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PROGRAM

9:30 Welcome by Bruno Studer, ETH Zurich, PSC chair

Session 1: Response at genome scale
Chair: Sylvain Bischof

 
9:30 Kirsten Bomblies, ETH Zurich, PSC 
  Temperature and meiosis – climate adaptation and its    
  possible ties to recombination rate variation 

10:00 Anne Roulin, University of Zurich, PSC    
  Transposable element evolution: What can we learn    
  from population genomics? 

10:30 Ben Oyserman, Wageningen University, The Netherlands  
  Linking host genotype and the rhizosphere microbiome

11:00 Break and poster session

Session 2: Response at cellular or plant scale
Chair: Achim Walter

 
11:30 Hendrik Poorter, Jülich Plant Phenotyping Center, Germany  
  Meta-phenomics: Towards a ‘periodic table’ of plant    
  responses to their abiotic environment 

12:00 Nicole van Dam, German Centre Integrative Biodiversity   
  Research (iDiv)        
  Beyond the usual suspects? Ecometabolomics analyses of plant- 
  environment interactions 

12:30 Jaakko Kangasjärvi, University of Helsinki, Finland 
  Plant acclimation and responses to stresses – a cellular    
  perspective

13:00 Lunch and poster session



Session 3: Response at ecosystem scale
Chair: Anna-Liisa Laine

 
15:00 Yvonne Willi, University of Basel, PSC     
  Constraints to climate adaptation 

15:30 Tamir Klein, Weizman Institute of Science, Israel  
  Tree eco-physiology through molecular eyes 

16:00 Francesco Miglietta, Institute of Bioeconomy, Italy 
  Biosphere-atmosphere feedback and implications for the   
  remote sensing of vegetation

Flash talks
Chair: Alexander Damm

16:30 Christopher Kesten, ETH Zurich
  Pathogen-induced pH changes regulate the growth-defense   
  balance in plants

16:40 Lukas Wille, ETH Zurich
 Host genotype x soil interaction in the composition of pathogenic and  
	 beneficial	fungi	of	pea	lines	screened	for	root	rot	resistance

16:50	 Marinela	Dukić,	ETH	Zurich
	 Reverse	ecology	of	meiosis	–	What	can	genes	under	selection	tell	us		
	 about	meiotic	adaptations	in	Arabidopsis arenosa diploids?

17:00 Stefan Milosavljevic, University of Zurich
 ARPEGgIO:	Automated	Reproducible	Polyploid	EpiGenetIc	wOrfklow

17:15 Poster awards and Apéro
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Temperature and meiosis - climate 
adaptation and its possible ties to 
recombination rate variation

Kirsten Bomblies
Department of Biology, ETH Zurich, Switzerland

Meiosis is essential for fertility of sexual eukaryotes and its core structures and progression 
are conserved across kingdoms. Nevertheless, meiotic proteins are often less conserved in 
primary sequence than we might expect, and sometimes show evidence of having experienced 
directional selection. Why? What challenges does meiosis face that might cause it to evolve 
adaptively and how does this alter the system? Evidence from a range of studies shows that 
two important factors can challenge the stability of meiosis and drive evolutionary responses: 
whole genome duplication and environmental factors, especially temperature. Our group 
seeks to understand how meiosis evolves in response to such challenges, that is, what its 
evolutionary plasticity is within the constraints of being an essential and complex structural 
progression. I will discuss our hypotheses about the potential links between temperature 
adaptation and structural components of meiosis. To understand the evolution of meiosis, we 
use Arabidopsis arenosa, which occurs naturally as an autotetraploid and a diploid, and where 
both cytotypes have colonized a range of habitats. In a genome scan for adaptation to a warmer, 
drier lowland habitat in diploid A. arenosa, we found several core meiotic components under 
selection. This is associated with a reduction in crossover number, and a greater tendency for 
distal localization of chiasmata in the warm-adapted population when plants are grown in 
laboratory conditions. These findings raise interesting possibilities about the ties between the 
plasticity of recombination, recombination rate evolution among populations, and the ther-
mostability of the proteins that coordinate meiosis.
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Transposable element evolution: what can 
we learn from population genomics?

Anne Roulin
Department of Plant and Microbial Biology, University of Zurich, Switzerland

Transposable elements (TEs) are mobile DNA sequences which have the capacity to increase 
their copy number and/or to move from one location to another in their host genome. Because 
of their dynamics of transposition, TEs constitute the main component of most Eukaryotic 
genomes and the main cause of genome size increase besides whole genome duplication. With 
the advent of genome sequencing, the last two decades have led to a deeper understanding of 
the functional role of TEs and it is now well established that TEs can also produce diverse 
functional changes, from the disruption of coding sequences to the fine-tuning of gene expres-
sion through epigenetic mutations. They may therefore constitute a driving force of evolution. 
However, little is known about their role as source of genetic variation in natural populations, 
particularly in plants, where research on TEs largely focused on species of agronomical interest. 
Brachypodium distachyon has been developed as a powerful model for research on temperate 
grass species as it is closely related to major crop cereals and to some of the grasses used for 
biofuel production. In addition, this species is broadly distributed around the Mediterranean 
rim, providing access to natural populations from contrasting habitats for which a large col-
lection has been compiled and sequenced. I will discuss how these prime resources can be 
used to investigate the link between demographic history, selection and transposable element 
evolution in a natural plant system. 
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Linking host genotype and the rhizosphere 
microbiome

Ben Oyserman
Wageningen University, The Netherlands 

Microbial interactions with plants contribute both directly and indirectly to host health and 
fitness. Of particular interest are interactions that result in the emergence of beneficial pheno-
types such as disease suppression, improved nutrient acquisition, or drought tolerance. Engi-
neering agricultural systems to exploit these emergent microbiome associated phenotypes 
(MAPs) is expected to transform the agricultural industry and lead to more sustainable food 
production. For example, pesticide use may be reduced by breeding crops that take advantage 
of beneficial biological interactions. To achieve this, numerous bottlenecks must be addressed. 
First, a key challenge will be to develop a quantitative and systematic platform for identifying 
and prioritizing MAPs. Once prioritized, the second challenge is to unravel the molecular 
mechanisms for both host and microbe. Due to the complexity of confounding ecological 
interactions, developing an appropriate model to test the importance or particular interactions 
is essential to develop ecologically robust MAPs. In this presentation, I will first present the 
theoretical framework we have developed to tackle these bottlenecks. Next I will present on 
our work using wild and modern tomato as a model system to link host genotype and the 
rhizosphere microbiome.
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Meta-Phenomics: establishing a ‹periodic 
table› of plant responses to their a-biotic 
environment

Hendrik Poorter
Plant Sciences, Forschungszentrum Jülich, Germany  & Biological Sciences, 
Macquarie University, Sydney, Australia

Plant biologists made a tremendous but non-systematic effort during the past 100 years to 
characterize the response of a wide array of plant species to their environment. They did so 
by quantifying physiological and structural traits from the sub-cellular up to the whole-plant 
level. As a result, a large number of phenotypic data have been published in agronomy, biology, 
ecology and forestry journals. Unfortunately, this valuable information has not been unified 
in a quantitative and structured way which allows for a systematic analysis. My aim is to fill 
this gap by building a large database containing the responses of circa 100 physiological and 
structural traits for a wide range of plant species, and for 12 different environmental factors. 
These data are subsequently used to establish generalized dose-response curves. This approach 
– that I refer to as ‘Meta-Phenomics’ – can be a very valuable tool in teaching, modeling and 
understanding the integrated response of plants to their environment.

Reference dose-response curves can be found at www.metaphenomics.org. 
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Beyond the usual suspects? 
Ecometabolomics analyses of plant-
environment interactions  

Nicole M. van Dam
German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig & 
Friedrich-Schiller-University Jena, Germany

Plants produce a dazzling diversity of chemical compounds, together called the metabolome. 
Many of these compounds serve as cues in the communication between plants and other 
organisms. At the same time, exposure to biotic and abiotic environmental stresses induces 
changes in the plant’s metabolome.  Untargeted metabolomics analyses provide insights into 
the dynamics plants chemical phenotypes, also of non-model species. This may lead to novel 
insights in the chemical communication between plants, insects and rhizosphere microbiota, 
and may reveal novel players in the chemical communication between plants and their envi-
ronment. In this presentation, I intend to highlight two experiments in which we apply metab-
olomics to understand how plants respond to different levels of plant diversity. In the first 
experiment, which is part of the Chinese-German International Training Network TreeDi, we 
analyzed root exudate metabolomes of four sub-tropical tree species planted in plots with 
different levels of tree diversity. Here we found that the level of surrounding tree diversity 
affects the metabolomics profile of the exudate. These data will be linked to rhizosphere 
microbial communities sampled in the same plots. Similar effects of increasing diversity were 
found in a second experiment, in which shoots of herbs were analyzed in plots of the Jena 
Experiment. Using path analyses, we could link differences in metabolomes of plants growing 
in plots with different diversity levels to differences in soil community composition. Together 
our results show that combining metabolomics with ecology, thus applying ecometabolomics, 
can reveal hitherto unseen mediators of plant-environment interactions. 
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Plant acclimation and responses to stresses – 
a cellular perspective

Jaakko Kangasjärvi
Organismal and Evolutionary Biology Research Program, Faculty of Biological 
and Environmental Sciences, University of Helsinki, Finland

Plants must have effective means of defences against invading pathogens and adapting to 
changes in their environment. The main features of such defences involve early recognition 
and perception of the developing stress, and subsequent activation of induced adaptive and 
defensive responses leading to both local and systemic resistance. Reactive oxygen species 
(ROS, such as the superoxide anion formed as a result of electron transfer to molecular oxygen, 
and hydrogen peroxide formed as dismutation of superoxide), formed in plant cells as a 
response to several stresses in several subcellular compartments, may be one of the factors 
that contribute to, and regulate plant stress sensitivity/tolerance and adaptation and acclima-
tion to it through the regulation of nuclear gene expression. Strong evidence has accumulated 
that ROS play an important role and have specificity for both the species of reactive oxygen 
and the subcellular localization of the production. The recognition of a stress is followed by 
involvement of a number of signal transduction pathways. They also seem to control and 
potentiate each other’s activities, indicating that cross talk between these pathways may be 
very common in gene regulation for acclimation and defence. Furthermore, interaction between 
different subcellular compartments, e.g., apoplast (cell wall outside the plasma membrane) 
and chloroplasts in ROS-dependent regulation of gene expression is evident; therefore, it seems 
obvious that combinations of signal molecules and interaction of ROS signaling between 
different subcellular compartments might direct the specificity in activation of nuclear genes 
involved in acclimation and defence responses. I will discuss the role of ROS in intra and 
intercellular signaling involving apoplast-to-organelles-to-nucleus signals and especially the 
role of the nuclear RCD1 protein on these processes and in nucleus-organellar interactions and 
communication.
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Constraints to climate adaptation 

Yvonne Willi
Department of Environmental Sciences, University of Basel, Switzerland

Organisms typically have restricted distributions in space and time. The ecological explana-
tion for this is that distributions are determined – if not by dispersal limitation – by the ecolog-
ical niche. Therefore, for ecologists, the main challenge for understanding distribution limits 
is to estimate the parameter space that defines the niche. But for evolutionary ecologists the 
problem demands an explanation of why niche evolution is constrained. So far, there is no 
general answer to this question, making it one of the major gaps of knowledge in evolutionary 
ecology. The issue of niche limits is especially pertinent in the face of ongoing climate change. 
For many species, there is overwhelming evidence that distribution is limited by climate, and 
hence that the climate niche is constrained. Climate limitation probably occurs at both the cold 
and warm edges of the distribution. Furthermore, there is evidence that the climate niche 
evolves very slowly, for example in invasive species occupying new environments or as distri-
butions shift pole-ward in response to climate warming. It is not known why the evolution of 
climate niche should be generally constrained. The talk tries to shed light on the matter.
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Tree eco-physiology through molecular eyes

Tamir Klein
Weizmann Institute of Science, Israel

The need to decipher plant response mechanisms to environmental changes is now urgent 
than ever. To meet this need, the research field of eco-physiology was created. Using eco-phys-
iological tools, we have been able to identify and characterize a multitude of mechanisms at 
the whole plant and tissue levels. Still, to deliver mechanistic understanding at finer scales, an 
integrated molecular-physiological framework is needed. In my talk I bring two examples 
from research conducted in my lab on two aspects of tree drought tolerance mechanisms, 
where we combined transcriptomic analysis to deepen our understanding of physiological 
responses. The first study explores the metabolism of starch as a source of carbon under 
drought and heat, conditions prohibiting photosynthesis, in olive trees. The second study tests 
the involvement of aquaporin water channels in hydraulic adjustments of wild and cultivated 
pear trees to drought in the field. In the carbon reserve study, we identified the gene family 
members relevant to long-term, whole-tree, carbon storage processes. Partitioning of function 
among beta-amylase and starch synthase family members were identified, with some members 
up-regulated in early drought phase, or throughout drought, while other members in recovery. 
The day-to-day starch metabolism machinery was very different from the stress-mode starch 
metabolism machinery, with specific genes being unique to the stress-mode response. In the 
aquaporin study, twelve plasma-intrinsic-protein family members were identified and char-
acterized in the wood of three species of the genus Pyrus. While most of these water channels 
were down-regulated during drought to minimize water losses, two family members were 
up-regulated, and might ensure water flow to high-priority tissues. Inter-specific expression 
differences were related with higher drought tolerance in the wild vs. cultivated species. 
Together, these two examples show the advantages, and the challenges, of studying tree 
eco-physiology through molecular eyes.
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Biosphere-atmosphere feedback and 
implications for the remote sensing of 
vegetation 

Franco Miglietta
Institute of Bioeconomy, CNR, Firenze, Italy

It is well understood that the actual transpiration of plant canopies not only depends on the 
interplay between the evaporative demand of the atmosphere and the sum of the resistances 
to water and water vapour transfer from soil to air. The level of coupling between the plants 
and their environment is also critical. The overall transpiration of a canopy is the result of a 
canopy-atmosphere feedback: if canopy resistance increases, transpiration decreases but this 
makes the air above the canopy drier, so that the evaporative demand goes up... But this is 
only one example of a long list of biosphere-atmosphere feedbacks which finally control life 
and growth on our planet. Those feedback often involve dynamic responses (that are not 
instantaneous) and this may have important repercussions on our ability to monitor and 
predict vegetation behaviour by means of remote sensing techniques. This presentation will 
illustrate some of those feedback by discussing why a better understanding of processes, 
mechanisms and plant functions at the molecular, cellular of individual scales as well as a 
series of remote sensing products are sometimes insufficient to understand and describe more 
complex ecosystem behaviours. 
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P1
Recombination rate plasticity in Arabidopsis arenosa 
populations in response to temperature

        

Ursula Abad, Andrew Weitz, Kirsten Bomblies
Department of Biology, ETH Zurich

ursula.abad@biol.ethz.ch

The stability of meiotic chromosome segregation is key to fertility of eukaryotes. Meiosis, 
however, is sensitive to environmental challenges, particularly temperature, and temperature 
extremes can lead to failures in chromosome pairing and recombination. Moreover, perhaps 
related to this, recombination rates are known to be plastic to various environmental and 
physiological factors, especially temperature and other abiotic stresses. Several species, includ-
ing e.g. Drosophila species, and Arabidopsis thaliana, appear to have U-shaped response curves 
of meiotic recombination rate with temperature, in which chiasma number increases at both 
higher and lower temperatures from a low point at a temperature that may correspond roughly 
to the preferred habitat. Extreme temperatures can cause meiotic recombination to fail due to 
structural failure of the chromosome axes and the synaptonemal complex. Such defects become 
cytologically evident as aggregation of the axis protein ASY1 and polycomplexes of the syn-
aptonemal complex protein ZYP1. The particular temperature threshold at which meiotic 
failure is observed can vary both within and across species, and to at least some extent cor-
relates with habitat. Here, we study recombination rate plasticity in response to differing 
environmental conditions in wild and lab-reared populations of Arabidopsis arenosa. We will 
compare four diploid and four tetraploid populations in which meiotic selection events were 
recently described with several newly identified tetraploid populations from natural habitats 
in Switzerland that span a gradient in mean annual temperature. Using cytogenetics, we will 
quantify recombination rate under natural growth conditions in the field across a season, 
tracking temperature in parallel, as well as quantifying the crossover rates at a range of con-
trolled experimental temperatures in the lab. We will also analyze the formation of the axis 
and synaptonemal complex as temperature shifts in sub-failure ranges. Taken together, our 
results will improve our understanding of the mechanisms driving the adaptive evolution of 
meiosis and its plasticity in this species in response to different environmental conditions.
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P2
First evidence for lethal hydraulic failure in mature trees 
during extreme drought 

Matthias Arend1, Bernhard Schuldt2, Roman Link2, Rachel Patthey1, Günter Hoch1, Ansgar Kahmen1

1 Department of Systematic and Evolutionary Botany, University of Zurich
2 Ecophysiology and Vegetation Ecology, Universität Würzburg, Germany

matthias.arend@unibas.ch

In 2018, an exceptionally severe summer-to-autumn drought impacted forests in Northern 
and Central Europe, causing unprecedent occurrences of canopy dieback and tree mortality. 
At the recently established Swiss Canopy Crane II research site, we investigated the effect of 
this exceptional drought event on the hydraulic integrity of mature individuals of Norway 
Spruce (Picea abies L.). Our field observations revealed a pattern of long-lasting soil and atmo-
spheric moisture stress on tree water relations, with a gradual decline of average mid-day 
xylem pressure (Ψmd) from values between -1.4 and -1.6 MPa in late spring and early summer 
to between  2.3 and -2.8 MPa in late summer and early autumn. Those trees which developed 
early symptoms of canopy dieback, and died in the following weeks, showed an abrupt decline 
of Ψmd to exceptionally low values, coming close to or even exceeding the detection limit of -7.0 
MPa. The abrupt decline of Ψmd was associated with a complete loss of xylem hydraulic con-
ductance (PLC) in single canopy branches and gradually progressing canopy dieback. Com-
paring our eco-physiological observations of Ψmd and PLC with a species-specific xylem vul-
nerability curve, revealed similar sigmoidal-exponential relationships between xylem pressure 
and xylem hydraulic conductance, with the identical threshold of -3.6 MPa to lethal hydraulic 
failure. To our knowledge, this is the first in situ validation of a species-specific xylem vulner-
ability curve, not only showing identical thresholds to lethal hydraulic failure but also the fast 
dynamic with which trees may run into such mortality-inducing failure event. Our observa-
tions strongly suggest hydraulic failure as the principle cause of drought-induced mortality 
in mature trees. 
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P3
Local adaption in a wild cabbage (Brassica incana) to 
different biotic and abiotic factors

Luca Arrigo, Lea Frachon, Florian Schiestl
Department of Systematic and Evolutionary Botany, University of Zurich

luca.arrigo@systbot.uzh.ch

The family of Brassicacea is one of the most diverse and abundant in nature, and has an 
important economical relevance. Besides the different cultivated varieties there are also many 
wild species that are phylogenetically very close to cultivated varieties of cabbage. One of these 
wild cabbages is Brassica incana, a plant that grows on costal cliffs in the Mediterranean area, 
particularly in Southern Italy. An interesting characteristic of this plant is that it grows on 
different soil types, from calcareous (limestone) to volcanic soils (tuff). Naturally, these pop-
ulations also experience different biotic factors, such as pollinators and herbivores. In our work 
we investigate the effects of these different factors on various plant traits and local adaptation. 
We observed trait differences between the populations growing on different soil types, but our 
results also suggest possible interactions between biotic and abiotic factors. For instance, the 
nectar amount found in flowers of populations growing on limestone was significantly higher 
compared to the populations growing on tuff soils, indicating possible interaction between 
the soil substrate and pollinator community. Further analyses are currently underway and will 
be presented on the poster.
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P4
Evolution of alpinism: biome shifts in and out of mountain 
biomes, a comparison of four genera (Lupinus, Primula, 
Ranunculus and Saxifraga)

Livio Bätscher and Jurriaan M. de Vos
Department of Environmental Sciences – Botany, University of Basel

livio.baetscher@unibas.ch

To understand niche evolution in plants and its possible limits and drivers, macroevolution-
ary studies often take an approach that involves reconstructing how plant lineages moved 
between biomes over geological time scales (i.e., biome shifts). Despite a lot of effort being put 
into reconstructing biome shifts in various genera, several conceptual problems were recently 
identified, that have not been fully addressed yet. Foremost, it is evident that particular biome 
shifts occur much more often in some lineages compared to others.  However, the central 
questions of why these differences arise, and what affects the probability of biome shifts, 
remain unanswered. Secondly, the explanatory power of reconstructed biome shifts may 
heavily depend on the way biomes are defined. Foremost, the climatic boundaries of biomes 
are “fuzzy” and hard to define, and much of the relevant niche evolution for major ecological 
transitions may occur within broadly defined biomes rather than between them. Thus, the 
frequency of biome shifts in different genera becomes meaningful only in the light of specific 
biome definitions. Addressing these issues requires studies that compare particular major 
ecological transitions in multiple clades. Here, we present an approach to study how the rate 
of biome shifts in and out of the alpine biome may differ through time and among lineages. 
To this end, we will reconstruct densely sampled phylogenies of the genera Lupinus, Primula, 
Ranunculus and Saxifraga, which occur in low- and high-elevation environments. We then 
define biome membership of all species using consistent definitions and use phylogeny-explicit 
methods to test whether rates of biome shifts are constant through time and among lineages.  
This study will improve our understanding of major ecological shifts and the utility of biomes 
in the alpine environment. Furthermore, this study is among the few quantifying how the 
probability of biome shifts differs through time and among genera.
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P5
How mixed infection impacts the transmission of the wheat 
pathogen Zymoseptoria tritici 

Alessio Bernasconi, Marcello Zala, Bruce McDonald, Andrea Sánchez-Vallet
Department of Environmental Systems Science, ETH Zurich

alessio.bernasconi@usys.ethz.ch

Natural infections are frequently produced by several strains that co-infect simultaneously 
the same host. Mixed infections affect the outcome of the infection, the epidemiology and the 
transmissibility of the pathogen. However, so far, only few studies have investigated how 
mixed infections affect the infection dynamics and the evolution of virulence of fungal patho-
gens. This is also the case for the wheat fungal pathogen Zymoseptoria tritici. Z. tritici is so 
diverse that even in single lesions multiple strains co-exist and produce pycnidia. Our recent 
studies have shown that competition between strains leads to a reduction in the expected 
number of pycnidia produced. In serial passage experiments, we demonstrated that one strain 
was able to exclude the competitors in terms of spore production per cycle. After 10 passage, 
the spores production of competitors were under the detection limit, suggesting that they were 
eliminated. Moreover, we observed that the outcome of the competition was dependent on the 
cultivar and that the virulence phenotype of each strain does not determine its competitive 
ability. Remarkably, we showed an increase in the competitive ability, but not in the virulence 
phenotype, of the strains that were selected during serial passages in mixed infections com-
pared to the strains selected in single infections. We suggest that some strains are adapted to 
specific cultivar providing higher competitive ability and therefore an advantage in mixed 
infections to be successfully transmitted. 
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P6
The wheat disease resistance gene Lr34 alters the 
distribution of abscisic acid

Stephanie Bräunlich1*, Simon G. Krattinger1,2*, Joohyun Kang1*, Rainer Boni1*, Harsh Chauhan1, 
Liselotte L. Selter1, Mark D. Robinson3,4, Marc W. Schmid1, Elena Wiederhold1, Goetz Hensel5, 
Jochen Kumlehn5, Justine Sucher1, Enrico Martinoia1 and Beat Keller1

1 Department of Plant and Microbial Biology, University of Zurich
2 Biological and Environmental Science & Engineering Division, King Abdullah University of Science            
  and Technology, Thuwal, Saudi Arabia
3 Institute of Molecular Life Sciences, University of Zurich
4 SIB Swiss Institute of Bioinformatics, University of Zurich
5 Plant Reproductive Biology, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) 
  Gatersleben, Germany

*These authors contributed equally to this work.

stephanie.braeunlich@uzh.ch

Plant disease resistant genes are often quickly overcome. Hence there is a need for durable 
disease resistance genes. The wheat gene Lr34 is one of the known durable disease resistance 
genes, but its mechanism hasn’t been unravelled yet.  Lr34 encodes for an ATP-binding cassette 
transporter (ABC transporter). The difference between the resistant and the susceptible allele 
of  Lr34 is the deletion of a phenylalanine within a transmembrane domain of the resistant 
allele.  Lr34 could be functionally transferred into major cereal crop species, including rice, 
barley, maize and sorghum, in which it confers quantitative resistance against fungal patho-
gens. In order to find the substrate of  Lr34, we performed a transcriptomics analysis of 
non-infected  Lr34 rice plants and detected constitutive changes reminiscent of a stress response 
regulated by the phytohormone abscisic acid (ABA). Increased drought tolerance, reduced 
stomatal conductance and ABA-hypersensitivity of seedlings support a link to ABA. Further-
more, in  Lr34-expressing yeast and rice seedlings an accumulation of ABA could be measured. 
While in yeast both the resistant and the susceptible allele of  Lr34 result in an accumulation 
of ABA, this effect can only be observed in rice seedlings expressing the resistant allele, which 
suggests a posttranscriptional regulatory mechanism. The crossing of  Lr34 rice with a line 
overexpressing the ABA-degrading enzyme OsABA8ox1 resulted in progenies with an 
enhanced  Lr34 phenotype supporting the role of ABA in the function of  Lr34. Our results 
suggest that ABA is the substrate of  Lr34, with redistribution of ABA leading to durable, 
broad-spectrum resistance against fungal pathogens.
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P7
Natural variation for pseudo self-compatibility in perennial 
ryegrass (Lolium perenne L.) – an untapped resource for 
hybrid breeding

Claudio Cropano1,2, Moritz Köhle1, Chloé Manzanares1, Nic Boerboom2, Lukas Wolters2 and Bruno 
Studer1

1 Department of Environmental Systems Science, ETH Zurich
2 Deutsche Saatveredelung AG, Germany

claudio.cropano@usys.ethz.ch

Perennial ryegrass (Lolium perenne L.) is one of the most important forage crops worldwide. 
Its outcrossing nature is caused by self-incompatibility (SI), a genetic mechanism preventing 
self-pollination in most forage grasses. SI represents a constraint for hybrid breeding as it 
impedes the development of homozygous parental inbred lines by repeated selfings. The need 
of developing higher-yielding grass varieties is driving scientists and forage breeders to find 
ways to overcome SI. A possible solution is to temporarily suppress SI by exposing plants to 
high temperatures during flowering, a phenomenon called pseudo self-compatibility (PSC). 
To date, the genetic regulation of PSC in perennial ryegrass is unknown, mainly because of 
the complexity in assessing PSC phenotypically. In this study, we investigated the occurrence 
of variation for PSC in a set of perennial ryegrass genotypes using a semi in vivo pollination 
assay. Specifically, we incubated mature inflorescence at 30°C for two days and measured, with 
fluorescence microscopy, pollen tube growth after self-pollination. Overall, we observed a 
slight tendency for all genotypes to increase the rate of successful self-pollinations when 
exposed to the heat treatment. However, the PSC response was highly genotype-dependent, 
denoting genetic variation for this trait. Our work lays the ground for the first genetic mapping 
experiments aimed at disclosing genes controlling PSC in perennial ryegrass. In addition, it 
provides valuable insights on its exploitation for breeding powerful and resilient grass hybrids. 
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Predicting the geographic origin of berries using 
mechanistic oxygen and hydrogen stable isotope models

Florian Cueni1,2, Daniel B. Nelson1, Markus Boner2, Ansgar Kahmen1

1 Department of Environmental Sciences – Botany, University of Basel
2Agroisolab GmbH Jülich, Germany

florian.cueni@unibas.ch

In food quality control, stable isotopes are routinely used for origin analysis, typically relying 
on time-consuming and expensive collection of reference data sets that require yearly updates 
accounting for change in climate. In contrast, applications using mechanistic plant physiolog-
ical water isotope models may provide a faster, cheaper, and seasonally dynamic alternative. 
However, such applications require detailed knowledge of fractionation processes and water 
fluxes through a given plant. Here we (1) present results from an experiment designed to 
quantify these factors for strawberries and raspberries and (2) show how this allowed the 
application of a mechanistic plant physiological oxygen and hydrogen isotope model to spa-
tially predict the geographic origin unknown samples. We grew strawberry and raspberry 
plants in climate-controlled growth chambers at 30%, 50%, and 70% relative humidity. This 
caused varying degrees of leaf water isotopic enrichment and permitted the direct comparison 
of the oxygen and/or hydrogen isotope fractionation between source water and leaf/berry 
tissue water, bulk material, cellulose and sugars. For all three treatments, our results revealed 
that the isotopic enrichment of berry water was weaker than that of leaf water. This effect was 
explained using the two-pool-modified Craig-Gordon model to demonstrate that there was a 
greater contribution from unenriched xylem water (f) in the tissue water of berries compared 
to leaves. Further results suggest constant fractionation for post-source water biosynthetic 
effects across treatments with exchange effects (e.g., pxpex = 0.5; fH = 0.3) that can be applied to 
model the isotopic composition of different organic tissues. Validation tests of these models 
with data from 196 field samples collected across Europe since 2007 confirm the findings. Using 
climate input data seasonally specific to the growth year of a suspected sample, the results of 
our analysis allowed us to calculate a spatial model that dynamically predicts the samples 
geographic origin. Our study shows that if the model relevant parameters (f, pxpex and fH) for 
a given agricultural crop can be quantified, mechanistic models are a novel and adaptive way 
of producing precise prediction models for samples of unknown origin.
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Chromosomal-scale assembly of the M. polymorpha genome

Seydina Issa Diop1, Oliver Subotic1, Alejandro Giraldo-Fonseca2, Manuel Waller1, Alexander Kir-
bis1, Anna Neubauer1, Rachel Murray-Watson1, Filip Boskovic1, Zoe Bont1, Zsofia Hock1, Adam C 
Payton3, Danny Duijsings4, Walter Pirovano4, Elena Conti1, Ueli Grossniklaus2, Stuart F
  McDaniel3, Péter Szövényi1
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Marchantia polymorpha has recently become a prime model for cellular, evo-devo, synthetic 
biological, and evolutionary investigations. We present a chromosomal-scale assembly of the 
M. polymorpha genome making comparative genome structure analysis and classical genetic 
mapping approaches feasible. We anchored 88% of the M. polymorpha draft genome to a 
high-density linkage map resulting in eight pseudomolecules. We found that the overall 
genome structure of M. polymorpha is in some respects different from that of the model moss 
Physcomitrella patens. Specifically, recombination rates are greatest in the middle of the chro-
mosome arms like in most vascular plant genomes, which is in contrast to P. patens where 
recombination rates are evenly distributed along the chromosomes. Nevertheless, some other 
properties of the genome are shared with P. patens. As in P. patens, DNA methylation in M. 
polymorpha is spread evenly along the chromosomes, which is in stark contrast to Arabidopsis 
thaliana, where DNA methylation is strongly enriched at the centromeres. Nevertheless, DNA 
methylation and recombination rate are anticorrelated in all three species. Altogether, our 
chromosomal-scale genome assembly opens up new avenues in M. polymorpha research by 
making detailed analysis of genome structure investigation more feasible.
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Reverse ecology of meiosis – What can genes under 
selection tell us about meiotic adaptations in Arabidopsis 
arenosa diploids?

Marinela Dukić and Kirsten Bomblies
Department of Biology, ETH Zurich

marinela.dukic@biol.ethz.ch

It has been known for some time that meiosis is sensitive to environmental conditions, 
especially temperature. Because of this, we would expect that in populations encountering 
new habitats or a changing environment, selection might act to stabilize meiosis to prevailing 
conditions. However, it is not yet clear how meiosis can evolve to adapt as organisms encounter 
novel environments. In recent years, Arabidopsis arenosa has emerged as a model for studying 
meiotic adaptations to whole genome duplication. Interestingly, some of the genes that are 
suggested to govern the stabilization of meiosis in the tetraploid lineage, are also found to be 
independently under selection in diploid plants from the warm and dry Pannonian Basin in 
Hungary, when compared to the majority of diploids, which inhabit temperate sites in the 
Carpathian Mountains. Since these two populations originate from two different thermal 
environments, we are testing the hypothesis that selection on meiosis genes and/or flowering 
genes in Pannonian diploids reflects selection for meiotic stability in the face of elevated tem-
peratures.  So far, we know that these populations differ in the positioning of crossovers at 20 
˚C with Pannonian plants having their crossovers significantly more distal than the Carpath-
ians. Further efforts are underway to address how these differences are affected by growth 
temperatures. We have applied the whole genome scan approach to identify the candidate 
regions with significant levels of differentiation between Pannonian and Carpathian ecotype, 
that might be contributing to the observed differences in recombination landscape. One of the 
regions we identified, includes an essential meiotic gene SYN1, and mitotic spindle checkpoint 
protein MAD3.2, that we have also shown, might play a role in meiosis. We are currently using 
genetic, cytological and bioinformatic approaches to dissect the contribution of each one of 
these genes to the meiotic adaptations of Pannonian populations, and to gain better understat-
ing of different mechanisms that plants might employ to optimize the core reproductive 
processes when facing challenging environmental conditions.

Flash talk
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Pathogen genetic composition drives epidemic dynamics in 
wild plant populations

Jenalle Eck1, Benoit Barrès2, Samuel Soubeyrand3, Anna-Liisa Laine1 
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Epidemic severity can vary greatly among connected host populations due to local variation 
in host resistance, pathogen genetic composition, or the environment. To examine how patho-
gen genetic composition and fitness affects epidemic dynamics in wild plant populations, we 
collected epidemiological and genetic data on 15 populations of powdery mildew (Podosphaera 
plantaginis), a fungal pathogen of the perennial herb, Plantago lanceolata, in the Åland Islands 
(Finland). In each population, we tracked spatiotemporal disease progression throughout the 
2014 growing season. We coupled our survey of infection with intensive sampling of the 
pathogen. The field-collected samples were genotyped using a SNP panel to reveal genetic 
diversity within the pathogen populations. We found that epidemics reached greater severity 
in populations containing higher pathogen genetic diversity. Pathogen genetic diversity varied 
greatly among populations, ranging from only a single strain detected in 20% of the popula-
tions to 19 strains in the most diverse population. The relationship between pathogen genetic 
diversity and epidemic severity was robust even though pathogen genetic composition varied 
greatly among populations, often with no overlap in pathogen strains between populations. 
Our results suggest that pathogen genetic diversity may be an important general factor deter-
mining epidemic severity, especially in wild populations where host resistance is typically 
highly diverse.
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The context dependence of resource partitioning in crop 
mixtures

Nadine Engbersen, Laura Stefan, Christian Schöb
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Biodiversity can increase productivity in (agricultural) ecosystems. This biodiversity effect 
has been attributed to a better use of resources, where resource partitioning (different plants 
use spatially, chemically or temporally different resource pools) and facilitation (different 
plants facilitate resource uptake of neighbouring plants) are enhanced by plant diversity. 
However, we still have a limited understanding of how environmental conditions such as 
climate, soil fertility and local adaptation modulate biodiversity effects on productivity. In 
order to understand this environmental context dependence of biodiversity effects in crop 
mixtures we aim at studying the context dependence of resource partitioning and facilitation. 
We measured nitrogen and carbon content of plants growing at different diversity levels 
(monoculture, 2- and 4-species mixtures, isolated single plants), in two different climate zones 
(Spain and Zurich), on two soil fertility levels and with different seed origins in a full-factorial 
design. The crop plants used for the experiment include cereals (i.e. wheat and oat), legumes 
(i.e. lupin and lentil), and herbs (flax, false-flax, coriander and quinoa). We expect to observe 
that increasing crop diversity leads to increased individual-level uptake of N, increased leaf 
C content, and increased seed production compared to monocultures, but still less than as 
single plants. This would explain increased resource partitioning for crop species mixtures 
compared to monocultures, while demonstrating prevailing competition for resources in 
monocultures and mixtures. Furthermore, we expect the difference in resource uptake of 
mixtures compared to monocultures to be more pronounced under more stressful environ-
mental conditions, i.e. in the semiarid environment of Spain compared to the temperate climate 
of Switzerland and on nutrient-poor soils compared to fertilized soils. Finally, we expect the 
nutrient status of the plants to be related to yield based on the hypothesis that resource parti-
tioning in mixtures would explain the observed biodiversity effects on productivity in our 
study system. With this research, we will therefore contribute to a better understanding of the 
mechanisms beneath biodiversity effects in cropping systems and provide evidence for the 
benefits of mixture cropping. 
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A cell wall-anchored complex nucleates plasma membrane 
receptor kinase nanoscale dynamics 
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Cell surface receptors survey and relay information to ensure the development and survival 
of multicellular organisms. In the model plant Arabidopsis thaliana, the malectin-like receptor 
kinase FERONIA (FER) regulates myriad of biological processes to coordinate development, 
reproduction and immunity. We recently showed that FER positively regulates immune sig-
naling by controlling the ligand-induced complex formation between FLAGELLIN-SENSING 
2 (FLS2) and its co-receptor BRASSINOSTEROID INSENSITIVE 1-ASSOCIATED KINASE 1/
SOMATIC EMBRYOGENESIS RECEPTOR KINASE 3 (BAK1/SERK3). This function of FER is 
inhibited upon binding to the peptide RAPID ALKALINIZATION FACTOR 23 (RALF23) 
(Stegmann et al., 2017). Here, we demonstrate that the function of the FER-RALF23 regulatory 
module is conserved across several SERK-dependent LEUCINE-RICH REPEAT – RECEPTOR 
KINASE (LRR-RK) - based signaling pathways involved in growth and development. Addi-
tionally, we show that cell wall-associated LRR EXTENSIN 3/4/5 proteins are required for 
FER-dependent regulation of LRR-RK signaling. Using super-resolution microscopy and sin-
gle-particle tracking, we visualize that FER regulates LRR-receptor kinase plasma membrane 
nanoscale dynamics. We therefore propose that FER connects the cell wall and the plasma 
membrane to act as an anchor enabling the nanoscale nucleation of LRR-RK complexes during 
plant signaling. 
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A non-destructive method to quantify leaf starch content in 
red clover

Lea Frey, Philipp Baumann, Helge Aasen, Bruno Studer, Roland Kölliker
Department of Environmental Systems Sciences, ETH Zurich
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Grassland-based ruminant livestock production provides a sustainable alternative to inten-
sive production systems relying on concentrated feeds. However, grassland-based roughage 
often lacks the energy content required to meet the productivity potential of modern livestock 
breeds. Forage legumes, such as red clover, with increased starch content could partly replace 
maize and cereal supplements, but breeding for increased starch content requires efficient 
phenotyping methods. This study is unique in evaluating a hyperspectral imaging approach 
to estimate leaf starch content in red clover for enabling efficient development of high starch 
red clover cultivars. We assessed starch estimation with partial least square regression (PLSR) 
models and validated model performance with an independent test set from a different trial. 
Starch content of the training set for the end of the day measurements ranged between 2.0 to 
120.3 mg g-1 DW, cultivar differences from 34.4 to 70.3 mg g-1 DW, respectively. The best 
cross-validated PLSR model explained 57% of the measured variation and yielded a root mean 
square error (RMSE) of 17 mg g-1 DW. Model performance dropped when applied to the inde-
pendent test set (RMSE = 40 mg g-1 DW, R2 = 0.42). Different feature filtering methods could 
not increase model performance, if anything; it stayed in the same range or resulted in poorer 
prediction performances. The non-destructive spectral method presented here provides a 
promising tool to detect large differences in the leaf starch content of red clover. Breeding 
material can be sampled and selected according to their starch content without destroying the 
plant. Therefore, this method can be used to select for high starch red clover cultivar, and thus 
be readily integrated into breeding programs.
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Towards understanding the synthesis, metabolism and role 
of Fructose-1-phosphate and Sedoheptulose-1-phosphate

Florian Galbier, Martina Zanella, Michaela Fischer-Stettler, Samuel C. Zeeman
Department of Biology, ETH Zurich

fgalbier@ethz.ch

One of the key features in plants is their ability to perform photosynthesis. In the photosyn-
thetic reactions light energy is converted into chemical energy, while consuming water and 
releasing oxygen (light-dependent reactions), and this energy is then used to fix atmospheric 
carbon dioxide (light-independent reactions or Calvin-Benson cycle, CBC). In three phases, 
the CBC fixes CO2, reduces the resulting 3-Phosphoglycerate to triose phosphate and regen-
erates the CO2 acceptor molecule. Two enzymes involved in the regenerative phase of the CBC 
are Fructose-1,6-bisphosphatase (FBPase) and Sedoheptulose-1,7-bisphosphatase (SBPase). 
Single mutants of either gene in Arabidopsis thaliana are heavily impaired in their growth and 
photosynthetic activity but viable. We propose that each enzyme can compensate the loss of 
the other, but only at the cost of enzymatic promiscuity. Use of their non-canonical substrate 
by FBPase and SBPase leads to the accumulation of the non-canonical products Fructose-1-phos-
phate (F1P) and Sedoheptulose-1-phosphate (S1P), respectively. These two metabolites have 
only scarcely been described in plant metabolism.

My project aims to answer three questions: 

▪ How are F1P and S1P synthesised in plants? 

▪ What are F1P and S1P metabolised to, and which enzymes catalyse this metabolic        
pathway?

▪ Is there a role of F1P and S1P in metabolism/metabolic regulation or are they just unwanted 
byproducts of enzymatic promiscuity?
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The ecological consequences of herbivore-induced plant 
volatiles

Lara Gallmann*, Flavian Tschurr*, Gianalberto Losapio, James Sims, Consuelo M. De Moraes, 
Mark C. Mescher
Department of Environmental Systems Science, ETH Zurich
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* These authors contributed equally to the study.

Plants prime their defenses in response to environmental cues associated with increased 
risk of attack, including herbivore-induced volatile emissions from attacked neighbouring 
plants. Yet, the study of plant defense priming is often limited to adult plants that grow in 
isolation from the rest of the community. We therefore don’t know whether defense priming 
changes over the course of an organism’s lifetime nor how this response can affect and mediate 
plant competition. Here, we first explored the role of plant age on defense priming against 
herbivores, then assessed the impact of priming on plant competitive ability with conspecific 
and heterospecific neighbours. As a model system, we used soybean (Glycine max), its generalist 
herbivore (Spodoptera litoralis larvae), and a common weed (Synapis arvensis) in a series of 
growth chamber experiments. We found that defense priming changes with plant age and 
mediates plant competition. In fact, not only soybean exposed to volatile emissions of herbi-
vore-attacked neighbours suffered significantly less damage as compared to naïve soybean, 
but especially young plants reacted faster and stronger than older plants. Interestingly, the 
volatile profile of plants changed after herbivore attack in different ways between young and 
old plants. When looking at consequences of priming for plant competition, we observed a 
significant negative interaction between competitive environment and defence priming since 
primed plants were less competitive than naïve plants. Moreover, this negative effect was 
stronger for interspecific than intraspecific competition. Taken together, our results indicate 
that while defence priming can reduce herbivore growth rate more effectively in younger than 
older plants, it can also decrease the ability of plants to compete with neighbours and suppress 
weed growth. Our study suggests that research integrating plant communication with ecolog-
ical processes in natural-like setting is essential for understanding the multifaced interactions 
between plants and their biotic environment.



34

Zurich-Basel Plant Science Center – Symposium 2019

34

P17
Identifying resistance genes in the Lolium multiflorum - 
Xanthomonas translucens pv. graminis pathosystem

Florian Goettelmann, Roland Kölliker, Bruno Studer
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Xanthomonas translucens pv. graminis (Xtg) is the causal agent of bacterial wilt, one of the 
main diseases of Italian ryegrass (Lolium multiflorum Lam.), causing considerable losses in yield 
and quality. Since its discovery, resistant cultivars have been bred, however, since L. multiflorum 
is an outbreeding species, cultivars are highly heterozygous, and susceptibility still occurs. 
One major quantitative trait locus (QTL) for resistance was previously identified, but no 
sequence-specific markers to be used in breeding have yet been identified. In this project, we 
aim at fine-mapping this QTL and characterizing the underlying genes responsible for resis-
tance. To this end, a mapping population consisting of 7484 F2 individuals segregating for 
resistance was established in the greenhouse, and inoculated with a highly virulent Xtg isolate. 
Resistance was screened on a scale of 1 to 5, ranging from no symptoms (1) to dead plants (5), 
at 14, 21 and 28 days post inoculation (dpi), then plants were cut back, allowed to grow back, 
and screened again at 49 dpi. At 49 dpi, 1165 plants showed no symptoms, and 1140 were dead. 
After filtering to remove plants showing inconsistent disease scores and to select the most 
resistant and the most susceptible ones along the screening period, 750 resistant plants and 
761 susceptible plants remained. Genomic DNA from these plants was extracted and pooled 
into one resistant and one susceptible pool. Each pool will be sequenced using the Illumina 
NovaSeq platform. Single-nucleotide polymorphism (SNP) frequencies will be determined in 
these pools, and SNPs associated with resistance or susceptibility will be identified. This will 
allow for the identification of candidate genes for resistance. Candidate genes will then be 
validated by generating CRISPR-Cas-based L. multiflorum knock-out mutants for these genes 
and screening for resistance in mutants to identify differences in susceptibility compared to 
the wild type plant. Validated genes will allow to better understand the mechanisms of the 
interaction and to develop DNA markers to breed for resistant cultivars more efficiently.



35

Zurich-Basel Plant Science Center – Symposium 2019

35

P18
LRR-extensins of vegetative tissues are a functionally 
conserved family of RALF1 receptors interacting with the 
receptor kinase FERONIA

Aline Herger, Gabor Kadler, Christina Franck, Christoph Ringli
Department of Plant and Microbial Biology, University of Zurich

alinegalatea.herger@botinst.uzh.ch

Plant cell growth requires the coordinated expansion of the protoplast and the cell wall that 
confers mechanical stability to the cell. An elaborate system of cell wall integrity sensors 
monitors cell wall structures and conveys information on cell wall composition and growth 
factors to the cell. LRR-extensins (LRXs) are cell wall-attached extracellular regulators of cell 
wall formation and high-affinity binding sites for RALF (rapid alkalinization factor) peptide 
hormones that trigger diverse physiological processes related to cell growth. RALF peptides 
are also perceived by receptors at the plasma membrane and LRX4 of Arabidopsis thaliana has 
been shown to also interact with one of these receptors, FERONIA (FER). Here, we demonstrate 
that several LRXs, including the main LRX protein of root hairs, LRX1, interact with FER and 
RALF1 to coordinate growth processes. Membrane association of LRXs correlate with binding 
to FER, indicating that LRXs represent a physical link between intra- and extracellular com-
partments via interaction with membrane-localized proteins. Finally, despite evolutionary 
diversification of the LRR domains of various LRX proteins, many of them are functionally 
still overlapping, indicative of LRX proteins being central players in regulatory processes that 
are conserved in very different cell types.
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Resistance to Fusarium oxysporum: A novel cell wall 
integrity sensor required for resistance against F. oxysporum

Apolonio I. Huerta1, Gloria Sancho Andrés¹, Temurkhan Ayupov², Christopher Kesten¹, Pedro Ja-
vier Jiménez Sandoval³, Julia Santiago³, Clara Sánchez-Rodríguez¹
¹ Department of Biology, ETH Zurich
² UniLaSalle, Beauvais Mont-Saint-Aignan, France
³ University of Lausanne, Department of Plant Molecular Biology
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Fusarium oxysporum spp. is one of the most important fungal pathogens of plants, infecting 
over 100 different crop species. It is a hemibiotrophic filamentous fungus that grows intercel-
lularly, presumably modifying plant cell walls throughout the infection process. For plants to 
protect from such pathogens, they need to detect invaders either directly through Microbe-As-
sociated Molecular Patterns (MAMPs) or indirectly through Damage-Associated Molecular 
Patterns (DAMPs) released from the cell wall. For this, plants employ extra- and intracellular 
receptor proteins. Although much is known about the perception of MAMPs and DAMPs, 
little evidence exists which directly links pathogen-induced modifications to the plant cell wall 
with plant innate immunity. Here we aim to characterize the Arabidopsis plasma membrane 
receptor, RESISTANCE TO FUSARIUM OXYSPORUM 1 (RFO1) as a putative cell wall integrity 
(CWI) sensor acting during plant defense against F. oxysporum. Previous work identified RFO1 
as a WALL-ASSOCIATED RECEPTOR KINASE-LIKE (WAKL) protein necessary for full resis-
tance to F. oxysporum and Verticillium infection. However, the molecular mechanism of 
RFO1-mediated defense, including what it perceives and how it acts during fungal invasion 
is still unknown. We have confirmed that RFO1 lateral diffusion at the plasma membrane 
responds to the genetic and pharmacological increase of cell wall pectin methyl esterification. 
Additionally, root growth inhibition, typical of increased cell wall pectin methyl esterification, 
is reduced in null mutants of RFO1. Furthermore, transiently expressed RFO1 ectodomain 
strongly localizes to plant cell walls upon plasmolysis. Finally, preliminary BIFC, biochemical, 
structural, and proteomic data provide further evidence that RFO1 acts to detect changes in 
pectin integrity in order to activate downstream defense responses during F. oxysporum infec-
tion. Overall, our data implicate RFO1 as a novel CWI sensor that acts in defense of F. oxysporum 
through its perception of changes in pectin methyl esterification.  
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Pathogen-induced pH changes regulate the growth-defense 
balance in plants
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Environmental adaptation of organisms relies on fast perception and response to external 
signals, which lead to developmental changes. Plant cell growth is strongly dependent on cell 
wall remodeling. However, little is known about cell wall-related sensing of biotic stimuli and 
the downstream mechanisms that coordinate growth and defense responses. We generated 
genetically encoded pH sensors to determine absolute pH changes across the plasma mem-
brane in response to biotic stress. A rapid apoplastic acidification by phosphorylation-based 
proton pump activation in response to the fungus Fusarium oxysporum immediately reduced 
cellulose synthesis and cell growth and, furthermore, had a direct influence on the pathoge-
nicity of the fungus. These effects were dependent on the COMPANION OF CELLULOSE 
SYNTHASE proteins that are thus at the nexus of plant growth and defense. Hence, our dis-
coveries show a remarkable connection between plant biomass production, immunity, and pH 
control, and advance our ability to investigate the plant growth-defense balance.

Kesten, C., Gámez-Arjona, F.M., Scholl, S., Menna, A., Dora,S., Huerta, A., Huang, H. Y., Tintor, N., 
Kinoshita, T., Rep, M., Schumacher, K., Sánchez-Rodríguez, C. (2019). Pathogen-induced pH changes 
regulate the growth-defence balance of plants. EMBO J. In press. Pre-submission version available in 
bioRxiv: https://www.biorxiv.org/content/10.1101/550491v1.abstract

Flash talk
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The role of phenotypic traits in the assembly and resistance 
of plant networks

Gianalberto Losapio
Department of Environmental Systems Science, ETH Zurich
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Species interactions play a fundamental role in the structure and dynamic of plant commu-
nities and can mediate the response of plant species to climate change. Thus, it is crucial to 
understand the assembly of plant community networks and their resistance to climate change. 
Here, we aimed at developing a new framework that combines functional traits with network 
theory, and we show its application to alpine plant communities. First, we found that dominant, 
stress-tolerant plants characterised by low specific leaf area and low height were the most 
important species for supporting the cohesiveness of a plant community network. Whereas, 
water- and nutrient-demanding plants characterised by competitive traits were the least con-
nected species within the network. Second, we found that the resistance of plant community 
networks to climate change depends on specific drivers. In particular, stress-tolerant species 
with high leaf dry matter content and low specific leaf area increased network resistance against 
biodiversity loss in scenarios of increasing drought and temperature but accelerated local 
species extinction in scenario of increasing nitrogen input. These results provide a mechanistic 
understanding of the role played by plant interaction networks in driving the assembly of 
plant communities and modulating their response to climate change.
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A Golgi-localized glycosyltransferase mediates the 
response of plant cells to cellulose perturbations

Alexandra Menna, Gloria Sancho Andrés, Clara Sánchez Rodríguez
Department of Biology, ETH Zurich
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The ability of plants to adapt to various stresses relies on rapid perception and subsequent 
response to external stimuli. Remodeling of the primary cell wall is essential for growth as 
well as adaptation to these external stresses. Cellulose, one of the major components of plant 
primary cell walls, is synthesized at the plasma membrane as glucan chains extruded into the 
apoplast, which assemble into paracrystalline microfibrils via interactions with other cell wall 
polysaccharides. This paracrystalline structure is important for tensile strength, cellular expan-
sion, and response to invading pathogens. Recent works have demonstrated a role for apoplas-
tic proteins in the maintenance of this cellulose paracrystalline structure, such as the chiti-
nase-like protein CTL1/POM1. Mutation of CTL1 results in cellulose-deficient plants 
characterized by a dwarfed phenotype in all developmental stages and altered response to 
various stresses. Regulation of perception and response to cellulose perturbations is a major 
driver towards balancing optimal plant development and stress response activation. To identify 
proteins involved in this equilibrium, we employed a fast-neutron mutagenesis approach to 
screen for suppressors of ctl1-2 in adult stage (sca). We isolated a mutant in a gene encoding for 
a Golgi-localized glycosyltransferase (SCA18) that reverts ctl1-2 developmental and cell 
wall-related phenotypes back to wild-type (WT)-like. Mutations in SCA18 attenuate growth 
inhibition and ectopic lignification in ctl1-2 plants, but did not affect WT, resembling the phe-
notype of THESEUS1 mutants. To better understand the structure and function of SCA18, we 
are currently employing cell biology, glycoproteomics, biochemistry and spectroscopy 
approaches. Our data opens the possibility of a regulatory role of SCA18 in cell wall integrity 
maintenance pathways by activating cell-wall-integrity sensors, such as THESEUS. 
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Predicting early leaf growth dynamics of winter wheat in 
the field
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Department of Environmental Systems Science, ETH Zurich
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In this study, we tracked leaf elongation rate in very high temporal resolution and high 
precision of wheat plants (genotype “Simano”) in a farmer’s field and evaluated different 
environmental parameters as predictors for the diurnal growing patterns. The study was 
conducted at the Swiss flux net station in Oensingen, Switzerland, over a period of 30 days. 
The field was maintained under a Swiss integrated production system and received organic 
and synthetic fertilizer as well as a herbicide treatment. In spring 2019, 3 leaf length trackers 
were set-up in the field. The leaf length trackers (LLTs) deliver very accurate measurements 
(< mm scale) of single leaf length in a high temporal resolution (2 min). With this device, we 
were able to follow the growth of 30 individual wheat leaves at three different locations in the 
field during the phase of early growth (before stem elongation). Leaves were replaced fre-
quently such that always the newest leaves from a plant were measured. From this data, we 
calculated the hourly leaf elongation rate for all plants. The Eddy Covariance Flux Tower 
delivered high-resolution measurements on several environmental parameters, namely on 
temperature, carbon dioxide, water vapour, incoming light, and precipitation. We analysed 
several complete diurnal cycles of the leaf growth and investigated how the environmental 
parameters influence plant growth and respiration. 
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A new era of polyploid studies started with Next-Generation Sequencing technologies: more 
data from non-model species, more polyploid-specific tools and  growing interest in epig-
enomics and short-term effects of polyploidy, especially DNA methylation. To support this 
trend, facilitate data analysis and improve polyploid studies, we developed an Automated 
Reproducible Polyploid EpiGenomIc wOrkflow (ARPEGgIO). ARPEGgIO is the first workflow 
to offer a complete set of analyses for short-read whole genome bisulfite sequencing data 
coming from allopolyploids. The workflow deals with complexities related to data coming 
from polyploid organisms and ensures reproducibility, automation and ease-of-use. With the 
inclusion of an upgraded read sorting algorithm (EAGLE-RC) we show that by using ARPEG-
gIO the accuracy in assigning a read to the correct polyploid subgenome increases by 3 to 4 
times. This increase in accuracy was higher in absolute numbers for data coming from species 
with a lower quality genome assembly, which is usually the case for non-model species. In 
addition we show how ARPEGgIO requires minimum effort to install, set up and run. With 
the Conda package management system, ARPEGgIO takes care of installing all the tools needed 
for the analysis and running the workflow in the correct order. To further support users, we 
created a comprehensive Wiki with step-by-step explanations for the less experienced and 
more in-depth description of the workflow for more experienced users. ARPEGgIO aims at 
promoting and supporting polyploid research with a reproducible and automated set of 
analyses in a convenient implementation.

Flash talk



42

Zurich-Basel Plant Science Center – Symposium 2019

42

P25
Carbon limitation: facts or fiction?

Patrick Möhl, Erika Hiltbrunner, Christian Körner
Department of Environmental Sciences – Botany, University of Basel
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In temperate alpine environments, the short growing season, low temperature and a slow 
nutrient cycle may restrict plant growth more than carbon (C) assimilation does. To test the 
C-limitation hypothesis, we applied a shade gradient ranging from ambient light to ca. 44% 
(maximum shade) of incident photon flux density (PFD) in late successional, Carex curvula 
dominated alpine grassland at 2580 m elevation in the Swiss central Alps for three years 
(2014–2016). Total aboveground biomass did not significantly decrease under reduced PFD, 
with a confidence interval reaching from +4% to -15% biomass in maximum shade. Below-
ground biomass, consisting to more than 80% of fine roots, was significantly reduced by a 
mean of 17.9 ± 4.6% (228 g m-2) in maximum shade in 2015 and 2016. This suggests reduced 
investments into water and nutrient acquisition according to the functional equilibrium con-
cept. Specific leaf area (SLA) and maximum leaf lengths of the most abundant species increased 
with decreasing PFD. Foliar concentration of non-structural carbohydrates (NSC) was reduced 
by 12.5 ± 4.3% under maximum shade (mean of eight tested species), while NSC concentration 
of belowground storage organs were unchanged in the four most abundant forbs. Further, 
maximum shade lowered foliar δ13C by 1.56 ± 0.35‰ and increased foliar nitrogen concentra-
tions per unit dry mass by 18.8 ± 4.1% across six species in 2015. However, based on unit leaf 
area, N concentrations were equal or lower in shade (effect of higher SLA). Thus, while we 
found typical morphological and physiological plant responses to lower light, shading did not 
considerably affect seasonal aboveground biomass production of this alpine plant community 
within a broad range of PFD. This suggests that C is not a growth limiting resource, matching 
the unresponsiveness to in situ CO2 enrichment previously reported for this type of 
grassland.
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Plant symbiosis with nitrogen-fixing cyanobacteria is a unique form of mutualistic associa-
tion. It has independently evolved in diverse, yet isolated lineages, from a few species of 
bryophytes, ferns, cycads, to a small genus of flowering plants. To begin to understand the 
molecular bases of the plant-cyanobacteria association in details we are investigating gene 
expression changes (RNA-seq) using a time series analysis both for the plant and the cyano-
bacterial partner. A first co-cultivation of Anthoceros agrestis and Nostoc punctiforme showed 
successful colonization of the slime cavaties of the plant host. This proof of concept experiment 
will now be followed by the actual co-cultivation for RNA extraction. This project will contrib-
ute to a greater study providing fundamental information on the regulatory networks govern-
ing the plant-cyanobacteria association in basal groups of land plants. Moreover, it will provide 
information on the conservation of gene regulatory networks involved with plant-microbial 
interactions in general over many million years of plant evolution. 
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3 Department of Crop Science, University of São Paulo, Luiz de Queiroz College of Agriculture (USP/
ESALQ), Piracicaba, Brazil

deyvidnovaes@usp.br

Cadmium (Cd) is a widespread environmental and nonbiodegradable pollutant, whose 
increased concentration over the last decades is related to anthropogenic activities. In addition, 
Cd can affect both human health and plant production. In this study, we aimed to verify for 
the first time the proteome response to cadmium in leaves of grafted cultivars of tomato, used 
both as model for genetics studies and high socioeconomic relevance crop, in order to further 
provide new insights into the influence of different rootstocks on Cd tolerance and leaf 
response of tomato plants under Cd stress. For this purpose, two different tomato genotypes 
characterized previously as sensitive and tolerant to Cd were used. Cd-tolerant (‘Pusa Ruby’, 
T) and Cd-sensitive (‘Calabash Rouge’, S) were grown and then the scion S was grafted onto 
S (S/S) and T (S/T) rootstock. Total proteome analysis was performed by using leaves of S/S 
and S/T grafting combinations grown in a hydroponic experiment to identify Cd-responsive 
differentially expressed proteins in tomato leaves, with a special focus on proteins linked to 
Cd detoxification processes. By comparing tomato plants under Cd treatment with the Cd-free 
(control) condition, we verified that S/T presented higher Cd tolerance in terms of biomass 
(expressed as dry weight per plant) compared to S/S. Also, tolerant roots conferred reduced 
Cd content in the sensitive shoot. Regarding Gene Ontology Enrichment analysis in response 
to Cd, the metabolic cellular process category was the most representative class in leaves of 
both genotypes within the biological process distribution. However, leaves of S/T showed a 
more pronounced response to Cd in terms of differentially accumulated proteins (DAPs) (more 
than twice compared to S/S) and higher number of Cd-tolerance related key DAPs (such as 
Cysteine synthase, Glutathione S-transferases, Heat shock proteins, Late embryogenesis abun-
dant proteins, and Peroxidases). The results provide first evidence on the positive influence 
of the root system of tolerant cultivar on the Cd proteomic response and modulation of Cd 
tolerance in Cd-sensitive tomato. 
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Aegilops umbellulata Zhuk. is a diploid wild wheat relative with UU genome. Aegilops umbel-
lulata, the U-genome donor of many wild wheat relatives, provides the ability to produce 
allohexaploids with AABBUU genome through interspecific crossing to tetraploid wheat. In 
about 50% of ABU F1 hybrids between tetraploid wheat T. turgidum ssp. durum cv. Landon 
(AABB) (Ldn) and Ae. umbellulata, three types of hybrid incompatibilities were observed; seed 
production failure, severe growth abortion (SGA), and grass-clump dwarfism. To characterize 
these hybrid incompatibilities, we conducted transcriptome profiling of the abnormal growth 
hybrids. Expression of the shoot meristem maintenance-related and cell cycle-related genes 
was markedly repressed in crown tissues of hybrids showing SGA, suggesting dysfunction of 
mitotic cell division in the shoot apices. The grass-clump dwarf phenotype could be explained 
by down-regulation of wheat APETALA1-like MADS box genes, acting as flowering promoters, 
and altered expression in crown tissues of the miR156/SPLs modules, controlling tiller number 
and branching. To identify a causal gene for the grass-clump dwarfism in the ABU hybrids, 
we developed molecular markers tightly linked to the U-genome causal gene using RNA-seq-
based bulked segregant analysis. An Ae. umbellulata accession showing the grass-clump dwarf-
ism in the ABU hybrids was crossed with an Ae. umbellulata one showing the wild type phe-
notype in the hybrids. Then, the F1 plant was used as the pollen parent, and then crossed with 
Ldn, generating segregating population of the ABU hybrids. We made two sets of bulked RNA 
samples derived from the hybrids showing the grass-clump dwarfism and the normal pheno-
type, and calculated SNP indexes based on their RNA-seq reads. A large number of positions 
with high SNP index were densely assigned to chromosome 6U and the causal gene was 
successfully mapped. The grass-clump dwarfism appears to be triggered by epistatic interac-
tion between the AB and U genomes. Our discovery of gene expression change in abnormal 
hybrids and markers tightly linked to the U-genome causal gene for grass-clump dwarfism 
will contribute to elucidating mechanisms of the postzygotic reproductive barrier.



46

Zurich-Basel Plant Science Center – Symposium 2019

46

P29
Plant immune components controlling growth and structure 
of the bacterial leaf microbiota
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The plant microbiota consists of a variety of microorganisms, including bacteria, fungi and 
oomycetes, which form stable communities and play critical roles in the survival and adaption 
of the plant to its environment. Various plant-associated bacteria promote plant growth and 
protect against pathogens. However, the fundamental mechanisms of host-microbe interactions 
that act in situ and underlie community establishment are currently unclear. While the immune 
system efficiently protects the plant against most pathogens, it is unknown to what extent it 
affects the commensal microbiota. We describe a reverse-genetic screen of Arabidopsis thaliana 
mutants defective in different parts of the immune system. We identified candidate genes that 
alter the composition of a bacterial synthetic community derived from the A. thaliana phyllo-
sphere. Current work aims at disentangling how these plant mutant lines impact growth and 
niche occupation of immune-sensitive bacteria individually and in a community context. 
Overall, this study will contribute to our understanding of the plant immune system and its 
role for the leaf microbiota.



47

Zurich-Basel Plant Science Center – Symposium 2019

47

P30
Wheat small RNA response to powdery mildew disease
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In the last decade small RNAs have been shown to play a key role in host-microbe interac-
tions. In 2013, the study of Weiberg et al. had a major impact on what was known about 
cross-kingdom exchanges of small RNAs and provided the first example of fungal secreted 
small RNAs that were capable of silencing the plant’s defense genes. These findings open a 
new scenario where closely living species might use RNA interference (RNAi) as an additional 
layer of interaction. In the case of a host-pathogen system, this would represent an “extension” 
of the more classic and wide studied Effector- (ETI) and pathogen-associated molecular pattern 
(PAMP)-triggered immunity (PTI) models. DNA transposon domestication into cis-regulatory 
and microRNA (miRNA) sequences is proposed to contribute to abiotic/biotic stress adaptation 
in plants. The wheat genome is derived at 85% from transposable elements (TEs), and contains 
thousands of transposons, whose sequences are particularly prone for domestication into 
miRNA precursors. Therefore, we believe that such a unique and durable host-pathogen 
relationship could drive the evolution of a TE-based RNAi mechanism that would complement 
or even regulate the already known ETI and PTI defense mechanisms. In this study, we uncover 
the existence of wheat-derived miRNAs that can be expressed in response to powdery mildew 
infection in order to regulate important defense genes in the host. Finally, we show that high-
copy transposons contribute to the wheat small RNA immune response to the lineage-specific 
powdery mildew pathogen. 
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Managed grasslands can harbor high levels of plant biodiversity while providing multiple 
ecosystem services (ES) to society, such as animal fodder production, carbon sequestration, 
nitrogen fixation, erosion prevention and recreational possibilities. Comprising seventy percent 
of the agricultural land use area in Switzerland, grassland ecosystems are of high relevance 
for overall biodiversity conservation and provision of multiple ES (i.e. ES-multifunctionality). 
Agricultural intensification influences ES provision of grasslands directly and indirectly, the 
latter via reductions in plant diversity, changes in plant functional group composition and 
other plant community-related mechanisms. In many cases, studies observed trade-offs 
between biodiversity and other multiple (public) ES on the one hand and provisioning (private) 
services on the other. Organic grassland farming, being widespread in Switzerland, could have 
the potential to preserve biodiversity and multiple ES with only small reductions in provision-
ing services such as yield. However, this has never been comprehensively tested. Focused on 
dairy farms in Switzerland, the Project ServiceGrass will compare the provision of 18 ES in 
organic and conventionally managed grassland plots taking differences in land use intensity 
into account. Information on plant communities and diversity will help to explain effects of 
farming systems on ES provision. We will further explore trade-offs between single ES as well 
as effects of the management practices mowing, grazing and fertilization on these trade-offs. 
To assess the delivery of ES at farm-level, we will combine the plot-level measurements with 
data from the agricultural-political information system AGIS, that provides information con-
cerning land use, production form (organic versus conventional), livestock and farmers` par-
ticipation in different agri-environmental direct payment programs. These data will also be 
used to upscale project results to the national level. The findings of this project will help to 
assess the role of plant diversity for ES provision and identify strengths and weaknesses of 
organic and conventional farming systems in supporting multifunctional and diverse grass-
lands in Switzerland.
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Fruit texture is a major target in apple breeding programs, since it directly impacts both 
consumers’ appreciation and storage performance. A major QTL has been already discovered 
and employed as routine tool for marker assisted selection for texture. Successive rounds of 
breeding and marker-based selection have fixed the allelotype at the corresponding locus, 
meaning that the remaining genetic variability for texture might rely on small effects. These 
can be harnessed by genomic selection, a method that allows predicting the potential of an 
individual only based on genotypic information from genome-wide markers. The efficiency 
of genomic selection depends mainly on trait heritability, marker density and relatedness 
between the training population and the test population. In this work, we aimed to investigate 
the potential of genomic selection to predict apple texture using a texture analyzer TA.XTplus 
to dissect the texture phenotypic complexity, and a set of 8,234 SNPs, genotyped by means of 
a 20K Infinium SNP Array (Illumina). Starting with a collection of 259 individuals as main 
training population, we focused on the impact of genetic clustering and relatedness to optimize 
the training population size and composition. Prediction accuracies ranged from low to high 
depending on trait and test population. The best predictions were obtained for a synthetic trait 
calculated via a principal component analysis (PC1, maximum accuracy 0.81). The optimum 
training population size was in all predictions smaller than the starting training population 
(i.e. less than 259 individuals). Our results evidence a high potential for genomic selection for 
apple texture and illustrate the complex, practical considerations to make when designing a 
genomic selection experiment.  
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Chromatin organization in eukaryotic organisms is thought to be the foundation for man-
aging the processes which needs controlled access to DNA. Next to the intensively studied 
core histones which form the basic unit of chromatin – nucleosome - there is less studied 
however abundant chromatin component histone H1. By combining the recent advances in 
microscopy and sequencing technics we showed not only that H1 is required for correct for-
mation and organization of chromatin but also it is essential for maintaining proper chromatin 
decoration landscape, specifically H3 modifications. Lack of H1 in Arabidopsis plant did not 
severely affect the development yet it was associated with the failures in transitional fate 
changes in somatic cells e.g. lateral root formation, stomata patterning. Together, our data 
suggest that H1 fine tunes developmental transitions via regulating the precise chromatin 
organization and providing the accurate platform for chromatin modifying machinery and 
eventually epigenetics marks. 
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Environments such as metalliferous soils are harsh as a result of their low levels of macro-
nutrients and richness in trace metal elements (TME, e.g. Cd, Ni, Pb, Zn). Living under these 
conditions requires specific adaptations. Arabidopsis arenosa, a relative of A. thaliana, is an 
obligate outcrosser that occurs on both metalliferous and non-metalliferous soils. We are 
interested in the differences between metallicolous (M, from metalliferous sites) and non-me-
tallicolous (NM) populations, on a genomic and on a functional level. To explore differences 
in functional responses, we collected seeds from natural M and NM populations, which we 
used in a greenhouse reciprocal transplant experiment. We measured plant survival, growth, 
leaf metal content and sequenced the transcriptomes. Here we show that plants from NM 
populations have a very low survival rate on metalliferous soils, demonstrating that this soil 
exerts a strong selective force and that M populations are adapted to metalliferous soils. Fur-
thermore, we present recent results of differential gene expression induced by growth on 
metalliferous soils and between M and NM populations.
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Plants are at the trophic base of terrestrial ecosystems, and the diversity of plant species in 
an ecosystem is a principle determinant of community structure. This may arise from diverse 
functional traits among species. In fact, genetic diversity within species can have similarly 
large effects, and furthermore underlies the ability of populations and species to adapt in a 
changing climate. However, genetic biodiversity is poorly characterized, because genetic 
analysis requires on-site harvests followed by laborious, time-consuming, and expensive 
(though no longer prohibitive) sample extraction and analysis. We aim to develop approaches 
for the remote sensing of genetic diversity which have the potential for broad, rapid, repeated, 
geospatially resolved surveys. We furthermore aim to map distributions of plant signaling, 
stress responses, and resistance traits, from which we will attempt to predict species interac-
tions and community dynamics.
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Below ground insect pests are a yet unsolved problem not only in organic, but also in con-
ventional crop production because they are difficult to target and the few effective chemical 
pesticides are already or will be banned in near future due to raising concerns for environ-
mental and consumer safety. So far, mostly Bacillus thuringiensis was used in biological control 
of insect pests based on bacteria but resistance against major Bt toxins has been reported. This 
project aims at developing a new approach for the biological control of soil-dwelling pest 
insects compatible with organic production. We evaluate the potential of a specific group of 
plant-beneficial fluorescent Pseudomonas bacteria with entomopathogenic activity (EPP) for 
insect control as a new non-Bacillus bacterial biocontrol agent with a different mode of action. 
In a first screening, EPP strains were successfully tested against the cabbage root fly Delia 
radicum, a pest causing increasing losses in the production of brassicacean crops and for which 
no satisfactory control measures exist. These promising Pseudomonas chlororaphis strains are 
further evaluated and combined with entomopathogenic fungi (EPF) and entomopathogenic 
nematodes (EPN), which are already well-established biocontrol agents (BCA’s) used in organic 
production. Several EPF and EPN strains were screened for effectivity against Delia radicum 
and promising isolates combined with the best pseudomonads to increase the reliability and 
efficacy of biocontrol measures. First results suggest that these biocontrol agents can be used 
in combination as the different organisms did not inhibit each other’s infectiousness. Further-
more, combined applications showed more consistent results over repetitions and could even 
increase the biocontrol effect compared to the single organisms. We will further evaluate the 
efficacy of selected combinations in the greenhouse and in the field. We hope to provide new 
methods based on the combined application of beneficial soil organisms for the control of an 
important insect pest in organic and conventional vegetable production, which may be adapted 
to other problematic soil pests.
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Plants have been shown to release a large proportion (10-44%) of their photosynthetically 
fixed carbon into the rhizosphere (the region surrounding plant roots), including sugars, amino 
acids, organic acids, phenolic compounds, and peptides. Together, these compounds are 
known as root exudates and they serve as energy sources for some, and defensive deterrents 
against other, microorganisms enriched in the root rhizosphere. Research with Petunia hybrida, 
maize, and Arabidopsis thaliana has identified a few of the genes that govern root exudation in 
the rhizosphere, but much remains unknown. Using a quadrupole time-of-flight (QTOF) mass 
spectrometer, we profiled the root exudates data of nearly 200 worldwide accessions of Ara-
bidopsis thaliana, before analyzing these data using genome-wide association studies (GWAS). 
This allowed us to map the major genetic variants associated with the abundance (or presence/
absence) of individual root exudates. Here, we discuss the results and our efforts to validate 
the function of individual genes identified by these GWAS and our attempts to identify the 
metabolites being up-(or down-) regulated in mutants. These results should help fine tune our 
understanding in the biochemical pathways that contribute to the release of exudates.
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peter.szoevenyi@uzh.ch

The monophyletic group of hornworts is believed to represent the immediate sister group 
of all vascular land plants. However, this traditional view is still debated and cannot be satis-
factorily resolved owing to the lack of detailed knowledge on the general biology and genomic 
features of hornworts. Until now, advancement in this field was primarily hindered by the lack 
of genomic resources for a hornwort model species. Here we provide a high-quality genome 
draft of the model hornwort, Anthoceros agrestis, and some of its relatives. With the aid of 
Chicago and Hi-C libraries we assembled the A. agrestis genome into 5-6 chromosomes span-
ning a total length of ca. 120 Mb. The A. agrestis genome drastically differ from the published 
bryophyte genomes (moss and liverwort) and exhibit a number of unique features. The A. 
agrestis genome is small and strongly streamlined. In particular, we show that it has few recent 
paralogs, exhibits no signs of whole-genome duplication and has a moderate repeat content 
(ca. 30%). Despite of its small size, the genome is densely packed with genes (28 000 genes) of 
which 30% seems to be unique to hornworts showing no homology to genes of land plant and 
green algal genomes. We further show that the genome contains over 3000 PPR genes (penta-
tricopeptide repeat) known to be involved in organellar RNA editing that is pervasive in 
chloroplast-derived transcripts of A. agrestis. Finally, we present a preliminary gene expression 
atlas which shed light on the regulation of morphological and developmental traits that are 
either shared with other embryophytes or unique to hornworts. Overall, our analysis suggests 
that the hornwort genome is radically different from that of other land plants. Its unique and 
shared features within land plants provides better understanding on the evolutionary genomic 
events accompanied the origin and evolution of land plants.
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Shade effects in silvoarable agroforestry systems in 
Switzerland

Christina Vaccaro, Johan Six, Christian Schöb
Department of Environmental Systems Science, ETH Zurich

cvaccaro@student.ethz.ch

With climate change and an increasing world population, the concept of growing trees and 
crops on the same land is gaining economic and environmental interest. The practice of agro-
forestry is, however, mainly applied in tropical and subtropical climate. This research project 
aims to address the role of light competition in temperate agroforestry systems at three differ-
ent levels, i.e. environment, species, and cultivar. On the environment-level, a field experiment 
will be conducted in a full factorial design in three agroforestry systems in Central Switzerland. 
At each site, barley (Hordeum vulgare L.) is grown as understorey crop under 90%, 40% and 0% 
shade, respectively, with and without irrigation and/or fertilization. On the species-level, in a 
second field experiment suitable crop species for cultivation in temperate agroforestry systems 
are being tested in a full factorial design with one sun-loving, two intermediate and one 
shade-tolerant crop species grown in an agroforestry system, again with combined treatments 
of 90%, 40% and 0% shade as well as irrigation and/or fertilization. On the cultivar-level, the 
performance of a composite cross population of barley along cardinal transects around trees 
is investigated. Expected main findings of these field surveys include the role of light compe-
tition for the understorey crop growth, the influence of water and nutrient availability, optimal 
understorey crop species choice and adaptive cultivar lines in barley. The findings on light 
competition and influence of abiotic and biotic factors on understorey crop performance are 
expected to help optimizing the practice of silvoarable agroforestry systems in a temperate 
climate.
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How to develop heterotic groups for hybrid breeding in 
perennial ryegrass 
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Bruno Studer¹
¹ Department of Environmental Systems Science, ETH Zurich
² Deutsche Saatveredelung AG, Germany
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maximilian.vogt@usys.ethz.ch

Hybrid breeding is a means to improve the biomass yield of perennial ryegrass (Lolium 
perenne L.). Two key factors for effective hybrid breeding are stable pollination control systems 
and heterotic groups within germplasm. Heterotic groups simplify the identification of high 
yielding hybrid combinations as they allow for prediction of heterotic patterns, hence focusing 
on likely successful crosses. However, clear identification of heterotic groups within perennial 
ryegrass breeding germplasm has proven difficult. Here we report a method to structure 
perennial ryegrass germplasm using genotyping-by-sequencing (GBS) in a cytoplas-
mic-male-sterility (CMS)-based hybrid breeding program. Tetraploid hybrids, generated by 
crosses of 26 tetraploid parental combinations from a hybrid breeding program, were subject 
of yield trials, which compared their performance to synthetic varieties at five sites during 
four growing seasons. In the observed trials, hybrids significantly outperformed synthetic 
varieties by 4.15% on average, measured as total dry matter yield. Although there is an 
increased performance of hybrids, we found evidence of existing sub-populations within the 
tetraploid CMS population, which could be the starting point for further improvement of 
biomass yields. The suggested strategy of using GBS to eliminate sub-populations from paren-
tal populations has the potential to efficiently develop heterotic groups, resulting in further 
increased hybrid performance.



58

Zurich-Basel Plant Science Center – Symposium 2019

58

P41
Decomposition and N uptake in an alpine grassland are 
unaffected by summer drought

Maria Vorkauf, Ansgar Kahmen, Erika Hiltbrunner
Department of Environmental Sciences - Botany, University of Basel

evamaria.vorkauf@unibas.ch

The decomposition of plant litter is crucial for a functioning ecosystem. Soil microorganisms 
are key players for the mineralisation processes from large, organic to smaller, plant-available 
compounds, thus they recycle nutrients, and these are then re-absorbed by the plants. In the 
high alpine, a continuous snow cover during the long winter period protects the soil from 
freezing air temperatures. A considerable amount of litter is already decomposed under the 
insulating snow. In a rain exclusion experiment (5 and 10.5 weeks) at 2,500 m a.s.l., we explored 
the consequences of summer drought on litter decomposition in an alpine grassland dominated 
by the sedge Carex curvula. Besides native litter, we also buried maize leaf litter that was 
enriched in 15 N (δ15 N = 370 ‰) to explore whether the decomposed compounds could already 
be traced in newly formed leaves of this dominant sedge. Our results showed that the easily 
decomposable litter components were almost fully decomposed over the winter months, and 
hence, summer drought did not affect the yearly decomposition. Only litter that was newly 
exposed at the beginning of the growing season was decomposed more slowly under drought 
than in controls. Surprisingly, in July, ca. four weeks after snowmelt, we already found the 15 
N enriched signal from the maize leaf litter in the leaves of Carex curvula. Conclusively, neither 
the yearly amount of decomposition nor the nutrient uptake by the dominant sedge was 
restrained through the summer drought. Thus, summer drought seemed to not have a major 
effect on the nutrient cycle in this late successional alpine grassland. 
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Quantifying genotype by environment interactions from 
large data sets using a deep learning and optimization 
approach

Lizhi Wang, Saeed Khaki 
Department of Industrial and Manufacturing Systems Engineering, Iowa State University, USA

lzwang@iastate.edu

Crop yield is a complex trait jointly determined by genotype (G), environment (E), and their 
interactions (GXE). Herein, we present a deep learning and optimization approach to quantify 
the contributions of G, E, and GXE to the variance of plant yield. We first designed a Convo-
lutional neural network model to predict the crop yield by estimating the additive and inter-
active effects of genotype, soil, and weather conditions. The model was trained on a large 
dataset collected by Syngenta, which consisted of historical yield of 2000~ maize hybrids, 
genotyped by 20000~ genetic markers, grown in 2000~ locations over ten years. Next, we 
deployed a group of deep learning models with varying input data to overcome the black-box 
property of neural network models and to provide more insight into the genotype by envi-
ronment interactions. Then, we designed a mixed integer linear programming optimization 
model to analyze the outcome from the group of deep learning models. As a result, we are 
able to quantify the contributions of G, E, and GXE to the variance of plant yield. This work 
not only provides new insight on genotype by environment interactions but also presents a 
new methodology that can be used to analyze the additive and interactive effects of multiple 
variables.
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Exploring potential new players in meiotic stabilization of 
tetraploid Arabidopsis arenosa

Jens Westermann, Kirsten Bomblies
Department of Biology, ETH Zurich

jens.westermann@biol.ethz.ch

Whole genome duplication (WGD), which leads to polyploidy, poses challenges to the 
regular segregation of chromosomes in meiosis. Newly formed polyploids often show abnor-
mal synapsis, multivalent associations among more than two homologs, and chromosome 
missegregation that can lead to aneuploidy. Evolved polyploids generally have high fertility, 
diploid-like bivalent chromosome associations, and regular chromosome segregation. To 
understand how regular chromosome segregation can evolve we use Arabidopsis arenosa, an 
out-crossing relative of A. thaliana with extant diploid and autotetraploid populations. The lab 
group of Prof. Kirsten Bomblies previously identified numerous meiosis genes under selection 
in the tetraploid lineage, and focused follow-up studies on six genes with strong evidence of 
selection. However, there are additional genes under selection that have functionally either 
not been characterized, or not extensively, thus representing interesting candidate genes: I 
have selected three genes that are expressed particularly in reproductive tissues, and show 
some evidence of potentially being related to meiotic proteins known from other systems. I 
hope to discover whether these genes function in meiosis, and whether the strong signatures 
of selection acting on them indicate a role in meiotic stabilization of tetraploids.
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Host genotype x soil interaction in the composition of 
pathogenic and beneficial fungi of pea lines screened for 
root rot resistance

Lukas Wille1,2, Mario Kurmann², Monika M. Messmer¹, Bruno Studer², Pierre Hohmann¹
¹ Plant Breeding, Department of Crop Sciences, Research Institute of Organic Agriculture (FiBL), 
Frick, Switzerland  
² Department of Environmental Systems Science, ETH Zurich

lukas.wille@fibl.org

Fungal root diseases threaten pea (Pisum sativum L.) cultivation, and therefore a valuable 
protein source and important crop in low-input farming systems. Resistance in current pea 
varieties against multiple root pathogens is lacking. In order to acknowledge the rhizosphere 
microbiome as an integral part of the environment, 261 pea genotypes were screened for 
resistance on naturally infested field soil in a pot-based experiment. Thereof, eight lines with 
contrasting disease levels were selected and tested on four soils with different disease pressure 
in a follow-up pot experiment. Along root rot assessments, pea pathogens Fusarium solani, F. 
avenaceum, F. oxysporum, Didymella pinodella and Aphanomyces euteiches as well as the fungal 
antagonist Clonostachys rosea and arbuscular mycorrhizal fungi were quantified in diseased 
roots using qPCR assays. The amount of fungal DNA detected in the roots differed among the 
pea genotypes and the four soils and a significant pea genotype x soil interaction was evidenced 
for several fungal species. For example, the quantity of F. avenaceum in the roots mostly depends 
on the soil (p < 0.01) and differs significantly between pea genotypes (p = 0.013). F. oxysporum 
and F. solani quantities showed significant pea genotype x soil interactions (p < 0.01 for both 
species). Significant correlations were found between F. avenaceum and F. solani  quantity and 
root rot index (rs = 0.38, p < 0.01 and rs = 0.56, p < 0.01, respectively). On the other hand, F. 
oxysporum quantity shows no relationship with root rot (rs = 0.007, p = 0.95). These results 
suggest differential roles of the microbes in the pea root rot and highlight the importance of 
incorporating the complexity of the soil microbiome at early stages of resistance screenings 
and breeding efforts. Resistance breeding against root rot will be challenged by the fact that 
soil microbes interact with each other and the plant and that their composition varies between 
different soils. Further insights into plant-microbe interactions and emerging molecular plant 
breeding tools will fuel future plant breeding.

Flash talk
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Impact of intra-specific Transposable Element variations on 
local epigenetic states and gene expression

Michele Wyler, Anne C Roulin
Department of Plant and Microbial Biology, University of Zurich 

michele.wyler@botinst.uzh.ch

Transposable elements (TEs) are mobile DNA sequences which have the capacity to replicate 
and/or move from one location to another in their host genome. TEs are the main driver of 
genome size expansion in Eukaryotes but can also alter gene expression and function. Host 
genomes have yet developed various mechanisms to silence TE trans-position and counteract 
their potential deleterious effects. These mechanisms include DNA and histone methylation, 
as well as heterochromatin formation and changes in the spatial organization of the nucleus. 
TE polymorphisms provide thus a great potential for modulating gene expression and genome 
organization. Today, bisulfite sequencing is regarded as the gold standard method for DNA 
methylation studies. We sequenced 11 different accession of the model grass Brachypodium 
distachyon and used publicly available data from the model plant Arabidopsis thaliana. Our 
results are indicating striking differences in genome organization in regard to TEs localization. 
Consequently also the DNA methylation silencing differs between the two studied plants. To 
asses the consequences of these epigenetic differences, we performed in parallel for the two 
plants a transcriptomic analysis. First results are indicating a diverse impact of TE and meth-
ylation status to neighboring genes between the two organisms. Overall, we demonstrate that 
genome organization, epigenetic status and gene expression are similarly diverse as the TE 
landscape of the organism.
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EXPLOTREE - Exploring the upper hidden half of trees

Cedric Zahnd, Matthias Arend, Ansgar Kahmen, Günter Hoch
Department of Environmental Sciences, Botany, University of Basel

cedric.zahnd@unibas.ch

Forest canopies show heterogenous microclimatic conditions, with strong vertical gradients. 
Many biological processes in tree crowns are driven by these environmental conditions. The 
project EXPLOTREE aims at describing the seasonal dynamics of key biological processes 
within the three-dimensional forest canopy, their interrelations and dependence on the micro-
climate. Within this project, phenology, growth and traits related to carbon- and water relations 
are measured at different heights in the crowns of trees from nine common temperate tree 
species at the newly established Swiss Canopy Crane II facility. Additionally, radiation, tem-
perature and humidity are continuously recorded at different heights of the crowns. The 
high-density simultaneous measurements of these processes along the microclimatic gradients 
within the canopy will offer important insights into their functional interrelations, which is 
key to understanding tree responses to environmental stresses. Results from the first field 
season of this project, focusing on phenology and growth, will be presented. Throughout the 
season, leaf phenology and secondary growth of twigs and branches were measured on per-
manently marked branches along the height of each tree crown, and stem growth was recorded. 
In all species, spring phenology tended to start earlier at the lowest part of the crowns, with 
considerable variation between and within species likely due to microclimatic differences. 
Leaves at the top of the canopy tended to take longer to fully unfold than leaves at the bottom. 
Across species, no uniform relation between leaf phenology and the onset of secondary growth 
was found, with patterns ranging from Oak where stem growth started before budbreak, to 
Hornbeam where stem growth only began about two months after budbreak. 
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