
ANNUAL REPORT 2016

GREGOR MENDEL INSTITUTE OF MOLECULAR PLANT BIOLOGY

Dr. Bohr-Gasse 3

1030 Vienna, Austria

OFFICE@GMI.OEAW.AC.AT

WWW.GMI.OEAW.AC.AT



GMI  ANNUAL REPORT 2016

Published by:
GREGOR MENDEL INSTITUTE
OF MOLECULAR PLANT BIOLOGY GMBH
Dr. Bohr-Gasse 3
1030 Vienna, Austria
E: office@gmi.oeaw.ac.at
Editor: J. Matthew Watson
Photographers: Christian Huttar, Herbert Blazejovsky,
Ruben Gutzat, Oliver Zehner, Envel Kerdaffrec, 
Wolfgang Sabitzer, Österreichische Akademie der 
Wissenschaften/APA-Fotoservice/Hinterramskogler
GMI logo: Lo Breier
Graphic design: floorfour Agentur für Kommunikation
Printing house: Riedel Druck GmbH, 2214 Auersthal
© Gregor Mendel Institute of Molecular Plant Biology 2016

The GMI is a basic research institute of the
Austrian Academy of Sciences

DIRECTORS’ STATEMENT
INTRODUCING THE GMI

RESEARCH GROUPS
Youssef Belkhadir

Frederic Berger

Wolfgang Busch

Armin Djamei

Ortrun Mittelsten Scheid

Michael Nodine

Magnus Nordborg

KEY FACTS 
PUBLICATIONS
GRANTS 
PHD PROGRAM
SEMINARS 
PROFESSIONAL TRAINING & PERSONAL DEVELOPMENT
ALUMNI
THE VIENNA BIOCENTER
VIENNA BIOCENTER CORE FACILITIES
EVENTS 
FINANCE & ADMINISTRATION
SCIENTIFIC ADVISORY BOARD 
THE AUSTRIAN ACADEMY OF SCIENCES
PROMOTING THE IMPORTANCE OF PLANT SCIENCE
THE CITY OF VIENNA 
LOCATION & TRAVEL DIRECTIONS 

4

6

14

18

24

30

36

40

44

50

52

54

56

58

60

61

62

64

66

68

70

71

72

74

75

ANNUAL REPORT16
CONTENTS

GMI  ANNUAL REPORT 2016

Published by:
GREGOR MENDEL INSTITUTE
OF MOLECULAR PLANT BIOLOGY GMBH
Dr. Bohr-Gasse 3
1030 Vienna, Austria
E: office@gmi.oeaw.ac.at
Editor: J. Matthew Watson
Photographers: Christian Huttar, Herbert Blazejovsky,
Ruben Gutzat, Oliver Zehner, Envel Kerdaffrec, 
Wolfgang Sabitzer, Österreichische Akademie der 
Wissenschaften/APA-Fotoservice/Hinterramskogler
GMI logo: Lo Breier
Graphic design: floorfour Agentur für Kommunikation
Printing house: Riedel Druck GmbH, 2214 Auersthal
© Gregor Mendel Institute of Molecular Plant Biology 2016

The GMI is a basic research institute of the
Austrian Academy of Sciences

GREGOR MENDEL INSTITUTE OF 
MOLECULAR PLANT BIOLOGY
DR. BOHR-GASSE 3
1030 VIENNA, AUSTRIA

FROM THE AIRPORT:
by city train (S-Bahn): 
S7 to Sankt Marx-Vienna Biocenter
FROM THE CITY:
by city train (S-Bahn): S7 
to Sankt Marx-Vienna Biocenter
by tram: 71, 18 to Sankt Marx
by bus: 74A to Sankt Marx
by underground: U3 to Schlachthausgasse
(7 minute walk or three stops with tram 18) 

The Gregor Mendel Institute is located in the Vienna 
Biocenter (VBC), the premier location for life sciences 
in Central Europe and a world-leading international 
bio-medical research center (www.viennabiocenter.org).
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 We are proud to be one of very few institutions worldwide devoted 

to basic research in plant biology. The decision to establish such an in-

stitute 15 years ago is looking increasingly visionary given the mount-

ing evidence that human activities, in particular fossil-fuel usage, are 

 rapidly changing the global climate. The importance of understanding 

the biology of the world’s primary producers is difficult to overstate in 

this context.

 The goal of the GMI is to contribute to our understanding of plants 

(and biology in general) by carrying out world-class research, in particu-

lar the kind of fundamental research that is poorly supported elsewhere. 

Like the other institutes that are part of the Vienna Biocenter, we strive 

for excellence and emphasize creativity and independent thinking at 

every level. As directors, our most important task is to create a fantastic 

research environment and to recruit and promote young scientists as 

group leaders, allowing them to develop into established researchers 

capable of securing senior scientific positions worldwide. This year, we 

congratulate our “senior” junior group leader, Wolfgang Busch, on hav-

ing received a great offer to become professor at the prestigious Salk 

Institute in La Jolla, California. The success of departing researchers (at 

any level, including, of course, doctoral students and postdocs) is one of 

the most important indicators of our success as a research institute.

 The other main indicator is of course scientific productivity, and on 

this front, we believe our annual report speaks for itself. The quality of 

publications from the GMI continues to increase every year.

 As always, we want to thank the Austrian Academy of Sciences for 

its support (without which the Gregor Mendel Institute would not ex-

ist); the Federal Ministry of Science, and the City of Vienna for their 

general support of the VBC; and everyone, especially those at the GMI, 

for making this an amazing place to work. 

Magnus Nordborg

Markus Kiess
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DIRECTORS’ 
STATEMENT

Dr. Magnus Nordborg

Scientific Director

Dr. Markus Kiess

Business Director
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RESEARCH
Research at the GMI covers many aspects 

of molecular plant genetics, including basic 

mechanisms of epigenetics, population ge-

netics, chromosome biology, developmental 

biology, plant-pathogen interactions, and 

defense. During the last 20 years, the model 

plant Arabidopsis thaliana has emerged as the 

primary experimental system for plant molec-

ular biology and is the main model organism 

used at the GMI. Research is carried out by in-

dependent research groups, led either by sen-

ior group leaders with contracts of unlimited 

duration, or junior group leaders with limited 

appointments. Our focus is on scientific excel-

lence and, notably, GMI researchers have one 

of the highest publication rates in high-impact 

journals such as Nature and Science in Austria.

 The GMI's research activities are supported 

by an efficient administration and a world-

class scientific infrastructure consisting of the 

GMI's own services, including state-of-the-art 

plant growth facilities and a new computing 

cluster, joint services with the IMP and IMBA, 

and other core services offered by the VBCF. 

Block funding is received from the Austrian 

 Academy of Sciences with additional resourc-

es provided by a variety of national, European 

Union, and international funding agencies.

 I thought by studying plants I 

could make the most difference and help 

the most people. More people in the 

world are malnourished than have cancer. 

(Michael Nodine)

INTRODUCING THE GMI

INTRODUCING 
THE GMI

PROFILE
The Gregor Mendel Institute of Molecular Plant 

Biology (GMI) was founded by the Austrian 

Academy of Sciences (ÖAW) in 2001 to promote 

research excellence in molecular plant biology. It 

is one of the few institutes throughout the world 

that focuses on basic plant biology. The GMI is 

located in the purpose-built ÖAW Life Sciences 

Center, completed in January 2006, in the heart 

of Vienna’s most important life sciences research 

complex, the Vienna Biocenter (VBC). The VBC 

includes three other important research insti-

tutes the IMP, IMBA, and MFPL, as well as sever-

al biotechnology companies, which provides an 

environment of powerful research synergies for 

the GMI.
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recent work on epigenetics and RNA silencing 

are only a few of the dozens of examples. What 

critical discoveries will plant research bring in 

the future?

 These are exciting times, for there is still 

much to learn, from the biology of roots to the 

genetic architecture of adaptive variation. The 

possibility of fundamental discoveries in these 

and other areas seems high, and everyone at 

the GMI is excited to be part of this endeavor.

INTRODUCING THE GMI

 For me there is no such thing as plant science… Plants provide 

 valuable and effective models to study biological processes, and the 

processes I study are all aspects of one of the essences of life: change. 

(Fred Berger)

Plants are the primary producers of the world’s 

ecosystem and thus essential for all life on 

earth, a basic fact that is receiving new atten-

tion due to rising food prices, diminishing fos-

sil fuel reserves, and a changing climate. Ma-

jor innovations will be required to guarantee 

sustainable food and energy production in the 

21st century, and some of them can only come 

IMPORTANCE OF EXPERIMENTAL 
PLANT RESEARCH

from basic plant research, such as that carried 

out at the GMI.

 Research on plants can also lead to funda-

mental scientific breakthroughs beyond plant 

biology, including many that can be applied to 

human medicine. Gregor Mendel's discovery 

of the basic principles of genetics, Barbara Mc-

Clintock's discovery of transposons, and the 
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CAREER 

The GMI focuses on providing a perfect en-

vironment for excellent science as well as ed-

ucation, which makes it an excellent place to 

develop a scientific career. We offer an excit-

ing setting for undergraduates, PhD students, 

postdocs, and principal investigators alike. All 

researchers have access to superb infrastruc-

ture and generous funding, allowing for enor-

mous intellectual freedom.

 At the GMI we see the career development 

of our junior researchers as a priority. The fac-

ulty aims to provide effective mentoring to 

PhD students and postdocs in order for them 

to progress and be successful. While most of 

these mentoring efforts are involved in pro-

moting a research career, we organize events 

to promote the interaction of young research-

ers with people from many different career 

paths. 

 GMI alumni have gone on to a broad range 

of careers, with members of this year’s alumni 

going on to group leader positions, postdocs in 

academia, and positions in industry. 

INTRODUCING THE GMI

  Hopefully, the ability to 

study fungal infections in a plant 

that is well-suited for the laboratory 

will lead to novel ways to reduce 

fungal infections in plants and 

the dramatic yield losses that they 

cause. (Armin Djamei)

EDUCATION

The GMI offers PhD positions within the 

framework of the international VBC PhD Pro-

gramme, and is also involved in several exter-

nally funded doctoral programs. During the 

summer, GMI research groups host students 

through the VBC Summer School. Addition-

ally, GMI group leaders present lectures and 

organize journal clubs and laboratory courses 

at the University of Vienna. The GMI is com-

mitted to participating in outreach activities to 

promote the importance of plant science to the 

general public.

WORKING AT 
GMI
The GMI provides a lively, international work-

ing environment with around 130 staff from 

over 30 countries. The working language is 

English. Research is complemented by scien-

tific events, including a packed seminar series, 

an annual scientific retreat, GMI-organized 

conferences, and weekly social events.
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YOUSSEF BELKHADIR

youssef.belkhadir@gmi.oeaw.ac.at

 Joined GMI in Jun 2014

PhD: University of North Carolina 
at Chapel Hill, NC, US

PREVIOUSLY
¬ Chief Scientific Officer (2011-2013): 
Atlas Genomics, Casablanca, MA 
¬ Postdoc (2006-2011): Joanne Chory 
Lab, SALK Institute for Biological
 Studies, La Jolla CA, US 

GROUP MEMBERS
PHD STUDENT
Katarzyna Parys

POSTDOCS
Jixiang Kong
Elwira Smakowska

TECHNICIANS
Karin Grünwald
Natascha Weinberger

TRAINEE
Emilia Grünwald*

VISITOR
Adam Mott*

(*left the lab in 2016)

Plants must grow fast enough to compete with their neigh-
bors, while maintaining appropriate defenses to sur-
vive in the presence of pathogens. To this end, plants ex-
ploit phylogenetically related cell surface Receptor Like 
 Kinases (RLKs) to control developmental and defense 
programs. The central goal of our laboratory is to provide 
an  increased understanding of RLK-controlled “growth- 
defense”  decision-making processes in plants. 

CELL SURFACE 
CONTROL OF GROWTH 
AND DEFENSE IN 
ARABIDOPSIS 

BELKHADIR GROUP
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BELKHADIR GROUP

By far the most abundant class in plants, over 230 members in Arabi-

dopsis thaliana alone, contains leu-rich repeat sequences commonly 

referred to as LRR-RLKs. Research during the past decade led to the 

cloning and identification of plant RLKs from both model and agricul-

turally important crop species. Within the last few years, genetic anal-

yses, along with gene expression studies, uncovered the involvement 

of LRR-RLK proteins in a wide variety of developmental and defense- 

related processes including stem cell maintenance, cell proliferation, 

stomata development, hormone perception, and symbiosis. 

 The main goal of our laboratory is to understand how RLKs allow 

plants to optimize the use of their growth and defense systems. For 

this, we use the signaling pathways governing defense and growth to 

uncover RLKs hubs that mold ‘growth-defense’ dynamics and function. 

 In the past year, we have continued our systematic approaches 

for network analysis of cell surface receptors in Arabidopsis. We have 

interrogated an additional 20.000 interactions between the extracellu-

lar domains of RLKs, bringing our interactome dataset to a combined 

number of 40.000 interaction pairs. Using this novel dataset we have 

assigned a function to previously uncharacterized RLKs (→ Fig. 2). 

 We also followed-up on our genome wide association (GWA) 

mapping approach to identify RLKs involved in the regulation of both 

growth and defense among natural strains of A. thaliana. We have 

been very successful and have identified a new LRR-RK that regulates 

brassinosteroid responses in the root and the shoot. We termed this 

previously uncharacterized LRR-RK Brassinosteroid Regulator Kinase 

(BRK). We performed genetic studies with both loss- and gain-of-

function mutations in key BR biosynthetic and signaling components 

to demonstrate causality. Our preliminary results indicate that BRK is 

a ‘conditional’ regulator of BR signaling. BRK appears to be required 

when the BR signaling pathway is functioning either at resting or high 

activity points. In sum, by combining the knowledge gained from our 

RLK interaction networks with the results of our GWA studies, we are 

in an ideal position to start understanding signaling events controlled 

by RLKs for optimal plant growth and defenses. 

FIG.2
Novel RLK networks

SPACE 6

SPACE 5

SPACE 4

SPACE 3
SPACE 2

SPACE 1: MTI SPACE
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BRLs
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FLS2
EFR
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UR-ECD Edges

LRR-ICDs Edges

facilitated the identification of many plasma membrane receptor fam-

ilies. The Receptor Protein Kinases (RPKs) comprise one of the largest 

subfamilies of transmembrane receptor kinases in metazoans. Higher 

plants possess a multitude of genes coding for putative Receptor-Like 

Kinases (RLKs). For instance, the genome of the model plant Arabi-

dopsis contains 400 genes predicted to encode proteins displaying the 

architectural hallmarks of RPKs. In plants, all of the RLKs identified 

thus far contain signature sequences indicative of ser/thr- and tyr- spe-

cific protein kinases. Thus, like animals, higher plants broadly employ 

receptor kinase signaling to regulate vital functions from pathogen 

sensing to development. While information is emerging about the 

range of biological processes RLKs control, the mechanisms by which 

they exert their function has remained unknown. Whereas the struc-

tural features of the LRR-RLKs suggest that these proteins may act as 

receptors for extracellular signals, the vast majority of these proteins 

remain orphan receptors with respect to their in vivo functions and/or 

associated ligands. Clear evidence for direct, receptor-ligand interac-

tions is known for only a few of these perception systems (→ Fig. 1).

A key question in biology is how organisms “adapt”, or acquire en-

vironment-dependent fitness advantages. Plants are rooted in the 

ground and, unlike animals, must adapt to their environment rather 

than change it through relocation. Adaptation involves adjustment in 

the plant body plan and requires mechanisms for sensing the environ-

ment and reacting effectively. 

 Intercellular communication in multicellular organisms depends 

upon the relay of extracellular signals to intracellular mediators often 

through activation of membrane-embedded proteins called receptors. 

Receptors represent the gateway through which a cell senses and re-

sponds to its environment. The mechanisms of cell surface receptor 

activation are highly diverse, particularly in plants. Receptor activation 

is usually initiated by the engagement of an extracellular molecule 

with the extracellular regions of either one or many cell surface recep-

tors. This engagement, in turn, activates intracellular signal transduc-

tion cascades and elicits downstream gene expression programs. The 

availability of genome sequences from several model organisms has 

FIG.1
Paradigms of LRR-RK signaling in Arabidopsis
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FREDERIC BERGER

frederic.berger@gmi.oeaw.ac.at

 
 Joined GMI in Jan 2014

PhD: Marine Biological Associa tion, 
Plymouth, U.K.

PREVIOUSLY
¬ Group Leader: Temasek Life Sciences 
Laboratory, Singapore
2004–2014
¬ Research assistant professor: Institut 
National de la Recherche Agronomique 
(INRA) Lyon, France 1997–2004

GROUP MEMBERS
BIOINFORMATICIAN
Elin Axelsson

PHD STUDENT

Sean Montgomery

POSTDOCS
Michael Borg 
Danhua Jiang
Tomokazu Kawashima* 
Bingkun Lei
Akihisa Osakabe
Chulmin Park
Hidenori Takeuchi
Haifeng Wang

STAFF SCIENTIST
Zdravko Lorkovic 

TECHNICIANS
Svetlana Akimcheva
Bhagyshree Jamge

TRAINEE
Anna Schmücker*

(*left the lab in 2016)

The genetic information contained in DNA is organized 
into functional units that are assembled as domains within 
the nucleus. This organization is crucial for a proper, bal-
anced expression of the genome and it becomes severely 
disrupted in cancer cells. We propose that variants of the 
core histone proteins that associate with DNA play a key 
role in genome organization. Eight histone proteins, two 
copies each of H2A, H2B, H3, and H4, form an octamer 
called the nucleosome, which is the basic unit of the ar-
chitecture supporting DNA. We have focused our work on 
the roles of H3 and H2A variants. We use plants as models 
because, like vertebrates, they have evolved a remarkable 
diversity of histone variants. 
 This year we made advances in understanding the con-
trasting roles played by H3.1 and H3.3 variants. Specific 
H3 variants are expressed in specialised cell types, includ-
ing gametes. In a parallel project, we discovered the role 
played by a transcription factor that controls the expres-
sion of these variants and the evolutionary origin of sexual 
 gamete differentiation. 

CHROMATIN 
ARCHITECTURE AND 
FUNCTION

BERGER GROUP
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BERGER GROUP

FIG. 2

Impact of H3.1 on H3K27me3 propa-

gation through cell division. 

2. H3.1 VARIANTS ARE ESSENTIAL FOR THE EPIGE-
NETIC INHERITANCE OF H3K27ME3
Organization of chromatin structure by nucleosome patterning and 

histone modification is critical for genome regulation. During cell di-

vision, this chromatin structure is disrupted by DNA replication and 

needs to be properly reassembled on the daughter DNA strands to 

maintain the regulatory information carried by histone modifications. 

We have studied the mechanisms that couple H3.1-mediated deposi-

tion of new nucleosomes with the inheritance of histone modification 

H3K27me3 deposited by the Polycomb repressive complex 2 (PRC2) 

in Arabidopsis. D. Jiang found that transmission of the repressive his-

tone mark H3K27me3 depends directly on H3.1 deposition. This is ex-

plained by the following mechanism (→ Fig. 2). PRC2 proteins localize 

at sites of ongoing DNA replication and directly interact with the H3.1 

chaperone CAF1 to rapidly restore the levels of H3K27me3 following 

DNA replication. Our results have uncovered a mechanism that 

coordinates the incorporation of nucleosomes and inheritance of 

H3K27me3 during DNA replication and provide an explanation 

for the epigenetic memory associated with this chromatin mark.

S phase S/G2 phase

1. IMPACT OF H3.3 ON MAINTENANCE OF THE 
CHROMATIN MODIFICATION H3K27ME3 
In animals, deposition of H3.3 depends on two specific chaperones, 

HIRA and ATRX. We had shown the functional conservation of HIRA 

in plants and have investigated the role of ATRX. In animals, the SNF2 

chromatin remodeler ATRX interacts with Heterochromatin Protein 1, 

a reader of the heterochromatic modification H3K9me3, and with the 

Chaperone Daxx, which deposits H3.3. In Arabidopsis, we showed that 

despite the absence of Daxx, ATRX also participates in H3.3 deposi-

tion at sites that are marked by H3K27me3. Thus, we have uncovered 

the molecular mechanism that links ATRX to H3K27me3 in plants (→ 
Fig. 1). ATRX interacts with HP1 through plant specific domains that 

evolved in both proteins. HP1 interacts with the chromatin modifier 

PRC2 and we have shown that ATRX participates in the recruitment 

and spreading of H3K27me3 silencing marks. Our study resolves 

the origin of the plant specific pathway associated with HP1 and 

illustrates how evolution of unique domains in multifunctional 

proteins enabled the evolution of distinct silencing pathways in 

eukaryotes.

 FIG.1

Schematic of ATRX evolution, which 

is involved in H3k27me3 deposition
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BERGER GROUP

4. OUTLOOK FOR 2017

H2A.W is both necessary and sufficient to promote heterochromatin 

condensation into higher order nuclear domains that are involved 

in maintaining transposon silencing and genome integrity. We have 

now realized that heterochromatin marked by H2A.W can be further 

subdivided into distinct domains marked by chromatin modifications 

and histone variants from multiple families. We are investigating the 

function of these new domains. We are pursuing analyses of H2A.W 

evolution, function, and properties using structural, biochemical, and 

molecular analyses.

 The Marchantia genome will be published in 2016 and we have al-

ready obtained preliminary chromatin profiles of some histone variants 

and modifications. We will need to extend genomic sequencing and 

assembly in Marchantia to investigate how the chromatin landscape 

has evolved in plants. This will be the first comprehensive attempt to 

understand the origin of chromatin-mediated genome organization 

and to which degree it enabled the diversification of genomic functions 

during the evolution of Eukaryotes.

FIG. 3

A model for DUO1 evolution during green plant evolution. The lower pan-

els describe the two developmental pathways leading to small male gametes 

in the basal land plant Marchantia and the flowering plant Arabidopsis, 

which are both controlled by DUO1. The top panel shows the details of the 

events that led to DUO1 innovation and its impact on male gametogenesis 

during land plant evolution.

3. THE ORIGIN OF SEXUAL REPRODUCTION 
IN PLANTS 
Evolution of sexual reproduction in multicellular eukaryotes was trig-

gered by the innovation of anisogamy resulting from the dimorphic 

differentiation of male and female gametes. With the exception of a 

specific group of algae, the molecular basis for the evolution of ani-

sogamy in other eukaryotes remains largely unknown. In collabora-

tion with T. Araki’s group in Kyoto, we have shown that the MYB tran-

scription factor (TF) gene DUO POLLEN1 (DUO1) emerged from the 

common ancestor of green algae and land plants concomitant with the 

acquisition of anisogamy. In the early diverging land plant Marchantia 

polymorpha, DUO1 is essential for the differentiation and morphogen-

esis of sperm cells. During evolution separating green algae and land 

plants, the DUO1 DNA binding domain sequentially acquired an in-

sertion and substitution that altered specificity for a new cis-regulatory 

element, ultimately shaping a distinct regulatory network controlling 

spermatogenesis in land plants (→ Fig. 3). The evolving DUO1 net-

work incorporated control over more ancient sexual traits like mating 

type, gamete fusion, and gamete attachment, establishing DUO1 as 

the master regulator of male gamete differentiation in flowering plants. 

DUO1 controls the expression of the sperm specific H3 variant H3.10 

and we are looking into its function in chromatin reprograming. This 

project provided insight into the origins of anisogamy as it identifies 

the founding role played by neo-functionalization of DUO1 and, at a 

broader scale, this work has provided a conceptual framework for stud-

ying the evolution of sexual reproduction in eukaryotes.

MARCHANTIA ARABIDOPSIS
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Although the roots of plants are hidden from view, they 
are of utmost importance. Roots anchor the plants in the 
ground, explore the soil, and gather all essential nutrients 
for plants. Regulating the continuous and highly plas-
tic  development of the root is therefore essential to any 
plant. While root growth and development is genetically 
 determined, it is also strongly impacted by environmental 
factors. Our long-term goals are to understand how, and 
through which molecular and cellular mechanisms, root 
growth is quantitatively determined by the genotype and 
different environmental conditions. To accomplish this we 
use a systems genetics approach, a synthesis from various 
fields including, genetics, genomics, phenomics, and sys-
tems  biology. 

The root system enables plants to anchor themselves in the soil and 

forage their environment for nutrients and water. The evolution of this 

system 400 million years ago allowed plants to efficiently colonize and 

transform the land surface of our planet and paved the way for the 

highly diverse ecosystems that occupy its landmasses today. The dis-

tribution of roots in the soil – root system architecture (RSA) deter-

mines to a large extent how water and nutrients can be taken up. RSA 

is genetically determined; it differs between species and displays a high 

level of natural variation within a species. However, it is also strongly 

impacted by environmental parameters. 

SYSTEMS GENETICS 
OF ROOT GROWTH

BUSCH GROUP
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REGULATION OF ROOT SYSTEM ARCHITECTURE 
Much of the remarkable capability of plants to adjust to local environ-

ments is due to the fact that plants are modular organisms that can 

tune their organ number as well as the growth of these organs. This al-

lows for a remarkable plasticity in plant architecture. In the root system, 

root system architecture (RSA) determines crucial parameters for plant 

survival, such as the ability to take up water, forage the soil for nutri-

ents, and anchor the plant. RSA is mainly shaped by the processes of 

root branching, root elongation, and root growth direction (→ Fig. 2). 

Central regulators of RSA are plant hormones. To identify the genetic 

bases that lead to variations in root system architecture, we have used 

chemical genomic approaches in which we perturb processes relating 

to phytohormonal signaling, quantify the phenotypic consequences in 

different accessions, map this variation of the root growth responses to 

the genome, and then study the genetic and molecular mechanisms of 

the genes that have the largest impact on the phenotype. 

FIG. 2

Arabidopsis root systems at different developmental stages. Schematic representations of the Arabidopsis root 

system of a 14 day old seedling grown in vitro on an MS - agar plate (left) and a mature Arabidopsis root 

system in clay soil, Klagenfurt, Austria (right, based on Figure 135 in Lore Kutschera und Ernst Lichtenegger, 

2010 Wurzelatlas mitteleuropäischer Ackerunkräuter und Kulturpflanzen. Unveränderter Nachdruck ISBN 

978-3-7690-0758-9)

Root Growth Rate
Root Growth Direction
Root Branching
Secondary Root GrowthLateral Root

Primary Root

1 cm 1 cm

ARABIDOPSIS ROOT SYSTEM DAY 14 ARABIDOPSIS MATURE ROOT SYSTEM

For instance, to understand which genetic and molecular components 

specifically modulate auxin dependent root growth traits, we applied 

a chemical genetics approach using a moderate concentration of the 

auxin transport inhibitor 1-N-naphtylphthalamic acid (NPA) and 

assessed root growth in more than 200 natural accessions of Arabi-

dopsis. We observed the most striking natural variation in traits relat-

ed to the root growth direction (→ Fig. 3). Genome wide association 

mapping revealed two significantly associated SNPs. Strikingly, these 

were located in the coding regions of genes closely tied to the cellular 

membrane transport involved in auxin transport and root gravitropism 

and consequently control of root growth direction. This control of root 

growth direction over time translates into drastic differences in RSA. 

We are in the process of characterizing the molecular functions of these 

genes and their alleles. 

FIG. 1

Tissue architecture and 

natural variation of the root of 

Arabidopsis. 

A) The Arabidopsis root and its 

developing tissues. Schematic of a 

young Arabidopsis root (center). 

The developmental zones of the 

PR tip and its tissue architecture 

(left) and LR primordium (right). 

Different tissue types are indicat-

ed by different colors. 

B) Natural variation in roots of 

different Arabidopsis strains.

vasculature
pericycle

endodermis
cortex
epidermis

quiescent center
lateral root cap
columella

}

PRIMARY ROOT TIP LATERAL ROOT PRIMORDIA

epidermis
cortex
endodermis
vasculature
root cap
pericycle

st
el

e

m
ature zone

elongation zone
m

eristem
 zone

N
at

ur
al

 V
ar

ia
tio

n

 The genetic and environmental control of RSA allows our lab to 

address highly important questions in biology, such as: How does the 

genotype of an organism give rise to its phenotype? And how is this 

relationship impacted by interactions with the environment? Major 

progress in this area would not only bring about fundamental insights 

into biology, but also enable breakthroughs in fields such as breeding 

and biological engineering. 

 We address these questions using powerful systems genetics ap-

proaches in the root of the model plant Arabidopsis thaliana. Here, 

broad phenotypic variation exists in different Arabidopsis accessions 

(strains) that display high variation in processes that are relevant 

for root growth (→ Fig. 1). These processes range from cell division 

and cell elongation to the response of the whole root system to dif-

ferent growth environments. Importantly, we have developed meth-

ods for measuring root traits with high-throughput in Arabidopsis, 

enabling large-scale association genetics in which phenotypic vari-

ability is mapped to causal regions of the genome. Moreover, large 

systems-type data sets such as cell-type specific transcriptome, pro-

teome, and metabolomics data-sets are available. These depict molec-

ular states, and represent important intermediates between genotypes 

and phenotypes which can not only be used to increase the success of 

identifying causal genes but also to gain fundamental insights into the 

quantitative regulation of root traits at the molecular level. 

 Using such approaches, we have generated a very large atlas of 

natural variation of root growth traits that range from the cellular to 

the organ level and span different growth conditions. Using these data 

we are able to identify genes at which sequence variation causes phe-

notypic variation. 

A

B
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activities, as well as a collection of mutants covering almost all genes. 

Finally, a collection of Lotus japonicus accessions has been assembled 

that resembles varieties from a broad range of environmental condi-

tions and climates. As the genomes of these accessions are sequenced, 

they can be used to map genes and gene variants that are involved 

in shaping the distinct growth and environmental responses of these 

Lotus japonicus varieties. By establishing a collaboration with Stig An-

dersen (Aarhus University, Denmark) we gained access to almost 200 

high-density genotyped accessions. We amplified the Lotus collection 

at the GMI to minimize maternal effects and adapted our phenotyping 

pipeline to Lotus japonicus and conducted phenotyping of root traits for 

root growth under control and iron- and phosphate-deficient condi-

tions. Our initial association studies revealed hundreds of genes that 

were significantly associated with root growth traits. We then identified 

common sets of orthologous genes that are associated with the same 

trait in both species, as well as species specific genes. We are currently 

testing whether mutation of these orthologous genes leads to the same 

root growth consequences in both species.

FIG. 5

Multispecies association mapping using Arabidopsis thaliana and Lotus 

japonicus. A) Phylogenetic relation of Arabidopsis and Lotus (taken from 

Fawcett et al. 2009 PNAS 106:5737). B) Comparison of Arabidopsis and 

Lotus plants 5 days after germination (dag); image at same scale. C) Root 

growth differences of different Lotus accessions on -P medium 9 days after 

germination. D) Histogram showing the average root growth rate from 

day 4 – day 5 after germination of different Lotus accessions on -P medium 
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FIG. 4

Root growth response of an Arabidopsis accession to different growth conditions. 

Plants 5 days after germination; –Fe: Iron deficient medium; -P: Phosphorus deficient 

medium; low pH: medium adjusted to pH 4.6; -S: Sulfur deficient medium.

TUNING GROWTH RATE TO ENVIRONMENTAL 
CONDITIONS
Plant growth is exquisitely coordinated with environmental conditions. 

In particular, root architecture is highly dependent on soil conditions 

and local mineral content. Root architecture is the outcome of local 

developmental decisions, such as lateral root outgrowth and growth 

rate modulation of primary and lateral roots (→ Fig. 2). However, little 

is known about how this quantitative regulation is achieved. Using our 

large-scale phenotyping pipeline we have phenotyped hundreds of A. 

thaliana accessions for root growth traits in different stress conditions. 

We observed large variations in root development under Sulfur (-S), 

Iron (-Fe), and Phosphorus (-Pi) depleted conditions, as well as low 

and high temperature (10ºC, 29ºC) and low pH conditions. Most in-

terestingly, most accessions show distinct root growth profiles (→ Fig. 

4), indicating that accessions respond to different environmental cues 

in a specific, genetically determined manner. Using this variation for 

genome wide association mapping and in conjunction with advanced 

data mining of transcriptome and interactome data, we are uncovering 

the genes, their alleles and the gene networks that mediate the ob-

served specificity in tuning growth responses.

ROOT GROWTH REGULATION IN THE LIGHT 
OF EVOLUTION
Arabidopsis thaliana is a fast-growing annual plant. While it is an ex-

cellent model for many processes that relate to root growth, in some 

regards it is rather an exception. For instance, it is among the 20% of 

land plants that have lost the ability to form arbuscular mycorrhiza. It 

is therefore a highly interesting and important question whether the 

genes, networks, and regulatory principles that govern root growth in 

Arabidopsis are conserved in other species and, if so, to which extent. 

Moreover, conserved growth regulators would be prime candidates 

for biotechnological applications. To address this, we have started to 

extend our research program to other species using the same growth 

conditions, phenotypic characterization, and association mapping ap-

proaches as we use in Arabidopsis. The first species that we are stud-

ying is the legume Lotus japonicus (→ Fig 5). This species is excellent-

ly suited for addressing complex genetic and mechanistic questions. 

Its genome has been completely sequenced, it is amendable to many 

experimental procedures that address molecular processes, and it can 

be transformed. Moreover, many useful resources have been built over 

recent years, including large maps of organ and condition specific gene 

FIG. 3

Differential response of 4 

different accessions to NPA 

treatment.
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Plant pathogenic fungi, such as smuts, are biotrophs that 
live and feed on their living host. They evolved a set of ma-
nipulative secreted molecules, termed effectors, with which 
they suppress their host’s immune defense responses and 
redirect its metabolism and development. In our group, we 
study effectors to learn which plant pathways are target-
ed by the pathogen. As models, we employ the smut fungi   
Ustilago maydis, which infects the important crop plant 
Maize, and its relative Ustilago bromivora, which infects the 
emerging grass model Brachypodium distachyon. 
 Using a systematic approach, we characterize the effec-
tome of these pathogens on the molecular level to provide 
a toolset for plant biologists to manipulate and learn about 
various metabolic pathways in plants.

EFFECTOMICS – 
EXPLORING THE 
TOOLBOX OF 
BIOTROPHIC PLANT 
PATHOGENS

DJAMEI GROUP
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A B

FIG. 2

A) ApB73 is upregulated during 

 biotrophic growth stages. Transcript 

 levels of apB73 were measured in 

different stages of growth of FB1/FB2 

by quantitative real time PCR. For 

normalization the constitutive gene 

peptidyl-prolyl isomerase (ppi) was used. 

We analysed three biological replicates, 

error bars indicate standard deviation. 

B) ApB73 is essential for virulence of U. 

maydis in maize cv. B73. Disease rating 

of maize seedlings 12 days post infection 

(dpi) with the progenitor strain SG200, 

the SG200ΔapB73 deletion strain or the 

complementation strain SG200ΔapB73-

ApB73-HA. Mean values of three 

independent infections are depicted and 

the total number of infected plants is 

indicated above the respective columns. 

Mean and standard deviation of relative 

counts from replicates are displayed. 

Stirnberg et al. 2016

FIG. 3

Microscopic analysis of the ApB73 

virulence phenotype. Maize plants of cv. 

B73 were infected with the  progenitor 

strain SG200, the SG200ΔapB73 

deletion strain or the complementation 

strain SG200ΔapB73-ApB73-HA and 

 harvested two or seven days post infec-

tion. Pictures were taken after staining 

the leaf tissue with WGA-AlexaFluor488 

(green) to visualize fungal chitin and 

propidium iodide (red) to observe plant 

cell walls. Bar = 100 μm.

Stirnberg et al. 2016

SG200 ΔapB73 ΔapB73-ApB73HA

2 dpi

7 dpi

of an important crop plant, U. maydis is a fantastic pathogen to study 

biotrophic interactions.

 As most effector proteins do not show sequence similarity to any 

characterized proteins, our group decided to follow a systematic ap-

proach whereby all ~300 putative effector genes of U. maydis were 

cloned in a gateway compatible library to perform various screens. 

These screens will provide insights into: 

1. The localisation and place of action of the putative effectors

2. Interaction partners on the host side

3. Functional aspects / pathways the effector might interfere with

 The integration of results of several screens will be the basis for 

distinct individual functional studies. Part of the characterization of 

the effector proteins is to delete them individually and test the fungal 

mutant strains for virulence on the host plant. We have identified sev-

eral putative effector proteins which, upon deletion, show reduced or 

even abolished virulence. One of these effectors, Apathogenic in B73 

(ApB73) has been studied in detail in our laboratory. We showed that 

this effector is induced during biotrophy and is essential for the fungus 

to complete its lifecycle in maize (→ Fig. 2). Microscopic analysis of 

ΔapB73 strain infected maize indicates that the mutant strain is still 

able to penetrate into the host tissue, but is unable to efficiently colo-

nize the host tissue and proliferate (→ Fig. 3). The infection symptoms 

vary strongly between the maize variety B73, where this fungal mutant 

is apathogenic, and the variety EGB, where the mutant strain can still 

induce galls although at a lower frequency compared to the progenitor 

strain.

Successful plant biotrophic pathogens must constantly sense and 

modulate the molecular manipulation of their host’s metabolism to 

balance their interaction and keep the host alive. To suppress the high-

ly evolved plant defense system and divert the host metabolism, plant 

pathogenic biotrophs coevolved fascinating strategies. The molecu-

lar basis for manipulation of the host plant is encoded in a versatile, 

secreted repertoire of effectors. Effectors are manipulative molecules 

employed by the pathogen to create favourable conditions for its re-

productive success inside the living host. Functional characterization of 

effectors is challenging, as they mostly lack known motifs which could 

otherwise suggest a putative function. Nevertheless, characterization 

of these effectors and their host target sites gives fundamental insights 

into the requirements of the pathogen and point to key-nodes in the 

host metabolic network. Effector studies may thus prove rewarding for 

both pest control and plant breeding. 

USTILAGO MAYDIS – MAIZE, 
AN ESTABLISHED MODEL PATHOSYSTEM
The Ustilago maydis - Zea mays pathosystem is a versatile model for 

studying biotrophic grass - fungal pathogen interactions. The corn 

smut fungus U. maydis causes prominent galls on all aerial parts of the 

maize plant (→ Fig. 1) and has been studied for more than 100 years. 

One important breakthrough for molecular studies is the well annotat-

ed genome sequence of U. maydis that was published in 2006.

 With its small genome size, the ease of symptom recognition (U. 

 maydis causes gall formation within a week of infection), its amenabil-

ity to molecular genetic manipulation, and its relevance as a pathogen 
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Lifecycle of Ustilago maydis



high nutrie
nt

s

spore germination
haploid sporidia

intratetrad mating

endophytic,
symptomless
growth

infected spikelet

teliospores saprophytic phase

biotropic phase

OH

OH

O

OH

OH

O

OH

OH

O

Ist CMYK: c87m28y80k16

neu CMYK: c90m25y80k20

c50m0y100k0

Ist CMYK: c39m0y64k0

neu CMYK: c40m0y70k0

35GMI  ANNUAL REPORT 201634

DJAMEI GROUP

FIG. 5

The life cycle of Ustilago  bromivora

A) U. bromivora spores germinate B) and form a promycelium.

C) Under high nutrient conditions, haploid yeast-like progeny are released 

(sporidia) and proliferate via budding.

D) Under low nutrient conditions intratetrad mating occurs between two 

adjacent cells of a promycelium by formation of a loop-like mating structure 

that connects both cells.

E) After plant penetration, fungal filaments grow mainly along the stem 

without triggering macroscopic symptoms F) until flower development 

occurs. Upon flowering, macroscopic symptoms are detectable as black, 

smutted spikelets filled with fungal spores. 

Rabe et al. 2016

time of 6-8 weeks, and stable transformations take only a few months. 

Spores of U. bromivora were kindly provided by Dr Thierry Marcel 

(Grignon, France). Over the past few years, we developed key technol-

ogies and tools in order to make Ustilago bromivora an accessible model 

for a temperate grass infecting smut fungus. In addition to transfor-

mation protocols, we obtained a fully annotated genome and a solid 

infection protocol. Like U. maydis, U. bromivora has two mating types 

– only if compatible mating partner fuse do they become pathogenic 

and grow into the host plant ( → Fig. 5). However, U. bromivora shows 

the interesting phenomenon of a mating type bias. Upon mating, if 

infection does not occur immediately, one mating partner dies and the 

remaining partner grows in a non-pathogenic way. Using a genetic 

screen, we obtained two compatible mating type strains that were able 

to grow non-pathogenically, making them suitable for genetic modi-

fication and infection of the host plant. These findings were recently 

published in eLife. 

 Another key question of the establishment of biotrophy is how 

Ustilago maydis monitors its host environment. Searching for possible 

molecules that could serve the fungus in this respect led to the dis-

covery that U. maydis is able to sense the phytohormone salicylic acid. 

We identified Required for SA sensing (Rss1), a binuclear zinc cluster 

protein with dual functions as a putative SA receptor and transcrip-

tional activator (→ Fig.4). Rss1 is essential for the fungus on mini-

mal medium containing SA as the sole carbon source but the deletion 

strain shows no reduction in virulence, suggesting that there are either 

redundant signalling pathways or Rss1 is not involved in perception of 

the host defense status.

USTILAGO BROMIVORA – BRACHYPODIUM 
DISTACHYON, AN EMERGING MODEL PAIR
In a recent report, the smut Ustilago bromivora was shown to infect 

Brachypodium distachyon. This model grass has a short generation 
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FIG. 4

A) Rss1 is a putative SA sensor and transcriptional activator B) Model
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The characteristics of organisms are influenced by two 
components of inheritance: genetic and epigenetic infor-
mation, which mutually influence each other. Our group 
is interested in the interplay between the two. We study 
the maintenance and modification of DNA by repair and 
recombination, the stability, flexibility, and architecture of 
chromatin in the nucleus, and its connection with gene ex-
pression under abiotic stress and during development. We 
are further interested in the development and germination 
of seeds in response to external factors. 

GENETIC AND 
EPIGENETIC CHANGES 
IN PLANTS

MITTELSTEN SCHEID GROUP
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 Epigenetic information is dynamic and apt to undergo reversible 

modifications upon internal and external stimulus in the lifetime of 

organisms, but it is not clear whether and how environmentally in-

duced changes can be transmitted to subsequent generations. Paramu-

tation is the best example that acquired states of gene expression can 

be inherited. In this process, a paramutagenic allele of a gene induces a 

heritable change of expression at a paramutable allele, which remains 

manifest even after segregation of both alleles. We study the molecu-

lar basis of paramutation and its connection with polyploidy, based on 

different alleles of a resistance marker gene. 

 Any heritable epigenetic switch must affect the cells in the shoot 

apical meristem from which the progeny originates. There are just a 

few stem cells in each meristem, and they are embedded in many more 

non-stem cells, making them difficult to separate. To study the epi-

genetic configuration of these stem cells, we label their nuclei to sort 

them by fluorescence-activated nuclei sorting. This procedure is fol-

lowed by transcriptome and methylome analysis.

 DNA sequence information is less dynamic than epigenetic infor-

mation but also constantly challenged by genotoxic factors. All organ-

isms have developed several DNA damage repair pathways to repair 

multiple types of DNA lesions. The eukaryotic genome packaging in 

chromatin requires that chromatin remodelling complexes provide ac-

cess for repair enzymes to the sites of lesions. We are characterizing the 

action of the SWR1 complex that installs a specific histone variant at 

transcriptionally active genes but is also important for efficient DNA 

damage repair by homologous recombination. We are further investi-

gating the role of RNA during the repair of double strand breaks.

 While all work mentioned so far uses the rich resources of the 

model plant Arabidopsis thaliana, we are contributing to the develop-

ment of another model that will allow for the study of the interesting 

phenomenon of seed heteromorphy. Aethionema arabicum, a distant 

relative of Arabidopsis, forms two different fruit and seed types on the 

same plant (→ Fig. 3), likely to optimize propagation under variable 

and unpredictable conditions. In a collaborative project with 6 other 

labs, we investigate several accessions of the plant from distinct ge-

ographical regions for flower morphology and development, germi-

nation biology, gene expression, epigenetic features, and responses to 

environmental conditions, to better understand this adaptation strate-

gy. A striking difference between two genetically similar accessions in 

response of seeds to light allows for the investigation of the complex 

process that controls germination based on the interplay of several in-

ternal and external factors. The currently generated mutant collection 

is expected to enable a genetic approach to understand the molecular 

basis of this adaptation.

FIG. 3 

Aethionema arabicum is a 

cruciferous plant that forms two 

different seed and fruit types on 

the same branch (left and A). 

Mature dehiscent fruits release 

several seeds B), while a single 

seed stays contained within in-

dehiscent fruits C) (Photos from 

Lenser et al. 2016).

A

B C

dehiscent indehiscent

tion. This organization needs to be dynamic to allow for cell division, 

differentiation, metabolic activities, and stress responses. We follow 

changes in this architecture with molecular tools and correlate it with 

gene expression before and at different time points after heat stress. 

Together with microscopy experts on campus, we apply different tech-

niques to monitor nuclei in real time in living cells in the transparent 

roots of young plants. Heat stress causes changes in nuclear shape and 

mobility (→ Fig. 1) and dissociation of chromocenters, the heterochro-

matic regions around the centromeres, in addition to specific changes 

in gene expression.

 Chromocenters contain the centromeric repeats, important for 

chromosome segregation in mitosis and meiosis. Failures in meiosis 

lead to sterility, evidenced by reduced pollen formation in anthers (→ 
Fig. 2). We investigate the role of the centromere-specific histone vari-

ant CENH3 in this context.

In addition to the DNA sequence information in the genome, epigenet-

ic regulation represents another level of potentially heritable informa-

tion that contributes to gene expression diversity in many eukaryotes. 

It is involved in defense against intruding DNA and RNA molecules, in 

genome stabilization, in the regulation of development and morphol-

ogy, and in response to environmental stimuli. We study the interplay 

between genetic and epigenetic changes and inheritance in Arabidopsis 

thaliana and Aethionema arabicum, with genetic, cytological, and mo-

lecular methods, using mutants, reporter genes, chromatin analysis, 

flow sorting, live imaging, defined stress treatments, specific and ge-

nome-wide expression assays, and bioinformatic approaches. 

 The long chromosomal DNA molecules containing most of the 

genetic information are organized in a complex and inconceivably con-

densed way within the nucleus. Here they associate with RNA and pro-

teins, including histones that contain much of the epigenetic informa-

FIG. 1 

Changes in nuclear shape 

and position within a living 

Arabidopsis root during heat 

stress. Nuclei are visualized 

with RFP-fused histones 

(false-coloured, line from the 

Berger lab). Images are taken 

from a video at 0, 4, 8, 12 and 

22 h after exposure to heat. 

Scale bar = 10 μm (Photos 

Jasmin Bassler / Tao Dumur).

FIG. 2 

Meiotic stages visualized 

by DNA staining in whole 

anthers. Wild type plants (left) 

form regular tetrads, while 

chromosomes in the smg7-6 

mutant plants (right) do not 

de-condense and seem to enter 

another round of division. 

Inserts represent close-ups of 

one cell each (Photos Claudio 

Capitao).

0 min 240 min 480 min 720 min 1320 min
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The central objective of developmental biology is to under-
stand how a fertilized zygote transforms into an organism 
with multiple cell types arranged in coherent patterns. In 
flowering plants, the basic body plan is established during 
embryogenesis (→ Fig. 1). Despite its fundamental impor-
tance, the mechanisms that control these critical patterning 
events are mostly unknown. Rather than a lack of interest, 
this is primarily due to the difficulty in studying early plant 
embryos since they are small and deeply embedded in 
maternal tissues. We have developed novel techniques to 
overcome these limitations, which is allowing us to investi-
gate the molecular embryology of plants in ways that were 
technically impossible only a few years ago. 

 The main goal of our research program is to discover 
the molecular basis of how the plant body plan is specified 
during embryogenesis. 

 We are currently using Arabidopsis thaliana (Arabidop-
sis) as a model system for plant embryogenesis for several 
reasons including the abundance of genetic and genomic 
resources available. Moreover, Arabidopsis embryos un-
dergo invariant division patterns to generate morpholog-
ically simple structures composed of diverse cell types. 
Their simplified morphology makes them ideal for investi-
gating complex regulatory mechanisms that govern  pattern 
formation. 

MOLECULAR 
EMBRYOLOGY OF 
PLANTS

NODINE GROUP 



Our group has several research themes to help elucidate the molecular 

basis of plant embryogenesis. One of our group’s main objectives is 

to assess the regulatory roles of sRNAs in establishing the basic body 

plan of plant embryos. Plant sRNA populations consist of three main 

classes: 20-22 nt microRNAs (miRNAs) and trans-acting siRNAs (ta-

siRNAs) that generally post-transcriptionally regulate protein-coding 

genes, and 20-24 nt small interfering RNAs (siRNAs) that typically 

transcriptionally silence transposons. Previously we found that miR-

NAs are required to prevent premature differentiation and enable pat-

tern formation during embryogenesis (→ Fig. 2). However, the func-

tions of individual embryonic miRNAs remain mostly uncharacterized. 

By using a combination of cutting-edge experimental and computa-

tional approaches, we have identified the molecular functions of doz-

ens of miRNA families and have also discovered >10 miRNAs with 

distinct functions during embryo morphogenesis. 

 Because the miRNAs that we have found to be required for proper 

embryogenesis predominately repress transcription factors, they likely 

have a large influence on the gene regulatory networks that control 

embryogenesis. For instance, we found that specific miRNA:target in-

teractions are required for proper developmental timing (→ Fig. 3) and 

are currently investigating the molecular basis and consequences of 

such specific miRNA:target interactions.
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FIG. 2

MicroRNA-deficient embryos have widespread patterning defects. Rep-

resentative confocal laser scanning microscopy and RNA in situ hybridi-

zation images of cell-specific markers in wild type (TOP) and dicer-like1 

null (dcl1-5) (BOTTOM) embryos, which lack miRNAs. Embryos deficient 

in miRNAs exhibit morphological defects (see cell wall dye in left-most 

panels) and mis-express several cell-specific markers including those for 

the first two cell lineages (apical and basal) and along the radial axis, 

which indicates that miRNAs are required for multiple cell differentiation 

events. Unpublished and adapted from Nodine and Bartel (2010) Genes & 

Development.

FIG. 3

Model of plant miRNA functions during early 

embryogenesis. In wild-type Arabidopsis embryos, 

miR156-mediated repression of SPL10/11 tran-

scription factors prevents precocious expression of 

maturation phase genes. Early dcl1 embryos lack 

miR156 and over-express SPL10/11, which in 

turn induces premature gene expression. 

We hypothesize that additional plant miRNAs 

also forestall expression of differentiation-promot-

ing transcription factors. Adapted from Nodine 

and Bartel, Genes & Development, 2010.
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FIG. 1

A) Illustrations of Arabidopsis embry-

os at various stages of development. 

Apical-basal and radial body axes are 

established during early embryogenesis 

and are labeled accordingly. Morphogen-

esis and maturation phases are labeled at 

the bottom.

B) Confocal laser scanning microscopy 

image of late globular embryo stained 

with a cell wall fluorescent dye. 

C) Tracing of embryo shown in panel 

(B) with precursors to the fundamental 

cell-types of the plant body color-coded 

according to the key.
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Our group studies natural variation, the genetic basis for 
evolutionary change: how do differences between individ-
ual's DNA translate into differences we can see; how does 
the environment affect this translation; and how do these 
differences affect fitness? Our research is quantitative, in-
volving computational analysis of genomic data in addition 
to field and bench work. While we focus on the model plant 
Arabidopsis thaliana, we also work on other species, includ-
ing primates.

POPULATION GENETICS

NORDBORG GROUP
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tional effort to make genome-wide association in A. thaliana a reality, 

and we just published the genomes, transcriptomes, and epigenomes 

of over 1000 natural inbred lines — a fantastic resource for the genet-

ic community (→ Fig. 1). We are also developing public websites and 

databases that allow anyone to carry out GWAS and help coordinate 

phenotypic information.

THE GENETICS OF ADAPTATION
We are carrying out large-scale GWAS seeking to understand the ge-

netic basis of variation for adaptively important traits like flowering 

time, dormancy, and cold tolerance. The GWAS results are comple-

mented with a variety of methods to confirm results. Our goal is to 

achieve as complete an understanding of the genetics of these traits 

as is possible.

 Investigating the adaptive significance of any trait also requires 

field studies. We are using field sites in northern and southern Sweden 

(→ Fig. 2) for reciprocal transplant competition experiments of both 

natural inbred lines and the offspring of crosses. The objective is to map 

the genes responsible for fitness differences, and to characterize them 

at the molecular level.

FIG. 2 A) Common garden experiment B) Close-up of a dispersal experiment

One of the most important challenges facing biology today is mak-

ing sense of genetic variation — within and between species. Under-

standing how genetic variation translates into phenotypic variation, 

and how this translation depends on the environment, is fundamental 

to our understanding of evolution, and has enormous practical im-

plications for both medicine and agriculture. Our group studies this 

mapping from genotype to phenotype, primarily to understand evolu-

tion better. We also work at the molecular level, seeking to understand 

how the genome has evolved. The following is an overview of a few of 

the many projects in which my group is involved.

GWAS IN A. THALIANA AND THE 1001 GENOMES 
PROJECT
Thanks to decreasing genotyping costs, there is currently great interest 

in genome-wide association studies (GWAS), in which one attempts 

to identify genes responsible for variation simply by correlating geno-

type (typically in the form of SNPs) with phenotype. The model plant 

A. thaliana is ideally suited for such studies because it naturally occurs 

as inbred lines which can be genotyped once and phenotyped repeat-

edly. For several years, my group has been spearheading an interna-

FIG. 1

A) Genomic sequencing analysis of over 1,000 

natural inbred lines of Arabidopsis thaliana 

B) GWAS of flowering time variation at two 

different temperatures pinpoint major genes 

involved in climate adaptation 

C) Methylomes and transcriptomes from the 

same inbred lines. (The 1001 Genomes Consorti-

um, Cell 2016; Kawakatsu et al. Cell 2016).
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VCR: ~ 1,400 MONKEYS
1970S: 57 MONKEYS

ST. KITTS & NEVIS

BARBADOS

~ 300 YEARS AGO

SABAEUS
TANTALUS AETHIOPS

CYNOSUROS

PYGERYTHRUS

SPECIATION IN THE GENUS ARABIDOPSIS
We seek to understand how diversity arises at the level of species, and 

have used the genus Arabidopsis. Long-term questions include the 

evolution of genome size, the effects of polyploidy, and the switch to 

self-fertilization, but our immediate goal is to understand how genet-

ic variation is distributed across a diverse group of plant species. To 

this end, we sequenced over a hundred individuals from all taxa in 

the genus, and demonstrated that speciation in the genus is a messy 

(and ongoing) process involving long periods of partial reproductive 

isolation (→ Fig. 3).

THE GENETICS OF SPECIES DIFFERENCES 
IN AQUILEGIA
We are also studying the genetics of species differences in the col-

umbine genus, Aquilegia (Ranunculaceae). This genus is an excellent 

example of a recent, rapid, adaptive radiation and offers many oppor-

tunities to study genetic changes at different stages in the speciation 

process. We have focused on two North American species, A. formosa 

and A. pubescens. As illustrated in → Figure 4, the species exhibit dis-

tinct differences in floral characteristics that influence pollinator pref-

erence, thereby restricting gene flow between them. However, the two 

species are completely inter-fertile and form natural hybrid zones. We 

have demonstrated that the two species are very closely related at the 

genetic level, with most polymorphisms shared between the species, 

and little divergence in allele frequencies, and we are now trying to 

identify the genes responsible for the phenotypic differences through 

GWAS.

POPULATION GENETICS OF AFRICAN 
GREEN MONKEYS
The African green monkey, or vervet, (Cercopithecus sp.) is a common 

Old World monkey, spread throughout much of Africa, and introduced 

by humans to the Caribbean (→ Fig. 5). It is also kept in large colonies 

for behavioral and biomedical research, in particular for understand-

ing HIV resistance. As part of an international consortium to develop 

genomic resources for vervets, we have sequenced over 100 monkeys 

sampled across the African continent, and discovered dramatic foot-

prints of selection at genes involved in virus defense.
FIG. 4

Columbine species currently being sequenced by JGI. 

(Courtesy of Scott Hodges, UCSB)

FIG. 5

Distribution of vervet monkeys

Aquilegia aurea

Aquilegia chrysantha

Aquilegia coerulea
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Aquilegia barnebyi
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Aquilegia sibirica

EUROPE

SISTER GROUP
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NORTH AMERICA

Aquilegia vulgaris

Aquilegia pubescens

Aquilegia jonesii

Aquilegia pinetorum

Aquilegia longissima

Aquilegia ecalcarata

Aquilegia flabellata

Semiaquilegia adoxoides

FIG. 3

Clustering of sequenced individu-

als on the basis of polymorphism 

data. (Novikova et al. Nat Genet 

2016).
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T, Schlötterer C, Marhold K, Widmer A, Sese 

J, Shimizu K, Weigel D, Krämer U, Koch M, 

Nordborg M (2016) Sequencing of the genus 

Arabidopsis identifies a complex history 

of nonbifurcating speciation and abundant 

trans-specific polymorphism. Nat. Genet. 

48(9):1077-82.

Kawakatsu T, Huang S, Jupe F, Sasaki E, 

Schmitz R, Urich M, Castanon R, Nery J, 

Barragan C, He Y, Chen H, Dubin M, Lee 

C, Wang C, Bemm F, Becker C, O'Neil R, 

O'Malley R, Quarless D, Schork N, Weigel 

D, Nordborg M, Ecker J (2016) Epigenomic 

 Diversity in a Global Collection of Arabidop-

sis thaliana Accessions. Cell 166(2):492-505.

1001 Genomes Consortium (corresponding 

authors: Nordborg M, Weigel D), (2016) 

1,135 Genomes Reveal the Global Pattern of 

Polymorphism in Arabidopsis thaliana. Cell 

166(2):481-91.

Bergelson J, Buckler E, Ecker J, Nordborg M, 

Weigel D (2016) A Proposal Regarding Best 

Practices for Validating the Identity of Genet-

ic Stocks and the Effects of Genetic Variants. 

Plant Cell 28(3):606-9.

Provart N, Alonso J, Assmann S, Bergmann 

D, Brady S, Brkljacic J, Browse J, Chapple 

C, Colot V, Cutler S, Dangl J, Ehrhardt D, 

Friesner J, Frommer W, Grotewold E, Meye-

rowitz E, Nemhauser J, Nordborg M, Pikaard 

C, Shanklin J, Somerville C, Stitt M, Torii K, 

Waese J, Wagner D, McCourt P (2016) 50 

years of Arabidopsis research: highlights and 

future directions. New Phytol. 209(3):921-44.

Jiang D, Berger F (2016) Histone variants 

in plant transcriptional regulation. Biochim. 

Biophys. Acta.

Berger F, Bowman J, Kohchi T (2016) March-

antia. Curr. Biol. 26(5):R186-7.

BUSCH GROUP
Klasen JR, Barbez E, Meier L, Meinshausen 

N, Bühlmann P, Koornneef M, Busch W, 

Schneeberger K (2016) A multi-marker asso-

ciation method for genome-wide association 

studies without the need for population 

structure correction. Nat Commun;7:13299.

Daniela Ristova, Clément Carré, Marjorie 

Pervent, Anna Medici, Grace Jaeyoon Kim, 

Domenica Scalia, Sandrine Ruffel, Kenneth 

D. Birnbaum, Benoît Lacombe, Wolfgang 

Busch, Gloria M. Coruzzi, and Gabriel Krouk 

(2016) Combinatorial interaction network of 

transcriptomic and phenotypic responses to 

nitrogen and hormones in the Arabidopsis 

thaliana root. Sci. Signal. 9(451):rs13.

Elwira Smakowska, Jixiang Kong, Wolf-

gang Busch, Youssef Belkhadir (2016) 

Organ-specific regulation of growth-defense 

tradeoffs by plants. Curr. Opin. Plant Biol. 

29:129-37.

Ogura T, Busch W (2016) Genotypes, Net-

works, Phenotypes: Moving Toward Plant 

Systems Genetics. Annu. Rev. Cell Dev. Biol. 

32:103-26.

Augustin M, Haxhimusa Y, Busch W, Kro-

patsch, WG (2016) A framework for the ex-

traction of quantitative traits from 2D images 

of mature Arabidopsis thaliana. MACHINE 

VISION AND APPLICATIONS 27(5):647-61.

Slovak R, Ogura T, Satbhai S, Ristova 

D, Busch W (2016) Genetic control of root 

growth: from genes to networks. Ann. Bot. 

117(1):9-24.

BELKHADIR GROUP
Elsayad K, Werner S, Gallemí M, Kong J, 

Sánchez Guajardo E, Zhang L, Jaillais Y, Greb 

T, Belkhadir Y (2016) Mapping the subcel-

lular mechanical properties of live cells in 

tissues with fluorescence emission-Brillouin 

imaging. Sci Signal 9 (435):rs5. 

Mott G, Thakur S, Smakowska E, Wang P, 

Belkhadir Y, Desveaux D, Guttman D (2016) 

Genomic screens identify a new phytobac-

terial microbe-associated molecular pattern 

and the cognate Arabidopsis receptor-like 

kinase that mediates its immune elicitation. 

Genome Biol. 17(1):98. 

Saur I, Kadota Y, Sklenar J, Holton N, Sma-

kowska E, Belkhadir Y, Zipfel C, Rathjen 

J (2016) NbCSPR underlies age-dependent 

immune responses to bacterial cold shock 

protein in Nicotiana benthamiana. Proc. Natl. 

Acad. Sci. U.S.A. 113(12):3389-94. 

Smakowska E, Kong J, Busch W, Belkhad-

ir Y (2016) Organ-specific regulation of 

growth-defense tradeoffs by plants. Curr. 

Opin. Plant Biol. 29:129-37. 

BOOK CHAPTER

Rosa Lozano-Duran and Belkhadir Y (2016). 

A Technical Framework for Studying the 

Signaling Nexus of Brassinosteroids and 

Immunity. Book Chapter Brassinosteroids: 

Methods and Protocols. (in press)

BERGER GROUP
Kimata Y, Higaki T, Kawashima T, Kurihara 

D, Sato Y, Yamada T, Hasezawa S, Berger F, 

Higashiyama T, Ueda M (2016) Cytoskele-

ton dynamics control the first asymmetric 

cell division in Arabidopsis zygote. PNAS 

113(49):14157-62. 

Motomura K, Berger F, Kawashima T, 

Kinoshita T, Higashiyama T, Maruyama D 

(2016) Fertilization-independent Cell-fu-

sion between the Synergid and Central Cell 

in the Polycomb Mutant. Cell Struct. Funct. 

41(2):121-5. 

PUBLICATIONS16
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GRANTS

MITTELSTEN SCHEID GROUP
Dimorphic fruits, seeds and seedlings as 

adaptation mechanisms to abiotic stress in 

unpredictable environments

ERA-CAPS / Austrian Science Fund: I 

1477-B16

€ 275,236

May 2014 – April 2017

Quantitative live imaging to determine the 

regulatory impact of chromatin dynamics

WWTF Life Sciences “New Ventures Be-

yond Established Frontiers” 2013

€ 682,700 

(shared with co-applicant Wolfgang Busch)

Nov. 2014 – Nov. 2018

SINUDYN – Stress-induced nucleosome 

dynamics in plants

Austrian Science Fund: I 1107

€ 170,730

September 2013 – December 2016

Plant stem cell ATAC (FFG/FEMTECH Pröll)

The Austrian Research Promotion Agency 

(FFG):5914378

€ 5,760.00

December 2015 – April 2016

Graduate program "Chromosome Dynamics" 

Austrian Science Fund: W1238

€ 182,800 + € 142,020 (prolongation)

March 2012 – February 2020

MICHAEL NODINE
Small RNA directed reprogramming of line-

age-specific epigenomes in plant embryos

Austrian Science Fund: F 4324 (SFB-RNA-

REG)

€ 360,360

February 2015 – January 2019

Small RNA regulation of the body plan and 

epigenome in Arabidopsis embryos

European Research Council (ERC), Life 

Sciences: ERC sRNA-EMB

€ 1,499,989

July 2015 – June 2020

Graduate program "RNA Biology”

Austrian Science Fund

€ ~150,000

January 2014 – December 2016

European Plant Embryology Consortium 

Austrian Science Fund

€ 316,000

March 2014 – February 2017

NORDBORG GROUP
Integrated Genetic and Genomic Resources 

for a Model System

Laboratory of Molecular Genetics, Nation-

al Institutes of Health, NIH Vervet

€ 240,000

May 2012 – April 2017

Developing maximum-resolution geno-

type-phenotype maps using whole-genome 

polymorphism data

European Research Council: 268962 – 

MAXMAP

€ 2,183,950

April 2011 – February 2016 

(extension until March 2016)

Starting from scratch: adaptation to variable 

environments after an extreme bottleneck

Deutsche Forschungsgemeinschaft: DFG-

NO 942/1-1

€ 228,510

July 2011 – July 2014 

(extension until July 2017)

GRANTS16
DJAMEI GROUP
ERC Starting Grant: Effectomics – elucidating 

the toolbox of plant pathogens 

European Research Council (ERC)

€ 1,446,316.00

February 2014 – January 2019

Elucidating salicylic acid sensing in biotrophic 

smut fungi

Austrian Science Fund: P 27429-B22

€ 304,300.00

January 2015 – December 2017

Characterization of an essential virulence 

factor in the maize pathogen Ustilago maydis

Austrian Science Fund: P 27818-B22

€ 255,895.00

April 2015 – March 2018

BUSCH GROUP
Quantitative live imaging to determine the 

regulatory impact of chromatin dynamics

Vienna Science and Technology Fund: 

WWTF WB

€ 341,350

January 2014 – December 2017

Root growth Control and Epistasis

Austrian Science Fund: P 27163-822

€ 344,799

January 2015 – December 2017

EXO70 exocyst subunits in morphogenesis 

and adaptation

Austrian Science Fund: I 2377-B25

€ 344,539

November 2015 – October 2018

The role of PLD1 in Iron dependent root 

growth regulation 

(Lise Meitner fellowship LI)

Austrian Science Fund: M 1826-B16

€ 159,620

February 2016 – January 2018

BERGER GROUP
Impact of the new histone H2a on chromatin 

structure and dynamics

Austrian Science Fund: P 26887 B21

€ 351,960.00

June 2014 – May 2017

EMBO Longterm fellowship Jiang

€ 39,428.00

July 2014 – June 2016

Epigenetic Reprogramming of the Plant Pa-

ternal Genome (Lise Meitner fellowship Borg)

Austrian Science Fund: M 1818-B21

€ 137,380.00

January 2015 – December 2016

Evolution of sexual reproduction in plants

Austrian Science Fund: I 2163-816 

 (ERA-CAPS)

€ 317,657.00

May 2015 – April 2018

Evolution of the chromatin organization 

in plants

Austrian Science Fund: P 28320-821

€ 334,237.00

January 2016 – December 2018

The histone variant H2A.W: a novel compo-

nent that structures chromatin domains

Austrian Science Fund: I 2303-B25

€ 44,632.00

January 2016 – December 2018

Graduate program "Chromosome Dynamics" 

(Montgomery)

Austrian Science Fund: DK W1238-B20

€ 142,020.00

April 2016 – February 2020
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Students are selected twice-yearly with an emphasis on academic and 

technical excellence. The official language of the program is English, 

and students are enrolled through the University of Vienna. PhD sala-

ries are offered at an internationally competitive level for up to 4 years. 

A number of GMI faculty are also involved in giving lectures, semi-

nars, and practical courses in Molecular Plant Biology in the context 

of this program.

 The Institute of Molecular Biotechnology (IMBA), the Max F. Pe-

rutz Laboratories (MFPL), and the Research Institute of Molecular 

Pathology (IMP) also participate in the program. For detailed infor-

mation and application procedures, please consult the programme’s 

website www.vbcphdprogramme.at.

PHD PROGRAM

EMPOWERING CURIOUS 
RESEARCHERS 

The GMI offers PhD positions within the framework of the 
prestigious Vienna Biocenter (VBC) International PhD Pro-
gramme, providing students the opportunity to undertake 
research at the forefront of modern plant biology. Modest 
group sizes ensure students receive excellent supervision, 
plenty of interaction with fellow students, and unhindered 
access to cutting-edge scientific equipment.

VIENNA BIOCENTER 
INTERNATIONAL PHD 
PROGRAM IN LIFE SCIENCES16

Scientific Training

Scientific Training

Scientific Training

PhD Programme

PhD Programme

PhD Programme

Postdocs

Postdocs

Postdocs

Internships

Internships

Internships

Summer School

Summer School

Summer School

VBC

VBC

VBC

VBC-phD LOGO_ab 2016_AUSWAHL
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SEMINARS

JULY
ALGA ZUCCARO, University of Cologne, 

CEPLAS, Cologne

Dissecting endophytic lifestyle along the 

parasitism/mutualism continuum in Arabi-

dopsis

SILKE ROBATZEK, The Sainsubry Laboratory, 

Norwich, UK

Plant strategies for cell surface sensing of 

bacterial pathogens

SEPTEMBER
CHANG LIU, ZMBP, University Tuebingen

Chromatin folding and positioning in plants

FABIAN KUENZL, University of Tuebingen

Receptor-mediated sorting of soluble vacuolar 

proteins within the plant endomembrane 

system

OCTOBER
MARIE-ANNE VAN SLUYS, Department of 

Biosciences, University of Sao Paolo, Brazil

Interplay between Tnt1 retrotransposon 

expression and ethylene mediates tobacco 

(Nicotiana tabacum) defense responses

JIM MURRAY, Cardiff School of Bioscience

Understanding the links between cell size 

control and the cell cycle in a growing plant 

tissue

NANCY KLECKNER, Harvard University, USA

4D chromosome dynamics: commonalities 

from E.coli to mammalian cells

PASCAL BRAUN, Technical University 

of Munich (TUM)

Hormonal cross-talk and a conserved 

host-pathogen interface revealed by protein 

interactome network mapping

PETRA HAJKOVA, MRC Clinical Sciences 

Centre, Imperial College London, Faculty of 

Medicine, UK

Epigenetic reprogramming in vivo: how and 

why?

NOVEMBER
MIRIAM GIFFORD, School of Life Sciences, 

University of Warwick, UK

Investigating plasticity underground using 

root cell type analysis

JAMES COCKRAM, NIAB - National Institute 

of Agricultural Botany, Cambridge

Genetic mapping in wheat using MAGIC 

populations

DECEMBER
YUKI NAKAMURA, Academia Sinica, Institute 

of Plant and Microbial Biology, Taipei

Lipid diversity in plant growth and devel-

opment~ phospholipid function in plant 

reproductive development

RONNY KELLNER, MPI for Plant Breeding 

Research, Cologne

Microbial hubs - farmers of the plant micro-

biome

DANIEL WOODS, University of Wisconsin, 

Madison

Gentics of flowering time in the temperate 

grass, Brachypodium distachyon

ROSA LUZANO DURAN, Shanghai Center fo 

Plant Stress Biology

Deciphering viral manipulation of the plant 

cell: of pathogenicity factors, receptor-like 

kinases, and chloroplasts

CHRISTIAN LEXER, Department of Botany and 

Biodiversity Research, University of Vienna

Genomic architecture of adaptation, isolation, 

and trait differences along the 'divergence 

continuum' in Populus

JUNE
DUNCAN HOLBROOK-SMITH, Mc Court Lab, 

University of Toronto 

Chemical modulators of the perception of the 

plant hormone Strigolactone

JULIA QUESTA, John Innes Centre, Norwich

VAL-RY duet: new players in the switch to 

flowering

ALINE PROBST, GReD, Clermont University

Histone H3 deposition and chromatin organi-

zation: role of the histone chaperone network 

in Arabidopsis

ERAN HALPERIN, Tel-Aviv University

Confounders in Epigenome-Wide Association 

Studies (EWAS)

APRIL
BLAKE MEYERS, Danforth Center, 

St. Louis, MO 

Phased siRNAs in plant reproductive organs

VIOLA WILLEMSEN, Plant Sciences, 

Wageningen University

Function and regulation of PLETHORA genes 

in the Arabidopsis embryo

CÉLIA JAEGER-BAROUX, Botanical Institute, 

University of Zurich, 

Linker histone H1 dynamics, a roadmap to 

plant cell pluripotency?

ARI SADANANDOM, Durham University

Understanding the role of Ubiquitin-like pro-

teins in plant responses to the environment

GLORIA CORUZZI, New York University, 

Center for Genomics & Systems Biology

The 4th Dimension of Transcriptional Net-

works: TIME

JULIE LAW, Salk Institute for Biological Studies, 

La Jolla

Establishing and Interpreting DNA methyla-

tion in Arabidopsis thaliana

MAY
BART DEPLANCKE, Laboratory of Systems 

Biology and Genetics, EPFL, Lausanne

On the impact of genetic on molecular and 

organismal (immunological) variation in flies 

and humans

MARIE BARBERON, University of Lausanne

The endodermis as a checkpoint for nutrients

Yasin Dadgas, The Sainsbury Lab, Norwich

Guiding principles of selective autophagy in 

plants

JANUARY
SYLVAIN BISCHOF, UCLA, Department of 

Molecular, Cell, and Developmental Biology

A One Precursor One siRNA Model for siR-

NA Biogenesis in Arabidopsis

SASKIA HOGENHOUT, John Innes Centre, 

Norwich

Multitasking, how single bacterial proteins 

modulate plant development and attract 

insect pests

FEBRUARY
HATEM ROUACHED, Biochemistry & Plant 

Molecular Physiology, INRA - SupAgro - 

Université Montpellier

Computational biology approaches to 

identify regulatory networks that integrate 

the response of plants to multiple nutritional 

stresses

LIAM DOLAN, Department of Plant Sciences, 

University of Oxford

Development and evolution of cell diversity 

in plants

MARCH
STIG U. ANDERSEN, Department of Molecular 

Biology and Genetics – Plant Molecular Biology, 

Aarhus University, Denmark

Lotus japonicus resources: LORE1 insertion 

mutants and natural variation

SYLVAIN LA CAMERA, Université de Poitiers

Unraveling the role of sugar transport during 

the interaction of Arabidopsis thaliana with 

the necrotrophic fungus Botrytis cinerea

GERD JUERGENS, University of Tuebingen, 

ZMBP – Developmental Genetics

How to split a plant cell - membrane traffic 

and fusion in cytokinesis
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The Gregor Mendel 
Institute believes that training new 

scientists is an important part of our 
mission. Naturally, our employees‘ 

next career stop also reflects on 
the quality of our research and our 

reputation in the international plant 
research community. 2016 saw the 

departure of only a few of our PhD 
students and postdocs, however of 

those few, three went on to positions 
at the assistant professor level. We 

said „Auf Wiedersehen und viel 
Glück“ in 2016 to:

ALUMNI

TRAINING & ALUMNI

IULIA DANCIU
Pharmacology Compliance Officer, 
TEVA, RO 

MATT HORTON 
Group Leader, University of Zurich, CH

TOMOKAZU KAWASHIMA 
Assistant Professor, University of Ken-
tucky, US 

CHENG-RUEI LEE 
Assistant Professor, Taiwan National 
University, TW 

POLINA NOVIKOVA 
Postdoc, University of Ghent, BE 

FRANZISKA RABE 

ALEXANDRA STIRNBERG 

As part of the responsibility of a leading international 
 research institute, the Gregor Mendel Institute fosters the 
development of our scientists’ research skills and careers 
by providing a range of training and development oppor-
tunities, specifically tailored for PhD students, postdoctoral 
fellows, and group leaders. Through external partners and 
on-campus specialist services we thereby aim to develop 
our employees’ research performance, future employabili-
ty, professionalism and social engagement:

GENERAL TRAINING
• German language courses

• Intellectual property and patent law

TRAINING FOR PHD STUDENTS AND 
POSTDOCTORAL FELLOWS
• Introductory course for PhD Students: Priming your PhD

 Managing your PhD | Analyzing primary literature | 

 Scientific Writing | Numbers in Biology | Research Integrity | 

 Patents in Lifesciences

• Communication skills: writing and presenting

• Career Development Workshop: “Career planning”

• Career Day

• Methodologies/expertise 

 (statistics, bioinformatics, microscopy, software)

SPECIAL TRAINING FOR POSTDOCTORAL FELLOWS
• Successful grant writing

• Leadership Course (aka Lab management)

SPECIAL LEADERSHIP AND MANAGEMENT 
TRAINING FOR GROUP LEADERS
• Leadership in science

• Personal coaching

• Media training

• Negotiation skills

16
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THE VIENNA BIOCENTER

VBC 5
MFPL/BIOTECH

ÖAW LIFE SCIENCES CENTER
GMI/IMBA

DR. BOHR-GASSE 7

MFPL
VALNEVA

Program. During the selections that take place twice a year, applicants 

from all over the world compete for the attractive positions. Further-

more, the VBC summer school provides a unique opportunity for un-

dergraduate students to work together with leading scientists at the 

VBC.

 A growing number of biotech-companies complement the  training 

and research activities at the Vienna Biocenter. Currently, eighteen 

commercial companies reinforce the collaborative potential of academ-

ic and applied research at the Vienna Biocenter.

 Moreover, the VBC hosts institutes and companies dedicated 

to  science communication. The publicly funded organization Open 

 Science aims at fostering the dialogue between the world of science 

and the public, and it also runs the Vienna Open Lab (a joint initia-

tive with IMBA), which has already provided 45,000 visitors with an 

interactive glimpse into the Life Sciences. Biolution has established 

a reputation as a professional agency for science PR and EU-project 

 application in the field of Life Siences. 

 The research institutes at the VBC are home to 1,400 experts 

and 700 students enrolled at the University of Vienna, the Medi-

cal  University of Vienna and the University of Applied Sciences. The 

 passionate and creative scientists in over 100 scientific groups and from 

40 nations have acquired 32 ERC grants, 11 Wittgenstein Awards and 

publish around 350 scientific papers per year. They are supported by 

the  Vienna Biocenter Core Facilities (VBCF), providing first class scien-

tific infrastructure. The successful cooperations, the broad expertise of 

the researchers, and the established infrastructure offer unique work-

ing conditions that enable the VBC to be at the forefront of Life Science 

research. 

VBC II
VBCF/BIOTECH

THE VIENNA BIOCENTER
ONE OF EUROPE’S LEADING LIFE SCIENCE LOCATIONS

Around 25 research institutes and companies, 
2,100  scientific employees and students, over 90,000 

m2 lab and office space for Life Sciences – the Vienna 
Biocenter at Neu Marx is one of Europe’s leading Life 

Science hubs.

1,400 scientists and staff

700 students

100 scientific groups

40 nations
 

32 ERC grants, 11 Wittgenstein Awards

more than 350 scientific 
papers published every year.

SOLARIS BLDG
BIOTECH

MARX BOX
FH CAMPUS WIEN/

BIOTECH

NEW PROJECTS IN 
PLANNING

IMP

The success story of the Vienna Biocenter (VBC) began in the 1980s 

with the foundation of the Research Institute of Molecular Pathology 

(IMP), the basic research center of Boehringer Ingelheim. Following 

the relocation of five university departments – that are now under the 

umbrella of the Max F. Perutz Laboratories (MFPL) – to the Neu Marx 

area in Vienna’s Third District, the VBC has grown continuously. 

Profiting from the assets offered at the location, the University of 

 Applied Sciences and two flagship institutes of the Austrian Academy 

of Science round off the academic institutions at the VBC. 

 Since their founding by the Academy, the Institute of Molecular 

 Biotechnology (IMBA) and the Gregor Mendel Institute for Molecular 

Plant Biology (GMI) have developed rapidly into two of the most re-

nowned Austrian research institutes in their respective fields. 

 Motivated and talented young students are offered two interna-

tional PhD programs: the VBC PhD Programme and the MFPL PhD 

16
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SCIENTIFIC SERVICES

VIENNA BIOCENTER CORE FACILITIES (VBCF)

The VBCF provides advanced scientific services to the GMI, 
and also runs the campus child care center. The VBCF is 
 divided into different units, including:

ADVANCED MICROSCOPY
The Advanced Microscopy Facility offers users access to a selection of 

cutting-edge optical microscopy and spectroscopy techniques, along 

with assistance in their implementation and data analysis. They also 

offer the development or customization of microscopes for appli-

cations where commercial solutions are not available. Together with 

Youssef Belkhadir, the Advanced Microscopy unit developed a new 

microscope for measuring the mechanical characteristics of plant cells 

termed Fluorescent Brillouin Imaging (FBi). 

NEXT GEN SEQUENCING
The goal of the Next Generation Sequencing Facility is to provide 

 cutting-edge next generation sequencing technology to its users. Ad-

vice and guidance of sequencing projects are offered by the team that 

relies on years of experience with sequencing systems and sequenc-

ing data analysis. All common sequencing applications are support-

ed and the development of novel methods and protocols encouraged. 

 Currently, requests are processed on Illumina HiSeq2500 and MiSeq 

instruments, with a PacBio Sequel coming into service next year.

PLANT SCIENCES
The Plant Sciences Facility (PlantS) operates 22 high quality state-of-

the-art and highly specialized plant growth chambers and provides 

professional support to research groups at the VBC. Several chambers 

are capable of providing exceptional environmental conditions i.e. low 

temperature (frost), high temperature, different light intensities, differ-

ent light spectra and different gas conditions, allowing precise envi-

ronmental simulation across different climate zones and the simulation 

of various environmental stress conditions. Additionally, one of their 

chambers is equipped with a robotic plant phenotyping system linked 

to state-of-the-art image analysis software.

PROTECH
The mission of the Protein Technologies Facility (ProTech) is to help 

researchers at the Vienna Biocenter overcome two major experimental 

bottlenecks: protein production and purification. In addition, they offer 

services upstream and downstream of these areas, including molecular 

cloning and biophysical protein characterization, and can provide ex-

pertise and advice on most protein-related technologies. ProTech also 

provides consulting and reagent generation for CRISPR/Cas9 genome 

engineering through the CRISPR Lab. They are also open to collab-

orations for further development of recombinant protein or genome 

editing technologies.

CHILD CARE CENTER
The Child Care Center’s highly motivated team provides a loving and 

caring atmosphere for children from the VBC. They offer extended 

opening hours, the possibility to attend a crèche from 3 months on, 

and English lessons with native speakers. The Child Care Center is a 

creative place for children where they undertake excursions into the 

countryside, visit kids theatre, grow vegetables, go ice skating and do 

everything else a child's heart desires.

CORE SERVICES

The GMI is a member of the IMP/IMBA/GMI core services, 
providing cutting edge services to the three institutes. 

BIOOPTICS
The services offered by the BioOptics Facility to researchers at IMP, 

IMBA, and GMI encompass analytical flow cytometry and cell sort-

ing, as well as a large variety of microscopy techniques, image pro-

cessing, and analysis. They provide instrumentation, education, and 

expertise for flow cytometry experiments, manage more than twenty 

microscopy systems, including wide-field, confocal laser scanning and 

airyscan, two-photon, light sheet, total internal reflection, and struc-

tured illumination microscopy techniques, automated slide scanning as 

well as access to laser microdissection and fluorescent lifetime imag-

ing microscopy, and offer five state-of-the-art computer workstations 

operating most of the common commercial and open-source image 

processing and visualization software. The facility provides assisted use 

and training on instrumentation, consultation concerning experimen-

tal design, including project planning, staining, microscope selection, 

etc. Additionally intense basic as well as advanced practical microscopy 

courses are organized including hands-on sessions as well as lectures 

by internal and external faculty. 

MAX PERUTZ LIBRARY
The Max Perutz Library is a specialized reference library located at the 

Vienna Biocenter (VBC) whose mission is to develop and maintain 

collections and services that support research at the IMP, IMBA, and 

GMI. The main task of the library is to provide comprehensive scientific 

literature pertaining to the areas of research pursued at the institutes.

MOLECULAR BIOLOGY SERVICES
The facility offers a wide variety of standard services to all scientists at 

IMP, IMBA, and GMI. These include the Media Lab and Dish Washing 

Unit, Sanger Sequencing, the preparation of competent cells of various 

E. coli strains, production of monoclonal antibodies, and plasmid prep 

in 96 well among many others. In addition, they provide instrumenta-

tion and expertise for lab automation and high-throughput methods.

PROTEIN CHEMISTRY FACILITY
The protein chemistry facility is a core unit offering protein analyses. 

They offer services such as protein identification, characterization of 

posttranslational modifications, protein quantitation, and the respec-

tive data interpretation. Additionally, the facility provides peptide 

synthesis and affinity purification of antibodies. They operate several 

chromatography systems for both protein and peptide separations 

and a number of state-of-the-art mass spectrometers. 

16

Advanced Microscopy : the "Fluorescent Brillouin Imaging (FBi) Microscope."Molecular Biology Services Staff The Child Care Center at the Vienna Biocenter
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EVENTS

15TH ANNIVERSARY
This year, the GMI celebrated its 15th Anni-

versary with a scientific symposium, ceremony, 

and of course, a party. On hand for the sym-

posium were two of our SAB members, Ot-

toline Leyser and Leif Andersson, along with 

GMI alumni, Thomas Greb who is now at the 

Ruprechts-Karl University in Heidelberg and 

Tuncay Baubec from the University of Zürich. 

Following the symposium was a ceremony 

that included speeches from the president 

of the Austrian Academy of Sciences Anton 

Zeilinger, the Director General of the Federal 

Ministry of Science, Research, and the Econ-

omy Barbara Weitgruber, and Marcus Schober 

from the City of Vienna. The Keynote Lecture 

in the ceremony was given by Jill Farrant from 

the University of Cape Town in South Africa, 

discussing her work on resurrection plants – 

plants that can lose 95% of all of their cellular 

water, and then come back to life when water 

is re-introduced to the environment.  

THE LONG NIGHT OF RESEARCH
Along with many other institutes of the 

 Austrian Academy of Science, the GMI par-

ticipated in Austria’s Long Night of Research 

on May 23rd. Our location in a tent at Helden-

platz turned out to be ideal, with an estimate 

of more than 10,000 visitors over the course 

of the evening. GMI presented work from the 

Belkhadir and Djamei labs, allowing visitors 

to print their own postcards with images they 

took using high-powered fluorescent micro-

scopes and to infect Maize with the fungal 

pathogen Ustilago.

Magnus Nordborg and Jill Farrant

10,000 visitors at The Long Night of Reseach

Happy Birthday GMI

CAREER SYMPOSIUM 
With more and more students and postdocs 

interested in pursuing careers outside of ac-

ademics, the GMI continues to expand the 

career training opportunities for our staff. We 

once again helped to organize a two-day career 

workshop and a career symposium under the 

umbrella of the VBC PhD Programme. In the 

workshop, Sarah Blackford from Bioscienceca-

reers put together a program to introduce PhD 

students and postdocs to what a research-

er can bring to non-research careers, how to 

make informed career-decisions, understand 

job markets, and identify career development 

needs. The career symposium featured speak-

ers ranging from pharmaceutical to medical to 

agriculture to government, highlighting their 

organizations and the possibilities available 

for PhD level employees.

GMI SCIENCE RETREAT
We held our 6th annual scientific retreat for all 

GMI staff in June 2016, at Steinschaler Dörfl 

in the Dirndl valley West of Vienna. Over three 

days, each lab had time to present their re-

search to the rest of the Institute, with evening 

poster sessions and free time for spontane-

ous discussion filling in the program. This 

annual event provides GMI researchers with 

an important opportunity to step back from 

the everyday work in the lab and discuss the 

projects currently running at the GMI. The 

administration joined as well, and held their 

own session on the GMI’s migration to Office 

365. The event was capped by several break-

out events, ranging from beer-brewing, cock-

tail and hors d’oeuvres prep, to folk dancing, 

followed by a banquet dinner.

GMI organized two international conferences 

in 2016, the EMBO Workshop hosted by us in 

house, and the 10th Tri-National Arabidopsis 

Meeting which was held in the BOKU. 120 

scientists from all over the world, with many 

traveling from Asia and Australia, came to 

the GMI for the EMBO workshop, which had 

EMBO WORKSHOP “NEW MODEL SYSTEMS FOR EARLY LAND PLANT 
EVOLUTION” AND THE 2016 TRI-NATIONAL ARABIDOPSIS MEETING

a strong focus on the up-and-coming model 

Marchantia which is now being heavily used 

in the Berger Lab. Over 170 mostly European 

researchers came for the TNAM meeting, in-

cluding a keynote lecture from Xumei Chen 

from UC Riverside. 

VIENNA

TNAM
TH

SEPT. 14th–16th 2016

Tri-
National 
Arabidopsis 
Meeting

Steinschaler Dörfl in the Dirndl valley
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LAB SERVICES

IT SERVICES

Stefan Ferscha

Ümit Seren

Erich Birngruber

Anneliese Auer

Borries Luberacki

Jens Schaich

Eckehard Siegmann

Danko Pranjic

Kurt Liebenberg

Thomas Ciganek

from left to right: Thomas Ciganek, Anneliese Auer, Danko Pranjic, Kurt Liebenberg, Heidi Fürnkranz, Mireia Verdaguer, Martina Gsur, Johanna Ostah, Philipp Heinz, 
Markus Kiess, Borries Luberacki, Carmen Hügel, Jens Schaich, Barbara Weigel, Erich Birngruber, Ümit Seren, Matt Watson, Stefan Ferscha, Eckehard Siegmann 

FINANCE & ADMINISTRATION

HEADS OF FINANCE & ADMINISTRATION

DR BORRIES LUBERACKI
Head of Lab Services

DR J. MATTHEW WATSON
Head of Science Support

MIREIA VERDAGUER MSC
Head of Finance

MAG CARMEN HÜGEL
Human Resources Officer

ECKEHARD SIEGMANN
Head of IT Services

MARTINA GSUR
Assistant to the Directors

DR MARKUS KIESS
Business Director

16
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THE AUSTRIAN 
ACADEMY OF SCIENCES

 The Austrian Academy of Sciences (ÖAW) is Austria’s central in-

stitution for science and research. Founded in 1847 as a learned socie-

ty in Vienna, the Academy currently has over 750 members and 1,300 

employees; it stands for the transdisciplinary exchange of knowledge, 

innovative basic research, and progress for society as a whole. Its head-

quarters are located in Vienna’s city center in the former assembly hall 

of the University of Vienna, built between 1753 and 1755 by the French 

architect Jean Nicolas Jadot. 

 The Austrian Academy of Sciences has two sections, the Section for 

Mathematics and Natural Sciences, and the Section for the Humanities 

and Social Sciences. Today, the Academy fulfills two main functions. 

On the one hand, its 750 members form a scholarly society, advising 

decision-makers from politics, industry, and society and conveying sci-

entific insights to the public, and, on the other, it is Austria’s major 

supporter of research outside the university system, funding some 28 

research institutions in both the natural sciences and humanities. The 

Academy also organizes various events and lecture series, and supports 

established and young talented scientists alike through its awards and 

scholarship programs.

The GMI is a basic research institute of the 
Austrian Academy of Sciences

Research at the GMI is annually evaluated by the GMI Scientific 

 Advisory Board (SAB). The SAB comprises independent international 

experts whose primary role is to provide the institute’s management, 

and the Austrian Academy of Sciences, with feedback on the quality of 

the science being undertaken. The SAB meets over a two-day period 

(typically in November) during which time they conduct in-depth 

 discussions with all research groups as well as postdocs, PhD students, 

and technicians.

PROF. SOPHIEN 
KAMOUN
The Sainsbury 
Laboratory, Norwich, 
UK

PROF. STEVEN HENI-
KOFF
Fred Hutchinson Cancer 
Research Center, Seattle 
WA, US

PROF. DOMINIQUE 
BERGMANN
Stanford University, 
Stanford, USA

PROF. LEIF 
ANDERSSON
Uppsala University, 
Uppsala, SE

PROF. OTTOLINE 
LEYSER
University of Cam-
bridge, Cambridge, UK

PROF. GEORGE 
COUPLAND
Max Planck Institute for 
Plant Breeding Research, 
Cologne, DE

PROF. CRAIG 
PIKAARD
Indiana University, 
Bloomington IN, US

PROF. ELIZABETH 
VIERLING
University of 
Massachusetts, 
Amherst MA, US

 The GMI 

continues to fully 

deserve its reputation 

as a world-leading 

institute for plant 

science research. The 

Advisory Board was 

impressed by the sci-

entific progress of the 

groups, facilitated by 

superb support servic-

es and infrastructure. 

In testament to the 

success of the GMI 

model, junior group 

leaders have secured 

excellent posts at 

top rank institutions 

to continue their 

research, and recruit-

ment to replace them 

attracts candidates of 

exceptionally high 

            caliber. 

Ottoline Leyser, Chair 

of the SAB.
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PROMOTING THE IMPORTANCE OF PLANT SCIENCE

BOTANIC QUEST
In collaboration with the Botanical Gardens of the University of   

Vienna at Rennweg and with funding from the Vienna Business 

 A gency, the GMI developed a mobile phone based scavenger hunt/

quiz named  Botanic Quest. Players must find plants with specific QR 

codes attached, read information about the plant or the research from 

the GMI related to the plant, and then receive points based on how 

quickly they answer questions associated to what they’ve read, or 

see or smell. Over 1500 visitors played Botanic Quest in the first two 

months that it was available.

www.botanicquest.at

PROMOTING 
THE IMPORTANCE 
OF PLANT SCIENCE

GMI4KIDS
In an effort to further our digital presence, we collaborated with Sci-

ence Pool, a local organization aimed at bringing the world of science 

into the classroom, to develop an “edutainment” website that can be 

used by grade school teachers in Austria to accompany their teach-

ing program by allowing children to explore concepts learned in class 

through web-based games. GMI4KIDS has been online since early 

summer, and was officially launched in November.

www.gmi4kids.at

At the GMI, we consider the public 
dissemination of our scientific research 

to be an important objective. In addition 
to taking part in Austria’s Long Night of 
Research, we launched two new projects 

this year aimed at providing a lasting 
opportunity to engage the public with 

plant science. 

Our stylized Arabidopsis plant, 

named Gregor, helps personalize the 

website, and guides students through 

the different activities

High school students playing Botanic 

Quest during our initial testing. The 

feedback was uniformly positive, "This 

was better than every museum trip 

we've taken with the class!"

16

www.gmi4kids.com 



16

GMI  ANNUAL REPORT 201674

Vienna is a fantastic city to live in – and that’s not just 
our claim: in the annual Mercer livability survey of 215 

cities, it has taken top rank for seven years in a row 
(2010-2016)! Why is it the best city in the world to live in? 

Ask GMI employees from around the world and they 
might give these reasons:

ITS LOCATION – in the heart of Europe, with easy connections 

in all directions, whether to go home or on a weekend excursion to 

another European capital.

THE LIFESTYLE – Vienna combines the elegant splendor of the 

former Austro-Hungarian capital with a modern infrastructure, lots of 

nearby countryside for outdoor excursions, and one of the richest cul-

tural offerings of any European city. 

IT’S SAFE, CLEAN AND PRACTICAL – walk more or less 

anywhere in Vienna, even at night, and you feel safe. The air, the streets, 

everything is clean. And public transport, housing, schooling, health 

care and all the other everyday needs work well and are affordable.

COSMOPOLITAN – with the United Nations, OPEC, and a num-

ber of other international corporations and organizations, Vienna has 

become a dynamic, multicultural, and cosmopolitan city in the last two 

decades.

THE CITY OF VIENNA
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GREGOR MENDEL INSTITUTE OF 
MOLECULAR PLANT BIOLOGY
DR. BOHR-GASSE 3
1030 VIENNA, AUSTRIA

FROM THE AIRPORT:
by city train (S-Bahn): 
S7 to Sankt Marx-Vienna Biocenter
FROM THE CITY:
by city train (S-Bahn): S7 
to Sankt Marx-Vienna Biocenter
by tram: 71, 18 to Sankt Marx
by bus: 74A to Sankt Marx
by underground: U3 to Schlachthausgasse
(7 minute walk or three stops with tram 18) 

The Gregor Mendel Institute is located in the Vienna 
Biocenter (VBC), the premier location for life sciences 
in Central Europe and a world-leading international 
bio-medical research center (www.viennabiocenter.org).

LOCATION AND TRAVEL DIRECTIONS
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