societal issues associated with them. At the same time CHIC gives great emphasis to communication
about the project and about gene editing in general, also implementing innovative communication methods.
For example, artists will make themselves familiar with genome editing techniques and express their feelings
and views in artworks to inspire a broader public debate. By involving stakeholders and by raising public
awareness at all phases of the project, CHIC strives to ensure responsible and desired innovation.
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Developmental boundaries: choosing between division and differentiation

SABRINA SABATINI

Organogenesis is a complex process in which it is necessary to coordinate tissues and cells at different stages
of development to guarantee the final functional shape of an organ. One strategy to organize the
orchestration of organ development is the separation of cells into distinct functional units. The interpretation
of morphogenetic gradient and cell intrinsic cues sort cells in different fields, generating different domains
of activities. Developmental boundaries are established that separate these domains and preserve over time
their identity and activity. Understanding how these developmental boundaries are first established and
subsequently kept in position during organ growth is a fundamental question in the biology of all multicellular
organisms. In the root of the model plant Arabidopsis thaliana, the Transition Zone (TZ) is a crucial
developmental boundary that separates dividing cells from differentiating ones in the meristem. Combining
molecular genetics with computational modelling we identified several important molecular mechanisms
involved in establishing and maintaining the TZ during root organ growth. Here some of these new identified
molecular networks will be discussed.
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52 - Dissecting the cytokinin genetic pathway and the main gene regulatory networks in Cichorium endivia
leaves: fundamental biology in leafy crops

Giulio Testone ) - Elena Baldoni ? - Maria Adelaide lannelli ¥ - Chiara Nicolodi *' - Elisabetta Di Giacomo
() _ Fabrizio Pietrini ¥ - Giovanni Mele ) - Donato Giannino ! - Giovanna Frugis (")

National Research Council (CNR) of Italy, Institute of Agricultural Biology and Biotechnology (IBBA), Rome,
Italy Y - National Research Council (CNR) of Italy, Institute of Agricultural Biology and Biotechnology (IBBA),
Milan, Italy ¥ - National Research Council (CNR) of Italy, Research Institute on Terrestrial Ecosystems
(IRET), Rome, Italy @

Cytokinins (CKs) regulate important aspects of plant development including leaf shape. Being potent
antagonists of senescence, CKs might be exploited to extend the shelf life properties of leafy vegetables.
Endives (Cichorium endivia var. crispum) and escaroles (C. endivia var. latifolium) are leafy crops belonging
to the Cichorieae tribe which leaves are widely consumed as fresh, minimally processed and cooked food.
Similar to lettuce, their leaves display a wide range of morphology diversity, ranging from smooth (escaroles)
to extremely curly leaves (endives). CK homeostasis and responses may also contribute to leaf morphology
diversity among C. endivia cultivars.

We assembled de novo the transcriptome of C. endivia and reconstructed the genetic pathway of cytokinins:
genes of CK metabolism, transport, signaling and response were annotated, and their expression analyzed in
edible leaves of two endive and two escarole cultivars by RNAseq. Metabolite analysis identified cis-zeatin as
the main cytokinin type in mature leaves, which accumulated as reversibly inactivated zeatin O-glycosylated
storage forms. Metabolite-transcript correlation identified candidate genes for cis- and trans-zeatin
reversible O-glycosylation, and for the two-step interconversion of CK bases, nucleosides and nucleotides,
which have remained elusive for a long time. Gene Co-expression Network (GCN) analyses identified an
AHK4/CRE1 receptor-based module as a major CK regulatory network in edible leaves. K-means clustering
and GCN analyses of transcription factors (TFs) and target pathways (CK, photosynthesis, senescence, leaf
development) identified eight major modules of co-regulated genes, amongst which the two most abundant
ones were anti-correlated and comprised genes promoting photosynthesis or genes involved in oxidative
stress/senescence responses. Most CK-related genes placed within these two clusters. Developmental genes
at the boundary between photosynthesis and leaf development were identified by a “guilt by association”
approach. Finally, differential expression analysis between broad and curly leaves identified novel candidate
TFs putatively involved in leaf shape diversity.
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463 - At the edge of the gate: discerning the GLUTAMATE RECEPTOR-LIKE ligand-binding role in plant
systemic responses

Matteo Grenzi ¥ - Andrea Alfieri ? - Ambra Selene Parmagnani ¥ - Francesca Resentini () - Laura Luoni ¥
- Stefano Buratti (V) - Maria Cristina Bonza ¥ - Alex Costa ¥

University of Milan, Department of Biosciences, Milan, Italy ) - University of Pavia, Centro Grandi
Strumenti, Pavia, Italy ?

Throughout their life plants being sessile organisms are continuously exposed to environmental challenges
that need to be properly perceived and that require appropriate local and systemic responses. Systemic
responses are mediated by long-distance signaling that require the activity of Glutamate Receptor-Like
channels (GLRs). GLRs are homologs of animal lonotropic Glutamate Receptors (iGIuRs) which are ligand-
gated cation channels in the central nervous system. Despite the fact that iGluRs are gated through the
binding with glutamate, the mechanism throughout GLRs are activated is poorly understood. As an example,
we still do not know if the GLRs binding of amino acids is necessary for their activity. Here, | report the setup
of a reliable protocol to visualize long-distance calcium waves in flowers that are almost abolished in the
glr3.3 KO mutant. In order to define the role played by the GLR3.3 amino acid-binding in the long-distance
signaling, | took the advantage of the recently obtained crystal structure of the GLR3.3 Ligand-Binding Domain
(LBD) with the identification of the residues involved in the amino acid-binding. |, therefore, introduced single
point mutations in the genome sequence of the GLR3.3 gene to prevent or abolish its amino acid-binding,
and with the obtained constructs | complemented the glr3.3 KO. By performing calcium imaging analyses
using the established protocol | will define, in vivo, the role of the GLR3.3 amino acid-binding in the long-
distance signaling.
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151 - Sugar hormone message in aspect of apple tree biennial bearing

Giedré Samuoliené () - Darius Kviklys ' - Kristina Lauziké ¥

Lithuanian Research Centre for Agriculture and Forestry, Institute of Horticulture, Babtai, Lithuania

Aiming to explore the reasons of biennial bearing, the effect of apple rootstock, scion cultivar and crop load,
metabolic changes of endogenous phytohormones (zeatin, jasmonic acid, indole-3 acetic acid, abscisic acid
and gibberellins, 1,3 and 7) and soluble sugars (glucose, fructose and sorbitol) and their connections with
return bloom and yield in apple tree buds was analysed. Cvs. ‘Ligol’ and ‘Auksis’ on five rootstocks contrasting
in induced vigour were tested: semi-dwarf M.26; dwarf M.9, B.396 and P 67; and super-dwarf P 22. Crop load
levels were adjusted before flowering leaving 75, 113 and 150 inflorescences tree™. The significant increase
of inhibitor to promoter hormones ratio was in both cultivars grafted on B.396 rootstock, while the significant
increase of hexoses and sorbitol was observed in cv. ‘Auksis’, grafted on B.396 rootstock. The significant
increase of glucose and sorbitol was also found in both cultivars grafted on M. 26 rootstock. Moderate crop
load resulted an increase, while The highest crop load lead to decrease of promoter and inhibitor
phytohormones in ‘Ligol’, while no interaction between crop load was found in ‘Auksis’. Besides, negative
correlation between promoter and inhibitor phytohormones was found in both varieties. Such data suggest,
that B.396 rootstock ensures the most stable return bloom irrespectively on previous year crop load. The
most significant decrease of return bloom was resulted by the highest crop load in cv. ‘Auksis’ grafted on M.9
and P 22 rootstocks. Average difference in number of flowers between 75 and 150 fruits/tree treatments of
cv. ‘Ligol’ was 68%, while for P 22 this difference reached ~90; for M.9 and M.26 rootstocks ~75%. Besides,
return bloom depended both on crop load in previous year, cultivar and rootstock. Such data suggest that
flowering inhibition depended on the phytohormones that were exported to buds and on sugar hormone
signalling cross-talk.

Key words: biennial bearing, Malus x domestica Borkh., phytohormones, rootstock, sugars
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661 - Involvement of ACA8/ACA10 in wounding-induced stomatal closure in Arabidopsis

llaria Fraudentali ¥ - Chiara Pedalino ) - Riccardo Angelini ' - Paraskevi Tavladoraki ¥ - Alex Costa ? -
Maria Cristina Bonza ? - Francesca Resentini @ - Matteo Grenzi ? - Alessandra Cona V)

Department of Science, University “Roma Tre”, Rome, Italy Y - Department of Biosciences, University of
Milan, Milan, Italy

The Arabidopsis thaliana ACA8 and ACA10 encode two distinct plasma membrane-localized auto-inhibited
Ca?*-ATPases which are expressed in different tissues including stomatal guard cells. Years of intense studies
have shown that ABA, plasma membrane hyperpolarization, ROS, external Ca**, among other stimuli, activate
plasma membrane Ca?* permeable channels leading to cytosolic [Ca?*] increases. Interestingly, in guard cells
cytosolic [Ca?*] increases often occur in the form of repetitive [Ca?*] oscillations whose frequency, duration,
amplitude and transient number, which are linked to fluctuations in the membrane voltage and in ions’
fluxes, regulate the stomatal aperture. In this study, the role of ACA8 and ACA10 in stomatal closure induced
by root or leaf wounding was investigated by genetic approaches with loss and gain of function approaches.
In wild-type seedlings, leaf/root wounding induced both local and systemic signaling leading to stomatal
closure after 5’ (local response) as well as after 5" or 60 (systemic responses to root or distal leaf wounding,
respectively). In contrast, aca8/acal0 insertional double mutants were unresponsive. Interestingly, also
35S::ACA8 over-expressing lines were found to be unresponsive to stomatal closure induced by leaf or root
wounding. No differences in stomatal closure between wild-type and null mutants or 35S::ACA8 over-
expressing lines were observed in control conditions. RT-gPCR analysis showed an induction of both ACA8
and ACA10 expression upon leaf wounding after 24h, that was stronger for ACA10 (10 fold) in respect to
ACAS (3 fold). As a whole, these results suggest the involvement of ACA8/ACA10 in stomatal closure induced
by leaf or root wounding and led us to hypothesize that these Ca?*pump isoforms may be necessary for the
correct modulation of the cytosolic Ca?* levels in the guard cells (locally) as well as in the other tissues
involved in the long-distance wound response.
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Mitigating the impact of a warming climate on photosynthetic carbon gain with an alternative
photorespiratory pathway.

Donald Ort ¥ - Amanda Cavanagh @ - Paul South @

University of lllinois, Plant Biology, Urbana, United States ! - University of Illinois, Institute for Genomic
Biology, Urbana, United States ?

Agricultural production faces numerous global change-related abiotic stresses, including rising temperatures,
which pose a threat to global food production and sustainability. Global temperatures are rising, and higher
rates of temperature increase are projected over land areas that encompass the globe's major agricultural
regions. In addition to increased growing season temperatures, heat waves are predicted to become more
common and severe. Among the physiological processes that underlie crop yield that are susceptible to high
temperatures, photosynthetic carbon gain is among the most important where the effects high temperature
can interact with other climate change factors. Strategies to adapt photosynthesis to the warming climate
and episodes of extreme high temperature will be critical to sustaining productivity much less to increase
productivity to meet anticipated increasing agricultural demand. There are numerous points of high
temperature sensitivity in photosynthesis that could be targeted including photorespiration.
Photorespiration is a very large energetic cost to C3 plants and its rate increases with temperature, increasing
the overall energetic cost and lowering net photosynthesis. We have investigated installing more
energetically efficient non-native pathways that substitute for the native pathway to mediate the impact of
increasing temperature on net carbon gain with promising preliminary results.
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17 - Molecular determinants of grana stacking in plant thylakoid membranes
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Netherlands ® - Istituto Italiano di Tecnologia, Nanochemistry Department, Electron Microscopy
Laboratory, Genova, Italy ©

The chloroplast thylakoid membrane is the site of the light reactions of photosynthesis. The plant thylakoids
are spatially divided into the stacked grana regions and the interconnecting unstacked stromal lamellae
regions. The photosynthetic complexes that perform the light reactions are heterogeneously distributed
among these two regions, with Photosystem Il (PSll) and its associated light-harvesting complex (LHCII),
together forming the PSII-LHCII supercomplex, predominantly located in the grana stacks. Grana stacking in
plant chloroplast thylakoid membranes dynamically responds to the light environment.

We performed a structural and proteomic investigation on the dynamic thylakoid stacking in pea (Pisum
sativum) plants grown under different light intensities. As starting material, we used either thylakoid
membranes isolated in close-to native state or purified PSII-LHCII supercomplexes. For our investigations,
we adopted an integrated approach based on: 1) cryo-electron tomography and cryo-transmission electron
microscopy to get insights on the structural determinants of the stacking of grana regions and 2) top-down
and cross-linking mass spectrometry to detect at molecular detail the protein-protein interactions
responsible for the thylakoid stacking.

Through this integrative structural biology approach: 1) we detected PSII-LHCIl supercomplexes clearly
facing in adjacent thylakoid membranes structurally interacting through stromal connecting densities; 2)
we uncovered at molecular detail the spatial organization of PSII-LHCIl supercomplexes arranged in a paired
conformation across the stromal gap within the grana thylakoid membranes. These findings highlight a basic
molecular mechanism whereby plants maintain grana stacking at changing light conditions. This mechanism
relies on interactions between stroma-exposed N-terminal loops of LHCII trimers and Lhcb4 subunits of PSII-
LHCII supercomplexes facing each other from adjacent membranes. The combination of light-dependent
LHCII N-terminal trimming and extensive N-terminal a-acetylation likely affects interactions between pairs
of PSII-LHCII supercomplexes across the stromal gap, ultimately mediating membrane folding in grana
stacks.
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111 - The influence of LHCII complex composition on the grana structural regularity in Arabidopsis thaliana
plants

Radostaw Mazur V) - tucja Kowalewska @ - Sylwia Chromiec ¥ - Rafat Luchowski ' - Wiestaw I. Gruszecki
®) - Maciej Garstka V)
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- Department of Biophysics, Institute of Physics, Maria Curie-Sklodowska University, Lublin, Poland ©®

The chloroplast thylakoid network forms an intricate spatial structure composed of stacked grana
membranes and unstacked stroma thylakoids. The ideal granum structure is built with multiple thylakoid
membranes with the same diameter forming a perfect cylindrical shape. However, in most plant species,
grana structures are highly irregular — with a variable diameter of particular thylakoid layers and their shift
in the lateral plane. Such irregular granum arrangement results in a significant increase in the area of granum
end membranes and, as a consequence, change of the biochemical composition of the granum. Although
there is a large amount of data concerning thylakoid network structural reorganization in different
conditions, the influence of grana structural irregularity on these processes is completely unknown.

The aim of this study was to characterize the grana structural regularity in Arabidopsis wt plants and aslhcb2-
12 mutant. The studied mutant, characterized by lowered photosynthetic capacity, is depleted of Lhcb1 and
Lhcb2 proteins playing the main role in grana stacking. Microscopic analysis showed that the grana structures
in the aslhcb2-12 mutant were smaller compared to wt plants. However, there was a higher number of grana
stacks per chloroplast cross-section in aslhcb2-12, and these grana were extremely regular compared to less
abundant irregular grana stacks of wt plants. Biochemical data confirmed mutant phenotype i.e. strong
depletion of Lhcbl and Lhcb2, and the increase of Ihcb5 protein contents. Different organization of the
thylakoid membrane complexes was also reflected by increased chlorophyll fluorescence lifetime in aslhcb2-
12 compared to wt plants.

In conclusion, the lack of two main LHCII proteins did not retard the grana formation process. However, it
resulted in the presence of unusual for Arabidopsis plants highly regular grana stacks that maintain their
regularity during illumination. This result suggests the potential role of grana irregularity in photosynthetic
efficiency tuning in changing light conditions.
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181 - Novel function for an iron regulator: OsbHLH60 activates a C4 PEPC1 promoter
Pedro Carvalho * - Jane Langdale ¥ - Nelson Saibo !

Intituto de Tecnologia Quimica e Biologica Antonio Xavier, NOVA University of Lisbon, Oeiras, Portugal ¥
- Department of Plant Sciences, Oxford University, Oxford, United Kingdom

Rice is the staple food for over half of the world population and its yield must increase in the next decades.
Engineering C4 photosynthesis into rice (C; plant) may help meeting this goal, since C4 plants outperform C;
in hot and dry climates. C, evolution was preceded by major regulatory changes in genes encoding key
enzymes. A good example is phosphoenolpyruvate carboxylase (PEPC) whose promoter evolved to drive high
expression in mesophyll cells of C4 plants. Interestingly, this C4 promoter also drives mesophyll-specific gene
expression in Cs; species, such as rice. It is therefore fundamental to identify rice regulators of C4 PEPC1
promoters. Using a Yeast One-hybrid system, we identified the transcription factor OsbHLH60 as binding to
the C,4 Setaria viridis PEPC1 promoter (promSvPEPC1). To investigate the function of OsbHLH60 regulating
promSvPEPC1, we constructed a rice transgenic line harbouring B-glucuronidase (GUS) driven by
promSvPEPC1, which drives mesophyll-specific gene expression in rice, and knocked out OsbHLH60 in this
reporter line using CRISPR-Cas9. These transgenic lines showed a clear reduction in GUS expression,
indicating that OsbHLH60 acts as an activator of PEPC1 expression. Since OsbHLH60 was known to be
stabilized under iron deficiency and to understand whether promSvPEPC1 regulation by OsbHLH60 was
somehow modulated by iron, the promSvPEPC1::GUS lines, with wild-type OsbHLH60, were subjected to iron
deficiency. Although OsbHLH60 should be stabilized under iron deficiency and thus activate GUS expression,
we observed reduced GUS expression, suggesting that activation of the promSvPEPC1 by bHLH60 is iron
independent. This work suggests that a C; pre-existing gene regulatory network was co-opted by C,4 plants to
regulate PEPC1 expression. This regulation might have been involved in the high PEPC1 expression that
allowed the appearance of C; photosynthesis. In the near future, we aim to characterize the biological
function of bHLH60 in C4 plants.
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476 - Toward an effective use of microalgae by disentangle LHCSR role on non photochemical quenching
(NPQ) in Chlamydomonas reinhardtii
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Photosynthetic organisms evolved a photoprotective mechanism inducing thermal dissipation of excessive
light energy, called Non-photochemical quenching (NPQ). The proper balance between photoprotection and
light conversion for carbon fixation has been proposed as domestication target both in plants and in algae.
In the model organism for green algae, Chlamydomonas reinhardtii, pigment binding proteins LHCSR(s), were
reported as the main actors in NPQ. In this work the mechanism of action of LHCSR was studied using a
combination of in vivo and in vitro approach. Despite high sequence identity of the two isoforms of LHCSR
present in C. reinhardtii, LHCHSR3 showed a stronger quencher activity compared to the LHCSR1 due to a
different occupancy of L2 carotenoid binding site. Two distinct quenching processes, individually controlled
by pH and zeaxanthin, were identified within LHCSR3. Either pH- or zeaxanthin-dependent quenching are
able to protect against reactive oxygen species, and thus the two quenching processes may together provide
different induction and recovery kinetics for photoprotection in a changing environment. By site-specific
mutagenesis on chlorophyll binding sites the molecular details of NPQ induction was further investigated at
intramolecular level in LHCSR3. Multiple quenching sites, cooperatively dissipating the excitation energy,
were revealed with a peculiar role of Chl 613, a chromophore located a close distance to carotenoid binding
site L1. These results allow to better understand the NPQ mechanism in Chlamydomonas reinhardtii opening
the possibility to the generation of mutants with modified NPQ induction fully exploiting the microalgae
potential for a growing world.
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79 - LHCII proteins phosphorylation changes involved in the dark-chilling response in plant species with
different chilling tolerance

Matgorzata Krysiak ' - Anna Wegrzyn ¥ - Maciej Garstka (*) - Radostaw Mazur ¥

Department of Metabolic Regulation, Faculty of Biology, University of Warsaw, Warsaw, Poland ¥

Under constantly fluctuating environmental conditions, the thylakoid membrane protein network evolved
the ability to dynamically respond to changing biotic and abiotic factors. One of the most important
protective mechanism is rearrangement of the chlorophyll-protein (CP) complexes, induced by protein
phosphorylation. In a temperate climate, low temperature is one of the abiotic stresses that heavily affect
plant growth and productivity.

The aim of this study was to determine the role of LHCIl antenna complex phosphorylation in the dark-chilling
response. The study included an experimental model based on dark-chilling at 4 °C of detached chilling
sensitive (CS) runner bean (Phaseolus coccineus L.) and chilling tolerant (CT) garden pea (Pisum sativum L.)
leaves. This model is well described in the literature as used for the analysis of chilling impact without any
additional effects caused by light. We examined changes in thylakoid membrane protein phosphorylation,
interactions between phosphorylated LHCII (P-LHCII) and CP complexes, and their impact on the dynamics of
photosystem Il (PSIl) under dark-chilling conditions. Our results showed that the dark-chilling treatment of
CS bean leaves induced a substantial increase of phosphorylation of LHCII proteins, as well as changes in CP
complexes composition and their interaction with P-LHCII. The PSIl photochemical efficiency measurements
showed that in bean, PSIl is overloaded with light energy, which is not compensated by CP complexes
rearrangements. On the contrary, no significant changes in PSIl photochemical efficiency, phosphorylation
pattern and CP complexes interactions were observed in CT pea. In conclusion, our results indicate that
different responses of the LHCII phosphorylation to chilling stress take place in CT and CS plants, and that
kinetics of LHCII phosphorylation and interactions of P-LHCII with photosynthetic complexes may be crucial
to chilling stress response.
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104 - Single-walled carbon nanotubes affect the thylakoid membrane structure and photosynthetic light
utilization in pea plants
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Increased environmental pollution with carbon-based nanomaterials raises the question of their modes of
interaction with plants and therefore with the whole terrestrial ecosystem. On the other hand, carbonaceous
nanoparticles such as single-walled carbon nanotubes (SWCNTs) have demonstrated promising applicability
as novel carrier molecules, optical probes, etc. The reports on the physiological effects of SWCNTs on higher
plants are highly contradictory and fragmentary, i.e. detailed data on their impact on plant photosynthetic
apparatus is still missing.

We have studied the photosynthetic activity, architecture and macroorganization of thylakoid membranes
of pea plants sprayed with various concentrations (10-300 mg L) of SWCNTs functionalized with Pluronic
P85 copolymer.

PAM imaging of intact pea plants treated with SWCNTSs revealed no significant alterations in the maximum
photochemical efficiency of photosystem Il. Nonetheless, a concentration-dependent effect of SWCNTs on
the kinetics of the non-photochemical quenching of chlorophyll a fluorescence was established. In addition,
SWCNTs were found to affect the xanthophyll cycle pigments content.

Transmission electron microscopy images of pea chloroplasts showed that spraying with increasing
concentrations of SWCNTSs leads to progressive thylakoid swelling and, at 300 mg L™ - to significant alteration
of the thylakoid architecture. Circular dichroism spectra of isolated thylakoids indicated rearrangement of
the pigment-protein complexes in the photosynthetic membranes of SWCNTs-treated plants with respect to
their untreated counterparts.

Our data reveal that the foliar application of SWCNTSs affects both the functional and structural properties of
the photosynthetic apparatus of pea plants.
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137 - Blue light signaling components interacts with the microRNA biogenesis and processing machinery in
Arabidopsis thaliana pif mutant plants
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Light can affect MIR gene transcription, miRNA biogenesis, and RNA-induced silencing complex (RISC) activity,
thus controlling not only miRNA accumulation but also their biological function. It has been found that
miRNAs are regulated by transcription factors (TFs) involved in plant responses to light of varying spectral
composition. It is known that the interaction of PIF4 (phytochrome interacting factor 4) with the
photoactivated form of phytochrome B (PHYB) regulates a subgroup of downstream TFs by binding to the
promoters of these genes. At the same time, PIF4 regulates microRNA biogenesis by binding directly to the
promoters of their Dicer-likel (DCL1) and dsRNA binding protein (HYL1) genes, contributing to the
destabilization of these important processor proteins capable of regulating mature microRNA under red light.
PIF4 can regulate the expression of light-dependent miRNAs when exposed to red light, however, to what
extent PIF4 regulates miRNA expression in blue light remains unstudied.

We showed that under the conditions of blue light, the expression of miR160a, miR167a, miR165a and
miR833a-5p MmiRNAs in the A. thaliana pif4 mutant was significantly changed. We found that PIF4 plays a
negative role in the PHYB signaling pathway and found that PIF4 integrates blue light signal transmission and
miRNA biogenesis by regulating transcription and miRNA processing by acting on DCL1. In addition, we found
that under blue light, the CRY1 photoreceptor is likely to interact with PIF4 and suppress its interaction with
PHYB, which confirms the presence of coordination between the blue and red light signals transduction. At
the same time, the light phytochrome signaling components COP1 and PIF4 regulate the stability of the HYL1.
Therefore, light can affect miRNA levels by regulating light signaling components that modulate the amount
of miRNA biogenesis and processing factors.

The reported study was funded by RFBR, project number 20-34-70130
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265 - Impact of photosynthesis and respiration on ATP levels in different subcellular compartments of
Physcomitrella patens.

Alessandro Alboresi ' - Piero Novel ) - Marco Mellon ) - Anna Segalla ¥ - Mattia Storti ) - Tomas
Morosinotto ¥

Universita di Padova, Dipartimento di Biologia, Padova, Italy V!

Life depends on the ability of photosynthetic organisms to exploit sunlight for carbon dioxide fixation into
organic carbon molecules. In the chloroplast, ATP and NADPH are the final products of light-driven
photosynthetic linear electron flow. At the same time though, alternative electron flow (AEF) pathways are
suggested to modulate ATP:NADPH ratio to satisfy the demand of the Calvin—Benson cycle. In particular,
cyclic electron flow (CEF) transfers electrons from photosystem | to the plastoquinone pool according to two
mechanisms: one depends on proton gradient regulators (PGR5/PGRL1), while the other on type | NADH
dehydrogenase (NDH) complex. Another pathway, called pseudocyclic electron flow (PCEF), uses electrons
from photosystem | to reduce oxygen; in several groups of photosynthetic organisms excluding angiosperms,
PCEF is sustained by flavodiiron proteins (FLVs). Interestingly, these three pathways are all active in the moss
Physcomitrella patens and we have demonstrated that the mutant plants depleted in the corresponding
proteins show damage to photosystem | and severe growth defects, meaning that they are functionally
redundant and essential. The picture we obtain is that AEF pathways are not “regulatory” mechanism that
helps responding to environmental dynamic changes but rather an essential component, indispensable for
photosynthesis.

Now we are investigating their role in energetic metabolism by analyzing the ATP dynamics in Physcomitrella
patens plants. The fluorescent protein biosensor ATeam1.03-nD/nA expressed in the cytoplasm, chloroplasts
and mitochondria detected differences in ATP compartmentation in the protonema and the gametophore of
Physcomitrella patens. The multiple subcellular localization is of interest, given that chloroplasts and
mitochondria are two main organelles that participate in the supplying of ATP pools to support the
metabolism of plant cells. In fact, employing a combination of photosynthetic mutants and respiration
inhibitors with compartment specific ATeam biosensor, highlighted bioenergetic communication in
Physcomitrella patens cells.
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309 - Real-time monitoring of the dynamics of NADPH and NADH/NAD+ ratio in Arabidopsis thaliana during
photosynthesis

Shey-Li Lim ¥ - Boon Leong Lim @

PhD student, The University of Hong Kong/ School of Biological Sciences, Kong Kong, Hong Kong ' -
Associate Professor, The University of Hong Kong/ School of Biological Sciences, Hong Kong, Hong Kong @

The malate-OAA shuttles mediated by malate-OAA transporters and NAD(P)-dependent malate
dehydrogenases (MDHs) in plastids, cytosol, peroxisomes and mitochondria enable indirect exchanges of
reducing equivalents between these subcellular compartments. The MDHs often play a vital role during
photosynthesis and photorespiration. It is well known that mitochondrion is the major organelle that
produces adenosine triphosphate (ATP) through the mitochondrial electron transport chain (mETC).
However, the sources of reducing equivalents for mETC during illumination remains unclear. In this study, we
employed two circularly permuted fluorescence proteins, namely iNAP and SoNar, to monitor the dynamic
changes of NADPH and NAD(H) statuses in planta. We found that illumination increased the NADPH level and
NADH/NAD" ratio in the chloroplast stroma. A gradual increment of cytosolic NADH/NAD* ratio can also be
detected upon 120 sec of illumination. To study the possible source of NADH in mitochondria, we
investigated the effects of photosynthesis, photorespiration and mETC inhibitors on the flow of reducing
equivalents. Surprisingly, when the photorespiration was inhibited by aminoacetronitrile, a photorespiratory
inhibitor, the increases in plastid stroma NADPH level and NADH/NAD* ratio disappeared upon illumination,
suggesting a significant amount of reducing equivalents was exported from the chloroplast through the
malate-OAA shuttles when the production of NADH by glycine decarboxylase (GDC) in mitochondria was
inhibited. These data imply that, under normal photorespiratory condition, the production of NADH by GDC
in mitochondria may exceed the NADH-dissipating capacity in the mETC. As a consequence, the surplus NADH
has to be dissipated by exporting malate from the mitochondria to the cytosol through the mitochondrial
malate valve. Taken together, our findings suggest that photorespiration is the major source of reducing
equivalents in mitochondria during photosynthesis.
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346 - Mechanisms of photoprotection in photosynthesis of winter wheat

Muhammad Naeem Arif ¥ - David Bina ‘! - Radek Litvin ¥

University of South Bohemia Czech Republic, Department of Chemistry, Ceske Budejovice, Czech Republic
@

Field-grown plants are exposed to highly variable sunlight intensity as a result of shifting cloud cover,
seasonal changes, canopy shading, and other environmental factors. A number of different photoprotective
approaches are employed by plants in environments where low temperatures occur on a seasonal basis. The
goal of this study was to investigate photoprotective mechanisms in winter wheat by monitoring the changes
in photophysical properties, chlorophyll content and pigment composition during the whole vegetative
growth period in the field. We observed that winter wheat maintains its maximum photosystem Il efficiency
(Fv/Fm) during the winter period. Two very distinctive responses were observed in NPQ and electron
transport between winter and spring seasons. Non-photochemical quenching (NPQ) capacity was higher in
winter than in the spring and was accompanied by lower electron transport rate (ETR). Winter NPQ
development exhibited much faster evolution even at low irradiance levels in comparison with spring NPQ.
Xanthophyll cycle pigment pool size was increased in the winter period. The Chl a/b ratio increased in winter
and declined in spring. A specific response accompanied long term frost conditions. We observed an
accumulation of zeaxanthin and significant temporary lowering of Fv/Fm parameter in prolonged periods
with temperatures below 0°C. We show that the xanthophyll cycle is operating in full extent even in
temperatures approaching freezing. The results show that winter wheat maintains the function of
photosynthetic apparatus throughout winter season without entering a phase of permanent quenching,
which differs from other overwintering evergreen plants.
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394 - OsPAP3 is a key regulator of chloroplast development in rice
Deok Hyun Seo ) - Geupil Jang V)

School of Biological Sciences and Technology, Chonnam National University, Gwangju, Korea, Republic Of
@

Transcription of chloroplast genes is a key step determining chloroplast development, and plastid-encoded
RNA polymerase (PEP) is a major RNA polymerase governing the transcription of chloroplast genes. The
activity of PEP largely relies on at least 12 PEP-associated proteins (PAPs) encoded in the nuclear genome of
plant cells. A recent model proposed that these PAPs regulate the establishment of the PEP complex through
broad PAP-PEP or PAP-PAP interactions. Previously we identified AtPAP3, which plays a pivotal role of
chloroplast development. Expression of AtPAP3 is tightly regulated by light conditions, and knock-out
mutants of AtPAP3 have severe defects in chloroplast development. Rice is an important staple crop
supporting approximately two-third of the world’s population, and rice productivity largely depends on
photosynthetic activity and chloroplast development. In this study, we identified rice PAP3 (OsPAP3), which
plays a crucial role in chloroplast development in rice. Expression analysis showed that transcript level of
OsPAP3 is much higher in leaves with chloroplasts than in roots, and the expression is regulated by light
conditions, similar to AtPAP3. Furthermore, CRISPR/Cas9-mediated mutation of OsPAP3 induced whitening
phenotype, which is caused by defects of chloroplast development. Together with the result that OsPAP3
proteins specifically localize in chloroplasts, these findings suggest that OsPAP3 is a key regulator controlling
chloroplast development in rice.
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482 - How light influence the rearrangements of super- and megacomplexes in the non-appressed
thylakoid membranes of maize mesophyll chloroplasts?

Aleksandra Urban ¥

Department of Molecular Plant Physiology, Institute of Environmental Biology, Faculty of Biology,
University of Warsaw, Warsaw, Poland

“State transitions” is a short-term mechanism of balancing energy distribution between photosystem | (PSI)
and photosystem Il (PSIl). When PSll is preferentially excited (state 2), a phosphorylated pool of mobile LHCII
antenna migrate from PSII to PSI. Plants are in state 1 when LHCII are dephosphorylated and migrate back to
PSII. Analysis of the non-appressed thylakoid membranes of maize mesophyll chloroplasts after exposure of
plants to changing light conditions revealed that light leads to a remodeling of the protein complexes
composition in stroma thylakoids. We revealed for chloroplasts isolated from low and high light grown plants
that PSI-LHCI-LHCII complex contain trimers with Lhcb1 and Lhcb2 proteins and also Lhcb4 protein but does
not contain Lhcb3 protein. We identified three megacomplexes of PSI-LHCI-LHCII-PSII with different amount
of PSIl polypeptides (D1, Lhcb1, 2, 3, 4 and 5), indicating that megacomplexes had a different molecular mass
according to the level of PSll and PSI proteins. Itis of great interest that megacomplexes contained all antenna
proteins of PSIl in different composition. LHCII trimers are composed with Lhcb1, 2 and 3 proteins and also
are the trimers containing additionally Lhcb4 protein. We found that far red light differently influenced
remodeling of complexes for low and high light grown plants. Up to date the movement of LHCII has been
understood as a mechanism for balancing light absorption between the photosystems. The behavior of the
complexes that we have described does not seem to us to be well explained by this model. Rearrangement
of super- and megacomplexes also seem to play a role for PSl in excitation quenching and in PSII turnover.
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573 - Impact of long-term high-intensity light on photosynthetic processes in Solanum lycopersicum hp
photomorphogenetic mutants

Pavel Pashkovskiy ¥ - Alexandra Khudyakova ? - Anatoliy Kosobryukhov ? - Valeria Strokina ? - Vladimir
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Timiryazev Institute of Plant Physiology, Russian Academy of Sciences, Moscow, Russian Federation ) -
Institute of Basic Biological Problems, Russian Academy of Sciences, Moscow, Russian Federation @

In nature, the intensity of sunlight can exceed 2000 pmol photons m?s™. In this regard, a large number of
mechanisms have been formed in plants that protect leaves from photoinhibition. One of the molecular
mechanisms that protect plants from high-intensity light (HIL) is the DNA BINDING PROTEIN DAMAGE (DDB)
reparases, which prevent and repair DNA damage in the cell nucleus. In addition, DDB is involved in the
transmission of light signals through the negative regulation of DET1 and COP1 proteins involved in the
proteosomal degradation of transcription factors HY5, HYH, LAF1, HFR1, which provide a positive regulation
of photomorphogenesis and are associated with the accumulation of various pigments such as carotenoids
and flavonoids. Using photomorphogenic mutants hp of S. lycopersicum plants, we were able to show the
role of deficiencies in DDB1 and DET1 proteins in the accumulation of leaf pigments and in the adaptation of
the photosynthetic apparatus (PA) to long-term HIL. The increased ability of the hp-1,2 mutant to adapt to
HIL is most likely associated with both a complex of morphological features (increased leaf thickness, high
transpiration, and reduced plant height) and the ability to accumulate a large number pigments that serve as
an optical filter and neutralize reactive oxygen species. An increased expression of genes of transcription
factors HY5, HYH, LAF1 and HFR1 and enzymes of pigment biosynthesis (PAL1, CHS, ANS) was also found in
the mutants. We assume that, along with an increased content of protective pigments, one of the
explanations for the observed phenomena may be an increased expression of a number of light-depended
genes, the regulatory properties of which may be broader than previously thought.

This work was supported by the RFBR grant No. 20-04-00512.
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578 - Cryptochrome 1 is important for sustainability of photosynthetic apparatus of A. thaliana plants
under high irradiance conditions

Pavel Pashkovskiy (' - Alexandra Khudyakova ? - Anatoliy Kosobryukhov ? - Valeria Strokina ? - Vladimir
Kreslavski ?

Timiryazev Institute of Plant Physiology, Russian Academy of Sciences, Moscow, Russian Federation ) -
Institute of Basic Biological Problems, Russian Academy of Sciences, Moscow, Russian Federation @

Photoreceptor cryptochrome 1 (CRY1) that mediates primarily blue light-induced inhibition of hypocotyl
elongation and photoperiodic control of floral initiation, and regulates other light-regulated responses,
including circadian rhythms, stomatal opening etc. Using the A. thaliana hy4 mutants with cryl deficiency,
grown under blue and red light we studied the relationship between stress-resistance of the plant
photosynthetic apparatus to high intensity white light (HIL). HIL inhibited PSII photochemical activity and
photosynthesis rate (P,) in plants grown both at low (30 pmol photons m2s?) and higher (130 pmol photons
m2s!) intensity of blue and red light. However, decreasing the activity of photosystem 2 (PS2) and Pn in hy4
mutant grown at higher blue light intensity was higher than in WT. In red and low blue light plants no
difference between hy4 and WT was found. In plants grown in blue light of higher intensity, the expression
levels of genes of key transcription factors (HYH, HY5, FHY1, LAF1, FHY3, HFR1), enzymes of carotenoid and
flavonoid biosynthesis (CHS, FLS1, PAL1, LDOX, PSY) and antioxidant enzymes (GR, GP, APX1) were enhanced
after HIL irradiation than in plants of low blue light. We hypothesize that this difference in adaptation of
plants to HIL depends on blue light intensity and it is likely linked to the carotenoids and UV-absorbing
pigments content, which was significantly higher in the WT than in the hy4 mutant. A hypothesis has been
put forward about the presence of a new property of cryptochrome 1 - its importance for maintaining PA
stress resistance when growing plants in white light containing a sufficiently high intensity of blue light in its
spectrum.

This work was supported by the RFBR grant No. 20-04-00512.
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627 - State transitions - a side effect of redox signaling cascade caused by dark-chilling?

Malgorzata Krysiak ¥ - Anna Wegrzyn @ - Jan Mazur V) - Maciej Garstka ¥ - Radoslaw Mazur
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Under constantly fluctuating environmental conditions, the thylakoid membrane protein network evolved
the ability to dynamically respond to changing biotic and abiotic factors. In a temperate climate, low
temperature is one of the abiotic stresses that heavily affect plant growth and productivity. One of the most
important protective mechanisms is the rearrangement of the chlorophyll-protein (CP) complexes, induced
by protein phosphorylation. The mechanism of this process under dark-chilling conditions is still unknown.
That is why this study aimed to determine the role of light-harvesting complex Il (LHCIl) phosphorylation in
the dark-chilling response. The study included an experimental model based on dark-chilling at 4 °C of
detached chilling sensitive (CS) runner bean (Phaseolus coccineus L.) and chilling tolerant (CT) garden pea
(Pisum sativum L.) leaves. This model is well described in the literature as used for the analysis of chilling
impact without any additional effects caused by light. We examined changes in thylakoid membrane protein
phosphorylation, interactions between phosphorylated LHCII and CP complexes, and their impact on the
dynamics of photosystem Il (PSIl) under dark-chilling conditions. Our results showed that the dark-chilling
treatment of CS bean leaves induced a substantial increase of phosphorylation of LHCII proteins, as well as
changes in CP complexes composition and their interaction with phosphorylated LHCII. On the contrary, no
significant changes in phosphorylation pattern, CP complexes interactions, and PSIl photochemical efficiency
were observed in CT pea. We propose that role of dark-chilling induced LHCIl phosphorylation is not a
protection of photosynthetic machinery from damage, but rather a side effect of the redox signaling cascade
triggered by chilling stress, and this unnecessary activation of metabolic processes might be the foundation
of chilling sensitivity.

Acknowledgments: presented work was financed by the National Science Centre, Poland grant No.:
2016/23/D/NZ3/01276
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640 - The crucial roles of mitochondria in supporting C4 photosynthesis
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Cs photosynthesis involves a series of biochemical and anatomical traits that significantly improve plant
productivity under conditions that reduce the efficiency of C; photosynthesis. With efforts being made to
engineer the C, photosynthetic machinery into C; crops, there is an urgent need to understand the direct and
indirect contributions mitochondria make to the functioning of C4 photosynthesis. Such knowledge is also
needed if we are to improve representation of leaf respiration of plants using the C, pathway in global models
that predict rates of CO; exchange between vegetation and the atmosphere. In this poster, we explore how
evolution of the three biochemical types of Cs photosynthesis (NADP-ME, NAD-ME and PCK types) has
affected the functions and properties of mitochondria. We then examine the extent to which these changes
in properties have contributed to variation in rates of C, leaf respiration. Mitochondria in C; NAD-ME and
PCK types play a direct role in decarboxylation of Cs metabolites and/or production of ATP for C,
photosynthesis. Such involvement has increased mitochondrial abundance/size and associated enzymatic
capacity, and has altered mitochondrial location, ultrastructure and role in cellular carbon metabolism in the
NAD-ME and PCK types. By contrast, these changes in mitochondrial properties are absent in the C4 NADP-
ME-type and C; leaves, where mitochondria play no direct role in driving photosynthesis. From an eco-
physiological perspective, the available data — limited as it is — suggests that rates of leaf respiration in
darkness vary considerably among species but does not differ systematically among the three C4 types at a
common measuring temperature. This poster outlines further mitochondrial research in key areas central to
the engineering of C, pathways into Cs; plants and highlights the need for further work characterising
phylogenetic variation, environmental impacts, and biogeographical patterns in rates of leaf respiration of C4
plants.
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677 - Influence of prolonged darkness and dark-chilling conditions on the phosphorylation status of LHCII
proteins in Arabidopsis thaliana
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Reversible phosphorylation of photosystem Il light-harvesting complexes (LHCII) is well established
protective mechanism enabling efficient response to changing light conditions due to its regulation of LHCII
affinity to photosystems. However, changes in LHCIl phosphorylation were observed also in response to
abiotic stress regardless of photoperiod. Regulation of this process under dark-chilling conditions remains
unexplained. Consequently, this study aimed to investigate the response of Arabidopsis thaliana LHCII
phosphorylation mutants, stn7 and tap38, to dark-chilling. 6-week old A. thaliana plants were treated with
dark-chilling or dark conditions in reference to regular photoperiod for 3-days and examined in selected time
points. We identified the pattern of LHCIl phosphorylation by application of electrophoresis followed by
immunoblotting. Analysis of low temperature (77K) chlorophyll a fluorescence provided information about
the organization of photosynthetic complexes. We also monitored the efficiency of photosynthetic
apparatus in vivo by measuring Pulse Amplitude Modulated chlorophyll a fluorescence. Our results showed
that changes in the maximal quantum vyield of PSII (Fv/Fm) during dark-chilling were similar in all examined
lines, however, altered kinetics of nonphotochemical quenching parameter was observed in the stn7 line.
LHCIl phosphorylation level was constantly increasing from 24 h of dark treatment in all lines,
excluding stn7, which correlated with a decrease of Fv/Fm. Moreover, stn7 mutant with inactive LHCII
phosphorylation process showed significantly lower Fv/Fm values measured after a long dark period
compared with other lines. Collected data created a view of the relation between LHCIl phosphorylation
status and dark-chilling response, enabled identification of key time points of A. thaliana response to dark-
chilling, and shed new light on the influence of prolonged darkness on LHCII phosphorylation status.

Presented work is a part of the project financed by the National Science Centre, Poland grant No.:
2016/23/D/NZ3/01276.
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TOPIC:
Phenotyping plant performance under abiotic stress

Keynote Lecture

Plant performance under abiotic stress: combining multi scale phenotyping, modelling and genomic
prediction

Francois Tardieu

The plant science community takes for granted that the triplet mechanism (QTL)-phenomics-genomics is the
best, perhaps the only way towards efficient breeding in a changing climate. It is healthy to recognise that,
for good reasons, most breeding companies have essentially abandoned this view in favour of genomic
prediction approaches. Why invest in costly phenotyping platforms that do not represent the field, are more
heterogeneous than any field and do not improve heritability? Field phenotyping is now fashionable but why
invest in vectors and sensors whose outputs are well correlated to yield, whereas it is simpler and more
accurate to measure yield itself and to predict it for hundreds of genotypes via big data approaches? | firmly
believe that phenomics keeps its interest in this context, but with renewed objectives and techniques that
makes it complementary to big data. | shall present elements to back this statement, and discuss
consequences in terms of modelling the genotype x environment interaction (‘where and when every
combination of alleles?’, ‘what happens if?’).
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27 - Redundancy in tomato gibberellin receptors contributes to phenotypic stability under changing
environments
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Gibberellin (GA) promotes growth and reduces tolerance to drought. Inhibition of GA activity reduces
transpiration and increases tolerance to water-deficit stress. Although the effects of GA on transpiration is
not linked to growth, reduced GA affects both, limiting the use of GA deficiency to develop drought-tolerant
crops. Tomato has three GID1 GA-receptors; GID1a, GID1bl, and GID1b2. To test if mutation in a single
receptor reduces transpiration without a significant effect on growth, we generated CRISPR-Cas9 derived
gid1 single, double and triple mutants and studied their contributions to GA-regulated growth and
transpiration. The gid1 triple mutant was extremely dwarf and fully insensitive to GA. Under optimal growth
conditions, the three receptors function redundantly in the regulation of germination, growth and gene
expression. Among the three receptors, GID1a had the strongest effects on these processes. Yeast two-hybrid
assays suggested that GID1a has the highest affinity to the tomato DELLA pr