MPI for Molecular Genetics
Research Report 2009

Research Report 2009

Max Planck Institute for Molecular Genetics

Berlin, December 2009



The Max Planck Institute
for Molecular Genetics




Table of contents

Organisational structure ...........ciitiiiiiiiirenenrnnnnes 6
The Max Planck Institute for Molecular Genetics ............... 7
MISSION & ottt et e et e e e e e 7
Development of the Institute. . .. .......... ot 7
Research Concept . ......ooi i e e 8

Department of Developmental Genetics (Bernhard Herrmann) ... 9
Transmission ratio distortion (H. Bauer) . .............................. 13
Regulatory Networks of Mesoderm Formation & Somitogenesis (B. Herrmann) .. 17
Signal Transduction in Embryogenesis and Tumour Progression (M. Morkel). ... .. 22

Organogenesis (H. Schrewe) . ....... ... ... . i, 26
General information about the whole Department .. ....................... 29
Department of Vertebrate Genomics (Hans Lehrach) .......... 33
Molecular Embryology and Aging (J. Adjaye) ........... ..., 40
Neuropsychiatric Genetics (L. Bertram) ................................ 46
Automation (A. Dahl, W. Nietfeld, H. Seitz) .. ........................... 49
Nucleic Acid-based Technologies (J. Glokler) ............................ 55
Bioinformatics (R. Herwig) ........ ... . i 60
Comparative and Functional Genomics (H. Himmelbauer) .................. 65
Genetic Variation, Haplotypes & Genetics of Complex Diseases (M. Hoehe) . . 69
in vitro Ligand Screening (Z. Konthur) .. ............... ... . ... .. ..... 74
Protein Complexes & Cell Organelle Assembly (B. Lange) . ................ 80
Evolution & Development (G. Panopoulou, A. Poustka) .................... 83
Molecular Biology of Metabolism (M. Ralser) ....................... ... 87
Cancer Genomics (M. ScChweiger) . .........ovviiine ... 91
1000 Genomes Project (A. Soldatov) . .......... ..., 96
Cardiovascular Genetics (S. Sperling) .. ... ... 99
Systems Biology (C. Wierling) .......... ..., 104
Human Chromosome 21 (M.-L. Yaspo) .......cooviiineennnninn.. 108
General information about the whole Department . ........................ 113

Department of Human Molecular Genetics (H.-Hilger Ropers) ... 137

Signal Transduction in Pain and Mental Retardation (T. Hucho) ............. 142
Chromosome Rearrangements & Disease (V. Kalscheuer).................. 146
Familial Cognitive Disorders (A. Kuss) ............ ..., 151
Clinical Genetics (A. Tzschach) ............. ... ... i i, 155
Molecular Cytogenetics (R. Ullmann) .............. ... ..., 158
Serotonin Metabolism and Disease; Mouse Lab (D. Walther)............... 162
Associated Group: Applied Bioinformatics (W.Chen)..................... 166
Associated Group: Molecular Cytology (H. Scherthan). . . ... ....... 169

Associated Group: Biochemistry of Inherited Brain Disorders (S. Schweiger) ... 172
General information about the whole Department . ........................ 176

MPI for Molecular Genetics
Research Report 2009



The Max Planck Institute
Jfor Molecular Genetics

Department of Computational Molecular Biology (Martin Vingron).. 193

Evolutionary Genomics (P.Arndt) . ............. ..o 196
Gene Structure & Array Design (S. Haas) . ....................... 200
Mechanisms of Transcriptional Regulation (S. Meijsing) ................... 204
Algorithmics (A. Schliep) . . ... 207
Transcriptional Regulation (M. Vingron) . ...................ooiiiua.. 211
General information about the whole Department . ........................ 216
Research Group Development & Disease (Stefan Mundlos) .. ... 225

Otto Warburg Laboratory

Neurodegenerative Disorders (S. Krobitsch)............................. 241
Bioinformatics / Structural Proteomics (M. Lappe) ........................ 248
Nutrigenomics and Gene Regulation (S. Sauer) .......................... 256
Molecular Interaction Networks (U. Stelzl).............................. 261

Ribosome Group
Translation, Structure & Function of Ribosomes (K. Nierhaus) ............. 267

Miscellaneous Research Groups

Microscopy (R.LUTZ) . ..o 275
Cryo-electron Microscopy (T.Mielke) ............. ... ... ... 280
High-throughput Technologies (R. Reinhardt) .......................... 284

Research Support & Central Units

Administration & Research Support (M. Urban)........................ .295
Technical Management & Workshops (U. Bornemann) .................... 298
Analytics & IT(R.Reinhardt) .. ......... ... ... i, 300
Next Generation Sequencing (B. Timmermann) . ....................... .. 303
Animal Facility & Transgene Unit (L. Hartmann) . ....................... 305
Labrary . . oo 307
IMaging . .. ...oo i 308

Please note:

In the publication lists of the group reports, group members are underlined.

In the publication lists of the departments (“General information about the whole
Department”), department members are underlined.




MPI for Molecular Genetics
Research Report 2009




The Max Planck Institute
for Molecular Genetics

A
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

o000 00O0OCOS

A
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

Organisational structure




MPI for Molecular Genetics

The Max Planck Institute for Molecular Genetics

Mission

Research at the Max Planck Institute for Molecular Genetics (MPIMG) concen-
trates on genome analysis of humans and other organisms to elucidate cellular
processes and genetic diseases. It is the overall goal of the combined efforts of all
MPIMG groups to gain new insights into the development of diseases on a mo-
lecular level, thus contributing to the development of cause-related new medical
treatments.

Development of the Institute

The Max Planck Institute for Molecular Genetics (MPIMG) was founded in 1964
with the appointment of Heinz-Giinther Wittmann and Heinz Schuster as heads of
department, followed by the appointment of Thomas Trautner in 1965. At this
time, the research of the institute was focussing on DNA replication and gene
regulation in bacteria, bacterial phage and fungi (departments Schuster and Trautner)
and on the structure, function and evolution of ribosomes which were central to
the work of H.-G. Wittmann. In 1970, the three departments, as well as four inde-
pendent junior research groups (the future Otto Warburg Laboratories) moved into
the new premises of the institute situated in the Thnestra3e, Berlin-Dahlem.

After the sudden death of H.-G. Wittmann in 1990 and the retirement of H. Schuster
in 1995, the appointments of Hans Lehrach (1994, Dept. of Vertebrate Genomics),
and Hans-Hilger Ropers (Dept. of Human Molecular Genetics, full-time since
1997) induced a major shift in the scientific orientation of the institute. Following
the retirement of T. Trautner in 2000, Martin Vingron was appointed as head of the
new Department for Computational Molecular Biology. At the same time, Stefan
Mundlos was jointly appointed by the Humboldt University of Berlin as head of
the Institute for Medical Genetics, now integrated in the Campus Virchow of the
Charité - Universitdtsmedizin Berlin, and by the Max Planck Society as head of an
independent research group at the MPIMG. As most recent recruitment, Bernhard
Herrmann was appointed as director and head of the Department of Developmen-
tal Genetics in 2003. Bernhard Herrmann was also jointly appointed by the Free
University of Berlin as professor and head of the Institute of Medical Genetics
(now part of the Campus Benjamin Franklin of the Charité).

In the years 2004 - 2005 all three independent junior research group leaders of the
Otto Warburg Laboratory obtained new positions and left the institute. Ann
Ehrenhofer-Murray and Andrea Vortkamp were appointed as full professors by
German universities, Adam Antebi joined the faculty of Baylor College in Hous-
ton, Texas, U.S.A. In the meantime, Adam Antebi has been appointed as member
of the Max Planck Society and head of a research department. The externally
funded fourth group leader, Edda Klipp, was appointed in 2008 as full professor at
the Humboldt University of Berlin. In 2004 a new independent junior research
group in Bioinformatics, headed by Michael Lappe, took up its work, and in 2007
another group working on molecular interaction networks was recruited, which is
headed by Ulrich Stelzl. More recently, the Otto Warburg Laboratory was brought
up to four groups, two of them, headed by Sylvia Krobitsch and Sascha Sauer,
funded by external sources.
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In 2006, the International Max Planck Research School for Computational Biol-
ogy and Scientific Computing was founded together with the Free University of
Berlin. In addition the institute is involved in the Berlin School for Regenerative
Therapies, housed at Humboldt University, and in teaching of medical student in
several curricula. In 2008, an internal PhD programme for students was started at
the MPIMG.

Research Concept

Genome research, the systematic study of genes and genomes, has changed the
way in which research in molecular genetics is pursued. The focus and composi-
tion of the MPI for Molecular Genetics reflects this development. Large scale
genome research (Dept. Lehrach), applying a variety of technologies, generates
data on genome sequences, genes, and their function, which are then used to build
predictive models of biological networks in human diseases and development.
Human molecular genetics (Dept. Ropers) employs complementary approaches to
search for novel disease genes and their biological function in a systematic man-
ner, as a strategy for identifying genetic risk factors and pathogenetic pathways
for common and rare diseases. Computational molecular biology (Dept. Vingron)
exploits genomic data to better understand gene regulation and evolution. The
Developmental Genetics Department (Dept. Herrmann) uses systematic functional
analysis for understanding developmental mechanisms.

Recently, new sequencing technologies (massively parallel sequencing) have
opened up new approaches for genome-wide analyses of gene expression
(transcriptome) and epigenetic control (analyses of methylated DNA regions and
chromatin modifications). It also provides more sensitive ways for the detection
of chromosomal rearrangements, copy number differences and other genetic alter-
ations involved in disease, and it promises to yield novel tools for their diagnosis.
Massively parallel sequencing has become in-dispensable for the research of all
departments.

Almost half of the institute’s research budget is obtained as grant money from
external sources, such as the German Ministry of Education and Research, the
European Union, the German Research Foundation (DFG) and others. The insti-
tute is - as sole German member - involved in the 1000 Genomes Project, a follow-
up of the international Human Genome Project and HapMap Project. Several groups
of the institute coordinate or participate in consortia involved in the German Na-
tional Genome Research Network (NGFN), which focuses on basic and transla-
tional research of human disease. Major topics comprise cancer research and men-
tal retardation. Other prominent projects include a number of EU projects, as well
as DFG Collaborative Research Centres (“Sonderforschungsbereiche”).

With its involvement in national and international research projects and by virtue
of the research output of the institute, the MPIMG is perceived internationally as
a stronghold of genome and genetics research in Germany. Maintaining this status
in the future will require continuing technological innovation and close coopera-
tion with the universities. Integration between genome research and genetics, as
well as between experimental and computational biological research are central in
this effort.

Prof. Dr. Bernhard Herrmann
Prof. Dr. Hans Lehrach

Prof. Dr. H.-Hilger Ropers
Prof. Dr. Martin Vingron
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