
2013a n n u a l  R e p o R t



2



Table of ConTenTs     foreword     researCh Groups     Core faCil iT ies      faCTs and f iGures

Foreword  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 02

research Groups

petra beli  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 04
falk butter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 06
Christoph Cremer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08
rené Ketting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10
Julian König  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12
stefan legewie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14
Christof niehrs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16
George reid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18
holger richly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20
Jean-Yves roignant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22
natalia soshnikova  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24
Vijay Tiwari  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26
helle ulrich . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28

core Facilities

introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30
bioinformatics Core facility  . . . . . . . . . . . . . . . . . . . . . . . . .  32
Cytometry Core facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33
Genomics Core facility  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34
histology Core facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Microscopy Core facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36
proteomics Core facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37

Facts and FiGures

staff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40
external funding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41
external speakers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42
Core facility Training . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44
publications & awards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45
research and Training environment . . . . . . . . . . . . . . . .  48
scientific advisory board . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50
Campus Map & Contact . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51
imprint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52

Ta b l e  o f  C o n T e n T s

IMB annual RepoRt 2013 1



2



Table of ConTenTs     foreword     researCh Groups     Core faCil iT ies      faCTs and f iGures

in my third year as founding director, i was pleased that we again 
made great progress at iMb in 2013. Three new Group leaders  
joined the institute, rounding out our scientific expertise in chromatin 
biology, proteomics and splicing regulation, and bringing the total 
number of labs at iMb to 13. we hosted a number of high-profile 
meetings, expanded the ranks of our international phd programme, 
and broke the 150-employee mark. This annual report brings you 
the highlights of another eventful year at the interface of epigenetics, 
dna repair and developmental biology.

TransiTions
iMb welcomed falk butter (from the Max planck institute of  

biochemistry, Munich), Julian König (from the MrC laboratory 
of Molecular biology, Cambridge), and petra beli (from the novo  
nordisk foundation Centre for protein research, Copenhagen) as 
new Group leaders. falk will also take the helm at our newly formed 
proteomics Core facility. his research group will investigate dna 
and rna-protein interactions using quantitative mass spectrometry.  
Julian, who as a postdoctoral fellow developed the iClip technology 
to identify protein-bound rnas, will focus on the splicing of trans- 
posable elements. petra is establishing her group at iMb with the 
help of a prestigious emmy noether programme award from the  
German research foundation dfG. her focus is dna damage re- 
sponse. 

we are also pleased to host eva wolf, who has recently been  
appointed professor at Johannes Gutenberg university (JGu) Mainz. 
eva’s research interests in chronobiology and circadian gene regula-
tion nicely complement our work at iMb. as she is part of both our 
international phd programme and our international summer school, 
we are delighted to offer her space while her laboratories at JGu are 
refurbished.

we closed 2012 with 99 staff, and continued to grow in 2013: 
iMb’s total employees now number 154, and of our scientific staff 
59% are international. on the administrative side, roland euler  
assumed the role of business director, while ralf eßmann became 
our director of administration. Changes were afoot in our Core  
facilities as well, as andreas Vonderheit, formerly head of the  
Microscopy Core facility at iMb, took over as director of all six core 
facilities. 

with these new arrivals, we also bid farewell to a few colleagues 
who were instrumental to iMb’s early years. we thank our departing 
business director, Götz scholz, our former director of administration, 
stephanie oehl, and our former director of Core facilities, bernhard 
Korn, who worked diligently to help build up iMb.

research and FaciliTies
research at iMb continues to address key questions in epigenetics, 

developmental biology, dna repair, and related fields. from revealing 
the epigenetic reprogramming of the genome to peering more deeply 
into cells with superresolution microscopes, iMb researchers are 
pushing the boundaries at molecular, cellular and systems fronts. our 
groups investigate the epigenomic pathways that regulate cellular 
differentiation, the factors that influence splicing, as well as rna 
interference and silencing mechanisms in different model organisms. 
further, labs at iMb study dna repair and genome stability, uncover 
why transcriptional cycling or aberrant gene expression may contrib- 
ute to cancer, and reveal how the chromatin landscape changes dur-
ing ageing. This research is changing our understanding of how we 
develop and adapt to our environments, and how we age or develop 
disease. 

scientists at iMb frequently use interdisciplinary approaches in 
tackling these questions. This is greatly aided by our strong Core 
facilities, which employ dedicated experts and provide state-of-the-
art equipment and services in bioinformatics, cytometry, genomics, 
proteomics, histology and microscopy. This ensures that ambitious 
projects can be driven forward rapidly and successfully even in highly 
competitive fields.

Training and evenTs
our international phd programme (ipp) forms a central part of our 

scientific mission, and continues to grow. within the theme of Dynam- 
ics of Gene Regulation, Epigenetics and DNA Damage Response,  
48 students are now conducting doctoral research in 27 labs at iMb 
and our ipp partner institutions JGu, the university Medical Centre, 
and the Max planck institute for polymer research. The ipp students, 
over 60% of whom now come from outside Germany, held their first 
student retreat in June, and a symposium in november at which they 
presented talks and posters.

To further encourage student research and open our labs to mo-
tivated junior researchers, we held our second international summer 
school (iss). fourteen participants from eight countries attended 
training courses and lectures and undertook research projects with- 
in groups at iMb, JGu, and the university Medical Centre during  
July and august. over the summer we also organised our first ca- 
reer day, which gave more than 100 students and junior research- 
ers a chance to learn about non-academic jobs in the life sciences. 
both the career day and the iss will be staged again in 2014.

outstanding international speakers joined us in october for 
our second annual iMb Conference, which this year focused on  
Chromatin Dynamics & Stem Cells. it was the culmination of a  
variety of scholarly events at iMb, including our regular research  
seminars with invited speakers, a workshop on the 4d nucleome,  
a joint epiGenesys/iMb workshop on epigenomics, and the kick-off 
meeting of the federal Ministry of research and education’s e:bio 
innovations in systems biology consortium.

coming soon
upcoming highlights for 2014 include the ongoing recruitment for 

a full professorship in bioinformatics, a joint appointment between 
JGu’s faculty of biology and iMb. Genered, short for Gene regulation 
in evolution and development, is another exciting research initiative 
in collaboration with the faculty of biology that is set to launch next 
year. as a designated research focus of rhineland-palatinate’s Minis-
try for education and research, Genered will build on the success of 
the ipp by awarding phd positions in gene regulation research, and 
expanding the capacities for proteomics research in Mainz.

our 2014 iMb Conference, Nuclear RNA in Gene Regulation & 
Chromatin Structure, will take place on 9-12 october. it will once 
again bring world-renowned speakers to Mainz, and promises to be 
an interactive and stimulating event.

all of this is of course enabled by the continued support of the 
boehringer ingelheim foundation, for which we are very grateful, 
and the advice of the members of our outstanding scientific advisory  
board. but it is the truly excellent team of researchers, students,  
technicians and administrators whose work makes iMb thrive. 

i trust the reader will sense the vibrant spirit of iMb while leafing 
through the pages of this annual report.

Christof niehrs
founding director
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education
2007  diploma in Molecular biology,  

university of Zagreb

2011 phd in biology, Goethe university frankfurt

positions held
2010-2013   postdoctoral researcher, The novo nordisk 

foundation Centre for protein research,  
university of Copenhagen

since 2013  Group leader, iMb

gRoup membeRs
Marina borisova / phd student; since 12/2013

ReseaRch oveRview 
The structure of eukaryotic chromatin has to be dynamically 
remodeled in response to dna damage. posttranslational modi- 
fications of chromatin-associated proteins play an essential 
role in this process by regulating protein activity and inter- 
actions. protein ubiquitylation has emerged as an important 
mechanism that regulates the chromatin response to dna  
damage. we have shown that dna damage induces site-specific 
ubiquitylation and deubiquitylation of proteins, suggesting the 
widespread regulatory involvement of protein ubiquitylation in 
processes that maintain chromatin integrity. we plan to study 
the role of protein ubiquitylation in dna repair and chromatin 
organisation using state-of-the-art mass spectrometry-based 
proteomics. in particular, we aim to investigate the function of 
site-specific protein ubiquitylation in dna damage signalling 
and to identify the protein targets of nuclear ubiquitin ligases.

peTra  
beli

We use quantitative mass  
spectrometry to study the  
role of posttranslational  
modifications and protein- 
protein interactions in  
nuclear signalling. «

»
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ReseaRch highlights 

eukaryotic cells have evolved complex signalling pathways that 
coordinate the repair of dna lesions. posttranslational modifications 
(pTMs) of proteins play important regulatory roles in dna damage 
signalling. studies have demonstrated that modification of proteins 
with ubiquitin has essential regulatory functions in dna repair proc- 
esses. prominent examples are monoubiquitylation of fanCi/fan-
Cd2 and pCna that play a central role in the repair of interstrand 
cross-links and in dna damage bypass, respectively. The importance 
of protein ubiquitylation in dna damage signalling was further em-
phasised by evidence that ubiquitin-modifying enzymes are recruited 
to lesion-flanking chromatin. despite these advances, the regulatory 
scope of ubiquitylation in dna damage signalling and the substrate 
spectrum of ubiquitin-modifying enzymes are currently incomplete-
ly understood. recent advances in mass spectrometry (Ms) as well 
as novel methods for the enrichment of ubiquitylated peptides now 
permit, for the first time, the systematic study of protein ubiquityla-
tion after cellular perturbations. we have employed the method for 
analysis of protein ubiquitylation to identify 10,000 endogenous 
ubiquitylation sites in human cells. our results demonstrate that a 
large part of the cellular proteome, including numerous cell surface 
receptors and nuclear proteins, is subjected to ubiquitylation. in a 
subsequent study, we have applied this method to investigate pro-
tein ubiquitylation in cells exposed to ultraviolet radiation (uV). we 
have identified numerous uV-induced ubiquitylation sites on known 
components of the dna repair and chromatin organisation machin-
ery, suggesting a widespread functional involvement of ubiquitin 
in processes that maintain chromatin integrity after dna damage. 
The investigation of the precise functions of individual ubiquitylation 
events presents a future challenge and can provide a detailed mecha- 
nistic understanding of how ubiquitin signalling contributes to the 
maintenance of overall cell homeostasis.

FutuRe diRections

funCTional CharaCTerisaTion of ubiquiTYlaTion eVenTs 
afTer dna daMaGe

we have previously demonstrated that protein ubiquitylation and 
deubiquitylation occur in a site-specific manner after treatment of 
cells with uV, and characterised the function of paf15 deubiquityla-
tion in dna damage bypass. The functional role for most of the identi-
fied ubiquitylation events remains to be investigated. we will conduct 
both gain and loss-of-function experiments to study the role of select-
ed proteins and ubiquitylation sites in relevant dna repair or gene 
regulatory processes in mammalian cells. in particular, we will employ 
mutant forms of proteins that cannot be ubiquitylated or that mimic 
ubiquitylation to investigate the impact of protein ubiquitylation on 
protein-protein interactions, and protein localization and activity.

idenTifiCaTion of TarGeTs of nuClear ubiquiTin liGases
ubiquitin ligases play an integral role in dna repair and chromatin  

organisation. ubiquitin ligases including rnf8/168, brCa1, and 
rad18 are involved in the cellular response to dna double-strand 
breaks and replication stress. recent studies have implicated histone 
modifying ubiquitin ligases, which play essential roles in chromatin 
organisation during transcription, in the cellular response to dna 
damage. for most of these enzymes, the protein substrates that are 
modified in response to dna damage and the functional roles in 
dna damage signalling remain obscure. we plan to combine sirna- 
mediated knockdown with quantitative Ms to identify the physio- 
logical substrates of nuclear ubiquitin ligases. if the ubiquitin ligase- 
substrate relation can be established in vivo and/or in vitro, we  
will aim to further characterise the physiological relevance of the  
modification for the target proteins.

selected publications
beli p*, lukashchuk n*, wagner sa, weinert bT, olsen JV, baskcomb l, Mann M, Jackson sp, Choudhary C (2012). proteomic investigations 
reveal a role of Thrap3 in dna damage response. Mol Cell, 4, 212-25.

povlsen lK*, beli p*, wagner sa, poulsen sl, sylvestersen Kb, poulsen Jw, nielsen Ml, bekker-Jensen s, Mailand n, Choudhary C (2012). sys-
tems-wide analysis of ubiquitylation dynamics reveals a key role for paf15 ubiquitylation in dna-damage bypass. Nat Cell Biol, 14, 1089-98.

wagner sa*, beli p*, weinert bT, nielsen Ml, Cox J, Mann M, Choudhary C (2011). a proteome-wide, quantitative survey of in vivo ubiquityla-
tion sites reveals widespread regulatory roles. Mol Cell Proteomics, 10, M111.013284. 

(* joint first authors)

Figure 1. systems-wide analysis of ubiquitylation events after dna damage.  
a functional interaction network of proteins with uV-induced ubiquitylation sites,  
where the node size depicts the number of ubiquitylation sites on the indicated  
proteins. The colour code illustrates the mean silaC ratio of all ubiquitylation sites 
quantified on the indicated proteins.
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education
2006 diploma in biochemistry, university of leipzig

2010  phd in biochemistry,  
ludwig Maximilian university Munich

positions held
2010-2013  postdoctoral researcher, Max planck institute  

for biochemistry, Martinsried

since 2013  Group leader, iMb

gRoup membeRs
núria Casas Vila / phd student; since 11/2013
anja freiwald / engineer; since 04/2013
Marion scheibe / postdoc; since 06/2013

ReseaRch oveRview 
Mass spectrometry has evolved into a powerful tool to study 
proteins in an unbiased and global manner. The current improve- 
ments in identification accuracy, sample throughput, and data 
analysis allow us to observe changes in the proteome with un-
precedented speed and detail. our group applies quantitative 
approaches such as label free quantitation or silaC (stable iso-
tope labelling with amino acids in Cell culture) that enable us 
to directly compare thousands of proteins in complex mixtures. 
This lets us study changes in protein expression, and we also 
use this approach for interactomics to identify specific interac-
tions of proteins with targets of interest within a vast number 
of background binders. we apply mass spectrometry in several 
biological areas to advance our knowledge of cellular processes 
such as telomere biology and rna-mediated gene regulation.

falK  
buTTer

Quantitative mass 
spectrometry is a powerful 
tool for discoveries in biology 
and medicine.

6
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ReseaRch highlights 

hoT1 is a direCT TeloMere-bindinG proTein
The ends of mammalian chromosomes consist of repetitive 

TTaGGG repeats that are maintained by telomerases and protected 
by the shelterin complex from recognition by the dna damage repair 
machinery. using silaC-based quantitative mass spectrometry, we 
identified hoT1 (hMboX1) as a telomere-binding protein in human 
and mouse. despite the known significance of telomeres in ageing 
and cancer, this finding came as a surprise, as it is just the third  
direct double strand telomere-binding protein reported in 15 years.  
This exciting discovery opens up new avenues to study the mainte-
nance of telomeres. hoT1 binds independently of the shelterin com-
plex and exhibits distinct features. for example, hoT1 is a dynamic 
telomere binding protein with increased telomeric localization de-
pendent on higher telomerase in situ activity. indeed, we have shown 
that hoT1 is able to regulate telomere length in a positive manner 
and further experiments suggest its involvement in telomerase- 
dependent telomere homeostasis by a putative function in telomerase  
recruitment.

quanTiTaTiVe inTeraCToMe of The lncrna Terra
recently, it was recognised that telomeric repeats are actively 

transcribed giving rise to telomeric repeat-containing rna (Terra). 
Terra is involved in telomere homeostasis and telomere mainte-
nance and contributes to chromatin organisation at the chromosome 
end. we reported the first quantitative interactome of Terra using 
state-of-the-art high-resolution mass spectrometry and character-
ised over a dozen new Terra-associated proteins for their effect on 
global Terra levels and Terra localization at telomeres using rna 
interference. nearly all candidates had an effect on at least one of 
the investigated features. we thus greatly increased the number of 
proteins known to influence this long non-coding rna, providing a 
basis for further in-depth studies.

ulTraConserVed eleMenTs as TransCripTion faCTor  
bindinG hubs

using quantitative mass spectrometry, we reported a large-scale 
dna-protein interactome of 193 ultraconserved elements (uCe).  
This dna-centric study identified more than 425 proteins able to 
bind uCe sequences in mouse embryonic stem cells. Comparison 
with existing in vivo data from enCode demonstrated that in the 
majority of cases, when bound factors are detected by chromatin  
immunoprecipitation, they are also detected by our mass spectrom- 
etry-based dna-protein interaction screen. based on this large  
number of sequences we were able to perform de novo motif  
discovery for transcription factors and chromatin-binding proteins, 
validating reported consensus binding motifs and suggesting new 
ones for factors that had not been previously investigated. using  
these binding motifs we further demonstrated that ultraconservation 
in these sequences depends on binding of developmental transcrip-
tion factors, providing firm evidence for the hypothesis that ultracon-
served elements act as transcription factor binding hubs.

selected publications
Kappei d*, butter f*, benda C, scheibe M, draškovič i, stevense M, novo Cl, basquin C, araki M, araki K, Krastev db, Kittler r, Jessberger r, 
londoño-Vallejo Ja, Mann M and buchholz f (2013). hoT1 is a mammalian direct telomere repeat-binding protein contributing to telomerase 
recruitment. EMBO J, 32, 1681-1701. (* joint first authors)

scheibe M, arnoult n, Kappei d, buchholz f, decottignies a, butter f* and Mann M* (2013). quantitative interaction screen of telomeric 
repeat-containing rna reveals novel Terra regulators. Genome Res, doi: 10.1101/gr.151878.112. (* co-corresponding authors) 

Viturawong T, Meissner f, butter f* and Mann M* (2013). a dna-centric protein-interaction map of ultra-conserved elements reveals major 
contribution of transcription factor binding hubs to conservation. Cell Rep, 5, 531–545. (* co-corresponding authors)

FutuRe diRections

based on our previous investigations, we aim to further elucidate 
the molecular mechanism by which hoT1 executes its function in the 
telomerase recruitment pathway. furthermore, we are continuing to 
use our expertise in quantitative mass spectrometry to study nucleic 
acid-protein interactions in diverse biological pathways and systems.

Figure 1. hoT1 localises prominently to 
telomeres in murine pachytene spreads. 

immunofluorescence staining of hoT1 
(green) at the chromosome ends with 

sYCp3 (red) marking the synaptonemal 
complex/chromosome axis.
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education
1970  diploma in physics,  

ludwig Maximilian university Munich

1976  phd in biophysics and Genetics,  
university of freiburg

1983 habilitation,  
 university of freiburg

positions held
1970 - 1983  staff scientist, institute of human Genetics, 

university of freiburg

1983 - 1999  Managing/deputy director, institute of  
applied physics i, university of heidelberg

1983 - 2011  professor of applied optics & information 
processing, university of heidelberg

2005 - 2007  deputy director, Kirchhoff institute of physics, 
university of heidelberg

since 2005  director, biophysics of Genome structure,  
institute for pharmacy and Molecular  
biotechnology, university of heidelberg

since 2011   Group leader, iMb

since 2013   honorary professor,  
Johannes Gutenberg university (JGu) Mainz

ReseaRch oveRview 
in the age of superresolution light microscopy, novel “nano- 
imaging” techniques can be broadly applied, and their reach 
is constantly growing. however, not all advanced micros-
copy methods are equally suited for all biological settings.  
a bottleneck for various superresolution light microscopy tech-
niques has been the use of very specific fluorophores followed 
by sophisticated sample preparation strategies. To overcome  
these challenges, we have developed and further improved a 
variety of superresolution ”nanoscopy“ approaches, making use 
of standard fluorophores. in 2013, we considerably enhanced 
the applicability of spectrally assigned localization Microscopy 
(salM), and have realised combinatorial measurements using 
salM and structured illumination Microscopy (siM).

 
gRoup membeRs
alexander al saroori / student assistant; since 12/2013
sven beichmanis / student assistant; 03/2013-08/2013
udo birk / postdoc; since 02/2012
Mei-Yu Chen / Guest researcher, daad fellowship; 
hyun-Keun lee / student assistant; since 08/2013 
Kirti prakash / phd student; since 02/2013
aleksander szczurek / phd student; since 09/2013
sebastian Zeis / student assistant; 11/2012 – 03/2013 

08/2013 – 09/2013

ChrisToph  
CreMer

Seeing is knowing,  
not just believing.«

»
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ReseaRch highlights 

in collaboration with the laboratory of prof. rené Ketting (iMb), 
we used the salM technique of spectral precision distance/position  
determination Microscopy (spdM) with physically modified fluoro-
phores to analyse the distribution of two important proteins of the 
mouse synaptonemal complex (sC), namely sCp1 (the central el- 
ement of sC) and sCp3 (the lateral filament of the sC), which are 
critical for the synapsis of homologous chromosomes during the  
pachytene stage of meiotic prophase i. we are now using multi- 
colour spdM to address questions related to the functional structure 
of the synaptonemal complex.

recent studies have shown the feasibility of using YoYo-1 
and cyanine derivatives for salM imaging of lambda phage dna  
stretches. however, dna-binding molecules suitable for superresolu-
tion imaging of chromatin in nuclei are still elusive. our preliminary 
data indicate that the experimental conditions of sample preparation 
and imaging have a substantial influence on the photophysics of ap-
propriate dna labelling. we are currently searching for further dna 
dyes for the spdM analysis of chromatin nanostructure.

we investigated heK293 cells expressing Claudin3-Yfp after stable  
transection. a comparative study of conventional and superresolution 
microscopy (spdM and siM) shows complementary information ob-
tained using the different approaches to analyse the same region of 
interest. it also demonstrates the significant differences in resolution 
obtained in different advanced microscopy methods.

in order to further extend the application range of the novel super- 
resolution approaches developed in our group, several technical 
improvements of the instrumentation have been achieved in 2013, 
which are described below. 

we expanded the salM technique of spectral precision distance 
Microscopy (spdM) to four excitation wavelengths ranging from uV 
to far-red on the Vertico microscope setup. after a complete redesign 
of the microscope illumination subsystem, a significant enhancement 
in the localization accuracy was achieved (at best approximately 2 
nm, which corresponds to about 1/250 of the exciting wavelength). 

we combined the two complementary methods of spectral pre-
cision distance Microscopy (spdM) and structured illumination  
Microscopy (siM) to achieve high-precision localization and en-
hanced structural information in the object plane in a single setup  
(spdM-sMi nanoscope). The combination of a siM image with spdM 
data of the same object gives complementary information as the two im- 
aging modalities rely on different contrasting mechanisms. This allows 
us to generate improved reconstructions of the siM and spdM data. 

FutuRe diRections

in addition to ongoing projects in the application of our methods, 
we plan to study the organisation of chromatin in the synaptonemal 
complex and how the components of the recombination machinery are  
organised on the nanoscale (in collaboration with rené Ketting of iMb).

on the methodological side, we plan to improve the current proto-
type 3d spdM superresolution microscope to image multiple types 
of molecules with different fluorescence emission characteristics. we 
aim to make the microscope compatible with conventional, commer-
cially available markers and standard specimen preparation protocols. 
based on the concept of astigmatism localization, we want to extract 
3d information out of a single 2d slice spanning a depth of field of 
roughly 500nm with a single molecule 3d resolution in the range of a 
few tens of nanometres. 

in 2014, we also plan to combine the methods of spectral preci- 
sion distance Microscopy (spdM) and spatially Modulated illumina-
tion (sMi) microscopy in the Vertico microscope, i.e. create a single 
spdM-sMi nanoscope. in addition to the existing spdM mode, this 
will allow advanced structured illumination imaging even along the 
optical axis, thus providing novel options for advanced 3d analysis. 
furthermore, we plan to adapt the spdM-sMi nanoscope to also  
allow imaging of non-fixed cells with a temperature-regulated  
incubator.

our additional ongoing collaborations include: superresolution  
analysis of (1) small molecules that provoke transcription from  
methylated promoters (dr. G. reid, iMb), (2) piwi rna pathway  
components in zebrafish gonads (prof. r. Ketting, iMb) (3) dna  
hypersensitive sites in cell nuclei (prof. J. stamatoyannapoulos,  
u washington, and prof. T. Cremer, lMu Munich) (4) tobacco mosaic 
viruses (prof. C. wege, u stuttgart), (5) her2 and her3-membrane 
protein receptor clusters (prof. M. hausmann, u heidelberg), (6) dna 
damage sites before and after radiation exposure (prof. J. dobrucki, 
u Krakow; prof. G. dollinger, unibw Munich; prof. M. hausmann,  
u heidelberg; prof. p. huber, dKfZ heidelberg).

selected publications
Kaufmann r, Müller p, hildenbrand G, hausmann M and Cremer C (2011). analysis of her2/neu membrane protein clusters in different types 
of breast cancer cells using localization microscopy. J Microsc, 242, 46-54.

bohn M, diesinger p, Kaufmann r, weiland Y, Muller p, Gunkel M, von Ketteler a, lemmer p, hausmann M, heermann dw and Cremer C 
(2010). localization Microscopy reveals expression-dependent parameters of Chromatin nanostructure. Biophys J, 99, 1358-1367.

baddeley d, batram C, weiland Y, Cremer C and birk uJ (2007). nano-structure analysis using spatially modulated illumination microscopy.  
Nat Protoc, 2, 2640-2646.

Figure 1. in the wide-field image (left, conventional resolution, scale bar 1 µm), the 
two strands of the synaptonemal complex (sC) are not resolved. in contrast, the spdM 
image (right, scale bar 250 nm) not only shows a clear separation of the two lateral 
elements of the sC, but also indicates the twisting of the sCp3 protein complex (red 
arrows).

Figure 2. Comparison of various fluorescence microscopy methods of the same 
region of a heK293 cell expressing Claudin3-Yfp (stable transection). a) Conventional 
wide-field, b) structured illumination Microscopy (siM) and C) localization Microscopy 
(spdM). in (C) a triangulation algorithm was applied to visualise the spdM data.
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Table of ConTenTs     foreword     researCh Groups     Core faCil iT ies      faCTs and f iGures



education
1994 Masters in Chemistry, university of leiden

2000  phd in Molecular biology,  
netherlands Cancer institute, amsterdam

positions held
2000  postdoctoral researcher,  

Cold spring harbor laboratory

2000 – 2004  postdoctoral researcher,  
hubrecht laboratory, utrecht

2005 – 2012  Group leader, hubrecht institute, utrecht

since 2010  professor of epigenetics in development, 
university of utrecht

since 2012  director, iMb 
professor, faculty of biology,  
Johannes Gutenberg university (JGu) Mainz

rené  
KeTTinG

The complexity and flexibility  
of small RNA pathways 
is staggering.«

»

ReseaRch oveRview 
our genome encodes tens of thousands of genes, all of which 
must be properly regulated in order to sustain a healthy human 
being. in addition, the genome is home to a multitude of 
selfish elements that self-multiply, and actually make up most 
of the dna we carry in our cells. we study how the presence of 
these endogenous parasites influences gene expression, and 
how their mobility is controlled. we discovered that a process 
called rna interference, or rnai, has an important role in this 
interplay. our goals are to fully understand how rnai affects 
the mobile elements in our genome and how this in turn 
affects gene expression. in addition to rnai-related effects 
we are also picking up on more general epigenetic dynamics 
during early development. we make use of two model systems: 
the zebrafish and the nematode C. elegans.

gRoup membeRs
bruno albuquerque / phd student; since 10/2012
Miguel almeida / phd student; since 06/2013
anke ries / lab Manager; since 12/2012
Yi-Yen Chen / postdoc; since 03/2013
holger dill / postdoc; since 02/2013
sabine dominitzki / Technician; since 10/2012
lucas Kaaij / postdoc; since 11/2013
laura Krebs / student assistant; since 05/2013

 
svetlana lebedeva / postdoc; since 03/2013
nail deniz pir / Msc student; 02/2013 –12/2013
Maria placentino / phd student; since 11/2013 
stefan redl / phd student; since 04/2013
ricardo rodrigues / phd student; since 12/2012
elke roovers / phd student; since 05/2013
saskia weiß / animal Caretaker; since 05/2012
nadine wittkopp / postdoc; since 11/2012

10

b i o l o g y  o F  n o n - c o d i n g  R n a



ReseaRch highlights 

we have found that one of the small rna pathways, the piwi 
pathway, can induce an epigenetic switch that can be stably 
remembered across generations. we identified this phenomenon in  
C. elegans. while analysing transgenic strains for a Gfp transgene that 
is silenced by the piwi pathway, we noticed that transgene silencing 
can take place independently of the piwi pathway, a state we named 
rnae (rna-induced epigenetic silencing). in other words, while in 
the normal state the transgene is activated upon disruption of piwi, 
in the rnae state the transgene remains silent upon loss of piwi. 
interestingly, this state is faithfully inherited across generations. we 
were able to establish that in response to the piwi pathway, a second- 
ary rnai pathway is triggered that in turn modifies the chromatin 
status at the targeted locus. while the secondary rnai pathway 
is required for transgenerational inheritance, we showed it is not  
required for silencing within one generation. These results indicate 
that in animals, extremely stable epigenetic states can be induced 
by small non-coding rnas, and that these states can be inherited 
through the germline. Through mutagenesis we have identified novel 
mutants in which these processes are disrupted. we have identified 
mutations in several known genes, as well as in novel genes. one 
of these genes is required for pirna biogenesis, while the rest are 
required during the actual silencing processes. 

we have also developed a similar Gfp-based pirna silencing 
system in the zebrafish. This has been very successful, and we are now 
fully characterising the system and applying it to the study of pirna-
mediated gene silencing in the zebrafish. ongoing studies of the  
pirna silencing mechanism aim to characterise the gene mutants 
that affect the pirna pathway. one such gene we have been  
studying during the past year is Tdrd9. we found this factor to be  
dispensable for global pirna biogenesis, but essential for the 
efficient generation of pirnas from specific retro-transposons.

furthermore, we have analysed how the small rnas associated 
with the piwi pathway, pirnas, are inherited across generations. 
using zebrafish as a model, we have shown that genetically distant 
strains are characterised by distinct pirna populations. interestingly,  
progeny obtained from crosses between these strains show two  
types of pirna inheritance. first, pirna abundance is largely set 
by the zygotic genome. second, the ratio between sense and anti-
sense pirnas from a given element has a significantly maternal 
influence that lasts for at least two generations. These results imply 
that the maternally inherited pirna populations are able to affect 
pirna expression from the zygotic genome and thus that expression  
changes in the female germline can be epigenetically transmitted to 
the progeny. 

we also identified a protein that is required for the proper maternal 
inheritance of pirnas. interestingly, this factor is also required for 
proper assembly of the germ plasm, a cytoplasmic region in the 
embryo that induces germ cell fate in blastomeres, and associates 
with many mrnas known to play a role in germ cell specification and 
maintenance. These results imply a mechanistic link between germ 

cell specification in the embryo and their protection from harmful 
activities of mobile genetic elements.

finally, we have described the dna methylation dynamics during 
intestinal stem cell development in mice. we found that the dna 
methylation state of the stem cell already largely reflects the pattern 
observed in differentiated daughter cells, implying that at the level of 
dna methylation, adult stem cells are already fully primed for differ-
entiation into only a limited set of cell types.

FutuRe diRections

The finding that a small rna pathway can initiate an extremely 
stable form of epigenetic gene silencing is intriguing and prompts 
further investigation. Through novel genetic screens in C. elegans 
we will aim to identify the links between small rna pathways and 
chromatin, and to decipher how these factors interact. in particular, 
we are characterising a factor required for pirna biogenesis, both on 
a biochemical as well as on a genetic level. furthermore, we plan to 
use the zebrafish pirna sensor system we have developed in studies 
of the vertebrate silencing mechanism, from the characterisation 
of histone modifications to the genetic behaviour of silencing. 
importantly, we will start to implement superresolution microscopy in 
order to address particular sub-cellular events during pirna-mediated 
silencing. 

finally, since epigenetic effects in germ cells clearly affect the 
epigenetic state of the early embryo, we will extend our efforts to 
studying chromatin dynamics during early development. we will do 
this by investigating both dna methylation and histone marks during 
early embryonic stages of zebrafish development. These studies will 
lead to the identification of a distinct set of enhancers that drives 
the expression of lineage specifying transcription factors. further 
characterisation of these enhancers will be pursued. 

selected publications
luteijn MJ, van bergeijk p, Kaaij lJ, almeida MV, roovers ef, berezikov e, Ketting rf (2012). extremely stable piwi-induced gene silencing in 
Caenorhabditis elegans. EMBO J, 31, 3422-3430.

van wolfswinkel JC, Claycomb JM, batista pJ, Mello CC, berezikov e, Ketting rf (2009). Cde-1 affects chromosome segregation through 
uridylation of Csr-1-bound sirnas. Cell, 139, 135-148.

houwing s, Kamminga lM, berezikov e, Cronembold d, Girard a, van den elst h, filippov dV, blaser h, raz e, Moens Cb, plasterk rh, hannon 
GJ, draper bw, Ketting rf (2007). a role for piwi and pirnas in germ cell maintenance and transposon silencing in Zebrafish. Cell, 129, 69-82.

Figure 1. (a) a selection of 
C. elegans mutants defective 
in pirna-mediated silencing 
of a Gfp-reporter transgene. 
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education

2003  diploma in biology,  
ludwig Maximilian university Munich

2008 phd in biology, phillip university Marburg

positions held

2008 – 2013  postdoctoral researcher, MrC laboratory of 
Molecular biology, Cambridge

since 2013  Group leader, iMb

gRoup membeRs
simon braun / phd student; since 11/2013
heike hänel / lab Manager; since 11/2013
reymond sutandy / phd student; since 12/2013

ReseaRch oveRview 
pre-messenger rna (pre-mrna) splicing – the removal of  
introns and joining of exons – is a main pillar of gene expression  
in higher eukaryotes. splicing is regulated by activators and  
repressors that recognise cis-elements at their target exons. it is 
clear that the recruitment of these rna-binding proteins (rbps) 
is not solely dependent on the underlying rna sequence, but 
is strongly shaped by their interactive environment, including 
direct competition or cooperative recruitment of rbps as well as  
modulations of secondary structure. however, the general rules 
that govern the interactive assembly of pre-messenger ribonu- 
cleoprotein (pre-mrnp) complexes remain to be established.
our lab unites a systematic analysis of pre-mrnp assembly  
during splicing with a molecular understanding of the underlying  
processes. we employ cutting-edge genomic rna biology  
techniques, such as iClip and rna-seq, in combination with bio- 
chemical and genetic tools.

»

Julian  
KöniG

Splicing is key for  
generating protein  
diversity in humans.«
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ReseaRch highlights 

unCoVerinG hnrnp C as a Guardian of The TransCripToMe
a particularly interesting protein family to study in the context 

of splicing regulation and interactive pre-mrnp assembly are the 
heterogeneous nuclear ribonucleoproteins (hnrnps). rivaling 
histones in their abundance, hnrnp proteins have been described 
to form hnrnp particles, which have – in analogy to nucleosomes 
– been referred to as ”ribonucleosomes“. Their high abundance and 
presence along most transcripts suggest them as major players in 
guiding the binding and function of other rbps.

we have recently shown that hnrnp C, the core component of 
hnrnp particles, prevents the binding of the splicing factor u2af65 
to the uridine tracts of thousands of alu elements that cut across 
the human genome. These highly abundant retrotransposons pose 
a great threat to transcriptome integrity as they can be erroneously 
recognised as exons by the splicing machinery in a process called  
alu exonisation. since u2af65 is a major player in early 3‘ splice-site  
definition, hnrnp C‘s competition with this protein ensures that 
cryptic splice sites within the alu elements are kept silent, which is  
a vital mechanism to preserve human health. 

deVelopinG iClip, a MeThod To Map proTein-rna  
inTeraCTions wiTh unpreCedenTed resoluTion

The development of quantitative individual nucleotide resolution  
Clip (iClip) was key for the understanding of hnrnp C‘s role in the 
regulation of alu exonisation, and enabled us to obtain the first 
genome-wide and quantitative data on the interaction between two 
rbps (figure 1). This innovative approach allows mapping of protein- 
rna interactions at single-nucleotide resolution on a genome- 
wide scale. it overcomes a number of critical limitations of previous  
ribonomic methods and offers unprecedented insights into rbp  
function, as evidenced by the large number of studies already using 
the technique.

FutuRe diRections

The quantitative description of protein-rna interactions using iClip 
in combination with the clinically relevant model of alu exonisation 
offer an attractive system for understanding the forces of competition 
and synergy that govern pre-mrnp complexes and splicing regulation. 
we will focus our efforts on elucidating the machinery for 3‘ splice-
site definition, which has previously been identified as a hotspot for 
cancer-associated mutations. To achieve this, we will combine in vivo 
and biochemical approaches on a genome-wide scale, which will yield 
a systemic understanding of pre-mrnp function in splicing regulation 
(figure 2). our group’s core competencies are the qualitative, quanti-

tative, and comparative description of rbp binding, which will provide 
knowledge on how rbps behave in their complex and interactive en-
vironment. These aspects will be addressed in the context of intronic 
cryptic splice sites as they are present in alu elements, which will be 
an important contribution to the understanding of genetic disease. 

selected publications
Zarnack K*, König J*, Tajnik M, Martincorena i, eustermann s, stévant i, reyes a, anders s, luscombe nM, ule J (2013). direct Competition 
between hnrnp C and u2af65 protects the Transcriptome from the exonization of alu elements. Cell, 152, 453-466.

König J, Zarnack K, luscombe nM, ule J (2012). protein-rna interactions: new genomic technologies and perspectives. Nat Rev Genet, 13, 
77-83.

König J*, Zarnack K*, rot G, Curk T, Kayikci M, Zupan b, Turner dJ, luscombe nM, ule J (2010). iClip reveals the function of hnrnp particles in 
splicing at individual nucleotide resolution. Nat Struct Mol Biol, 17, 909-915. 

(* joint first authors)

Figure 2. General overview of the research interests and key  
experimental techniques of the König group.

Figure 1. (a) overview of the iClip protocol. Crosslinked protein/rna complexes are purified from cells. upon reverse 
transcription, high-throughput sequencing of truncated cdna molecules allows the pinpointing of the nucleotide within 
the rna that was crosslinked to the rbp. (b) Genome browser view showing u2af65 iClip and rna-seq data.
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education
2004  diploma in biochemistry,  

university of witten/herdecke

2008 phd in biophysics, humboldt university berlin

positions held
2008 – 2009   postdoctoral researcher, institute for  

Theoretical biology, humboldt university berlin

2009 – 2010   Group leader ”Theoretical systems biology“, 
department of Theoretical bioinformatics, Ger-
man Cancer research Centre (dKfZ), heidelberg

since 2010   Group leader, iMb 

ReseaRch oveRview 
our group employs mathematical modelling to gain insights 
into the dynamics of biological regulatory networks. data-based 
models are developed in close collaboration with experimental 
partners, and model predictions are verified using wet lab experi- 
ments. our research focuses on cell-to-cell variability in cellular 
signal transduction and on quantitative modelling of gene ex-
pression responses.

 

»

sTefan  
leGewie

Modelling approaches  
provide quantitative  
insights into cellular  
heterogeneity.

gRoup membeRs
stephan baumgärtner / phd student; since 11/2011
Kolja becker / phd student; since 08/2013
Mihaela enculescu / postdoc; since 10/2013
lu huang / postdoc; since 10/2012
Matthias Jeschke / postdoc; 07/2011 - 03/2013

Monika Kuban / research Technician; since 10/2012
Tamara Milhaljev / postdoc; since 11/2010 
shankarrao patil / phd student; since 10/2013
uddipan sarma / postdoc; since 07/2013
Marcel schniedermann / intern; since 09/2013

«
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ReseaRch highlights 

ModellinG Gene reGulaTorY neTworKs
one of the major focuses of our research group is the quantitative 

modelling of gene regulation. we use various modelling approaches 
to describe different aspects of this process. network models de-
rived from large-scale data sets take into account the wiring of many 
genes. we further study small genetic modules, and these models 
describe mechanistic details at the single promoter level. an example 
of this is the control of the peptide hepcidin, whose expression level 
reflects the blood iron levels and controls iron resorption. 

Mammals maintain iron homeostasis by a negative feedback 
loop through hepcidin expression. Molecular perturbations in this 
homeostasis loop lead to iron-related diseases such as hemo- 
chromatosis or anemia of inflammation. To understand the dynamics 
of the iron homeostasis circuitry in health and disease, we collabo-
rated with Martina Muckenthaler (heidelberg) to investigate how the 
expression level of hepcidin is regulated by combining experiments 
with mathematical modelling. we derived a multi-scale model that  
describes the signalling network and the gene promoter controlling 
hepcidin expression. possible scenarios of hepcidin regulation were 
tested experimentally using reporter gene assays in human hepa-
toma cells. The physiological relevance of these findings was inter- 
preted using a network model of iron metabolism in vivo. The  
analysis showed that the presence of multiple redundant regulatory  
elements in the hepcidin gene promoter facilitates homeostasis,  
because changes in iron blood levels are sensed with high sensitivity. 
our analyses also explain why inflammatory stimuli like il6 strongly 
perturb iron homeostasis in a clinically relevant disease, anemia of  
inflammation: il6 stimulation establishes molecular competition at 
the hepcidin promoter, implying that hepcidin expression no longer  
appropriately responds to changes in plasma iron levels. Taken  
together, our simulations reveal why the iron homeostasis circuit 
is sensitive to perturbations implicated in disease. we are currently  
testing these hypotheses in vivo using mouse models. 

ConTrol of Cell-To-Cell VariabiliTY in siGnallinG 
Cellular signalling networks must function reliably despite noise 

from intracellular events and fluctuating environments. Conversely, 
signalling systems may also exploit noise to ensure that only a 
fraction of the cell population experiences certain outcomes. it is thus 
important to understand how the heterogeneity of cellular signalling 
can be modulated. we study how fluctuations in signal transduction 
arise from cell-to-cell variability in the concentration of signalling 
proteins.

in cooperation with the niehrs group at iMb, we previously showed  
that negative feedback loops suppress fluctuations in the bMp  
signalling cascade. in our current research efforts, we analyse how 
variability can be modulated in more complex signalling networks. 
in particular, we use analytical theory to characterise how noise is 
amplified or dampened in multi-step signalling cascades like the 
mammalian and yeast MapK pathways. we found that complex MapK 
signalling systems can be inherently robust to protein concentration 
fluctuations. we further defined how the kinetics and site of action of 
feedforward and negative feedback loops in the cascade determine 
the variability of the signalling output. This has helped us to identify 
the design principles of signalling cascades that promote robustness. 
our results may explain why certain signalling cascades like the yeast 
pheromone pathway show switch-like decision-making with little 
cell-to-cell variability. we apply theory to interpret live-cell imaging 
data of yeast MapK signalling networks.

The heterogeneity of signalling contains valuable information 
about the underlying molecular network. however, comprehensive 
single-cell measurements are typically restricted to certain signalling 
intermediates, while less informative, population-based assays 
can be done on a higher throughput. we try to integrate these 
complementary data sources by simultaneously describing single-cell 
and population data with an ensemble of mathematical models, each 
describing a single cell. This approach allowed us to discriminate 
mechanisms of caspase-8 activation at the plasma membrane, and 
showed that clustering of death receptors is an important step in the 
initiation of apoptosis.

FutuRe diRections

we are currently studying gene expression in response to extra-
cellular stimulation in cooperation with other iMb groups. we inves-
tigate the temporal dynamics of epigenetic events and transcription 
at oestrogen-sensitive promoters in collaboration with the reid group. 
Together with the Tiwari group, we systematically perturb the levels of 
transcription factors controlling the epithelial-to-mesenchymal tran-
sition, and use mathematical modelling to characterise the dynamics 
of the transcription factor network and its impact on target gene ex-
pression responses.

selected publications
stelniec i*, legewie s*, Tchernitsa o, bobbe s, sers C, herzel h, blüthgen n and schäfer r (2012). reverse engineering a hierarchical regulatory 
network downstream of oncogenic Kras. Mol Syst Biol, 8, 601. 

paulsen M*, legewie s*, eils r, Karaulanov e and niehrs C (2011). negative feedback in the bone morphogenetic protein 4 (bMp4)  
synexpression group governs its dynamic signaling range and canalises development. PNAS, 108, 10202-10207.

legewie s, herzel h, westerhoff hV and blüthgen n (2008). recurrent design patterns in the feedback regulation of the mammalian signalling 
network. Mol Syst Biol, 4, 190.

(*joint first authors)

Figure 1. Mathematical models of hepcidin transcription. phospho-sTaT/sMad 
transcription factors (Tfs) bind to cognate dna sequence elements (sTaTbs, bre1/2). 
Transcription occurs if sTaT/sMad recruit rna polymerase (rnap) to the transcription 
start site (Tss; grey arrows). promoter occupancy is modulated by Tf-Tf and Tf-rnap 
protein-protein interactions (red arrows).
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education
1985  diploma in biochemistry,  

free university of berlin

1990  phd, eMbl, heidelberg

1997  habilitation, faculty of biology (Zoology),  
university of heidelberg

positions held
1990 - 1993  postdoctoral fellow,  

university of California, los angeles

since 1994  head of division ”Molecular embryology“,  
German Cancer research Centre (dKfZ), 
heidelberg

2000  professor of Molecular embryology,  
dKfZ, heidelberg

since 2010  founding director, iMb

  professor, faculty of biology,  
Johannes Gutenberg university (JGu) Mainz

 

ReseaRch oveRview 
in the dna of many multicellular organisms, dna methylation 
is a common epigenetic mark associated with gene silencing. 
dna methylation is a dynamic process and can be reversed by 
enzymatic demethylation, a process that is still incompletely 
understood. dna demethylation is a widespread phenomenon 
and occurs in plants as well as in animals, during development, 
in the adult, and during somatic cell reprogramming of 
pluripotency genes. we have shown that growth arrest and 
dna damage 45a (Gadd45a) is a key player in active dna 
demethylation and acts via dna repair. The goal of our research 
is to analyse the mechanism of dna demethylation as well as 
the role played by Gadd45 in development. we study these 
questions using biochemical, molecular biological as well as 
cell biological approaches, and employ the mouse model as a 
genetic system.

»
«

ChrisTof  
niehrs

The dynamic nature of  
DNA methylation has  

finally been recognised.

gRoup membeRs
Khelifa arab / postdoc; since 11/2011
Carolin brandscheid / student assistant; 06/2013–12/2013
Tamara dehn / animal Caretaker; since 06/2011
Mathias Gierl / postdoc; since 07/2011
wolfram Gruhn / phd student; 09/2010 - 06/2013
dandan han / phd student; since 12/2013
sabine Karl / postdoc; since 07/2011
Manuel leichsenring / phd student; since 04/2011
Medhavi Mallick / phd student; since 08/2012
Konstantina Marinoglou / postdoc; 09/2011–08/2013

 
bernadette Mekker / phd student; since 07/2010
svetlana Melcea / phd student; since 07/2013
Michael Musheev / postdoc; since 07/2011
sandra rölle / research Technician; since 04/2011
andrea schäfer / postdoc; since 09/2010
lars schomacher / postdoc; since 07/2011
dominik sebastian / phd student; 07/2011 - 03/2013
susanne spengler / lab Manager; since 09/2013
ulrike stapf / Technician; since 05/2011
annika von seggern / Technician; since 06/2011
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ReseaRch highlights 

dna methylation at 5-methylcytosine (5mC) of CpGs is a common 
epigenetic mark in metazoa, and plays important roles in regulating 
gene expression, genomic imprinting, X chromosome inactivation, 
genomic instability, embryonic development, and cancer. it has 
become clear that dna methylation is reversible by enzymatic active 
dna demethylation, with examples in plants, animal development, 
cancer, and immune cells, yet the molecular mechanisms underlying 
active demethylation are only beginning to be understood. we have 
shown that growth arrest and dna damage protein 45a (Gadd45a) 
mediates active dna demethylation. Gadd45 is member of a small  
gene family of stress response genes encoding histone fold proteins. 
Gadd45 proteins are multifunctional and regulate a range of cellular 
processes, including dna repair, proliferation, apoptosis, and 
differentiation. Gadd45a-mediated demethylation involves recruit-
ment of the nucleotide excision repair and/or base excision repair 
machineries.

dna demethylation of target genes by Gadd45 proteins is a highly 
selective process: not only is it gene-specific, but within a given gene 
it typically affects distinct mCpGs, often in the promoter region. This 
specificity highlights a set of general, unresolved key questions in 
dna demethylation. what determines the target site specificity of 
dna demethylation? is there a relationship between site-specific 
dna demethylation and the epigenetic landscape? what are the 
cofactors involved? 

we discovered that p33inG1b (inG1b) serves as a cofactor for 
Gadd45. inG1b shares many properties with Gadd45a: it is a tumor 
suppressor, is induced by stress or uV irradiation, inhibits cell growth 
by interacting with p21waf1, and promotes nucleotide excision 
repair. furthermore, ing1 mouse mutants are radiation-sensitive and 
tumor-prone, like Gadd45a mutants. ing1 contains a phd finger 
domain, which specifically binds to histone h3 trimethylated at 
lysine 4 (h3K4me3). we found that inG1b is a novel factor required 
for gene-specific dna demethylation. Gain and loss-of-function 
experiments showed that ing1 functions during Gadd45a-mediated 
dna demethylation. Chip experiments and manipulation of cellular 
h3K4me3 levels demonstrate that inG1b recruits Gadd45a to the 
promoter of the cancer testis antigen MaGeb2. Genome-wide gain 
and loss-of function experiments identified additional target genes 
regulated synergistically by Gadd45a and inG1b in a h3K4me3-
dependent fashion. Thus, inG1b is a novel factor essential for 
targeting dna demethylation. specifically, the results show that 
histone methylation is required to direct dna demethylation. The 
fact that h3K4me3 regulates dna demethylation is in line with 
the previous observation of a reciprocal relationship between dna 
methylation and histone modifications. 

 
 
 
 
 
 
 
 
 
FutuRe diRections

our discovery of inG1b as a targeting factor for Gadd45 has raised 
new questions. what are the genome-wide target genes of Gadd45/
ing1? how does their function in dna demethylation relate to the 
biological processes in which Gadd45/ing1 have been implicated, 
such as autoimmunity, ageing, and cancer? These questions can now 
be addressed in mutant mice. Moreover, h3K4me3 is present at many 
more loci than are regulated by Gadd45-mediated dna methylation, 
suggesting additional targeting mechanisms beyond inG1b. indeed, 
we had previously shown that Gadd45 is an rna-binding protein, and 
we are analyzing which rnas are physiologically bound to Gadd45 
and what their role is. is the role of Gadd45a-bound rnas purely 
structural or is rna involved in e.g. specific targeting of demethylated  
dna regions? we plan to study the significance of ncrnas in Gadd45-
mediated dna methylation. 

selected publications
schäfer a, Karaulanov e, stapf u, döderlein G and niehrs C (2013). ing1 functions in dna demethylation by directing Gadd45a to h3K4me3. 
Genes Dev, 27, 261-73.

Gierl Ms, Gruhn wh, von seggern a, Maltry n and niehrs C (2012). Gadd45G functions in Male sex determination by promoting p38  
signaling and sry expression. Dev Cell, 23, 1032-1042.

niehrs C and schäfer a (2012). active dna demethylation by Gadd45 and dna repair. Trends Cell Biol, 22, 220-227.

Figure 1. Model for Gadd45a targeting by ing1 
during dna demethylation. Chromatin at the 
transcription start site is occupied by h3K4me3. ing1 
acts as adapter between h3K4me3 and Gadd45a, 
likely requiring additional unknown targeting factors. 
The nucleotide excision (ner) - or base excision (ber) 
repair machinery is engaged by Gadd45a and excises 
5mC, which is replaced by unmethylated cytosine via 
dna repair synthesis (not shown), thereby promoting 
demethylation.
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education
1984 bsc in biochemistry, university of strathclyde

1988 phd in biochemistry, university of strathclyde

positions held
1984 - 1985 research assistant, Turing institute, Glasgow

1988 - 1993  postdoctoral researcher, MrC retrovirus  
research laboratory, Glasgow

1994 - 1996  senior scientist,  
pfizer Central research, sandwich

1996 - 1998  postdoctoral researcher,  
beatson institute for Cancer research, Glasgow

1999 - 2004 postdoctoral researcher, eMbl, heidelberg

2004 - 2010 staff scientist, eMbl, heidelberg

since 2006  Co-founder and executive of  
elara pharmaceuticals

since 2010  Group leader, iMb

gRoup membeRs
iryna Charapitsa / postdoc; since 07/2011
Christoph fritzsch / phd student; since 09/2012 
wolf Gebhardt / postdoc; since 08/2011 
ina Kirmes / phd student; since 06/2012 
Monika Kuban / research Technician; since 10/2012 
Martha paluschinski / Msc student; 01/2013-11/2013 

ReseaRch oveRview 
The functional template of gene expression is chromatin, which 
generates multiple regulatory barriers that have to be over-
come prior to the initiation of rna synthesis. our group has 
demonstrated that dynamic methylation of dna is an inherent 
process in the expression of tightly regulated genes. Through 
synchronizing gene expression in cell populations and then 
describing, on a genome-wide scale, the methylation status of 
single CpG dinucleotides, we have discovered several thousand 
genomic regions that undergo dynamic changes in methylation.  
additionally, we have discovered novel small molecules that 
can overcome the repressive effect of dna methylation through 
inducing phosphorylation of methyl-binding proteins. we have 
also applied these methodologies to investigate the effect of 
oxygen deprivation in the heart and have found that profound 
epigenetic changes occur in response to reperfusion following 
oxygen deprivation.

»

GeorGe  
reid

“We dance round in a  
ring and suppose, but  
the Secret sits in the  
middle and knows.”  
robert frost (1874-1963)

«
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ReseaRch highlights 

as a partner within a pan-european consortium of experimental 
and computational biologists (sYnerGY), we have generated 
global profiles of chromatin in oestrogen-dependent breast cancer 
cells following synchronous release from oestrogen starvation. 
bayesian interpretation of these global datasets has generated new 
bioinformatic tools, characterised the dynamics of oestrogen early 
response genes and suggested clinical markers of poor prognosis 
in breast cancer. Moreover, genome-wide bisulphite sequencing 
at multiple time points after release from transcriptional blockade 
indicates several thousand genomic regions undergo dynamic 
changes in dna methylation (figure 1). The majority of dynamic 
regions are associated with known transcriptional start sites. This 
result confirms and extends our previous work on cyclical dna 
methylation. we are at present performing analyses at shorter time 
intervals and investigating the role that TeT-mediated sequential 
oxidation of 5-methyl-cytosine and the base excision repair process 
may have in these processes.

we previously described how the proximal promoter dna of 
certain genes could undergo rapid dna demethylation, mediated 
by base excision repair, which suggested that it should be possible 
to discover small molecules that act to overcome dna methylation. 
we performed a phenotypic screen where fully methylated plasmid 
dna was transfected into cells that were then incubated with test 
compounds in the hopes of discovering small molecules that could 
reactivate expression of a reporter gene. Two chemically distinct series 
of compounds were discovered that overcome the repressive effect 
of dna methylation, although this was not associated with active 
demethylation of plasmid dna. subsequent mechanistic analysis 
indicated that the compounds activate phosphoinositol signalling, 
which in turn results in phosphorylation of the 5-methyl CpG-binding 
protein MeCp2. recent reports have described how phosphorylation 
of MeCp2 can block the subsequent recruitment of repressive 
complexes, providing an alternative mechanism to overcome dna 
methylation on a global scale. additionally, these compounds induce 
a profound, global increase in permissive histone marks. we have ini-
tiated a global sirna screen to identify components of the pathway 
that is perturbed by our compounds, with the expectation that this 
may also identify candidate targets that directly interact with our 
small molecules. This avenue of research may provide a first-in-class 
epigenetic intervention applicable to cancer, inflammation, and stem 
cell biology.

Clinical evidence implicates epigenetic processes as having a 
significant role in the heart. for example, ischaemia preconditioning 
protects against subsequent myocardial infarction and the widely 
used anti-tumour agent doxorubicin induces cardiomyopathy that 
often presents many years after exposure. To investigate these 
phenomena, we performed ischaemia reperfusion on mouse hearts, 
followed by immunocytochemistry of heart sections using a panel of 
antibodies against histone marks. upon reperfusion the affected area 

of the heart acquires activating histone modifications (acetylation 
of histone h3 and h3K4 trimethylation) and loses the repressive 
mark of h3K27 trimethylation. Moreover, these effects can be 
recapitulated in cultured myofibroblasts following transient hypoxia. 
Massively parallel rna sequencing of heart tissue at 0, 4, and 24 
hours following reperfusion indicates that the transcription factors 
ap1, eGr1, and hypoxia inducible factor 1a are likely to mediate the 
extensive changes in gene expression profiles that occur following 
recovery from local oxygen deprivation. intriguingly, this set of 
transcription factors are down-regulated throughout the heart upon 
exposure to doxorubicin.

 
FutuRe diRections

we will continue to investigate the mechanisms of dynamic dna 
methylation, through describing the involvement of TeT-mediated 
sequential oxidation of 5-methyl cytosine and base excision repair at 
specific loci. The role of epigenetic marks in normal and pathological 
cardiology is almost entirely unexplored. further describing these 
processes in cardiac preconditioning, and additionally in doxorubicin 
mediated cardiac hypertrophy, will provide a novel conceptual frame-
work through which rational intervention strategies can be formulated.

selected publications
reid G, Gallais r and Métivier r. (2009). Marking time: the dynamic role of chromatin and covalent modification in transcription.  
Intl J Biochem Cell Biol, 41, 155-163.

Kangaspeska s, stride b, Métivier r, ibberson d, Carmouche rp, benes V, Gannon f and reid G. (2008). Transient, cyclical methylation of  
promoter dna. Nature, 452, 112-115.

Métivier r, Gallais r, Tiffoche C, le péron C, Jurkowska r, Carmouche r, barath p, demay f, reid G, Jeltsch a, Gannon f and salbert G (2008). 
Cyclical dna methylation of a transcriptionally active promoter. Nature, 452, 45-50.

Figure 1. sequential whole genome bisulphite sequencing of dna from transcriptionally synchronised cells 
identifies several thousand loci that undergo dynamic methylation. Two examples (top and bottom) are 
shown. The panels (left) and graphs (right) show methylation at genomic loci and in unsynchronised cells 
(top lane) and at 0, 30, 60, 90, and 120 minutes after release.
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Table of ConTenTs     foreword     researCh Groups     Core faCil iT ies      faCTs and f iGures



education
2000  diploma in biochemistry,  

ruhr university bochum

2005  phd in biochemistry,  
ludwig Maximilian university Munich

positions held
2005 - 2011  postdoctoral researcher, Centre for Genomic 

regulation (CrG), barcelona

since 2011  Group leader, iMb

gRoup membeRs
Jonathan byrne / phd student; since 08/2011
shalaka Chitale / phd student; since 02/2013 
ekaterina Gracheva / phd student; since 08/2011
fabian Jung / research assistant; 09/2012-09/2013
aysegül Kaymak / phd student; since 02/2013
rebeca Medina / research Technician; since 08/2013
Thaleia papadopoulou / phd student; since 10/2011
stephanos papaefstathiou / research Technician;   
Thomas wilhelm / phd student; since 11/2011

ReseaRch oveRview 
epigenetic modifications are a hallmark of gene regulation 
and thus govern a wide range of biological processes. we are 
interested in revealing the molecular interplay of chromatin-
modifying proteins, chromatin-reading proteins and epigenetic 
marks to understand the molecular mechanisms underlying 
stem cell differentiation, ageing, and dna repair. it is still puz- 
zling how the environment impacts epigenetic regulation and  
we therefore study how signalling pathways crosstalk with 
chromatin. Central to our research are the questions of how  
epigenetic components are recruited to chromatin and how  
epigenetic marks are specifically read. The capacity of epi-
genetic components to read and intepret histone marks gives 
rise to molecular pathways that we intend to decipher with 
our research. we make use of next-generation sequencing,  
chromatin biochemistry, high-resolution microscopy, and 
C. elegans biology and genetics to understand the molecular 
orchestration of epigenetic events.

 

10/2011-07/2013

»

holGer  
riChlY

The environment  
impacts epigenetic  

regulation via chromatin  
signalling pathways.«
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ReseaRch highlights 

epiGeneTiC MeChanisMs of  
eMbrYoniC sTeM Cell differenTiaTion

non-coding rnas have been called the dark matter of the genome 
because of their abundance but still very poorly understood function. 
we have focused on the role of long non-coding rnas (lncrnas) 
at the onset of embryonic stem cell differentiation. we have found 
that polycomb complexes and other epigenetic players team up with 
non-coding rnas to fix either a pluripotent or differentiating state in 
mouse embryonic stem cells. in brief, we have identified novel rna-
protein complexes and have gained insight into their functional roles 
and their impact on the genomic architecture. our research suggests 
an essential function for ncrnas as a structural and functional player 
in dynamically changing the conformation and the three-dimensional 
structure of chromatin in the course of gene activation. 

iMpaCT of epiGeneTiC CoMponenTs  
durinG uV-TYpe dna repair

research on dna repair has traditionally been devoted to inves-
tigating the protein complexes involved in repairing dna lesions. 
our research targets dna repair in the context of chromatin and the 
epigenetic events that occur during uV-type dna repair. lately, we 
have elucidated a novel molecular mechanism demonstrating how 
dna repair is carried out in chromatin especially in an epigenetic 
context. our research illustrates a fine-tuned orchestration of epi-
genetic components that work in concert with specific dna repair 
protein complexes. our work also sheds light on how ubiquitination 
signals govern the regulation of epigenetic components and repair 
factors. The main goals of this project are to understand the complex 
interplay of chromatin and dna repair factors and to decode the  
meaning of differently linked ubiquitin chains on epigenetic compo-
nents and dna repair proteins.

epiGeneTiC deTerMinanTs of aGeinG
ageing is certainly one of the most interesting but least 

understood processes of multicellular organisms. although in the 
last decade great advances have been made highlighting particular 
determinants of ageing, the contribution of epigenetic mechanisms 
is still elusive. nematodes are a model organism for ageing research 
and have been used to reveal genes that regulate the lifespan of 
the animal. we have set out to study the epigenetic landscape of  
C. elegans during ageing utilizing a host of next-generation sequenc-
ing techniques and sophisticated proteomics. we have developed an 
sirna-based screening method to isolate novel epigenetic players 
affecting organismal ageing, which has already provided insight into 
potential epigenetic ageing markers. we will continue to employ this 
descriptive approach to better understand the molecular mechanisms 
of selected epigenetic components.

FutuRe diRections

in addition to our findings concerning the impact of ncrnas on 
stem cell differentiation, we and others have discovered a role for 
rna in chromatin during dna repair. The process of ageing also 
seems to be accompanied by specific functions of various classes of 
rna. we plan to further investigate the roles of ncrna species in 
these physiological processes.   

selected publications
richly h, aloia l and di Croce l (2011). roles of the polycomb group proteins in stem cells and cancer. Cell Death Dis, 2, e204.

richly h and di Croce l (2011). The flip side of the coin. role of Zrf1 and histone h2a ubiquitination in transcriptional activation.  
Cell Cycle, 10, 745-750.

richly h, rocha-Viegas l, ribeiro Jd, demajo s, Gundem G, lopez-bigas n, nakagawa T, rospert s, ito T and di Croce l (2010).  
Transcriptional activation of polycomb-repressed genes by Zrf1. Nature, 468, 1124-1128.  

Figure 1. Mouse es cells undergoing differentiation can be converted into embryoid 
bodies, which allows the study of the development of the three germ layers in vitro.

Figure 2. specific methylation pattern of ageing worms. immunofluorescence of 
ageing nematodes with a specific histone-methyl antibody (green). dna is stained with 
dapi (blue).
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education
1997 bsc in Molecular and Cellular biology, rennes

2003  phd in developmental biology,  
Jacques Monod institute, paris

positions held
2003 - 2008  postdoctoral fellow, skirball institute of  

biomolecular Medicine, new York university

2008 - 2011  research associate, skirball institute of  
biomolecular Medicine, new York university

since 2012  Group leader, iMb 

gRoup membeRs
Junaid akhtar / postdoc; since 02/2012
laura Götzinger / student assistant; since 08/2013
Giriram Kumar / research assistant; since 07/2013
anna lena leifke / research Technician; since 07/2013
Tina lence / phd student; since 07/2013
Cristiana lungu / phd student; 07/2012-02/2013
Claire Mestdagh / phd student; since 01/2012

ReseaRch oveRview 
pre-mrna splicing is a fundamental process by which introns 
are removed from primary transcripts and exons are joined 
together to form the mature transcripts. This process plays an 
essential role in constitutive and regulated gene expression 
in eukaryotes, and flawed splicing is associated with a large 
number of human diseases and cancer. intriguingly, despite its 
relative early discovery, the precision and complexity of intron 
removal is not fully understood yet. The research in our lab aims 
to understand the roles and mechanisms of pre-mrna splicing 
during development in Drosophila. we are particularly interested 
in investigating the influence of chromatin structure in this 
process. To study these questions we focus on the mechanistic 
function of the exon junction complex during splicing, as well  
as on the effect of epigenetic marks on alternative splicing  
during embryonic development. we expect our research will  
have a major impact on the understanding of this recently un-
covered connection between chromatin and pre-mrna splicing.

»

«

Jean-YVes  
roiGnanT

We study how chromatin  
and non-coding RNA impact  

alternative splicing during  
development.
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ReseaRch highlights 

role of The eJC in spliCinG heTeroChroMaTiC TransCripTs
The exon junction complex (eJC) is a highly conserved ribonucleo-

protein complex, which binds rnas during their splicing and remains 
strongly associated with them following export to the cytoplasm. This 
complex is involved in several cellular post-transcriptional processes 
during development, including mrna localization, translation, and 
degradation. our work recently uncovered a role for the eJC in photo- 
receptor differentiation in Drosophila melanogaster. investigation of 
the mechanisms has revealed a novel nuclear function for the eJC in 
the splicing of MapK transcripts and other similar transcripts contai-
ning long introns preferentially expressed from heterochromatic loci. 
we are particularly interested in understanding the importance of 
these features with respect to the eJC requirements. introns of hetero- 
chromatic genes are rich in repetitive dna composed of trans- 
posons, retrotransposons, and satellite sequences. furthermore,  
heterochromatin genes are embedded in a compact chromatin struc-
ture, which can also directly or indirectly influence pre-mrna splicing.  
recently, we have shown that depletion of the eJC impaired hetero- 
chromatin integrity at the MapK locus, suggesting that the loss of 
the eJC might indirectly affect pre-mrna splicing of heterochromatic  
transcripts by altering the structure of the chromatin. additional ex-
periments are currently in progress to validate this hypothesis. we 
have also identified two proteins that co-immunoprecipitate with the 
eJC and which have previously been shown to modulate the struc-
ture of heterochromatin. we are currently validating these interac-
tions and examining their functional roles in vivo. 

role of The eJC in The pirna paThwaY
To gain more insight into the mechanism of the eJC in the splicing 

process, we set out to look for other developmental targets. The eJC 
has previously been shown to control axis polarity in Drosophila 
ovaries. we have discovered that this function might be mediated 
through the regulation of the small pirna pathway. indeed, we have 
found that the eJC is required for preventing transposon accumulation 
in Drosophila ovaries. This function is mediated in part through its 
requirement in the splicing of the piwi transcript, which encodes a 
member of the argonaute family. intriguingly, piwi is a euchromatic 
gene that does not contain large introns. however, we have found 
that the retained intron contains degenerated transposon sequences, 
which is a hallmark of heterochromatic introns. Therefore, our data 
demonstrate a role for the eJC in the pirna pathway through the 
control of the splicing of an essential effector. we have further 
observed that the retained intron is already incompletely spliced in 
the wild type and requires the flanking introns together with the 
eJC to increase its removal. we propose a model in which the eJC 
is rapidly deposited to exon junction after the splicing of bona fide 
introns and subsequently facilitates the splicing of flanking introns 
containing divergent canonical cis-acting sequences (figure 1). This  
model nicely explains how the eJC controls intron removal despite its 
late recruitment during the splicing process.

role of ChroMaTin in alTernaTiVe spliCinG reGulaTion 
durinG Cell faTe deCision

emerging evidence suggests that epigenetic mechanisms influence 
the splicing machinery in the recognition of small exons within much 
larger introns. Two main chromatin features, nucleosome positioning 
and histone marks, have been shown to be linked to exon-intron 
architecture in many species. however, their causal role in alternative 
splicing remains to be clearly demonstrated, and we still lack a 
clear genome-wide picture of this relationship in vivo. we have 
implemented a system to isolate a pure population of cells from 
Drosophila embryos in order to investigate the contribution of histone 
marks to splicing events in several tissues in a genome-wide manner. 
Computational analysis is used to establish initial correlations, which 
are subsequently validated in vivo using the power of Drosophila 
genetics. The use of the fly model, as opposed to vertebrates, to 
answer these questions should simplify the interpretation of this 
relationship, due to the absence of dna methylation and the reduced 
number of alternative splicing events.

FutuRe diRections

The specificity of the eJC in the splicing process remains poorly 
understood. The reduction in heterochromatin marks at the MapK 
locus could provide one part of the explanation of this effect. but 
how general is this decrease? is there a correlation between the loci 
that require the eJC to maintain their histone modifications and those 
that require this complex for their splicing? Genome-wide expression 
studies should answer these questions. furthermore, what is the role 
of transposon sequences in the eJC’s requirement? how do they affect 
intron removal? since half of the genome in mammals is comprised 
of transposons or remnants of transposons, it is crucial to understand 
their influence in gene expression and rna processing.

selected publications
roignant JY, legent K, Janody f and Treisman Je (2010). The transcriptional cofactor Chip acts with liM-homeodomain proteins to set the 
boundary of the eye field in drosophila. Development, 137, 273-81.

roignant JY and Treisman Je (2010). exon junction complex subunits are required to splice drosophila Map kinase, a large heterochromatic 
gene. Cell, 143, 238-50. 

Miura Gi, roignant JY, wassef M and Treisman Je (2008). Myopic acts in the endocytic pathway to enhance signaling by the drosophila eGf 
receptor. Development, 135, 1913-22. 

Figure 1. Model for rnps1 function in the splicing of piwi transcript. The presence of 
degenerated transposon in intron 4 render its splicing challeng-ing. The rapid splicing 
of introns 3 and 5 leads to the deposition of the eJC at exon junctions, which in turn 
facilitates the recruitment of the spliceosome for the removal of intron 4.
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education
1998  diploma with honours in Molecular biology, 

novosibirsk state university

2004  phd in Molecular biology,  
humboldt university, berlin

positions held
2004 - 2011  postdoctoral researcher, department of  

Zoology, university of Geneva

since 2012  Group leader, iMb

gRoup membeRs
stefanie Grimm / research Technician; since 01/2012
Juri Kazakevych / phd student; since 09/2012
Christina Krienke / phd student; since 02/2013
liron-Mark lavitas / postdoc; since 07/2013
lira nigmatullina / phd student; since 04/2013 
Valerio del Vescovo / postdoc (Marie Curie fellowship); 

ReseaRch oveRview 
we are interested in the regulatory mechanisms underlying 
vertebrate pattern formation during embryogenesis and tis-
sue homeostasis in adults. our current focus is mouse small 
intestine. homeostasis of the intestinal epithelium requires rapid 
and continuous regeneration. The intestinal stem cells (isCs) 
constantly replenish absorptive and secretory cell populations. 
The generation of specific cell types from the isCs is determined 
by the combinatorial actions of diverse signals that impose 
developmental restrictions on progenitor cells. Transcription 
factors and histone-modifying complexes are instrumental for 
the maintenance of stem cell potential and for a stable deter-
mination of cell fate. we are investigating when and how 
the isCs are defined and integrated into the future stem cells 
compartment during embryogenesis. To functionally characterise 
different epithelial cell populations within the embryonic small 
intestine we are using both mouse genetics and genomics tools.

12/2012-11/2013

»

naTalia  
soshniKoVa

We focus on functional and  
molecular characterisation  

of stem cells in mouse  
embryonic intestine.«
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ReseaRch highlights 

The adult small intestine is a highly organised structure consisting 
of two compartments: villi and crypts. The intestinal stem cells (isCs) 
residing in the crypts give rise to differentiated enterocytes, goblet 
and entero-endocrine cells, which move upward along the villi struc-
ture. The other differentiated cells, paneth cells, are located in the 
crypts and form the stem cell niche. in contrast to postnatal and adult 
periods, the embryonic small intestine is a simple tube containing 
cytologically identical epithelial cells. little is known about which and 
how many cell types are within the embryonic intestinal epithelium. 
we have defined the whole transcriptome of both embryonic intes-
tinal endoderm at different developmental stages and adult isCs 
using rna sequencing. we have found that the embryonic endoderm 
and adult stem cells have different transcriptional programs. based 
on the correlation between transcriptional activity and chromatin 
states, including dna and histone methylomes, we have learned 

about potential functions of chromatin-modifying complexes in  
the regulation of gene expression during isC maintenance and differ-
entiation. To further elucidate the molecular pathways regulating 
formation, maintenance and differentiation of the isCs we have 
established crypt-villus organoid cultures for conducting ex vivo 
shrna screens (figure 1a). use of various fluorescent markers 
expressed under the control of the endogenous gene promoters at  
the specific stages allows us to monitor the switch between embry-
onic and adult stem cell states. Moreover, we have identified the 
number of endodermal cell populations within the embryonic 
intestine. we are applying tamoxifen-inducible genetic tools to evalu-
ate how these specific embryonic cell populations contribute to the 
adult intestine, as well as to test their potential function in patterning 
this tissue in vivo (figure 1b).

FutuRe diRections

we will characterise the novel cell populations identified within the 
embryonic endoderm on a molecular level. using organoid mini-gut 
cultures we will address the mechanistic bases for the transcriptional 
differences between embryonic and adult intestinal stem cells. we are 
also interested in how environmental cues (microbiota) may influence 

the maintenance and differentiation of the adult isCs in health and 
after induced injury. a better understanding of these processes may 
lead to development of novel stem cell and regenerative medicine 
therapies.

selected publications
Montavon T, soshnikova n, Mascrez b, Joye e, Thevenet l, splinter e, de laat w, spitz f, duboule d (2011). a regulatory archipelago Controls 
hox Genes Transcription in digits. Cell, 147, 1132–1145.

soshnikova n, Montavon T, leleu M, Galjart n, duboule d (2010). functional analysis of CTCf during mammalian limb development.  
Dev Cell, 19, 819-830.

soshnikova n and duboule d (2009). epigenetic temporal control of mouse hox genes in vivo. Science, 324, 1320-1323. 

Figure 1. (a) an example of the crypt-villi 
organoid culture from lgr5-Gfp-ires-
CreerT mice. The isCs are Gfp positive 
(green). (b) an example of a lineage 
tracing analysis. Confocal images of the 
small intestine from mouse embryos 
administered tamoxifen at e11.5 and 
analysed at e13.5 (left panel) or e17.5 
(right panel). a specific cell population is 
labelled by eGfp (green), whereas the rest 
of the cells are expressing tdTomato (red).
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We study how cell fates  
are specified during  
development and  
misspecified in disease.«
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education
2002  Msc in Molecular and human Genetics,  

banaras university, Varanasi

2006  phd in developmental biology,  
uppsala university

positions held
2006 - 2008  postdoctoral researcher, Johns hopkins  

university school of Medicine, baltimore

2008 - 2011  postdoctoral researcher, friedrich Miescher 
institute (fMi) for biomedical research, basel

since 2012  Group leader, iMb 

gRoup membeRs
sarbashis das / postdoc; since 02/2013
angela Garding / postdoc; since 04/2012
Johannes Jung / phd student; since 05/2013
federico Marini / phd student; 01/2012–07/2013
sanjeeb sahu / phd student; since 05/2013
anke salzer / lab Manager; since 07/2012
sandra schick / phd student; since 06/2012
sudhir Thakurela / phd student; since 01/2012

ReseaRch oveRview 
The research in our lab is aimed at understanding the 
mechanisms by which epigenetic machinery and transcription 
factors contribute to transcriptional reprogramming that defines 
cell fate during development, and how this communication is 
altered in diseases such as cancer. we employ a multidisciplinary 
approach combining cutting-edge epigenetics and genomics 
together with computational biology tools in sophisticated and 
defined models of cellular differentiation and carcinogenesis. 
our primary research interests include:

• Signalling to chromatin crosstalk during cellular differentiation

• Epigenetic regulation of neurogenesis and carcinogenesis

• Transcription factors and lineage specification

• Epigenomics of cell type specification

• Systems biology of gene regulatory networks

e p i g e n e t i c  R e g u l a t i o n  o F  d e v e l o p m e n t  a n d  d i s e a s e



ReseaRch highlights 

Gene reGulaTion bY TopoisoMerases durinG Cellular 
differenTiaTion

Topoisomerases resolve superhelical strains in dna. however, 
their role in gene regulation, especially during development, remains 
poorly understood. we find that the expression of Topo ii isoforms, 
Top2α and Top2β, is characteristic of dividing and postmitotic 
tissues, respectively. Top2α and β preferentially bind to active gene 
promoters in es cells and neurons respectively. Common targets of 
Top2α and Top2β are housekeeping genes, while unique targets are 
involved in proliferation/pluripotency and neurogenesis, respectively. 
Top2α activity further confers a set of developmental genes an 
accessible chromatin state in es cells as a prerequisite for their 
activation upon differentiation. absence of Top2α activity affects 
pluripotency and differentiation potential of es cells while Top2β 
deficiency causes premature death of postmitotic neurons. These 
defects result primarily from misregulation in the expression of Topo 
ii target genes. These results uncover a distinct division of labour 
between the two topoisomerase ii isoforms during differentiation 
(figure 1).

CrossTalK beTween TransCripTion faCTors and epiGeneT- 
iC MaChinerY in epiThelial To MesenChYMal TransiTion

epithelial to mesenchymal transition (eMT) plays crucial roles in 
generating the body plan by contributing to the morphogenesis of 
multiple tissues and organs during embryonic development. it further 
contributes to wound healing and tissue regeneration in adults. 
however, its aberrant activation is known to cause organ fibrosis and 
promote carcinoma progression through a variety of mechanisms. 
This cell fate remodeling capacity involves loss of epithelial markers 
such as e-cadherin, cytoskeletal reorganization, morphology changes, 
loss of cell polarity and acquisition of mesenchymal markers like 
n-cadherin and vimentin. using genomewide transcriptome profiling 
we discovered a large number of coding and noncoding rnas that 
are modulated during stepwise progression of TGf-β-induced eMT 
(unpublished observations). Computational analysis revealed motifs 
for certain novel transcription factors and epigenetic regulators at 
the promoters of genes that are induced during eMT. interestingly, 
depletion of these proteins perturbs eMT. furthermore, these factors 
are also highly expressed in invasive cancers. we next plan to gain 
mechanistic insights into how these novel transcription factors and 
epigenetic regulators contribute to the transcriptional reprogramming 
underlying cell fate changes during eMT (figure 2).

selected publications
Thakurela s*, Garding a*, Jung J, schübeler d, burger l, Tiwari VK (2013). Gene regulation and priming by topoisomerase iiα in embryonic 
stem cells. Nat Commun, 4, 2478. (* joint first authors)

Tiwari VK, stadler M, wirbelauer C, paro r, beisel C, schübeler d (2012). a Chromatin-modifying function of JnK during stem Cell  
differentiation. Nat Genet, 44, 94-100. 

stadler Mb, Murr r, burger l, ivanek r, lienert f, schöler a, wirbelauer C, oakeley eJ, Gaidatzis d, Tiwari VK, schübeler d (2011).  
Transcription factor binding dynamically shapes the mouse methylome at distal regulatory regions. Nature, 480, 490-495.   

Figure 1. distinct division of labour between the 
topoisomerase ii isoforms during development. by 
contributing to the gene regulatory program, Top2α 
and Top2β define the identity of proliferating, 
pluripotent and postmitotic, terminally differentiated 
cells, respectively. Top2α also primes developmental 
genes in es cells for later activation. 

Figure 2. in response to certain extracellular cues, 
a defined set of transcription factors (Tfs) and 
epigenetic regulators (ers) modulate transcription 
of key eMT genes to drive phenotypic changes 
underlying epithelial to mesenchymal transition. scale 
bars for immunofluorescence images are 100 μm.

epithelial cells extracellular stimuli Mesenchymal cells

embryonic  
stem cells

terminally differentiated neurons

FutuRe diRections

our work has identified novel proteins and pathways critically in- 
volved in gene regulation during development and cancer progression.  
using a multidisciplinary approach, we next aim to attain an integrated 
molecular and systems-level understanding of the mechanisms by 
which they contribute in defining cell fate.
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helle  
ulriCh

Reconstituting DNA-associated 
ubiquitylation and sumoylation 
reactions in vitro can be highly 
instructive.

education
1992 diploma in biology, university of Göttingen

1996  phd in Chemistry, university of California, berkeley

2004  habilitation, faculty of biology (Genetics), 
philipp university Marburg

positions held
1997 - 1998 postdoctoral fellow, university of heidelberg

1998 - 2000  postdoctoral fellow, Max planck institute for 
biochemistry, Martinsried

2000 - 2004  Group leader, Max planck institute for Terrestrial 
Microbiology, Marburg

2004 - 2012  Group leader, Cancer research uK london 
research institute, Clare hall laboratories

since 2013  director, iMb 
professor, faculty of biology,  
Johannes Gutenberg university (JGu) Mainz

gRoup membeRs
liliana batista / postdoc; since 02/2013
sabrina batke / phd student; since 11/2013
heike brinkman / lab Manager; since 02/2013
heike duda / research assistant; 10/2013-12/2013
néstor García-rodríguez / postdoc; since May 2013

ReseaRch oveRview 
ubiquitin and suMo are small proteins that act as posttrans-
lational modifiers. when attached to a target, they modulate its 
properties and interactions, thus serving as a rapid and reversible 
means of regulating protein function. our research aims at 
understanding the mechanisms by which ubiquitin and suMo 
contribute to the maintenance of genome stability. To this end 
we are investigating the modifications of selected chromatin-
associated proteins, the consequences of their association with 
dna and other interaction partners, and the biological impact 
of these modifications. one of the main focuses of our lab is 
the system of dna damage tolerance, which promotes the 
replication of damaged dna and thereby ensures that cells 
can proliferate even in the presence of genotoxic agents. This 
pathway contributes to the cell’s overall resistance to dna 
damage, but as it is often associated with mutations, it is also 
a potential source of genome instability in itself and therefore 
needs to be tightly controlled by ubiquitin and suMo.

laure Gonzalez / postdoc; since 04/2013
Magdalena Morawska / postdoc; 8-10/2013
ilaria ugolini / summer student; 07-08/2013 
hanna windecker / postdoc; since 05/2013
ronald wong / postdoc; since 04/2013

«
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ReseaRch highlights 

ubiquiTin liGase rad18 Can funCTion as a suMo liGase 
in ViTro

dna damage bypass is initiated by the ubiquitylation of the repli-
cative sliding clamp protein, pCna. during undisturbed replication, 
budding yeast pCna is modified by suMo, which prevents unsched- 
uled recombination events. Monoubiquitylation is catalysed by the 
ubiquitin-conjugating enzyme (e2) rad6 in complex with the ubiq- 
uitin ligase (e3) rad18, whereas sumoylation requires suMo-e2 ubc9  
and suMo-e3 siz1. we previously showed that budding yeast rad18 
harbours a suMo interaction motif (siM) that promotes the recogni-
tion of sumoylated pCna as a substrate. This has provided a useful 
model for the transition from one to the other modifier upon expo-
sure of the cell to dna damage. we now found that the siM in rad18 
endows the ubiquitin-e3 with the ability to also transfer suMo to 
pCna in an in vitro conjugation assay (figure 1). surprisingly,  
this reaction proceeds with similar characteristics as siz1-dependent 
sumoylation, yet there is no evidence that rad18 contributes to pCna 
sumoylation in vivo. Mechanistic analysis has revealed that rad18’s 
suMo-e3 activity is independent of its catalytic rinG finger and 
most likely proceeds via the recruitment of suMo-loaded ubc9 by 
means of the siM. Taken together, these phenomena illustrate the in-
timate crosstalk between ubiquitin and suMo in the control of dam- 
age bypass and at the same time highlight the danger involved in 
extrapolating from biochemical assays to physiological situations.

suMo ModifiCaTion of parp-1 is ConTrolled bY dna
another posttranslational protein modification that plays an 

important role in genome maintenance is poly(adp-ribosyl)ation, 
catalysed by the enzyme poly(adp-ribose) polymerase 1 (parp-1). 
beyond dna repair, parp-1 also contributes to other aspects of 
nucleic acid metabolism, such as transcriptional regulation. in this 
context, parp-1 had previously been shown to be modified by 
suMo. a possible contribution of parp-1 sumoylation to dna repair, 
however, had not been reported. as we had identified parp-1 as a 
chromatin-associated suMo target in a proteomic approach, we set 
out to investigate the potential impact of dna on the modification 
reaction. we found that parp-1 sumoylation is indeed strongly 
influenced by dna. Consistent with a function in transcription, we 
were able to show that sumoylation in vitro is enhanced by the 
binding of parp-1 to intact, but not to damaged dna, in a manner 
clearly distinct from the mechanism by which dna lesions stimulate 
parp-1’s catalytic activity. an enhanced affinity of parp-1 for the 
suMo-conjugating enzyme ubc9 upon binding to dna is likely 
responsible for this effect. sumoylation does not interfere with the 
catalytic or dna-binding properties of parp-1, and structural analysis 
by nMr spectroscopy revealed no significant impact of suMo 
on the conformation of parp-1’s dna-binding domain. in cells, 
sumoylated parp-1 was found associated with chromatin, but the 
modification is not responsive to dna damage and is unaffected by 
parp-1 catalytic activity. our results therefore suggest that parp-1  
follows two alternative modes of dna recognition, which serve as 
a means to differentiate between distinct aspects of the enzyme’s 
function (figure 2). while binding to damaged dna stimulates the 
enzyme’s automodification with poly(adp-ribose) as part of the dna 
damage response, association with intact dna is accompanied by the 
damage-independent sumoylation in the context of transcriptional 
regulation. 

FutuRe diRections

analysis of the crosstalk between ubiquitin and suMo in the 
regulation of pCna function in dna replication and repair will remain 
a major focus of our research. we are currently aiming for a better 
understanding of pathway choice within this system that determines 
the accuracy of damaged dna replication. as polyubiquitylation of 
pCna plays a dominant role in this process, we are using genetic and 
biochemical approaches to investigate the features and interaction 
partners of the ubiquitin chains that are attached to pCna in response 
to dna damage. The function of pCna sumoylation in vertebrates 
is another open question, which we are addressing in mammalian 

cell culture as well as Xenopus laevis egg extracts. finally, we are 
exploring different systems for the realtime analysis of dna damage 
bypass in live cells, based on the introduction of sequence-specific 
damage into the yeast genome. with these investigations we hope 
to better understand how the processing of dna lesions during 
replication affects genome stability and replication fidelity.

selected publications
daigaku Y, davies aa and ulrich hd (2010). ubiquitin-dependent dna damage bypass is separable from genome replication.  
Nature, 465, 951-955.

Zhao s and ulrich hd (2010). distinct consequences of post-translational modification by linear versus K63-linked polyubiquitin chains.  
Proc Natl Acad Sci USA, 107, 7704-7709.

parker Jl and ulrich hd (2009). Mechanistic analysis of pCna poly-ubiquitylation by the ubiquitin protein ligases rad18 and rad5.  
EMBO J, 28, 3657-3666.

Figure 1. budding yeast rad18 can act as a siM-dependent suMo ligase in vitro. 
(a) interaction with suMo normally promotes ubiquitylation of sumoylated pCna. 
(b) In vitro, high concentrations of ubc9~suMo can drive pCna sumoylation. (C) 
ubiquitylation and sumoylation are mutually independent reactions. K: lysine; s: suMo; 
u: ubiquitin.

Figure 2. parp-1 modi-
fications are controlled by 
dna. (a) interaction with 
damaged dna promotes 
parp-1 auto-modification. 
(b) interaction with intact 
dna stimulates parp-1 
sumoylation. aMd: 
automodification domain; 
CaT: catalytic domain; 
dbd: dna-binding do-
main; s: suMo; red balls: 
poly(adp-ribose).
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Confocal laser scanning micro-
graph of mouse mammary gland 

epithelial cells (a. Garding, Tiwari 
group). f-actin (magenta), fibronectin 

(red), paxillin (green), and nuclei (blue) 
were fluorescently stained.
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andreas  
VonderheiT
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Director of core facilities 
anD technology

oveRview
The iMb Core facilities (Cf) consist of 

separately managed sub-units that provide 
either full service (Media Kitchen, Genomics, 
bioinformatics, proteomics core facilities) or  
assisted service (Cytometry, histology, Micros- 
copy) to iMb users and the broader campus 
scientific community. in addition to these 
units, the core facilities collectively are re- 
sponsible for further services, such as the hot 
lab, the s2 lab, and the infrastructure of the 
animal facilities. 

researchers can consult each core facility’s 
dedicated staff before planning an experiment. 
for Genomics, initial meetings take place with 
the Cf head and a bioinformatician who can 
give appropriate input to the experimental 
design. in Cytometry and Microscopy person- 
nel assist in choosing the correct fluoro- 
phores and in sample preparation. The Core 
facilities not only provide access to up-to-
date technology and hands-on-training or 
service, but also organise lectures and courses 
to train researchers in new techniques and 
instrumentation, proper experimental setup, 
and data processing. 

The Core facilities purchase and update 
equipment based on user demand. in 2013, 
dfG funding enabled the Cytometry Core 
facility to acquire a large particle sorter, 
which allows Drosophila larvae, C. elegans, 
and zebrafish to be sorted into 96-well plates. 
The Genomics core now has a Miseq for fast 
sequencing of small libraries and quality 
control, and the Microscopy core coordinated 
the purchase and implementation of de- 
convolution software for image processing, 
which will be accessible to the entire campus 
community. our lectures, courses, and facil- 
ities are also open to users outside iMb. 
around 40 percent of the Cytometry and 
Microscopy users are non-iMb.
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Figure 1. Methylation profiling of mouse cells via Mbd-seq. The relative 
methylation patterns inferred from the distribution of nGs reads are 
visualised with respect to transcription start and end sites (Tss, Tes) of 
refseq transcripts (a) and in the vicinity of CpG islands clustered by 
their methylation state (b).

seRvices oFFeRed

The bioinformatics Core facility provides both standard and more 
in-depth consulting services.
• General services for IMB users:

°  assistance with experimental design of high-throughput assays 
such as Chip-seq, rna-seq, or bisulfite-seq, and advice on prop-
er methods for statistical analysis.

°   implementation and adaptation of open-source tools and com-
mercial software solutions for “omics” data interpretation; 
maintenance and customization of analysis platforms for data 
analysis (Galaxy + Genomatix (nGs), Chipster (Microarrays), 
omero (Microscopy), and r-studio (r)).

°  in-house training and tutorials on bioinformatics tools and data-
bases to facilitate data access and analysis (r, Galaxy, Chipster, 
Genomatix); lectures on bioinformatics topics.

°  setup and development of analysis pipelines and databases for 
sequencing, microarray, cytometry, and microscopy data.

°  quality assessment, read mapping, and basic analyses of raw 
data coming from the sequencing instruments.

• In-depth collaboration on individual projects:

°  Comprehensive analysis of high-throughput data; interpretation 
and presentation of results.

°  development of custom tools to address specific bioinformatics 
needs.

°  exploration and implementation of novel analysis methods and 
pipelines.

°  data mining of “omics” databases and published high-through-
put data sets.

bioinforMaTiCs Core faCiliTY
coRe Facility membeRs

holger Klein / head of bioinformatics; since 05/2011 
eugen eirich / liMs programmer; 03/2012-04/2013
emil Karaulanov / bioinformatician; since 07/2011
Matthias Koch / system administrator; since 05/2011
nastasja Kreim / bioinformatician; since 04/2012
sergi sayols puig / bioinformatician; since 10/2013
denise scherzinger / bachelor student; 03-12/2013 
Joern Toedling / bioinformatician; 06/2011-07/2013
sebastian uhrig / system administrator; since 11/2011

coRe Facility oveRview

The number and diversity of projects carried out by the bioinformatics Core facility 
increased significantly in 2013, as many research groups at iMb reached their full 
productivity after a warm-up phase. The core facility continues to build up and extend 
its iT and bioinformatics infrastructure, which speeds up standard analyses and also 
enables researchers to analyse experimental data on their own. Together with the 
Genomics Core facility, our bioinformaticians offer consultation on experimental design 
and are engaged in the development of novel quality control methods in the field of 
next-generation sequencing (nGs). our ongoing projects include the development of a 
laboratory information management system (liMs) together with Johannes Gutenberg 
university Mainz ZdV data Centre, and the creation of standard protocols for a robotic 
system for the preparation of genomics libraries with the Genomics Core facility. 
a b
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seRvices oFFeRed

The Cytometry Core facility is equipped with two faCs sorters 
(becton dickinson (bd) faCs aria sorp and union biometrica 
biosorter) and one analyser, bd lsr fortessa sorp. The bd 
machines are optically identical and harbour a five-laser excitation 
suite and an 18-parameter detector bench (excitation lasers: 
355/405/488/561/640 nm; emission detection (number of pMTs per 
laser): 2/5/3/5/3). 

in May 2013 the core facility acquired the union biometrica 
biosorter, which is equipped with a 488 and a 561 nm laser and 
12 pMTs. This allows the sorting of very large particles (up to 1500 
μm), such as C. elegans or Drosophila embryos, which is crucial for 
projects at iMb and JGu. The biosorter was funded by dfG.

routine checks and daily quality control along with sufficient 
repair capabilities ensure the stability of our cytometer as well as the 
reliability, accuracy, and consistency of collected data. 

we provide regular training for the cytometry core facility. 
individual support and assistance at all relevant experimental stages 
– planning, designing, and finding antibody panels, and measuring, 
troubleshooting, and analysing data – round out our core facility 
services.

Currently the Cytometry Core facility serves 50 different users, 
with very short wait times. 59 percent of users are internal (iMb) 
and 41 percent are external; 68 percent make use of the faCs sorter.

CYToMeTrY Core faCiliTY

Figure 1. a novel method for 
removing offspring from a liquid 
culture of C. elegans. (a) population 
of larval worms (Gfp-containing strain 
pd4251); Tof= time of flight:  
a) eggs, b) l1 larvae, c) l2 larvae (b) 
separation and sort scheme.     

coRe Facility membeRs

Malte paulsen / head of Cytometry; 05/2011-08/2013
Jens hartwig / head of Cytometry; since 10/2013
heinz eipel / senior scientist; since 06/2011
ina schäfer / Technical assistant; since 08/2011

coRe Facility oveRview

The Cytometry Core facility provides high-end faCs sorters and 
analysers to give iMb users and collaborators a great deal of flexibility 
and choice for applications and experimental design. dedicated staff 
provide measurement assistance, individual training, and specific 
support for every step of an experiment.
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Genomics core Facility
Core FaCility members

Bernhard Korn / Head of Genomics; 07/2010 - 02/2013
chung-ting (tina) Han / Head of Genomics; since 04/2013
Jasmin cartano / research technician; since 07/2012
andrea Haese-corbit / research technician; since 02/2013
Hanna lukas / research technician; since 01/2013
Julia müller / research technician; since 10/2010

Core FaCility overview

the Genomics core Facility provides full-service next-generation 
sequencing (nGs) and microarray technologies for in-house re- 
searchers and their collaborators.

Figure 1. comparison between non-stranded and stranded rna-seq. strand-
specific rna-seq protocol was introduced to allow discrimination between sense 
and antisense strands. the seqmonk browser shots show the coverage of two gene 
loci with sense (red) and antisense (blue) strand mapped reads in samples from 
non-stranded and stranded libraries.

serviCes oFFered

For microarrays, we provide access to the agilent platform. our 
nGs service is mainly based on the illumina platform. at the end 
of 2012, an illumina miseq system was acquired. through Johannes 
Gutenberg University mainz we have access to their recently 
upgraded illumina Hiseq 2500 system. With respect to library 
preparation, we support 15 different applications for mrna-seq, 
total rna-seq, strand-specific rna-seq, small rna-seq, chiP-seq, 
mBD-seq, riP-seq, amplicon-seq, and whole genome sequencing. 
the development of both whole genome bisulfite sequencing and 
ribosome profiling are currently ongoing.
the facility carries out each nGs project in this order:

1) consultation in the planning and sample preparation
2) Quality control of submitted samples

3) Preparation of sequencing library
4) Quality control of sequencing library
5) High-throughput sequencing
the Genomics core Facility works closely with the Bioinformatics 

core Facility (BcF) at the project planning phase for each request. this 
joint effort is to ensure optimal experimental design and data output 
for the analysis that will be carried out by the BcF. all submitted 
samples must pass pre-defined quality measures before the start of 
library preparation and before loading onto the sequencer. in 2013, 
BcF implemented a laboratory information management system 
(lims) that helps both GcF and BcF track more than 750 samples 
submitted from 60 different projects.
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seRvices oFFeRed

The histology Core facility can be used by the whole scientific 
community on campus. all machines are operated on a self-service 
basis and are accessible 24/7 for trained users.

Currently the facility is equipped with machines for paraffin tissue 
processing, embedding and sectioning, vibratome sectioning and 
cryo-sectioning:
•  Leica TP1020: Automated tissue processor for tissue fixation,  

dehydration, and infiltration
• Leica EG1150: Tissue embedding centre for paraffin embedding
• Leica RM2255: Rotary microtome for motorised paraffin sectioning
• Leica CS3050 S: Cryostat for routine cryo-sectioning
•  Leica VT1000 S: Vibratome to generate slices/sections of fresh  

(living) and fixed/stained samples

hisToloGY Core faCiliTY

Figure 1. Gadd45a in situ hybridization on coronal adult brain cryo-
sections. prominent Gadd45a expression is observed in the hippocampus, 
weaker expression in cortical and thalamic regions. sections were gen-
erated on the leica Cs3050 s cryostat by a. von seggern, staining was 
performed in the niehrs lab by M. Gierl and images were taken in the 
Microscopy Core facility with the leica dM2500 microscope by M. Gierl.

coRe Facility membeRs

Mathias Gierl / head of histology; since 07/2011

coRe Facility oveRview

The histology Core facility is a self-service unit that is supervised 
by Mathias Gierl. in 2013 the Cf moved to a dedicated space in 
the newly completed southern half of the iMb building. Current 
instrumentation allows automated tissue processing and paraffin 
embedding and sectioning with a cryotome, a microtome, and a 
vibratome.
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MiCrosCopY Core faCiliTY
coRe Facility membeRs

andreas Vonderheit / head of Microscopy; since 04/2011
Katharina böse / Microscopy assistant; since 01/2013
sandra ritz / Microscopy assistant; since 10/2013

coRe Facility oveRview

in the Microscopy Core facility two full-time imaging specialists 
provide hands-on training to all available microscopes and to a 
variety of image processing software. over one hundred users take 
advantage of our facility and services; 64 percent of them are iMb-
affiliated and 36 percent are from the broader scientific community 
in Mainz (JGu, uMC, and Mpi-p).

Figure 1. high-resolution imaging of large areas for screening processes and statisti-
cal analysis in bright-field or fluorescence mode. example shows a bright-field image 
(1.2 mm x 1.1 mm) of primary neuronal mouse cells (J. Jung and a. Garding, Tiwari 
group) reconstructed from sixteen single 3d stacks (z-projection of 4x4x18 images, 
20x, af7000, leica). scale bar length is 250 µm.

seRvices oFFeRed

The facility provides assisted access to eight principal microscopes 
and various smaller ones, and a diverse array of microscopic tech-
niques. after a complimentary introduction, users can book and use 
the microscopes on their own. we also give microscopy courses and 
lectures throughout the year, and provide image processing software 

for deconvolution and 3d reconstruction, and an image database 
(oMero). The trained core facility staff help in the choice and use 
of the right software and give introductions into the different data 
analysis options available.
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seRvices oFFeRed

a room within the iMb Core facility has been adapted to satisfy 
the infrastructure needs of state-of-the-art mass spectrometry and to 
house the high-resolution mass spectrometer. This included installa- 
tion of a powerful cooling system to guarantee stable room tempera- 
ture, new electrical wiring backed up by an online uninterrupted pow- 
er supply, and a cabinet for pressurised gas cylinders. after setup 

of the mass spectrometry equipment in early 2014, the facility will 
be able to provide 1500 measurement-hours per year to the iMb 
research community. in the coming year, we will focus on establishing 
standard proteomic workflows such as protein band identification 
and analysis of silaC-labelled samples.

proTeoMiCs Core faCiliTY 

Figure 1. overview of mass spectrometry sample workflow. proteins are visualised in a 
Coomassie brilliant blue-stained sds polyacrylamide gel and subsequently digested to 
peptides for measurement using a high-resolution mass spectrometer platform (q exactive 
plus). The chromatogram depicts the usual analysis of a highly complex protein sample.  

coRe Facility membeRs

falk butter / head of proteomics; since 05/2013
anja freiwald / engineer; since 04/2013

coRe Facility oveRview

The proteomics Core facility was established in 2013, with its 
first staff engineer starting in april. we are currently setting up an 
easY nlC 1000 ultrahplC chromatographer coupled online to a 
recently launched q exactive plus mass spectrometer to perform basic 
proteomic experiments.
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deutsche forschungsgemeinschaft (dfG)epiGenesyseuropean research Council (erC) Marie Curie actions

international society  
of differentiation

German national academy  
of sciences leopoldina

netherlands organisation
for scientific research

stiftung rheinland-pfalz  
für innovation

boehringer ingelheim stiftung (bis) federal Ministry of education and 
research (bMbf)

naturwissenschaftlich-Medizinisches
forschungszentrum (nMfZ)

wilhelm sander-stiftung

eXTernal fundinG
ReseaRch gRants

maJoR FundeRs
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eXTernal speaKers 2013

 J a n u a R y

24 seminar hannah Mischo
Cancer research uK london 
research institute

wear and tear – how transcriptional processes impact 
on genome stability and cell cycle progression

31 seminar Michael Boutros dKfZ, heidelberg extracellular space travel by wnt proteins

m a R c h

5 TechTalk Mike schutkowski
Martin luther university 
halle-wittenberg

profiling of epigenetic targets using peptide microarrays

7 seminar thomas Jenuwein
Max planck institute of immuno-
biology and epigenetics, freiburg

Making and breaking the heterochromatin

19 TechTalk illip Burmester silicon biosystems s.p.a, bologna
dep array - image based sorting of viable, 100% pure 
single cells

28 seminar till Bartke
MrC Clinical sciences Centre, 
london

using chemical biology and proteomics to understand 
how dna and histone modifications regulate the activity 
of chromatin

a p R i l

4 seminar noel Buckley King‘s College london
Transcriptional and epigenetic regulation of neural stem 
cells

11 seminar axel imhof
ludwig Maximilian university 
Munich

heterochromatin and the formation of species

16 TechTalk christoph Merten eMbl, heidelberg 
living droplets: biology on a drastically miniaturised 
scale

25 seminar ernst stelzer
buchmann institute for Molecular 
life sciences, frankfurt 

light sheet-based fluorescence microscopy (lsfM)  
reduces phototoxic effects providing new means for 
modern life sciences

m a y

7 TechTalk alexander seitz lexogen Gmbh, Vienna
enabling complete transcriptome sequencing through 
senseTM strand-specific mrna-seq and squareTM 
full-length transcript amplification technologies 

13 seminar Jason lieb
university of north Carolina, 
Chapel hill

The nuclear envelope: a nexus for gene regulation

28 TechTalk soeren alsheimer Carl Zeiss Microscopy, Göttingen light sheet microscopy – next generation live imaging

J u n e

4 TechTalk Falk schlaudraff leica Microsystems CMs, wetzlar
laser microdissection and parkinson‘s disease: quantita-
tive gene expression analysis of individual human dopa-
minergic neurons from post-mortem midbrain tissue

11 TechTalk
carsten  
sönnichsen

Johannes Gutenberg university 
Mainz

plasmonic nanoparticles as sensor for single molecules

13 seminar alain prochiantz Collège de france, paris
homeoprotein signalling in development, health and 
disease

date event speaker institution Title
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J u n e

20 seminar eric Miska
Gurdon institute, university of 
Cambridge

non-coding rna: from genome stability to viral  
immunity

27 seminar peter Becker adolf butenandt institute, Munich
Chromosome-wide tuning of transcription – how male 
flies get away with just one X chromosome

J u l y

30 TechTalk Mark d. lynch fluidigm europe b.V., amsterdam
exploring single-cell genomics with the C1™ single-Cell 
auto prep system

a u g u s t

29 seminar wolf-dieter heyer university of California, davis
Mechanisms and regulation of recombinational dna 
repair

s e p t e m b e R

3 TechTalk
Markus  
Goddemeier

proteinsimple, Germany
Gel-free, blot-free, hands-free: quantitative data by fully 
automated western systems

5 seminar Gunter Meister university of regensburg
biochemical dissection of mirna biogenesis and 
function

18 seminar abraham Fainsod hebrew university, Jerusalem
fetal alcohol spectrum disorder: how alcohol modifies 
gene regulation by retinoic acid

26 seminar christian speck
MrC Clinical sciences Centre, 
london

loading of the MCM2-7 helicase onto dna – one 
hexamer at a time!

o c t o b e R

24 seminar alexander loewer
Max delbrück Centre for Molecu-
lar Medicine, berlin

The guardian on the move:  
dynamic regulation of p53 in individual cells

n o v e m b e R

11 seminar luiz penalva university of Texas, san antonio
post-transcriptional networks:  
interplay between rna binding proteins and mirnas in 
brain tumors

14 seminar Frank Buchholz Technical university dresden from high-throughput screens to biomedical knowledge

21 seminar wouter de laat hubrecht institute, utrecht Gene regulation in the 3d genome

26 seminar Yoshiko takahashi Kyoto university
Morphogenesis in development, cell communications 
and tubulogenesis

26 seminar Florian steiner
fred hutchinson Cancer research 
Center, seattle

holocentromeres are dispersed point centromeres 
localised at transcription factor hotspots

28 lecture Marco Foiani ifoM, Milan
Checkpoint-mediated mechanisms controlling  
chromosome integrity

d e c e m b e R

12 seminar asifa akhtar
Max planck institute of immuno-
biology and epigenetics, freiburg

X chromosome dosage compensation:  
a paradigm to study epigenetic regulation

date event speaker institution Title
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a colorful fruit fly (Drosophila melanogaster), 
courtesy of the roignant group.  

Multifocus bright-field image captured with  
a stereo-microscope (M205 fa, leica,  

iMb Microscopy Core facility). 

Core faCiliTY  
TraininG

l e c t u R e s

pRovideR title

bioinFoRmatics coRe Facility bioinformatics for Chip sequencing

bioinformatics for nGs

bioinformatics for rna sequencing

dna Methylation profiling: Methods, applications & data analysis

sequencing

cytometRy coRe Facility advanced Cytometry

basics of faCs 

micRoscopy coRe Facility introduction to Microscopy i

introduction to Microscopy ii

pitfalls in image acquisition

image processing 

Imaging Ethics

p R a c t i c a l  c o u R s e s

pRovideR title

bioinFoRmatics coRe Facility Genomatix

introduction to r

micRoscopy coRe Facility hands-on imageJ
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beli

Villumsen bh, danielsen Jr, povlsen l, sylvestersen Kb, Merdes 
a, beli p, Yang YG, Choudhary C, nielsen Ml, Mailand n, bekker- 
Jensen s (2013). a new cellular stress response that triggers centriolar  
satellite reorganisation and ciliogenesis. EMBO J, doi: 10.1038/ 
emboj.2013.223. 

weinert bT, iesmantavicius V, wagner sa, schölz C, Gummesson b, 
beli p, nyström T, Choudhary C (2013). acetyl-phosphate is a Critical 
determinant of lysine acetylation in e. coli. Mol Cel. 51, 265-72.

butteR

butter f, bucerius f, Michel M, Cicova Z, Mann M and Janzen CJ 
(2013). Comparative proteomics of two life cycle stages of stable 
isotope-labeled Trypanosoma brucei reveals novel components of 
the parasite‘s host adaptation machinery. Mol Cell Proteomics, 12, 
172-179. 

Kappei d*, butter f*, benda C, scheibe M, draškovič i, stevense M,  
novo Cl, basquin C, araki M, araki K, Krastev db, Kittler r,  
Jessberger r, londoño-Vallejo Ja, Mann M and buchholz f (2013). 
hoT1 is a mammalian direct telomere repeat-binding protein contrib- 
uting to telomerase recruitment. EMBO J, 32,1681-1701. 
(* joint first authors)

Klass dM, scheibe M, butter f, hogan GJ, Mann M and brown po 
(2013). quantitative proteomic analysis reveals concurrent rna-
protein interactions and identifies new rna-binding proteins in  
saccharomyces cerevisiae. Genome Res, 23, 1028-1038. 

powers nr, eicher Jd, butter f, Kong Y,Miller ll, ring sM, Mann M 
and Gruen Jr (2013). alleles of a polymorphic eTV6 binding site in 
dCdC2 Confer risk of reading and language impairment. Am J Hum 
Gen, 93, 19-28.

scheibe M, arnoult n, Kappei d, buchholz f, decottignies a, butter f* 
and Mann M* (2013). quantitative interaction screen of telomeric 
repeat-containing rna reveals novel Terra regulators. Genome Res, 
doi:10.1101/gr.151878.112. (* co-corresponding authors)

Viturawong T, Meissner f, butter f* and Mann M* (2013). a dna-
centric protein-interaction map of ultra-conserved elements reveals 
major contribution of transcription factor binding hubs to conserva-
tion. Cell Rep, 5, 531–545. (* co-corresponding authors)

cRemeR

Cremer C and Masters br (2013). resolution enhancement tech-
niques in microscopy. Eur Phys J H, 1-64.

hausmann M, Müller p, Kaufmann r and Cremer C (2013). entering 
the nano-Cosmos of the Cell by Means of spatial position deter-
mination Microscopy (spdM): implications for Medical diagnostics 
and radiation research. in International Symposium on Biomedical 
Engineering and Medical Physics, 10-12 october, 2012, riga, latvia 
(pp. 93-95). springer berlin heidelberg.

rossberger s, ach T, best G, Cremer C, heintzmann r, dithmar s 
(2013). high resolution imaging of autofluorescent particles within 
drusen using structured illumination microscopy. Br J Ophthalmol, 97, 
518- 523. 

rossberger s, best G, baddeley d, heintzmann r, birk u, dithmar s, 
Cremer C (2013). Combination of structured illumination and single 
molecule localization microscopy in one setup. J Opt, 15, 094003. 

publiCaTions bY iMb MeMbers in 2013
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ketting

basten sG, davis ee, Gillis aJM, van rooijen e, stoop h, babala n, 
logister i, heath ZG, Jonges Tn, Katsanis n, Voest ee, van eeden fJ, 
Medema rh, Ketting rf, schulte-Merker s, looijenga lhJ, Giles rh 
(2013). Mutations in lrrC50 predispose Zebrafish and humans to 
seminomas. PLoS Genet, 9, e1003384. 

Kaaij lJ, hoogstrate sw, berezikov e, Ketting rf (2013). pirna  
dynamics in divergent zebrafish strains reveals long-lasting maternal 
influence on zygotic pirna profiles. RNA, 19, 345-56. 

Kaaij lJ, van de wetering M, fang f, decato b, Molaro a, van de 
werken hJ, van es Jh, schuijers J, de wit e, de laat w, hannon GJ, 
Clevers hC, smith ad, Ketting rf (2013). dna methylation dynamics 
during intestinal stem cell differentiation reveals enhancers driving 
gene expression in the villus. Genome Biol, 28, r50.

luteijn MJ and Ketting rf (2013). piwi-interacting rnas: from gen- 
eration to transgenerational epigenetics. Nat Rev Genet, 14, 523-34.

könig

anantha rw, alcivar al, Ma J, Cai h, simhadri s, ule J, König J and 
Xia b (2013). requirement of heterogeneous nuclear ribonucleo- 
protein C for brCa Gene expression and homologous recombination.  
PLoS ONE, 8, e61368. 

Zarnack K*, König J*, Tajnik M, Martincorena i, eustermann s,  
stévant i, reyes a, anders s, luscombe nM and ule J (2013).  
direct competition between hnrnp C and u2af65 protects the 
transcriptome from the exonization of alu elements. Cell, 152, 453-466.  
(* joint first authors)

legewie

Jeschke M, baumgärtner s, legewie s (2013). determinants of Cell-
to-Cell Variability in protein Kinase signaling. PLoS Comput Biol, 9, 
e1003357.

blüthgen n and legewie s (2013). robustness of signal transduction 
pathways. Cell Mol Life Sci, 70, 2259-69.

Kallenberger s, legewie s and eils r (2013). applications in cancer  
research: Mathematical models of apoptosis. in Computational  
Systems Biology, 2nd edition (Kriete a, eils r, eds.), elsevier. 

niehRs

Cruciat CM, dolde C, de Groot re, ohkawara b, reinhard C,  
Korswagen hC, niehrs C (2013). rna helicase ddX3 is a regulatory 
subunit of casein kinase 1 in wnt-β-catenin signaling. Science, 339, 
1436-41.

Cruciat CM and niehrs C (2013). secreted and transmembrane wnt 
inhibitors and activators. Cold Spring Harb Perspect Biol, 5, a015081.

demir K, Kirsch n, beretta Ca, erdmann G, ingelfinger d, Moro e,  
argenton f, Carl M, niehrs C, boutros M (2013). rab8b is required 
for activity and Caveolar endocytosis of lrp6. Cell Rep, 4, 1224-1234.

romero d, Kawano Y, bengoa n, walker MM, Maltry n, niehrs C, 
waxman J, Kypta r (2013). downregulation of dickkopf-3 disrupts 
prostate acinar morphogenesis through TGf-b/smad signaling.  
Cellscience, 126, 1858-67.

seib dr, Corsini ns, ellwanger K, plaas C, Mateos a, pitzer C, niehrs 
C, Celikel T, Martin-Villalba a (2013). loss of dickkopf-1 restores 
neurogenesis in old age and counteracts cognitive decline. Cell Stem 
Cell, 12, 204-14.

schäfer a, Karaulanov e, stapf u, döderlein G, niehrs C (2013). ing1 
functions in dna demethylation by directing Gadd45a to h3K4me3. 
Genes Dev, 27, 261-73.

Reid

ovaska K, Matarese f, Grote K, Charapitsa i, Cervera a, liu C, reid G, 
seifert M, stunnenberg hG, hautaniemi s (2013). integrative analysis 
of deep sequencing data identifies estrogen receptor early response  

genes and links aTad3b to poor survival in breast cancer. PLoS  
Comput Biol, 9, e1003100.
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soshnikova

schorderet p, lonfat n, darbellay f, Tschopp p, Gitto s, soshnikova n, 
and duboule, d (2013). a Genetic approach to the recruitment of 
prC2 at the hoxd locus. PLoS Genet, 9, e1003951.

soshnikova n (2013). hox genes regulation in vertebrates. Dev Dyn, 
doi: 10.1002/dvdy.24014.
 
soshnikova n, dewaele r, Janvier p, Krumlauf r, duboule d (2013). 
duplication of hox gene clusters and the emergence of vertebrates. 
Dev Biol, 378, 194-199. 

tiwaRi

Garding a, bhattacharya n, Claus r, ruppel M, Tschuch C, filarsky K, 
idler i, Zucknick M, Caudron-herger M, oakes C, fleig V, Keklikoglou 
i, allegra d, serra l, Thakurela s, Tiwari V, weichenhan d, benner a, 
radlwimmer b, Zentgraf h, wiemann s, rippe K, plass C, döhner h, 
lichter p, stilgenbauer s and Mertens d (2013). epigenetic upregu- 
lation of lncrnas at 13q14.3 in leukemia is linked to the in Cis 
downregulation of a gene cluster that targets nf-kb. PLoS Genet, 
9, e1003373. 

Thakurela s*, Garding a*, Jung J, schübeler d, burger l, Tiwari VK 
(2013). Gene regulation and priming by topoisomerase iiα in embry-
onic stem cells. Nat Commun, 4, 2478. (* joint first authors)

Tiwari n, Tiwari VK, waldmeier l, balwierz p, arnold p, pachkov M, 
Meyer-schaller n, schübeler d, van nimwegen e and Christofori G 
(2013). sox4 is a Master regulator of epithelial-Mesenchymal Transi-
tion by Controlling ezh2 expression and epigenetic reprogramming. 
Cancer Cell, 23, 768–783.

ulRich

parker Jl and ulrich hd (2013). siM-dependent enhancement of 
substrate-specific sumoylation by a ubiquitin ligase in vitro. Biochem 
J, doi:10.1042/bJ20131381 .

Morawska M and ulrich hd (2013). an expanded tool-kit for the 
auxin-inducible degron system in budding yeast. Yeast, 30, 341-351.

ulrich hd (2013). new insights into replication clamp unloading.  
J Mol Biol, 425, 4727–4732. 

ulrich hd and Takahashi T (2013). readers of pCna modifications. 
Chromosoma, 122, 259-274.

Zilio n, williamson CT, eustermann s, shah r, west sC, neuhaus d and 
ulrich hd (2013). dna-dependent suMo modification of parp-1.  
DNA Repair, 12, 761-773.

coRe Facilities

schäfer a, Karaulanov e, stapf u, döderlein G, niehrs C (2013). ing1 
functions in dna demethylation by directing Gadd45a to h3K4me3. 
Genes Dev, 27, 261-73.

wiench b, Chen Yr, paulsen M, hamm r, schröder s, Yang ns, efferth 
T (2013). integration of different „-omics“ Technologies identifies 
inhibition of the iGf1r-akt-mTor signaling Cascade involved in 
the Cytotoxic effect of shikonin against leukemia Cells. Evid Based  
Complement Alternat Med, doi: 10.1155/2013/818709.

awards 2013
petRa beli

emmy noether programme award,  
deutsche forschungsgemeinschaft dfG

for outstanding young researchers with international experience to 
establish independent research groups early in their scientific careers. 
petra beli‘s group will investigate ubiquitin signals in dna repair and 
chromatin organisation.

viJay tiwaRi

bruno speck award, swiss foundation of haematological research

for research into stem cell differentiation and the role of direct  
histone modification by the signalling molecule JnK in this process.

Tiwari VK, stadler Mb, wirbelauer C, paro r, schübeler d and beisel 
C (2011). a chromatin-modifying function of JnK during stem cell 
differentiation. Nat Genet, 44, 94-100.
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ReseaRch and tRaining at imb

iMb is the place to be for scientists who 
want to carry out cutting-edge research in the 
fields of epigenetics, developmental biology, 
dna repair and the interfaces between 
these fields. The research conducted by our 
multinational team of scientists is vital to 
iMb’s work in addressing key questions with-
in these areas.

phd students and postdocs at iMb are a  
key part of our research teams and work on  
projects of fundamental biological importance 
or of relevance to human disease. Their re-
search is conducted in a vibrant and highly 
interdisciplinary environment with leaders in  
the fields of epigenetics, dna repair, develop-
mental biology and systems biology. 

at iMb we make sure our scientists can  
work productively. a key part of the support 
we offer comes from our state-of-the-art 
Core facilities. They provide services in bio-
informatics, cytometry, histology, genomics, 
microscopy, and proteomics, and are staffed 
by experts who are there to advise and 
assist our scientists during each step of their 
experiments, from the initial conception to  
the analysis of data. as part of the dynamic 
and collaborative spirit at iMb, all key equip-
ment is shared between research groups 
and looked after by trained staff in the Core 
facilities. This means our scientists will always 
have access to the most up-to-date and well-
maintained equipment that is required for 
their experiments.

in addition to the training available 
through our Core facilities, iMb offers instruc-
tion in both specialist scientific techniques 
and key transferable skills. The scientific 
training we provide includes courses on key 
topics such as statistics, the analysis of large 
datasets (including those generated by next-
generation sequencing) and advanced live  
and superresolution microscopy. we also  
make sure our junior scientists learn the 
transferable skills required for a successful 
career in an increasingly competitive scien-
tific world both within and outside of aca-
demia. Courses we offer cover topics such 
as presentation skills, scientific writing and 
project management, as well as conflict man-
agement and leadership skills.

inteRnational phd pRogRamme

our international phd programme on the 
Dynamics of Gene Regulation, Epigenetics 
and DNA Damage Response gives talented 
and enthusiastic students the opportunity to 
undertake phd research at the cutting edge 
of modern biology. 

our groups cover a broad range of 
expertise and include leading biochemists; 
geneticists; cell and developmental biologists 
who study the molecular mechanisms of 
embryonic development, ageing and disease; 
bioinformaticians and systems biologists 
who analyse high-throughput datasets and  

model regulatory gene networks; and applied  
physicists who develop ground breaking 
superresolution microscopes. This range of  
expertise and the open and vibrant atmos-
phere within the programme encourages 
multidisciplinary collaborations and innova-
tive research.

The international phd programme therefore 
has a clearly defined and unique profile that 
provides students with interdisciplinary 
education in the following fields:

• Epigenetics
• Gene Regulation
• DNA Repair
• Functional Morphology of the Nucleus
• Systems Biology and Bioinformatics

The programme is coordinated by iMb and 
participating groups are located at the:

• Institute of Molecular Biology
• Johannes Gutenberg University
• University Medical Centre
•  Max Planck Institute  

for polymer research
www.imb.de/phd

inteRnational summeR school

iMb’s international summer school (iss) is 
a six-week programme for outstanding and 
enthusiastic undergraduate, Masters and 
phd students who want to acquire excellent 
practical skills and hands-on training from 
leading scientists in molecular biology. 
research Groups participating in the iss 
include Group leaders at iMb, Johannes 
Gutenberg university (JGu) and Mainz’s 
university Medical Centre.

The iss offers an attractive framework 
to improve the training of prospective 
scientists in an informal and international 
atmosphere. This includes theory modules 
(lectures and discussion groups) and practical 
research projects. The lectures give students 
comprehensive insights into the latest re- 
search findings and identify key open ques-
tions in gene regulation, epigenetics and 
dna damage. furthermore, the iss teaches 
students the complementary skills, such as 

presentation and communication techniques, 
that are required for a successful career as a 
scientist.

beyond these specific events, iss partici-
pants are also fully integrated into scientific 
life at iMb by participating in lab meetings 
and journal clubs. furthermore, students work  
on a cutting-edge research project within the  
lab of one of the participating research 
groups.

www.imb.de/iss
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wheRe we aRe

iMb is located in the city of Mainz, a 
charming, open-minded city that dates back 
2,000 years to roman times and still has a 
historic centre with a magnificent medieval 
cathedral. it was also here, in 1450, that 
Johannes Gutenberg invented modern book 
printing. The city is located at the confluence 
of two of the most important rivers in 
Germany, the rhine and the Main, and has 
spectacular esplanades. Mainz is within easy 
reach of both cosmopolitan frankfurt, with its 
famous opera house, avant-garde museums 
and glass-and-steel banking district, and the 
rhine valley region with its castles, vineyards 
and nature reserves that offer great outdoor 
activities. with frankfurt airport – one of the 
largest airports in europe – only 25 minutes 
away, countless european and overseas des-
tinations are within easy reach.

imb’s ReseaRch enviRonment

iMb is embedded in a strong and dynamic 
research environment. it is located within 
the leafy campus of the Johannes Gutenberg 
university, just west of Mainz city centre. with 
10 departments, 150 institutes and 38,000 
students, JGu is one of the largest German 
universities. in biomedical research, the 
university has built strong, interdisciplinary 
centres dedicated to cardiovascular medicine, 
neuroscience, immunology and oncology.

The university Medical Centre, which is 
located near the main university campus, has 
a strong focus on clinical and translational 
research and has researchers who also work 
in close contact with iMb. in addition to the 
university, iMb has two Max planck institutes 
(Max planck institute for Chemistry, Max 

planck institute for polymer research) and 
Mainz’s university of applied sciences as 
immediate neighbours. 

Mainz is also surrounded by a number 
of towns and cities with extensive research 
activities. for instance, frankfurt is only 35 
km away and is home to Goethe university, 
which has a total of 38,000 students and 10 
research institutes within the biochemistry, 
Chemistry and pharmacy department alone. 
furthermore, there are several Max planck 
institutes in frankfurt (including the Max 
planck institute for biophysics, the Max 
planck institute for brain research and the 
ernst strüngmann institute for Cognitive 
brain research). in addition to frankfurt, 
nearby darmstadt is home to both a Technical 

university, whose department of biology has  
a focus on synthetic biology and the biology 
of stress responses, and a university of ap- 
plied sciences that includes a focus on bio-
technology. 

furthermore, there is an extensive industry 
r&d presence, with the headquarters of 
boehringer ingelheim and the Merck Group 
both in close vicinity.

Table of ConTenTs     foreword     researCh Groups     Core faCil iT ies      faCTs and f iGures
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imb is extRemely thankFul
to the following outstanding scientists for the insight, guidance and advice 
that they have provided regarding iMb’s foundation and our work to become 
a world-leading research centre.

pRoF. dR bRadley caiRns
huntsman Cancer institute

university of utah 
salt lake City, usa

pRoF. dR JoseF JiRicny
institute of Molecular Cancer research
university of Zurich
Zurich, switzerland

pRoF. dR ingRid gRummt
German Cancer research Centre dKfZ

heidelberg, Germany

pRoF. dR RudolF Jaenisch
The whitehead institute for  

biomedical research
Cambridge, usa

pRoF. dR Renato paRo
department of biosystems science and engineering

swiss federal institute of Technology
basel, switzerland

pRoF. dR eRnst-ludwig winnackeR
secretary General, human frontier science program organization

strasbourg, france

pRoF. dR JöRg michaelis
scientific advisor to the executive Committee  
of the boehringer ingelheim foundation
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ConTaCT
institute of Molecular biology gGmbh
supported by the boehringer ingelheim stiftung
ackermannweg 4
55128 Mainz
phone:  +49-6131-39-21501
fax:  +49-6131-39-21521
www.imb.de
info@imb.de
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