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PLENARY ABSTRACT 

OςPLς001 

Photosynthesis in the soil ς past and present 
F. Garcia-Pichel1 

1Arizona State University, Center for Fundamental and Applied Microbiomics, Tempe, AZ, United States 

Biological soil crusts (biocrusts) are microbial and/or cryptogamic photosynthetic 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 the biology 
and ecological roles of biocrusts and true global extent of these communities, which I will briefly review. Evidence is now 
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 for ƳǳŎƘ ƻŦ ǘƘŜ ǇƭŀƴŜǘΩǎ ƘƛǎǘƻǊȅΦ 

 

ORAL ABSTRACT ω {¸b¢I9¢L/ .Lh[hD¸ 

OςAς001 

Fixing CO2-fixation ς redesigning photosynthesis with synthetic biology 
J. Zarzycki1 

1Max Planck Institute for Terrestrial Microbiology, Department of Biochemistry and Synthetic Metabolism, Marburg, Germany  

RubisCO is considered a limiting factor in photosynthesis due to its low catalytic rate and promiscuity with oxygen, resulting in 
photorespiration. We hope to overcome the limitations of RubisCO based carbon fixation. Therefore, our lab is focusing on the 
discovery, characterization, and engineering of new CO2 fixing enzymes as well as their integration within synthetic and natural 
pathways. One example of such approaches is the creation of completely novel synthetic CO2 fixation cycles that are centered 
on carboxylases that are more efficient than RubisCO, as showcased by our so-called CETCH cycle. A second example is the 
engineering of new-to-nature carboxylases by making use of theoretically feasible reactions and develop new reactivities on the 
scaffold of existing enzymes. This enables us to extend the solution space for metabolic reactions and open new avenues for the 
realization of synthetic pathways, as illustrated by our Tartronyl-CoA module. The latter employs a non-natural engineered 
glycolyl-CoA carboxylase and harbors great potential as a more energy efficient and carbon-positive alternative route to 
photorespiration. 
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FormatPlant ς engineering CO2 neutral photorespiration in plants 
M. S. Roell1, A. Weber1 

1Heinrich-Heine University, Institute of Plant Biochemistry, Düsseldorf, Germany 

The CO2-fixing enzyme Ribulose-1,5-bisphosphate-carboxylase/-oxygenase (Rubisco) is restricted by its slow turnover rate and 
its oxygenase activity. 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 even 
under field conditions 1. Maximizing plant carbon efficiency implies transforming photorespiration from a CO2 negative into a 
CO2 neutral process requiring bypassing the mitochondrial glycine decarboxylase (GDC), the major hub of photorespiratory 
CO2 loss. However, replacing 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 produced via cytosolic formate assimilation, based on tetrahydrofolate 
intermediates, making GDC compensable. Subsequent condensation of 5,10-methylen-tetrahydrofolate with photorespiratory 
derived glycine to make serine, transforms plant photorespiration into a CO2 neutral process. Initial labelling experiments with 
exogenously supplied 13C-labelled formate indicated that in Arabidopsis the capacity for formate assimilation is limited and 
metabolic flux is directed towards methionine production. Therefore, we implemented a cytosolic four-step synthetic pathway 
for the efficient assimilation of formate via tetrahydrofolate intermediates into serine. Low endogenous formate concentrations 
will prevent high pathway flux towards serine production. We identified mitochondrial Arabidopsis formate dehydrogenase 
(FDH) as second contributor to photorespiratory CO2 loss 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 and 
productivity in the fiel. Science 363, (2019). 

 
OςAς003 

Using a marine microalga as a chassis for biological degradation of plastics 
D. Moog1, J. Schmitt1, J. Senger2, J. Zarzycki2, K. H. Rexer3, U. Linne4, T. Erb2, U. G. Maier1 

1Philipps University Marburg, Laboratory for Cell Biology, Marburg, Germany 
2Max Planck Institute for Terrestrial Microbiology, Marburg, Germany 

3Philipps University Marburg, Department for Mycology, Marburg, Germany 
4Philipps University Marburg, Massenspektrometrie und Elementanalytik, Marburg, Germany 

Question: Plastic is an extremely 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 issue 
on our planet in the last 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 that 
the plastic accumulating in nature 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 is the 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 provide 
promising solutions for bioremediation of plastic waste in future biotechnological applications. 

Methods: The diatom Phaeodactylum tricornutum is a photosynthetic marine microalga that has developed into an extremely 
valuable model system for molecular biology and biotechnology. In this project, we modified P. tricornutum via synthetic biology 
using bacterial genes, which encode plastic-hydrolyzing enzymes, to generate a chassis for the efficient production and secretion 
of their products. To test the plastic degradation ability of the enzymes 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 photosynthetic microalga cell factory for biological 
degradation of plastics in a saltwater-based environment at mesophilic temperatures. 

Conclusions: Our results demonstrate the potential of the diatom for future applications in biological plastic degradation up to 
the generation of eco-friendly and comprehensive recycling processes for synthetic plastics. 
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OςBς001 

The early evolution of land plants as inferred by comparative genomics 
S. A. Rensing1 

1University of Marburg, 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 lineages of charophyte 
freshwater algae share a common ancestry with the land plants (Embryophyta). Synapomorphies that already evolved in the 
water include land plant type cell wall synthesis and division, polyplastidy as well as some phytohormones and transcription 
factors.  
 
Extant representatives of the earliest splits that occurred after the establishment of 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 bryophytes. By comparison with diploid-dominant 
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 rooted in gene 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 occurs. I will present examples mainly from the 
bryophytes and charophytes to illustrate how inference of ancestral states and complexity evolution of land plants is aided in 
particular by non-seed plant genomes. 
 
Keywords : Evolution, bryophyte, charophyte, complexity, transcriptional regulation 
 
 
OςBς002 

Convergent molecular evolution of carnivorous plants 
K. Fukushima1 

1University of Würzburg, Department of Botany I, Würzburg, Germany 

Although evolutionary processes are largely stochastic, natural selection can drive recurrent adaptations leading to 
convergence, the repeated emergence of similar features in distantly related organisms. Prevalence of phenotypic convergence 
is underpinned by various examples throughout the entire tree of life, such as camera eyes of vertebrates and cephalopods, 
wings of birds and bats, and trap leaves of distantly related carnivorous plants. Because the multiple emergence of such complex 
traits by neutral evolution alone is extremely unlikely, convergence has been considered strong evidence for natural selection. 

Carnivorous plants are a prominent example of convergence in 200 million years of flowering plant evolution. They exploit 
animals as a nutritional source and have inspired long-standing questions about the origin and evolution of carnivory-related 
traits since Charles Darwin"s pioneering work. Although there are distinct types of trapping strategies, their trap leaves look 
critically similar in both form and function among distantly related lineages with more than 100 million years of divergence time. 
During the evolution to become carnivorous, each lineage has acquired a common set of novel traits such as nectar and scent 
for prey attraction, specialized leaf morphology for prey trapping, digestive enzymes for prey degradation, and transporters for 
nutrient absorption. 

In this talk, I will present the evidence of adaptive convergence in carnivorous plants at the molecular level, especially focusing 
on digestive enzymes. Analysis of digestive fluid proteins from four carnivorous plants covering three independent lineages 
revealed repeated co-options of stress-responsive proteins coupled with convergent amino acid substitutions to acquire 
digestive physiology. This result implies strong constraints on the available routes to evolve plant carnivory. 
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OςBς003 

Desiccation tolerance in streptophyte algae and the algae to land plant transition: Role of aquaporins 
B. Becker1, B. Marin1, A. Holzinger2 

1University of Cologne, Botanical Institute, Köln, Germany 
2Universität Innsbruck, Botanisches Institut, Innsbruck, Austria 

Desiccation tolerance is commonly regarded as one of the key features for the colonization of terrestrial habitats by green algae 
and the evolution of land plants. Desiccation 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, have been carried 
out assessing the desiccation tolerance and resilience of the streptophytic genera Klebsormidium and Zygnema. Recently, we 
have started to understand the molecular basis for desiccation tolerance in the basal streptophyte Klebsormidium and the 
advanced streptophyte Zygnema using a transcriptomic approach. Our results indicate that the cellular response is similar to 
embryophytes, suggesting that land plants inherited basic cellular desiccation tolerance mechanisms from their streptophyte 
predecessors. The presentation will highlight similarities between 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. 

 
OςBς004 

Selection and establishment of caryophyte algae model organisms  
A. Holzhausen1, S. A. Rensing2, K. von Schwartzenberg3, H. Schubert1 

1University Rostock, Aquatic Ecology, Rostock, Germany 
2University Marburg, cell biology, Marburg, Germany 

3University Hamburg, Aquatic Ecophysiology and Phycology, Hamburg, Germany 

The conquest of land ς a milestone of evolution. The identification of determining structural and molecular adaptations that 
allowed the water-land-transition is a current question in the field of evolutionary research. Three lineages of charophyte 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 the 
adaptations, analyses on molecular, 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, currently 
pursued in the CharMod project. Main criteria for these are fast growth, sexual reproduction in vitro under axenic culture 
conditions, the suitability for genetic transformation as well as the availability of sequence data. 

Previous and ongoing investigations on Characeae and Zygnematophyceae showed that several prerequisites for model 
organisms can be met. Culture conditions for different Zygnematophyceae such as Spirogyra pratensis or Micrasterias radians 
have been successfully established at the Microalgae and Zygnematophyceae Collection Hamburg, MZCH. For M. radians culture 
condition enabling conjugation in high frequencies in vitro, as well as subsequent reproduction, are established. For S. pratensis, 
axenic culture conditions have been established that enable conjugation and zygospore formation 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 cycle in vitro were established for different Chara species. However, the establishment of axenic 
cultures of Charophyceae is challenging. Different germination experiments indicate that the microbial impact could be a trigger 
for the germination of oospores. Hence, one of the main targets concerning Charophyceae is to enable oospore germination 
under axenic culture conditions. 
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Streptophyte algae ς inferring the early evolution of conserved stress signaling circuits of land plants 
J. de Vries1,2 

1TU Braunschweig, Institute of Microbiology, Braunschweig, Germany 
2Dalhousie 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 evolved an elaborate 
and characteristic suite of molecular responses to this challenge. Yet, already the earliest land plants must have successfully 
overcome these stressors in order to have conquered land on a global scale. Studying the closest algal relatives of land plantsτ
the streptophyte algaeτallows for a deduction of the genetic chassis for land plant-like stress responses that had already 
evolved before the last common ancestor of land plants lived. This way, the genetic toolkit for stress response that was likely 
present in the earliest land plants can be inferred. To solicit these genetic factors, I recently performed two studies in which I 
applied global gene expression profiling of streptophyte algae subjected to different terrestrial stressors. I contextualized these 
data with insights from the molecular physiology of land plants. The applied treatments included the terrestrial stressors high 
light and drastic temperature shiftsτcold and heat. All stress treatments induced pronounced alterations in plastid biology-
associated gene expression. Furthermore, the gene expression data unveiled components ofτand patterns induced byτa 
homologous genetic chassis that, in land plants, links stress inputs with light signaling and phytohormone-mediated regulation 
of gene expression. Most surprising were the data gathered for Zygnema circumcarinatum. Zygnema belongs to the algal lineage 
most closely related to land plants and this particular alga expressed a gene homologous to those encoding the receptor for the 
major stress phytohormone of land plants: abscisic acid. In two other zygnematophyceaen algae, Mougeotia and Spirogyra, 
components of calcium-mediated signaling were highlighted by my stress RNAseq data. On balance, all these data have direct 
implications for the evolution 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 that fine-tune the response of land plants to 
stress. 

 
OςBς006 

Insight into land plant evolution form a liverwort perspective ς functional analysis of the transcription 
factor MpTCP1 in Marchantia polymorpha 

A. Busch1, M. Deckena1, M. Almeida-Trapp2, S. Kopischke1, C. Kock1, E. Schüssler1, M. Tsiantis3, A. 
Mithöfer2, S. Zachgo1 

1Osnabrueck University, Botany Department , Osnabrueck, Germany 
2Max 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 charophycean alga and had a major impact in transforming our terrestrial 
environment. The bryophyte Marchantia polymorphaexhibits several features that make it an ideal basal land plant model 
organism that is currently intensively exploited to understand the evolution of novel developmental, biochemical and cellular 
attributes mediating the adaptation to a life on land. The establishment of a molecular toolbox comprising efficient 
Marchantiagenome editing and transformation methods enable analyses in this liverwort model to unravel the dramatic 
adaptations and body plan innovations that occurred during the water-to-land-transition. 

TCP-transcription factors regulate many aspects of plant growth and development, mainly through the control of cell 
proliferation and hormone signalling pathways. Whereas in higher plants gene duplication resulted in large TCP-families, 
Marchantiagenome analysis revealed the presence of only one single TCP-P (MpTCP1) and one TCP-C (MpTCP2) gene.Due to 
gene redundancy, functional analyses are often hampered in higher land plants, making Marchantiathe perfect model to unravel 
the ancestral roles of TCP transcription factors. 

Mptcp1knockout mutants were generated and the function of MpTCP1 was characterized conducting morphological analyses as 
well as mRNA expression, transcriptome, chemical and DNA binding studies. MpTCP1function in the control of developmental 
and, surprisingly, also in redox-processes will be discussed. 
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Innovations in MADS-domain transcription factors during the transition of plants to land 
G. Theißen1, F. Rümpler1, M. Blohs1, P. Gehlhaar1, C. Gafert1  

1Friedrich Schiller University Jena, Matthias Schleiden Institute, Genetics, Jena, Germany 

MIKC-type MADS-domain transcription factors (MIKC-TFs) combine a MADS-domain functioning in DNA-binding with a Keratin-
like K-domain involved in protein-protein interactions. Some MIKC-TFs bind as tetramers to two adjacent DNA-binding sites, thus 
constituting Floral Quartet-like Complexes (FQCs). This way they activate or repress the target genes on which they are 
constituted. Due to their interaction capacity MIKC-TFs form a complex protein-protein interaction network that controls many 
plant developmental processes. However, how and when during evolution MIKC-TFs gained the ability to form FQCs remains 
unknown. We analyzed MIKC-TFs from different early diverging land plant species (mosses, lycophytes, ferns) and from 
charophyte algae, land plants" closest extant relatives, concerning their phylogeny and their ability to form DNA-bound 
tetramers. Our data reveal an ancient gene duplication in the stem group of extant land plants that gave rise to two subclades of 
MIKC-TFs, termed MIKCc and MIKC*. We show that only MIKCc-TFs have the capacity to constitute FQCs, and that this ability 
was brought about by the duplication of an exon encoding part of the K-domain in the stem group of extant MIKCc-TFs. MIKC*-
TFs do not usually tetramerize and do not interact with MIKCc-TFs, hence they are not part of FQCs. Interestingly, there is 
preliminary evidence that the duplication of two other exons encoding part of the K-domain is responsible for the inability of 
MIKC*-TFs to interact with MIKCc-TFs. Thus different structural changes within the K-domain of MIKC-TFs facilitated the 
evolution of two independent protein-protein interaction networks for sporophyte and gametophyte development of plants on 
land, featuring MIKCc-TFs and MIKC*-TFs, respectively. These structural changes are closely associated with the transition of 
plants to land and hence may well have facilitated the evolution of complex body plans of land plants. 

References 
[1] Nishiyama, T., et al. (2018) Cell 174, 448-464. 
[2] Puranik, S., et al. (2014) Plant Cell 26, 3603-3615. 
[3] Rümpler, F., et al.. (2018) J. Exp. Bot. 69, 1943-1954. 
[4] Theißen, G., et al. (2016) Development 143, 3259-3271.   
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OςCς001 

Understanding and exploiting protein storage organelle formation for the production of recombinant 
proteins 

E. Stöger1, M. Tschofen1, E. Kapusi1, J. Schwestka1, S. Melnik1, J. Hilscher1 
1University of Natural Resources and Life Sciences, Department of Applied Genetics and Cell Biology, Vienna, Austria 

Plant molecular farming is a well-established technology for the manufacture of pharmaceutical and non-pharmaceutical 
proteins that do not readily fit into the current industry model of fermenter-based production campaigns, and often used where 
product-specific benefits of plant-based systems can be exploited. Such benefits include the bio-encapsulation in endogenous 
plant polymers and the mucosal delivery of minimally processed topical and oral products. In addition, the ease of host cell 
engineering in plants, fueled by the development of gene editing technology, can be exploited to add specific properties to 
individual plant production platforms. This can be done to produce proteins with tailor-made post-translational modifications, to 
modulate the plant endomembrane system for increased 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 exploited to accumulate recombinant proteins, offering 
stability both in planta and after harvest. However, post-translational modifications, such as glycan removal by endoglycosidases 
in cereal endosperm have to be prevented for specific products, and for these applications the corresponding enzymatic 
functions need to be removed, for example by CRISPR-Cas9-based editing.  
Endogenous protein bodies of cereal seeds offer an appealing strategy for the in vivo microencapsulation of mucosal vaccines. 
But also the induction 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 of 
storage organelles allows the design of multi-component 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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Plant-made peptides as immunocontraceptives 
K. Ghasemian1, I. Broer1, J. Huckauf1 

1University of Rostock, Agrobiotechnology, Rostock, Germany 

Rodents are the most important group of mammals in terms of the problems they create in agriculture, horticulture, forestry 
and public health. Fertility is a key factor that determines the population density. Contraceptive vaccines have been used for the 
management of wildlife populations. Gamete-specific proteins might be good candidates for the development of contraceptive 
vaccines. Sterility has been achieved in mammals via contraceptive vaccines based on Zona pellucida (ZP) glycoproteins that are 
located on the surface of the oocyte and mediate the gamete recognition. Oral application of the ZP antigens could be a 
promising alternative to control rodent pests populations. In order to prevent non-target effects, an oral immuncontraceptive 
vaccine has to be species-specific. Specificity might be achieved by the restriction of vaccine to small, species-specific peptides. 
Since peptide might be less effective than entire proteins, higher contraceptive efficacy and specificity can be achieved by 
immunization with the species-specific peptides of different gamete-specific proteins from both genders. The sperm-specific 
protein, IZUMO, plays a vital role in the sperm-egg fusion process; hence, it also may be a potential target for the development 
of a contraceptive vaccine. 

We established the transient expression of putative mice-specific contraceptive mZP3, mZP2 and mIZUMO small peptides in 
Nicotiana benthamiana, using the MagnICON expression system. Nevertheless, high level expression of small peptides can be a 
challenge. Successful production of antigenic small peptides and improved recombinant protein stability in plant was achieved 
by increasing the protein size using the fusion partners and by tripling of the antigenic peptides that may in addition have a 
higher contraceptive efficacy as well. 

 
OςCς003 

Mutation of RFO synthase genes in pea with CRISPR/Cas to reduce raffinose oligosaccharides in seeds 
S. Trebing1, I. Broer1, J. Huckauf1 

1University of Rostock, Faculty of Agricultural and Environmental Sciences, Chair of Agrobiotechnology and Risk Assessment for 
Bio- und Gene Technology, Rostock, Germany 

Pisum sativum L. is for millennia one of the most important crops, due to its protein content. It is 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 yielding 
varieties as well as the high proportion of anti-nutritive 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 digest for monogastric animals. In the lower intestine, RFOs are fermented by gas-producing 
bacteria, leading to an accelerated intestinal gas production as well as wet excreta. This reduces the potential of pea as animal 
feed. 

Consequently, the aim of this project is 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 breeding 
techniques. 

Accordingly, the first step is to characterize 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 reduced 
via RNAi or completely inactivated via the integration of genes coding for Cas9 and the appropriate guide RNA, by embryo- or 
protoplasts transformation. The transgenic plant will be characterized molecularly by gene expression profiling, oligosaccharide 
determination and phenotypically, to 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 of these ANF 
influences seed germination, plant health and viability.   
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The therapeutic potential and in vitro antimicrobial effect of methanol stem bark extracts of Trilepisium 
madagascriense DC. 

M. Coopoosamy1 
1Mangosuthu University of Technology, Nature Conservation, Durban, South Africa 

The therapeutic potential and in vitro antimicrobial effect of methanol stem bark extracts of Trilepisium madagascriense DC. 
was determined using GS-MS to identify bioactive compounds of pharmceutical importance 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 zones between 14 and 18 mm. At the highest 
concentration of 10mg.ml, the inhibiton zones ranged from 18 to 28 mg/ml. GC-MS results indicated potential presence of 
paromycin and indole being prevelant in the stem bark extract.  

This study showed that the pharmacological effects of Trilepisium madagascriense depends on bioactive compounds identified 
while this plant is a source for isolating novel drugs having significant therapeutic potential 

 
OςCς005 

Targeted Salix crossing and chemoprofiling for improved medicinal potential of willow bark 
I. Mewis1, C. Ulrichs1, M. Zander1, E. Lamy2, C. Herz2, K. Antoniadou 3, C. Dawid3, N. Mähler4, P. Petersburg4, 

N. Förster1 
1Humboldt-Universität zu Berlin, Urban Plant Ecophysiology, Berlin, Germany 

2Universitätsklinikum Freiburg, Freiburg, Germany 
3Technische Universität München, Freising, Germany 

4Bionorica, Neumarkt, Germany 

The therapeutic and health-promoting effects of Salix spp. (willow) bark preparations, especially against inflammatory diseases 
and pain conditions in humans, 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 salicin content 
and biomass production, other secondary 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 chemotypes, 
which are tested for their bioactivity, i. e. therapeutic potential. Ten compatible Salix spec. parents which differ in their chemical 
profile were chosen for crossing with the aim to generate new secondary metabolite combinations, namely S. pentandra, 
S. viminalis, S. daphnoides, S. alba, S. lasiandra, S. purpurea, S. humboldtiana, S. nigra, S. viminalis (schwerinii x viminalis), and 
S. alba x S. rubens. From the filial generation 83 potent crosses were selected for chemoprofiling with LC-MS/MS including the 
parent species. The untargeted chemical 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 extract from parent 
species were also included. Extracts were tested for their anti-oxidant (direct and indirect) as well as anti-inflammatory potential 
in comparison to the references Aspirin® and a reference extract according to the EMA herbal monography. First results 
revealed that extracts from clones of two species showed highest bioactivity in terms of inhibiting LPS-induced inflammation and 
were even more potent as compared to the reference extract. 15 out of 18 tested Salix crosses demonstrated comparable or 
even higher anti-inflammatory capacity as compared to the reference extract. Bioactive compounds, which could account for 
the therapeutic benefits, are discussed. 
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Plants have the potentials to create the next generation cure for any ailment in the world ς the 
emergence of plant source medications and organic based pharmaceuticals present the future with great 

hope for the pharmaceutical industry ς almost every plant has some medicinal property  
E. Ampofo1, N. A. Obrempong1 

1Medi-Source Biolink Ventures, Plant medicine and organic foods, Accra, Ghana 

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

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

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

Plants are the future hope in the field of pharmaceutical and health science. 

 
OςCς007 

The plant cell cycle regulator genes contribute to enhanced accumulation of recombinant proteins 
delivered by TMV in Nicotiana benthamiana leaves 

L. Kopertekh1, C. Freyer1 
1JKI, SB, Quedlinburg, Germany 

Transient production of recombinant proteins has become one of the leading plant-based 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 utilize 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 proliferation.  In this work, we investigate possible effect of the cell 
cycle checkpoint genes CycD2 and CDC27a from Arabidopsis thaliana on 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 TMV N. benthamiana 
plants were co-infiltrated with TMV-gfp and binary expression vectors carrying the At-CycD2 and At-CDC27a genes.  The 
presence of the At-CDC27a and At-CycD2 genes resulted in stronger GFP fluorescence. These findings corresponded with the 
observation of (i) higher mRNA levels for TMV and gfp and (ii) increased GFP protein accumulation. Furthermore, by co-delivery 
of the TMV-scFv-TM43-E10 and At-CycD2/At-CDC27a we observed an enhanced amount of the scFv-TM43-E10 antibody 
fragment compared to the delivery of the TMV-scFv-TM43-E10 alone. 

Our results show that co-expression of the TMV-based vector with plant genes affecting cell cycle progression resulted in an 
increased virus and subsequent foreign protein accumulation. A number of commercial transient expression systems such as 
GENEWARE®, TRBO, magnICON®, TMV launch vector are based on full or deconstructed versions of TMV. Therefore, this finding 
might be useful for transient foreign protein production using TMV as the vector backbone.  
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Dynamic microbial communities ς from symbiosis to dysbiosis and back 
E. Kemen1 

1Universität Tübingen, Mikrobielle Interaktionen in Pflanzlichen Ökosystemen, Tübingen, Germany 

/ƻƳǇƭŜȄ ƳƛŎǊƻōƛŀƭ ŎƻƳƳǳƴƛǘƛŜǎ όάƳƛŎǊƻōƛƻǘŀέύ ǘƘŀǘ ǇƻǇǳƭŀǘŜ ǎǳǊŦŀŎŜǎ ƻŦ ƘƛƎƘŜǊ organisms such as plants impact health of their 
hosts in many critical ways: They contribute to vital functions such as host fitness, nutrient acquisition, stress tolerance and 
pathogen resistance but are, at the same time, major reservoirs for facultative pathogens 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 composition is not enough and 
an awareness of the principles and dynamics underlying time-dependent community assembly is needed. To this end, we 
conducted common garden experiments, sampling Arabidopsis thaliana plants over a time course of five months in three 
consecutive years and followed natural populations over more than 6 years. Amplicon-based sequencing allowed us to identify 
members of the core microbiota that maintain their position in a microbial co-occurrence network over time as key factors for 
an increase in connectivity and stability of microbial communities. In-depth analyses of those microbes in complex synthetic 
microbial communities demonstrated that they are relevant to reduce the growth of the biotrophic pathogen Pseudomonas 
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 to 
the design of microbial communities 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 clinical settings. 
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Glandular trichomes ς specialized organs for the production of toxic compounds at the plant surface 
A. Tissier1 

1Leibniz Institute of Plant Biochemistry, Halle an der Saale, Germany 

Plant glandular trichomes are metabolic factories that are the site of production and storage of specialized metabolites. These 
compounds confer a first line of chemical defense against aggressors, be they microbial pathogens or insect herbivores. As such 
they often have been reported to have biological activities that contribute to a role in defense such as antimicrobial, insect 
deterrence or toxicity. In addition to their role in plants, there are many examples of metabolites produced in glandular 
trichomes that have been used by Humans as pharmaceuticals, fragrance In addition, these compounds are typically produced in 
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 glandular trichomes of the Solanaceae (tomato and tobacco) as model systems. Using a combination of transcriptomics, 
metabolomics and 13C-labelling, 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 light 
reactions are used to fuel the intense metabolic activity instead of carbon fixation. Transcriptome data from tobacco (Nicotiana 
tabacum) glandular 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 to 
massive transcriptional changes, 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 mechanism 
triggered by a metabolite upstream of diterpene biosynthesis in the plastids leading to transcriptional regulation of plastidial 
isoprenoid biosynthesis. Current progress in these investigations will be presented. 
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The biosynthesis of astins, bioactive cyclic pentapeptides, is a consorted action between the host plant 
and the endophytic fungus Cyanodermella asteris 

J. Ludwig-Müller1, L. Jahn1, J. Thiele1, T. Schafhauser2, W. Wohlleben2, K. H. van Pée3, P. Jacques4 
1Technische Universität Dresden, Faculty of Biology, Dresden, Germany 

2Eberhard Karls Universität, Microbiology and Biotechnology, Tübingen, Germany 
3Technische Universität Dresden, Biochemistry, Dresden, Germany 

4University of Liege, TERRA Research Centre, Gembloux, France 

Bioactive secondary metabolites have been reported in many organisms from microbes, fungi to plants. In recent years the 
evidence increased for combined biosynthetic activities between partners living in close community together. The group of 
cyclic 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 species Cyanodermella asteris. In 
culture, we found that C. asteris can 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 and 
identifying potential candidate gene clusters; and the conversion of fungal astins into the plant-specific variants. Since the 
cultivation of aster plants is difficult and since there are currently no fungus-free host plants available, we have investigated 
alternative host plants, among them the model Arabidopsis thaliana. The growth of A. thaliana on plates was affected by C. 
asteris, but only slightly by the astins directly. Further work is addressed to elucidate the mechanisms for the interaction of C. 
asteris with A. thaliana by either the production of plant hormones or volatiles by the fungus. 

 
OςDς003 

New aspects of horizontal natural product transfer ς uptake and modification of coumarins 
T. Hijazin1, D. Selmar1 

1TU Braunschweig, Plant Biology, Braunschweig, Germany 

Huge amounts of chemicals are continuously released into our environment, which subsequently are taken up by plants. Up to 
recently, only xenobiotics derived from human activities had been considered. However, current investigations unveiled that 
also natural products, e.g., nicotine, pyrrolizidine and other alkaloids are taken up by plants [1, 2, 3], as well as various phenolic 
compounds [4]. This phenomenon is denoted as "horizontal natural product transfer" [5].  
Various hints [2] pointed out that - analogue 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 employing 
seedlings from various acceptor plants, (barley, radish, pea, flax, and garden cress).  
In all cases, a tremendous accumulation of umbelliferone was observed. However, in some plants the umbelliferone was 
modified: in garden cress, it was hydroxylated and glucosylated to yield esculin, while in barley seedlings, it was modified by 
methoxylation to scopoletin. Corresponding reactions involved in the modifications of xenobiotics are known to be catalyzed by 
cytochrome P450 enzymes. Accordingly, umbelliferone was applied together with naproxen, which is reported to reduce 
enzyme activity of various P450 enzymes. As predicted, the conversion of umbelliferone to scopoletin in barley as well as the 
modification to esculin in garden cress was strongly reduced by the addition of naproxen.  
In an additional approach, esculin 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 are present. Moreover, 
in garden cress and radish, further, so far unknown conversion products, had been detected.  
These findings for the first time demonstrate that ς in addition to xenobiotics ς also natural products taken up are modified 
differentially in various acceptor plants. Accordingly, the "horizontal natural product transfer" represents a prevailing 
phenomenon, which seems to be much more complex than previously assumed. 

References 
[1] Selmar, D. (2015). Agron. Sustain. Dev. 35:1185-1190  
[2] Nowak et al. (2016). Food Chem. 213, 163ς168.  
[3] Yahyazadeh et al. (2017). Phytomedicine 34, 21-25.  
[4] Hijazin et al. (2019). Phytochemistry 157, 194ς199  
[5] Selmar, D. et al. (2015). J. Environ. Anal. Toxicol. 5:4 
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Within the network of tryptophan-derived defense compounds, formation a protein complex allows 
channeling into camalexin 
E. Glawischnig1, S. Mucha2 

1TU München, Microbial Biotechnology, Straubing, Germany 
2TU München, Botany, Freising, Germany 

Arabidopsis thaliana synthesizes a wide range of tryptophan-derived defense compounds via the general intermediate indole-3-
acetaldoxime (IAOx). Within hours, in response to pathogen infections camalexin is formed as predominant metabolite without 
apparent release of bioactive intermediates, such as IAOx. This suggested channeling of the biosynthetic pathway by formation 
of an enzyme complex. 

To identify such protein interactions, two independent untargeted co-immunoprecipitation (co-IP)approaches with the 
biosynthetic enzymes CYP71A13 and CYP71B15 as baits were performed and the camalexin biosynthetic P450 enzymes were 
shown to co-purify. These interactions were confirmed byFRET-FLIM andtargeted co-IP. An increased substrate affinity of 
CYP79B2 in presence of CYP71A13 was shown. This indicates substrate channeling by the formation of a camalexin metabolon. 

Camalexin biosynthesis involves glutathionylation of a reactive intermediate synthesized by CYP71A13. The glutathione 
transferase GSTU4, which is co-expressed with tryptophan- and camalexin-specific enzymes, was physically recruited to the 
complex by CYP71A13. Surprisingly, camalexin concentrations were reduced in 35S:GSTU4and elevated in gstu4knock-out and 
plants. This shows that GSTU4 is not directly involved in camalexin biosynthesis but rather has a role in a competing mechanism. 

 
OςDς005 

Temperature influences the biosynthesis and emission of floral volatiles in Jasminum auriculatum Vahl 
M. Barman1, A. Mitra1 

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

Jasmines are in great demand worldwide owing to their sweet floral fragrance1. Biosynthesis of the floral scent molecules is 
significantly influenced by various environmental factors. In the present study we made an attempt to assess the impact of 
different temperature conditions (20, 25, 30 and 35°C) on the contents of scent-related compounds and investigated the 
biosynthetic pathways of major volatiles from Jasminum auriculatum Vahl. flowers. The benzenoids benzyl acetate, 2-
phenylethanol and phenethyl acetate as well as the terpenoids linalool and -hfarnesene dominated the volatile profile of this 
species2. Floral volatiles were sampled just after the blooming, and the GC-MS analysis 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 of 
fragrance molecules was relatively low at the both end temperatures (20°C and 35°C), indicating an obstruction in biosynthesis 
of benzenoids 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 major 
volatiles were also analysed 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 volatiles under 
the different temperature conditions. Primary metabolite contents of flowers were also analyzed from J. auriculatum plants 
grown at different temperatures to monitor any significant perturbations occurring in the primary metabolism. Thus, the 
present study revealed the crucial role of temperature in the biosynthesis and emission of floral volatiles in J. auriculatum. The 
knowledge base created through such studies shall be helpful in improving the yield of floral scent production from such 
horticulturally important plants in controlled-environment cultivation systems. 

References 
[1] Bera P, Mukherjee C, Mitra A. 2017. Enzymatic production and emission of floral scent volatiles in Jasminum sambac. Plant 
Sci. 256, 25-38.  
[2] Barman M, Mitra A. 2019. Temporal relationship between emitted and endogenous floral scent volatiles in summer- and 
winter-blooming Jasminum species. Physiol Plant. doi:10.1111/ppl.12849 
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Non-targeted ex vivo metabolome analysis is a new approach to identify endogenous substrates of so far 
not characterized enzymes 

K. Feussner1, S. Haroth1, I. Feussner1 
1University of Goettingen, Plant Biochemistry, Goettingen, Germany 

Powerful improvements in sequencing technologies rapidly increases the number 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 hints in respect 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 available in vivo cannot be covered by these targeted approaches. To close this 
gap, we developed a non-targeted 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 purified enzyme back to its native metabolite 
environment. This workflow was used to identify the UDP-dependent glycosyltransferase(s) (UGT) responsible for specifically 
glycosylating 12-hydroxy-jasmonic acid (12-OH-JA) and thereby producing 12-O-glucopyranosyl-jasmonic acid (12-O-Glc-JA). Five 
heterologous expressed UGT were purified and incubated within a complete metabolite extracts of wounded A. thaliana leaves. 
Afterwards, non-targeted metabolome analysis by UPLC ESI-TOF-MS was performed. Data preprocessing steps provided large 
data matrixes, which were further processed (ranking, filtering, adduct correction, data merging, database search) by the 
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 glycosylate 12-OH-JA while another UGT acted on an unidentified 
compound and also glycosylated two other oxylipins, 11-hydroxy-7,9,13-hexadecatrienoic acid (11-HHT) and 13-hydroxy-
9,11,15-octadecatrienoic acid (13-HOT), which were also accepted by the three other UGT enzymes. In conclusion, our findings 
have elucidated the missing step in the wound-induced synthesis of 12-O-glucopyranosyl-jasmonic acid in A. thaliana. 

 
OςDς007 

New component of regulatory protein complex controlling glucosinolate biosynthesis on epigenetic level  
T. Gigolashvili1 

1University of Cologne, Biocenter, Cologne, Germany 

Plants are exposed to continuously changing environmental conditions and have to defend against a wide range of biotic 
challenges. Responses to various biotic stresses largely depend on the plant"s capacity to activate rapidly genes and accumulate 
metabolites required upon these conditions. During biosynthesis of defensive secondary metabolites, like glucosinolates (GSLs), 
external signals activate specific transcription factors from R2R3 MYB and bHLH families, resulting in the increased expression of 
GSL biosynthetic genes followed by accumulation of these secondary metabolites in Arabidopsis and its relatives. Among 
mechanisms of transcriptional regulation, chromatin remodelling accomplished through the activity of histone-modifying 
enzymes is emerging as a key process in the orchestration of plant biotic stress responses. Although the transcription regulation 
of GSLs with the involvement of MYB-bHLH complex is well understood, the role of chromatin-modifying factors in regulation of 
protective secondary metabolites remains unknown. In this work, we study what role the EML1- to- EML4 proteins, containing 
Tudor-like Agenet domains predictive of histone reader function in regulation of GSL biosynthesis. We performed protein-
protein interactions studies of EML1-4 proteins with bHLH proteins belonging to subgroup IIIe bHLH and known to be involved in 
GSL regulation. Furthermore, we analysed activation of GSL biosynthesis genes and accumulation of these secondary 
metabolites in eml knock-out mutants after treatment of eml knock-out Arabidopsis plants with methyljasmonate. Finally, 
analysis of cis-trans activation assays using MYB-bHLH-EML complex with promoters of GSL biosynthesis genes were performed. 
Function of EML proteins in complex with bHLH and R2R3 MYBs master regulators of GSL biosynthesis in Arabidopsis will be 
presented and discussed. 
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Evolution of gene regulatory networks in angiosperms 
A. Bräutigam1 

1University of Bielefeld, Departmentof Biology, Bielefeld, Germany 

Transcriptional regulatory networks are at the core of plant responses to developmental, biotic, and abiotic 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 factors in Arabidopsis thaliana, Solanum lycopersicum, Vitis vinifera, 
Brassica rapa, Triticum aestivum, Zea mays, Hordeum vulgare and Oryza sativa. Since the machine learning results suffer from 
high error rates of up to 90%, we developed post-processing methods which reduce error rates to about 20%. Intraspecies 
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. 
 
 
OςEς002 

Focus on an underutilized plant ς transcriptomics of stinging nettle (Urtica dioica L.) stem tissues 
coupled to ultrastructural and targeted metabolite analyses 

G. Guerriero1, X. Xu1, A. Backes1, S. Legay1, R. Berni2, G. Cai2, J. F. Hausman1 
1LIST-Luxembourg Institute of Science and Technology, ERIN, Esch sur Alzette, Luxembourg 

2University of Siena, Department of Life Sciences, Siena, Italy 

Stinging nettle (Urtica dioica L.) is a plant providing silky cellulosic fibres, as well as bioactive molecules. Despite the potential of 
becoming a multi-purpose crop, nettle has not received the same attention as flax, ramie or hemp. To improve the knowledge 
on nettle and enhance its opportunities of exploitation, the de novo transcriptome of the "clone 13" (a fibre clone) is here 
presented, together with transcriptomics, ultrastructural and targeted flavonoid analyses of different stem internodes. Whole 
internodes in the elongation or early secondary cell wall formation stage were analysed and their transcriptomes compared with 
the core and cortical tissues sampled from segments at an advanced stage of secondary cell wall deposition. Actively elongating 
internodes and at the beginning of the secondary cell wall deposition are characterized by an enrichment in genes involved in 
the biosynthesis of phytohormones (auxin and jasmonic acid) and secondary metabolites (flavonoids). The core of internodes 
collected at the bottom of the stem shows an enrichment in genes partaking in different aspects of secondary cell wall 
formation (cellulose, hemicellulose, lignin biosyntheses), while the cortical tissues reveal the presence of a C starvation signal 
probably due to the UDP-glucose demand necessary for the thickening phase of bast fibres. Transmission electron microscopy 
shows the presence of a particular gelatinous layer, which flakes off and the absence of xylan in the outermost layer of the 
secondary cell wall. The targeted analysis of key flavonoids reveals differences in abundance depending on the internode 
position along the stem and tissue sampled. The data presented will be an important resource and reference for future 
molecular studies on an underutilized fibre crop. 
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Multiple cyclic nucleotide-gated channels coordinate calcium oscillations and polar growth of root hairs 
T. Studtrucker1, C. Brost1, R. Reimann1, P. Denninger2, J. Czekalla1, M. Krebs3, B. Fabry4, K. Schumacher3, G. 

Grossmann2, P. Dietrich1 
1Friedrich Alexander University, Molecular Plant Physiology, Erlangen, Germany 

2University, Cluster of Excellence CellNetworks and Centre for Organismal Studies, Heidelberg, Germany 
3University, Plant Developmental Biology, Centre for Organismal Studies, Heidelberg, Germany 

4Friedrich Alexander University, Department of Physics, Erlangen, Germany 

Root hairs can rapidly elongate to enlarge the surface of the root, which improves nutrient and water supply of the plant and 
enables microbe interactions. The rapid root hair elongation provides a useful model system for studying polar growth processes 
in single cells. Polar growth is accompanied by cytosolic Ca2+ oscillations at the root tip that are required for the coordination of 
polarity and cell integrity during the growth process. Our studies revealed that three members of the cyclic nucleotide-gated 
channel (CNGC) family are involved in regulation of normal root hair development in Arabidopsis. Single cngc knockout mutants 
developed morphological defects including root hair swelling and branching, as well as bursting. These morphological defects 
were amplified in cngc double knock out mutants, while triple knockout mutants were only able to develop bulged trichoblasts, 
which burst after transition to the rapid growth phase. All mutants also showed disturbed patterns of Ca2+-oscillations. Our 
findings thus add cyclic nucleotide-gated channels as important players to the regulatory network of root hair cells for 
coordinating cell wall properties and cell expansion during polar root hair growth. 

 
OςEς004 

New approaches and prospects for nuclear magnetic resonance imaging in developmental plant biology  
L. Borisjuk1, E. Munz1, S. Wagner1, T. Neuberger1,2, H. Rolletschek1 

1ipk, Gatersleben, Germany 
2Department 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 life sciences. Its major thrust is to 
understand how molecular and cellular processes produce 3D morphology of living organisms. Our presentation highlights 
advantages of nuclear magnetic resonance imaging (MRI) which has the great virtue that it is non-invasive and therefore has the 
potential to monitor physiological processes in vivo. We explain how MRI can be applied to plant samples and what can be 
achieved. During the last decade we designed original MRI-based procedures which allowed discoveries on the inner life of 
seeds during growth and germination on top of providing a tool to characterize mutants and transgenic plants. Breakthroughs in 
the field of plant MRI will be illustrated by original 3D models of flowers, seeds/fruits and also include dynamic and functional 
images. Examples of MRI integration with other state-of-the-art techniques will be outlined to provide some inspiration for 
future developments in the field. 
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On the significance of mechanosensing during seed development 
A. Muszynska1, A. Gündel1, S. Ortleb1, S. Wagner1, L. Borisjuk1, H. Rolletschek1 

1IPK Gatersleben, Gatersleben, Germany 

Mechanosensing describes the responsivity of a cell/organ to a mechanical stimulus (such as touch or pressure). This stimulus 
and its sensing can act as the trigger for a new developmental program as it takes part in the regulatory networks underlying the 
development of tissues and organs. Our previous work demonstrated that the availability of space influences the embryo's 
growth pattern and metabolism in 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 study the regulation of the structural, metabolic, and molecular responses to physical 
restraint in the developing in planta and in vitro embryos of oilseed rape (Brassica napus). These experiments will answer the 
questions if mechanical constraints can induce the switch 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 space imposed by 
integuments for the embryo development and metabolism, and 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 presented. Mechanosensing by the embryo might play a crucial role in 
seed development, which has to date not been recognised. 

 
OςEς006 

Trehalose 6-phosphate ς a stimulus of seed filling and germination 
T. Meitzel1 

1Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany 

Seeds determine the reproductive capacity of plants and are vital to their existence. From fertilization until emergence of the 
young seedling, the embryo passes through two major developmental transitions. First, the differentiation of the young embryo 
from a meristem-like structure into a highly-specialized storage organ, and second, the initiation of seedling growth during 
germination. A complex regulatory network triggers the initiation of both phase changes, and carbohydrates play an important 
role. Taking advantage of the large-sized seeds of pea, we show that the signaling sugar trehalose 6-phosphate (T6P) controls 
seed filling and germination in response to sucrose availability. Manipulation of the T6P content in developing pea embryos by 
heterologous expression of a bacterial T6P synthase and T6P phosphatase revealed that T6P acts as a trigger of cotyledon 
growth and starch accumulation in maturing seeds. During germination, T6P promotes the initiation of seedling growth, 
impressively proven by a viviparous seed phenotype elicited from T6P synthase expression. In addition to identifying these key 
functions of T6P in seeds, our findings disclosed a novel link between T6P and the plant hormone auxin, with T6P acting as an 
upstream regulator of auxin biosynthesis. Thus, our data indicate that T6P integrates the hormonal state with sugar availability 
to initiate crucial phase transitions in the earliest stages of plant development. 
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Integration of cell wall, brassinosteroid, and phytosulfokine signalling by receptor-like rotein 44 
S. Wolf1, E. Holzwart1, B. Garnelo Gómez1, F. Ladwig2, N. Glöckner2, K. Harter2 

1COS Heidelberg, Cell Biology, Heidelberg, Germany 
2ZMBP Tübingen, Tübingen, Germany 

Plant growth depends to a large extent on the physico-chemical properties of the cell walls, which dynamically adapt to internal 
and external cues. This adaptation involves feedback signalling, linking information on the integrity of the wall with intracellular 
growth-regulating processes. However, very little is known about how cell wall cues are perceived by plasma membrane-bound 
receptor proteins and how this cell wall-mediated signalling intersects with the regulatory mechanisms of plant development.  
The brassinosteroid (BR) hormone signalling pathway is a central regulator of plant morphogenesis, as indicated by the large 
amount of BR-responsive cell wall-related genes and the severe growth defects of BR mutants. Recently, we have shown that 
interference with the major cell wall polysaccharide pectin triggers activation of BR signalling, which in turn orchestrates a 
compensatory response involving cell wall remodelling. In the absence of BR-mediated feedback signalling, altered pectin 
modification severely compromises cellular integrity, ultimately resulting in cell rupture. This activation of brassinosteroid 
signalling requires the presence of the cell wall-binding protein RLP44, which forms a complex with the brassinosteroid receptor 
BRI1 and its co-receptor BAK1. Interestingly, RLP44 is also required for the maintenance of vascular cell fate through activation 
of phytosulfokine (PSK) signalling, suggesting that cell wall signalling can control cell identity. Moreover, mutants affected in PSK 
signalling show an rlp44-like xylem phenotype, suggesting that RLP44 has a positive effect on PSK signalling, which, in turn, 
promotes procambial identity. Furthermore, RLP44"s routing into the phytosulfokine or BR signalling pathway is controlled by 
post-translational 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 RECEPTOR 1 is 
not affected by its phospho-status, providing a framework to understand how specificity can be established in plasma 
membrane receptor complex interactions. 
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Light sensing using a plant-like cryptochrome in diatoms 
C. Büchel1, J. Krischer1, S. König1, M. Juhas1, S. Jäger1, A. Ahmad2, W. Weisheit3, C. Slavov2, J. Wachtveitl2, 

M. Mittag3 
1Goethe University Frankfurt, Institute of Molecular Biosciences, Frankfurt, Germany 

2Goethe University Frankfurt, Institute of Physical and Theoretical Chemistry, Frankfurt, Germany 
3Friedrich Schiller University, Matthias Schleiden Institute of Genetics, Bioinformatics and Molecular Botany, Jena, Germany 

Diatoms contain a variety of blue light receptors, including members of the cryptochrome-photolyase family. In Phaeodactylum 
tricornutum, CPF1, a dual function photolyase ς photoreceptor protein had been characterised (Coesel et al. 2009). In addition, a 
plant-like cryptochrome, CryP, has been shown to act as a blue light photoreceptor involved in the regulation of mRNA levels of 
many genes and in the regulation of light harvesting protein levels (Juhas et al. 2014, König et al. 2017). 

Whereas for higher plants much data about down-stream signalling is available, information for diatoms is scarce. No 
homologues to COP1 and SPA, the interaction partners of plant cryptochromes, can be found in the genomes of diatoms, 
pointing to novel signalling pathways. Thus, completely different proteins that interact with CryP were identified, one of them 
being specific for heterokont algae. In addition, spectral analysis indicated a signalling not only in the blue, but also in the red 
wavelength range. 

References 
[1] Coesel S, Mangogna M, Ishikawa T, Heijde M, Rogato A, Finazzi G, Todo T, Bowler C, Falciatore A: Diatom PtCPF1 is a new 
cryptochrome/photolyase family member with DNA repair and transcription regulation activity. EMBO Rep. 10 (6), 655-661 
(2009) 
[2] Juhas M, von Zadow A, Spexard M, Schmidt M, Kottke T, Büchel C. FEBS J 2014;281:2299ς311.  
[3] König S, Eisenhut M, Bräutigam A, Kurz S, Weber, A. P. M., Büchel C: The influence of cryptochrome on the gene expression 
profile in the diatom Phaeodactylum tricornutum under blue light and in darkness. Plant Cell Physiol. 58 (11), 1914-1923 (2017) 
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LaALMT1 is involved in organic anion transportation in P deficient white lupin, but the other members 
were required for Al tolerance 

Y. Zhou1, U. Ludewig1 
1University of Hohenheim, Stuttgart, Germany 

Lupinus albus (white lupin) massively releases citrate and malate when grown in P-deprived conditions to mobilize sparingly 
soluble phosphates. The members of the aluminum-activated malate transporter (ALMT) family are candidates for encoding 
efflux transporters, as these have been reported to transport malate and/or inorganic anions across plant membranes. LaALMT1 
expression, however, was unaffected by ςP stress but the expression in the juvenile cluster was repressed. Al stress decreased 
overall expression of LaALMT1 compared to P deficiency, especially in the juvenile and mature zones. A translational fusion of 
the native promoter with the -̡glucuronidase (GUS) reporter gene identified expression in the vascular bundles. 
Electrophysiological analysis and a 13C-labled citrated efflux assay in Xenopus laevis oocytes demonstrated that LaALMT1 
mediated large inward-directed currents that correspond to the efflux of anions. Both, malate and chloride were transported in 
an Al-independent manner, while a small citrate transport may also occur.  Further physiological function characterization of 
LaALMT1 was done by generating composite lupins with transgenic roots using CRISPR-Cas9 technology. Malate and citrate 
release from roots was significantly decreased in LaALMT1 knock out mutants in ςP, but unchanged in +Al. Mutants exhibited a 
reduced malate influx to xylem sap both low -P and +Al that chelate metals for further translocation to the shoots. Overall, we 
conclude that LaALMT1 is a malate and chloride transporter, and it is also capable of citrate transportation. However, Al is not 
essential in the expression of LaALMT1. LaALMT1 mainly plays a role in plant nutrition and ion homeostasis in response to P 
deficiency and Al stress. Therefore, these finding will give an insight of plant breeding and crop improvement in acid soils. 

 
OςFς003 

Green algal terrestrialization ς what can we learn from laboratory vs. field studies? 
A. Holzinger1, M. Pichrtová2, M. Rippin1,3, E. Arc1, B. Becker3 

1University of Innsbruck, Botany, Innsbruck, Austria 
2Charles University, Botany, Prague, Czech Republic 

3University of Cologne, Cologne Biocentre, Cologne, Germany 

Many different green algal groups are able to leave their aquatic conditions and thrive on land. While marine algae are limited to 
the intertidal zone, several freshwater green algae are sustainable in terrestrial habitats. We have performed transcriptomic 
analysis in Streptophytes (Zygnematophyceae) under laboratory conditions (young vs. old cultures) and in 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 layers of an algal mat 
leads to an increase in metabolic activity as well as switching on stress related genes. This leads to the formation of protective 
substances as investigated by a metabolite profiling. Metabolites of Zygnema cells were also investigated under different 
laboratory conditions (culture age and nitrogen depletion). Induction of similar metabolites is observed under stress scenarios in 
laboratory as well as in field samples. 
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Characterization of a CRY-DASH like protein in Chlamydomonas reinhardtii 
M. Schubert1, W. Li1, W. Li1, A. Rredhi1, J. Petersen1, M. Mittag1 

1Matthias 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 and insects. Interestingly, the 
unicellular green alga Chlamydomonas reinhardtii encodes four different cryptochrome proteins, a typical plant cryptochrome 
(pCRY), an animal-like cryptochrome (aCRY) and two CRY-DASH (Drosophila, Arabidopsis, Synechocystis, Homo)-like proteins 
(Beel et al., 2012). Characterization of pCRY, a typical blue-light receptor, revealed that it is involved in the circadian clock as well 
as in the sexual cycle of Chlamydomonas (Müller et al., 2017). aCRY was found to be not only a sensory blue light, but also a 
sensory red light receptor (Beel et al., 2012). It controls some of the clock-related 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 characterize one of the two CRY-DASH 
like protein of Chlamydomonas. We expressed its gene in E. coli, purified the protein and generated an anti-CRY-DASH1 
antibody. Using this antibody, we investigated the diurnal protein expression pattern of CRY-DASH and found that its expression 
differs from that of the other CRYs. Moreover, we determined the subcellular localizations of the protein using soluble and 
membrane associated cellular fractions as well as subcellular compartments (cytosol, mitochondria and chloroplasts). We are 
currently checking for growth rates, anatomical differences and potential time dependent subcellular localization using a cry-
dash1 knock out mutant as well as cry-dash1 artificial microRNA strains along with wild type. 

References 
[1] Beel et al., 2012, Plant Cell., doi: 10.1105/tpc.112.098947  
[2] Müller et al., 2017, Plant Physiol, doi: 10.1104/pp.17.00349  
[3] Zou et al., 2017, Plant Physiol, doi: 10.1104/pp.17.00493 
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Cold priming memory reduces susceptibility to virulent pathogens and requires functional chloroplast 
peroxidases in Arabidopsis thaliana 

T. Griebel1, A. Ebert1, H. H. Nguyen1, M. Baier1 
1Freie Universität Berlin, Plant Physiology, Berlin, Germany 

Plants are able to benefit from the experience and memorization of an environmental stress phase, a phenomenon referred to 
as priming. This brings up questions about specificity, duration, and cross signaling of plant stress memorization. We study if 
plant responses to bacterial pathogens are altered after the experience of an abiotic stress treatment. Our data show that a 24-
hour cold priming phase (4 °C) increases plant resistance to a subsequent infection with virulent Pseudomonas syringae pv. 
tomato DC3000 (Pst) not only when the bacterial inoculation was done immediately after the cold 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 from classical immune gene 
activation. Previous data show that the plastid peroxidase system functions as signalling hub in cold priming memorization for a 
second cold stress treatment. We found that interference of the plastid peroxidase system also leads to perturbation of the 
immune memory effect and does not reduce susceptibility against Pst upon cold stress priming. This indicates that the stability 
of a functional plastid antioxidant system contributes to well-balanced and fine-tuned stress-responsive ROS-responses during 
pathogen triggering upon cold priming memory formation. 
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Molecular and functional analysis of the receptor Arabidopsis Histidine Kinase 1 
A. M. Fischer1, R. Dautel1, M. Hothorn2, W. X. Schulze3, K. Harter1 

1ZMBP, Plant Physiology, Tübingen, Germany 
2University of Geneva, Structural Plant Biology, Génève, Germany 

3University of Hohenheim, Plant Physiology and Biotechnology, Hohenheim, Germany 

The Arabidopsis thaliana Histidine Kinase 1 (AHK1) is 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 conserved in dicot 
plants. A homology-based structural model revealed that the AHK1-ED 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 expressed in E. coli, 
purified and used for ligand-fishing. As shown by a quantitative 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 these 
findings AHK1 interaction studies with candidate proteins derived from the phosphoproteomics approach were carried out. 
Furthermore, phenotypic analyses using Arabidopsis seedlings carrying different ahk1 mutant alleles were performed, applying 
different environmental cues (e.g. irradiation with light of different quality, application of different stress conditions), which are 
linked to proteins differentially phosphorylated by AHK1. In conclusion, our analysis will help to understand the molecular 
process underlying the activation of AHK1, elucidating the signaling network in which AHK1 is embedded. 

 

PLENARY ABSTRACT 
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Neue molekulare Techniken in der Pflanzenzüchtung 
U. Bonas1,2 

1Martin Luther University Halle-Wittenberg, Institute for Biology, Halle an der Saale, Germany 
2Nationale Akademie der Wissenschaften Leopoldina, Halle an der Saale, Germany 

Pflanzen werden seit ca. 12.000 Jahren gezüchtet und dauernd genetisch verändert, um z.B. die Erträge, Stressresistenz oder 
Krankheitsresistenz zu erhöhen. Neben spontan auftretenden Mutationen wurden in den letzten 150 Jahren Pflanzenlinien nach 
Mutagenese durch Bestrahlung oder chemische Agenzien auf neue und erwünschte Eigenschaften selektiert. Während durch 
solche Mutagene DNA-{ŜǉǳŜƴȊŅƴŘŜǊǳƴƎŜƴ όaǳǘŀǘƛƻƴŜƴύ ƛƳ ƎŜǎŀƳǘŜƴ DŜƴƻƳ ŜƴǘǎǘŜƘŜƴ όα{ŎƘǊƻǘǎŎƘǳǎǎǇǊƛƴȊƛǇάύΣ Ƙŀǘ ŘƛŜ 
gerichtete Einführung spezifischer Mutationen durch neue molekulare Techniken die Pflanzenzüchtung im letzten Jahrzehnt 
ǊŜǾƻƭǳǘƛƻƴƛŜǊǘΦ 5ƛŜ αǇǊƻƎǊŀƳƳƛŜǊōŀǊŜƴ DŜƴǎŎƘŜǊŜƴά ŦǸƘǊŜƴ Ȋǳ ƎŜȊƛŜƭǘŜƴ 5b!-{ŜǉǳŜƴȊŅƴŘŜǊǳƴƎŜƴΣ ŘŜƳ αƎŜƴƻƳŜ ŜŘƛǘƛƴƎά όD9ύΦ 
Dabei werden ein oder mehrere Genorte (Loci) sequenzspezifisch in wenigen Basenpaaren verändert. Die meist verwendeten 
GE-Werkzeuge sind TALENs (TALE-nucleases) und CRISPR-/ŀǎΦ ¢![9bǎ ōŀǎƛŜǊŜƴ ŀǳŦ ¢![9ǎ όαǘǊŀƴǎŎǊƛǇǘƛƻƴ ŀŎǘƛǾŀǘƻǊ-like 
ŜŦŦŜŎǘƻǊǎάύΣ ōŀƪǘŜǊƛŜƭƭŜƴ Transkriptionsfaktoren, während CRISPR-Cas, bakterielle Ribonukleinkomplexe, RNA-basiert schneiden. 
Der Vortrag gibt einen Überblick über die Entdeckung und Wirkungsweise der GE-Werkzeuge sowie über erfolgversprechende 
Pflanzenlinien, die in einigen Ländern bereits angebaut werden. Außerdem wird die Problematik des Urteils des Europäischen 
Gerichtshofs (EuGH Juli 2018) beleuchtet, der Organismen, die durch GE generiert wurden, als GVOs (genetisch veränderter 
Organismus) einstuft. Die Leopoldina hat daher im WŀƴǳŀǊ нлмф ŜƛƴŜ α!D ȊǳǊ wŜƎǳƭƛŜǊǳƴƎ D9-tŦƭŀƴȊŜƴ ƛƴ ŘŜǊ 9¦ά ŜƛƴƎŜǎŜǘȊǘΣ ǳƳ 
Empfehlungen zu erarbeiten.    
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Dissecting vegetative desiccation tolerance ς towards climate smart agriculture 
J. M. Farrant1 

1University of Cape Town, Department 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 current food 
producing areas. To safeguard food production, it is essential to improve 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 improved 
resistance to water loss has been achieved, such mechanisms fail under severe drought. Resurrection plants possess vegetative 
desiccation tolerance (DT), surviving loss of 95% cellular water. Angiosperm resurrection species occurring in Southern Africa 
also survive extreme heat; conditions which severely limit current agricultural 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 tolerance. In this presentation an overview of  molecular physiological 
processes associated with DT in a range of resurrection plants will be given and their ability to prevent drought induced 
senescence will be discussed. Furthermore, several lines of evidence supported by genome sequencing of Xerophyta schlechteri 
and Eragrostis nindensis suggest that vegetative DT is achieved by adaptation of genetic pathways evolved for DT in seeds. This 
understanding this (inter aliaύ ŎƻǳƭŘ ŜƴŀōƭŜ ǘƘŜ ΨǳƴƭƻŎƪƛƴƎΩ ƻŦ ƳŜŎƘŀƴƛǎƳǎ ŀǎǎociated with DT in vegetative tissues of cereals, as 
they are naturally expressed in their seeds. 

 

ORAL ABSTRACT ω wEDOX REGULATION OF PLANT METABOLISM  
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Redox regulation in the heart of plant biology 
K. J. Dietz1 

1Bielefeld University, Biochemistry and Physiology of Plants, Bielefeld, Germany 

Redox reactions drive life and redox information determines the regulatory state of the cell. To this end, cells express a thiol-
dependent regulatory network which co-controls virtually all processes like metabolism, transcription, translation and cell 
division. The important elements of this network have been characterized and can be categorized in redox input elements 
(NADPH, glutathione, ferredoxin), redox transmitters (thioredoxins [TRX] and TRX-like proteins), redox targets [thousands of cell 
proteins, e.g. chloroplast fructose-1,6-bisphosphatase), redox sensors (peroxiredoxins [PRX] and glutathione peroxidase like 
proteins) and final electron acceptors (H2O2, NO and other reactive species). Following the introduction to the network 
function, the talk will concentrate on recent findings of reversibility of thiol redox regulation and the role of reactive oxygen 
species. The chloroplast 2-CysPRX functions as thioredoxin oxidase and is decisively involved in reversal of target reduction 
upon, e.g. lowering or extinguishing the photosynthetic light. A similar function can be hypothesized for the chloroplast PRXQ 
and possibly for the mitochondrial PRXIIF, however less likely for the plastid PRXIIE. It will then be shown how mathematical 
simulation of the chloroplast network allows for estimating important parameters which are not (yet) amenable to experimental 
quantification like resting H2O2 concentration and electron flow directed to regulation. The talk will end with a perspective on 
expectable progress in redox network understanding as a fundamental feature of cell functionality, e.g. by screening for 
phylogenetically conserved Cys residues by the tool ConCysFind and their subsequent validation. 
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Energy metabolism as optimized by redox-regulation, indirect shuttling between cell compartments and 
fine-tuning by small molecules 

R. Scheibe1, J. Selinski2, J. Knuesting1 
1Universität Osnabrück, Pflanzenphysiologie, Osnabrück, Germany 
2La 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 and 
flexible adjustments for energy distribution and consumption are required to avoid any stress. In chloroplasts, reversible redox-
modification at regulatory cysteines of the target enzymes, such as various enzymes of the Benson-Calvin cycle, malate valve, 
and oxidative pentose-phosphate pathway, serves as an on-off switch. However, the redox-cycle also serves as the basis for 
adjustment of the respective metabolic fluxes. Small molecules such as metabolites act as effectors on rates of reduction and re-
oxidation of the respective redox switches 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. They 
cannot be directly transported across compartment borders. Instead, the primary organic products triose-P and 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 potential sinks for such redirected energy. Finally, under suboptimal 
conditions, energy can be thermally dissipated in the mitochondria. However, when redox-homeostasis still cannot be 
maintained, a small increase of reactive oxygen species (ROS) will oxidatively modify cysteines at cytosolic enzymes of basic 
metabolism. They are themselves involved in these energy conversions (cytMDH, GapC) and can function as sensors of redox-
imbalances. The modified proteins adopt moonlighting properties and affect nuclear gene expression or other cellular activities. 
This regulatory strategy helps to adjust the cellular equipment to cope with long-term changes and to avoid any further stress or 
damage and to alleviate sustained pressure on the redox-poise. 

 
OςGς003 

Redox-regulation of photorespiration through mitochondrial thioredoxin o1 
S. Timm1 

1University of Rostock, Plant Physiology, Rostock, Germany 

Photorespiration sustains photosynthesis in the presence of oxygen due to rapid metabolization of 2-phosphoglycolate (2-PG), 
the major side-product of the oxygenase activity of Rubisco. This metabolic intermediate has additionally been shown to directly 
impede carbon assimilation and allocation. Despite the fact that both, the biochemical reactions and the underlying genetics are 
well characterized, information concerning the regulatory mechanisms which adjust photorespiratory flux is rare. Here, we 
studied the impact that the mitochondrial localized thioredoxin o1 (TRXo1) has on photorespiratory metabolism. The 
characterization of a T-DNA insertional line (trxo1) revealed an increase in the stoichiometry of photorespiratory CO2 release 
and impaired glycine-to-serine turnover after a shift from high-to-low CO2, without changes in glycine decarboxylase (GDC) 
expression. These effects were distinctly pronounced in a double mutant, where the TRXo1 mutation was combined with 
strongly reduced GDC T-protein expression. The double mutant (TxGT) showed reduced growth in air, but not in high CO2, 
decreased photosynthesis and accumulated up to 54-fold more glycine alongside several redox-stress-related metabolites. Given 
that GDC proteins are potential targets for redox-regulation, we also examined the in vitro properties of recombinant GDC L-
proteins (LPD) from plants and the cyanobacterium Synechocystis and observed a redox-dependent inhibition by either artificial 
reducing agents or TRXo1 itself. Collectively, our results demonstrate that TRXo1 potentially adjusts photorespiration via redox-
regulation of GDC in response to environmental changes. 
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Closing the gap ς ɹ -glutamylcyclotransferase is the missing link in the cellular glutathione cycle and a 
determinant for glutathione homeostasis 

A. Meyer1, S. Bangash1, D. Jollet1 
1University of Bonn, INRES - Chemical Signalling, Bonn, Germany 

In most eukaryotic cells the tripeptide glutathione (ɹ-Glu-Cys-Gly) constitutes the major non-protein thiol. A multitude of 
functions ranging from detoxification of xenobiotics, heavy metals and peroxides, to a role as sulfur donor for biosynthesis of 
glucosinolates, and storage of organic 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 an 
important thiol redox buffer in all plasmatic compartments. Glutathione is synthesized in two ATP-dependent steps catalyzed by 
the enzymes glutamate-cysteine ligase (GSH1) and glutathione synthase (GSH2). Multiple genetic screens have identified 
mutations in GSH1 leading to diminished amounts of GSH along with distinct phenotypes like heavy metal sensitivity, pathogen 
sensitivity and in severe cases growth retardation all highlighting the essential functions of GSH. Endproduct inhibition of GSH1 
thus limits the steady state level of GSH and at the same time enables demand-driven increase of biosynthetic flux. It is not 
understood though how GSH turnover can be achieved to remobilize cysteine. Under sulfur starvation the cellular GSH levels 
decrease significantly rendering plants sensitive towards pathogens 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 presence of 
degradation pathways including cleavage of the atypical -ɹpeptide bond. The identification of oxoprolinase as an enzyme to 
convert 5-oxoproline (5-OP) to Glu in an ATP-dependent manner has triggered further searches for the origin of 5-OP. Recently, 
we have shown that ɹ-glutamylcyclotransferase 2;1 (GGCT2;1) closes the gap between GSH and 5-OP. GGCT2;1 is highly induced 
under -S conditions and then degrades GSH to liberate cysteine. New molecular evidence now indicates that GGCT2;1 despite its 
very low expression under normal nutrient supply is also involved in continuous GSH turnover. These data together show that 
plant cells contain a complete glutathione cycle consisting of both the anabolic and catabolic steps within the cell. Futility of this 
cyclic pathway with three ATP-dependent steps is restricted only by the very low expression of GGCT2;1. The significance of such 
a turnover mechanism for cellular redox homeostasis will be discussed. 

 
OςGς005 

S-Nitrosothiols as architects of the histone PTM pattern and DNA-methylation in Arabidopsis thaliana 
C. Lindermayr1, E. E. Rudolf1, A. Ageeva-Kieferle1, A. Mengel1, P. Hüther2, I. Forne3, R. Hell4, A. Imhof3,  

M. Wirtz4, C. Becker2, J. Durner1 
1Helmholtz Zentrum München, Institute of Biochemical Plant Pathology, München/Neuherberg, Germany 

2Gregor Mendel Institute, Vienna, Austria 
3Ludwig-Maximilians-Universität München, Protein Analysis Unit, München, Germany 

4Ruprecht-Karls-Universität Heidelberg, Centre for Organismal Studies, Heidelberg, Germany 

Question: Nitric oxide (NO) is a reactive radical that regulates many physiological processes in plants. It acts by modulating 
target proteins through post-translational modifications such as S-nitrosylation, tyrosine nitration, or metal nitrosylation thereby 
altering their activity and/or function. A regulatory function of NO in epigenetic processes in animals has already been reported. 
However, its function in chromatin modulation in plants is not yet described.  
Methods: We analysed metabolites of the methylation cycle as well as histone and DNA-methylation using mass spectrometry 
and whole genome sequencing in Arabidopsis wild type and a mutant in NO homeostasis to reveal the function of NO in 
chromatin modulation.  
Results: The major methyl donor for methylation of DNA and histones is S-adenosylmethionine (SAM) provided by the 
methylation cycle. In Arabidopsis thaliana S-adenosylmethionine synthetase (SAMS) and S-adenosylhomocysteine hydrolase 
(SAHH) were identified as targets for S-nitrosylation. In vitro studies demonstrated that SAMS isoform 1 and both isoforms of 
SAHH are inhibited by the physiological NO-donor S-nitrosoglutathione (GSNO). Interestingly, SAM increased in plants with 
enhanced endogenous S-nitrosothiol levels (gsnor1-3, loss of GSNOR function) and resulted in increased methylation index (MI = 
SAM/SAH). The MI is an important measure of the organismal methylation status and even small changes in the MI result in 
changes in transmethylation activity. Immunological detection of H3K9me2 and a nano liquid chromatography-tandem mass 
spectrometry profiling approach demonstrated independently a significant global increase in this modification. Since H3K9me2-
modified regions are tightly correlated with methylated DNA regions, DNA methylation was analysed in wild type and gsnor1-3 
plants. Whole genome bisulfite sequencing revealed stronger DNA methylation in CG, CHG, and CHH context in gsnor1-3 in 
comparison to wild type.  
Conclusion: Our data suggest that S-nitrosothiols are involved in regulation of the repressive chromatin mark H3K9me2 which is 
associated with the silencing of repeats and transposon elements. 
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Patterns and consequences of glyphosate use ς the story of two continents 
D. A. Mortensen1, B. Gerowitt2 

1University of New Hampshire, Agriculture, Nutrition, and Food Systems, Durham, 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 course of a field season. 
The methods used to achieve weed suppression vary a great deal even within the same arable crops.  While biological nuances 
in cropping systems may vary, we argue that the cultural and policy framework strongly influence such pest management with 
very real impacts on ecosystem states (diversity and abundance of plants) and the ecosystem services they provide. To illustrate 
this point, we contrast the use of a common herbicide, glyphosate, in US and German agriculture. In the US, genetically modified 
glyphosate resistant crops were introduced in 1996 and have experienced high rates of adoption. There, glyphosate use during 
the period 1995-2014 increased from 18,000 to 125,000 Mt a seven-fold increase. During the same period in Germany where 
genetically modified glyphosate resistant crops are not grown, glyphosate use rose 3-fold from 1,700 to 5,200 Mt. In this 
example, the packaging of herbicide resistance traits with the complementary glyphosate herbicide in the US example strongly 
influenced the adoption of glyphosate. The decision to commercialize glyphosate resistant crops in the US is political and 
regulatory in nature but has strong effects on the farming practices and ecology of the crops and the ecosystems in which they 
are grown. Our paper will detail the ways in which the US and German context influences this weed management practice, 
quantify the ecosystem impacts of this practice, and detail principles underpinning a more integrated approach and the needed 
regulatory changes to implement them. 

OςHς002 

From monocropping to high diversity ς how to analyse crop rotation patterns 
H. H. Steinmann1, S. Stein1,2 

1Georg-August-Universität Göttingen, Zentrum für Biodiversität und nachhaltige Landnutzung, Göttingen, Germany 
2Zentrum für Agrarlandschaftsforschung, Müncheberg, Germany 

Crops of arable farming systems are traditionally grown in rotations. These crop rotations are represented by systematic 
patterns of specific crop sequences and their respective repetitions. Diverse crop rotations could comprise 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 patterns 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 Niedersachsen 
was considered as a regional frame. 

A typology approach 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 cover a wide range 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 GIS 
applications, the share of each of these cropping patterns of arable farmland area could be identified.    
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Arable farming with Glyphosate ς disentangling effects on the weed vegetation  
F. de Mol1, B. Gerowitt1, S. Andert1 

1University of Rostock, Faculty of Agricultural and Environmental Sciences, Rostock, Germany 

Glyphosate-based 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 resistant crops (GMO), glyphosate-based 
herbicides are applied between cropping seasons either in combination with or in place of plowing. A coherent framework of 
how farmers are using glyphosate-based herbicides in arable farming is given for the Region Mecklenburg-Vorpommern. 
Possible effects on the arable weed vegetation are outlined. We investigated the effects of glyphosate-based hericides use on 
different scales: an experimental plot scale and a farm-field scale. 

Results show how farmers are integrating glyphosate-based 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 years 
field experiment.  We monitored the weed vegetation of fields 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 glyphosate.    

 
OςHς004 

Diminishing arable weeds with pelargonic acid as bio-based herbicide 
S. Andert1, B. Gerowitt1 

1University of Rostock, Crop Health, Rostock, Germany 

Today farmers manage arable weeds with chemical tools or mechanical tillage practices. While the heavy reliance on synthetic 
herbicides in conventional arable farming is under discussion, at the same time the environmentally driven trend towards 
reduced tillage, as a climate-smart agricultural practice, is  becoming widely distributed. These trends 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 methods, bio-based control products represent 
new technologies. Bio-based herbicides are adapted from natural substances already present in the environment. Therefore, 
they are expected to be more environment-friendly. 

This study investigates the control of 20 arable weeds with the bio-based herbicide ingredient pelargonic acid. It is a contact, 
nonselective, broad-spectrum foliar herbicide ingredient with no residual activity, considered as a low toxicity and 
environmental impact herbicide ingredient. 

We present a two-year greenhouse 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 of bio-based herbicide ingredients and contributes to improve the state of the art for 
alternative control technologies in arable farming.  
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Contamination of plant derived commodities by horizontal natural product transfer ς modification of 
imported substances in acceptor plants ς a new challenge  

L. Lewerenz1, R. Hänsch1, T. Hijazin1, D. Selmar1 
1TU Braunschweig, Institute of Plant Biology, Braunschweig, Germany 

By elucidating the origin of various food contaminations by toxic nicotine or pyrrolizidine alkaloids, the concept of "horizontal 
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 taken up 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 products is also 
due to simple diffusion through the biomembranes of the roots. Accordingly, 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 frequently 
also exchanged between living plants 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 phenolic 
natural products, the basic principles are investigated. To visualize the related modifications, harmaline (a harman alkaloid 
naturally occurring in Peganum harmala) had been applied to various acceptor plants. Due to the strong green-turquoise 
fluorescence of harmaline, the uptake of this alkaloid impressively can be followed. Moreover, its modification can be visualized, 
since the putative derivatives exhibit a massive shift in their fluorescence properties. In this manner, the dark-blue fluorescing 
harmine could be detected and localized as modification 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 horizontal natural product transfer as 
contaminations source of plant derived commodities. Up to now, the corresponding analyses focused only on the genuine 
substances, whereas their putative derivatives have not been considered. Now, we are aware that far more substances, whose 
toxic characteristics are not even known, may contribute to the wide spread contaminations of food plants.  

References 
[1] Selmar et al. (2015), Environ Anal Toxicol. 5:4  
[2] Yahyazadeh et al. (2017), Phytomedicine 34: 21 -25 
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Weed and wildflower seeds in biogas plants ς inactivation of seeds during ensiling 
J. Hahn1, J. Müller1, P. R. Westerman1, B. Gerowitt1 

1University of Rostock, Crop Health, Rostock, Germany 

An alternative to the continuous cultivation of maize for biogas production is to grow "biogas-optimized" mixtures of 
wildflowers instead. Consequently, seeds of these wildflowers can enter the biogas chain along with the biomass - and weed 
seeds. In the case of their survival, the risk occurs that weed and wildflower seeds are spread when the digestate is returned to 
the fields as a fertilizer. This is problematic, in particular if invasive, non-indigenous or herbicide-resistant 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 reduction, however, are still largely 
unknown. We examined the 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 various mixing 
ratios of maize and wildflower 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 seed survival. In 
addition, changes in the pH-value (pH 4 ς 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 germination tests and tetrazolium staining. 
All silage types killed the seeds of species without pronounced physical dormancy and reduced the survival probability of most 
species that displayed hard-seededness. Seed survival probability did not differ between silage types. The effects of pH and 
lactic acid were species-dependent. Generally, pH-effects were stronger when lactic acid was added. Our results suggest to (a) 
avoid hard-seeded species in wildflower-biogas-mixtures and (b) provide high quality silages with low pH-values and high 
contents of lactic acid in order to prevent an undesirable spread of plant seeds with the digestate after biogas production. 

References 
[1] Weissbach F, Honig H. 1992. Ein neuer Schlüssel zur Beurteilung der Gärqualität von Silagen auf Basis der chemischen 
Analyse. 104. VDLUFA-Kongress, Gießen, Kongressband, 1992: 489-494.  
[2] Westerman P R, Gerowitt B. 2013. Weed seed survival during anaerobic digestion in biogas plants. Botanical Review 79:281ς
316. 
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Competitive ability of aerobic rice genotype (MR219-9) against weed (goosegrass) under glasshouse 
condition 

A. Isah Take-Tsaba1, A. S. Bin Juraimi2, M. R. Bin Yusop3, R. Bt Othman4, A. Singh5 
1Federal College of Education (Technical), Department of Agricultural Education, Gusau, Zamfara State, Nigeria 

2Universiti Putra Malaysia, UPM Serdang, Department of Crop science, Serdang, Malaysia 
3UPM Serdang, Institute of Tropical Agriculture, Selangor Darul Ehsan, Malaysia 

4Universiti Putra Malaysia, UPM Serdang, Department of Land Management, Selangor Darul Ehsan, Malaysia 
5The University of Nottingham Malaysia Campus Jalan Broga, School of Biosciences/Sciences, Selangor Darul Ehsan, Malaysia 

Weed is one of the major biological constraints in rice production. Goosegrass (Eleusine indica (L.) Gaertn.) is principally listed as 
weeds of the agricultural and environmental significance. It is regarded as one of the most significant grass classified to be 
amongst the 18 most horrible weeds world over in nearly 60 countries and 50 crops competes with this species. The species can 
withstand numerous 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 soil 
condition is subject to much higher 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 designed 
to examine the competitive ability of aerobic rice genotype (MR219-9) 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 management approach for sustainable aerobic rice production. The experiment 
consisted of five biofertilizer treatments (namely: control chemical fertilizer recommended rate (CFRR) 100% (150 N; 60 P2O5; 
60 K2O kg ha-1), biofertilizer 1 ton ha-1 + 75% CFRR, biofertilizer 2 tons ha-1 + 50% CFRR, biofertilizer 3 tons ha-1 + 25% CFRR 
and biofertilizer 4 tons ha-1) and five crop:weed mixture ratio (Crop100: Weed0, Crop75: Weed25, Crop50:Weed50, 
Crop25:Weed75 and Crop0:Weed100). The result shows that MR219-9 was a stronger competitor than goosegrass. Application 
of biofertilizer 4 tons reduced the relative crowding coefficient (RCC) of goosegrass and increased competitive ability of MR219-
9 against goosegrass. MR219-9 recorded higher RCC and equivalent yield ratio (EYR). Therefore, sole application of biofertilizer 4 
tons ha-1 can be recommended for rice production under aerobic weedy condition 
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Arbuscular mycorrhiza development and function  
C. Gutjahr1 

1Plant 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 in 
the plant kingdom and is based on nutritional benefits to both symbiotic partners. The plant receives mineral nutrients, 
especially phosphate from the fungus and in return provides the fungus with carbohydrates and lipids. As a result, AM can 
significantly increase plant growth in low nutrient soils. For symbiosis establishment AM fungi colonize the root interior. This 
involves distinct and genetically separable developmental steps that are largely under plant control. They include drastic plant 
cell rearrangements that precede differentiation of fungal hyphae into particular shapes inside plant cells. We are interested in 
the plant molecular mechanisms required for initiation of AM symbiosis and for the rearrangement of root cortex cells allowing 
formation of highly-branched fungal arbuscules, which mediate nutrient exchange. In addition, we work towards elucidating the 
genetic determinants of AM-mediated plant growth increase. Recent progress in our understanding of AM development and 
function will be presented. 
 
 
OςIς002 

Effects of drought and mycorrhiza on wheat and aphid infestation  
C. Pons1, A. C. Calabrò1, R. Schweiger1, C. Müller1 
1Bielefeld University, Chemical Ecology, Bielefeld, Germany 

Global crop cultivation suffers from increasing effects of climate change such as droughts. Considering droughts, 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 growth in many species. 
Introducing AMF to drought-stressed crop plants may lead to reduced stress symptoms and higher yields. In addition to abiotic 
stress, crops usually have to cope with various pests. Wheat (Triticum aestivum) is one of the world-wide most important crops 
and is highly susceptible to the English Grain aphid (Sitobion avenae). These aphids preferably suck on young wheat plants, 
where they ingest the nutrient-enriched phloem sap, leading to yield losses. Drought stress- and mycorrhiza-induced changes in 
plant quality may thus also impact these crop pests. Our study aimed to test how mycorrhiza influences the ear biomass, harvest 
index and phloem sap composition of summer wheat (Triticum aestivum) plants under continuous (cd) and pulsed (pd) drought 
compared to a well-watered control (ctr) in a climate chamber experiment. Within the irrigations groups plants were either 
mycorrhized (AM) or non-mycorrhized (NM). Furthermore, we investigated the effects of drought stress and AM treatments on 
aphid population growth and survival. Under 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 amino acids 
in the phloem exudates was influenced by irrigation as well as AM treatments to different extents. Aphid 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 irrigation 
groups populations were smaller 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 drought-stressed plants, and the "plant 
vigour hypothesis", which argues that herbivores rather benefit from feeding on well-watered, vigorous plants. The outcome of 
our study emphasizes the complexity of climate change effects on interactions between organisms and reveals important 
insights for basic and applied research. 
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Reactive Oxygen Species (ROS) dosage in Arabidopsis chloroplasts improves resistance towards 
Colletotrichum higginsianum in a WRKY33-dependent fashion 

L. Voll1,2, A. Schmidt1, R. Mächtel1, A. Ammon1, T. Engelsdorf2, J. Schmitz3, V. G. Maurino3 
1FAU Erlangen-Nürnberg, Lehrstuhl für Biochemie, Erlangen, Germany 

2Philipps-Universität Marburg, Pflanzenphysiologie, Marburg, Germany 
3Heinrich-Heine-Universität Düsseldorf, Molekulare Physiologie und Biotechnologie der Pflanzen, Düsseldorf, Germany 

Arabidopsis plants overexpressing peroxisomal glycolate oxidase (GO) in chloroplasts have been established as an elegant 
system to generate H2O2 specifically in a spatiotemporal fashion. In GO plants, glycolate produced during photorespiratory 
oxygenation of ribulose-1,5-bisphosphate is oxidized to glyoxylate directly in the stroma, generating H2O2 as a by-product. The 
amount of H2O2 produced in the GO transgenics can be controlled by adjusting the rate of photorespiration by either increasing 
light intensity, or by lowering CO2 concentration. Similarly, photorespiratory mutants deficient in the major peroxisomal catalase 
CAT2 can be triggered to accumulate H2O2 in peroxisomes by the same stimuli. Previous transcriptome analyses of GO plants 
and cat2 mutants revealed that the transcription factors MYB51, WRKY33 and WRKY40 controlling the biosynthesis of indolic 
phytoalexins like indole glucosinolates and camalexin are specifically induced in response to a burst in stromal H2O2 in GO plants. 
Together with the redox-activated transcription factor ERF6, these three transcription factors represent the overlap to challenge 
with bacterial and fungal PAMPs. We therefore investigated the influence of H2O2 bursts in chloroplasts (in GO plants) and 
peroxisomes (in cat2-2 mutants) on the interaction with the fungal hemibiotroph Colletotrichum higginsianum. Compared to 
wild type, GO plants showed improved resistance to C. higginsianum after light shift-mediated production of H2O2, while cat2-2 
became more susceptible and allowed significantly more pathogen entry. The cat2-2 mutant suffered from severe oxidative 
stress after light shifts, as indicated by substantial increase in glutathione pool size and oxidation state. Our data suggest that 
severe oxidative stress interferes with an effective defense response in cat2-2. To resolve the genetic basis of inducible 
resistance in GO overexpressors, we analyzed GO mediated resistance in mutants deficient in several subsets of indolic 
phytoalexins. Induced resistance of GO was completely dependent on WRKY33, but only partially dependent on camalexin 
production, while the absence of indolic glucosinolates did not affect inducible resistance of GO plants to C. higginsianum. We 
conclude 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 in 
plants. 

 
OςIς004 

Identification and evolution of transcription factors and underlying gene regulatory networks governing 
oomycete plant pathology 
S. de Vries1,2, C. Slamovits2 

1Heinrich Heine University, Institute of Population Genetics, Düsseldorf, Germany 
2Dalhousie University, Department of Biochemistry and Molecular Biology, Halifax, Canada 

Hosts and their pathogens undergo strong physiological changes during infection. This physiological process is accompaniedτ
and underpinnedτby distinct alterations in gene expression patterns. Plant pathogenicity is therefore shaped by specific gene 
regulatory networks (GRNs). One of the major constituents that determine the dynamics of GRNs is the activity of transcription 
factors (TFs). While plant TF networks are well-researched, surprisingly little is known about the large-scale TF profiles of 
oomycetes. We, therefore, dissected the TF repertoire of oomycetes, a group of ubiquitous plant pathogens, by screening the 
genomes of 34 oomycetes (26) and other stramenopiles (8). Across our dataset, 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 RWP-RK (also known as Nin-like) TFs are significantly 
enriched in plant pathogens compared to animal pathogens and saprotrophs. Mining RNA-Seq data from three timepoints of 
infection and control conditions, we show that the expression of eight of the 14 RWP-RK TFs in Phytophthora infestans is 
associated with the infection of potato tubers. Currently, we combine co-expression data with promoter analyses to identify the 
pathogenicity-associated GRN modules that include the eight RWP-RKs. This will identify possible targets of these TFs. To 
strengthen our results, we use phylogenetic analyses to pinpoint RWP-RK orthologs in the 18 plant pathogens in our dataset. 
Comparative co-expression analyses across oomycete plant pathogens will highlight the conservation of the expression of RWP-
RKs and their putative targets as well as the evolution of these GRN modules in oomycete plant pathogens. 
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Slicing ectomycorrhizas ς what can we learn from? 
U. Nehls1, A. Hintelmann1, A. Kohler2, F. Martin2 
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Champenoux, France 

According to anatomy, different developmental 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 followed by a region with fully developed Hartig net. Regions of older, former fully functional 
Hartig net are following. 

To get insight in the process of ectomycorrhizal formation and maturation, functional poplar / fly agaric (Amanita muscaria) 
mycorrhizas were dissected piece-by-piece from the tip to the basis about 2 mm wise. For each mycorrhizal section, total RNA 
was isolated from individual pools, followed by linear mRNA amplification. Out of the first three mycorrhizal sections (meristem 
+ elongation zone, developing Hartig net, fully developed Hartig net), mRNA pools each were hybridized to micro-arrays (Nimble 
gene, chip version II) covering about 56.000 poplar genes.  Furthermore, entire mycorrhizas and non-mycorrhized fine roots 
were applied to RNAseq analysis. 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 transcript levels were 
observed between the Hartig Net zone of fully developed mycorrhizas and the root hair zone of non-mycorrhized fine roots but 
also between the Hartig Net zone and the tip of infected fine roots. Expression patterns and functional grouping of differentially 
expressed poplar genes are discussed. 

 
OςIς006 

Dual RNA-seq of the Rhizoctonia solani AG1-IB and lettuce cv. Tizian, leaf interaction model 
B. Verwaaijen1,2, A. Schlüter3, R. Grosch4, K. Niehaus2, A. Pühler3 

1Bielefeld University, Computational biology, Bielefeld, Germany 
2Bielefeld University, Proteome and Metabolome Research, Bielefeld, Germany 

3Bielefeld University, GRIM, Bielefeld, Germany 
4Leibniz Institute of Vegetable and Ornamental Crops, MICRO.1 , Großbeeren, Germany 

Rhizoctonia solani is a plant pathogen distributed among agricultural fields worldwide. Here we focused on the analysis of a 
compatible interaction between the host Lactuca sativa L. (lettuce) and R. solani AG1-IB. We sequenced and assembled a de 
novo draft genome of lettuce cv. Tizian, to accommodate mapping of the host transcriptome reads. We hypothesized that dual 
RNA-seq of pathogen and host simultaneously will directly identify action of the pathogen and re-action of the plant. 

Sampling points during infection of detached leaves were defined based on visual and microscopic investigations of host and 
pathogen phenotypes within the model. Within 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 chlorophyll fluorescence as well as slight 
discoloration of the lettuce tissue was observed. In interaction zone 3, dense mycelia had formed and the lettuce tissue had 
been macerated. 

The obtained results revealed large shifts in gene expression of both host and pathogen, subsequently by means of enrichment 
biologic functions have been deduced. Our data show that dual RNA-seq is capable of assessing pathogen and host responses 
from the same sample. It demonstrates that both pathogen and host transcriptomes are significantly modulated in the 
phenotypically defined interaction zones, even at late stages of the interaction. 
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Characterization of poplar genes encoding putative LysM-RLPs involved in chitin signaling 
T. Teichmann1, M. Awwanah1, G. Niemann1, M. Münier1, E. Petutschnig1, V. Lipka1 

1Georg-August-University Göttingen, Plant Cell Biology, Göttingen, Germany 

Plants are constantly exposed to fungal pathogens which may cause severe damage and yield loss. Plants 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 Lysin-Motif-Receptor-Like-Kinases (LysM-RLKs) and Lysin-
Motif-Receptor-Like-Proteins (LysM-RLPs). Chitin perception triggers a plant immune response which may result in resistance 
against the intruder. 

In Arabidopsis thaliana, the perception of chitin and initiation of chitin-induced immune responses requires the LysM Receptor-
like Kinase CERK1. In rice, the major component of chitin receptors is Chitin Elicitor Binding Protein (CEBiP), a LysM Receptor-like 
Protein (LysM-RLP) which associates with CERK1 in order to trigger chitin-induced plant defense. AtLYM2, the homolog of CEBiP 
in A. thaliana, is not involved in CERK1-mediated chitin responses, but mediates chitin-induced suppression of plasmodesmal 
flux independent of CERK1. 

Our objectives are identification and functional characterization of genes encoding LYM2 homologs in poplar. Two homologs of 
AtLYM2, PcLYM2-like1 and PcLYM2-like2, were found in poplar based on the sequence similarity with previously characterized 
LysM-RLPs of A. thaliana and O. sativa. 

Notably, the poplar LYM2-like2 paralog appears to be subject to tissue-specific differential splicing. Interestingly, the splicing 
variants differ at the first exon, encode markedly different LysM domains and show tissue-specific accumulation patterns. One 
splicing variant predominates in wood while levels of the other are higher in leaves. Microscopy analyses with fluorescence-
tagged LYM2-like2 proteins encoded by the splicing variants show different subcellular localization. Given the fact that the 
splicing variants only differ in the 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 poplar LYM2 homologs show normal ROS burst and MAPK activation. A possible effect 
on plasmodesmatal conductance (as shown for the Arabidopsis LYM2 knockout) is currently investigated. 

 

PLENARY ABSTRACT 
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How plants became the greatest chemists ς lessons from studying secretory structures and specialized 
cell types 
M. Lange1 

1Washington 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 critical 
adaptation that has shaped plant-herbivore and plant-pathogen interactions for hundreds of millions of years.  Secretory 
structures in terrestrial plants appear to have first emerged as intracellular oil bodies in liverworts.  In vascular plants, internal 
secretory 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 of the evolution of these secretory structures - and the chemical diversity found within them - will be provided.  
Recent breakthroughs in our understanding of the chemistry, biochemistry and molecular genetics of specialized metabolism 
have enabled the development 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.  Examples of 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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Evolution of specialized metabolism ς the system of pyrrolizidine alkaloids 
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Pyrrolizidine alkaloids (PAs) are a typical class of plant secondary metabolites that are produced as part of the chemical defense 
of the plant. PAs exist in two forms, as tertiary lipophilic free base and as polar N-oxide. This interchangeability is most likely one 
reason for the development of several fascinating plant-insect interactions. 

PAs occur in several unrelated lineages of the angiosperms. By studying the first specific enzyme of this pathway, 
homospermidine synthase (HSS), it was possible to show that the ability to produce PAs evolved several times independently 
during angiosperm evolution. Further 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 defense, i.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 the diversity of 
chemical structures, but also to a highly diverse regulation. 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 an 
unexpected variability between the developmental stages 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, we 
introduce PAs as a powerful system for evolutionary studies in plant secondary metabolism. 

 
OςJς002 

Evolution of functional divergence in the BAHD acyltransferase family ς an enzyme family as a driver of 
metabolic diversity in plant 

L. H. Kruse1, K. Fan1, G. Younkin2, G. D. Moghe1 
1Cornell 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 complexity 
of metabolites found in plants. These families are characterized by shared protein domains, functional redundancy, promiscuity, 
and functional divergence. A well-characterized example is the BAHD acyltransferase family, whose members catalyze the 
transfer of a CoA-activated acyl chain to an acyl acceptor, and are involved in lignin, wax, flavonoid, anthocyanin, polyamine, 
alkaloid, acylsugar and alcohol acylation reactions. In this study, we investigated the origins of the different BAHD functions. To 
reconstruct the BAHD family 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 expanded 
significantly after the evolution of land plants, from their origins in phenolic ester biosynthesis. BAHDs were subsequently 
recruited into wax, anthocyanin and polyamine biosynthesis before emergence of angiosperms. Based on a structural similarity 
network of all BAHD substrates, we identified a 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 classes. 
We tested this hypothesis by characterizing the activities 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 native or trace 
activities, than more specialized enzymes that diverged 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 the 
hypothesis that a small number of sequence changes are sufficient to change enzyme preference between the structurally 
similar ancestral substrate classes, while likely a larger number of residue changes are needed for switching to a non-ancestral 
substrate class. Analysis of protein structural flexibility further revealed sequence motifs and structural regions potentially 
contributing to the promiscuity of BAHD enzymes. Insights derived from these analyses can inform studies of enzyme 
promiscuity and metabolic evolution in other enzyme families and help rational design of enzymes for synthetic biology. 
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Profiling the volatile metabolome in pear leaves with different resistance to the pear Psylla Cacopsylla 
bidens ό~ǳƭŎύ ŀƴŘ characterization of phenolic acid decarboxylase 

M. Ibdah1, M. Yahyaa1, D. Rachmany1, Y. Gerchman1, D. Holland1, L. Shaltiel-Harpaz1 
1NeweYaar Research Center, Agricultural Research Organization, Plant Sciences, Ramat Yishay, Israel 

Pear Psylla is the most important pest of pear in all pear-growing regions, in Asian, European, and the USA. Pear psylla damages 
pears in several ways: High-density populations of these insects can cause premature leaf and fruit drop, diminish plant growth, 
and reduce fruit size. In addition, their honeydew promotes sooty mold on leaves and russeting on fruit. Pear psyllas are also 
considered vectors of pear pathogens such as Candidatus Phytoplasma pyri causing pear decline that can lead to loss of crop and 
tree vigor, and sometimes loss of trees. Psylla control is a major obstacle to efficient Integrated Pest Management.  
Recently we have identified two naturally resistance pear accessions (Py.760-261 and Py.701-202) in the Newe Ya"ar live 
collection. GC-MS volatile metabolic profiling identified several volatile compounds common in these accessions but lacking, or 
much less common, in a sensitive accession, the commercial Spadona variety. Among these volatiles were styrene and its 
derivatives. When the resistant accessions were used as inter-stock, the volatile compounds appear in commercial Spadona 
scion leaves and it showed reduced susceptibility to pear psylla. Laboratory experiments and applications of some of these 
volatile compounds were very effective against psylla eggs, nymphs and adults.  
The genes and enzymes involved in the specific reactions that lead to the biosynthesis of styrene in plant are unknown. We have 
identified a phenolic acid decarboxylase that catalyzes the formation of p-hydroxystyrene, which occurs as a styrene analog in 
resistant pear genotypes. The His-tagged and affinity chromatography purified E. coli-expressed pear PyPAD1 protein could 
decarboxylate p-coumaric acid, and ferulic acid to p-hydroxystyrene and 3-methoxy-4-hydroxystyrene. In addition, PyPAD1 had 
the highest activity towards p-coumaric acid.  
Expression analysis of the PyPAD gene revealed that its expressed as expected, i.e. high when styrene levels, and psylla 
resistance were high. 

OςJς004 

Alternative expression systems for plant cytochrome P450s ς cinnamic acid 4-hydroxylase from the 
hornwort Anthoceros agrestis  

J. Wohl1, M. Petersen1 
1Philipps-Universität Marburg, Institut für Pharmazeutische Biologie und Biotechnologie, Marburg, Germany 

Cinnamic acid 4-hydroxylase (C4H) is one of the best characterised cytochrome P450 hydroxylases involved in plant secondary 
metabolism. The enzyme is part of the phenylpropanoid pathway and catalyses the formation of 4-coumaric acid from trans-
cinnamic acid.  
The cDNAs encoding C4H and a NADPH:cytochrome P450 reductase (CPR) were amplified from Anthoceros agrestis. Since 
expression in yeast failed, probably due to a higher GC-content and different codon usage, we looked for alternative expression 
systems. E. coli was chosen because it is nowadays often used for expression of plant cytochrome P450 enzymes [1-4]. A 
AaC4H/CPR fusion protein was actively expressed in E. coli C41. Simultaneously a soluble AaCPR protein was produced, purified 
and characterised. AaCPR measured with cytochrome c displayed a Km-value of 9.2 µM for NADPH and a Vmax of 49.17 
mkat/kg. 
Since product yield of the AaC4H/CPR fusion protein in bacteria was very low, we decided to use Physcomitrella patens as a 
second expression system for AaC4H. The moss Physcomitrella patens 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 to perform 
post-translational 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 NADPH-dependent formation of 4-coumaric acid. 
Since Physcomitrella itself presumably possesses two own C4Hs, characterisation was carried out in parallel with the 
untransformed Physcomitrella wild type (PpWT). Apparent Km-values for AaC4H were determined to be 17.3 µM for cinnamic 
acid and 88.0 µM for NADPH. PpWT displayed Km-values of 25.1 µM for cinnamic acid and 92.3 µM for NADPH.  
To our knowledge, this is the first report of the active expression and characterisation of a membrane-bound enzyme in 
Physcomitrella patens. 
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Green gold ς screen for inducible valuable secondary metabolites in green plant residues from 
Solanaceae for industrial use  

J. J. Reimer1, V. Carvalho Lemos1, E. B. Haraldsson1, F. Genzel2, L. V. Junker2, B. Thiele2, A. Wiese-
Klinkenberg2, B. Usadel1,2, A. Wormit1 

1RWTH Aachen University, Institute for Biology 1, Aachen, Germany 
2Research Center Jülich, Institute of Bio- and Geosciences, Plant Sciences (IBG-2), Jülich, Germany 

The horticultural production of Solanaceae (like tomato or pepper) produces green residuals as left over. The capacity of plants 
to induce secondary metabolites in response to abiotic stress is well known, but yet not utilized in such residues. Thus, abiotic 
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 value-chain. 

Here, we present changes in secondary metabolism in tomato and pepper due to abiotic stress using a combined approach of 
transcriptome analysis and metabolite profiling. For further insights in the natural variation of responses, cultivated tomato 
(Solanum lycopersicum cultivar Lyterno) and pepper (Capsicum annuum cultivar Stayer) were compared with samples of the wild 
tomato S. pennellii or a wild chili species (C. annuum L. var. glabriusculum), respectively. We applied different stress treatments 
(e.g. nitrogen depletion, elevated light, cold during night, elicitor treatment) and combinations thereof under controlled 
conditions to young plants. Single leaves were collected and used for both an RNA-Seq analysis and a metabolite screen using 
mass spectroscopy. 

Our analysis shows a significant induction of flavonoid and phenylpropanoid biosynthesis in leaves of cultivated tomato and 
pepper plants after application of various stresses, whereas the wild species showed a less pronounced induction of flavonoids 
with an enrichment of different metabolites. In a proof-of-concept setup 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 pepper) 
especially after applying various stresses in combination. Besides, the biosynthesis pathways of additional valuable metabolites, 
like chlorogenic acid, were induced as well. 

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

 
OςJς006 

Biosynthesis of pyrrolizidine alkaloids ς CRISPR/Cas9 of an acetohydroxyacid synthase in Symphytum 
officinale  

A. Engelhardt1, D. Ober1 
1Christian-Albrechts-Universität Kiel, Botanisches Institut und Botanischer Garten, Kiel, Germany 

Pyrrolizidine alkaloids (PAs) are plant secondary metabolites used as a defense against herbivores. PA biosynthesis evolved 
several times independently within the Angiosperms 1, 2. The characteristic 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 different necic acids 
esterified to the necine base 3. The lycopsamine type PAs, the typical 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 chain 
amino acid biosynthesis, i.e. from 2-oxoisovalerate of valine biosynthesis 4, 5. According to this idea, an acetohydroxyacid 
synthase (AHAS) transfers a two-carbon-unit from pyruvate via the active acetaldehyde (He-ThDP) to 2-oxoisovalerate. The 
product is the so-called "pro necic acid", the direct precursor of the C7 necic acid 5, 6. Gene knockout experiments with 
CRISPR/Cas9 in Symphytum officinale targeting the catalytic subunit of an AHAS like gene are used to elucidate the role of an 
AHAS in PA biosynthesis. 
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Effects of PRISE knock down in transgenic Digitalis lanata L. shoots 
J. Klein1, M. Ernst1, E. Horn1, W. Kreis1, J. Munkert1 

1Pharmaceutical Biology, Biology, Erlangen, Germany 

Digitalis lanata (D. lanata) is a species within the Plantaginaceae. The cardiac glycosides (cardenolides) of Digitalis species have 
been used for the treatment of heart failure (Kreis, 2017) and experience a revival as potential anti-tumor agents (Prassas and 
Diamandis, 2008). In their biosynthesis, PRISEs (progesterone-5 -̡reductase/iridoid synthase) catalyze the reduction of 
progesterone to 5̡-pregnane-3,20-dione, which is an important step in the early biosynthesis of the therapeutically used 5-̡
cardenolides (Kreis, 2017). PRISEs are enzymes encoded by VEP1 genes (Jun et al., 2002; syn: AWI 31, Yang et al., 1997) that 
occur ubiquitously in the plant kingdom (e.g., 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 (Munkert et al., 2015a). Two enzymes (termed P5bR1 and 
P5bR2) with progesterone-5 -̡reductase-activity are described in D. lanata (Kreis, 2017).We here further investigated the role of 
the PRISEs in cardenolide biosynthesis. For studying the effects of known PRISEs in D. lanata, especially in regard to cardenolide 
biosynthesis we established RNAi mediated P5bR1 and P5bR2 knock down mutants in D. lanata shoots (P5bR1, AY585867.1; 
P5bR2, HM210089.1). The successful down regulation of the respective PRISEs was demonstrated by qPCR and by assaying 
progesterone-5 -̡reductase-activity in protein crude extracts. We not only observed a significant down regulation of the 
cardenolide content in D. lanata PRISE knock down shoots compared to wild-type shoots but also saw a reduced level of 
hydrogen peroxide, that is known to enhance cardenolide  biosynthesis. Lower levels of hydrogen peroxide can result from an 
enhanced gene expression of the defense related glutathione reductase (GR) and consequently increased glutathione level 
observed in PRISE knock down mutants. Presently, we cannot conclude that the inhibitory effect seen in cardenolide 
biosynthesis is only a result of reduced PRISE expression. We therefore presently further evaluate the relation between PRISE 
expression, cardenolide content and plant stress response.  
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Shedding light on branch angles and the molecular determinants of plant shape 
C. Dardick1, J. M. Waite1, C. A. Hollender2 

1USDA ARS, Appalachian Fruit Research Station, Kearneysville, WV, United States 
2Michigan State University, East Lansing, MI, United States 

The most important factor that influences orchard productivity is management of tree size and shape. Tree shape is influenced 
at the time of planting through spacing and the choice of rootstock, as well as by the seasonal pruning and training of the tree 
throughout its life. In recent years, orchardists have been moving towards higher density planting systems that maximize time to 
harvest, yield, and fruit quality.  Genetic improvements to tree architecture offer a potential solution to minimize labor costs 
and increase productivity, however, there is a sizeable knowledge gap in our understanding of the underlying mechanisms. This 
includes both the genetics that influence tree shape as well as interactions with the environment. Over the past decade, we 
have identified a handful of genes in peach that control tree size and branch orientation using next-generation sequencing 
strategies. Collectively, the work has led to a model in which branch orientation is largely controlled through light regulation of 
gravitropism. Practical aspects of the work potentially related to management practices and/or breeding will also be discussed. 
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Functional characterisation of high tillering mutants in barley 
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2bMax Planck Institute for Plant Breeding Research, Cologne, Germany 

3cWageningen University and Research, Wageningen, Netherlands 

Shoot architecture 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 inflorescences. However, 
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 tool to dissect 
major regulators controlling plant morphology. We analysed allelic high tillering mutants designated as many noded dwarf (mnd) 
by phenotypic analyses and transcriptomics. Detailed phenotyping of the mnd mutants revealed pleiotropic developmental 
defects in both vegetative and reproductive traits. Vegetative growth was increased in mnd mutants including excessive 
development of leaves that subsequently led to higher numbers of axillary buds and tillers. Interestingly, mnd mutants were 
able to produce tillers at elongated nodes close to the shoot apical meristem and at the base of the inflorescence. Scanning 
electron micrographs uncovered that mnd mutants failed to suppress bract growth and spikelet meristems reversed into 
vegetative branches. Reproductive development was impaired resulting in a reduction of spikelets and seeds per spike. Using 
mapping by RNA sequencing, we were able to identify the causative gene underlying the mnd locus on chromosome 7HL. 
Expression analysis of shoot apical meristems of mnd mutants revealed the mis-expression of known barley floral regulators and 
suggested a major role of this gene in barley gene transcription and regulation of development. 

 
OςKς003 

ENHANCED GRAVITROPISM 2 ς a key regulator of barley root system architecture 
G. Kirschner1, S. Rosignoli2, S. Salvi2, F. Hochholdinger1 
1University 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 plant breeders. Nevertheless, they have a big 
impact on plant growth by taking up water and nutrients and confer anchorage in soil. Recently, a deep root phenotype was 
proposed to increase resistance against drought stress by providing access to deep soil water. To this end, 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, the enhanced root gravitropism2 (egt2) mutant exhibits roots that are directed in a steep angle 
towards the gravitropic vector and show a faster re-orientation 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 root structure, nor in the shoot. 
This indicates that the mutation specifically affects the reaction of the roots to gravity rather than a general signalling process. 
Furthermore we could show that EGT2 most likely acts upstream of auxin-related processes in the gravitropism 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 for both the 
basic molecular mechanisms for root gravitropism and a putative target for breeding for drought resistance. 
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OptiArch ς increasing yield by optimisation of plant architecture in sunflower 
Y. Sprycha1, A. Dimitrijevic2, C. Jansen3, R. Horn1 
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3Strube Research GmbH & Co. KG, Söllingen, Germany 

The goal of this project is to optimize the sunflower plant architecture 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 densities and 
increased yields. Sunflower is one of the most important oil crops of our time and vegetable oils represent high-quality 
agricultural products as renewable raw materials. Plant architecture plays an important role for yields as it has a great influence 
on photosynthesis, lodging and possible plant densities. But higher 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 architecture, yield-related traits like 
plant height and leaf angle need to be addressed and the approach to optimize plant architecture requires knowledge about the 
genes involved. For leaf and branch angles, the genes HaTAC1 and HaLAZY1 are two likely candidates. In addition, gene variants 
of the GA-signaling pathway may play an important role in plant height, since gibberellins are involved in many developmental 
processes, especially in shoot elongation. A sunflower association panel consisting of USDA, GRIN-CA and INRA material was 
evaluated regarding plant architecture. In 2017, the association panel consisted of 384 sunflower accessions, which showed a 
great variation in terms of their plant height, branching and leaf angles. From this panel, 64 genotypes with defined growth 
types were selected for 2018. These 64 genotypes represent 45 normal, 11 semi dwarfs and 8 dwarfs with varying leaf angles 
(narrow, normal and wide). In 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 good correlations. The 22 candidate genes from the 64 
genotypes were sequenced by Amplicon Targeted Sequencing. The SNP analyses allowed the identification of gene variants of 
genes of the GA signaling pathway as well as of the genes HaTAC1/HaTAC2 and HaLAZY1/HaLAZY2. Furthermore, association 
studies were started and the population structure of the panel could be determined. In HRM analyses, dwarfs and semi-dwarfs 
of the association panels and various ornamental sunflowers were examined with regard to a known mutation in the DELLA 
domain of HaDELLA1 gene, responsible for reduced growth. 
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Structure-function relationships of different epidermal cell type cuticles in the maize leaf 
S. Matschi1, M. F. Vasquez1, R. Bourgault2, P. Steinbach3, S. A. Braybrook4, I. Molina2, L. G. Smith1,2 
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2Algoma University, Biology, Sault Ste. Marie, Canada 

3University of California, San Diego, Howard Hughes Medical Institute, La Jolla, United States 
4University of California, Los Angeles, Department of Molecular, Cell and Developmental Biology, Los Angeles, United States 

The cuticle is the outer physical barrier of plants, establishing an important interaction interface with the environment. 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 chemical 
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 in longitudinal 
rows only on the adaxial side of most grass leaves, and are implicated to play a role in the leaf rolling response upon drought 
and heat stress. We were able to show increased shrinkage of bulliform cells during dehydration of the leaf in situ, 
independently confirmed 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 composition, 
analyzed by GC-MS, to identify crucial components of cuticular function in these epidermal cell types. Transcriptomic analysis of 
developing leaves of several bulliform cell-enriched mutants is conducted to identify common regulators of these cell-type-
specific cuticles, likely facilitating the function of bulliform cells in stress-induced leaf rolling of grasses. 
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A comparative morphological approach of the stinging trichomes of netlles (Urticaceae, Urticeae tribe) 
I. C. Nascimento1, S. P. Teixeira2 
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Secretory 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 their 
main function. Among the types of secretory trichomes, the stinging is of special interest because the substances produced 
cause a sensation of burning and pain even in humans. This type of secretory trichome is characterized by a broad base, 
elongated peduncle and bulb-shaped 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, Urera and Urtica. 
Thus, the objective of this study 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 dioica L., Laportea 
aestuans (L.) Chew. and Urera baccifera (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 and 
multicellular head in all samples analyzed, and another with a long peduncle and a multicellular spatula-shaped head in Laportea 
aestuans. The absence of a typical stinging trichome in Laportea aestuans was surprising. Thus, new samples of this species were 
submitted to tests of localization of substances 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 the secreted 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 aestuans, Urera baccifera, Urtica dioica. 
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First contact ς plant responses to eggs of herbivorous insects 
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1Freie Universität 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 ago 
that it has been first discovered that plants can also respond to eggs of herbivorous insects. Yet, the understanding and 
awareness of 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 plants. We investigate whether and how solanaceaous plant 
species use insect oviposition as a signal to increase their resistance. Some plants show very obvious responses at the sites of 
egg deposition such as chlorosis, necrosis and neoplasm formation. In such a plant, Solanum dulcamara, we found that plants 
can kill insect eggs by the production of ROS underneath the eggs [1]. In other plants, e.g. Nicotiana attenuata, no obvious 
responses at the sites of oviposition and no effects on egg survival are observed. However, both mentioned species [2,3] 
increase their resistance to the feeding larvae after egg exposure. In N. attenuata, we identified an oviposition-mediated 
priming of feeding-induced defence traits as the mechanism underlying the increased resistance to herbivory of oviposited 
plants [3]. We also showed that a generalist and a specialist herbivore are differentially affected by this priming. Opposite to the 
generalist larvae, that of the specialist are not directly but may be indirectly affected as they have lower immune parameter 
levels and are more susceptible to entomopathogens [4]. Remarkably, the species-specific response that N. attenuata shows to 
the feeding by these two species is also primed after the moth"s egg deposition, which we revealed in a full-factorial experiment 
with both species' egg depositions 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 its anti-herbivore defence.   
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Regulation of the nectar composition in Bromeliaceae 
T. Göttlinger1, G. Lohaus1 
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The family of the Bromeliaceae is one of the species-richest non-woody plant families in the Neotropics. Bromeliads are diverse 
in morphological, ecological, or physiological aspects. More species within the Bromeliaceae are pollinated by vertebrates than 
insects. Therefore, bromeliads include trochilophilous, chiropterophilous, entomophilous, psychophilous, sphingophilous, and 
autogamous species by which these can be separated into day- or night-flowering plants.  
The main reward for pollinators is, as with other plant groups, floral nectar produced by in this case septal nectaries. Floral 
nectar contains manly sugars (e.g. glucose, fructose, and sucrose), amino acids, inorganic ions, organic acids, and secondary 
compounds. 
So far, nectar sugar compositions have often been related to the pollination syndrome of the plant species, including species of 
Bromeliaceae whereas amino acids or other nectar compounds have not yet been investigated thoroughly.  
The question is whether the different groups of nectar compounds are influenced by specific pollinator types, taxonomic groups, 
and/or phylogenetic relations. Therefore, nectars of 147 species from 18 genera of the Bromeliaceae were analyzed by HPLC 
with regard to sugars, amino acids, inorganic ions, and organic acids. The analyzed species vary widely in the time of anthesis 
(day versus night), floral morphology, and pollination type. Since 22 bat-pollinated species were researched, a particular 
attention is paid to these species in pursuit of the question whether the nectar composition of bat-pollinated species differs 
fundamentally from the nectar of plants with other pollinators.  
The analyzed nectar composition indicates that the concentrations of sugars and certain inorganic ions in the nectar of bat-
pollinated species differed significantly from those of species with other pollination types. Different nectar compositions 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. Summarizing all data, it is 
obvious that significant differences exist between nectar traits of bat-pollinated species and species with other pollination types. 

 
OςLς003 

Nectar secretion from wounds and its evolutionary prospects 
T. Lortzing1, A. Steppuhn1 

1Freie Universität Berlin, Biology/ Molecular Ecology, Berlin, Germany 

Plant nectar as a reward for mutualistic insects conveys the most prominent plant-insect interaction besides herbivory. It is 
surprising how little is known about the evolutionary origins of nectar secretion and about the physiological mechanisms it is 
based upon. Nectar is usually secreted from secretory structures (nectaries) that seem to emerge and disappear frequently all 
across the plant kingdom. We recently described a form of nectar in Solanum dulcamara that is not secreted from nectaries but 
directly from herbivoreςinflicted plant wounds [1] . This wound nectar functions as indirect plant defense as it attracts ants to 
the plant that keep herbivores at bay. Its amount and chemical composition 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 any 
specialized secretory tissue or structure for its release, it represents the simplest way 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 nectary structures. The 
amount of wound nectar secretion varies strongly between S. dulcamara populations in Europe and North America. In European 
populations, its wound-induced release coincides with enhanced expression of SWEET sugar transporters in the damaged tissue. 
Interestingly, the sucrose transporter AtSWEET9 and its homologs are responsible for the sugar export from floral nectaries into 
the extracellular space in various plant species. We investigate, whether wound nectar and nectar from nectaries might have 
independently co-opted similar sugar transporter systems for their release, which might help to explain the frequent and 
independent evolution of nectaries." 

References 
[1] Lortzing, T., Calf, O.W., Böhlke, M., Schwachtje, J., Kopka, J., Geuß, D., Kosanke, S., van Dam, N.M., Steppuhn, A., 2016. 
Extrafloral nectar secretion from wounds of Solanum dulcamara. Nature Plants 2, 16056. 
https://doi.org/10.1038/nplants.2016.56 
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Inability of callosobruchus maculatus (coleoptera: chrysomelidae: bruchinae) to damage arachis 
hypogaea όŦŀōŀŎŜŀŜѷƭŜƎǳƳƛǎƻǎŀŜύ 

T. Ofuya1 
1The Federal University of Technology, Akure, Crop, Soil & Pest Management, Akure, Nigeria 

Introduction: Amongst food legumes in Nigeria, the storage pest Callosobruchus maculatus F. ộColeoptera: Chrysomelidae: 
BruchinaeỚ is unable to proliferate on Arachis hypogaea L. ộFabaceae/LeguminosaeỚ and I sought to investigate this inability. 

Methods: The investigation was carried out under ambient laboratory conditions in Akure, Nigeria. Pods and seeds of A. 
hypogaea and Vigna unguiculata ộa susceptible hostỚ were provided in separate Petri plates for females of C. maculatus for 
oviposition in no-choice and free-choice tests. Subesquently, the pods the pods and seeds of A. hypogaea were dissected and 
examined under the microscope for evidence of egg hatch and larval development. 

Results: There was no significant difference in egg laying by female beetles on the seeds and pods of A. hypogaea and V. 
unguiculata. Eclosion occurred but larval growth and development was not completed in seeds and pods of A. hypogaea. 
Microscopic examination of infested pods revealed that 1st instar laevae were unable to successfully penetrate the pod-wall and 
perished. First instar larvae of the beetle penetrated the seed coat but perished upon attempting to feed in the seed. 

Conclusions: Pod wall thickness conditioning antixenosis and toxic substances contained in seed conditioning antibiosis are 
putatively responsible for the inability of C. maculatus larvae to cause damage to A. hypogaea pods and seeds. Products from A. 
hypogaea seeds may be efficacious in protecting susceptible grain legumes from damage by C. maculatus. 

 
OςLς005 

Which Asclepias cardenolides should I take? The decision of Oncopeltus fasciatus 
P. A. Rubiano-Buitrago1, C. Heyworth1, H. Rowland1, C. Paetz1 

1Max 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 and 
ecologically widespread. Toxins are used to prevent damage by predators and parasites through different mechanisms, and are 
found in both simple and complex organisms including bacteria, fungi, animals and plants. The compounds that defend the 
plants of Asclepias genus are called cardenolides, steroid glycoside compounds that inhibit the Na+/K+-ATPase function in 
animal cells. Because of their activity over this enzyme target, they are responsible of different phenomena and applications, 
from poisoning livestock to treatment of congestive heart failure. 

Some insects that have Asclepias as 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 milkweed 
bug(Oncopeltus fasciatus) is a cardenolide sequestering insect that feeds mainly on Asclepias seeds. The mechanism of chemical 
defense absorption is an ongoing issue in molecular and physiological studies. One of the postulates is that cardenolides are 
sequestered manly to be stored in specific glands and released as part of a defensive excretion, these glands appear to be 
different in adults and nymphs. Our aim was to compare two systems of O. fasciatus, one raised in a neutral diet (sunflower 
seeds), while the other was raised with seeds of A. curassavica. The presence of cardenolides in the defensive secretion of O. 
fasciatus was analyzed by HPLC-MS and NMR experiments, both in nymphs and adults, remarking the differences between the 
cardenolide profile on those two life stages. The comparison was made along with a phytochemical study of A. curassavica seeds 
to obtain reliable data of the cardenolides present in the diet and their structural characteristics.  

This research was conducted with the background hypothesis that the sequestration of bioactive metabolites of Asclepias has a 
direct correlation with the need for O. fasciatus to develop and maintain a chemical defense trait. In addition, we hope to draw 
conclusions about the relevance of the cardenolide structure or the functional groups that could be key during the sequestration 
process. 
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How does Solanum dulcamara increase its resistance to herbivores in response to insect oviposition? 
A. Ebert1, R. E. H. Cramer1, B. G. Wang1, A. Steppuhn1 

1Freie Universität Berlin, Molekulare Ökologie - Dahlem Centre of Plant Science, Berlin, Germany 

Plants respond to insect herbivory with a multitude of resistance traits. Recent studies revealed that several plant species, 
among them the Bittersweet Nightshade Solanum dulcamara, increase their resistance to herbivorous insects, when they 
experienced the herbivore's oviposition before the attack by the larvae1. The nature of such oviposition-mediated resistance 
remains largely unknown. We aim to determine responses of S. dulcamara to oviposition and larval feeding by Spodoptera 
exigua that could explain such an increased resistance. A previous transcriptional and metabolic screen of the effects of 
oviposition on S. dulcamara plants indicates a modified regulation of phenylpropanoid metabolism after larval attack1. 
Therefore, we first examined the inducibility of phenylpropanoids in herbivore-exposed and systemic leaves of S. dulcamara. 
Despite considerable variation in phenylpropanoid profiles between plants from spatially distant populations, our results 
revealed inducible phenylpropanoid production, such as of caffeoylputrescine, which is also inducible by slug herbivory in S. 
dulcamara2. We then investigated in two-factorial experiments, how oviposition per se and in response to larval feeding affects 
defence-related leaf traits, namely phenylpropanoids and protease inhibitor (PI) activity. We found that the effects of 
oviposition differ from those determined in another solanaceous plant (Nicotiana attenuata), in which oviposition primes the 
induction of phenylpropanoids and PI activity by larval feeding3. To assess potential regulatory processes of oviposition-
mediated resistance mechanisms against the feeding larvae, we further examined the temporal 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 bioactive isoleucine 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 2018; Int. J. Mol. Sci., 19: 4008  
[2] Calf et al., 2018; J. Chem. Ecol. 45: 146-161  
[3] Bandoly et al., 2015; Plant J., 83: 661ς672 
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Opportunities to improve yield through manipulation of photosynthetic carbon fixation 
C. A. Raines1 

1University of Essex, School of Biological Sciences, Colchester, United Kingdom 

The growing world population and the plateauing of increases in grain yield from the major crops, demands 

that we find new approaches to improve crop productivity. Ultimately the cumulative rate of photosynthesis 

over the season determines plant productivity but photosynthesis has never been used as a screen for high 

yielding crops. In recent years evidence has accumulated suggesting that increasing photosynthetic capacity 

can lead to increased plant growth and yield. We are manipulating multiple targets to improve both electron 

transport and CO2 assimilation and are testing the resulting transgenic plants in both the greenhouse and the 

field. My talk will provide an update on our progress to manipulations with the greatest potential to improve 

productivity and yield. 
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Machine learning and molecular biology identify novel candidates regulating photosynthetic gene 
expression 

W. Halpape1, A. Bräutigam1 
1Bielefeld University, Computational Biology, Bielefeld, Germany 

Photosynthetic gene regulation is not yet fully understood. To generate more information and viable candidates for regulation 
we explore gene regulation in plants using machine learning approaches. Machine learning approaches currently inevitably 
suffer from high error rates in prediction. It thus requires multiple information layers to overcome the high error rate. Random 
forest regression predicted gene regulatory networks from at least 1000 wild-type RNA-seq open access datasets for four 
different species. GO term enrichment assigned function to transcription factors based on their predicted target genes. 

The gene regulatory networks from Solanum lycopsersium, Triticum aestivum and Vitis vinifera were stacked onto the 
Arabidopsis thaliana 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 the 
chloroplast and the mitochondrion 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 and 
showed chlorotic phenotypes. Currently, RNA-seq of overexpressors and construction of Crispr/Cas9 knockout mutants identify 
the precise direct and indirect targets of the candidate photosynthetic regulators. 

 
OςMς002 

Herbaria in the -omics and digital era ς new uses for old plants 
D. Albach1 

1Carl von Ossietzky-Universität Oldenburg, Institut für Biologie und Umweltwissenschaften, AG Biodiversität und Evolution der 
Pflanzen, Oldenburg, Germany 

The approx. 3000 herbaria worldwide are home to about 400 million plant specimens. Whereas herbaria are sometimes 
believed to be outdated, modern research demonstrates that herbaria are more important and valuable than before as will be 
shown in this talk. Traditional uses of herbaria, such as documentation of distribution, morphological variation, storing type 
specimens and teaching plant identification, may have mostly been replaced by large data bases, DNA barcoding etc. However, 
herbarium specimens are increasingly used as genomic resources to access DNA otherwise inaccessible due to legal restrictions 
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 digitization 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 questions. 
Nevertheless, methodologies will need 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 need to be adapted to the condition of DNA. Whereas several general recommendations 
can be made based on various studies and own experiences, many aspects are taxon-specific. Nevertheless, there is pressing 
need for non-destructive methods. Spectroscopy may offer such a method and I 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 research-oriented teaching and transdisciplinary research as exemplified by a couple of student research projects in 
Oldenburg. 
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The hidden potential of the pistil in Hypericum perforatum (Johanniskraut) ς novel insights in the 
development of dark gland development and hypericin biosynthesis 

P. Rizzo1, L. Altschmied1, P. Stark2, T. Rutten1, A. Gündel1, S. Scharfenberg2, K. Franke2, H. Baeumlein1, 
L. Wessjohann2, M. Koch3, L. Borisjuk1, T. Sharbel4 

1IPK Gatersleben, Seeland, Germany 
2IPB, Halle, Germany 

3Ruprecht Karls Universität, 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 biologically active compounds 1. Out of those, hypericin, is regarded as a 
promising immunogenic cell-death inducer, that can be used in cancer photodynamic therapy 2,3. Furthermore, hypericin shows 
potential applications in the treatment of Alzheimer disease through interference with the formation of a̡-plaques in the brain4. 
Dark glands are the organs in which hypericin and other compounds are accumulated, for this reason, previous studies tried to 
address the biosynthesis of these compounds by studying tissues bearing dark glands 5. Until today the leaf was always used as 
the model organ for the study of such structures. We introduced the pistil as a novel model tissue for the study of dark gland 
development. In our research we have demonstrated that the pistil is more suitable than the leaf for the identification of genes 
responsible for the differentiation of dark glands and for the biosynthesis of hypericin 6. We use a combination of state-of-the-
art imaging techniques, metabolomics and multistage transcriptomics to discover novel genes involved in these complex 
developmental processes. 

References 
[1] Rizzo, P. Novel insights on female gametophyte development in the apomictic model species Boechera spp . and Hypericum 
spp . PhD thesis, Halle Univ. (2016).  
[2] Garg, A. D., Nowis, D., Golab, J. & Agostinis, P. Photodynamic therapy: Illuminating the road from cell death towards anti-
tumour immunity. Apoptosis 15, 1050ς1071 (2010).  
[3] Garg, A. D., Krysko, D. V., Vandenabeele, P. & Agostinis, P. Hypericin-based photodynamic therapy induces surface exposure 
of damage-associated molecular patterns like HSP70 and calreticulin. Cancer Immunol. Immunother. 61, 215ς221 (2012).  
[4] Bramanti, E., Lenci, F. & Sgarbossa, A. Effects of hypericin on the structure and aggregation properties of ß-amyloid peptides. 
Eur. Biophys. J. 39, 1493ς1501 (2010).  
[5] Soták, M. et al. Differentially Expressed Genes in Hypericin-Containing Hypericum perforatum Leaf Tissues as Revealed by De 
Novo Assembly of RNA-Seq. Plant Mol. Biol. Report. 1027ς1041 (2016). doi:10.1007/s11105-016-0982-2  
[6] Rizzo, P. et al. Discovery of key regulators of dark gland development and hypericin biosynthesis in St. John"s wort 
(Hypericum perforatum L.). Plant Biotechnol. J. (2019). 
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Chloroplast vs. Mitochondria ς resolving subcellular plant metabolism to the next level  
L. Fürtauer1, L. Küstner2, A. G. Heyer2, W. Weckwerth3,4, T. Nägele1 

1LMU Munich, Biology I, Planegg-Martinsried, Germany 
2University of Stuttgart, Plant Biotechnology, Stuttgart, Germany 

3University 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 biological research is frequently limited by methods allowing to 
resolve the metabolome subcellularly. To overcome this limitation, we developed a new protocol based on a non-aqueous 
fractionation technique enabling the assignment of metabolites to their subcellular compartments (Fürtauer et al., 2016). The 
method is applicable to resolve subcellular metabolite dynamics in a precise and statistically robust manner. Although non-
aqueous fractionation was successfully applied since decades, the distinction between mitochondrial 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 of chloroplasts, cytosol, vacuole and mitochondria (Fürtauer et al., in 
revision). In detail, we combined non-aqueous fractionation, subcellular enzyme kinetics, proteomics and metabolomics 
approaches to reveal subcellular diurnal dynamics of plant metabolism. Wild type plants and hexokinase-1 (HXK1)-deficient 
gin2-1 mutants revealed a strong impact of HXK1 activity on metabolome dynamics across multiple compartments. Subcellular 
levels of pyruvate, citrate, succinate and fumarate were significantly affected in gin2-1. Lowered mitochondrial glycine and 
serine concentrations together with reduced abundance of photorespiratory proteins indicated an effect of the gin2-1 mutation 
on photorespiratory capacity (Fürtauer et 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] Fürtauer, L., Weckwerth, W. and Nägele, T. (2016) A benchtop fractionation procedure for subcellular analysis of the plant 
metabolome. Frontiers in plant science, 7.  
[2] Fürtauer*, L., Küstner*, K., Weckwerth, W., Heyer, A.G., Nägele T. Resolving subcellular plant metabolism. (in revision, 
*authors contributed equally) 
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Calcium signaling at the cytoskeleton and its role in plant growth regulation 
K. Bürstenbinder1, P. Kumari1, P. Dahiya1, M. Kölling1, G. Stamm1 

1Leibniz Institute of Plant Biochemistry, Molecular Signal Processing, Halle (Saale), Germany 

Plant growth and development follows a genetically pre-determined 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 restricted and controlled by the cell wall-plasma 
membrane-cytoskeleton continuum. An essential role in coordination of growth processes is played by calcium (Ca2+) ions, which 
act as universal second messengers in cellular signaling. Spatio-temporal Ca2+ oscillations are monitored by Ca2+ sensors such as 
calmodulin (CaM) and CaM-Like (CML) proteins, which, depending on their Ca2+ occupancy, differentially interact with a broad 
range of target proteins to modulate their biochemical properties. Although several studies implicated Ca2+-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 IQ67-domain protein (IQD) family in Arabidopsis thaliana established IQDs as 
bona fide CaM targets, which commonly localize to microtubules and the plasma membrane, where they recruit CaM Ca2+ 
sensors. Analysis of spatio-temporal expression patterns in ProIQD:GFP-GUS reporter lines revealed preferential promoter 
activity of most IQD family members in meristematic and expanding tissues. IQD loss-of-function lines display defects in cell 
division and cell expansion that correlate with altered microtubule organization and aberrant deposition of cell wall material. 
Important functions in plant development are further supported by altered fruit and grain size in IQD misexpressing plants in 
tomato and rice, respectively, collectively establishing IQDs as key regulators of plant growth. Intriguingly, a hallmark of IQD 
proteins is the large content of regions with predicted intrinsic disorder, which is a typical feature of scaffolds involved in the 
assembly of macromolecular complexes. Together, we propose that IQDs link early signaling via Ca2+ to execution of growth 
regulation. Here, I will present new insights into IQD protein functions as potential hubs in Ca2+ signal integration at the cell 
ǿŀƭƭπǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ-microtubule continuum. 
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Small RNAs in host ς pathogen interactions ς implications for agriculture 
E. Secic1, K. H. Kogel1 

1Institute for Phytopathology, University of Giessen, Giessen, Germany 

Targeted gene silencing by RNA interference (RNAi) based on small (s)RNA exchanges between hosts and microbes has been 
established and exploited in strategies such as Host-Induced Gene Silencing (HIGS) and Spray-Induced Silencing (SIGS), widely 
used for plant protection against pathogens and pests (e.g. Nowara et al. 2010, Plant Cell 22(9):3130-41; Koch et al. 2013, PNAS 
110(48):19324-29). More recently, sRNA have been discovered to be mediators (sRNA effectors) of natural host-microbe 
communication (Weiberg et al. 2013, Science 342 (6154):118-23; Zhang et al. 2016, Nature Plants 2(10):16153). Key to this 
communication process is the silencing of essential (virulence) genes of the microbe and immunity-related genes of the plant, 
based on sRNA-mRNA duplex formation that interferes with translation of a target transcript. 

RNAi-mediated regulation and communication mechanisms are best known in Arabidopsis thaliana, but the level of 
conservation, redundancy and specificity is a challenging question in other plants, including monocotyledonous crop plants with 
polyploid and repetitive sequence rich genomes. Hence, the model grass Brachypodium distachyon is used in our research on 
sRNA-mediated cross-kingdom communication, in order to eventually elucidate the phenomenon in important cereals such as 
barley, wheat and rice. Moreover, while sRNA-based communication has been associated with pathogenic microbes such as 
Botrytis and Verticillium, data on the presence of sRNA effectors in non-pathogenic, beneficial microbes of mutualistic plant - 
fungus interaction is widely missing. To this end, we have investigated sRNA exchange in the Sebacinalean symbiosis of 
Brachypodium and the fungal root endophyte Piriformospora (Serendipita) indica. We will discuss establishment and testing of a 
bioinformatic pipeline to analyze sRNA and transcriptome sequencing data in the mutualistic interaction and compare it with a 
wide spectrum of plant pathogen interactions (Zanini et al. 2018, Frontiers in Plant Science 9:1212). Evidently, the identification 
of sRNAs as putative effectors within the layered complexity of plant immunity and microbe interactions has enormous potential 
for agricultural application and optimization of RNAi-based plant protection tools. 
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A novel MYB transcription factor in Capsicum annuum, CaMYB59, positively regulate resistance to 
Ralstonia solanacearum and high temperature-high humidity by regulating defense and heat stress 

related genes 
A. Noman1,2, S. He3, A. Hussain4, I. Khan Muhammad4, M. Kashif Irshad1, M. Aqeel5, L. Yonggen2 

1Govt. college university, Botany, Faisalabd, Pakistan 
2Zhejiang University, Agriculture, Hangzhou, China 

3Fujian AGriculture and Forestry University, Crop science, Fuzhou, China 
4Ghazi University, Agriculture, DG Khan, Pakistan 

5Lanzhou university, LAnzhou, Germany 

Transcriptional control of plant processes is of paramount significance in plant-microbe interactions.  Different transcription 
factors (TFs) such as WRKY, bZIP, MYB etc. regulate cellular events in plants facing biotic stresses. MYB TF family control diverse 
plant processes ranging from growth, development, metabolism to biotic and abiotic stresses responses. However, the roles of 
diverse MYB TFs in Capsicum annuum defense are not very clear despite their immense significance in biotic stress responses. In 
this study, we have functionally characterized and evaluated a novel MYB TF, CaMYB59, in pepper immune responses to 
Ralstonia solanacearum attack and high temperature-high humidity (HTHH). Up-regulation of this nucleus localized TF was 
recorded after Ralstonia solnacearum inoculation (RSI) and exposure to HTHH. Loss of function assay of CaMYB59 by VIGS (virus 
induced gene silencing) displayed not only compromised pepper immunity against RSI but also impaired tolerance to HTHH 
along with decreased hypersensitive response (HR) as well as low induction of stress-linked genes like CaPO2, CaPR1, 
CaWRKY40, CaABR1 and thermo-tolerance 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 HR like 
mimic cell death, H2O2 production and up-regulation of defense  as well as thermo-tolerance linked marker genes e.g. CaPO2, 
CaPR1, CabZIP53, CaWRKY40, CaABR1, CaHsfB2a, CaHSP24. Transcriptional level of phyto-hormones such as Jasmonic acid, 
Salicylic acid and ethane was significantly affected by silencing of CaMYB59. Interestingly, transcriptional response of selective 
marker genes like CaCDPK13, CaLRK1, CaJAR1, CaEIN3 was up-regulated in non-silenced pepper plants as compared to silenced 
plants.  This collectively confirms 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 phyto-hormone signaling and 
transcriptional web of defense genes. These integrated and interlinked events stabilize plant growth and survival under abiotic 
and biotic stresses. 
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Proteinςlevel model of phytohormones in PAMP triggered immunity by measurement of proteome wide 
changes in protein abundance 

M. Bassal1, M. Abukhalaf1, P. Majovsky1, D. Thieme1, C. Proksch1, M. R. Al Shweiki1, A. Hmedat1, T. Herr1, J. 
Ziegler1, S. Neumann1, W. Hoehenwarter1 

1Leibniz Institute for Plant Biochemistry, RG Proteome Biology of Plant Interactions, 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 expression explicit. We 
have established a deep proteomics application that allows quantification of up to 9,000 proteins in a tissue extract, alleviating 
the sensitivity issue in plant proteomics. Extensive proteome remodeling in PAMP triggered immunity (PTI) in Arabidopsis could 
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 and 
auxin in PTI as well as showing broad downregulation of the abundance of proteins in photosynthesis and up-regulation of 
primary metabolism. The results allowed the construction of a far reaching model of hormone signaling in PTI on the protein 
level whose implications are discussed. 

 

ORAL ABSTRACT ω 5IVERSITY AND EVOLUTION OF C4 AND CAM PHOTOSYNTHESIS 

OςNς001 

Understanding the evolution of C4 gene expression  
J. Hibbert1 

1University of Cambridge, Department of Plant Sciences, Cambridge, United Kingdom 

The C4 pathway 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 genome-wide analysis as well as 
functional perturbation of individual genes, we have probed the molecular events that are associated with the evolution of C4 
photosynthesis. I will provide examples that demonstrate that evolution has co-opted pre-existing components to evolve the C4 
state. Thus, whilst there is likely significant turn-over in the cis-code 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 hypothesize 
that this use of ancient and pre-existing machinery has facilitated the repeated evolution of the highly complex C4 pathway. 
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A reporter line based activation tagging screen in Arabidopsis thaliana identifies novel BSOM4 gene as a 
player in plasmodesmata development 

K. Billakurthi1, T. Sage2, M. Ludwig3, P. Westhoff1 
1Heinrich Heine University, Developmental and Molecular Biology of Plants, Düsseldorf, Germany 

2University of Toronto, Department of Biology and Environmental Sciences, Ontario, Canada 
3University 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 approaches to improve the 
photosynthetic performance of C3 crops under high temperatures and dry climates and this requires the proper understanding 
of the genetic regulation of C4 bundle sheath (BS) development. In C4 plants, BS cells are photosynthetically more active with 
highly loaded chloroplasts and mitochondria. Gene regulatory systems operating in BS cells of C4 and C3 monocots and eudicots 
are at least partly conserved. Therefore, we hypothesized C3 model plant Arabidopsis thaliana would be the best choice for the 
discovery of novel genes that are required for BS activation. Additionally, to easily and non-destructively identify mutant lines 
with altered BS anatomy, BS cells of A. thaliana were specifically labeled with chloroplast targeted green fluorescent protein 
(GFP). These GFP reporter lines were subjected to the activation-tagging screen by using the promoter of the 
phosphoenolpyruvate carboxylase A gene from a C4 dicot Flaveria trinervia. This promoter is active in all chlorenchymatic cells 
of the A. thaliana. Mutant lines were primarily selected just based on the GFP reporter gene signal intensity by the assumption 
that GFP signal intensity might correlate with the chloroplast number within the BS cells and by then to cell size. In total around 
8000 transgenic plants were screened and one mutant line with an approximately two-fold 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 observed 
phenotype. This gene was later named as BSOM4. To our surprise, microscopic observation of bsom4 mutant line revealed that 
all leaf tissue cell types (mesophyll-mesophyll, bundle sheath-bundle sheath and mesophyll-bundle sheath) of the mutant line 
are connected with numerous plasmodesmata in comparison to reference line. A high number of plasmodesmata, especially 
between mesophyll and BS cells is one of key C4 leaf anatomical features. However, most interestingly, further characterization 
of the BSOM4 gene suggesting that it doesn"t encode any protein but rather functions as a non-coding RNA. 

OςNς003 

A novel mechanism explains the evolution of C4 NAD-ME 
M. Hüdig1, M. A. Tronconi2, G. Poschmann3, V. G. Maurino1 

1Heinrich Heine University Düsseldorf, Developmental and Molecular Biology of Plants, Düsseldorf, Germany 
2Universidad Nacional de Rosario, Facultad de Ciencias Bioquímicas y Farmacéuticas, Rosario, Argentina 

3Heinrich Heine University, Molecular Proteomics Laboratory, Center for Biological and Medical Research (BMFZ), Düsseldorf, 
Germany 

In plants, NAD-malic enzyme (NAD-ME) is exclusively present in mitochondria where it is involved in malate respiration. In 
species performing a specific type of C4 photosynthesis, NAD-ME was co-opted to decarboxylate malate in bundle sheath cell 
mitochondria to facilitate CO2 concentration in close proximity to RubisCO. A specific C4 NAD-ME was never identified to date. 
Here, we use Cleomaceae as model system to study the molecular evolution of NAD-ME in the emergence of C4 photosynthesis. 
We found that C4 Cleome Gynandropsis gynandra and C3 Cleome Tarenaya hassleriana both possess three NAD-ME genes, 
coding for one alpha and two beta subunits respectively. Transcriptional analysis did not allow for the identification of C4 
candidate genes.  
Biochemical and proteomic analysis showed that a unique NAD-ME exists exclusively in photosynthetic tissues of G. gynandra. 
This heterodimeric NAD-ME is composed of GgNAD-ME-  hand GgNAD-ME- 1̡ and exhibits high catalytic activity and high affinity 
towards malate, either enhanced by aspartate, the metabolite used for carbon shuttling in Cleome. In addition to this 
heterodimer, an NAD-ME entity composed of all three subunits GgNAD-ME- ,h GgNAD-ME- 1̡, and GgNAD-ME- 2̡ exists in G. 
gynandra photosynthetic and heterotrophic tissues. The only NAD-ME in C3 T. hassleriana is both composed of all three (h, 1̡, 
and 2̡) subunits and found in all tissues. In vitro protein characterization of the NAD-ME composed of all three subunits 
indicated that these enzymes have C3-like biochemistry in both C3 and C4 Cleome species thus representing the housekeeping 
isoform. 
Finally, we show that GgNAD-ME- 1̡ is inactive alone, but can mediate C4 kinetic properties, even when combined into a 
heterodimer with non-C4 alpha subunits. Based on sequence alignments and 3D structural studies, we hypothesize that multiple 
amino acid changes that selectively occurred only in GgNAD-ME- 1̡, but are conserved in other NAD-ME-  ̡subunits throughout 
the Brassicales, are central for the C4 properties. We conclude that in C4 Cleome species the housekeeping and C4 NAD-ME 
functions are performed by separated enzymatic entities originated through a differential combination of subunits. We resolved 
the identity, structure and biochemistry of these distinct NAD-MEs, and present an evolutionary mechanism of how a dual 
function can be achieved with the same protein capacity. 
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Evolution of C4 photosynthesis in Neurachne 
M. Lauterbach1, M. Ludwig1 

1University of Western Australia, School of Molecular Sciences, Perth, Australia 

As a carbon-concentration mechanism, C4 photosynthesis enables plants to be highly productive even in carbon-deficient, hot 
and dry conditions. From the ancestral C3 pathway, C4 photosynthesis has evolved more than 60 times, and approximately half 
of C4 origins have occurred in monocots. Uniquely for monocots, the Australian genus Neurachne R.Br. consists of eight closely 
related species that conduct different photosynthetic types (i.e. C3, C4, and so-called C3-C4 intermediate photosynthesis). 
Furthermore, the two C4 species of Neurachne represent two independent origins of C4 photosynthesis opening up the 
possibility to determine if the mechanisms of establishing C4 photosynthesis differ between the species. 

By means of mRNA sequencing of leaves of seven of the eight Neurachne species (four C3 species, one C3-C4 intermediate 
species, and two C4 species) we firstly revisit the phylogenetic relationships of Neurachne. To increase our understanding of 
differential gene expression between closely related species with differing photosynthetic types, we then conduct a comparative 
transcriptomic analysis between these seven Neurachne species. By using the newly inferred phylogeny of Neurachne and 
transcriptome sequence information, we finally test whether the key proteins of C4 photosynthesis are under positive selection. 

Our phylogenetic analysis shows slightly differing relationships in Neurachne compared to previously inferred relationships, but 
affirm two independent C4 origins within the genus. The gene expression pattern mostly concurs with results observed in 
comparative transcriptome analyses between C3 and C4 species of other plant lineages. For example, transcriptional investment 
of genes known to be involved in C4 photosynthesis is very high in leaves of the two C4 species while insignificant in C3 and C3-C4 
intermediate species. Interestingly, the number of differentially expressed genes is highest between the two C4 species. Positive 
selection is absent in most of the C4 proteins when labelling the two branches where C4 is hypothesised to have evolved. 
However, several amino acids in the primary C4 carboxylase, phosphoenolpyruvate carboxylase, are detected to be under 
positive selection; one of these in the N terminusτa region underrepresented in all positive selection analyses up to now. This 
particular amino acid change not only occurs in the two C4 species in Neurachne, but also is present in other C4 grasses. 

 
OςNς005 

Occurrence of C3-C4intermediate photosynthesis the Brassicaceae 
U. Schlüter1, J. Bouvier1, A. Weber1 

1Heinrich Heine University, Plant Biochemistry, Düsseldorf, Germany 

The complex trait of C4photosynthesis evolves over several intermediate states. A decisive early biochemical step on the path 
from C3to C4is the installation of a glycine shuttle between the mesophyll and bundle sheath cells. In these intermediate plants 
CO2release by the photorespiratory glycine decarboxylate is active exclusively in the bundle sheath thus achieving enhanced 
CO2concentrations in these cells. Early C3-C4intermediates are therefore characterised by carbon compensation points between 
the values for C3and C4species. Additionally this enhanced bundle sheath activity is also visible in the anatomy of the leaves by 
increased organelle abundance. 

In the Brassicaceae, C3-C4intermediate photosynthesis evolved several times independently, and this evolutionary step was 
accompanied by exclusive expression of the glycine decarboxylase P protein in the bundle sheath. In the C4breed project we 
now investigate the development of C3-C4traits in a broad range of Brassicaceae from the Oleraceae branch. The closest 
C4relativeGynandra gynandropsiswas clearly distinguishable from C3and intermediate plants by carbon compensation point, 
water use efficacy and 13C discrimination. The rest of the species could be distinguished by their carbon compensation points 
into C3, C3-C4intermediates and transitory group with values between the C3and C3-C4intermediates. Physiological and 
anatomical traits accompanying these early steps between C3and C3-C4intermediate photosynthesis will be investigated. 
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On the origin of the dual promoter of the P subunit of the glycine decarboxylase needed for proper 
function in C4 Flaveria species 

S. Schulze1, P. Westhoff1 
1Heinrich Heine University, Developmental and Molecular Biology of Plants, Duesseldorf, Germany 

In previous studies we could show that the glycine decarboxylase PA (GLDPA) subunit in F. trinervia (C4) 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 activity 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 pseudogene in F. 
trinveria  [2] [3]. 

Comparative analyses within the genus Flaveria, which contains C4, C3 and intermediate species revealed that already in the C3 
state the promoter of the GLDPA gene drives bundle sheath specific expression, but in contrast to the C4 state, the second 
GLDPB promoter is active in all green tissues [3]. The promoters of the C3 GLDPA genes contain that region that acts as the distal 
promoter in the C4 species but no transcripts originate from it [3] . Transcriptomics of various Flaveria species revealed that 
the inactivation of the GLDPB expression was 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 in the C4 species but cryptic albeit existent in the 
C3 species. Sequence analysis showed that although the promoters of the GLDPA and GLDPB gene do not show a high level of 
conservation a region resembling the distal promoter can not only found in all GLDPA genes but also in those GLDB genes that 
possess promoter activity. In contrast it is not found in the inactive ones of the C4 species. 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 the loss of the activity of the ubiqitously expressed GLDPB in the transtition towards C4 
photsynthesis. 

References 
[1] Wiludda, C., et al., Regulation of the photorespiratory GLDPA gene in C4 Flaveria: an intricate interplay of transcriptional and 
posttranscriptional processes. Plant Cell, 2012. 24(1): p. 137-51.  
[2] Cossu, R. and H. Bauwe, The electronic Plant Gene Register. Plant Physiol, 1998. 116(1): p. 445-6.  
[3] Schulze, S., et al., Evolution of C4 Photosynthesis in the Genus Flaveria: Establishment of a Photorespiratory CO2 Pump. The 
Plant Cell, 2013. 25(7): p. 2522-2535. 
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Machine learning based comparative analysis of gene regulatory networks in monocots 
D. Wulf1, A. Bräutigam1 

1Bielefeld University, Computational Biology, Bielefeld, Germany 

The regulatory circuits governing photosynthetic and C4 photosynthetic gene expression have not been fully elucidated. Aside 
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 different 
omics levels. Especially the transcriptome of plants is studied extensively. Its response to a wide variety of stimuli is captured by 
RNA-seq of which raw data is publicly available. 

From this data we reconstruct the regulatory network of the monocots Zea mays, Triticum aestivum, Hordeum vulgare 
and Oryza sativa ssp japonica with a random forest based machine learning algorithm. We overcome the 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 drawing comparisons 
between the four monocot species we are able to identify conserved regulatory patterns in these species. Comparing the C4 
species Zea mays with the C3 species H. vulgare, T. aestivum and O. sativa ssp japonica reveals similarities and differences 
between C4 photosynthetic and C3 photosynthetic regulation. 
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Chloroplast Protein homeostasis ς unravelling a chloroplast unfolded membrane protein response 
M. Schroda1, J. Theis1, S. Thoms1, J. Niemeyer1, M. Rütgers1, D. Zimmer1, F. Sommer1, T. Mühlhaus1 

1 Technische Universität Kaiserslautern, Molekulare Biotechnologie und Systembiologie, Kaiserslautern, Germany  

Every living organism needs to ensure protein homeostasis, that is keeping the concentration of 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 genes encoding molecular 
chaperones and proteases ς so-called unfolded protein responses (UPR). By driving disaggregation, assisting in the folding of 
non-native proteins to the native state and degrading non-foldable proteins, molecular chaperones and proteases strongly 
contribute to ensuring cellular protein homeostasis. While the molecular mechanisms of UPRs in the cytosol, the ER, and 
mitochondria are well understood, a chloroplast UPR has not been elucidated, yet. Here we provide evidence for a UPR most 
likely triggered by misfolded and aggregated proteins in chloroplast membranes in Chlamydomonas reinhardtii. The response 
appears to be mediated by a retrograde signal modulated by the VIPP2 protein with a Deg-type protease and a small heat shock 
protein acting as effectors to clear misfolded membrane proteins and aggregates.  

 
OςOς002 

Receptors for the insertion of tail-anchored membrane proteins ς the Arabidopsis GET pathway 
L. Y. Asseck1, D. Mehlhorn2, J. Monroy3, B. Schwappach3, S. Xing2, C. Grefen1,2 

1Ruhr Universität Bochum, Molekulare und Zelluläre Botanik, Bochum, Germany 
2Universität Tübingen, ZMBP Developmental Genetics, Tübingen, Germany 

3Universitätsmedizin Göttingen, Institut für Molekularbiologie , Göttingen, Germany 

Type II tail-anchored membrane (TA) proteins 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 cell: 
Lack of N-terminal signal sequences prevents insertion via the co-translational 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 posttranslationally targeted into the ER membrane via the Guided Entry of Tail-anchored Proteins 
(GET) pathway that was previously described in mammals and yeast. 

Recently, we identified several GET orthologues in Arabidopsis thaliana through in silico analyses, including one of the two 
membrane receptors, AtGET1, and found a role of the GET pathway in root hair elongation (Xing et al. 2017). Additionally, direct 
in planta interaction analysis using immunoprecipitation mass spectrometry (IP-MS) of AtGET3a-GFPςexpressing lines identified 
a potential candidate for the elusive AtGET1 coreceptor. This protein is predicted to possess three transmembrane domains 
(TMDs) similar to ScGET2 and the mammalian orthologue CAML ς a feature that survived the evolutionary divergence of the 
amino acid sequence. We provide here experimental evidence that this gene of unknown function might indeed code for the 
previously unidentified AtGET2. 

References 
[1] Xing et al. 2017, PNAS 114: E1544ςE1553 
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Regulation of plant growth by polarly distributed AGC kinases 
C. Schwechheimer1 

1Technische Universitaet Muenchen, Plant Systems Biology - Plant Science, Freising, Germany 

The directional transport of the phytohormone auxin through polarly localized PIN-FORMED (PIN) auxin efflux carriers is 
essential for the spatio-temporal control of plant development. The Arabidopsis thaliana AGC kinase D6 PROTEIN KINASE (D6PK) 
as well as related kinases are polarly localized at the plasma membrane of many cells where D6PK co-localizes with PINs and 
activates PIN-mediated auxin efflux. The fast cycling of D6PK to and from the basal plasma membrane indicates that this kinase 
could act as a switch for polar auxin transport and makes it an intriguing subject for further studies. We have shown that an 
insertion between the protein kinase subdomains VII and VIII, the middle domain, is necessary and sufficient for its polar plasma 
membrane association. Conserved motifs within the middle domain play a role in kinase localization 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 regulation will be 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. 
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Association studies in sunflower narrowed the fertility restorer gene Rf1 down to three candidate genes 
R. Horn1, A. Radanovic2, L. Fuhrmann1, Y. Sprycha1, S. Hamrit3, M. Jockovic2, D. Miladinovic2, C. Jansen3 

1University of Rostock, Plant Genetics, Rostock, Germany 
2Institute of Field and Vegetable Crops, Industrial Crops , Novi Sad, Serbia 

3Strube Research GmbH & Co. KG, Söllingen, Germany 

Hybrid breeding based on cytoplasmic male sterility to ensure cross pollination consists of three components: cytoplasmic male 
sterile (CMS) lines, which are propagated by corresponding isonuclear maintainer lines based on a fertile cytoplasm, and 
restorer lines carrying dominant, nuclear encoded restorer gene/s, which enable fertility restoration in the F1-hybrids. As 
cytoplasmic male sterility is due to interactions between mitochondria and the nucleus it represents an ideal system to study the 
role of mitochondria during pollen development. In sunflower, commercial hybrid breeding is world-wide based on CMS PET1, 
derived from an interspecific cross of H. petiolaris and H. annuus. Fertility restoration of F1-hybrids relies in almost all case on 
the use of the fertility restorer gene Rf1. Identifying the restorer gene Rf1 is therefore of major interest for breeders as well as 
for understanding the molecular mechanism behind fertility restoration in the presence of CMS PET1. Using sequences of 
markers linked to the restorer gene Rf1 and BAC ends in a BLAST against the sunflower genome we could identify two potential 
regions for Rf1 on linkage group 13, one of 30 Mb and one of 3.9 Mb. Nine candidate genes including six pentatricopeptide 
repeat (PPR) genes, one aldehyde dehydrogenase, one tetratricopeptide domain-like and 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 no 
sequence of a restorer lines is publically available. Amplicon targeted sequencing in an association panel of 59 accessions 
(including restorer and maintainer lines) followed by SNP analyses revealed 210 Single Nucleotide Polymorphisms (SNPs) and 67 
Insertions/Deletions (INDELs). Significant associations with fertility restoration were detected for 10 SNPs located in three of the 
candidate genes (PPR841, PPR861 and PPR621). In sunflower, fertility restoration of the CMS PET1 source occurs anther-specific 
by reduction of the co-transcript of atp1 and the CMS-specific orfH522. 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 mechanism 
behind fertility 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 marker-assisted selection in breeding programs. 
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Rapid affinity purification of tagged plant mitochondria (Mito-AP) for metabolome and proteome 
analyses 

M. Niehaus1, H. Straube1, P. Künzler2, N. Rugen2, P. Giavalisco3, H. Eubel2, C. P. Witte1, M. Herde1 
1Leibniz Universität Hannover, Molecular Nutrition and Biochemistry of Plants, Hannover, Germany 

2Leibniz Universität Hannover, Institute of Plant Genetics, Hannover, Germany 
3Max-Planck-Institute, Biology of Aging, Cologne, Germany 

The isolation of organelles facilitates the focused analysis of subcellular protein and metabolite pools. Here we present a 
technique for the affinity purification of plant mitochondria (Mito-AP). The stable ectopic expression of a mitochondrial outer 
membrane protein fused to a GFP:Strep-tag in Arabidopsis thaliana exclusively decorates mitochondria, which can be efficiently 
affinity purified by binding to magnetic beads coated with Strep-Tactin. Employing this cost-effective method, intact 
mitochondria were highly purified in 30 to 60 minutes from a few gram of plant material exceeding the purity reached with an 
isopycnic centrifugation (IC) procedure. Sufficient mitochondria were obtained by Mito-AP to support the analysis of the 
mitochondrial proteome and metabolome by liquid chromatography coupled to mass spectrometry. The relative enrichment of 
proteins quantified by shot-gun proteomics was correlated in IC and Mito-AP purifications identifying a cluster of known 
mitochondrial proteins containing several proteins previously assigned to other compartments. Combining IC and Mito-AP 
techniques resulted in unprecedented purity of mitochondria with over 90% mitochondrial proteins in the lysate. Polar and non-
polar metabolites were detected in Mito-AP preparations showing a strong enrichment for typical mitochondrial lipids like 
cardiolipins and demonstrating the presence of several ubiquinons in Arabidopsis mitochondria, which were previously assumed 
to possess only ubiquinon-8. Affinity purification of organelles is a powerful tool to reach higher spatial and temporal resolution 
for the analysis of the metabolomic and proteomic dynamics of subcellular compartments. It is small scale, rapid, economic, and 
one can envision to apply it to any organelle and even to organelle sub-populations. 
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Establishing a model system for studying a flagellate green microalga in the marine environment 
D. Carrasco Flores1, D. Desirò2, M. Marz2, M. Mittag1 

1Matthias-Schleiden-Institute of Genetics, Bioinformatics and Molecular Botany, Jena, Germany 
2Institute of Bioinformatics/High Throughput Analysis, Jena, Germany 

The flagellated freshwater microalga Chlamydomonas reinhardtii has been used for decades as a model organism to study 
different biological processes such as photosynthesis, behavioral responses along with flagellar function, or light responses[1]. 
Recently, we also established C. reinhardtii as a model system for studying biotic interactions with other microbes using an 
aequorin reporter system[2]. Moreover, we found that orfamide A, a secondary metabolite from a heterotrophic bacterium, not 
only immobilizes C. reinhardtii by deflagellation but also immobilizes a marine strain, Chlamydomonas sp.[2]. Thus, at least some 
of the biotic interactions of flagellate green microalgae may be similar in freshwater and marine habitats. Here, we aim to 
establish molecular tools for the marine green flagellated microalga Chlamydomonas sp. to study its biotic and abiotic 
interactions in the marine environment. 

So far, we have examined and characterized the growth conditions of Chlamydomonas sp., 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/L NaCl while its 
freshwater counterpart C. reinhardtii only has marginal growth at concentrations of just 10 g/L NaCl. Moreover we sequenced 
the nuclear genome of Chlamydomonas sp. using Illumina and PacBio and a first genomic draft has been assembled. Further 
improvements in contiguity of the genome are in process through resequencing using Oxford Nanopore. 

Using the data from the first draft genome, a hygromycin resistance cassette containing the promoter region and the UTRs of 
the endogenous actin gene of Chlamydomonas sp. has been designed. Using this cassette, we succeeded in establishing a 
electroporation-based transformation system for Chlamydomonas sp. 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 aequorin 
reporter system in the marine strain. 

References 
[1] Merchant, S. S. et al. Science 318, 245ς50 (2007).  
[2] Aiyar, P. et al. Nature Communications 8, 1756 (2017). 
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Identification of a novel peroxisomal transport protein involved in heat stress response of Arabidopsis 
thaliana 

L. Charton1, F. Holthausen1, M. Trippelsdorf1, A. Weber1, N. Linka1 
1Heinrich-Heine-Universität, Plant Biochemistry, Düsseldorf, Germany 

Rising ambient temperature is considered to be one of the 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). As 
sessile organisms, plants are able, to some extent, to tolerate this by physiological changes and altered gene expression. 
Peroxisomes are known for their oxidative character and the peroxisomal localization of several ROS scavenging reactions have 
been shown. But there is only minor knowledge about peroxisomal transport proteins involved in these processes. 

Here we report a newly identified transport protein of the mitochondrial carrier family in the model plant Arabidopsis thaliana. 
Since co-localization studies using tobacco protoplasts confirmed its peroxisomal localization and transcript analyses revealed its 
upregulation upon heat stress the carrier was called peroxisomal heat stress responsive carrier 1 (PHS1). Mutant plants exhibit 
delayed germination at elevated temperatures and a reduced growth rate after heat shock. In addition, seedlings lacking PHS1 
show a sucrose dependent root shortening during post-germinative growth. In this developmental stage, stored fatty acids are 
degraded by peroxisomal ß-oxidation until the seedling becomes photoautotrophic, which leads to a massive production of ROS. 
Using state of the art genome editing approaches, metabolite analyses by GC-MS and genetically encoded biosensors we want 
to elucidate the role of PHS1 in vivo. Indeed, redox analyses revealed a more oxidized cytosol of the phs1 mutants, but in 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 by 
transporting substrates that are directly or indirectly involved in plant stress response. 
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Pan-genomes of barley and wheat 
N. Stein1 

1Leibniz-Institut für Pflanzengenetik und Kulturpflanzenforschung, Seeland OT Gatersleben, Germany 

By the effort of international consortia first reference sequences for barley and wheat have recently become available. With no 
doubt there is great value of these reference sequences providing a new knowledge base for research and breeding in these 
global crop species, however, single reference sequence by far do not provide deep insight into the functional genome diversity 
representative of an entire crop species. This requires the deep analysis of genome sequences of different haplotypes that are 
representative for individual sub-populations of the species, an approach that is referred to as pan-genome analysis. In wheat 
and barley pan-genome 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 a 
more comprehensive approach was chosen. Based on a diversity dataset obtained from sequence analysis of 22,000 
international barley accessions a panel of nineteen highly diverse genotypes, representing different diversity sub-populations 
was selected for whole genome sequencing and assembly. First results on pan-genome diversity in barley and wheat will be 
presented demonstrating the impact for research and application. 
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Frequent loss of an ancient microRNA as driving force for flowering plant biodiversity 
L. Gramzow1, G. Theißen1 

1FSU Jena, Genetics, Jena, Germany 

MicroRNAs (miRNAs) are small RNAs that generally negatively regulate gene expression. MiRNAs are encoded by MIRNA genes 
most of which originated recently, but some are ancient. Ancient MIRNAs are typically highly conserved as they often have 
important functions in development. MIR5179 is an ancient MIRNA that was already present in the most recent common 
ancestor of extant flowering plants about 150 million years ago. MiR5179 targets DEFICIENS/APETALA3-like (DEF-like, for short) 
MADS-box genes, which control petal and stamen development. We analyzed the evolution of MIR5179 and DEF-like genes in 
nearly 200 flowering plant genomes. We only detected MIR5179 in a few orders of eudicotyledonous plants (eudicots) and in 
most monocotyledonous plants (monocots) with the exception of grasses, where we again only identified few MIR5179 genes. 
The distribution of MIR5179 genes indicates frequent independent losses of this MIRNA family in eudicots and grasses. Thus, the 
MIR5179 gene is ancient, but not strongly conserved, and hence reveals a pattern of molecular evolution that is dramatically 
different to the one expected for an ancient MIRNA. Even though DEF-like genes are present in all analyzed plant genomes, the 
target site of miR5179 is only highly conserved in DEF-like genes of species, which have retained MIR5179. This finding reveals 
an intimate co-evolution between MIR5179 and DEF-like genes. Differential expression of DEF-like genes has been associated 
with the evolution of floral diversity in diverse angiosperms. Hence, repeated change of the regulation of DEF-like genes due to 
frequent loss of MIR5179 may have contributed to the evolution of floral diversity. 
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A single gene is underlying the dynamic evolution of sex determination in poplars 
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2Umeå Plant Science Centre, Department of Plant Physiology, Umeå, Sweden 
3University of Toronto , Department of Biology, Missisauga, Canada 
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Although hundreds of plant lineages have independently evolved dioecy, i.e. separation of the sexes, the underlying genetic 
basis remains largely elusive. Here we show that several poplar species carry partial duplicates of the ARABIDOPSIS RESPONSE 
REGULATOR 17 (ARR17) ortholog within the male-specific region of the Y chromosome. These duplicates are arranged as 
inverted repeats giving rise to non-coding transcription and RNA-directed DNA methylation. Excitingly, CRISPR/Cas9-induced 
arr17 mutations demonstrate that ARR17 functions as a sex switch triggering female development when "on" and male 
development when "off". By changing regulation of this switch to cis, the ZW-system of white poplars was created. Our data 
reveal how a single-gene-based mechanism of dioecy can enable high dynamics of the sex-linked region and contribute to 
maintaining sex chromosome recombination and integrity 
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A-to-I mRNA editing diversifies the fungal proteome during sexual propagation 
I. Teichert1,2, B. Blank-Landeshammer3, H. Strotmeier1, M. Nowrousian2, A. Sickmann3, U. Kück1 

1Ruhr-University Bochum, AK für Allgemeine und Molekulare Botanik, Bochum, Germany 
2Ruhr-University Bochum, LS für Molekulare und Zelluläre Botanik, Bochum, Germany 

3Leibniz-Institut für Analytische Wissenschaften ISAS e.V., Dortmund, Germany 

Editing of mRNA is a widespread phenomenon that has been extensively studied, for example, in plant plastids. In organelles, 
mRNA editing mainly leads to restoration of open reading frames for evolutionarily conserved proteins at the transcriptional 
level. In contrast, editing sites in nuclear mRNA of metazoan species have been described to cause single amino acid changes in 
already functional proteins to modify their function. Recently, adenosine (A) to inosine (I) mRNA editing has been described to 
occur in nuclear transcripts of fungi [1]. Specifically, filamentous ascomycetes show mRNA editing during the formation of sexual 
reproductive structures named fruiting bodies, which harbor meiospores. The filamentous ascomycete Sordaria macrospora 
generates fruiting bodies within seven days and has been extensively investigated as a model system. Transcriptomic, proteomic 
and proteogenomic data show evidence for A-to-I mRNA editing in S. macrospora during fruiting body development [2]. 
Interestingly, most editing sites lead to codon changes, including changes of TAG stop codons to TGG tryptophan codons. These 
so-called stop loss events potentially lead to C-terminal extensions of the encoded proteins. Closer investigation of the extended 
C-termini of proteins encoded by stop loss mRNAs showed that they tend to carry additional targeting signals, small linear 
motifs, or functional domains. For three genes undergoing stop loss editing, edited in fruiting body development (efd) 2, efd4, 
and efd5, we demonstrate that editing alters localization signals or domain structure of the encoded proteins. Remarkably, while 
genome-encoded EFD2 localizes to the cytoplasm, the edited efd2 version encodes a protein with a nuclear localization signal, 
and the extended EFD2 localizes to both, the cytoplasm and nucleus, during meiospore formation. We show that deletion of 
efd2, efd4 or efd5 leads to defects in meiospore formation. Further, exchanging the native TAG stop codons in efd2 and efd4 to 
either non-editable TAA or pre-edited TGG at the genomic level revealed that editing of these stop codons is essential for proper 
protein function. Taken together, it may be hypothesized that A-to-I mRNA editing enables fungi to diversify their proteome 
through post-transcriptional modifications, while generating sexual offspring, which requires massive cellular reorganization. 

References 
[1] Teichert (2018) PLoS Pathog 14(9):e1007231  
[2] Teichert et al. (2017) Genome Biol Evol 9:855 

 
OςPς005 

Regulation of plant sexual reproduction ς an evo-devo approach 
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Land plants possess a haplodiplontic life cycle in which both the haploid gametophyte and the diploid sporophyte are 
multicellular. 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 contrast, are 
haploid-dominant 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 associated 
proteins (TAPs). Such genes are often single copy to avoid dosage imbalance of their gene products. Combining an orthology 
detection tool (proteinortho), protein-family categorization (TAPscan), literature search and phylogenetic inference we were 
able to identify candidate single copy 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 vegetatively 
propagated, contrary to flowering plants in which such plants would be embryo-lethal. 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 the 
level of fertilization and or post-fertilization. The impairment in the alternation of generations was also shown in Arabidopsis 
thaliana mutants, indicating a fundamental evolutionarily conserved role. 
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The Fe-S cluster protein AtDPH1 is required for translational accuracy and growth of Arabidopsis 
thaliana 
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Germany 

Diphthamide (DPH) is a post-translationally modified histidine residue of eukaryotic translation elongation factor 2 (EF2). Its 
biological role as a target of microbial effectors as well as its biosynthesis have so far only been studied in fungal and animal 
model systems. The first committed step in diphthamide biosynthesis is the transfer onto the histidine imidazole-C2 atom of a 3-
amino-3-carboxypropyl (ACP) group from S-adenosyl-methionine (SAM) through an unusual radical-SAM mechanism. This 
reaction is catalyzed by a heterodimer of the 4Fe4S cluster-containing proteins DPH1 and DPH2. In order to examine a possible 
role of diphthamide in plants, we identified a putative DPH1 orthologue in Arabidopsis by homology searches and obtained two 
putative dph1 loss-of-function mutants. Similar to yeast, dph1 mutants of A. thaliana are hypersensitive to the translational 
inhibitor hygromycin. Furthermore, dph1 mutants have shorter roots and a decreased rosette size compared to the wild type. 
Immunoblots suggested that in wild-type Arabidopsis plants, EF2 is quantitatively or near-quantitatively DPH-modified. By 
contrast, we could not detect any DPH on EF2 of dph1 mutants. Similar to the yeast and mammalian system, we observed 
enhanced rates of ribosomal -1 frameshifting errors in the dph1 mutants. These results suggest that diphthamide plays an 
important role in maintaining translational fidelity in plants and is required for plant growth. 
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A multidisciplinary approach to understanding vegetative dehydration tolerance in plants 
M. Oliver1 

1USDA-ARS Plant Genetics Research Unit Curtis Hall, Columbia, MO, United States 

Much of what we know of dehydration tolerance in vegetative tissues of plants comes from studies involving those plants that 
can tolerate severe water deficits, to the point where the plants lose all free available water from their tissues. These are the so-
called desiccation-tolerant 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 have been essential 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 tracheophytes, 
but evolved in 13 lineages within the angiosperms. Over the last few decades, much attention has been given to understanding 
the response of desiccation tolerant plants to dehydration and rehydration in order to decipher the mechanistic aspects of 
vegetative DT. We have focused our efforts into the use of a phylogenetic approach coupled with genomics, proteomics, and 
metabolomics to elucidate those components of the response of DT species to both dehydration and rehydration that are truly 
adaptive, i.e., central to the cellular phenotype. We have focused on two DT models: the resurrection C4 grass Sporobolus 
stapfianus and its desiccation sensitive sister species Sporobolus pyramidalis which allows us to use a sister-group contrast 
approach to uncover adaptive processes and the moss Syntrichia caninervis, a desert crust species that allows us to perhaps 
utilize an ancestor reconstruction approach. We now have complete annotated genomes for all three of the model species, as 
well as several other genomes that have been published, and the use of comparative genomics has offered new insights into the 
ŜǾƻƭǳǘƛƻƴ ƻŦ 5¢Φ ¢ƘŜ ƳǳƭǘƛŘƛǎŎƛǇƭƛƴŀǊȅ ŀǇǇǊƻŀŎƘ ǳǎƛƴƎ ΨƻƳƛŎǎΩ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƭƭƻǿ ǳǎ ǘƻ Ŧǳƭƭȅ ŜȄǇƭƻǊŜ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ 5¢Φ ²Ŝ 
have uncovered adaptive aspects of the cellular protection process (some novel) that appear common to DT plants across the 
land plant phylogeny (carbon metabolism and ROS protection) as well as adaptive processes that appear specific to the DT 
phenotype of the C4 perennial grasses (nitrogen remobilization). Within the response of the grasses to dehydration we can see 
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 shoots that may 
point towards new insights into how dehydration is perceived and communicated between these two tissues. Our studies also 
provided insights into the differences between the evolution of water-deficit responses aimed at maintaining plant water status 
and the evolution of vegetative desiccation tolerance (dehydration response). 
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Life under dry conditions ς the role of phytochromes in desert cyanobacteria 
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Sands in hot and cold deserts are often covered by biological soil 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 primary 
producers in the BSC. The organisms inhabiting the BSCs cope with one of the most extreme and fluctuating environmental 
regimes in nature in a vegetative state, including frequent hydration/desiccation cycles, vast osmotic potential changes and 
extreme irradiance and temperatures. To study the mechanisms whereby non-model "real life" filamentous cyanobacteria cope 
with this environment, we isolated and sequenced an axenic culture of Leptolyngbya sp. named Leptolyngbya ohadii isolated 
from BSC samples withdrawn from the 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 abiotic conditions 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 the 
forthcoming dehydration and rehydration thereafter, and that phytochromes serve as key regulators of the cells" response1,2. 
Furthermore, we unravel the mechanism of RNA stabilization and protection during desiccation, possibly mediated by 
intrinsically disordered proteins2. We also observe the formation of protein complexes during desiccation, potentially with a 
protective role. 

References 
[1] Oren N., Raanan H., Murik O., Keren N., Kaplan A. (2017): Dawn illumination prepares desert cyanobacteria for dehydration. 
Current Biology 27: R1056-R1057.  
[2] Oren N., Raanan H., Kedem I., Turjeman 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. 
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ABA production and stomatal closure can be triggered by cysteine and sulfate 
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M. Wirtz1 
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Root water availability is crucial for plant growth and survival. Closure of stomata is one of the first responses when water 
availability becomes limiting. Recent studies have demonstrated that early stages of soil-drying induces root-to-shoot sulfate 
transport via the xylem and that sulfate can close stomata. Here evidence for a physiologically relevant signaling pathway that 
underlies sulfate-induced stomata closure is provided (Batool et al. 2019, Plant Cell). It is uncovered that in the guard cells 
sulfate activates NADPH oxidases to produce reactive oxygen species (ROS) and that this ROS induction is essential for sulfate-
induced stomata closure. According to the role of ROS as second-messenger of abscisic acid (ABA) signaling, sulfate does not 
induce ROS in the ABA-synthesis mutant, aba3-1, and sulfate-induced ROS were ineffective to close stomata in the ABA-
insensitive mutant abi2-1 and a SLAC1 loss-of-function mutant. Direct evidence for sulfate-induced accumulation of ABA in the 
cytosol of guard cells is provided by application of the ABA in vivo sensor ABAleon2.1, the ABA signaling reporter pRAB18::GFP 
and quantification of endogenous ABA marker genes. Previous findings had shown that ABA3 uses cysteine as the substrate for 
activation of the molybdemum cofactor of the AAO3 enzyme catalyzing the last step of ABA production. Indeed, assimilation of 
sulfate into cysteine was shown to be necessary for sulfate-induced stomata closure. Feeding of sulfate or cysteine induced 
transcription of NCED3 limiting the synthesis of the AAO3 substrate. Consequently, cysteine synthesis-depleted mutants were 
found to be sensitive to soil-drying due to enhanced water loss. In summary, our data demonstrate that sulfate is incorporated 
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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Genetic diversity and population structure of desiccation-tolerant Xerophyta dasylirioides mats 
(Velloziaceae) on Malagasy inselbergs ς towards a better understanding of species evolution on 

terrestrial islands 
J. Rexroth1, T. Wöhrmann1, K. Weisiing1, S. Porembski1 

1University of Rostock, Botany, Rostock, Germany 

Inselbergs are isolated, often monolithic rock outcrops that mainly consist of granite or gneiss. Because inselberg ecosystems are 
ecologically separated from the surrounding landscape, they are often referred to as terrestrial islands or ´sky islands´. Only few 
plant species possess traits that enable them to grow successfully in inselberg habitats that are usually characterized by high 
temperatures, strong aridity, rocky soils and extreme nutrient deficiency. The vascular plant family of Velloziaceae (Pandanales) 
comprises important floral elements of African, Malagasy and South American inselbergs (Porembski & Barthlott 2000, Plant 
Ecology 151: 19-28). In order to cope with their extreme environments, many Velloziaceae species have developed sets of 
adaptive traits like e.g. desiccation tolerance that enable them to survive irregular water supply and even prolonged periods of 
drought. 

Our current research aims at elucidating the genetic diversity and population structure of Malagasy Velloziaceae belonging to 
the genus Xerophyta. To assess the significance of geographic and ecological isolation on inselbergs as a trigger of speciation 
events in this genus, we developed a set of 15 nuclear microsatellite markers that proved to be polymorphic in eighty individuals 
of Xerophyta dasylirioides derived 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 locus, all loci were polymorphic and revealed 
high levels of genetic diversity in the overall sampling. Furthermore, all but two individuals had different multilocus genotypes, 
ruling out clonality and demonstrating the importance of sexual reproduction in this species. In our ongoing study that involves 
eleven more X. dasylirioides populations from various regions of central Madagascar, we test our hypothesis that gene flow 
between isolated inselbergs is low, favoring strong genetic differentiation and ultimately the formation of narrowly endemic 
species in desiccation-tolerant Malagasy Velloziaceae. 
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ACS gene, an important player in Solanum tuberosum drought response 
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Crops particularly those having shallow root zones need additional mechanisms to cope with drought, the most devastating 
abiotic stress. Drought explicitly steers salt and temperature stress and prevents plants from realizing their full genetic potential. 
Development of drought resistant crops is vital for mankind and molecular knowledge of traits improving tolerance is likely to 
pave the way for bio-engineering. Besides ABA regulated processes, ethylene biosynthesis and responsive gene expression 
supremely control plant development and drought response.   

Ethylene production is generally assumed to increase in response to environmental stimuli. However, its involvement in drought 
tolerance remains inconclusive. In potato (Solanum tuberosum), 1-aminocyclopropane-1-carboxylate synthases (St-ACS), are 
encoded by one of the most potent ethylene-related transcriptionally active gene families. Selected members of the ACS family 
exhibit distinct patterns of expression in response to diverse external and internal ethylene stimuli such as: wounding, pathogen 
infection, chilling, drought, ripening and senescence. Enhanced transcription is the main regulatory step in ACS activity changes; 
however, protein turnovers may also play a critical role. 

St-ACS multigene family consists of eight genes StςACS1, 2, 3, 4, 5, 7, 10 and 12 located on chromosome 1, 2, 5, 12, 7, 3 and 8, 
respectively. Potato ACS3 belongs to type-2 members of the ACS gene family containing putative phosphorylation target sites for 
calcium-dependent protein kinases (CDPK). Our study revealed significant transcriptional activation of ACS3 through drought 
stress compared to other St-ACS genes. ACS3 knock-down through Virus induced Gene Silencing (ViGS) led to reduction in 
ethylene biosynthesis and 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 revealed that ACS3 transcriptional cascade modulates 
drought response through regulating the ethylene-synthesis. These results advance our understanding of ethylene related 
drought responses. However, information on the physiological mechanisms involved under stress conditions in potato remains 
scarce. Therefore, further studies are in progress to identify additional features of this crucial gene in potato drought response. 
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In-situ analysis of leaf apoplastic pH under controlled changes of leaf water content 
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Apoplastic alkalinisation occurs in response to diverse stresses like salt stress desiccation and pathogen attack. A causal role of 
apoplastic pH (pHapo)i n signalling tissue water status to guard 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 relationship exists 
between excursions of leaf water content (LWC) and pHapo and 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 enclosed 
in a humidity controlled chamber. Inclusion of a newly developed optical sensor based on NIR-transmission for leaf water 
content (LWC) allows continuous and precise observation of LWC-fluctuations. These occur passively as induced by changes in 
environmental conditions and also as a result of osmotic adjustment processes and stomatal responses. A control system was 
implemented, feeding back the LWC-signal into the humidity control of the cuvette enclosing the leaf and thus forming a  
feedback-loop which allows imposition of defined changes of leaf water content. This setup, for the first time enables defined 
and repeatable experimental control over LWC simultaneously with in-planta ion-measurements. Using the ratiometric dye 
Oregon Green loaded to the apoplast we studied the possible role of apoplastic pH-variations. Upon a decrease in LWC the 
apoplast consistently showed a substantial alkalisation preceding stomatal closure. Strength of the pH-response, timing and a 
consistent dose-response-relationship are in agreement with a role as a tissue signal involved in leaf water homeostasis. 
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Plant defense priming in lab and field 
U. Conrath1 

1RWTH Aachen University, Department of Plant Physiology, Aachen, Germany 

When locally infected by pathogens, plants activate a systemic 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 is 
associated with an elevated level of microbial pattern receptors (e.g. flagellin-sensing 2), accumulation of dormant signaling 
enzymes (e.g. mitogen-activated 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 localized formation 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 boosted 
recall defense response upon reinfection. I will disclose the impact of these fascinating discoveries on sustainable agriculture by 
introducing smart tools and approaches for the identification of priming-inducing chemistry.     
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Radical-mediated dehydrodimerization of sinapates and 5-OH-ferulates is a major source of green-blue 
autofluorescence during programmed cell death 

F. Gaupels1, B. Kanawati1, F. Moritz1, P. Schmitt-Kopplin1, J. Durner1 
1Helmholtz Zentrum München, München, Germany 

Fumigation of Arabidopsis with high concentrations of nitrogen dioxide (NO2) triggered rapid cell death reminiscent of the 
hypersensitive response (HR) towards avirulent pathogens. Both forms of programmed cell death (PCD) were characterized by 
the emission of green/blue (G/B) autofluorescence under UV illumination. The current work aimed at identifying the fluorescent 
compounds that accumulate during NO2-induced PCD and Pseudomonas syringae pv. tomato (AvrRpm1)-induced HR-PCD. The 
G/B fluorescence in dying leaf areas was low in the 5-OH-ferulate and sinapate deficient mutants fah1 and pal1 pal2 compared 
to wild-type plants. Non-targeted ultrahigh-resolution metabolomics revealed candidate metabolites that showed increased 
levels after NO2 exposure but were absent in fah1. Subsequent mass difference network analysis suggested the dehydroradical-
mediated dimerization of sinapates and 5-OH-ferulates. Particularly, sinapate homodimers accumulated up to 10-fold during 
both NO2-induced PCD as well as HR-PCD. MS/MS fragmentation analysis confirmed the identity of sinapoylmalate (SM) 
homodimers and SM-5-OH-ferulate heterodimers. The bright G/B fluorescence observed in wild-type but not fah1 plants was 
localized in the vacuoles and possibly cytosols of adaxial epidermis cells undergoing PCD. In monocots the peroxidase-mediated 
formation of ferulate and sinapate dehydrodimers facilitates cell wall cross-linking during growth and development. Thus, the 
dehydrodimers detected in Arabidopsis leaves after PCD induction are produced in the epidermal vacuoles probably by the 
action of radical-generating peroxidases. After export into the apoplast they might turn non-fluorescent upon binding to the cell 
wall. Sinapates have well-known functions in lignin biosynthesis and the protection of leaf tissues from solar UV irradiation. The 
present study argues for additional roles of 5-OH-ferulates, sinapates, and their dehydrodimers in PCD and plant resistance 
against pathogens. 
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PBS3 is the missing link in plant-specific isochorismate-derived salicylic acid biosynthesis 
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The phytohormone salicylic acid (SA) is a central regulator of plant immunity. Despite this functional importance, our knowledge 
of SA biosynthesis is incomplete. Previous work showed that salicylates are synthesized from chorismic acid in plastids. The bulk 
of pathogen-induced SA derives from isochorismate generated by the catalytic activity of ISOCHORISMATE SYNTHASE1 (ICS1). 
How and in which cellular compartment 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 DISEASE 
SUSCEPTIBILITY5 (EDS5) and the cytosolic amido-transferase AvrPphB SUSCEPTIBLE3 (PBS3). PBS3 catalyzes the conjugation of 
glutamate to isochorismate. The reaction product Isochorismate-9-glutamate spontaneously decomposes into enolpyruvyl-N-
glutamate and SA. This previously unknown reaction mechanism appears to be conserved throughout the plant kingdom. 
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Persulfide metabolism in signaling and plant pathogen response 
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The mitochondrial sulfur dioxygenase ETHE1 oxidizes persulfide groups to sulfite, which is rapidly converted to the less reactive 
and thus non-toxic sulfur intermediate thiosulfate by the action of a sulfurtransferase. These reactions are part of a cysteine 
degradation pathway and essential for reduced sulfur homeostasis. Knockout of the sulfur dioxygenase is embryo-lethal in 
Arabidopsis, indicating an important function during early embryo development. The knockdown line ethe1-1 is less tolerant 
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 ETHE1 has a function in hormone signaling during 
embryogenesis as well as 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 establishment 
in ethe1-1 compared to the wild 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 defense proteins and 
strongly increased resistance against the biotrophic pathogen Pseudomonas syringae. Our 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 during plant development such as embryogenesis, germination, and biotic stress resistance. 
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The mechanism of pathogenicity of Napier grass stunt phytoplasma in Napier grass, Pennisetum 
purpureum 
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Cultivation of Napier grass, Pennisetum purpureum, the most important fodder crop in East Africa is severely constrained by 
Napier grass stunt (NGS) disease. The disease affects Napier grass plants in smallholder 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 purchase 
fodder from the local market. The disease is caused by phytoplasma through introduction by infected plant material or by 
phloem-feeding insect vectors and spreads throughout the whole plant via sieve elements. The mechanisms by which 
phytoplasma alter the host plant physiology and cause a variety of symptoms are of considerable interest, but are poorly 
understood in Napier. There is therefore need to detect the plant genes that respond to an infection by the NGS-phytoplasma. 
The leaf transcriptomes from healthy and phytoplasma-infected Napier grass were analyzed using high-throughput mRNA 
sequencing combined with differential gene expression analysis. The pathway and gene function analysis showed that NGS-
phytoplasma response is regulated by pathways related to pathogenesis related genes, transcription factors, transport and 
carbon metabolism in Napier grass. Besides, reduced and oxidised glutathione and reduced and oxidised ascorbic acid were 
lower while hydrogen peroxide accumulated in symptomatic plants. The photosynthetic activity was not affected, but infected 
and symptomatic Napier leaves had small-sized 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 in phytoplasma-infected plants is also activated as evidenced by the high quantities of jasmonic acid, 
abscisic acid and auxins in Napier leaf. 
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Iron homeostasis controls cell wall integrity of the maize pathogen Colletotrichum graminicola 
A. Raschke1, M. Marofke1, J. Heilmann1, M. Lange1, H. B. Deising1 

1Martin Luther University Halle-Wittenberg, Phytopathology and Plant Protection, Halle/Saale, Germany 

Iron is an essential microelement for all organisms. 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. Pathogenic fungi 
employ distinct strategies for high affinity iron uptake from the host tissue, i.e. reductive iron assimilation (RIA) and 
siderophore-mediated Fe3+ acquisition (SIA). Saprophytic hyphal growth under iron starvation leads to an up-regulation of both 
RIA and SIA pathways. During the biotrophic pathogenic 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 the iron uptake, 
with strong activation of SIA and decreasing RIA activity. Maize leaves pre-treated with the siderophore Coprogen showed 
strongly increased defense responses, including respiratory burst, to C. graminicola infection. The role of coprogen as a defense-
priming agent may fully explain repression of SIA in biotrophic hyphae 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, tight regulation of SIA und RIA occurs on transcriptional level, 
mediated by the transcription factors SreA and HapX, respectively. However, Aspergillus spp. do not infect plants and do neither 
exhibit biotrophic nor necrotrophic lifestyles. Here we report on the identification of sreA and hapX homologs of the 
hemibiotroph C. graminicola that were denominated as CgSRE1 and CgHAP10. We showed that both genes are iron-dependently 
regulated on the transcriptional level in saprophytic hyphae. Targeted deletions of these loci led to delayed growth under iron-
limiting conditions. Remarkably, a strong phenotype displayed by hyphae of ɲsre1 strains is a hyphal integrity defect reported in 
chitin synthase-deficient mutants and visualized as the formation of intrahyphal hyphae. These clear morphological defects 
strongly suggest that iron homeostasis controls cell wall-integrity in C. graminicola. Detailed functional characterization of the 
putative transcription factors CgSre1 and CgHap10 during biotrophic and necrotrophic stages will gain further understanding of 
iron acquisition and the link between iron and hyphal integrity.  

 

 
OςRς007 

PDBP1 is a novel regulator of plant elicitor peptide (PEP)-induced ethylene signaling and plant immunity 
P. Weckwerth1, M. Hall1, A. Huffaker1 

1University of California San Diego, Biology, La Jolla, United States 

Plants have evolved specialized plasma-membrane localized receptor proteins to perceive microbial pathogens, thus enabling 
them to respond to these environmental threats in a timely and specific manner. An early response after pathogen attack is 
activation of endogenous plant elicitor peptides (PEPs) to initiate a PEP/PEPR (PEP-Receptor) signaling cascade. Upon binding of 
the peptide to its receptor, a complex forms with additional co-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 altered 
activities of these and initiating downstream signaling events. In a phosphoproteomics screen evaluating PEP-dependent 
phosphorylation patterns in maize and Arabidopsis, we identified a DNA-binding protein (PDBP1) with increased 
phosphorylation after ZmPep3 and AtPep1 treatment, respectively. 

We created overexpression lines mimicking constitutive (de-)phosphorylation states of PDBP1 in Arabidopsis to elucidate the 
molecular function of this protein. Phospho mimicking variants show elevated responses to AtPep1-treatment, like stronger 
inducible gene expression (e.g. ERF-1, TAT3), enhanced ethylene emission and, elevated reactive-oxygen species generation, 
indicating a potential role as a positive regulator of the PEP response. A yeast two hybrid screen identified a major facilitator of 
the ethylene signaling pathway EIL1 (ethylene-insensitive3-like1) but not EIN3 (ethylene-insensitive3) as an interactor of PDBP1, 
supporting mis-regulated but specific AtPep1-induced ethylene signaling. This specific interaction could be confirmed in planta 
via CoIP and BiFC. Currently, we are elucidating PDBP1-binding sites in Arabidopsis via ChIPseq analysis, where preliminary 
results indicate upstream regulators of the EIL1/EIN3 signaling pathway as putative targets of PDBP1 in Arabidopsis. Bioassays 
reveal a role for PDBP1 in fungal resistance against Botrytis cinerea, while the underlying mechanism of these alterations 
remains elusive. 

We hypothesize that PDPB1 as a DNA-binding protein regulates the plant"s immune response by modifying the transcriptional 
response after pathogen attack, leading to enhanced resistance upon pathogen challenge in both and Arabidopsis and the crop 
plant maize. 
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Chemical signals from microalgae that structure the marine environment 
G. Pohnert1 

1Friedrich Schiller University, Department of Bioorganic Analytics, Jena, Germany 

Unicellular algae in the plankton and biofilms have established elaborate means to interact with other organisms in their 
environment. Especially interactions mediated by chemical compounds are recognized as driving forces in the structuring of the 
aquatic microbial community. Chemical mediators released by the algae can mediate feeding activity of herbivores, algal/algal 
interactions, and also the communication of an alga with the surrounding microbial community. We introduce an approach to 
address such chemically mediated interactions based on elaborate bioassays paired with the investigation of microalgal 
metabolomes. We reveal a high plasticity of algal metabolite production that allows the cells to respond efficiently to the 
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 
microalgae and how these interactions shape the plankton community on a local scale. But also consequences for the global 
carbon and sulfur cycling will be introduced. Consequences for future investigations of plankton ecology, algal physiology, and 
chemical interactions are discussed. 

PLENARY ABSTRACT 

OςPLς008 

Ein Blick unter Wasser ς the physiology, ecology and evolution of algae-pathogen interactions 
C. Gachon1 

1The Scottish Association for Marine Science, Scottish Marine Institute, Oban, Argyll, United Kingdom 

Collectively, algae account for roughly half of the global primary production. Land and marine ecosystems differ in some of their 
key drivers, such as biomass turn-over and the velocity of climate change. Marine biota also host higher levels of less well 
characterised biodiversity than terrestrial ones, and algal cultivation is developing exponentially worldwide. All these factors are 
ǇǊƻŦƻǳƴŘƭȅ ŎƘŀƴƎƛƴƎ ǘƘŜ ƳŀǊƛƴŜ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƻǳǊ ŘŜǇŜƴŘŜƴŎŜ ŦǊƻƳ ƛǘΦ  Lƴ ǘƘƛǎ ǘŀƭƪΣ L ǿƛƭƭ ǇǊŜǎŜƴǘ ǎƻƳŜ ƻŦ Ƴȅ ƎǊƻǳǇΩǎ ǿƻǊƪ 
on the diseases of brown algae, red algae and diatoms, at the crossroad between ecology, comparative genomics and 
aquaculture. Firstly, I will cover the discovery of novel pathogens relevant for the dynamics of phytoplankton blooms and algal 
aquaculture, and how this yields novel models for oomycete comparative genomics. Secondly, I will how we established three 
pathosystems with biotrophic, intracellular pathogens to interrogate the cellular mechanisms resulting in innate or induced 
disease resistance in brown 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, I will briefly present 
the networking and structuring efforts undertaken in the GlobalSeaweed and GlobalSEaweed-STAR initiatives to develop an 
appropriate biosecurity framework for seaweeds globally. 
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JASSY ς a chloroplast outer envelope protein required for jasmonate biosynthesis 
J. Soll1, L. Guan1, A. Weiberg1, S. Schwenkert1, M. Meinecke2 

1Universität München, Department Biologie, Planegg-Martinsried, Germany 
2MPI, Biophysikalische Chemie, Göttingen, Germany 

Jasmonates are prominent plant hormones 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 chloroplasts, where -hlinolenic 
acid is converted to 12-oxophytodieonic 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 now 
identified the chloroplast outer envelope protein Jassy, which is indispensable for the export of OPDA. Jassy loss of function 
mutants are no longer able to accumulate Jasmonate in response to biotic or abiotic stress and are thus more susceptible to 
pathogen attack and show deficits in cold acclimation. Jassy shows channel properties and we conclude that it facilitates OPDA 
export. Jassy therefore represents a long sought missing link in Jasmonate biosynthesis. 

 
OςSς002 

Major changes in plastid protein import enabled the origin of the Chloroplastida 
S. Gould1, S. G. Garg1, M. Handrich1, M. Knoop1 

1HHU Düsseldorf, Molecular Evolution, Düsseldorf, Germany 

Across all three major algal lineages the core components of the plastid import machineries (Toc and Tic) are conserved, as 
much as the principle mechanism of targeting the proteins across the two membranes using N-terminal targeting sequences 
(NTS). There is, however, an intriguing peculiarity regarding the latter. Rhodophytes and glaucophytes make use of a conserved 
single amino acid motif, predominantly a phenylalanine, found at the very N-terminus 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 the components of plastid protein import and generated RNA-Seq, pigment profile and trans-electron microscopy 
data based on highlight stress from representatives of the three archaeplastidal groups. In comparison to the glaucophyte 
Cyanophoraparadoxaand the rhodophyte Porphyridium purpureum, only the chlorophyte Chlamydomonas reinhardtiidisplays a 
broad respond to highlight stress, including the upregulation of up to a hundred nuclear-encoded plastid proteins that require 
import into the organelle. We speculate that a more elaborate ability to respond to high-light stress were enabled through 
changes in protein import, including the departure from Phe-based targeting and the introduction of a green-specific Toc75 next 
to other import components unique the Chloroplastida. 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 the dual-targeting of more than a 
hundred proteins to the organelles of endosymbiotic origin in Arabidopsis, using a single ambiguous NTS. 
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Plastid determinants and signaling pathways involved in natural variation of leaf shape 
S. Greiner1, E. Ulbricht-Jones1, I. Malinova1, T. Pellizzer 1 

1Max-Planck-Institute für Molekulare Pflanzenphysiologie, Potsdam, Germany 

As it is obvious from early work in Oenothera (the evening primrose), the influence of the chloroplast genome to a plant 
phenotype goes far beyond photosynthesis. It was clearly 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 leaf 
patterning is still poorly understood and currently of great interest to developmental biologists. 

To address this question we conducted an association mapping, i.e. compared wild-type Oenothera chloroplasts genomes that 
differ in their ability to alter leaf morphology in a constant nuclear background. These analyses were supplemented by a 
characterization of a chloroplast mutant from our collection that display a leaf shape phenotype. The latter was generated by 
the nuclear plastome mutator allele that allows a systematic mutagenesis of the chloroplast genome. 

It turned out that the narrower leaf shape is established when the mutant/suitable wild-type chloroplast genotype is located in 
the leaf margin (L2 layer). This suggests the presence of a L2ςspecific signaling pathway controlling leaf patterning. This pathway 
must be driven by lipid biosynthesis, since the chloroplast-encoded subunit of the acetyl-CoA carboxylase (accD) is affected in 
our mutant and the same locus was also predicted from the association mapping. This view is supported by activity 
measurements of the acetyl-CoA carboxylase, although the actual (lipid) signaling molecule is still enigmatic. Nevertheless, our 
work uncovers a novel tissue-specific signaling pathway in leaf patterning. 

 
OςSς004 

Protein transport into complex plastids ς transporters, localization and the unfolded protein response 
U. G. Maier1 

1Philipps University, Cell Biology I, Marburg, Germany 

Diatoms harbour complex plastid surrounded by four membranes. As most of the plastid proteome is encoded in the cell 
nucleus, hundreds of nucleus-encoded 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 investigated 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 pre-existing transport mechanisms were recycled and adapted for novel tasks. I will present new data concerning the 
protein transport machinery and its localization. In addition, the compartmentalization of the unfolded protein response will be 
discussed in respect to protein import into the complex plastid of the diatom Phaeodactylum tricornutum. 
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PUX10, a lipid droplet-associated scaffold protein important for protein degradation in seedlings of 
Arabidopsis thaliana 

T. Ischebeck1, F. Kretzschmar1, O. Valerius2, G. H. Braus2, K. Schmitt2 
1Georg-August-University Göttingen, Plant Biochemistry, Göttingen, Germany 

2Georg-August-University Göttingen, Molecular Microbiology and Genetics, Göttingen, Germany 

In recent years lipid droplets (LDs) have emerged to 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 prominent in 
seedlings and pollen but are also found in vegetative tissues, where their number increases under stress. We use a combination 
of proteomics and cell biology to extend the number of known LD-associated proteins. The increasing number of known LD 
proteins raises the question how LD-associated proteins are removed from the LDs to be degraded. 

One of the proteins we identified to be associated with LDs is the scaffold protein PUX10 (Plant UBX-domain containing protein). 
It contains a unique hydrophobic region not found in any other PUX protein in Arabidopsis. This short, 50 AA domain alone is 
able to target a fluorophore to LDs. PUX10 can recruit the AAA-type ATPase CDC48 to LDs that is involved in protein unfolding 
and degradation. 

Analysis of the lipid droplet proteome from seedlings of WT and mutants lacking the scaffold protein revealed a slower 
degradation of LD-associated proteins during seed germination. PUX10 and CDC48 are part of the ER-associated degradation 
(ERAD) pathway in non-plant species. Based on our results, this ERAD pathway could also extend to LDs. 

 
OςSς006 

The role of MNX/PAM71-family transporters in manganese management 
M. Eisenhut1, F. Brandenburg1, A. Plett1, P. Jahns1, A. Weber1, S. Birkelund Schmidt2, A. Schneider3 

1Heinrich-Heine-Universität Düsseldorf, Plant Biochemistry, Düsseldorf, Germany 
2University of Copenhagen, Department of Plant and Environmental Sciences, Copenhagen, Denmark 

3Ludwig-Maximilians-Universität München, Plant Molecular Biology (Botany), München, Germany 

Manganese (Mn) is an essential micronutrient for all organisms. 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 it 
constitutes the catalytic Mn4CaO5 cluster, a central part of the oxygen-evolving complex in photosystem II (PSII). 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 maintained in a very narrow range. We have identified a protein with so 
far unknown function as Mn transporter in the cyanobacterium Synechocystis. Mnx resides in the thylakoid membrane and 
serves to sequester excess cytoplasmic Mn into the thylakoid lumen and to provide sufficient Mn levels in this compartment for 
repair of damaged PSII under high light conditions [1]. Mnx proteins are strictly conserved in all oxygenic photosynthetic 
organism. The genome of the model plant Arabidopsis thaliana contains two genes encoding plastidial MNX proteins: While 
CHLOROPLAST MANGANESE TRANSPORTER1 (CMT1) resides in the plastid inner envelope [2], PHOTOSYNTHESIS AFFECTED 
MUTANT71 (PAM71), resides in the thylakoid membrane [3]. CMT1 and PAM71 act sequentially in the uptake of Mn from the 
cytoplasm into the plastid and delivery of Mn to PSII in the thylakoid lumen. According to our studies, loss of any MNX/PAM71-
family protein has strong impact on the photosynthetic performance in both plants and their evolutionary ancestors, the 
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/PAM71-family. 

References 
[1] Brandenburg F. et al. (2017) Plant Physiol 173: 1798-1810  
[2] Eisenhut M. et al. (2018) Mol Plant 11: 955-969  
[3] Schneider A. et al. (2016) Plant Cell 28: 892-910 
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Phospho-regulation of a peroxisomal NAD carrier 
A. Plett1, N. Linka1 

1Heinrich-Heine University, Institute of Plant Biochemistry, Düsseldorf, Germany 

The cellular redox pool is crucial for a great number of developmental, abiotic and biotic stress signaling pathways in plants. 
Redox-active substances, such as nicotinamide adenine dinucleotide (NAD) are essential for many enzymes. In plants, NAD-
dependent processes play fundamental roles in peroxisomal metabolism. For example, fatty acid degradation via beta-oxidation 
requires NAD as a cofactor. In Arabidopsis thaliana we have identified and characterized a transporter of the mitochondrial 
carrier family (MCF), called PXN, which catalyzes the exchange of NAD with AMP across the peroxisomal membrane. This 
transport function supplies peroxisomal fatty acid oxidation with NAD. Despite its importance 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 post-translational modifications and plays a major role in plant 
metabolism by altering the activity, interactions or subcellular localizations of proteins. Phospho-proteome studies identified a 
serine phosphorylation site in the hydrophilic loop between the transmembrane spanning domain three and four. To 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 (b) de-phosphorylated state showed significant 
differences in the transport activity of this carrier. Based on these results, our hypothesis is, that PXN function is regulated by 
phosphorylation. 

 

ORAL ABSTRACT ω tHOTOSYNTHESIS AND PRIMARY METABOLISM 
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Balancing budgets ς what bankers and politicians might learn from Arabidopsis 
M. Stitt1 

1Max Planck Institute of Molecular Plant Physiology, Potsdam, Germany 

The daily light-dark cycle is one of the most pervasive environmental changes faced by plants. Growth in the light can be directly 
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 its fixed carbon 
as starch. I will discuss how starch turnover is regulated. In the daytime a larger proportion of the fixed carbon accumulates as 
starch in conditions where less carbon is fixed per 24 h cycle (for example short photoperiods, low light). Allocation is regulated 
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 circadian clock 
ensures that starch is almost but not totally exhausted at dawn. This optimizes growth by investing almost all the fixed carbon in 
growth within a single 24-hour cycle, whilst avoiding premature exhaustion of starch and harmful transient intervals of carbon 
starvation. In addition, the sucrose signal trehalose 6-phosphate 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 our 
plants in recurring square-wave 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 decreases gradually 
in the evening, and is subject to unpredictable fluctuations due to cloud cover that vary within and between days. I will discuss 
how we are extending our studies to gain insights into how plants regulate starch turnover, metabolism and growth in the field. 
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Subcellular metabolic reprogramming to stabilize photosynthesis 
T. Nägele1, L. Fürtauer1, J. Weiszmann2, W. Weckwerth2 
1LMU München, Plant Evolutionary Cell Biology, Planegg, Germany 
2Universität Wien, Ecogenomics and Systems Biology, Wien, Austria 

Stabilization of photosynthetic performance in a changing environment 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 acclimation is less well understood. Plant primary metabolism 
comprises numerous tightly regulated metabolic pathways across diverse subcellular compartments which complicates the 
study and interpretation of metabolite dynamics in context of photosynthetic performance. To overcome 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 between plastidial, cytosolic and 
vacuolar metabolism to stabilize photosynthesis against environmental fluctuations. Further, our model explains natural 
diversity of photosynthetic stress response in Arabidopsis thaliana and indicates a crucial role of invertase-driven sucrose 
cleavage and hexokinase catalysed phosphorylation. Finally, our findings provide evidence for the necessity to resolve 
subcellular kinetics of plant stress response for prediction of plant performance in a changing environment. 

References 
[1] Weiszmann J, Fürtauer L, Weckwerth W, Nägele T (2018) Vacuolar sucrose cleavage prevents limitation of cytosolic 
carbohydrate metabolism and stabilizes photosynthesis under abiotic stress. FEBS J 285: 4082-4098  
[2] Nagler M, Nägele T, Gilli C, Fragner L, Korte A, Platzer A, Farlow A, Nordborg M, Weckwerth W (2018) Eco-Metabolomics and 
Metabolic Modeling: Making the Leap From Model Systems in the Lab to Native Populations in the Field. Frontiers in Plant 
Science 9  
[3] Fürtauer L, Nägele T (2016) Approximating the stabilization of cellular metabolism by compartmentalization. Theory Biosci 
135: 73-87 
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Chlamydomonas can be converted into an efficient and continuously working glycolat-production 
machine without forming biomass 

C. Wilhelm1, A. Taubert1, A. Schramm1, T. Jakob1 
1University of Leipzig, Biology, Leipzig, Germany 

Glycolate can be synthesized in autotrophic cells under high temperatures and Ci-limitation via oxygenation of ribulose-1,5-
bisphosphate by photorespiration. In unicellular algae photorespiration 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 in 
a ratio of 2, they become glycolate producing "cell factories". The efficiency 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 to establish a 
constant and long-term stable glycolate excretion during the light phase. The results demonstrate a constant high C-assimilation  
and an extremely high rate (82%) of assimilated carbon transferred into glycolate without losses of function in cell vitality for 
weeks. Moreover, the glycolate accumulation in the medium is high enough to be directly used for microbial fermentation. 
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Structural adaptations of photosynthetic complex I enable ferredoxin-dependent electron transfer 
J. M. Schuller1, J. A. Birrell2, H. Tanaka3, T. Konuma4, H. Wulfhorst5, N. Cox6, S. K. Schuller1, J. Thiemann5, W. 

Lubitz2, P. Sétif7, T. Ikegami4, B. D. Engel1, G. Kurisu3, M. M. Nowaczyk5 
1Max Planck Institute of Biochemistry, Martinsried, Germany 

2Max Planck Institute for Chemical Energy Conversion, Mülheim an der Ruhr, Germany 
3Osaka University, Institute for Protein Research, Osaka, Japan 

4Yokohama City University, Yokohama, Japan 
5Ruhr-University Bochum, Plant Biochemistry, Bochum, Germany 

6Australian National University, Canberra, Australia 
7Université Paris-Saclay, Gif-Sur-Yvette, France 

Photosynthetic complex I enables cyclic electron flow around photosystem I, a regulatory mechanism for photosynthetic energy 
conversion. We report a 3.3-Å resolution cryo-EM structure of photosynthetic complex I from the cyanobacterium 
Thermosynechococcus elongatus. The model reveals structural adaptations that facilitate binding and electron transfer from the 
photosynthetic electron carrier ferredoxin. By mimicking cyclic electron flow with isolated components in vitro, we demonstrate 
that ferredoxin directly mediates electron transfer between photosystem I and complex I, instead of using intermediates such as 
NADPH. A large rate constant for association of ferredoxin to complex I indicates efficient recognition, with 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, Ikegami T, Engel 
BD, Kurisu G, Nowaczyk MM (2019) Science 363:257-26 
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Sugar toxicity in plants 
R. Tenhaken1, E. Ivanov Kavkova1, M. Althammer1, R. Behmüller1 

1University of Salzburg, Bio Sciences, Salzburg, Austria 

Plants use a number of different nucleotide sugars as building blocks for cell walls or glycoproteins. During development, growth 
or under stress, plants remodel for instance the cell wall and releases thereby sugars, which are taken up into the cytosol. In 
contrast to animals, which often secret such sugars, plants have established a powerful recycling system to reactivate sugars to 
nucleotide sugars. 

Recycling of sugars involves two steps: first a sugar specific 1-kinase and second a universal sugar pyrophosphorylase (USP), 
which accepts many different sugar-1-phosphates. The enzymes involved in the recycling process are tightly controlled in their 
activity. A knockdown in USP leads to dwarf plants and a knockout in USP is lethal. Some mutants in sugar-1-kinases render 
plants sensitive to a particular sugar, a phenomenon termed sugar toxicity. By using physiological and molecular approaches we 
dissect sugar toxicity to understand the mechanisms. Here we present data on L-arabinose and D-galactose toxicity as a typical 
example. 
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The BASS4 transporter is central to C4 metabolism in Flaveria species 
F. Kuhnert1, T. Furumoto2, A. Weber1 

1Heinrich-Heine University Düsseldorf, Plant Biochemistry, Düsseldorf, Germany 
2Ryukoku University, Department of Food and Agriculture, Fushimi-ƪǳΣ YȅǁǘƻΣ WŀǇŀƴ 

C4 photosynthesis has evolved independently at least 66 times throughout the plant lineage. Within the genus Flaveria 
photosynthetic processes are highly diversified. That includes the photosynthesis types C3, C3-C4 intermediates, C4-like and C4. 
Using comparative transcriptomic analyses between Flaveria species with C3 and C4 photosynthesis, we identified a gene 
encoding for a Bile acid sodium symport protein (BASS4) as a candidate transporter with special importance in C4 
photosynthesis. Flaveria bidentis plants with reduced BASS4 expression resemble C3 species as they have a strongly reduced 
photosynthetic activity, which is based on a highly increased CO2 compensation point as well as a reduced CO2 fixation rate. In 
addition, we show that heterologously expressed BASS4 has uptake activity for malate and oxaloacetic acid in a liposome 
system. The substrate specificity is well defined since no other intermediates of the C4 cycle or other dicarboxylic acids are 
transported by BASS4 in vitro. Additionally, its phylogenetic similarity to mammalian BASS transporters together with our uptake 
results indicate that BASS4 mediates sodium-dependent malate symport. 

In this study, we identify a novel transport protein, responsible for sodium-dependent malate import into chloroplasts of bundle 
sheath cells, which is required for sufficient photosynthetic activity in C4 Flaveria. Further studies on changes in metabolite levels 
and enzyme activities are currently in progress and will help us to elucidate the biological relevance of BASS4 in Flaveria bidentis. 
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Degradation of D1 protein during photoinhibition of photosystem II is accompanied by degradation of 
zeaxanthin epoxidase  

S. Bethmann1, P. Jahns1 
1Heinrich Heine University Düsseldorf, Plant Biochemistry, Düsseldorf, Germany 

The xanthophyll zeaxanthin serves photoprotective functions in chloroplasts. Present as a free pigment in the lipid phase of 
thylakoid membranes, zeaxanthin influences 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 the light-harvesting antenna 
proteins. Upon high light (HL) exposure, zeaxanthin is synthesized from violaxanthin in the de-epoxidation reactions of the 
xanthophyll-cycle (Jahns et al., 2009). The zeaxanthin epoxidase (ZEP) reconverts zeaxanthin to violaxanthin and shows highest 
activity in low light after short periods of moderate HL intensities. Increased HL stress, however, leads to a down-regulation of 
ZEP activity in Arabidopsis thaliana in parallel with the inactivation of photosystem II (PSII) (Reinhold et al., 2008). Moreover, in 
Pisum sativum a close correlation of the kinetics of recovery of photoinhibition and zeaxanthin epoxidation has been reported 
(Jahns & Miehe, 1996), which suggests a co-regulation of the activities of PSII and ZEP. Here, we comparatively studied the HL 
responses of ZEP activity and ZEP protein levels in thale cress (A .thaliana), pea (P. sativum), spinach (Spinacia oleraceae) and 
tobacco (Nicotiana benthamiana) in order to gain more detailed information about the co-regulation of PSII and ZEP activity. HL 
induced inhibition of PSII and ZEP activity 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 ZEP 
activity in all species. Strikingly, ZEP inactivation 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 a 
coordinated inactivation and degradation of ZEP and D1 in response to photoinhibition of PSII, implying that zeaxanthin has an 
essential photoprotective function during the PSII repair cycle. 
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CRISPR/Cas mediated genome engineering in plants  
H. Puchta1 

1Karlsruhe Institute of Technology, Botanical Institute, Karlsruhe, Germany 

Sequence-specific nucleases can be used to induce double-strand breaks (DSBs) in plant genomes. Already more than 20 years 
ago we were able to show that gene targeting by homologous recombination (HR) can be enhanced drastically and targeted 
mutagenesis can be achieved by error-prone non-homologous end joining (NHEJ). Moreover, by inducing several DSBs, 
sequences can be deleted out of the genome or chromosome arms exchanged. In the last years CRISPR/Cas became the major 
tool for targeted mutagenesis. We were able to demonstrate Streptococcus pyogenes (Spy)Cas9 nuclease induced, NHEJ 
mediated, heritable targeted mutagenesis in Arabidopsis thaliana as well as homology dependent in planta gene targeting. 
Recently we applied the Cas9 orthologue of Staphylococcus aureus (SauCas9) for NHEJ-mediated targeted mutagenesis in A. 
thaliana with higher efficiencies than SpyCas9. Even better, by using SauCas9 under the control an egg-cell specific promotor we 
could enhance in planta gene targeting frequencies by one order of magnitude in comparison to our earlier approaches with 
SpyCas9. We obtained GT efficiency of up to 5% for specific lines. Sequence inversions 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 chromosomes in an directed and efficient way in 
plants. Using SauCas9 under egg cell specific expression in Arabidopsis we were able to induce heritable inversion formation at 
differ loci and at distances between 3 and 18 kb in the percent range. By screening individual lines heritable inversion frequents 
up to the 10% range can be achieved, regularly. Most of the events contained the inversion with scarless junctions and without 
any sequence change within the inverted region making the technology attractive for applications 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. 

 
OςUς002 

Targeted mutagenesis in wheat via pollination by Cas9/gRNA-transgenic maize used as haploidy inducer  
N. Budhagatapalli1, T. Halbach2, S. Hiekel1, H. Büchner1, J. Kumlehn1 

1Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Department of Physiology and Cell Biology, OT Gatersleben, 
Germany 

2Strube Research GmbH & Co. KG, Söllingen, Germany 

Targeted mutagenesis assists functional validation of gene function and can speed up plant breeding by producing new genetic 
variability or by genocopying 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 study 
focuses on the induction of gene-specific mutations in two agronomically important genes BRASSINOSTEROID INSENSITIVE 1 
(BRI1) and SEMIDWARF 1 (SD1) regulating plant height which is an important trait in modern plant breeding. In wheat, it is not 
known yet whether specific allelic variants of Bri1 and Sd1 are 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 mutations 
guide RNA (gRNA)-directed Cas9 endonuclease technology has been employed, which relies on components of a microbial 
immune system called clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas). The 
approach was to generate target gene-specific mutant wheat plants without genomic integration of gRNA and Cas9-encoding 
DNA, which is achieved through the regeneration of doubled haploids from wheat x maize crosses. To this end, transgenic maize 
lines were generated whose sperm transmits gRNA and Cas9 endonuclease genes as well as 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 removed 
during early embryogenesis via uniparental genome elimination, which results in haploid mutant wheat plants that do neither 
carry any maize genetic material nor any transgene-encoding DNA. Plants from rescued haploid wheat embryos can be 
subjected to colchicine treatment for whole genome duplication so as to generate fertile, genetically fixed mutant plants. 
Through wheat x Cas9/gRNA-maize crosses, mutations were obtained in both target genes using six different wheat genotypes 
including spring- and winter- types as well as both hexaploid bread wheat and tetraploid durum. One of the further advantages 
of this approach is that genetically homogenous and homozygous mutants can be generated in one generation.  Most 
importantly, these results constitute a promising step towards the establishment of Cas-induced mutagenesis in wheat with 
much-reduced genotype dependence. 
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Accelerating the breeding of carrots (Daucus carota L.) via CRISPR/Cas9 
K. Unkel1, T. Sprink1, F. Dunemann2 

1Julius Kuehn-Institute, Institute for Biosafety in Plant Biotechnology , Quedlinburg, Germany 
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The fast changing climate with more severe weather extremes calls for a fast adaptation of crop varieties. It is especially a 
challenge for cross-pollinated crops like carrots (Daucus carota L.). Therefore, we focus on accelerating traditional F1 hybrid 
breeding by implementing new plant breeding techniques (NBPTs) like CRISPR/Cas9. 

The long-lasting production of genetically homogeneous parental lines for hybrid breeding through back crossings takes up an 
excessive amount of time and resources and relies on specific genotypes. Other in vitro (e.g. anther or ovule culture) or in situ 
(e.g. wide hybridization or irritated pollen) techniques to produce haploid or double haploid progeny shown to be inefficient in 
Apiaceae. During cell division, the microtubules of the spindle apparatus attach to the kinetochore region of the centromere to 
distribute chromatids equally. Here the 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 crossed with a 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) technique 
CRISPR/Cas9 are proposed. For that, we introduced a CRISPR/Cas9 expression cassette via the agrobacterium Rhizobium 
rhizogenes and induced mutations inside the CENH3 coding region. A change in the phenotype was shown by immunostaining 
against CENH3, with mutated lines exhibiting weaker fluorescence compared to wild type plants.   

In order to facilitate this approach, we established a fast, transient and DNA-free method for genome editing in carrot by 
introducing preassembled sgRNA and Cas9 proteins into carrot protoplasts via PEG guided transformation. Since this complex 
degrades after around 48 hrs, we can prevent further double strand breaks by CRISPR/Cas9 activity. A possible lethal effect of 
currently used targets was visible in the low regeneration capacity of the protoplasts with only wild type regenerates surviving. 
In order to screen for best regeneration and viability of mutated carrot lines, we are testing different target sequences in the 
CENH3 gene. 

 
OςUς004 

Evaluating the efficiency of gRNAs in CRISPR/Cas9 mediated genome editing in poplars 
T. Brügmann1, K. Deecke1, M. Fladung1 

1Thünen 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 with 
an Agrobacterium-mediated transformation system. We have selected twelve genes, including SOC1, FUL and their paralogous 
genes, four NFP-like genes and TOZ19 for three different research topics. The gRNAs were designed for editing, and, together 
with a constitutively expressed Cas9 nuclease, transferred either into the poplar hybrid Populus × canescens or into P. tremula. 
The regenerated lines showed different types of editing and revealed several homozygous editing events which are of special 
interest in perennial species because of limited back-cross 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 Cas9 
expression does not seem to pose any risk to additional editing events. 

Based on various criteria, we obtained evidence for a relationship between the structure of gRNA and the efficiency of gene 
editing. In particular, the GC content, purine residues in the gRNA end, and the free accessibility of the seed region seemed to be 
highly important for genome editing in poplars. Based on our findings on nine different poplar genes, efficient gRNAs can be 
designed for future efficient editing applications in poplars. 
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Genome editing in agriculture ς supporting a knowledge-based dialogue of a controversial discussed 
topic  

H. Perner1, M. Arlt1, D. Modrzejewski2, F. Hartung2, S. Bechtold3, S. Schleissing3, O. Maaß4, H. Kehlenbeck4, 
M. Wasmer4,5, J. Robienski5, C. Daye6, A. Spök6 

1PLANT 2030 Managing Office at MPI of Molecular Plant Physiology, Potsdam, Germany 
2Julius Kühn-Institute, Institute for Biosafety in Plant Biotechnology, Quedlinburg, Germany 

3Institut TTN at LMU Munich, Munich, Germany 
4Julius Kühn-Institute, Institute for Strategies and Technology Assessment, Kleinmachnow, Germany 

5Leibniz University Hannover, Centre for Ethics and Law in the Life Sciences, Hannover, Germany 
6TU Graz, Institute for Interactive Systems and Data Science, Graz, Austria 

The European community hotly debates the responsible usage of genome editing, especially since its latest tool CRISPR/Cas is 
catching on. To support a knowledge-based dialogue, the project consortium of ELSA-GEA uses an interdisciplinary approach to 
analyze the complex impact of genome editing in agriculture (GEA). Its objective is to survey ethical, legal and socio-economic 
aspects  (ELSA) and to assess the impact of genome editing on plants. The results are published through scientific journals, 
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 genome editing as genetically modified organism 
(GMO). Thus, the legal subproject focuses on international and European directives and possible roads forward for European 
GMO Policy. The possible impact of genome editing on agricultural value chains and society within Germany is the topic of the 
socio-economic subproject. Consumer"s freedom of choice and product labelling are in focus of the ethical subproject. Decisions 
about food are not only questions of risk but also questions of lifestyle. The applications of genome editing in model plants and 
agricultural crops were systematically mapped. Criteria were e.g. basic research, market oriented developments, traits and tools. 
An online repositorium of relevant research studies is on the ELSA-GEA project website. 

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

With our work, we want to support a science-based public discussion and provide facts-based information to an interested 
society. 
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Changing the intracellular architecture and storage functions in oilseed rapeseed 
H. Rolletschek1, L. Borisjuk1 

1IPK, Department of Molecular Genetics, Gatersleben, Germany 

The assumption that proteins and lipids are competitive storage products in oilseed crops has been tested here in oilseed rape 
(Brassica napus) by analyzing the effect of suppressing protein storage activity. The phenotypic outcomes were assessed using 
magnetic resonance and optical microscopy, mass spectrometry imaging, transcriptomics, proteomics, metabolomics, lipidomics 
and immunological assays. In the seeds of RNAi transgenics, a remarkable reduction in napin and cruciferin was accompanied by 
a drop in storage oils (triacylglycerol), while oleosin, a protein which dominates the oil body, was hyper-accumulated. The most 
conspicuous structural changes in the cells of the developing transgenic embryos featured the elaboration of membrane stacks 
enriched with oleosins and aberrant storage vacuoles. Amino acid and sulfur metabolism were focal points of the metabolic 
rebalancing, a process which involved the transcriptional activation of glutamine-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 conclusion was that the 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 linkage between lipid and protein storage has 
implications for biotechnological strategies directed at the improvement of oilseed crops. 
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Can marker-assisted selection for drought tolerance replace stress-trials in potato 
K. Köhl1, M. Haas1, H. Sprenger1, G. Aneley Mulugeta1, K. Rudack2, E. Zuther1, S. Seddig2, R. Peters3, J. 

Kopka1, D. Hincha1, D. Walther1 
1MPI of Molecular Plant Physiology, Potsdam, Germany 

2Julius Kühn Institute for Resistance Research and Stress Tolerance, Rostock, Germany 
3Landwirtschaftskammer Niedersachsen, Munster, Germany 

Maintenance of yield stability requires efficient selection for drought tolerance, as climate models predict an increased 
likelihood of droughts. Yield based selection for drought-tolerance requires time-consuming drought trials. Marker-assisted 
selection (MAS) could accelerate tolerance breeding. An important crop for drought tolerance improvement is Solanum 
tuberosum ssp. tuberosum, which combines high water-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 tolerance 
prediction model based on leaf metabolite and transcript levels. We compared the performance of a selection based on this 
omics marker model to a classic yield-based selection. Furthermore, we tested the predictive value of phenotypic markers 
gained from laser scanner imaging and thermometry.  
From a population 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 trials were used 
to predict drought tolerance by the random-forest model and select a tolerant MAS subpopulation. To compare their 
performance, these populations were characterized for yield and drought tolerance in ten multi-environment trials. The micro-
meteorological characterization of the test environments indicated a good representation of relevant drought-scenarios in agro-
environments. 
Yield data indicated that lines with drought tolerance above the mid-parent mean and yield potentials similar to released 
cultivars were identified 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 most promising 
drought tolerance predictor.  
This work was funded by the FNR/BMEL, GFPi and GTZ. 
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Oral administration of plant seed produced antibodies to protect weaned piglets against gastro-
intestinal infections 

A. Depicker1 
1Ghent University, Plant Biotechnology and Bioinformatics, Ghent, Belgium 

Plant seeds constitute a unique recombinant protein production platform for particular applications. Seeds can be stored at 
ambient temperature keeping the recombinant proteins in a stable way in an extremely concentrated manner as if they 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 diarrhea-causing infection.  Post-
weaning diarrhea caused by enterotoxigenic Escherichia coli (ETEC) is an economically important disease in pig production 
worldwide. At the moment the only thing that helps against this infection is the use of antibiotics, which is a recognized risk 
factor for antibiotic resistance.  The aim was to prolong the protection of the maternal antibodies in the milk against ETEC gut 
infections by adding plant made antibodies to the feed of weaned piglets. ETEC pathogen specific IgA-like antibodies were 
produced, first in Arabidopsis seeds, later in soybean seeds, and by using existing food-processing technology the seeds were 
milled and added to the feed, requiring no encapsulation and no need for expensive purification processes. In collaboration with 
the group of Eric 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 colonization 
and prolonged shedding of the challenged bacteria (Virdi et al., 2019).   
These results suggest development of these antibodies as a veterinarian product. Furthermore, given the similarity between the 
pig and human digestive tract system, these results further suggest exploring this technology for preventing and treating human 
gut infections and gastric diseases.  
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Genotyping of microsatellite markers using NGS reveals different genetic structures and relationships in 
populations of some annual Medicago species in Iran 

I. Mehregan1, R. Zareei1, S. Emami-Tabatabaeie1, Z. Bagheri1, Z. Morshedy1, M. Bayat1, M. Assadi2, E. Small3 
1Department of Biology, Science and Research Branch, Islamic Azad University, Tehran, Iran 

2Research Institute of Forests and Rangelands, Agricultural Research Education and Extension Organization (AREEO), PO Box 
13185116, Tehran, Iran 

3Science and Technology Branch, Ottawa Research and Development Centre, Ottawa, Canada 

Background: Iran is one of the more important centers of diversity for the genus Medicago L. (Fabaceae). Similar to other 
members of the family, species of Medicago, which are very common in western and southwestern Iran, play an important role 
in soil health and quality by adding nitrogen and organic matter. In recent decades, taxonomy of the genus at species and 
sectional level has been studied heavily. With more sophisticated methods available, more focuses are now on the ranks 
below species level. Genotyping of simple sequence repeats (SSR/Microsatellites) are now widely used in genetic diversity and 
structure analyses and plant cultivar identification.  

Question: We aimed to identify the best SSR markers suitable to illustrate the genetic structure and relationships between and 
within populations of some Iranian species of Medicago. 

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

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

Conclusions: NGS is a costeffective method for developing SSR markers. Microsatellites are reliable tools in study of Iranian 
annual Medicago. Patterns of infraspecific relationships in annual species of Medicago are different. 
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Draparnaldia, a chlorophyte model for comparative analyses of terrestrialization and developmental 
complexity 

L. Caisova1, T. Jobe1, N. Fernandez Pozo2, S. A. Rensing2, S. Kopriva1, A. Cuming3 
1University of Cologne, Botanical Institute, Cologne, Germany 
2University of Marburg, Plant Cell Biology, Marburg, Germany 

3University of Leeds, Centre for Plant Sciences, Leeds, United Kingdom 

Colonization of land by plants was a major 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) that 
moved to terrestrial habitats and even resemble mosses. Why 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 alga Draparnaldia sp. (Chaetophorales, Chlorophyceae) as a model for comparative analyses between these two 
lineages. In my talk, I will introduce Draparnaldia, pointing out its morphological and ecological similarities with streptophyte 
algae and mosses. I will focus on transformation system, which we recently developed. I will then also present the first results 
from Draparnaldia transcriptome that was sequenced to investigate the desiccation stress. Finally, I will touch the future plans, 
including genome sequencing and application of the CRISPR/Cas9 system. 
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Effects of environmental stress on the mode of reproduction in the Ranunculus auricomus polyploid 
complex 

F. B. Ulum1, C. Castro1, F. Hadacek2, E. Hörandl1 
1Goettingen University, Department of Systematics, Biodiversity and Evolution of Plants, Goettingen, Germany 

2Georg-August-Universität Göttingen, Department of Biochemistry, Goettingen, Germany 

Hybridisation and polyploidy in Angiosperms are influential factors in evolutionary processes and are thought to enhance 
adaptive potential and diversification via the evolution of novel genomic and epigenomic features. They are also able to trigger 
apomixis, the reproduction of asexual seeds. Environmental abiotic stress can change the apomictic frequency, but it is still 
unclear whether polyploidy would alter stress response. The main aims of this research are to explore with prolonged 
photoperiods, whether polyploidy alters stress response, and whether stress response correlates positively to proportions of 
sexual seed formation. To simulate plants alter stress response on the mode of reproduction in different ploidy levels, we used 
three facultative apomictic cytotypes of the polyploid Ranunculus auricomus complex (diploid, tetraploid, and hexaploid). Stress 
treatments were applied by extended light periods (16.5 h) and control (10 h) in climate chamber under stable temperature (18 
0C), humidity (60 0C), and light intensity 250 µmolm-2 s-2. Reproduction mode was observed directly after megasporogenesis 
(Clearing method with DIC microscopy) and at seed stage (ƅow 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 reduced 
the photosynthetic efficiency in all cytotypes. These findings support the hypothesis that polyploid plants are less sensitive to 
prolonged photoperiods and respond to a lesser extent with sexual ovule formation. 

Keywords: apomixis, FCSS, light stress, Ranunculus, reproduction mode 
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The highly diverged Jekyll genes, important for sexual reproduction, are lineage specific for the Triticeae 
tribe 
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Phylogenetically-related groups of species contain unique lineage-specific genes, which often mediate sexual reproduction, 
thereby facilitating the reproductive isolation. We describe the small Jekyll gene family, required for sexual reproduction of 
barley, in which one gene exists in two diverged allelic variants, Jekyll1 and Jekyll3. Despite of low similarity, the Jekyll1 and 
Jekyll3 proteins share identical signal peptides, conserved cysteine positions and direct repeats. Their genes are located at the 
same chromosomal locus and inherited by monogenic Mendelian fashion. Jekyll3 has similar expression as Jekyll1 and 
complement the Jek1 function in Jekyll1-deficient plants. Both Jekyll1/Jekyll3 allelic variants were almost equally distributed in a 
collection of 485 wild and domesticated barley accessions. All domesticated barleys harboring the Jekyll1 allele belong to single 
haplotype indicating a genetic bottleneck during domestication. Domesticated barleys harboring the Jekyll3 allele carried either 
one of three haplotypes. Jekyll-like sequences were found in all analyzed species of Triticeae tribe as well as in the closely 
related Bromeae and but not in other Poaceae. Non-invasive magnetic resonance imaging revealed intrinsic grain structure in 
Triticeae and Bromeae grains, associated with the Jekyll function. The emergence of Jekyll during the evolution of Poaceae 
coincides with innovations in grain structure and suggests its role in separation of the Bromeae and Triticeae lineages identifying 
the Jekyll genes as lineage-specific. 
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Hybrid speciation in Brassica 
A. Mason1 

1Justus Liebig University Giessen, Department of Plant Breeding, Giessen, Germany 

Hybridization (where two species come together 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 cotton. 
However, exactly how hybrid species form is still 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 newly-formed hybrids, two sets of chromosomes 
from each of the progenitor species will be present. These sets of chromosomes not only contain competing genomic 
information, but almost always share regions of genomic similarity that can hinder homologous chromosome pairing and 
segregation. Failure of meiosis to correctly segregate chromosomes belonging to different genomes usually results in loss of 
chromosomes and genomic information from one generation to the next, and subsequently loss of fertility and true-breeding in 
offspring. Hence, hybrids must regulate meiosis to establish as new species. But how? In the Brassica genus (cabbages, turnips, 
canola, mustards), cultivated species share combinations of the A, B, and C genomes: A, B, C, AB, AC and BC genome-types all 
exist as established crops. We produced novel interspecific hybrid types through crosses between the AB, AC and AB species, 
and analysed resulting interspecific progeny over several generations using a combination of molecular cytogenetics and high-
throughput molecular marker karyotyping approaches. Three new, meiotically stable hybrid types were produced from 
segregating progeny: one with an ABC genome complement, and two with a recombined A/C genome from crosses between the 
AB and BC species. We identified both genetic variants of meiosis genes inherited from the progenitor species and similarity 
between subgenomes in the novel interspecific hybrids as major factors affecting the success of speciation events via 
interspecific hybridization events in the Brassica genus. Our results shed light on the mechanisms of repeated hybridization and 
speciation in Brassica. 

 
PςBς006 

Anatomical view of the explosive mechanism of pollen release in urticalean rosids 
S. P. Teixeira1, G. D. Pedersoli1, F. M. Leme2, V. G. Leite1 

1São Paulo University, FCFRP/USP, Ribeirão Preto, Brazil 
2Universidade Federal de Mato Grosso do Sul, Instituto de Biociências, Campo Grande, Brazil 

The urticalean rosids comprise very known species, such as hemp, hashish, hop, mulberry tree, fig tree, trumpet tree, nettle, 
elm. These species belong to Cannabaceae, Moraceae, Ulmaceae and Urticaceae, families of the Rosales order. Some of them 
are wind-pollinated and exhibit an explosive mechanism of pollen dispersal involving sepals and inflexed stamens. Thus, we 
studied the uncommon synorganization of the staminate flower in eight wind-pollinated 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 release in this 
group. The anatomy and surface of flower buds and flowers were analysed under light and scanning electron microscopy. The 
pistillode, stamens and sepals form a floral apparatus that explosively releases pollen to be carried by the wind. The anthers 
dehisce when the stamens are still inflexed on the floral bud and are enveloped by the sepals and supported by an inflated 
pistillode. The distension of the filaments presses the pistillode, which decreases the pressure exerted on the anthers by 
releasing the air accumulated internally through its apical orifice. The extended filaments and the 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 grains far away from the flower. The pollen 
grains are released grouped by the mucilage produced in high quantity in the cells found in all floral organs. Our data show that 
the presence of a pistillode and the wide occurrence of mucilaginous cells are very important features for the functioning of an 
elaborate mechanism for dispersion of the pollen grains. Also, we can consider the pistillode as an exaptation because it may 
have initially arisen to play a specific role but later evolved to provide a new role in the plant, optimizing male fitness (Fapesp, 
Capes, CNPq). 
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Toward analyzing transcriptome-wide convergent evolution in plants using a phylogenetic comparative 
method 

M. Freund1, K. Fukushima1 
1University of Würzburg, Department of Botany I, Würzburg, 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, but also that evolution could be ς at least to a degree 
ς 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 makes for a fascinating topic. Although it is generally 
accepted that convergence is a consequence of environmental constraints favouring certain phenotypes, the molecular 
mechanisms are still open for debate. The "hotspot hypothesis" predicts convergence at loci where changes have minimal 
pleiotropy, but large impact on phenotypes. As such, regulatory elements, pathways and networks (and as an extension, 
expression patterns) are a likely site for convergent evolution. Using computational methods, such as modified Ornstein-
Uhlenbeck models, we are able to detect shifts in evolutionary regimes and identify likely instances of convergence in 
quantitative traits. In order to identify these "hotspot" expression changes in convergent lineages, we treat the gene expression 
levels of various species in root, leaf and flower tissues as said quantitative traits in the phylogenetic context. This requires a 
large set of data from multiple species. To aid with the acquisition of thousands of RNA-seq data from hundreds of research 
projects, we are developing a new tool, the 'amalgkit', which is able to access the Sequence Read Archive's (SRA) metadata to 
find, retrieve, and curate a massive dataset for evolutionary transcriptomics. A large-scale analysis of transcriptomic data will 
reveal key gene families subject to convergence. 

 
PςBς008 

An mRNA-Genotyping-by-Sequencing (mRNA-GBS) approach to link association studies with expression 
profiling in Trifolium pratense L. (red clover) 

V. Wissemann1, B. Gemeinholzer1, C. Müller1, A. Becker2, O. Rupp3 
1Justus-Liebig-University Gießen, Systematic Botany, Giessen, Germany 

2Justus-Liebig-University Giessen, Developmental Botany, Giessen, Germany 
3Justus-Liebig-University Giessen, Bioinformatics, Giessen, Germany 

DNA-Omics fingerprinting is widely used to conduct association studies. Restriction enzymes provide a targeted complexity 
reduction followed by multiplex sequencing which results in high-quality polymorphism data at a relatively low per sample cost 
(Poland et al. 2012), especially for species which currently lack a reference genome. 

By using gene expression profiling (e.g. mRNA-seq) it is possible to identify expression patterns in response to environmental 
perturbations or treatments and to identify candidate genes which are involved in the response to environmental interactions 
(Unger 2008). These candidate genes, whose sequence identity suggest possible importance for an ecologically relevant process 
or phenotype, can than further be used (Unger 2008) to investigate the underlying molecular mechanism governing phenotypic 
plasticity in response to different environmental changes or treatments across different sites. This, however, is only possible for 
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 pratense L. (red clover). Sampling sites were on the experimental plots of the Biodiversity Exploratories (DFG SPP1374) 
in Germany. An mRNA-ddRadSeq technique was developed and the results were compared to mRNA-seq and ddRadSeq data, 
respectively. 

Overall, mRNA-seq and ddRadSeq were superior to the newly developed tool. Comparisons to mRNA-seq revealed unequal 
sequence coverage, common 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, Brown PJ, Sorrells ME, Jannink J-L (2012) Development of High-Density Genetic Maps for Barley and Wheat Using 
a Novel Two-Enzyme Genotyping-by-Sequencing Approach. PLoS ONE 7(2): e32253. doi:10.1371/journal.pone.0032253  
[2] Ungerer MC, Johnson LC, Herman MA (2008) Ecological genomics: understanding gene and genome function in the natural 
environment. Heredity 100(2):178-83 
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Identifying commonly selected genes among carnivorous plant lineages using evolutionary genomics 
F. Saul1, K. Fukushima1 

1University of Würzburg, Department of Botany I, Würzburg, Germany 

Plants use diverse habitats, some of which are nutrient poor. To compensate for the lack of nutrition in such environments, a 
number of plants have 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 in Nepenthes and Cephalotus and flypaper traps in Drosera and Pinguicula. This raises the question of what causes 
the differences among trap types and the similarities among separate carnivorous lineages. One approach to answering this 
question is to look at convergent evolution, 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 gene 
family analysis. Here, we employ evolutionary 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 Australian pitcher plant 
Cephalotus follicularis, the Brazilian corkscrew plant Genlisea aurea and the bladderwort plant Utricularia gibba, we are 
sequencing the genome of Asian pitcher plant Nepenthes gracilis. This taxon adds the second lineage of the available pitcher 
plant genomes, and will allow us to gain further insights 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 acid sequences 
with those that do not, we will discuss the evolutionary process to become carnivorous. 

 
PςBς010 

Genome-wide identification of Myb transcription factors in amaranth and quinoa 
J. Gonçalves-Dias1, M. G. Stetter1 

1Universität zu Köln, Botanical Institute, Köln, Germany 

Transcription factors play an important 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 understanding of gene 
function and evolution. The MYB 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 and 
development. In a number of plants, MYB genes have been identified and characterized, yet for most non-model plants the 
systematic characterization of MYB genes is missing. Amaranth and quinoa are ancient crops from the Americas that are 
regaining importance for human nutrition. The availability of reference genomes of Amaranthus hypochondriacus and 
Chenopodium quinoa allows the identification of MYB genes in the closely related genera and infer gene functions through 
sequence alignment and comparison with well-characterized MYBs.  

Here, we employ two complementary genome-wide 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. In 
addition, we apply Pfam profile Hidden Markov Models to de novo identify all protein sequences containing MYB or MYB-like 
domains. The two approaches generate a robust set of candidate MYB genes for both organisms. After assuring the presence of 
conserved MYB domains in the candidates 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 bamboo, 168 in 
Arabidopsis thaliana, and  244 in soybean.  

Our comprehensive classification of MYBs and their phylogenetic analysis allows us to cluster newly identified MYBs with well-
characterized MYBs from other species to infer potential functions. As in other species, amaranth MYB genes are distributed 
across all 16 chromosomes of A. hypochondriacus reference genome and include several candidates, controlling plant 
pigmentation and other traits. The broad set of MYB transcription factor genes that we identified, provides a foundation to 
understand the role of this important gene superfamily in the evolution and domestication of amaranth and quinoa. 
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A taxonomic study of Stichococcus Nägeli based on ecophysiological, morphological, and molecular data 
A. Van1, K. Glaser1 

1Universität Rostock, Institut für Angewandte Ökologie und Phykologie, Rostock, Germany 

Sitichococcus Nägeli is a cosmopolitan terrestrial genus belonging to the Trebouxiophyceae. It is a key player in terrestrial soil 
crust productivity, where it is commonly found. Due to its simple rod-shaped morphology and lack of autapomorphic features, 
identification and taxonomic study for this genus has been difficult. Furthermore, the presence of Group I introns make it a 
challenge to sequence. Previous works (Sluiman et. al., 2008; Hodac et al., 2016) have suggested that the genus is closely related 
to other genera, such as Gloeotila Kützing, Desmococcus F. Brand, and Diplosphaera Bialousuknia. This study aims to resolve the 
genera"s taxonomic position through an integrative taxonomic approach. 

Monoalgal strains identified as Stichococcus were acquired from culture collections worldwide. Ecophysiological testing 
consisted of salt tolerance testing with a liquid medium gradient of up to 90 PSU 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, with 
most strains being photographed and analyzed weekly. 

The 18S-28S locus was used to 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 development 
specific for this class will be developed. 

First results indicate that there may be a higher-than-expected diversity within Stichococcus and that a generic revision 
recommended, particularly in relation to the genera Gloeotila and Diplosphaera. 

 
PςBς012 

The alga Mougeotia as a model to investigate the evolution of cell size, genome ploidy and cellular 
branching 

H. Buschmann1, J. Konermann1 
1Botany Institute Osnabrück University, Biology/Chemistry, Osnabrück, Germany 

The species-rich Zygnematophyceae are closely related to land plants. Cellular differentiations shown by the Zygnematophyceae 
are diverse and the class therefore has much potential for cell biological-evolutionary studies. For example, tip growth-like cell 
expansion is present in Mougeotia filament terminal cells (watch on YouTube), 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) is 
similar to branching in moss protonema and results in the transition from 1D to 2D growth. Interestingly, we find that in 
Mougeotia cell size is strongly correlated with genome size. Genome sizes vary between accessions of Mougeotia and may 
indicate polyploidy. The comparison with the phylogenetic tree suggests that dramatic genome size 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 near future. 
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Molecular phylogeny and taxonomic reassessment of the genus Cladostephus (Sphacelariales, 
Phaeophyceae)  

S. Heesch1, F. Rindi2, W. A. Nelson3 
1Universität Rostock, Institut für Biowissenschaften, Rostock, Germany 

2¦ƴƛǾŜǊǎƛǘŁ tƻƭƛǘŜŎƴƛŎŀ ŘŜƭƭŜ aŀǊŎƘŜΣ 5ƛǇŀǊǘƛƳŜƴǘƻ Řƛ {ŎƛŜƴȊŜ ŘŜƭƭŀ ±ƛǘŀ Ŝ ŘŜƭƭΩ!ƳōƛŜƴǘŜΣ !ƴŎƻƴŀΣ Lǘŀƭȅ 
3National Institute for Water & Atmospheric Research NIWA Ltd., Wellington, New Zealand 

The Phaeophycean genus Cladostephus (Sphacelariales) is found world-wide in temperate regions. Two valid species are 
considered endemic to South America (C. antarcticus Kützing and C. hariotii Sauvageau), whilst specimens from the rest of the 
world are usually attributed to a third, cosmopolitan species, C. spongiosum (Hudson) C.Agardh. However, comparisons of 
organellar (plastid rbcL and psbC, mitochondrial cox1) and nuclear (ITS nrDNA) genetic markers from samples within the 
geographic range of C. spongiosum, including Europe, North America and the South Pacific, suggest that two genetic entities are 
treated under this name, which correspond to previously recognised morphological entities. Specimens with "spongiose" 
morphology (C. spongiosum s.s.) were found to be limited to the Atlantic coast of Western 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 Zealand, Australia and on the Pacific coast of Mexico. 
Since the name C. verticillatum (Lightfoot) Lyngbye is invalid, and the basionym Fucus hirsutus L. older, this entity is herein 
referred to as the separate species C. hirsutum (L.) C.-F.Boudouresque & M.Perret-Boudouresque. The third genetic entity was 
only encountered in the Southern Hemisphere, i.e. in New Zealand, Australia, southern Chile and Falkland Islands. Comparisons 
with descriptions and images of Southern Hemisphere species show that its morphology most closely ressembles that of C. 
australis Kützing, another South American species. However, since this name is illegitimate under the Botanical Nomenclature 
rules, this entity will have to be renamed. 

 
PςBς014 

The genomic basis of sex determination in Amaranthus palmeri 
C. J. Neves1, M. Matzrafi2, M. Mesgaran2, M. G. Stetter1 

1University of Cologne, Botanical Institute, Cologne, Germany 
2University of California, Department of Plant Sciences, Davis, United States 

Plants show several reproductive strategies and morphological 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 male 
flowers on different individuals, is less common but evolved 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 sex 
determination for most dioecious species remains unknown. 

Amaranthus palmeri is a dioecious species that is among the most damaging weeds in North America, partly due to its resistance 
to numerous herbicides. The mechanisms controlling dioecy in A. palmeri are still unknown, despite its agronomic importance. 

In this study, we used whole-genome sequencing to identify sex-determining genomic regions in the diploid A. palmeri. We 
sequenced a total of 8 pools to over 100 x coverage, differentiating females and males from two populations, under two 
environmental conditions, drought and control. We first mapped reads to the reference genome of the monoecious A. 
hypochondriacus to compare SNP allele frequencies between female and male pools, but the genome-wide analysis did not 
detect sex-related regions. The alignment to the reference sequence limited the analysis to regions present in the monoecious 
species and might have missed sex specific sequences. Therefore, we used a k-mer based de novo mapping of sex-specific 
sequences from the raw sequencing reads, which is independent of an existing reference genome. We detected a large number 
of male-specific and only few female specific k-mers in A. palmeri. We are assembling male-specific k-mers to identify potential 
male male-linked genomic region or resemble a sex chromosome. In addition, we study the influence of drought stress on the 
sex determination of A. palmeri and its genetic control by comparing male specific k-mers of stressed and control pools. 

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

Keywords: Amaranthus palmeri; sex determination; whole-genome sequencing; k-mer 
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Eukaryotic algae from the biological soil crusts in Chile 
E. Samolov1, K. Glaser1, T. Mikhailyuk2, U. Karsten1 

1Institute of Biological Sciences, Applied Ecology and Phycology, Rostock, Germany 
2M.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 millimeters of soil. Formed 
by algae, cyanobacteria, microfungi, bacteria, bryophytes, lichens, and their by-products, BSCs play an important role in the 
primary production and stabilization of soils. Present in every climate zone (Colesie, Felde & Büdel, 2016) BSCs are dominant 
vegetation in areas where higher plants are limited by low nutrient or water supply, such as semi-arid and arid areas. The 
majority of information on BSC algae comes from studies in Asia, Europe, North America, and Africa, leaving South America 
understudied (Büdel et al., 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 north-south precipitation gradient, with Pan de Azúcar in the arid 
north, Santa Gracia in the semi-arid 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 the 
diversity of eukaryotic algae as key BSC photosynthetic organisms. The lowest species richness was recorded in the desert (10 
species) and semi-arid BSCs (14 species). The highest species richness characterized the BSCs from Mediterranean zone (34 
species), followed by temperate BSCs (23 species). Desert communities were composed exclusively of single-celled Chlorophyta 
representatives. Chlorophyta and Streptophyta dominated semi-arid and Mediterranean BSCs, whereas temperate Chilean BSCs 
were composed of Chlorophyta, Streptophyta, and Heterokontophyta representatives. 

References 
[1] .ǸŘŜƭΣ .ΦΣ 5ǳƭƛŏΣ ¢ΦΣ 5ŀǊƛŜƴƪƻΣ ¢ΦΣ wȅōŀƭƪŀΣ bΦΣ ϧ CǊƛŜŘƭΣ ¢Φ όнлмсύΦ Cyanobacteria and algae of biological soil crusts. In Biological 
soil crusts: an organizing principle in drylands (pp. 55-80). Springer, Cham.  
[2] Colesie, C., Felde, V. J. M. N. L., & Büdel, B. (2016). Composition and macrostructure of biological soil crusts. In Biological Soil 
Crusts: An Organizing Principle in Drylands (pp. 159-172). Springer, Cham. 
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Biodiversity and biogeography of marine benthic diatoms in Antarctic and Arctic shallow water coastal 
zones to evaluate the degree of endemism using fine-grained taxonomy and DNA metabarcoding 

U. Karsten1, J. Zimmermann1 
1Botanic Garden and Botanical Museum Berlin, Freie Universität Berlin, Research Group Diatoms, Berlin, Germany 

Antarctic marine biodiversity has been considered for long time as species-poor flora and fauna constrained by a harsh 
environment. However, many recent studies clearly proved that Antarctic biodiversity is much more 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 of on-going global environmental change, pose 
challenges to the present and future understanding the biodiversity and related ecological functions (e.g. food web structure). 
On a global scale, benthic diatoms form - as key organisms of microphytobenthic communities - the most productive 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 interface as well as 
stabilizer of sediment surfaces by the excretion of sticky extracellular polymeric substances. Although marine benthic diatoms 
are a key component in the food web of coastal areas, knowledge on their biodiversity and biogeography in Polar Regions is 
mostly poor.  
The goals of the project are 1. to precisely identify the almost unknown benthic diatom biodiversity in fine-grained taxonomic 
depth in communities sampled in Potter Cove (Antarctica) and Kongsfjorden (Arctic) using a combination of field, 
culture/culture-independent methods for pheno- and genotypic identification; 2. to establish a taxonomically validated 
reference library for Polar benthic diatoms with comprehensive information on habitat, morphology and providing DNA 
reference sequences 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 different 
diatom groups in Antarctica/Arctic, and 4. to provide a comprehensive biodiversity data set as a baseline for reconstructing 
paleo-environments and future changes of Polar coastal regions.  
This project should show if and how marine benthic diatoms of the shallow coastal waters of Antarctica/Arctic are different 
(degree of endemism), which factors influence the spatial distribution of this ecological key protist group and how these data 
could help to detect and reflect scenarios of global change. 
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Preliminary phytochemical properties and antifungal activities of three species of cola nut extracts 
against oral fungal pathogens. 

K. Nwanekwu1 
1Imo State University, Microbiology, Owerri, Nigeria 

The phytochemical properties and antifungal activities of the methanol extract of the nuts of three Cola species- Cola acuminata, 
Cola millenii and Cola nitida were investigated against five oral pathogenic Candida species. 

Methods: The agar diffusion and broth dilution methods were used for the tests. 

Results: The extracts exhibited significant antifungal activity with zone of inhibition between13mm±0.00 and 20mm±0.00. The 
plants exhibited strong antimicrobial activities against the organisms, with MICs of the extracts of Cola acuminata and Cola 
nitida ranging from 125µg/ml to 500µg/ml as such, were the most active, and 250µg/ml - 1000µg/ml for Cola millenii the least 
active. While the MFCs of the extracts ranged from 250 µg/ml -500µg/ml, 250 - 500µg/ml and 500 - 1000µg/ml respectively. The 
phytochemical analysis of the various plants revealed that Cola acuminata and Cola nitida showed the presence of saponins, 
tannins, alkaloids and sugar and the absence of cardenolide and anthraquinone. While Cola millenii showed the presence of 
alkaloids only and the absence of saponins, tannins, cardenolide and anthraquinone. 

Conclusion: A comparative analysis of the activity of the Cola nut extracts and the conventional antifungal drugs showed that the 
Cola nut extracts were more active against the organisms. 

 

PςDς003 

The genuine localization of indole alkaloids in Vinca minor and Catharanthus roseus  
D. Selmar1, S. Abouzeid2, T. Hijazin1, L. Lewerenz1, R. Hänsch1 

1TU Braunschweig, Plant Biology, Braunschweig, Germany 
2Mansoura University, Pharmacognosy Department, Mansoura, Egypt 

It was previously postulated that indole alkaloids are present in the cuticle of Catharanthus roseus and Vinca minor leaves (1). 
This apoplastic localization was deduced from the presence of the alkaloids in so-called "chloroform surface extracts". Yet, since 
chloroform is known to destroy biomembranes very rapidly, these data have to be judged with skepticism. This especially 
accounts, since the authors did not use reliable symplastic markers. 

We re-analyzed the alleged apoplasmic localization of indole alkaloid by employing slightly acidic aqueous surface extracts, and 
compared the corresponding alkaloid patterns with those of total leaf extracts. Whereas in the "chloroform surface extracts" all 
alkaloids are present in the 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 also contain the 
alkaloids genuinely accumulated within the protoplasm. 

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

Our findings verify that the indole alkaloids are not located in the apoplast, but exclusively are present symplastically in the cells 
of V. minor and C. roseus leaves. Accordingly, we have to consider that also other so-called leaf surface extracts employing 
organic solvents have to be re-investigated. 

References 
[1] Roepke et al. 2010. Vinca drug components accumulate exclusively in leaf exudates of Madagascar periwinkle. PNAS 107, 
15287ς15292. 
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Comprehensive analysis of the triterpene composition in Russian dandelion latex and functional 
characterization of enzymes involved in their biosynthesis  

N. van Deenen 1, K. Pütter1, K. Unland1, C. Schulze Gronover 2, D. Prüfer1,2 
1Institute of Plant Biology and Biotechnology, WWU Münster, Münster, Germany 

2Fraunhofer Institute for Molecular Biology and Applied Ecology IME, Münster, Germany 

The Russian dandelion Taraxacum koksaghyz produces natural rubber (NR) - a unique high molecular mass biopolymer 
composed of more than 5,000 isoprene units. In specialized cells named laticifers, isopentenyl diphosphate (IPP) units are 
covalently linked to growing polyisoprene chains. The IPP molecule can also be converted to diverse triterpenes which 
accumulate in 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 different enzymes that are responsible for biosynthesis and modification of pentacyclic triterpenes in T. koksaghyz 
latex, including oxidosqualene cyclases (OSCs) and P450 enzymes. To reduce triterpene content in dandelion NR, we developed 
T. koksaghyz plants with downregulated expression of major laticifer-specific OSCs by RNA interference. Hence, this study will 
provide a solid basis for bioengineering approaches to produce pentacyclic triterpenes heterologously and for subsequent 
modern breeding programs to develop Russian dandelion plants with low and stable triterpene levels.  

 
PςDς007 

Biosynthesis of flavonolignans in Silybum marianum 
S. Ditzler1 

1Philipps Universität Marburg, Pharmazeutische Biologie, Marburg, Germany 

Extracts of milk thistle (Silybum marianum, 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 by 
oxidative coupling of a flavonoid (taxifolin) and 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, presumably 
dirigent proteins (DIR) mediate the regio- and 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. phenylalanine 
ammonia-lyase (PAL), chalcone synthase (CHS), coniferyl alcohol dehydrogenase (CAD) as well as cinnamoyl-CoA reductase 
(CCR). To date, these precursor forming enzymes, as well as the coupling mechanism itself have not yet been investigated in 
Silybum marianum. 

The general aim of 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 the full-length sequences of the above-mentioned key 
enzymes. The poster presents first results on the recombinant expression and characterization of two phenylalanine ammonia-
lyase (PAL) isoenzymes. 

References 
[1] Csupor D et al. (2016) J Pharm Biomed Anal 130:301ς317  
[2] Pickel B, Schaller A (2013) Appl Microbiol Biotechnol 97:8427ς8438 
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PςDς008 

Analysis of hydroxycinnamoyltransferases in bryophytes 
L. Ernst1, M. Petersen1 

1Universität Marburg, Institut für pharmazeutische Biologie und Biotechnologie, Marburg, Germany 

Rosmarinicacid, first isolated in 1958 from the plant Rosmarinus officinalis(Lamiaceae), 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 one of the active 
ingredients of many medicinal plants, including Mentha xpiperita, Salvia officinalis, Thymus vulgarisand Melissa officinalis. 
Rosmarinic acid can also be found outside the Lamiaceae and Boraginaceae in separated taxa including dicotyledons, 
monocotyls, ferns, horn- and liverworts. For Coleus blumei, which 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 initially converted 
into p-coumaroyl-CoA and 4-hydroxyphenyllactate. The latter are coupled via an ester linkage under the elimination of CoA and 
finally hydroxylated. This esterification of p-coumaroyl-CoA (pC-CoA) and p-hydroxyphenyllactate (pHPL) 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 as 
coenzyme A to an acceptor molecule, usually an 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 other acceptor 
substrates. Anthoceros agrestis, which belongs to the hornworts, 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 C. 
blumei. The sequence of AaHCT6 is most similar to RAS, but does not catalyze the linkage of pC-CoA and pHPL. Therefore, the 
question arises which substrates are accepted by AaHCT6 and other HCTs found in Anthoceros agrestis. 

 
PςDς009 

First insights into rosmarinic acid biosynthesis in the hornwort Anthoceros agrestis ς tyrosine 
aminotransferase and hydroxyphenylpyruvate reductase 

T. Busch1, M. Petersen1 
1Universität Marburg, Institut für Pharmazeutische Biologie und Biotechnologie, Marburg, Germany 

Rosmarinic acid (RA), an ester of caffeic and 3.4-dihydroxyphenyllactic acid, 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. From a 
pharmaceutical view, the compound is interesting because of its antiviral, antimicrobial, antifungal 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 in its biosynthesis 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 green algae, bryophytes and 
vascular plants. 

RA biosynthesis can be subdivided in one branch based on phenylalanine which leads to the caffeic acid moiety and the other 
based on tyrosine which leads to the 3.4-dihydroxyphenyllactic acid moiety. This work is focused on the latter pathway. In the 
first step tyrosine is transaminated to 4-hydroxyphenylpyruvate via tyrosine aminotransferase (TAT) and then reduced to 4-
hydroxyphenyllactate via hydroxyphenylpyruvate reductase (HPPR). Both enzymes are part of primary as well as secondary 
metabolism. Therefore molecular and biochemical experiments to identify and characterise both enzymes will be presented. 
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PςDς010 

Investigation of cimicifugic acid and fukinolic acid biosynthesis in Actaea racemosa 
A. Jahn1, M. Petersen1 

1Pharmazeutische Biologie und Biotechnologie, Marburg, Germany 

Actaea racemosa (syn. Cimicifuga racemosa) is a perennial medicinal plant native to North America that belongs to the 
Ranunculaceae. The characteristic ingredients of black cohosh are triterpenoids and cimicifugic acids found in extracts from 
roots and rhizomes. These extracts are used for treatment of gynaecological diseases, such as menstrual irregularities or post-
menopausal symptoms. 

Cimicifugic acid synthase (CAS = hydroxycinnamoyl-CoA:piscidic acid hydroxycinnamoyl-transferase (HPT)) has recently been 
isolated and characterized from Actaea racemosa (Werner and Petersen, 2019). CAS catalyzes the transfer of a hydroxycinnamic 
acid moiety from hydroxycinnamoyl-CoA 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 from a molecule of 4-hydroxyphenyllactate (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 synthesis in A. racemosa on genetic and biochemical levels are 
currently undertaken. 

 
PςDς011 

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

J. Franke1, A. Stein1, D. Compera1, B. Karge2, M. Brönstrup1,2 
1Leibniz 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 much is known how these 
complex compounds are made in plants. In addition, many withanolide producers have not been thoroughly analysed, and 
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 found that irinans 
possess truncated withanolide backbones, resembling androstane sex hormones known from mammals. Biological assays 
demonstrated that 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 oxidative 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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PςDς012 

Identification and characterization of a putative geranylgeranyl diphosphate reductase (TkGGDR1) from 
the natural rubber producing species Taraxacum koksaghyz 

S. Wolters1, B. Müller1, D. Prüfer1,2, C. Schulze Gronover1 
1Fraunhofer Institute for Molecular Biology and Applied Ecology, Münster, Germany 

2University of Münster, Münster, Germany 

The Russian dandelion Taraxacum koksaghyz produces high amounts of the isoprenoid-derived biopolymer natural rubber (NR) 
in its roots. In order to establish T. koksaghyz as commercially feasible crop however, further elucidation of NR biosynthesis for 
the breeding of rubber-enriched varieties is required. The main component of NR is poly(cis-1,4-isoprene) that is composed of 
300-70,000 isopentenyl diphosphate (C5) units. Its biosynthesis is catalyzed by a complex of cis-prenyltransferases and rubber 
transferase activators at the surface of rubber particles in the cytosol of specialized cells called laticifers (latex). In a proteomics 
approach of latex, we identified a protein (TkGGDR1) with similarities to geranylgeranyl diphosphate reductases, which reduce 
the C20 isoprenoid geranylgeranyl diphosphate to phytyl diphosphate. To elucidate the role of TkGGDR1 in isoprenoid 
metabolism in latex, we characterized the enzyme in homologous as well as heterologous organisms. TkGGDR1 is predominantly 
expressed in latex and on the subcellular level the corresponding protein locates to plastoglobules inside chloroplasts when 
expressed in Nicotiana benthamiana. The affinity of TkGGDR1 to lipid structures could further be shown upon heterologous 
expression in the yeast Saccharomyces cerevisiae, where it associates with lipid droplets. Further we performed comprehensive 
analyses of transgenic lines of T. brevicorniculatum, a close, apomictic relative of T. koksaghyz, with either enhanced or declined 
levels of latex-specific TkGGDR1/TbGGDR1 expression. TkGGDR1 overexpression resulted in decreased NR and triterpene 
contents, whereas TbGGDR1 silencing did not affect metabolite concentrations. Our findings indicate an impact of TkGGDR1 on 
isoprenoid-derived 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. 

 
PςDς013 

Dynamics of xanthophyll carotenoids in leaves of rucola (Diplotaxis tenuifolia) during storage 
F. Khoramizadeh1, W. Bilger1 

1Botanical institute, Plant Ecophysiology , Kiel, Germany 

Among the health promoting compounds in fruit and vegetables are also carotenoids, which are e.g. part of the human eye. 
Plants grown in high light contain high amounts of carotenoids, especially those forming the xanthophyll cycle, viola- (V), 
anthera- (A) and zeaxanthin (Z). It has been shown that the pool size of V, A and Z (VAZ) is dynamically following the 
environmental light conditions. Therefore, we expected that VAZ would also decline when leaves are darkened during storage 
after harvest, causing a deterioration of the beneficial properties of green vegetables. VAZ can be followed in leaves non-
destructively by chlorophyll (chl) fluorescence measurements. We assessed the dynamics of VAZ of rucola (Diplotaxis tenuifolia) 
leaves during transfer from high light exposure in the climate chamber to low light and to darkness, at 21 and 5°C, over 14 days. 
In parallel, VAZ was determined by HPLC. VAZ in high light grown leaves declined considerably after the plants were transferred 
to low light or darkness. This was also reflected by chl fluorescence. When detached leaves were transferred to darkness at 5°C 
for 14 days VAZ showed almost no change with a corresponding lack of reaction of chl fluorescence. Rucola purchased on the 
market had rather small VAZ contents. We conclude that chl fluorescence can detect the dynamics of xanthophyll contents in 
rucola leaves. However, under commonly applied conditions, e.g. after storage in a household fridge, no decline of VAZ contents 
can be observed, due to inhibition of turnover by low temperature and due to a priori low contents. 
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PςDς014 

Genetic and functional characterization of carrot terpene synthases 
S. Reichardt1, H. Budahn1, D. Riewe1, D. Ulrich1, F. Dunemann1, L. Kopertekh1 

1Julius Kühn-Institut (JKI), Institute for Biosafety in Plant Biotechnology, Quedlinburg, Germany 

Carrot (Daucus carota L.) an important root vegetable crop is exceptionally rich in mono- and sesquiterpenes, which contribute 
to quality and nutritional properties. This group of secondary metabolites also takes part in plant defense and communication. 
The terpene synthases (TPSs) are key enzymes in the formation of low-molecular weight terpenes. Therefore, the investigation 
of genetic, molecular and biochemical basics of the TPS-dependent biosynthesis of terpenes in carrot is essential for the 
development of new breeding strategies. A combination of terpene metabolite profiling, map-based QTL analysis and 
investigation of candidate genes allowed us to identify a gene cluster that might be involved in the production of 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 F2 
plants that was developed from an initial cross of two D. carota mutants (yellow and cola). Metabolite profiling revealed 
differences in accumulation of 36 mono- and 36 sesquiterpenes. Map-based analysis of this population using SSR, SCAR, SNP and 
InDel genetic markers identifies QTLs that are linked to observed phenotypic variations in terpene composition. QTLs with 
significant LOD-scores could be detected for six monoterpenes in shoot and eight in root. One of the promising QTLs with a 
potential impact on biosynthesis of sabinene harbors a TPS gene cluster on chromosome 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 of 
carrot. These two TPSs have the typical characteristics of monoterpene synthases, including an N-terminal plastid transit peptide 
and centrally located conserved RWW-NAF-DDIYD 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 in the C-terminal LADDMG/ATSS conserved sequence. 
Expression analysis demonstrated the presence of TPS04 and TPS54 transcripts in the root and shoot tissue of yellow and cola 
parental genotypes. 

To analyze enzymatic activity of these candidates, they were expressed in E. coli and purified to homogeneity. In vitro assay 
might further help to assess the involvement of the TPS04 and TPS54 genes in the biosynthesis of sabinene in carrot. 

 
PςDς015 

Elucidation of the biochemical and genetic basis underlying barley secondary metabolism 
A. Garibay-Hernández1, H. P. Mock1 

1Leibiniz-Institut für Pflanzengenetik und Kulturpflanzenforschung (IPK), Abt. Physiologie und Zellbiologie, Seeland, OT 
Gatersleben, Germany 

Plants produce an enormous repertoire of structurally and functionally diverse secondary 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 interested on elucidating the pathways 
underlying the metabolic diversity in crop plants, particularly in barley, to understand how these impact their interactions with 
the environment. Our research is focused on two major compound classes whose biosynthetic pathways are connected and 
both of which are relevant to stress responses: phenylpropanoids that are shikimate pathway derivatives, and alkaloids, which in 
barley mostly consist of tyramine and indole N-methylated derivatives.  
In this study, we combine metabolomics and 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, whose 
parental lines are elite spring barley varieties with contrasting phenylpropanoid and alkaloid profiles. The MBRIL population 
accounts with an ultra-high-density map constructed from genotyping-by-sequencing data, thus enabling the in-depth metabolic 
quantitative trait loci (mQTL) analysis of barley secondary metabolism. We have developed extraction, as well as a combination 
of targeted and untargeted mass spectrometry-based (UPLC-UV-qTOF-MS) methods, specifically tailored for the detection and 
quantitative analysis of phenylpropanoids and alkaloids in barley tissues.  
Ongoing work is focused on profiling the secondary metabolites of the first (oldest) and second leaves of two-week-old seedlings 
from ca. 100 MBRIL genotypes. Our data already support the existence of tissue- and genotype-specific metabolites, as 
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 between the 
first and second leaves were observed in both parental lines, suggesting that tissue-specific metabolite patterns remain 
conserved within barley genotypes. These results anticipate that the mQTL analysis of the MBRIL population will enable 
dissecting the genetic basis of secondary metabolism in barley and will provide insights into its physiological roles. 
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The relation of meiotic behavior to hybridity, polyploidy and apomixis in the Ranunculus auricomus 
complex (Ranunculaceae) 

B. H. Barke1, K. Karbstein1, M. Daubert1, E. Hörandl1 
1Georg-August-Universität Göttingen/ Albrecht-von-Haller Institut für Pflanzenwissenschaften, Abteilung für Systematik, 

Biodiversität und Evolution der Pflanzen (mit Herbarium), Göttingen, Germany 

Evolutionary forces and especially hybridization and polyploidization are strongly linked to numerous developmental alterations 
in angiosperms like meiosis and sporogenesis. The switch from regular, sexual development to apomixis, which is defined as 
asexual seed formation, is still not fully clarified but appears to be tightly connected to these forces. 

Recently generated di- and polyploid Ranunculus hybrids and their parental plants were investigated for their progression of 
mega- and microsporogenesis using microscopy. The behavior of chromosomes during male meiosis were analyzed for abnormal 
configurations. Documentation of developmental irregularities was done qualitatively and quantitatively for statistical 
evaluation. Significantly higher frequencies of defective microsporogenesis were detected in allopolyploids compared to diploid 
hybrid plants. Analysis of homoploids revealed significantly increased meiotic failures in F2 plants in contrast to F1 and parental 
plants. In addition, erroneous 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 indicate 
a differential selective pressure on male and female meiosis. Male development appeared to be slightly affected, while 
megasporogenesis heavily suffered from hybridity-caused alterations. Pollen development was shown to be mainly unaffected 
but during female development alternatives to meiosis will be preferred by selection. 

The observed combination of emergence of apospory and abnormal meiosis in Ranunculus hybrids suggests erroneous female 
meiosis as potential trigger of apomixis in order to save these plants from impending hybrid sterility. In neopolyploids disturbed 
meiosis was found to be more severe than in homoploids, which may be a reason for the predominance of apomixis in polyploid 
plants. 

Further insights into early mechanisms of apomixis establishment will be obtained by sequencing of total RNA of five Ranunculus 
specimens (parental and hybrid plants). Transcriptome data will be investigated regarding changes in selection of genes involved 
in the reproduction process. 

 
PςEς002 

Characterization of eukaryotic evolutionarily conserved key players affecting flagellar motility and 
fertility using P. patens as a model 

R. Meyberg1, P. F. Perroud1, F. Haas1, T. Heimerl2, S. A. Rensing1 
1University of Marburg, Plant Cell Biology, Marburg, Germany 

2University of Marburg, Cell Biology, Marburg, Germany 

Flagellated gametes are an ancestral character of eukaryotes and were lost in the most recent common ancestor (MRCA) of 
conifers and Gnetales, as well as in the MRCA of flowering plants. Bryophytes, which are the sister group to vascular plants, 
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 propagated 
vegetatively for decades in labs all over the world. However, several labs reported fertility issues, which might have appeared 
due to (epi-)somatic mutations during in vitro culture without regular sexual reproduction. To get a better understanding of 
factors involved in the 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 and RNA-seq data. Comparative RNA-seq and bs-seq analysis of the 
recently published fertile 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 reproduction of P. patens on the reproductive apparatus and characterize 
the evolutionary conserved coiled-coil domain containing 39 protein (ccdc39) and its effect on motility of P. patens flagellae. 
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Constitutive signaling activity of a receptor-associated protein links fertilization with embryonic 
patterning in Arabidopsis thaliana 

M. Bayer1, A. Neu1, E. Eilbert2, L. Y. Asseck3, D. Slane1, A. Henschen1, K. Wang1, P. Bürgel1, M. Hildebrandt1, 
T. Musielak1, M. Kolb1, W. Lukowitz2, C. Grefen3,4 

1Max Planck Institute for Developmental Biology, Cell Biology, Tübingen, Germany 
2University of Georgia, Department of Plant Biology, Athens, United States 

3ZMBP University of Tuebingen, Developmental Genetics, Tuebingen, Germany 
4Ruhr-University Bochum, Molecular and Cellular Botany, Bochum, Germany 

Question: In flowering plants, the asymmetrical division of the zygote is the first hallmark of apical-basal polarity of the embryo 
and is controlled by a MAP kinase pathway that includes the MAPKKK YODA (YDA). In Arabidopsis, YDA is activated by the 
membrane-associated pseudokinase SHORT SUSPENSOR (SSP) through an unusual parent-of-origin effect: SSP transcripts 
accumulate specifically in sperm cells but are translationally silent. Only after fertilization is SSP protein transiently produced in 
the zygote, presumably from paternally inherited transcripts. SSP is a recently diverged, Brassicaceae-specific member of the 
BRASSINOSTEROID SIGNALING KINASE (BSK) family. BSK proteins typically play broadly overlapping roles as receptor-associated 
signaling partners in various receptor 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 signal-like patterning cue, and how is the 
early patterning process activated in plants outside the Brassicaceae family, where SSP orthologs are absent?  
Methods: By combining a phylogeentic analysis and reverse genetic approach with a comparative characterization of two 
paralogous genes, we can understand the neo-functionalization of SSP as novel polarity factor in early embryogenesis. By using 
biochemical and biophysical methods, we have now further characterized these BSK family proteins on a molecular and 
structural level.  
Results: We can demonstrate that Arabidopsis BSK1 and BSK2, two close paralogs of SSP that are conserved in flowering plants, 
are involved in several YDA-dependent signaling events, including embryogenesis. However, the contribution of SSP to YDA 
activation in the early embryo does not overlapwith the contributions 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 these proteins 
characterizes them as pseudokinases that primarily function by MAPKKK recruitment. With detailed information on structural 
level, we propose a model for MAPKKK activation.  
Conclusion: The loss of an intramolecular regulatory interaction enables SSP to constitutively activate the YDA signaling 
pathway, and thus initiates apical-basal patterning as soon as SSP protein is translated after fertilization and without the 
necessity of invoking canonical receptor activation. 

PςEς004 

Programmed cell death in the maternal tissues of cereal grains is required for endosperm filling  
V. Radchuk1, A. Gündel1, A. Muszynska1, J. Fuchs1, G. Hensel1, E. Munz1, H. Rolletschek1, L. Borisjuk1 

1Leibniz-Institut für Pflanzengenetik und Kulturpflanzenforschung (IPK), Seeland, OT Gatersleben, Germany 

In angiosperm seeds, the embryo and endosperm develop 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 grains, are characterized by continuous cell turnover and programmed 
cell death (PCD). As revealed by electron microscopy, morphologic features of PCD in the tissue resemble those of vacuolar plant 
cell death. Vacuolar processing enzyme (VPE) possesses caspase-1-like activity in plants and is involved in many types of PCD. 
Coordinated expression of much-conserved VPE2a, VPE2b and VPE2d genes coincides with caspase-1-like activity and PCD 
progression in the maternal tissue. Using barley grains with simultaneous repression of VPE2a-VPE2d genes by RNAi, we 
elucidated the role of PCD in maternal seed tissues on endosperm development and grain filling. Cytological observations 
revealed the accumulation of cells, devoted to death, in the apoplastic space between maternal tissues and endosperm, as well 
as changes in the development of endosperm. These changes were accompanied by decreased caspase-1-like activity, increased 
number of maternal cells, and the lower number of TUNEL-positive nuclei in the target tissues. Altogether, these data confirmed 
that PCD was decelerated in VPE2-repressed grains. Transcriptional VPE2a-VPE2d repression resulted in smaller grains at 
maturity due to lower starch accumulation indicating impaired endosperm filling. Feeding experiments with 13C-labelled 
sucrose and 15N-glutamine complemented with Fourier-transform infrared spectroscopy (FTIR) and non-invasive nuclear 
magnetic resonance imaging of grains revealed that sucrose and amino acid transport were profoundly affected in the VPE2-
repressed grains. Changes in the reallocation of assimilates and amino acids have resulted in lower storage product 
accumulation in the endosperm. Transcriptional and metabolic profiling resolved genetic and metabolic networks associated 
with the role of maternal PCD 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 maternal control of endosperm development and grain size in cereals. 
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Dehiscence zone as a developmental timer for explosive seed dispersal in Cardamine hirsuta 
A. Galstyan1, P. Sarchet1, H. Hofhuis1, A. Hay1 

1Max Planck 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 flowering plants. 
Seed dispersal occurs via a process called pod shatter in both explosive fruit of Cardamine hirsute and the non-explosive fruit of 
Arabidopsis thaliana, and relies on the precise patterning of fruit tissues during development. The dehiscence takes place by 
physical separation of specialized tissues at the valve margin in both species. In A. thaliana, this occurs as the fruit dries out, 
separating the valve from the replum and exposing seeds for dispersal.  In contrast to this, seed dispersal by explosive pod 
shatter occurs before the fruit dries out in C. hirsute where established pre-tension 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 process of explosive 
seed dispersal in C. hirsute.  To test this hypothesis, we have performed comprehensive genetic analysis of fruit patterning 
genetic network in C. hirsute. Mutation in valve margin regulator INDEHISCENT (IND) abolishes dehiscence zone formation. In 
chind mutants, the energy required for explosion is trapped due to inability of valve tissue physically separate from the replum. 
We also found that in C.hirsuta the function of FRUITFULL (FUL) is conserved. FUL specified valve tissue by repression of valve 
margin genetic network and ful mutants exhibit homeotic conversion of valve into valve margin. However, unlike A. thaliana ful, 
where the ectopic valve margin identity consists mostly of lignified cells, the ectopic valve margin identity in C. hirsuta ful 
consists mostly of separation layer cells. Collectively, these results suggest that the genetic network controlling valve margin 
identity in C. hirsuta shows conservation with A. thaliana but has been re-wired to set separation layer as predominant valve 
margin fate. 

 
PςEς006 

Photomorphogenesis of the root system in developing sunflower seedlings: a role for sucrose 
U. Kutschera1 

1University of Kassel, Plant Biology, Kassel, Germany 

The domestic sunflower (Helianthus annuus L. cv. Giganteus) has been used since the 19th century as a model plant for the 
study of seedling development in darkness and white light (WL) (scoto- vs. photomorphogenesis). However, most pertinent 
studies have focussed on the developmental patterns of the hypocotyl and cotyledons, whereas the root system has been 
largely ignored. In this study, we analysed entire sunflower seedlings (root and shoot) and quantified organ development in the 
above- and below-ground parts of the organism under natural (non-sterile) conditions. We document that seedlings, raised in 
moist vermiculite, are covered by methylobacteria, microbes that promote root development in Arabidopsis. Quantitative data 
revealed that, during photomorphogenesis in WL, the root system expands by 90 %, whereas stem elongation is inhibited, and 
hook opening/cotyledon expansion occurs. Root-morphogenesis may be mediated via imported sucrose provided by the green, 
photosynthetically active cotyledons. This hypothesis is supported by the documented effect of sucrose on the induction of 
lateral root initials in sunflower cuttings. Under these experimental conditions, phytohormones (auxin, cytokinine, brassinolide) 
exerted little effect on root and cotyledon expansion, and no hormone-induced initiation of lateral roots was observed. It is 
concluded that sucrose not only acts as an energy source to fuel cell metabolism, but is also a shoot-derived signalling molecule 
that triggers root morphogenesis. 
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The embryo defective protein EMB1923 is localized in the chloroplast and involved in thylakoid 
biogenesis in Arabidopsis thaliana 

J. Mehsing1, S. Paradies1, K. Meierhoff1, P. Westhoff1 
1Heinrich Heine University, Developmental and Molecular Biology of Plants, Düsseldorf, Germany 

The unknown protein EMB1923 was found by a coexpression analysis using CPSAR1 as bait. CPSAR1 is dually localized to the 
stroma and inner envelope membrane of the chloroplast and involved in the thylakoid biogenesis1.   

EMB1923 was first characterized with three different T-DNA lines. Two T-DNA lines emb1923-2 & emb1923-4 show a strong 
phenotype with transparent plants and abnormal leaves. The third T-DNA line emb1923-1 is not viable unless the maturation of 
the embryo is interrupted and the white embryo is grown on media containing sucrose. This indicates that EMB1923 is involved 
in the plastid development especially thylakoid biogenesis and affects embryogenesis critically. Further the specific localization 
of EMB1923 was determined via a GFP-fusion construct and colocalization with TIC-mCherry and TOC-mCherry which are marker 
proteins for the inner envelope (TIC) and outer envelope (TOC) membrane of the chloroplast, respectively. The data presented 
on the poster summarize the characterization of the T-DNA lines and the localization studies. 

References 
[1] Garcia et al. (2010) The Plant Journal 63, 73-85 

 
PςEς009 

Two component signaling (TCS) pathways ς regulatory modules directing differentiation of transfer 
tissues in barley 

J. Thiel1, C. Hertig1, M. Melzer1, T. Rutten1, G. Hensel1, H. Weber1 
1IPK-Gatersleben, Seeland/OT Gatersleben, Germany 

Assimilate supply to reproductive organs has a major impact on yield in cereal crops like barley and wheat by affecting grain 
number and grain size. The development of grains is associated with differentiation of distinct transfer tissues for nutrient 
uptake in filial grain organs, particularly the endosperm. Identification of key components and regulatory networks triggering 
differentiation of transfer tissues is a prerequisite for improvement of yield potential. Tissue-specific mRNA-sequencing 
identified two-component signaling (TCS) phosphorelays as major signal transduction pathway in differentiating endosperm 
transfer cells (ETCs) of barley. Histidine kinase 1 (HvHK1) was identified as a receptor component with a unique expression in the 
syncytial endosperm domain at the maternal-filial boundary of grains. Knockdown of HvHK1 by RNAi impairs cell specification in 
the central ETC region, inhibiting cell wall ingrowths and produces smaller grains with reduced starch content. A gene regulatory 
network of HvHK1 predicted genes involved in auxin signalling, TCS phosphorelays and protein degradation as potential targets 
of HvHK1. TALEN-mediated gene modification of type-C response regulator HvRR15 and/or gene copies induced strong 
endosperm-specific phenotypes with disrupted central endosperm and abnormal aleurone differentiation in the lobe region. 
High-resolution transcriptome profiling and indicated genetic variation in TCS genes imply that phosphorelays impact 
differentiation of other transfer tissues in grains and barley spikes. On basis of that, mutants of further TCS candidate genes 
have been generated by the CRISPR/Cas9-technology to establish new models for functional studies in planta. First histological 
analyses of T1-plants show promising grain-specific phenotypes with defects in endosperm differentiation that will be analysed 
in the following generations. 
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Establishment and development of Characeae model organisms for the study of early land plant 
evolution 

C. Kühn1, A. Holzhausen1,2, S. A. Rensing1 
1University of Marburg, Faculty of Biology, Plant Cell Biology, Marburg, Germany 

2University of Rostock,Faculty of Biology, Aquatic Ecology, Rostock, Germany 

Model organisms hold a key to many biological experiments, but most well established model organisms within the plant 
kingdom are angiosperms with the exception of the alga Clamydomonas reinhardtii , the moss Physcomitrella patens and the  
liverwort Marchantia polymorpha. However, to infer changes concomitant with the water-to-land transition (terrestrialization) 
of plants, more non-angiosperm 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 required. 
Criteria for those model organisms are rapid growth, the completion of their life cycle in culture, easy handling as well as axenic 
(or at least unialgal) in vitro cultivation and genetic transformability. Model organisms within charophyte algae and non-seed 
Ǉƭŀƴǘǎ ǿƛƭƭ ŜƴŀōƭŜ ŜǾƻƭǳǘƛƻƴŀǊȅ ŘŜǾŜƭƻǇƳŜƴǘŀƭ όŜǾƻπŘŜǾƻύ ǎǘǳŘƛŜǎ ŀƴŘ ƛƴŦŜǊŜƴŎŜ ƻŦ ŀƴŎŜǎǘǊŀƭ ǎǘŀǘŜǎΦ 

For the charophyte alga Chara braunii a first draft genome was 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 light intensities 
influence the control of specific developmental processes such as germination, plant growth/ morphology and reproduction. 
Cultivation under low light intensities results in an elongated growth of vegetative thallus, while high light intensities lead to a 
compact thallus and an increased formation of gametangia (and subsequently oospores, the sexual propagules). The application 
of genetic methods requires axenic cultures, but their establishment is challenging. We will present our efforts in establishing 
axenically germinated oospores. 

 
PςEς011 

Influence of seed-tuber weight and sprouting time on growth performance of Chinese Yam  
T. Ried1, A. Wieghaus1, J. Epping1 

1Münster University, Institute of Plant Biology and Biotechnology, Münster, Germany 

Species from the monocotyledonous genus Dioscorea, often referred to as 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 mostly propagate 
through bulbils that grow in their leaf axils or regrow from the underground tubers [1]. In agriculture, Yam is predominantly 
distributed by dibbling tuber parts [2]. Chinese Yam (D. opposita), which is the only species cultivated in temperate climates, 
contains many health beneficial ingredients aiding in the treatment of diabetes, 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 intensive, as the 
twining vines need staking. Also, the produced tubers are club shaped, fragile and grow up to two meters deep which requires 
manual or semi-manual harvest [2; 7]. Yam is known to flower sparsely and irregularly, thus hampering crossing and breeding 
efforts [7]. In order to determine factors limiting flower production and overall 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 flowering of plants and the weight of the harvested tubers, while 
hibernation of tubers in the ground was disadvantageous for sprouting and flowering. 

References 
[1] Burkill, 1960; Journal of the Linnean Society of London, Botany, 56(367), pp. 319ς412.  
[2] Martin 1976; USDA Agriculture Handbook No. 495  
[3] Martin and Degras 1978; USDA Agriculture Handbook No. 538  
[4] Gao et al., 2007; Fitoterapia, 78(1), pp. 12ς15  
[5] Liu et al., 2009; Bioscience, Biotechnology, and Biochemistry, 73(6), pp. 1371ς1376  
[6] Kwon et al., 2003; Bioscience, biotechnology, and biochemistry, 67(7), pp. 1451ς1456  
[7] Ayensu and Coursey, 1972; Economic Botany,26(4), pp. 301-318 
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Manipulation of flowering time in cultivated barley by ectopic expression of wild barley FT1 allele 
G. Hensel1, S. Müller2, P. Pouramini1, K. Pillen2, J. Kumlehn1 

1Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben, Seeland/Gatersleben, Germany 
2Martin Luther University Halle Wittenberg, Institute of Agricultural and Nutritional Sciences, Halle/Saale, Germany 

Flowering time is a major determinant of grain yield. Since harsh weather conditions during generative development can 
interfere with flowering, the understanding and manipulation of flowering time may greatly facilitate the breeding progress of 
cultivars grown at different locations or altitudes. By making use of the wild barley nested association mapping population Halle 
Exotic Barley 25 (HEB-25), we identified and cloned FT1 alleles of wild barley (HspFT1) in order to manipulate flowering time. 
Constitutive overexpression of such alleles in the model cultivar Golden Promise led to an early flowering phenotype, which was 
confirmed in progeny of independent transgenics. In these plants, the length 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 endogenous FT1 allele 
present in the genetic background of Golden Promise (HvFT1), we further performed site-directed mutagenesis of HvFT1 using 
CRISPR RNA/Cas9 technology. Within a set of twenty four T0 plants analysed, more than half showed indels at the target site. 
The majority of these mutants were incapable of switching from vegetative to generative development and, accordingly, did not 
set grains. However, some plants positively tested for Hvft1 mutations did flower and produced progeny. Cas9-free, 
heterozygous mutant segregants are now being used for complementation by HspFT1. 

 
PςEς013 

Unravelling the mystery behind the short-day specific flowering of the Maryland Mammoth tobacco 
M. Zimmermann1, L. Grundmann2, A. Schwarze1, D. Prüfer1,2, G. Noll1 

1University of Münster, Institute of Plant Biology and Biotechnology, Muenster, Germany 
2Fraunhofer Institute for Molecular Biology and Applied Ecology, Muenster, Germany 

Flowering in day-neutral tobacco plants (Nicotiana tabacum) requires the photoperiod-dependent expression of members of the 
FLOWERING LOCUS T (FT)-like clade of phosphatidylethanolamine-binding proteins. FT-like floral activators and inhibitors 
compete for interaction with FD proteins to overcome the vegetative phase. In the short-day cultivar Maryland Mammoth 
(MM), this phase persists under long-day conditions resulting in a continuously growing phenotype, but the underlying 
molecular mechanism has been unknown for more than 100 years. The poster will present first results that could finally provide 
a feasible explanation for the gigantism phenotype of this cultivar. 

 
PςEς014 

A forward genetic screen for fertilization-defective mutants in Arabidopsis thaliana  
Y. Miao1, P. Bürgel1, A. Henschen 1, M. Bayer1 

1Max Planck Institute for Developmental Biology, Department of Cell Biology, Tübingen, Germany 

In flowering plants, little is known about how the egg cell is activated during/after fertilization and how the maternal-to-zygotic 
transition is orchestrated on a molecular level. In the search for paternal transmitted novel components initiating embryonic 
development, a forward genetic screen for fertilization defective mutants in Arabidopsis thaliana has been performed. To 
phenotypically characterize candidate mutants, we have developed novel fluorescent marker lines that allow us to monitor 
consecutive steps during double fertilization and early embryogenesis. A semi high-throughput mapping-by-sequencing 
approach is applied to identify the candidate genes underling paternal fertilization defects. Here, we will present an overview 
and the latest progress of this project. 
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Establishment of in vitro life cycle progression for the hornwort model Anthoceros agrestis 
N. Stingl1, S. A. Rensing1 

1Philipps University Marburg, Plan Cell Biology, Marburg, Germany 

The hornwort Anthoceros agrestis has been established as a model organism recently (Szövényi et al. 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 life cycle completion using axenic in vitro culture. Several approaches were 
tested using different media and existing protocols. We find that growth on BCD medium works best. Also humidity / drought 
were found to be important for life cycle progression and led to experiments alternating between drought and wetting 
conditions. Through these, induction of sporophytes was successful and faster than published protocols. Our data suggest that 
the development of gametangia is taking place earlier than suggested in literature (archegonia are practically impossible to 
observe in axenic culture). The timing of male and female gametangia development is assumed to be approximately four weeks 
apart, which might be the reason for the varying number of sporophytes often observed in in vitro cultivation. Based on those 
findings, cultures of different ages were combined to test for sporophyte formation with higher reproducibility. 

 
PςEς016 

The role of histone deacetylases during Arabidopsis seed germination 
M. Gasper1, T. Krüger1, I. Finkemeier1, G. Née1 
1WWU Münster, Plant Physiology, Münster, Germany 

Dry seeds are metabolically quiescent. Upon imbibition seeds sequentially reactivate the metabolism up to a fully active 
heterotrophic metabolic state that drives germination. There is accumulating evidence indicating that transcription is not a main 
determinant of germination per se while proteome composition and post-translational modifications play a crucial role. Lysine 
deacetylases, historically named histone deacetylases (HDACs) according 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 although many non-
histone proteins are regulated by this PTM. We started to investigate protein deacetylation during imbibition regarding seed 
germination quality. We used a specific inhibitor for RPD3/HDA1-like HDAC activities during imbibition and observed a negative 
impact on germination speed of Arabidopsis seeds in a dose-dependent manner and no or little impact on the final germination 
percentage. Transcript analysis of the 16 Arabidopsis deacetylases in combination with activity-based profiling assays followed 
by mass spectrometry allowed us to identify the HDACs present in dry seeds, which will be readily active during water uptake. 
Altogether, our data suggest that deacetylation of histone and non-histone proteins during seed imbibition contributes to 
germination quality. Our future work will aim to identify the proteins targeted by this PTM during the reactivation of metabolism 
upon seed imbibition. 
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Investigation of tuber development in Chinese Yam 
J. Riekötter1, A. Wieghaus1, J. Epping1 

1Institute of Plant Biology and Biotechnology, Münster, Germany 

Yam species (Dioscorea spp.) are important crop plants serving as major food source in tropical and sub-tropical countries [1]. 
The Chinese yam D. opposita of Asian origin is capable of growing in temperate climate and therefore comprises high potential 
as a crop in Germany and Europe. It is  cultivated 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 compounds like diosgenin and dioscorin 
[2,3]. Although Chinese Yam tubers have a high potential as "functional food", the cultivation is very labour intensive. The heavy 
underground tubers grow deep into the ground being thin at the top and getting thicker at the base. The shape and fragility of 
the tubers make mechanical harvesting hardly possible, representing a major challenge in terms of economic efficiency [4]. 
To facilitate yam production in Europe, we want to identify cultivars suitable for successful and economically attractive 
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 harvest. So far, 
tuberization process in yam is poorly understood and genetic information are only available of two related yam species [5,6]. It 
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 compare 
varieties with different tuber shape. Subsequently, interesting candidates will be further investigated. Based on marker-assisted 
breeding we want to identify cultivars with suitable properties. 

References 
[1] Mantell, SH. (1998). Plant Cell Tissue Organ Cult. 52, 47-52.  
[2] Wu, Z.G. et al. (2016). J. Food Drug Anal. 24, 367-375. doi: 10.1016/j.jfda.2015.12.003.  
[3] Hou, W. et al. (1999). J. Agric. Food Chem. 47, 2168-2172. doi: 10.1021/jf980738o.  
[4] Zhao, B. et al. (2015). International Conference on Electrical, Electronics and Mechatronics, Atlantic Press, 112-115. doi: 
10.2991/iceem-15.2015.28. 
[5] Tamiru, M. et al. (2017). BMC Biology. 15, 1-20. doi: 10.1186/s12915-017-0419-x.  
[6] Li, J. et al. (2018). Molecules. 23, 454. doi: 10.3390/molecules23020454. 

PςEς018 

The gain-of-function strategy to identify receptor-like kinases working upstream of the YDA MAPKKK in 
the arabidopsis embryo 

K. Wang1, A. Neu1, A. Henschen1, M. Bayer1 
1Max Planck Institute for Developmental Biology, Tuebingen, Germany 

After fertilization, embryogenesis is the first step to form different cell lineages to generate a seedling. In Arabidopsis, a MAP 
kinase cascade including the MAPKK kinase YDA, the MAPK kinases MKK4/5,  and the MAP kinases MPK3/6 plays a key role in 
zygotic embryogenesis and stomata development. The embryonic YDA cascade is regulated by SHORT SUSPENSOR (SSP/BSK12), 
a plasma membrane-anchored protein belonging to the BRASSINOSTEROID SIGNALING KINASE (BSK) family. Recently, our 
published data showed that BSK1 and BSK2, are involved in early embryogenesis and stomata patterning. So far, BSKs have been 
described to function downstream of Leucine-Rich Repeat Receptor-Like Kinases (LRR-RLKs). The LRR-RLKs ERECTA/ERL1/ERL2 
have been shown to function upstream of the YDA cascade to modulate stomata development. However, the receptor 
regulating YDA activity in early embryogenesis has not been identified, yet.  
Here, we designed a strategy to identify receptors that would modulate YDA signaling. It was reported that BIR3 constitutively 
interact with SERKs to repress the interaction between SERKs and their LRR-RLK copartners if the corresponding ligand is absent. 
In our strategy, we replace the inactive intercellular kinase domain of BIR3 by the active intercellular domain of candidate LRR-
RLKs in order to evoke constitutive receptor activation. We expect that if the candidate receptors can activate the YDA cascade, 
it will suppress stomata formation once expressed in leaves. To check our strategy, we use the intercellular domain of FLS2 and 
ERECTA as the negative control and the positive control, respectively. While BIR3-FLS2 transgenic seedlings showed normal 
stomata patterning in cotyledons, stomata were barely formed in BIR3-ERECTA transgenic seedlings. This result indicates that 
our system can be used to identify LRR-RLKs that regulate the YDA cascade.  
HAESA/HSL2 have been shown to function upstream of MKK4/5 and MPK3/6 to regulate flower abscission and lateral root 
development. Our phylogenetic evidence showed that HAESA, HSL1 and HSL2 were clustered with other five LRR-RLKs: RLK7, 
IKU2, XIP1, CEPR2 and AT5G25930. Using our system, we found that all of them have strong potential to activate the YDA 
cascade except XIP1. Combining our results and the available transcriptome data, we are selectively generating multiple mutants 
to identify receptors involved in early embryogenesis.   
Keywords: embryogenesis, stomata, YDA, BIR3, LRR-RLKs 
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Investigations on the gene regulatory basis governing plant sexual and asexual (apomictic) reproduction 
through seeds 

A. Schmidt1, L. Zühl1, R. E. Stein1, B. Nauerth1, C. Volkert1, M. Kiefer1, D. Ibberson2 
1Centre for Organismal Studies, University of Heidelberg, Heidelberg, Germany 

2Deep Sequencing Core Facility, CellNetworks Excellence Cluster, Heidelberg University, Heidelberg, Germany 

Plant seeds are major sources of energy for human 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 of 
clonal offspring and allows the fixation of complex hybrid genotypes, making it highly attractive for harnessing in agriculture. A 
precise understanding of the gene regulatory networks governing plant reproduction is therefore a requirement for applications 
in crops seed production. Moreover, relevant scientific insights 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 species Arabidopsis thaliana and the closely related genus Boechera comprising sexual and apomictic accessions. 
We are combining different approaches to analyze gene regulation, natural variation of germline expressed genes to gain 
insights into aspects of their evolution, and functional roles of selected genes. Using tissue type-specific transcriptome analysis 
to compare gene expression during germline formation in sexual and apomictic Boechera suggested the importance of E3 ligases 
and F-box proteins in this processes and identified novel candidate genes for apomixis. Furthermore, RNA helicases are 
important regulators of germline development. Investigations on functional roles identified novel RNA helicases of crucial 
importance for reproduction. Specifically one RNA helicase, hereafter referred to as CAND1, was identified to be involved in 
restriction of reproductive fate. In plants carrying mutant alleles of CAND1 formation of two embryos in one seed was 
infrequently observed. The second embryo formed from an additional germline frequently specifying in the same ovule, 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 reproduction. In longer terms, 
this knowledge acquired will contribute to provide a solid basis for targeted manipulation of plant reproduction for use in 
agriculture. 

PςEς020 

Post-transcriptional regulation of the paternal patterning cue SHORT SUSPENSOR 
H. Chen1, T. Musielak1, A. Henschen1, M. Kolb1, M. Bayer1 

1Max Planck Institute for Developmental Biology, Cell Biology, Tübingen, Germany 

Short Suspensor (SSP), a membrane-associated pseudokinase, activates the YDA MAPK cascade to establish basal-apical polarity 
in early embryogenesis of Arabidopsis thaliana. SSP transcripts 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 between 
RNA and protein abundance could be the result of possible post-transcriptional regulation by 5'-decay 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 zygote is 
regulated. 

PςEς021 

Molecular analysis of flowering time control in Taraxacum koksaghyz 
W. Walleck1, A. Känel2, M. Cassens2, G. Noll2, D. Prüfer1,2 

1Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Münster, Germany 
2University of Münster, Institute of Plant Biology and Biotechnology, Münster, Germany 

Russian dandelion (Taraxacum koksaghyz) is a diploid, perennial plant, which is intensively investigated as an alternative rubber 
source. Individual plants are rather heterogeneous, they differ in root and leaf 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 plant, this heterogeneity entails two major challenges. The 
lack of a uniform flowering time impairs breeding, whereas flowering is supposed to negatively influence the rubber yield. Our 
aim is to shed light on the mechanisms, which underlie flowering time control and vernalisation dependency in Russian 
dandelion. 
We identified three homologs of the floral integrator gene FLOWERING LOCUS T (TkFT 1-3) and disclosed them to play a crucial 
role in dandelion flowering. In order to identify the specific roles of FTs, upstream regulators and downstream targets are in the 
current focus of our research.  
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Symplasmic phloem unloading and radial post-phloem transport via vascular rays in tuberous roots of 
Manihot esculenta 

R. Mehdi1, C. E. Lamm1, W. Zierer1, A. R. Bodampalli2, C. Müdsam1, M. Saeed1, J. Klima1, M. E. Kraner1, F. 
Ludewig1, M. Knoblauch3, W. Gruissem2, U. Sonnewald1 

1Friedrich-Alexander-University Erlangen-Nürnberg, Department Biology, Division of Biochemistry, Erlangen, Germany 
2ETH Zurich, Plant Biotechnology, Department Biologie, Zürich, Switzerland 

3Washington State University, School of Biological Sciences, Pullman WA, United States 

Cassava (Manihot esculenta) is one of the most important staple food crops worldwide. Its starchy tuberous roots supply over 
800 million people with carbohydrates. Yet, surprisingly little is known about the processes involved in filling of those vital 
storage organs. A better understanding of cassava carbohydrate allocation and starch storage is key to improving storage root 
yield. We studied cassava morphology and phloem sap flow from source to sink using transgenic pAtSUC2::GFP plants, the 
phloem tracers esculin and 5(6)-carboxyfluorescein diacetate, as well as several staining techniques. We show that cassava 
performs apoplasmic phloem loading in source leaves and symplasmic unloading into phloem parenchyma cells of tuberous 
roots. We demonstrate that vascular rays play an important role in radial transport from the phloem to xylem parenchyma cells 
in tuberous roots. Furthermore, enzymatic and proteomic measurements of storage root tissues confirmed high abundance and 
activity of enzymes involved in the sucrose synthase-mediated pathway and indicated that starch is stored most efficiently in the 
outer xylem layers of tuberous roots. Our findings form the basis for biotechnological approaches aimed at improved phloem 
loading and enhanced carbohydrate allocation and storage in order to increase tuberous root yield of cassava. 

 
PςEς023 

aINT no sorting when She's gone ς phosphomimetic mutations alter dileucine-dependent sorting of an 
inositol transporter homolog from sugar beet 

C. Müdsam1, I. Keller2, C. Martins Rodrigues2, B. Pommerrenig2, W. Zierer1, K. Harms3, W. Koch4, O. 
Czarnecki4, F. Ludewig4, E. Neuhaus2, U. Sonnewald1 

1Friedrich-Alexander-Universität Erlangen-Nürnberg, Division of Biochemistry, Erlangen, Germany 
2TU Kaiserslautern, Plant Physiology, Kaiserslautern, Germany 

3Südzucker AG, Obrigheim, Germany 
4KWS Saat SE, Einbeck, Germany 

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 and ROS-protective compounds, such 
as raffinose or ascorbate. Transcriptomic analysis of sugar beets grown under different temperature regimes revealed that a 
putatively tonoplast-localized isoform of the inositol/H+ symporter family (INT; Schneider et al, 2008) was strongly induced by 
cold in taproots of Beta vulgaris. Proteomic data suggested that a conserved motif in the C-terminus of BvINT1.1, corresponding 
to the tonoplast-directing dileucine-based 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 transporter 
might be modulated by temperature dependent phosphorylation/de-phosphorylation and thus examined subcellular localization 
of GFP-fusions of a) native BvINT1.1, b) a mutant lacking the C-terminal leucine pair, and of c) different phosphomimetic variants 
of BvINT1.1 in Arabidopsis mesophyll protoplasts by confocal live-cell imaging. Our results confirmed that, analogous to AtINT1, 
the native BvINT1.1 localizes to the vacuolar membrane, which is strictly dependent the presence of the C-terminal leucine pair. 
Mutants mimicking a constitutively un-phosphorylated BvINT1.1 were partially shifted from the tonoplast to intracellular 
compartments, whereas GFP-fusions mimicking a constitutively phosphorylated BvINT1.1-variant behaved similar to the 
dileucine-defective mutant and were rerouted to the plasma membrane. Based on those findings, we consider the possibility of 
a retargeting of BvINT1.1 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 of 
protective compounds like raffinose. 



143 

PO{¢9w !.{¢w!/¢ ω Dwh²¢I !b5 59±9[hta9b¢ 

PςEς024 

Seed Commons ς linking society with seed conservation and multiplication 
B. Balazs1 

1ESSRG, Budapest, Hungary 

Conservation of Plant Genetic Resources for Food and Agriculture (PGRFA) is an arena populated by different and composite 
players. Given the diversity of the stakeholders involved in the conservation of wild and cultivated biodiversity, the challenge is 
how we can grow a seed system that works well for everyone, in diverse ways? In the DYNAVERSITY EU H2020 project 
(dynaversity.eu), dynamic management and governance arrangements are identified, as well as new forms of seed networking 
between stakeholders, socio-environmental knowledge and practices are analysed. This paper analyses three localised 
exploratory 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 seed 
infrastructures, repositories to help people produce their seed-saved vegetables and cereals at the community level. As diverse 
but local communities, these initiatives provide low-cost access to the local resources and set the rules ς as a self-defence 
mechanism ς to delineate who has access to, manages and benefit from the distributed community resources. Seed saving is 
practised in small-scale local informal initiatives, with the primary function to conserve genetic resources, help the access to 
seeds, and provide seed and food 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. These small-scale local initiatives 
illustrate how seed commoning forge diverse ways for seed sovereignty. In practice, they translate the conservation of genetic 
resources into varied interlinked future-oriented activities, such as maintaining cultural heritage values, profitable marketing for 
marginalised farmers, quality food production. 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 action-oriented intermediaries 
attempts to link seed with communities and organise 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 (network-style) 
collaboration paired with the mainly non-market motivations is a key to build up autonomous agency for community-based seed 
systems that work well for all of us. 
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Seed quality under changing environmental conditions 
H. Habánová1, M. Berka1, M. 2ŜǊƴȇ1, B. Brzobohatý1 

1Mendel 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, the 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 analyzed 
barley caryopses of three 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. We 
identified four contrasting clusters 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 a 
significant impact of the environment 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 Talent and AF-IGA2019-IP035. 
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A role of plant circadian rhythms as a regulator of plant hormone signaling and ROS signaling 
M. Luklová1, M. Kameniarová1Σ aΦ 2ŜǊƴȇ1, B. Brzobohatý1 

1Mendel University in Brno, Department of Molecular Biology and Radiobiology, Brno, Czech Republic 

Plants are as a sessile organism constantly exposed to a myriad of environmental factors. Probably the most crucial factor that 
influences plants development is light.  Light is not only the source of energy but also represents source information. Plants 
responses to day-to-day and seasonal changes of the environment are regulated by intrinsic time-keeping mechanism circadian 
rhythm.  This intrinsic time-keeping mechanism plays a central role in the plants´ regulatory system. However, experimental 
evidence indicates 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, and mutants in 
the circadian system 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 have 
performed a set of complementary omics analyses in selected mutants of Arabidopsis thaliana to reveal molecular mechanisms 
behind tripartite interaction of light, cytokinin and hydrogen peroxide. 

This work was supported by grant AF-IGA2019-IP081 and Brno Ph.D. talent 
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Exploring the transcriptomic landscape of the Venus flytrap's trigger hairs 
A. L. Iosip1,2, I. Kreuzer2, J. Schultz1, R. Hedrich2 

1University of Würzburg Faculty of Biology, Center for Computational and Theoretical Biology, Würzburg, Germany 
2Julius von Sachs Institute of Life Sciences, Department of Molecular Plant Physiology and Biophysics - Botany I of the University 

of Würzburg, Würzburg, Germany 

Sensing the gentle touch of an insect is the first and most pivotal step in the hunting cycle of the Venus flytrap (Dionaea 
muscipula). The traps of this carnivorous plant harbour special trigger hairs which are able to transduce the mechanosensation 
in an all-or-nothing action potential that spreads throughout the trap leading to the fast trap closure and finally to the formation 
of the green stomach. Dionaea´s carnivorous lifestyle is therefore dependent on these sensory structures. To understand the 
molecular basis behind the unique functional repertoire of the trigger hair, we sequenced its transcriptome. By comparing the 
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 analysis 
allowed us to investigate the molecular blueprint of the trigger hair's special architecture. GO terms associated with (i) defense-
related processes, (ii) ER (endoplasmic reticulum) system, which is highly developed in the sensory cells of the trigger hair, and 
(iii) 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 transporters such as a 
glutamate-receptor, a mechanosensitive channel and voltage-gated 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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In vivo observation of phloem protein reaction in A. thaliana roots 
L. Wrobel1, G. Noll2, D. Prüfer1,2 

1Fraunhofer IME, Institute for Molecular Biology and Applied Ecology , Münster, Germany 
2University of Münster, Institute of Plant Biology and Biotechnology, Münster, Germany 

In vascular plants, the phloem tissue is responsible, inter alia, for the transport of sugars, other oligosaccharides, amino acids 
and proteins. Additionally, it acts as primary channel for the long distance signalling by transporting phytohormones and 
secondary metabolites and conveys the plants reaction to external conditions, stress factors and pathogens. The phloem builds a 
network of living, tube-shaped cells that connect all parts of the plant body, which also bears the risk of transporting extrinsic 
and potentially dangerous substances. Bacteria, viruses and other pathogens can enter the phloem after wounding and spread 
through the whole plant. 

Therefore, the plant developed divers defence mechanisms for both mechanical wounding and infection by several kinds of 
pathogens. Specific structural Phloem proteins (P-proteins) seal the affected sieve element immediately by plugging the sieve 
plates. The P-protein plug inhibits the loss of photo assimilates and prevents phyto-pathogens from spreading in the phloem. 

For investigating P-protein reaction in vivo, an experimental set-up for their observation in A. thaliana roots was developed. It 
allows the live imaging of the root phloem and the concurrent application of potential triggers for the P-protein reaction. We 
established a toolbox consisting of A. thaliana mutant lines, carrying fluorescently labelled P-proteins or a knockout-mutation of 
the P-protein encoding genes. For the detection of a calcium signals as potential trigger for the P-protein reaction, we further 
created an A. thaliana mutant line expressing the Ca2+ detection system Yellow Cameleon (YC3.6) solely in their sieve elements. 
In these mutant lines, the phloem mass flow and the P-protein reaction can be visualized by the application of fluorescent dyes. 

 
PςFς005 

TGA1 and TGA4 dependent gene regulation during salicylic acid activated defense signaling 
J. Budimir1, C. Thurow1, C. Gatz1 

1Georg-August-Universität Göttingen, Plant Molecular Biology and Physiology, Göttingen, Germany 

TGA1 and TGA4 are members of TGA family of basic leucine zipper transcription factors known to be involved in pathogen-
activated immune responses. Upon infection with the hemibiotrophic pathogen Pseudomonas syringae, tga1 tga4 mutant plants 
show increased susceptibility compared to wild type plants. Recently, SARD1 (SYSTEMIC AQUIRED RESISTANCE DEFICIENT 1), an 
important activator of the biosynthesis of the defense hormone salicylic acid (SA), was identified as a target gene of TGA1 and 
TGA4. This finding places TGA1 upstream of SA-biosynthesis. TGA1 was also described to be redox-modulated in SA-treated 
plants, which puts it downstream of SA. 

The aim of this study was to identify TGA1/4-target genes downstream of SA and test if the redox state of TGA1 is important for 
induction of target genes. To find target genes downstream of SA, we treated plants with SA and performed RNA sequencing. In 
order to eliminate SARD1-dependent effects on SA synthesis during the experiment we used the salicylic acid biosynthesis 
mutant sid2 and sid2 tga1 tga4.  We have identified 207 SA-inducible genes that are also TGA1/4-dependent, DLO1 being one of 
those. Having found target genes downstream of SA, we could analyze the importance of redox state of the protein. For that we 
have complemented tga1 tga4 mutant with either wild type TGA1 or mutated version of TGA1 which mimics the reduced form 
of the protein. When treated with SA, DLO1 was induced to similar levels in both types of complementation lines, indicating that 
TGA1-redox state is not important for target gene induction. This was not very surprising, since this gene, as well as 207 others, 
is less expressed also in mock-treated samples. Thus, we hypothesized that TGA1 and TGA4 are rather amplifiers of SA-triggered 
event than SA-switchable 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 using knock-out mutants of above. 
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Distinct thioredoxin oxidation by peroxiredoxins is required for chloroplastic redox-regulation of 
metabolism 

W. Telman1, M. Liebthal1, K. J. Dietz1 
1Universität Bielefeld, Biochemie und Physiologie der Pflanzen, Bielefeld, Germany 

Four of nine known peroxiredoxins are harboured to the chloroplast in A. thaliana.  The typical 2-Cysteine Peroxiredoxin (2-
CysPrx) consisting of two isoforms A and B, as well as the atypical 2-CysPrx PrxQ and PrxIIE function as peroxidases decomposing 
reactive oxygen species (ROS). Recent studies reveal the function of 2-CysPrx as a thiol-dependent Thioredoxin (Trx) oxidase 
adjusting cellular metabolism through affecting their redox-state. However, much less is known about the two other Prx within 
the chloroplast. Here, we elucidate the unique specifity and affinity of PrxQ towards Trx-m1 and Trx-m4 in contrast to PrxIIE 
which lacks any Trx-interaction. Quite similar to 2-CysPrx the atypical PrxQ was about 50% oxidized in leaves supporting its role 
as a Trx oxidase. In contrast, PrxIIE was highly reduced with 90%. These results imply distinct redox-related functions of 
chloroplastic Prxs.   

 
PςGς002 

Phylogeny-based identification of redox-sensitive translation factors via ConCysFind (Conserved Cysteine 
Finder) 

C. Wesemann1, M. Moore2, N. Gossmann1, A. Sahm1, A. Sczyrba3, J. Krüger3, K. J. Dietz3 
1Bielefeld University, Biochemistry and Physiology of Plants, Bielefeld, Germany 

2Australian National University, Chloroplast to Nuclear Signalling, Canberra, Australia 
3Bielefeld University, Computational Metagenomics, Bielefeld, Germany 

PTM (post-translational modifications) of specific amino acid residues determine many aspects of the fate of a protein, including 
its activity, localization, 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 changing 
subcellular redox milieus and stress impact to protein function. If thiol-modifications are essential traits of protein functionality, 
their relative position and the sequence environment of their corresponding cysteines are likely evolutionary conserved. 
Although the vast majority 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 protein 
synthesis. To conduct large-scale identification of redox-regulated cytosolic translation factors, we developed a bioinformatic 
pipeline named ConCysFind (Conserved Cysteine Finder) to identify phylogenetically conserved cysteines. The now publicly 
available program (bibiserv.cebitec.uni-bielefeld.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 weighted 
multiple sequence alignments. As output, individual phylogenetic trees and Cys-scores are provided for every cysteine of the 
target protein. Based on the in silico findings derived from ConCysFind analyses, we present in vitro biochemical evidence that 
translation factors eRF1 (eukaryotic release factor 1) and RACK1A (receptor for activated kinase 1A) are sensitive to changing 
redox milieus. Both proteins form oligomers under fully oxidizing conditions (>-250 mV), while being present as monomer under 
fully reducing conditions (<-500 mV). The oligomerisation is partly abolished when a conserved cysteine is replaced by a serine, 
confirming its involvement in oligomer formation. 
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Redox regulation of the chloroplast ̡-cabonic anhydrase 1 
A. Dreyer1, A. Schackmann1, A. Kriznik2, K. J. Dietz1 

1Bielefeld University, Biochemistry and Physiology of plants, Bielefeld, Germany 
2Université de Lorraine, Biophysics and Structural Biology facility, UMS IBSLor, CNRS, INSERM, Vandoeuvre-Les-Nancy, France 

Carbonic anhydrases are zinc-metalloenzymes. They catalyze the reversible hydration of CO2 to H2CO3 and, thereby, ease the 
provision of CO2 for photosynthetic carbon assimilation by ribulose-1,5-bisphosphate carboxylase/oxygenase. In Arabidopsis 
thaliana there are four different classes of carbonic anhydrases, namely the ,h ,̡  ɹand  ɹ like (DiMario et al. 2017). The ̡-
carbonic anhydrase 1 (̡-CA1) belongs to the ̡-type carbonic anhydrases and is localized in the chloroplast. 

This work addressed the possible thiol redox regulation of ̡ -CA1. In a pH electrode-based activity test, ̡-CA1 proved to be 
active under reducing conditions and lost its activity upon oxidation. The redox state of the protein had no impact on its dimeric 
state, and oligomerization was not observed in contrast to other CAs. Dynamic light scattering, circular dichroism and size 
exclusion data of ̡-CA1 showed ̡-CA1 is a dimer independent on treatment with hydrogen peroxide (H2O2) or dithiothreitol 
(DTT). Furthermore, an increased activity was observed in the presence of NADPH-dependent thioredoxin reductase 3 (NTRC) 
and different chloroplast thioredoxins (Trx). From these results it is concluded that -̡CA1 is part of the thiol-disulfide redox 
regulatory network of the chloroplast. Possible implications for chloroplast metabolism will be discussed. 

RJ DiMario, H Clayton, A Mukherjee, M Ludwig, JV Moroney (2017) Plant carbonic anhydrases: Structures, locations, evolution, 
and physiological roles. Molecular Plant 10 (1), 30-46. 
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Switch of endophytic bipolaris SPP into biotrophic pathogen under phytohormones crosstalk 
A. Hussain1, M. Junaid1 

1Abdul Wali Khan University, Botany, Mardan, Pakistan 

Auxin is the reciprocal signalling molecule, which interferes with other phyto-hormonal and physiological processes during plant-
microbes interaction. In this regard, Bipolaris spp. a growth promoting endophytic fungus was used to inoculate pre-stressed 
Zea mays seedlings with yucasin (IAA inhibitor). IAA 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 inhibited 
later (i.e. 120 h) due to the high levels of IAA that 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. 
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Nodulation as an additional fitness advantage in certain alkaloid producing Fabaceae? 
N. Jacky1, D. Ober1 

1Christian-Albrechts-Universität Kiel, Botanisches Institut und Botanischer Garten, Kiel, Germany 

Plant members of the family Fabaceae develop as part of their symbiosis with nitrogen fixing rhizobia nodules, specific organs on 
the roots. Species within the genistoid lineage of this family produce either quinolizidine alkaloids (QAs) or pyrrolizidine alkaloids 
(PAs) as part of their defense against herbivores.1,2 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 homospermidine 
synthase (HSS) for PAs.2,3 Recent studies showed a dependency of PA biosynthesis on nodulation in species of Crotalaria.3 In 
order to be able to understand the link between nodulation and alkaloid-production in more detail, further species of Crotalaria, 
Lupinus and Laburnum will be analyzed. The analyzes include the physiological localization of HSS in nodules via immunolabeling 
and quantifiying transcript levels of enzymes involved in alkaloid biosynthesis in various tissues by the use of qRT-PCR. 

References 
[1] Wink M., Phytochemistry 64, 2003  
[2] Bunsupa et al., The Plant Cell 24, 2012  
[3] Irmer et al., PNAS 112, 2015 
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MALDI-TOF mass spectrometric analysis for rapid classification of plant-associated cultivable microbes 
K. Witzel1 

1Leibniz Institute of Vegetable and Ornamental Crops, Großbeeren, Germany 

With an increased understanding of the diversity of plant-bacterial associations, future biotechnological applications for 
increased crop production, conserved biodiversity and sustained agro-ecosystems are foreseeable. A prerequisite for this are 
high throughput methods for characterisation and classification of cultivable microorganisms isolated from plants grown under 
diverse environmental conditions. Matrix-assisted laser desorption ionization (MALDI) time-of-flight (TOF) mass spectrometry 
(MS) is a innovative tool for fast and high resolving identification of microorganisms. The method is based on the measurement 
of the molecular weight of most abundant proteins in a crude extract, using the mass spectra information as a fingerprint for a 
particular organism. This talk will highlight the applicability of this tool for studying microbial diversity and phylogeny, especially 
in the context of plant-associated microorganisms. 
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Unraveling a complex pathosystem with two microbes: host and pathogen proteomics of the 
Arabidopsis-Plasmodiophora-Acremonium interaction 
S. Auer1, J. Ludwig-Müller1Σ aΦ 2ŜǊƴȇ2, B. Brzobohatý 2 

1TU 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 soil-borne pathogen Plasmodiophora brassicae, continues to spread worldwide in 
countries with rapeseed and cabbage production. Currently no efficient control strategies are available for this disease in 
Europe. The use of biocontrol agents bears untapped potential to help secure crop yields without negative effects on the 
environment. The biocontrol fungus Acremonium alternatum is a promising candidate for cluboot control as it reduces disease 
severity and increases survival rates of infected plants (1-3). We studied the interaction of Arabidopsis with P. brassicae and 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 pathogen in interaction with the host and a biocontrol 
agent and ii) to identify plant targets of the clubroot pathogen that could be exploited for breeding of clubroot-resistant 
cultivars. 
Methods: Proteins were extracted with a gel-free shotgun protocol and samples analysed by nanoflow C18 reverse-phase liquid 
chromatography using a nano-UPLC system and q-TOF mass spectrometer. Measured spectra were processed and searched 
against P. brassicae and Arabidopsis protein sequence databases. Protein abundance was estimated 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 root galls with fully developed resting 
spores yielded roughly 300 proteins specific for the clubroot pathogen. The most abundant proteins belonged to the heat shock 
family, comprising 7% of all identified peptide spectral matches. We also found enrichment of salicylic acid methyltransferase, 
an enzyme that inactivates salicylic acid.  
Conclusion: Our results confirm earlier findings for the highly abundant methyltransferase (4) and revealed new insights into the 
P. brassicae and host proteome at the end of the infection cycle. Further in-depth analyses of the trancriptome and proteome of 
this pathosystem are underway. 

References 
[1] Auer S, Ludwig-Müller J, 2014: Albanian Journal ofAgricultural Science, 15.  
[2] Auer S, Ludwig-Müller J, 2015: Journal of Endocytobiosis and Cell Research, 26: 43-49.  
[3] Auer, 2019: 10.5281/zenodo.3236416.  
[4] Ludwig-Müller J et al., 2014: Molecular Plant Pathology, 16: 349ς364. 

PςIς005 

Interaction of Arabidopsis thaliana with a new endophyte from Aster tataricus 
L. Jahn1, D. Seidler1, T. Schafhauser1,2, J. Ludwig-Müller1 

1TU Dresden, Botanik, Dresden, Germany 
2Eberhard Karls Universität Tübingen, Mikrobiologie/Biotechnologie, Tübingen, Germany 

The roots of the perennial plant Aster tataricus are traditionally used in Chinese medicinal herb teas due to antibacterial and 
antiviral activities of compounds present in these roots 1, 2. A few years ago, a new endophyte ς called Cyanodermella asteris - 
was isolated from the inflorescence axis of Aster tataricus 3. The effect of C. asteris on its natural host A. tataricus is difficult to 
analyze due to the strong seasonal change in growth of A. tataricus. To investigate the interaction between the fungal 
endophyte and alternative host plants, several (model) plants were tested.  
Like other endophytic fungi, C. asteris leads to a massive growth of lateral roots and therefore to an increased biomass in 
Arabidopsis thaliana, Helianthus annuus and Solanum lycopersicum.  A. thaliana was chosen for further experiments to study 
the role of volatiles, secreted fungal compounds and auxin in the interaction with the fungus C. asteris. While the enhanced leaf 
biomass can be probably attributed to the emission of fungal volatiles, the root phenotype is most likely due to fungal auxin 
production. 

References 
[1] Shirota et al. (1997). Cytotoxic triterpene from Aster tataricus. Nat. Med. 51:170ς172.  
[2] Morita et al. (1996). Cyclic peptides from higher plants. XXVIII. Antitumor activity and hepatic microsomal biotransformation 
of cyclic pentapeptides, astins, from Aster tataricus. Chem. Pharm. Bull. 44:1026-1032.  
[3] Jahn et al. (2017). Cyanodermella asteris sp. nov. (Ostropales) from the inflorescence axis of Aster tataricus. Mycotaxon 
132:107-123. 
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The truncated NLR protein TN13 interacts with MOS6 and is required for disease resistance in 
Arabidopsis 

D. Lüdke1, C. Roth1, M. Klenke1, A. Quathamer1, O. Valerius2, G. H. Braus2, M. Wiermer1 
1Georg-August-Universität Göttingen, RG Molecular Biology of Plant-Microbe Interactions, Göttingen, Germany 

2Georg-August-Universität Göttingen, Molecular Microbiology and Genetics, Göttingen, Germany 

Importin-  hproteins mediate the translocation of nuclear localization signal (NLS)-containing proteins from the cytoplasm into 
the nucleus through nuclear pore complexes (NPCs). Genetically, Arabidopsis IMPORTIN- 3h/MOS6 (MODIFIER OF SNC1, 6) is 
required for basal plant immunity and constitutive disease resistance activated in the auto-immune mutant snc1 (suppressor of 
npr1-1, constitutive 1), suggesting that MOS6 plays a role in nuclear import of proteins involved in plant defense signaling. To 
identify defense-regulatory cargo proteins and interaction partners of MOS6, we conducted both in silico database analyses and 
affinity-purification of functional epitope-tagged MOS6 from pathogen-challenged stable transgenic plants coupled with mass 
spectrometry. Among thirteen candidate MOS6 interactors that were selected for functional characterization, the TIR-NBS-type 
protein TN13 is required for resistance to Pseudomonas syringae pv. tomato (Pst) DC3000 lacking the type III effectors AvrPto 
and AvrPtoB. When expressed transiently in N. benthamiana leaves, TN13 co-immunoprecipitates with MOS6 but not with its 
closest homolog IMPORTIN- 6h. Consistent with a predicted N-terminal transmembrane domain, TN13 localizes to the 
endoplasmic reticulum (ER) and the nuclear envelope (NE), where it associates with MOS6 in a transient bimolecular 
fluorescence complementation (BiFC) interaction assay in N. benthamiana, indicating 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/IMPORTIN- 3h in planta. We propose that release of TN13 from the ER-membrane in response to a pathogen stimulus and 
its subsequent nuclear translocation is important for plant defense signal relay. 
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Multiple benefits from fungal associations for kiwifruit 
C. Stark1, J. Kandula1, N. Cummings1,2, J. H. Li1,3, R. Hill1,3, A. Pullin4 

1Lincoln University, Bio-Protection Research Centre, Lincoln, New Zealand 
2AsureQuality, Lincoln, New Zealand 

3Lincoln Agritech Ltd, Lincoln, New Zealand 
4Agrimm Ltd, Lincoln, New Zealand 

In New Zealand kiwifruit production, the use of Trichoderma is closely linked to maintaining vine health and sustained 
production even under disease pressure. The devastating disease Pseudomonas syringae pv. actinidiae (Psa), causal agent of 
bacterial canker in kiwifruit, is present in all major kiwifruit growing 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 chemical 
elicitors. Concerns have been raised around the efficacy of these products, environmental build-up and plant toxicity, resistance 
development in the pathogen, and international market excess due to residues on fruit. This has resulted in an effort to identify 
alternative, biological-based management strategies to guarantee continued sustainable production. Our research focused on 
the ubiquitous, soil-borne fungus Trichoderma as a biocontrol option for Psa. Trichoderma can colonise root surfaces and 
penetrate plant roots as symbionts. They are known to be potent biocontrol agents with various modes of action: competition, 
mycoparasitism, excretion of metabolic compounds, incl. antibiotics and volatile organics, and activation of the plant defence 
system. Colonisation can also enhance plant growth and photosynthesis, crop productivity, nutrient uptake and resistance to 
abiotic stresses resulting in reduced fertiliser requirements and overall healthier, more resilient plants. Moreover, Trichoderma 
have been identified as potential bioremediators in contaminated soils. Our research resulted in the development of the soil 
applied, Trichoderma-ōŀǎŜŘ ǇǊƻŘǳŎǘ YƛǿƛǾŀȄϰ ό!ƎǊƛƳƳ [ǘŘΦΣ b½ύΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǎȅƳǇǘƻƳ ǊŜŘǳŎǘƛƻƴ ŦƻƭƭƻǿƛƴƎ ǳǎŜ ƻŦ YƛǿƛǾŀȄ ƛƴ 
kiwifruit vines, we observed significant effects on chlorophyll content, essential plant and soil nutrients and crop yields in the 
first season (treated > untreated areas). Re-isolating Trichoderma from orchards showed significantly greater numbers of 
Trichoderma in treated compared to control plots and laboratory studies indicate that Trichoderma application has the potential 
to reduce soil copper content. Kiwifruit variety specific differences were observed with greater positive treatment effects 
detected under cultivar Hayward. The results suggest that Trichoderma inoculation of kiwifruit facilitates the establishment of a 
strong soil and endophytic microbial community that enhances overall orchard health and crop productivity. 
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Plant microbiota affects the multi-generational plant fitness and evolution of the giant duckweed 
M. Schäfer1, P. T. Te Heesen1, L. Böttner1,2, J. Rikus1, M. Sarazova1, L. Ke1, M. S. C. Huber2, S. Xu1 

1Institute for Evolution and Biodiversity, University of Münster, Plant Adaptation-in-action, Münster, Germany 
2Institute for Plant Biology and Biotechnology, University of Münster, Plant Ecology, Münster, Germany 

All plants are living in a microbial world. While it is known that the plant microbiota alters the metabolisms of its host plants, it 
remains unknown to which extent the interactions between plants and their microbiota affect the multi-generational plant 
fitness and genotype frequencies of natural populations. This is largely due to the lack of a model system that allows us to 
investigate plant evolution in real-time. The giant duckweed, Spirodela polyrhiza, an aquatic angiosperm that reproduces 
through asexual budding every 3-5 days, is an ideal model system to bridge this gap. Here, we investigated how the plant 
microbiota affects the multi-generational plant fitness of S. polyrhiza. Our results show that the plant microbiota effects the 
plant growth and anti-herbivore defense of S. polyrhiza in a genotype-specific manner, suggesting that changes in the 
microbiota might act as eco-evolutionary feedback in shaping the evolution of this plant in nature. 

 
PςIς009 

PurpleGate ς a GoldenGate based approach to understand the evolution of host-specific parasitism 
S. Klenner1, L. Engelhardt1, I. Teichert2, D. Begerow1 

1Ruhr-University Bochum, Department of Geobotany, Bochum, Germany 
2Ruhr-University Bochum, Allgemeine und Molekulare Botanik, Bochum, Germany 

Question: Biotrophic fungi are characterized by intimate interactions with highly specific hosts and often cause devastating plant 
diseases. Growth and proliferation during biotrophic phases necessitates an adapted set of genes to manipulate the host plant 
and complete the fungal life cycle. The genus Microbotryum includes 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 stage in planta. The sporidial stage of Microbotryum has been transformed via Agrobacterium 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 fragments resulting 
in stable Microbotryum transformants. 

Methods: Lacking efficient genetic tools to assess the role of putative virulence genes, we established a modular molecular 
toolbox utilizing the Golden Gate cloning strategy. Using BsaI we designed specific restriction and re-ligation sites for each 
module and each library in our toolbox. 

Results: This PurpleGate library includes three different classes of donor plasmids, which corresponds to multiple research 
issues. Class I contains donor vectors with hygromycin, phleomycin and carboxin resistance genes under the control of two 
constitutively expressing promotor regions. Class II contains donor plasmids harboring genes coding for various fluorescent 
markers, thus enabling fluorescent protein tagging and localization in vivo. All donor plasmids of class II are compatible with 
class I resistance cassette donor plasmids. Class III donor vectors contain an amplified gene of interest (GOI) extended with BsaI 
restriction sites. The combination of these compatible classes of donor vectors allows for heterologous gene expression in 
Microbotryum. In addition it enables us to express RNAi and CRISPR/ Cas9 genetic constructs in Microbotryum to assess gene 
function. 

Conclusions: In summary, we present a versatile and time-saving tool, which allow access not only to a single parasitic fungus, 
but to an entire parasitic genus to understand the evolution of host specificity. In addition, the application of the PurpleGate 
cloning system in other smut fungi like Ustilago maydis and Sporisorium reilianum will be discussed. 
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Effects of X-ray computed tomography on root transcriptome and rhizosphere microbiota 
M. Ganther1, Z. Ibrahim1, B. Yim2, E. Lippold1, D. Vetterlein1, E. Blagodatskaya1, K. Smalla2, M. Tarkka1 

1Helmholtz Centre for Environmental Research , Halle (Saale), Germany 
2Julius Kuehn-Institut, Braunschweig, Germany 

Even though numerous plant-soil-microbiome 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 non-invasive imaging with spatial sampling and analysis. X-ray computed 
tomography (CT) is a powerful technique that is not only used to observe and quantify root systems in a three-dimensional 
space, but also to assess soil-plant interactions. It allows the dissection of root system architecture and isolation of rhizospheres 
in a spatial context.1 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 nutrients.2,3 Therefore, the impact of CT on maize gene 
expression profiles, enzyme 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 (30 
min after CT) and late (24 hours) responses of maize and microbiota. For early response, maize RNA sequencing data revealed 
differential gene expression in categories related to cell wall/plasma membrane, lipid metabolism and defense - however, this 
effect was absent in the late response samples. Rhizosphere leucine aminopeptidase activity was inhibited after CT scanning and 
did not recover after 24 hours, while beta-glucosidase and phosphomonoesterase activities were unaffected by CT scanning. In 
conclusion, our data indicate that X-ray 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 ς a 
Key to Rhizosphere Functions" of the German Science Foundation. 

References 
[1] Daly et al. (2018) Plant Cell Environ; 2Gudkov et al. (2019) J Environ Radioact; 3Caplin et al. (2018) Front Plant Sci 
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Verticillium longisporum induces SA-responsive gene expression in roots of Arabidopsis thaliana in the 
absence of SA  

L. Ulrich1, J. Schmitz1, C. Thurow1, C. Gatz1 
1University of Göttingen, Plant Molecular Biology and Physiology, Göttingen, Germany 

Infection of A. thaliana with the soil-borne vascular pathogen V. longisporum leads to the induction 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 shoot. Infections in 
the SA-deficient sid2 mutant reveal the induction of these typically SA-responsive genes in roots at 10dpi in the confirmed 
absence of SA to the same level as in Col-0 roots. In contrast, bioinformatic analysis shows that in shoots expression of these 
genes is lower at a basal level and after Pseudomonas treatment in sid2 compared to Col-0 leaves. Many of these typically SA-
responsive and V. longisporum-induced genes contain SARD1 binding 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 biosynthesis gene Isochorismate 
Synthase1 (ICS1), however, in V. longisporum infected roots this induction is absent. We hypothesise that SARD1 triggers an 
intensification loop through inducing ICS1 and activating NPR1 that amplifies its own transcriptional rate leading to increased 
expression of defence genes in shoots. In roots SARD1 does not induce ICS1 and expression of these genes is lower. This raises 
the question whether this loop is generally absent in roots or whether it is suppressed by V. longisporum. 
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Rhizosphere than endosphere microbiomes display stronger association with plant functional traits 
J. Guo1, N. Ling1, S. Guo1 

1Nanjing Agricultural University, College of Resources and Environmental Sciences, 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, the associations between root-
associated microbiomes and plant host attributes are poorly understood. 

Methods: Herein, rice was used as a model to identify the assembly of root-associated bacterial communities and their potential 
effects on plant functional traits. 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 significantly between rhizosphere and endosphere. Rhizosphere microbiomes 
exhibited higher diversity and lower structural variability than endosphere microbiomes. Compared with the endosphere, 
rhizosphere supported a bacterial co-abundance network with larger size and higher connectivity as well as stronger cohesion. 
Notably, rhizosphere network contained more diverse taxa with nutrient cycle functions, especially in nitrogen metabolism, and 
formed more functional modules related to specific plant traits. Null-modeling-based analyses showed that the variable 
selection dominated the assemblage of the bacterial communities in the rhizosphere, while homogeneous selection dominated 
in the endosphere. 

Conclusions: Overall, based on deterministic-based processes, the rhizosphere harbored 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 functional traits. This study emphasizes the 
ecological importance of rhizosphere bacterial microbiomes for plant functional traits and will inform new perspective to 
improve plant performance. 

 
PςIς013 

Function of the miR2111-TOO MUCH LOVE regulatory node in adapting root system architecture to 
nitrogen regime and bacterial endosymbiosis 

M. Sexauer1, K. Markmann1 
1Zentrum für Molekularbiologie der Pflanzen, Tübingen, Germany 

During the evolution of nitrogen-fixing root nodule symbiosis, legume plants have developed an autoregulatory mechanism to 
balance symbiosis and growth. In a systemic process called the Autoregulation of Nodulation (AON), infection events and nodule 
numbers are restricted. The shoot derived miR2111 maintains root susceptibility via post-transcriptional regulation of TOO 
MUCH LOVE (TML), a symbiosis suppressor acting in the root. In infection-triggered AON, miR2111 acts downstream of 
HYPERNODULATION ABERRANT ROOT FORMATION1 (HAR1), which 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 dicots, 
indicating an older evolutionary function besides regulation of bacterial endosymbiosis. We show that TML is involved in 
nitrogen dependent regulation of root architecture in L. japonicus. 
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Plant cell walls as barriers and signaling components in pathogen defense 
T. Engelsdorf1, N. Gigli-Bisceglia2, J. Shah1, L. Voll1, T. Hamann3 

1Philipps-Universität, Marburg, Germany 
2Wageningen University and Research, Wageningen, Netherlands 

3Norwegian University of Science and Technology, Trondheim, Norway 

Cell walls are tough structures that serve as preformed infection barriers to protect plant cells from microbial invasion. The 
composition of specific cell wall polymers seems to be decisive for penetration and colonization success of different plant 
pathogenic fungi. Pathogen attack compromises the structural integrity of cell walls and causes the release of cell wall 
fragments. 

Impairment of cell wall integrity (CWI) and release of damage-associated molecular patterns (DAMPs) is monitored by receptor 
kinases and ion channels at the plasma membrane / cell wall interface, but the functions of CWI surveillance in plant-pathogen 
interaction are not well understood. We found that impairment of carbohydrate metabolism affects cell wall composition in 
Arabidopsis thaliana. Cell wall analysis and infection experiments with cell wall mutants indicated that pectin polymers are 
crucial for penetration of the fungal plant pathogen Colletotrichum higginsianum. Enzymatic degradation of pectin and cellulose 
in turn is detected by CWI receptors to trigger defense responses. Intriguingly, CWI responses are modulated by endogenous 
plant elicitor peptides potentially coordinating CWI maintenance processes with other stress responses and growth. 
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AtDAT1 is a key enzyme of D-amino acid stimulated ethylene production in Arabidopsis thaliana 
C. Hener1, J. Suarez1, V. A. Lehnhardt1, S. Hummel1, M. Stahl1, î Kolukisaoglu1 

1University of Tübingen, ZMBP, Tübingen, Germany 

D-enantiomers of proteinogenic amino acids (D-AAs) are found ubiquitously, but the knowledge about their metabolism and 
functions in plants is scarce. A long forgotten phenomenon in this regard is the D-AA-stimulated ethylene production in plants. 
As a starting point to investigate this effect the Arabidopsis accession Landsberg erecta (Ler) got into focus as it was found 
defective in metabolizing D-AAs. Combining genetics and molecular biology of T-DNA lines and natural variants together with 
biochemical and physiological approaches we could identify AtDAT1 as a major D-AA transaminase in Arabidopsis. Atdat1 loss-
of-function mutants and Arabidopsis accessions with defective AtDAT1 alleles were not able to produce D-Ala, D-Glu and L-Met 
in response to D-Met anymore. This result corroborates the biochemical characterization of AtDAT1, which showed highest 
activity using D-Met as substrate. Germination of seedlings in light and dark led to enhanced growth inhibition of atdat1 
mutants on D-Met. Ethylene measurements revealed an enhanced D-AA stimulated ethylene production in these mutants. This 
effect could be partially assigned to differential metabolization of the ethylene precursor 1-aminocyclopropane-1-carboxylic acid 
(ACC) due to the malonylation of D-Met instead of ACC resulting in ethylene increase. With AtDAT1, the first central enzyme of 
plant D-AA metabolism was characterized biochemically and physiologically. The specific effects of D-Met on ethylene 
production and plant development and the impact of AtDAT1 on these effects raise questions about further physiological 
functions of D-AAs for plants. 
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Influence of stand age on understorey flora diversity and soil physicochemical properties in cocoa 
plantations 

S. Oyedeji1, O. Ajikanle1, O. Agboola2, A. Isichei3 
1University of Ilorin, Department of Plant Biology, Ilorin, Nigeria 

2University of Lagos, Department of Botany, Akoka, Lagos, Nigeria 
3Obafemi Awolowo University, Department of Botany, Ile-Ife, Nigeria 

The study assessed the influence of stand age on understorey flora diversity and soil physicochemical properties in cocoa 
plantations. Cocoa plantations of three different ages (45-year, 16 ςyear and 6-year old) established by the Cocoa Research 
Institute of Nigeria (CRIN), Ibadan, were selected for the study. Five 10 m by 10 m subplots were delineated systematically 
within each plantation. The diversity of the undergrowth flora was determined from counts of plants species within the quadrat. 
Soil samples were collected from the top- (0-15 cm) and sub-soils (15-30 cm) within the subplots in 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 increased with plantation age with the 
45-year plantation having the highest number of plant species (11). Aspilia africana and Manniophyton fulvum were common to 
all three plantations. The soil texture in the plantations was similar (sandy-loam). Soil pH, N, P and exchangeable 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 top-soil (p =0.009) and subsoil (p<0.001) of the plantations. The study concluded that the age of 
stand of the cocoa plantation had no influence on soil texture, pH, N, P and exchangeable cations but influenced SOC/SOM and 
the diversity of the understorey flora. 
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The EFP in C. sativus ς an often underestimated system 
N. Schnieder1, K. Kriebs2, G. Noll1, D. Prüfer2 

1WWU, IBBP, Münster, Germany 
2IME Fraunhofer, Münster, Germany 

The special architecture of the sieve elements and the easy way to obtain large amounts of exudate have transformed 
Cucurbitaceae plants such as pumpkin and cucumber into model systems in phloem biology. Cucurbitaceae possess a dual 
phloem system consisting of the typical fascicular (FP) and an additional extrafascicular phloem (EFP) ς a fact often not reflected 
by the literature. One example is the description 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 a 
clear differentiation between both phloem systems by microscopic analysis. We developed an antibody against the major 
protein component of the cucumber exudate to confirm the EFP as its main "origin". Furthermore, these results clearly underpin 
the importance of a precise differentiation between the EFP and FP due to their distinctive actions in response to wounding. 
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Fitness consequences of oviposition priming in Nicotiana attenuata  
R. E. H. Cramer1, A. Steppuhn1 

1Freie Universität Berlin, Molekulare Ökologie - Dahlem Centre of Plant Science, Berlin, Germany 

Various plant species improve their defence against herbivorous larvae when they previously perceived insect egg deposition as 
a priming signal. Defence priming is assumed to be an adaptive strategy by which the plant optimizes cost-benefit trade-offs of 
induced defence. Therefore, we investigated the fitness consequences of oviposition by herbivorous insects on the wild tobacco, 
Nicotiana attenuata. This plant induces more defensive phenylpropanoid-polyamine conjugates in response to feeding by 
generalist (Spodoptera exigua) and specialist (Manduca sexta) lepidopteran larvae when it had been previously oviposited (1,2). 
Yet only larvae of the generalist and not 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 and 
seeds as fitness estimates. Consistent with the effects on larval performance, we found that the fitness loss due to larval feeding 
by S. exigua was smaller for oviposited plants in terms of seed production, while the fitness loss due to herbivory by M. sexta 
was not affected by prior oviposition. But, M. sexta herbivory on N. attenuata is 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 exposed plants in 
a full-factorial setup to oviposition and larval feeding by M. sexta, followed by a total aboveground shoot removal. These 
experiments revealed that a previous oviposition in combination with larval feeding can increase the fitness of regrown plants. 
Thus, oviposition-mediated defence priming may not just be beneficial if the defence is effective against the herbivore but 
additionally by increasing tolerance responses to larval feeding. 

References 
[1] Bandoly et al., 2015; Plant J., 83(4)  
[2] Bandoly et al., 2016; Plant Cell Environ., 39(4)  
[3] Schwachtje et al., 2006, PNAS, 103 (34) 
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Medicinal plants traditionally used in the Greater Mpigi Region, Uganda ς investigation of 
antiinflammatory activity in the COX / PGH2 and 15-LOX / 15(S)-HpETE pathways 

F. Schultz1,2,3,4, G. Anywar5, O. F. Osuji1, B. Wack1, L. A. Garbe1,2,4 
1Neubrandenburg University of Applied Sciences, Department of Agriculture and Food Sciences , Neubrandenburg, Germany 

2Technical University of Berlin, Institute of Bioanalytics, Berlin, Germany 
3Emory University, School of Medicine, Atlanta, Germany 

4ZELT - Center for Nutrition and Food Technology gGmbH, Neubrandenburg, Germany 
5Makerere University, Department of Plant Sciences, Microbiology and Biotechnology, Kampala, Uganda 

Approx. 80% of the Africa"s population relies almost entirely on plants for medication1,2,3. The knowledge of Ugandan plants and 
their medicinal uses are mainly transferred orally from one generation to the next by traditional healers, leading to the loss of 
vital information due to lack of records. Our study provides documentation of 16 different medicinal plants traditionally used to 
treat inflammation and related disorders such as pain, arthritis, osteoporosis, asthma, dermatitis and even cancer. One possible 
methodology for the evaluation of traditional use is screening selected plant extracts for pharmacological activities. Phenolic 
compounds are often thought to possess antiinflammatory properties. The mechanisms of action (MOAs) of many phenolic 
compounds are most likely associated with their inhibition of proinflammatory enzymes in the arachidonic acid pathway such as 
lipoxygenases (LOX) and cyclooxygenases (COX) in inflammatory cascades or with their free radical scavenging activity. Due to 
undesirable effects of non-steroidal antiinflammatory drugs (NSAIDs) such as gastrointestinal bleeding, selective inhibition of 
COX-2 is preferred to the COX-1 inhibition. We present results of diverse in vitro experiments performed with 61 different plant 
extracts, e.g. 15-LOX inhibition screening; 2. Selective COX-2 and COX-1 inhibitor screening. Traditional use could be validated in 
vitro in 15 out of 16 plant species tested. In total, 9 extracts from 7 plant species were identified to possess high COX-2 inhibitory 
activity (IC50 > 20 µg/ml). Amongst the most active COX-2 inhibitors were extracts from Leucas calostachys, Solanum 
aculeastrum, Sesamum angustifolium, Plectranthus cyaneus, Myrica kandtiana, Zanthoxylum chalybeum and Warburgia 
ugandensis. There was no counter-activity between COX-2 and 15-LOX inhibition in these 9 extracts from 7 plant species. The 
ethyl acetate extract of Leucas calostachys showed the lowest IC50 value with 0.66 µg/ml (COX-2), whereas this extract also 
displayed the most promising selectivity ratio with 0.1 (COX-2/COX-1). The determination of the TPC and EC50 values of DPPH 
radical scavenging activity showed no correlation with regards to the COX-2 and 15-LOX inhibitory activity. This led to the 
assumption that the MOAs are most likely not based on scavenging of reactive oxygen species and antioxidant activities. 

References 
[1] Ghorbanpour, M., Springer, 2018  
[2] Ekor, M., Front Pharmacol, 2013  
[3] WHO Traditional Medicine Strategy 2014-2023, 2013 

 
PςMς002 

Transcription factor binding motif prediction based on predicted gene regulatory networks 
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Regulation of transcription is a key factor for dynamic adaptation to variable environmental conditions. The binding of 
transcription factors to cis-elements plays a leading role in transcriptional regulation in plants. However, most transcription 
factors cannot be assigned to their specific binding motif yet. RNA-seq data of Arabidopsis thaliana was used to predict gene 
regulatory networks with machine learning algorithms. DAP-seq data showed that binding motifs of transcription factors 
enriched in promoters of target genes scoring high in the machine learning predicted networks in 26% of the testable cases. 
Hence, motif prediction is likely possible for a subset of the transcription factors. The predicted target genes of 2976 
transcription factors were used as the basis for motif prediction. 

In addition to the 3 kb upstream region of target genes open chromatin regions were used to predict binding motifs. These 
regions were determined based on re-analyzed transposase accessible chromatin (ATAC)-seq data. Both, the plain 3 kb upstream 
region of predicted target genes and open chromatin regions near target genes yielded sets of putatively targeted sequences for 
all transcription factors in A. thaliana. The motif prediction was calculated using motif-based sequence analysis tools (MEME-
suite) and predicted motifs were compared to published motifs obtained 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 regions 
improves the prediction accuracy of target motifs in A. thaliana. Since accuracy was limited, transcription factor family 
information was stacked to obtain higher confidence predictions. 
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Discovery of yet unknown medicinal natural remedies from the Ugandan rainforests ς exploring self-
medication in wild chimpanzees & mountain gorillas 
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L. Pieters12, L. A. Garbe1,2,5 

1Neubrandenburg University of Applied Sciences, Department of Agriculture and Food Sciences , Neubrandenburg, Germany 
2Technical University of Berlin, Institute of Bioanalytics, Berlin, Germany 

3Emory University, School of Medicine, Atlanta, Germany 
4ARUDEVO - African Rural Development Volunteers, Lwengo, Uganda 

5ZELT - Center for Nutrition and Food Technology gGmbH, Neubrandenburg, Germany 
6Freelancer/journalist, Hamburg, Germany 

7Oxford Brookes University, Faculty of Humanities and Social Sciences, Oxford, United Kingdom 
8Makerere University, Department of Plant Sciences, Microbiology and Biotechnology, Kampala, Uganda 
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This project examines the self-medicative behavior of the African Great Apes, e.g. via ingestion or topical application of 
medicinal plants or insects. Presumed self-medication 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 been 
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 drugs in nature is 
evident. 

We will observe wild chimpanzees and mountain gorillas in their natural habitats in the Ugandan rainforests (and unforested 
areas) to understand their potentially-medicinal use of plants and insects. For the first time, plant and insect samples are will be 
collected from sites across Uganda, then extracted and taken to the lab. Here, the "traditional use" of our closest animal 
relatives will be evaluated through observational data and pharmacological bioassays. These may lead to discovery of natural 
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 between non-human 
apes and indigenous people will be explored. Knowledge and understanding will then be exchanged with local communities. 



159 

th{¢9w !.{¢w!/¢ ω .w!b5 b9² ¢htL/{ ς MISCELLANEOUS 

PςMς004 

Combinatorial biotechnology as a means of transferring multiple resistance into potato 
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Potato is the most important vegetable for human consumption and one of the richest sources of nutrients and hence a security 
crop. During potato breeding many resistance traits to biotic and abiotic stress were lost. Classical breeding cannot use 
resistance traits of wild species of potato because of their sexual incompatibility with potato cultivars. Biotechnology could be 
used to improve potato but genetically modified crops including gene editing are restricted by EU law (directive 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 tools, like cell fusion 
combined with back-crossing and embryo rescue, and many biochemical, cellular and molecular techniques are used to achieve 
the transfer of multiple resistance traits from wild species like Solanum bulbocastanum, S. chacoense and S. pinnatisectum into 
the potato gene pool. Abiotic factors like drought and increase in saltiness brought about by climate change together with 
diseases like late blight, viruses and pests (Colorado potato beetle - CPB) are the most important targets of this new strategy. 
Somatic hybrids and back-crosses (BC1, BC2) with sexually incompatible wild species, such as S. bulbocastanum, which is 
resistant to late blight, were regenerated after transfer and molecular determination by gene specific markers of five resistance 
genes. Two durable and three race-specific 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 by using S. chacoense both wild type and DNA 
mismatch repair (MMR) deficient wild species. As a result of MMR deficiency gene transfer between the two species and 
somatic hybrids with CPB resistance and tolerance of drought, as a novel trait, were reported (Molnar et al. 2016; Rakosy-Tican 
et al. 2019). S. pinnatisectum was used as a source of resistance to late blight and CPB and some of the breeding lines are 
currently being tested for resistance to potato beetle. 

References 
[1] Molnar et al. (2016) Pest Manag Sci, 73, 7; doi:10.1002/ps.4473; Rakosy-Tican et al. (2019) Frontiers Plant Sci 10 doi: 
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Many plant and insect species of the tropical rainforests in western Uganda and eastern DR Congo have not yet been 
discovered; 90% have never been screened for bioactivity. Approx. 60% of the world"s population 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 information due to lack of records. Our study provides 
documentation of 16 different African medicinal plants, which are claimed to possess antimalarial, anti-cancer and antibiotic 
properties amongst others. One possible methodology for the discovery of novel pharmacologically active drugs is the screening 
of selected plant extracts for a broad array of pharmacological activities. We present results of diverse bioassays performed with 
61 different plant extracts: 1. Antimalarial heme biocrystallization assay as a pre-screen for upcoming in vitro and in vivo 
evaluation; 2. Evaluation of antiplasmodial activity against chloroquine-resistant Plasmodium falciparum K1 strain 3. Cytotoxicity 
testing with human MRC-5 lung fibroblast cells 4. GC-MS-assisted Ames test with human S9 liver fractions for investigation of 
mutagenic / potential carcinogenic effects of the extracts. Of all plants tested, diethyl ether extracts of Warburgia ugandensis 
showed the lowest IC50 value with 0.5 µg/ml. In many cases, the traditional use of the plant species could be scientifically 
validated. Bioassay-guided fractionations combined with GC/LC-MS techniques enabled identification of bioactive compounds in 
some of the tested African plants. For instance, extracts of Zanthozylum chalybeum contained 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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Feasibility of CAM Engineering in C3-Plants 
K. Schiller1, A. Bräutigam1 

1Bielefeld University, Computational Biology, Bielefeld, Germany 

Plants evolved crassulacean acid metabolism (CAM) to reduce water loss by transpiration in hot and arid environments where 
soil water is limited or highly seasonal. Therefore, engineering CAM in C3-plants 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 many, but not all, CAM plants have lower photosynthetic rates compared to C3 plants we ask which sub-traits limit CAM 
photosynthesis. The carbon discrimination distribution of CAM plants shows an apparent fitness valley in between C3 and CAM 
plants called the Winter-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 plants need to 
store organic acids during 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 undertake a meta-analysis of CAM RNA-seq data including diurnal gene 
expression datasets of three monocotyledonous plant species. JTK-cycle identifies the rhythmicity of RNA-Seq and microarray 
data. Orthofinder connects the orthologs within the analyzed species. Comparing two CAM species, Ananas comosus and Agave 
americana, directly to a C3 species, Oryza sativa, we test the rhythmicity and phase of transcripts in general and known CAM 
and clock genes in particular. Comparison to published datasets on rhythmic genes shows whether the hypothesis that CAM 
plants harbor substantial changes in diurnal gene expression is supported by meta-analysis. 
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Crassulacean acid metabolism and ecophysiological diversity in the Aeonieae tribe (Crassulaceae) 
T. F. E. Messerschmid1, S. E. Bleser1, G. Kara1, S. C. Simon1, G. Kadereit1, A. Bañares Baudet2 

1Johannes Gutenberg-Universität Mainz, Institute of Molecular Physiology, Mainz, Germany 
2Universidad de La Laguna, Departamento de Botánica, Ecología y Fisiología Vegetal, La Laguna, Spain 

Evolution of the tribe Aeonieae (Crassulaceae; 73 spp. in five genera) is a prominent example of an adaptive island radiation in 
the Macaronesian floristic region with a high degree of morphological, ecological and physiological diversity. Many species in 
this tribe seem to be capable to assimilate carbon over-night by means of Crassulacean Acid Metabolism (CAM), a complex 
photosynthetic pathway and water-saving 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 carbon 
isotopes in the organic matter of the plants as 1ɻ3C value. This is a rather inaccurate assessment of CAM, as depending on the 
environmental demands 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 traces in the 1ɻ3C value. 

We present the results of an ongoing climate 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 
1ɻ3C value of leaves we also quantified their nocturnal accumulation of titratable acids to get a complete picture of the long- 

and short-term response of leaves to a changing environment. Furthermore, we complemented these CAM physiological 
measurements by inferring leaf drying curves for each studied 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 (non-epiphytic) CAM plants, much less in Crassulaceae, 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 exert 
CAM and that CAM plasticity has facilitated the colonization of 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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Evolution of CAM photosynthesis in Monanthes (Crassulaceae) 
N. D. Bobon1, A. Bañares Baudet2, T. F. E. Messerschmid1, G. Kadereit1 
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The world is warming. Climatic zones are shifting. Glaciers are melting. Sea level is rising. These are not hypothetical events from 
a science-fiction movie; these changes and others are taking place and 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 the 
genus Monanthes, a member of the rapidly radiated Macaronesian clade of the Crassulaceae. CAM photosynthesis is seen as 
evolutionary adaption that permits plants to occupy and survive in arid habitats and water-deprived biotopes (Bräutigam et al., 
2017). Monanthes is widespread on the Canary Islands, which have been identified as "natural laboratories" and are optimal for 
the study of evolutionary processes. First, the already existing molecular phylogeny should be improved with a modified ddRAD 
sequencing approach (Hühn, 2018). However, instead of a resolved tree it revealed an unfinished speciation 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 photosynthesis in Monanthes clearly indicates the ability to perform facultative CAM photosynthesis, 
moreover CAM-idling and CAM-cycling 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 niche of Monanthes are 
semiarid to humid forests (laurel forests), and field observations indicate that the genus is found in rocky, exposed sites, which 
makes performing CAM photosynthesis essential during the hot summer months. 
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Studies on phylogeny, CAM photosynthesis and niche modelling in Aichryson (Crassulaceae) 
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The genus Aichryson (Crassulaceae), distributed on the Canary Islands, Madeira and the Azorean island Santa Maria, comprises 
14 species and is characterized by its predominantly monocarp herbaceous growth (Bañares, 2017). Aichryson is divided into 
two sections; section Aichryson and Macrobia. The relatively young genus is taxonomically difficult, partly due to frequent 
hybridization and ecologically interesting as an inhabitant of the laurel forest. To understand the diversification of Aichryson, we 
generated molecular data using a modified ddRADseq protocol to clarify phylogenetic relationships within Aichryson, 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, 300-600bp long, phylogenetic informative 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. pachycaulon. Moreover, section Aichryson is paraphyletic in respect to section Macrobia. Most species of 
Aichryson occurring 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 section Macrobia that spread to drier islands 
(Fuerteventura and Lanzarote) and represents the only perennial species within the genus. It is possible that section Macrobia 
performs much stronger CAM photosynthesis, indicated by the carbon isotope values, strong acid fluctuations and a stronger 
leaf succulence. The species distribution modelling showed a wide habitat amplitude for Aichryson on the Canary Islands. This 
together with the prevalence of facultative CAM in the genus indicates that CAM is not rapidly lost and kept in plant lineages 
that prefer mesic habitats. This genus is an example for "CAM evolution in action" as one derived, short-lived species distributed 
on Madeira, A. villosum, likely lost CAM and another derived species distributed on the drier islands, A. tortuosum intensified 
CAM. 
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Expression of GDC and SHORT-ROOT in C3, C2 and C4 species of Salsoleae (Chenopodiaceae) ς a study of a 
leaf developmental series and the effect of abiotic stress on young plants 

K. Bissinger1, D. T. Tefarikis 1, G. Kadereit1 
1Johannes-Gutenberg Universität Mainz, Institut für Molekulare Physiologie, Mainz, Germany 

Salsoleae is well suited for studying the evolution of C4 photosynthesis (PS) because the tribe includes C3, C4 and C3-C4 
intermediate species. Salsola divaricata Moq. represents an anatomically and functionally intermediate stage between C3 and C4 
PS. PS of S. divaricata is described as C2 because it shows a C3 type 1ɻ3C value, but the selective localization of glycine 
decarboxylase (GDC) in Kranz-like cell (KLC) mitochondria, the distinctly lower CO2 compensation point and the KLC with 
numerous organelles in the centripetal position approach C4 PS (Schüssler et al. 2016). The leaf anatomy of the C3, C2 and C4 
species within Salsoleae is known, but not many details are understood about the differential gene expression of the different 
PS types (Lauterbach et al. 2017; Voznesenskaya et al. 2013; Schüssler et al. 2016).  
This project addresses the expression of GDC (responsible for the release of CO2 in the photorespiratory cycle) and SHORT-ROOT 
(SHR; responsible (among others) for Kranz cell formation) in C3, C2 and C4 Salsoleae. A qPCR approach is used to determine if 
GDC expression is influenced by heat and salt stress in C3, C3-C4 and C4 plants. We investigate whether GDC needs to be 
regulated under abiotic stress to counteract the increased risk of toxic co-products of photorespiration. Furthermore, we use 
qPCR to study the developmental change in expression of GDC and SHR from cotyledons to adult leaves of C3, C3-C4 and C4 
species. The result of the SHR and GDC expression may explain how the establishment of the C2 cycle and the formation of a 
Kranz-like anatomy in S. divaricata and other phenotypic leaf structures in Salsoleae could be induced. 
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1Johannes Gutenberg-Universität Mainz, Institute of Molecular Physiology, Mainz, Germany 

2University of MinnesotaςTwin Cities, Department of Plant and Microbial Biology, St. Paul, MN, United States 

The model of C4 evolution proposes that the complex genetic, biochemical and anatomical changes evolved consecutively from 
an ancestral C3 to the derived C4 photosynthesis via distinct steps of intermediacy (Sage 2004). An alternative hypothesis 
proposes that in some lineages, especially those well known for interspecific hybridisation ς C3-C4 intermediate lineages could 
instead originate from hybridisation between C3 and C4 species (Kadereit et al. 2017). In our study, we investigated whether the 
C3-C4 intermediate Salsola divaricata agg. (Chenopodiaceae) could be of hybrid origin. Using a transcriptome dataset comprising 
C3, C4 and C3-C4 intermediate species of the Salsoleae, we generated 991 gene trees using the pipeline of Yang and Smith (2014). 
Given these gene trees, species trees were estimated and checked for incongruences. We then reconstructed species networks 
using PhyloNet (Than et al. 2008) and SNaQ as implemented in PhyloNetworks (Solís-Lemus et al. 2017) and evaluated the 
occurring reticulate evolutionary relationships. Our results show indeed a reticulation event in the lineage of C3-C4 intermediate 
Salsola divaricata agg. To our knowledge, this is the first phylogenomic evidence that hybridisation between C3 and C4 lineages 
played a role in the evolutionary history of a C3-C4 intermediate lineage. 
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Crassulacean acid metabolism (CAM) and salt tolerance in Mesembryanthemum crystallinum L. 
(Aizoaceae) and its close relatives 
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A plethora of field and laboratory studies have so far not produced consensus on the exact type of CAM in M. crystallinum. 
Adams et al. (1998) deemed CAM a developmentally unavoidable. However, Winter & Holtum (2006) kept plants in C3 mode 
indefinitely during freshwater treatment. One reason for this highly plastic behavior could be M. crystallinum"s halotolerance, 
which is often used 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 (Lüttge 2002). 
All in all, CAM can 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, unpublished d13C values from G. Kadereit). 

To elucidate the properties and evolution of CAM and salt tolerance in Mesembryanthemoideae, we subjected six species grown 
under salt and drought treatments to free acid titrations, isotope analysis, cuticular conductance and qPCR of CAM-PEPC and the 
osmoregulator Imt1. Results are mapped onto the molecular phylogeny by Klak et al. (2007). Since d13C values for many more 
species are available we hope to assess its predictive power when other measurements are inaccessible, e.g. from herbarium 
material. 
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The regulatory variation associated with the CO2 concentrating mechanism in Moricandia 
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The spatial gene expression caused by regulatory variations plays a significant role in the C4 evolution. C3-C4 plants, considered 
as intermediates on the evolutionary trajectory from C3 to C4 photosynthesis, possess an efficient CO2 concentrating 
mechanism caused by confining P-protein of glycine decarboxylase (GLDP) to bundle sheath (BS) cells. The GLDP was absent in 
leaf mesophyll (M) cells of C3-C4 plants, therefore glycine has to be shuttled to BS cells, where the photorespiratory released 
CO2 can be efficiently recaptured by numeric, adjecent mitochondria, resulting in increase of RuBisCO carboxylation rate 
compared with C3 plants. However, much more regulatory mechanisms of metabolic adjustments and anatomical modifications 
regarding this CO2 concentrating mechanism remain unclear. In this study, we investigated the regulatory divergence in mature 
leaves through allele specific expression (ASE) analysis based on RNA-Sequencing (RNA-Seq) of Moricandia arvensis (C3-C4), M. 
moricandioides (C3) and their interspecific hybrids. It was shown that the relative propotion of regulatory effects among hybrids 
was similar, 30% and 7% of SNPs were controlled by cis-only and trans-only variance, respectively. GO terms involved in 
isopentenyl diphosphate biosynthesis, carbohydrate catabolic process, oxidoreduction coenzyme metabolic process, and 
chloroplast relocation were abundant in transcripts with common cis-SNPs. Transcripts with cis-specificity expressed biased 
toward C3-C4 intermediate species. Additionally, meta-analysis based ASE detection indicated that ~34% of transcripts exhibited 
ASE in Moricandia interspecific hybrids. Promoter-GUS assay on candidate genes confirmed the spatial gene expression, which 
might result from regulatory variance in promoter regions. With this approach, we assessed the ASE in Moricandia interspecific 
hybrids to gain more insight into the impact and importance of regulatory variations, participating in early evolutionary steps of 
C4 photosynthesis. 
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Unraveling crassulacean acid metabolism (CAM) induction in the facultative CAM species Talinum 
triangulare ς a transcriptome analysis 

E. Maleckova1, D. Brilhaus1, A. Denton1, A. Weber1 
1Heinrich Heine University, Institute of Plant Biochemistry, Düsseldorf, Germany 

Crassulacean acid metabolism (CAM) has evolved as a water-saving strategy, and its engineering into crops offers an opportunity 
to improve their water use efficiency. However, this requires a comprehensive understanding of the regulation of the CAM 
pathway. In our research, we employ the facultative CAM species Talinum triangulare, in which CAM can be induced by 
exogenous abscisic acid (ABA) in a controlled manner. Analysis of differential gene expression and temporal patterns of 
transcript abundances identified pronounced and rapid changes to the transcriptome in response to ABA treatment and based 
on comparison of transcriptional responses between T. triangulare and the C3 model Arabidopsis, changes specific to the 
facultative CAM species have been identified. 

We propose T. triangulare as 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 sequencing (Iso-Seq) based on long-read sequencing 
technology by Pacific Biosciences was performed. After initial processing of reads, over 126,000 high-quality transcripts were 
obtained. These were further clustered based on sequence similarity to unique gene models, yielding approximately 40,000 
transcripts. This non-redundant transcriptome representation is currently being annotated based on homologies to known 
proteins, searched for potential new proteins as well as long-noncoding RNAs. With a representative and well-annotated 
collection of transcripts of T. triangulare, it will be possible to a) perform targeted functional studies to confirm involvement of 
CAM-specific gene isoforms in this pathway as well as of previously identified "CAM switches" in the induction phase, and b) 
perform comparative studies with other CAM species, such as pineapple or Aloe. 
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"Sticky matter" ς from the mucilaginous cell wall to the seed mucilage envelope 
A. Kreitschitz1,2, A. Kovalev2, S. Gorb2 
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Seed coat of many Angiosperms is composed of specialized epidermal cells i.e. mucilage secreting cells (MSCs). The cell wall of 
MSCs develops during the seed coat differentiation into a thick, dense layer composed of pectins, hemicellulose and cellulose 
(Arsovski et al. 2010, Western 2012, Kreitschitz and Gorb 2017). During hydration this compact mucilaginous cell wall swells 
rapidly and finally surrounds the seed in a form of gelatinous capsule. The mucilaginous cell wall shares some common features 
with typical cell wall but it possesses also some special characters which allow classifying it as modified secondary cell wall. The 
mucilaginous cell wall is particularly rich in pectins which are responsible for its hydrophilic character (Arsovski et al. 2010). 
Hydrated mucilage has a loosely spatial architecture formed by the long (un)branched chains of polysaccharides. They are 
arranged in a characteristic loosely net-like structure which is filled up with water after hydration. The cellulose fibrils are very 
often present in the mucilage envelope. They are attached to the seed surface playing an important role in generation of the 
scaffold for pectins and hemicelluloses. They ensure also the mucilage stability and prevent it against loss from the seed surface 
(Kreitschitz and Gorb 2017). Owing its specific chemical composition and structure mucilage envelope plays an important 
physiological role for the seed especially in dry habitats. Mucilage can absorb and bind rather high amount of water, which can 
be lost from the seed surface over longer period of time (Kreitschitz 2009, Kreitschitz et al. 2015, 2016). Due to this ability the 
mucilage envelope can create proper condition for the diaspore germination. Adhesive and frictional properties, caused by the 
changing amount of water in the mucilage (during drying), enables the seed attachment to the 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 in 
endozoochoric seed dispersal and should make easier the passage through the digestive system of vertebrates (Kreitschitz et al. 
2015, 2016).  
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Analysis of the interaction between ribosomes and the signal recognition particle in chloroplasts 
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3Max Planck Institute of Molecular Plant Physiology, Potsdam-Golm, Germany 

In chloroplasts, only little is known about the mechanism that guides ribosome nascent chains (RNCs) to the thylakoid 
membrane. In bacteria, the signal recognition particle (SRP) contacts the ribosomal protein uL23, which forms a part of the 
internal peptide exit tunnel 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 targeting. To 
get more insight into the role of the ribosome-associated pool of cpSRP54 we characterized the ribosome/cpSRP54 binding 
interface. We identified a direct contact between cpSRP54 and the ribosomal protein uL4. Although uL4 contributes to the 
formation of the internal exit tunnel, it is not 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 ribosome 
targeting. 

 
PςOς003 

Comparison of electron and fluorescence microscopy techniques with regard to the analysis of thylakoid 
architecture in Synechocystis sp. PCC 6803 

M. Ostermeier1, M. Bramkamp1, A. Klingl1, J. Nickelsen1 
1LMU München, Biologie I, Planegg-Martinsried, Germany 

Introduction: Thylakoids are specialised organell-like structures in cyanobacteria and chloroplasts where chlorophyll 
accumulates and photosynthesis takes place. In Synechocystis sp. PCC 6803 they are set in several layers at the edge of the cell 
and shaped towards convergence zones close to the plasma membrane where the assembly of photosystem II takes place. To 
highlight this, a special marker called CurT was used. CurT is a homolog of the CURVATURE THYLAKOID1 protein family found in 
Arabidopsis thaliana [1]. In Synechocystis sp. PCC 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 to 
figure out similarities and differences in the architecture of thylakoids.  

Materials & methods: All work was done on Synechocystis sp. PCC 6803. Preparation of the cells for electron microscopy like 
high pressure freezing and immunogold labeling and fluorescence microscopy like immunofluorescence labeling was performed 
as described priviously [2,4]. 

Results: Specific changes in thylakoid architecture could be observed in the wild type in comparison to a CurT knockout mutant. 
With electron microscopy it was possible to see the bilayer of the thylakoids in detail. Furthermore phycobilisomes, which act as 
antenna complexes in cyanobacteria, and the amount of single thylakoid layers as well as their specific position could be 
observed. Fluorescence microscopy on the other hand benefits from the autofluorescence of chlorophyll to observe single cells 
in vivo. Beside of a life-death-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 proteins of interest could be analysed. 

Conclusion: With the current studies, we can draw a more detailed image of the thylakoid architecture in Synechocystis sp. PCC 
6803. Furthermore we can conclude that converging zones are helpful but not essential for growth and even thylakoids in the 
middle of the cell contain photosystem II and chlorophyll. 

References 
[1] Armbruster U. et al. (2013) Plant Cell, Vol. 25: 2661ς2678.  
[2] Dahl R. and Staehelin L. A. (1989) JOURNAL OF ELECTRON MICROSCOPY TECHNIQUE 13:165-174.  
[3] Heinz S. et al. (2016b) The Plant Cell, Vol. 28: 2238ς2260.  
[4] Rast A. et al. (2016) Frontiers in Plant Science, Vol. 7, Article 605. 
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Working day and night ς plastid casein kinase 2 catalyses phosphorylation of target proteins with diverse 
functions in light and dark-adapted plastids 

A. Rödiger1, J. Galonska2, E. Bergner2, S. Baginsky1 
1Ruhr-Universität Bochum, Biochemie der Pflanzen, Bochum, Germany 

2Martin-Luther-Universität Halle-Wittenberg, Halle/Saale, Germany 

Casein kinase 2 is a ubiquitous protein kinase that has puzzled researchers for several decades because of its pleiotropic activity. 
Here we set out to identify the in vivo targets of plastid casein kinase 2 (pCK2) in Arabidopsis thaliana. Survey phosphoproteome 
analyses were combined with targeted analyses with wildtype and pck2 knockdown mutants to identify potential pCK2 targets 
by their decreased phosphorylation state in the mutant. To validate potential substrates, we complemented the pck2 
knockdown line with TAP-tagged pCK2 and found it to restore growth parameters as well as many ςbut not all- of the putative 
pCK2-dependent phosphorylation events. We further performed a targeted analysis at the end-of-night to increase the 
specificity of target protein identification. This analysis confirmed light-independent phosphorylation of some pCK2 target 
proteins. Based on the aforementioned data, we define a set of in vivo pCK2-targets that span different chloroplast functions 
such as metabolism, transcription, translation and photosynthesis. 

 
PςOς005 

The Toc159 interaction network reveals Grp23 as a new component of the 1 MDa-TIC complex 
B. Agne1, N. Keilert2, D. Köhler2, P. Schäfer2, S. Helm2, F. Kessler3, S. Baginsky1 

1Ruhr Universität Bochum, Fakultät für Biologie und Biotechnologie, Bochum, Germany 
2MLU Halle-Wittenberg, Institut für Biochemie und Biotechnologie, Halle, Germany 

3University of Neuchatel, Plant Physiology, Neuchatel, Switzerland 

The protein import machinery is essential for chloroplast biogenesis, but knowledge on its exact functioning and the subunits 
involved in protein translocation is incomplete. Using TAP-tagged Toc159, we reproducibly identified a translocase interaction 
network that comprises in addition to known TOC members, the 1-MDa TIC complex, six FtsH/FtsHi proteases, Tic110, the KOC1 
kinase and several other proteins, some of which with unknown function. The analysis of sub-complexes constituting the Toc159 
interaction network in wildtype and a mutant defective in the 1-MDa TIC complex (tic56-3) 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 glycine-
rich protein of 23 kDa (Grp23) that co-migrates with the 1-MDa complex and is co-regulated with its subunits in tic56-3. Grp23 
abundance is significantly decreased in tic20-I mutant plants and the protein is completely absent from 
tic56-1 and spectinomycin-treated wildtype plants lacking Tic214, suggesting a mutual dependency between its accumulation 
and intactness of the 1-MDa complex. Likewise, grp23-I mutants expressing reduced levels of Grp23 are pale-green and 
accumulate significantly decreased amounts of Tic20-I. Similar to tic56-3 plastids, the in vitro protein import capacity of grp23-I 
mutants is not affected by the mutation. Our results identify Grp23 as an additional component of the 1-MDa TIC complex that is 
required for complex stability and assembly while it serves complex-mediated functions other than protein import. 
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Dual Targeting in Chlamydomonas reinhardtii and the role of bioenergetic membranes 
S. Stockhorst1, S. G. Garg1, S. Gould1 

1Heinrich-Heine-University, Düsseldorf, Germany 

Plastids and mitochondria depend on the import of proteins from the cytosol. The average charge of their N-terminal targeting 
sequences (NTS) plays a crucial role in targeting, especially since a positive charge interacts with the electrochemical gradient 
(deltaPSI) at the inner mitochondrial 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 aerobic conditions, 
they show a dual targeted behavior 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. Preliminary 
findings indicate that proteins associated to the anaerobic metabolism such as pyruvate:formate lyase (PFL) are affected by 
physiological retargeting and that also the substitution of N-terminal serine residues with arginine is sufficient for the re-
localization from plastid to mitochondrion in the alga. 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 that (dual-)targeting in C. 
reinhardtii is to a degree controlled by the extant of deltaPSI across the inner mitochondrial membrane and that PFL localization 
changes through changes in physiology and not the targeting information. 

 
PςOς007 

Exploring the symbiotic interface of amoebal host and its nascent photosynthetic organelle in the 
amoeba Paulinella chromatophora  

L. Oberleitner1, E. Nowack1 
1Heinrich-Heine-University, Düsseldorf, Institute for Microbiology, Düsseldorf, Germany 

The photosynthetic organelles of the amoeba P. chromatophora, termed chromatophores, evolved independently from and 
more recently than plastids in plants and algae1. This 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 presumably 
control essential metabolic fluxes between the compartments. Genomic/proteomic data suggest im-/export of various amino 
acids into/from the chromatophore and photosynthesates have to be exported2. But chromatophore-encoded transport systems 
are very rare. Therefore it was suggested, that host-encoded 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 transport 
processes across the CrEMs the chromatophore membrane proteome was screened for the presence of host-encoded 
transporters by mass spectrometry and specific antibodies were generated to facilitate localization studies on a host-encoded 
predicted CrEM transporter candidate. The results suggest that host-encoded 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 putatively RNA-binding 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, trans-splicing and translation regulation of specific mRNA species3. A similar function in enabling the host cell to 
control organellar gene expression can be assumed for P. chromatophora. 
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[3] Hammani, K. et al. Biochimie 100, 141-150 (2014). 
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cpRNPs regulate global chloroplast RNA processing ς towards a better understanding of their role in cold 
acclimation 

B. Lenzen1, M. K. Lehniger1, S. Gathmann1, J. Legen1, C. Schmitz-Linneweber1 
1Humboldt University of Berlin, Molecular Genetics, Berlin, Germany 

Chloroplast gene expression depends on hundreds of nuclear-encoded DNA- and RNA-binding proteins, with post-transcriptional 
processing being the dominant regulatory layer. Most of the hitherto analyzed RNA-binding proteins are highly specific and bind 
only one or few RNA targets. These are unlikely global post-transcriptional regulators of gene expression. We previously 
identified the genome-wide RNA targets of a 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 of 
those bound RNAs. Since cpRNPs are most closely related to nuclear and not cyanobacterial RNA-binding proteins, we 
hypothesized that they evolved in eukaryotes to manipulate large sets of chloroplast RNAs in response to changing 
environmental conditions. 

In order to get mechanistic insight on how cpRNPs regulate RNA processing to account for changing environmental conditions, in 
particular cold acclimation, we now started to address two challenging questions. First, does binding of cpRNPs to their targets 
change quantitatively? Therefore, we established an optimized RIP-Seq protocol, which allows us to compare bound RNA pools 
of a protein quantitatively and genome-wide between different temperatures. Second, does binding of cpRNPs change 
qualitatively or are different sites on the same transcript bound? Therefore, we complemented our newly established in vivo 
approach with high-throughput in vitro binding experiments and started to develop a CLIP-Seq approach for chloroplast 
proteins. By combining the data from those experiments with new additional confocal microscopy data and genome-wide 
mutant analysis, we paved a new way for understanding how cpRNPs regulate chloroplast RNA processing in response to cold 
acclimation. 
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Targeted delivery of FGF21 to the liver by tobacco seeds 
H. W. Hou1, J. Huckauf1, E. Mohr2, M. Bruch2, M. Ost3, S. Klaus3, G. Püschel4, H. Nausch1 

1University of Rostock, Chair for Agrobiotechnology, Rostock, Germany 
2University of Rostock, Chair for Animal Health and Welfare, Rostock, Germany 

3German Institute of Human Nutrition, Department 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 (FGF21) as 
demonstrated in clinical trials. However, in these experiments, in which FGF21 was systemically applied, had the circulating 
FGF21 also adverse effects on non-target organs, e.g. impacted the bone formation in humans. 

Nutrients that are taken up in the intestine 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 the liver. This can be 
achieved by the expression of FGF21 in oil-rich edible seeds, which are directly eaten by the patients. Oil-rich seeds provide an in 
planta bioencapsulation. The oil in the seeds protects FGF21 from degradation in the stomach, but releases the protein when 
the oil is decomposed in the intestine. Among oil-rich 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 transcytosis from the 
intestine to the portal vein. Though, Tf also prolongs the serum half-life 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. FGF21 that is 
not taken up by the liver, is rapidly degraded, because of its short half-life. 

Since stable transformation is a time-consuming process, we first produce the FGF21-Tf via transient expression in N. 
benthamiana to test the strategy. Purified fusion protein will be added to powdered tobacco seeds and applied in an in vitro 
digestion system of gastrointestinal tract to test the stability and release in the gut. In the Ussing chamber, the transcytosis 
through living intestines from slaughtered animal will be investigated. Later, stable transformed FGF21-Tf containing tobacco 
seeds will be used in feeding studies with mice. 
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Genetic diversity and relationship assessment among worldwide Vicia faba L. genotypes using ISSR 
markers 

A. Qahtan1 
1King Saud University, Botany and Microbiology Department, Riyadh, Saudi Arabia 

The success of the breeding programs depends on the extent of genetic variability. Inter-simple sequence repeats (ISSR) have 
been widely utilized in the investigations including the characterization of many plant species genetically. The aim of this 
research was to examine both the genetic diversity and relationships of 92 faba bean (Vicia faba L.) genotypes from different 
geographical areas using ISSR markers. Eleven ISSR primers generated a total of 189 repeatable amplified bands, of which 109 
were polymorphic. Gene diversity and polymorphism information content (PIC) values varied between 0.0742ς0.2065 and 
0.089ς0.715, with averages of 0.1438 and 0.3484, respectively. The faba bean accessions were differentiated into four major 
clusters, prevalently based on geographical origin through UPGMA clustering analysis. These outcomes were additionally 
supported by principal component analysis (PCA), deriving four major groupings which were separated based on pedigree and 
origin relationships. Analysis of Molecular Variance (AMOVA) showed high variation and differentiation among nations from 
different continents. ISSR markers are considered as a very important tools for genetic diversity evaluation at the molecular 
level. The discrimination power of ISSR markers obtained in this study suggests that they could be used to distinguish the faba 
bean genotypes with high efŬciency and precision as well as encourage targeted crossing strategies. 

 
PςPς002 

Genome-wide (GWAS) and guided association study to analyze the genetic variation of Ascochyta blight 
resistance in German winter types of Vicia faba L. 

A. Dhungana1 
1University, Plant breeding, Goettingen, Germany 

According to FAOSTAT (2018), faba beans, also called broad beans, are the fourth most widely grown cool-season legume after 
pea, chickpea, and lentil. It is seen as the alternate crop for soybean in the future. However, Different disease control method 
such as crop rotation, clean seed, and chemical methods have been tested but none of them match genetic resistance which has 
been found most effective of all. Ascochyta blight (Fungal disease) causes severe yield and quality losses to faba beans during 
favorable environmental conditions. Hence the major objective of our research is to analyze genetic resistance in 224 lines of 
German faba bean and find a marker-trait association for effective marker-assisted selection against ascochyta blight. 

Therefore, for this purpose, detailed 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 replications of the Lattice method of 
experimental design. Traits involved for phenotyping are Number of lesion per leaflet (LNL) and size of Lesions per leaflet (LSL). 
Furthermore, Phenotypic analyses such as Heritability, Correlation, and ANOVA were performed using the software PLABSTAT  
for all 224 lines. Similarly, for GWAS, we used only 188 inbred lines (markers availability) and 2057 markers such as Amplified 
Fragment Length Polymorphism (AFLP) and Single-Nucleotide Polymorphism (SNPs). Some of the SNPs markers are not random 
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 marker-trait 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 was 
observed within 224 lines of German faba bean plants. On Association analyses, GWAS detected that one SNP marker was 
significantly associated with LNL and one AFLP marker was significantly associated with LSL. GWAS also found that the high 
number of lines have resistance associated allele for trait LNL but few lines have resistance associated allele for LSL. The 
chromosome number of both the markers 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 precisely- a step to purpose candidate gene for 
the future.  
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A toolbox for the quantification of rare deoxynucleotide species 
H. Straube1, C. P. Witte 1, M. Herde1 

1Institute of Plant Nutrition, Department of Molecular Nutrition and Biochemistry of Plants, Hannover, Germany 

Deoxynucleotides, 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 nucleotides and 
their correct relative 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) nucleotides. These 
aberrant nucleotides cause 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 nucleotides 
before they are incorporated. The aim 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 plant cell, as well 
as their even less abundant aberrant counterparts, posing a significant analytical challenge. Here we present an analytical 
toolbox which will employ state-of-the-art mass spectrometry coupled with sample preparation techniques such as solid phase 
extraction (SPE) to achieve the goal of detecting nucleotides with utmost sensitivity. 

In a first step we evaluated different methods for quenching of the plant sample without affecting the stability of nucleotides. 
We observed significant matrix effects (ion suppression) and therefore developed a SPE method for the concentration of 
nucleotides and the removal of undesired (interfering) metabolites. Furthermore the polarity of nucleotides hinders retention in 
a classic reverse-phase liquid chromatography (LC) system, therefore we evaluated HILIC and hypercarb 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 aberrant nucleotides 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 DNA of Arabidopsis thaliana. 

This analytical toolbox paves the ground for the detection of canonical and aberrant polar metabolites and allows us to 
molecularly phenotype loss-of-function mutants involved in the removal of non-canonical nucleotides. 
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The alga that never read the literature ς fastest growing desiccation and photodamage tolerant alga 
isolated from desert crust 

H. Treves1, O. Murik2, H. Raanan3, I. Kedem2, A. Kaplan2 
1Max-Planck Institute for Molecular Plant Physiology, Metabolic Networks, Potsdam, Germany 

2Hebrew University of Jerusalem, Jerusalem, Germany 
3Rutgers University, New Jersey, United States 

With the premise that unique capabilities can be found in microorganisms facing extremely harsh conditions, we focused our 
efforts on desert biological sand crusts (BSC), one of the harshest environments to support life. Recently, we have isolated a 
small green alga (named Chlorella ohadii), which does not conform to some of the basic fundamentals in microbial ecology and 
photosynthesis. 
The unparalleled performance of Chlorella ohadii (Treves et 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 exhibits 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 (1.3*109 cells/mL). Growth of batch cultures 
under continuous high light (3000 µmol photons m-2 s-1) combined with metabolome analyses revealed a highly coordinated 
metabolic switch, supporting growth to higher densities than those achieved if abolished, and regulated by specific signaling 
molecules of the Polyamines group (Treves et al., 2017). RNA-Seq revealed regulation of genes networks under changing light 
and trophic regimes, and provided novel insights on the mechanism underlying its exceptional photodamage resistance.  
Unlike other photosynthetic organisms, C. ohadii productivity is unaffected by irradiances twice full sun light; Rather than 
succumbing to photodamage C. ohadii undergoes major structural and compositional changes emphasizing the unique PSII 
functioning as well as highly efficient reductant metabolic utilization downstream of the photosynthetic reaction centers. C. 
ohadii may be used to clarify the processes that rate-limit growth and productivity of photosynthetic organisms. Based on these 
remarkable capabilities we were able to explore several novel and uncharacterized aspects of algal growth under extremely high 
illumination and temperature, and desiccation, which were so far too damaging for current model organisms. 

References 
[1] Treves et al., 2016 New phytologist  
[2] Treves et al., 2017 Current Biology 
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Interaction of elevated atmospheric CO2 concentrations and nitrogen supply with respect to N uptake 
and distribution in field-grown wheat plants. 

C. Zörb1, M. Dier1, R. Manderscheid2 
1University of Hohenheim, Institute of Crop Science, Quality of Plant Products, Stuttgart, Germany 

2Thünen Institute of Biodiversity, Braunschweig, Germany 

Interactions between elevated CO2 concentrations and nitrogen (N) supply with regard to the uptake and distribution of N in 
wheat plants was investigated. In a free air carbon enrichment (FACE) experiment the effects of increased CO2 concentrations on 
N remobilization, post-anthetic N uptake, grain protein concentration and composition and inhibition of nitrate assimilation 
were analyzed. Effects on water consumption and light usage were also analysed under field conditions. Experimental setup was 
a random block design in northern Germany with four plot replicates.  
Results indicate that the N remobilization and post-anthetic N uptake was not reduced by elevated CO2 concentrations. 
Nevertheless, it was not possible to avoid a reduction in the grain protein content even under adapted N fertilization. Elevated 
CO2 concentration increased photosynthesis and led to a slightly increased thousand kernel weight, but essentially the yield 
effects were explained by the grain number per m2. Unexpectedly, elevated CO2 concentration led to an increase in nitrate 
reductase activity, water use efficiency and light use efficiency (Dier et al., 2018). The relationships between crude grain protein 
content and baking volume were not affected by the CO2 concentration. In contrast to other work, the baking quality under 
elevated CO2 did not deteriorate despite the decrease in grain N concentration. Proteomic analyses indicate that the grain 
protein composition (gliadins, glutenins, albumins/globulins) changed under elevated CO2 which might improve baking results. 

References 
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Effects of temperature treatments on cytosine-methylation profiles of diploid and tetraploid plants of 
Ranunculus kuepferi (Ranunculaceae) 

E. Syngelaki1, C. C. F. Schinkel1, S. Klatt2, E. Hörandl1 
1Georg-August-Universität Göttingen , Department of Systematics, Biodiversity and Evolution (with Herbarium), Göttingen, 

Germany 
2Georg-August-Universität Goettingen, Section Safety and Environmental Protection, Göttingen, Germany 

The exposure to abiotic environmental stress could trigger epigenetic variation, which may have effects on phenotypic plasticity 
and ,eventually, on adaptive traits. Polyploidy seems to have many effects on epigenetic profiles as well. Ranunculus kuepferi is 
an alpine, perennial species that occurs in diploid and tetraploid populations and can have a sexual or an apomictic mode of 
reproduction. Hence, 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 for 
two consecutive flowering periods and shifted from one chamber to the other after the first flowering period. Subsequently, 
methylation sensitive-AFLP markers (MS-AFLPS or MSAPs) were applied, to screen the profiles of individuals and track down 
possible alterations induced by 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 years. 
Patterns of methylation suggested that 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 conditions for 
both years of treatment and the 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 accordance with the 
hypothesis that suggests a temperature-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, as well as the possible functional significance of these correlations. 
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Wounding triggers wax and triacylglycerol biosynthesis in Arabidopsis leaves 
I. Feussner1, M. Lewandowska1, K. Zienkiewicz1, A. Zienkiewicz1, K. Feussner1, L. Kunst2 

1University 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 wax 
and triacylglycerol (TAG) accumulation are regulated in Arabidopsis after mechanical wounding and if they contribute to stress 
adaptation. The expression of genes involved in wax and TAG biosynthesis was analyzed in jasmonoyl-isoleucine (JA-Ile)-
deficient (dde2-2), abscisic acid (ABA)-reduced (aao3-4), and myb96-1 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. After wounding, 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 dependent on JA-Ile, ABA, and MYB96. 
Plant growth and wounding under high humidity conditions abolish increased abscisic acid accumulation and the upregulation of 
wax biosynthesis. ABA and JA-Ile are involved in regulating wound-induced wax biosynthesis, and MYB96 is a key regulator of 
this process; however, they are not involved in wound-induced TAG accumulation in Arabidopsis. We provide a comprehensive 
model of ABA and JA-Ile-mediated wax accumulation. 
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Winter stress in evergreen angiosperms probed by chlorophyll ς a fluorescence method 
T. Swoczyna1, P. Latocha1 
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Protection, Warszawa, Poland 

Winter frost and chilling are serious stressors for leaves in evergreen angiosperms because of sparse water availability due to 
frozen soil, poor activity of enzymes in cool temperatures, injuries of cell membranes etc. Previous research showed that 
freezing or chilling may also affect primary photochemical reactions of photosystem II (PSII) and PSI in chloroplasts. 

In our research we have used JIP-test in order to investigate which processes of light energy trapping and transferring in three 
evergreen angiosperms are influenced by winter frost. Hedera helix, Berberis julianae, and Pyracantha coccinea growing as a 
climber and as hedgerows, respectively, in an urban housing estate within the same area of 40 m2 were examined. Ten healthy 
leaves from 3 specimens were collected at 9 a.m. 6 times since November 21, 2017, till May 14, 2018, including 3 dates following 
mild (-8°C, -8°C) and severe frost (-14°C). The leaves were immediately transported to a laboratory and light-excluding clips were 
attached to them. After 30 minutes the chlorophyll-a fluorescence was measured using Handy-PEA fluorimeter. 

The results showed that several JIP-test parameters were affected by mild frost. Severe frost caused serious decrease in 
maximum quantum efficiency of PSII (Fv/Fm), efficiency of total electron transport beyond plastoquinone QA ( E̞o), PSII active 
reaction centres per antenna chlorophyll (RC/ABS), Performance Index on absorption basis (PIABS), and Performance Index for 
energy conservation from photons absorbed by PSII to the reduction of PSI end electron acceptors (PItotal). In some cases a full 
recovery appeared only in May as some ground frosts down-regulated the recovery in April. Most reactions to winter stress 
were similar in three species but in particular processes some species-specific 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 mid-spring. 

 
PςQς007 

Do older year rings in beech conduct flow, provide water storage capacity, or both? A study employing 
mobile and high field Magnetic Resonance Imaging (MRI) 

C. Windt1, M. Meixner1,2 
1Forschungszentrum Jülich, IBG-2: Plant Sciences, Jülich, Germany 

2Technical University Muenchen, Chair of process systems engineering, Freising, Germany 

The sapwood 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 efficiently 
connected to new leaves, more susceptible to cavitation, and potentially partially cavitated. We hypothesize that older year 
rings thus will contain more dead-end conduits, conduct less flow and is likely to cavitate before the current year xylem does, 
releasing stored xylem water. 

To test this hypothesis we used MRI relaxometry and flowmetry, utilizing both a traditional high field imager and a small scale, 
mobile imager that was built in-house. MRI cannot always resolve singular xylem conduits, especially if a mobile low-field imager 
is used. We here propose and demonstrate MRI methods to nonetheless detect and visualize the presence of water filled 
conduits and to quantify the loss of conductivity. 

Six to twelve year old potted beech trees, with a height of three to four meters, were imaged during progressive drought. 
Initially, all xylem regions that contained water filled vessels also exhibited flow. Stagnant water in old or current year rings 
could not be detected. Cavitation did however start in the oldest year rings first, supporting 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 not 
appear to slow the spread of cavitation. 
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Effect of constitutive miR319 expression in Amaranthus cruentus 
M. A. Herrera Lopez1, M. Ruíz Rivas1, M. Martinez Núñez1, P. F. Vera Hernández1, S. Luna Suarez1, R. J. 

Delgado Macuil1, F. D. F. Rosas Cárdenas1 
1national polytechnic institute, applied Biotechnology, Tepetitla, Mexico 

MicroRNAS (miRNAs) are RNA molecules that regulate the gene expression at post-transcriptional level. In plants, the miR319 
expression is regulated for environmental stimuli, suggesting an important role in different stress response. In Arabidopsis 
thaliana has been suggested that miR319 is involved in morphological changes, in Oriza sativa the overexpression of miR319 
resulted in plants tolerant to cold stress. In the genus Amaranthus functional and molecular studies of miR319 has not been 
realized. In this work, we generate the overexpression of miR319 in Amaranthus cruentus. The molecular evaluation of reporter 
genes such as GFP and BAR in the transgenic lines has been realized. Duo to miR319 is regulated for environmental stimuli, heat 
stress experiments were started. For heat treatment, plants were submitted to 70°C for 3 h. Amaranth plants overexpressed 
showed a greater resistance to heat, 16% of plants survive. Furthermore, has started the metabolism secondary analysis and 
phenotypic evaluation for to observe possible changes in the morphology and metabolism associated to this miRNA in Amaranth 
plants. 

 
PςQς009 

The influence of drought stress on indolic glucosinolate contents and the connection to auxin synthesis 
J. Hornbacher1, J. Papenbrock1, I. Horst-Nießen1 

1Leibniz Universität Hannover, Institute of Botany, Hannover, Germany 

Glucosinolates were studied intensively together with the enzyme myrosinase analyzing the repellent characteristics of their 
products to biotic stressors. However, glucosinolates are also degraded in intact tissue and their breakdown products are used 
to synthesize other metabolites, e.g. the auxin indole-3-acetic acid. The glucosinolate myrosinase system experienced a revival 
after observations that 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 farmers 
longing for more resilient varieties that can withstand harsh conditions. Since plants belonging to the Brassicaceae are important 
crop plants grown worldwide for nutritional and technical purposes, the first step is to analyze the model plant Arabidopsis 
thaliana to understand basic principles underlying the glucosinolate auxin connection and to elucidate their role in drought-
stressed plants. 

Four-week-old A. thaliana plants 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 size of 
plants, as well as water and anthocyanin contents were analyzed. 

Drought-stressed plants were smaller in size and water contents as well as total 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 auxin indole-3-acetic 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, since 
glucosinolates could be broken down rapidly when the 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. Higher auxin levels 
were previously proven to be beneficial to drought-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 auxin synthesis 
could finally explain the higher contents of indolic glucosinolates in drought-stressed plants. 
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Investigation of physiological mechanisms in drought tolerant Digitaria exilis L. (fonio) 
D. Oyinade A.1,2, O. Oluwole2, O. Olusola Jacob2 

1Federal University Oye-Ekiti, Department of Plant Science and Biotechnology, Federal University Oye-Ekiti, Oye-Ekiti, Nigeria 
2University of Ibadan, Botany Department, Ibadan, Nigeria 

This study therefore investigated the mechanisms adopted by D. exilis to survive drought 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 from 
recognized research institute. Murashige and Skoog medium of about 1.2 litres was supplemented with poly-ethylene glycol 
6000 to create osmotic conditions of -9.29 MPa, -13.93 MPa, -20.13 MPa -26.32 MPa, -32.51 MPa and 0 MPa. After four weeks, 
plant growth parameters such as number of germinated seeds, leaves, tillers, leaf length, root and shoot weights were 
determined. Two kilograms of sterilized top soil was filled into polythene pots and thereafter, six landraces were planted. Plants 
were subjected to 0, 4, 8 and 12 days drought stress. 

Significant higher number of leaves, tillers, 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 µg/ml), proline (0.052 mg/ml), APX (0.016 
mmol/ml/min), SOD (1.659 units/mg protein), 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 (1114.65µg/ml). Drought-stressed DID had 
higher dry weight (5.73 g) and DNA quantity (96 mg/µl) and lower lipid peroxidation (61%) than control plants. Landrace JAK had 
33% drought tolerant ability than other landraces. Drought-stressed JAK scavenged 13% OH- and 77% DPPH radicals than their 
controls. Leaf anatomical examination in landraces JAK and DID revealed the presence of turgid bulliform cells, intercellular 
spaces that ranged from 113µm -175 µm with compacted mesophyll cells while landrace NG/11/JD/062 had wider vessel (84.45 
µm). Therefore, landrace JAK is highly drought tolerant and landraces 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 words: Growth Parameters, free radicals, DNA, antioxidant enzymes, leaf anatomy 
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Nickel sulfate in soil affects production of flavonoids and phenols in garlic (Allium sativum L.) altering its 
allelopathic potential 

M. Niarami1,2 
1TMU, Biologie, Laatzen, Germany 

2Tarbiat Modares University, biology, Tehran, Iran 

Heavy metals affect production of secondary metabolites and allelochemicals in plants. This article reports on the effects of 
Nickel Sulfate (NiSO4.6 H2O) stress on production of flavonoids and phenols and allelopathic potential of garlic (Allium sativum 
L.) on weeds (Amaranthusretroflexus and Echinoclooa crus-gali). 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, leaves and bulbs 
dried at 50 °C and ground into powder in 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 seeds of E.crus-gali and 25 seeds of A.retroflexus were placed 
on filter paper in each Petri dish and incubated for one week (in ambient light, 25±2ºC). Germination percentage and seedling 
growth (root and shoot length) of E. crus-galiand A. retroflexus were determined. Result showed significant increase in total 
flavonoids and phenols content in garlic 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 Words: Allelopathic potential, Flavonoid, phenol, Allium sativum 
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Nitrate-dependent gating of grasses and other monocot SLAC1-type anion channels evolved from a 
TMD3 tandem motif after the split between monocots and dicots 

N. Schäfer1, T. Maierhofer1, J. Herrmann1, M. Egevang Jørgensen2, P. Ache1, D. Geiger1, R. Hedrich1 
1Julius-von-Sachs Institut für Biowissenschaften, Botany I, Würzburg, Germany 

2Carlsberg Research Laboratory, Valby, Denmark 

The latest major group of plants to evolve were the grasses. Global climate 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 sustain agricultural 
productivity in the future. During evolution, leaf CO2 uptake and transpirational water loss were optimized by the acquisition of 
grass-specific stomatal complexes. In contrast to the kidney-shaped guard cells (GCs) typical of the dicots such as Arabidopsis, in 
the grasses and other important cereals, the GCs are dumbbell-shaped 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 sap of an intact 
barley leaf, stomata closed in a nitrate-dependent manner. This process was initiated by the activation of GC SLAC-type anion 
channel currents. A remarkable difference between Arabidopsis SLAC1 and its counterpart from H. vulgare is substantiated by 
the nitrate-dependent opening of the barley anion channel, whereas AtSLAC1 opens without the need for extracellular nitrate. 
HvSLAC1 expressed in Xenopus oocytes gave rise to S-type anion currents that increased several-fold upon stimulation with >3 
mM nitrate. We identified a tandem polymorphic site that within the SLAC1 channels differs fundamentally between monocots 
and dicots. When the motif of nitrate-insensitive dicot Arabidopsis SLAC1 was replaced by the monocot signature, AtSLAC1 
converted into a grass-type-like nitrate-sensitive channel. Based on our findings, one may ask questions about the evolutionary 
trigger causing changes in SLAC1 function associated with the split into a nitrate-gated valve in monocots and chloride-gate in 
dicots. 

 
PςQς013 

Responses of wheat growth and leaf chemistry to different drought regimes 
C. Müller1, J. Stallmann1, C. Pons1, R. Schweiger1 

1Bielefeld University, Chemical Ecology, Bielefeld, Germany 

Both intensities and frequencies of drought events are predicted to change over the coming decades. For several areas, longer 
periods lacking rainfall are expected. We investigated the responses of wheat (Triticum aestivum) with regard to growth and leaf 
chemistry to different drought regimes, i.e. irrigation frequencies, twice during development. Drought-stressed plants received 
40% of the water 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 drought-stressed compared to control 
plants, especially in pd 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 of 
pd plants, two benzoxazinoid glucosides were enhanced in concentration at the first time point. In summary, this study provides 
detailed insights in treatment-specific plant responses to different drought regimes. 
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24-h cold priming differentially affects the cold response and high light response of Arabidopsis thaliana 
A. Bittner1, J. van Buer1, M. Baier1 

1Freie Universität Berlin, Institute for Biology, Plant Physiology Group, Berlin, Germany 

Environmental conditions, such as light 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 for re-occurring stresses, a process that is defined as priming. We 
investigated the impact of a single 24-h long cold stress (cold priming) on a subsequent stress after 5 day of recovery in 
Arabidopsis thaliana. Cold priming can be memorized for 5 ς 7 days in rosette leaves of Arabidopsis and diminish activation of 
ZAT10 expression. Reporter gene analysis and transient gene overexpression and silencing demonstrated that the priming 
memory depends on post-cold transcriptional activation of thylakoid bound ascorbate peroxidase (tAPX) (van Buer et al., 2016 
and 2019). In a series of gene expression studies, we compared the impact of cold priming on transcript abundance regulation 
upon a 5 days later applied second cold stimulus with cold priming-dependent regulation upon a (heat-filtered) high light stress. 
We show that cold priming alters only a small number of genes in the same way during cold stress and high light stress. About 
half of these co-regulated genes are long-term responses to priming and already differentially expressed in primed and naïve 
plants prior to application of the stress stimulus. Transcriptome regulation demonstrated that cold priming interconnects into 
stress signaling that is activated by the triggering stimulus. Cold priming for example affects expression of genes, which are 
involved protection against biotic stress by activation after cold 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 by Thomas 
Griebel). 

References 
[1] van Buer J. , Cvetkovic J and Baier M. (2016), Cold regulation of plastid ascorbate peroxidases serves as a priming hub 
controlling ROS signaling in Arabidopsis thaliana. BMC Plant Biology 16:163  
[2] van Buer, Prescher A. and Baier M.(2019) Cold-priming of chloroplast ROS signalling is developmentally regulated and is 
locally controlled at the thylakoid membrane. Scientific Reports 9: 3022 
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Salinity induced ionic stress in guard cells of Vicia faba L. 
B. L. Franzisky1, C. M. Geilfus2, C. Zörb1 

1University of Hohenheim, Quality of 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 ion 
accumulation. With continuing exposition to salinity (NaCl), excess salt ions accumulate within plant tissues resulting in ionic 
stress. The highly specialized guard cells mediate the opening and closing of the stomatal pore via swelling or shrinking, i.e. via 
osmotic adjustment. For this, Cl- and K+ are required as osmotically active compounds. However, during stomatal opening in 
Vicia faba, K+ can be substituted by other cations such as Na+ (Willmer and Mansfield, 1969), although high cytosolic 
concentrations of Na+ are toxic. Hence, V. faba guard cells cannot entirely discriminate between K+ and Na+ and might be 
affected by accumulation of excess Na+ and Cl- ions in leaves under saline conditions. We investigated whether salt ions 
accumulate within guard cells and whether this affects guard cell functioning. Ion patterns of leaves, apoplastic washing fluid 
and guard cell rich fractions were examined after 20 d salt treatment, being correlated to stomatal aperture.  
Throughout the various plant fractions, increased Na+ and Cl- concentrations were found together with depletion of K+, also in 
guard cells. Nevertheless, salt treated plants were able to reduce leaf transpiration at day and close the stomatal pores at night 
as the control plants did. Hence, we suggest that control over stomatal aperture was still intact in planta. The in vitro 
experiments, however, using detached epidermal peels showed that guard cells from salt treated plants had a suppressed 
response to opening stimuli. Consequently, stomatal pores remained closed, indicating that guard cell opening might be 
hampered due to excess Na+ and Cl- ions.  
By now, such a dysfunctionality had been only observed as suppressed closing capability of stomata that had been opened in the 
presence of Na+ (Jarvis and Mansfield, 1980). To this knowledge we contribute with our findings on impaired guard cell opening 
during conditions of ionic stress. 

References 
[1] Jarvis RG, Mansfield TA. 1980. Reduced stomatal responses to light, carbon dioxide and abscisic acid in the presence of 
sodium ions. Plant, Cell and Environment, 3: 279-283.  
[2] Willmer CM, Mansfield TA. 1969. A Critical Examination of the Use of Detached Epidermis in Studies of Stomatal Physiology. 
New Phytologist, 68: 363-375. 
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Which environmental factors determine accumulation of hydroxycinnamic acids in Helianthus annuus? 
J. Stelzner1, H. Greßmann1, L. Zink1, W. Bilger1 

1Botanical Institute, Department of Ecophysiology of Plants, Kiel, Germany 

 UV protection in plants is mainly provided by the large groups of flavonoids and hydroxycinnamic acids (HCAs). The induction of 
flavonoids by environmental factors has been extensively studied in the past decades in various plant species. Abiotic factors 
such as white light, 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. In 
sunflower (Helianthus annuus), UV screening is provided mainly by HCAs while only trace amounts of flavonoids are detectable. 
Since in H. annuus flavonoids are misiing it is questionable how this species adjusts UV screening to the environment. We used 
epidermal UV-A screening by determining chlorophyll fluorescence as an indirect measure of HCA content in sunflower leaves 
during the exposure to sunlight, white light, UV-A radiation and nitrogen deficiency. Our results show that these abiotic factors 
induce the accumulation of HCAs. 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 flavonoids 
remains unresolved so far and will be focus of future studies. 

 
PςQς017 

Investigation of downstream components of the DOG1-AHG1 module using phosphoproteomics 
T. Krüger1, M. Gasper1, F. Ahloumessou1,2, W. Soppe3, I. Finkemeier1, G. Née1 

1Institute of Plant Biology and Biotechnology, University of Münster, Department of Biology, Münster, Germany 
2West Africa Centre for Crop Improvement, Department of Crop Science, Legon, Ghana 

3Rijk Zwaan Breeding B.V., Fijnaart, Netherlands 

In vascular plants, the seed habit is regarded as the most successful strategy of propagation. Seeds are a robust dispersal unit 
that ensure plant survival during adverse seasons. An intrinsic mechanism called seed dormancy controls the timing of 
germination. Dormancy is of major importance for the plant's survival by ensuring seedling establishment during the growing 
season. At the molecular level, the phytohormone abscisic acid (ABA) and the protein DELAY OF GERMINATION 1 (DOG1) are the 
two major components for the induction and maintenance of seed dormancy. The presence of both molecules is absolutely 
required since the absence of one or the other factor leads to totally non-dormant seeds. Hence, ABA and DOG1 are believed to 
operate mainly as independent but parallel pathways although these pathways must cross talk and ultimately converge at 
downstream components to harmoniously shape seed dormancy. We recently demonstrated that DOG1 requires ABA 
HYPERSENSITIVE GERMINATION1 (AHG1) and 3 (AHG3) phosphatases of the ABA signalling pathway to control seed dormancy. 
Thereby, our work unravelled the first molecular connection between DOG1 and ABA. In seeds, DOG1 acts as a negative 
regulator of AHG1 activity providing an inhibitory mechanism for this ABA-immune and seed-abundant PP2C. Molecular targets 
of the canonical ABA pathway are largely described but unique downstream components of the DOG1-AHG1 module are still to 
be discovered. We addressed this question by mapping the seed phosphoproteome of dog1 mutants in comparison to WT 
seeds. From our phosphoproteomic data, we could identify interesting putative candidates whose phosphorylation states are 
under the control of the DOG1-AHG1 module. Further interaction studies based on immunoprecipitation and mass spectrometry 
analysis indicated that they interact physically with AHG1 in seeds. In addition, physiological experiments using mutant alleles of 
our candidate genes revealed their importance for dormancy stricto sensu. 
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A metabolic and proteomic time series during progressive drought stress in Arabidopsis thaliana 
B. Heinemann1, H. P. Braun1, T. Hildebrandt1 

1Institute of Plant genetics, Leibniz University Hannover, Plant Proteomics, Hannover, Germany 

Water insufficiency already is one of the biggest problems in agriculture and its impact 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 have developed 
diverse strategies to avoid drought stress for a distinct time. However, even 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 investigate the metabolic changes during progressive 
water deficit in Arabidopsis thaliana, we established a stress treatment workflow leading to reproducible and physiological 
drought conditions of increasing intensity until recovery of the plants is no longer possible. We present 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 pools. Taken together with protein 
degradation rates during stress and protein abundance profiles the dynamic changes in individual amino acid concentrations can 
be interpreted within the physiological context. In addition, we investigate amino acid metabolism during the recovery phase. 
The overall results deliver fundamental insights into plant metabolism under physiological drought stress and can be used as a 
resource dataset for other researchers. 

 
PςQς019 

Cold priming affects the chloroplast-associated proteins in Arabidopsis thaliana 
V. Seiml-Buchinger1, A. Bittner1, M. Baier1 

1Freie Universität Berlin, Institut für Biologie, Berlin, Germany 

The chloroplast NAD(P)H dehydrogenase (NDH) complex is embedded into the thylakoid membrane close to photosystem I and 
mediates one of the two main cyclic electron flow pathways of photosynthesis (Ishikawa et al., 2008). RNA-Seq analysis 
demonstrated that the transcript levels for NDH subunits are significantly decreased 5 days after cold-priming of 4 week old 
Arabidopsis for 24 h at 4 °C, which leads to post-cold induction of tAPX expression (van Buer et al., 2016) and can be mimicked 
by transient over-expression of tAPX in absence of cold (van Buer et al., 2019). In this study, we analysed post-priming regulation 
of the transcript abundances for chloroplasts NDH subunits by qRT-PCR and recorded the NDH activity in vivo based on dark 
relaxation of chlorophyll-a fluorescence after illumination. We showed that immediately after cold treatment, the transcript 
levels of NDH subunits were 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 within the next 5 days. The transcript levels of NDH subunits decreased in parallel. Results 
demonstrated that in cold-primed plants the cyclic electron transport capacity driven by the NDH complex is lost in parallel to 
tAPX accumulation and suggests that cyclic 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 compare the effect of 
cold priming on gene expression regulation in response 5 day later applied cold- or high-light stress. 
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ROS signaling in Arabidopsis thaliana. Bmc Plant Biology 16, 163.  
[3] van Buer J., Prescher A., Baier M. 2019. Cold-priming of chloroplast ROS signalling is developmentally regulated and is locally 
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Characterization of cytosolic histone deacetylases of Arabidopsis thaliana 
P. Tilak1, G. Née1, I. Finkemeier1 

1University of Münster, Institut für Biologie und Biotechnologie der Pflanzen - IBBP, Münster, Germany 

Plants can quickly adapt their metabolism and their development upon external natural stimulation by using post-translational 
modifications (PTMs). PTMs on proteins are a convenient and fast way by which the chromatin form an open or closed 
conformation and as a result, plants adapt their cellular metabolism. Studying post-translational modification in plants can be 
challenging, particularly when the proteins of interest are low abundant, such as in the case of histone deacetylases (HDACs). 
HDACs act on acetylated lysine residues at the N-terminus of the core histones to carry out the removal of the acetyl group. In 
Arabidopsis thaliana there are about 18 HDAC identified and due to their action on histone and other proteins, they are involved 
in plant development and in responses to abiotic 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. 

 
PςQς021 

Cold stress responses in young sugar beet plants  
A. L. Gippert1, H. P. Mock1 

1Leibniz-Institut für Pflanzengenetik und Kulturpflanzenforschung, Gatersleben, Applied Biochemistry, Gatersleben, Germany 

Plants are exposed to various biotic and abiotic stresses 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. They 
are able to prepare their metabolism to a freezing scenario within a 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 physiological, metabolic 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 this 
purpose, young sugar beets were chosen 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 behavior. 
Within this, 19 genotypes derived from the Gaterslebener 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 temperatures 
and their respective resistance is characterized by 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 genotype 
selection will be analyzed in more detail by observing carbohydrate and amino acid metabolism, as well as antioxidant 
protectors and secondary metabolites, including betaines, phenylpropanoids and anthocyanins (Arens et al., 2014). Therefore, 
our main tool for analysis is ultra performance liquid chromatography coupled to mass spectrometry (UPLC-MS). 
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Sugar transport in Pinus sylvestris under drought stress 
L. Czempik1, G. Lohaus1 

1Bergische Universität 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 (sink) through the 
phloem. The allocation of 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 active 
loading process involving sucrose transporter (SUT), whereas for trees passive loading is suggested. However, it has been shown 
that the transcriptome of various woody angiosperm species include SUT sequences, contradicting the prior assumption of 
passive loading. Besides phloem loading, there is hardly any information on the regulation of SUT available. This raises the 
question which role the SUT play in the phloem loading and if abiotic stress factors contribute to their regulation. Recently, we 
found the first SUT sequences in Picea abies and Pinus sylvestris, two 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 cluster 
inside the different types compared to the angiosperm SUT. Furthermore, the expression of the SUTs as well as the sugar and 
starch content were observed in needles, bark and wood of P. sylvestris during a period of severe drought stress. The 
experiment showed that the expression of both SUTs measured with qPCR was increased under water deficiency. Furthermore, 
the sugar content of needles, bark and wood was increasing with advancing aridity. These results indicate that the upregulation 
of SUTs and the higher sugar content might be necessary to maintain phloem transport when the availability of water is 
restricted. 
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Living on wood ς ecophysiological and ultrastructural characterization of the terrestrial green microalga 
Diplopsphaera (Trebouxiophyceae) isolated from a tree bark in Innsbruck (Austria) 

C. Medwed1, A. Holzinger2, S. Obwegeser2, K. Glaser1, U. Karsten1 
1Universität Rostock, Rostock, Germany 

2university, Innsbruck, Germany 

Unicellular green algae like Diplospaera chodatii (Chlorophyta, Trebouxiophyceae) are typical components of terrestrial habitats. 
This alga was isolated from bark of Chamaeyparis lawsoniana (Cupressaceae) of the Botanical Garden in Innsbruck (614 m a.s.l. 
Austria). The samples were molecular-taxonomically characterized. Ecophysiological traits were investigated and environmental 
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, each 
filled with desiccants reaching defined relative humidity (RH 10%, 34%, 40%), while the effective quantum yield was measured 
from the outside. All samples were completely dehydrated after different periods of time and recovered to approximately 80% 
of maximum effective quantum yield after rehydration, even after a humidity of 10%. Relative electron transport rates (rETR) 
curves were determined at increasing photon fluence rates (up to 979 µmol photons m-2s-1), and the initial light saturation point 
(Ik) value was at 158 µmol photons m-2s-1. No photoinhibition was detected, which indicates acclimation mechanisms of the 
photosynthesis apparatus under enhanced irradiation. This confirms in situ radiation measurements, where an average photon 
fluence rate of 450 µmol photons m-2s-1 is typically recorded on the bark, but also higher values up to 800 µmol photons m-2s-1 
can be temporarily recorded. Photosynthetic oxygen production and respiratory oxygen consumption was measured along a 
temperature gradient (5°C-40°C). Maximum oxygen production was found at 20°C. On a sunny, cloudy summer day, an average 
temperature of 27°C is reached in Innsbruck, with a humidity of 40%. Thus, Diplosphaera can thrive at higher than optimal 
temperature conditions, indicating its ecophysiological plasticity. Samples were also characterized by high pressure freeze 
fixation/freeze substitution transmission electron microscopy. A particular bi-layered cell wall with a smooth inner layer and a 
fuzzy outer layer was detected. The presented data provide an explanation for the occurrence of Diplosphaera on tree bark in 
terrestrial habitats where environmental factors can be particularly harsh. 
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Downregulation of N-terminal initiator methionine imprinting by NatB impacts growth and the response 
to osmotic stress in Arabidopsis 

L. Armbruster1, M. Huber1, W. Bienvenut2, E. Linster1, I. Stephan1, C. Sticht3, T. Meinnel2, C. Giglione2, R. 
Hell1, M. Wirtz1 

1COS Heidelberg, AG Molekulare Biologie der Pflanzen, Heidelberg, Germany 
2Institute for Integrative Biology of the Cell, Gif-sur-Yvette, Germany 

3Center for Medical Research, Mannheim, Germany 

Introduction: N-terminal acetylation (NTA) is one of the most abundant protein modifications in higher eukaryotes. In 
Arabidopsis thaliana NTA affects up to 90 % of soluble proteins and is catalyzed by N-hacetyltransferases (NATs). The major NAT 
complexes NatA and NatB together acetylate about 70 % of all plant NAT substrates. Recently, NatA was shown to control 
responses to abiotic and biotic stress in Arabidopsis. Although NTA has gained recognition as key regulator of protein fate in 
animals and fungi, the plant NAT machinery and its biological significance remain largely uncharacterized. 

Results: Here we show that downregulation of NatB to 30 % of wild-type level caused substantial growth retardation in NatB-
loss-of-function mutants. Complementation of these mutants with human and plant NatB catalytic subunits revealed 
evolutionary conservation of NatB in multicellular eukaryotes. We identified more than 30 bona fide substrates of the plant NatB 
by quantitative global N-acetylome profiling of NatB-depleted plants. NatB preferentially acetylated N-termini starting with the 
initiator methionine followed by an acidic amino acid. This subset of proteins constitute 20 % of the leaf proteome, which 
explains the significant increase of proteins with free N-termini found in NatB-depleted mutants. The global transcriptome 
analysis of NatB-depleted mutants suggested a function of NatB in multiple stress responses. Indeed, the NatB-loss-of-function 
mutants displayed an increased tolerance to osmotic and high-salt stress. In contrast, depletion of NatA did not affect these 
resistances. 

Conclusions: Our findings expand the 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 NAT complexes 
in plant stress responses. 

 
PςQς025 

Molecular genetic research on the desiccation tolerant Malagasy Poaceae Styppeiochloa hitchcockii 
J. Kirchgesser1, J. Rexroth1, P. Nowak1, D. Bartels2, S. Porembski1 

1Institute 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 global share of 70 % 
of all grown crops and 40 % of calories consumed 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 tolerance. It is defined 
as the ability to dehydrate to an equilibrium with dry air (up to 95 %) and resume normal metabolic functions after rehydration. 
Processes of desiccation/rehydration include several strategies such as leaf folding or the mobilisation of specialized proteins, 
especially LEA (late embryogenesis abundant) proteins. 

Styppeiochloa hitchcockii is a desiccation tolerant Poaceae originating from the Malagasy Central Highlands, where it occurs as 
the dominant mat former on inselbergs. To understand the molecular mechanism of the desiccation process in S. hitchcockii, the 
present study will focus on genes already known for playing a role in desiccation tolerance resp. drought resistance. Since LEA 
proteins are the most prominent response associated with the acquisition of desiccation tolerance, and proteins linked to the 
leaf folding process are quite important as well, corresponding primers (originating from Hordeum vulgare resp. 
Craterostigma plantagineum) are currently being tested to analyse gene expression profiles. Our preliminary results, using CLO4 
primers initially designed for Oropetium thomaeum, show the existence of a gene encoding for a non-seed caleosin-like protein 
(CLO). Gene expression analysis gives some hints to a significant increase of CLO4 transcripts during desiccation, which may 
suggest its importance during dehydrated stages. CLO proteins are known for playing a negative-regulatory role in ABA signaling. 
However, future research is required to validate our findings and determinate the specific function of CLO4 in S. hitchcockii. 
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Functional characterization of the stress associated zinc-finger protein 12 (SAP12) for its role in abiotic 
stress response  

L. Vogelsang1, S. Schmidtpott1, V. Kumar1, I. Finkemeier2, M. Persicke3, C. De La Torre4, T. Seidel1, K. J. 
Dietz1 

1Universität Bielefeld, Plant Biochemistry and Physiology, Bielefeld, Germany 
2Universität, Plant Physiology, Münster, Germany 

3Universität, Technology Platform Genomics, Bielefeld, Germany 
4Universität, Center of Medical Research, Mannheim, Germany 

Abiotic stress response involves zinc finger proteins such as the family of STRESS ASSOCIATED PROTEINS (SAPs), which bear AN1 
and/or A20 zinc finger domains. Proteins with AN1 and A20 zinc finger domain are differentially expressed under various abiotic 
stresses like cold, drought, salinity, or heavy metal exposure. Among the 14 members of SAPs in Arabidopsis, at least SAP12, 
which possesses three cysteines between its two AN1 domains, was reported to be redox regulated with a midpoint potential of 
-320 mV. However, redox titration revealed conformational shifts only at strongly oxidizing conditions. Neither hydrogen 
peroxide nor tert-butylhydroperoxide resulted in shifts of mPEG-mal-labelled SAP12 at physiological concentrations below 100 
µM. This might point to a redox-mechanism that involves additional proteins in vivo to establish the redox state of SAP12. 
A. thaliana ό/ƻƭπлΤ ²¢ύ ŀƴŘ ¢-DNA insertion lines were grown either hydroponically or on soil for around five weeks and 
subjected to different stresses. A major set (10%) of constitutively deregulated transcripts in sap12 mutants belonged to the 
gene ontology group "cold or osmotic stress response" (like DTX50, ZAT12 or MYB15). Compared to WT, soil-grown sap12 
showed slightly better performance upon sequential freezing (-2, -4 and -6°C) and subsequent recovery. In addition, roots of 
cold treated hydroponically grown sap12 mutants showed less ion leakage upon cold treatment. However, transcript amounts of 
typical ABA markers (e.g., ERD10, COR47) were induced strongly up to 50-fold on ABA treatment in both WT and mutants, 
demonstrating the activation of ABA-responsive pathways, while up- or down-regulation of DTX50, ZAT12 and MYB15 were 
maximal 2-fold. This might suggest presence of a SAP12-regulated specific signalling pathway, which does not perturb the 
general ABA response. Furthermore, proteomic analysis revealed differences in the proteome of WT and transgenic lines even 
under control conditions, while metabolic analysis for primary metabolism showed no significant difference between WT and 
sap12. Interestingly, based on in vitro and in vivo data, SAP12 interacts with CALMODULIN LIKE PROTEIN 49, suggesting a role of 
SAP12 in linking redox- and calcium-dependent signalling pathways. 

 
PςQς027 

Can we predict plant frost hardiness using chlorophyll a fluorescence? 
T. Swoczyna1, J. Mojski2, H. M. Kalaji3 
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3{ȊƪƻƱŀ DƱƽǿƴŀ DƻǎǇƻŘŀǊǎǘǿŀ ²ƛŜƧǎƪƛŜƎƻ ǿ ²ŀǊǎȊŀǿƛŜκ²ŀǊǎŀǿ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ife Sciences, Department of Plant Physiology, 

Warszawa, Poland 

JIP-test is a tool based on chlorophyll fluorescence measurements, widely applied to examine the photosynthesis process and 
study changes of structures and performance of photosynthetic apparatus of plants under various environmental stressors. The 
main objectives of our work were to evaluate the usefulness of several woody and non-woody perennial species to be used in 
out-door vertical gardens and to check if chlorophyll fluorescence measurements can allow to predict plant frost hardiness. 
Plants were cultivated in vertically arranged pockets made of polyester felt. The experiment was established in June 2015 on a 
south-oriented wall. After the winter 2015/2016, only 16 species and cultivars from 23 initially planted taxa substantiated 
successful survival. During 2016, between July and November, measurements were done with intervals of ca. 30 days on the 
leaves of the survived taxa. Survival capacity of examined species and cultivars did not show any significant correlation with 
performance indices of photosystem II (PIABSand PItotal) and parameters related to quantum yields of photochemistry. On the 
contrary, some particular parameters linked to the specific energy fluxes per active reaction centres (RC), i.e. ET0/RC and RE0/RC, 
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 during July-October time 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 indicator of winter hardiness, 
higher ET0/RC and RE0/RC seem to indicate higher capability of plants to overpass unfavourable environmental conditions. 
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Adaptation of the green seaweed Ulva (Chlorophyta) and its microbiome to cold temperature in 
Antarctica 

T. Wichard1, M. Kwantes1, S. Fenizia1,2, O. H. Brinkhaus1, L. Langhans1 
1Friedrich-Schiller-Universität Jena, Institut für Anorganische und Analytische Chemie, Jena, Germany 

2Max-Planck-Institut für Chemische Ökologie, Jena, Germany 

Our project investigates the cold adaptation of the green macroalga Ulva (Chlorophyta), also known as sea lettuce, which occurs 
worldwide in coastal areas. Ulva is characterized by excellent adaptability to changes in its environment. It is therefore often 
found in waters heavily polluted by humans, but also under extreme natural conditions such as in Antarctica. However, Ulvá s 
growth and morphogenesis depend on the associated bacteria releasing growth promoting compounds (morphogens). Under 
bacteria-free conditions, Ulva develops into a callus of non-differentiated cells. 

The project aims to identify stress-regulated genes and metabolites that are stimulated during the short-term cold response and 
acclimation under specific consideration of Ulvá s microbiome. Interestingly, cold-adapted (i.e., the Antarctic/cold temperate) 
Ulva species also grow at a higher temperature. However, the warm temperate U. mutabilis does not grow at low temperature. 
These observations pave the way to decipher the cold-responsive genes and metabolites in Ulva from the perspective of both 
intrinsic (algal metabolism) and extrinsic (microbiome) factors. Using a metabolomics approach, we have compared the warm 
temperate model system Ulva mutabilis with the Antarctic/cold temperate Ulva strains, U. compressa, and U. bulbosa, which 
were previously collected on King Georg Island (Potter Cove, Antarctica). Overall, the insights which we gain on the ecology and 
physiology of macroalgae will shed light on how polar symbiotic 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 Arctic Ice Areas" 
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Unravelling the functional evolution of the FtsH protease complex in algae 
M. Handrich1, J. Fürst-Jansen1, M. Jarquín-Cordero2, J. Nickelsen2, S. Gould1 

1Heinrich-Heine-University, Düsseldorf, Germany 
2Ludwig-Maximilians-University, Munich, Germany 

Plants exposed to excess light energy produce reactive oxygen species (ROS) due to an oversaturation of the photosynthetic 
apparatus. In particular the PSII reaction centre protein D1 gets damaged under high light conditions and has to be replaced to 
maintain photosynthetic activity. Degradation of photodamaged D1 therefore is an essential process in photoprotection which is 
carried out by the action of the FtsH protease. In Chlamydomonas reinhardtii, 6 genes are known to encode FtsH, two of which ς 
namely FtsH1 and 2 ς form the functional active heterooligomer known to play a major role in PSII repair. With 12 identified 
genes, the model plant Arabidopsis thaliana possesses twice as many FtsH proteins. At least one A- and one B-type is required 
for forming a functional FtsH protease complex. In contrast, only one gene encoding FtsH was identified in the xanthophyte 
Vaucheria litorea to date. At the same time, the gene remains plastid-encoded in V. litorea while in C. reinhardtii and A. 
thaliana it is nuclear encoded due to endosymbiotic gene transfer. To investigate the functional evolution of this protease we re-
introduced ftsH into the plastid genome of C. reinhardtii and generated mutant lines overexpressing an otherwise nuclear 
encoded ftsH2 of C. reinhardtii and a plastid encoded ftsH of V. litorea. Using these overexpression lines, we analyzed (i) 
pigment compositions (ii) thylakoid structures and (iii) NPQ performances under light stress conditions. The latter hints at a 
photosynthesis performance-associated phenotype for clones transfected with ftsH of 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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Hints to new functions of metabolic enzymes in translational regulation in high light exposed Arabidopsis 
thaliana plants  

M. Wegener1, C. Wesemann1, M. Moore1,2, F. Butter3, K. J. Dietz1 
1Bielefeld University, Biochemistry and Physiology of Plants, Bielefeld, Germany 

2Australian National University, Canberra, Australia 
3Institute for Molecular Biology, Mainz, Germany 

Photosynthetic organisms have to cope with fast and enormous changes in light quantities and qualities in the natural 
environment. Efficient acclimation 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. In this context, 
regulation of translation is a 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 activity under 
stress, it was shown that several stress-related transcripts are preferentially loaded with polysomes upon high light-treatment of 
plants. This mechanism of selective translation ensures a fast and energy-saving adaption to the changed light intensity. As the 
preferentially associated transcripts carry conserved sequence motives within their untranslated regions we hypothesize that 
the loading on polysomes is mediated by RNA-binding proteins that show conditional affinities for their target sequence. Affinity 
pull-downs where motive-carrying RNA segments from several polysome-associated transcripts were incubated with leaf 
extracts from low light- or high light-treated plants revealed a high number of metabolic enzymes that bind to the RNA segments 
showing an enrichment under low light conditions. First EMSA-results with selected enymes confirm the binding to the motive-
carrying RNA-probes in vitro. Based on these observations and other findings in the literature we postulate a model of 
translational regulation by repression through metabolic enzymes 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. 
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Aerophytic conjugating green algae (Conjugatophyceae, Streptophyta) with a novel extracellular 
sunscreen pigment 
A. Busch1, S. Hess1 

1Universität zu Köln, Köln, Germany 

Terrestrial algae face several stressors including periodic drought and high solar radiation, both of which can be harmful to living 
cells. Some of these algae synthesise and accumulate light-absorbing 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 pigments in the extracellular matrix are - until 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 the 
polyphyletic genus Mesotaenium (Conjugatophyceae). These algae formed extensive black crusts covering moss, tree bark and 
bare soil, and exhibited pigments in their extracellular mucilage. Mesotaenium species with a pigmented mucilage were only 
rarely documented in the past, lack 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), established 
several axenic cultures, studied the cell 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.g. cell 
shape, plastid morphology), but varied in size and on the genetic level. Due to distinct morphological and genetic differences to 
the type species of the genus Mesotaenium (M. endlicherianum), we plan to introduce a new genus for the studied strains. To 
test whether extracellular pigmentation can be induced under light stress, algal cells were exposed to fluorescent tube lamps 
emitting photosynthetically active radiation (PAR) and ultraviolet radiation (UV). Cells treated with UV-B secreted blue mucilage 
and established pigmented capsules. As determined by microspectrophotometry, the pigmented mucilage absorbed in the 
entire solar spectrum, with two broad absorption maxima at about 300 nm and 580 nm. Both the UV-induced production and 
the absorption spectrum of pigmented mucilage strongly suggest a sunscreen 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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The Ca2+-sensory proteins AtCML49/ CML50 and Zn-finger proteins AtSAP2/ SAP3 participate in strong 
light acclimation 

S. Schmidtpott1, C. Wesemann1, M. Moore1,2, L. Maaroufi1, M. Wegener1, T. Seidel1, K. J. Dietz1 
1University Bielefeld, Biochemistry and physiology of plants, Bielefeld, Germany 

2University, Biology, Canberra, Australia 

Plants deploy stress-responsive mechanisms to sense and react to environmental stresses like drought, heat, cold and excess 
light. This work explores a new mechanism of possible interference between redox and calcium in high light acclimation. 
Calmodulins (CaMs) and calmodulin-like proteins (CMLs) are major Ca2+-sensory proteins which participate in regulation of plant 
growth and development. Thereby, calcium serves as an intracellular second messenger. The Ca2+-binding to these proteins 
activates an arsenal of down-stream responses including gene expression. AtCML49 was identified as interactor of the stress-
associated proteins (SAPs) which have A20/AN1 zinc finger domains who are components of the cellular response machinery. It 
is proposed that CML49 and its close homologue CML50 together with the redox-regulated SAPs form variable sensory-hubs 
integrating Ca2+- and redox-based signaling during high light stress. This work focuses on AtSAP2 and SAP3 as their respective 
expression increased with, e.g., heat and strong light stress. Upon transfer of low light acclimated plants to 100-fold increased 
high light intensity, SAP2 and SAP3 transcripts revealed increased polysomal association within 10 min. The control group with 
heat-shock proteins showed an increased transcript accumulation but a concomitant increase of the transcript in the polysomal 
fraction was not seen. The ROS/Ca2+ signaling crosstalk between both protein families was explored in the yeast-two-hybrid 
system and by Förster resonance energy transfer (FRET). SAP2 and SAP3 forms homomers and heteromers with other SAPs and 
with CML49 and CML50. This flexibility of complex formation on the one hand and the observation that the transcriptional 
response of high light-exposed shade acclimated Arabidopsis lacking either SAP3 or CML49 is massively altered compared to 
wild type on the other hand supports the hypothesis that SAP2 and SAP3 play a decisive role in the acclimation response to high 
light. This response affects ribosome-association and rapid adjustment of photosynthetically relevant transcripts involved in light 
stress acclimation. 
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Arsenic and hypoxia stress combination: metabolic analyses reveal unique responses in Arabidopsis 
thaliana L. 
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3University of Bonn, INRES-Chemical Signalling, Bonn, Germany 
4University of Bayreuth, Department of Plant Physiology, Bayreuth, Germany 

5Max Plank Institute for Chemical Ecology, Department of Biochemistry, Jena, Germany 
6Sikkim University, Department of Botany, Gangtok, Germany 

In nature, often the change of multiple and not isolated abiotic factors influence plant development. Co-occurring 
environmental factors affect arsenic (As)-toxicity, -tolerance and -accumulation in crop plants as well as in As-
hyperaccumulators. The present study focuses on the naturally occurring combination of As-toxicity and root hypoxia (HpxAs). It 
revealed unique responses of hydroponically grown Arabidopsis plants, which were distinct from individual hypoxia and As-
treatments. The most obvious stress phenotype after 7d of treatment was the severe inhibition of root growth under all stress 
conditions. In fact, root growth ceased in hypoxia and HpxAs-stressed plants. The differential effects of HpxAs on root growth 
became apparent upon reaeration, where plant roots under hypoxia, and combined stress re-ensued growth as O2 became 
available. However, a lag in growth recovery from HpxAs was evident, which could be an indicator of stress memory. The 
presence of As in the HpxAs plants also interfered with the hypoxia response and the recovery of marker transcripts like HB1 or 
PCO1 in roots. Vice versa, low O2 reduced As-accumulation in these plants, although the toxicity increased. Stress effects in 
roots were visible within hours of stress application in form 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 HpxAs treatment. 
In contrast for As-treatment, a readjustment of cytosol redox milieu was detected after 4d. These differences may be 
responsible for reduced meristem activity in HpxAs-stressed plants as well as long distance stress effects. Hypoxia, in general, 
affects nutrient assimilation. In the present setup, especially HpxAs plants showed a pronounced decline in total plant K-
contents likely limiting growth. Further, a significant transcript deregulation of diverse K-transporters and other genes involved 
in K-homeostasis was observed in root transcriptome data. Apparently, plants activated mechanisms to sustain K-functions. A 
possible K-starvation induced change in plant water status was also evident in these plants. The subsequent ABA accumulation 
in leaves under HpxAs might be important in acclimation in these plants. It is concluded that redox disequilibria and disturbed 
potassium homeostasis decisively contribute to the severe phenotype of Arabidopsis exposed to the combination of arsenic 
toxicity and hypoxia. 
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Identification and characterization of new Zn-homeostasis factors in Arabidopsis thaliana 
M. Weber1, N. Nagler1, C. Hofmann1, B. Beyene1, S. Clemens1 

1University of Bayreuth, Plant Physiology, Bayreuth, Germany 

Several metals are essential for plants, but can also be 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 between different 
essential as well as the non-essential metals. 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 understanding of countless processes in plants but can also help develop crop plants 
with higher concentrations of bioavailable Zn in their edible tissues (= biofortification).  Therefore, we screened for mutants with 
compromised growth in the presence of excess Zn2+ in order to identify factors involved in plant Zn biology. We named these 
mutants ozs for "overly zinc sensitive" (Weber et al., 2013). So far we isolated 14 nonallelic mutants. Several causal mutations 
were identified in genes, which are not described in the context 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., Rogowski, M., Geimer, S., Tenhaken, R., and Clemens, S. (2013). A mutation in the 
Arabidopsis thaliana cell wall biosynthesis gene pectin methylesterase 3 as well as its aberrant expression cause hypersensitivity 
specifically to Zn. Plant J. 76: 151ς164. 
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Desiccation tolerant grasses of India ς an unexplored treasure 
M. Datar1 

1Agharkar Research Institute, Biodiversity and Paleobiology, Pune, India 

As water is a crucial component for the survival of life on earth, various plant adaptions revolve around the availability of 
surrounding water resources. Contrary to aquatic plants which tolerate excess of water, desiccation tolerant (DT) plants grow in 
water limited conditions. By definition, desiccation tolerance is the ability to recover from almost complete loss (80-90%) of 
protoplasmic water (Alert et al., 2000). This phenomenon was first discovered in rotifers and found further in cryptogams and 
higher plants (Alert et al., 2000). Globally, 330 species of tracheophytes are found to be DT including seven families of 
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 Poaceae (Porembski & Watve 2005) with a representation of 
nine grass species reported to be DT (Gaff & Bole, 1986) These include Eragrostiella (2 species), Oropetium (2 species) 
and Tripogon (5 species) usually found growing on vertical cliffs. However, following Gaff & Bole (1986), there are no works 
exploring Indian DT grasses. Recent studies have shown that outcrops in Madagascar and Brazil are abundant in DT 
tracheophytes. But the understanding of Indian inselbergs for their DT potential is at its infancy due to anecdotal information on 
their ecology. As per Porembski (2011), the most extensive stand of DT in the world is in the form of Tripogon mats growing on 
the cliffs in Western Ghats of India. Hence it is a long need to study these habitats critically to explore its 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 documented. Species of Tripogon, Oropetium, 
Dichanthium and 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 Ghats form the largest growth sites of DT in 
the world. The potential of these DT species for future use in crop science is very high. 

References 
[1] Alpert (2000). Plant Ecology 151(1) 5-17.   
[2] Gaff & Bole (1986). Oecologia 71(1) 159-160.   
[3] Porembski (2011). Springer Berlin Heidelberg.   
[4] Porembski & Watve (2005). Phytocoenologia 35(2-3) 389-402. 
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Abiotic stress regulation by XERICO E3 ligases 
C. Agius1, C. Schwechheimer1 

1Technical University of Munich, 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 plants to abiotic 
stresses. XERICO being classified as RING (really interesting new gene) zinc-finger protein is involved in abiotic stress regulation 
in Arabidopsis and maize through the abscisic acid (ABA) pathway. Overexpression of XERICO in Arabidopsis incurs 
hypersensitivity to ABA and salt or osmotic stress. Similarly, in maize overexpression of ZmXerico1 and ZmXerico2 shows ABA 
hypersensitivity, improved drought tolerance and, under controlled drought conditions increased yield. Maize ZmXerico1 
functions as an E3 ubiquitin ligase in vitro, and it is proposed that ZmXerico1 regulates the ABA catabolic, endoplasmic 
reticulum-resident ABA 8" -hydroxylases. XERICO is repressed in the Arabidopsis ga1 mutant after GA treatment, and is present 
in multiple GA-regulated gene expression studies. As such XERICO was classified as being a main GA-regulated gene. Little is 
known about XERICO" s function in the model plant tomato (Solanum lycopersicum), which possesses three putative XERICO 
orthologues (SlXER1, SlXER2, SlXER3). Using phenotypical, transcriptome and biochemical analysis, we aim to further unravel the 
role of XERICO in abiotic stress responses. To investigate the conservation of roles amongst different XERICOs in tomato, 
transgenic Arabidopsis thaliana lines overexpressing Arabidopsis XERICO (AtXER) and SlXER1-3 are used along with tomato lines 
cv. M82 overexpressing SlXER3. Also, the generation of tomato loss-of-function mutants of all three SlXERs genes using 
CRISPR/Cas9 will further elucidate the role and function of XERICO. 
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Characterization of native plant growth promoting rhizobacteria and their anti-oomycete potential 
against Phytophthora capsici affecting chilli pepper (Capsicum annum L.) 
S. Hyder1, M. Inam-ul-Haq1, A. Shahzad Gonadal1, R. Ahmed1, N. Fatima2 

1PMAS Arid 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 promotion in various crops. Phytophthora capsici is 
a notorious agent which infects the crops in early and late growth stages. In the present study, two isolates of P. capsici 
(accessions MF322868 and MF322869) were found virulent to locally cultivated chilli pepper causing post emergence damping-
off. To manage the disease biologically, out of 15 isolated chilli rhizobacterial strains, eight were found potential antagonist to P. 
capsici in vitro. Bacteria with strong antifungal potential were subjected to biochemical and molecular analysis. All tested 
isolates were positive for Hydrogen cyanide (HCN) production and catalase test and Indole-3-acetic acid (IAA) production ranged 
(6.10-56.23 µg mL-1) while siderophore production varied between 12.5 to 33.5%. The 16S rRNA-sequence analysis of tested 
rhizobacterial isolates present 98 to 100% identity with Pseudomonas putida, P. libanensis, P. aeruginosa, Bacillus subtilis, B. 
megaterium, and B. cereus sequence database available (https://www.ncbi.nlm.nih.gov/). All sequences of identified 
rhizobacteria were submitted to GeneBank for accessions. Greenhouse studies concluded that all tested bacterial strains 
suppressed the P. capsici infections (52.3-63%) and significantly enhanced the plant growth characters in chilli pepper. Efficacy 
of many of these tested rhizobacteria is first time reported against oomycetes from Pakistan. 
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Phenotypic and molecular screening of Sorghum ς Sorghum bicolor (L) Moench ς culti vars for resistance 
to anthracnose induced by Colletotrichum sublineolum (Ces) Wilson 

O. Hamzat1, O. I. Lawal2, P. A. S. Soremi2, A. R. Popoola3 
1Federal University of Agriculture, Crop Research Programme, Institute of Food Security, Environmental Resources and 

Agricultural Research, Abeokuta, Nigeria 
2Federal University of Agriculture, Department of Plant Physiology and Crop Production, Abeokuta, Nigeria 

3Federal University of Agriculture, Department of Crop Protection, Abeokuta, Nigeria 

Sorghum {Sorghum bicolor (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 of 
Agriculture, Abeokuta and Biosciences Laboratory of the International Institute of Tropical Agriculture, Ibadan, Nigeria to 
identify sorghum cultivar with stable resistance to anthracnose induced by Colletotrichum sublineolum. On the field, twenty four 
(24) sorghum cultivars were laid out in Randomized 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 (SDS) 
protocol, and Polymerase Chain Reaction (PCR) used for the amplification of Cg1 (a gene for resistance to Colletotrichum 
sublineolum) 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 the highest significant (p< 0.05) anthracnose severity of 6.0 while Samsorg 
40 had the least anthracnose severity of 1.6. Samsorg 40 showed significantly (p< 0.05) latest time of first appearance of 
anthracnose symptom at 66 Days After Planting (DAP) while the symptom of anthracnose appeared earliest (p< 0.05) in SRN 39-
2  at 40 DAP. Samsorg 43 had the significantly (p< 0.05) highest grain yield of 2.45 t ha-1 while Samsorg 49 had the lowest grain 
yield of 1.05 t ha-1. Based on the disease reaction class of the hose on 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, cv.Karintama-1, 
cv.SRN 39, CV.Samsorg 14, cv.CSR 01, cv.Samsorg 9, CV.nr 71151 and cv.Samsorg 6 were moderately resistant while other 
cultivars were susceptible to anthracnose. The extracted DNA from the plant samples ranged between 1.8 and 1.92 at A260/230 
absorbance ratio which is secondary measure of nucleic acid purity. However, after optimization, samples did not amplify with 
all optimization procedures. Adjustment of the sample temperature or primer dilution may be necessary in future. 
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High resolution analysis of the temporal and spatial localisation of Candidatus Liberibacter solanacearum 
in infected potato plants 

F. Kalamorz1, S. Addison1, R. Butler1, R. Frampton1 
1The New Zealand Institute for Plant & Food Research, Lincoln, New Zealand 

Question: Candidatus Liberibacter solanacearum (CLso) infects solanaceaous plants and is the causal 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 loss of product 
and management costs. The bacterium is transmitted vertically through seed tubers and horizontally by the tomato potato 
psyllid Bactericera cockerelli. It 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 plant through blockage of the vascular 
tissue. 
The long time between initial infection and visual detection causes a large window of opportunity for the pathogen to be spread. 
Therefore, an optimal sampling strategy that grants the highest probability of detecting the disease in asymptotic plants needs 
to be developed.  
Methods: Potato plants were grown and infected with CLso in a climate-controlled growth room. The spread of the pathogen 
through the host plant was monitored at a high spatial and temporal resolution using molecular detection methods.  
To determine the distribution of CLso in field-grown potato, an extensive field trial was established at one of our experimental 
farms to systematically sample plants known to be infected with CLso over a 6-week period.  
Additionally, infected and non-infected tubers from the field trial were analysed to determine the distribution of CLso within 
them. 
Results: This study determined that leaf material, a popular option for non-destructive sampling, is not a suitable tissue to 
sample for the detection of CLso in infected plants. Instead, stem tissue close to the ground or below ground was the most 
reliable tissue to sample for CLso detection. The detailed sub-sampling 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 suitable sampling 
point for detection of CLso.  
Conclusion: Our findings allow us to develop an optimal sampling strategy that grants the highest probability of detecting the 
disease in asymptotic plants. This calls for the sampling of stem tissue close to the ground or directly below ground. 




