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OcPLg001
Photosynthesis in the soit past and present

F. GarciePichet
Arizona State Universitfenter for Fundamental and Applied Microbiomitempe, AZ, United States

Biological soil crusts (biocrusts) are microbial and/or cryptagarhotosynthetic communities that develop in areas where plant
cover is restricted by aridity or other extreme conditions. During the last few decades we have learned much about tiye biolog
and ecological roles of biocrusts and true global extent of tleesemunities, which | will briefly review. Evidence is how

mounting that analogs of current cyanobacterial biocrusts were present extensively on land well before the advent of land
plants, and that biocrusts may have been the main terrestrial ecosysteM @O K 2 F (G KS LI I ySiQa KAad
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OcAc001
Fixing C@fixation ¢ redesigning photosynthesis with synthetic biology

J. Zarzycki

Max Planck Institute for Terrestrial Microbiology, Department of Biochemistry and Synthetibdlista, Marburg, Germany

RubisCO is considered a limiting factor in photosynthesis due to its low catalytic rate and promiscuity with oxygerg resultin
photorespiration. We hope to overcome the limitations of RubisCO based carbon fixation. Thereifioka) @ focusing on the
discovery, characterization, and engineering of new fihg enzymes as well as their integration within synthetic and natural
pathways. One example of such approaches is the creation of completely novel synthefiga@@h ¢/cles that are centered

on carboxylases that are more efficient than RubisCO, as showcased by-callesoCETCH cycle. A second example is the
engineering of newo-nature carboxylases by making use of theoretically feasible reactions and develop retivitiea on the
scaffold of existing enzymes. This enables us to extend the solution space for metabolic reactions and open new avémeues for 1
realization of synthetic pathways, as illustrated by our Tartr@bgA module. The latter employs a npatural engineered
glycoly!)CoA carboxylase and harbors great potential as a more energy efficient and qeobitive alternative route to
photorespiration.
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OcAC002
FormatPlantg engineering C@neutral photorespirationin plants

M. S. Roel| A. Webet
'HeinrichHeine University, Iniute of Plant Biochemistry, Biseldorf, Germany

The C@fixing enzyme Ribulosk,5-bisphosphatecarboxylasefoxygenase (Rubisco) is restricted by its slow turnover rate and
its oxygenase @ivity. Resulting photorespiration reduces plant carbon efficiency and is a major target to improve plant growth
and agricultural yield. Recent work demonstrated the benefits of chloroplastic photorespiratory bypasses on plant growth ever
under field condtions 1. Maximizing plant carbon efficiency implies transforming photorespiration from sn@fative into a

CQ neutral process requiring bypassing the mitochondrial glycine decarboxylase (GDC), the major hub of photorespirator
CQloss. However, replag the GDC requires an alternative provision of one carbon compounds due to its dual role in
photorespiration and one carbon metabolism.

In FormatPlants one carbon compounds are produogdcytosolic formate assimilation, based on tetrahydrofolate
intermediates, making GDC compensable. Subsequent condensation efmgth@lentetrahydrofolate with photorespiratory
derived glycine to make serine, transforms plant photorespiration into an€@ral process. Initial labelling experiments with
exogenously spplied *Glabelled formate indicated that ifrabidopsishe capacity for formate assimilation is limited and
metabolic flux is directed towards methionine production. Therefore, we implemented a cytosolistiisynthetic pathway
for the efficient as#nilation of formateviatetrahydrofolate intermediates into serine. Low endogenous formate concentrations
will prevent high pathway flux towards serine production. We identified mitochondmabidopsigormate dehydrogenase
(FDH) as second contributar photorespiratory Celoss and knockout FDH using the CRISPR/Cas9 system.

References
[1] South, P. F., Cavanagh, A. P., Liu, H. W. & Ort, D. R. Synthetic glycolate metabolism pathways stimulate crop growth
productivity in the fiel Science&363, (2019)

OcAc003
Using a marine microalga as a chassis for biological degradation of plastics

D. Mood, J. Schmit; J. SengérJ. ZarzyckiK. H. RexérU. Linné T. ErB, U. G. Maiék
IPhilipps University Marburg, Laboratory for Cell Biology, Marburg, @gm
2Max Planck Institute for Terrestrial Microbiology, Marburg, Germany
SPhilipps University Marburg, Department for Mycology, Marburg, Germany
“4Philipps University Marburg, Massenspektrometrie und Elementanalytik, Marburg, Germany

Question: Plastic is aaxtremely useful material with a wide range of applications and seemingly no longer indispensable for our
daily life. However, the tremendous amount of plastic waste produced year in and year out has become a major ecological issl
on our planet in the Ist decades, mostly due to inadequate disposal and the high durability of the synthetic material. The
consequences of plastic pollution for Earth's ecosystems are so far unforeseeable, but it becomes more and more evident th
the plastic accumulating in fare is harmful for life. Although bioremediation would be highly desirable and probably a solution
to the problem of continuous plastic pollution, the bulk of plastics produced so far is not biodegradable and thus extremely
durable. The reason for this ike artificial nature of plastic and its relatively short existence on Earth. Remarkably, some life
forms have acquired the capability to degrade plastics and can use them as a nutrient for growth. Such organisms might provi
promising solutions for bi@mediation of plastic waste in future biotechnological applications.

Methods: The diatonPhaeodactylum tricornutuns a photosynthetic marine microalga that has developed into an extremely
valuable model system for molecular biology and biotechnologyhimproject, we modifiedP.tricornutumvia synthetic biology
using bacterial genes, which encode plastydrolyzing enzymes, to generate a chassis for the efficient production and secretion
of their products. To test the plastic degradation ability of ttnzymes secreted by the modified microalgae, we used several
techniques including Western Blot, scanning electron microscopy and ultra high performance liquid chromatography.

Results: Via these methods, we verified the successful generation of a phtiteSgnmicroalga cell factory for biological
degradation of plastics in a saltwatbased environment at mesophilic temperatures.

Conclusions: Our results demonstrate the potential of the diatom for future applications in biological plastic degradaton up
the generation of ecdriendly and comprehensive recycling processes for synthetic plastics.
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O¢Bc001
The early evolution of land plants as inferred by comparative genomics

S.A.Rensing

IUniversity ofMarburg, Faculty of Biology, Marburg, Germany

The conquest of land by plant life was a singular event occurring ca. 500 Ma ago, in the Ordovician. Some lineagesydecharoph
freshwater algae share a common ancestry with the land plants (Embryophyta@p@ynorphies that already evolved in the
water include land plant type cell wall synthesis and division, polyplastidy as well as some phytohormones and transcriptio
factors.

Extant representatives of the earliest splits that occurred after the estabbstrof land plants are the bryophytes (hornworts,
mosses and liverworts). Although, like all land plants, they feature the alternation of a haploid and a diploid multicellular
generation, the haploid gametophyte represents the dominant phase in bryophigscomparison with diploiddominant
flowering plants we unravel more and more gene regulatory networks and key transcription factors that control similar
processes in dominant gametophytes and sporophytes. Evolution of land plant complexity thus is irogiede networks
recruited from gametophytes.

Whole genome duplications, and increase of transcriptional network complexity, are hallmarks of plant evolution. By using
comparative genomics we are starting to comprehend how complexity evolution oceuitsptesent examples mainly from the
bryophytes and charophytes to illustrate how inference of ancestral states and complexity evolution of land plants ia aided i
particular by norseed plant genomes.

Keywords Evolution, bryophyte, charophyte, compiigx transcriptional regulation

OcBg002
Convergent molecular evolution of carnivorous plants

K. Fukushim@a
tUniversity of Wirzburg, Department of Botany |, Wirzburg, Germany

Although evolutionary processes are largely stochastic, natural selection dae decurrent adaptations leading to
convergence, the repeated emergence of similar features in distantly related organisms. Prevalence of phenotypic convergen
is underpinned by various examples throughout the entire tree of life, such as camera eyedebirates and cephalopods,
wings of birds and bats, and trap leaves of distantly related carnivorous plants. Because the multiple emergence of dagh comp
traits by neutral evolution alone is extremely unlikely, convergence has been considered stidegcevfor natural selection.

Carnivorous plants are a prominent example of convergence in 200 million years of flowering plant evolution. They explo
animals as a nutritional source and have inspired Istagnding questions about the origin and evolutioficarnivoryrelated

traits since Charles Darwin"s pioneering work. Although there are distinct types of trapping strategies, their trap lelaves lo
critically similar in both form and function among distantly related lineages with more than 100 mékos gf divergence time.
During the evolution to become carnivorous, each lineage has acquired a common set of novel traits such as nectar and sce
for prey attraction, specialized leaf morphology for prey trapping, digestive enzymes for prey degradatianansporters for
nutrient absorption.

In this talk, | will present the evidence of adaptive convergence in carnivorous plants at the molecular level, especsally fo
on digestive enzymes. Analysis of digestive fluid proteins foam carnivorousplants covering three independent lineages
revealed repeated coptions of stresgesponsive proteins coupled with convergent amino acid substitutions to acquire
digestive physiology. This result implies strong constraints on the available routes to phasltzearnivory.
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O¢Bc003
Desiccation tolerance in streptophyte algae and the algae to land plant transition: Role of aquaporins

B. Becke¥, B. Marirt, A. Holzinger

tUniversity of Cologne, Botanical litste, Kéln, Germany
2Universitat Innsbruck, Botanisches Institut, Innsbruck, Austria

Desiccation tolerance is commonly regarded as one of the key features for the colonization of terrestrial habitats byggesen a
and the evolution of land plants. Desition tolerance exists in both lineagesof the Viridiplantae, the chlorophytes and
streptophytes, but only the latter gave rise to all land plants. Extensive studies, focused mostly on physiology, haaerieeen c
out assessing the desiccation tolerancedanesilience of the streptophytic genekdebsormidiumand Zygnema Recently, we

have started to understand the molecular basis for desiccation tolerance in the basal streptdfleysormidiumand the
advanced streptophyt&Zygnemausing a transcriptomic @proach. Our results indicate that the cellular response is similar to
embryophytes, suggesting that land plants inherited basic cellular desiccation tolerance mechanisms from their streptophyte
predecessorsThe presentation will highlight similarities te=en the algal and land plant desiccation stress response and
address the evolution of the MiP (major intrinsic protein) protein family of mostly water channels at the algae to land plant
transition.

OgBc004
Selection and establishment afaryophytealgae model organisms

A. Holzhauseh S. A. RensiAgK. von SchwartzenbelgH. Schubett
IUniversity Rostock, Aquatic Ecology, Rostock, Germany
2University Marburg, cell biology, Marburg, Germany
SUniversity Hamburg, Aquatic Ecophysiology and PhycologybtigmGermany

The conquest of land a milestone of evolution. The identification of determining structural and molecular adaptations that
allowed the waterdandtransition is a current question in the field of evolutionary research. Three lineages aipttyde algae
(Charophyceae, Zygnematophyceae and Coleochaetophyceae) form together with land plants the monophyletic
Phragmoplastophyta. The Zygnematophyceae hold a key position as sister group of land plants. For understanding tf
adaptations, analyses omolecular, physiological and cellular levels under controlled laboratory conditions are necessary.
However, all these open question require the selection and establishment of model organisms within these classes, current
pursued in the CharMod projecMain criteria for these are fast growth, sexual reproductionvitro under axenic culture
conditions, the suitability for genetic transformation as well as the availability of sequence data.

Previous and ongoing investigations on Characeae and Zygnenyatgsh showed that several prerequisites for model
organisms can be met. Culture conditions for different Zygnematophyceae suspiragyra pratensisr Micrasterias radians
have been successfully established at the Microalgae and Zygnematophyceae @oHstiburg, MZCH. Fbt. radiansculture
condition enabling conjugation in high frequenciesvitro, as well as subsequent reproduction, are established SHoratensis
axenic culture conditions have been established that enable conjugation and zygdepuation in high frequencies.

With C. braunii the first draft genome of Charophyceae was published last year. Culture conditions which allowing fast growth
and the completion of the life cycla vitro were established for different Chara specielwever, the establishment of axenic
cultures of Charophyceae is challenging. Different germination experiments indicate that the microbial impact coulddes a trig
for the germination of oospores. Hence, one of the main targets concerning Charophyceaenbte oospore germination
under axenic culture conditions.
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O¢Bc005
Streptophyte algaeg inferring the early evolution of conserved stress signaling circuits of land plants

J. de Vries?

ITU Braunschwai Institute of Microbiology, Braunschweig, Germany
’Dalhousie University, Dept. of Biochemistry and Molecular Biology, Halifax, Canada

Terrestrial stressors are a ubiquitous challenge for all photosynthetic life on land. Extant land plants have evelabdrane

and characteristic suite of molecular responses to this challenge. Yet, already the earliest land plants must have Buccessft
overcome these stressors in order to have conquered land on a global scale. Studying the closest algal rekatdgsamits

the streptophyte algae allows for a deduction of the genetic chassis for land pléet stress responses that had already
evolved before the last common ancestor of land plants lividds way, the genetic toolkit for stress response that vikeesyl
present in the earliest land plants can be inferred. To solicit these genetic factors, | recently performed two studiehih wh
applied global gene expression profiling of streptophyte algae subjected to different terrestrial stressors. | @izectthese

data with insights from the molecular physiology of land plants. The applied treatments included the terrestrial stregisors hi
light and drastic temperature shiftscold and heat. All stress treatments induced pronounced alterations in plagildgy
associated gene expression. Furthermore, the gene expression data unveiled comporreatsd gbatterns induced hya
homologous genetic chassis that, in land plants, links stress inputs with light signaling and phytoharethated regulation

of gene expression. Most surprising were the data gatheredZiggnema circumcarinatunZygnemebelongs to the algal lineage
most closely related to land plants and this particular alga expressed a gene homologous to those aheodingptor for the

major stess phytohormone of land plants: abscisic acid. In two other zygnematophyceaen igageotia and Spirogyra
components of calciuamediated signaling were highlighted by my stress RNAseq @atdhalance, all thesgata have direct
implications for theevolution of signaling pathways that regulate up to a quarter of the gene expression of extant land plants.
Altogether, my data retraces some of the deep evolutionary roots of central hubs thatuiirgethe response of land plants to
stress.

OcBc006
Insight into land plant evolution form a liverwort perspective functional analysis of the transcription

factor MpTCP1n Marchantia polymorpha
A. Busch M. Deckenf M. AlmeidaTrapg, S. KopischReC. Kock E. SchisslerM. Tsianti A.

Mithofer?, S. Achgd
tOsnabrueck University, Botany Department , Osnabrueck, Germany
°Max Planck Institute for Chemical Ecology, Jena, Germany
3Max Planck Institute for Plant Breeding Research, Cologne, Germany

Land plants evolved over 500 MYA from an ancestral chamgamyalga and had a major impact in transforming our terrestrial
environment. The bryophytéMarchantia polymorphaxhibits several features that make it an ideal basal land plant model
organism that is currently intensively exploited to understand the eN@tuof novel developmental, biochemical and cellular
attributes mediating the adaptation to a life on land. The establishment of a molecular toolbox comprising efficient
Marchantisgenome editing and transformation methods enable analyses in this livermodel to unravel the dramatic
adaptations and body plan innovations that occurred during the widdand-transition.

TCPranscription factors regulate many aspects of plant growth and development, mainly through the control of cell
proliferation and hemone signalling pathways. Whereas in higher plants gene duplication resulted in largani@s,
Marchantiagenome analysis revealed the presence of only one singlePTGRTCP) and one TGE (MprCP2 gene.Due to
gene redundancy, functional analyses @ften hampered in higher land plants, makiMgrchantiaghe perfect model to unravel

the ancestral roles of TCP transcription factors.

Mptcplknockout mutants were generated and the function of MpTCP1 was characterized conducting morphological analyses ¢
well as mRNA expression, transcriptome, chemical and DNA binding studi€€Rfimction in the control of developmental
and, surprisingly, also in redgxocesses will be discussed.
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O¢Bc007
Innovationsin MADSdomain transcription factors during the transition of plants to land

G. TheiReh F. Rumpléer, M. Blohs, P. Gehlhadr C. Gafeft
IFriedrich Schiller University Jena, Matthias Schleiden Institute, Genetics, Jena, Germany

MIKGtype MADSdomain transcription factors (MIKTFs) combine a MABf®main functioning in DNAinding with a Keratin

like kdomain involved in proteiprotein interactions. Some MIKTFs bind as tetramers to two adjacent DbiAding sites, thus
constituting Floral Quartelike Complexes (FQCs). This way they activate or repress the target genes on which they are
constituted. Due to their interaction capacity MIREs form a complex protejorotein interaction network that controls many
plant developmental processes. However, hamd when during evolution MIKTFs gained the ability to form FQCs remains
unknown. We analyzed MIKIG=s from different early diverging land plant species (mosses, lycophytes, ferns) and from
charophyte algae, land plants" closest extant relatives, camogr their phylogeny and their ability to form DMaund
tetramers. Our data reveal an ancient gene duplication in the stem group of extant land plants that gave rise to two sudfclade
MIKGTFs, termed MIKCc and MIKC*. We show that only MIlKGdave th capacity to constitute FQCs, and that this ability
was brought about by the duplication of an exon encoding part of Huerdain in the stem group of extant MIKTEs. MIKG*

TFs do not usually tetramerize and do not interact with MHKEs, hence they arnot part of FQCs. Interestingly, there is
preliminary evidence that the duplication of two other exons encoding part of Haerain is responsible for the inability of
MIKC%TFs to interact with MIKEEFs. Thus different structural changes within theldfain of MIKETFs facilitated the
evolution of two independent protehprotein interaction networks for sporophyte and gametophyte development of plants on
land, featuring MIKGTFs and MIKCTFs, respectively. These structural changes are closely dssouwidh the transition of
plants to land and hence may well have facilitated the evolution of complex body plans of land plants.

References
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ORAL ABSTRAGTLANT MADBHARMACEUTICALS ANDUSTRIALS

0¢C001
Understanding and exploiting protein storage organelle formation for theoduction of recombinant

proteins

E Stoget, M. Tschofeh E. Kapusj J. SchwestkaS. Melnik, J. Hilschér
tUniversity of Natural Resources and Life Sciences, Department of Applied Genetics and Cell Biology, Vienna, Austria

Plant molecular farming is wellestablished technology for the manufacture of pharmaceutical and-pteermaceutical
proteins that do not readily fit into the current industry model of fermente&xsed production campaigns, and often used where
productspecific benefits of pladbased systems can be exploited. Such benefits include therdapsulation in endogenous
plant polymers and the mucosal delivery of minimally processed topical and oral products. In addition, the ease of host ce
engineering in plants, fueled by the devpioent of gene editing technology, can be exploited to add specific properties to
individual plant production platforms. This can be done to produce proteins with faifate posttranslational modifications, to
modulate the plant endomembrane system focieased biosynthetic capacity or to induce storage organelles.

Cereal seeds for example are favorable for recombinant protein production as they are naturally adapted for protein
accumulation and possess specialized storage organelles that may be ekptoidecumulate recombinant proteins, offering
stability both in planta and after harvest. However, posinslational modifications, such as glycan removal by endoglycosidases
in cereal endosperm have to be prevented for specific products, and for thpgkcations the corresponding enzymatic
functions need to be removed, for example by CRISB8§Bbased editing.

Endogenous protein bodies of cereal seeds offer an appealing strategy for the in vivo microencapsulation of mucosal vaccine
But also the indation of ectopic protein storage organelles in leaf tissues can be exploited for the encapsulation of
pharmaceutical proteins into microparticles, which are readily taken up by mammalian target cells. The de novo induction o
storage organelles allows thgesign of multicomponent protein bodies with a defined structure which may serve as a valuable
tool not only for edible vaccines but also as a slow release drug delivery system for other pharmaceuticals
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0¢C002
Plantmade peptides as immunocontraceptives

K. Ghasemidn|. Broet, J. Huckadf
IUniversity of Rostock, Agrobiotechnology, Rostock, Germany

Rodents are the most important group of mammals in terms of the problems they create in ageciitrticulture, forestry

and public health. Fertility is a key factor that determines the population density. Contraceptive vaccines have beenthgsed fo
management of wildlife populations. Gamespecific proteins might be good candidates for the depenent of contraceptive
vaccines. Sterility has been achieved in mammals via contraceptive vaccines based on Zona pellucida (ZP) glycoprateins that
located on the surface of the oocyte and mediate the gamete recognition. Oral application of the igénartould be a
promising alternative to control rodent pests populations. In order to prevent-taoget effects, an oral immuncontraceptive
vaccine has to be specispecific. Specificity might be achieved by the restriction of vaccine to small, sgpeigfic peptides.

Since peptide might be less effective than entire proteins, higher contraceptive efficacy and specificity can be achieved &
immunization with the speciespecific peptides of different gametpecific proteins from both genders. Theesm-specific
protein, IZUMO, plays a vital role in the speegg fusion process; hence, it also may be a potential target for the development
of a contraceptive vaccine.

We established the transient expression of putative nspecific contraceptive mZP&ZP2 and mIZUMO small peptides in
Nicotiana benthamianausing the MagnIlCON expression system. Nevertheless, high level expression of small peptides can be
challenge. Successful production of antigenic small peptides and improved recombinant protdlity Stalplant was achieved

by increasing the protein size using the fusion partners and by tripling of the antigenic peptides that may in additian have
higher contraceptive efficacy as well.

0cCg003
Mutation of RFO synthase genes in pea with CRISPRi€esduce raffinose oligosaccharides in seeds

S. Trebiny 1. Broet, J. Huckauf
tUniversity of Rostock, Faculty of Agricultural and Environmental Sciences, Chair of Agrobiotechnology and Risk Assessment
Bio- und Gene Technology, Rostock, Germany

Pisum sativumL. is for millennia one of the most important crops, due to its protein conténg.also a good preceding crop for
rapeseed and winter cereals. Despite those facts, their cultivation is reduced due to the lack of healthy and high yieldin
varieties as well as the high proportion of amtitritive factors (ANF). Feeding of pea in higher amounts is limited due to
raffinose family oligosaccharides (RFO), which contain raffinose, stachyose and verbascose.

These oligosaccharides are hard to digestmonogastric animals. In the lower intestine, RFOs are fermented bgrgdscing
bacteria, leading to an accelerated intestinal gas production as well as wet excreta. This reduces the potential of jpeal as an
feed.

Consequently, the aim of this prajeis to improve the benefits and usage of pea by making them easier digestible. In order to
reduce the RFO content, mutations or knock outs of the RFO synthase genes will be created using different new breedi
techniques.

Accordingly, the first step imtcharacterize the RFO genes in various pea varieties by southern blot, polymerase chain reaction
sequencing and RNA expression. After that, RFO synthase genes (raffinose synthase, stachyose synthase) will be either redu
via RNAIi or completely inactitead via the integration of genes coding for Cas9 and the appropriate guide RNA, by embryo
protoplasts transformation. The transgenic plant will be characterized molecularly by gene expression profiling, oligolgacchar
determination and phenotypicallyp confirm the success of the RFO reduction. Since the function of these polysaccharides for
other metabolic pathways in peas is not completely clear, it has to be investigated whether a complete elimination ofNRese A
influences seed germination, plahealth and viability.
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0cCc004
The therapeutic potential and in vitro antimicrobial effect of methanol stem bark extractsloflepisium

madagascriens®C.

M. Coopoosamy
IMangosuthu Universitpf Technology, Nature Conservation, Durban, South Africa

The therapeutic potential and in vitro antimicrobial effect of methanol stem bark extractsilepisium madagascrien§zC.

was determined using G8S to identify bioactive compounds of pharmceutigmportance while the anitmicrobial activities
were assayed in vitro by agar well diffusion and macrobroth dilution techniques against different microbial isolates.
Antimicrobila activity was noted at lowest concentratin of 25mg/ml with inhibition zoret&éen 14 and 18 mm. At the highest
concentration of 10mg.ml, the inhibiton zones ranged from 18 to 28 mg/miMSQesults indicated potential presence of
paromycin and indole being prevelant in the stem bark extract.

This study showed that the pharmaogical effects oTrilepisium madagascrienskepends on bioactive compounds identified
while this plant is a source for isolating novel drugs having significant therapeutic potential

0cCg005
TargetedSalixcrossing and chemoprofiling for improved medicihpotential of willow bark

l. Mewid, C. Ulrichs M. Zandet, E. Lam¥ C. Herz K. Antoniadod, C. Dawiél N. Mahlef, P. Petersbury

N. Forstet
HumboldtUniversitat zu Berlin, Urban Plant Ecophysiology, Berlin, Germany
2Universitatsklinikum Freibgg Freiburg, Germany
STechnische Universitat Miinchen, Freising, Germany
“Bionorica, Neumarkt, Germany

The therapeutic and healtpromoting effects ofSalixspp. (willow) bark preparations, especially against inflammatory diseases
and pain conditions in huams, are known, however the correlation of therapeutic effects to certain individual bioactive
compounds or combinations is still lacking. To date, willow bark extracts are only evaluated according to their salioin conte
and biomass production, other seedary metabolites were not taken into consideration. Therefore, in the proposed study the
natural genetic biodiversity in the gene pool of willow species and targeted crossing was used to generate different ccemotyp
which are tested for their bioactity, i. e. therapeutic potential. Ten compatibEalixspec. parents which differ in their chemical
profile were chosen for crossing with the aim to generate new secondary metabolite combinations, néupefytandra
S.viminalis, Sdaphnoides, Salba, Slasiandra, Spurpurea, Shumboldtiana, Snigra, Sviminalis(schweriniix viminalig, and
S.albax S.rubens From the filial generation 83 potent crosses were selected for chemoprofiling WikhS/S including the
parent species. The untargetedarhical analysis resulted in four main distinct clusters. From these clusters, 18 crosses with
highest phenol glycoside content were selected and their extracts tested for bioactivity in human cells. Bark extractérdm pa
species were also included. Eagts were tested for their anthixidant (direct and indirect) as well as aintflammatory potential

in comparison to the references Aspirin® and a reference extract according to the EMA herbal monography. First resul
revealed that extracts from cloneg two species showed highest bioactivity in terms of inhibiting-ibBG&ced inflammation and

were even more potent as compared to the reference extract. 15 out of 18 teSttikcrosses demonstrated comparable or
even higher antinflammatory capacity asompared to the reference extract. Bioactive compounds, which could account for
the therapeutic benefits, are discussed.
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0cC;006
Plants have the potentials to create the next generation cure faryaailment in the worldg the

emergence of plant source medications and organic based pharmaceuticals present the future with great
hope for the pharmaceutical industry; almost every plant has some medicinal propgrt
E. Anpofo!, N. A. @rempongd

Medi-Source Biolink Ventures Aant medicine andbrganic foodsAccra Ghana

Methods Plant based pharmaceutica preparation involves boiling, drying, burning and soaking. Many diseases are known to
cured by diferent plants. Multiplication and expansion of symlants are very essential to the development of plant
pharmaceutial industry.

Some plansts have been used toheal certain terminal ailments and life thiegtetiseases. Bhy people have given
testimonies and the plants are identified as medicinal.

Thereare many plants that can be used to cure Diabetes, Hypertension, AIDS, Depression, Malaria and other diseases. Issut
infertilityseems to a thing of the past due to the identification of some plants.

Plants are the future hope in the field of pharmaceat and health science

0cC;007
The plant cell cycle regulator genes contribute to enhanced accumulation of recombinant proteins

delivered by TMV irNicotiana benthamiandeaves

L. Kopertekh C. Freyér
1JKI, SB, Quedlinburg, Germany

Transient productia of recombinant proteins has become one of the leading plasted manufacturing technologies. The basis

for high accumulation of foreign proteins provided by plant virus vectors is an efficient multiplication of the virus genetic
material. Viruses utilz a great number of host proteins for their replication and can target specific phases of the host cell cycle,
particularly the transition from G1 to S stage to benefit their proliferatitmthis work, we investigate possible effect of the cell
cycle cleckpoint gene£ycD2and CDC27drom Arabidopsighalianaon the accumulation of recombinant proteins delivered by

the TMV vector.

To study the impact of the cell cycle checkpoint genes on the expression of foreign proteins provided by Béfithamiana
plants were canfiltrated with TM\{(gfp and binary expression vectors carrying tAeCycD2and At-CDC27agenes. The
presence of theAt-CDC27and At-CycD2genes resulted in stronger GFP fluorescence. These findings corresponded with the
observation of (ihigher mRNA levels for TMV and gfp and (ii) increased GFP protein accumulation. Furthermoreelbyeop

of the TMV,scFYTM43E10 and ACycD2/A{CDC27a we observed an enhanced amount of the-SM43E10 antibody
fragment compared to the delivery ofi¢ TMV(SCFYTM43E10 alone.

Our results show that cexpression of the TMYsased vector with plant genes affecting cell cycle progression resulted in an
increased virus and subsequent foreign protein accumulation. A number of commercial transient expsystems such as
GENEWARE®, TRBO, magnlICON®, TMV launch vector are based on full or deconstructed versidiefdid)/this finding
might be useful for transient foreign protein production using TMV as the vector backbone.
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Oc¢PLc002
Dynamic microbial communitieg from symbiosis to dysbiosis and back
E. Kemeh
tUniversitatTiibingen Mikrobielle Interaktionen in Pflanzlichen Okosystem&iabingen Germany

| 2YLX SE YAONROALFE O2YYdzy AGASA 06 aYargaNgns suehias pants itnfadt bealthJaf theizt |
hosts in many critical ways: They contribute to vital functions such as host fitness, nutrient acquisition, stress ta@archnce
pathogen resistance but are, at the same time, major reservoirs for facdtgi@thogens or can promote pathogenesis in
general. How and why communities shift from a beneficial to a pathogen promoting state is largely unknown.

For a coherent understanding of microbial interaction networks description of static community compasitionenough and

an awareness of the principles and dynamics underlying -lepgendent community assembly is needed. To this end, we
conducted common garden experiments, samplidgabidopsis thalianglants over a time course of five months in three
congcutive years and followed natural populations over more than 6 years. Amgased sequencing allowed us to identify
members of the core microbiota that maintain their position in a microbiabcourrence network over time as key factors for

an increas in connectivity and stability of microbial communities.depth analyses of those microbes in complex synthetic
microbial communities demonstrated that they are relevant to reduce the growth of the biotrophic pathBgendomonas
syringae thus confirming their impact on community function and function in providing stability upon biotic perturbation. The
discovery that persistent core microbes impact community stability in highly dynamic natural networks should pave the way tc
the design of microbial comunities with stable persistence under fluctuating environmental conditions. We anticipate that our
identification of efficient probiotics under controlled conditions may have wider relevance for the deployment of useful
microbes in agricultural and climicsettings.

ORAL ABSTRAGTADBURACOMMPUNDSANDSPECIALIZEMMETABOLISM

OgDc001
Glandular trichomeg; specialized organs for the production of toxic compounds at the plant surface

A. Tissiel
!Leibniz Institute of Plant Biochemistiyalle an der Saal&ermany

Plant glandular trichomes are metabolic factories that are the site of production and storage of specialized metabokes. The
compounds confer a first line of chemical defense against aggressors, be they microbial pathogens or insect hekkigoies

they often have been reported to have biological activities that contribute to a role in defense such as antimicrobitl, insec
deterrence or toxicity. In addition to their role in plants, there are many examples of metabolites produced in gtandul
trichomes that have been used by Humans as pharmaceuticals, fragrance In addition, these compounds are typically producec
large quantities in trichomes that can cumulate to represent over 10% of the leaf dry weight. While most of the studies on
glandular trichomes have focused on the elucidation of the biosynthesis pathways for the specialized metabolites they produce
little is known about the underlying metabolic network and transport processes that are involved. To investigate this, we are
using ghndular trichomes of the Solanaceae (tomato and tobacco) as model systems. Using a combination of transcriptomic:
metabolomics and 13€belling, we could show that tomato glandular trichomes are photosynthetic but poorly fix CO2 from the
air and that they import sucrose from the leaf. This suggests that the chemical energy and reducing power produced by the ligh
reactions are used to fuel the intense metabolic activity instead of carbon fixation. Transcriptome data from tobaccar(licoti
tabacum) glandlar trichomes points to a similar pattern. In addition, we generated tobacco mutants that are blocked in the
biosynthesis of diterpenoids, which are the major compounds produced in tobacco tall glandular trichomes. This leads t
massive transcriptional cimges, including downregulation of the methylerythritol phosphate plastidial pathway for isoprenoids
as well as biosynthesis of chlorophyll and carotenoids. This indicates the existence of a feedback retrograde mechanis
triggered by a metabolite upstreamf aliterpene biosynthesis in the plastids leading to transcriptional regulation of plastidial
isoprenoid biosynthesis. Current progress in these investigations will be presented.
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OcDc002
The bioynthesis of astins, bioactive cyclic pentapeptides, is a consorted action between the host plant

and the endophytic fungu€yanodermella asteris

J. LudwigMiller!, L. Jah# J. Thielg T. Schafhaus&rW. Wohllebef, K. H. van PégP. Jacqués
Technisck Universitat Dresden, Faculty of Biology, Dresden, Germany
’Eberhard Karls Universitat, Microbiology and Biotechnology, Tiibingen, Germany
3Technische Universitat Dresden, Biochemistry, Dresden, Germany
4University of Liege, TERRA Research Centre, GembBlaunce

Bioactive secondary metabolites have been reported in many organisms from microbes, fungi to plants. In recent years th
evidence increased for combined biosynthetic activities between partners living in close community togétaegroup of

cyclc chlorinated pentapeptides called astins were isolated and described from the tartaric aster plant, Aster tataricus.
However, we have shown that aster contains a novel endophyte we described as the new §peuieslermellasteris In
culture, we foundhat C. asterizan produce a small set of astins by itself, but the complete set is only present in the host plant.
We have started to analyze the biosynthetic pathway of these astins in the endophytic fungus by sequencing its genome ar
identifying poteriial candidate gene clusters; and the conversion of fungal astins into the-gpetific variants. Since the
cultivation of aster plants is difficult and since there are currently no fusigees host plants available, we have investigated
alternative hostplants, among them the model Arabidopsis thaliana. The growtA.ahalianaon plates was affected bg.

asteris but only slightly by the astins directly. Further work is addressed to elucidate the mechanisms for the intera€ion of
asteriswith A. thalianaby either the production of plant hormones or volatiles by the fungus.

OcDc003
New aspects of horontal natural product transfeic uptake and modification of coumarins

T. Hijazih D. Selmdr

ITU Braunschweig, Plant Biology, Braunschweig, Germany

Huge amounts of chemicals are continuously released into our environment, whichgsigiogly are taken up by plants. Up to
recently, only xenobiotics derived from human activities had been considered. However, current investigations unveiled tha
also natrral products, e.g., nicotine, pyrrolizidine and other alkaloids are taken up by plants [1, 2, 3], as well as various phenol
compounds [4]. This phenomenon is denoted lagrizontal natural product transféf5].

Various hints [2] pointed out that andogue to xenobiotics also the natural products taken up, are modified within the
acceptor plants. Using umbelliferone and other coumarins as model substances, this modification was studied by employin
seedlings from various acceptor plants, (barley,jshdoea, flax, and garden cress).

In all cases, a tremendous accumulation of umbelliferone was observed. However, in some plants the umbelliferone we
modified: in garden cress, it was hydroxylated and glucosylated to yield esculin, while in barleggseetiivas modified by
methoxylation to scopoletin. Corresponding reactions involved in the modifications of xenobiotics are known to be catalyzed b
cytochrome P450 enzymes. Accordingly, umbelliferone was applied together with naproxen, which is dejporeduce
enzyme activity of various P450 enzymes. As predicted, the conversion of umbelliferone to scopoletin in barley as well as tf
modification to esculin in garden cress was strongly reduay the addition of naproxen.

In an additional approachgsculin and esculetin were fed to the acceptor plants. The corresponding analyses revealed that in
barley both substances were converted to scopoletin, whereas in garden cress esculetin and scopoletin areNogsewier,

in garden cress and radish, fhér, so far unknown conversion products, had been detected.

These findings for the first time demonstrate thatin addition to xenobioticg also natural products taken up are modified
differentially in various acceptor plantsAccordingly, the Horizontl natural product transfeér represents a prevailing
phenomenon, which seems to be much more complex than previously assumed.

References
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OcDc004
Within the network of tryptophan-derived defense compounds, formation a protein complehkaavs

channeling into camalexin

E. GlawischnigS. Mucha
ITU Minchen, Microbial Biotechnology, Straubing, Germany
2TU Miinchen, Botany, Freising, Germany

Arabidopsis thalianaynthesizes aide range of tryptophasderived defense compounds via the general intermediate indole
acetaldoxime (IAOxWithin hours, in response to pathogen infections camalexin is formed as predominant metabolite without
apparent release of bioactive intermediatesuch as IAOx. This suggested channeling of the biosynthetic pathway by formation
of an enzyme complex.

To identify such protein interactions, two independent untargeted-iroonunoprecipitation (ceP)approaches with the
biosynthetic enzymes CYP71A13 antPT1B15 as baits were performed and the camalexin biosynthetic P450 enzymes were
shown to cepurify. These interactions were confirmed byFREEIM andtargeted ctP. An increased substrate affinity of
CYP79B2 in presence of CYP71A13 was shown. Thisdadiobstrate channeling by the formation of a camalexin metabolon.

Camalexin biosynthesis involves glutathionylation of a reactive intermediate synthesized by CYP71A13. The glutathiol
transferase GSTU4, which is-expressed with tryptophanand camalexirspecific enzymes, was physically recruited to the
complex by CYP71A13. Surprisingly, camalexin concentrations were redlRes:®STWhd elevated irgstudknockout and

plants. This shows that GSTU4 is not directly involved in camalexin biosynthesitheuhas a role in a competing mechanism.

O¢Dc005
Temperature influences the biosynthesis and emission of floral volatiledasminum auriculatunyvahl

M. Barman, A. Mitra
lIndian Institute of Technology Kharagpur, Agricultural and Food Engineenragtbent, Kharagpur, India

Jasmines are in great demand worldwide owing to their sweet floral fragtaBeesynthesis of the floral scent molecules is
significantly influenced by various environmental factors. In the present study we made an attempdetss abe impact of
different temperature conditions (20, 25, 30 and 35°C) on the contents of setated compounds and investigated the
biosynthetic pathways of major volatiles fro@dasminum auriculatunVahl. flowers The benzenoids benzyl acetate; 2
phenylethanol and phenethyl acetate as well as the terpenoids linaloolhafetnesene dominated the volatile profile of this
specied. Floral volatiles were sampled just after the blooming, and thev@Canalysis indicated that the contents of benzenoid
and terpenoid volatiles in emitted and internal pools were higher at 25°C and 30°C, respectively. In general, the content o
fragrance molecules was relatively low at the both end temperatures (20°C and 35°C), indicating an obstruction in bi@synthes
of benzaoids and terpenoids. Effect of ambient temperature on activities of candidate enzymes of benzenoid and terpenoid
biosynthesis was studied. Variations in transcript accumulation for candidate genes involved in the biosynthesis of majc
volatiles were alsanalysed to understand the role of temperature at the molecular level. It was observed that enzyme activities
as well as gene expression patterns correlated well with the contents of both emitted and internal pools of floral wohaides

the different temperature conditions. Primary metabolite contents of flowers were also analyzed Jrasariculatumplants

grown at different temperatures to monitor any significant perturbations occurring in the primary metabolism. Thus, the
present study revealed thergcial role of temperature in the biosynthesis and emission of floral volatilds auriculatum The
knowledge base created through such studies shall be helpful in improving the yield of floral scent production from suct
horticulturally important plantsn controlledenvironment cultivation systems.

References

[1] Bera P, Mukherjee C, Mitra A. 20Ehzymatic production and emission of floral scent volatilelasminum sambad®lant
Sci. 256, 2538.
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OcDc006
Non-targeted ex vivometabolome analysis is a we approach to identify endogenous substrates of so far

not characterized enzymes

K. FeussnérS. Haroth I. Feussnér
tUniversity of Goettingen, Plant Biochemistry, Goettingen, Germany

Powerful improvements in sequencing technologies rapidly increasesitimber of sequenced genomes, but still functional
annotation of genes is the bottle neck to make genome data suitable for biological interpretation. Although comparative
sequence analysis and modelling of the protein structure can provide first hinésfrect to the expected enzymatic reaction,

in vitro studies with purified enzymes are necessary to confirm the activity and the reaction partners. However, the complete
plethora of endogenous substrates, which are availablgivocannot be covered by #se targeted approache3o close this

gap, we developed a netargeted metabolomics approach to identify natural substrates and the respective products of so far
not characterized enzymes. The idea was to bring the heterologous expressed and purifie ek to its native metabolite
environment. This workflow was used to identify the U@#pendent glycosyltransferase(s) (UGT) responsible for specifically
glycosylating 1:hydroxyjasmonic acid (:®HJA) and thereby producing 42glucopyranosyjasmonc acid (120-GleJA). Five
heterologous expressed UGT were purified and incubated within a complete metabolite extracts of wadurtladanaleaves.
Afterwards, nortargeted metabolome analysis by UPLGEHMS was performed. Data preprocessing stepsvigled large

data matrixes, which were further processed (ranking, filtering, adduct correction, data merging, database search) by th
software MarVis (http://marvis.gobics.de/). Data mining, visualization and metabolite set enrichment analysis by MarVis
supported the identification of two UGT as the UGT that glycosylat®H2A while another UGT acted on an unidentified
compound and also glycosylated two other oxylipins;h§diroxy7,9,13hexadecatrienoic acid (HHT) and 1®ydroxy
9,11,150ctadecatrigmoic acid (18HOT), which were also accepted by the three other UGT enzymes. In conclusion, our findings
have elucidated the missing step in the wodinduced synthesis of ¥@-glucopyranosyjasmonic acid ir. thaliana

OgDc007
New component of regulatoy protein complex controlling glucosinolate biosynthesis on epigenetic level

T. Gigolashwili

tUniversity of Cologne, Biocenter, Cologne, Germany

Plants are exposed to continuously changing environmental conditions and have to defend against a widef rbiogie
challenges. Responses to various biotic stresses largely depend on the plant"s capacity to activate rapidly genes aiatieaccumul
metabolites required upon these conditions. During biosynthesis of defensive secondary metabolites, like gluesqiG84s),
external signals activate specific transcription factors from R2R3 MYB and bHLH families, resulting in the increasesh efpressi
GSL biosynthetic genes followed by accumulation of these secondary metabolites in Arabidopsis and its ralatives.
mechanisms of transcriptional regulation, chromatin remodelling accomplished through the activity of histmhtying
enzymes is emerging as a key process in the orchestration of plant biotic stress responses. Although the transcription regula
of GSLs with the involvement of MYBILH complex is well understood, the role of chromatiodifying factors in regulation of
protective secondary metabolites remains unknown. In this work, we study what role the-E®MIEIML4 proteins, containing
Tudorlike Agenet domains predictive of histone reader function in regulation of GSL biosyntesiperformed protein
protein interactions studies of EMi4lproteins with bHLH proteins belonging to subgroup llle bHLH and known to be involved in
GSL regulation. ufthermore, we analysed activation of GSL biosynthesis genes and accumulation of these secondan
metabolites ineml knockout mutants after treatment ofeml knockout Arabidopsis plants with methyljasmonate. Finally,
analysis otistrans activation assayasing MYBbHLHEML complex with promoters of GSL biosynthesis genes were performed.
Function of EML proteins in complex with bHLH and R2R3 MYBs master regulators of GSL biosyAttadsdopsiswill be
presented and discussed.
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OcEc001
Evolution of gene regulatory networks in angiosperms

A. Brautigar

IUniversityof Bielefeld Departmenbf Biology Bielefeld Germany

Transcriptional regulatory networks are at the core of plant responses to developmental, biatiapaotic cues. Yet, the

majority of transcription factors remain without an associated function in most species. We use machine learning based
prediction to assign functional annotations to transcription factordiiabidopsis thaliana, Solanum lycopeusit; Vitis vinifera,
Brassica rapa, Triticum aestivum, Zea mays, Hordeum vudgar®ryza sativaSince the machine learning results suffer from

high error rates of up to 90%, we developed ppsicessing methods which reduce error rates to about 20%aspicies
comparative analyses for the polyploid species and between species comparative analyses reveals extensive conservation of
transcriptional regulatory networks between monocots and dicots. Gene regulatory networks are used to explore transcription
factor binding motifs in their predicted target genes. Overexpressor and mutatation approaches validate network predictions.

OGE;002
Focus on an underutilized plargtranscriptomics of stinging nettlertica dioical..) stem tissues

coupled to ultrastrudural and targeted metabolite analyses

G. Guerrierd, X. Xd, A. Backés S. LegdyR. Berrfi G. C&j J. F. Hausman

LISTLuxembourg Institute of Science and Technology, ERIN, Esch sur Alzette, Luxembourg
2University of Siena, Department of Life Sces)Siena, Italy

Stinging nettle Urtica dioical.) is a plant providing silky cellulosic fibres, as well as bioactive molecules. Despite the potential of
becoming a multpurpose crop, nettle has not received the same attention as flax, ramie or henimpFove the knowledge

on nettle and enhance its opportunities of exploitation, tde novotranscriptome of the "clone 13" (a fibre clone) is here
presented, together with transcriptomics, ultrastructural and targeted flavonoid analyses of different stemaddes. Whole
internodes in the elongation or early secondary cell wall formation stage were analysed and their transcriptomes compared wit
the core and cortical tissues sampled from segments at an advanced stage of secondary cell wall depositinehsetgating
internodes and at the beginning of the secondary cell wall deposition are characterized by an enrichment in genes involved
the biosynthesis of phytohormones (auxin and jasmonic acid) and secondary metabolites (flavonoids). The tereoalies
collected at the bottom of the stem shows an enrichment in genes partaking in different aspects of secondary cell wal
formation (cellulose, hemicellulose, lignin biosyntheses), while the cortical tissues reveal the presence of a C stagmakion s
probably due to the UDBlucose demand necessary for the thickening phase of bast fibres. Transmission electron microscop?
shows the presence of a particular gelatinous layer, which flakes off and the absence of xylan in the outermost layer of th
secordary cell wall. The targeted analysis of key flavonoids reveals differences in abundance depending on the internod
position along the stem and tissue sampled. The data presented will be an important resource and reference for future
molecular studies onraunderutilized fibre crop.
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OcEc003
Multiple cyclic nucleotidegated channels coordinate calcium oscillations and polar growth of root hairs

T.Studtrucket, C. Brost R. Reimanh P. Denningér J. CzekallaM. Kebs’, B. Fabr§; K. SchumachérG.

Grossmand P. Dietrich
'Friedrich Alexander University, Molecular Plant Physiology, Erlangen, Germany
2University, Cluster of Excellence CellNetworks and Centre for Organismal Studies, Heidelberg, Germany
SUniversity Plant Developmental Biology, Centre for Organismal Studies, Heidelberg, Germany
“Friedrich Alexander University, Department of Physics, Erlangen, Germany

Root hairs can rapidly elongate to enlarge the surface of the root, which improves nutrient andsuafgy of the plant and
enables microbe interactions. The rapid root hair elongation provides a useful model system for studying polar growtleprocess
in single cells. Polar growth is accompanied by cytosofitdSaillations at the root tip that are redgred for the coordination of
polarity and cell integrity during the growth process. Our studies revealed that three members of the cyclic nugatdiile
channel (CNGC) family are involved in regulation of normal root hair development in Arabidomgéscrgjoknockout mutants
developed morphological defects including root hair swelling and branching, as well as bursting. These morphological defec
were amplified incngcdouble knock out mutants, while triple knockout mutants were only able to devieldged trichoblasts,

which burst after transition to the rapid growth phase. All mutants also showed disturbed patterns®sd<Cilations. Our
findings thus add cyclic nucleotidgted channels as important players to the regulatory network of root balts for
coordinating cell wall properties and cell expansion during polar root hair growth.

OcEc004
New approaches and prospects for nuclear magnetic resonance imaging in developmental plant biology

L. Borisjuk E. Munz, S. Wagnér T. Neubergér?, H. Rolletschek
lipk, Gatersleben, Germany
°Department of Bioengineering, Pennsylvania State University, University Park, PA 16802, USA, usa, Germany

Recent progress in developmental biology attests its importance as a central aspect of modern lifesséismaajor thrust is to
understand how molecular and cellular processes produce 3D morphology of living organisms. Our presentation highligh
advantages of nuclear magnetic resonance imaging (MRI) which has the great virtue that #nsasive andherefore has the
potential to monitor physiological processés viva We explain how MRI can be applied to plant samples and what can be
achievedDuring the last decade we designed original M&ed procedures which allowed discoveries on the innerdif

seeds during growth and germination on top of providing a tool to characterize mutants and transgenicBiaakthroughs in

the field of plant MRI will be illustrated by original 3D models of flowers, seeds/fruits and also include dynamic aiedlnct
images. Examples of MRI integration with other stat¢he-art techniques will be outlined to provide some inspiration for
future developments in the field.
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OcEc005
On the significance of mechanosensing dugiseed development

A. Muszynska A. Gindel, S. Ortleb, S. Wagnéy L. Borisjuk H. Rolletschék
YPK Gatersleben, Gatersleben, Germany

Mechanosensing describes the responsivity of a cell/organ to a mechanical stimulus (such as touch or presssti@)ullisis

and its sensing can act as the trigger for a new developmental program as it takes part in the regulatory networks utigerlying
development of tissues and organs. Our previous work demonstrated that the availability of space influences the'ssmbr
growth pattern and metabolisnin planta (Borisjuk et al., Plant Cell 25/2013). Nevertheless, signal perception and translation
involving mechanosensing is so far an unknown component of seed development.

We developed two experimental setups to studietegulation of the structural, metabolic, and molecular responses to physical
restraint in the developingn plantaandin vitro embryos of oilseed rapeB¢assica napys These experiments will answer the
guestions if mechanical constraints can induce #gwitch of embryo metabolism from growth into maturation, replacing organ
expansion with the accumulation of seed storage products, how crucial is the physical restriction in available spacehliynposed
integuments for the embryo development and metabolisamd finally, which molecular and metabolic mechanisms are involved

in signal perception and transduction. Our first evidence for the mechanistic link between a physical constraint to growth
metabolic switches and seed/embryo maturation are presentedchmosensing by the embryo might play a crucial role in
seed development, which has to date not been recognised.

OcEc006
Trehalose gphosphatec a stimulus of seed filling and germination

T. Meitzet
ILeibniz Institute of Plant Genetics and Crop PlaneReh (IPK), Stadt Seeland, Germany

Seeds determine the reproductive capacity of plants and are vital to their existence. From fertilization until emergédree of t
young seedling, the embryo passes through two major developmental transittanss, the diferentiation of the young embryo

from a meristemlike structure into a highbgpecialized storage organ, and second, the initiation of seedling growth during
germination.A complex regulatory network triggers the initiation of both phase changes, anodlvglates play an important

role. Taking advantage of the largzed seeds of pea, we show that the signaling sugar trehalggm$phate (T6P) controls

seed filling and germination in response to sucrose availability. Manipulation of the T6P conteneloging pea embryos by
heterologous expression of a bacterial T6P synthase and T6P phosphatase revealed that T6P acts as a trigger of cotyle
growth and starch accumulation in maturing seeds. During germination, T6P promotes the initiation of segolirk,
impressively proven by a viviparous seed phenotype elicited from T6P synthase expression. In addition to identifying these ki
functions of T6P in seeds, our findings disclosed a novel link between T6P and the plant hormone auxin, with T6§arcting a
upstream regulator of auxin biosynthesis. Thus, our data indicate that T6P integrates the hormonal state with sugaitgvailabil
to initiate crucial phase transitions in the earliest stages of plant development.
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OcEc007
Integration of cell wall, brassinosteroid, and phytosulfokine signallingtegeptor-like rotein 44

S. Wolt, E. Holzwart, B. Garnelo GémézF. Ladwi§y N. Glockne K. Hartet

1COS Heidelberg, Cell Biology, Heidelberg, Germany
2ZMBP TibingerT,ibingen, Germany

Plant growth depends to a large extent on the physib@mical properties of the cell walls, which dynamically adapt to internal
and external cuesThis adaptation involves feedback signalling, linking information on the integrity afdhewith intracellular
growth-regulating processes. However, very little is known about how cell wall cues are perceived by plasma mdrobnane
receptor proteins and how this cell watiediated signalling intersects with the regulatory mechanisms aftpl@velopment.

The brassinosteroid (BR) hormone signalling pathway is a central regulator of plant morphogenesis, as indicated by the lar
amount of BRresponsive cell wallelated genes and the severe growth defects of BR mutants. Recently, we have #iat
interference with the major cell wall polysaccharide pectin triggers activation of BR signalling, which in turn orchestrates
compensatory response involving cell wall remodelling. In the absence -ofieBRted feedback signalling, altered pectin
modification severely compromises cellular integrity, ultimately resulting in cell rupture. This activation of brassidosteroi
signalling requires the presence of the cell waliding protein RLP44, which forms a complex with the brassinosteroid receptor
BRI1 and its coeceptor BAKL. Interestingly, RLP44 is also required for the maintenance of vascular cell fate through activatio
of phytosulfokine (PSK) signalling, suggesting that cell wall signalling can control cell identity. Moreover, mutantsiafiRske
signalling show amlp44-like xylem phenotype, suggesting that RLP44 has a positive effect on PSK signalling, which, in tur
promotes procambial identityFFurthermore, RLP44"s routing into the phytosulfokine or BR signalling pathway is conbylled
posttranslational modification. Phosphorylation is crucial for regulating RLP44"s interaction with the brassinosteroid receptor
BRI1, and thus its function in BR signalling activation. In contrast, the interaction of RLP44 with PHYTOSULFOKINE RECEPT
not affected by its phosphstatus, providing a framework to understand how specificity can be established in plasma
membrane receptor complex interactions.

ORAL ABSTRAGTENSING ABIOTIC AND BIOTIC SIGNAL

OcFc001
Light sensing using a plaiike ayptochrome in diatoms

C. Biiché| J. Krischér S. Konig M. Juhal S. Jagér A. Ahmad, W. Weishet, C. Slavay J. Wachtveit]

M. Mittag®
'Goethe University Frankfurt, Institute of Molecular Biosciences, Frankfurt, Germany
2Goethe University Frankft, Institute of Physical and Theoretical Chemistry, Frankfurt, Germany
SFriedrich Schiller University, Matthias Schleiden Institute of Genetics, Bioinformatics and Molecular Botany, Jena, Germany

Diatoms contain a variety of blue light receptors, inchgdmembers of the cryptochromghotolyase family. IfPhaeodactylum
tricornutum,CPF1, a dual function photolyasehotoreceptor protein had been characterised (Coesel et al. 2009). In addition, a
plant-like cryptochrome, CryP, has been shown to act aka light photoreceptor involved in the regulation of mMRNA levels of
many genes and in the regulation of light harvesting protein levels (Juhas et al. 2014, Koénig et al. 2017).

Whereas for higher plants much data about destream signalling is availablénformation for diatoms is scarce. No
homologues to COP1 and SPA, the interaction partners of plant cryptochromes, can be found in the genomes of diatom
pointing to novel signalling pathways. Thus, completely different proteins that interact with CmgPidentified, one of them

being specific for heterokont algae. In addition, spectral analysis indicated a signalling not only in the blue, buthalsedn
wavelength range.
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OcFc002
LaALMT1 is involved in organic anion transportation in P deficient white lupin, but the other members

were required for Al tolerance

Y. hou', U. Ludewiy
IUniversity of Hohenéim, Stuttgart, Germany

Lupinus albus (white lupin) massively releases citrate and malate when growddprived conditions to mobilize sparingly
soluble phosphates. The members of the aluminactivated malate transporter (ALMT) family are candidataseiocoding

efflux transporters, as these have been reported to transport malate and/or inorganic anions across plant membranes. LaALMT
expression, however, was unaffected tfy stress but the expression in the juvenile cluster was repressed. Al stresashst
overall expression of LaALMT1 compared to P deficiency, especially in the juvenile and mature zones. A translationfl fusion
the native promoter with thei -glucuronidase (GUS) reporter gene identified expression in the vascular bundles.
Electrophwiological analysis and a 18bled citrated efflux assay iXenopus laevi®ocytes demonstrated that LaALMT1
mediated large inwardlirected currents that correspond to the efflux of anioBath, malate and chloride were transported in

an Atindependentmanner, while a small citrate transport may also occEurther physiological function characterization of
LaALMT1 was done by generating composite lupins with transgenic roots using -CR$SPBchnology. Malate and citrate
release from roots was sigigantly decreased in LaALMT1 knock out mutantsHnbut unchanged in +Al. Mutants exhibited a
reduced malate influx to xylem sap both Ie® and +Al that chelate metals for further translocation to the shoots. Overall, we
conclude that LaALMT1 is a ma&and chloride transporter, and it is also capable of citrate transportatitmwever, Al is not
essential in the expression of LaALMT1. LaALMT1 mainly plays a role in plant nutrition and ion homeostasis in response t
deficiency and Al stress. Therefothese finding will give an insight of plant breeding and crop improvement in acid soils.

OcFc003
Green algal terrestrializatiorg what can we learn from laboratory vs. field studies?

A. Holzing€r, M. Pichrtovd, M. RippiA?3, E. Aré, B. Becker
IUnivesity of Innsbruck, Botany, Innsbruck, Austria
2Charles University, Botany, Prague, Czech Republic

SUniversity of Cologne, Cologne Biocentre, Cologne, Germany

Many different green algal groups are able to leave their aquatic conditions and thrive otWaiid.marine algae are limited to

the intertidal zone, several freshwater green algae are sustainable in terrestrial habitats. We have performed transcriptomi
analysis in Streptophytes (Zygnematophyceae) under laboratory conditions (young vs. old falhaes a field setting in the

high arctic (upper vs. lower layers of a natural mat). It is illustrated that higher natural stress in the upper layeadgaf arat

leads to an increase in metabolic activity as well as switching on stress related ghiseleads to the formation of protective
substances as investigated by a metabolite profiling. MetaboliteZyagnemacells were also investigated under different
laboratory conditions (culture age and nitrogen depletion). Induction of similar metabastebserved under stress scenarios in
laboratory as well as in field samples.
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OcFc004
Characterization of a CRIYASH like protein irChlamydomonas reinhardtii

M. Schubert, W. L, W. L}, A. RredHi J Petersed, M. Mittagh
Matthias Schleiden Institute of Genetics, Bioinformatics and Molecular Botany; FSU Jena, General Botany, Jena, Germany

Past studies identified the family of cryptochromes as blue light receptors in bacteria, fungi, plants at&l inse@stingly, the
unicellular green alg&hlamydomonas reinhardtEncodes four different cryptochrome proteins, a typical plant cryptochrome
(pCRY), an animbke cryptochrome (aCRY) and two €BXSH (Drosophila, Arabidopsis, Synechocystis, Hidkeoproteins
(Beel et al., 2012). Characterization of pCRY, a typicalightereceptor, revealed that it is involved in the circadian clock as well
as in the sexual cycle of Chlamydomonas (Muller et al., 2017). aCRY was found to be not only a senbghy, idut also a
sensory red light receptor (Beel et al., 2012). It controls some of the-obdated genes and is also involved in the control of the
Chlamydomonas life cycle (Beel et al., 2012; Zou et al., 2017). Here, we have started to cha@muteoizthe two CRDASH
like protein of Chlamydomonas. We expressed its gené&.ircoli purified the protein and generated an ai@RYDASH1
antibody. Using this antibody, we investigated the diurnal protein expression pattern eDE8BM and found thats expression
differs from that of the other CRYMoreover, we determined the subcellular localizations of the protein using soluble and
membrane associated cellular fractions as well as subcellular compartments (cytosol, mitochondria and chloruptasts).
currently checking for growth rates, anatomical differences and potential time dependent subcellular localization asing a
dashlknock out mutant as well agy-dashlartificial microRNA strains along with wild type.

References

[1] Beel et al., @12, Plant Cell., doi: 10.1105/tpc.1098947

[2] Muller et al., 2017, Plant Physiol, doi: 10.1104/pp.17.00349
[3] Zou et al., 2017, Plant Physiol, doi: 10.1104/pp.17.00493

OcFc005
Cold priming memory reduces susceptibility to virulent pathogens anduiegs functional chloroplast

peroxidases imrabidopsis thaliana

T. Griebél, A. Ebert, H. H. NguyenM. Baiet
IFreie Universitat Berlin, Plant Physiology, Berlin, Germany

Plants are able to benefit from the experience and memorization of an envirorahstress phase, a phenomenon referred to

as priming.This brings up questions about specificity, duration, and cross signaling of plant stress memon¥atistudy if

plant responses to bacterial pathogens are altered after the experience of an adtietss treatment. Our data show that a-24
hour cold priming phase (&) increases plant resistance to a subsequent infection with virldsaidomonas syringgav.
tomato DC3000Rs) not only when the bacterial inoculation was done immediately afterdbkel treatment but also after a
recovery phase of 5 days. Furthermore, cold priming reduced plant susceptibility is independent of the central nucleo
cytoplasmic immune regulator EDS1 (Enhanced Disease Susceptibility 1) and thereby, uncoupled fromirclassieagene
activation. Previous data show that the plastid peroxidase system functions as signalling hub in cold priming memorization fo
second cold stress treatment. We found that interference of the plastid peroxidase system also leads to peruodbahe
immune memory effect and does not reduce susceptibility agadsstipon cold stress primind-his indicates that the stability

of a functional plastid antioxidant system contributes to wedlanced and finduned stressresponsive ROf&sponsa during
pathogen triggering upon cold priming memory formation.
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OcFc006
Molecular and functional analysis of the receptétrabidopsisHistidine Kinase 1

A. M. Fischét R. Dauté| M. Hothorrf, W. X. Sahize®, K. Hartet
1ZMBP, Plant Physiology, Tubingen, Germany
2University of Geneva, Structural Plant Biology, Généeve, Germany
SUniversity of Hohenheim, Plant Physiology and Biotechnology, Hohenheim, Germany

The Arabidopsis thalianddistidine Kinase 1 (AHKis part of the multistep phosphorelay system and assumed to stand at the
beginning of a signaling cascade (1). Phylogenetic analysis showed that the ectodomain (ED) of AHK1 is highly cormsarved in ¢
plants.A homologybased structural model revealetidat the AHKIED might comprise a PAS domain which is known for binding
low molecular ligands. For the identification and later characterization of the AHK1 ligand, the ED of AHK1 is exfEessdid in
purified and used for ligantishing. As shown by guantitative phosphoproteomics approach, the activation of AHK1 led to the
rapid phosphorylation of many proteins being involved in, for instance, stress and light signaling (2). On the basis of thes
findings AHK1 interaction studies with candidate progederived from the phosphoproteomics approach were carried out.
Furthermore, phenotypic analyses usiAgabidopsisseedlings carrying differersthkl mutant alleles were performed, applying
different environmental cues (e.g. irradiation with light of diffat quality, application of different stress conditions), which are
linked to proteins differentially phosphorylated by AHHKd.conclusion, our analysis will help to understand the molecular
process underlying the activation of AHK1, elucidating theadiiggn network in which AHK1 is embedded.

PLENARY ABSTRACT

OcPLc003
Neue molekulare Techniken in der Pflanzenziichtung
U. Bonak?
IMartin Luther University Hall@Vittenberg Institute for BiologyHalle an der Saal&ermany
°Nationale Akademie dénissenshaften Leopoldinatalle an der Saale, Germany

Pflanzen werden seit ca. 12.000 Jahren gezlichtet und dauernd genetisch veréndert, um z.B. die Ertrage, Stressresistenz ¢
Krankheitsresistenz zu erhéhen. Neben spontan auftretenden Mutationen wurden ifeti®en 150 Jahren Pflanzenlinien nach
Mutagenese durch Bestrahlung oder chemische Agenzien auf neue und erwiinschte Eigenschaften selektiert. Wahrend dur
solche Mutagene DNA S1j dzSy T NY RSNXzy3Sy odadzil GA2y Sy 0 AY 3ASab¥ESKWIDS
gerichtete Einfuhrung spezifischer Mutationen durch neue molekulare Techniken die Pflanzenzichtung im letzten Jahrzehi
NE@2fdziA2yASNI® 5AS aLINPINI YYASNDENEGYDSBYRONINBFY > TRENS o
Dabe werden ein oder mehrere Genorte (Loci) sequenzspezifisch in wenigen Basenpaaren verandert. Die meist verwendete
GEWerkzeuge sind TALENs (TALEeases) und CRISPR a® ¢! [ 9ba o6 &ASNBY | dzF -like! [ 9
STTSO0 2 NR a Oranskaptionsfaktordn Sniatiréd g CRISB#&s, bakterielle Ribonukleinkomplexe, Rbdésiert schneiden.

Der Vortrag gibt einen Uberblick iiber die Entdeckung und Wirkungsweise défe@&euge sowie iiber erfolgversprechende
Pflanzenlinien, die in einigen Landebereits angebaut werden. AuRerdem wird die Problematik des Urteils des Europdischen
Gerichtshofs (EuGH Juli 2018) beleuchtet, der Organismen, die durch GE generiert wurden, als GVOs (genetisch verande
Organismus) einstuft. Die Leopoldina hat daheNMith y dzZl NJ Hamdp SAYS 4« FbD I YV dz8y wd ¥ dziR S SINIzy
Empfehlungen zu erarbeiten.

64



PLENARY ABSTRACT

OcPlc004
Dissecting vegetative desiccation toleranggowards climate smart agriculture
J. M. Farrarit
tUniversity of Cape Towngpartment of Molecular and Cell Biology, Rondebosch, South Africa

Drought is the greatest threat to world agriculture and due global warming, increased aridification is predicted in @modent f
producing areas. To safeguard food production, it is essketttiamprove drought tolerance in crops, particularly cereals, which
provide 95% of plant food supplies. Vegetative tissues of cereals are intolerant of extreme water loss and while improve
resistance to water loss has been achieved, such mechanismsé&t severe drought. Resurrection plants possess vegetative
desiccation tolerance (DT), surviving loss of 95% cellular water. Angiosperm resurrection species occurring in Soughern Afr
also survive extreme heat; conditions which severely limit currgnicaltural practices. We have systematically investigated the
mechanisms whereby several different resurrection plants tolerate these extreme conditions, with the view of introducing such
characteristics into crops for improved water deficit tolerancethis presentation an overview ofmolecular physiological
processes associated with DT in a range of resurrection plants will be given and their ability to prevent drought induce
senescence will be discussed. Furthermore, several lines of evidence ggppgrgenome sequencing ¥erophyta schlechteri

and Eragrostis nindensisuggest that vegetative DT is achieved by adaptation of genetic pathways evolved for DT in seeds. Thi
understandinghis (nter alia) O2dzZ R Syl 6f S (KS Wdeatedwd DT yhIeyetRive tissueoKdergals 5a¥ &
they are naturally expressed in their seeds.

ORAL ABSTRAGTEIROX REGULATION OF PLANT METABOLIS

0Gq001
Redox regulation in the heart of plant biology

K. J. Diefz
Bielefeld University, Biochemistand Physiology of Plants, Bielefeld, Germany

Redox reactions drive life and redox information determines the regulatory state of the cell. To this end, cells expi@ss a th
dependent regulatory network which ewontrols virtually all processes like metdism, transcription, translation and cell
division. The important elements of this network have been characterized and can be categorized in redox input element
(NADPH, glutathione, ferredoxin), redox transmitters (thioredoxins [TRX] antikERXoteirs), redox targets [thousands of cell
proteins, e.g. chloroplast fructosk6-bisphosphatase), redox sensors (peroxiredoxins [PRX] and glutathione peroxidase like
proteins) and final electron acceptors (H202, NO and other reactive species). Followingrdigeiciion to the network
function, the talk will concentrate on recent findings of reversibility of thiol redox regulation and the role of reacyigenox
species. The chloroplast@QysPRX functions as thioredoxin oxidase and is decisively involvedeisateaf target reduction

upon, e.g. lowering or extinguishing the photosynthetic light. A similar function can be hypothesized for the chloropfast PRX
and possibly for the mitochondrial PRXIIF, however less likely for the plastid PRXIIE. It will ghemvbehow mathematical
simulation of the chloroplast network allows for estimating important parameters which are not (yet) amenable to experimental
quantification like resting H202 concentration and electron flow directed to regulation. The talk willignd perspective on
expectable progress in redox network understanding as a fundamental feature of cell functionality, e.g. by screening fo
phylogenetically conserved Cys residues by the tool ConCysFind and their subsequent validation.
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0G¢002
Energy metabolism as optimized by redeoggulation, indirect shuttling between cell compartments and

fine-tuning by small molecules

R. Scheibk J. SelinskiJ. Knuesting

IUniversitat Osnabriick, Pflanzenploisgie, Osnabriick, Germany
’La Trobe UNiversity, School of Life Sciences, Bundoora, Australia

In organisms performing oxygenic photosynthesis, energy input is highly variable due to changes in light intensities. Fast a
flexible adjustments for energy di#ution and consumption are required to avoid any strdsschloroplasts, reversible redox
modification at regulatory cysteines of the target enzymes, such as various enzymes of the-Bahgorcycle, malate valve,

and oxidative pentos@hosphate patlway, serves as an eoff switch. However, the redegycle also serves as the basis for
adjustment of the respective metabolic fluxes. Small molecules such as metabolites act as effectors on rates of redurion and
oxidation of the respective redox switeh and thus change the actual enzyme activities at any time. Production and
consumption of the energy carriers ATP, NADPH, and NADH needs to be kept in balance since the pool sizes are small. T
cannot be directly transported across compartment borddrstead, the primary organic products trioBeand malate are
shuttled across membranes and reconverted into energy carriers required for further used in other cellular compartments.
Nitrate reduction and sucrose synthesis in the cytosol are potentiakdimksuch redirected energy. Finally, under suboptimal
conditions, energy can be thermally dissipated in the mitochondria. However, when -heglogostasis still cannot be
maintained, a small increase of reactive oxygen species (ROS) will oxidatively nystifines at cytosolic enzymes of basic
metabolism. They are themselves involved in these energy conversions (cytMDH, GapC) and can function as sensors of rec
imbalances. The modified proteins adopt moonlighting properties and affect nuclear genessigprer other cellular activities.

This regulatory strategy helps to adjust the cellular equipment to cope withtiemg changes and to avoid any further stress or
damage and to alleviate sustained pressure on the reuaige.

0cG¢003
Redoxregulation d photorespiration through mitochondrial thioredoxin ol

S. Timnh
tUniversity of Rostock, Plant Physiology, Rostock, Germany

Photorespiration sustains photosynthesis in the presence of oxygen due to rapid metabolizatigghe$ghoglycolate (PG),

the mapr sideproduct of the oxygenase activity of Rubis¢bis metabolic intermediate has additionally been shown to directly
impede carbon assimilation and allocation. Despite the fact that both, the biochemical reactions and the underlying gemetics
well characterized, information concerning the regulatory mechanisms which adjust photorespiratory flux is rare. Here, we
studied the impact that the mitochondrial localized thioredoxin 0l (TRXol) has on photorespiratory metabolism. The
characterization of a-DNA insertional linetixol) revealed an increase in the stoichiometry of photorespiratory CO2 release
and impaired glycirgo-serine turnover after a shift from higto-low CO2, without changes in glycine decarboxylase (GDC)
expression. These effects wedsstinctly pronounced in a double mutant, where tig&RXolmutation was combined with
strongly reduced GDGpfotein expression. The double mutantXG} showed reduced growth in air, but not in high CO2,
decreased photosynthesis and accumulated up téddd more glycine alongside several reegixessrelated metabolites. Given

that GDC proteins are potential targets for redmgulation, we also examined tha vitro properties of recombinant GDG L
proteins (LPD) from plants and the cyanobacterium Synegsts and observed a redaependent inhibition by either artificial
reducing agents or TRXol itself. Collectively, our results demonstrate that TRXo1 potentially adjusts photorespiration-via re
regulation of GDC in response to environmental changes.
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0cGc004
Closing the gag * -glutamylcyclotransferase is the missing link in the cellular glutathione cycle and a

determinant for glutathione homeostasis
A. Meyet, S. BangashD. Jollet

tUniversity of Bonn, INREE€hemical Signalling, Bonn, Germany

In most eukaryotic cells theripeptide glutathione {(-GIuCysGly) constitutes the major neprotein thiol. A multitude of
functions ranging from detoxification of xenobiotics, heavy metals and peroxides, to a role as sulfur donor for biosgfthesis
glucosinolates, and storage of amjc sulfur have been assigned to glutathione. With its ability to switch between the reduced
form GSH and the oxidized form glutathione disulfide (GSSG) and the low millimolar abundance glutathione constitutes &
important thiol redox buffer in all plasnti@ compartments. Glutathione is synthesized in two AlEPendent steps catalyzed by

the enzymes glutamateysteine ligase (GSH1) and glutathione synthase (GSH2). Multiple genetic screens have identifie
mutations in GSH1 leading to diminished amounts 8H&long with distinct phenotypes like heavy metal sensitivity, pathogen
sensitivity and in severe cases growth retardation all highlighting the essential functions of GSH. Endproduct inhiB&ibid of
thus limits the steady state level of GSH and at $hene time enables demardtriven increase of biosynthetic fluk. is not
understood though how GSH turnover can be achieved to remobilize cysteine. Under sulfur starvation the cellular GSH leve
decrease significantly rendering plants sensitive towardb@gens and other stress factors. Pharmacological inhibition of GSH1
by buthionine sulfoximine leads to a nearly complete disappearance of GSH within three days clearly indicating the pfesence
degradation pathways including cleavage of the atypicpeptide bond. The identification of oxoprolinase as an enzyme to
convert 5oxoproline (50P) to Glu in an ATdependent manner has triggered further searches for the origin-6F5 Recently,

we have shown that-glutamylcyclotransferase 2;1 (GGCT2;1) cldsegap between GSH and@. GGCT2;1 is highly induced
under-S conditions and then degrades GSH to liberate cysteine. New molecular evidence now indicates that GGCT2;1 despite
very low expression under normal nutrient supply is also involved inimomtis GSH turnovemhese data together show that

plant cells contain a complete glutathione cycle consisting of both the anabolic and catabolic steps within the ceflofutitt

cyclic pathway with three ATéependent steps is restricted only byetlvery low expression of GGCT2;1. The significance of such
a turnover mechanism for cellular redox homeostasis will be discussed.

0OcG¢005
SNitrosothiols as architects of the histone PTM pattern and DIN#&ethylation in Arabidopsis thaliana

C. Lindermayk E. E. Ruddif A. AgeevKieferle, A. Mengél, P. Hithet, |. Forné, R. Hefl, A. Imhof,

M. WirtZ*, C. Beckér J. Durner
'Helmholtz Zentrum Minchen, Institute of Biochemical Plant Pathology, Miinchen/Neuherberg, Germany
2Gregor Mendel Institute, Viera Austria
SLudwigMaximiliansUniversitat Miinchen, Protein Analysis Unit, Miinchen, Germany
“RuprechiKarlsUniversitat Heidelberg, Centre for Organismal Studies, Heidelberg, Germany

Question: Nitric oxide (NO) is a reactive radical that regulates mangiglbgical processes in plants. It acts by modulating
target proteins through postranslational modifications such asm@rosylation, tyrosine nitration, or metal nitrosylation thereby
altering their activity and/or function. A regulatory function of NCepigenetic processes in animals has already been reported.
However, its function in chromatin modulation plants is not yet described.

Methods: We analysed metabolites of the methylation cycle as well as histone anemBfiiflation using mass spectretry

and whole genome sequencing Arabidopsiswild type and a mutant in NO homeostasis to reveal the functiérNO in
chromatin modulation.

Results: The major methyl donor for methylation of DNA and histonesadeSosylmethionine (SAM) provided biet
methylation cycle.In Arabidopsis thaliane&Sadenosylmethionine synthetase (SAMS) anrdd&nosylhomocysteine hydrolase
(SAHH) were identified as targets feniBosylation. In vitro studies demonstrated that SAMS isoform 1 and both isoforms of
SAHH aranhibited by the physiological N@onor Snitrosoglutathione (GSNO). Interestingly, SAM increased in plants with
enhanced endogenousrstrosothiol levels gsnort3, loss of GSNOR function) and resulted in increased methylation index (Ml =
SAM/SAH). The Ms an important measure of the organismal methylation status and even small changes in the Ml result in
changes in transmethylation activitfmmunological detection of H3K9me2 and a nano liquid chromatogrégoingem mass
spectrometry profiling approacdemonstrated independently a significant global increase in this modificaimmte H3K9me2
modified regions are tightly correlated with methylated DNA regions, DNA methylation was analysed in wild tygsnariB
plants. Whole genome bisulfite sequemg revealed stronger DNA methylation in CG, CHG, and CHH contgstart3 in
comparison to wild type.

Conclusion: Our data suggest thahi8osothiols are involved in regulation of the repressive chromatin mark H3K9me2 which is
associated with the €hcing of repeats and transposon elements.
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OcHc001
Patterns and consequences of glyphosate uste story of two continents

D. A. Mortenseh B. Gerowitf
IUniversityof New HampshirgAgriculture, Nutition, and Food SystemBurham, NH, United States
2University of Rostock, Faculty of Agricultural and Environmental Sciences, Rostock, Germany

Weed management in arable cropping is designed to reduce the abundance of weedy plants during the couedd séasbn.

The methods used to achieve weed suppression vary a great deal even within the same arable crops. While biological nuan
in cropping systems may vary, we argue that the cultural and policy framework strongly influence such pest managgment w
very real impacts on ecosystem states (diversity and abundance of plants) and the ecosystem services they providat&o illustr
this point, we contrast the use of a common herbicide, glyphosate, in US and German agriculture. In the US, genetifiatly mod
glyphosate resistant crops were introduced in 1996 and have experienced high rates of adoption. There, glyphosate use duril
the period 19952014 increased from 18,000 to 125,000 Mt a sef@d increase. During the same period in Germany where
geneically modified glyphosate resistant crops are not grown, glyphosate use risld #om 1,700 to 5,200 Mt. In this
example, the packaging of herbicide resistance traits with the complementary glyphosate herbicide in the US example strong
influenced theadoption of glyphosate. The decision to commercialize glyphosate resistant crops in the US is political anc
regulatory in nature but has strong effects on the farming practices and ecology of the crops and the ecosystems in which the
are grown. Our papewill detail the ways in which the US and German context influences this weed management practice,
guantify the ecosystem impacts of this practice, and detail principles underpinning a more integrated approach and the neede
regulatory changes to implemetttem.

OcHc002
Frommonocropping to high diversity, how to analyse crop rotation patterns
H. H. Steinmann S. Steih?

!GeorgAugustUniversitat Gottingen, Zentrum fir Biodiversitat und nachhaltige Landnutzung, Goéttingen, Germany
2Zentrum fir Agrarland$aftsforschung, Miincheberg, Germany

Crops of arable farming systems are traditionally grown in rotations. These crop rotations are represented by systemati
patterns of specific crop sequences and their respective repetitions. Diverse crop rotationscooybdise six to eight crops
throughout the same number of years. In modern farming, due to economic pressure, rotations are often shortened to two or
three crops and even self sequences (monocropping) is occurring.

Knowledge about real rotations, their gatns and their share in arable farming is scarce and imprecise. Therefore, an
investigation was carried out to elaborate a systematic overview on recent rotation practice. The federal stat of Niedarsachs
was considered as a regional frame.

A typology aproach for crop rotations was developed to enable for structuring large and very diverse amounts of data.
Rotations were classified according to structural and functional characteristics.

As a result, it could be shown that recent crop rotations coverdgewange of diverse patterns. From monocropping of maize,
which was proven as one of the least diverse patterns up to rotations of seven crops were identified. With the help of GI¢
applications, the share of each of these cropping patterns of arable fathdeea could be identified.
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OcHc003
Arable farming with Glyphosate disentangling effects on the weed vegetation

F. de Mol, B. Gerowitt, S. Ande#t
tUniversity of Rostock, Faculty of Agriculiurad Environmetal Sciences, Rostock, Germany

Glyphosatebased herbicides play a prominent role internationally in weed management due to their broad spectrum
effectiveness. In Europe, where cropping systems are carried out without glyphosate resisfaant{@GMO), glyphosateased
herbicides are applied between cropping seasons either in combination with or in place of plowing. A coherent framework o
how farmers are using glyphosabased herbicides in arable farming is given for the Region Mecklepfmrmpmmern.
Possible effects on the arable weed vegetation are outlined. We investigated the effects of glypbasetehericides use on
different scales: an experimental plot scale and a féiefd scale.

Results show how farmers are integrating glyphedadsed herbicide use in their cropping systems. We explored the effects of
tillage systems versus glyphosate applications on weed richness, density, diversity and community composition in a three yee
field experiment. We monitored the weed vegetationfdields with different frequencies in glyphosate application in three
years. The results enable us to disentangle effects on the weed vegetation, to predict future developments and problems to
solve in arable farming szenarios without the use of glypteosa

OcHc004
Diminishing arable weeds with pelargonic acid as {iased herbicide

S. Andert, B. Gerowitt
IUniversity of Rostock, Crop Health, Rostock, Germany

Today farmers manage arable weeds with chemical tools or mechanical tillage practicesthé/higavy reliance on synthetic
herbicides in conventional arable farming is under discussion, at the same time the environmentally driven trend toward:s
reduced tillage, as a climatmart agricultural practice, idecoming widely distributed. These trésm demand for alternative
control methods of weeds, which rise current interest of the farmers, the public and the politic in developing new control
technologies. Used as tools alone or in association with other plant protection methodsaséa controproducts represent

new technologies. Bibased herbicides are adapted from natural substances already present in the environment. Therefore,
they are expected to be more environmefriendly.

This study investigates the control of 20 arable weeds withkiwebased herbicide ingrediemelargonic acid. It is a contact,
nonselective, broagpectrum foliar herbicide ingredient with no residual activity, considered as a low toxicity and
environmental impact herbicide ingredient.

We present a tweyear greenhous experiment (2018 & 2019) to quantify the control efficiency of pelargonic acid. The
implemented experimental setup compared an untreated control with three chemical treatments.

The results of this study assess the efficacy ofdaised herbicide ingredigs and contributes to improve the state of the art for
alternative control technologies in arable farming.
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OcHc005
Contamination of plant derived commodities by horizontal natural product transtemodification of
imported substances in acceptor plantsa new challenge

L. LewerenZ R. Hansch T. Hijaziky D. Selmar
ITU Braunschweig, Institute of Plant Biology, Braunschweig, Germany

By elucidating the origin of various food contaminations by toxgotine or pyrrolizidine alkaloids, the concept dfotizontal

natural product transfer was discovered (1). According to this phenomenon, natural products such as alkaloids, which have
been leached out from rotting plant material into the soil, are take by the roots of the acceptor plants and subsequently are
transported into their leaves. As it was known for xenobiotics like herbicides or antibiotics, the import of natural pisdlsts

due to simple diffusion through the biomembranes of the moAccordingly, the uptake strongly depends on the physico
chemical properties of the substances (2).

However, this phenomenon has to be broadened due to several new findings, which outline that natural products are frequentl
also exchanged between livipdants and that the imported natural products are modified within the acceptor plants.

This contribution focuses on the modification of imported substances. By the means of various alkaloidal as well as phenol
natural products, the basic principles aievestigated. To visualize the related modifications, harmaline (a harman alkaloid
naturally occurring inPeganum harmalphad been applied to various acceptor plants. Due to the strong efegpioise
fluorescence of harmaline, the uptake of this alkalimigbressively can be followed. Moreover, its modification can be visualized,
since the putative derivatives exhibit a massive shift in their fluorescence properties. In this manner, theueéaflkorescing
harmine could be detected and localized as migdiion product of harmaline in the barley leaves.

These findings unveil that the modification of natural products imported into acceptor plants is far more widespread than
previously thought. This however, strongly influences the evaluation of the hdakzomatural product transfer as
contaminations source of plant derived commodities. Up to now, the corresponding analyses focused only on the genuin
substances, whereas their putative derivatives have not been considered. Now, we are aware that faubstaeces, whose

toxic characteristics are not even known, may contribute to the wide spread contaminations of food plants.

References
[1] Selmar et al. (2015Environ Anal Toxicd:4
[2] Yahyazadeh et al. (201 Bhytomedicing4: 21-25
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OcHc006
Weed and wildflower seeds in biogas plantsnactivation of seeds during ensiling

J. Hahh J. Mullet, P. R. WestermanB. Gerowitt
IUniversity of Rostock, Crop Health, Rostock, Germany

An alternativeto the continuous cultivation of maize for biogas production is to grow "biagdsnized" mixtures of
wildflowers instead. Consequently, seeds of these wildflowers can enter the biogas chain along with the bianthsgeed
seeds. In the case of theirrsival, the risk occurs that weed and wildflower seeds are spread when the digestate is returned to
the fields as a fertilizefThis is problematic, in particular if invasive, Aiadigenous or herbicideesistant species or populations

are involved.It has been shown that besides anaerobic digestion in the biogas plant pretreatments like ensiling have the
potential to reduce seed survival (e.g., Westerman & Gerowitt 2013). The factors driving this reductionehawe still largely
unknown.We examinedhe survival probability of weed and wildflower seeds in ensiling at laboratory scale. Seeds were ensiled
for eight months in maize silages manipulated for different qualities (Weissbach & Honig 1992) and in silages with vanigus mi
ratios of maize anavildflower biomass. Selected chemical characteristics of these silages (contents of dry matter and of water
soluble carbohydrates, buffering capacity, nitrate content) were checked for correlations with the probability of seedl surviv
addition, changs in the pHvalue (pH 4 pH 7) with or without the addition of lactic acid (2% v/v) were tested for their effect on
seed survival in a water bath setup. Seed survival probability was determined using germiaattoand tetrazolium staining.

All silagetypes killed the seeds of species without pronounced physical dormancy and reduced the survival probability of mos
species that displayed haiskededness. Seed survival probability did not differ between silage types. The effects of pH and
lactic acid wee speciesiependent. Generally, piffects were stroger when lactic acid was adde@ur results suggest to (a)
avoid hardseeded species in wildflondaiogasmixtures and (b) provide high quality silages with low-yattues and high
contents of lactic acith order to prevent an undesirable spread of plant seeds with the digestate after biogas production.
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OcHc007
Competitive ability of aerobic rice genotype (MR2:9 against weed (gosegrass) under glasshouse
condition

A. kahTakeTsabd, A. S. Bin JuraifmiM. R. Bin YusdpR. Bt Othmah A. Singh
'Federal College of Education (Technical), Department of Agricultural Education, Gusau, Zamfara State, Nigeria
2Universiti Putra Malasia, UPM Serdang, Department of Crop scieneslehg Malaysia
SUPM Sedang, Institute of Tropical Agriculture, Selangor Darul Ehsan, Malaysia
4Universiti Putra Malaysia, UPM Serdang, Department of Land Management, Selangor Darul Ehsan, Malaysia
5The Uniersity of Nottingham Malaysia Campus Jalan Br8ghool of Biosciences/Sciences, Selangor Darul Ehsan, Malaysia

Weed is one of the major biological constraints in rice production. Goosedtlmssine indicd..) Gaertn.) is principally listed as
weeds ofthe agricultural and environmental significance. It is regarded as one of the most significant grass classified to b
amongst the 18 most horrible weeds world over in nearly 60 countries and 50 crops competes with this species. The species ¢
withstand rumerous environmental conditions and is known for its ability to resist important herbicides. Aerobic Rice
Production Systems (ARPS), a production system in which rice is grown under nonpuddled, nonflooded and nonsaturated s
condition is subject to muchigher weed pressure. An important agronomic practice that can be used in an integrated way to
suppress weeds and reduce herbicide dependence is manipulation of crop fertilization. Hence, the present study was design
to examine the competitive abilityfaerobic rice genotype (MR24% against weed (goosegrass) through several replacement
series model in different treatments of biofertilizer in combination with chemical fertilizer under glasshouse condition to
develop environmentally friendly weed managent approach for sustainable aerobic rice production. The experiment
consisted of five biofertilizer treatments (namely: control chemical fertilizer recommended rate (CFRR) 100% (150 N; 60 P2C
60 K20 kg hd), biofertilizer 1 ton hdl + 75% CFRR, bidfkzer 2 tons hal + 50% CFRR, biofertilizer 3 tonslha 25% CFRR

and biofertilizer 4 tons hd) and five crop:weed mixture ratio (Cropl00: WeedO, Crop75: Weed25, Crop50:Weed50,
Crop25:Weed75 and Crop0:Weed100he result shows that MR21®was a stroger competitor than goosegrass. Application

of biofertilizer 4 tons reduced the relative crowding coefficient (RCC) of goosegrass and increased competitive abity9of MR

9 against goosegrasslR2199 recorded higher RCC and equivalent yield ratio (HYejefore, sole application of biofertilizer 4

tons hal can be recommended for rice production under aerobic weedy condition
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0Oclc001
Arbuscular mycorrhiza development and function

C. Gutjah'

!Plant Genetics, TUM School of Life Science Technical University of Munich, Freising, Germany

Arbuscular mycorrhiza (AM) is an ancient symbiosis between plants and glomeromycotan fungi that is extremely widespread
the plant kingdom and is based orutnitional 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 ca
significantly increase plant growth in low n@nit 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 pl
cell rearrangements that precede differentiati 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 cellggallowin
formation of highlybranched fungal arbuscuewhich mediate nutrient exchange. In addition, we work towards elucidating the
genetic determinants of ANediated plant growth increase. Recent progress in our understanding of AM development and
function will be presented.

O¢lc002
Effects of droughtand mycorrhiza on wheat and aphid infestation
C. Pons A. C. CalabtpR. SchweigérC. Mullet
1Bielefeld University, Chemical Ecology, Bielefeld, Germany

Global crop cultivation suffers from increasing effects of climate change such as droughtsdde@ogsdroughts, both
frequencies and amounts of irrigation affect the annual yields. However, water but also nutrient supply of plants can be
improved by beneficial soil organisms such as arbuscular mycorrhizal fungi (AMF), which promote plant groaviy $pecies.
Introducing AMF to droughstressed crop plants may lead to reduced stress symptoms and higher yields. In addition to abiotic
stress, crops usually have to cope with various pests. WHedicUm aestivujis one of the worlevide most imporant crops

and is highly susceptible to the English Grain apBitbion avenae These aphids preferably suck on young wheat plants,
where they ingest the nutrienénriched phloem sap, leading to yield losses. Drought steess mycorrhizanduced changgin

plant quality may thus also impact these crop pests. Our study aimed to test how mycorrhiza influences the ear biomass, harve
index and phloem sap composition of summer wheg&iticum aestivup plants under continuous (cd) and pulsed (pd) drought
compared to a welwatered control (ctr) in a climate chamber experiment. Within the irrigations groups plants were either
mycorrhized (AM) or nomycorrhized (NM). Furthermore, we investigated the effects of drought stress and AM treatments on
aphid populgion growth and survivalunder both drought conditions the ear biomass was reduced compared to ctr plants, but
higher in AM than in NM plants. AM increased the harvest index of all irrigation groups. The relative composition of a®ino ac
in the phloem audates was influenced by irrigation as well as AM treatments to different extémuisid populations grew
biggest on cd NM plants and plants of both ctr groups compared to plants of the cd AM and both pd groups. In all irrigatior
groups populations werensaller on AM plants. On pd plants half of the populations died within one week. The results partly
support the "plant stress hypothesis", which postulates that aphids perform better on dresigdgsed plants, and the "plant
vigour hypothesis", which argaahat herbivores rather benefit from feeding on welatered, vigorous plants. The outcome of

our study emphasizes the complexity of climate change effects on interactions between organisms and reveals importar
insights for basic and applied research.
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Oclc003
Reactive Oxygen Species (ROS) dosage in Arabidopsis chloroplasts improves resistance towards
Colletotrichum higginsianunin a WRKY 38lependent fashion

L. Volt? A. Schmidt, R. Machtél, A. Ammo#a, T. EngelsdotfJ. Schmifz V.G.Maurino®
IFAU Erlangeiliirnberg, Lehrstuhl fiir Biochemie, Erlangen, Germany
2PhilippsUniversitat Marburg, Pflanzenphysiologie, Marburg, Germany
SHeinrichHeineUniversitat Dusseldorf, Molekulare Physiologied Biotechnologie der Pflanzen, Diisseldorf, Germany

Arabidopsis plants overexpressing peroxisomal glycolate oxidase (GO) in chloroplasts have been established as an elec
system to generate ¥D: specifically in a spatiotemporal fashion. In GO plankgcaiate produced during photorespiratory
oxygenation of ribulosd ,5-bisphosphate is oxidized to glyoxylate directly in the stroma, gener&ti@gas a byproduct. The
amount of HO. produced in the GO transgenics can be controlled by adjusting theofgibotorespiration by either increasing

light intensity, or by lowering G@oncentration.Similarly, photorespiratory mutants deficient in the major peroxisomal catalase
CAT2 can be triggered to accumulatgOHin peroxisomes by the same stimuli. Prexdduanscriptome analyses of GO plants
and cat2 mutants revealed that the transcription factors MYB51, WRKY33 and WRKY40 controlling the biosynthesis of indc
phytoalexins like indole glucosinolates and camalex@specifically induced in response tbwarst in stromal Oz in GO plants.
Together with the redosactivated transcription factor ERF6, these three transcription factors represent the overlap to challenge
with bacterial and fungal PAMPs. We therefore investigated the influencex©f Ibursts inchloroplasts (in GO plants) and
peroxisomes (ircat2-2 mutants) on the interaction with the fungal hemibiotropBolletotrichum higginsianunCompared to

wild type, GO plants showed improved resistance&tcigginsianunafter light shiftmediated productn of HO;, while cat2-2
became more susceptible and allowed significantly more pathogen entrycai2? mutant suffered from severe oxidative
stress after light shifts, as indicated by substantial increase in glutathione pool size and oxidation stadataOsuggest that
severe oxidative stress interferes with an effective defense responseatix2. To resolve the genetic basis of inducible
resistance in GO overexpressors, we analyzed GO mediated resistance in mutants deficient in several subdelis of i
phytoalexins. Induced resistance of GO was completely dependent on WRKY33, but only partially dependent on camale»
production, while the absence of indolic glucosinolates did not affect inducible resistance of GO pl@ntsigginsianumWe
condude that other WRKY33 controlled, yet unidentified indolic phytoalexins contribute to inducible resistance in GO.
Furthermore, our data shed new light on the crosstalk between ROS signaling in chloroplasts and the innate immune response
plants.

Oclq004
Identification and evolution of transcription factors and underlying gene regulatory networks governing
oomycete plant pathology

S. de Vrie's?, C. Slamovits
'Heinrich Heine University, Institute of Population Genetics, Dusseldorf, Germany
’Dalhousie Uiversity, Department of Biochemistry and Molecular Biology, Halifax, Canada

Hosts and their pathogens undergo strong physiological changes during infection. This physiological process is actompanie
and underpinned by distinct alterations in gene expressigatterns. Plant pathogenicity is therefore shaped by specific gene
regulatory networks (GRN<Dne of the major constituents that determine the dynamics of GRNSs is the activity of transcription
factors (TFs). While plant TF networks are wedearched,surprisingly little is known about the largeale TF profiles of
oomycetes. We, therefore, dissected the TF repertoire of oomycetes, a group of ubiquitous plant pathogens, by screening th
genomes of 34 oomycetes (26) and other stramenopiles (8). Acuosdataset, we found an average of 228 TFs per species.
Comparing the relative TF content in oomycetes with that of the other stramenopiles highlighted 11 TF families that are
enriched in oomycetes. Among these 11 families, we observed that-RKVRalso kown as Nidike) TFs are significantly
enriched in plant pathogens compared to animal pathogens and saprotrophs. Minings&Néata from three timepoints of
infection and control conditions, we show that the expression of eight of the 14-RMWRFs iPhytophthora infestanss
associated with the infection of potato tubers. Currently, we combinexjression data with promoter analyses to identify the
pathogenicityassociated GRN modules that include the eight FRRMB. This will identify possible targetsthese TFs. To
strengthen our results, we use phylogenetic analyses to pinpoint-RWmrthologs in the 18 plant pathogens in our dataset.
Comparative ceexpression analyses across oomycete plant pathogens will highlight the conservation of the erpré&sigP

RKs and their putative targets as well as the evolution of these GRN modules in oomycete plant pathogens.
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C¢lc005
Slicing ectomycorrhizas what can we learn from?
U. Nehl$, A. Hintémannt, A. Kohlet, F. Martir?
IUniversity of Bremen, Botany, Bremen, Germany
2INRANancy, UMR INR@niversité de Lorraine "Interactions Arbres/MignoNB I YA &aYSa bz [ 02NF G§2ANB |
Champenoux, France

According to anatomy, different delaomental stages of an ectomycorrhiza are expected to coexist within single infected fine
roots. Next to the meristem and the elongation zone without fungal root penetration, a developing zone with ongoing hyphal
ingrowth into the rhizodermis is followedyba region with fully developed Hartig né&Regions of older, former fully functional
Hartig net are following.

To get insight in the process of ectomycorrhizal formation and maturation, functional poplar / fly a§arémita muscarip
mycorrhizas were dsected piecdy-piece from the tip to the basis about 2 mm wiser each mycorrhizal section, total RNA
was isolated from individual pools, followed by linear mMRNA amplification. Out of the first three mycorrhizal sectiongifmeris

+ elongation zone, desloping Hartig net, fully developed Hartig net), mRNA pools each were hybridized teamizys (Nimble

gene, chip version Il) covering about 56.000 poplar gerresthermore, entire mycorrhizas and nomycorrhized fine roots

were applied to RNAseq apals. Only genes, revealing comparable expression behaviour in both studies were taken into
consideration and analysed for their expression profiles along functional mycorrhizas. Large differences in transcrip¢levels
observed between the Hartig Nebrze of fully developed mycorrhizas and the root hair zone of-mycorrhized fine roots but

also between the Hartig Net zone and the tip of infected fine roots. Expression patterns and functional grouping of idiliierent
expressed poplar genes are disses.

Oclc006
Dual RNAseq of theRhizoctonia solanAGZIB and lettuce cvTizian, leaf interaction model
B. Verwaaijeh? A. Schlitet, R. Grosch K. Niehaus A. Puhlet
1Bielefeld University, Computational biology, Bielefeld, Germany
“Bielefeld Univesity, Proteome and Metabolome Research, Bielefeld, Germany
SBielefeld University, GRIM, Bielefeld, Germany
4Leibniz Institute of Vegetable and Ornamental Crops, MICRO.1 , GroRRbeeren, Germany

Rhizoctonia solaris a plant pathogen distributed among agricumal fields worldwide. Here we focused on the analysis of a
compatible interaction between the hodtactuca sativd.. (lettuce) andRr. solaniAGLIB. We sequenced and assembled a de
novo draft genome of lettuce cv. Tizian, to accommodate mapping of tise thanscriptome reads. We hypothesized that dual
RNAseq of pathogen and host simultaneously will directly identify action of the pathogen aaction of the plant.

Sampling points during infection of detached leaves were defined based on visual aondaogic investigations of host and
pathogen phenotypes within the modelVithin interaction zone 1, runner hyphae were present although the host leaf surface
was still intact.In interaction zone 2, infection structures had formed and reduced chlorofilagliiescence as well as slight
discoloration of the lettuce tissue was observed. In interaction zone 3, dense mycelia had formed and the lettuce tissue ha
been macerated.

The obtained results revealed large shifts in gene expression of both host andgpathsubsequently by means of enrichment
biologic functions have been deduced. Our data show that dual$¥§As capable of assessing pathogen and host responses
from the same sample. It demonstrates that both pathogen and host transcriptomes are sigthfienodulated in the
phenotypically defined interaction zones, even at late stages of the interaction.
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0clc007
Characterization opoplar genesencodingputative LysMRLPs involved ichitin signaling
T. Teichmanh M. Awwanah, G. Niemanh M. Miniet, E. PetutschnigV. Lipka
!GeorgAugustUniversity Gottingen, Plant Cell Biology, Gottingen, Germany

Plants are constantly exposed to fungal pathogens which may cause severe damage atabyidilants detect potentially
harmful fungi through perception of the "pathogen associated molecular pattern" (PAMP) chitin, a major general component of
fungal cell walls. Essential components of plant chitin receptors are-Mgdif-ReceptorLikeKinases (LysMRLKS) and Lysin
Motif-ReceptorLike-Proteins (LysMRLPS). Chitin perception triggers a plant immune response which may result in resistance
against the intruder.

In Arabidopsis thalianathe perception of chitin and initiation of chitinduced mmune responses requires the LysM Receptor
like Kinase CERKUL. In rice, the major component of chitin receptors is Chitin Elicitor Binding Protein (CEBIP), a LogslikdRecept
Protein (LysMRLP) which associates with CERK1 in order to trigger-oidticed plant defenseAtLYMZ2 the homolog of CEBIP

in A. thaliana is not involved in CERIiediated chitin responses, but mediates chitmiuced suppression of plasmodesmal
flux independent of CERK1.

Our objectives are identification and functional charactation of genes encoding LYM2 homologs in poplar. Two homologs of
AtLYM2, PcLYMikel and PcLYMike2, were found in poplar based on the sequence similarity with previously characterized
LysMRLPs oA. thalianaand O. sativa

Notably, the poplal.YM2like2 paralog appears to be subject to tissapecific differential splicing. Interestingly, the splicing
variants differ at the first exon, encode markedly different LysM domains and show-8pgaéic accumulation patterns. One
splicing variant predomirtas in wood while levels of the other are higher in leaves. Microscopy analyses with fluorescence
tagged LYM2ike2 proteins encoded by the splicing variants show different subcellular localization. Given the fact that the
splicing variants only differ ithe amino acid sequence of the LysM domains it is reasonable to postulate that intrinsic LysM
domain features determine the distinct localization of the splicing variant products.

CRISPR/Cas9 mediated knockout lines of papfdi2homologsshow normal ROBurst and MAPK activation. A possible effect
on plasmodesmatal conductance (as shown for the Arabiddpdid2knockout) is currently investigated.

PLENARY ABSTRACT
OcPL;005
How plants became the greatest chemistdessons from studying secretory structes and specialized
cell types
M. Langé

Washington State University, Institute of Biological Chemistry, Pullman, United States

The ability to sequester secondary (or specialized) metabolites and defense proteins in secretory structures was a critic
adapgation that has shaped pladterbivore and planpathogen interactions for hundreds of millions of yearSecretory
structures in terrestrial plants appear to have first emerged as intracellular oil bodies in liventlontascular plants, internal
secetory structures, such as resin ducts and laticifers, are usually found in conjunction with vascular bundles, while
subepidermal secretory cavities and epidermal glandular trichomes generally have more complex tissue distribution patterns
An overview othe evolution of these secretory structuresand the chemical diversity found within thepwill be provided.
Recent breakthroughs in our understanding of the chemistry, biochemistry and molecular genetics of specialized metabolisi
have enabled the devepment of mathematical models, which have begun to shed light onto the unique flux distribution at the
interface of central carbon metabolism and pathways that lead to the accumulation of exceptionally high concentrations of
certain metabolites. Examplef how iterative cycles of modeling and experimentation have been employed to characterize
processes relevant to the unique metabolism in secretory structures and specialized cell types will be presented.
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0¢X001
Evolution of specialized metabolismthe system of pyrrolizidine alkaloids

D. Obet
IChristianAlbrechtsUniversitat zu Kiel, Botanisches Institut und Botanischer Garten, Kiel, Germany

Pyrrolizidine alkaloids (PAs) are a typical class oft glecondary metabolites that are produced as part of the chemical defense
of the plant. PAs exist in two forms, as tertiary lipophilic free base and asNalside. This interchangeability is most likely one
reason for the development of several fasding plantinsect interactions.

PAs occur in several unrelated lineages of the angiosperms. By studying the first specific enzyme of this pathwa
homospermidine synthase (HSS), it was possible to show that the ability to produce PAs evolved sevenati¢dipessiently

during angiosperm evolutiorf-urther enzymes are under study to identify the evolutionary mechanisms that resulted in the
establishment of this pathway in several independent plant lineages.

PA biosynthesis is regarded as a constitutive deden.e. the toxins are produced without induction. Our recent data on the
regulation of the pathway shows that the characteristic diversity of secondary metabolism does not only refer to theydbfersit
chemical structures, but also to a highly diversgulation. Only specific cells are suggested to be involved in PA biosynthesis,
often only during a restricted time window of plant development. And also on the level of alkaloid accumulation we observe ar
unexpected variability between the developmentéges of the plant, the various tissues, and even between different leaves of
the same plant individual.

By giving an overview of PA biosynthesis in plants and by addressing some more specific research questions of our group,
introduce PAs as a powerfsystem for evolutionary studies in plant secondary metabolism.

0002
Evolution of functional divergence in the BAHD acyltransferase famign enzyme family as a driver of

metabolic diversity in plant

L. H. Krusk K. Fah G. Younkify G. D. Moghe
!Cornell University, Plant Biology Section, Ithaca, United States
2Boyce Thompson Institute, Ithaca, United States

Enzyme families emerge through repeated gene duplication and contribute significantly to the number and chemical complexit
of metabolites foud in plants. These families are characterized by shared protein domains, functional redundancy, promiscuity
and functional divergence. A walharacterized example is the BAHD acyltransferase family, whose members catalyze the
transfer of a CoAactivatedacyl chain to an acyl acceptor, and are involved in lignin, wax, flavonoid, anthocyanin, polyamine,
alkaloid, acylsugar and alcohol acylation reactidnghis study, we investigated the origins of the different BAHD functions. To
reconstruct the BAHD faily ancestral state, we compiled a database of 126 biochemically characterized members from 60
different species and identified orthologs from algae to higher angiosperms. We found that the BAHD enzyme family expande
significantly after the evolution ofand plants, from their origins in phenolic ester biosynthesis. BAHDs were subsequently
recruited into wax, anthocyanin and polyamine biosynthesis before emergence of angiosjBarsesl on a structural similarity
network of all BAHD substrates, we idermifia number of structurally similar "ancestral substrate classes" and hypothesized
that substrate classes within the "ancestral" space are more frequently accessed through BAHD evolution than distant classe
We tested this hypothesis by characterizing thetivities of >8 BAHD enzymes from different regions of the BAHD substrate
space and found that that ancestral space enzymes are able to utilize more different substrate classes, either as natee or t
activities, than more specialized enzymes thaedied from the ancestral space. These findings support our hypothesis that the
BAHD functional diversity is partly a function of the ancestral promiscuity of BAHD enzymes. We also found support for th
hypothesis that a small number of sequence changessafécient to change enzyme preference between the structurally
similar ancestral substrate classes, while likely a larger number of residue changes are needed for switchingancastcai
substrate class. Analysis of protein structural flexibilitytHer revealed sequence motifs and structural regions potentially
contributing to the promiscuity of BAHD enzymedssights derived from these analyses can inform studies of enzyme
promiscuity and metabolic evolution in other enzyme families and helpmatidesign of enzymes for synthetic biology.
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0cX003
Profiling thevolatile metabolome inpear leaves withdifferent resistance to thepear PsyllaCacopsylla

bidenso ~ dzf @haradteyiz&tion ofphenolic acid decarboxylase

M. IbdaH, M. Yahyal D. RachmaryY. GerchmanD. Holland, L. ShaltieHarpaz
NeweYaar Research Center, Agricultural Research Organization, Plant Sciences, Ramat Yishay, Israel

Pear Psylla is the most important pest of pearlippaargrowing regions, in Asian, European, and the USA. Pear psylla damages
pears in several ways: Higlensity populations of these insects can cause premature leaf and fruit drop, diminish plant growth,
and reduce fruit sizeln addition, their honeyde promotes sooty mold on leaves and russeting on fruit. Pear psyllas are also
considered vectors of pear pathogens suctCasdidatug?hytoplasma pygausing pear decline that can lead to loss of crop and
tree vigor, and sometimes loss of trees. Psyllaticd is a major obstacle to efficient Integrated P&&nagement.

Recently we have identified two naturally resistance pear accessions (F3616and Py.70202) in the Newe Ya"ar live
collection. GEMS volatile metabolic profiling identified severallatie compounds common in these accessions but lacking, or
much less common, in a sensitive accession, the commercial Spadona variety. Amongolagkss were styrene and its
derivatives. When the resistant accessions were used as-stéek, the voltle compounds appear in commercial Spadona
scion leaves and it showed reduced susceptibility to pear psylla. Laboratory experiments and applications of some of the:
volatile compounds were very effective agaipsylla eggs, nymphs and adults.

The genesnd enzymes involved in the specific reactions that lead to the biosynthesis of styrene in plant are unknown. We hav
identified a phenolic acid decarboxylase that catalyzes the formatigmtgfdroxystyrene, which occurs as a styrene analog in
resistant pear genotypes. The Hiagged and affinity chromatography purifidel. colexpressed pear PyPAD1 protein could
decarboxylatep-coumaric acid, and ferulic acid hydroxystyrene and -Bnethoxy-4-hydroxystyreneln addition, PyPAD1 had

the highest activityowardsp-coumaric acid.

Expression analysis of tHeyPADgene revealed that its expressed as expected, i.e. high when styrene levels, and psylla
resistance were high.

0004
Alternative expression systems for plant cytochrome P450snnamic acid 4hydroxylase from the

hornwort Anthoceros agrestis

J. Woht, M. Peterseh
PhilippsUniversitat Marburg, Institut fir Pharmazeutische Biologie und Biotechnologie, Marburg, Germany

Cinnamic acid 4hydroxylase (C4H) is one of the best characterised cytochi4®® hydroxylases involved in plant secondary
metabolism.The enzyme is part of the phenylpropanoid pathway and catalyses the formatiorcaimaric acid frontrans-
cinnamic acid.

The cDNAs encoding C4H and a NADPH:cytochrome P450 reductase (CPR)plitee énom Anthoceros agrestisSince
expression in yeast failed, probably due to a higherc@@ent and different codon usage, we looked for alternative expression
systems.E. coliwas chosen because it is nhowadays often used for expression of plenthoyme P450 enzymes -A]. A
AaC4H/CPR fusion protein was actively expresséd aoliC41. Simultaneously a soluble AaCPR protein was produced, purified
and characterised. AaCPR measured with cytochrome c displayed\alie of 9.2 uM for NADPH and\anaxof 49.17
mkat/kg.

Since product yield of the AaC4H/CPR fusion protein in bacteria was very low, we decidedPtoyssemitrella patemas a
second expression system for AaC4H. The mi@Bgscomitrella pate:m has high and efficient rates of homologous
recombination, which makes it suitable for stable transformation [5,6]. As a eukaryotic organism it has the ability tonperfor
posttranslational protein modifications [7], and it is moreover comparable to higher plants regarding gene content, expression,
and regulation [8]. The heterologously expressed AaC4H protein catalysed the Niapé&tdlent formation of £oumaric acid.

Since Physcomitrellaitself presumably possesses two own C4Hs, characterisation was carried out in parallel with the
untransformedPhyscomitrellawild type (PpWT). Apparent Kualues for AaC4H were determined to be 17.3 uM for cinnamic
acid and 88.0 uM for NADPH. PpWT displayeev&imes of 25.JuM for cinnamic acid and 92.8M for NADPH.

To our knowledge, this is the first report tiie active expression and characterisation of a membsaoend enzyme in
Physcomitrella patens
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0¢X005
Green goldg screen for inducible valuable secondary metabolites in green plant residues from

Solanaceae for industrial use
J. J. ReimérV. Carvalho Lem<E. B. HaraldssérF. @nzeb, L. V. JunkérB. Thielé A. Wiese

Klinkenberg, B. UsadéP, A. Wormit

IRWTH Aachen University, Institute for Biology 1, Aachen, Germany
’Research Center Jilich, Institute of Bind Geosciences, Plant Sciences-@RGulich, Germany

The hoticultural production of Solanaceae (like tomato or pepper) produces green residuals as left over. The capacity of plant
to induce secondary metabolites in response to abiotic stress is well known, but yet not utilized in such residues. diws, abi
stress treatments applied in green houses after vegetable production would enable an extraction of valuable metabolites from
green plant residuals and could complement the current valoain.

Here, we present changes in secondary metabolism in tomato andquegye to abiotic stress using a combined approach of
transcriptome analysis and metabolite profiling. For further insights in the natural variation of responses, cultivated tomat
(Solanum lycopersicunultivar Lyterno) and peppeapsicum annuuroultivar Stayer) were compared with samples of the wild
tomato S. pennellior a wild chili species3( annuuni. var.glabriusculun), respectively. We applied different stress treatments
(e.g. nitrogen depletion, elevated light, cold during night, elicitor tne@iit) and combinations thereof under controlled
conditions to young plants. Single leaves were collected and used for both ais&Nanalysis and a metabolite screen using
mass spectroscopy.

Our analysis shows a significant induction of flavonoid and yplpeopanoid biosynthesis in leaves of cultivated tomato and
pepper plants after application of various stresses, whereas the wild species showed a less pronounced induction ofsflavonoit
with an enrichment of different metabolites. In a preof-concept séup we could induce the production of four specific
secondary metabolites in the cultivated lines (rutin and solanesol in tomato, and cynaroside and graveobioside A in peppe
especially after applying various stresses in combination. Besides, the biesimnpfathways of additional valuable metabolites,

like chlorogenic acid, were induced as well.

We expect that ceextraction of multiple identified secondary metabolites might have the potential to increase further the
actual valuechain of horticulture without changing the fruit yield if induction occurs after the last fruit harvest.

0¢X006
Biosynthesis of pyrrolizidine alkaloidg CRISPR/Cas9 of an acetohydroxyacid synthasgymphytum

officinale
A. Engelhardt D. Obet

IChristianAlbrechtsUniversitd Kiel, Botanisches Institut und Botanischer Garten, Kiel, Germany

Pyrrolizidine alkaloids (PAs) are plant secondary metabolites used as a defense against herbivores. PA biosynthesis evol
several times independently within the Angiosperg The chaacteristic bicyclic ring system, the necine base, shows only
limited structural diversity. The vast variety of over 660 different PAs in plant kingdom originates in the differentaiggic a
esterified to the necine bas& The lycopsamine type PAs, thepigal PAs in Boraginaceae and the Eupatoriae (Asteraceae),
possess a unique C7 necic acid. It was suggested that the C7 necic acid is derived from intermediates of the branched ch
amino acid biosynthesis, i.e. fromoXoisovalerate of valine biosynthest 5 According to this idea, an acetohydroxyacid
synthase (AHAS) transfers a tearbontunit from pyruvate via the active acetaldehyde (HeDP) to xoisovalerate. The
product is the secalled "pro necic acid”, the direct precursor of the C7 necid &cf. Gene knockout experiments with
CRISPR/Cas9 $ymphytum officinaléargeting the catalytic subunit of an AHAS like gene are used to elucidate the role of an
AHAS in PA biosynthesis.
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0007
Effects ofPRISEKnock down in transgeni®igitalis lanatal. shoots

J. Kleif, M. Ernst, E. Hork, W. Kreid, J. Munkert
!Pharmaceutical Biology, Biology, Erlangen, Germany

Digitalis lanata(D. lanatg is a species within thBlantaginaceaeThe cardiac glycosides (cardenolidespjitalisspecies have
been used for the treatment of heart failure (Kse2017) and experience a revival as potential-antior agents (Prassas and
Diamandis, 2008). In their biosynthesis, PRISEs (progestBrerezluctase/iridoid synthase) catalyze the reduction of
progesterone to b-pregnane3,20dione, which is an important step in the early biosynthesis of the therapeutically used 5
cardenolides (Kreis, 2017). PRISEs are enzymes encodéddPigenes (Jun eal., 2002; synAWI 31 Yang et al., 1997) that
occur ubiquitously in the plant kingdora.§, Bauer et al. 2010). Due to their wide distribution it is assumed that these proteins
have evolved early in evolution and possess more basic functions (Murikatt, 015a). Two enzymes (term&bbR1and
P5bR2 with progesterones -reductaseactivity are described iD. lanata(Kreis, 2017We here further investigated the role of
the PRISEs in cardenolide biosynthesis. For studying the effects of IRRMEIND. lanata,especially in regard to cardenolide
biosynthesis we estaished RNAi mediate®5bR1and P5bR2knock down mutants irD. lanatashoots (P5bR1 AY585867.1;
P5bR2 HM210089.1). The successful down regulation of the respe&iivSE& was demonstrated by qPCR and by assaying
progesteronebi -reductaseactivity in proten crude extracts. We not only observed a significant down regulation of the
cardenolide content irD. lanataPRISEnock down shoots compared to witgpe shoots but also saw a reduced level of
hydrogen peroxide, that is known to enhance cardenoliiesynthesis. Lower levels of hydrogen peroxide can result from an
enhanced gene expression of the defense related glutathione reductaBe gnd consequently increased glutathione level
observed inPRISEknock down mutants. Presently, we cannot conclude thila¢ tinhibitory effect seen in cardenolide
biosynthesis is only a result of reduced PRISE expression. We therefore presently further evaluate the relation between PRI
expression, cardenolide content and plant stress response.

hw! [ ! . {RLANT ARCHHBTURE

OcKg001
Shedding light on branch angles and the molecular determinants of plant shape

C. Dardick J. M. Waité C. A. Hollendér
IUSDA AR®ppalachian Fruit Research Stati®arneysville, WV, United States
2Michigan State University, East LamsiMI, United States

The most important factor that influences orchard productivity is management of tree size and shape. Tree shape is influence
at the time of planting through spacing and the choice of rootstock, as well as by the seasonal prunirgjrang tf the tree
throughout its life. In recent years, orchardists have been moving towards higher density planting systems that maxintize time
harvest, yield, and fruit quality. Genetic improvements to tree architecture offer a potential solutiomrtionize labor costs

and increase productivity, however, there is a sizeable knowledge gap in our understanding of the underlying mechanisms. Tt
includes both the genetics that influence tree shape as well as interactions with the environment. Oymastheéecade, we

have identified a handful of genes in peach that control tree size and branch orientation usirgenexation sequencing
strategies. Collectively, the work has led to a model in which branch orientation is largely controlled througédidation of
gravitropism. Practical aspects of the work potentially related to management practices and/or breeding will also bedliscusse
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OcKc002
Functional characterisation of high tillering mutants in barley

A. AWalla?, G. W. van Es3eG. Kirschnér R. Simoh M. von Korff-2
'Heinrich Heine University, Disseldorf, Germany
ZpMax Planck Institute for Plant Breeding Research, Cologne, Germany
SscWageningen University and Research, Wageningen, Netherlands

Shoot achitecture is fundamentally important for growth and yield in temperate cereals like barley. It is determined by the
activity of the shoot apical meristem which gives rise to leaves, axillary meristems, stems, tillers and inflorescencest, Howe
little is known about the genes and regulatory pathways that control shoot architecture in barley.

Here, we provide new insights into the genetic control of shoot architecture through barley mutant analysis as a to@do diss
major regulators controlling plant arphology. We analysed allelic high tillering mutants designatedarsy noded dwarfmnd)

by phenotypic analyses and transcriptomics. Detailed phenotyping ofnthéd mutants revealed pleiotropic developmental
defects in both vegetative and reproductiveaits. Vegetative growth was increased nmd mutants including excessive
development of leaves that subsequently led to higher numbers of axillary buds and tilen®stingly,mnd mutants were
able to produce tillers at elongated nodes close to theathapical meristem and at the base of the inflorescence. Scanning
electron micrographs uncovered thahnd mutants failed to suppress bract growth and spikelet meristems reversed into
vegetative branches. Reproductive development was impaired resultingeéduwction of spikelets and seeds per spike. Using
mapping by RNA sequencing, we were able to identify the causative gene underlyimgnthiscus on chromosome 7HL.
Expression analysis of shoot apical meristemsiofl mutants revealed the miexpression 6known barley floral regulators and
suggested a major role of this gene in barley gene transcription and regulation of development.

OcKc003
ENHANCED GRAVITROPISM Xey regulator of barley root system architecture

G. Kirschnér S. RosigndliS. Sal¥, F. Hochholdingér
tUniversity of Bonn, Crop Functional Genomics, Bonn, Germany
2University of Bologna, Department of Agricultural and Food Sciences, Bologna, Italy

Plant roots are hidden belowground and are therefore not the obvious target for plagders. Nevertheless, they have a big
impact on plant growth by taking up water and nutrients and confer anchorage inRssikntly, a deep root phenotype was
proposed to increase resistance against drought stress by providing access to deep soil eviier.ehd, we analyse a barley
mutant with a strong hypergravitropic root phenotype. While seminal and lateral roots grow in a wide angle towards the center
of gravity in wild type barley, thenhanced root gravitropismggt2) mutant exhibits roots thatire directed in a steep angle
towards the gravitropic vector and show a fasteramentation after rotation. Apart from the enhanced gravitropism of the
roots, we could neither detect any other phenotype in the root meristem, root cap or in the rootstre, nor in the shoot.

This indicates that the mutation specifically affects the reaction of the roots to gravity rather than a general sigmadess.p
Furthermore we could show thaEGT2most likely acts upstream of auxielated processes in the avitropism signalling
pathway. By bulked segregant analysis in combination with whole genome sequencing, we narrowed down the number of
candidate genes. By cloning and subsequently characterizing the respective gene, we hope to provide knowledge lier both t
basic molecular mechanisms for root gravitropism and a putative target for breeding for drought resistance.
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OcKc004
OptiArch¢ increasingyield by optimisation of plant architecture insunflower

Y. Sprychia A. Dimitijevic®, C. JansénR. Horh
tUniversity of Rostock, Plantgenetics, Rostock, Germany
2Institute of Field and Vegetable Crops, Novi Sad, Serbia
3Strube Research GmbH & @@, Sollingen, Germany

The goal of this project is to optimize the sunflower plarthétecture towards a more compact, more efficient growth type. The
focus is on narrow petiole angles and lower plant height, allowing the cultivation of sunflowers with higher plant dansities
increased vyields. Sunflower is one of the most importantaoops of our time and vegetable oils represent higlality
agricultural products as renewable raw materials. Plant architecture plays an important role for yields as it has algeeaeinf
on photosynthesis, lodging and possible plant densities. Biften plant densities can also result in bolting due to competition
of the plants for light, which raises the tendency for lodging. However, to optimize plant architecturerefaletl traits like
plant height and leaf angle need to be addressed andajygroach to optimize plant architecture requires knowledge about the
genes involvedror leaf and branch angles, the getésTACEnd HaLAZY &re two likely candidates. In addition, gene variants
of the GAsignaling pathway may play an important role iargl height, since gibberellins are involved in many developmental
processes, especially in shoot elongatidnsunflower association panel consisting of USDA, -GRIldnd INRA material was
evaluated regarding plant architecture. In 2017, the associatiamepeaonsisted of 384 sunflower accessions, which showed a
great variation in terms of their plant height, branching and leaf andtesm this panel, 64 genotypes with defined growth
types were selected for 2018. These 64 genotypes represent 45 normagnildwarfs and 8 dwarfs with varying leaf angles
(narrow, normal and wide)n 2018, the field trials for the association panel were carried out at three locations with different
climatic conditions. The phenotypic data of the three sites showed gooctletions. The 22 candidate genes from the 64
genotypes were sequenced by Amplicon Targeted Sequencing. The SNP analyses allowed the identification of gene variant:
genes of the GA signaling pathway as well as of the geladACIHaTAC2nd HaLAZY/HaLAX2 Furthermore, association
studies were started and the population structure of the panel could be determined. In HRM analyses, dwarfs athaagémi

of the association panels and various ornamental sunflowers were examined with regard to a knowrominatthe DELLA
domain ofHaDELLAdene, responsible for reduced growth.

OcKg005
Structurefunction relationships of different epidermal cell type cuticles in the maize leaf

S. MatscHi M. F. VasquézR. Bourgaulf P. Steinbach S. A. Braybrodkl. Molin&, L. G. Smitk?
IUniversity of California, San Diego, Section of Cell and Developmental Biology, La Jolla, United States
2Algoma University, Biology, Sault Ste. Marie, Canada
SUniversity of California, San Diego, Howard Hughes Medical Institue)laaUnited States
4University of California, Los Angeles, Department of Molecular, Cell and Developmental Biology, Los Angeles, United State:

The cuticle is the outer physical barrier of plants, establishing an important interaction interface witmvirerenent. This
hydrophobic layer consists of the lipid polymer cutin embedded with and covered by different waxes, providing protection
against environmental stresses like desiccation, UV radiation, and pathogen attack. Thickness, structure, and chemic
composition of the cuticle vary widely among different plant species, and even within a species, depend on organ identity
developmental stage, and growth conditions. Our project aims to identify the relationship between cuticle ultrastructure,
composition and function of different epidermal cell types of the adult maize leaf. Here we present bulliform cell cuticles as an
example of a specialized cuticle likely contributing to the cells" specific function. Bulliform cells are organized udifadgit
rows only on the adaxial side of most grass leaves, and are implicated to play a role in the leaf rolling response upon droug!
and heat stress. We were able to show increased shrinkage of bulliform cells during dehydration of the af
independently onfirmed by dehydration analysis of mutants with increased bulliform cell content. Ultrastructural data showed
distinct alterations in cuticular organization dependent on the cell type, which we related to differences in cuticle ¢cmmposi
analyzed by G®IS, to identify crucial components of cuticular function in these epidermal cell types. Transcriptomic analysis of
developing leaves of several bulliform eefiriched mutants is conducted to identify common regulators of thesetyed-
specific cuticleglikely facilitating the function of bulliform cells in stréagluced leaf rolling of grasses.
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OcKc006
A comparative morphological approach of the stinging trichomes of netlles (Urticaceae, Urticeae tribe)
l. C. Nasciento!, S.P.Teixeir&
lUniversidade de Sdo PauldSP, Faculdade de Filosofia, Ciéncias e Letras de Ribeirdo Preto, Ribeirdo Preto, Brazil
2Universidade de S&o PaultySP, Faculdade de Ciéncias Farmacéuticas de Ribeirdo Preto, Ribeirdo Preto, Brazil

Secetory trichomes are epidermal appendages of great morphological diversity. They may be present throughout the whole
body of the plant. Production of substances to protect the plant against phytophagous and pathogens has been considered the
main function.Among the types of secretory trichomes, the stinging is of special interest because the substances produce
cause a sensation of burning and pain even in humans. This type of secretory trichome is characterized by a broad ba:
elongated peduncle and bulkhaped apex and is reported for few botanical families, as for example Urticaceae. In Urticaceae
the stinging trichome is found only in the Urticeae tribe, which in Brazil is represented by the genera Laportea, Uraetecand U
Thus, the objective of tkistudy was to check the occurrence and detailed morphology of stinging trichomes that may be
present in species of these three genera. Samples of leaf, stem and floral organs were collected from Urtica dioicaela., Lapor
aestuans (L.) Chew. and Urera tifera (L.) Gaudich. ex Wedd. The stinging trichome was found in Urera baccifera and Urtica
dioica. In addition, two other types of secretory trichomes were recorded: one with a short peduncle and a spherical anc
multicellular head in all samples analyzadd another with a long peduncle and a multicellular spatiiaped head in Laportea
aestuans. The absence of a typical stinging trichome in Laportea aestuans was surprising. Thus, new samples of thexgpecies \
submitted to tests of localization of satances in situ, in addition to chemical exsudate analysis. Tannins, alkaloids and
cholesterol were found in the secreted content of Laportea aestuans stinging trichomes. The data set of distribution,
morphology, ultrastructure and chemical nature of theceeted content show that, as well as Urtica dioica and Urera baccifera,
Laportea aestuans also presents stinging trichomes, but they are considered atypical. (Capes, CNPq e FAPESP).

Keywords: anatomy, cytochemistry, histochemistry, Laportea aestuansa baecifera, Urtica dioica.
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First contactg plant responses to eggs of herbivorous insects
A. Steppuhh

IFreie Universitat Berlin, Molecular Ecology, Dahlem Centre of Plant Science, Berlin, Germany

It is well recognized that most plants induce diverse defence traits in response to an attack by herbivores. It also is decades a
that it has been first discovered that plants can also respond to eggs of herbivorous insects. Yet, the understanding ar
awarenes®f the role of such responses for plant resistance to herbivores is still underwhelming, despite the herbivorous attack
by many insect larvae is often preceded by the oviposition on host ple#fgsinvestigate whether and how solanaceaous plant
species us insect oviposition as a signal to increase their resistance. Some plants show very obvious responses at the sites
egg deposition such as chlorosis, necrosis and neoplasm formation. In such &planyym dulcamarawe found that plants

can kill inset eggs by the production of ROS underneath the eggs [1]. In other plantd\ieajiana attenuata no obvious
responses at the sites of oviposition and no effects on egg survival are observed. However, both mentioned species [2,
increase their resistare to the feeding larvae after egg exposure.Nn attenuatg we identified an ovipositioomediated
priming of feedingnduced defence traits as the mechanism underlying the increased resistance to herbivory of oviposited
plants [3].We also showed that generalist and a specialist herbivore are differentially affected by this prifdipgosite to the
generalist larvae, that of the specialist are not directly but may be indirectly affected as they have lower immune parametel
levels and are more susceptibie@ entomopathogens [4]. Remarkably, the speespgcific response thall. attenuatashows to

the feeding by these two species is also primed after the moth"s egg deposition, which we revealed-facidiudll experiment

with both species' egg depositis and feeding larvae [5]. Overall, our findings suggest that despite the advantages that the
oviposition on a host plant certainly has, it can be used by the plant to optimize ithenbivore defence.
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OcLc002
Regulation of the nectar composition iBromeliaceae

T. Gottlinget, G. Lohaus

Bergische Universitat Wuppertal, Molekulare Pflanzenforschung / Pflanzenbiochemie (Botanik) , Wuppertal, Germany

The family of the Bromeliaceae is one of the spedigsest nornwoody plant families in the Neotrops. Bromeliads are diverse

in morphological, ecological, or physiological aspects. More species within the Bromeliaceae are pollinated by vertebrates th
insects. Therefore, bromeliads include trochilophilous, chiropterophilous, entomophilous, psychphsfghingophilous, and
autogamous species by which these can be separateddisoor nightflowering plants.

The main reward for pollinators is, as with other plant groups, floral nectar produced by in this case septal nectadks. Flor
nectar containsmanly sugars (e.g. glucose, fructose, and sucrose), amino acids, inorganic ions, acgtiand secondary
compounds.

So far, nectar sugar compositions have often been related to the pollination syndrome of the plant species, includingpfpecies
Bromdiaceae whereas amino acids or other nectar compounds have ndiegn investigated thoroughly.

The question is whether the different groups of nectar compounds are influenced by specific pollinator types, taxononsc group
and/or phylogenetic relationsTherefore, nectars of 147 species from 18 genera of the Bromeliaceae were analyzed by HPL(
with regard to sugars, amino acids, inorganic ions, and organic acids. The analyzed species vary widely in the timésof anthe
(day versus night), floral morpholpgand pollination type. Since 22 badllinated species were researched, a particular
attention is paid to these species in pursuit of the question whether the nectar composition qfoliatated species differs
fundamentally from the nectar glants wth other pollinators.

The analyzed nectar composition indicates that the concentrations of sugars and certain inorganic ions in the nectar of ba
pollinated species differed significantly from those of species with other pollination types. Different meatpositions can be
considerably explained by the pollinator type rather than by the taxonomic groups. Furthermore, the phylogenetic comparative
analyses show that the trends in the nectar composition are not related to a phylogenetic signal. Sumnadlridatg, it is
obvious that significant differences exist between nectar traits ofdmdlinated species and species with other pollination types.

OcLc003
Nectar secretion from wounds and its evolutionary prospects

T. Lortzing A. Steppuhh
'Freie Uniersitat Berlin, Biology/ Molecular Ecology, Berlin, Germany

Plant nectar as a reward for mutualistic insects conveys the most prominent-ipkett interaction besides herbivory. It is
surprising how little is known about the evolutionary origins of aececretion and about the physiological mechanisms it is
based upon. Nectar is usually secreted from secretory structures (nectaries) that seem to emerge and disappear frequently «
across the plant kingdom. We recently described a form of nect8olmum dulcamarahat is not secreted from nectaries but
directly from herbivoreinflicted plant wounds [1] . This wound nectar functions as indirect plant defense as it attracts ants to
the plant that keep herbivores at baits amount and chemical compositi is controlled by the plant and it mirrors all core
characteristics of extrafloral nectar that is commonly secreted from nectaries. Since wound nectar does not require an
specialized secretory tissue or structure for its release, it represents theestmphy for a plant to produce functional nectar.

Due to its simplicity, it might evolve quickly and could allow natural selection to give rise to sophisticated nectanyestridie
amount of wound nectar secretion varies strongly betwe&erdulcamargopulations in Europe and North America. In European
populations, its woundnduced release coincides with enhanced expression of SWEET sugar transporters in the damaged tissu
Interestingly, the sucrose transporter AtSWEET9 and its homologs are respdosithle sugar export from floral nectaries into

the extracellular space in various plant species. We investigate, whether wound nectar and nectar from nectaries might hav
independently ceopted similar sugar transporter systems for their release, whigght help to explain the frequent and
independent evolution of nectaries."
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OcLc004
Inability of callosobruchus maculatus (coleoptera: chrysomelidae: bruchinae) to damage arachis

hypogaead ¥ 6 OSI Svf S3IdzyYAazal So

T. Ofuyéa
The Federal University of Technology, Akure, Crop, Soil & Pest Management, Akure, Nigeria

Introduction. Amongst food legumes in Nigeria, the storage p€silosobruchus maculatus. 6Coleoptera: Chrysomelidae:
Bruchina&is unable to proliferate orachis hypogaeh. abaceae/Leguminos@and | sought to investigate this inability.

Methods The investigation was carried out under ambient laboratory conditions in Akure, Nigeria. Pods and sdeds of
hypogaeaand Vigna ungiculata ¢a susceptible ho€iwere provided in separate Petri plates for femalesfmaculatugor
oviposition in nechoice and freechoice tests. Subesquently, the pods the pods and seeds bfjpogaeavere dissected and
examined under the microscoperfevidence of egg hatch and larval development.

Results:There was no significant difference in egg laying by female beetles on the seeds and padsypbgaeaand V.
unguiculata. Eclosion occurred but larval growth and development was not completecgédssand pods oA. hypogaea
Microscopic examination of infested pods revealed that 1st instar laevae were unable to successfully penetratewiad pad
perished. First instar larvae of the beetle penetrated the seed coat but perished upon attertpfeed in the seed.

ConclusionsPod wall thickness conditioning antixenosis and toxic substances contained in seed conditioning antibiosis ar
putatively responsible for the inability &. maculatusarvae to cause damage . hypogaegods and seed$roducts fromA.
hypogaeaseeds may be efficacious in protecting susceptible grain legumes from dam&yertaculatus

OclLc005
Which Asclepiascardenolides should | take? The decision@hcopeltus fasciatus

P. A. Rubian®uitragd, C. Heyworth H. Rovdand!, C. Paefz
Max Planck Institute for Chemical Ecology, Jena, Germany

Of the many ways that organisms protect themselves against enemies, chemical defense is one of the most taxonomically a
ecologically widespread. Toxins are used to prevent damagerédators and parasites through different mechanisms, and are
found in both simple and complex organisms including bacteria, fungi, animals and plants. The compounds that defend th
plants of Asclepiasgenus are called cardenolides, steroid glycoside pmumds that inhibit the Na+/kATPase function in
animal cells. Because of their activity over this enzyme target, they are responsible of different phenomena and application:
from poisoning livestock to treatment of congestive heart failure.

Some insectthat haveAsclepiass host plant are adapted to overcome the toxic effect of cardenolides. Among them, there are
species that not only overcome the toxicity, they also use them as their own defense against predators. The large milkwee
bugOncopeltus fagatug is a cardenolide sequestering insect that feeds mainlsriepiaseeds. The mechanism of chemical
defense absorption is an ongoing issue in molecular and physiological studies. One of the postulates is that cardenolides &
sequestered manly tdoe stored in specific glands and released as part of a defensive excretion, these glands appear to b
different in adults and nymphs. Our aim was to compare two systen@®. dasciatusone raised in a neutral diet (sunflower
seeds), while the other was iseed with seeds oA. curassavicaThe presence of cardenolides in the defensive secretiod.of
fasciatuswas analyzed by HPIMS and NMR experiments, both in nymphs and adults, remarking the differences between the
cardenolideprofile on those two lifeges. The comparison was made along with a phytochemical studlycofrassavicaeeds

to obtain reliable data of the cardenolides present in the diet and their structural characteristics.

This research was conducted with the background hypothesis teaséquestration of bioactive metabolites Aéclepiadas a
direct correlation with the need foD. fasciatugo develop and maintain a chemical defense trait. In addition, we hope to draw
conclusions about the relevance of the cardenolide structure erftinctional groups that could be key during the sequestration
process.
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OcLc006
How doesSolanum dulcamarancrease its resistance to herbivores in response to insect oviposition?

A. Ebert, R. E. H. CrameB. GWang, A. Steppuhh
'Freie Universitat Berlin, Molekulare Okologi2ahlem Centre of Plant Science, Berlin, Germany

Plants respond to insect herbivory with a multitude of resistance traits. Recent studies revealed that several plant specie:
among themthe Bittersweet Nightshadé&olanum dulcamaraincrease their resistance to herbivorous insects, when they
experienced the herbivore's oviposition before the attack by the larvd@be nature of such ovipositiemediated resistance
remains largely unknowrn\WWe aim to determine responses &.dulcamarato oviposition and larval feeding b$podoptera
exiguathat could explain such an increased resistance. A previous transcriptional and metabolic screen of the effects c
oviposition on S.dulcamara plants indiates a modified regulation of phenylpropanoid metabolism after larval attack
Therefore, we first examined the inducibility of phenylpropanoids in herbrex@osed and systemic leaves $f dulcamara
Despite considerable variation in phenylpropanoid fles between plants from spatially distant populations, our results
revealed inducible phenylpropanoid production, such as of caffeoylputrescine, which is also inducible by slug herl@vory in
dulcamar&. We then investigated in twéactorial experimentshow ovipositionper seand in response to larval feeding affects
defencerelated leaf traits, namely phenylpropanoids and protease inhibitor (PI) activity. We found that the effects of
oviposition differ from those determined in another solanaceous pi@itotianaattenuata), in which oviposition primes the
induction of phenylpropanoids and Pl activity by larval feetlinfkp assess potential regulatory processes of oviposition
mediated resistance mechanisms against the feeding larvae, we further exathie¢emporal dynamics of different defence
related phytohormones after oviposition and larval hatching. These experiments revealed that oviposition does not only induce
SA but also results in slightly elevated levels of jasmonic acid and its bioactexgiise conjugate during the egg incubation
time. This may be related to the increased jasmonate induction, which we determined early after feeding started.

References

[1] Geuss et al 218; Int. J. Mol. Sci., 19: 4008
[2] Calf et al., 2018; J. CheBrol.45: 146161
[3] Bandoly et al., 2015; Plant J., 83: 66712

PLENARY ABSTRACT

OcPLg006
Opportunities to improve yield through manipulation of photosynthetic carbon fixation
C. A. Rainés
IUniversity of Essex, School of Biological Sciences, Colchested Kinigdom

The growing world population and the plateauing of increases in grain yield from the major crops, deman
that we find new approaches to improve crop productivity. Ultimately the cumulative rate of photosynthes
over the season determines plaroductivity but photosynthesis has never been used as a screen for hig
yielding crops. In recent years evidence has accumulated suggesting that increasing photosynthetic cap:s
can lead to increased plant growth and yield. We are manipulating mué#iglets to improve both electron
transport and CO2 assimilation and are testing the resulting transgenic plants in both the greenhouse anc
field. My talk will provide an update on our progress to manipulations with the greatest potential to improv
productivity and yield.
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OcM¢001
Machine learning and molecular biology identify novel candidates regulating photosynthetic gene
expression

W. Halpapé A. Brautigarh
!Bielefeld University, Computational Bigly, Bielefeld, Germany

Photosynthetic gene regulation is not yet fully understood. To generate more information and viable candidates for regulatior
we explore gene regulation in plants using machine learning approaches. Machine learning approachely ¢oendtably

suffer from high error rates in predictiofit thus requires multiple information layers to overcome the high error rate. Random
forest regression predicted gene regulatory networks from at least 1000-typlel RNAseq open access datasetsr ffour
different species. GO term enrichment assigned function to transcription factors based on their predicted target genes.

The gene regulatory networks frorBolanum lycopsersiuniriticum aestivumand Vitis viniferawere stacked onto the
Arabidopsisthaliana prediction to generate high confidence candidates for selected pathways. The predicted candidates for
control of photosynthesis include the known regulators from the GATA and the GARP families. Regulators targeted to th
chloroplast and the mitochudrion are abundant among the predictions. Two members of the BBX family were also associated
with photosynthesis. Overexpressors for these regulators were cultured from seed to seedling under inducing conditions an
showed chlorotic phenotypes. CurrentiRNAseq of overexpressors and construction of Crispr/Cas9 knockout mutants identify
the precise direct and indirect targets of the candidate photosynthetic regulators.

OcMc¢002
Herbaria in the-omics and digital era new uses for old plants

D. Albach

Carl von Ossietzkyniversitat Oldenburg, Institut fur Biologie und Umweltwissenschaften, AG Biodiversitat und Evolution der
Pflanzen, Oldenburg, Germany

The approx. 3000 herbaria worldwide are home to about 400 million plant specimens. Whereas herbasiamatémes
believed to be outdated, modern research demonstrates that herbaria are more important and valuable than before as will be
shown in this talkTraditional uses of herbaria, such as documentation of distribution, morphological variation, stypiag
specimens and teaching plant identification, may have mostly been replaced by large data bases, DNA barcoding etc. Howey
herbarium specimens are increasingly used as genomic resources to access DNA otherwise inaccessible due to legal restrict
or extinction of populations or species. Herbarium genomics further provide insights into the past and allow tracking the
evolution over time of hybrids, domestication, and invasions, sometimes even answering functional genomics questions
Combined with digization and accumulating data from hundreds of herbaria, thus, allow novel and otherwise inaccessible
insights to answer questions relating to biodiversity conservation, climate change and other pressing research question:
Nevertheless, methodologies Mneed to be improved to utilize these resources optimally. Since DNA extraction is a destructive
sampling method, it needs to be optimized. DNA degradation, fragmentation and mutation during storage need to be
considered. Finally, analytical methods ndede adapted to the condition of DNA. Whereas several general recommendations
can be made based on various studies and own experiences, many aspects argpacific. Nevertheless, there is pressing
need for nondestructive methods. Spectroscopy mayeofsuch a method and | will present initial results to test its potential.
Consequently, herbaria will need to be incorporated into university teaching as an important resource providing opportunities
for researchoriented teaching and transdisciplinangsearch as exemplified by a couple of student research projects in
Oldenburg.
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OcMc003
The hidden potential of the pistil irHypericum perforatum(Johanniskraut); novel insights in the
development of dark ¢and development and hypericin biosynthesis
P. Rizzh L. Altschmiel] P. Stark T. Rutteh, A. Gindel, S. ScharfenbefgK. Frankg H. Baeumleih

L. Wessjohariy M. Koch, L. Borisjuk T. Sharbél
1IPK Gatersleben, Seeland, Germany
2IPB, Halle, Gernmy
SRuprecht Karls Universitat, Heidelberg, Germany
4GIFS, Saskatoon, Canada

Hypericum perforatum(Johanniskraut) is a popular medicinal plant, that arose in the last decades as one of the most
commercially interesting species due to its content of biaally active compounds Out of those, hypericin, is regarded as a
promising immunogenic cetleath inducer, that can be used in cancer photodynamic thefap¥urthermore, hypericin shows
potential applications in the treatment of Alzheimer diseasethgh interference with the formation ofi aplaques in the brath

Dark glands are the organs in which hypericin and other compounds are accumulated, for this reason, previous studies tried
address the biosynthesis of these compounds by studying tidsemsng dark glands Until today the leaf was always used as
the model organ fothe study of such structuredVe introduced the pistil as a novel model tissue for the study of dark gland
development. In our research we have demonstrated that the psstihore suitable than the leaf for the identification of genes
responsible for the differentiation of dark glands and for the biosynthesis of hypériite use a combination of statef-the-

art imaging techniques, metabolomics and multistage transcriptsnio discover novel genes involved in these complex
developmental processes.
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OcMc004
Chloroplast vs. Mitochondria resolvingsubcellularplant metabolism to thenext level

L. Furtauet, L. Kustne A. G. Heyér W. Weckwert4, T. Nagele
1L MU Munich, Biology |, Planeitartinsried, Germany
2University of &ittgart, Plant Biotechnology, Stuttgart, Germany
SUniversity of Vienna, Ecogenomics and Systems Biology, Vienna, Austria
4University of Vienna, Vienna Metabolomics Center, Vienna, Austria

Compartmentation is a key feature of eukaryotic cells though biockdgesearch is frequently limited by methods allowing to
resolve the metabolome subcellularlyo overcome this limitation, we developed a new protocol based on aagoieous
fractionation technique enabling the assignment of metabolites to their subleglcompartments (Furtaueet al, 2016). The
method is applicable to resolve subcellular metabolite dynamics in a precise and statistically robust manner. Altheugh nor
aqueous fractionation was successfully applied since decades, the distinction betwiéarhondrial and chloroplastidial
metabolism is still challenging. Here, we present a technique which allowed us to quantify plant leaf metabolism within a 4
compartment model comprising primary metabolism diloroplasts, cytosol, vacuole and mitochord(Furtaueret al., in
revision). In detail, we combined neagueous fractionation, subcellular enzyme kinetics, proteomics and metabolomics
approaches to reveal subcellular diurnal dynamics of plant metabolism. Wild type plants and hexdkirsK Heficient

gin2-1 mutants revealed a strong impact of HXK1 activity on metabolome dynamics across multiple compartments. Subcellul
levels of pyruvate, citrate, succinate and fumarate were significantly affectagin®¥1. Lowered mitochondrial glycine and
serine concentrations together with reduced abundance of photorespiratory proteins indicated an effect gin& mutation

on photorespiratory capacity (Furtauet al,, in revision). Our findings highlight the necessity to resolve plant metabolism to a
subcellular level in order to provide a causal relationship between metabolites, proteins and metabolic pathway regulation.

References

[1] Furtauer, L., Weckwerth, W. and Néagele(2016) A benchtop fractionation procedure for subcellular analysis of ket p
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OcM¢005
Calcium signaling at the cytoskeleton arts role in plant growth regulation

K. Birstenbindét P. Kumati P. Dahiyg M. Kdlling, G. Stamrh
!Leibniz Institute of Plant Biochemistry, Molecular Signal Processing, Halle (Saale), Germany

Plant growth and development follows a genetically-petermined series of events but can change dramatically in response to
environmental cues, involving perpetual pattern formation and reprogramming of development. The rate of growth is
determined by cell division and subsequent cell expansion, which are restrand controlled by the cell wallasma
membranecytoskeleton continuum. An essential role in coordination of growth processes is played by caldt)rio(&awhich

act as universal second messengers in cellular signaling. $gamral C&* oscillaions are monitored by Casensors such as
calmodulin (CaM) and CaMke (CML) proteins, which, depending on theif*@acupancy, differentially interact with a broad
range of target proteins to modulate their biochemical properties. Although severaiestuahplicated Ca-CaM/CML signaling

in regulation of the microtubule cytoskeleton and consequently plant growth, the underlying molecular mechanisms remain
largely elusive. Our comprehensive study of the KQ6ihain protein (IQD) family iArabidopsis thliana established 1QDs as
bona fide CaM targets, which commonly localize to microtubules and the plasma membrane, where they recruit?CaM Ca
sensors. Analysis of spatiemporal expression patterns iRrolQD:GFBUSreporter lines revealed preferential rpmoter
activity of mostlQDfamily members in meristematic and expanding tissu&b lossof-function lines display defects in cell
division and cell expansion that correlate with altered microtubule organization and aberrant deposition of cell walaimate
Important functions in plant development are further supported by altered fruit and grain sig@Dmisexpressing plants in
tomato and rice, respectively, collectively establishing 1QDs as key regulators of plant growth. Intriguingly, a hall@ark of
proteins is the large content of regions with predicted intrinsic disorder, which is a typical feature of scaffolds inwdived
assembly of macromolecular complexes. Together, we propose that IQDs link early signaling toae€ecution of growh
regulation. Here, | will present new insights into 1QD protein functions as potential hub$*isigal integration at the cell

gl & mLX I & Y-microfBoeccontingud.
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OcMc006
Small RNAs in host pathogen interactions; implications for agriculture

E. Secfs K. H. Kogeél
Nnstitute for Phytopathology, University of Giessen, Giessen, Germany

Targeted gene silencing by RNA interference (RNAI) based on small (S)RNA exchanges between hosts andhasidyebe
established and exploited in strategies such as Hudticed Gene Silencing (HIGS) and Sprdyced Silencing (SIGS), widely
used for plant protection against pathogens and pests (e.g. Nowara et al. 2010, Plant Cell 22(8);3186h et al. @213, PNAS
110(48):193249). More recently, SRNA have been discovered to be mediators (SRNA effectors) of natunaicholse
communication (Weiberg et al. 2013, Science 342 (61542B1&hang et al. 2016, Nature Plants 2(10):16153). Key to this
communcation process is the silencing of essential (virulence) genes of the microbe and imnelatitgl genes of the plant,
based on sSRNARNA duplex formation that interferes with translation of a target transcript.

RNAimediated regulation and communication ethanisms are best known iArabidopsis thaliana but the level of
conservation, redundancy and specificity is a challenging question in other plants, including monocotyledonous croptplants wi
polyploid and repetitive sequence rich genomes. Hence, theehgrassBrachypodium distachyois used in our research on
sRNAmediated croskingdom communication, in order to eventually elucidate the phenomenon in important cereals such as
barley, wheat and rice. Moreover, while sRN&sed communication has beessociated with pathogenic microbes such as
Botrytis and Verticillium, data on the presence of sSRNA effectors irpatimogenic, beneficial microbes of mutualistic plant
fungus interaction is widely missing. To this end, we have investigated sSRNA exdéhathge Sebacinalean symbiosis of
Brachypodium and the fungal root endophyRé&iformosporaSerendipitaindica We will discuss establishment and testing of a
bioinformatic pipeline to analyze sRNA and transcriptome sequencing data in the mutualistactidn and compare it with a
wide spectrum of plant pathogen interactions (Zanini et al. 2018, Frontiers in Plant Science 9:1212). Evidently, tlvatidentifi

of sSRNAs as putative effectors within the layered complexity of plant immunity and micngadtions has enormous potential

for agricultural application and optimization of RNxsised plant protection tools.

OcMc007
A novel MYB transcription factor i€apsicum annuumCaMYB59, positively regulate resistance to
Ralstonia solanacearurand high emperature-high humidity by regulating defense and heat stress
related genes

A. Nomanr? S. H& A. Hussaih I. Khan MuhammaéiM. Kashif Irshagd M. Ageet, L. Yonggen
!Govt. college university, Botany, Faisalabd, Pakistan
2Zhejiang University, Agri¢ute, Hangzhou, China
SFujian AGriculture and Forestry University, Crop science, Fuzhou, China
4Ghazi University, Agriculture, DG Khan, Pakistan
SLanzhou university, LAnzhou, Germany

Transcriptional control of plant processes is of paramount significamqaaintmicrobe interactions. Different transcription
factors (TFs) such as WRKY, bZIP, MYB etc. regulate cellular events in plants facing biotic stresses. MYB TF famdyseontrol d
plant processes ranging from growth, development, metabolism to diatid abiotic stresses responses. However, the roles of
diverse MYB TFs @apsicum annuurdefense are not very clear despite their immense significance in biotic stress responses. In
this study, we have functionally characterized and evaluated a novel MYBCaMYB59, in pepper immune responses to
Ralstonia solanacearurattack and high temperaturbigh humidity (HTHH). Umgulation of this nucleus localized TF was
recorded afterRalstonia solnacearuimoculation (RSI) and exposure to HTHH. Loss of funatieay of CaMYB59 by VIGS (virus
induced gene silencing) displayed not only compromised pepper immunity against RSI but also impaired tolerance to HTH
along with decreased hypersensitive response (HR) as well as low induction oflisitedsgenes likeCaPO2, CaPR1,
CaWRKY40, CaABR1 and thetaterance linked CaHsfB2a. Oppositely, pepper immunity was enhanced by transient
overexpression of CaMYB59. This reveals that CaMYB59 positively mediate host defense to RSI and HTHH by means of Hi
mimic cell @ééath, H202 production and aggulation of defenseas well as thermdolerance linked marker genes e.g. CaPO2,
CaPR1, CabzIP53, CaWRKY40, CaABR1, CaHsfB2a, CaHSP24. Transcriptional leliekrobmds/tsuch as Jasmonic acid,
Salicylic acid and ethaneaw significantly affected by silencing of CaMYB59. Interestingly, transcriptional response of selective
marker genes like CaCDPK13, CaLRK1, CaJAR1, CaEINBgasated in norsilenced pepper plants as compared to silenced
plants. This collectively cdirms the role of CaMYB59 as positive regulator of pepper immunity against bacterial pathogen. We
recommend that such positive regulation of pepper defense is dynamically supported by-hdwione signaling and
transcriptional web of defense geneBheseintegrated and interlinked events stabilize plant growth and survival under abiotic
and biotic stresses.
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OcMc008

Proteinclevel model of phytohormones in PAMP triggered immunity hyjeasurement of proteome wde
changes inprotein abundance

M. Bassal M. Abukhaldf, P. Majovsky; D. Thiem& C. Proksch M. R. Al ShweikiA. Hmedak, T. Hert, J.

Zieglet, S. Neumanh W. Hoehenwarter
!Leibniz Institute for Plant Biochemistry, RG Proteome Biology of Planadtions, Halle, Germany

Research has shown that transcriptional and translational mechanisms control protein abundance in the plant"s adaptive
response making direct measurement of protein abundance as a final measure of protein coding gene expxgdisianvée

have established a deep proteomics application that allows quantification of up to 9,000 proteins in a tissue extraatingllevi

the sensitivity issue in plant proteomidsxtensive proteome remodeling in PAMP triggered immunity (PRjabidopsiscould

be shown.The deep proteomics measurements were complemented by measurements of hormone levels and quantitatively
highly accurate targeted proteomics measurements. The study sheds light on possible roles of jasmonate and intermediates at
auxn in PTI as well as showing broad downregulation of the abundance of proteins in photosynthesis-ragalafon of
primary metabolism. The results allowed the construction of a far reaching model of hormone signaling in PTI on the protei
level whose irplications are discussed.

ORAL ABSTRAGTNERSITY ANHYOLUTION @HANDCAMPHOTOSYNTHESIS

OcNG001
Understanding the evolution of C4 gene expression

J. Hibbert
tUniversity of Cambridge, Department of Plant Sciences, Cambridge, United Kingdom

The C4pathway allows increased photosynthetic efficiency in hot and dry environments and has evolved repeatedly from the
ancestral C3 state such that it is found in over sixty independent lineages of angiosperm. Using-get®mealysis as well as
functional perturbation of individual genes, we have probed the molecular events that are associated with the evolution of C4
photosynthesis. | will provide examples that demonstrate that evolution hagpted preexisting components to evolve the C4
state. Thus, wiét there is likely significant turaver in the ciscode that determines patterns of gene expression, we think that
some of the gene networks used to control the C4 pathway are present and functional in the ancestral C3 state. We hypothesi:
that this useof ancient and preexisting machinery has facilitated the repeated evolution of the highly complex C4 pathway.
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OcN¢002
A reporter line based activation tagging screenAmabidopsis tlaliana identifies novelBSOM4gene as a
player in plasmodesmata development

K. Billakurthi, T. Sage M. Ludwig, P. Westhoff
IHeinrich Heine University, Developmental and Molecular Biology of Plants, Diisseldorf, Germany
2University of Toronto, Departmémf Biology and Environmental Sciences, Ontario, Canada
SUniversity of Western Australia, School of Molecular Sciences, Crawley, Australia

Introducing the more efficient C4 photosynthetic pathway into C3 crop species is one of the several approacipesve ihe
photosynthetic performance of C3 crops under high temperatures and dry climates and this requires the proper understandint
of the genetic regulation of C4 bundle sheath (BS) development. In C4 plants, BS cells are photosynthetically morighactive w
highly loaded chloroplasts and mitochondria. Gene regulatory systems operating in BS cells of C4 and C3 monocots and eudic
are at least partly conserved. Therefore, we hypothesized C3 model Atabtdopsis thalianavould be the best choice for the
discovery of novel genes that are required for BS activation. Additionally, to easily ardksioactively identify mutant lines

with altered BS anatomy, BS cellsfofthalianawere specifically labeled with chloroplast targeted green fluorescent pmotei
(GFP). These GFP reporter lines were subjected to the actisatigmg screen by using the promoter of the
phosph@nopyruvate carboxylase A gene from a C4 diglatveria trinerviaThis promoter is active in all chlorenchymatic cells

of the A. thaliara. Mutant lines were primarily selected just based on the GFP reporter gene signal intensity by the assumptior
that GFP signal intensity might correlate with the chloroplast number within the BS cells and by then to cell sizeatauontal

8000 transgert plants were screened and one mutant line with an approximately-fira increase in GFP signal strength was
identified. A novel, an unknown gene that was predicted to encode any protein was proven to be responsible for the observe:
phenotype. This genwas later named aBSOM4 To our surprise, microscopic observatiorbebm4mutant line revealed that

all leaf tissue cell types (mesophgiesophyll, bundle sheathundle sheath and mesophyBlundle sheath) of the mutant line

are connected with numerouslgsmodesmata in comparison to reference line. A high number of plasmodesmata, especially
between mesophyll and BS cells is one of key C4 leaf anatomical fedfior@sver, most interestingly, further characterization

of the BSOM4ene suggesting that it @sn"t encode any protein but rather functions as a mmuing RNA.

OcNc003
A novel mechanism explains the evolution of SAD-ME

M. Hudid, M. A. Troncordj G. PoschmarinV. G. Maurinb
!Heinrich Heine University Dusseldorf, Developmental and Molecutéodsi of Plants, Diisseldorf, Germany
2Universidad Nacional de Rosario, Facultad de Ciencias Bioquimicas y Farmacéuticas, Rosario, Argentina
8Heinrich Heine University, Molecular Proteomics Laboratory, Center for Biological and Medical Research (BMFE)fDUSS
Germany

In plants, NABnalic enzyme (NAME) is exclusively present in mitochondria where it is involved in malate respiration. In
species performing a specific type of ghotosynthesis, NAIME was cepted to decarboxylate malate in bundle sheatéll
mitochondria to facilitate C&concentration in close proximity to RubisCO. A specifiNABDME was never identified to date.
Here, we use Cleomaceae as model system to study the molecular evolution éflNADthe emergence ofs@hotosynthesis.

We found that @ CleomeGynandropsis gynandrand G CleomeTarenaya hasslerianboth possess threeNADME genes,
coding for one alpha and two beta subunits respectivalsanscriptional analysis did not allow for the identification af C
candidate genes.

Biochemical and proteomic analysis showed that a unique-M&Dexists exclusively in photosynthetic tissue€ofgynandra

This heterodimeric NAIME is composed dsgNADME-" and GgNADME- 1 and exhibits high catalytic activity and high affinity
towards nalate, either enhanced by aspartate, the metabolite used for carbon shuttling in Cleome. In addition to this
heterodimer, an NABME entity composed of all three subuni@&NADME, GGNADME- 1, and GQNABME 2 exists inG.
gynandraphotosynthetic and hetetrophic tissuesThe only NABME in @ T.hasslerianas both composed of all threé (J 1,

andi 2) subunits and found in all tissuel vitro protein characterization of the NABIE composed of all three subunits
indicated that these enzymes have-like biochemistry in both £and G Cleome species thus repraging the housekeeping
isoform.

Finally, we show thaGgQNADME 1 is inactive alone, but can mediate; Kinetic properties, even when combined into a
heterodimer with nonC, alpha subunits. Basesh sequence alignments and 3D structural studies, we hypothesize that multiple
amino acid changes that selectively occurred onlG@ADME 1, but are conserved in other NADE subunits throughout

the Brassicales, are central for the C4 properties. &veclude that in €Cleome species the housekeeping andN&DME
functions are performed by separated enzymatic entities originated through a differential combination of subunits. Wedresolve
the identity, structure and biochemistry of these distinct NKMEs, and present an evolutionary mechanism of how a dual
function can be achieved with the same protein capacity.
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OcNc004
Evolution of G photosynthesis inNeurachne

M. Lauterbach M. ludwig
tUniversity of Western Australia, School of Molecular Sciences, Perth, Australia

As a carborconcentration mechanism,s@hotosynthesis enables plants to be highly productive even in cadaficient, hot

and dry conditions. From the ancestral gathway, G photosynthesis has evolved more than 60 times, and approximately half
of G origins have occurred in monocots. Uniquely for monocots, the Australian géausichneR.Br. consists of eight closely
related species that conduct different photosyetic types (i.e. & G, and secalled G-G intermediate photosynthesis).
Furthermore, the two @ species ofNeurachnerepresent two independent origins ofs@hotosynthesis opening up the
possibility to determine if the mechanisms of establishinglitosynthesis differ between the species.

By means of mRNA sequencing of leaves of seven of the Migimachnespecies (four £species, one $£C intermediate
species, and two £species) we firstly revisit the phylogenetic relationshipdNeturachne To ircrease our understanding of
differential gene expression between closely related species with differing photosynthetic types, we then conduct a cemparati
transcriptomic analysis between these sevleurachnespecies. By using the newly inferred phylogafyNeurachneand
transcriptome sequence information, we finally test whether the key proteins;phGtosynthesis are under positive selection.

Our phylogenetic analysis shows slightly differing relationshipgemrachnecompared to previously inferrecklationships, but
affirm two independent €origins within the genus. The gene expression pattern mostly concurs with results observed in
comparative transcriptome analyses betweena@d G species of other plant lineages. For example, transcriptionasitment

of genes known to be involved in ghotosynthesis is very high in leaves of the twasfecies while insignificant irn@nd G-G
intermediate speciednterestingly, the number of differentially expressed genes is highest between the 4geaties. Positive
selection is absent in most of the; @roteins when labelling the two branches where i€ hypothesised to have evolved.
However, several amino acids in the primary darboxylase, phosplemopyruvate carboxylase, are detected to be under
positive selection; one of these in the N terminua region underrepresented in all positive selection analyses up to now. This
particular amino acid change not only occurs in the twgpecies ifNeurachnebut also is present in otherGrasses.

OcNc005
Occurrence of GE4intermediate photosynthesis the Brassicaceae

U. Schlitet, J. Bouviéy A. Webet
IHeinrich Heine University, Plant Biochemistry, Diisseldorf, Germany

The complex trait of C4photosynthesis evolves over several intermediate states.sivelesrly biochemical step on the path
from C3to Cdis the installation of a glycine shuttle between the mesophyll and bundle sheath cells. In these intermed&te pla
CO2release by the photorespiratory glycine decarboxylate is active exclusively inrttile Isheath thus achieving enhanced
CO2concentrations in these celzarly C3C4intermediates are therefore characterised by carbon compensation points between
the values for C3and C4species. Additionally this enhanced bundle sheath activity is blisanvtbie anatomy of the leaves by
increased organelle abundance.

In the Brassicaceae, @3lintermediate photosynthesis evolved several times independently, and this evolutionary step was
accompanied by exclusive expression of the glycine decarboxylpsetdin in the bundle sheath. In the C4breed project we
now investigate the development of @3traits in a broad range of Brassicaceae from the Oleraceae branch. The closest
Cdrelativésynandra gynandropsiss clearly distinguishable from C3and intermedig@iants by carbon compensation point,
water use efficacy and 13C discrimination. The rest of the species could be distinguished by their carbon compensation poir
into C3, CX4intermediates and transitory group with values between the C3an€C4d3ermeliates. Physiological and
anatomical traits accompanying these early steps between C3asied@iBermediate photosynthesis will be investigated.
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OcN¢006
On the origin of the dual promotepf the P subunit of the glycine decarboxylase needed for proper
function in G Flaveriaspecies

S. SchulZe P. Westhoff
IHeinrich Heine University, Developmental and Molecular Biology of Plants, Duesseldorf, Germany

In previous studies we could show thine glycine decarboxylase PA (GLDPA) suburit iminervia(G) has a strong bundle
sheath specific proximal promoter and in addition a weak ubiquitously active distal promoter working together [1]. Both are
needed to provide glycine decarboxylase wtyi not only for the photorespiration in the bundle sheath cells but also to
maintain C1 metabolism in the mesophyll cells. A second GLDP gene (GLDPB*) was found to be an inactive psefdogene |
trinveria [2] [3].

Comparative analyses within the genflsveria which contains £ G and intermediate species revealed that already in the C
state the promoter of the GLDPA gene drives bundle sheath specific expression, but in contrast icsthte,Ghe second
GLDPB promoter is active in all green tiss[8. The promoters of thesGLDPA genes contain that region that acts as the distal
promoter in the @ species but no transcripts originate from it [3] . Transcriptomics of varfidageriaspecies revealed that
the inactivation of the GLDPB expressimas a gradual process that happened in parallel with the activation of the distal
promoter [3].

Here we present new data on the origin of the distal promoter that is essential insthpeCies but cryptic albeit existent in the

G species. Sequence anal/showed that although the promoters of the GLDPA and GLDPB gene do not show a high level o
conservation a region resembling the distal promoter can not only found in all GLDPA genes but also in those GLDB genes t
possess promoter activity. In conttdsis not found in the inactive ones of tha §pecies. This and further data indicate that this
region initially was a cryptic promoter that merely enhanced the expression of the proximal promoter and only became
activated when the need arose due to thess of the activity of the ubigitously expressed GLDPB in the transtition towards C
photsynthesis.
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OcNc007
Machine learning based comparative analysis of gene regulatory networks in monocots

D. Wulf, A. Brautigarh
!Bielefeld University, Computational Biology, Bielefeld, Germany

The regulatory circuits governing photosynthetic and C4 photosynthetic gene expression have not been fully elucidated. Asic
from changes due to development, plants are capable to response to ever changing environmental conditions like temperature
light, and water availability. Regulators coordinate these responses and build a regulatory network, which act on the differen
omics levels. Especially the transcriptome of plants is studied extensively. Its response to a wide variety of stinuilet lwap
RNA-seq of which raw data is publicly available.

From this data we reconstruct the regulatory network of the monocdea mays, Triticum aestivum, Hordeum vulgare
andOryza sativa ssp japonicaith a random forest based machine learning algorithm. We overdhe machine learning
based high error rate in the prediction of targets by combining it with enrichment analyses. These enrichments determine
transcription factors which are involved in the regulation of photosynthesis and C4 photosynthesis. By dramvpayisons
between the four monocot species we are able to identify conserved regulatory patterns in these species. Comparing the C
speciesZea mayswith the C3 speciesl. vulgare, T. aestivurand O. sativa ssp japoniceeveals similarities and differeas
between C4 photosynthetic and C3 photosynthetic regulation.
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Chloroplast Protein homeostasisunravelling a chloroplast unfolded membrane protein response

M. Schrodd, J. Theis S. Thom's J. Niemger', M. Rutger§ D. Zimme¥, F. Sommét T. Muhlhaus
1Technische Universitat Kaiserslautern, Molekulare Biotechnologie und Systembiologie, Kaiserslautern, Germany

Every living organism needs to ensure protein homeostasis, that is keeping the coticenth misfolded proteins at a
minimum to avoid the formation of toxic, larger protein aggregates. To this end, misfolded proteins exposing hydrophobic
surfaces are recognized and signaling cascades are elicited that lead to the upregulation of gerdésgenudecular
chaperones and proteasesso-called unfolded protein responses (UPR). By driving disaggregation, assisting in the folding of
non-native proteins to the native state and degrading Aoldable proteins, molecular chaperones and proteasesrgily
contribute to ensuring cellular protein homeostasis. While the molecular mechanisms of UPRs in the cytosol, the ER, ar
mitochondria are well understood, a chloroplast UPR has not been elucidated, yet. Here we provide evidence for a UPR mc
likely triggered by misfolded and aggregated proteins in chloroplast membranes in Chlamydomonas reinhardtii. The respons
appears to be mediated by a retrograde signal modulated by the VIPP2 protein withtgdegarotease and a small heat shock
protein acting aeffectors to clear misfolded membrane proteins and aggregates.

00002
Receptors for the insertion of taibtnchored membrane proteing the ArabidopsisGET pathway

L.Y.Asseck D. Mehlhori, J. Monroy, B. SchwappaéhS. Xing C. Grefeh?
Ruhr Un¥ersitat Bochum, Molekulare und Zellulare Botanik, Bochum, Germany
2Universitat Tubingen, ZMBP Developmental Genetics, Tubingen, Germany
SUniversitatsmedizin Gottingen, Institut fiir Molekularbiologie , Gottingen, Germany

Type |l tadanchored membrane (TAyroteins are involved in diverse cellular processes such as cell signalling, vesicle trafficking
and protein translocation. Their correct biogenesis including membrane insertion, however, is a challenging task for the cel
Lack of Nerminal signal sequeces prevents insertion via the ¢tmnslational SRP/SEC61 pathway while at the same time-the C
terminal transmembrane domain necessitates chaperone action to prevent aggregation in the hydrophilic environment of the
cytosol. Such TA proteins are posttriai®nally targeted into the ER membrane via the Guided Entry oahatlored Proteins
(GET) pathway that was previously described in mammals and yeast.

Recently, we identified several GET orthologue\iabidopsis thaliandghrough in silicoanalyses, ioluding one of the two
membrane receptorsAtGET1, and found a role of the GET pathway in root hair elongation (Xing et al. 2017). Additionally, direc
in plantainteraction analysis using immunoprecipitation mass spectromety@p of AtIGET3aGFRexpresing lines identified

a potential candidate for the elusiv&tGET1 coreceptor. This protein is predicted to possess three transmembrane domains
(TMDs) similar t&86SET2 and the mammalian orthologue CAdia feature that survived the evolutionary divergenckthe

amino acid sequence. We provide here experimental evidence that this gene of unknown function might indeed code for the
previously unidentifiedAtGET?2.

Referencs
[1] Xing et al. 2017, PNAS 114: EX#653
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00003
Regulation of plant growth by polarly distributed AGC kinases

C. Schwechheimér
Technische Universitaet Muenchen, Plant Systems BielBtant Science, Freising, Germany

The directional transport of the phytohormone auxin through polarlgalzed PINFORMED (PIN) auxin efflux carriers is
essential for the spatibemporal control of plant development. Therabidopsis thalian&GC kinase D6 PROTEIN KINASE (D6PK)
as well as related kinases gelarly localized at the plasma membrane of maejlscwhere D6PK docalizes with PINs and
activates PINmediated auxin efflux. The fast cycling of D6PK to and from the basal plasma membrane indicates that this kinas
could act as a switch for polar auxin transport and makes it an intriguing subjefttrfoer studies. We have shown that an
insertion between the protein kinase subdomains VIl and VIII, the middle domain, is necessary and sufficient for itagoaéar pl
membrane association. Conserved motifs within the middle domain play a role in kotadization and activity. One motif in

the middle domain interacts with phosphoinositides but there are also other, as yet mechanistically not understood sequence
features in this domain. Current progress in the understanding of D6PK polarity reguldtibe presented. A further focus will

be on the activity and regulation of AGC kinases related to D6PK that function in root hair and pollen tube growth.

00004
Association studies in sunflower narrowed the fertility restorer gedldown to three canddate genes

R. HorA, A. Radanovi¢cL. Fuhrmanh Y. SprychHaS. Hamrit, M. Jockovit, D. Miladinovié, C. Jansén
tUniversity of Rostock, Plant Genetics, Rostock, Germany
2Institute of Field and Vegetable Crops, Industrial Crops , Novi Sad, Serbia
3Stiube Research GmbH & Co. KG, Sdllingen, Germany

Hybrid breeding based on cytoplasmic male sterility to ensure cross pollination consists of three components: cytoplasmic ma
sterile (CMS) lines, which are propagated by corresponding isonuclear maintamiesrblased on a fertile cytoplasm, and
restorer lines carrying dominant, nuclear encoded restorer gene/s, which enable fertility restoration in dmgbfds. As
cytoplasmic male sterility is due to interactions between mitochondria and the nucleus@sepis an ideal system to study the

role of mitochondria during pollen development. In sunflower, commercial hybrid breeding is-wimédbased on CMS PET1,
derived from an interspecific cross Hf petiolarisand H. annuus Fertility restoration of Fhybrids relies in almost all case on

the use of the fertility restorer genBfl Identifying the restorer genRflis therefore of major interest for breeders as well as

for understanding the molecular mechanism behind fertility restoration in the presaic€eMS PET1. Using sequences of
markers linked to the restorer geriRfland BAC ends in a BLAST against the sunflower genome we could identify two potential
regions forRflon linkage group 13, one of 30 Mb and one of 3.9 Mb. Nine candidate genes inchixlipgntatricopeptide
repeat (PPR) genes, one aldehyde dehydrogenase, one tetratricopeptide dbkeaimnd one poly(A) polymerase 3 were
identified in these regions. So far, only the genome sequence of the maintainer line HanXRQ has been published, but |
sequence of a restorer lines is publically available. Amplicon targeted sequencing in an association panel of 59 accessic
(including restorer and maintainer lines) followed by SNP analyses revealed 210 Single Nucleotide Polymorphisms (SNPs) an
Insetions/Deletions (INDELS). Significant associations with fertility restoration were detected for 10 SNPs located inttieree of
candidate genes (PPR841, PPR861 and PPR621). In sunflower, fertility restoration of the CMS PET1 source oepesifimther
by reduction of the cdranscript ofatpl and the CMSpecificorfH522 This could be explained by the activity of a protein
encoded by a PPR gene as PPR proteins are known to play a role in RNA processing in organelles. However, the mecha
behind fertlity restoration is still not fully understood because this would require knowing what distinguishes restorer and
maintainer lines. The detected SNPs were used to develop markers for raamsisted selection in breeding programs.
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00005
Rapid affinity purification of tagged plant mitochondria (Mité\P) for metabolome and proteome

analyses

M. Niehaus, H. Straubg& P. Kinzleéy N. Rugef) P. GiavalisépH. Eube| C. P. Wittg M. Herdé
ILeibniz Universitatannover, Molecular Nutrition and Biochemistry of Plants, Hannover, Germany
2Leibniz Universitat Hannover, Institute of Plant Genetics, Hannover, Germany
SMax-Planckinstitute, Biology of Aging, Cologne, Germany

The isolation of organelles facilitates tliecused analysis of subcellular protein and metabolite pools. Here we present a
technique for the affinity purification of plant mitochondria (Mi#P). The stable ectopic expression of a mitochondrial outer
membrane protein fused to a GFP:Stiyg in Arabidopsis thalianaxclusively decorates mitochondria, which can be efficiently
affinity purified by binding to magnetic beads coated with Stfegtin. Employing this coesffective method, intact
mitochondria were highly purified in 30 to 60 minutes fr@arfew gram of plant material exceeding the purity reached with an
isopycnic centrifugation (IC) procedure. Sufficient mitochondria were obtained by-AMtdo support the analysis of the
mitochondrial proteome and metabolome by liquid chromatography codptemass spectrometry. The relative enrichment of
proteins quantified by shegun proteomics was correlated in IC and MKP purifications identifying a cluster of known
mitochondrial proteins containing several proteins previously assigned to other aaments. Combining IC and Mi®P
techniques resulted in unprecedented purity of mitochondria with over 90% mitochondrial proteins in the lysate. Polar and non
polar metabolites were detected in Mit&P preparations showing a strong enrichment for typicédochondrial lipids like
cardiolipins and demonstrating the presence of several ubiquinons in Arabidopsis mitochondria, which were previously assume
to possess only ubiquined. Affinity purification of organelles is a powerful tool to reach higherigpand temporal resolution

for the analysis of the metabolomic and proteomic dynamics of subcellular compartments. It is small scale, rapid, ecadomic, a
one can envision to apply it to any organelle and even to organellgpsphlations.

0OcOc006
Estabishing a model system for studying a flagellate green microalga in the marine environment
D. Carrasco FloreD. Desir M. MarZ, M. Mittagt

IMatthias-Schleidernstitute of Genetics, Bioinformatics and Molecular Botany, Jena, Germany
2Institute of Bionformatics/High Throughput Analysis, Jena, Germany

The flagellated freshwater microalgahlamydomonas reinhardtiias been used for decades as a model organism to study
different biological processes such as photosynthesis, behavioral responses aloritagattar function, or light responses[1].
Recently, we also establishétl reinhardtiias a model system for studying biotic interactions with other microbes using an
aequorin reporter system[2]. Moreover, we found that orfamide A, a secondary metalfimite a heterotrophic bacterium, not
only immobilize<C. reinhardtiby deflagellation but also immobilizes a marine str&hlamydomonasp.[2]. Thus, at least some

of the biotic interactions of flagellate green microalgae may be similar in freshwatememohe habitats. Here, we aim to
establish molecular tools for the marine green flagellated microalijdamydomonassp. to study its biotic and abiotic
interactions in the marine environment.

So far, we have examined and characterized the growth conditagdiChlamydomonasp., which was isolated from Nantucket
Sound (Massachusetts, USA). Its optimum pH ranges from 5 to 9 and it is able to grow in salinities from 0 to 40 g/LeNtaClI whil
freshwater counterpartC. reinhardtiionly has marginal growth abacentrations of just 10 g/L NaCl. Moreover we sequenced
the nuclear genome o€hlamydomonasp. using Illumina and PacBio and a first genomic draft has been assembled. Further
improvements in contiguity of the genome are in process through resequencing Oxford Nanopore.

Using the data from the first draft genome, a hygromycin resistance cassette containing the promoter region and the UTRS ¢
the endogenousactin gene of Chlamydomonasp. has been designed. Using this cassette, we succeeded in dsteplés
electroporationbased transformation system fdaZhlamydomonasp. The first transgenic lines resistant to hygromycin have
been confirmed by PCR, validating the expression of the cassette. We are currently working on establishing the aequor
reporter system in the marine strain.

References
[1] Merchant, S. St al. Science318, 245¢50 (2007).
[2] Aiyar, Pet al. Nature Communication8, 1756 (2017).
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00007
Identification of a novel peroxisomal transgrt protein involved in heat stress response éirabidopsis

thaliana

L. Chartoh F. Holthauseh M. Trippelsdor, A. Webet, N. Linka
IHeinrichHeineUniversitat, Plant Biochemistry, Diisseldorf, Germany

Rising ambient temperature is considered to be afehe most detrimental stress conditions for plants. Heat stress causes
several alterations in plant growth and development, mostly due to the excess production of reactive oxygen species (ROS).
sessile organisms, plants are able, to some extent,olerate this by physiological changes and altered gene expression.
Peroxisomes are known for their oxidative character and the peroxisomal localization of several ROS scavenging reactions h:
been shown. But there is only minor knowledge about peroxisdaraakport proteins involved in these processes.

Here we report a newly identified transport protein of the mitochondrial carrier family in the model pleatiidopsis thaliana.
Since cdocalization studies using tobacco protoplasts confirmed its peraxéddocalization and transcript analyses revealed its
upregulation upon heat stress the carrier was calpedoxisomalheat stress responsive carrier 1 (PHSlutant plants exhibit
delayed germination at elevated temperatures and a reduced growth ratr &ftat shock. In addition, seedlings lacking PHS1
show a sucrose dependent root shortening during pgstminative growth. In this developmental stage, stored fatty acids are
degraded by peroxisomaktdxidation until the seedling becomes photoautotrophidyich leads to a massive production of ROS.
Using state of the art genome editing approaches, metabolite analyses #S&hd genetically encoded biosensors we want
to elucidate the role of PHSf vivo.Indeed, redox analyses revealed a more oxidizeédso} of thephslmutants, butin vitro
uptake experiments could not identify the transported substrate, yet.

Thus, we hypothesize that PHS1 plays an important role in ROS scavenging during times of increased oxidative stress
transporting substrates thaare directly or indirectly involved in plant stress response.

ORAL ABSTRAGTLANT GENETIBND EPIGENETICS

OgPc001
Pangenomes of barley and wheat

N. Steir
ILeibnizinstitut fur Pflanzengenetik und Kulturpflanzenforschung, Seeland OT Gaterslebemaryer

By the effort of international consortia first reference sequences for barley and wheat have recently become availabh® With
doubt there is great value of these reference sequences providing a new knowledge base for research and breeding in the:
global crop species, however, single reference sequence by far do not provide deep insight into the functional genomge diversi
representative of an entire crop species. This requires the deep analysis of genome sequences of different haplotypes that a
representative for individual supopulations of the species, an approach that is referred to asgemome analysis. In wheat

and barley pargenome projects have been initiated with different focus. While in wheat elite genotypes representative for
different global wheat breeding programs were selected to maximize the value for breeding research applications, in barley
more comprehensive approach was chosen. Based on a diversity dataset obtained from sequence analysis of 22,0
international barley accesmns a panel of nineteen highly diverse genotypes, representing different diversitpaubations

was selected for whole genome sequencing and assembly. First results eyepame diversity in barley and wheat will be
presented demonstrating the impaabif research and application.
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OcPc002
Frequent loss of an ancient microRNA as driving force for flowering plant biodiversity

L. GramzoWw G. Theieh
IFSU Jena, Genetics, Jena, Germany

MicroRNAs (miRNAs) aseall RNAs that generally negatively regulate gene expression. MiRNAs are encddiRNAgenes
most of which originated recently, but some are ancient. AncidiRNAsare typically highly conserved as they often have
important functions in developmentMIR5179is an ancientMIRNAthat was already present in the most recent common
ancestor of extant flowering plants about 150 million years ago. MiR5179 talbfef$CIENS/APETALIRS DEHRike, for short)
MADSbox genes, which control petal and stamen depenent. We analyzed the evolution 8IR5179and DEHike genes in
nearly 200 flowering plant genomes. We only detecMtR5179in a few orders of eudicotyledonous plants (eudicots) and in
most monocotyledonous plants (monocots) with the exception of ggaswhere we again only identified feMIR5179genes.
The distribution 0MIR5179enes indicates frequent independent losses of MIRNAfamily in eudicots and grasses. Thus, the
MIR5179gene is ancient, but not strongly conserved, and hence revepktarn of molecular evolution that is dramatically
different to the one expected for an ancieMIRNA Even thougDEHFike genes are present in all analyzed plant genomes, the
target site of miR5179 is only highly conservedBHike genes of specieg/hich have retainedIR5179 This finding reveals
an intimate ceevolution betweenMIR5179and DEHike genes. Differential expression DEHike genes has been associated
with the evolution of floral diversity in diverse angiosperms. Hence, repeatedgehahthe regulation oDEHike genes due to
frequent loss oMIR5179may have contributed to the evolution of floral diversity.

OcPc003
A single gene is underlying the dynamic evolution of sex determination in poplars

A. P. Leite MontalvdoN. Milleft, B. Kerstef B. Schiffthalét K. Brautigarf) B. Pakull H. Hoenickg

C. Vettort, Q. Cronk P. IngvarssénM. Sabatti, N. Street, M. Fladung
IThiunen Institut for Forest Genetics, GroRhandorf, Germany
2Umea Plant Science Centre, Department of PRitysiology, Umed, Sweden
SUniversity of Toronto , Department of Biology, Missisauga, Canada
“National Research Council, Institute of Biosciences and BioResources, Sesto Fiorentino, Italy
SUniversity of British Columbia, Vancouver BC, Germany

5Swedish Uniersity of Agricultural Sciences, Department of Plant Biology, Uppsala, Sweden

"University of Tuscia, Department for Innovation in Biological, Agwd and Forest systems, Viterbo, Italy

Although hundreds of plant lineages have independently evolved djoes. separation of the sexes, the underlying genetic
basis remains largely elusive. Here we show that several poplar species carry partial duplicateARABIDOPSIS RESPONSE
REGULATOR IZARRL1Y ortholog within the malespecific region of the Y chmmsome. These duplicates are arranged as
inverted repeats giving rise to nesoding transcription and RNdirected DNA methylation. Excitingly, CRISPR/®ak&ed
arrl7 mutations demonstrate that ARR17 functions as a sex switch triggering female developrhen "on" and male
development when "off". By changing regulation of this switch to cis, thesgstém of white poplars was created. Our data
reveal how a singlgenebased mechanism of dioecy can enable high dynamics of thdinkexi region and contbiute to
maintaining sex chromosome recombination and integrity
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OcPc004
A-to-l mRNA editing diversifies the fungal proteome during sexual propagation

|. Teichert?, B. Blank.andeshammey H. StrotmeieY, M. Nowrousiar, A. Sickmant U. Kiick
IRuhrUniversity Bochum, AK fiir Allgemeine und Molekulare Botanik, Bochum, Germany
2RuhrUniversity Bochum, LS flr Molekulare und Zellulare Botanik, Bochum, Germany
3LeibnizInstitut fir Analytische Wissenschaften ISA®.eDortmund, Germany

Editing of mMRNA is a widespread phenomenon that has been extensively studied, for example, in plant plastids. In organelle
MRNA editing mainly leads to restoration of open reading frames for evolutionarily conserved proteinstetnseriptional

level. In contrast, editing sites in nuclear MRNA of metazoan species have been described to cause single amino adid change
already functional proteins to modify their function. Recently, adenosine (A) to inosine (I) MRNA editireghadebcribed to

occur in nuclear transcripts of fungi [1]. Specifically, filamentous ascomycetes show mRNA editing during the formatiom of se
reproductive structures named fruiting bodies, which harbor meiospores. The filamentous ascor®gretria nacrospora
generates fruiting bodies within seven days and has been extensively investigated as a model system. Transcriptomia; proteon
and proteogenomic data show evidence fortoAl mRNA editing ir5. macrosporaluring fruiting body development [2].
Interestingly, most editing sites lead to codon changes, including chandesGstop codons tol GGryptophan codons. These
so-called stop loss events potentially lead tagbminal extensions of the encoded proteins. Closer investigation of the extended
Gtermini of proteins encoded by stop loss mMRNAs showed that they tend to carry additional targeting signals, small linea
motifs, or functional domains. For three genes undergoing stop loss eddititgd in fruiting bodydevelopment €fd) 2, efd4,
andefd5, we demonstrate that editing alters localization signals or domain structure of the encoded proteins. Remarkably, while
genomeencoded EFD?2 localizes to the cytoplasm, the editfel® version encodes a protein with a nuclear localization signal,
and theextended EFD2 localizes to both, the cytoplasm and nucleus, during meiospore formation. We show that deletion o
efd2 efd4 or efd5leads to defects in meiospore formation. Further, exchanging the nd@#@stop codons irefd2 and efd4to

either noneditable TAAor pre-edited TGGat the genomic level revealed that editing of these stop codons is essential for proper
protein function. Taken together, it may be hypothesized thabA mMRNA editing enables fungi to diversify their proteome
through posttranscriptional modifications, while generating sexual offspring, which requires massive cellular reorganization.

References
[1] Teichert (218) PLoS Pathog 14(9):e1007231
[2] Teichert et al. (2017) Genome Biol Evol 9:855

OcPc005
Regulation of plant sexual ggroduction ¢ an evedevo approach

A. C. Geau', P. K. I. WilhelmssérK. K. Ullrick?, C. Groschie F. Nogug S. A. Rensifg
PhilippsUniversitat Marburg, Pflanzliche Zellbiologie, Marburg, Germany
2MPI fur Evolutionsbiologie, PIon, Germany
3INRA, VesaillesGrignon, France
“Albert-LudwigsUniversitat Freiburg, BIOSS Centre for Biological Signalling Studies, Freiburg, Germany

Land plants possess a haplodiplontic life cycle in which both the haploid gametophyte and the diploid sporophyte are
multicelldar. However, within land plants the dominant generation varies. Following the alternation of generations on
molecular level is difficult in flowering plants due to their highly reduced gametophytic generation. Bryophytes, in can&ast
haploidtdominant plants, have more easily tractable generations and share with flowering plants the fundamental regulatory
networks for switching vegetative and reproductive growth. This switch is most often regulated by transcription associatec
proteins (TAPs). Such genare often single copy to avoid dosage imbalance of their gene products. Combining an orthology
detection tool (proteinortho), proteirfamily categorization (TAPscan), literature search and phylogenetic inference we were
able to identify candidate singleopy TAPs potentially involved in controlling the alternation of generations. Bryophyte plants
defective in gametangiogenesis or sporophyte development often can be grown as gametophytic tissue and vegetativel
propagated, contrary to flowering plants inhich such plants would be embryethal. We could identify two master regulators

and show that they are indeed crucial for sexual reproduction. Deletion mutants led to a loss of sporophyte development on th
level of fertilization and or podertilization. The impairment in the alternation of generations was also showArabidopsis
thalianamutants, indicating a fundamental evolutionarily conserved role.
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OcPc006
The FeS cluster protein AtDPHL1 is requiredrftranslational accuracy and growth @trabidopsis

thaliana

H. Zhang J. Quintang H. Hawet, K. Mayet, U. Brinkman#, R. Schaffrath U. Kraemeér
IRuhr University Bochum, Bochum, Germany
2Universitat Kassel, Institut fiir Biologie, Fachgebiet Mikraigiel, Kassel, Germany
%Roche Pharma Research & Early Development, Large Molecule Research, Roche Innovation Center Miinchen, Penzberg,
Germany

Diphthamide(DPH) is a podtanslationally modified histidine residue of eukaryotic translation elongation fa2t¢EF2). Its
biological role as a target of microbial effectors as well as its biosynthesis have so far only been studied in fungahand an
model systems. The first committed step in diphthamide biosynthesis is the transfer onto the histidine imidazaiem of a 3
amino-3-carboxypropyl (ACP) group froma8enosylmethionine (SAM) through an unusual radi&AM mechanism. This
reaction is catalyzed by a heterodimer of the 4Fe4S clugiataining proteins DPH1 and DPH2. In order to examine a possible
role of diphthamide in plants, we identified a putatiiz@®Hlorthologue in Arabidopsis by homology searches and obtained two
putative dph1l lossof-function mutants. Similar to yeastlphl mutants of A. thalianaare hypersensitive to the translational
inhibitor hygromycin. Furthermoredphl mutants have shorter roots and a decreased rosette size compared to the wild type.
Immunoblots suggested that in wilgpe Arabidopsis plants, EF2 is quantitatively or rmaantitatively DPHnodified. By
contrast, we cold not detect any DPH on EF2 dfhl mutants. Similar to the yeast and mammalian system, we observed
enhanced rates of ribosomal frameshifting errors in thelphl mutants. These results suggest that diphthamide plays an
important role in maintaining traslational fidelity in plants and is required for plant growth.

ORAL ABSTRAGTBIOTIC STRESS AND ADAPTION

0¢Qg001
A multidisciplinary approach to understanding vegetative dehydration tolerance in plants

M. Olivet
IUSDAARS Plant Genetics Research Uniti€Hall, Columbia, MO, United States

Much of what we know of dehydration tolerance in vegetative tissues of plants comes from studies involving those plants tha
can tolerate severe water deficits, to the point where the plants lose all free availaitr fvom their tissues. These are the-so
called desiccatioiiolerant or resurrection plants (a term usually reserved for fern allies and angiosperms). Desiccation tolerance
(DT) developed early in the history of the land plants and is believed to havedssential for the transition to dry land from
fresh water. Vegetative DT was lost from the core lineage of the land plant phylogeny following the evolution of trach&gophyte
but evolved in 13 lineages within the angiosperms. Over the last few decadeb, attention has been given to understanding

the response of desiccation tolerant plants to dehydration and rehydration in order to decipher the mechanistic aspects o
vegetative DT. We have focused our efforts into the use of a phylogenetic approackeaaouifh genomics, proteomics, and
metabolomics to elucidate those components of the response of DT species to both dehydration and rehydration that are trul
adaptive, i.e., central to the cellular phenotype. We have focused on two DT models: the resuarr€dt grass Sporobolus
stapfianus and its desiccation sensitive sister species Sporobolus pyramidalis which allows us to usey@igistentrast
approach to uncover adaptive processes and the moss Syntrichia caninervis, a desert crust speciesvthaisaid perhaps
utilize an ancestor reconstruction approach. We now have complete annotated genomes for all three of the model species, ¢
well as several other genomes that have been published, and the use of comparative genomics has offered nevinitwsthbt
S@p2tdziAz2y 2F 5¢d ¢KS Ydzf GARAAOALI Ayl NE | LIINRBF OK dzAAy3 W:
have uncovered adaptive aspects of the cellular protection process (some novel) that appear common to DT plantiseacross
land plant phylogeny (carbon metabolism and ROS protection) as well as adaptive processes that appear specific to the |
phenotype of the C4 perennial grasses (nitrogen remobilization). Within the response of the grasses to dehydration we can se
some of the critical links between the transcriptome and metabolome that offers a level of mechanistic detail to the DT
phenotype. We have also discovered intriguing aspects of the differential aspects of the response of roots and shootg that me
point towardsnew insights into how dehydration is perceived and communicated between these two tissues. Our studies alsc
provided insights into the differences between the evolution of waleficit responses aimed at maintaining plant water status
and the evolution of/egetative desiccation tolerance (dehydration response).
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0¢Qc002
Life under dry conditiong the role of phytochromes in dgert cyanobacteria

N. Orenrt, O. Murik, H. Raanat¥, A. Kaplah
tUniversity of Rostdg Institute of Biological Sciences Plant Physiology, Rostock, Germany
2The Hebrew University of Jerusalem, Plant and Environmental Sciences, Jerusalem, Israel
SRutgers University, Institute of Marine and Coastal Science, New Brunswick, NJ, United States

Sands in hot and cold deserts are often coveredbimlogicalsoil crusts (BSC). The BSCs are formed by the adhesion of the soil
particles to extracellular polysaccharides excreted mainly by filamentous cyanobacteria, the pioneers and main primar
producersin the BSC. The organisms inhabiting the BSCs cope with one of the most extreme and fluctuating environment:
regimes in nature in a vegetative state, including frequent hydration/desiccation cycles, vast osmotic potential changes ani
extreme irradiance iad temperatures. To study the mechanisms whereby-nwdel "real life" filamentous cyanobacteria cope

with this environment, we isolated and sequenced an axenic cultuteepfolyngbyasp. namedLeptolyngbya ohadisolated

from BSC samples withdrawn fronthe northwestern Negev desert. To study the cells" performance during
hydration/desiccation cycles, under natural and manipulated abiotic conditions, we constructed a fully automated
environmental chamber capable of accurately simulating the dynamic algoftiditions as prevails in the field. We show that
rising light and temperature during dawn activate a network of genes and serve as signals that prepare the cells towards th
forthcoming dehydration and rehydration thereafter, and that phytochromsesveas key regulators of the cells" responsel,2.
Furthermore, we unravel the mechanism of RNA stabilization and protection during desiccation, possibly mediated b
intrinsically disordered proteins2. We also observe the formation of protein complexes dwBigcdtion, potentially with a
protective role.

References

[1] Oren N, Raanan H., Murik O., Keren N., Kaplan A. (2017): Dawn illumination prepares desert cyanobacteria for dehydratio
Qurrent Biology 27: R105R1057.

[2] Oren N, Raanan H., Kedem I.,rjzoman A., Bronstein M., Kaplan A., Murik O. (2019): Desert cyanobacteria prepare in
advance for dehydration and rewetting: The role of light and temperature sensing. Molecular Ecology, in press.

0¢Qc003
ABA production and stomatal closure can be triggdrey cysteine and sulfate

R. Hell, S. Batod] V. Usld, D. Geigér R. Waadt D. Geiget R. Hedrich H. RennenbefgC. Herschbaéh

M. Wirtz:
'Heidelberg University, Centre for Organismal Studies, Heidelberg, Germany
2Universitat Wiirzburg, Wirzbur@ermany
SUniversitat Freiburg, Freiburg, Germany

Root water availability is crucial for plant growth and survival. Closure of stomata is one of the first responses when wate
availability becomes limiting. Recent studies have demonstrated that early stdgastdrying induces roeto-shoot sulfate
transport via the xylem and that sulfate can close stomata. Here evidence for a physiologically relevant signaling pathway th
underlies sulfatenduced stomata closure is provided (Batool et al. 2019, Plafl}. @ is uncovered that in the guard cells
sulfate activates NADPH oxidases to produce reactive oxygen species (ROS) and that this ROS induction is essengal for sul
induced stomata closure. According to the role of ROS as seuesdenger of absdtsacid (ABA) signaling, sulfate does not
induce ROS in the ABAnthesis mutantaba31, and sulfatenduced ROS were ineffective to close stomata in the -ABA
insensitive mutantbi2-1 and a SLAC1 lesé-function mutant. Direct evidence for sulfateduced accumulation of ABA in the
cytosol of guard cells is provided by application of the AB¥ivosensor ABAleon2.1, the ABA signaling repopiRAB18::GFP

and quantification of endogenous ABA marker genes. Previous findings had shown that ABA3 usesayskei substrate for
activation of the molybdemum cofactor of the AAO3 enzyme catalyzing the last step of ABA production. Indeed, assimilation ¢
sulfate into cysteine was shown to be necessary for sulfadeiced stomata closure. Feeding of sulfatecgsteine induced
transcription of NCED3 limiting the synthesis of the AAO3 substrate. Consequently, cysteine syefhlesésl mutants were

found to be sensitive to sedrying due to enhanced water loss. In summary, our data demonstrate that sulfateoiporated

into cysteine to tune ABA biosynthesis in leaves for promoting stomata closure and that this mechanism contributes to the
physiological water limitation response.
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0cQq004
Genetic diversity and populéon structure of desiccatiorolerant Xerophyta dasylirioidesnats

(Velloziaceae) on Malagasy inselberg$owards a better understanding of species evolution on
terrestrial islands

J. Rexroth T. Wohrmanh K. Weisiing S. Porembski
tUniversity of Rasck, Botany, Rostock, Germany

Inselbergs are isolated, often monolithic rock outcrops that mainly consist of granite or gneiss. Because inselberg excasystem
ecologically separated from the surrounding landscape, they are often referred to as tarésdands or “sky islands”. Only few
plant species possess traits that enable them to grow successfully in inselberg habitats that are usually characteriged by hi
temperatures, strong aridity, rocky soils and extreme nutrient deficiency. The vascatdrfamily of Velloziaceae (Pandanales)
comprises important floral elements of African, Malagasy and South American inselbergs (Porembski & Barthlott 2000, Plal
Ecology 151: 128). In order to cope with their extreme environments, many Velloziaceae epéeve developed sets of
adaptive traits like e.g. desiccation tolerance that enable them to survive irregular water supply and even prolongedgberiods
drought.

Our current research aims at elucidating the genetic diversity and population structura@lafbby Velloziaceae belonging to

the genusXerophyta To assess the significance of geographic and ecological isolation on inselbergs as a trigger of speciati
events in this genus, we developed a set of 15 nuclear microsatellite markers that provegadyinorphic in eighty individuals

of Xerophyta dasylirioidegerived from three Malagasy inselberg populations (Rexroth et al., Applications in Plant Sciences, in
press). Each plant was collected from a different mat. With two to 17 alleles per lotlgsi alere polymorphic and revealed

high levels of genetic diversity in the overall sampling. Furthermore, all but two individuals had different multilocugpgenot
ruling out clonality and demonstrating the importance of sexual reproduction in thisiepeln our ongoing study that involves
eleven moreX. dasylirioidepopulations from various regions of central Madagascar, we test our hypothesis that gene flow
between isolated inselbergs is low, favoring strong genetic differentiation and ultimdtelfarmation of narrowly endemic
species in desiccatietolerant Malagasy Velloziaceae.

0cQg005
ACSyene, an important player irsolanum tuberosungdrought response

S Hamerd, N. Schmid{ M. Schultz, R. Horh
tUniversity of Rostock, Plant Genetics, om#t, Germany

Crops particularly those having shallow root zones need additional mechanisms to cope with drought, the most devastatin
abiotic stress. Drought explicitly steers salt and temperature stress and prevents plants from realizing their fudlgeeatial.
Development of drought resistant crops is vital for mankind and molecular knowledge of traits improving tolerance is likely t
pave the way for bie@ngineering. Besides ABA regulated processes, ethylene biosynthesis and responsive gen@mxpress
supremely control plant development and drought response.

Ethylene production is generally assumed to increase in response to environmental stimuli. However, its involvement in drougt
tolerance remains inconclusive. In potatS8olanum tuberosuin l-aminocyclopropand-carboxylate synthaseéStAC$, are
encoded by one of the most potent ethylemelated transcriptionally active gene families. Selected members oAtbEamily

exhibit distinct patterns of expression in response to diverse externdlirternal ethylene stimuli such as: wounding, pathogen
infection, chilling, drought, ripening and senescence. Enhanced transcription is the main regulatory/A&sadtivity changes;
however, protein turnovers may also play a critical role.

StACSnultigene family consists of eight gen8§ACS1, 2, 3, 4, 5, 7, 48d 12 located on chromosome 1, 2, 5, 12, 7, 3 and 8,
respectively. PotatdACSdelongs to type2 members of theACSyene family containing putative phosphorylation target sites for
calciumdependent protein kinases (CDPK). Our study revealed significant transcriptional activa@s&hrough drought

stress compared to otheBtACSgenes.ACS3knockdown through Virus induced Gene Silencing (ViGS) led to reduction in
ethylene biosynthesisral delays in wilting of drought stressed potato plants compared with controls. Moreover ACS3 silencing
supported plants to avoid cell death upon drought stress. Thus our results revealefi@isdranscriptional cascade modulates
drought response throughiegulating the ethylenesynthesis. These results advance our understanding of ethylene related
drought responses. However, information on the physiological mechanisms involved under stress conditions in potato remain
scarce. Therefore, further studies areprogress to identify additional features of this crucial gene in potato drought response.
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0¢Qc006
In-situ analysis of leaf apoplastic pH under controlled changes of leaf water content

H. Kaiset, K. H. Muhtigt
Unstitute of Plant Nutrition and Soil Science, Kiel, Germany

Apoplastic alkalinisation occurs in response to diverse stresses like salt stress desiccation and pathogen attack oke adusal r
apoplastic pH (pHapo)i n signalling tissue water statugutard cells has still to be confirmed. We tested whether the amplitude
of alkalinisation is sufficient to play a role in intercellular signalling, whether a consistent dose response relatigisthip e
between excursions of leaf water content (LWC) andypiand whether the timing of events complies with a causal role of
pHapo. We used a novel method combination of ratiometric fluorescence measurements of pHapo together on a leaf enclose
in a humidity controlled chamber. Inclusion of a newly developedcaptsensor based on NtRinsmission for leaf water
content (LWC) allows continuous and precise observation of-fligtDations. These occur passively as induced by changes in
environmental conditions and also as a result of osmotic adjustment processkestamatal responses. A control system was
implemented, feeding back the L\A&@nal into the humidity control of the cuvette enclosing the leaf and thus forming a
feedbackloop which allows imposition of defined changes of leaf water content. This situfhe first time enables defined
and repeatable experimental control over LWC simultaneously wiihlanta ionmeasurements. Using the ratiometric dye
Oregon Green loaded to the apoplast we studied the possible role of apoplastiartions. Upon alecrease in LWC the
apoplast consistently showed a substantial alkalisation preceding stomatal closure. Strength ofrispphie, timing and a
consistent dosgesponserelationship are in agreement with a role as a tissue signal involved in leaf waterdstasis.

ORAL ABSTRAGTLANT DISEASPROTECTIORESISTANCE

OGgR;001
Plant defense priming in lab and field

U. Conrath
'RWTH Aachen Universi§epartment of Plant Physiology, Aach&ermany

When locally infected by pathogens, plants activate steayic immune response called systemic acquired resistance (SAR). In
this process, distal leaves become primed to activate a more robust defense response upon reinfection. Defense priming
associated with an elevated level of microbial pattern recepieg. flagellirsensing 2), accumulation of dormant signaling
enzymes (e.g. mitogeactivated protein kinases 3 and 6), and with modification of chromatin. The latter comprise the
acetylation and/or methylation of histones H3 and H4) and the localizeddtom of open chromatin indicative of regulatory
DNA with a role in defense priming. Together, these events provide a memory to the initial infection and enable the boostec
recall defense response upon reinfection. | will disclose the impact of thesedtiag discoveries on sustainable agriculture by
introducing smart tools and approaches for the identification of primimducing chemistry.
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O¢R;002
Radicalmediated dehydrodimerization of sinapates andGH+ferulates is a major source of greeblue

autofluorescence during programmed cell death

F. Gaupefs B. Kanawatj F. Morit2, P. SchmitKopplirt, J. Durnéer
IHelmholtz Zentrum Miinchen, Miinchen, Germany

Fumigation of Arabidopsis with high concentrations of agen dioxide (N&) triggered rapid cell death reminiscent of the
hypersensitive response (HR) towards avirulent pathogens. Both forms of programmed cell death (PCD) were characterized
the emission of green/blue (G/B) autofluorescence under UV illundnaiflhe current work aimed at identifying the fluorescent
compounds that accumulate during Wdduced PCD anBseudomonas syringge/. tomato (AvrRpmJ-induced HRPCD. The

G/B fluorescence in dying leaf areas was low in ti@Hsferulate and sinapate defient mutantsfahl and pall pal2compared

to wild-type plants. Nortargeted ultrahighresolution metabolomics revealed candidate metabolites that showed increased
levels after N@exposure but were absent fiahl. Subsequent mass difference network anaysiggested the dehydroradieal
mediated dimerization of sinapates andCiHferulates. Particularly, sinapate homodimers accumulated up tdold during

both NQ-induced PCD as well as BRRD. MS/MS fragmentation analysis confirmed the identity of sinapigte (SM)
homodimers and SN8-OHferulate heterodimers. The bright G/B fluorescence observed in-tyjlé but notfahl plants was
localized in the vacuoles and possibly cytosols of adaxial epidermis cells undergoing PCD. In monocots the pesdiaiade
formation of ferulate and sinapate dehydrodimers facilitates cell wall eliogkgng during growth and development. Thus, the
dehydrodimers detected in Arabidopsis leaves after PCD induction are produced in the epidermal vacuoles probably by tf
action of radicalgenerating peroxidases. After export into the apoplast they might turnfhoosrescent upon binding to the cell

wall. Sinapates have wéthown functions in lignin biosynthesis and the protection of leaf tissues from solar UV irradiation. The
present study argues for additional roles ofC&tferulates, sinapates, and their dehydrodimers in PCD and plant resistance
against pathogens.

O¢R;003
PBS3 is the missing link in plaspecific isochorismatealerived salicylic acid biosynthesis
D. Rekhtet, I. Fesqer!
IAlbrechtvon-HallerInstitute for Plant Sciences, Plant Biochemistry, Gottingen, Germany

The phytohormone salicylic acid (SA) is a central regulator of plant immunity. Despite this functional importance, owtderowle
of SA biosynthesis isdamplete. Previous work showed that salicylates are synthesized from chorismic acid in plastids. The bull
of pathogeninduced SA derives from isochorismate generated by the catalytic activity of ISOCHORISMATE SYNTHASEL (I
How and in which cellular cgmartment isochorismate is converted to SA is unknown. We show that the pathway downstream
of isochorismate requires only two additional proteins: the plastidial isochorismate exporter ENHANCED DISEAS
SUSCEPTIBILITY5 (EDS5) and the cytosolicteamisferase AvrPphB SUSCEPTIBLE3 (PBS3). PBS3 catalyzes the conjugation
glutamate to isochorismate. The reaction product Isochorisrtaggutamate spontaneously decomposes into enolpyreNyl
glutamate and SA. This previously unknown reaction mechanism appebesdonserved throughout the plant kingdom.
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OcR;004
Persulfide metabolism in signaling and plant pathogen response

T. Hildebrandt, B. Heinemanh
Leibniz University Hannover, Plant Proteomics, HaenoGermany

The mitochondrial sulfur dioxygenase ETHE1 oxidizes persulfide groups to sulfite, which is rapidly converted to theivess reac
and thus nortoxic sulfur intermediate thiosulfate by the action of a sulfurtransferase. These reactions arefpartysteine
degradation pathway and essential for reduced sulfur homeostasis. Knockout of the sulfur dioxygenase is|etimiryio
Arabidopsisindicating an important function during early embryo development. The knockdowrelimel-1 is less tolerat
against carbohydrate starvation than the wild type showing cell death and early senescence under light limiting growth
conditions. Characterization of the mutant plants revealed that ETHE1l has a function in hormone signaling durin
embryogenesis as wedls in the establishment of pathogen defense reactions. We detected an imbalance in the levels of the
phytohormones abscisic acid (ABA) and jasmonic acid (JA) and a decrease in ABA sensitivity during early seedling dstablishr
in ethel-1 compared to thewild type indicating a block in ABA signal transduction. In addition, sulfur dioxygenase deficient
plants accumulate the immune signals salicylic acid and pipecolic acid leading to constitutive induction of defensegmdteins
strongly increased resistaacagainst the biotrophic pathogeRseudomonas syringa®ur results demonstrate that regulation

of persulfide homeostasis is an important function of plant mitochondria and persulfide signaling is most likely involved in
several physiological processes itigrplant development such as embryogenesis, germination, and biotic stress resistance.

O¢R;005
The mechanism of pathogenicity of Napier grass stunt phytoplasma in Napier gRessmisetum

purpureum

G. Audi, A. CU.Furch?, R. Oelmdllet
Friedrich 8hiller Universitat Jena, Plant Physiology, Jena, Germany

Cultivation of Napier gras®ennisetum purpureunthe most important fodder crop in East Africa is severely constrained by
Napier grass stunt (NGS) disease. The disease affects Napier grassn@amaiholder farms causing forage yield loss between

40 and 90%. In some areas, the entire Napier grass crop is lost forcing farmers to reduce their number of animals or purcha
fodder from the local market. The disease is caused by phytoplasma thiatrgiduction by infected plant material or by
phloemfeeding insect vectors and spreads throughout the whole plant via sieve elements. The mechanisms by whic
phytoplasma alter the host plant physiology and cause a variety of symptoms are of considatabdstj but are poorly
understood in Napier. There is therefore need to detect the plant genes that respond to an infection by thEhtG3asma.

The leaf transcriptomes from healthy and phytoplasimizcted Napier grass were analyzed using Higlbughput mRNA
sequencing combined with differential gene expression analysis. The pathway and gene function analysis showed-that NC
phytoplasma response is regulated by pathways related to pathogenesis related genes, transcription factors, transport an
carbon metabolism in Napier grass. Besides, reduced and oxidised glutathione and reduced and oxidised ascorbic acid we
lower while hydrogen peroxide accumulated in symptomatic plants. The photosynthetic activity was not affected, but infected
and symptomatic Bpier leaves had smadized vascular tissues with significantly reduced phloem mass flow. Both phytoplasma
infected and uninfected Napier plants produce similar volatile organic compounds with reduced quantities in infected plants.
The defence mechanism phytoplasmainfected plants is also activated as evidenced by the high quantities of jasmonic acid,
abscisic acid and auxins in Napier leaf.
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OcR;006
Iron homeostasis controls cell wall integrity dfie maize pathogen Colletotrichum graminicola

A. RaschKe M. Marofké, J. Heilmanh M. Langé H. B. Deisirg
IMartin Luther University HallgVittenberg, Phytopathology and Plant Protection, Halle/Saale, Germany

Iron is an essential microelement for altganisms. Due to its low solubility combined with the potential to produce highly
damaging reactive oxygen species, a tight regulation of iron uptake and storage is essential for all living cells. Pathggenic
employ distinct strategies for high affip iron uptake from the host tissue, i.e. reductive iron assimilation (RIA) and
siderophoremediated Fe3+ acquisition (SIA). Saprophytic hyphal growth under iron starvation leads taegulgtion of both

RIA and SIA pathways. During the biotrophic pgtnic development, RIA is highly active, and SIA is suppressed. The
subsequent necrotrophic stage is characterized by efficient killing of the invaded host tissue and a reversal in theaken upt
with strong activation of SIA and decreasing RIA actiVitsize leaves prreated with the siderophore Coprogen showed
strongly increased defense responses, including respiratory burst, to C. graminicola infection. The role of coprogeenas a def
priming agent may fully explain repression of SIA in biotrogtyiphae of C. graminicola. This strategy resembles the specific
repression of branched-glucan synthesis, a strong pathogen associated molecular pattern (PAMP), during biotrophy. In model
fungi such as Aspergillus nidulans or Aspergillus fumigatus, téghtlation of SIA und RIA occurs on transcriptional level,
mediated by the transcription factors SreA and HapX, respectively. However, Aspergillus spp. do not infect plants ahdrdo neit
exhibit biotrophic nor necrotrophic lifestyles. Here we report dme tidentification of sreA and hapX homologs of the
hemibiotroph C. graminicola that were denominated as CgSRE1 and CgHAP10. We showed that both genaekepsnidently
regulated on the transcriptional level in saprophytic hyphae. Targeted deletiorngesétloci led to delayed growth under iron
limiting conditions. Remarkably, a strong phenotype displayed by hyphasret strains is a hyphal integrity defect reported in
chitin synthasedeficient mutants and visualized as the formation of intrahyphgihae. These clear morphological defects
strongly suggest that iron homeostasis controls cell ivaégrity in C. graminicola. Detailed functional characterization of the
putative transcription factors CgSrel and CgHap10 during biotrophic and necrotstphés will gain further understanding of

iron acquisition and the link between iron and hyphal integrity.

OgR;007
PDBP1 is a novel regulator of plant elicitor peptide (Pifluced ethylene signaling and plant immunity
P. Weckwerth, M. Halt, A. Huff&er!
IUniversity of California San Diego, Biology, La Jolla, United States

Plants have evolved specialized plasmembrane localized receptor proteins to perceive microbial pathogens, thus enabling
them to respond to these environmental threats in a timelyd specific manner. An early response after pathogen attack is
activation of endogenous plant elicitor peptides (PEPS) to initiate a PEP/PEFRe(@@Rr) signaling cascade. Upon binding of
the peptide to its receptor, a complex forms with additional-receptors (e.g. BAK1) required for full signal capacity.
Subsequently a signal transduction cascade is initiated and leads to phosphorylation of target proteins, resulting in altere
activities of these and initiating downstream signaling events. In asphoproteomics screen evaluating Pégpendent
phosphorylation patterns in maize andrabidopsis we identified a DN#Ainding protein (PDBP1) with increased
phosphorylation afteZmPep3 andAtPepl treatment, respectively.

We created overexpression linesimicking constitutive (dgphosphorylation states of PDBP1 in Arabidopsis to elucidate the
molecular function of this protein. Phospho mimicking variants show elevated respong&tPéplttreatment, like stronger
inducible gene expression (e.g. ERHAT} enhanced ethylene emission and, elevated reaetixggen species generation,
indicating a potential role as a positive regulator of the PEP response. A yeast two hybrid screen identified a maitar fatilit

the ethylene signaling pathway EIL1 (etmdénsensitivedlikel) but not EIN3 (ethylen@sensitive3) as an interactor of PDBP1,
supporting misregulated but specifi@tPeptinduced ethylene signaling. This specific interaction could be confiimgthnta

via ColP and BIiFC. Currently, we areigattng PDBPbinding sites in Arabidopsis via ChlPseq analysis, where preliminary
results indicate upstream regulators of the EIL1/EIN3 signaling pathway as putative targets of PDBP1 in Arabidopsis. Bioass
reveal a role for PDBP1 in fungal resistangai@st Botrytis cinereawhile the underlying mechanism of these alterations
remains elusive.

We hypothesize that PDPB1 as a Eb#ding protein regulates the plant"s immune response by modifying the transcriptional
response after pathogen attack, leaditggenhanced resistance upon pathogen challenge in both and Arabidopsis and the crop
plant maize.

106



PLENARY ABSTRACT

O¢PLc007
Chemical signals from microalgae that structure the marine environment
G.Pohnert
Friedrich Schiller University, Department of &iganic Analyticslena Germany

Unicellular algae in the plankton and biofilms have established elaborate means to interact with other organisms in thei
environment. Especially interactions mediated by chemical compounds are recognized as drivinghfireestructuring of the
aquatic microbial community. Chemical mediators released by the algae can mediate feeding activity of herbivores, algal/alg
interactions, and also the communication of an alga with the surrounding microbial community. We e#raduapproach to
address such chemically mediated interactions based on elaborate bioassays paired with the investigation of microalg
metabolomes. We reveal a high plasticity of algal metabolite production that allows the cells to respond efficiethity to
variable challenges encountered in their environment. The focus of this talk will be the multiple facets of algal/bacteria
interactions. We will introduce how locally produced metabolites can influence the bacteria immediately associated to
microalgaeand how these interactions shape the plankton community on a local scale. But also consequences for the globe
carbon and sulfur cycling will be introduced. Consequences for future investigations of plankton ecology, algal physiblogy, a
chemical interations are discussed.

PLENARY ABSTRACT

Oc¢PLc008
Ein Blick unter Wasser the physiology, ecology and evolution of alggmthogen interactions
C Gachon
The Scottish Association for Marine Science, Scottish Marine Institute, Oban, Argyll, United Kingdom

Cdlectively, algae account for roughly half of the global primary production. Land and marine ecosystems differ in soiine of the
key drivers, such as biomass teowmer and the velocity of climate change. Marine biota also host higher levels of less well
chaacterised biodiversity than terrestrial ones, and algal cultivation is developing exponentially worldwide. All thesediectors
LINEF2dzy Rt @ OKFy3Ay3a GKS YINRYS SYy@ANRBYYSyid FyR 2dz2NJ RSLISy
on the diseases of brown algae, red algae and diatoms, at the crossroad between ecology, comparative genomics al
aquaculture. Firstly, | will cover the discovery of novel pathogens relevant for the dynamics of phytoplankton bloomsland alg
aquaculture, ad how this yields novel models for oomycete comparative genomics. Secondly, | will how we established three
pathosystems with biotrophic, intracellular pathogens to interrogate the cellular mechanisms resulting in innate or induced
disease resistance in dwn algae. Based on preliminary results on the heritability of disease resistance, we are now deploying
GWAS on the sugar kelp Saccharina latissima, with the view to inform future breeding programmes. Finally, | will beafly pres
the networking and straturing efforts undertaken in the GlobalSeaweed and GlobalSEaf€AdR initiatives to develop an
appropriate biosecurity framework for seaweeds globally.
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0001
JASSY a chloroplastouter envelopeprotein required forjasmonatebiosynthesis

J. Sol, L. Guah A. Weiberd, S. SchwenkertM. Meinecké

tUniversitat Miinchen, Department Biologie, Planédartinsried, Germany
2MPI, Biophysikalische Chemie, Gottingen, Germany

Jasmonates are prominent plant hormem especially involved in the responses to biotic and abiotic stress. Jasmonic acid
systhesis is shared by two organelles, chloroplasts and peroxisomes. The synthesis is initiated in chloroplastslivahene

acid is converted to *2xophytodieonic acid (OPDA). OPDA has then to be exported from the chloroplast to complete
jasmonate synthesis within the peroxisome. The proteins involved in the export of OPDA are unknown so far. We have no
identified the chloroplast outer envelope protein Jassy, which is indispensable for the export of OPDA. Jassy loss of functic
mutants are no longer able to accumulate Jasmonate in response to biotic or abiotic stress and are thus more susceptible
pathogen attackand show deficits in cold acclimation. Jassy shows channel properties and we conclude that it facilitates OPD
export. Jassy therefore represents a long sought missing link in Jasmonate biosynthesis.

0¢;002
Major changes in plastid protein import enabtethe origin of the Chloroplastida

S. Gould S.G.Gard, M. Handrich, M. Knoop
HHU Dusseldorf, Molecular Evolution, Diisseldorf, Germany

Across all three major algal lineages the core components of the plastid import machineries (Toc and Tic) aved;omse
much as the principle mechanism of targeting the proteins across the two membranes utngiNal targeting sequences
(NTS). There is, however, an intriguing peculiarity regarding the latter. Rhodophytes and glaucophytes make use of d consen
single amino acid motif, predominantly a phenylalanine, found at the vetigriNinus of the leader sequence. Chloroplastida no
longer make use of this restricted targeting method, but why and with what consequence has not been explored. Here we
compared tle components of plastid protein import and generated RBEY, pigment profile and trarsectron microscopy

data based on highlight stress from representatives of the three archaeplastidal groups. In comparison to the glaucophyt
Cyanophoraparadoxaand threodophyte Porphyridiunpurpureum, only the chlorophyte Chlamydomonamnhardtiidisplays a

broad respond to highlight stress, including the upregulation of up to a hundred nusteaded plastid proteins that require
import into the organelle. We specukathat a more elaborate ability to respond to higjight stress were enabled through
changes in protein import, including the departure from Rizsed targeting and the introduction of a grespecific Toc75 next

to other import components unique the Chitiplastida. These major changes in the plastid protein import were a prerequisite
for the success of the green lineage that includes the conquer of land and for instance enabled ttegghtaig of more than a
hundred proteins to the organelles of endasliotic origin in Arabidopsis, using a single ambiguous NTS.
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0003
Plastid determinants and signaling pathways involved in natural variation of leaf shape

S. Grein€k, E. UlbrichtJones, I. Malinova, T. Pdizzer!
Max-Planckinstitute fiir Molekulare Pflanzenphysiologie, Potsdam, Germany

As it is obvious from early work i@enothera(the evening primrose), the influence of the chloroplast genome to a plant
phenotype goes far beyond photosynthesis. It wésady shown by classical genetic analyses that the chloroplast genotype
determines leaf shape (broad and strongly serrated leaves vs. narrow and less serrated ones). In general, the process of |
patterning is still poorly understood and currently oégt interest to developmental biologists.

To address this question we conducted an association mapping, i.e. compareypeildenotherachloroplasts genomes that

differ in their ability to alter leaf morphology in a constant nuclear background. Theslgsasawere supplemented by a
characterization of a chloroplast mutant from our collection that display a leaf shape phenotype. The latter was generated b
the nucleamplastome mutatorallele that allows a systematic mutagenesis of the chloroplast genome.

It turned out that the narrower leaf shape is established when the mutant/suitable-typé chloroplast genotype is located in

the leaf margin (L2 layer). This suggests the presence afspédfic signaling pathway controlling leaf patterning. This pathw
must be driven by lipid biosynthesis, since the chloropéastoded subunit of the acetffoA carboxylasea¢cD is affected in

our mutant and the same locus was also predicted from the association mapping. This view is supported by activit
measuremens of the acetylCoA carboxylase, although the actual (lipid) signaling molecule is still enigmatic. Nevertheless, our
work uncovers a novel tisstepecific signaling pathway in leaf patterning.

0004
Protein transport into complex plastidg transporters, localization and the unfolded protein response

U. G. Maiet
Philipps University, Cell Biology I, Marburg, Germany

Diatoms harbour complex plastid surrounded by four membranes. As most of the plastid proteome is encoded in the cel
nucleus, hundreds ofiucleusencoded proteins have to cross several plastid surrounding membrane barriers to operate
properly in the correspondent compartments of the plastid. The Marburg lab is interested in protein transport mechanisms.
Over the past years, we have investgh the protein translocators and metabolite transporters acting in the plastid
surrounding membranes. Our findings highlight that no novel inventions were made for protein import into complex plastids,
instead preexisting transport mechanisms were re@aland adapted for novel tasks. | will present new data concerning the
protein transport machinery and its localization. In addition, the compartmentalization of the unfolded protein response will
discussed in respect to protein import into the compjaastid of the diatomPhaeodactylum tricornutum
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0005
PUX10, a lipid dropleaissociated scaffold protein important for protein degradation in seedlings of

Arabidopsis thaliana

T. IschebedkF. Kretzschmay O. Valerius G.H.Braug, K. Schmit

1GeorgAugustUniversity Gottingen, Plant Biochemistry, Goéttingen, Germany
2GeorgAugustUniversity Gottingen, Molecular Microbiology and Genetics, Gottingen, Germany

In recent years lipid droplets (LDs) have eneergo be organelles involved not only in triacylglycerol storage. They rather are
also important for biotic and abiotic stress tolerance, and hormone and sterol metabolism. In plants, LDs are most priominent
seedlings and pollen but are also found in @&give tissues, where their number increases under stress. We use a combination
of proteomics and cell biology to extend the number of knownasBociated proteins. The increasing number of known LD
proteins raises the question how {d3sociated proteinare removed from the LDs to be degraded.

One of the proteins we identified to be associated with LDs is the scaffold protein PUX10 (PlattntsiX containing protein).

It contains a unique hydrophobic region not found in any other PUX protein in Araiéddphis short, 50 AA domain alone is
able to target a fluorophore to LDs. PUX10 can recruit the-#pé& ATPase CDC48 to LDs that is involved in protein unfolding
and degradation.

Analysis of the lipid droplet proteome from seedlings of WT and mutartkifig the scaffold protein revealed a slower
degradation of LEassociated proteins during seed germination. PUX10 and CDC48 are part ofdlsoERted degradation
(ERAD) pathway in ngulant species. Based on our results, this ERAD pathway could tdsad éx LDs.

0¢;006
The role of MNX/PAM74amily transporters in manganese management

M. Eisenhut, F. BrandenbufgA. Plett, P. Jahns A. Webet, S. Birkelund SchmidtA. Schneidér
'HeinrichHeineUniversitat Disseldorf, Plant Biochemistry, Diissd|dsermany
2University of Copenhagen, Department of Plant and Environmental Sciences, Copenhagen, Denmark
SLudwigMaximiliansUniversitat Miinchen, Plant Molecular Biology (Botany), Miinchen, Germany

Manganese (Mn) is an essential micronutrient for allamigms. As redoxactive cofactor in active sites of enzymes it is involved
in various physiological reactions. In oxygenic photosynthetic organisms, the trace metal is of special importance since
constitutes the catalytic MiCaQcluster, a central parbf the oxygerevolving complex in photosystem Il (PSIl). Despite the
basic need for Mn, elevated levels of this micronutrient are detrimental to the organism since mismetalation of enzymes may
occur. Accordingly, Mn availability needs to be carefully naaied in a very narrow range. We have identified a protein with so

far unknown function as Mn transporter in the cyanobacteri@ynechocystisMnx resides in the thylakoid membrane and
serves to sequester excess cytoplasmic Mn into the thylakoid lumericapbvide sufficient Mn levels in this compartment for
repair of damaged PSIl under high light conditions [1]. Mnx proteins are strictly conserved in all oxygenic photosyntheti
organism. The genome of the model plaitabidopsis thalianaontains two gemes encoding plastidial MNX proteins: While
CHLOROPLAST MANGANESE TRANSPORTER1 (CMT1) resides in the plastid inner envelope [2], PHOTOSYNTHESIS
MUTANT71 (PAM71), resides in the thylakoid membrane [3]. CMT1 and PAM71 act sequentially in the fugtakeom the
cytoplasm into the plastid and delivery of Mn to PSII in the thylakoid lumen. According to our studies, loss of any MNX/PAMY:
family protein has strong impact on the photosynthetic performance in both plants and their evolutionary ancélors,
cyanobacteria, pinpointing the central importance of these transporter in Mn management. Here we will present results about
Hmx1 and Hmx2, two new cyanobacterial members of the MNX/PAfisimily.

References

[1] Brandenburg Fet al. (2017) Plant Physidl73: 17981810
[2] Eisenhut Met al.(2018) Mol Plant 11: 95869
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Phospheregulation of a peroxisomal NAD carrier

A. Plett, N. Link&
Heinrid-Heine University, Institute of Plant Biochemistry, Dusseldorf, Germany

The cellular redox pool is crucial for a great number of developmental, abiotic and biotic stress signaling pathways.in plant
Redoxactive substances, such as nicotinamide adenimudeotide (NAD) are essential for many enzymes. In plants- NAD
dependent processes play fundamental roles in peroxisomal metabolism. For example, fatty acid degradationosélbgtm
requires NAD as a cofactor. In Arabidopsis thaliana we have figentind characterized a transporter of the mitochondrial
carrier family (MCF), called PXN, which catalyzes the exchange of NAD with AMP across the peroxisomal membrane. T
transport function supplies peroxisomal fatty acid oxidation with NAD. Despiteniportance for peroxisomal metabolism, the
knowledge about the mechanisms that regulate the activity of the peroxisomal NAD carrier remains to be unsolved.
Phosphorylation is one of the most widespread reversible {h@stslational modifications and playa major role in plant
metabolism by altering the activity, interactions or subcellular localizations of proteins. Phpsptemme studies identified a
serine phosphorylation site in the hydrophilic loop between the transmembrane spanning domain ttddewanTo investigate

if this postulated phosphorylation site modulates the NAD import function, we conducted uptake experiments with mutated
carrier proteins. Mutations of this serine mimicking (a) phosphorylated state and {phagphorylated state shwed significant
differences in the transport activity of this carrier. Based on these results, our hypothesis is, that PXN function tisdrégula
phosphorylation.

ORAL ABSTRAGTHOTOSYNTHESIS AND PRIMARY METABOLI

OcTc001
Balancing budgetg what bankers and politicians might learn from Arabidopsis

M. Stitt!
Max Planck Institute of Molecular Plant Physioldggtsdam Germany

The daily lightdark cycle is one of the most pervasive environmental changes faced by plants. Growth in the light can lye directl
supported by photosynthesis, but metabolism and growth at night depend on reserves accumulated in preceding light periods
In many plants, the main transitory carbon store is leaf starch. Arabidopsis transiently accumulates up to 60% of @sbfixed c

as starch. | will discuss how starch turnover is regulated. In the daytime a larger proportion of the fixed carbon acsuasulate
starch in conditions where less carbon is fixed per 24 h cycle (for example short photoperiods, low light). Allocatidatéireg

by multiple pathways. These integrate information about predictable (e.g. photoperiod duration) and unpredictable (e.g.
irradiance received in a given 24 h cycle) environmental variables. At night, pacing of starch mobilization by the cia@dian
ensures that starch is almost but not totally exhausted at dawn. This optimizes growth by investing almost all the fixedhcarb
growth within a single 24our cycle, whilst avoiding premature exhaustion of starch and harmful transient intervals aincarb
starvation. In addition, the sucrose signal trehalos@h®sphate acts in an antagonistic feedback loop to slow starch
degradation when more carbon is available than is used for growth during the night. Like most plant physiologists we grow ot
plants n recurring squaravave light regimes (i.e. same light intensity every day, with the light being suddenly turned on and
off) These are extremely artificial conditions. In the field, irradiance increases gradually in the morning and decrelasdly gra

in the evening, and is subject to unpredictable fluctuations due to cloud cover that vary within and between days. | will discus
how we are extending our studies to gain insights into how plants regulate starch turnover, metabolism and growth id.the fiel
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OcTc002
Subcellular metabolic reprogramming to stabilize photosyeisis

T. Nagelé& L. Furtauet, J. WeiszmartnW. Weckwerth
1 MU Munchen, Plant Evolutionary Cell Biology, Planegg, Germany
2Universitat Wien, Ecogenomics and Systems Biology, Wien, Austria

Stabilization of photosynthetic performance in a changing enwitent is essential for plant survival. While it is known that
plants can alter the composition of their photosynthetic apparatus in response to environmental changes, the contribution of
reprogramming of primary metabolism to photosynthetic acclimationess|well understood. Plant primary metabolism
comprises numerous tightly regulated metabolic pathways across diverse subcellular compartments which complicates th
study and interpretation of metabolite dynamics in context of photosynthetic performancev&mcome these limitations, we

have combined subcellular metabolomics with enzyme kinetics and photosynthetic parameters to derive a predictive kinetic
model of metabolic reprogramming. Our findings reveal an essential regulatory crosstalk betweenigl|astithsolic and
vacuolar metabolism to stabilize photosynthesis against environmental fluctuations. Further, our model explains natural
diversity of photosynthetic stress response Amabidopsis thalianeand indicates a crucial role of invertadgven sucrose
cleavage and hexokinase catalysed phosphorylation. Finally, our findings provide evidence for the necessity to resol
subcellular kinetics of plant stress response for prediction of plant performance in a changing environment.
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[1] Weismann J, Furtauer L, Weckwerth W, N&ageld2018) Vacuolar sucrose cleavage prevents limitation of cytosolic
carbohydrate metabolism and stabilizes photosynthesis under abiotic stress. EER80B24098
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Metabolic Modeling: Making the Leap From Model Systems in the Lab to Native Populations in the Field. Frontiers in Plal
Science&

[3] Furtauer L, Nagele (R016) Approximatinghe stabilization of cellular metabolism by compartmentalization. Theory Biosci
135 7387

O¢T¢003
Chlamydomonas can be converted into an efficient and continuously working glyeptatiuction
machine without forming biomass

C. Wilhelm, A. Taube#, A. Shrammt, T. Jakob
IUniversity of Leipzig, Biology, Leipzig, Germany

Glycolate can be synthesized in autotrophic cells under high temperatures dmit&lion via oxygenation of ribulosg,5
bisphosphate by photorespiration. In unicellular algae photoiegipn consumes reductants and ATP and is an inhibitory
process for biomass production. However, if the cells are manipulated in a way that they perform carboxylation/oxygenation ir
a ratio of 2, they become glycolate producing "cell factories". Theiaffty of this pathway is high only when the C2 cycle is
blocked. Here we show that it is possible to run a culture of Chlamydomonas under specific cultivation conditions tt establis
constant and londerm stable glycolate excretion during the light pepa3he results demonstrate a constant higagsimilation

and an extremely high rate (82%) of assimilated carbon transferred into glycolate without losses of function in celforitality
weeks. Moreover, the glycolate accumulation in the medium is higiugh to be directly used for microbial fermentation.
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OcTc004
Structural adaptations of photosynthetic complex | enable ferredoxdependent electron transfer
J. M. Schullér J. A. Birrel] H. Tanak& T. Konumg H. Wulfhorst, N. Co%X S. K. Schullerd. Thiemarh W.

LubitZ, P. Sétft, T. Ikeganij B. D. Eng&lG. Kuristj M. M. Nowaczyk
IMax Planck Institute of Biochemistry, Martinsried, Germany
2Max Planck Institute for Chemical Energy Cosieer, Milheim an der Ruhr, Germany

30Osaka University, Institute for Protein Research, Osaka, Japan

4Yokohama City University, Yokohama, Japan
SRuhrUniversity Bochum, Plant Biochemistry, Bochum, Germany
SAustralian National University, Canberra, Australia

"Université PariSaclay, GiSurYvette, France

Photosynthetic complex | enables cyclic electron flow around photosystem |, a regulatory mechanism for photosynthetic energ
conversion. We report a 38 resolution cryeEM structure of photosynthetic comgt | from the cyanobacterium
Thermosynechococcus elongatii®ie model reveals structural adaptations that facilitate binding and electron transfer from the
photosynthetic electron carrier ferredoxin. By mimicking cyclic electron flow with isolated comfsoimevitro, we demonstrate

that ferredoxin directly mediates electron transfer between photosystem | and complex I, instead of using intermediates such
NADPH. A large rate constant for association of ferredoxin to complex | indicates efficient riecogvith the protein subunit

NdhS being the key component in this process.

References
[1] Schuller JM, Birrell JA, Tanaka H, Konuma T, Wulfhorst H, Cox N, Schuller SK, Thiemann J, Lubitz W, Sétif P, lkegami T,
BD, Kurisu G, Nowaczyk MM (2088jene 363:25726

O¢Tc005
Sugar toxicity in plants
R. Tenhakeh E. Ivanov KavkoyaM. Althammet, R. Behmdillér
tUniversity of Salzburg, Bio Sciences, Salzburg, Austria

Plants use a number of different nucleotide sugars as building blocks for cell wdifsaprgteins. During development, growth

or under stress, plants remodel for instance the cell wall and releases thereby sugars, which are taken up into thdrcytosol.
contrast to animals, which often secret such sugars, plants have established a paweyfiling system to reactivate sugars to
nucleotide sugars.

Recycling of sugars involves two steps: first a sugar spedifitase and second a universal sugar pyrophosphorylase (USP),
which accepts many different sugasphosphates. The enzymes involviedthe recycling process are tightly controlled in their
activity. A knockdown in USP leads to dwarf plants and a knockout in USP is lethal. Some mutantslikisagas render
plants sensitive to a particular sugar, a phenomenon termed sugar toxgitysing physiological and molecular approaches we
dissect sugar toxicity to understand the mechanisms. Here we present data@binose and ijalactose toxicity as a typical
example.
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OcTc006
The BASS4 transporter is central taw@etabolism inFlaveriaspecies

F. Kuhnert, T. Furumotd, A. Webet
IHeinrichHeine University Dusseldorf, Plant Biochemistry, Dusseldorf, Germany
2Ryukoku University, Department of Food and Agriculture, Fushidiz Y&l 62X WI LJ vy

G photosynthesis has evolved independently at least 66 times throughout the plant lineage. Within the gleawvesia
photosynthetic processes are highly diversified. Thaluihes the photosynthesis types,G3-Ci intermediates, @like and G

Using comparative transcriptomic analyses betwdgaveriaspecies with €and G photosynthesis, we identified a gene
encoding for a Bile acid sodium symport protein (BASS4) as adasmdiransporter with special importance ins C
photosynthesis Flaveria bidentiplants with reducedBASS4xpression resemblesGpecies as they have a strongly reduced
photosynthetic activity, which is based on a highly increasegld@@pensation poinfis well as a reduced €€xation rate. In
addition, we show that heterologously expressed BASS4 has uptake activity for malate and oxaloacetic acid in a liposor
system. The substrate specificity is well defined since no other intermediates ofstbgcE or other dicarboxylic acids are
transported by BASSH vitro. Additionally, its phylogenetic similarity to mammalian BASS transporters together with our uptake
results indicate that BASS4 mediates sodilependent malate symport.

In this study, we ideiifty a novel transport protein, responsible for soditdapendent malate import into chloroplasts of bundle
sheath cells, which is required for sufficient photosynthetic activitysiRl&veria Further studies on changes in metabolite levels
and enzyme actities are currently in progress and will help us to elucidate the biological relevance of BARS#4ria bidentis

OcTc007
Degradation of D1 protein during photoinhibition of photosystem Il is accompanied by degradation of
zeaxanthin epoxidase

S. Beimann', P. Jahris
!Heinrich Heine University Dusseldorf, Plant Biochemistry, Dusseldorf, Germany

The xanthophyll zeaxanthin serves photoprotective functions in chloroplasts. Present as a free pigment in the lipid phase
thylakoid membranes, zeaxanthinflmences the membrane stability and may detoxify existing reactive oxygen species (Havaux,
1998), whereas it is involved in the deactivation of singlet excited chlorophyll when it is bound to thldighsting antenna
proteins. Upon high light (HL) exqae, zeaxanthin is synthesized from violaxanthin in thesp@xidation reactions of the
xanthophylicycle (Jahns et al., 2009). The zeaxanthin epoxidase (ZEP) reconverts zeaxanthin to violaxanthin and shows higt
activity in low light after short pericglof moderate HL intensities. Increased HL stress, however, leads to aregwation of

ZEP activity idrabidopsis thalian@n parallel with the inactivation of photosystem Il (PSIl) (Reinhold et al., 2008). Moreover, in
Pisum sativurma close correlatio of the kinetics of recovery of photoinhibition and zeaxanthin epoxidation has been reported
(Jahns & Miehe, 1996), which suggests aegulation of the activities of PSIl and ZEP. Here, we comparatively studied the HL
responses of ZEP activity and ZE®&gin levels in thale cres#\(.thaliang, pea P. sativun), spinach $pinacia oleracedeand
tobacco Nicotiana benthamiangin order to gain more detailed information about the-gulation of PSII and ZEP activity. HL
induced inhibition of PSIl and EZEctivity was found in all species, with tobacco being the most HL sensitive species. In the
presence of streptomycin, an inhibitor of chloroplast protein biosynthesis, HL induced complete inhibition of PSII and ZE
activity in all species. Strikingly,ZEactivation was accompanied by degradation ZEP protein in parallel with degradation of D1
protein. Interestingly, the degradation of both proteins was again most pronounced in tobacco. These data support &
coordinated inactivation and degradation of Z&®Rl D1 in response to photoinhibition of PSII, implying that zeaxanthin has an
essential photoprotective function during the PSII repair cycle.
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OcUc001
CRISPR/Cas maed genome engineering in plants

H. Puchta
IKarlsruhe Institute of Technology, Botanical Institute, Karlsruhe, Germany

Sequencespecific nucleases can be used to induce dowshbilend breaks (DSBSs) in plant genomes. Already more than 20 years
ago we wee able to show that gene targeting by homologous recombination (HR) can be enhanced drastically and targete
mutagenesis can be achieved by ermone nonhomologous end joining (NHEJ). Moreover, by inducing several DSBs,
sequences can be deleted out dfet genome or chromosome arms exchanged. In the last years CRISPR/Cas became the maj
tool for targeted mutagenesis. We were able to demonstrate Streptococcus pyogenes (Spy)Cas9 nuclease induced, Nt
mediated, heritable targeted mutagenesis in Arabidopkialiana as well as homology dependent in planta gene targeting.
Recently we applied the Cas9 orthologue of Staphylococcus aureus (SauCas9) foreNidtedl targeted mutagenesis in A.
thaliana with higher efficiencies than SpyCas9. Even better, by 8sinGas9 under the control an eggll specific promotor we

could enhance in planta gene targeting frequencies by one order of magnitude in comparison to our earlier approaches witl
SpyCas9. We obtained GT efficiency of up to 5% for specific lines. Sedmesstons occur often during plant genome
evolution - also in related cultivars making the inversed regions inaccessible for plant breeding by fixing linkages. Thus, it is
important to set up technologies that allow us to induce inversions within clasomes in an directed and efficient way in
plants. Using SauCas9 under egg cell specific expression in Arabidopsis we were able to induce heritable inversionaformatior
differ loci and at distances between 3 and 18 kb in the percent range. By screedivigual lines heritable inversion frequents

up to the 10% range can be achieved, regularly. Most of the events contained the inversion with scarless junctions ahd withot
any sequence change within the inverted region making the technology attractiegppdications in crop plants. In future, it will
become more important to elaborate technologies to restructure plant genome on an even more complex level to be able to
combine the best alleles of a gene pool of a species for a specific breeding purpose.

OqUc002
Targeted mutagenesis in wheat via pollination by Cas9/gRixexsgenic maize used as haploidy inducer
N. Budhagatapalj T. Halbach S. Hieké| H. Buichné J. Kumlehh
ILeibniz Institute of Plant Genetics and Crop Plant Research (IPK), DagasfrR@ysiology and Cell Biology, OT Gatersleben,

Germany
2Strube Research GmbH & ®®, Sollingen, Germany

Targeted mutagenesis assists functional validation of gene function and can speed up plant breeding by producing new gene
variability or by geacopying valuable alleles from one accession to another. However, its application is particularly challenging
in wheat owing to high gene redundancy and cumbersome gene transfer and tissue culture procedures. The current stuc
focuses on the induction ofege-specific mutations in two agronomically important gerBRASSINOSTEROID INSENSITIVE 1
(BRI} andSEMIDWARF 1 (SDégulating plant height which is an important trait in modern plant breeding. In wheat, it is not
known yet whether specific allelic varits of Bril and Sdlare useful to generate new variability for plant height. By contrast,
these genes are known from barley, where their mutation causes a reduction in plant height. To achieve specific mutation
guide RNA (gRN#jjrected Cas9 endonucleagechnology has been employed, which relies on components of a microbial
immune system called clustered regularly interspaced short palindromic repeats (CRISPR}G&1&RfRd (Cas). The
approach was to generate target gespecific mutant wheat plantsithout genomic integration of gRNA and Casttoding

DNA, which is achieved through the regeneration of doubled haploids from wheat x maize crosses. To this end, transgenic ma
lines were generated whose sperm transmits gRNA and Cas9 endonucleasage@mdkas their products to the hybrid zygote

so that the wheat target genes can be mutated. The Cas9/gRNA transgenes carried by the maize genome are then remov
during early embryogenesis via uniparental genome elimination, which results in haploichtnwtiaat plants that do neither

carry any maize genetic material nor any transgeneoding DNA. Plants from rescued haploid wheat embryos can be
subjected to colchicine treatment for whole genome duplication so as to generate fertile, genetically fixadt mplants.
Through wheat x Cas9/gRM#aize crosses, mutations were obtained in both target genes using six different wheat genotypes
including springand winter types as well as both hexaploid bread wheat and tetraploid durum. One of the further adyemt

of this approach is that genetically homogenous and homozygous mutants can be generated in one genédasbn.
importantly, these results constitute a promising step towards the establishment einGased mutagenesis in wheat with
muchreduced gentype dependence.
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OcUc003
Accelerating the breeding of carrot®@ucus carotd..) via CRISPR/Cas9

K. Unkel, T. Sprink F. Dunemarth

LJulius Kuehinstitute, Institute for Biosafety in &ht Biotechnology , Quedlinburg, Germany
2Julius Kuehiinstitute, Institute for Breeding Research on Horticultural Crops, Quedlinburg, Germany

The fast changing climate with more severe weather extremes calls for a fast adaptation of crop varietiespécially a
challenge for crospollinated crops like carrotdD@ucus carotd..). Therefore, we focus on accelerating traditional F1 hybrid
breeding by implementing new plant breeding techniques (NBPTSs) like CRISPR/Cas9.

The longlasting production of geetically homogeneous parental lines for hybrid breeding through back crossings takes up an
excessive amount of time and resources and relies on specific genotypes.i®theo (e.g. anther or ovule culture) on situ

(e.g. wide hybridization or irriteéd pollen) techniques to produce haploid or double haploid progeny shown to be inefficient in
ApiaceaeDuring cell division, the microtubules of the spindle apparatus attach to the kinetochore region of the centromere to
distribute chromatids equally. Herthe centromere specific histone H3 (CENH3) plays a major role as part of the kinetochore;
therefore, its compromised function restricts the attachment of microtubules and possibly induce uniparental genome
elimination of the mutated parent when crossedtlva wild type plant. The resulting (doubled) haploid progeny can be used in
hybrid breeding.

Therefore, targeted mutations inside the coding region for CENH3 via the RNA guided endonucleases (RGEN) technic
CRISPR/Cas9 are proposed. For that, we intedua CRISPR/Cas9 expression cassette via the agrobacthizobium
rhizogenesand induced mutations inside the CENH3 coding region. A change in the phenotype was shown by immunostainin
against CENH3, with mutated lines exhibiting weaker fluorescenopa®d to wild type plants.

In order to facilitate this approach, we established a fast, transient and-fb&¢Amethod for genome editing in carrot by
introducing preassembled sgRNA and Cas9 proteins into carrot protoplasts via PEG guided transfoBimagotihis complex
degrades after around 48 hrs, we can prevent further double strand breaks by CRISPR/Cas9 activity. A possible lethal effec
currently used targets was visible in the low regeneration capacity of the protoplasts with only wild tygreerates surviving.

In order to screen for best regeneration and viability of mutated carrot lines, we are testing different target sequetiees in
CENH3 gene.

OcUc004
Evaluating the efficiency of gRNAs in CRISPR/Cas9 mediated genome editing in poplars
T. Briigmanh K. Deecke M. Fladung

Thinen Institute of Forest Genetics, Genome Research, Grosshansdorf, Germany

CRISPR/Cas9 has become one of the most promising techniques for genome editing in plants and works very well in poplars v
an Agrobacteritm-mediated transformation system. We have selected twelve genes, incl&D@1lFULand their paralogous
genes, foulNFRlike genes andTOzZ1%or three different research topics. The gRNAs were designed for editing, and, together
with a constitutively expessed Cas9 nuclease, transferred either into the poplar hy®oigulusx canescensr into P.tremula

The regenerated lines showed different types of editing and revealed several homozygous editing events which are of spec
interest in perennial specgebecause of limited baakoss ability. Through a time series, we could show that despite the
constitutive expression of the Cas9 nuclease, no secondary editing of the target region occurred. Thus, constitutive Ca
expression does not seem to pose arskrio additional editing events.

Based on various criteria, we obtained evidence for a relationship between the structure of gRNA and the efficiency of gen
editing. In particular, the GC content, purine residues in the gRNA end, and the free acceskibiditgeed region seemed to be
highly important for genome editing in poplars. Based on our findings on nine different poplar genes, efficient gRNAs can
designed for future efficient editing applications in poplars.
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OcUc005
Genomeediting in agriculture ¢ supporting a knowledgebased dialogue of a controversial discussed
topic
H. Pernet, M. Arltt, D. ModrzejewsKj F. Hartung S. Bechtol] S. SchleissifgO. Maaf, H. Kehlenbedk

M. Wasmef-5, J. RobienskiC. Dayg A. Spok
!PLANT 2030 Managing Office at MPI of Molecular Plant Physiology, Potsdam, Germany
2Julius Kuhenstitute, Institute for Biosafety in Plant Biotechnology, Quedlinburg, Germany
SInstitut TTN at LMU Munich, Mich, Germany
4Julius Kuhsnstitute, Institute for Strategies and Technology Assessment, Kleinmachnow, Germany
SLeibniz University Hannover, Centre for Ethics and Law in the Life Sciences, Hannover, Germany
5TU Graz, Institute for Interactive Systems &rata Science, Graz, Austria

The European community hotly debates the responsible usage of genome editing, especially since its latest tool CRISPR/C:
catching on. To support a knowledfased dialogue, the project consortium of EXSRA uses an interdiplinary approach to
analyze the complex impact genomeediting in agriculture (GEA). Its objective is to sunatical, legal andsocioc-economic
aspects (ELSA) and to assess the impact of genome editing on plants. The results are published themidic gournals,
workshops and the project website.

Here we give an overview about the work of the project partner and the communicative tools applied in our project.

Last year the European Court of Justice classified organisms modified with genomg editgenetically modified organism
(GMO). Thus, the legal subproject focuses on international and European directives and possible roads forward for Europe:
GMO Policy. The possible impact of genome editing on agricultural value chains and societg@withany is the topic of the
sociaeconomic subproject. Consumer"s freedom of choice and product labelling are in focus of the ethical subproject. Decisior
about food are not only questions of risk but also questions of lifestyle. The applications ehgeiting in model plants and
agricultural crops were systematically mapped. Criteria were e.g. basic research, market oriented developments, traiffs.and to
An online repositorium of relevant research studies is on the ELSA project website.

The conmunication concept of the project has three main columns: high level publications within the respective scientific
community, stakeholder workshops, and the German project wehsitav.dialoggea.de Target audience of the website are
scientists, practitioars, politicians and opinion formers who act as mediators to the public. The website provides information
and opinionvideos on genome editing in general, presents project results and an interactive online ethic council. Additionally,
school material hasden developed.

With our work, we want to support a scientased public discussion and provide faoésed information to an interested
society.

OcUc006
Changing the intracellular architecture and storage functions in oilseed rapeseed

H. Rolletschek L.Borisjuk
1PK, Department of Molecular Genetics, Gatersleben, Germany

The assumption that proteins and lipids are competitive storage products in oilseed crops has been tested here in oseed raj
(Brassica napysby analyzing the effect of suppressingtain storage activity. The phenotypic outcomes were assessed using
magnetic resonance and optical microscopy, mass spectrometry imaging, transcriptomics, proteomics, metabolomics, lipidomi
and immunological assays. In the seeds of RNAI transgeniasaakable reduction in napin and cruciferin was accompanied by

a drop in storage oils (triacylglycerol), while oleosin, a protein which dominates the oil body, wasabgperulated. The most
conspicuous structural changes in the cells of the developingsg@nic embryos featured the elaboration of membrane stacks
enriched with oleosins and aberrant storage vacuoles. Amino acid and sulfur metabolism were focal points of the metaboli
rebalancing, a process which involved the transcriptional activation w@mine-sensing mechanisms. Despite the manifold
alterations induced at both the biochemical and molecular levels, there was little evidence that suppressing napin/cruciferin
synthesis had any phenotypic impact at the macroscopic level. The conclusiothatathe seed"s cellular and metabolic
plasticity provide a buffer protecting against perturbations to its storage activity, and hence contribute materially to the
homeostasis required to assure successful sexual reproduction. The lack of any linkagenbigtvdeand protein storage has
implications for biotechnological strategies directed at the improvement of oilseed crops.
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OcUc007
Can markerassisted selection for drought tolerance regde stresdrials in potato
K. K&lt, M. Haas, H. Sprengér G. Aneley MulugetaK. Rudadk E. Zuthe', S. SeddigR. Peters J.

Kopka, D. Hinchg D. Walthet
IMPIlof MolecularPlant Physiology Potsdam Germany
2Julius Kuhn Institute for ResistanResearch and Stress Tolerance, Rostock, Germany
SLandwirtschaftskammer Niedersachsen, Munster, Germany

Maintenance of yield stability requires efficient selection for drought tolerance, as climate models predict an increased
likelihood of droughts. Yielthased selection for droughblerance requires timeonsuming drought trials. Markexssisted
selection (MAS) could accelerate tolerance breeding. An important crop for drought tolerance improvem@akamim
tuberosumssp tuberosum which combines highvater-use efficiency with low drought tolerance. The significant tolerance
variation in tetraploid European cultivars provides a genetic basis for breeding. For this genepool, we developed a toleranc
prediction model based on leaf metabolite and transtiigvels. We compared the performance of a selection based on this
omics marker model to a classic yiddsed selection. Furthermore, we tested the predictive value of phenotypic markers
gained from lasercanner imaging and thermometry.

From a populatio of 200 lines segregating for drought tolerance, a classic subpopulation was selected for superior tolerance
based on tuber starch yield data from 4 stress trials. Metabolite and transcript levels in leaf samples from these &ialseder

to predict draught tolerance by the randorfforest model and select a tolerant MAS subpopulation. To compare their
performance, these populations were characterized for yield and drought tolerance in tenenuitonment trials. The micro
meteorological characterizatioof the test environments indicated a good representation of relevant drotsglenarios in agro
environments.

Yield data indicated that lines with drought tolerance above the-pdcent mean and yield potentials similar to released
cultivars were identifid by both selection procedures. However, the MAS procedure is faster than the selection based on yield
trials. Among the parameters gained from automatic phenotyping, leaf angle and canopy temperature were the moshgromisi
drought tolerance predictor.

This work was funded by the FNR/BMEL, GFPi and GTZ.

PLENARY ABSTRACT

OcPLc009
Oral administration of plant seed produced antibodies to protect weaned piglets against gastro
intestinal infections

A. Depicker
!Ghent UniversityPlant Biotechnology and Bidormatics Ghent, Belgium

Plant seeds constitute a unique recombinant protein production platform for particular applications. Seeds can be stored a
ambient temperature keeping the recombinant proteins in a stable way in an extremely concentrated manifi¢hey were
storage proteins, thereby also allowing to separate the recombinant protein production phase from the processing and
application phase. Proof of concept was demonstrated with young piglets susceptible to a dieardstag infection. Post
weaning diarrhea caused by enterotoxigenic Escherichia coli (ETEC) is an economically important disease in pig product
worldwide. At the moment the only thing that helps against this infection is the use of antibiotics, which is a recogkized ri
factor for antibiotic resistance. The aim was to prolong the protection of the maternal antibodies in the milk against ETEC gL
infections by adding plant made antibodies to the feed of weaned piglets. ETEC pathogen spetie dgfibodies were
produced, fist in Arabidopsis seeds, later in soybean seeds, and by using existingrimsssing technology the seeds were
milled and added to the feed, requiring no encapsulation and no need for expensive purification processes. In collabithation w
the group ofEric Cox (UGent), we have shown that the piglets, receiving feed supplemented with the new antibodies were
protected against infection by ETEC in a pilot study, while the control group not receiving antibodies showed gut calonizatio
and prolonged sheddingf the challenged bacteria (Virdi et al., 2019).

These results suggest development of these antibodies as a veterinarian product. Furthermore, given the similarity be&tween th
pig and human digestive tract system, these results further suggest exptbrntgchnology for preventing and treating human

gut infections and gastric diseases.

References
[M2A1INFYY ANRAZ W2NHS tlFfFOAZ . N}YY [ldzlSyas {GSTlLy weoOll
Nature Biotechnology, 2019
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PcBc001
Genotyping of microsatellite markers using N@&¥veals different genetic structures and relationships in

populations of some annualWedicagospecies in Iran

|. Mehregan, R. Zareéj S. EmarrTabatabaeig& Z. Baghetj Z. Morshedy, M. Bayat, M. Assadi E. Small
!Department of Biology, Science aRésearch Branch, Islamic Azad University, Tehran, Iran
2Research Institute of Forests and Rangelands, Agricultural Research Education and Extension Organization (AREEO), PO |
13185116, Tehran, Iran
3Science and Technology Branch, Ottawa Research areldpewvent Centre, Ottawa, Canada

Background:ran is one of the more important centers of diversity for the geMmsdicagoL. (Fabaceae). Similar to other
members of the family, species bfedicagq which are very common in western and southwestern Iraay j@in important role

in soil health and quality by adding nitrogen and organic matter. In recent decades, taxonomy of the genus at species ar
sectional level has been studied heavily. With more sophisticated methods available, more focuses are nowrartkshe
belowspecies level. Genotyping of simple sequence repeats (SSR/Microsatellites) are now widely used in genetic diversity a
structure analyses and plant cultivar identification.

Question: We aimed to identify the beSSR markemuitable to illugrate the genetic structure and relationships between and
within populations of some Iranian species\dédicago

Methods: Next generation sequencing (NGS) technologies was udddntify and screen Microsatellites loci. PCR primers
for hundreds of SSRxdi were developed and tested. Labelled primers were used in the fragment analydeditago
populations sampled from NW, W and SW Iran.

Results: Most variable loci suitable for populational genetic analysis of selected annual spddiedicgigowere identified.
Fragment length analyses of SSR markers revealed different genetic structures and relationships.

Conclusions: NGSa costeffective method fodevelopingSSR markers. Microsatellitasereliable toolsin study of Iranian
annualMedicago Pattens of infraspecific relationships @annual species d¥ledicagoare different.

PGBc002
Draparnaldiag a chlorophyte model for comparative analyses of terrestrialization and developmental
complexity
L. Caisova T. Jobg N. Fernandez Poz®.A. Rensing, S. Koprivg A. Cuming
tUniversity of Cologne, Botanical Institute, Cologne, Germany

2University of Marburg, Plant Cell Biology, Marburg, Germany
SUniversity of Leeds, Centre for Plant Sciences, Leeds, United Kingdom

Colonization of land by plants was raajor transition on Earth. It is generally accepted that land plants evolved from
streptophyte algae. However, there are also many chlorophytes (a sister group of streptophyte algae and land plants) the
moved to terrestrial habitats and even resemble messWhy no land plants evolved from Chlorophytes? To better understand
what are the evolutionary novelties that enabled the streptophyte algae to colonize land, we are currently establishing the
chlorophyte algaDraparnaldiasp. (Chaetophorales, Chloroplege) as a model for comparative analyses between these two
lineageslin my talk, | will introducéraparnaldia pointing out its morphological and ecological similarities with streptophyte
algae and mosses. | will focus on transformation system, whicheaently developed. | will then also present the first results
from Draparnaldiatranscriptome that was sequenced to investigate the desiccation stress. Finally, | will touch the future plans,
including genome sequencing and application of the CRISPRAGas/ s
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PcBc003
Effects of environmental stress on the mode of reproduction in tRanunculus auricomugolyploid

complex

F. B. Ulurh C. Castrh F. Hadacek E. Horandl

1Goettingen University, Departemt of Systematics, Biodiversity and Evolution of Plants, Goettingen, Germany
2GeorgAugustUniversitat Gottingen, Department of Biochemistry, Goettingen, Germany

Hybridisation and polyploidy in Angiosperms are influential factors in evolutionary procasseare thought to enhance
adaptive potential and diversification via the evolution of novel genomic and epigenomic features. They are also algerto trig
apomixis, the reproduction of asexual seeds. Environmental abiotic stress can change the agdoegjggocy, but it is still
unclear whether polyploidy would alter stress response. The main aims of this research are to explore with prolongec
photoperiods, whether polyploidy alters stress response, and whether stress response correlates positivelyotdiqrs of

sexual seed formation. To simulate plants alter stress response on the mode of reproduction in different ploidy leveds] we us
three facultative apomictic cytotypes of the polypld&anunculus auricomumplex (diploid, tetraploid, and hexkgyid). Stress
treatments were applied by extended light periods (16.5 h) and control (10 h) in climate chamber under stable temperature (1¢
°C), humidity (6(°C), and light intensity 250 umolfrs?. Reproduction mode was observed directly after megaspenegis
(Clearing method with DIC microscopy) and at seed sthges Cytometric seed screening with Flow Cytometry). We also
compared photosynthetic activity by measurement of relative electron transport rate. The results revealed that under extended
photoperiod, all cytotypes produced significantly more sexual ovules than in control, with strongest effects on diploids. The
stress treatment affected neither the frequency of seed set nor the proportion of sexual seeds. Extended photoperiod reduce
the photosynthetic efficiency in all cytotypes. These findings support the hypothesis that polyploid plants are less sensitive tc
prolonged photoperiods and respond to a lesser extent with sexual ovule formation.

Keywords: apomixis, FCSS, light stress, Ranuncytusdrestion mode

PGBc004
The highly divergedekyllgenes, important for sexual reproduction, are lineage specific for the Triticeae

tribe

V. Radchuk R. Sharm&, E. Potokin&® E. Munz, N. Steit, B. Kiliak* L. Borisjuk
!Leibnizinstitut fur Pflanzengenetik und Kulturpflanzenforschung (IPK), Seeland, OT Gatersleben, Germany
°The James Hutton Institute, Dundee, United Kingdom
Svavilov Institute of Plant Genetic Resources (VIR), St. Petersburg, Russian Federation
4Global Crop Diversity Trust, Bor@ermany

Phylogeneticallyelated groups of species contain unique lineapecific genes, which often mediate sexual reproduction,
thereby facilitating the reproductive isolation. We describe the srdakyligene family, required for sexual reproductiofi o
barley, in which one gene exists in two diverged allelic varialgkyllland Jekyll3 Despite of low similarity, the Jekylll and
Jekyll3 proteins share identical signal peptides, conserved cysteine positions and direct repeats. Their genes ai kheated
same chromosomal locus and inherited by monogenic Mendelian fasliekyll3 has similar expression a¥ekyllland
complement theJeklfunction inJekyllideficient plants. Botldekyll1/Jekyllallelic variants were almost equally distributed in a
collection of 485 wild and domesticated barley accessions. All domesticated barleys harboritekytigallele belong to single
haplotype indicating a genetic bottleneck during domestication. Domesticated barleys harboridgkyleallele carried eithe

one of three haplotypesJekyHlike sequences were found in all analyzed species of Triticeae tribe as well as in the closely
related Bromeae and but not in othéd?oaceae Noninvasive magnetic resonance imaging revealed intrinsic grain structure in
Triticeae and Bromeae grains, associated with the Jekyll function. The emergede&ytifluring the evolution ofPoaceae
coincides with innovations in grain structure and suggests its role in separation of the Bromeae and Triticeae lineafy@sgdent
the Jekyligenes as lineagspecific.
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PcBc005
Hybrid speciation irBrassica

A. Mason
ustus Liebig University Giessen, Department of Plant Breeding, Giessen, Germany

Hybridization (where two species conmegether to form a new species) has played a major role in evolution and speciation,
particularly in the flowering plants. Many crops grown today are hybrid species, including wheat, canola, sugarcane and cotto
However, exactly how hybrid species fornmsidl a mystery in almost all genera. New hybrids face a number of challenges to
establishment, the most serious of which may be regulating meiosis. In most-fawigd hybrids, two sets of chromosomes
from each of the progenitor species will be preseiihese sets of chromosomes not only contain competing genomic
information, but almost always share regions of genomic similarity that can hinder homologous chromosome pairing anc
segregation. Failure of meiosis to correctly segregate chromosomes belamgifferent genomes usually results in loss of
chromosomes and genomic information from one generation to the next, and subsequently loss of fertility aibetedeng in
offspring. Hence, hybrids must regulate meiosis to establish as new species.vButrhtheBrassicegenus (cabbages, turnips,
canola, mustards), cultivated species share combinations of the A, B, and C genomes: A, B, C, AB, AC and-§fegemibme
exist as established crops. We produced novel interspecific hybrid types througlestostsveen the AB, AC and AB species,
and analysed resulting interspecific progeny over several generations using a combination of molecular cytogenetics and hig
throughput molecular marker karyotyping approaches. Three new, meiotically stable hybrid typee produced from
segregating progeny: one with an ABC genome complement, and two with a recombined A/C genome from crosses between tl
AB and BC species. We identified both genetic variants of meiosis genes inherited from the progenitor speciedaaityl sim
between subgenomes in the novel interspecific hybrids as major factors affecting the success of speciation events vi
interspecific hybridization events in tHgrassicagenus. Our results shed light on the mechanisms of repeated hybridization and
speciation inBrassica

PgBc006
Anatomical view of the explosive mechanism of pollen release in urticalean rosids

S. P. TeixeitaG. D. PederséjiF. M. Lem& V. G. Leite
1S&0 Paulo University, FCFRP/USP, Ribeirdo Preto, Brazil
2Universidade Federal ddato Grosso do Sul, Instituto de Biociéncias, Campo Grande, Brazil

The urticalean rosids comprise very known species, such as hemp, hashish, hop, mulberry tree, fig tree, trumpet tree, nettl
elm. These species belong to Cannabaceae, Moraceae, Ulmacdddrticaceae, families of the Rosales order. Some of them
are windpollinated and exhibit an explosive mechanism of pollen dispersal involving sepals and inflexed stamens. Thus, w
studied the uncommon synorganization of the staminate flower in eight wiolinated species of three families inserted in the
urticalean rosid clade to add the missing pieces that complete the puzzle of the explosive mechanism of pollen relesse in th
group. The anatomy and surface of flower buds and flowers were analysest light and scanning electron microscopy. The
pistillode, stamens and sepals form a floral apparatus that explosively releases pollen to be carried by the wind. Tee anthe
dehisce when the stamens are still inflexed on the floral bud and are envelopéaebsepals and supported by an inflated
pistillode. The distension of the filaments presses the pistillode, which decreases the pressure exerted on the anthers b
releasing the air accumulated internally through its apical orifice. The extended filamedthe dehiscent free anthers move
rapidly outward from the center of the flower. This movement of the filaments is then blocked by the robust basally united
sepals, which causes a rapid inversion of the anther position, thus hurling the pollen gram&afafrom the flower. The pollen
grains are released grouped by the mucilage produced in high quantity in the cells found in all floral organs. Our d#tatshow
the presence of a pistillode and the wide occurrence of mucilaginous cells are very intffegures for the functioning of an
elaborate mechanism for dispersion of the pollen grains. Also, we can consider the pistillode as an exaptation because it mi
have initially arisen to play a specific role but later evolved to provide a new role ipldhg optimizing male fithess (Fapesp,
Capes, CNPq).

121



th{¢ow !.{¢w!/ ¢ w 9+th[! ¢LhbX 5L+z9w{LC, !

PcBc007
Toward analyzing transcriptom&vide convergent evolution in plants using a phylogenetic comparative

method

M. Freund, K. Fukushinia
IUniversity of Wirzburg, Department of Botany |, Wirzburg, Germany

Convergent evolution, the emergence of similar traits from independent lineages, demonstrates not only how different
populations react to the same environmental challenges in the same way, lwuthalsevolution could be at least to a degree

¢ predictable. While convergence is a universal phenomenon throughout the tree of life, be it leaf shape, defensive structures
fruits, C4 photosynthesis, or carnivory, convergent evolution in plants malesa fascinating topic. Although it is generally
accepted that convergence is a consequence of environmental constraints favouring certain phenotypes, the molecula
mechanisms are still open for debate. The "hotspot hypothesis" predicts convergence athlr@ changes have minimal
pleiotropy, but large impact on phenotypes. As such, regulatory elements, pathways and networks (and as an extensior
expression patterns) are a likely site for convergent evolution. Using computational methods, such as ndifezn
Uhlenbeck models, we are able to detect shifts in evolutionary regimes and identify likely instances of convergence i
guantitative traits. In order to identify these "hotspot" expression changes in convergent lineages, we treat the gensi@xpres
levels of various species in root, leaf and flower tissues as said quantitative traits in the phylogenetic context. Tieis aequ
large set of data from multiple species. To aid with the acquisition of thousands cE&Ndata from hundreds of resesdr
projects, we are developing a new tool, the ‘amalgkit', which is able to access the Sequence Read Archive's (SRA) metadat:
find, retrieve, and curate a massive dataset for evolutionary transcriptomics. A-daede analysis of transcriptomic datallwi
reveal key gene families subject to convergence.

PgBc008
An mRNAGenotypingby-Sequencing (MRN&BS) approach to link association studies with expression

profiling in Trifolium pratensel. (red clover)

V. Wissemanh B. Gemeinholzéy C. Mullet, A. Beker, O. Rupp
ustusLiebigUniversity GieRen, Systematic Botany, Giessen, Germany
2JustusLiebigUniversity Giessen, Developmental Botany, Giessen, Germany
3JustusLiebigUniversity Giessen, Bioinformatics, Giessen, Germany

DNAOmMmics fingerprinting isvidely used to conduct association studies. Restriction enzymes provide a targeted complexity
reduction followed by multiplex sequencing which results in fgghlity polymorphism data at a relatively low per sample cost
(Poland et al. 2012), especially &pecies which currently lack a reference genome.

By using gene expression profiling (e.g. mRE®@) it is possible to identify expression patterns in response to environmental
perturbations or treatments and to identify candidate genes which are involvdtie response to environmental interactions
(Unger 2008). These candidate genes, whose sequence identity suggest possible importance for an ecologically relevant proc
or phenotype, can than further be used (Unger 2008) to investigate the underlydhgcoiar mechanism governing phenotypic
plasticity in response to different environmental changes or treatments across different sites. This, however, is only foossib

a limited number of sites and individuals due to high costs and immense data volumes

Here, we tested whether both tools could be combined to benefit from the advantages of both. We conduct our research on
Trifolium pratensd.. (red clover). Sampling sites were on the experimental plots of the Biodiversity Exploratories (DFG SPP137
in Germany. An mRNdRadSeq technique was developed and the results were compared to s&N&nd ddRadSeq data,
respectively.

Overall, mRN&eq and ddRadSeq were superior to the newly developed tool. Comparisons to-sel§NAvealed unequal
sequence coveragecommon loci were easily amplified whereas rare alleles were not detected. ddRadSeq provided more
informative data with more details and slightly divergent patterns of relatedness. The comparison is presented and discussed.

References

[1] Poland JA, BrowRJ, Sorrells ME, Jannink (2012) Development of Hidgbensity Genetic Maps for Barley and Wheat Using

a Novel TweEnzyme Genotypinlgy-Sequencing Approach. PLoS ONE 7(2): e322530dL371/journal.pone.0032253

[2] Ungerer MC, Johnson LC, Herman M@0O@ Ecological genomics: understanding gene and genome function in the natural
environment. Heredity 100(2):1783
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PcBc009
Identifying commonly selected genes among carnivorous plant lineages usinguggoary genomics

F. Sadi K. Fukushima
tUniversity of Wiirzburg, Department of Botany |, Wiirzburg, Germany

Plants use diverse habitats, some of which are nutrient poor. To compensate for the lack of nutrition in such environments,
number of plants ha& gone from prey to predator. Carnivory has evolved independently in five orders of flowering plants.
Despite their separate origins, they developed modified leaves similar in form and function for each trapping strategy: e.g.
pitfall traps inNepenthesand Cephalotusind flypaper traps irbroseraand Pinguicula This raises the question of what causes

the differences among trap types and the similarities among separate carnivorous lineages. One approach to answering tt
guestion is to look at convergemrtolution, which describes the emergence of similar traits in not directly related species. Over
accumulation of convergent amino acid substitutions was previously shown in digestive enzymes as a result of focused ge
family analysis. Here, we employ ewtibnary genomics to identify many more genes that have been commonly selected among
carnivorous lineages. In addition to the publicly available carnivorous plant genomes such as that of the Australiaplaitther
Cephalotudollicularis the Brazilian arkscrew plantGenlisea aureand the bladderwort plantUtricularia gibba we are
sequencing the genome of Asian pitcher platgpenthes gracilisThis taxon adds the second lineage of the available pitcher
plant genomes, and will allow us to gain furthiesights into the molecular convergence specific to pitfall traps as well as those
shared among carnivores with different traps. By comparing genes that share similar substitutions in their amino acidesequenc
with those that do not, we will discuss the@utionary process to become carnivorous.

PgBc010
Genomewide identification of Myb transcription factors in amaranth and quinoa

J. GongcalveBias, M. G. Stetter
tUniversitat zu Kéln, Botanical Institute, Kéln, Germany

Transcription factors play an impgant role in the regulation and control of gene expression and numerous developmental and
physiological traits. The correct classification of transcription factor genes into families is essential for the undeysthgene
function and evolution. Th&YB family is one of the largest transcription factor superfamilies with genes distributed throughout
the genome. MYB transcription factor domains bind to DNA and are involved in cell cycle control, regulating plant growth an
development. In a number oflgnts, MYB genes have been identified and characterized, yet for mosiode! plants the
systematic characterization of MYB genes is missing. Amaranth and quinoa are ancient crops from the Americas that a
regaining importance for human nutrition. Thevailability of reference genomes of Amaranthus hypochondriacus and
Chenopodium quinoa allows the identification of MYB genes in the closely related genera and infer gene functions throug
sequence alignment and comparison with wehlaracterized MYBs.

Here, we employ two complementary genorwéde approaches to identify and characterize amaranth and quinoa MYB genes.
We compare all protein sequences of amaranth and quinoa to 22032 known MYB protein sequences from 166 plant species.
addition, we apply Pfa profile Hidden Markov Models to de novo identify all protein sequences containing MYB clike'YB
domains. The two approaches generate a robust set of candidate MYB genes for both organisms. After assuring the presence
conserved MYB domains in the chaiates and filtering out duplicates, we predict a set of 183 putative MYB genes for amaranth
and 240 for quinoa. These values are within the range of previously identified MYBs in other species, e.g., 85 in bantboo, 168
Arabidopsis thaliana, an@44 insoybean.

Our comprehensive classification of MYBs and their phylogenetic analysis allows us to cluster newly identified MYBs with we
characterized MYBs from other species to infer potential functions. As in other species, amaranth MYB genes artedlistrib
across all 16 chromosomes of A. hypochondriacus reference genome and include several candidates, controlling pla
pigmentation and other traits. The broad set of MYB transcription factor genes that we identified, provides a foundation to
understand he role of this important gene superfamily in the evolution and domestication of amaranth and quinoa.

123



th{¢ow !.{¢w!/ ¢ w 9+th[! ¢LhbX 5L+z9w{LC, !

PcBcO11
A taxonomic study ofStichococcuslageli based on ecophysiological, morphological, and malac data

A. Van, K. Glasér
tUniversitat Rostock, Institut fiir Angewandte Okologie und Phykologie, Rostock, Germany

Sitichococcudlageli is a cosmopolitan terrestrial genus belonging to the Trebouxiophyceae. It is a key player in terrestrial so
crust goductivity, where it is commonly found. Due to its simple githped morphology and lack of autapomorphic features,
identification and taxonomic study for this genus has been difficult. Furthermore, the presence of Group | introns make it ¢
challenge to squence. Previous works (Sluiman et. al., 2008; Hodac et al., 2016) have suggested that the genus is closely rela
to other genera, such asloeotilaKiitzing,DesmococcuB. Brand, an@diplosphaeraBialousuknia. This study aims to resolve the
genera's txonomic position through an integrative taxonomic approach.

Monoalgal strains identified astichococcusvere acquired from culture collections worldwide. Ecophysiological testing
consisted of salt tolerance testing with a liquid medium gradient of upd®SU as well as desiccation tolerance and recovery
testing after Holzinger & Karsten (2013). Strains were observed in liquid and agar medium over a period of eight weeks, wi
most strains being photographed and analyzed weekly.

The 18228S locus was usdd build phylogenetic trees. For many strains, it was not possible to completely sequence this locus
using common primers from the literature due to intronic effects; the results are thus preliminary. Further primer devetopmen
specific for this class wibe developed.

First results indicate that there may be a higllean-expected diversity withinStichococcusand that a generic revision
recommended, particularly in relation to the genegdoeotilaand Diplosphaera

PBc012
The alga Mougeotia as a modl investigate the evolution of cell size, genome ploidy and cellular

branching

H. BuschmanhJ. Konermanh
!Botany Institute Osnabriick University, Biology/Chemistry, Osnabriick, Germany

The speciesich Zygnematophyceae are closely related to land pla@&lular differentiations shown by the Zygnematophyceae
are diverse and the class therefore has much potential for cell biolegicdlitionary studies. For example, tip growltke cell
expansion is present in Mougeotia filament terminal cells (watchvonTube), suggesting that the tip growth mechanism of
land plants (protonema, root hairs, pollen tubes) evolved in the algae. Cellular branching in Mougeotia (even though rare) i
similar to branching in moss protonema and results in the transition fr@ntd 2D growth. Interestingly, we find that in
Mougeotia cell size is strongly correlated with genome size. Genome sizes vary between accessions of Mougeotia and
indicate polyploidy. The comparison with the phylogenetic tree suggests that dramatiengesiae enlargements occur rarely

and are a heritable character. We have recently established a protocol for the genetic transformation of Mougeotia, providing
us with the technology to study cellular differentiations at the functional level in the nearefu
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PcBc013
Molecular phylogeny and taxonomic reassessment of the ge@ladostephugSphacelariales,

Phaeophyceae)

S. Heesch F. Rindi W. A. Nelsoh
tUniversitat Rostock, Institut fiir Biowissehaften, Rostock, Germany
A2 VAGSNBRAGE t2f AGSOYAOl RStfS al NOKSS S5ALI NIAYSy(G2 |
SNational Institute for Water & Atmospheric Research NIWA Ltd., Wellington, New Zealand

The Phaeophycean genudladostephugSghacelariales) is found wordide in temperate regions. Two valid species are
considered endemic to South Amerida. (@ntarcticukutzing andC. hariotiiSauvageau), whilst specimens from the rest of the
world are usually attributed to a third, cosmopolitaspecies,C. spongiosunfHudson) C.Agardh. However, comparisons of
organellar (plastidrbcL and pshC, mitochondrial cox1l) and nuclear (ITS nrDNA) genetic markers from samples within the
geographic range dE. spongiosuimincluding Europe, North Americadithe South Pacific, suggest that two genetic entities are
treated under this name, which correspond to previously recognised morphological entities. Specimens with "spongiose
morphology C. spongiosurs.s.) were found to be limited to the Atlantic coastWestern Europe, whilst the entity showing
"verticillate" morphology (C. verticillatum) emerged as the cosmopolitan species: specimens were found on the Atlantic coasts
of Western Europe and the U.S.A, in the Mediterranean, in northern New Zealarttaliauand on the Pacific coast of Mexico.
Since the nameC. verticillatum(Lightfoot) Lyngbye is invalid, and the basionffocus hirsutus. older, this entity is herein
referred to as the separate speci€s hirsutum(L.) GF.Boudouresque & M.Perroudouresque. The third genetic entity was

only encountered in the Southern Hemisphere, i.e. in New Zealand, Australia, southern Chile and Falkland Islands. Comparis
with descriptions and images of Southern Hemisphere species show that its morphologylosedy ressembles that 3.
australisKitzing, another South American species. However, since this name is illegitimate under the Botanical Nomenclatur
rules, this entity will have to be renamed.

PgBc014
The genomic basis of sex detaination in Amararthus palmeri

C. J. NevésM. Matzraff, M. Mesgaraf M. G.Stetter*
tUniversity of Cologne, Botanical Institute, Cologne, Germany
2University of California, Department of Plant Sciences, Davis, United States

Plants show several reproductive strategiesl anorphological adaptations favoring these. In most angiosperms, each individual
has male and female organs, either on the same flower or on separate flowers. Dioecy, the separation of female and ma
flowers on different individuals, is less common bubleed several times independently across plant taxa, and is genetically and
environmentally controlled. While sex determination has been studied for few model species, the genetic basis of se:
determination for most dioecious species remains unknown.

Amaranthus palmeris a dioecious species that is among the most damaging weeds in North America, partly due to its resistanc
to numerous herbicides. The mechanisms controlling dioeéy palmeriare still unknown, despite its agronomic importance.

In this sudy, we used wholggenome sequencing to identify sebetermining genomic regions in the diploil palmeri.We
sequenced a total of 8 pools to over 100 x coverage, differentiating females and males from two populations, under twc
environmental conditionsdrought and control. We first mapped reads to the reference genome of the monoedous
hypochondriacuso compare SNP allele frequencies between female and male pools, but the gemidmenalysis did not
detect sexrelated regions. The alignment to threference sequence limited the analysis to regions present in the monoecious
species and might have missed sex specific sequences. Therefore, we usedra&sedde novomapping of sespecific
sequences from the raw sequencing reads, which is indepenafesn existing reference genome.efdetected a large number

of malespecific and only few female specifieriers inA. palmeri We are assembling magpecific kmers to identify potential

male malelinked genomic region or resemble a sex chromosomedidition, we study the influence of drought stress on the

sex determination ofA. palmeriand its genetic control by comparing male specifinéers of stressed and control pools.

The identification of the genomic and environmental sex determinants.ipaineri, will improve our understanding of the
evolution of dioecy in plants and might help to develop ecological strategies to decrease vyield losses and the emergence
additional herbicide resistance.

KeywordsAmaranthus palmeri; sex determinatiomhole-genome sequencing:taer
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PcBc015
Eukaryotic algae from the biological soil crusts in Chile

E. Samoloy K. Glasér T. Mikhailyuk U. Karsteh

YInstitute of Biological Sciences, Applied Ecology aryddtbgy, Rostock, Germany
°M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine, Kyiv, Ukraine

Biological soil crusts (BSCs) are associations of different microorganisms and soil particles in the top millimeteFowhedil.

by alge, cyanobacteria, microfungi, bacteria, bryophytes, lichens, and theprdgucts, BSCs play an important role in the
primary production and stabilization of soils. Present in every climate zone (Colesie, Felde & Biidel, 2016) BSCs are domin
vegetationin areas where higher plants are limited by low nutrient or water supply, such asasehand arid areas. The
majority of information on BSC algae comes from studies in Asia, Europe, North America, and Africa, leaving South Amer
understudied (Budel teal., 2016). Therefore we investigate, for the first time, the diversity of BSC eukaryotic algae along the
climate range in Chile. The study areas were located within rswtith precipitation gradient, with Pan de Azlcar in the arid
north, Santa Gracianithe semiarid zone, La Campana in the Mediterranean, and Nahuelbuta in the temperate zone of Chile.
With a polyphasic approach, which combines molecular (18S rDNA) and morphological identification methods, we examined t
diversity of eukaryotic algae &y BSC photosynthetic organisms. The lowest species richness was recorded in the desert (1
species) and senairid BSCs (14 species). The highest species richness characterized the BSCs from Mediterranean zone
species), followed by temperate BSCs ¢@8cies). Desert communities were composed exclusively of sietieal Chlorophyta
representatives. Chlorophyta and Streptophyta dominated sariti and Mediterranean BSCs, whereas temperate Chilean BSCs
were composed of Chlorophyta, Streptophyta, anddfekontophyta representatives.

References
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PgBc016
Biodiversity and biogeographgf marine benthic diatoms in Antarctic and Arctic shallow water coastal

zones to evaluate the degree of endemism using figeained taxonomy and DNA metabarcoding

U. Karstef, J. Zimmermanh
Botanic Garden and Botanical Museum Berlin, Freie UniversitiihBResearch Group Diatoms, Berlin, Germany

Antarctic marine biodiversity has been considered for long time as sppomsflora and fauna constrained by a harsh
environment. However, many recent studies clearly proved that Antarctic biodiversity ih moce extensive, ecologically
diverse and biogeographically structured than previously thought. How this biodiversity is distributed and particularly for
Antarctic microorganisms are still not explored at all and hence the impacts-gbiog global envonmental change, pose
challenges to the present and future understanding the biodiversity and related ecologicabfis@t.g. food web structure).

On a global scale, benthic diatoms formas key organisms of microphytobenthic communitiélse most praluctive biomass in
shallow water coastal zones. Due to their high primary production they provide a major food source for benthic suspension
/deposit-feeders, and act as control barrier for vertical oxygen and nutrient fluxes at the sediment/water itexfawell as
stabilizer of sediment surfaces by the excretion of sticky extracellular polymeric substances. Although marine benthi diatornr
are a key component in the food web of coastal areas, knowledge on their biodiversity and biogeography ReBote is
mostly poor.

The goals of the project are 1. to precisely identify the almost unknown benthic diatom biodiversity-grdined taxonomic

depth in communities sampled in Potter Cove (Antarctica) and Kongsfjorden (Arctic) using a combinatietd,of fi
culture/culture-independent methods for phenoand genotypic identification; 2. to establish a taxonomically validated
reference library for Polar benthic diatoms with comprehensive information on habitat, morphology and providing DNA
reference sequeces for distinct species assignment; 3. to utilise this new taxonomic reference library for marine benthic
diatoms in DNA metabarcoding to access the concealed biodiversity and the status of the taxonomic coverage of differer
diatom groups in Antarcticafktic, and 4. to provide a comprehensive biodiversity data set as a baseline for reconstructing
palecenvironments and future cinges of Polar coastal regions.

This project should show if and how marine benthic diatoms of the shallow coastal watersavtthuat/Arctic are different
(degree of endemism), which factors influence the spatial distribution of this ecological key protist group and how tlaese dat
could help to detect and reflect scenarios of global change.
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PcDc001
Preliminary phytochemical properties andgifungal activities of three species ofola nut extracts

againstoral fungal pathogens.

K. Nwanekwt
lImo State University, Microbiology, Owerri, Nigeria

The phytochemical propers and antifungal activities of the methanol extract of the nuts of titeéa specieola acuminata,
Cola millenii and Cola nitideere investigated against five oral pathoge@iandida species.

Methods The agar diffusion and broth dilution methodsreeised for the tests.

Results The extracts exhibited significant antifungal activity with zone of inhibition between13mmz=0.00 and 20mm=0.00. The
plants exhibited strong antimicrobial activities against the organisms, with MICs of the extraCtdaoficminata and Cola

nitida ranging from 125ug/ml to 500ug/ml as such, were the most active, and 250g{600ug/ml forColamilleniithe least

active. While the MFCs of the extracts ranged from 250 pgd@0ug/ml, 250- 500ug/ml and 500 1000pg/ml respectiely. The
phytochemical analysis of the various plants revealed tbala acuminateand Cola nitidashowed the presence of saponins,
tannins, alkaloids and sugar and the absence of cardenolide and anthraquinone. Gglalenillenishowed the presence of
alkaloids only and the absence of saponins, tannins, cardenolide and anthraquinone.

ConclusionA comparative analysis of the activity of tBelanut extracts and the conventional antifungal drugs showed that the
Colanut extracts were more active agairtbie organisms.

PgDc003
The genuine localization of indole alkaloids Yfinca minorand Catharanthus roseus

D. Selmak; S. Abouzef] T. Hijazih L. Lewerenz R. Hansch

ITU Braunschweig, Plant Biology, Braunschweig, Germany
2Mansoura University, Pharmagnosy Department, Mansoura, Egypt

It was previously postulated that indole alkaloids are present in the cuticteattiaranthus roseuand Vinca minoreaves (1).

This apoplastic localization was deduced from the presence of the alkaloids@ileso thloroform surface extracts Yet, since
chloroform is known to destroy biomembranes very rapidly, these data have to be judged with skepticism. This especiall
accounts, since the authors did not use reliable symplastic markers.

We reanalyzed the allegedpoplasmic localization of indole alkaloid by employing slightly acidic aqueous surface extracts, and
compared the corresponding alkaloid patterns with those of total leaf extracts. Whereas ichlwdform surface extractsll
alkaloids are present ithe same amount as in the total leaf extracts, no alkaloids occur in the aqueous leaf surface extracts.
These results clearly show that chloroform had rapidly destroyed cell integrity, and thus, the related extracts alsothentain
alkaloids genuinely aomulated within the protoplasm.

The corresponding chloroforiimduced disintegration was vividly underlined by confocal laser microscopical analyses, which
clearly displayed a strong decrease in the chlorophyll fluorescence in chloroform treated leaves.

Ourfindings verify that the indole alkaloids are not located in the apoplast, but exclusively are present symplasticaltells the
of V. minorand C. roseudeaves. Accordingly, we have to consider that also othecadled leaf surface extracts employing
organic solvents have to be-fevestigated.

References
[1] Roepke et al. 2010. Vinca drug components accumulate exclusively in leaf exudates of Madagascar periwinkle. PNAS 1
1528715292.
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PcDC006
Comprehensive analysis of the triterpene composition in Russian dandelion latex and functional

characterization of enzymes involved in their biosynthesis

N. van Deeneh, K. Puttet, K. Unlany C. Schulze GronovemD. Priifet?

lnstitute of Rant Biology and Biotechnology, WWU Miinster, Mnster, Germany
2Fraunhofer Institute for Molecular Biology and Applied Ecology IME, Munster, Germany

The Russian dandeliomaraxacum koksaghyproduces natural rubber (NR)a unique high molecular mass biopuoier
composed of more than 5,000 isoprene units. In specialized cells named laticifers, isopentenyl diphosphate (IPP) units a
covalently linked to growing polyisoprene chains. The IPP molecule can also be converted to diverse triterpenes whic
accumulatein the milky sap of the plant and which affect the mechanical properties of the resulting rubber material. Here, we
present a comprehensive analysis of the triterpene composition in NR extracts. Furthermore, we identified and functionally
characterized dferent enzymes that are responsible for biosynthesis and modification of pentacyclic triterpemdsoksaghyz

latex, including oxidosqualene cyclases (OSCs) and P450 enzymes. To reduce triterpene content in dandelion NR, we develc
T. koksaghyplants with downregulated expression of major laticigyecific OSCs by RNA interference. Hence, this study will
provide a solid basis for bioengineering approaches to produce pentacyclic triterpenes heterologously and for subsequer
modern breeding program®tdevelop Russian dandelion plants with low and stable triterpene levels.

P¢Dg007
Biosynthesis of flavonolignans i8ilybum marianum

S. Ditzlet
'Philipps Universitat Marburg, Pharmazeutische Biologie, Marburg, Germany

Extracts of milk thistleSilybum rarianum, Asteraceae) are commonly used for medical treatment of liver and gall bladder
disorders[1]. The extract contains silymarin, which is a mixture of structurally diverse flavonolignans. They are formed b
oxidative coupling of a flavonoid (taxifoliapd a phenylpropanoid (coniferyl alcohol) moiety. The reaction putatively is a radical
coupling, which requires radical formation first, possibly catalyzed by a laccase or a peroxidase (POD). After that, lgpresumal
dirigent proteins (DIR) mediate the regiand stereospecific coupling resulting in the formation of individual regioisomers and
diastereomers|[2].

Biosynthesis of both precursor units takes place with the help of several key enzymes of phenolic metabolism, e.g. ghenylalan
ammonialyase (PAL)¢chalcone synthase (CHS), coniferyl alcohol dehydrogenase (CAD) as well as ciwsfmmductase
(CCR). To date, these precursor forming enzymes, as well as the coupling mechanism itself have not yet been investigatec
Silybum marianum

The general ainof our study is to identify and characterize six proteins from milk thistle possibly involved in the biosynthesis of
flavonolignans. We are currently working on cloning and expression of thierfigilh sequences of the aboveentioned key
enzymes. The mter presents first results on the recombinant expression and characterization of two phenylalanine ammonia
lyase (PAL) isoenzymes.

References
[1] Csupor D et al. (2018)Pharm Biomed Anal 130:3(IL7
[2] Pickel B, Schaller A (2013) Appl Microbiol Blatet 97:842%¢8438
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PcDc008
Analysis of hydroxycinamoyltransferases in bryophytes

L. Ernst, M. Peterseh
IUniversitat Marburg, Institut fir pharmazeutische Biologie und Biotechnologie, Mar@egnany

Rosmarinicacid, first isolated in 1958 from the pld&wsmarinus officinaljsamiaceae), is an ester of caffeic acid with- 3,4
dihydroxyphenyllacticacid. It has been found in many plants of the Lamiaceae and Boraginaceae families and is @u#ived the
ingredients of many medicinal plants, includiMgntha xpiperita, Salvia officinalisThymus vulgarend Melissa officinalis
Rosmarinic acid can also be found outside the Lamiaceae and Boraginaceae in separated taxa including dicotyledo
monocolyls, ferns, hornand liverworts. FoColeus blumeiwhich belongs to the Lamiaceae, the biosynthesis of rosmarinic acid
has already been clarified. The precursors are the aromatic amino acids phenylalanine and tyrosine, which are initietiy conve
into p-coumaroylCoA and 4ydroxyphenyllactate. The latter are coupled via an ester linkage under the elimination of CoA and
finally hydroxylated. This esterification qfcoumaroy!CoA pPGCCoA) andp-hydroxyphenyllactate gHPL) is catalyzed by
rosmarinic acid synthase (RAS), which is a hydroxycinnamoyltransferase of the BAHD acyltransferase family
Hydroxycinnamoyltransferases (HCTs) are enzymes that transfer hydroxycinnamic acid units from an activated moiety such
coenzyme A to an acceptor molecule, uspain alcohol (OH) or amino group (NH2) and form esters or amides. Other
hydroxycinnamoyltransferases transfer different hydroxycinnamic acid units to e.g. shikimic and/or quinic acid or othteraccep
substrates.Anthoceros agrestjsvhich belongs to the drnworts, also contains rosmarinic acid. In its genome, which was fully
sequenced and published in 2015, several sequences were found that show high similarities to the sequence of RAS from
blumei The sequence dkaHCT6 is most similar to RAS, but does catalyze the linkage @dGCoA andoHPL. Therefore, the
guestion arises which substrates are acceptedBMCT6 and other HCTs foundAinthoceros agrestis.

PgDc009
First insights into rosmarinic acid biosynthesis in the hornwémthoceros agrestig tyrosine

aminotransferase and hydroxyphenylpyruvate reductase

T. Busch M. Peterseh
IUniversitat Marburg, Institut fiir Pharmazeutische Biologie und Biotechnologie, Marburg, Germany

Rosmarinic acid (RA), an ester of caffeic anddBwdroxyphenyllactiacid, is naturally found in a wide range of land plants,
such as Lamiaceae, Boraginaceae, some monocotyledons and even lower plants like some ferns and hornworts. Frorm
pharmaceutical view, the compound is interesting because of its antiviral, antinédraintifungal and antiphlogistic activities.
Furthermore, since the ability to produce RA has not yet been found in green algae, hornworts are the lowest representative
with this capacity. Identification and characterisation of enzymes involved indsytihesis can help to understand whether

the hornworts" ability to produce RA has been transferred to higher plants or evolved independently several times. The
outcome of this research can therefore help to better understand the relationship between g, bryophytes and
vascular plants.

RA biosynthesis can be subdivided in one branch based on phenylalanine which leads to the caffeic acid moiety and the ott
based on tyrosine which leads to the 2lhydroxyphenyllactic acid moiety. This work isused on the latter pathway. In the

first step tyrosine is transaminated to-Rydroxyphenylpyruvate via tyrosine aminotransferase (TAT) and then reduced to 4
hydroxyphenyllactate via hydroxyphenylpyruvate reductase (HPPR). Both enzymes are part of psimaly @ secondary
metabolism. Therefore molecular and biochemical experiments to identify and characterise both enzymes will be presented.
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PcDC010
Investigation of cimicifugic acid and fukalic acid biosynthesis ikctaea racemosa

A. Jahh, M. Peterseh
Pharmazeutische Biologie und Biotechnologie, Marburg, Germany

Actaea racemosdsyn. Cimicifuga racemogais a perennial medicinal plant native to North America that belongs to the
Ranunculaeae. The characteristic ingredients of black cohosh are triterpenoids and cimicifugic acids found in extracts fron
roots and rhizomes. These extracts are used for treatment of gynaecological diseases, such as menstrual irregularities or pc
menopausal symptoms.

Cimicifugic acid synthase (CAS = hydroxycinna@o#tpiscidic acid hydroxycinnamdrdnsferase (HPT)) has recently been
isolated and characterized frodctaea racemoséWerner and Petersen, 2019). CAS catalyzes the transfer of a hydroxycinnamic
add moiety from hydroxycinnamoyCoA to piscidic acid. Its activity measurement with fukiic acid as a further possible substrate
has so far not been possible due to the small isolated amounts of fukiic acid.

Piscidic acid (PA) is structurally deduced fromaecule of 4hydroxyphenyllactate (pHPL) and a glycolate moiety. We assume
that the synthesis of PA might take place differently than previously proposed by Hasa and Tazaki (2004).

Further investigations of cimicifugic acid and fukinolic acid synthesfs racemoseaon genetic and biochemical levels are
currently undertaken.

PgDq011
Physalis peruviana produces truncated withanolides with resemblance to mammalian androstane sex

hormones

J. Frankg A. Steif, D. Comperg B. Kargg M. Bronstrup-?
!Leilmiz University Hannover, Centre of Biomolecular Drug Research, Hannover, Germany
2Helmholtz Centre for Infection Research, Braunschweig, Germany

Many Nightshade plants produce withanolides, steroidal lactones with potent biological activities. Not rknolwishow these
complex compounds are made in plants. In addition, many withanolide producers have not been thoroughly analysed, an
accordingly many withanolides yet await discovery. Here we report the isolation and structure elucidation of two novel
withanolides, called irinans, from Physalis peruviana, a plant well known for its edible fruits. Surprisingly, we foundatit irin
possess truncated withanolide backbones, resembling androstane sex hormones known from mammals. Biological assa
demonstratedthat irinans possess reduced, but still potent antiproliferative activity compared to other withanolides. Based on
the chemical reactivity of irinans, we propose a biosynthetic model that links irinans to other withanolides from Physalis
peruviana by oxidéve cleavage of the side chain. Our findings will contribute to a better understanding of androstane
biosynthesis in plants in the future.
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PcDc012
Identification and characterization of a pative geranylgeranyl diphosphate reductase (TKGGDR1) from

the natural rubber producing specieBaraxacum koksaghyz

S. Wolters, B. Mullet, D. Prufet2 C. Schulze Gronover

IFraunhofer Institute for Molecular Biology and Applied Ecology, Minster, Germany
2University of Miinster, Minster, Germany

The Russian dandelioraraxacum koksaghyzroduces high amounts of the isoprenad@érived biopolymer natural rubber (NR)

in its roots. In order to establish. koksaghyas commercially feasible crop however, fuethelucidation of NR biosynthesis for

the breeding of rubbegenriched varieties is required. The main component of NR is @sly@d-isoprene) that is composed of
300-70,000 isopentenyl diphosphate sjQunits. Its biosynthesis is catalyzed by a complegisggbrenyltransferases and rubber
transferase activators at the surface of rubber particles in the cytosol of specialized cells called laticifers (lajgsdtelonaics
approach of latex, we identified a protein (TKGGDR1) with similarities to geraagidatiphosphate reductases, which reduce

the Go isoprenoid geranylgeranyl diphosphate to phytyl diphosphate. To elucidate the role of TKGGDR1 in isoprenoic
metabolism in latex, we characterized the enzyme in homologous as well as heterologous org&k{S@BRIE predominantly
expressed in latex and on the subcellular level the corresponding protein locates to plastoglobules inside chloroplasts whe
expressed irNicotiana benthamianaThe affinity of TKGGDRL1 to lipid structures could further be showm in@berologous
expression in the yeaSaccharomyces cerevisjaghere it associates with lipid droplets. Further we performed comprehensive
analyses of transgenic lines Bf brevicorniculatuma close, apomictic relative @f koksaghyzwith either enhaced or declined

levels of latexspecific TKGGDRTbGGDRZEXpression.TkKGGDRDbverexpression resulted in decreased NR and triterpene
contents, wherea§bGGDRG&ilencing did not affect metabolite concentrations. Our findings indicate an impact of TKGGDR1 on
isoprenoidderived root and latex metabolites in dandelion. Further analyses will gain a deeper insight into the contribution of
this enzyme to the complex network of isoprenoid metabolism in latex and its modulation within breeding approaches.

PgDc013
Dynamics of xanthophyll carotenoids in leaves of rucol@ilotaxis tenuifolig during storage

F. KhoramizadéhW. Bilget
1Botanical institute Plant Ecophysiology , Kiel, Germany

Among the health promoting compounds in fruit and vegetables are also exaovais, which are e.g. part of the human eye.
Plants grown in high light contain high amounts of carotenoids, especially those forming the xanthophyll cycl€VYyiola
anthera (A) and zeaxanthin (Z). It has been shown that the pool size of V, A andZX ievdynamically following the
environmental light conditions. Therefore, we expected that VAZ would also decline when leaves are darkened during storag
after harvest, causing a deterioration of the beneficial properties of green vegetables. VAZ ¢altowed in leaves non
destructively by chlorophyll (chl) fluorescence measurements. We assessed the dynamics of VAZ ddiplotdai$ tenuifolia

leaves during transfer from high light exposure in the climate chamber to low light and to darknetsarad 8°C, over 14 days.

In parallel, VAZ was determined by HPLC. VAZ in high light grown leaves declined considerably after the plants weezltransfer
to low light or darkness. This was also reflected by chl fluorescence. When detached leaves weserédnsfdarkness at 5°C

for 14 days VAZ showed almost no change with a corresponding lack of reaction of chl fluorescence. Rucola purchased on
market had rather small VAZ contents. We conclude that chl fluorescence can detect the dynamics of xdintioopdmyts in

rucola leaves. However, under commonly applied conditions, e.g. after storage in a household fridge, no decline of V&Z conter
can be observed, due to inhibition of turnover by low temperature and due poiorilow contents.
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PcDc014
Genetic and functional characterization of carrot terpene synthases

S. Reichardf H. Budahh D. Riewg D. Ulrich, F. Dunemant) L. Kopertekh
ulius Kuhsnstitut (JKI), Institute for Biosafetn Plant Biotechnology, Quedlinburg, Germany

Carrot Daucus carotd..) an important root vegetable crop is exceptionally rich in m@mal sesquiterpenes, which contribute
to quality and nutritional properties. This group of secondary metabolites alsestpart in plant defense and communication.
The terpene synthases (TPSs) are key enzymes in the formation-ofdmeular weight terpenes. Therefore, the investigation
of genetic, molecular and biochemical basics of the-dé{#&ndent biosynthesis of tegmes in carrot is essential for the
development of new breeding strategies. A combination of terpene metabolite profiling,-bmapd QTL analysis and
investigation of candidate genes allowed us to identify a gene cluster that might be involved in thetiwodaf sabinene, a
monoterpene known to be a key flavor compound of carrot.

The relationship between genotype and phenotype was analyzed using a biparental mapping population comprising 320 F
plants that was developed from an initial cross of tWo capta mutants (ellow and cola). Metabolite profiling revealed
differences in accumulation of 36 monand 36 sesquiterpenes. Mdmsed analysis of this population using SSR, SCAR, SNP and
InDel genetic markers identifies QTLs that are linked to observedqgtyyeic variations in terpene composition. QTLs with
significant LOBcores could be detected for six monoterpenes in shoot and eight in root. One of the promising QTLs with &
potential impact on biosynthesis of sabinene harbors a TPS gene cluster onoslorom 4. Cloning of the candidate genes
revealed that the amino acid sequences of the gene products are fully identical to the predicted TPS04 and TPS54 genes
carrot. These two TPSs have the typical characteristics of monoterpene synthases, includitegraimal plastid transit peptide

and centrally located conserved RWMNWFDDIYD region that is important for functionality of the enzyme. In spite of the overall
sequence similarity of the TPS04 and TPS54 genes they differ slightly irdhmirtal LADMG/ATSS conserved sequence.
Expression analysis demonstrated the presence of TPS04 and TPS54 transcripts in the root and shooy¢bsweaond cola
parental genotypes.

To analyze enzymatic activity of these candidates, they were expresdedcoliand purified to homogeneityln vitro assay
might further help to assess the involvement of the TPS04 and TPS54 genes in the biosynthesis of sabinene in carrot.

PcDG015
Elucidation of the biochemical and genetic basis underlying barley secondary metabolism
A. GaribayHernandez, H. P. Mock
!LeibinizInstitut fur Pflanzengenetik und Kulturpflanzenforschung (IPK), Abt. Physiologie und Zellbiologie, Seeland, OT
Gatersleben, Germany

Plants produce an enormous repertoire of structurally and functionally divessgondary metabolites whose specific
spatiotemporal patterns impact the plant response towards biotic and abiotic stimuli. The diversity of secondary metabolites
largely arises from the chemical modification of common core structures. We are interestaiucidating the pathways
underlying the metabolic diversity in crop plants, particularly in barley, to understand how these impact their interagtions

the environment. Our research is focused on two major compound classes whose biosynthetic pathevagsrected and

both of which are relevant to stress responses: phenylpropanoids that are shikimate pathway derivatives, and alkaloidis, which
barley mostly consist of tyramine and inddemethylated derivatives.

In this study, we combine metabolomiesd population genetics to elucidate the biochemical and genetic basis of barley
secondary metabolism. For this purpose, we make use of the Morex X Barke recombinant inbred line (MBRIL) population, who
parental lines are elite spring barley varietieghweontrasting phenylpropanoid and alkaloid profiles. The MBRIL population
accounts with an ultrénigh-density map constructed from genotypify-sequencing data, thus enabling thedepth metabolic
guantitative trait loci (mQTL) analysis of barley se@gdnetabolism. We have developed extraction, as well as a combination
of targeted and untargeted mass spectromebtrigised (UPL-OV-qTOFMS) methods, specifically tailored for the detection and
guantitative analysis of phenylpropanoidsdialkaloids in bagly tissues.

Ongoing work is focused on profiling the secondary metabolites of the first (oldest) and second leavesvettwadd seedlings

from ca. 100 MBRIL genotypes. Our data already support the existence of-tastdegenotypespecific metabolitesas
contrasting differences between the phenylpropanoid metabotypes of the parental lines were confirmed. Interestingly, these
were only observed in the second, rather than in the first leaf. In contrast, changes in specific phenylpropanoids beéween th
first and second leaves were observed in both parental lines, suggesting that-dj@sciic metabolite patterns remain
conserved within barley genotypes. These results anticipate that the mQTL analysis of the MBRIL population will enab
dissecting the gestic basis of secondary metabolism in barley and will provide insights into its physiological roles.
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PCEC001
The relation of meiotic behavior to hybridity, polyploidy and apomixis in tR&nunculus auricomus

complex (Ranunculaceae)

B. H. Barkke K. Karbsteih M. Daubert, E. Horandl
1GeorgAugustUniversitat Gottingen/ Albrechton-Haller Institut fur Pflanzenwissenschaften, Abteilung fur Systematik,
Biodiversitat und Evolution der Pflanzen (mit Herbarium), Gg&m Germany

Evolutionary forces and especially hybridization and polyploidization are strongly linked to numerous developmentalradteratio
in angiosperms like meiosis and sporogenesis. The switch from regular, sexual development to apomixis, whigkdisislef
asexual seed formation, is still not fully clarified but appears to be tightly connected to these forces.

Recently generated dand polyploidRanunculusybrids and their parental plants were investigated for their progression of
mega and microsprogenesis using microscopy. The behavior of chromosomes during male meiosis were analyzed for abnorm:
configurations. Documentation of developmental irregularities was done qualitatively and quantitatively for statistical
evaluation. Significantly highérequencies of defective microsporogenesis were detected in allopolyploids compared to diploid
hybrid plants. Analysis of homoploids revealed significantly increased meiotic failureplants in contrast to fand parental

plants. In addition, erroness chromosomal configurations included disoriented spindles, lagging chromosomes and chromatin
bridges. In general, disturbed meiosis was observed more frequently in female gamete formation than in male. Results indical
a differential selective pressurenomale and female meiosis. Male development appeared to be slightly affected, while
megasporogenesis heavily suffered from hybridiused alterations. Pollen development was shown to be mainly unaffected
but during female development alternatives to msis will be preferred by selection.

The observed combination of emergence of apospory and abnormal meioR&nnculudybrids suggests erroneous female
meiosis as potential trigger of apomixis in order to save these plants from impending hybridysteritieopolyploids disturbed
meiosis was found to be more severe than in homoploids, which may be a reason for the predominance of apomixis in polyplo
plants.

Further insights into early mechanisms of apomixis establishment will be obtained by sequehtotal RNA of fivRanunculus
specimens (parental and hybrid plants). Transcriptome data will be investigated regarding changes in selection of geeés invol
in the reproduction process.

PGE;002
Characterization of eukaryotic evolutionarily conservéey players affecting flagellar motility and

fertility using P. patensas a model

R. Meyberd, P. F. PerrodgdF. Hads T. Heimed S.A.Rensing
tUniversity of Marburg, Plant Cell Biology, Marburg, Germany
2University of Marburg, Cell Biology, Marbugermany

Flagellated gametes are an ancestral character of eukaryotes and were lost in the most recent common ancestor (MRCA)
conifers and Gnetales, as well as in the MRCA of flowering plants. Bryophytes, which are the sister group to vascular plan
retained motile spermatozoids and are an easily accessible system to study fertility and characteristics of male gametes.

Cultures derived from the single spore isolate Gransden (Gd), collected by Whitehouse in 1962, have been propagate
vegetatively for @cades in labs all over the world. However, several labs reported fertility issues, which might have appearec
due to (epi)somatic mutations duringn vitro culture without regular sexual reproduction. To get a better understanding of
factors involved intie sexual reproduction of early land plants, and to determine the source of Gransden"s loss of fertility, a set
of candidate genes was selected using available micro array ané&Ndata. Comparative RMN&q and bseq analysis of the
recently publishedertile ecotype Reute (Re) and Gd has been performed, to identify key players of the reproductive apparatus.

Here we present the effect of long term vegetative reproductiorPofpatenson the reproductive apparatus and characterize
the evolutionary consefed coiledcoil domain containing 39 protein (ccdc39) and its effect on motility.giatendlagellae.
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PCEC003
Constitutive signaling activity of a recepteassociated protein links fertilization with embryonic

patterning in Arabidopsis thaliana
M. Bayet, A. Ned, E. Eilbeft L. Y. AssegkD. Slank A. Henscheh K. Wang P. Blrgél M. Hildebrandt,

T. Musielak M. KolB, W. Lukowitz, C. Grefeh*
!Max Planck Institute for Developmental Biology, Cell Bipld@ iibingen, Germany
2University of Georgia, Department of Plant Biology, Athens, United States
3ZMBP University of Tuebingen, Developmental Genetics, Tuebingen, Germany
4RuhrUniversity Bochum, Molecular and Cellular Botany, Bochum, Germany

Question: Inflowering plants, the asymmetrical division of the zygote is the first hallmark of dmsal polarity of the embryo

and is controlled by a MAP kinase pathway that includes the MAPKKK YODA (YDA). In Arabidopsis, YDA is activated by
membraneassociatd pseudokinase SHORT SUSPENSOR (SSP) through an unusuaf-gégenteffect: SSP transcripts
accumulate specifically in sperm cells but are translationally silent. Only after fertilization is SSP protein transidntdgdom

the zygote, presumablydm paternally inherited transcripts. SSP is a recently diverBeaksicaceaspecific member of the
BRASSINOSTEROID SIGNALING KINASE (BSK) family. BSK proteins typically play broadly overlapping rokessasiatsgptor
signaling partners in variougceptor kinase pathways involved in growth and innate immunity. This raises two questions: How
did a protein with generic function involved in signal relay acquire the property of a digmglatterning cue, and how is the
early patterning process actited in plants outside the Brassicaceae familgere SSP orthologs are absent?

Methods: By combining a phylogeentic analysis and reverse genetic approach with a comparative characterization of twe
paralogous genes, we can understand the dfi@actionalizaion of SSP as novel polarity factor in early embryogenesis. By using
biochemical and biophysical methods, we have now further characterized these BSK family proteinmadecalar and
structural level.

ResultsWe can demonstrate that Arabidopsis BSKi#l 8SK2, two close paralogs of SSP that are conserved in flowering plants,
are involved in several YB¥ependent signaling events, including embryogenesis. However, the contribution of SSP to YDA
activation in the early embryo does not overlapwith the admitions of BSK1 and BSK2. Genetic analysis show that SSP
contributes additvely to the signaling of the other BSK family members. Our biochemical and structural analysis of teese prot
characterizes them as pseudokinases that primarily function by MKRi€cruitment. With detailed information on structural
level, we propose model for MAPKKK activation.

Conclusion:The loss of an intramolecular regulatory interaction enables SSP to constitutively activate the YDA signalin
pathway, and thus initiatespicatbasal patterning as soon as SSP protein is translated after fertilization and without the
necessity of invoking canonical receptor activation.

PgEG004
Programmed cell death in the maternal tissues of cereal grains is required for endosperm filling

V. Radchuk A. Giindél A. MuszynskaJ. Fuchs G. Hensé] E. Munz, H. Rolletschék L. Borisjuk
!LeibnizInstitut fur Pflanzengenetik und Kulturpflanzenforschung (IPK), Seeland, OT Gatersleben, Germany

In angiosperm seeds, the embryo and endosperevelop being fully covered by various maternal tissues, which not only
protect the new developing organs from the harmful environment but also provide them with nutrients. Specialized maternal
cells, evolved for nutrient delivery in barley and wheat grasre characterized by continuous cell turnover and programmed
cell death (PCD). As revealed by electron microscopy, morphologic features of PCD in the tissue resemble those ofamtcuolar p
cell death. Vacuolar processing enzyme (VPE) possesses cadj@sactivity in plants and is involved in many types of PCD.
Coordinated expression of mudonserved VPE2a, VPE2b and VPE2d genes coincides with ¢abkasactivity and PCD
progression in the maternal tissue. Using barley grains with simultanequesson of VPE2dPE2d genes by RNAI, we
elucidated the role of PCD in maternal seed tissues on endosperm development and grain filling. Cytological observatiol
revealed the accumulation of cells, devoted to death, in the apoplastic space between nidissnas and endosperm, as well

as changes in the development of endosperm. These changes were accompanied by decreased dikspastvity, increased
number of maternal cells, and the lower number of TUidESitive nuclei in the target tissues. Aletyer, these data confirmed

that PCD was decelerated in VRE@ressed grains. Transcriptional VPERE2d repression resulted in smaller grains at
maturity due to lower starch accumulation indicating impaired endosperm filling. Feeding experiments Wiiab&Bed
sucrose and 15Nlutamine complemented with Fourigransform infrared spectroscopy (FTIR) and 4imovasive nuclear
magnetic resonance imaging of grains revealed that sucrose and amino acid transport were profoundly affected in the VPE
represseél grains. Changes in the reallocation of assimilates and amino acids have resulted in lower storage produc
accumulation in the endosperm. Transcriptional and metabolic profiling resolved genetic and metabolic networks associate
with the role of maternalPCD in assimilate and nutrient transfer toward endosperm. Altogether, we demonstrate that PCD in
the maternal tissue is essential for efficient nutrient flow from the mother plant towards endosperm. The results describe an
additional role of PCD in materheontrol of endosperm development and grain size in cereals.
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PCEC005
Dehiscence zone as a developmental timer for explosive seed dispersaghmdamine hirsuta

A. Galstyah P. Sarchét H. Hofhui§ A. Hay

IMaxPlanck Institute for Plant Breeding Research, Comparative Development and Genetics, Cologne, Germany

Adaptations for dispersal are ubiquitous in nature and fruits play an important role in the seed dispersal of flowerisg plant
Seed dispersal occurs vigecess called pod shatter in both explosive fruiGafrdamine hirsutand the nonexplosive fruit of
Arabidopsis thalianaand relies on the precise patterning of fruit tissues during development. The dehiscence takes place by
physical separation of sp@lized tissues at the valve margin in both specied\.Ithaliang this occurs as the fruit dries out,
separating the valve from the replum and exposing seeds for dispehsatontrast to this, seed dispersal by explosive pod
shatter occurs before th&uit dries out inC. hirsutevhere established préension and accumulation of elastic energy drive the
explosive coiling of the vales.

This raises the hypothesis that the developmental control of dehiscence zone formation may trigger the procedssofeexp
seed dispersal irC. hirsute To test this hypothesis, we have performed comprehensive genetic analysis of fruit patterning
genetic network inC. hirsute Mutation in valve margin regulator INDEHISCENT (IND) abolishes dehiscence zone formation. |
chindmutants, the energy required for explosion is trapped due to inability of valve tissue physically separate from the replum.
We also found that irC.hirsutathe function of FRUITFULL (FUL) is conserved. FUL specified valve tissue by repressmn of val
margin genetic network antul mutants exhibit homeotic conversion of valve into valve margin. However, uAlikealiana ful

where the ectopic valve margin identity consists mostly of lignified cells, the ectopic valve margin ide@ityhirsuta fu
consists mostly of separation layer cells. Collectively, these results suggest that the genetic network controlling \gitve mar
identity in C. hirsutashows conservation witl\. thalianabut has been ravired to set separation layer as predominant valve
margin fate.

PGE;006
Photomorphogenesis of the root system in developing sunflower seedlings: a role for sucrose

U. Kutschera
IUniversity of Kassel, Plant Biology, Kassel, Germany

The domestic sunfloweHglianthus annuug. cv. Giganteus) has been ussdce the 19th century as a model plant for the
study of seedling development in darkness and white light (WL) (sestophotomorphogenesis). However, most pertinent
studies have focussed on the developmental patterns of the hypocotyl and cotyledoeseaghthe root system has been
largely ignored. In this study, we analysed entire sunflower seedlings (root and shoot) and quantified organ develophgent in t
above and belowground parts of the organism under natural (nsterile) conditions. We documerthat seedlings, raised in
moist vermiculite, are covered by methylobacteria, microbes that promote root developmehrtaibidopsis Quantitative data
revealed that, during photomorphogenesis in WL, the root system expands by 90 %, whereas stem eléngaibited, and
hook opening/cotyledon expansion occurs. Rawirphogenesis may be mediated via imported sucrose provided by the green,
photosynthetically active cotyledons. This hypothesis is supported by the documented effect of sucrose on therinoluctio
lateral root initials in sunflower cuttings. Under these experimental conditions, phytohormones (auxin, cytokinine, hidesinol
exerted little effect on root and cotyledon expansion, and no hormorticed initiation of lateral roots was observed.id
concluded that sucrose not only acts as an energy source to fuel cell metabolism, but is also-@esivedt signalling molecule
that triggers root morphogenesis.
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PCEC007
The embryo defective protein EMB1928 localized in the chloroplast and involved in thylakoid

biogenesis iMArabidopsis thaliana

J. Mehsing S. ParadiésK. Meierhoff, P. Westhoff
IHeinrich Heine University, Developmental and Molecular Biology of Plants, Diisseldorf, Germany

The unknown mtein EMB1923 was found by a coexpression analysis using CPSARL1 as bait. CPSARL1 is dually localized t
stroma and inner envelope membrane of the chloroplast and involved in the thylakoid biogenesis1.

EMB1923 was first characterized with three diffiet FDNA lines. Two-DNA linesemb19232 & emb19234 show a strong
phenotype with transparent plants and abnormal leaves. The thiNRA lineemb19231 is not viable unless the maturation of

the embryo is interrupted and the white embryo is grown on naecbntaining sucrose. This indicates that EMB1923 is involved

in the plastid development especially thylakoid biogenesis and affects embryogenesis critically. Further the specéitolocaliz

of EMB1923 was determined via a GEBion construct and coladization with TI@nCherry and TO@Cherry which are marker
proteins for the inner envelope (TIC) and outer envelope (TOC) membrane of the chloroplast, respectively. The data presentt
on the poster summarize the characterization of th®NA lines and thiocalization studies.

References
[1] Garcia et al. (2010) The Plant Journal 63333

PEC009
Two component signaling (TCS) pathwaysegulatory modules directing differentiation of transfer

tissues in barley

J. Thiél, C. Hertig, M. Melzet, T. Rutteh, G. Hensé] H. Webet
lIPKGatersleben, Seeland/OT Gatersleben, Germany

Assimilate supply to reproductive organs has a major impact on yield in cereal crops like barley and wheat by affecting gra
number and grain size. The development of grains is@ated with differentiation of distinct transfer tissues for nutrient
uptake in filial grain organs, particularly the endosperm. Identification of key components and regulatory networks giggerin
differentiation of transfer tissues is a prerequisite fonprovement of yield potential. Tissespecific mRNA&equencing
identified two-component signaling (TCS) phosphorelays as major signal transduction pathway in differentiating endospern
transfer cells (ETCs) of barléistidine kinasd (HvHK]) was identifed as a receptor component with a unique expression in the
syncytial endosperm domain at the matersfdial boundary of grains. Knockdown ldf/HK1by RNAIi impairs cell specification in

the central ETC region, inhibiting cell wall ingrowths and produtedler grains with reduced starch content. A gene regulatory
network of HvHK1predicted genes involved in auxin signalling, TCS phosphorelays and protein degradation as potential target
of HVYHK.. TALEMnediated gene modification of typ€ response regulat HYRR15and/or gene copies induced strong
endospermspecific phenotypes with disrupted central endosperm and abnormal aleurone differentiation in the lobe region.
Highresolution transcriptome profiling and indicated genetic variation in TCS genes itm@ly phosphorelays impact
differentiation of other transfer tissues in grains and barley spikes. On basis of that, mutants of further TCS canda&kate gen
have been generated by the CRISPR/@asBnology to establish new models for functional studieplanta. First histological
analyses of T-plants show promising graispecific phenotypes with defects in endosperm differentiation that will be analysed

in the following generations.
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PCEC010
Establishment and devejament of Characeae model organisms for the study of early land plant

evolution

C. Kuhh A. Holzhausér?, S. A. Rensikg

tUniversity of Marburg, Faculty of Biology, Plant Cell Biology, Marburg, Germany
2University of Rostock,Faculty of Biology, Aquatmdgy, Rostock, Germany

Model organisms hold a key to many biological experiments, but most well established model organisms within the plan
kingdom are angiosperms with the exception of the aljamydomonas reinhardtjithe mossPhyscomitrella patenand the
liverwort Marchantia polymorphaHowever, to infer changes concomitant with the waterdand transition (terrestrialization)

of plants, more norangiosperm models are needed. In order to understand which adaptations enacted the conquest of land,
the selection and establishment of model organisms within land plant sister groups such as charophyte algae are require
Criteria for those model organisms are rapid growth, the completion of their life cycle in culture, easy handling asxerias

(or at least unialgal)n vitro cultivation and genetic transformability. Model organisms within charophyte algae anesemh

LI FyGa oAttt SylotS S@2ftdziaAz2yl NB RS@GSt2LSyidlf o0S@2nRS@20

For the charophyte alg@&hara braunia first draft genome &s published last year but axenic cultures are not established so far,
although the cultivation of Characeae is established in various laboratories. Our studies show that different lightdaatensiti
influence the control of specific developmental processash as germination, plant growth/ morphology and reproduction.
Cultivation under low light intensities results in an elongated growth of vegetative thallus, while high light intensitig¢s ke
compact thallus and an increased formation of gametangial (subsequently oospores, the sexual propagules). The application
of genetic methods requires axenic cultures, but their establishment is challenging. We will present our efforts in @gjablish
axenically germinated oospores.

PgEC011
Influence of seeetuber weight and sprouting time on growth performance of Chinese Yam
T. Ried, A. Wieghaus J. Epping
IMUnster University, Institute of Plant Biology and Biotechnology, Minster, Germany

Species from the monocotyledonous geridisscoreaoften referred toas Yam, produce starchy tubers that serve as staple crop
for many people in Western Africa, Southeast Asia and the Pacific Islands [1; 2]. Yams are dioecious plants that mgstlg propa
through bulbils that grow in their leaf axils or regrow from the argftound tubers [1]. In agriculture, Yam is predominantly
distributed by dibbling tuber parts [2]. Chinese Ydm ¢ppositd, which is the only species cultivated in temperate climates,
contains many health beneficial ingredients aiding in the treatmertialbetes, cardiovascular diseases and obesity, making it a
potential enrichment for European diet as "functional food" [3; 4; 5; 6]. However, cultivation of Yam is labour inten#iive, as
twining vines need staking. Also, the produced tubers are clupeshatragile and grow up to two meters deep which requires
manual or semmanual harvest [2; 7]. Yam is known to flower sparsely and irregularly, thus hampering crossing and breedin
efforts [7]. In order to determine factors limiting flower production aoerall growth performance, a field trial was performed.
During the trial, several factors were monitored throughout the growing season from April to November 2018. We found that
early sprouting and a high seed tuber weight were benefiting floweringasftpland the weight of the harvested tubers, while
hibernation of tubers in the ground was disadvantageous for sprouting and flowering.

References

[1] Burkill, 1960JJournal of the Linnean Society of London, Bqt&a6{367), pp. 31&112.
[2] Martin 1976;USDA Agriculture Handbook No. 495
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PCEC012
Manipulation of flowering time in cultivated barley by ectopic exgssion of wild barleyTlallele

G. Hensél S. Millet, P. Pouramiij K. PilleR J. Kumlehh

ILeibniz Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben, Seeland/Gatersleben, Germany
2Martin Luther University Halle Wittenberg, Instiéuof Agricultural and Nutritional Sciences, Halle/Saale, Germany

Flowering time is a major determinant of grain yield. Since harsh weather conditions during generative development cat
interfere with flowering, the understanding and manipulation of flowngritime may greatly facilitate the breeding progress of
cultivars grown at different locations or altitudes. By making use of the wild barley nested association mapping popalktion H
Exotic Barley 25 (HEB), we identified and clone8T1alleles of will barley HspFTLin order to manipulate flowering time.
Constitutive overexpression of such alleles in the model cultivar Golden Promise led to an early flowering phenotypeasvhich w
confirmed in progeny of independent transgenics. In these plants, ghgth of the main tiller and blade width of flag leaves
were reduced, while the individual spike length was increased. Considering the masking effect of the endégetallede
present in the genetic background of Golden PromiseHT?), we further perfemed sitedirected mutagenesis dflvFTlusing
CRISPR RNA/Cas9 technology. Within a set of twenty four TO plants analysed, more than half showed indels at the target s
The majority of these mutants were incapable of switching from vegetative to gemerdévelopment and, accordingly, did not

set grains. However, some plants positively tested FKwftl mutations did flower and produced progeny. Cdsse,
heterozygous mutant segregants are now being used for complementatibtsplT1

PcE013
Unravelling the mystery behind the shortlay specific flowering of théMaryland Mammothtobacco
M. Zimmermanh, L. Grundmant) A. SchwarZe D. Prifet? G. Nof
tUniversity of Munster, Institute of Plant Biology and Biotechnology, Muenster, Germany
2Fraunhofer Istitute for Molecular Biology and Applied Ecology, Muenster, Germany

Flowering in dayneutral tobacco plantsNicotiana tabacumrequires the photoperioglependent expression of members of the
FLOWERING LOCUS T-l{kd)clade of phosphatidylethanolamif®nding proteins. Flike floral activators and inhibitors
compete for interaction with FD proteins to overcome the vegetative phase. In the-dhgrcultivarMaryland Mammoth

(MM), this phase persists under lowigy conditions resulting in a continuousfyrowing phenotype, but the underlying
molecular mechanism has been unknown for more than 100 years. The poster will present first results that could fina8ly provid
a feasible explanation for the gigantism phenotype of this cultivar.

PEc014
A forward geretic screen for fertilizationdefective mutants inArabidopsis thaliana

Y. Miad, P. Birgel, A. Henschef, M. Bayet
Max Planck Institute for Developmental Biology, Department of Cell Biology, Tibingen, Germany

In flowering plants, little is known abbhow the egg cell is activated during/after fertilization and how the matetoatygotic
transition is orchestrated on a molecular level. In the search for paternal transmitted novel components initiating embryonic
development, a forward genetic screenrffertilization defective mutants irArabidopsis thalianéghas been performed. To
phenotypically characterize candidate mutants, we have developed novel fluorescent marker lines that allow us to monitol
consecutive steps during double fertilization and lgaembryogenesis. A semi higfiroughput mappingoy-sequencing
approach is applied to identify the candidate genes underling paternal fertilization defects. Here, we will present a@wovervi
and the latest progress of this project.
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PCEC015
Establishment oin vitro life cycle progression for the hornwort modéinthoceros agrestis

N. Stingl, S. A. Rensikg
Philipps University Marburg, Plan Cell Biology, Marburg, Germany

The hornwortAnthoceros agrestibas been estblished as a model organism recently (Szévénwil. 2015) and the genome is
currently being sequenced. However, culture conditions that reproducibly lead to sporophyte formation are not available yet.
Therefore, we set out to establish reproducible lfgcle completion using axenin vitro culture. Several approaches were
tested using different media and existing protocols. We find that growth on BCD medium works best. Also humidity / drough
were found to be important for life cycle progression and l® experiments alternating between drought and wetting
conditions. Through these, induction of sporophytes was successful and faster than published protocols. Our data suggest th
the development of gametangia is taking place earlier than suggesteteiatlire (archegonia are practically impossible to
observe in axenic culture). The timing of male and female gametangia development is assumed to be approximately four wee
apart, which might be the reason for the varying number of sporophytes oftenrebdenin vitro cultivation. Based on those
findings, cultures of different ages were combined to test for sporophyte formation with higher reproducibility.

PGE;016
The role of histone deacetylases during Arabidopsis seed germination

M. Gaspet, T. Kriige, I. Finkemeié G. et
WWU Minster, Plant Physiology, Miinster, Germany

Dry seeds are metabolically quiescent. Upon imbibition seeds sequentially reactivate the metabolism up to a fully active
heterotrophic metabolic state that drives germination. Teés accumulating evidence indicating that transcription is not a main
determinant of germinatiorper sewhile proteome composition and postanslational modifications play a crucial role. Lysine
deacetylases, historically named histone deacetylases ¢$DAccording to their first identified targets, catalyse the removal of
acyl groups from modified lysine residues. They are mostly known for their role in transcriptional regulation althouglomany n
histone proteins are regulated by this PTM. We startednvestigate protein deacetylation during imbibition regarding seed
germination quality. We used a specific inhibitor for RPD3/HIk&1IHDAC activities during imbibition and observed a negative
impact on germination speed of Arabidopsis seeds in a-dependent manner and no or little impact on the final germination
percentage. Transcript analysis of the 16 Arabidopsis deacetylases in combination with-baseitlyprofiling assays followed
by mass spectrometry allowed us to identify the HDACs preisedty seeds, which will be readily active during water uptake.
Altogether, our data suggest that deacetylation of histone and-histone proteins during seed imbibition contributes to
germination quality. Our future work will aim to identify the protetasgeted by this PTM during the reactivation of metabolism
upon seed imbibition.
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PCEC017
Investigation of tuber development in Chinese Yam
J. Riekottey, A. Wieghaus J. Epping

nstitute of Plant Biology and @echnology, Miinster, Germany

Yam specied)joscoreaspp.) are important crop plants serving as major food source in tropical anttapibal countries [1].

The Chinese yam. oppositaof Asian origin is capable of growing in temperate climate and thezefomprises high potential

as a crop in Germany and Europe. ltcigltivated for tuber production as they are highly nutritional, being rich in starch and
minerals, and possess health beneficial properties due to the production of bioactive compownd#oienin and dioscorin

[2,3]. Although Chinese Yam tubers have a high potential as "functional food", the cultivation is very labour intendieavyhe
underground tubers grow deep into the ground being thin at the top and getting thicker at the Bhseshape and fragility of

the tubers make mechanical harvesting hardly possible, representing a major challengenindeeconomic efficiency [4].

To facilitate yam production in Europe, we want to identify cultivars suitable for successful and ecalhpraitractive
cultivation. One of the main topics of our research is the investigation of the unique growth behaviour of Chinese Yam tubers
focussing on the production of shorter and thicker tubers with roundish shape suitable for mechanical haovdat, S
tuberization process in yam is poorly understood and genetic information are only available of two related yam specigés [5,6].
is assumed that gravitropism in the meristematic tuber tip is responsible for the deep growing tuber shape. To identify
molecular key regulators of tuber development in Chinese Yam we want to perform a RNA sequencing approach and compa
varieties with different tuber shape. Subsequently, interesting candidates will be further investigated. Based onassidted
breedingwe want to identify cultivars with suitable properties.
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PCEC018
Thegain-of-function strategy to identify receptorlike kinasesworking upstream of the YDA MAPKKK in

the arabidopsisembryo
K. Wang, A. Ned, A. Henscheh M. Bayet

Max Planck Institute for Developmental Biology, Tuebingen, Germany

After fertilization, embryogenesis is the first step to form different cell lineages to generate a seedlfgbidopsisa MAP

kinase cascadmcluding the MAPKK kinase YDA, the MAPK kinases MK&#5the MAP kinases MPK3/6 plays a key role in
zygotic embryogenesis and stomata development. The embryonic YDA cascade is regulated by SHORT SUSPENSOR (SSP/
a plasma membrananchored protén belonging to the BRASSINOSTEROID SIGNALING KINASE (BSK) family. Recently,
published data showed that BSK1 and BSK2, are involved in early embryogenesis and stomata patterning. So far, BSKs have
described to function downstream of Leuciféch Rpeat Receptotike Kinases (LFR.Ks). The LFRKs ERECTA/ERL1/ERL2
have been shown to function upstream of the YDA cascade to modulate stomata development. However, the recepto
regulating YDA activity in early embryogesdsas not been identified, yet

Here, we designed a strategy to identify receptors that would modulate YDA signaling. It was reported that BIR3 cogstitutivel
interact with SERKSs to repress the interaction between SERKs and thé&lL KRRpartners if the corresponding ligand is absen

In our strategy, we replace the inactive intercellular kinase domain of BIR3 by the active intercellular domain of caiitdate
RLKs in order to evoke constitutive receptor activation. We expect that if the candidate receptors can activate the ad®) casc

it will suppress stomata formation once expressed in leaves. To check our strategy, we use the intercellular domainnof FLS2 &
ERECTA as the negative control and the positive control, respectively. BURBELS2ransgenic seedlings showed normal
stomata patterning in cotyledons, stomata were barely formedBiR3ERECT#&ansgenic seedlings. This result indicates that
our system can be used to identify -RRKs$hat regulate the YDA cascade.

HAESA/HSL2 have been shown to function upstream of MK&dd MPK3/6 to regulate flower abscission and lateral root
development. Our phylogenetic evidence showed thBRESAHSL land HSL2were clustered with other five RRRLKSRLKY

IKU2 XIP1 CEPR2nd AT5G25930Using our systemwe found that all of themhave strong potential to activate the YDA
cascade except XIP1. Combining our results and the available transcriptome data, we are selectively generating multtgle mutar
to identify receptors inolved in early embryogenesis.

Keywords: embryogenesis, stata, YDA, BIR3, LIRRKSs
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PCEC019
Investigations on the gene regulatory basis governing plant sexual and asexual (apomictic) reproduction

through seeds

A. Schmidt L. Zuhl, R. E. StelnB. Nauerth, C. Volkeft M. Kiefet, D. Ibbersoh

ICentre for Organismal Studies, University of Heidelberg, Heidelberg, Germany
’Deep Sequencing Core Facility, CellNetworks Excellence Cluster, Heidelberg University, Heidelberg, Germany

Plant seeds are major sources of energy famlan and animal nutrition. In higher plants, apart from sexual reproduction
asexual reproduction through seeds (apomixis) has evolved in approximately 400 species. Apomixis leads to the formation
clonal offspring and allows the fixation of complex hghgenotypes, making it highly attractive for harnessing in agriculture. A
precise understanding of the gene regulatory networks governing plant reproduction is therefore a requirement for apglication
in crops seed production. Moreover, relevant scientifisights can be gained on fascinating developmental processes.

To study plant reproduction, particularly the development of the female reproductive lineage (germline), we are using the
sexual model specierabidopsis thalianand the closely related geis Boecheracomprising sexual and apomictic accessions.
We are combining different approaches to analyze gene regulation, natural variation of germline expressed genes to gai
insights into aspects of their evolution, and functional roles of selected gdosing tissue typspecific transcriptome analysis

to compare gene expression during germline formation in sexual and apoBaricherasuggested the importance of E3 ligases
and Fbox proteins in this processes and identified novel candidate genesgomixis. Furthermore, RNA helicases are
important regulators of germline development. Investigations on functional roles identified novel RNA helicases of crucia
importance for reproduction. Specifically one RNA helicase, hereafter referred @ABKD 1was identified to be involved in
restriction of reproductive fate. In plants carrying mutant allelesGAND1formation of two embryos in one seed was
infrequently observed. The second embryo formed from an additional germline frequently specifyingsemntieeovule, which is

the female reproductive flower tissue. Interestingly, this reminds of developmental features in certain apomicts. In summary,
our investigations shed new light into the molecular mechanisms regulating sexual and apomictic reprodadtinger terms,

this knowledge acquired will contribute to provide a solid basis for targeted manipulation of plant reproduction for use in
agriculture.

PgE;020
Posttranscriptional regulation of the paternal patterning cue SHORT SUSPENSOR

H. Cheh, T. Musielak, A. Henschei M. KolB, M. Bayet
IMax Planck Institute for Developmental Biology, Cell Biology, Tiibingen, Germany

Short Suspensor (SSP), a membrasgociated pseudokinase, activates the YDA MAPK cascade to establisipidgiolarity

in ealy embryogenesis ofirabidopsis thalianaSSRranscripts show specific expression in sperm cells of pollen and zygote.
Interestingly, high transcript abundance but very low protein accumulation is detected in pollen. This inconsistency betweer
RNA and prein abundance could be the result of possible pwanhscriptional regulation by Slecay or miRNA cleavage in
5'UTR according to 5'RACE results. We will present our latest finding how specific accumulation of SSP protein in the zygot
regulated.

PgE;021
Molecular analysis of flowering time control imaraxacum koksaghyz

W. Walleck, A. Kane| M. CasserisG. Nofl, D. Prifek?

'Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Munster, Germany
2University of Miinster, Institute d?lant Biology and Biotechnology, Miinster, Germany

Russian dandeliornaraxacunkoksaghyy is a diploid, perennial plant, which is intensively investigated as an alternative rubber
source. Individual plants are rather heterogeneous, they differ in root laafl morphology, as well as flowering time. While
some accessions flower in their first year of growth, others need a period of cold (vernalisation) to induce flowering. With
respect to the mandatory cultivation and breeding of a potential crop planthiéisrogeneity entails two major challenges. The
lack of a uniform flowering time impairs breeding, whereas flowering is supposed to negatively influence the rubber yield. Ou
aim is to shed light on the mechanisms, which underlie flowering time contrdl \arnalisation dependency in Russian
dandelion.

We identified three homologs of the floral integrator geREOWERING LOCUSKFT 13) and disclosed them to play a crucial

role in dandelion flowering. In order to identify the specific role$®§ upsteam regulators and downstream targets are in the
current focus of our research.
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PgEC022
Symplasmic phloem unloading and radial pgsiiloem transport via vascular rays in tuberous roots of

Manihot esculenta
R. Mehd!, C. E. LammW. Zieret, A. R. Bodampal]iC. Mudsarh M. Saeed J. Klimg M. E. Kranér F.

Ludewid, M. Knoblauch W. Gruisser U. Sonnewald
'FriedrichAlexanderUniversity Erlangeiirnberg, Department Biology, Division of Biochemistry, EdanGermany
2ETH Zurich, Plant Biotechnology, Department Biologie, Zirich, Switzerland
SWashington State University, School of Biological Sciences, Pullman WA, United States

CassavaManihot esculentais one of the most important staple food crops worldeii Its starchy tuberous roots supply over

800 million people with carbohydrates. Yet, surprisingly little is known about the processes involved in filling of thlose vit
storage organs. A better understanding of cassava carbohydrate allocation and stiarage is key to improving storage root
yield. We studied cassava morphology and phloem sap flow from source to sink using trangg&uCp::GFplants, the
phloem tracers esculin and 5¢6arboxyfluorescein diacetate, as well as several staining tqubsi We show that cassava
performs apoplasmic phloem loading in source leaves and symplasmic unloading into phloem parenchyma cells of tuberot
roots. We demonstrate that vascular rays play an important role in radial transport from the phloem to xylentimgma cells

in tuberous roots. Furthermore, enzymatic and proteomic measurements of storage root tissues confirmed high abundance an
activity of enzymes involved in the sucrose synthamliated pathway and indicated that starch is stored most effityein the

outer xylem layers of tuberous roots. Our findings form the basis for biotechnological approaches aimed at improved phloen
loading and enhanced carbohydrate allocation and storage in order to increase tuberous root yield of cassava.

PgE;023
alNT no sorting when She's gorgegphosphomimetic mutations alter dileucinelependent sorting of an

inositol transporter homolog from sugar beet
C. Mudsarh I. Kellet, C. Martins RodriguésB. Pommerrenig W. Zieret, K. Harm% W. Koch O.

CzarnecKj F.Ludewid, E. Neuhaus U. Sonnewald
IFriedrichAlexanderUniversitat ErlangeiNirnberg, Division of Biochemistry, Erlangen, Germany
°TU Kaiserslautern, Plant Physiology, Kaiserslautern, Germany
3Stdzucker AG, Obrigheim, Germany

4“KWS Saat SE, Einbeck, Gamyn

Myo-inositol is a key molecule participating in numerous pathways of plant metabolism: It is involved in intracellular signalling
via inositol phosphates and acts as a precursor for biosynthesis of membrane components gmofR€iFe compounds, such

as raffinose or ascorbate. Transcriptomic analysis of sugar beets grown under different temperature regimes revealed that
putatively tonoplastiocalized isoform of the inositol/H+ symporter family (INT; Schneider et al, 2008) was strongly induced by
cold in taproots ofBeta vulgaris Proteomic data suggested that a conserved motif in ter@inus of BVINT1.1, corresponding

to the tonoplastdirecting dileucinebased sorting signal of AtINT1 (Wolfenstetter et al, 2012), was differentially phosphorylated
under cold and warm conditions, respectively. Based on this, we hypothesized that intracellular distribution of the temsport
might be modulated by temperature dependent phosphorylatiorfalgosphorylation and thus examined subcellular localization

of GFFfusions of a) native BvINT1.1, b) a mutant lacking tber@inal leucine pair, and of c) different phosphomimetic variants

of BVINTL1.1 irabidopsisnesophyll protoplasts by confocal lkeell imaging. Our results confirmed that, analogous to AtINT1,
the native BVINT1.1 localizes to the vacuolar membrane, which is strictly dependent the presence-térthaél leucine pair.
Mutants mimicking a constitutively uphosphorylated BvINT1.1 were partially shifted from the tonoplast to intracellular
compartmrents, whereas GFRsions mimicking a constitutively phosphorylated BvINWArdant behaved similar to the
dileucinedefective mutant and were rerouted to the plasma membrane. Based on those findings, we consider the possibility of
a retargeting of BVINT1 to the plasma membrane upon phosphorylation, initiated by cold temperatures. At the plasma
membrane, BVINT1.1 could then mediate the import of cell wall degradation products and fuel the cytosolic biosynthesis o
protective compounds like raffinose.
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PcEC024
Seed Commong linking society with seed conservation and multiplication

B. BalaZs
!ESSRG, Budapest, Hungary

Conservation of Plant Genetic Resources for Food and Agriculture (PGRFA) is an arena populffererityadd composite
players. Given the diversity of the stakeholders involved in the conservation of wild and cultivated biodiversity, thegetialle

how we can grow a seed system that works well for everyone, in diverse ways? In the DYNAVERSIO20 Ppubjei&
(dynaversity.eu), dynamic management and governance arrangements are identified, as well as new forms of seed networkir
between stakeholders, socenvironmental knowledge and practices are analysed. This paper analyses three localised
exploraory case studies from Hungary on inspiring intermediaries that incrementally link seed with communities and knowledge
to initiate transformation in our food system. These seed networks experiment with commons ideas: set up local seec
infrastructures, repsitories to help people produce their sesdved vegetables and cereals at the community level. As diverse
but local communities, these initiatives provide kmast access to the local resources and set the rgles a seldefence
mechanismg to delineae who has access to, manages and benefit from the distributed community resources. Seed saving i
practised in smaiscale local informal initiatives, with the primary function to conserve genetic resources, help the access to
seeds, and provide seed andofl sovereignty. In Hungary, this practice is surviving in various domains, such as community
seedbanks and in situ programs, organic participatory plant breeding, seed swap events. Theseaeddical initiatives
illustrate how seed commoning forgeveirse ways for seed sovereignty. In practice, they translate the conservation of genetic
resources into varied interlinked futweriented activities, such as maintaining cultural heritage values, profitable marketing for
marginalised farmers, quality fooproduction. Provision of access to seeds and regaining the control for the farming and
gardening communities is the primary motivation behind their activities. An emerging network of -aciéried intermediaries
attempts to link seed with communities dnorganise knowledge transfer to initiate transformation in our food system. The
initiatives enable seed commons in different ways but have shared constituents and challenges. The distributed {stgt@)ork
collaboration paired with the mainly nemarketmotivations is a key to build up autonomous agency for commtiréised seed
systems that work well for all of us.

POSTER ABSTRACENSIN@BIOTIC AND BIOBIGNALS

PgRq001
Seed quality under changing environmental conditions

H. Habanovh M. Berkad, M.2 S NJBéBrzobohaty
IMendel University in Brno, Department of Molecular Biology and Radiobiology, Brno, Czech Republic

The environmental conditions are formed by multiple factors, and the resulting effects on plants are not easy to predict.
However, tle environment determines the vitality and yield of the crops, as well as the quality and nutrimental content of the
produced seeds. To study the effects of the environment on the seed and its proteome and metabolome quality, we analyze
barley caryopses dhree barley cultivars collected from 12 different locations all over the Czech Republic. Next, we employed
correlation analyses and compared samples based on seed proteome composition and specific environmental conditions. W
identified four contrastingclusters and selected a representative for each of these for detail metabolomics and proteomics
analyses. In total, we have profiled more than 120 and 3,415 metabolites and proteins, respectively. Our results confirmed
significant impact of the environnmt on the seed quality and contributed to our knowledge about plant response to
environmental stimuli.

This work was supported by grant TE02000177 (TACR), Brno PhD Taler GA@RZEIP035.
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PcFc002
Arole of plant circadian rhythms as a regulator of plant hormone signaling and ROS signaling

M. Luklovd, M. Kameniarox a ¢ 1, B.Bivgbéhaty
IMendel University in Brno, Department of Molecular Biology and Radiobiology, Brno, Czech Republic

Plants ae as a sessile organism constantly exposed to a myriad of environmental factors. Probably the most crucial factor thz
influences plants development is lightight is not only the source of energy but also represents source information. Plants
responsego dayto-day and seasonal changes of the environment are regulated by intrinsiekée@ng mechanism circadian
rhythm. This intrinsic timekeeping mechanism plays a central role in the plants” regulatory system. However, experimental
evidence indicate that these processes are also controlled by plant hormones, including plant hormone cytokinin. There is
increasing evidence of direct interactions between cytokinin and light. Levels of the cytokinin pool vary diurnally, amd muta

the circadian systm show altered cytokinin responses. The literature shows that this relationship between circadian rhythms
and phytohormones can be influenced by other key components of plant metabolism such as hydrogen peroxide. Here, we ha
performed a set of complemeary omics analyses in selected mutantsAoébidopsis thalian&o reveal molecular mechanisms
behind tripartite interaction of light, cytokinin and hydrogen peroxide.

This work was supported by grant-KEA2019P081 and Brno Ph.D. talent

PgF003
Exploring the transcriptomic landscape of the Venus flytrap's trigger hairs

A. L. losip? I. Kreuzet J. Schuliz R. Hedrich
tUniversity of Wirzburg Faculty of Biology, Center for Computational and Theoretical Biology, Wiirzburg, Germany
2Julius von Sachs litste of Life Sciences, Department of Molecular Plant Physiology and BiophBsizsy | of the University
of Wurzburg, Wurzburg, Germany

Sensing the gentle touch of an insect is the first and most pivotal step in the hunting cycle of the Venus(Blidregea
muscipuld. The traps of this carnivorous plant harbour special trigger hairs which are able to transduce the mechanosensatio
in an allor-nothing action potential that spreads throughout the trap leading to the fast trap closure and finalig totmation

of the green stomach. Dionaea’s carnivorous lifestyle is therefore dependent on these sensory structures. To understand tf
molecular basis behind the unique functional repertoire of the trigger hair, we sequenced its transcriptome. By ngrttpari
trigger hair's transcriptomic landscape to that of the whole trap, trap rim, digestive gland, petiole, root, and flower, we
identified about one thousand genes which are specific for the sensory hairs. A GO (gene ontology) term enrichment analys
allowed us to investigate the molecular blueprint of the trigger hair's special architecture. GO terms associated widn§g def
related processes, (i) ER (endoplasmic reticulum) system, which is highly developed in the sensory cells of the triggeér hair
(i) mRNA metabolic processes, indicating a high protein turnover, were highly enriched. Among the most prominently
expressed genes in the trigger hair's specific repertoire were the biotic stress annotated MLO1 gene and transportera such a:
glutamate-receptor, a mechanosensitive channel and voltggéed K channels. This high number of highly specific transporters
may be the key to the trigger hair's unique function as both mechanosensor and origin of the electrical signal.
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PcFq004
In vivoobservation of phloem protein reaction ii\. thalianaroots

L. Wrobel, G. Nof, D. Prufek?

Fraunhofer IME, Institute for Molecular Biology and Applied Ecology , Munster, Germany
2University of Munster, Istitute of Plant Biology and Biotechnology, Miinster, Germany

In vascular plants, the phloem tissue is responsiloiger alia, for the transport of sugars, other oligosaccharides, amino acids
and proteins. Additionally, it acts as primary channel for tbegl distance signalling by transporting phytohormones and
secondary metabolites and conveys the plants reaction to external conditions, stress factors and pathogens. The phloam build:
network of living, tubeshaped cells that connect all parts of the idoody, which also bears the risk of transporting extrinsic
and potentially dangerous substances. Bacteria, viruses and other pathogens can enter the phloem after wounding and spre:
through the whole plant.

Therefore, the plant developed divers defencechanisms for both mechanical wounding and infection by several kinds of
pathogens. Specific structural Phloem proteing(Bteins) seal the affected sieve element immediately by plugging the sieve
plates. The Protein plug inhibits the loss of photo asslates and prevents phytpathogens from spreading in the phloem.

For investigating Hrotein reactionin vivg an experimental setip for their observation irA. thalianaroots was developed. It
allows the live imaging of the root phloem and the coneutrapplication of potential triggers for the-fftotein reaction. We
established a toolbox consisting Af thalianamutant lines, carrying fluorescently labellegbRoteins or a knockouimutation of

the Pprotein encoding genes. For the detection of acaah signals as potential trigger for thepPotein reaction, we further
created anA.thalianamutant line expressing the Ca2+ detection system Yellow Cameleon (YC3.6) solely in their sieve element
In these mutant lines, the phloem mass flow and thprétein reaction can be visualized by the application of fluorescent dyes.

PgF005
TGAL and TGA4 dependent gene regulation during salicylic acid activated defense signaling

J. Budimit, C. Thurow C. Gatz
1GeorgAugustUniversitat Géttingen, Plant Moletar Biology and Physiology, Gottingen, Germany

TGAL and TGA4 are members of TGA family of basic leucine zipper transcription factors known to be involved in- pathoge
activated immune responses. Upon infection with the hemibiotrophic pathdggsudomonas singae tgal tga4mutant plants

show increased susceptibility compared to wild type plants. Recently, SARD1 (SYSTEMIC AQUIRED RESISTANCE DEFICIE
important activator of the biosynthesis of the defense hormone salicylic acid (SA), was identifigdrgst gene of TGA1 and
TGAA4. This finding places TGA1 upstream dbi@ynthesis. TGALl was also described to be redodulated in SAreated

plants, which puts it downstream of SA.

The aim of this study was to identify TGAdi#get genes downstreamf®&A and test if the redox state of TGAL is important for
induction of target genes. To find target genes downstream of SA, we treated plants with SA and performed RNA sequencing.
order to eliminate SARBdependent effects on SA synthesis during the eskpent we used the salicylic acid biosynthesis
mutant sid2andsid2 tgal tga4 We have identified 207 Sidducible genes that are also TGAHdpendent,DLO1being one of

those. Having found target genes downstream of SA, we could analyze the impoofarecox state of the protein. For that we

have complementedgal tga4d mutant with either wild type TGAL or mutated version of TGAL1 which mimics the reduced form
of the protein. When treated with SALO1was induced to similar levels in both types of cdempentation lines, indicating that
TGA%redox state is not important for target gene induction. This was not very surprising, since this gene, as well as 207 other
is less expressed also in meogated samples. Thus, we hypothesized that TGA1 and T@Adther amplifiers of S#iggered

event than SAswitchable transcription factors. While TGA1/4 serve as amplifiers, gene induction downstream of SA is
established through TGA2/5/6, NPR1 and SARD1 which we show usingokihouktants of above.
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PcGc001
Distinct thioredoxin oxidation byperoxiredoxins is required for chloroplastic rederegulation of

metabolism

W. Telmas, M. Liebthal, K. J. Dietz
tUniversitat Bielefeld, Biochemie und Physiologie Eiianzen, Bielefeld, Germany

Four of nine known peroxiredoxins are harboured to the chloroplash.inhaliana The typical Zysteine Peroxiredoxin {2
CysPrx) consisting of two isoforms A and B, as well as the atyfiigalP2x PrxQ and PrxIIE functisnperoxidases decomposing
reactive oxygen species (ROS). Recent studies reveal the functie@ysP2x as a thialependent Thioredoxin (Trx) oxidase
adjusting cellular metabolism through affecting their reekiate. However, much less is known aboug tlwvo other Prx within
the chloroplast. Here, we elucidate the unique specifity and affinity of PrxQ towards'iand Trxm4 in contrast to PrxIIE
which lacks any T#ixteraction. Quite similar to £ysPrx the atypical PrxQ was about 50% oxidized iedezaypporting its role
as a Trx oxidase. In contrast, PrxIlE was highly reduced with 90%. These results imply distinalatdbiunctions of
chloroplastic Prxs.

PGG002
Phylogenybased identification of redoxsensitive translation factors via Con€lyind (Conserved Cysteine

Finder)

C. Wesemanh M. Moore?, N. GossmaninA. Sahrh A. SczyrbaJ. Kriige K. J. Dietz
Bielefeld University, Biochemistry and Physiology of Plants, Bielefeld, Germany
2Australian National University, Chloroplast to Nucl8aynalling, Canberra, Australia
SBielefeld University, Computational Metagenomics, Bielefeld, Germany

PTM (posttranslational modifications) of specific amino acid residues determine many aspects of the fate of a protein, including
its activity, localizéon, interaction and stability. Especially surface accessible thiols of cysteine residues are target for redox
modification, e.g., by reactive oxygen or nitrogen species. Thus, they serve in versatile mechanisms to convey changi
subcellular redox miliesiand stress impact to protein function. If thiolodifications are essential traits of protein functionality,
their relative position and the sequence environment of their corresponding cysteines are likely evolutionary conserved
Although the vast majoty of cytoplasmic translation factor proteins carry more than one cysteine, redox regulation of
translation is scarcely considered since protein phosphorylation has been established as key regulatory mechanism in prote
synthesis. To conduct largeale dentification of redoxregulated cytosolic translation factors, we developed a bioinformatic
pipeline named ConCysFind (Conserved Cysteine Finder) to identify phylogenetically conserved cysteines. The now publ
available program (bibiserv.cebitec.tnielefeld.de/concysfind) searches a UniProt (uniprot.org) derived database of 21 plant
genomes for the closest homologue of a given protein entry (ID or sequence) via BLASTP and subsequently assembled weigt
multiple sequence alignments. As output, indivad phylogenetic trees and Cgsores are provided for every cysteine of the
target protein. Based on thim silicofindings derived from ConCysFind analyses, we presearitro biochemical evidence that
translation factors eRF1 (eukaryotic release fadtpand RACK1A (receptor for activated kinase 1A) are sensitive to changing
redox milieus. Both proteins form oligomers under fully oxidizing conditio25@mV), while being present as monomer under
fully reducing conditions ¢s00mV). The oligomerisain is partly abolished when a conserved cystémeeplaced by a serine,
confirming its involvement in oligomer formation.

146



th{¢ow !.{¢w!/ ¢ w wWO5h- w9oD! [

PcG¢003
Redox regulation of the chloroplast-cabonic anhydrase 1

A. Dreyet, A. SchackmanpA. Kriznik K. J. Dietz
Bielefeld University, Biochemistry and Physiology of plants, Bielefeld, Germany
2Université de Lorraine, Biophysics and Structural Biology facility, UMS IBSLor, CNRS, INSERM, Masgia@neye France

Carboric anhydrases are zifmmetalloenzymes. They catalyze the reversible hydration of t6®LCQ and, thereby, ease the
provision of CO2 for photosynthetic carbon assimilation by ribulgSéisphosphate carboxylase/oxygenase.Arabidopsis
thaliana there are four different classes of carbonic anhydrases, namely"thee, * and ! like (DiMario et al. 2017). The
carbonic anhydrase 1 {CA1) belongs to thie-type carbonic anhydrases and is localized in the chloroplast.

This work addressed the possible thredox regulation of -CAL. In a pH electrodeased activity testj -CA1 proved to be
active under reducing conditions and lost its activity upon oxidation. The redox state of the protein had no impactroerits di
state, and oligomerization was not obsed in contrast to other CAs. Dynamic light scattering, circular dichroism and size
exclusion data of -CA1 showed -CALl is a dimer independent on treatment with hydrogen peroxidg{Hor dithiothreitol
(DTT). Furthermore, an increased activity was obsgrin the presence of NADRId¢pendent thioredoxin reductase 3 (NTRC)
and different chloroplast thioredoxins (Trx). From these results it is concluded t@a#1 is part of the thiadisulfide redox
regulatory network of the chloroplast. Possible implioas for chloroplast metabolism will be discussed.

RJ DiMario, H Clayton, A Mukherjee, M Ludwig, JV Moroney (2017) Plant carbonic anhydrases: Structures, locations, evoluti
and physiological roles. Molecular Plant 10 (1}480

POSTER ABSTRAECNTERATION OF PLANTS WITH MICRGBEBIONTS

Pglc001
Switch of endophytic bipolaris SPP into biotrophic pathogen under phytohormones crosstalk
A. Hussaih M. Junaid
1AbdulWali Khan University, Botany, Mardan, Pakistan

Auxin is the reciprocal signalling molge, which interferes with other phytbormonal and physiological processes during plant
microbes interaction. In this regar@ipolarisspp. a growth promoting endophytic fungus was used to inoculatespessed

Zea maysseedlings with yucasin (IAA ibftor). 1AA deficient host was heavily colonized by the endophyte that subsequently
promoted the host growth and elevated the IAA levels with a peak value at 72 h. However, the seedlings growth were inhibitel
later (i.e. 120 h) due to the high levels ofAlAhat interfered with the activity of phytoalexins and brassinosteroids. Such
interference has also modulated the endophytic fungus from symbiotic to biotrophic pathogen that left the host plants
defenceless.

147



th{¢ow !.{¢w!/ ¢ w Lb¢OMCROBESISYMBIOBTS [ ! b ¢ {

Pglc002
Nodulation as an additional fithess advantage in certain alkaloid producing Fabaceae?

N. Jack¥y; D. Obet
IChristianAlbrechtsUniversitat Kiel, Botanisches Institut und Botanischer Garten, Kiel, Germany

Plant members of the faity Fabaceae develop as part of their symbiosis with nitrogen fixing rhizobia nodules, specific organs or
the roots. Species within the genistoid lineage of this family produce either quinolizidine alkaloids (QAS) or pyrralkadidnts

(PAs) as partfaheir defense against herbivoré€.Minor knowledge exists about involved enzymes in these two biosynthetic
pathways. Only the first specific enzymes have been characterized. A lysine decarboxylase (LDC) for QAs and homospermi
synthase (HSS) for PASRecent studies showed a dependency of PA biosynthesis on nodulation in speCiestadria® In

order to be able to understand the link between nodulation and alkapswduction in more detail, further species Gfotalarig
Lupinusand Laburnumwill be analyzed. The analyzes include the physiological localization of HSS in nodules via immunolabelir
and quantifiying transcript levels of enzymes involved in alkaloid biosynthesis in various tissues by the use@RgRT

References

[1] Wink M., Phytehemistry 64, 2003

[2] Bunsupeet al., The Plant Cell 24, 2012
[3] Irmer et al., PNAS 112, 2015

Pglc003
MALDITOF mass spectrometric analysis for rapid classification of pes#ociated cultivable microbes

K. Witzel
!Leibniz Institute of Vegetable arf@namental Crops, GroRbeeren, Germany

With an increased understanding of the diversity of ptaatterial associations, future biotechnological applications for
increased crop production, conserved biodiversity and sustained-agpsystems are foreseeabl A prerequisite for this are

high throughput methods for characterisation and classification of cultivable microorganisms isolated from plants grown undel
diverse environmental conditions. Matrassisted laser desorption ionization (MALDI) tiofidlight (TOF) mass spectrometry
(MS) is a innovative tool for fast and high resolving identification of microorganisms. The method is based on the me&sureme!
of the molecular weight of most abundant proteins in a crude extract, using the mass spectra informatofingerprint for a
particular organism. This talk will highlight the applicability of this tool for studying microbial diversity and phylesgagially

in the context of plarassociated microorganisms.
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Pglc004
Unraveling a complex pathosystem with two microbes: host and pathogen proteomics of the
ArabidopsisPlasmodiophoraAcremoniuminteraction
S. Auet, J. LudwigMiiller's  a @ 2, B.Biddbéhaty
ITU Dresden, Biology, Institute of Botany, Chair for Plant Physiology, Dresden, Germany
2Mendel University , Centre for Experimental Plant Biology, Brno, Czech Republic

Question Clubroot disease, caused by the dmilrne pathaen Plasmodiophora brassicaeontinues to spread worldwide in
countries with rapeseed and cabbage production. Currently no efficient control strategies are available for this disease i
Europe. The use of biocontrol agents bears untapped potential to setpure crop yields without negative effects on the
environment. The biocontrol funguscremonium alternatunis a promising candidate for cluboot control as it reduces disease
severity and increases survival rates of infected plant3)(MWe studied thenteraction of Arabidopsis witP. brassicaand A.
alternatum during clubroot disease progression to elucidate the molecular mechanisms behind the observed biocontrol effect.
Our goals are i) to contribute to the basic understanding of the clubroot patihagéteraction with the host and a biocontrol
agent and ii) to identify plant targets of the clubroot pathogen that could be exploited for breeding of cluesistant
cultivars.

Methods Proteins were extracted with a gike shotgun protocol and sgotes analysed by nanoflow C18 revepd®ase liquid
chromatography using a naddPLC system andTOF mass spectrometer. Measured spectra were processed and searched
againstP. brassicaeand Arabidopsis protein sequence databases. Protein abundance wasatxti by peptide spectral
matches.

Results At the onset of clubroot resting spore formation we found 150 differentially enriched proteins, among them a root
endochitinase and several cytokinin and auxin responsive proteins. Proteome analyses of sowaithdillly developed resting
spores yielded roughly 300 proteins specific for the clubroot pathogen. The most abundant proteins belonged to the heat shoc
family, comprising 7% of all identified peptide spectral matches. We also found enrichment glicsalied methyltransferase,

an enzyme that inactivates salicylic acid.

ConclusionOur results confirm earlier findings for the highly abundant methyltransferase (4) and revealed new insights into the
P. brassicaend host proteome at the end of the irfBon cycle. Further wilepth analyses of the trancriptome and proteome of

this pathosystem are underway.

References

[1] Auer S, Ludwig/iller J, 2014: Albanian Joal ofAgricultural Science, 15.

[2] Auer S, Ludwig/iller J, 2015: Journal of Endocytob®and Cell Researc?6: 4349.
[3] Auer, 2019: 10.5281/zenodo.3236416.

[4] LudwigMdller J et al., 2014: Molecular Plant Pathology, 16:¢(349.

Pclc005
Interaction of Arabidopsis thalianawith a new endophyte fromAster tataricus

L. Jahk D. Seidlés T. Schafhausgt, J. LudwigMiller*

ITU Dresden, Botanik, Dresden, Germany
’Eberhard Karls Universitat Tubingen, Mikrobiologie/Biotechnologie, Tubingen, Germany

The roots of the perennial plarister tataricusare traditionally used in Chinese medicimarb teas due to antibacterial and
antiviral activities of compounds present in these robts A few years ago, a new endophyealledCyanodermella asteris

was isolated from the inflorescence axisAsiter tataricus’. The effect ofC. asterion its natural hostA. tataricusis difficult to
analyze due to the strong seasonal change in growthAoftataricus To investigate the interaction between the fungal
endophyte and alternative host plants, seake(model) plants were tested.

Like other end@hytic fungi,C. asterideads to a massive growth of lateral roots and therefore to an increased biomass in
Arabidopsis thalianagHelianthus annuusnd Solanum lycopersicumA. thalianawas chosen for further experiments to study

the role of volatiles, ecreted fungal compounds and auxin in the interaction with the funguasterisWhile the enhanced leaf
biomass can be probably attributed to the emission of fungal volatiles, the root phenotype is most likely due to fungal auxir
production.
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P¢lc006
The truncated NLR protein TN13 interacts with MOS6 and is required for disease resistance in
Arabidopsis
D.Ludké, C. Roth M. Klenké, A. Quathameér, O. Valerius G. H. BradsM. Wiermet

!GeorgAugustUniversitat Gottingen, RG Moleculaio®gy of PlantMicrobe Interactions, Gottingen, Germany
2GeorgAugustUniversitat Gottingen, Molecular Microbiology and Genetics, Géttingen, Germany

Importin-h proteins mediate the translocation of nuclear localization signal @@Spining proteins frm the cytoplasm into

the nucleus through nuclear pore complexes (NPCs). GenetiéailipjdopsisMPORTIN 3/ MOS6(MODIFIER OF SNCY,is
required for basal plant immunity and constitutive disease resistance activated in thdraotone mutantsncl(suppessor of
nprl-1, constitutive }, suggesting that MOS6 plays a role in nuclear import of proteins involved in plant defense signaling. Tc
identify defenseregulatory cargo proteins and interaction partners of MOS6, we conductedihdatiicodatabase angises and
affinity-purification of functional epitopgagged MOS6 from pathogeshallenged stable transgenic plants coupled with mass
spectrometry. Among thirteen candidate MOS6 interactors that were selected for functional characterization,-B 3yiRe

protein TN13 is required for resistance Rseudomonas syringgey. tomato (Ps) DC3000 lacking the type Il effectors AvrPto
and AvrPtoB. When expressed transientlyNinbenthamiandeaves, TN13 conmunoprecipitates with MOS6 but not with its
closest homolog IMPORTHNG. Consistent with a predicted -férminal transmembrane domain, TN13 localizes to the
endoplasmic reticulum (ER) and the nuclear envelope (NE), where it associates with MOS6 in a transient bimolecul
fluorescence complementation (BiFC) interaction asedy. benthamianaindicating formation of a preformed nuclear import
complex.Our work uncovered the truncated NLR protein TN13 as a component of plant immunity that selectively binds to
MOS6/IMPORTH3 in planta We propose that release of TN13 from tBBmembrane in response to a pathogen stimulus and

its subsequent nuclear translocation is important for plant defense signal relay.

Pglc007
Multiple benefits from fungal associations for kiwifruit
C. Stark J. Kandufa N. Cumming<, J. H. £, R.Hill*3, A. Pullii
ILincoln University, Bi@rotection Research Centre, Lincoln, New Zealand
2AsureQuality, Lincoln, New Zealand
SLincoln Agritech Ltd, Lincoln, New Zealand
4Agrimm Ltd, Lincoln, New Zealand

In New Zealand kiwifruit production, the use ®fichodermais closely linked to maintaining vine health and sustained
production even under disease pressure. The devastating didessedomonasyringaepv. actinidiae (Psa), causal agent of
bacterial canker in kiwifruit, is present in all major kiwifrgrowing regions, including New Zealand, where over 90% of the
country's production area are affected. Current Psa management relies heavily on the use of copper, antibiotics and chemic
elicitors. Concerns have been raised around the efficacy of thesucts, environmental buildip and plant toxicity, resistance
development in the pathogen, and international market excess due to residues on fruit. This has resulted in an effotifyo iden
alternative, biologicabased management strategies to guaraatcontinued sustainable production. Our research focused on
the ubiquitous, soiborne fungusTrichodermaas a biocontrol option for Psarichodermacan colonise root surfaces and
penetrate plant roots as symbionts. They are known to be potent biocoatgehts with various modes of action: competition,
mycoparasitism, excretion of metabolic compounds, incl. antibiotics and volatile organics, and activation of the plarg defenc
system. Colonisation can also enhance plant growth and photosynthesis, ardpgtivity, nutrient uptake and resistance to
abiotic stresses resulting in reduced fertiliser requirements and overall healthier, more resilient plants. Mofetlerderma

have been identified as potential bioremediators in contaminated soils. Oularelseaesulted in the development of the sail
applied, Trichodermad 8 SR LINB RdzOG YA GA DI Eun 6! ANAYY [(GR®I b%0od Ly | R
kiwifruit vines, we observed significant effects on chlorophyll content, essentiat pleh soil nutrients and crop yields in the

first season (treated > untreated areas).-Relating Trichodermafrom orchards showed significantly greater numbers of
Trichoderman treated compared to control plots and laboratory studies indicate fiattodermaapplication has the potential

to reduce soil copper content. Kiwifruit variety specific differences were observed with greater positive treatment effects
detected under cultivaHayward The results suggest tha@richodermanoculation of kiwifruitfacilitates the establishment of a
strong soil and endophytic microbiedmmunity that enhances overall orchard health and crop productivity.
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Pglc008
Plant microbiota affects the multgenerational plant fithess and evolution of the giant duckweed

M. Schéafek, P. T. Te Heeskrl. Bottnet2 J. Rikus M. Sarazova L. Ké M. S. C. HubérS. Xt

linstitute for Evolution and Biodiversity, University of Miinster, Plant Adaptdtieaction, Minster, Germany
2Institute for Plant Biology and Biotechnology, University of Mlnster, Plant Ecology, Miinster, Germany

All plants are living in a microbial world. While it is known that the plant microbiota alters the metabolisms of itsamist il
remains unknown to which extent the interactions between plants and their microbiota affect the -garigrational plant
fitness and genotype frequencies of natural populations. This is largely due to the lack of a model system that allows us f
investigate pant evolution in reatime. The giant duckweedSpirodela polyrhizaan aquatic angiosperm that reproduces
through asexual budding every53days, is an ideal model system to bridge this gap. Here, we investigated how the plant
microbiota affects the muitgenerational plant fitness a8. polyrhizaOur results show that the plant microbiota effects the
plant growth and antherbivore defense ofS. polyrhizain a genotypespecific manner, suggesting that changes in the
microbiota might act as eeevolutionary feedback in shaping the evolution of this plant in nature.

Pglc009
PurpleGateg a GoldenGate based approach to understand the evolution of hgpecific parasitism

S. Klennék L. Engelhardt I. Teicher, D. Begerow

'RuhrUniversity Bochum, Departemt of Geobotany, Bochum, Germany
2RuhrUniversity Bochum, Allgemeine und Molekulare Botanik, Bochum, Germany

Question:Biotrophic fungi are characterized by intimate interactions with highly specific hosts and often cause devastating plan
diseases. Grovit and proliferation during biotrophic phases necessitates an adapted set of genes to manipulate the host plant
and complete the fungal life cycle. The gemMisrobotryumincludes species of closely related fungal parasites infecting specific
host plants.Microbotryum has a diphasic life cycle consisting of a haploid, saprotrophic sporidial stage, and a dikaryotic
biotrophic hyphal stagén planta The sporidial stage dflicrobotryumhas been transformed viAgrobacterium tumefaciens
mediated transformation(ATMT) before, but preparation of vectors for ATMT and ATMT itself are time consuming. We
established an efficient genetic transformation protocol using electroporation with linear and circular DNA fragmentagesulti

in stableMicrobotryumtransformants.

Methods:Lacking efficient genetic tools to assess the role of putative virulence genes, we established a modular molecule
toolbox utilizing the Golden Gate cloning strategy. Uddsglwe designed specific restriction and-ligation sites for each
module and each library in our toolbox.

ResultsThis PurpleGate library includes three different classes of donor plasmids, which corresponds to multiple researcl
issues. Class | contains donor vectors with hygromycin, phleomycin and carboxin resistancargkmethe control of two
constitutively expressing promotor regions. Class Il contains donor plasmids harboring genes coding for various fluoresce
markers, thus enabling fluorescent protein tagging and localizatiorivim All donor plasmids of classdile compatible with

class | resistance cassette donor plasmids. Class Ill donor vectors contain an amplified gene of interest (GOI) extd3sd with
restriction sites. The combination of these compatible classes of donor vectors allows for heteroygymiexpression in
Microbotryum In addition it enables us to express RNAi and CRISPR/ Cas9 genetic consiimisbisiryumto assess gene
function.

Conclusionstn summary, we present a versatile and tisa@ving tool, which allow access not only toirgke parasitic fungus,
but to an entire parasitic genus to understand the evolution of host specificity. In addition, the application of the RtepleG
cloning system in other smut fungi likéstilagomaydisand Sporisorium reilianurwill be discussed.
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Pglc010
Effects of Xray computed tomography on root transcriptome and rhizosphere microbiota
M. Ganthet, Z. lbrahirk, B. Yim, E. Lippoltl D. Vetterlein, E. BlagodatskayaK. Smalfa M. Tarkka

!Helmholtz Centre for Environmental Research , Halle (Saale), Germany
2Julius Kuehnstitut, Braunschweig, Germany

Even though numerous plaisbitmicrobiome interactions in the rhizosphere have been characterized, our understanding of the
spatial distribution of rhizosphere processes remains limited. To link plant gene expression and functions to rhizosphere
processes in a spatial sense, we aim to combine-invasive imaging with spatial sampling and analysisayXcomputed
tomography (CT) is powerful technique that is not only used to observe and quantify root systems in a-tlineensional
space, but also to assess gaint interactions. It allows the dissection of root system architecture and isolation of rhizospheres
in a spatial context.However, the application of ionizing radiation might influence living organisms, for example by inducing
oxidative stress or by changing lavels in plant and microbiome available nuttiefiterefore, the impact of CT on maize gene
expression profilesgnzyme activity levels, rhizosphere microbiome composition and soil enzyme activities will be investigated.
3-week-old maize seedlings from a controlled soil column experiment were subjected to CT scanning and analyzed for early (:
min after CT) and laté€24 hours) responses of maize and microbiota. For early response, maize RNA sequencing data reveal
differential gene expression in categories related to cell wall/plasma membrane, lipid metabolism and defiengzver, this

effect was absent in the latresponse samples. Rhizosphere leucine aminopeptidase activity was inhibited after CT scanning an
did not recover after 24 hours, while betducosidase and phosphomonoesterase activities were unaffected by CT scanning. In
conclusion, our data indicaténat Xray CT scanning with low doses (1.25 Gy) only has a minor impact on plant and microbial
rhizosphere processes. This research was conducted within the research program "Rhizosphere Spatiotemporal Organisation
Key to Rhizosphere Functions" of ther@an Science Foundation.
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[1] Daly et al. (2018plant Cell EnvirgdGudkov et al. (2019) Environ RadioacdiCaplin et al(2018)Front Plant Sci

Pglc011
Verticillium longisporuminduces SAesponsive gene expression in roots Afabidopsisthaliana in the
absence of SA

L. Ulrich, J. Schmifz C. Thurow, C. Gatz
tUniversity of Goéttingen, Plant Molecular Biology and Physiology, Géttingen, Germany

Infection of A. thalianawith the soitborne vascular pathogeW. longisporumeads to the indction of 367 genes in roots 10
days after infection. At least one third of these genes are known to be regulated by salicylic acid (SA) in the shombsIinfect
the SAdeficient sid2 mutant reveal the induction of these typically -8#sponsive genes irmoots at 10dpi in the confirmed
absence of SA to the same level as in@odots. In contrast, bioinformatic analysis shows that in shoots expression of these
genes is lower at a basal level and affseudomonagreatment in sid2compared to CeD leaves. Many of these typically SA
responsive and/. longisporurrinduced genes contaiBARDDinding sites in their promoters and we show that induction of a
number of them is highly dependent on SARD1. In shoots SARD1 is known to induce the SA biosynéhesishgeismate
Synthasel(ICS}, however, inV. longisporumnfected roots this induction is absent. We hypothesise that SARD1 triggers an
intensification loop through inducinCSland activating NPR1 that amplifies its own transcriptional rate leadinigdreased
expression of defence genes in shoots. In roots SARD1 does not i@siznd expression of these genes is lower. This raises
the question whether this loop is generally absent in roots or whether it is suppressédibggisporum
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Pglg012
Rhizosphere than endosphere microbiomes display stronger association with plant functional traits
J. Gué, N. Ling, S. Gud
INanjing Agricultural University, College of Resources and EnwartahSciences, Nanjing, China

Background Plant root harbors complex microbial communities, which play vital roles in plant nutrition, development and
immunity through their influence on the fitness and resistance of their hosts. To date, however, teatissis between roct
associated microbiomes and plant host attributes are poorly understood.

Methods Herein, rice was used as a model to identify the assembly ofassdciated bacterial communities and their potential
effects on plant functional trast We applied 16S rRNA gene amplicon sequencing to characterize the rhizosphere (surrounding
roots) and endosphere (within roots) microbiomes of 101 rice varieties grown in the greenhouse microcosms.

Results The bacterial microbiomes varied significanthetween rhizosphere and endosphere. Rhizosphere microbiomes
exhibited higher diversity and lower structural variability than endosphere microbiomes. Compared with the endosphere,
rhizosphere supported a bacterial -ebundance network with larger size andyher connectivity as well as stronger cohesion.
Notably, rhizosphere network contained more diverse taxa with nutrient cycle functions, especially in nitrogen metabalism, an
formed more functional modules related to specific plant traits. Mutldelingbased analyses showed that the variable
selection dominated the assemblage of the bacterial communities in the rhizosphere, while homogeneous selection dominate
in the endosphere.

ConclusionsOverall, based on deterministltased processes, the rhizospkeharbored a larger and more diverse bacterial
community and supported a higher number of interactions between species related to the metabolisms of nutrient cycle that
promoted the formation of stronger association between microbiomes and plant functimai$. This study emphasizes the
ecological importance of rhizosphere bacterial microbiomes for plant functional traits and will inform new perspective to
improve plant performance.

Pglc013
Function of the miR211-TOO MUCH LOVEgulatory node in adaptig root system architecture to
nitrogen regime and bacterial endosymbiosis

M. Sexaueh, K. Markmanh
1Zentrum fur Molekularbiologie der Pflanzen, Tibingen, Germany

During the evolution of nitrogefixing root nodule symbiosis, legume plants have developedutoregulatory mechanism to
balance symbiosis and growth. In a systemic process called the Autoregulation of Nodulation (AON), infection events @nd nodt
numbers are restricted. The shoot derived miR2111 maintains root susceptibility vidraostrigional regulation of TOO
MUCH LOVETML), a symbiosis suppressor acting in the root. In infectisggered AON, miR2111 acts downstream of
HYPERNODULATION ABERRANT ROOT FORMAARN hich is a shoot factor in AON that is also involved in nitrate
dependent restriction of infection and nodulation. The key genes acting in AON in legumes are conserved in most dicot:
indicating an older evolutionary function besides regulation of bacterial endosymbiosis. We shoWivthéd involved in
nitrogen dependentegulation of root architecture iih..japonicus.
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Pclc014
Plant cell walls as barriers and signaling components in pathogen defense
T. Engelsdotf N. GiglBisceglig, J. Shah L. Voll, T. Haman#
IPhilippsUniversitat, Marburg, Germany
2Wageningen University and Research, Wageningen, Netherlands
SNorwegian University of Science and Technology, Trondheim, Norway

Cell walls are tough structures that serve as preformed infection barriegrdtect plant cells from microbial invasion. The
composition of specific cell wall polymers seems to be decisive for penetration and colonization success of different plar
pathogenic fungi. Pathogen attack compromises the structural integrity of cels vaald causes the release of cell wall
fragments.

Impairment of cell wall integrity (CWI) and release of damagmociated molecular patterns (DAMPS) is monitored by receptor
kinases and ion channels at the plasma membrane / cell wall interface, but tisédns of CWI surveillance in plapathogen
interaction are not well understood. We found that impairment of carbohydrate metabolism affects cell wall composition in
Arabidopsis thalianaCell wall analysis and infection experiments with cell wall mstandicated that pectin polymers are
crucial for penetration of the fungal plant pathog&olletotrichum higginsianunEnzymatic degradation of pectin and cellulose

in turn is detected by CWI receptors to trigger defense responses. Intriguingly, CWI sespmre modulated by endogenous
plant elicitor peptides potentially coordinating CWI maintenance processes with other stress responses and growth.

POSTER ABSTRACYVOLUTION OF SPECIALIZED METABOLISM

PgJ001
AtDATL1 is a key enzyme ofd@nino acid stimuléed ethylene production inArabidopsis thaliana

C. Henel, J. SuarézV. A. Lehnhardt S. Hummeé] M. Staht, T Kolukisaogfu
IUniversity of Tubingen, ZMBP, Tubingen, Germany

D-enantiomers of proteinogenic amino acids-fas) are found ubiquitously, bualhe knowledge about their metabolism and
functions in plants is scarce. A long forgotten phenomenon in this regard is-f&dlimulated ethylene production in plants.
As a starting point to investigate this effect tigabidopsisaccession_andsberg erda (Lel) got into focus as it was found
defective in metabolizing BAs. Combining genetics and molecular biology-BINR lines and natural variants together with
biochemical and physiological approaches we could identify AtDAT1 as a majoitrBnsaminae inArabidopsis Atdatl loss
of-function mutants andArabidopsisaccessions with defectiv&tDAT lalleles were not able to produce-Bla, DGlu and tMet

in response to EMet anymore. This result corroborates the biochemical characterization of AtDAfith whowed highest
activity using EMet as substrate. Germination of seedlings in light and dark led to enhanced growth inhibitiatdaif
mutants on DMet. Ethylene measurements revealed an enhancefiDstimulated ethylene production in these mutanihis
effect could be partially assigned to differential metabolization of the ethylene precuraamifiocyclopropan€-carboxylic acid
(ACC) due to the malonylation ofNlet instead of ACC resulting in ethylene increase. With AtDAT1, the first centyetherof
plant DAA metabolism was characterized biochemically and physiologically. The specific effectsletf dd ethylene
production and plant development and the impact of AtDAT1 on these effects raise questions about further physiologica
functions ofD-AAs for plants.
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PgKc001
Influence of stand age on understorey flora diversity and soil physicochemical properties in cocoa

plantations
S. Oyede}i O. Ajikanlg O. Agboolg A. Isichéi

tUniversity of llorin, Depament of Plant Biology, llorin, Nigeria
2University of Lagos, Department of Botany, Akoka, Lagos, Nigeria
3Obafemi Awolowo University, Department of Botany;lfeg Nigeria

The study assessed the influence of stand age on understorey flora diversityodnghysicochemical properties in cocoa
plantations. Cocoa plantations of three different ages-y&ar, 16cyear and éyear old) established by the Cocoa Research
Institute of Nigeria (CRIN), Ibadan, were selected for the study. Five 10 m by 10 m sulgptdelineated systematically
within each plantation. The diversity of the undergrowth flora was determined from counts of plants species within thetquadra
Soil samples were collected from the tq0-15 cm) and sulsoils (1530 cm) within the subplots the three plantations for the
determination of soil texture, pH, organic carbon/matter, total nitrogen, available phosphorus, exchangeable cations (sodium
potassium, calcium and magnesium). The results showed the understorey flora diversity inoshsplntation age with the
45year plantation having the highest number of plant species @A4pilia africanaand Manniophyton fulvumwere common to

all three plantations. The soil texture in the plantations was similar (séoeiy). Soil pH, N, P amkchangeable cations of the
top-soil and subsoil were relatively unaffected by the age of the plantation. Organic carbon/organic matter increased
significantly with age in the tepoil (p =0.009) and subsoil (p<0.001) of the plantations. The study codcthdethe age of

stand of the cocoa plantation had no influence on soil texture, pH, N, P and exchangeable cations but influenced SOC/SOM ¢
the diversity of the understorey flora.

PgKc002
The EFP i€. sativug; an often underestimated system

N. Schnider?, K. Krieb% G. Nof, D. Prifet
WWU, IBBP, Miinster, Germany
2IME Fraunhofer, Munster, Germany

The special architecture of the sieve elements and the easy way to obtain large amounts of exudate have transforme
Cucurbitaceae plants such as pumpkimdacucumber into model systems in phloem biology. Cucurbitaceae possess a dual
phloem system consisting of the typical fascicular (FP) and an additional extrafascicular phloegra(ta€Ppften not reflected

by the literature. One example is the destidm of either pumpkin or cucumber exudate as typical phloem sap, which origin (FP
or EFP), however, is still controversial.

Here, we present a detailed anatomical comparison of the FP and EFP in cucumber and highlight characteristics that allow
clear differentiation between both phloem systems by microscopic analysis. We developed an antibody against the majol
protein component of the cucumber exudate to confirm the EFP as its main "origin". Furthermore, these results clearlywunderpi
the importance ofa precise differentiation between the EFP and FP due to their distinctive actions in response to wounding.
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Pclc001
Fitness consequences of oviposition priminghlicotiana attenuata

R. E. H. CramErA. Stepphn!
'Freie Universitat Berliiviolekulare OkologieDahlem Centre of Plant Science, Berlin, Germany

Various plant species improve their defence against herbivorous larvae when they previously perceived insect egg deposition
a priming signal. Defenceipring is assumed to be an adaptive strategy by which the plant optimizedeuosfit tradeoffs of
induced defence. Therefore, we investigated the fitness consequences of oviposition by herbivorous insects on the wild tobacc
Nicotiana attenuata This phnt induces more defensive phenylpropangidlyamine conjugates in response to feeding by
generalist podoptera exigyaand specialistManduca sextalepidopteran larvae when it had been previously oviposited (1,2).
Yet only larvae of the generalist amt of the specialist are negatively affected in their performance due to this increased
defence response. We determined growth parameters and the production of reproductive units such as flowers, capsules an
seeds as fitness estimates. Consistent with éffects on larval performance, we found that the fitness loss due to larval feeding
by S. exiguavas smaller for oviposited plants in terms of seed production, while the fithess loss due to herbividryskeyta

was not affected by prior oviposition. BNl. sextaherbivory onN. attenuatais also known to induce tolerance responses, such

as transient carbon allocation to the roots that can result in a prolonged reproductive phase (3). Therefore, we expdséd plan

a fulkfactorial setup to ovipositiorand larval feeding by. sexta followed by a total aboveground shoot removal. These
experiments revealed that a previous oviposition in combination with larval feeding can increase the fithess of regrosn plant
Thus, ovipositiormediated defence primingnay not just be beneficial if the defence is effective against the herbivore but
additionally by increasing tolerance responses to larval feeding.
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PcMc001
Medicinal plants traditionally used in the Greater Mpigi Region, Ugardavestigation of
antiinflammatory activity in the COX / PGH2 and-1®X / 159-HpETE pathways

F. Schultz>34 G. Anywa, O. F. Osuji B. Wack L. A. Garbe*
Neubrandenburg University of Applied Sciences, Department of Agriculture and Food Sciences , Neubrandenburg, German
2Technical University of Berlin, Institute of Bi@lytics, Berlin, Germany
SEmory University, School of Medicine, Atlanta, Germany
4ZELT Center for Nutrition and Food Technology gGmbH, Neubrandenburg, Germany
SMakerere University, Department of Plant Sciences, Microbiology and Biotechnology, Kaddyzalda

Approx. 80% of the Africa"s population relies almost entirely on plants for mediédtionhe knowledge of Ugandan plants and
their medicinal uses are mainly transferred orally from one generation to the next by traditional healers, leadiegldssiof

vital information due to lack of records. Our study provides documentation of 16 different medicinal plants traditiondliypuse
treat inflammation and related disorders such as pain, arthritis, osteoporosis, asthma, dermatitis and even ©aegeossible
methodology for the evaluation of traditional use is screening selected plant extracts for pharmacological activitiesicPhenol
compounds are often thought to possess antiinflammatory properties. The mechanisms of action (MOAs) of many phenoli
compounds are most likely associated with their inhibition of proinflammatory enzymes in the arachidonic acid pathway such a
lipoxygenases (LOX) and cyclooxygenases (COX) in inflammatory cascades or with their free radical scavenging activity. Dt
undesirable effects of nosteroidal antiinflammatory drugs (NSAIDs) such as gastrointestinal bleeding, selective inhibition of
COX2 is preferred to the COXinhibition. We present results of diverge vitro experiments performed with 61 different plant
extracts, e.g. 180X inhibition screening; 2. Selective €2a0d COX inhibitor screening. Traditional use could be validated

vitro in 15 out of 16 plant species tested. In total, 9 extracts from 7 plant species were identified to possess RiginlGiaX&ry

activity (IC50 > 20 pg/ml). Amongst the most active QQKhibitors were extracts fromLeucas calostachysSolanum
aculeastrum Sesamum angustifoliumPlectranthus cyaneysMyrica kandtiana Zanthoxylum chalybeurand Warburgia
ugandensis Therewas no countefactivity between CO and 15LOX inhibition in these 9 extracts from 7 plant species. The
ethyl acetate extract of.eucas calostachyshowed the lowest IC50 value with 0.66 pg/ml (€)Xwhereas this extract also
displayed the most promisg selectivity ratio with 0.1 (C@4(COX1). The determination of the TPC and EC50 values of DPPH
radical scavenging activity showed no correlation with regards to the-Z@nd 15LOX inhibitory activity. This led to the
assumption that the MOAs are mdgtely not based on scavenging of reactive oxygen species and antioxidant activities.
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PcMc002
Transcription factor lnding motif prediction based on predicted gene regulatory networks

J. Sielemanin A. Brautigarh
Bielefeld University, BIO24Computational Biology, Bielefeld, Germany

Regulation of transcription is a key factor for dynamic adaptation to variable eméntal conditions. The binding of
transcription factors tociselements plays a leading role in transcriptional regulation in plants. However, most transcription
factors cannot be assigned to their specific binding motif yet. RétAdata ofArabidopsis thlianawas used to predict gene
regulatory networks with machine learning algorithms. B data showed that binding motifs of transcription factors
enriched in promoters of target genes scoring high in the machine learning predicted networks in 26&ctedtable cases.
Hence, motif prediction is likely possible for a subset of the transcription factors. The predicted target genes of 297¢
transcription factors were used as the basis for motif prediction.

In addition to the 3 kb upstream region of targgénes open chromatin regions were used to predict binding motifs. These
regions were determined based on-amalyzed transposase accessible chromatin (AFAGHata. Both, the plain 3 kb upstream
region of predicted target genes and open chromatin regiarar target genes yielded sets of putatively targeted sequences for
all transcription factors irA. thaliana The motif prediction was calculated using mdiiEfsed sequence analysis tools (MEME
suite) and predicted motifs were compared to published nsotibtained from the JASPAR database. Prediction of binding motifs
based on the 3 kb upstream region were better than random. The analysis indicates that the consideration of open region
improves the prediction accuracy of target motifs An thaliana Sirte accuracy was limited, transcription factor family
information was stacked to obtain higher confidence predictions.
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PcMc003
Discovery of yet unknown medicinal natural remedies from the Ugandan rainftsesexploring self
medication in wild chimpanzees & mountain gorillas
F. Schultz>34 |. Dworak®4 M. McLennah G. Anywdt;, C. Hobaite}, G. Kalem&ikusok&’, G. BeniaH,

L. Pieter¥, L. A. Garbe>®
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SEmory University, School of Medicine, Atlanta, Germany
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5ZELT Center for Nutrition and Food Technology gGmbH, Neubrandenburg, Germany
SFreelancer/journalist, Hamburg, Germany
"Oxford Brookes University, Faculty of Humanities and Social Sciences, Oxford, United Kingdom
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2University of Antwerp, Department of Pharmaceutical Sciences, Antwerp, Belgium

This project examines the setfedicative behavior of the African Great Apes, e.g. via ingestion or topical applicHtion
medicinal plants or insects. Presumed geHdication was first described in East African chimpanzees by Jane Goodall in the
early 1960s. Today, the vast majority of natural remedies used by great apes remains undiscovered, and only a few have be
investigated for their medicinal efficacy. Awareness of the pharmacological properties of plants or insects results from a long
running struggle against diseases and the evolutionary connection between apes, humans, and their search for drugsisn nature
evident.

We will observe wild chimpanzees and mountain gorillas in their natural habitats in the Ugandan rainforests (and unforestet
areas) to understand their potentialiyjedicinal use of plants and insects. For the first time, plant and insect sampleslldre w
collected from sites across Uganda, then extracted and taken to the lab. Here, the "traditional use" of our closest anima
relatives will be evaluated through observational data and pharmacological bioassays. These may lead to discovery of natu
remedies/novel drug leads that also work on humans, therefore addressing the worldwide need for new painkillers,
antiparasitics, antimalarials, and antibiotics. New insights into human evolution, and overlap in knowledge betwédamrzom

apes and indigenaipeople will be explored. Knowledge and understanding will then be exchanged with local communities.
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PcM¢004
Combinatorial biotechnology as a means of transferring multiple resistance into potato
E. Raksy-Ticart, I. Molnat, R. Thiem& T. Thiemé
IUniversity Babe®olyai, Molecular Biology and Biotechnology, Glapoca, Romania
2Julius Kuh#nstitut, Institute for Breeding Research on Agricultural Crops, Quedlinburg, Germany
SBTL Bielest Lab GmbH Satjeide, GroR Lusewitz, Germany

Potato is the most important vegetable for human consumption and one of the richest sources of nutrients and hence a securit
crop. During potato breeding many resistance traits to biotic and abiotic stress were lost. &léssieding cannot use
resistance traits of wild species of potato because of their sexual incompatibility with potato cultivars. Biotechnolagiecoul
used to improve potato but genetically modified crops including gene editing are restricted by Ebirkestie 2001/18/EC)

and by consumer attitude worldwide. Other techniques that do not infringe GMO law can be successfully used to improve
potato. The aim of this work is to design a new strategy, combinatorial biotechnology, in which different teotzllifusion
combined with bacicrossing and embryo rescue, and many biochemical, cellular and molecular techniques are used to achiev
the transfer of multiple resistance traits from wild species Baanum bulbocastanum, S. chacoeasd S.pinnatise¢um into

the potato gene pool. Abiotic factors like drought and increase in saltiness brought about by climate change together witt
diseases like late blight, viruses and pests (Colorado potato be&RB) are the most important targets of this new stpt.
Somatic hybrids and bagkosses (BC1, BC2) with sexually incompatible wild species, sush kagbocastanumwhich is
resistant to late blight, were regenerated after transfer and molecular determination by gene specific markers of fiemcesist
genes. Two durable and three raspecific genes were identified in the resistant phenotype in greenhouse and field trials. Pre
breeding lines resistant to CPB, late blight and Potato Virus Y were obtained bySusihgcoensboth wild type and DNA
mismath repair (MMR) deficient wild species. As a result of MMR deficiency gene transfer between the two species an
somatic hybrids with CPB resistance and tolerance of drought, as a novel trait, were reported (Molnar et al. 20167 Rakosy

et al. 2019).S. pinnatisectumwas used as a source of resistance to late blight and CPB and some of the breeding lines ar
currently being tested for resistance to potato beetle.

References
[1] Molnar et al. (2016) Pest Manag Sci, 73, 7; doi:10.1002/ps.4473; Rékasyet al. (2019) Frontiers Plant Sci 10 doi:
10.3389/fpls.2019.00003
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Investigation of antimalarial, genotoxic and antibacterial vitro bioactivity of African medicinal plants
traditionally used in western and central Uganda

F. Schult?>34 G. Aywar, O. F. OsUji A. Nguyeh L. Pieterg L. A. Garbe?*
INeubrandenburg University of Applied Sciences, Department of Agriculture and Food Sciences , Neubrandenburg, German
2Technical University of Berlin, Institute of Bioanalytics, Berlin, Geyman
SEmory University, School of Medicine, Atlanta, Germany
4ZELT Center for Nutrition and Food Technology gGmbH, Neubrandenburg, Germany
SMakerere University, Department of Plant Sciences, Microbiology and Biotechnology, Kampala, Uganda
SUniversity of Antverp, Department of Pharmaceutical Sciences, Antwerp, Belgium

Many plant and insect species of the tropical rainforests in western Uganda and eastern DR Congo have not yet bee
discovered; 90% have never been screened for bioactivity. Approx. 60% of tig'smpopulation relies almost entirely on
plants for medication. The knowledge of African plants and their traditional uses are mainly transferred orally from one
generation to the next by traditional healers, leading to the loss of vital informationtall&ck of records. Our study provides
documentation of 16 different African medicinal plants, which are claimed to possess antimalariaarsecgir and antibiotic
properties amongst others. One possible methodology for the discovery of novel pharmaadijogctive drugs is the screening

of selected plant extracts for a broad array of pharmacological activities. We present results of diverse bioassays peitbrmed

61 different plant extracts: 1. Antimalarial heme biocrystallization assay as -acpgen for upcomingin vitro and in vivo
evaluation; 2. Evaluation of antiplasmodial activity against chlorogrgsestantPlasmodium falciparurK1 strain 3. Cytotoxicity
testing with human MRG lung fibroblast cells 4. @@Sassisted Ames test with human ®er fractions for investigation of
mutagenic / potential carcinogenic effects of the extracts. Of all plants tested, diethyl ether extragtarbtirgia ugandensis
showed the lowest IC50 value with 0.5 pg/ml. In many cases, the traditional use of thtespkecies could be scientifically
validated. Bioassaguided fractionations combined with GCAMS techniques enabled identification of bioactive compounds in
some of the tested African plants. For instance, extractZafthozylum chalybeurcontained 8%of antimalarial lupeol. This
study was performed according to the international and national rules considering the Convention on Biodiversity and the
Nagoya Protocol.
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PENG001
Feasibilty of CAM Engineering in GBlants

K. Schillet; A. Brautigarh
Bielefeld University, Computational Biology, Bielefeld, Germany

Plants evolved crassulacean acid metabolism (CAM) to reduce water loss by transpiration in hot and arid environments whe
soilwater is limited or highly seasonal. Therefore, engineering CAM-pladd8 seems a promising avenue to improve the water
use efficiency (WUE) in crops. Engineering will require knowledge of the limitations of the trait and of its architecture.

Since manybut not all, CAM plants have lower photosynthetic rates compared to C3 plants we ask whithitsulimit CAM
photosynthesis. The carbon discrimination distribution of CAM plants shows an apparent fitness valley in between C3 and CA
plants called theNinter-Holtum zone; plants of a CAM rich genus are either C3 or CAM but rarely are they intermediates. We
will present our exploration of potential metabolic limitations that are implicit to the trait. In exemplum: CAM plantstoeed
store organic acids ding the night for decarboxylation during the day. Collating available literature data, we test whether
organic acid storage is a limitation of overall carbon assimilation in CAM plants.

To study the regulatory architecture of the CAM trait, we undertakeeta-analysis of CAM RNgeq data including diurnal gene
expression datasets of three monocotyledonous plant speciescydi& identifies the rhythmicity of RN&eq and microarray
data. Orthofinder connects the orthologs within the analyzed species. @ongptwo CAM speciegnanas comosuand Agave
americana directly to a C3 specie§ryza sativawe test the rhythmicity and phase of transcripts in general and known CAM
and clock genes in particular. Comparison to published datasets on rhythmic demgs whether the hypothesis that CAM
plants harbor substantial changes in diurnal gene expression is supported byamadiesis.

PcNc002
Crassulacean@ad metabolism and ecophysiological diversity in the Aeonieae tribe (Crassulaceae)

T. F. E. Messerschmij®. E. BleskrG. Karj S. C. SiménG. Kaderelt A. Bariares Baudét

LJohannes Gutenbergniversitat Mainz, Institute of Molecular Physiology, Mainz, Germany
2Universidad de La Laguna, Departamento de Botanica, Ecologia y Fisiologia Vegetal a,.&pagun

Evolution of the tribe Aeonieae (Crassulaceae; 73 spp. in five genera) is a prominent example of an adaptive islandmadiation
the Macaronesian floristic region with a high degree of morphological, ecological and physiological diversity. &taesy isp

this tribe seem to be capable to assimilate carbon ewvight by means of Crassulacean Acid Metabolism (CAM), a complex
photosynthetic pathway and watesaving mechanism which is strongly dependent on succulence and represents an adaptation
to dry environments. However, CAM activity in Aeonieae has mostly been assessed by measuring the composition of carb
isotopes in the organic matter of the plants&&3C value. This is a rather inaccurate assessment of CAM, as depending on the
environmental denands the pathway is known to be highly plastic and can be applied transiently or in alternative variants such
as CAM idling, CAM cycling and facultative CAM, which all do not leave unambiguous traced 8Ctvalue.

We present the results of an ongoirtimate chamber experiment that aims to infer the plasticity of physiological responses to
environmental change (temperature and water availability) in selected Aeonieae representatives. In addition to inferring the
113C value of leaves we also quantifidsebir nocturnal accumulation of titratable acids to get a complete picture of the-long
and shortterm response of leaves to a changing environment. Furthermore, we complemented these CAM physiologica
measurements by inferring leaf drying curves for eatiidied species as a means to quantify the cuticular transpiration barrier
efficiency. To our knowledge, the transpiration barrier properties of the plant cuticle have never before been studied in
terrestrial (norepiphytic) CAM plants, much less in Ctdaseae, although they play a crucial part in the efficiency of the CAM
pathway. Our results suggest that annual and perennial representatives of Aeonieae significantly differ in the way they exel
CAM and that CAM plasticity has facilitated the colonmatf diverse habitats. Moreover, they clearly demonstrate that the
carbon isotope composition alone does not suffice to classify a plant as C3, facultative or obligate CAM plant.
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PgNG003
Evolution of CAM photosynthesis iMonanthes(Crassulaceae)

N. D. Boboh A. Béiares Baudet T.F. EMesserschmit| G. Kaderelt

Johannes Gutenberg Universitat, Institut of Molecular Biology, Mainz, Germany
2Universidad de La Laguna, Departament@igogia Vegetal (Botanica), La Laguna, Canary Islands

The world is warming. Climatic zones are shifting. Glaciers are melting. Sea level is rising. These are not hypothistitcaheven

a sciencdiction movie; these changes and others are taking plane took place and plants have developed different
mechanisms to survive in this changing world. This study aimed to investigate the evolution of CAM photosynthesis using tt
genusMonanthes a member of the rapidly radiated Macaronesian clade of the Qlassae. CAM photosynthesis is seen as
evolutionary adaption that permits plants to occupy and survive in arid habitats and *defeived biotopes (Brautigam et al.,
2017).Monanthesis widespread on the Canary Islands, which have been identified asr@h&thoratories" and are optimal for

the study of evolutionary processes. First, the already existing molecular phylogeny should be improved with a modified ddRA
sequencing approach (Huhn, 2018). However, instead of a resolved tree it revealed anhedfisigeciation process within
Monanthes due to the young age of the genus, hybridization and phenotypic plasticity, and rendered the current taxonomy as
arbitrary. The analysis of photosynthesisMionanthesclearly indicates the ability to perform facative CAM photosynthesis,
moreover CAMdling and CAMycling in some accessions, which are strongly dependent on the microclimate, as well as
inducible and reversible. The species distribution modelling revealed that the preferred climatic nidlenahthes are
semiarid to humid forests (laurel forests), and field observations indicate that the genus is found in rocky, exposethisies,
makes performing CAM photosynthesis essential during the hot summer months.
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[1] Brautigam A., Schliter UEisenhut M., Gowik {2017).0On the Evolutionary Origin of CAM PhotosyntheBiant Physiol
174: 473477. doi: 10.1104/pp.17.00195.
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Studies on phylogeny, CAM photosynthesis and niche modellingichryson(Crassulaceae)

J. Lo§ T.F. EMesserschmiy P. HiihA A. Bariares BaudetG. Kadereit

LJohannes Gutenlig-Universitat Mainz, Institute of Molecular Physiology, Mainz, Germany
2Universidad de La Laguna, Departamento de Biologia Vegetal , La Laguna, Canary Islands

The genusiichryson(Crassulaceae), distributed on the Canary Islands, Madeira and the Azslaath $anta Maria, comprises

14 species and is characterized by its predominantly monocarp herbaceous growth (BafaresARdity3onis divided into

two sections; sectiorAichrysonand Macrobia. The relatively young genus is taxonomically difficult,tlgadue to frequent
hybridization and ecologically interesting as an inhabitant of the laurel forest. To understand the diversific&iohrgonwe
generated molecular data using a modified ddRADseq protocol to clarify phylogenetic relationships Aidtiniyson to
investigate the photosynthetic type of representative species and to conduct a species distribution modelling to infer the
bioclimatic niche of the genus.

Our ddRADseq protocol provided more than 600,-800bp long, phylogenetic informat loci. These were able to clarify most

of the interspecific relationships in a well supported species tree. Most species were rendered monophyletic, except for the
polyphyletic A. pachycaulonMoreover, sectionAichrysonis paraphyletic in respect to sémn Macrobia Most species of
Aichrysonoccurring in laurel forest and shady habitats are able to perform CAM photosynthesis facultatively, including those
annual species living in shaded habitats. CAM seems particularly useful for skl@@obiathat spread to drier islands
(Fuerteventura and Lanzarote) and represents the only perennial species within the genus. It is possible thaMserbbia
performs much stronger CAM photosynthesis, indicated by the carbon isotope values, strong acid flustaatioa stronger

leaf succulence. The species distribution modelling showed a wide habitat amplituéécfoysonon the Canary Islands. This
together with the prevalence of facultative CAM in the genus indicates that CAM is not rapidly lost and kigpit impages

that prefer mesic habitats. This genus is an example for "CAM evolution in action" as one derivedysti@pecies distributed

on Madeira,A. villosum likely lost CAM and another derived species distributed on the drier isl&dsrtuosumintensified

CAM.

References
[1] Bafiares A(2017) Typification ofAichryson pachycaulossp. praetermissumand description ofA. roseumsp. nov.
(Crassulaceae) from Gran Canaria, Canary Islands, Bfikdenowig 47(2), 127134
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PENG005
Expression of GDC and SHEGRDOT in £ G and G speciesof Salsoleae (Chenopodiaceaen study of a
leaf developmental series and the effect of abiotic stress on young plants

K. Bissingér D. T Tefarikis', G. Kaderelt
JohannesGutenberg Universitat Mainz, Institut fir Molekulare Physiologie, Mainz, Germany

Salsoleae is well suited for studying the evolution efp@otosynthesis (PS) because the tribe includes @ and G-G
intermediate sgcies.Salsola divaricatdloq. represents an anatomically and functionally intermediate stage betweem€G

PS. PS 08. divaricatais described as sbecause it shows aszQype +13C value, but the selective localization of glycine
decarboxylase (GD@) Kranzlike cell (KLC) mitochondria, the distinctly lower@@mpensation point and the KLC with
numerous organelles in the centripetal position approachPS (Schissler et al. 2016). The leaf anatomy of th&@nd G
species within Salsoleae isduin, but not many details are understood about the differential gene expression of the different
PS types (Lauterbach et al. 2017; Voznesenskaya20E3; Schuissler et al. 2016).

This project addresses the expression of GDC (responsible for the refe@gein the photorespiratory cycle) and SHOROOT
(SHR; responsible (among others) for Kranz cell formationy, i® @nd G Salsoleae. A gPCR approach is used to determine if
GDC expression is influenced by heat and salt stress, i@-C:s and G plants. We investigate whether GDC needs to be
regulated under abiotic stress to counteract the increased risk of toxjgraducts of photorespiration. Furthermore, we use
gPCR to study the developmental change in expression of GDC and SHR from cotyealduls eaves of £ G-C; and G
species. The result of the SHR and GDC expression may explain how the establishment of the C2 cycle and the formation
Kranzlike anatomy irS. divaricataand other phenotypic leaf structures in Salsoleae could badad.
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LJohannes Gutenbergniversitd Mainz, Institute of Molecular Physiology, Mainz, Germany
2University of MinnesotgTwin Cities, Department of Plant and Microbial Biology, St. Paul, MN, United States

The model of €evolution proposes that the complex genetic, biochemical and anatoroi@aiges evolved consecutively from

an ancestral £€to the derived @ photosynthesis via distinct steps of intermediacy (Sage 2004). An alternative hypothesis
proposes that in some lineagesspecially those well known for interspecific hybridisatp@s-C intermediate lineages could
instead originate from hybridisation between &hd G species (Kadereit et al. 2017). In our study, we investigated whether the
G-G intermediate Salsola divaricatagg. (Chenopodiaceae) could be of hybrid origin. Usimgres¢riptome dataset comprising

G, G and G-G intermediate species of the Salsoleae, we generated 991 gene trees using the pipeline of Yang and Smith (201«
Given these gene trees, species trees were estimated and checked for incongruences. Wedhstrueted species networks
using PhyloNet (Than et al. 2008) and SNaQ as implemented in PhyloNetworkkeg(@aBset al. 2017) and evaluated the
occurring reticulate evolutionary relationships. Our results show indeed a reticulation event in the liole@&g€: intermediate
Salsola divaricatagg. To our knowledge, this is the first phylogenomic evidence that hybridisation betweerd G lineages
played a role in the evolutionary history of &@ intermediate lineage.
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PENG007
Crassulacean acid metabolism (CAM) and salt tolerancel@sembryanthemum crystallinuni.
(Aizoaceae) and its close relatives

J. Wehling, G. Kaderett C. Klak

Ynstitute for Molecuér Physiology, JGU Mainz, Mainz, Germany
2University of Cape Town, Department of Biological Sciences, Cape Town, South Africa

A plethora of field and laboratory studies have so far not produced consensus on the exact type of ®ANyetallinum
Adams ¢ al. (1998) deemed CAM a developmentally unavoidable. However, Winter & Holtum (2006) kept plapitaddeC
indefinitely during freshwater treatment. One reason for this highly plastic behavior couM. lmeystallinum"shalotolerance,

which is often usé to induce CAM. Again, there is uncertainty over its extent and it might actually be a true halophile (Winter &
Holtum 2005). Since both halotolerance and CAM require vacuole storage, the combination is thought to be rare (Littge 2002
All in all, CAM aa be found in at least 18 of the 104 spp. sampled in the most recent molecular phylogeny of
Mesembryanthemoideae by Klak et al. (2007) (von Willert et al. 1977, unpublisf@daues from G. Kadereit).

To elucidate the properties and evolution of CAM a&att tolerance in Mesembryanthemoideae, we subjected six species grown
under salt and drought treatments to free acid titrations, isotope analysis, cuticular conductance and gPCRRERR\&ihd the
osmoregulator Imtl. Results are mapped onto the molecplaylogeny by Klak et al. (2007). Siné&Cdvalues for many more
species are available we hope to assess its predictive power when other measurements are inaccessible, e.g. from herbaril
material.
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Theregulatoryvariation associated with the CO2 concentrating mechanismMioricandia

M. Y. Lik, U. Schliter, A. Webet
IHeinrich Heine University, Institute of Plant Biochemistry, Diisseldorf, Germany

The spatial gene exprass caused by regulatory variations plays a significant role in the C4 evoluti€®¥ @laints, considered

as intermediates on the evolutionary trajectory from C3 to C4 photosynthesis, possess an efficient CO2 concentratin
mechanism caused by confiningpBotein of glycine decarboxylase (GLDP) to bundle sheath (BS) cells. The GLDP was absent
leaf mesophyll (M) cells of &34 plants, therefore glycine has to be shuttled to BS cells, where the photorespiratory released
CO2 can be efficiently recaptured lmymeric, adjecent mitochondria, resulting in increase of RuBisCO carboxylation rate
compared with C3 plants. However, much more regulatory mechanisms of metabolic adjustments and anatomical modification
regarding this CO2 concentrating mechanism remaiclegar. In this study, we investigated the regulatory divergence in mature
leaves through allele specific expression (ASE) analysis based eé®eBd&ncing (RNBeq) ofMoricandia arvensi¢C3C4),M.
moricandioidegC3) and their interspecific hybridswas shown that the relative propotion of regulatory effects among hybrids
was similar, 30% and 7% of SNPs were controlle¢i®gnly andtrans-only variance, respectively. GO terms involved in
isopentenyl diphosphate biosynthesis, carbohydrate catabpliocess, oxidoreduction coenzyme metabolic process, and
chloroplast relocation were abundant in transcripts with commuaSNPs. Transcripts wittisspecificity expressed biased
toward C3C4 intermediate species. Additionally, metaalysis based ASE detion indicated that ~34% of transcripts exhibited
ASE iMoricandiainterspecific hybrids. PromotgBUS assay on candidate genes confirmed the spatial gene expression, which
might result from regulatory variance in promoter regions. With this approaehassessed the ASENtoricandiainterspecific
hybrids to gain more insight into the impact and importance of regulatory variations, participating in early evolutiomasrpfste

C4 photosynthesis.
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Unravelingcrassulacearacid metabolism (CAM)nduction in thefacultative CAMspeciesTalinum
triangulare ¢ atranscriptomeanalysis

E. Maleckovg D. Brilhaus A. Dentoh, A. Webet
IHeinrich Heine University, Institute of Plant &iemistry, Disseldorf, Germany

Crassulacean acid metabolism (CAM) has evolved as a-satierg strategy, and its engineering into crops offers an opportunity

to improve their water use efficiency. However, this requires a comprehensive understanding oéghlation of the CAM
pathway. In our research, we employ the facultative CAM speC@smum triangulare in which CAM can be induced by
exogenous abscisic acid (ABA) in a controlled manner. Analysis of differential gene expression and temporal gfatterns
transcript abundances identified pronounced and rapid changes to the transcriptome in response to ABA treatment and base
on comparison of transcriptional responses betwe€ntriangulareand the @ model Arabidopsis, changes specific to the
facultatie CAM species have been identified.

We proposeT. triangulareas a model species to study the regulation of the CAM pathway. In order to further dissect the
connections between ABA signaling and CAM induction, isoform sequencingefisobased on loagad sequencing
technology by Pacific Biosciences was performed. After initial processing of reads, over 126,0@@alifgttranscripts were
obtained. These were further clustered based on sequence similarity to unique gene models, yielding approxima@€ly 40
transcripts. This nomedundant transcriptome representation is currently being annotated based on homologies to known
proteins, searched for potential new proteins as well as {ongcoding RNAs. With a representative and walhotated
collection oftranscripts ofT. triangulare it will be possible to a) perform targeted functional studies to confirm involvement of
CAMspecific gene isoforms in this pathway as well as of previously identified "CAM switches" in the induction phase, and &
perform conparative studies with other CAM species, such as pineappidoar

POSTER ABSTRACELL AND ORGANELLE BIOLOGY

PcOc001
"Sticky matter” ¢ from the mucilaginous cell wall to the seed mucilage envelope

A. Kreitschit??, A. Kovaled S. Gorb
Wniversity & 2 NP OOl g3 5SLI NIYSyid 2F tflyd 5S@St2LISyil
2Kiel University, Zoological Institute, Department of Functional Morphology and Biomechanics, Kiel, Germany

Seed coat of many Angiosperms is composed of specialized epidermal cetisdilege secreting cells (MSCs). The cell wall of
MSCs develops during the seed coat differentiation into a thick, dense layer composed of pectins, hemicellulose and cellulo
(Arsovski et al. 2010, Western 2012, Kreitschitz and Gorb 2017). During hgdisisocompact mucilaginous cell wall swells
rapidly and finally surrounds the seed in a form of gelatinous capsule. The mucilaginous cell wall shares some comm®n featur
with typical cell wall but it possesses also some special characters which alésifyatg it as modified secondary cell wall. The
mucilaginous cell wall is particularly rich in pectins which are responsible for its hydrophilic character (ArsovskdHd)al. 2
Hydrated mucilage has a loosely spatial architecture formed by the longpr&nthed chains of polysaccharides. They are
arranged in a characteristic loosely Hide structure which is filled up with watefter hydration. The cellulose fibrils are very
often present in the mucilage envelope. They are attached to the seed sysfagg an important role in generation of the
scaffold for pectins and hemicelluloses. They ensure also the mucilage stability and prevent it against loss from théaseed su
(Kreitschitz and Gorb 2017). Owing its specific chemical composition anctusérumucilage envelope plays an important
physiological role for the seed especially in dry habitats. Mucilage can absorb and bind rather high amount of watemmwhich ¢
be lost from the seed surface over longer period of time (Kreitschitz 2009, Kraitstlhal. 2015, 2016). Due to this ability the
mucilage envelope can create proper condition for the diaspore germination. Adhesive and frictional properties, caused by th
changing amount of water in the mucilage (during drying), enables the seed attathnthe ground or to the animal's body

and allows therefore the seed dispersal (epizoochory). Low friction in the fully hydrated condition can play a key role ir
endozoochoric seed dispersal and should make easier the passage through the digestiveoysteabrates (Kreitschitz et al.
2015, 2016).
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Analysis of the interaction between ribosomes and the signal recognition particle in chloroplasts

D. S. Stolfe A. Hristod, J. Neumanh M. M. Nowacz¥?, R. ZoschKeD. Schinemarin
'RuhrUniversity Bochum, Molecular Biology of Plant Organelles, Bochum, Germany
2RuheUniversity Bochum, Plant Biochemistry, Bochum, Germany
3Max Planck Institute of Molecular Plant Physiology, Pots@aim, Germany

In chlooplasts, only little is known about the mechanism that guides ribosome nascent chains (RNCs) to the thylakoi
membrane. In bacteria, the signal recognition particle (SRP) contacts the ribosomal protein uL23, which forms a part of th
internal peptide exittunnel and surrounds the tunnel exit point, to initiate early targeting of proteins to the cytoplasmic
membrane. Chloroplasts contain the conserved SRP subunit cpSRP54 implying a potential role of cpSRP54 in RNC targetint
get more insight into the rolef the ribosomeassociated pool of cpSRP54 we characterized the ribosome/cpSRP54 binding
interface. We identified a direct contact between cpSRP54 and the ribosomal protein uL4. Although ulL4 contributes to the
formation of the internal exit tunnel, it isot located at the exit point. We speculate that uL4 might transduce information about
the elongating nascent chain within the exit tunnel to the ribosome surface to effect cpSRP54 binding and thus ribosom
targeting.

PcOc003
Comparison of electron andudbrescence microscopy techniques with regard to the analysis of thylakoid

architecture inSynechocystis sfpCC 6803

M. Ostermeiet, M. Bramkamp A. Klind}, J. Nickelsen
LMU Miinchen, Biologie I, Planeltrtinsried, Germany

Introduction: Thylakoids arespecialised organelike structures in cyanobacteria and chloroplasts where chlorophyll
accumulates and photosynthesis takes placeSynechocystis sP.CC 6803 they are set in several layers at the edge of the cell
and shaped towards convergence zormésse to the plasma membrane where the assembly of photosystem Il takes place. To
highlight this, a special marker called CurT was used. CurT is a homolog of the CURVATURE THYLAKOID1 protein family fo
Arabidopsis thaliang1]. In Synechocystis sg?@ 6803 it is significantly responsible for shaping thylakoids toward these
converging zones [3].These structures can now be observed using electron microscopy as well as fluorescence microscopy
figure out similarities and differences in the architectwfethylakoids.

Materials & methodsAll work was done orsynechocystis spP.CC 680Freparation of the cells for electron microscopy like
high pressure freezing and immunogold labeling and fluorescence microscopy like immunofluorescence labelinépmwasdper
as described priviously [2,4].

Results Specific changes in thylakoid architecture could be observed in the wild type in comparison to a CurT knockout mutan
With electron microscopy it was possible to see the bilayer of the thylakoids in desafieFmore phycobilisomes, which act as
antenna complexes in cyanobacteria, and the amount of single thylakoid layers as well as their specific position could k
observed. Fluorescence microscopy on the other hand benefits from the autofluorescenceropblylbto observe single cells

in vivo. Beside of a lifdeath-discrimination it was possible to differ between regions of high and regions of low photosynthetic
activity. Using a second fluorescent protein, regions with highly accumulated proteingdsntould be analysed.

ConclusionWith the current studies, we can draw a more detailed image of the thylakoid architect@gniechocystis spCC
6803. Furthermore we can conclude that converging zones are helpful but not essential for growth antthydakoids in the
middle of the cell contain photosystem Il and chlorophyll.
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PcOC004
Working day and night, plastid casein kinase 2 catalyses phosphoryitat of target proteins with diverse

functions in light and darkadapted plastids

A. Rodigel, J. GalonskaE. Bergnér S. Baginsky
'RuhrUniversitat Bochum, Biochemie der Pflanzen, Bochum, Germany
2Martin-LutherUniversitat Hallewittenberg, Halle/SaalegGermany

Casein kinase 2 is a ubiquitous protein kinase that has puzzled researchers for several decades because of its plgutyopic ac
Here we set out to identify thé vivotargets of plastid casein kinase 2 (pCK2riabidopsis thalianaSurveyphosphoproteome
analyses were combined with targeted analyses with wildtype peic knockdown mutants to identify potential pCK2 targets
by their decreased phosphorylation state in the mutant. To validate potential substrates, we complementepckie
knockdown line with TAPagged pCK2 and found it to restore growth parameters as well as igfautynot alt of the putative
pCK2dependent phosphorylation events. We further performed a targeted analysis at theofnijht to increase the
specificity of taget protein identification. This analysis confirmed ligidependent phosphorylation of some pCK2 target
proteins. Based on the aforementioned data, we define a sehafivopCK2argets that span different chloroplast functions
such as metabolism, traaription, translation and photosynthesis.

PgOc005
The Toc159 interaction network reveals Grp23 as a new component of the 1-¥VllQacomplex

B. Agné, N. Keilert, D. Kohlet, P. Schafér S. Helry F. KesslérS. Baginsky
IRuhr Universitat Bochum, Fakitl fiir Biologie und Biotechnologie, Bochum, Germany
2MLU Hallewittenberg, Institut fiir Biochemie und Biotechnologie, Halle, Germany
SUniversity of Neuchatel, Plant Physiology, Neuchatel, Switzerland

The protein import machinery is essential for chlorgtlaiogenesis, but knowledge on its exact functioning and the subunits
involved in protein translocation is incomplete. Using Tédyed Toc159, we reproducibly identified a translocase interaction
network that comprises in addition to known TOC membéne, ¥MDa TIC complex, six FtsH/FtsHi proteases, Tic110, the KOC1
kinase and several other proteins, some of which with unknown function. The analysisareplexes constituting the Toc159
interaction network in wildtype and a mutant defective in theviDa TIC complex (tic5® revealed that the TOC and FtsH/FtsHi
complex(es) accumulate independently of the TIC complex as do most other proteins in the network. An exception is-a glycin
rich protein of 23 kDa (Grp23) that-toigrates with the IMDa complexand is ceregulated with its subunits in tic58. Grp23
abundance is significantly decreased in tid20mutant plants and the protein is completely absent from
tic6-1 and spectinomycitreated wildtype plants lacking Tic214, suggesting a mutual deperydeatween its accumulation

and intactness of the -MDa complex. Likewise, grp23mutants expressing reduced levels of Grp23 are -peéen and
accumulate significantly decreased amounts of TicZBimilar to tic5&3 plastids, the in vitro protein imporapacity of grp23
mutants is not affected by the mutation. Our results identify Grp23 as an additional component oMB&a IT'IC complex that is
required for complex stability and assembly while it serves complediated functions other than protein iport.
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PcOC006
Dual Targeting in Chlamydomonas reinhardtii and the role of bioenergetic membranes

S. Stockhordt S. G. GatgS. Gould
IHeinrichHeineUniversity, Diisseldorf, Germany

Plastids and mitochondridepend on the import of proteins from the cytosol. The average charge of th&rminal targeting
sequences (NTS) plays a crucial role in targeting, especially since a positive charge interacts with the electrochdemtal grad
(deltaPSI) at the inner moichondrial membrane. Our preliminary data demonstrate that in Chlamydomonas reinhardtii, protein
targeting changes as a function of the physiological state: while proteins are targeted to the plastid under aerobicrsynditio
they show a dual targeted bekior to both the mitochondrion and plastid under anaerobic (facultative heterotrophic)
conditions. This targeting, we posit, is guided by the loss of deltaPSI across the inner mitochondrial membrane. Prelimina
findings indicate that proteins associatéd the anaerobic metabolism such as pyruvate:formate lyase (PFL) are affected by
physiological retargeting and that also the substitution ofelkminal serine residues with arginine is sufficient for the re
localization from plastid to mitochondrion in thedga. Enzymes of anaerobic physiology are expressed in a diurnal manner at
ambient O2 levels in C. reinhardtii and not necessarily for anaerobic growth. Here we propose thatafdeding in C.
reinhardtii is to a degree controlled by the extant of @@lSI| across the inner mitochondrial membrane and that PFL localization
changes through changes in physiology and not the targeting information.

PgOc007
Exploring the symbiotic interface of amoebal host and its nascent photosynthetic organelle in the

amoeba Paulinellachromatophora

L. Oberleitnet, E. Nowack
!HeinrichHeineUniversity, Dusseldorf, Institute for Microbiology, Dusseldorf, Germany

The photosynthetic organelles of the amoePa chromatophoratermed chromatophores, evolved independently frand
more recently than plastids in plants and alyathis makes them a unique model to study early steps in organelle integration.

The two chromatophore envelope membranes (CrEMs) represent the interface of host cell and organelle and presumabl
control essential metabolic fluxes between the compartments. Genomic/proteomic data suggéskport of various amino

acids into/from the chromatophore and photosynthesates have to be expérdt chromatophoresncoded transport systems

are very rare. Thereferit was suggested, that heehcoded transporters might be targeted to the CrEMs, since massive import
of soluble protein into the chromatophores has already been shown. To gain an understanding of the nature of transpor
processes across the CrEMs therochatophore membrane proteome was screened for the presence of -bosbded
transporters by mass spectrometry and specific antibodies were generated to facilitate localization studies oretachdet
predicted CrEM transporter candidate. The results sstjghat hostencoded transporters are not inserted into the CrEMs and
that metabolite exchange between host and chromatophore employs different, as of yet unknown, mechanisms.

Additionally, data obtained by mass spectrometry lead to the discovery of ipatatRNAbinding proteins as a new class of
imported proteins. Similar helical repeat proteins are known to be imported into plastids, where they are involved in
stabilization, transsplicing and translation regulation of specific mMRNA spé&ciesimilarfunction in enabling the host cell to
control organellar gene expression can be assume® fahromatophora
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PcOc008
cpRNPs regulate global chloroplast RNA processitmwards a better understanding of their role in cold

acclimation

B. Lenzeh M. K. Lehnigér S. Gathmanhn J. Lgent, C. SchmitLinnewebet
Humboldt University of Berlin, Molecular Genetics, Berlin, Germany

Chloroplast gene expression depends on hundreds of nueleemded DNAand RNAbinding proteins, with postranscriptional
processing being the dominant regiry layer. Most of the hitherto analyzed R¥#ding proteins are highly specific and bind
only one or few RNA targets. These are unlikely global-fpasscriptional regulators of gene expression. We previously
identified the genomewide RNA targets ad family of chloroplast proteins, named cpRNPs, and showed that they bind most
chloroplast RNAs. Only in cold temperatures, mutants of two family members were impaired in the processing and stability c
those bound RNAs. Since cpRNPs are most closelyedetat nuclear and not cyanobacterial RNifxding proteins, we
hypothesized that they evolved in eukaryotes to manipulate large sets of chloroplast RNAs in response to changin
environmental conditions.

In order to get mechanistic insight on how cpRNPs laglRNA processing to account for changing environmental conditions, in
particular cold acclimation, we now started to address two challenging questions. First, does binding of cpRNPs todtseir targ
change quantitatively? Therefore, we established atimzed RIFSeq protocol, which allows us to compare bound RNA pools

of a protein quantitatively and genoragide between different temperatures. Second, does binding of cpRNPs change
qualitatively or are different sites on the same transcript bound? Tleesfwe complemented our newly establishédvivo
approach with higkthroughput in vitro binding experiments and started to develop a C&# approach for chloroplast
proteins. By combining the data from those experiments with new additional confocabsompy data and genoraeide
mutant analysis, we paved a new way for understanding how cpRNPs regulate chloroplast RNA processing in response to c
acclimation.

POc009
Targeted delivery of FGF21 to the liver by tobacco seeds

H. W. Hod, J. Huckadf E.Mohr?, M. BrucR, M. Ost, S. Klaus G. Plisch&lH. Nausch
tUniversity of Rostock, Chair for Agrobiotechnology, Rostock, Germany
2University of Rostock, Chair for Animal Health and Welfare, Rostock, Germany
3German Institute of Human Nutrition, Deparémt of Physiology of Energy Metabolism, Nuthetal, Germany
4University of Potsdam, Chair for Biochemistry of Nutrition, Nuthetal, Germany

Liver diseases, such as alcoholic fatty livers, can be cured by the treatment with fibroblast growth factor 21 €8GF21)
demonstrated in clinical trials. However, in these experiments, in which FGF21 was systemically applied, had the circulatir
FGF21 also adverse effects on ftarget organs, e.g. impacted the bone formation in humans.

Nutrients that are taken up in thentestine are transferred to the portal vein, which goes directly to the liver, but not to the
other organs. By establishing an oral administration system of FGF21, we aim to specifically target FGF21 to thedarebd his
achieved by the expression BGF21 in oilich edible seeds, which are directly eaten by the patientsri€hl seeds provide aim

planta bioencapsulation. The oil in the seeds protects FGF21 from degradation in the stomach, but releases the protein whe
the oil is decomposed in thimtestine. Among oifich edible seeds, we choose tobacco, because this model crop can be easily
transformed. The uptake of FGF21 into the blood is ensured by fusion to transferrin (Tf), which induces a transcytoses from t
intestine to the portal veinThough, Tf also prolongs the serum Hé# of fusion partners. We therefore inserted the cleavage
site for furin, a protease that is expressed in enterocytes, so that FGF21 will be separated from Tf during uptake. EGF21 tha
not taken up by the liveiis rapidly degraded, because of its short Hiddf.

Since stable transformation is a tireensuming process, we first produce the FGFRlvia transient expression iil.
benthamianato test the strategy. Purified fusion protein will be added to powdetebacco seeds and applied in &m vitro
digestion system of gastrointestinal tract to test the stability and release in the gut. In the Ussing chamber, the tsdscyto
through living intestines from slaughtered animal will be investigated. Later, stediisformed FGF2Tf containing tobacco
seeds will be used in feeding studies with mice.
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PcPc001
Genetic diversity and relationship assessment among worldw\deia fabal. genotypes using ISSR
markers
A. Qahtan'

IKing Saud University, Botany and Microbiology Department, Riyadh, Saudi Arabia

The success of the breeding programs depends on the extent of genetic variabilitysimpe sequence repeats (ISSR) have
been widely utilized in the investigationeciuding the characterization of many plant species genetically. The aim of this
research was to examine both the genetic diversity and relationships of 92 faba Yede faba L). genotypes from different
geographical areas using ISSR markers. ElevBnpli@Bers generated a total of 189 repeatable amplified bands, of which 109
were polymorphic. Gene diversity and polymorphism information content (PIC) values varied betweenc0.2083 and
0.08%;0.715, with averages of 0.1438 and 0.3484, respectivdig. fiba bean accessions were differentiated into four major
clusters, prevalently based on geographical origin through UPGMA clustering analysis. These outcomes were additiona
supported by principal component analysis (PCA), deriving four major graupimgh were separated based on pedigree and
origin relationships. Analysis of Molecular Variance (AMOVA) showed high variation and differentiation among nations fron
different continents. ISSR markers are considered as a very important tools for geivetisitd evaluation at the molecular
level. The discrimination power of ISSR markers obtained in this study suggests that they could be used to distinglbiah the fa
bean genotypes with high Bfiency and precision as well as encourage targeted crossing strategies.

PGPG002
Genomewide (GWAS) and guided association study to analyze the genetic traniaf Ascochyta bght

resistance in German winter types &ficia faba L.
A. Dhungana

Universty, Plant breeding, Goettingen, Germany

According to FAOSTAT (2018), faba beans, also called broad beans, are the fourth most widely gregasaodegume after

pea, chickpea, and lentil. It is seen as the alternate crop for soybean in the future. éfoWefferent disease control method

such as crop rotation, clean seed, and chemical methods have been tested but none of them match genetic resistance which
been found most effective of all. Ascochyta blight (Fungal disease) causes severe yieldligdogses to faba beans during
favorable environmental conditions. Hence the major objective of our research is to analyze genetic resistance in 224 lines
German faba bean and find a markeait association for effective markexssisted selection agnst ascochyta blight.

Therefore, for this purposealetailed phenotyping of 224 lines of faba beans (188 inbred lines out of 224) was grown under
controlled conditions in the greenhouse for disease symptoms. The research was done in 5 replicatiorisatifdbenethod of
experimental design. Traits involved for phenotyping are Number of lesion per leaflet (LNL) and size of Lesions pe6leaflet (
Furthermore, Phenotypic analyses such as Heritability, Correlation, and ANOVA were performed usingvire SIfABSTAT

for all 224 lines. Similarly, for GWAS, we used only 188 inbred lines (markers availability) and 2057 markers sucheas Amplif
Fragment Length Polymorphism (AFLP) and SMa&teotide Polymorphism (SNPs). Some of the SNPs markers aendotr

but known to the chromosomal neighborhood of former published QTL, so the word "guided" is mentioned in the title. Hence
with the help of the software TASSEL 3.0 matkait association was found for GWAS analysis. The results for phenotypic
analyses show that high heritability and correlation was found for trait LNL and LSL. Similarly, high genetic diversity wa
observed within 224 lines of German faba bean plants. On Association analyses, GWAS detected that one SNP marker
significantly associat with LNL and one AFLP marker was significantly associated with LSL. GWAS also found that the hi
number of lines have resistance associated allele for trait LNL but few lines have resistance associated allele for LSL.
chromosome number of both thenarkers is available but only the position of SNP marker in the chromosome is Known. This
could help us to fine map the marker in the chromosomal region and locate QTL pregistdp to purpose candidate gene for

the future.
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PcPc003
A toolbox for the quantification of rare deoxynucleotide species

H. Straubé C. P. Witté, M. Herdé
Unstitute of Plant Nutrition, Department of Molecular Nutrition and Biochemistry of Plants, Hannover, Germany

Deoxynucletides, the building blocks of DNA, constitute a major component of genetic information transfer between cells and
generations of organisms. The high fidelity of genome copying relies on the chemical immutability of canonical nucledtides ar
their correct elative abundances. However, especially plants are often exposed to environments featuring e.g. high light
hypoxia or salinity causing the nucleotides to be oxidized or deaminated which results in damaged (aberrant) nucleotdes. The
aberrant nucleotidescause mispairing and double strand breaks threatening the maintenance of the genetic information. In

contrast to enzymes repairing these lesions within the DNA less is known about the enzymes removing aberrant nucleotide
before they are incorporated. Thaim of this project is to characterize such removal processes and identify the enzymes

involved. A prerequisite for this study is the reliable detection of deoxynucleotides, which are very scarce in a pesiesll,

as their even less abundant abemtacounterparts, posing a significant analytical challenge. Here we present an analytical

toolbox which will employ statef-the-art mass spectrometry coupled with sample preparation techniques such as solid phase

extraction (SPE) to achieve the goal ofedting nucleotides with utmost sensitivity.

In a first step we evaluated different methods for quenching of the plant sample without affecting the stability of nwedeotid
We observed significant matrix effects (ion suppression) and therefore develog@BEamethod for the concentration of
nucleotides and the removal of undesired (interfering) metabolites. Furthermore the polarity of nucleotides hinders retention
a classic reversphase liquid chromatography (LC) system, therefore we evaluated HidIRyparcarb LC systems for efficient
separation of nucleotides.The combination of all these techniques enabled us to reliably detect and quantify dNTPs,
ribonucleotidetriphosphates and their respective monophosphates.

An increased abundance of aberraniateotides results in some cases also in DNA aberrations therefore we adapted a method
to analyze digested DNA and demonstrate that there is a low percentage of deoxyinosine in the Arldidafpsis thaliana

This analytical toolbox paves the ground fdretdetection of canonical and aberrant polar metabolites and allows us to
molecularly phenotype lossf-function mutants involved in the removal of n@anonical nucleotides.
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PcQc001
The algahat never rea the literature ¢ fastest growing desiccation and photodamage tolerant alga

isolated from desert crust

H. Trevel O. Murik, H. Raanah |. Kedem, A. Kaplah
IMax-Planck Institute for Molecular Plant Physiology, Metabolic Networks, Potsdam, Germany
2Helrew University of Jerusalem, Jerusalem, Germany
SRutgers University, New Jersey, United States

With the premise that unique capabilities can be found in microorganisms facing extremely harsh conditions, we focused oL
efforts on desert biological sand cteg(BSC), one of the harshest environments to support life. Recently, we have isolated a
small green alga (namedhlorella ohadjj which does not conform to some of the basic fundamentals in miat@zology and
photosynthesis.

The unparalleled performare ofChlorella ohadi{Treveset al., 2016), clearly indicates that we lack essential information on the
photosynthetic machinery and what sets the upper growth limits. When grown under optimal laboratory or controlled outdoor
conditions, this alga exhiisi the fastest growth rates ever reported for an alga, division times shorter than 2 h were recorded.
The cultures perform very high photosynthetic rates and reach high cell densities (1c@tlmL).Growth of batch cultures
under continuous high ligh3000 pmol photons ras?) combined with metabolome analyses revealed a highly coordinated
metabolic switch, supporting growth to higher densities than those achieved if abolished, and regulated by specific signalir
moleculesof the Polyamines grouflreves et al., 2017). RN®eq revealed regulation of genes networks under changing light
and trophic regimes, and provided novel insights on the mechanism underlying istiexed photodamage resistance.

Unlike other photosynthetic organism8, ohadiproductivity is unaffected by irradiances twice full sun light; Rather than
succumbing to photodamag€. ohadiundergoes major structural and compositional changes emphasizing the unique PSII
functioning as well as highly efficient reductant metabolic zdilion downstream of the photosynthetic reaction cente@.
ohadiimay be used to clarify the processes that riteit growth and productivity of photosynthetic organisms. Based on these
remarkable capabilities we were able to explore several novel axctiaracterized aspects of algal growth under extremely high
illumination and temperature, and desiccation, which were so far too damaging for current model organisms.
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PcQg002
Interaction of elevated atmospheric CO2 concentrations and nitrogen supply with respect to N uptake

and distribution in fieldgrown wheat plants.

C. Zorb, M. Diet, R. Manderschefd
IUniversity of Hohenheim, Institute of Crop Science, Quafiflant Products, Stuttgart, Germany
°Thiinen Institute of Biodiversity, Braunschweig, Germany

Interactions between elevated G@oncentrations and nitrogen (N) supply with regard to the uptake and distribution of N in
wheat plants was investigated. In &érair carbon enrichment (FACE) experiment the effects of increasedoG€entrations on

N remobilization, posanthetic N uptake, grain protein concentration and composition and inhibition of nitrate assimilation
were analyzed. Effects on water consunoptiand light usage were also analysed under field conditions. Experimental setup was
a random block design in northern Geainy with four plot replicates.

Results indicate that the N remobilization and pasthetic N uptake was not reduced by elevated.@®Oncentrations.
Nevertheless, it was not possible to avoid a reduction in the grain protein content even under adapted N fertilizatidedEleva
CQ concentration increased photosynthesis and led to a slightly increased thousand kernel weight, butafigstiyield
effects were explained by the grain number pef. inexpectedly, elevated G@oncentration led to an increase in nitrate
reductase activity, water use efficiency and light use efficiency (Dier et al., 2018). The relationships betwegmainupietein
content and baking volume were not affected by thez@0Oncentration. In contrast to other work, the baking quality under
elevated C@did not deteriorate despite the decrease in grain N concentration. Proteomic analyses indicate that ithe gra
protein composition (gliadins, glutenins, albumins/globulins) changed under elevatedt@h might improve baking results.
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PcQc003
Effects of temperature treatments on cytosinmethylation profiles of diploid and tetraploid plants of

Ranunculus kuepfeiRanunculaceae)
E. SyngelakiC. C. F. Schinke8. Kla, E. Horandl

1GeorgAugustUniversitat Gottingen , Department of Systematics, Biodiversity and Evolution (with Herbarium), Gittinge
Germany
2GeorgAugustUniversitat Goettingen, Section Safety and Environmental Protection, Gottingen, Germany

The exposure to abiotic environmental stress could trigger epigenetic variation, which may have effects on phenotypig plastic
and ,eventualf, on adaptive traits. Polyploidy seems to have many effects on epigenetic profiles aRameihculus kuepfeis

an alpine, perennial species that occurs in diploid and tetraploid populations and can have a sexual or an apomictic mode
reproduction. Knce, it is a suitable model system for studying the correlations of ploidy, reproduction mode and environmental
stress. Diploid and tetraploid individuals were placed in two climate chambers under cold and warm temperature conditions fo
two consecutive lbwering periods and shifted from one chamber to the other after the first flowering period. Subsequently,
methylation sensitiveAFLP markers (MSFLPS or MSAPs) were applied, to screen the profiles of individuals and track down
possible alterations induckby the temperature treatments. The individuals were grouped regarding treatment (Cold/Warm) &
ploidy level (Diploid/Tetraploid) and the results were analyzed separately for each year and comparatively between the year:
Patterns of methylation suggestetat ploidy levels differed significantly in their profiles, independent from year of treatment,
while the change of treatment had also an effect on them. Furthermore, ploidy effect is consistent under the cold cofatitions
both years of treatment and # response of individuals to treatment's shift is translated in less detected fragments and
significantly less epiloci, regardless of the direction of the shift. To summarize, these observations are in accordahee with
hypothesis that suggests a tempéuee-sensitivity of DNA methylation patterns within the same phenotype. We further
propose that, under cold stress conditions, ploidy level has an important role on this epigenetic variation. However, further
studies are needed to elucidate this hypothesis well as the possible functional significance of these correlations.

PcQc005
Wounding triggers wax and triacylglycerol biosynthesis in Arabidopsis leaves

|. Feussnér M. Lewandowskl K. Zienkiewiéz A. Zienkiewidz K. FeussnérL. Kunst
tUniversty of Goettingen, Plant Biochemistry, Goettingen, Germany
2University of British Columbia, Botany, Vancouver, Canada

Wounding caused by insects or abiotic factors such as wind and hail can cause severe stress for plants. We investigated how
and triacyglycerol (TAG) accumulation are regulated in Arabidopsis after mechanical wounding and if they contribute to stres:
adaptation. The expression of genes involved in wax and TAG biosynthesis was analyzed in jasolenciyle (JAle)-
deficient @dde22), abscisic acid (ABA@duced &ao34), andmyb961 mutants. The wax, TAG, and plant hormone content was
determined. Moreover, wounding experiments in high humidity conditions were conducted to distinguish between wounding
and drought stress responses. Afteounding, surface wax and TAG biosynthesis are transcriptionally induced in wild type
plants and the levels of those metabolites are increased, but only wax accumulation is dependertiegpABX, and MYB96.
Plant growth and wounding under high humiddgnditions abolish increased abscisic acid accumulation and the upregulation of
wax biosynthesis. ABA and-Dé& are involved in regulating wouridduced wax biosynthesis, and MYB96 is a key regulator of
this process; however, they are not involved in wdtinduced TAG accumulation in Arabidopsis. We provide a comprehensive
model of ABA and Jke-mediated wax accumulation.
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PcQc006
Winter stress in evergreen agiosperms probed by chlorophyd a fluorescencemethod

T. SwoczynaP. Latocha
Y1120 DUsgyl D2alLRRIFINBRGelI 2AS2a1AS32 6 21 NRARITIFSASK2L NAEL
Protection, Warszawa, Poland

Winter frost and chilling are serious stressors for leaves in evergreen gegios because of sparse water availability due to
frozen soil, poor activity of enzymes in cool temperatures, injuries of cell membranes etc. Previous research showed the
freezing or chilling may also affect primary photochemical reactions of photosys{&8I11) and PSI in chloroplasts.

In our research we have used -3t in order to investigate which processes of light energy trapping and transferring in three
evergreen angiosperms are influenced by winter frd$edera helixBerberis julianagandPyracantha coccinegrowing as a
climber and as hedgerows, respectively, in an urban housing estate within the same area divderaxamined. Ten healthy
leaves from 3 specimens were collected at 9 a.m. 6 times since November 21, 2017, till May lihcAddiBg 3 dates following
mild (-8°C,-8°C) and severe frostl4°C). The leaves were immediately transported to a laboratory anddightiding clips were
attached to them. After 30 minutes the chlorophglfluorescence was measured using HasiEyA luorimeter.

The results showed that several -i#8t parameters were affected by mild frost. Severe frost caused serious decrease in
maximum quantum efficiency of PSIl/Hm), efficiency of total electron transport beyond plastoquinong(Qso), PSII acte
reaction centres per antenna chlorophyll (RC/ABS), Performance Index on absorption bagjsafl Performance Index for
energy conservation from photons absorbed by PSII to the reduction of PSI end electron acceptoyrsliiFdome cases a full
recovery appeared only in May as some ground frosts doegulated the recovery in April. Most reactions to winter stress
were similar in three species but in particular processes some spggéeific changes were found. We concluded that even
though winter frost appears incidentally (as in the season 2017/2018) the injuries of photosynthetic apparatus -of light
dependent phase may overrun till the magpring.

PQc007
Do older year rings in beech conduct flow, provide water storage capacity, or both? dystimploying

mobile and high field Magnetic Resonance Imaging (MRI)

C. Windt, M. Meixnet?
'Forschungszentrum Jilich, RGPlant Sciences, Jilich, Germany
2Technical University Muenchen, Chair of process systems engineering, Freising, Germany

The sapwod of temperate trees usually comprises a large number of year rings. The conduits in the current year ring are
commonly assumed to be filled and to conduct most flow. Conduits in older year rings are assumed to be less efficientl
connected to new leavesnore susceptible to cavitation, and potentially partially cavitated. We hypothesize that older year
rings thus will contain more deaehd conduits, conduct less flow and is likely to cavitate before the current year xylem does,
releasing stored xylem wate

To test this hypothesis we used MRI relaxometry and flowmetry, utilizing both a traditional high field imager and a $epall sca
mobile imager that was built thouse. MRI cannot always resolve singular xylem conduits, especially if a mokfieldbimager

is used. We here propose and demonstrate MRI methods to nonetheless detect and visualize the presence of water fille
conduits and to quantify the loss of conductivity.

Six to twelve year old potted beech trees, with a height of three to four metgese imaged during progressive drought.
Initially, all xylem regions that contained water filled vessels also exhibited flow. Stagnant water in old or currenbhg®ar r
could not be detected. Cavitation did however start in the oldest year rings firppasting our hypothesis. Observations in
saplings of beech and spruce confirmed this pattern of dry down. However, the release of water from old year rings did no
appear to slow the spread of cavitation.
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PcQc008
Effect of constitutive miR319 expression Amaranthus cruentus

M. A. Herrera LopézM. Ruiz RivadsM. Martinez NUiek P. F. Vera Hernandes. Luna SuareR. J.

Delgado Macul| F. D. F. Rosas Cardénas
Inational polytechnic institute, appléeBiotechnology, Tepetitla, Mexico

MicroRNAS (miRNAs) are RNA molecules that regulate the gene expressionteanmasiptional level. In plants, the miR319
expression is regulated for environmental stimuli, suggesting an important role in differergsstesponse. IArabidopsis
thaliana has been suggested that miR319 is involved in morphological chang®sizan sativethe overexpression of miR319
resulted in plants tolerant to cold stress. In the gemursaranthusfunctional and molecular studies ofiRB19 has not been
realized. In this work, we generate the overexpression of miR3Hniaranthus cruentusThe molecular evaluation of reporter
genes such aGFPand BARIn the transgenic lines has been realized. Duo to miR319 is regulated for enviraairatimiuli, heat

stress experiments were started. For heat treatment, plants were submitted to 70°C for 3 h. Amaranth plants overexpresse
showed a greater resistance to heat, 16% of plants survive. Furthermore, has started the metabolism secondasyamuhlysi
phenotypic evaluation for to observe possible changes in the morphology and metabolism associated to this miRNA in Amaran
plants.

PQc009
The influence of drought stress on indolic glucosinolate contents and the connection to auxin synthesis

J. Honbachet, J. Papenbroékl. HorstNieRert
ILeibniz Universitat Hannover, Institute of Botany, Hannover, Germany

Glucosinolates were studied intensively together with the enzyme myrosinase analyzing the repellent characteristics of thei
products to biotc stressors. However, glucosinolates are also degraded in intact tissue and their breakdown products are use
to synthesize other metabolites, e.g. the auxin ind8lacetic acid. The glucosinolate myrosinase system experienced a revival
after observationghat glucosinolate contents also change after abiotic influences like drought stress, without unveiling the
purpose of those changes. Drought poses a major threat to plants all over the world leading to crop losses, which leave farme
longing for more rsilient varieties that can withstand harsh conditions. Since plants belonging to the Brassicaceae are importan
crop plants grown worldwide for nutritional and technical purposes, the first step is to analyze the modelApddnidopsis
thaliana to understaind basic principles underlying the glucosinolate auxin connection and to elucidate their role in drought
stressed plants.

Fourweek-old A. thalianaplants were harvested after applying drought stress for five days. Glucosinolates were identified by
their specific mass with LC MS and contents were analyzed with HPLC. To verify the stress status of plants, weight and siz
plants, as well as water and anthocyanin contents were analyzed.

Droughtstressed plants were smaller in size and water contents akasgefotal plant weight were lower when compared to
well-watered plants. Contents of indolic glucosinolates, as well as anthocyanin contents were significantly higher in- drought
stressed plants compared to controls. Additionally, contents of the auxinler@tacetic acid were also higher in drought
stressed plants compared to controls.

The ability of synthesizing and breaking down glucosinolates could be an advantage of plants belonging to Brassicaceae, si
glucosinolates could be broken down rapidly whthe plant is in need for additional auxin. Therefore, the pool of indolic
glucosinolates could be used as a resource reservoir for auxin synthesis if plants are exposed to abiotic stress. Hifghelauxi
were previously proven to be beneficial to dight-stressed plants, increasing their chance of survival by modifying root
structure and the induction of ROS detoxifying genes. Elucidating the contribution of indolic glucosinolates to the aloegissyn
could finally explain the higher contents of ol glucosinolates in drougistressed plants.
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PcQc010
Investigation of physiological mechanisms in drought tolerddigitaria exilis L(fonio)

D. Qyinade A? O. Oluwolé O. Olusola Jacéb
IFederal Uniersity OyeEkiti, Department of Plant Science and Biotechnology, Federal UniversitizkiiyeDyeEKkiti, Nigeria
2University of Ibadan, Botany Department, Ibadan, Nigeria

This study therefore investigated the mechanisms adoptedbyexilisto survive dought and identify the drought induced
radicals and scavengers.

Landraces Dinat Iburua (DID), Jakah Iburua (JAK) and Jiw Iburua (JIW), NG/11/JD/061 and NG/11/JD/062 were collected f
recognized research institute. Murashige and Skoog medium of abouitre? was supplemented with pokgthylene glycol

6000 to create osmotic conditions €3.29 MPa;13.93 MPa;20.13 MPa26.32 MPa;32.51 MPa and 0 MPa. After four weeks,
plant growth parameters such as number of germinated seeds, leaves, tillersletegth, root and shoot weights were
determined. Two kilograms of sterilized top soil was filled into polythene pots and thereafter, six landraces were plantsd. P
were subjected to 0, 4, 8 and 12 days drought stress.

Significant higher number of leavetilers, leaf length, dry root and shoot weights were recorded during the drought periods.
Under osmotic stress, landrace JAK had the highest total chlorophyll contents (298.60 ug/ml), proline (0.052 mg/ml),LBPX (0.0
mmol/ml/min), SOD (1.659 units/mgatein), CAT (3.628 units/mg protein) compared with the low values of landraces DID and
JIW. During drought stress, NG/11/JD/061 had the highest anthocyanin contents (1114.65ug/ml). Btoesged DID had
higher dry weight (5.73 g) and DNA quantity (96/ph) and lower lipid peroxidation (61%) than control plants. Landrace JAK had
33% drought tolerant ability than other landraces. Drougtressed JAK scavenged 13% @l 77% DPPH radicals than their
controls. Leaf anatomical examination in landraces dAd DID revealed the presence of turgid bulliform cells, intercellular
spaces that ranged from 113psh75 um with compacted mesophyll cells while landrace NG/11/JD/062 had wider vessel (84.45
pum). Therefore, landrace JAK is highly drought tolerant andréanes DID and NG/11/JD/061 can be considered as mild drought
tolerant whereas, landraces JIW and NG/11/JD/062 are highly susceptible to drought stress.

Key wordsGrowth Parameters, free radicals, DNA, antioxidant enzymes, leaf anatomy

PcQcO11
Nickel sufate in soil affects production of flavonoids and phenols in garlidlium sativumL.) altering its

allelopathic potential

M. Niarami*?
TMU, Biologie, Laatzen, Germany
2Tarbiat Modares University, biology, Tehran, Iran

Heavy metals affect production @econdary metabolites and allelochemicals in plants. This article reports on the effects of
Nickel Sulfate (NiSO4.6 H20) stress on production of flavonoids and phenols and allelopathic potential (@flgariisativum

L.) on weedsAmaranthusretroflexuand Echinoclooa crugali). Garlic plants were grown in sterile soil contaminated with 100
mg/Kg Nickel Sulfate for 8 weeks. Plants grown in sterile soil served as control. Then, plants were harvested, leavies and bt
dried at 50 °C and ground into powdi@ a mortar. Five ml of solutions of garlic powder (0.75%, 1.5%, 2.25% V/V) were placed in
sterile petri dishes lined with a WattmanNo. 1 filter paper. Twenty seedsarfisgaliand 25 seeds oh.retroflexuswere placed

on filter paper in each Petri slh and incubated for one week (in ambient light, 25+2°C). Germination percentage and seedling
growth (root and shoot length) oE. crusgaliand A. retroflexuswere determined. Result showed significant increase in total
flavonoids and phenols content indja bulbs compared to control plants. By increasing solution concentration in the medium,
the inhibitory effect of garlic solution increased as well Allelopathic aspect of garlic is discussed.

Key WordsAllelopathic potential, Flavonoid, phendl|lium sativum
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PcQc012
Nitrate-dependent gating of grasses and other monocot SLAYE anion channels evolved from a

TMD3 tandem maotif after the split between monocots and dicots

N. Schéaféer, T. Maierhofet, J. Hermann', M. Egevang Jagrgense. Achg D. Geigér, R. Hedrich

LJuliusvon-Sachs Institut fir Biowissenschaften, Botany |, Wirzburg, Germany
2Carlsberg Research Laboratory, Valby, Denmark

The latest major group of plants to evolve were the grasses. Gtdinaate change is accompanied by a subtle increase in the
severity of these abiotic stresses. Thus, the adaptation of crop species to the changing climate is required to sustfimahgric
productivity in the future. Duringvolution, leaf C@uptake and transpirational water loss were optimized by the acquisition of
grassspecific stomatal complexes. In contrast to the kidisegped guard cells (GCs) typical of the dicots su&rasdopsisin

the grasses and other important cereals, the GCs are dhathbhaped and are surrounded by a lateral pair of subsidiary cells
(SCs). We studied the molecular basis of GC action in the major cereal crop barley. Upon feeding ABA to xylem saptof an in
barley leaf, stomata closed in a nitratiependent manner. Ais process was initiated by the activation of GC Sip€anion
channel currents. A remarkable difference betwegrabidopsisSLAC1 and its counterpart frokh vulgareis substantiated by

the nitrate-dependent opening of the barley anion channel, wher@aSLAC1 opens without the need for extracellular nitrate.
HVSLAC1 expressedXenopusoocytes gave rise to-tgpe anion currents that increased sevefald upon stimulation with >3

mM nitrate. We identified a tandem polymorphic site that within the SLABannels differs fundamentally between monocots
and dicots. When the motif of nitratensensitive dicotArabidopsisSLAC1 was replaced by the monocot signature, AtSLAC1
converted into a grasg/pe-like nitrate-sensitive channel. Based on our findingse enay ask questions about the evolutionary
trigger causing changes in SLACL1 function associated with the split into a-getate valve in monocots and chlorigate in
dicots.

PcQc013
Responses of wheat growth and leaf chemistry to different droughgiaes

C. Miillet, J. Stallmanh C. Pons R. Schweigér
1Bielefeld University, Chemical Ecology, Bielefeld, Germany

Both intensities and frequencies of drought events are predicted to change over the coming decades. For several areas, long
periods lackig rainfall are expected. We investigated the responses of whedicum aestivupwith regard to growth and leaf
chemistry to different drought regimes, i.e. irrigation frequencies, twice during development. Drgtrgssed plants received

40% of the vater provided for control plants and were either watered every other day (continuous drought, cd) or every eight
days (pulsed drought, pd). These treatments resulted in lower aboveground biomass in dstnegsed compared to control
plants, especially ipd plants. Moreover, the leaf chemistry was considerably modulated by drought. More metabolic features
responded to the pd compared to the cd treatment and more features were increased than decreased in pool size. In leaves |
pd plants, two benzoxazinoglucosides were enhanced in concentration at the first time point. In summarystinily provides
detailed insights in treatmenspecific plant responses to different drought regimes.
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PcQc014
24-h cold priming differentially affects the cold response and high light responseédohbidopsis thaliana

A. Bittnet, J. van Buéy M. Baiet
'Freie Universitat Berlin, Institute for Biology, Plant Physiology Group, Berlin, Germany

Environmental conditions, such aght and temperature, fluctuate on a seasonal and daily basis. This favours plants that are
able to store and retrieve information of the past to prepare foroeeurring stresses, a process that is defined as priming. We
investigated the impact of a sirgl24h long cold stress (cold priming) on a subsequent stress after 5 day of recovery in
Arabidopsis thalianaCold priming can be memorized forgY days in rosette leaves of Arabidopsis and diminish activation of
ZAT10 expression. Reporter gene analgsid transient gene overexpression and silencing demonstrated that the priming
memory depends on postold transcriptional activation of thylakoid bound ascorbate peroxidase (tAPX) (vareBalgr2016

and 2019). In a series of gene expression studiescenpared the impact of cold priming on transcript abundance regulation
upon a 5 days later applied second cold stimulus with cold pritémendent regulation upon a (hedittered) high light stress.

We show that cold priming alters only a small numb&genes in the same way during cold stress and high light stress. About
half of these ceaegulated genes are loAgrm responses to priming and already differentially expressed in primed and naive
plants prior to application of the stress stimulus. Traipgome regulation demonstrated that cold priming interconnects into
stress signaling that is activated by the triggering stimulus. Cold priming for example affects expression of genesewhich a
involved protection against biotic stress by activation afteld trigger and by repression after highlight stress. Further, we show
that cold priming not only affects abiotic stress response but also the susceptibility to plant pathogens (see poster &y Thom
Griebel).
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PcQc015
Salinity induced ionic stress in guard cells\dtia fabal.

B. L. FranziskyC. M. Geilfi’s C. Z6rb

tUniversity of Hohenheim, Qualitf Plant Products, Stuttgart, Germany
2Humboldt University of Berlin, Controlled Environment Horticulture, Berlin, Germany

When plants grow in saline environment, stomatal aperture has to be controlled in order to avoid water loss and salt ior
accumulation With continuing exposition to salinity (NaCl), excess salt ions accumulate within plant tissues resulting in ioni
stress. The highly specialized guard cells mediate the opening and closing of the stomatal pore via swelling or, §krinidng
osmoticadjustment. For this, Cand K are required as osmotically active compounds. However, during stomatal opening in
Vicia faba,K' can be substituted by other cations such as*N@illmer and Mansfield, 1969), although high cytosolic
concentrations of Naare toxic. HenceV. fabaguard cells cannot entirely discriminate betweeh aad Nd and might be
affected by accumulation of excess Nand Clions in leaves under saline conditions. We investigated whether salt ions
accumulate within guard cells and ether this affects guard cell functioning. lon patterns of leaves, apoplastic washing fluid
and guard cell rich fractions were examined after 20 d salt treatment, beinmglated to stomatal aperture.

Throughout the various plant fractions, increased’ ldad Clconcentrations were found together with depletion of, Klso in

guard cells. Nevertheless, salt treated plants were able to reduce leaf transpiration at day and close the stomatalrpghes at

as the control plants did. Hence, we suggest thahtml over stomatal aperture was still intaéh planta Thein vitro
experiments, however, using detached epidermal peels showed that guard cells from salt treated plants had a suppresse
response to opening stimuli. Consequently, stomatal pores remanieded, indicating that guard cell opening might be
hampered due to excess Nand Clions.

By now, such a dysfunctionality had been only observed as suppressed closing capability of stomata that had been ogened in
presence of Na+ (Jarvis and Maekfj 1980). To this knowledge we contribute with our findings on impaired guard cell opening
during conditions of ionic stress.
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PcQc016
Which environmental factors determine accumulation of hydroxycinnamic acidsiglianthus annuus?

J. Stelznéy H. GreBmanh L. Zink W. Bilget
!Botanical Institute, Department of Ecophysiology of Plants, Kiel, Germany

UV protectionin plants is mainly provided by the large groups of flavonoids and hydroxycinnamic acids (HCAs). The induction
flavonoids by environmental factors has been extensively studied in the past decades in various plant species. Abistic factc
such as whitdight, UV and nitrogen deficiency among others are well known to activate the accumulation of flavonoids in the
epidermal cells. In contrast to flavonoids, HCAs have been shown to be constitutively formed in several model species.
sunflower Helianthusannuug, UV screening is provided mainly by HCAs while only trace amounts of flavonoids are detectable
Since irH. annuudlavonoids are misiing it is questionable how this species adjusts UV screening to the environment. We use
epidermal UVA screenindoy determining chlorophyll fluorescence as an indirect measure of HCA content in sunflower leaves
during the exposure to sunlight, white light, ¥\/fradiation and nitrogen deficiency. Our results show that these abiotic factors
induce the accumulation of GAs. Especially the effects of the different factors on the rates of biosynthesis were studied.
Whether corresponding key enzymes of HCA biosynthesis in the sunflower are regulated analogously to that of flavonoic
remains unresolved so far and will be éiscof future studies.

PcQcO17
Investigation of downstream components of the DO&HG1 module using phosphoproteomics

T.Kriget, M. Gaspel, F. Ahloumessdtf, W. Soppg I. Finkemeié; G. Néé
lInstitute of Plant Biology and Biotechnology, Universitiiéhster, Department of Biology, Munster, Germany
2West Africa Centre for Crop Improvement, Department of Crop Science, Legon, Ghana
SRijk Zwaan Breeding B.V., Fijnaart, Netherlands

In vascular plants, the seed habit is regarded as the most successtefgtiaf propagation. Seeds are a robust dispersal unit
that ensure plant survival during adverse seasons. An intrinsic mechanism called seed dormancy controls the timing
germination. Dormancy is of major importance for the plant's survival by ensueedling establishment during the growing
season. At the molecular level, the phytohormone abscisic acid (ABA) and the protein DELAY OF GERMINATION 1 (DOG1) a
two major components for the induction and maintenance of seed dormancy. The presencehomiotdcules is absolutely
required since the absence of one or the other factor leads to totally-dmmant seeds. Hence, ABA and DOG1 are believed to
operate mainly as independent but parallel pathways although these pathways must cross talk and Uyticoeieerge at
downstream components to harmoniously shape seed dormancy. We recently demonstrated that DOG1 requires AB
HYPERSENSITIVE GERMINATION1 (AHG1) and 3 (AHG3) phosphatases of the ABA signalling pathway to control seed doi
Thereby, our workunravelled the first molecular connection between DOG1 and ABA. In seeds, DOG1 acts as a negati\
regulator of AHG1 activity providing an inhibitory mechanism for this-fBAune and seeéibundant PP2C. Molecular targets

of the canonical ABA pathway aggdely described but unique downstream components of the DBBG1 module are still to

be discovered. We addressed this question by mapping the seed phosphoproteodwybfmutants in comparison to WT
seeds. From our phosphoproteomic data, we could idgntiteresting putative candidates whose phosphorylation states are
under the control of the DOGAHG1 module. Further interaction studies based on immunoprecipitation and mass spectrometry
analysis indicated that they interact physically with AHG1 in sdadsddition, physiological experiments using mutant alleles of
our candidate genes revealed their importance for dormasitigto sensu
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PcQc018
A metabolic and proteomic time series during progressivedght stress inArabidopsis thaliana

B. Heinemanh H. P. Brauh T. Hildebrandt
Unstitute of Plant genetics, Leibniz University Hannover, Plant Proteomics, Hannover, Germany

Water insufficiency already is one of the biggest problems in agriculturetauipact will become even stronger in the future.

Due to their stationary lifestyle, plants are at the mercy of their local environment including the weather. They haveevelo
diverse strategies to avoid drought stress for a distinct time. Howevemn before stress phenotypes or damages are visible,
plants may already suffer from mild or moderate drought stress. If these plants are not watered (recovered), common
consequences are growth inhibition, early flowering and yield losses. To investigateethbolic changes during progressive
water deficit in Arabidopsis thalianawe established a stress treatment workflow leading to reproducible and physiological
drought conditions of increasing intensity until recovery of the plants is no longer pos¥Wglepresent a comprehensive
overview of metabolic adaptations in the course of the stress treatment based on metabolite and proteome profiles. Absolute
data is provided showing the composition of the free as well as the protein bound amino acid poolstoggthar with protein
degradation rates during stress and protein abundance profiles the dynamic changes in individual amino acid concentnations c:
be interpreted within the physiological context. In addition, we investigate amino acid metabolism dioeirrgcovery phase.

The overall results deliver fundamental insights into plant metabolism under physiological drought stress and can beaused as
resource dataset for other researchers.

PcQc019
Cold priming affects the chloroplasassociated proteins i\rabidopsis thaliana

V. SeimBuchinget, A. Bittnet, M. Baiet
IFreie Universitat Berlin, Institut fiir Biologie, Berlin, Germany

The chloroplast NAD(P)H dehydrogenase (NDH) complex is embedded into the thylakoid membrane close to photosystem | &
mediates one of the two main cyclic electron flow pathways of photosynthesis (Ishikawa et al., 2008FeRNghalysis
demonstrated that the transcript levels for NDH subunits are significantly decreased 5 days aftprimitgd) of 4 week old
Arabidopsidor 24 h at 4 °C, which leads to pesbld induction of tAPX expression (van Buer et al., 2016) and can be mimicked
by transient ovetexpression of tAPX in absence of cold (van Buer et al., 2019). In this study, we analygethpogtregulation

of the transcipt abundances for chloroplasts NDH subunits by-BRR and recorded the NDH activityvivobased on dark
relaxation of chlorophyd& fluorescence after illumination. We showed that immediately after cold treatment, the transcript
levels of NDH subuniterere increased and chlorophyll fluorescence demonstrated similar NDH complex activity as in the
untreated control plants. The dark relaxation regulation of chlorophyll fluorescence declined 3 days after the priming cold
treatment and was completely lost thin the next 5 days. The transcript levels of NDH subunits decreased in parallel. Results
demonstrated that in colgporimed plants the cyclic electron transport capacity driven by the NDH complex is lost in parallel to
tAPX accumulation and suggests thgtl@ electron transport regulation is part of the memory modifying gene expression upon

a future stress for days. The specify of the effect is discussed on the poster by Bittner et al., on which we compagettbe eff
cold priming on gene expression tdgtion in response 5 day later applied cotd highlight stress.
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PcQc020
Characterization of cytosolic histone deacetylasesAshbidopsis thaliana

P. Tilak G. Néég, I. Finkemeier
IUniversity of Minster, Institut fir Biologie und Biotechnologie der PflarnzBBP, Miinster, Germany

Plants can quickly adapheir metabolism and their development upon external natural stimulation by using-tpasslational
modifications (PTMs). PTMs on proteins are a convenient and fast way by which the chromatin form an open or close
conformation and as a result, plants gulaheir cellular metabolism. Studying pesanslational modification in plants can be
challenging, particularly when the proteins of interest are low abundant, such as in the case of histone deacetylases (HDAC
HDACSs act on acetylated lysine residuetha N-terminus of the core histones to carry out the removal of the acetyl group. In
Arabidopsis thalianghere are about 18 HDAC identified and due to their action on histone and other proteins, they are involved
in plant development and in responses dbiotic stress conditions. However, these proteins are less abundant and not easily
detected. In this study, we performed acetylome enrichment on cytosolic HDAC in order to evaluate its positive or negative
regulatory function at the protein level.

PcQq021
Cold stress responses in young sugar beet plants

A. L. Gippeft H. P. Mock

ILeibnizinstitut fur Pflanzengenetik und Kulturpflanzenforschung, Gatersleben, Applied Biochemistry, Gatersleben, Germany

Plants are exposed to various biotic and abiotiesses and among them; cold stress severely affects plant growth and
development. Plants have evolved mechanisms to enhance their cold stress tolerance in a process called acclimatization. Tt
are able to prepare their metabolism to a freezing scenaridiwita low temperature period before cold stress occurs. One
example is the regulation of the flavonoid metabolism in response to low temperature (Petridis et al., 2016). However, the
complex process of cold acclimatization, which involves physiologicéhbwie and transcriptional modifications, is not fully
understood yet (Miura and Furumoto, 2013).

This project aims to investigate cold stress responses and to identify molecular mechanisms promoting cold tolerance. For tf
purpose, young sugar beets veechosen as a model organism, which in general are very susceptible to frost on the early
developmental stages. A panel of 24 sugar beet genotypes was selected to be screened for contrasting cold stress behavi
Within this, 19 genotypes derived from tlgaterslebener Genbank and have warm or cold geographical origins. The other 5 are
commercial sugar beet varieties. Upon now, during the first screening, young sugar beets are exposed to freezing temperatur
and their respective resistance is characterizgd cold survival rates, physiological damage and the accumulation of frost
protecting compounds. Afterwards, the respective cold protecting mechanisms and the metabolic status of a smaller genotyp
selection will be analyzed in more detail by observingbchydrate and amino acid metabolism, as well as antioxidant
protectors and secondary metabolites, including betaines, phenylpropanoids and anthocyanins (Arens et al., 2014). Therefor
our main tool for analysis idtra performance liquid chromatographyoupled to mass spectrometry (URMS).
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PcQc022
Sugar transport irPinus sylvestrisinder drought stress

L. Czempik G. Lohas

Bergische Universitat Wuppertal, Molecular plant science/plant biochemistry, Wuppertal, Germany

Sucrose is produced in tissue of high photosynthetic activity (source) and distributed to sides of active growth (sigk)ttieou
phloem. The allocatiof assimilates in the phloem from source to sink tissue is highly regulated and changes under different
environmental conditions. The major studies of phloem loading have been done in herbaceous plants and point out an activ
loading process involving swae transporter (SUT), whereas for trees passive loading is suggested. However, it has been show
that the transcriptome of various woody angiosperm species include SUT sequences, contradicting the prior assumption
passive loading. Besides phloem loagithere is hardly any information on the regulation of SUT available. This raises the
guestion which role the SUT play in the phloem loading and if abiotic stress factors contribute to their regulation. Reeently
found the first SUT sequencesRiteaabiesand Pinus sylvestrigwo gymnosperm trees belonging to the pine family (Pinaceae),
including different types of SUT in each tree. Phylogenetic analyses revealed that the gymnosperm SUT form distinct clust
inside the different types compared to trengiosperm SUT. Furthermore, the expression of the SUTs as well as the sugar anc
starch content were observed in needles, bark and woodPofsylvestrigduring a period of severe drought stress. The
experiment showed that the expression of both SUTs mestswith gPCR was increased under water deficiency. Furthermore,
the sugar content of needles, bark and wood was increasing with advancing aridity. These results indicate that the @oregulati
of SUTs and the higher sugar content might be necessary totaimaiphloem transport when the availability of water is
restricted.

PQc023
Living on wood; ecophysiological and ultrastructural characterization of the terrestrial green microalga

Diplopsphaera (Trebouxiophyceae) isolated from a tree bark in Innsbruaks(ria)

C. Medwed, A. Holzingétr S. ObwegesérK. Glasér U. Karsteh
tUniversitat Rostock, Rostock, Germany
2university, Innsbruck, Germany

Unicellular green algae likeiplospaera chodat{Chlorophyta, Trebouxiophyceae) are typical components wéstrial habitats.

This alga was isolated from bark @fiamaeyparis lawsonian&upressaceae) of the Botanical Garden in Innsbruck (614 m a.s.l.
Austria). The samples were molecutakxonomically characterized. Ecophysiological traits were investigatddeanironmental
conditions were monitored. Photosynthetic performance was evaluated under controlled experimental desiccation and
rehydration by monitoring the effective quantum yield. For standardized desiccation experiments, sealed boxes were used, eac
filled with desiccants reaching defined relative humidity (RH 10%, 34%, 40%), while the effective quantum yield was measur
from the outside. All samples were completely dehydrated after different periods of time and recovered to approximately 80%
of maxmum effective quantum vyield after rehydration, even after a humidity of 10%. Relative electron transport rates (rETR)
curves were determined at increasing photon fluence rates (up to 979 umol photds$) nand the initial light saturation point

(Ik) valie was at 158 umol photons ‘fa’. No photoinhibition was detected, which indicates acclimation mechanisms of the
photosynthesis apparatus under enhanced irradiation. This confinnsu radiation measurements, where an average photon
fluence rate of 45Qumol photons nts? is typically recorded on the bark, but also higher values up to 800 umol photda$ m

can be temporarily recorded. Photosynthetic oxygen production and respiratory oxygen consumption was measured along
temperature gradient (5°@0°C). Maximum oxygen production was found at 20°C. On a sunny, cloudy summer day, an averag
temperature of 27°C is reached in Innsbruck, with a humidity of 40%. Tipsphaeracan thrive at higher than optimal
temperature conditions, indicating its ecbypsiological plasticity. Samples were also characterized by high pressure freeze
fixation/freeze substitution transmission electron microscopy. A particuldaysred cell wall with a smooth inner layer and a
fuzzy outer layer was detected. The presentita provide an explanation for the occurrenceplosphaeraon tree bark in
terrestrial habitats where environmental factors can be particularly harsh.
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PCQc024
Downregulation of Nterminal initiator methionine imprinting by NatB impacts growth and the response

to osmotic stress in Arabidopsis
L. Armbrustet, M. Hubet, W. Bienvenut E. Linstét |. Stephah C. Sticht T. Meinné, C. Gigliong R.

Hell, M. WirtZ
1COS Heidelberg, AG Molekulare Biolalfie Pflanzen, Heidelberg, Germany
2Institute for Integrative Biology of the Cell, Gifr-Yvette, Germany
SCenter for Medical Research, Mannheim, Germany

Introduction: N-terminal acetylation (NTA) is one of the most abundant protein modifications in higb&aryotes. In
Arabidopsis thalian®TA affects up to 90 % of soluble proteins and is catalyzed cBtyltransferases (NATs). The major NAT
complexes NatA and NatB together acetylate about 70 % of all plant NAT substrates. Recently, NatA was shatval to
responses to abiotic and biotic stress in Arabidopsis. Although NTA has gained recognition as key regulator of pratein fate
animals and fungi, the plant NAT machinery and its biological significance remain largely uncharacterized.

Results:Herewe show that downregulation of NatB to 30 % of wijghe level caused substantial growth retardation in NatB
lossof-function mutants. Complementation of these mutants with human and plant NatB catalytic subunits revealed
evolutionary conservation of NatB multicellular eukaryotes. We identified more than B@na fidesubstrates of the plant NatB

by quantitative global Mcetylome profiling of NatiBlepleted plants. NatB preferentially acetylatedi@&mini starting with the
initiator methionine followed byan acidic amino acid. This subset of proteins constitute 20 % of the leaf proteome, which
explains the significant increase of proteins with fregekinini found in NatBdepleted mutants. The global transcriptome
analysis of NatBlepleted mutants suggestkea function of NatB in multiple stress responses. Indeed, the Mat®f-function
mutants displayed an increased tolerance to osmotic and -kahstress. In contrast, depletion of NatA did not affect these
resistances.

ConclusionsOur findings expanthe view on NatB function beyond its influence on plant development. In combination with
previous findings on the role of NatA in drought tolerance, these results suggest a dynamic regulation of distinct NAdesomple
in plant stress responses.

PQc025
Molecular genetic research on the desiccation tolerant Malagasy Poac&gppeiochloa hitchcockii

J. KirchgesstrJ. Rexroth P. Nowak D. Bartel§ S. Porembski
YInstitute for Biological Science, University of Rostock, Rostock, Germany
2Institute for Molecular Physiology and Biotechnology of Plants, University of Bonn, Bonn, Germany

Climate change and its impacts are increasingly becoming a serious problem for global food security. With a globalGk@re of 7
of all grown crops and 4% of calories comsned by humans, Poaceae are the dominant plant family in agriculture. Just a few
plant species, often occurring in widely distributed families, developed a form of vegetative desiccation tolerancefinets de

as the ability to dehydrate to an equilibriuwith dry air (up to 986) and resume normal metabolic functions after rehydration.
Processes of desiccation/rehydration include several strategies such as leaf folding or the mobilisation of specializes] prote
especially LEAate embryogenesis abundg proteins.

Styppeiochloditchcockiiis a desiccation tolerant Poaceae originating from the Malagasy Central Highlands, where it occurs a:
the dominant mat former on inselbergs. To understand the molecular mechanism of the desiccation préésshicockij the
present study will focus on genes already known for playing a role in desiccation tolerance resp. drought resistanceASince L
proteins are the most prominent response associated with the acquisition of desiccation tolerance, and prokeidgdithe

leaf folding process are quite important as well, corresponding primers (originating frmrdeumvulgare resp.
Craterostigmalantagineun) are currently being tested to analyse gene expression profiles. Our preliminary results, using CLO:«
primers initially designed fo©ropetiumthomaeum show the existence of a gene encoding for a-serd caleosklike protein

(CLO). Gene expression analysis gives some hints to a significant increase of CLO4 transcripts during desiccation, which
suggest i importance during dehydrated stages. CLO proteins are known for playing a neggtiletory role in ABA signaling.
However, future research is required to validate our findings and determinate the specific function of G.Gitchtockii
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PcQc026
Functional characterization of the stress associated zZiimger protein 12 (SAP12) for its role in abiotic

stress response
L. VogelsangS. Schmidtpott V. Kuma, I. Finkemeiet M. Persick& C. De La T, T. Seidé| K. J.

DietZ
lUniversitat Bielefeld, Plant Biochemistry and Physiology, Bielefeld, Germany
2Universitat, Plant Physiology, Minster, Germany
SUniversitat, Technology Platform Genomics, Bielefeld, Germany
4Universitat, Center of Medical Resrch, Mannheim, Germany

Abiotic stress response involves zinc finger proteins such as the family of STRESS ASSOCIATED PROTEINS (SAPs), which
and/or A20 zinc finger domains. Proteins with AN1 and A20 zinc finger domain are differentially expiredsedarious abiotic
stresses like cold, drought, salinity, or heavy metal exposure. Among the 14 members of SAPs in Arabidopsis, at least SAI
which possesses three cysteines between its two AN1 domains, was reported to be redox regulated withiat padpnotial of

-320 mV. However, redox titration revealed conformational shifts only at strongly oxidizing conditions. Neither hydrogen
peroxide nortert-butylhydroperoxide resulted in shifts of mPHE@l-labelled SAP12 at physiological concentration®lwel00

MM. This might point to a redemechanism that involves additional proteimns vivoto establish the redox state of SAP12.

A. thalianao / 2 f mn T -BNAlnsettighRinest were grown either hydroponically or on soil for around five weeks and
subjeded to different stresses. A major set (10%) of constitutively deregulated transcripspit? mutants belonged to the

gene ontology group "cold or osmotic stress response” (like DTX50, ZAT12 or MYB15). Compared tegWwinszipl2
showed slightly baer performance upon sequential freezing2(-4 and-6°C) and subsequent recovery. In addition, roots of
cold treated hydroponically growsapl2mutants showed less ion leakage upon cold treatment. However, transcript amounts of
typical ABA markers (e.gsRD10, COR47) were induced strongly up téfoBDon ABA treatment in both WT and mutants,
demonstrating the activation of AB#&sponsive pathways, while upr downregulation of DTX50, ZAT12 and MYB15 were
maximal 2fold. This might suggest presence afSAP12egulated specific signalling pathway, which does not perturb the
general ABA response. Furthermore, proteomic analysis revealed differences in the proteome of WT and transgenic lines ev
under control conditions, while metabolic analysis for pamn metabolism showed no significant difference between WT and
sapl2 Interestingly, based oim vitro andin vivodata, SAP12 interacts with CALMODULIN LIKE PROTEIN 49, suggesting a role
SAP12 in linking redeand calciuradependent signalling pathways

PcQq027
Can we predict plant frost hardiness using chlorophgfluorescence?

T. SwoczyniaJ. Mojsk, H. M. Kalaji
Y7120 DOUOsgyl D2alLRRINBRiGSlI 2rAS2a81AS32 6 21 NBTIF6ASKk2 | NAI
Protection, Warszawa, Poland
tg22 {o6AlG WHOS|1 az22alAx _dzlsez t2flyR
¥17120F DUsgyl D2alLB2RINRBEGsI 2 AS2a {fexsSBiehges, Bepartméhkof Plaat P1yy/siclogyNEA |
Warszawa, Poland

JIRtest is a tool based on chlorophyll fluorescence measurements, widely applied to examine the photosynthesis process ar
study changes of structures and performance of photosynthetic apparat plants under various environmental stressors. The
main objectives of our work were to evaluate the usefulness of several woody and/oady perennial species to be used in
out-door vertical gardens and to check if chlorophyll fluorescence measuremam allow to predict plant frost hardiness.
Plants were cultivated in vertically arranged pockets made of polyester felt. The experiment was established in Junea2015 on
south-oriented wall. After the winter 2015/2016, only 16 species and cultivarsa f&8 initially planted taxa substantiated
successful survival. During 2016, between July and November, measurements were done with intervals of ca. 30 days on 1
leaves of the survived taxa. Survival capacity of examined species and cultivars did nanshsignificant correlation with
performance indices of photosystem Il fR&nd Phta)) and parameters related to quantum yields of photochemistry. On the
contrary, some particular parameters linked to the specific energy fluxes per active reactioasc@R€), i.e. FRC and RERC,

were found to be correlated, to some extent, with plant winter survival rate. Relative chlorophyll content and leaf epidermal
flavonoids were negatively correlated with winter survival, when measured duringQiutber tme period. However, the slope

of the regression line was more flatten in chlorophyll than in flavonoids indicating higher relationship between epidermal
flavonoid content and winter survival ability. In conclusion, when looking for the most reliable todifawinter hardiness,
higher EF’RC and RERC seem to indicate higher capability of plants to overpass unfavourable environmental conditions.
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PcQc028
Adaptation of the green seaweetllva (Chlorophyta) al its microbiome to cold temperature in

Antarctica

T. Wichard, M. Kwantey S. Fenizi&, O. H. BrinkhadsL. Langhanis

IFriedrichSchillerUniversitat Jena, Institut fiir Anorganische und Analytische Chemie, Jena, Germany
2Max-Planckinstitut fir Chemishe Okologie, Jena, Germany

Our project investigates the cold adaptation of the green macrobliga(Chlorophyta), also known as sea lettuce, which occurs
worldwide in coastal areadJlvais characterized by excellent adaptability to changes in its enwismt. It is therefore often
found in waters heavily polluted by humans, but also under extreme natural conditions such as in Antarctica. Howe\eer,
growth and morphogenesis depend on the associated bacteria releasing growth promoting compoundso@eog)h Under
bacteriafree conditionsUlvadevelops into a callus of nedifferentiated cells.

The project aims to identify stresegulated genes and metabolites that are stimulated during the stesrn cold response and
acclimation under specific coideration of Ulva's microbiome. Interestingly, coladapted (i.e., the Antarctic/cold temperate)
Ulvaspecies also grow at a higher temperature. However, the warm tempéJatautabilisdoes not grow at low temperature.
These observations pave the way teaipher the coleresponsive genes and metaboliteslivafrom the perspective of both
intrinsic (algal metabolism) and extrinsic (microbiome) factors. Using a metabolomics approach, we have compared the war!
temperate model systenJlva mutabiliswith the Antarctic/cold temperateUlva strains,U. compressaand U. bulbosa which

were previously collected on King Georg Island (Potter Cove, Antarctica). Overall, the insights which we gain on thanelcology
physiology of macroalgae will shed light on how pagmbiotic communities are developing in response to global climatic
changes in the ecosystem of Potter Cove.

The project is part of the DFG priority program SPP1158 "Antarctic Research with Comparative Investigations in Aretst Ice Are

PQc029
Unraveling the functional evolution of the FtsH protease complex in algae

M. Handrich, J. Furstlansefh, M. JarquirCorderd, J. Nickels#, S. Goult
IHeinrichHeineUniversity, Dusseldorf, Germany
2LudwigMaximiliansUniversity, Munich, Germany

Plants exposedo excess light energy produce reactive oxygen species (ROS) due to an oversaturation of the photosyntheti
apparatus. In particular the PSII reaction centre protein D1 gets damaged under high light conditions and has to beteeplaced
maintain photosyntletic activity. Degradation of photodamaged D1 therefore is an essential process in photoprotection which is
carried out by the action of the FtsH proteaseCinlamydomonas reinhardtib genes are known to encode FtsH, two of wigch
namely FtsH1 and @ form the functional active heterooligomer known to play a major role in PSIl repair. With 12 identified
genes, the model planArabidopsis thalian@ossesses twice as many FtsH proteins. At least ermmd\one Bype is required

for forming a functional #8H protease complex. In contrast, only one gene encoding FtsH was identified in the xanthophyte
Vaucheria litoreato date. At the same time, the gene remains plastittoded inV. litoreawhile in C. reinhardtiand A.
thalianait is nuclear encoded du®tendosymbiotic gene transfer. To investigate the functional evolution of this protease-we re
introduced ftsH into the plastid genome ofC. reinhardtiand generated mutant lines overexpressing an otherwise nuclear
encodedftsH2of C. reinhardtiand a platid encodedftsHof V. litorea. Using these overexpression lines, we analyzed (i)
pigment compositions (ii) thylakoid structures and (iii) NPQ performances under light stress conditions. The latter dints at
photosynthesis performancassociated phenotyp for clones transfected withftsHof V. litorea Preliminary data on

ftsH expression profiles furthermore suggest a regulatory function for FtsH2, maybe being the key player in complex formation.
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PcQc030
Hints to new functions of metabolic enzymes in translational regulation in high light expoéeabidopsis

thaliana plants

M. Wegenet, C. WesemarinM. Moore"?, F. Butte?, K. J. Dietz
Bielefeld University, Biochemistry and Physiology of Plants, Bi&l&ermany
2Australian National University, Canberra, Australia
SInstitute for Molecular Biology, Mainz, Germany

Photosynthetic organisms have to cope with fast and enormous changes in light quantities and qualities in the natura
environment. Efficient adimation to varying light conditions requires fast and profound metabolic adjustments in order to
avoid damage of cell components due to redox disequilibria and increased production of reactive oxygen species. Inxhis conte
regulation of translation i powerful mechanism to quickly adjust the active proteome and preserve energy by selective
translation, as it is a highly energy demanding process. In contrast to the global trend of reducing translation actarity und
stress, it was shown that severatessrelated transcripts are preferentially loaded with polysomes upon high-tigiattment of

plants. This mechanism of selective translation ensures a fast and esaving adaption to the changed light intensity. As the
preferentially associated trawsipts carry conserved sequence motives within their untranslated regions we hypothesize that
the loading on polysomes is mediated by RdNAding proteins that show conditional affinities for their target sequence. Affinity
pull-downs where motivecarrying RNA segments from several polyscassociated transcripts were incubated with leaf
extracts from low lightor high lighttreated plants revealed a high number of metabolic enzymes that bind to the RNA segments
showing an enrichment under low light condits. First EMSAesults with selected enymes confirm the binding to the motive
carrying RN#Aorobes in vitro. Based on these observations and other findings in the literature we postulate a model of
translational regulation by repression through metab@izymes under low light conditions. This finding provides first evidence
that metabolic proteins show moonlighting activities also as RNA binding proteins to regulate plant protein biosynthesis.

PcQq031
Aerophytic conjugating green algae (Conjugatophyce8&é¢reptophyta) with a novel extracellular

sunscreen pigment

A. Busch S. Hess
IUniversitat zu Koln, Kéln, Germany

Terrestrial algae face several stressors including periodic drought and high solar radiation, both of which can be hirimful to
cells.Some of these algae synthesise and accumulate-ighorbing substances that shield the cells against harmful radiation
(non-photosynthetic pigments). A number of eukaryotic algae deposit such pigments in vacuoles or the cytoplasm, while
sunscreen pigmds in the extracellular matrix areuntil now - only known from prokaryotic algae (Cyanobacteria). In the moist
uplands east of Cologne, Germany ("Bergisches Land") we observed mass developments of terrestrial algae belonging to |
polyphyletic genudMesotaenium(Conjugatophyceae). These algae formed extensive black crusts covering moss, tree bark ant
bare soil, and exhibited pigments in their extracellular mucildgesotaeniumspecies with a pigmented mucilage were only
rarely documented in the past, d& genetic identity and the function of their extracellular pigment is still unclear. We sampled
such algae from diverse terrestrial habitats in Western Germany and North America (Great Smoky Mountains, USA), establish
several axenic cultures, studiedetttell morphology with light microscopy (including confocal laser scanning microscopy), and
sequenced the rbcL gene for phylogenetic inferences. The isolated strains showed common morphological characters (e.qg. «
shape, plastid morphology), but varied size and on the genetic level. Due to distinct morphological and genetic differences to
the type species of the genldesotaenium(M. endlicherianurjy we plan to introduce a new genus for the studied strains. To
test whether extracellular pigmentation nabe induced under light stress, algal cells were exposed to fluorescent tube lamps
emitting photosynthetically active radiation (PAR) and ultraviolet radiation (UV). Cells treated wishseldfeted blue mucilage

and established pigmented capsules. Asedetined by microspectrophotometry, the pigmented mucilage absorbed in the
entire solar spectrum, with two broad absorption maxima at about 300 nm and 580 nm. Both thedidéd production and

the absorption spectrum of pigmented mucilage strongly suggesinscreen function. We conclude that the densely coloured
mucilaginous capsules may protect the algal cells from harmful solar radiation in their natural habitat.
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PcQc032
The Cé*-sensory proteinsAtCML49/CML50 and Zfinger proteinsAtSAP2/ SAP3 participate in strong

light acclimation

S. Schmidtpott C. WesemaninM. Moore-?, L. Maaroufi, M. Wegenet, T. Seidé| K. J. Dieiz
tUniversity Bielefeld, Biochemistry and physiology of plants, Bielefeld, &grm
2University, Biology, Canberra, Australia

Plants deploy strestesponsive mechanisms to sense and react to environmental stresses like drought, heat, cold and exces
light. This work explores a new mechanism of possible interference between redoxasgidnt in high light acclimation.
Calmodulins (CaMs) and calmoddiie proteins (CMLs) are major3Gaensory proteins which participate in regulation of plant
growth and development. Thereby, calcium serves as an intracellular second messenger?Tied®a to these proteins
activates an arsenal of dowstream responses including gene expressistCML49 was identified as interactor of the stress
associated proteins (SAPs) which have A20/AN1 zinc finger domains who are components of the celtulae resgghinery. It

is proposed that CML49 and its close homologue CML50 together with the-redobated SAPs form variable sensbgbs
integrating C&- and redoxbased signaling during high light stress. This work focusest®AP2 and SAP3 as theispective
expression increased with, e.g., heat and strong light stress. Upon transfer of low light acclimated plantddio Iyeased

high light intensity, SAP2 and SAP3 transcripts revealed increased polysomal association within 10 min. Theotgntrithg
heatshock proteins showed an increased transcript accumulation but a concomitant increase of the transcript in the polysoma
fraction was not seen. The ROSICsignaling crosstalk between both protein families was explored in the yeashybrid

system and by Foérster resonance energy transfer (FRET). SAP2 and SAP3 forms homomers and heteromers with other SAP.
with CML49 and CML50. This flexibility of complex formation on the one hand and the observation that the transcriptiona
response othigh lightexposed shade acclimated Arabidopsis lacking either SAP3 or CML49 is massively altered compared
wild type on the other hand supports the hypothesis that SAP2 and SAP3 play a decisive role in the acclimation resginse to hi
light. This respose affects ribosomassociation and rapid adjustment of photosynthetically relevant transcripts involved in light
stress acclimation.

PcQc033
Arsenic and hypoxia stress combination: metabolic analyses reveal unique respongesimdopsis

thaliana L.
V. Kimart, L. VogelsargT. Seidé] R. Schmidt A. Meyef, M. Webef, S. ClemerisM. Reicheft S. S.

Sharmé, K. J. Dieiz
tUniversity of Bielefeld, Bielefeld, Germany
°RWTH Aachen University, Institute of Biology I, Aachen, Germany
SUniversity of BonnNRESChemical Signalling, Bonn, Germany
4University of Bayreuth, Department of Plant Physiology, Bayreuth, Germany
SMax Plank Institute for Chemical Ecology, Department of Biochemistry, Jena, Germany
5Sikkim University, Department of Botany, Gangtok, Geryna

In nature, often the change of multiple and not isolated abiotic factors influence plant developmerbcaOoing
environmental factors affect arsenic (Askicity, -tolerance and -accumulation in crop plants as well as in-As
hyperaccumulators. The gsent study focuses on the naturally occurring combination efo&iity and root hypoxia (HpxAs). It
revealed unique responses of hydroponically gromwabidopsisplants, which were distinct from individual hypoxia and As
treatments. The most obvious siss phenotype after 7d of treatment was the severe inhibition of root growth under all stress
conditions. In fact, root growth ceased in hypoxia and Hpstéessed plants. The differential effects of HpxAs on root growth
became apparent upon reaeration, wite plant roots under hypoxia, and combined stresemsued growth as O2 became
available. However, a lag in growth recovery from HpxAs was evident, which could be an indicator of stress memory. Tt
presence of As in the HpxAs plants also interfered thithhypoxia response and the recovery of marker transcripts like HB1 or
PCO1 in roots. Vice versa, low O2 reduceéd&simulation in these plants, although the toxicity increased. Stress effects in
roots were visible within hours of stress application amnfi of an oxidized state of cytosol in the meristematic root cells.
Interestingly, unlike individual stresses, meristematic root cell cytosol became increasingly oxidized over 7d of HprAstireat

In contrast for Adreatment, a readjustment of cytosoledox milieu was detected after 4d. These differences may be
responsible for reduced meristem activity in Hpyxgiessed plants as well as long distance stress effects. Hypoxia, in general,
affects nutrient assimilation. In the present setup, especially Adpplants showed a pronounced decline in total plant K
contents likely limiting growth. Further, a significant transcript deregulation of diveitsanisporters and other genes involved

in Khomeostasis was observed in root transcriptome data. Apparepthnts activated mechanisms to sustaifudctions. A
possible Kstarvation induced change in plant water status was also evident in these plants. The subsequent ABA accumulatic
in leaves under HpxAs might be important in acclimation in these plantsctiricluded that redox disequilibria and disturbed
potassium homeostasis decisively contribute to the severe phenotype of Arabidopsis exposed to the combination of arseni
toxicity and hypoxia.
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PCQc034
Identification and characterization of new Zhomeostasis factors iArabidopsis thaliana

M. Webet, N. Naglet, C. Hofmanh B. Beyent S. Clemernis
tUniversity of Bayreuth, Plant Physiology, Bayreuth, Germany

Several metals are essential for plants, but ckso de toxic when concentrations exceed a distinct threshold. In addition, these
metals have to reach myriad target sites in a plant. Along the distribution pathways there is strong interaction betwerentdiff
essential as well as the nassential metad. Therefore plants need a complex and tightly regulated metal homeostasis network.
To date only few components of this network are molecularly characterized. The identification of new Zn homeostasis
mechanisms is not only important for our understandirfgcountless processes in plants but can also help develop crop plants
with higher concentrations of bioavailable Zn in their edible tissues (= biofortificatidrgrefore, we screened for mutants with
compromised growth in the presence of excess Zn2srder to identify factors involved in plant Zn biology. We named these
mutants ozsfor "overly zinc sensitive" (Weber et al., 2013). So far we isolated 14 nonallelic mutants. Several causal mutation
were identified in genes, which are not described in tdoatext of metal homeostasis so far. Moreover, we have experimental
hints for a direct connection between Zn homeostasis and other physiological processes like pathogen defense or cold stress.

References

[1] Weber, M., Deinlein, U., Fischer, S., Rogowdki, Geimer, S., Tenhaken, R., and Clemens, S. (2018utation in the
Arabidopsis thaliana cell wall biosynthesis gene pectin methylesterase 3 as well as its aberrant expression cause liyipersensit
specifically to Zn. Plant J. 76: £364.

PQc035
Desiccation tolerant grasses of Indi@an unexplored treasure

M. Datat
IAgharkar Research Institute, Biodiversity and Paleobiology, Pune, India

As water is a crucial component for the survival of life on earth, various plant adaptions revolve aroundhilabiliy of
surrounding water resources. Contrary to aquatic plants which tolerate excess of water, desiccation tolerant (DT) plaints grow
water limited conditions. By definition, desiccation tolerance is the ability to recover from almost compést€8890%) of
protoplasmic water (Alert et al., 2000). This phenomenon was first discovered in rotifers and found further in cryptogams anc
higher plants (Alert et al., 2000). Globally, 330 species of tracheophytes are found to be DT including seiesn damil
pteridophytes, six of monocots and five of eudicots. Monocots outnumbering eudicots contain families like Poaceae
Velloziaceae, Cyperaceae & Bromeliaceae (Porembski, 2011).

Rock outcrops, a characteristic habitat of India, is dominated by PoaBesenibski & Watve 2005) with a representation of
nine grass species reported to be DT (Gaff & Bole, 1986) These iBchgtestiellad2 species)Qropetium(2 species)

and Tripogon(5 species) usually found growing on vertical cliffs. However, followaff &Bole (1986), there are no works
exploring Indian DT grasses. Recent studies have shown that outcrops in Madagascar and Brazil are abundant in
tracheophytes. But the understanding of Indian inselbergs for their DT potential is at its infancy aluectiptal information on

their ecology. As per Porembski (2011), the most extensive stand of DT in the world is in the Toippgbnmats growing on

the cliffs in Western Ghats of India. Hence it is a long need to study these habitats criticallyldoe eig diversity and
distribution of desiccation tolerance.

During the preliminary work, grasses from the Western Ghats were collected and tested for DT following protocol by Gaff
Functional traits at morphological and anatomical level were also dootede Species ofripogon, Oropetium,
Dichanthiumand other allied genera were tested for DT with an aim to provide a comprehensive checklist of Indian DT plants
Based on preliminary results, it can be estimated that the vertical cliffs in Western @heitsghe largest growth sites of DT in

the world. The potential of these DT species for future use in crop science is very high.
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PcQc036
Abiotic stress regulation by XERICO E3 ligases

C. Agiuk C. Schwechheimer

Technical University dflunich, Chair of Plant Sytems Biology, Freising, Germany

Protein ubiquitination plays a major role in many plant biological processes and is involved in the adaptation of plbiut$cto a
stresses. XERICO being classified as RING (really interestingrmedwzigefinger protein is involved in abiotic stress regulation
in Arabidopsis and maize through the abscisic acid (ABA) pathway. Overexpress¥BREECN Arabidopsis incurs
hypersensitivity to ABA and salt or osmotic stress. Similarly, in maizexpvession oiZmXericoland ZmXericoshows ABA
hypersensitivity, improved drought tolerance and, under controlled drought conditions increased yield. Maize ZmXericol
functions as an E3 ubiquitin ligage vitro, and it is proposed that ZmXericol regulatke ABA catabolic, endoplasmic
reticulumresident ABA 8*hydroxylasesXERIC@ repressed in the Arabidopsim1 mutant after GA treatment, and is present
in multiple GAregulated gene expression studies. As sX&ERICWas classified as being a main-@fulated gene. Little is
known aboutXERICOs function in the model plant tomatdSplanum lycopersicimwhich possesses three putatiERICO
orthologues SIXERISIXERZSIXER3 Using phenotypical, transcriptome and biochemical analysis, we aimttefurnravel the
role of XERICO in abiotic stress responses. To investigate the conservation of roles amongst XE&IE®in tomato,
transgenicArabidopsis thaliandines overexpressing Arabidop&ERICQAIXER andSIXERB are used along with torrta lines
cv. M82 overexpressinGIXER3AIso, the generation of tomato losd-function mutants of all threeSIXER genes using
CRISPR/Cas9 will further elucidate the role and function of XERICO.

POSTER ABSTRACTANT DISEASPROTECTIORESISTANCE

PGR;001
Characterization of native plant growth promoting rhizobacteria and their anbmycete potential

againstPhytophthora capsicaffecting chilli pepper Capsicum annuni..)

S. Hydel, M. Inamul-Had, A. Shahzad GonadaR. Ahmed| N. Fatima
'PMAS Ad Agriculture University , Department of Plant Pathology, Rawalpindi, Pakistan
2University of Arid Agriculture, Department of Soil Science & SWC, Rawalpindi, Pakistan

Rhizobacteria play a significant role in disease suppression and plant growth pronmoti@rious cropsPhytophthora capsids

a notorious agent which infects the crops in early and late growth stages. In the present study, two isolRtesapkici
(accessions MF322868 and MF322869) were found virulent to locally cultivated chilli pepsérg post emergence damping
off. To manage the disease biologically, out of 15 isolated chilli rhizobacterial strains, eight were found potentialisintagon
capsiciin vitro. Bacteria with strong antifungal potential were subjected to biocheméal molecular analysis. All tested
isolates were positive for Hydrogen cyanide (HCN) production and catalase test and3+adetéc acid (IAA) production ranged
(6.1056.23 pg mil) while siderophore production varied between 12.5 to 33.5%. The 16S-s&iN#nce analysis of tested
rhizobacterial isolates present 98 to 100% identity witbeudomonas putida. libanensisP. aeruginosaBacillus subtilisB.
megaterium and B. cereussequence database available (https://www.ncbi.nlm.nih.gov/). All seqgegnof identified
rhizobacteria were submitted to GeneBank for accessions. Greenhouse studies concluded that all tested bacterial strair
suppressed thé>. capsicinfections (52.363%) and significantly enhanced the plant growth characters in chilli pefigcacy
of many of these tested rhizobacteria is first time reported against oomycetes from Pakistan.
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PCR;002
Phenotypic and molecular screening of SorghygrSorghum bicolofL) Moenchg culti vars for resistance

to anthracnose induced by olletotrichum sublineolunfCes) Wilson

0. Hamzat O. I. Lawa] P. A. S. SorefiA. R. Popoofa
!Federal University of Agriculture, Crop Research Programme, Institute of Food Security, Environmental Rasburces
Agricultural Research, Abeokuta, Nigeria
2Federal University of Agriculture, Department of Plant Physiology and Crop Production, Abeokuta, Nigeria
SFederal University of Agriculture, Department of Crop Protection, Abeokuta, Nigeria

Sorghum $orghum biclor (L) Moench} is highly susceptible to anthracnose which is a major biotic constraint to grain
production. In view of this, experiments were conducted at the Teaching and Research Farm of the Federal University
Agriculture, Abeokuta and Bioscienceabbratory of the International Institute of Tropical Agriculture, Ibadan, Nigeria to
identify sorghum cultivar with stable resistance to anthracnose induce@diletotrichum sublineolun©On the field, twenty four

(24) sorghum cultivars were laid out inriRi@mized Complete Block Design and replicated thrice. In the laboratory, DNA was
extracted from two weeks old sorghum seedlings taken from each of these cultivars using Sodium dodecyl Sulphate (SC
protocol, and Polymerase Chain Reaction (PCR) used doariplification of Cgl (a gene for resistanceQolletotrichum
sublineolun in them. Significant varietal variability was observed on plant height, anthracnose severity, time of first appearance
of anthracnose and yield of sorghum. Samsorg 45 had theekigtignificantg< 0.05) anthracnose severity of 6.0 while Samsorg

40 had the least anthracnose severity of 1.6. Samsorg 40 showed signifigant.05) latest time of first appearance of
anthracnose symptom at 66 Days After Planting (DAP) while thpteymof anthracnose appeared earliegt(0.05) in SRN 39

2 at 40 DAP. Samsorg 43 had the significapdyQ.05) highest grain yield of 2.45 t-havhile Samsorg 49 had the lowest grain
yield of 1.05 t hal. Based on the disease reaction class of theehms the field, none of the cultivars exhibit resistance to
anthracnose. However, cultivars cv.Samsorg 42, cv.Samsorg 46. Cv.Samsorg 17, cv.Samsorg 39, cv.Samsorg40,-ty.Karinte
cv.SRN 39, CV.Samsorg 14, cv.CSR 01, cv.Samsorg 9, CV.nr 71151 araigce Seens moderately resistant while other
cultivars were susceptible to anthracnose. The extracted DNA from the plant samples ranged between 1.8 and 1.92 at A260/2:
absorbance ratio which is secondary measure of nucleic acid purity. However, afteizapiom, samples did not amplify with

all optimization procedures. Adjustment of the sample temperature or primer dilution may be necessary in future.

PGR;003
High resolution analysis of thetemporal andspatial localisation ofCandidatudLiberibacter schnacearum

in infected potato plants

F. Kalamorz S. Addisoh R. Butlet, R. Framptoh
The New Zealand Institute for Plant & Food Research, Lincoln, New Zealand

Question:Candidatud.iberibacter solanacearum (CLso0) infects solanaceaous plants anccautied agent of zebra chip disease
in potatoes. It causes millions of dollars of damage per year to the potato industry in New Zealand alone through lakscof pro
and management costs. The bacterium is transmitted vertically through seed tubers andnialiiz by the tomato potato
psyllidBactericera cockerellit takes at least 3 weeks from initial infection of the plant to the development of visual symptoms,
which include leaf curling and purpling, enlarged nodes and eventually death of the plangthitinckage of the vascular
tissue.

The long time between initial infection and visual detection causes a large window of opportunity for the pathogen todake spre
Therefore, an optimal sampling strategy that grants the highest probability of detedtangisease in asymptatiplants needs

to be developed.

Methods: Potato plants were grown and infected with CLso in a clircat&rolled growth room. The spread of the pathogen
through the host plant was monitored at a high spatial and temporal resolutsdmgmolecular detection methods.

To determine the distribution of CLso in fiegjdown potato, an extensive field trial was established at one of our experimental
farms to systematically sample plants known to be infectétth CLso over a-veek period.

Additionally, infected and noinfected tubers from the field trial were analysed to determine thstidibution of CLso within
them.

Results:This study determined that leaf material, a popular option for f@structive sampling, is not a suitable tisstoe
sample for the detection of CLso in infected plants. Instead, stem tissue close to the ground or below ground was the mo:
reliable tissue to sample for CLso detection. The detailedssuipling of individual potato tubers provided evidence of uneven
distribution of CLso within the tuber, but confirmed formerly anecdotal evidence that the stolon end is most suitablengampli
point for detection of CLso.

ConclusionOur findings allow us to develop an optimal sampling strategy that grants the highasakplity of detecting the
disease in asymptotic plants. This calls for the sampling of stem tissue close to the ground or directly below ground.
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