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Messages from:

Felix Gutzwiller

Ron Appel

President of the
Foundation Council

and

Manuel Peitsch
Chairman of the
Board of Directors

Executive Director

The treatment of diseases such as cancer is a battle that cannot be won by a single
research group, institution or country. In the face of such challenges, it is crucial to unite
strengths and expertise. New technologies, like next generation sequencing, offer the
possibility to address questions we all have in mind: “Why does cancer hit one person
and not another?”, “Why does one recover while others do not?”, “Will it be my turn
soon?”. Some of the answers lie within our genes, hidden deep down inside us, and the
time has come for us to listen carefully to what this inner world has to say. To achieve
this, scientists must give this inner world the opportunity to express itself in a way that
they can understand.
The sequencing of the human genome was a challenge some 15 years ago. Today,
genomes can be sequenced in less than an hour… But why do we sequence them? To
date, it is one of the most subtle ways of differentiating one being, one organ or one cell
from another. The same goes for diseases. The comparison of as many genomes as
possible, from as many people as possible – healthy or ill – will help scientists understand
why a body suddenly goes astray. Bioinformatics is playing a crucial role in such an
endeavour and, in Switzerland, at SIB, we can be proud of being part of an institute of
worldwide renown.
However, as mentioned above, knowledge will lead us to breakthroughs faster if it is
maintained and shared among international researchers. SIB has understood this from its
inception and is a model of intercantonal and interinstitutional collaboration, which even
inspired the creation of ELIXIR, the European Life Sciences Infrastructure for Biological
Information. Switzerland is proud to be a key player in this initiative with SIB acting as the
Swiss node and contributing its high-quality resources and expertise. The year 2013 was
marked by the official launch of ELIXIR and we are all looking forward to its progress.
2014 will be another year of intense activity for SIB. Our eyes are turned towards
the Institute’s new visionary activities, such as clinical bioinformatics, which will
give a new dimension to collaboration in the medical field for the benefit of patients.
Bioinformatics is, more than ever, driving life science research and deserves to be
supported. We would like to thank the Swiss government, the Federal Assembly, the
State Secretariat for Education, Research and Innovation, the Swiss National Science
Foundation and all those in funding roles as well as our partner institutions for their
unwavering and invaluable support.

Felix Gutzwiller
Senator and President of the
SIB Foundation Council

Challenging and thrilling times are ahead of us. Imagine all the possibilities hidden in
the wealth of data produced by life scientists in terms of knowledge and breakthroughs –
and imagine the potential in terms of health improvement.
In the coming years we will witness a revolution in the medical field and
bioinformatics will be more than ever needed – and more than ever at the heart of the
action. SIB is convinced that all the data collected about a patient can be used to apply
targeted and more efficient therapies. The “one size fits all” era will soon be a thing of
the past. We all have our own genome, life environment, life habits and many other
parameters, such as our microbiome, which have to be taken into account.
It is clear that this is a far-reaching project, which can only be successfully
completed if all life science actors work together. SIB will be a key player in this change
and proud to offer its expertise in making this revolution possible. Today, this predicted
revolution and the role of bioinformatics might still seem nebulous to a majority of people,
but concrete examples of applications in the medical field are now appearing and giving
shape to our work. A prime example is the first Swiss non-invasive prenatal test for which
SIB developed the algorithm and which allows detection of the most frequent trisomies
from a mother’s blood sample.
The rising importance of bioinformatics is also reflected in the growth of the SIB
community. Our Institute now counts 45 groups and several more will join this year. SIB is
a one-stop shop for all the bioinformatics expertise needed by life science researchers,
in the academic community and industry alike, to make progress in their work. The need
for experts is crucial, which is why we also must think about training the new generation
of bioinformaticians. The SIB Fellowship programme was introduced for this purpose and
we were proud to welcome the first six laureates in 2013 thanks to the generous support
of our partners. Our efforts in the search for more partners to support further fellowships
are ongoing and we hope our next call for applications will be at least as successful as
the first one.
Bioinformatics integrates great hopes for health improvement and also for
other Grand Challenges faced by our society, such as food and energy production,
sustainability and environmental protection. Last year, pioneers in Molecular Modelling
were awarded a Nobel Prize, perhaps this is a sign that such disciplines are gaining
recognition in the scientific community and perhaps this Nobel Prize is only the first
of many in the field of bioinformatics! In other words, bioinformatics and SIB are
definitely worth supporting and I would like to thank our funders, in particular the Swiss
government, as well as our partner institutions for their sustained support which is
indispensable in providing the bioinformatics resources required by today’s life sciences.
My heartfelt gratitude also goes to all SIB members without whose talent and dedication
Swiss bioinformatics would not have become so successful over the past years.

Manuel Peitsch
Chairman of the
SIB Board of Directors
Ron Appel
Executive Director
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An introduction to bioinformatics
What is bioinformatics?

Why do we need bioinformatics?

Computers and information technology (IT) have
become part of our everyday lives and are indispensable tools for many businesses. For example, banks use computers to hold information
about us – our name, address, bank balance,
loans, interest on loans, etc. This information,
or data, is stored in what are called databases.
Software is then used to analyse these data so
that the bank can accurately calculate our bank
balance on any particular day, taking into account
money paid into or out of the account. Databases
and software analysis programs are thus vital for
the handling of the large amount of data that a
bank deals with on a daily basis.
Such are also the needs for research in the life
sciences. Indeed, day-to-day technological advances result in a continuous and ever-growing
flow of research data that require accurate storage and analysis. Bioinformatics as a scientific
discipline has thus arisen from the application
of information technology to biological problems,
and in particular to the analysis of large datasets.

Handling the overwhelming increase
in biological data
An organism’s genome is its entire sequence of
DNA. In humans, the genome is arranged in 23
pairs of chromosomes, each containing many
genes; the human genome is estimated to contain about 22,000 genes in total. Genome data
are generated with sequencing techniques that
are steadily becoming simpler, faster and cheaper.
Consequently, genomes from mammalian, plant,
bacterial, archaean and viral species are now
commonly sequenced, and the databases containing these genome sequences have become
gold mines for biologists and medical doctors.

What is the role of bioinformatics?
Many bioinformatics technologies have been developed from the need to understand DNA, the
code of life. Every type of living organism has a
unique DNA sequence (an arrangement of four
subunits termed A, T, C and G), ranging in length
from around 400,000 subunits for some bacteria
to a staggering 3 billion subunits for humans!
Specific sections of the DNA sequence called
genes (or transcript units) code for proteins,
which are the functional molecules determining
the fundamental biology and characteristics of an
organism. Small variations in this DNA sequence
can influence the likelihood of an individual expressing a particular morphological trait or for developing a particular disease.
Bioinformatics provides tools to store the ever
growing quantity of DNA sequence and protein
structure data or other related information. It also
provides novel methods to analyse and visualize
these data, thereby producing new knowledge
that can be applied to enhance our standard of
living. For example, bioinformatics is used in medi
cine for designing better treatments or in agriculture for improving crops. It can also benefit the
environment through the study of bacteria that
can digest waste.

What is the product of bioinformatics?
What Bioinformatics produces can be summar
ized into three main areas:
• databases that allow scientists to submit,
search and analyse information in a central
and globally accessible archive,
• analysis software for studying and comparing
different or related datasets,
• software for modelling, visualizing, exploring
and interpreting data.
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However, making sense and effective use of this
vast amount of data relies heavily on bioinfor
matics techniques. Over the years, bioinformatics
has been routinely applied to the analysis of gene
and protein sequence content (through alignment
procedures), the determination of functional and
structural domains in proteins, the prediction and
visualization of the three-dimensional structure
and folding processes of proteins, and the grouping of genes and proteins into structural and functional families. A number of high-throughput experimental technologies have recently emerged,
advancing our understanding of genome data.
These high-throughput technologies produce
ever increasing amounts and complexity of data,
so the need for high quality, targeted bioinforma
tics resources is more crucial than ever.
Transcriptomics
When genes are expressed, they are transcribed
into messenger RNA (the set of all messenger
RNAs in a cell is called the transcriptome) and
then translated into proteins. Microarray technologies were developed for the simultaneous
testing of the expression of thousands of genes
in a particular cell type. They are used in disease
studies: for example to compare the genes expressed in normal cells and tumour cells in order
to identify the genes that may play a role in cancer. Bioinformatics is critical for the storage and
analysis of data produced in these complex micro
array studies.
Proteomics
Proteins are the functional and structural mole
cules of a cell. They are large and complex, and
can fold up into distinctive three-dimensional
structures that determine their function. The set
of all proteins expressed in a cell is called its proteome, which changes continuously in response
to many internal and external signals. The proteome expressed in a cell is analysed using
techniques such as mass spectroscopy and twodimensional electrophoresis or liquid chromato
graphy, which are dependent on computational
techniques for data storage and for visual and
quantitative analysis.

Providing the tools for a scientific revolution
Following genomics, transcriptomics and proteomics, a series of similar new terms are now
being coined to describe similar systematic stud
ies undertaken with high-throughput technology.
For example, interactomics studies all identifiable
molecular interactions in a cell or organism (the
interactome), whilst metabolomics investigates
the collection of all metabolites in an organism
(the metabolome). Data coming from such stud
ies clearly complement one another. In fact, the
development of new experimental techniques
coupled with the parallel development of bioinfor
matics tools has revolutionized the way many
biologists approach research. The integration of
genomics, transcriptomics, proteomics or any
other so-called “omics” data provides the basis
of mathematical models that describe functional
networks of genes, proteins and other molecules.
This integrative approach, also known as systems biology, is radically changing the way in
which biological research is performed and will
lead to the discovery of new biological concepts
as well as provide a more complete picture of living
organisms.
Modelling
A central tool in systems biology is quantitative
modelling. The idea is to formulate mathemat
ically how certain biological units (like proteins or
transcripts) affect each other and then to simulate
the entire system using computer software. For
example, some proteins are known to induce or
suppress the transcription of others. A mathemat
ical model can use all the available information on
such interactions and therefore make predictions
on how unknown parameters may influence the
behaviour of the system. These predictions may
then be used for targeted experiments, either to
invalidate the model or to help refine its param
eters. Today such an approach has been applied
successfully to many small systems relevant for a
large variety of biological processes. Yet, modelling larger systems which depend on many interactions - potentially at different levels - is still very
challenging, and will require more precise meas
urements and novel analysis tools.

Conclusion
Today, access to bioinformatics resources has
become essential for life science researchers
whose competitiveness depends upon two indispensable skills: the ability to find critical information in online databases, and to use appropriate
software tools to analyse and interpret the data.
Guaranteeing online access to such resources, as
well as training and support from skilled bioinfor
maticians, is therefore increasingly in demand.

7

SIB Swiss Institute of Bioinformatics
SIB Profile 2013

The SIB Swiss Institute of Bioinformatics
Introduction
The SIB Swiss Institute of Bioinformatics is an
academic, non-profit foundation recognized of
public utility and was established in 1998. It is a
federation of bioinformatics research and service
groups from the major Swiss schools of higher
education, including the Universities of Basel,
Bern, Geneva, Lausanne, Fribourg, Lugano and
Zurich, the Swiss Federal Institutes of Technology
of Lausanne and Zurich, the Geneva School of
Business Administration, as well as independent
research institutes such as the Ludwig Institute
for Cancer Research and the Friedriech Miescher
Institute for Biomedical Research. It also works
closely with industrial partners.
SIB brings together Swiss bioinformatics skills
and experience. It coordinates bioinformatics research and education throughout Switzerland and
provides high quality bioinformatics resources to
the national and international research community.

SIB Vision and Missions

SIB
Mission 1

SIB
Vision

SIB helps shape the
future of life sciences
through excellence in
bioinformatics

To provide world-class
core bioinformatics
resources to the
national and
international life
science research
community

Strategic Goal 1

To provide core data
bases, software and
services worldwide, all
driven by excellence
in research

Strategic Goal 2

To provide key compe
tencies & research
support to the national
life science community

Strategic Goal 3

SIB
Mission 2

To lead and
coordinate the field
of bioinformatics in
Switzerland

To federate bioinfor
matics researchers
and foster collabor
ation and innovation
at the highest level of
scientific excellence.

Strategic Goal 4
To train first-rate
researchers

SIB Organization
Modelled on Switzerland’s federal structure, the
SIB Swiss Institute of Bioinformatics is a feder
ation of academic research and service groups
based in key locations in Switzerland: Basel,
Bern, Geneva, Lausanne, Fribourg, Lugano and
Zurich. SIB has a unique structure in that SIB
group leaders are senior academic staff of the
partner institutions, whilst a number of the scientists working within the groups are paid directly
by SIB. This relationship between the academic
world and SIB could be described as a form of
symbiosis, which is defined as “the relation between two different species of organisms that
are interdependent and in which each species
benefits from the other”. Each research group
8

carries out its own research and other activities
independently within its host institution. However,
research, provision of core resources and teaching are coordinated nationwide, thus greatly increasing each group’s efficiency. The research
groups also benefit greatly from the logistical
and organizational support of SIB’s management
team. In return, the Swiss universities and research institutes provide SIB members with the
infrastructure (office space, telephone lines, computer networks, and libraries) needed to perform
their tasks.
A proven model of intercantonal and
interinstitutional collaboration
Both SIB and the host institutions gain from many
intergroup synergies and from the national and
international recognition of the high quality of the
science produced. As a federation of research
groups, SIB offers a wider range of resources
and support than a single group is able to offer on
its own. Nationally, the Swiss government benefits
significantly from an organization that coordinates
and unites the activities and knowledge developed in the field of bioinformatics in Switzerland.
A driving force for Swiss Research
SIB members participate in many international research and infrastructure programmes. SIB has
also developed a number of important relationships with the industry. It has a privileged partner
ship with the company Geneva Bioinformatics
(GeneBio) SA, which is managing SIB’s Transfer
Technology Office, thus allowing SIB to obtain
funding through the commercial distribution of the
databases and software tools it produces.
SIB has always been known for its visionary approach to science. Well aware that medical care is
preparing itself for a revolution and that the future
of medicine lies in a more global approach to patients for more targeted and efficient therapies,
SIB has decided to be proactive and develop clinical bioinformatics in Switzerland.
A strong presence on the international
research scene
The demand for bioinformatics support is explod
ing and the need to coordinate all efforts in this
field is, more than ever, necessary. Many countries already have their national bioinformatics
centre, and Europe’s awareness of the need for
an international bioinformatics infrastructure is
embodied by ELIXIR, the European Life Science
Infrastructure for Biological information. Countries
participating in this project are currently investing
considerable means and developing their bio
informatics infrastructure. Switzerland acted as
a pioneer by establishing SIB 16 years ago, and
SIB will quite naturally act as Switzerland’s node
by sharing its experience and expertise with the
other member states (read more page 12).

Institutional members
• Swiss Federal Institute of Technology Lausanne
EPFL
• Swiss Federal Institute of Technology Zurich
ETH Zurich
• University of Basel
• University of Bern
• University of Fribourg
• University of Geneva
• Università della Svizzera Italiana, Lugano
• University of Lausanne
• University of Zurich
• Geneva School of Business Administration
• Ludwig Institute for Cancer Research
• Friedrich Miescher Institute for Biomedical
Research
• Geneva Bioinformatics (GeneBio) SA
• Hewlett Packard
SIB Groups
The 45 SIB groups are located in our partner institutes (see following pages).
SIB Affiliated groups
• Osirix – Osman Ratib
• SyBIT – Peter Kunszt
SIB-wide activities
• Clinical Bioinformatics – Jacques Beckmann
• SIB Technology Transfer Office – GeneBio SA
• Training and Outreach – Patricia Palagi
• SIB Technology – Heinz Stockinger

SIB Governance
The SIB Foundation Council
The Foundation Council is the highest organ of
SIB. It defines the aims of the Institute, appoints
Group Leaders and approves modifications to the
statutes as well as the budget and annual financial statements.
It is composed of:
President
• Prof. Felix Gutzwiller, Senator
Founding members
• Prof. Ron Appel, Executive Director, SIB and
University of Geneva
• Prof. Amos Bairoch, Group leader, SIB and
University of Geneva
• Dr Philipp Bucher, Group leader, SIB and EPFL
• Prof. Denis Hochstrasser, Vice-Rector, University of Geneva, Head of Genetic and Laboratory
Medicine department, Hôpitaux Universitaires
de Genève (HUG)
• Prof. C. Victor Jongeneel, Director, Bioinformatics and Biomedical Informatics, University
of Illinois at Urbana-Champaign
• Prof. Manuel Peitsch, Chairman, SIB Board
of Directors and Vice-President for Biological
Systems Research at Philip Morris International (PMI)
Ex officio members
• Prof. Karl Aberer, Vice-President for Information Systems, EPFL
• Dr Claire Baribaud, Director, Geneva School
of Business Administration

• Prof. Henri Bounameaux, Dean, Faculty of
Medicine, University of Geneva
• Prof. Edwin Constable, Vice-Rector of Research and Talent Promotion, University of Basel
• Mr Marc Filliettaz, General Manager, GeneBio
• Prof. Susan Gasser, Director, Friedrich Miescher
Institute for Biomedical Research (FMI)
• Prof. Nouria Hernandez, CIG Director, Faculty
of Biology and Medicine, University of Lausanne
• Prof. Piero Martinoli, President, Università della
Svizzera Italiana
• Prof. Andreas Mayer, Vice-Dean, Faculty of
Biology and Medicine, University of Lausanne
• Prof. Philippe Moreillon, Vice-Rector, University of Lausanne
• Prof. Roland Y. Siegwart, Vice-President Research and Corporate Relations, ETH Zurich
• Prof. Pierre Spierer, University of Geneva
• Dr Robert L. Strausberg, Executive Director
of Collaborative Sciences, Ludwig Institute for
Cancer Research (LICR)
• Prof. Martin Täuber, Rector, University of Bern
• Prof. Guido Vergauwen, Rector, University of
Fribourg
• Prof. Daniel Wyler, Vice-Rector, Medicine and
Natural Sciences, University of Zurich.
• Hewlett Packard, vacant
Co-opted Members
Prof. Manolo Gouy, C.N.R.S., Université Claude
Bernard - Lyon 1, France, Chairman of the SIB
Scientific Advisory Board
The Board of Directors
The Board of Directors takes all the measures
necessary to achieve the aims of the Institute, and
defines its scientific strategy, internal procedures
and the core bioinformatics resources which are
to be maintained.
It is composed of:
• Ms Martine Brunschwig Graf, Former National
Councillor
• Prof. Manuel Peitsch (Chairman), Vice President
for Biological Systems Research at Philip
Morris International (PMI)
• Prof. Torsten Schwede, SIB Group Leader and
University of Basel
• Prof. Christian von Mering, SIB Group Leader
and University of Zurich
• Prof. Ron Appel, SIB Executive Director and
University of Geneva
The Council of Group Leaders
The Council of Group Leaders discusses general
questions of importance to all SIB groups. It is
composed of the Executive Director, the Group
Leaders and the Affiliate Group Leaders.
Honorary Members
• Ms Christiane Langenberger, Former Senator,
Honorary President of the SIB Foundation
Council
• Dr Johannes R. Randegger, Former National
Councillor, Honorary President of the SIB
Foundation Council
• Prof. Ernest Feytmans, Honorary Director.
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The SIB Swiss Institute of Bioinformatics (continued)
Core bioinformatics resources

SIB-wide activities

SIB offers a wide range of resources for the life
science research community, most being accessible
through ExPASy, the SIB bioinformatics resource
portal. They include:
Databases
SIB develops and maintains databases of international standing, including UniProtKB/Swiss-Prot
(curated protein sequence database providing a
high level of annotation), neXtProt (human-centric protein knowledge platform), SWISS-MODEL
Repository (three-dimensional protein structure
models), STRING (protein interaction networks for
Systems Biology), SwissRegulon (genome-wide
transcription regulatory networks), Eukaryotic
Promoter Database (EPD), SWISS-2DPAGE (2D
gel database), WORLD-2DPAGE Repository (2D
gel repository), MirZ (small RNA expression atlas), clipz (databases of binding sites of RNAbinding proteins), PROSITE (protein families and
domains), MyHits (protein sequences and motifs),
CleanEx (gene expression data), Bgee (data on
gene expression evolution), OpenFlu (influenza
database), OrthoDB (the hierarchical catalogue
of eukaryotic orthologs), miROrtho (the catalogue
of animal microRNA genes), OMA (Orthology
MAtrix), ImmunoDB (insect-immune-related gene
families), ViralZone (portal to viral UniProtKB
entries), GlycoSuiteDB (Glycan database) and
Sugarbind (pathogen sugar-binding database).
Software tools
SIB develops and supplies software and platforms for the global life science research community, such as SWISS-MODEL (protein structure homology modelling), SwissDock/EADock
(ligand docking), ISA (integrative bi-clustering
tool), PPA (coupled modularization of several
datasets), Melanie (2D gel analysis platform),
MSight (LC-MS imaging and analysis software),
DeepView / Swiss – PdbViewer (protein visualization, modelling and analysis), Newick utilities
(high-throughput phylogenetic tree processing)
and Systems Biology Tools.
Core facilities
SIB manages several bioinformatics core facilities
that provide informatics and statistical support, as
well as services and advice to life scientists, thus
enabling them to conduct their research projects
and analyse the resulting data. Core facilities
have been set up for genomics, transcriptomics
and proteomics research.
SIB maintains the Vital-IT High Performance
Computing Centre that provides computational
resources, development support and bioinforma
tics consultancy to the life science community in
the Western part of Switzerland – both in academia and industry.
SIB also supports the [BC]2 Basel Computational
Biology Centre, which is the scientific highperformance computing infrastructure for the life
science community in the Basel area.
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From left to right: Jacques Beckmann, Daniel Lew,
Marc Filliettaz, Patricia Palagi, Heinz Stockinger

Clinical Bioinformatics
There has always been interaction between the
fields of medicine and biology, but never before
has it been so strong. This is mainly due to the
emergence of cost-effective, high-throughput datagenerating equipment that is present in numerous areas: from imaging to genomics. In less than
a decade, it is more than probable that clinicians
will be confronted with whole genome sequencedata for a given patient. Not to mention other
types of data such as longitudinal epigenetics,
RNA-Seq and protein expression data for a number of tissues and conditions, as well as metabol
omics data and possibly a flurry of additional
types (such as multi-site metagenomic data) that
we are currently unable to anticipate. Clinical
utilization of the ensuing data tsunami poses
novel technical, analytic, technological, educational and ethical challenges not only to clinicians
in tertiary or primary care, but also to scientists.
Consequently, SIB has decided to be proactive by
developing a new sector of clinical bioinformatics,
under the leadership of Jacques Beckmann, to
facilitate such interactions and developments.
Since clinical bioinformatics is a discipline encompassing many health aspects, notably gen
etic diagnosis and the microbiome, Prof. Daniel
Lew has accepted to assist SIB and Jacques
Beckmann as a consultant to help them integrate
this parameter. Daniel Lew is an MD specialized
in Clinical Infectious Diseases and Honorary
Professor of Medicine at the University of Geneva
Medical School.
SIB Technology
Heinz Stockinger, SIB Chief Technology Officer
(SIB CTO), is in charge of optimizing the coordination of all technology related activities within
SIB and across SIB groups. He also represents
our Institute within ELIXIR and supervises the implementation of all technological aspects.

SIB Technology Board
The Technology Board is composed of some of
the major stakeholders involved in infrastructure and training, namely Patricia Palagi, Torsten
Schwede, Ioannis Xenarios, as well as the SIB
CTO and Executive Director. This board is also
the advisory body for ELIXIR-related matters,
helping us to shape this new and challenging
venture.
SIB Technology Transfer Office - GeneBio
With 45 different groups spread across Switzer
land and expertise that covers a broad spectrum of application fields, SIB today occupies a
pivotal hub position in bioinformatics innovation
in Switzerland. The SIB Technology Transfer
Office’s mission is to showcase, manage and
transfer SIB knowledge and know-how so that
the scientific community can benefit from SIB’s
many innovations.
The Technology Transfer Office (TTO), headed
by Marc Filliettaz, strives to enhance the scientific and industrial visibility of SIB innovation by
assisting SIB members in their contacts with
external partners. By working closely with SIB’s
Group Leaders to increase the product/service
offering based on their respective innovations,
the TTO also ensures additional income to consolidate SIB’s widespread research and service
mandates.

students in bioinformatics a set of cutting-edge
courses that provide both the theoretical and practical knowledge necessary to work on a successful
PhD research project in bioinformatics; 2) to foster
the development of a network of PhD students and
promote the exchange of ideas, as well as the mobility of students among participating institutions.
Outreach
Another of SIB’s concerns is to bring bioinformatics to the layman. We believe that it is important
for each and every person to understand the
growing importance of this relatively new science
in today’s society. Indeed, in the not-too-distant
future, patients will be referring to results directly
generated by bioinformatics methods. Since the
year 2000, SIB has taken part in numerous science fairs, created two online magazines and a
virtual exhibition Chromosomewalk.ch.
The SIB Fellowship programme
To help create the pool of excellence that life
science researchers will need to cope with the
increasing amount of data, SIB launched its
Fellowship programme in 2012. Thanks to the
generous support of committed partners, the best
students chosen worldwide have the possibility
of carrying out their PhD research in one of the
Institute’s groups (more on page 14).

Training and Outreach
It is essential to train the next generation of bio
informaticians and to ensure that life scientists
make the best of bioinformatics and SIB resources.
SIB plays a federating and coordinating role in
training and outreach, both in Switzerland and
internationally.
The team
SIB training and outreach goals are defined
and met with the help of three internal bodies.
The Training and Outreach Group (TOG), under
the leadership of Patricia Palagi, is in charge of
executing the SIB training and outreach activities specified in the SIB Training Mandate. The
Training and Outreach Committee (TOC) is the
decision-making body for Training and Outreach
activities. It is composed of the Group Leaders of
the groups most involved in professional training
at SIB. The Training Advisory Committee (TAC) is
the general assembly of stakeholders, which acts
as the advisory body providing recommendations
to the TOC and the TOG.
Involvement at all educational levels
One of SIB’s priorities is to promote and coordinate
education in bioinformatics. SIB members are dir
ectly, or indirectly, involved in a number of bioinformatics courses at all educational levels – from high
school to undergraduate and graduate schools –
as well as in specialized training for life scientists.
SIB also promotes a PhD Training Network in bioinformatics, which is open to graduate students at
Swiss schools of higher education. The objectives
of this network are two-fold: 1) to offer graduate
11

SIB Swiss Institute of Bioinformatics
SIB Profile 2013

2013 in review: Highlights
SIB’s celebration of 15 years of success

On 30 March, SIB officially turned 15. A birthday
that SIB celebrated throughout the year with different events.

A tribute to the talent and dedication of
SIB Members
SIB Members opened the series of festivities during the Institute’s 8th annual internal meeting – the
SIB Days – in Biel/Bienne, on 28 and 29 January,
with nearly 400 members and 40 guests. An Israeli
delegation, as well as 10 young scientists who had
been selected to attend the first “SIB Open House”,
were also invited. To illustrate the collaboration
and coordination among all bioinformatics groups,
our members created a huge 40-piece puzzle. On
each piece, they used their artistic skills to represent SIB and bioinformatics, and then all the
pieces were assembled into a masterpiece.

New SIB Groups

From five groups at its inception, SIB has been
growing exponentially ever since. And in 2013
alone, eight new groups joined the Institute:
• Rémy Bruggmann, Interfaculty Bioinformatics
Unit, University of Bern
• Matteo Dal Peraro, Laboratory for Biomolecular
Modelling, EPFL
• Bart Deplancke, Laboratory of Systems Biology
and Genetics, EPFL
• Laurent Falquet, Department of Biology,
University of Fribourg
• Jacques Fellay, Global Health Institute, School
of Life Sciences, EPFL
• Zoltán Kutalik, Medical Genetics, UNIL
• Patrick Ruch, Bibliomics and Text Mining, HEG
Geneva School of Business Administration
• Daniel Wegmann, Department of Biology,
University of Fribourg

SIB on the international
bioinformatics scene
ELIXIR
Decisive milestones were reached in 2013
for the implementation of ELIXIR. At the end
of October, Switzerland’s State Secretary for
Education, Research and Innovation, Dr Mauro
Dell’Ambrogio, signed the ELIXIR Consortium
Agreement for the establishment of ELIXIR. And
on 18 December, after the fifth country had signed
the agreement, ELIXIR became an independent
legal entity and was officially launched in Brussels.

Members and guests had the pleasure of listening to Dr Gregor Haefliger, Head of National
Research and Innovation, State Secretariat for
Education, Research and Innovation (SERI), who
gave a talk about the importance of SIB within
Swiss research – an important and encouraging
message for all SIB members. At the Conference
dinner, the acknowledgement of everyone’s efforts was highlighted by a party and a birthday
cake, which was cut by five of SIB’s founding
members: Philipp Bucher, Joel Sussman, Amos
Bairoch, Ernest Feytmans and Ron Appel.
Anniversary conferences
The 15th anniversary was an occasion to thank
our partner institutes for their unwavering support
and also the opportunity to keep them informed
about SIB’s latest developments. A series of
four special conferences, organized in Basel,
Geneva, Lausanne and Zurich from September
to November brought together key stakeholders
in bioinformatics from Swiss schools of higher
education, research institutes and industry. SIB
presented its current research activities and
focused on the challenges that will be faced by all
actors in the medical field in the years ahead, such
as clinical bioinformatics for optimized patient
care. The next generation of bioinformaticians also
had a place of honour in these local celebrations,
which provided occasions to officially introduce
the first six laureates of the SIB Fellowship
programme.
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SIB, the Swiss node of ELIXIR
SIB acts as the Swiss node of ELIXIR. In many regards, SIB will be a key asset in the establishment
of this pan-European bioinformatics infrastructure, be it through access to its world renowned
and widely used core resources, its long years of
expertise in most bioinformatics areas or its ex
perience in bioinformatics teaching activities.
China
With a view to discussing possible collabor
ations, an SIB delegation went to Shanghai from
7 to 10 January to meet scientists from different
life science and bioinformatics organizations.
This visit included the Shanghai Institutes for
Biological Sciences, the Center for Bioinformation
Technology, the Chinese Novartis Institute of
Biomedical Research and the Chinese Academy
of Medical Sciences.

Israel
SIB organized the second Swiss-Israel Symposium.
Following a first gathering with our Israeli colleagues in Rehovot in January 2011, our Institute
had the pleasure of welcoming guests from the
Weizmann Institute of Science, the Hebrew Uni
versity of Jerusalem and the Tel Aviv University.
A full-day session gave rise to interesting exchanges on their respective current research projects. The symposium was organized at the end
of January in Biel/Bienne just after the SIB Days
so that our guests also had the opportunity to participate in this event and interact with a majority of
SIB members.

Always one step ahead in the field of health
AgedBrainSysBio
In March, SIB announced its participation in a
recently launched Ageing Systems Biology project (AgedBrainSysBio), a European collaborative research project funded by the European
Commission under the Health Work Programme
of the 7th Framework Programme. The consortium,
which brings together 14 academic and industrial
partners from different countries, will combine efforts to study human brain ageing and Alzheimer’s
disease, the most common type of dementia, a
chronic and neurodegenerative disease, for which
no cure exists.
Swiss Integrative Center for Human Health
The creation of the Swiss Integrative Center for
Human Health, SICHH was announced in April.
Initiated by the University of Fribourg and headquartered in Fribourg, this public-private partnership aims to provide companies, scientists and
clinicians with advanced equipment and highly specialized skills in the areas of medical technology
(MedTech), biotechnology (BioTech), pharma
ceuticals and all areas related to human health.
Occupying over one thousand square metres, the
centre offers specialized expertise and equipment
to its users. SIB, through its Competence Center
Vital-IT, is part of this venture.
First Swiss non-invasive prenatal test
SIB, Fasteris and Medisupport announced in
October the success and commercialization of
the first Swiss non-invasive prenatal test. SIB’s
Vital-IT team developed the algorithm which allows
the detection of the most frequent trisomies from
a mother’s blood sample. This test is a concrete
example of how bioinformatics can make a direct
contribution to health.

Other research highlights
January
Research carried out on a particularly devastating
species of ant – the fire ant – by biologist Laurent
Keller at the University of Lausanne and SIB
members, demonstrated that differences in colony
organization were caused by a “social chromosome”. The results of the research were published in the journal Nature.
February
SIB, Geneva Bioinformatics (GeneBio) SA and
Quartz Bio announced the establishment of a
long-term collaboration under which they will cooperate in order to develop, use and jointly promote MegaClust, the SIB platform for the analysis
of flow cytometry data.
March
The Leenaards Foundation awarded two projects in translational biomedical research, one of
them supporting SIB Group Leader Zoltán Kutalik,
Pierre-Yves Bochud (UNIL-CHUV), Christian Van
Gelden (HUG and UNIGE) and Oscar Marchetti
(UNIL-CHUV) who will combine their expertise to
find new approaches in the diagnosis and treatment of fungal infections.
SIB has been commissioned by the Food and
Agriculture Organization of the United Nations
(FAO) and the International Atomic Energy Agency
(IAEA) joint program to produce an e-learning module on the phylogenetics of viral pathogens of domestic animals to train veterinarians and biologists.
October
The 2013 Chemistry Nobel Prize was awarded to
pioneers in Molecular Modelling. Martin Karplus
(Strasbourg and Harvard Universities), Michael
Levitt (Stanford University) and Arieh Warshel
(University of Southern California) made innovative and major contributions to the development
of computational methods to investigate the biophysics, dynamics and structure-function relationship of biological macromolecules. Olivier
Michielin and Vincent Zoete, co-leaders of the SIB
Molecular Modelling Group in Lausanne, did their
PhD and Postdoctoral studies in Martin Karplus’
labs at Strasbourg and Harvard universities and
much of their work is directly inspired by their experience in Prof. Karplus’ labs.
SIB Awards
The 11th Computational Biology Conference took
place in Basel on 4 and 5 July. During this event, SIB
announced the winners of the 2013 SIB Awards.
Anamaria Necsulea received the SIB Young
Bioinformatician Award for her work on “The evolution of vertebrate tissue transcriptomes”, which
she carried out in the SIB Functional Evolutionary
Genomics Group led by Henrik Kaessmann. The
SIB Best Graduate Paper went to two co-winners: Salvica Dimitrieva, honoured for her work,
“Genomic context analysis reveals a dense interaction network among vertebrate ultraconserved non-coding elements” and Charles Vejnar for
his paper, “miRmap: comprehensive prediction of
microRNA target repression strength”.
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2013 in review: Highlights (continued)
SIB Fellowhip programme
To analyse, visualize and interpret the increasing
amount of life science data, there is a fast-growing
need for specialized well-trained bioinformaticians.
In 2012, SIB launched its Fellowship programme
to train a selection of outstanding bioinformatics
students and promote bioinformatics research
for the life sciences. Our institute received 108
applications, 50% of which were from women.
Thanks to the generous support of the University
of Lausanne, the University of Geneva, the
University of Zurich, the Leenaards Foundation,
the Swiss Foundation for Excellence and Talent in
Biomedical Research and SystemsX.ch, six students were able to start their PhDs in 2013 in the
SIB groups.

• Christos Dimitrakopoulos has started his
PhD research on statistical models and efficient algorithms for the integrated analysis of
molecular and clinical data and on models of
the dynamics of genetic tumour progression
(SIB Computational Biology Group, supervised by Niko Beerenwinkel at the ETH Zurich,
with the SystemsX.ch fellowship).
• Franziska Gruhl has started her PhD research
on bioinformatics analyses of tissue transcriptome evolution and its regulatory/genetic foundation in mammals and other tetrapods to
understand the molecular basis of phenotypic
evolution (SIB Functional Evolutionary Genomics Group, supervised by Henrik Kaessmann at
the University of Lausanne, with the Leenaards
Foundation fellowship).
• Malgorzata Nowicka is working on statistical
methods for discovering changes in mRNA
splice preferences using various types of highthroughput data (SIB Statistical Bioinformatics
Group, supervised by Mark Robinson at the
University of Zurich, with the University of Zurich
fellowship).
• Prisni Rath is carrying out her PhD research
on patterns of genomic aberrations in cancer
samples, to identify their impact on functional
motifs and individual cancer pathophysi
olo
gies (SIB Computational Oncogenomics and
Vital-IT Groups, supervised by Michael Baudis
at the University of Zurich and Ioannis
Xenarios at the University of Lausanne, with
the University of Lausanne fellowship).
• Gabriel Studer is developing efficient algorithms for structural modelling of proteins and
complexes using information from multiple hom
ologous structures and statistical models of
protein structure features and properties (SIB
Computational Structural Biology Group, supervised by Torsten Schwede at the University of
Basel, with the Swiss Foundation for Excellence
and Talent in Biomedical Research fellowship).
• Jannik Vollmer is combining computational
modelling and experimental approaches to
understand how spatial structures are controlled and generated during embryonic development (SIB Computational Biology CoBi
Group, supervised by Dagmar Iber at the ETH
Zurich, with the SystemsX.ch fellowship).

From left to right: Franziska Gruhl, Jannik Vollmer,
Malgorzata Nowicka, Prisni Rath,
Christos Dimitrakopoulos and Gabriel Studer
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The next call for applications will be in September
2014. If you are interested in supporting a PhD student and the SIB Fellowship programme, please
contact Melissa Davies, Head Partnerships &
Development (melissa.davies@isb-sib.ch).

Training and Outreach
Training
SIB coordinates and provides professional training to the Swiss and international community.
Current and new bioinformatics techniques, computational biology methods, statistics and next
generation sequencing analysis are some of the
topics proposed in our portfolio. In 2013, we organized and taught 19 short workshops (from
one to two days) and 11 long block-courses (from
three to five days) on key bioinformatics and stat
istics topics, training more than 740 participants.
Overall, the SIB courses are much appreciated
and receive very positive feedback. Last year, we
started a new cycle of courses in which one general bioinformatics theme is approached focussing
on the efficient use of related SIB resources. The
first of the series, “SIB Protein Bioinformatics”,
combined proteomics topics using SIB resources
such as UniProtKB, NeXtProt and String, 3D structure analysis and modelling topics using SWISSMODEL, Swiss-PdbViewer, SwissDrugDesign
and SwissDock as well as the ExPASy portal.
SIB PhD Training Network
The SIB PhD Training Network (TN) specifically
targets Swiss bioinformatics and computational
biology PhD students. The network gives graduate students theoretical and practical training on
selected current and emerging hot topics in bio
informatics and the most up-to-date methods ne
cessary for their doctoral research. The network
also fosters interactions among students. In 2013,
we have organized:
• three workshops: “Bioinformatics in the Chalet”,
“Best practices in programming”, and “Critical
Thinking, Communication, and Collaborative
Skills for Scientific Research”;
• two long courses: “The SIB/NBIC Winter School:
At the intersection of bioinformatics and medicine” and the course on Markov processes;
• and the annual PhD TN retreat.
Outreach
To explain the role of bioinformatics to a diversified audience, we released the German version of
our virtual exhibition Chromosomewalk.ch, which
was already available in French and English.
Chromosomewalk.ch has been viewed more than
6,800 times since its creation in 2012.

other sequences, which allowed to identify the organisms. They could then place their sequences
in the tree of life to see the diversity of organisms
that can be found in a pizza. With this simple activity, concepts like sequence alignment, biological databases and phylogenetics were introduced
playfully.

International involvement
At the international level, SIB became an institutional member of GOBLET (Global Organisation
for Bioinformatics Learning, Education & Training).
GOBLET is meant to become an umbrella organ
ization for training and pedagogical excellence.
The objective is to coordinate worldwide bioinformatics training initiatives, organize international
events, acquire funds to support activities and to
establish a joint-based portal for training information and tools. Patricia Palagi was elected chair
of the Fundraising Committee and Marie-Claude
Blatter head of the Train the Teachers task force.
Reorganization of the SIB Education team
To better reflect SIB’s missions, and maximize
efforts and effectiveness, the education system
at SIB was reorganized. SIB Education was renamed “Training and Outreach” and three bodies were created to help define and implement
SIB’s future Training and Outreach strategy:
the Training and Outreach Committee (TOC),
the Training Advisory Committee (TAC) and the
Training and Outreach Group (TOG).

Various workshops for high school students and
activities for kids were also organized during the
year, engaging more than 550 people in a “dialogue” with bioinformatics.
A highlight in SIB’s outreach activities of the year
was a bioinformatics workshop during the science
fair of the University of Lausanne, Les “Mystères
de l’UNIL”. On this occasion, SIB invented a re
creational activity (around a pizza!) to show how
genetics and bioinformatics can help food and
organism (bacterial, plant, animal...) traceability.
Visitors became “pizzaiolos”; they could pick up
unknown DNA sequences from a choice of pizza
ingredients and compare them with a range of
15
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SIB Financial Statement

Increase in the number of SIB employees (FTE)
180

30

Administration

Total Expenses
24.20
24.00

24.00
23.10

20.74
19.86

15.35
15.15

14.77
14.79

13.53

15

7

27
80

8
14

8

4

64

9

63

52

1
8
33

11.99

12.62
13.25

11

100

9.42
10.18

10.83

5

9

140

38

30

25

16

7
60
1
8

10
75

40

4.98

3

10

120

4.06

5

54

55

62

67

64

70

81

78

68

45

20

38

1
28
19

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

In 2013, the total income of SIB groups reached CHF 61.5 million, of which 24.2 were managed by
SIB, and 37.3 were managed by the groups’ respective institutions, as indicated in the table below(*).
Funds managed
by the partner
institutions

Funds managed
by SIB

• Swiss governement (article 16)
• SNSF and European Funds
• NIH
• SystemsX.ch
• Industry
• Universities and Hospitals
• Other
Expenditures :
• Wages and expenses
• Facilities and functioning

in CHF
millions

%

in CHF
millions

9.0
3.4
2.7
2.1
2.2
1.8
3.0

37.2
14.0
11.2
8.7
9.1
7.4
12.4

9.3
0.1
3.6
1.0
22.0
1.3

Total number
of grants/
contracts

0

11
11
11
10
9
4
9
8
8
8
8
7
6
4
3
1
2
1
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Number of employees with an SIB contract
and total members in 2013
700

79
2
35
7

600

620

500
400
300
200

85.1
14.9
24.2

37.3

(*) These figures are subject to the approval of the Foundation Council.
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Zurich

8

0.91
0.20

0

Basel

3

2.78

5

Lausanne

10

7.39

6.76

10

14.12
13.93

18.47
17.48

20

20.30
19.50

22.70

25

15

Geneva

160
24.70

Total Income

100
0

166

188

FTE

SIB employees

(Full Time Equivalent)

Total SIB Members
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Research and Service activities
The following section presents each group that
is part of SIB, and the research which is carried
out. In 2013, there were 620 scientists in 45
different groups. Scattered across the three main
linguistic regions of Switzerland – German, French
and Italian – the groups are located in seven of
the country’s major cities: Basel, Bern, Fribourg,
Geneva, Lausanne, Lugano and Zurich.
Because of its nature, SIB is a “crazy paving”
of research groups and scientists, which belong
to academic institutions. What is more, some
of these groups receive SIB funds while others
do not. SIB groups are supported by various
other funds, as summarized in the table page 16,
which illustrates the quality and renown of their
activities. The quality of their research is also
illustrated by their publications, some of which
can also be discovered in the following pages.
To make things as clear as possible, the groups
are introduced according to their geographical
location, and then in alphabetical order. The aim
is to give a full picture of all SIB groups.

About 20 SIB Core resources are
supported by the Swiss government
• Vital-IT, bioinformatics competence center that
supports and collaborates with life scientists
inside and outside Switzerland

Basel

• Basel Computational Biology Center [BC]2,
an integrated center for High Performance
computing in the life sciences, which provides
compute resources, know-how and expertise
to projects in the Basel area
• UniProtKB/Swiss-Prot, a high quality annotat
ed and non-redundant protein sequence data
base, which brings together experimental results,
computed features and scientific conclusions
• Prosite, a database of protein domains, families
and functional sites

University of Basel

• Melanie, 2D gel analysis platform

 Computational Biophysics
Simon Bernèche

• Biostatistics Service, statistical bioinformatics
methods: consulting, training & data analysis
• neXtProt, human-centric protein knowledge
platform
• SWISS-MODEL, fully automated protein struc
ture homology-modelling server

 Genome Systems Biology
Erik van Nimwegen

• STRING, database of known and predicted
protein interactions

 Computational Structural Biology
Torsten Schwede

• SwissRegulon, webportal with information and
tools for the analysis of genome-wide regulatory
networks

 RNA Regulatory Networks
Mihaela Zavolan

• SwissDock/EADock & SwissDrugDesign,
ligand docking

D-BSSE, ETH Zurich

• EPD, Eukaryotic Promoter Database
• New systems biology tools
• OrthoDB, hierarchical catalogue of eukaryotic
orthologs
• OMA (Orthology MAtrix), database on orthology
• Bgee, database on gene expression pattern
comparison
• ViralZone, portal to viral UniProtKB entries
• GlycoSuiteDB, glycan database
• Sugarbind, sugar binding database
These and more than a hundred other resources
are accessible via ExPASy, SIB’s Bioinformatics
Resource portal www.expasy.org

 Computational Biology
Niko Beerenwinkel
 Computational Biology
Dagmar Iber
 Scientific IT Services
Bernd Rinn
 Computational Systems Biology
Jörg Stelling
Friedrich Miescher Institute
 FMI Computational Biology
Michael Stadler
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Niko Beerenwinkel

Simon Bernèche

Computational Biology Group

Computational Biophysics Group

What do they do?

What else do they do?

What do they do?

The group has four main focuses: 1) Computational
biology and bioinformatics, 2) medical systems
biology and computational medicine, 3) statistical
methods for high-throughput molecular profiling
data, and 4) evolutionary dynamics of cancer and
pathogen populations.

Noteworthy publications

The group focuses on elementary mechanisms
of protein folding, permeation and gating mechanisms in ion channels, transport mechanisms in
passive and active transporters, and stochastic
simulation of membrane activity on a mesoscopic
scale.

Niko Beerenwinkel and his team develop and apply
statistical methods and efficient algorithms for analysing high-throughput molecular data. Their goal
is to predict the effect of genetic alterations and to
support the diagnosis and treatment of diseases.

QuasiRecomb
QuasiRecomb is an efficient implementation of a
statistical method for the analysis of within-host
heterogeneous virus populations. Because of
abundant sequencing errors and of recombinant
viruses, this tool is essential for the reliable detection of all viral variants present within individual
patients, and hence for improved diagnosis and
prediction of response to antiviral therapy.

2013 Highlights

QuasiRecomb has been optimized for deepcoverage sequencing experiments, extended to
paired-end data, and has been shown to outperform other viral quasispecies assembly tools.
mutation

recombination

master
sequences
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The group is also involved in teaching. It offers
full courses on Evolutionary Dynamics, Systems
Biology, Bioinformatics, and Statistical Models in
Computational Biology, as well as lectures and
one-day block courses, including Introduction to
Mathematical Modelling, Computational Cancer
Genomics, and Probabilistic Graphical Models.
• Beerenwinkel N, Montazeri H, Schuhmacher
H, Knupfer P, von Wyl V, Furrer H, Battegay
M, Hirschel B, Cavassini M, Vernazza P,
Bernasconi E, Yerly S, Böni J, Klimkait T,
Cellerai C, Günthard HF, and the Swiss HIV
Cohort Study. The individualized genetic barrier
predicts treatment response in a large cohort of
HIV-1 infected patients. PLOS Computational
Biology, 9(8): e1003203, 2013.
• Töpfer A, Zagordi O, Prabhakaran S, Roth V,
Halperin E, Beerenwinkel N. Probabilistic inference of viral quasispecies subject to recombination. Journal of Computational Biology
2013, 20(2):113-123.
• Mohammadi P, Desfarges S, Bartha I, Joos B,
Zangger N, Muñoz M, Günthard HF,
Beerenwinkel N, Telenti A, Ciuffi A. 24 hours
in the life of HIV-1 in a T cell line. PLOS
Pathogens 2013, 9(1):e1003161, 2013.

Figure legend

Schematic representation of a virus population
(called viral quasispecies) with a few genetically
very different and dominant variants (master sequences), and a swarm of less frequent variants,
generated by mutation and recombination. Each
dot represents one variant and the diameter reflects its frequency.

Simon Bernèche and his group use molecular
mechanics and statistical physics approaches to
understand how the functions of proteins emerge
from their tri-dimensional structure. They are especially interested in the mechanisms that regulate ion permeation in K+ channels and the resulting impact on neuron signalling.

Self-learning conformational sampling
for molecular simulations

Using an iterative process, this automated protocol finds the most probable states of a molecular
system according to predefined degrees of freedom, and calculates the associated free energy.
The resulting free energy landscape is the main
physical quantity that underlies protein function
and gives the opportunity to relate macroscopic
observables to microscopic structures.

2013 Highlights

In 2013, the self-learning sampling approach was
notably used to elucidate the mechanisms that
regulate ion permeation in K+ channel pores. The
efficiency and flexibility of the tool allowed the
group to run calculations under different conditions for a number of key channel mutants based
on a series of experimental X-ray structures. The
calculations revealed that, contrary to what was
expected, the selectivity filter of K+ channels contribute to activation gating, i.e. to the response to
external stimuli.

Noteworthy publications

• Demirci E, Junne T, Baday S, Bernèche S,
Spiess M. Functional asymmetry within the
Sec61p translocon. Proc Natl Acad Sci USA
2013;110(47):18856-61.
• Baday S, Wang S, Lamoureux G, Bernèche
S. Different Hydration Patterns in the Pores
of AmtB and RhCG Could Determine Their
Transport Mechanisms. Biochemistry 2013;52
(40):7091-8.
• Wojtas-Niziurski W, Meng Y, Roux B, Bernèche
S. Self-Learning Adaptive Umbrella Sampling
Method for the Determination of Free Energy
Landscapes in Multiple Dimensions. J. Chem.
Theory Comput. 2013;9(4):1885-95.

Figure legends
Free energy calculations show that Ca2+, but not
Mg2+, binds to the selectivity filter of a K+ channel and favours its inactivation. A) Free energy of
ion configurations as a function of K+ ion positions
(z12) and Ca2+ or Mg2+ (z3), relative to the centre of
mass of the selectivity filter (protein) atoms. Ca2+,
but not Mg2+, occupies an energy well located at
S5 (z3=-7.5 Å), with K+ ions driven toward the extracellular end of the selectivity filter (z12=3.5 Å).
B) Illustration of the different ion occupancy states
with K+ ions (purple) and divalent Ca2+ or Mg2+
ions (turquoise).
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Dagmar Iber

Erik van Nimwegen

Computational Biology Group

What do they do?

Dagmar Iber and her team focus on the development of quantitative and predictive models of
biological signalling networks to gain a greater
understanding of the dynamics and evolution
of cellular signalling. All projects are carried out
with experimental groups to ensure that quantitative data is available and that model predictions
can be tested. Validated models are then used
to investigate the biological system, as well as to
address more general questions regarding the
evolution and the design of cellular signaling networks.
Higher forms of life emerge from a more sophisticated use of often-conserved signalling pathways. The resulting cellular signalling networks
are too complex to grasp by verbal reasoning
alone. Computational models integrate biological
knowledge into a framework that permits the efficient generation of testable hypotheses and an
integrative understanding of biological networks.

Genome Systems Biology Group

Noteworthy publications

• Bächler M*, Menshykau D*, De Geyter C and
Iber D (* shared first authors). Species-specific
differences in follicular antral sizes result from
diffusion-based limitations on the thickness
of the granulosa cell layer. Molecular Human
Reproduction 2014;20, 208-221.
• Tanaka S, Iber D. Inter-dependent tissue
growth and Turing patterning in a model for
long bone development. Physical Biology, 10:
056009.
• Iber D, Menshykau D. The Control of Branching
Morphogenesis. Open Biology, 3: 130088.

Dagmar Iber and her group are particularly interested in the mechanisms that enable the spatiotemporal control of developmental processes
in the growing embryo, and focus mainly on
problems in branching morphogenesis, limb and
brain development, and in the establishment of
the body axes. The group increasingly carries out
image-based modelling using developmental sequences of 3D images to simulate their in silico
models on realistic embryonic domains.

Simulation framework

The group is developing a simulation framework
for the simultaneous spatio-temporal simulation
of signalling networks and tissue dynamics.

2013 Highlights

In 2013, the Iber group developed spatio-temporal
models to address a number of important questions in developmental biology. Among others,
the group showed that diffusion limitations can
explain why larger animals have increasingly
larger ovarian follicles such that fluid-filled ovarian follicles reach 1000-fold the size of the oocyte
that they mature.
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Figure from: Iber D, Tanaka S, Fried P, Germann P,
Menshykau D. Simulating Tissue Morphogenesis
and Signaling. Springer Book Series: Methods
in Molecular Biology. Book Title: Tissue Morpho
genesis: Methods and Protocols. Editor: Celeste
Nelson, in press.
http://arxiv.org/pdf/1305.5922v1.pdf

What do they do?

Erik van Nimwegen’s group uses both theoretical
and experimental approaches to study the function and evolution of the regulatory networks that
cells use to control the expression of their genes.

What else do they do?

For the past two years, the group has been working on two new resources which are now online:
Realphy and Crunch.

SwissRegulon
The SwissRegulon web portal provides information and tools for the analysis of genome-wide
transcription regulatory networks, in organisms
ranging from E.coli to human. Besides genomewide annotations of regulatory sites, the group’s
ISMARA web server allows researchers to model
automatically their own microarray, RNA-seq, or
ChlP-seq data in terms of the group’s predicted
regulatory sites.

Realphy provides an automated method for reconstructing phylogenetic trees of related species
directly from raw next-generation sequencing
data. Crunch is a system for completely automated analysis of ChlP-seq data. Starting with
raw sequencing reads, Crunch not only performs
quality control, read mapping and peak detection
– using a new Bayesian methodology – but also
performs extensive regulatory motif analysis, by
identifying both novel and known regulatory motifs which, together, offer the best explanation for
the observed ChlP-seq signals.
Realphy: http://realphy.unibas.ch
Crunch: http://crunch.unibas.ch

2013 Highlights

Noteworthy publications

The group focuses on gene regulatory networks,
genome evolution and the development of probabilistic inference methods.

During the course of 2013, much of the group’s
work focused on improving and optimizing further
the ISMARA web server for automated analysis
of gene expression and ChlP-seq data, in terms
of predicted regulatory sites. ISMARA is used increasingly by the community, as is evidenced by
the growing number of publications which report
on successful reconstruction of key gene regulatory circuitry across different mammalian systems
using this methodology. For example, in 2013,
publications appeared in Genome Research,
Cancer Cell, Breast Cancer Research and PLoS
One, and several more are about to appear. A
major paper on the ISMARA methodology is also
about to appear.

• Ozonov EA, van Nimwegen E. Nucleosome
free regions in yeast promoters result from
competitive binding of transcription factors
that interact with chromatin modifiers. PLoS
Comput Biol. 2013;9(8):e1003181
• Khorshid M, Hausser J, Zavolan M, van
Nimwegen E. A biophysical miRNA-mRNA
interaction model infers canonical and noncanonical targets. Nat Methods. 2013;10(3):253-5
• Pachkov M, Balwierz PJ, Arnold P, Ozonov E,
van Nimwegen E. SwissRegulon, a database
of genome-wide annotations of regulatory
sites: recent updates. Nucleic Acids Res.
2013;41:D214-20

Besides developing ISMARA, the group also extended the SwissRegulon annotation of regulatory sites in Saccharomyces cerevisiae to include
genome-wide predictions of nucleosome and
transcription factor coverage, based on the predictions of rigorous thermodynamic modelling of
the competition between transcription factors and
nucleosomes for binding to DNA.
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Bernd Rinn

Torsten Schwede

Scientific IT Services Group

What do they do?

The housing of Euler is just being set up

A close inspection of the first
Euler compute nodes

The SIS group led by Bernd Rinn provides services and resources for scientific computing in
compute- and data-intensive fields of research,
mainly for Life Science research. SIS operates
High Performance Computing clusters, provides
solutions for research data management and develops data analysis workflows.The group also
offers platforms for sharing information, and provides training and documentation for selected scientific software packages.
SIS was established in April 2013 by a decision
of the board of the Swiss Federal Institute of
Technology Zurich. This year’s focus was on
the setup of SIS, integrating the Centre for
Information Sciences and Databases (C-ISD),
the SyBIT core team and the High Performance
Computing group of ETH into the new unit.
openBIS
From C-ISD, SIS became responsible for the
“open biology information system” (openBIS).
openBIS is a versatile and scalable software
framework for data management and workflow
integration. Its focus is on excellent support for
workflow integration and automation, scaleup to very large amounts of data, and ease of
development of well-adapted user interfaces.

2013 Highlights

openBIS has become a workhorse for many scientific projects, labs and facilities, with increasing
expectations from its user base regarding longterm support and reliability. In 2013, a production
release was created with the main focus on stability and compatibility. The production release has
been field-tested and adopted by most productive
installations, unifying the growing installed base
of openBIS.
In 2013, work also began on the support for singlecell result data from High-Content Screening
experiments, which builds on HCSCLD, a new
software library the group developed for “single
cell results”, which is currently in alpha stage.
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Computational Structural Biology Group

What else do they do?

To cover the increased need of the ETH research
community for computing power, the group will
create the next-generation computer cluster
“Euler”. “Euler” focuses on green computing, performance and flexibility of use and will be established in the CSCS data centre in Lugano to complement the “Brutus” cluster SIS runs in Zurich.
The system will be considerably more powerful
than “Brutus”.
In close collaboration with the “InfectX” project of SystemsX.ch and its successor project
“TargetInfectX”, the group started the development of the “screeningBee”, a new data-driven
workflow manager for high-content screening images and results, which will considerably simplify
partial or full re-analysis. A beta version is currently
being field-tested and has processed hundreds of
screening plates successfully.

A

B

With the Stelling Lab in Basel, the group has developed a light-weight Electronic Lab Notebook
for academic biology labs, including a mobile
user interface. The system is used productively,
and several labs are interested in integrating their
needs into it.
The popular SIB training course on “Best practices in programming” was given again in 2013,
with an even stronger focus on practicing on the
students’ own software source code.
As SIS is supporting a large community of researchers at ETH Zurich and beyond, the group
has provided many operational and support services to their users. These include operation of,
and support for, the ETH HPC cluster “Brutus”
and the data processing, and management of,
the Quantitative Genomics Facility of ETH in
Basel, but also a considerable amount of support
for labs and projects in the context of SystemsX.
ch under the umbrella of SyBIT.

Noteworthy publications

• Kunszt P, Blum L, Hullar B, Schmid E, Srebniak
A, Wolski W, Rinn B, Elmer FJ, Ramakrishnan
C, Quandt A, Malmström L. Improving the
Swiss Grid Proteomics Portal: Requirements
and new Features based on Experience and
Usability Considerations. Proceedings of the 5th
International Workshop on Science Gateways
Zurich, http://ceur-ws.org/Vol-993/paper18.pdf.

What do they do?

Torsten Schwede and his team focus on the
development of methods for modelling threedimensional structures of proteins and their
applications in biomedical research. The main
emphasis of the group is on homology modelling
approaches – using evolutionary information to
model protein tertiary and quaternary structure,
as well as protein-ligand interactions.
SWISS-MODEL
SWISS-MODEL is a web-based expert system
for modelling three-dimensional structures of
proteins using homology modelling techniques.
Every day and world-wide, thousands of scientists access SWISS-MODEL through its intuitive
graphical user interface, and request models for
their protein sequence of interest. By automating the complex process of structure modelling,
SWISS-MODEL makes structure information available also for non-specialists.
Website: swissmodel.expasy.org

2013 Highlights

Comparison of a predicted model with
its experimental reference structure
using the superposition-free lDDT
score. (Mariani et al. Bioinformatics
2013; 29(21): 2722-2728.)

The concept of homology modelling is based on
extracting information from experimentally determined protein structures (templates) to generate
models for homologous protein sequences (targets). A key element for the quality of the resulting
models is therefore the ability of a method to query,
and use, efficiently, relevant template information.
The group has extended the SWISS-MODEL template library using a fast and sensitive query mechanism, which speeds up hugely the search for suitable templates. This development is an important
pre-requisite for a new interactive graphical user
interface – which is scheduled for the coming year;
it is more energy efficient and also makes better
use of the IT hardware investments.
The quality of a model is crucial to determining
its suitability for specific scientific applications.
However, since at the time of modelling the “real”
structure is unknown, the expected accuracy of a
model needs to be estimated. Torsten Schwede
and his team have developed a statistical potential
of mean force – specifically for SWISS-MODEL –

as a linear combination of terms that describe the
molecular properties of the model. This approach
allows the group to provide accurate reliable
estimates of model quality for individual models.
The SWISS-MODEL repository is a database
of annotated three-dimensional comparative
protein structure models generated by the fully
automated SWISS-MODEL homology-modelling
pipeline. The database is continuously updated
to reflect the latest information on organisms
of common interest, such as human, E.coli or
certain pathogens. SWISS-MODEL repository
is cross-linked with UniProt, InterPro and the
Protein Model Portal.

What else do they do?

Torsten Schwede’s group is developing the
Protein Model Portal as part of the Structural
Biology Knowledgebase. In October 2013, the
group organized a community workshop on
Theoretical Model Archiving, Validation and
PDBx/mmCIF Format at the RCSB PDB.
Torsten Schwede is also responsible for the scientific high-performance computing infrastructure
in Basel, the [BC]2 Basel Computational Biology
Centre.
[BC]2: www.bc2.ch/center/
Protein Model Portal : www.proteinmodelportal.org

Noteworthy publications

• Mariani V, Biasini M, Barbato A, Schwede T.
lDDT: A local superposition-free score for comparing protein structures and models using
distance difference tests. Bioinformatics 2013;
29(21): 2722-2728.
• Biasini M, Schmid T, Bienert S, Marian V,
Studer G, Haas J, Johner N, Schenk AD,
Philippsen A, Schwede T. OpenStructure: an
integrated software framework for computational structural biology. Acta crystallographica.
Section D, Biological crystallography, 2013;
69(5): 701-709.
• Schwede T. Protein modeling: what happened
to the “protein structure gap”? Structure, 2013;
21(9): 1531-40.

25

SIB Swiss Institute of Bioinformatics
SIB Profile 2013

Michael Stadler

Jörg Stelling

FMI Computational Biology Group

Computational Systems Biology Group

What do they do?

What do they do?

Michael Stadler and his team study gene regulation through the analysis and modelling of genome-wide datasets. Most analysed data is generated by high-throughput sequencing. Recently,
the group focused their work on the analysis and
interpretation of DNA methylation.
The group collaborates closely with experimental
researchers, on experimental models including
cancer progression and cellular differentiation.
Most of the projects make use of high-throughput
sequencing data to measure various aspects of
gene expression, including DNA methylation (Bisseq), transcription (RNA-seq), protein-binding to
DNA (ChlP-seq) and translation (ribosome footprinting).
QuasR
The group has recently released a collection of
high-throughput sequencing analysis tools as an
R/Bioconductor package: QuasR. The package
is fully documented and very easy to install, yet
contains powerful algorithms and is designed to
support both beginners and experts in their work.
Website: www.bioconductor.org/packages/release/bioc/html/QuasR.html

2013 Highlights

In the Spring of 2013, QuasR was first released
to the public. Since then, it has been downloaded
over 1,600 times from distinct IP addresses.
A QuasR analysis starts from raw sequence files
and supports various types of high-throughput
sequencing experiments, such as RNA-seq (splic
ed alignments and de novo splice site detection),
bisulfite sequencing to measure DNA methylation,
and allele-specific analysis. By using QuasR, it is
possible to perform a complex analysis in the form
of a single R script, simplifying exchange between
collaborators and improving reproducibility, even
on different computer platforms (Windows, OS X
and Unix/Linux).
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Jörg Stelling and his team study the complex networks which underlie cellular functions in order to
elucidate their design and operational principles.
They focus on the development of concepts and
tools for network inference, system modelling and
analysis, and the design of biological circuits with
novel functionalities.

What else do they do?

As part of a biomedical research institute with
over twenty experimental research groups, an
important aspect of the group’s work is the training
of biologists in data analysis and visualization, as
well as the development and maintenance of the
FMI bioinformatics infrastructure, including soft
ware and hardware that can be accessed via the
web or by remote login.

Noteworthy publications

• Gaidatzis D, Burger L, Murr R, Lerch A,
Dessus-Babus S, Schuebeler D, Stadler MB.
DNA sequence explains seemingly disordered
methylation levels in partially methylated do
mains of mammalian genomes. PLoS Genet
10(2):e1004143.
• Hisano M, Erkek S, Dessus-Babus S, Ramos
L, Stadler MB, Peters AH. Genome-wide chromatin analysis in mature mouse and human
spermatozoa. Nat Protoc. 2013;8(12): 244970.
• Burger L, Gaidatzis D, Schübeler D, Stadler
MB. Identification of active regulatory regions
from DNA methylation data. Nucleic Acids
Res. 2013;41(16):e155

The continuous increase in the amount of experimental data – derived from sequenced genomes,
high-throughput transcriptomics and proteomics,
for instance – has shifted the focus in biology to
understanding how networks establish biological
functions, with the belief that networks are not
merely formed by the sum of their parts. Current
computational methods, however, are unable to
use the available biological knowledge in an efficient manner and, as a result, do not allow for
the large-scale analysis of complex systems in
sufficient detail. To this end, the CSB group focuses on the development of such bioinformatics
methods. All projects involve close collaborations
with (internal or external) experimental biologists,
and computer or systems scientists. The group’s
particular interests lie in the determination of the
design principles of the integration of cellular regulation with metabolism, signal transduction and
gene regulation.

2013 Highlights

During the course of 2013, Jörg Stelling and his
team developed the web resource MetaNetX.org,
which is described above.

Noteworthy publications

• Sunnaker M, Zamorra-Sillero E, Dechant R,
Ludwig C, Busetto AG, Wagner A, Stelling J.
Automatic generation of predictive dynamic
models reveals nuclear phosphorylation as the
key Msn2 control mechanism. Sci Signaling
2013, ra41.
• Ganter M, Bernard T, Moretti S, Stelling J, Pagni
M. MetaNetX.org: a website and repository for
accessing, analyzing and manipulating metabolic networks. Bioinformatics 29: 815, 2013.
• Mayer C, Dimopoulos S, Rudolf F, Stelling J.
Using CellX to quantify intracellular events.
Curr. Prot. Molec. Biol. 2013, 14.22.

MetaNetX.org
In collaboration with Vital-IT, and funded by the
SystemsX.ch initiative, the group developed the
web resource MetaNetX.org for accessing, analysing and manipulating genome-scale metabolic
networks (GSMs) as well as biochemical pathways. It consistently integrates data from various
public resources and makes them accessible in a
standardized format. The methods provided enable researchers to construct and analyse GSMs
efficiently.
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Mihaela Zavolan

RNA Regulatory Networks Group

Bern

What do they do?

Mihaela Zavolan and her team combine ex
perimental and computational approaches to
study the regulation of gene expression at the
post-transcriptional level.
They develop 1) experimental methods to isolate
and quantify various types of RNAs, 2) computational methods to analyse data and make the
results accessible to experimental biologists
through web servers, 3) methods to predict the
regulatory elements in genomes, and 4) computational models of post-transcriptional regulatory
processes.
CLIPZ
The group develops CLIPZ, a web server that
allows experimental scientists to upload their
sequencing data to perform preliminary analyses,
that enable them to formulate new hypotheses
rapidly. Website: www.clipz.unibas.ch

2013 Highlights

Sequencing technologies are evolving extremely
fast. Consequently, data sets increase in size and
complexity. During 2013, the group’s focus was
to increase the efficiency and accuracy of their
processing methods so as to be able to handle
the new data sets.

Noteworthy publications

University of Bern
 Interfaculty Bioinformatics Unit
Rémy Bruggmann
 Computational Population Genetics
Laurent Excoffier

• Hausser J, Syed AP, Selevsek N, van
Nimwegen E, Jaskiewicz L, Aebersold R,
Zavolan M. Timescales and bottlenecks in
miRNA-dependent gene regulation. Mol Syst
Biol. 2013 Dec 3;9:711.
• Hausser J, Syed AP, Bilen B, Zavolan M. Analysis of CDS-located miRNA target sites suggests that they can effectively inhibit translation. Genome Res. 2013 Apr;23(4):604-15
• Khorshid M, Hausser J, Zavolan M, van
Nimwegen E. A biophysical miRNA-mRNA
interaction model infers canonical and non
canonical targets. Nat Methods. 2013 Mar;10
(3):253-5.

Figure legends
Figure from: Hausser et al. Mol Syst Biol 2013.
Modelling the process of small RNA “loading” into
the Argonaute protein. (A) Drawing illustrating
the model parameters: at time t=0, X0 siRNAs are
injected into the cell, after which the siRNAs X
either decay with rate d or load into a free Ago f0F
with rate b to form siRNA-loaded Ago complexes
A. Small RNAs dissociate from Ago at rate u.
(B) Measured (dots) and fitted (lines) fractions
of complexed Ago and complexed siRNAs. Error
bars represent the 95% confidence interval on
the mean measured fraction of Ago and siRNA
in complex. Maximum-likelihood parameter esti
mates also appear in the figure. γ=bf0 is the
Ago–siRNA association rate b normalized to the
fraction of free Ago f0.
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Rémy Bruggmann

Laurent Excoffier

Interfaculty Bioinformatics Unit Group

What do they do?

The Interfaculty Bioinformatics Unit (IBU) led by
Rémy Bruggmann is a joint unit of the Faculty of
Science, the Vetsuisse Faculty and the Faculty of
Medicine. IBU provides bioinformatics services,
expertise and computational resources to assist
researchers in big data analyses and project
planning for large-scale experiments. In addition,
Rémy Bruggmann’s group has its own research
programme.

2013 Highlights

SetRank
During the course of 2013, the group developed
SetRank, an advanced gene set enrichment
analysis algorithm. The key principle of the
algorithm is that it discards processes/pathways
that were initially considered significant, when
their significance was based solely on parts of
genes also involved in other processes. The
remaining pathways are visualized in a network
that can be used to further prioritize the results.
SetRank also includes functionalities to visualize
in detail the interactions within a single process
that is found to be significant.
SynaptiX
SynaptiX is a collaborative research programme
which systematically investigates the biology of
forgetting in Drosophila, in an interdisciplinary
fashion. Rémy Bruggmann and his team use
SetRank – along with other methods developed
in-house – to perform an in-depth transcriptome
analysis of neuronal cells with manipulated
neural function of the mushroom bodies (the fly’s
memory centre), as well as to define data-driven
RNA-network models to understand the biological
pathways involved in forgetting.
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Computational Population Genetics Group

What else do they do?

In 2013, the Universities of Bern and Fribourg
successfully started a new MSc programme in
“Bioinformatics and Computational Biology”. Rémy
Bruggmann is head of studies, and he and his
team contribute significantly to the programme
as they organize a large part of the courses. The
programme’s goal is to promote bioinformatics
and produce a new generation of highly qualified
scientists to cover the ever-growing demand of
bioinformaticians.

Noteworthy publications

• Wicker T, Oberhaensli S, Parlange F,
Buchmann JP, Shatalina M, Roffler S, BenDavid R, Dolezel J, Simková H, Schulze-Lefert
P, et al. The wheat powdery mildew genome
shows the unique evolution of an obligate
biotroph. Nat Genet 2013; 45, 1092–1096.
• Issa SA, Kienzler R, El-Kalioby M, Tonellato
PJ, Wall D, Bruggmann R, Abouelhoda M.*.
Streaming support for data intensive cloudbased sequence analysis. BioMed Research
International 2013, 791051.
• Koch CT, Bruggmann R, Tetens J, Drögemüller
C. A non-coding genomic duplication at the
HMX1 locus is associated with crop ears in
highland cattle. PLoS ONE 2013;8,e77841.

What do they do?

Noteworthy publications

The team focuses on genomic evolution, range
expansions, and signatures of adaptation at the
molecular level.

• Peischl S, Dupanloup I, Kirkpatrick M, Excoffier
L. On the accumulation of deleterious mutations during range expansions. Molecular Ecology. 2013: 22: 5972-5982

Laurent Excoffier and his team use genetic and
genomic data to understand how populations
evolve due to selection or under the effect of
stochastic factors. They also develop statistical
genetics methods to infer evolutionary processes.

Arlequin
The team develops Arlequin, a resource which
has become very popular. Arlequin gives empirical
population geneticists the opportunity to extract
information on genetic and demographic features
from a collection of population samples, by using
a large set of population genetics methods and
statistical tests.
The site: http://cmpg.unibe.ch/software/
arlequin35/

• Excoffier L, Dupanloup I, Huerta-Sanchez E,
Sousa VC, Foll M . Robust demographic inference from genomic and SNP data. PLOS Gen
etics 2013: 9: e1003905

• Daub JT, Hofer T, Cutivet E, Dupanloup I,
Quintana-Murci L, Robinson-Rechavi M,
Excoffier L. Evidence for Polygenic Adaptation
to Pathogens in the Human Genome. Molecular Biology And Evolution 2013: 30 (7): 15441558

2013 Highlights

In 2013, the group carried out 1), empirical studies of range expansions and hybrid zones in small
rodents 2), the modelling of genomic evolution
during range expansions 3), the development of
statistical methods to evidence signals of adaptations at the genomic level 4), experimental evolution with bacteria and 5), human genome scans.

Cover of MBE for Daub et al. 2013
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Laurent Falquet

Bioinformatics Unravelling Group

Fribourg

University of Fribourg
 Bioinformatics Unravelling Group
Laurent Falquet
 Biomathematics and Computational Biology
Christian Mazza
 Statistical and Computational Evolutionary Biology
Daniel Wegmann

What do they do?

Noteworthy publications

The group focuses on genome assembly, annotation and comparison as well as on mutant and
structure variant identification by resequencing. It
also concentrates on RNAseq data analysis, proteome clustering and ortholog/paralog classification, and gene set enrichment analysis.

• Falquet L, Calderon-Copete SP, Frey J. Draft
Genome Sequence of the Virulent Clostridium
chauvoei Reference Strain JF4335. Genome
Announc. 2013;1(4). doi:pii: e00593-13. 10.1128/
genomeA.00593-13.

The Bioinformatics core facility of the University
of Fribourg (BUGFri) supports life science researchers by providing expertise in data analysis
of Next Generation Sequencing (NGS) experiments, or any large-scale biological experiment
that requires bioinformatics resources.

NGS technologies and BUGFri
With the huge amount of data produced by
NGS technologies, researchers are increasingly
in need of advice, expertise and support from
Bioinformatics core facilities. Laurent Falquet and
his group provide help and support both in grant
preparation and in data analysis.

• Barreto-Hernández E, Falquet L, et al. Draft
Genome Sequences of Multidrug-Resistant
Acinetobacter sp. Strains from Colombian
Hospitals. Genome Announc. 2013 Nov 27;
1(6). pii: e00868-13. doi: 10.1128/genomeA.
00868-13.

• Aguilar-Bultet L, Calderon-Copete SP, Frey
J, Falquet L. Draft Genome Sequence of the
Virulent Avibacterium paragallinarum Serotype
A Strain JF4211 and Identification of Two
Toxins. Genome Announc. 2013;1(4). doi:pii:
e00592-13. 10.1128/genomeA.00592-13.

2013 Highlights

In 2013, the computing infrastructure was set up
in Bern, jointly by the group of Prof. D. Wegmann
and the Interfaculty Bioinformatics Unit of Dr. R.
Bruggmann. They now have access to more than
240 CPU/cores and 120Tb of storage.

What else do they do?

BUGFri is responsible for teaching bioinformatics and genomics classes at the bachelor’s level.
The group is also involved in teaching the joint
BEFRI (Bern-Fribourg) Bioinformatics Msc.
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Christian Mazza

Daniel Wegmann

Biomathematics and Computational Biology Group

What do they do?

Christian Mazza and his team study biological
networks by focusing both on their geometrical
structure (graphs, pattern) and on their underlying
dynamics (deterministic and stochastic). Typical
examples are Lotka-Volterra dynamics on complex
ecological networks and formation of the plant
vascular system.

2013 Highlights

During 2013, the group was able to understand
the formation of certain parts of the plant vascular
system by using mathematical models of the
(plant hormone) auxin flux. In ecology, the group
was able to set and study new mathematical
models of Lotka-Volterra dynamical systems
running on complex interaction networks using
random matrix theory. The group is on the way
to understanding the structural stability of such
random dynamical systems, and to provide new
biological results on biodiversity and species
persistence.

What else do they do?

The group is working on several projects related
to chemical reaction networks. They are also
providing services in statistics for the life science
community in Fribourg. In 2013, Christian Mazza
organized a summer course in Ovronnaz, on
pattern formation in living systems within the
Swiss Doctoral Program in Mathematics.
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Statistical and Computational Evolutionary Biology Group

Future publication

Christian Mazza and co-author Michel Benaïm,
from the Department of Mathematics at the
University of Neuchâtel, are writing a book on
stochastic dynamics for systems biology, due
for publication in March 2014, CRC Press,
Mathematical and Computational Biology.

What do they do?

Daniel Wegmann and his group’s primary aim is
to characterize the evolutionary and ecological
processes which shape the realm of biological
diversity observed today. To achieve this, they
design and evaluate new statistical and computational approaches to infer complex evolutionary histories, and subsequently apply them to the
wealth of data that is currently generated.
They focus on four themes of research:
1. Numerical algorithms for inference
problems
The group develops and implements novel
numerical algorithms for inference problems
where analytical solutions of the likelihood are
either difficult or impossible to obtain. One of
the most promising families of such algorithms
is Approximate Bayesian Computation (ABC),
for which the group develops a user-friendly
software package for the community.
2. Inferring the evolutionary histories
Daniel Wegmann and his team apply these
novel algorithms to infer evolutionary histories
of a wide range of species and populations.
Currently, they are focusing on the domestication history of date palms and the evolutionary history of African Buffalos, and quantifying
the effect of selection in humans and several
viruses.
3. Evolution of Morphological Characters
Are species adapting gradually or is evolution
dominated by sudden large changes in morphology? Does character evolution occur at a
faster rate when colonizing new habitats? The
group is currently developing new statistical
methods to infer modes and tempi of character evolution – particularly the presence and
strength of evolutionary jumps leading to drastic changes in morphology. The ultimate goal is
to quantify the frequency of such jumps in the
evolution of mammals and birds.

4. Human Genetics and disease
Despite the enormous amount of genetic data
already available and continuously generated,
the genetic bases of many heritable traits and
diseases remain partially unknown. The group
is currently investigating the effect of stratification (unequal geographical distribution of samples) on rare variant association tests as well
as developing a novel method to infer population stratification and genotype-phenotype associations jointly using Bayesian hierarchical
models.

Noteworthy publications

• Zawistowski M, Reppell M, Wegmann D,
St Jean PL, Ehm MG, Nelson MR et al.
Analysis of rare variant population structure
in Europeans explains differential stratification
of gene-based tests. Eur. J. Hum. Genet. (in
press).
• Schaibley VM, Zawistowski M, Wegmann D,
Ehm MG, Nelson MR, St. Jean PL et al. The
influence of genomic context on mutation
patterns in the human genome inferred from
rare variants. Genom. Res. 23:974-1984
• Chu JH*, Wegmann D*, Yeh CF, Lin RC, Yang
XJ, Lei FM et al. Inferring the geographic
mode of speciation by contrasting autosomal
and sex-linked genetic diversity. Mol Biol Evol.
30 (11):2519-2530.
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Amos Bairoch & Lydie Lane

Computer and Laboratory Investigation of Proteins of Human Origin (CALIPHO) Group

Geneva

University of Geneva
 CALIPHO
Amos Bairoch & Lydie Lane
 Scientific and Parallel Computing
Bastien Chopard
 Genomics of Complex Traits
Emmanouil Dermitzakis
 Proteome Informatics
Frédérique Lisacek
 Swiss-Prot
Ioannis Xenarios & Lydie Bougueleret
 Computational Evolutionary Genomics
Evgeny Zdobnov
Geneva School of Business Administration
 Text Mining
Patrick Ruch

What do they do?

Amos Bairoch, Lydie Lane and their team are set
on broadening our knowledge and understanding
of the function of the 20,000 or so protein-coding
genes that exist in the human genome.
Their main focus is on building a knowledge resource on human proteins, annotating human
proteins of interest to the pharmaceutical industry,
and analysing results of high-throughput experiments to shed light on aspects of protein function.
neXtProt
neXtProt is a human-protein centric knowledge
platform, which includes curated information on
various aspects of human protein biology, such as
a protein’s function, its localization in the body or
inside the cell, its interactions with other proteins,
its modifications and its variations between individuals.
It is built on top of the wealth of annotation on human proteins provided by the UniProtKB/SwissProt knowledgebase but also includes data which
originates from high throughput repositories that
are filtered to ensure the high level of quality –
which is the hallmark of SIB protein resources.
neXtProt’s aim is to help formulate and test new
hypotheses relevant to the complexity of human
life processes. Website: www.nextprot.org

2013 Highlights

During the course of 2013, the group integrated,
into neXtProt, a wealth of data relevant to subcellular locations, protein variations, post-translational modifications and mass spectrometry-based
peptide identification, as well as an optimized
viewer for 3D structural information.

What else do they do?

Within the framework of an important annotation contract with a pharmaceutical company,
CALIPHO developed an annotation platform
suited to the specific needs of the industry, and
is currently extending its functionalities so as to
manage academic projects relative to human gen
etic variation.
In the context of the HUPO human proteome pro
ject (HPP), the group is monitoring the progression of this initiative whose aim is to identify and
catalogue all human proteins. CALIPHO provides
assistance to all groups participating in this endeavour, as neXtProt represents the central HPP
knowledge resource.
The group has also initiated a Swiss initiative around chromosome 2 proteins, in close
collaboration with a French team led by Yves
Vandenbrouck and Jérôme Garin, who work on
chromosome 14 proteins.
Lastly, the CALIPHO team has experimentally val
idated a hypothesis originating from bioinformat
ics investigation of a human enzymatic pathway.

Noteworthy publications

• Gaudet P, Argoud-Puy G, Cusin I, Duek P,
Evalet O, Gateau A, Gleizes A, Pereira M,
Zahn-Zabal M, Zwahlen C, Bairoch A, Lane L.,
neXtProt: organizing protein knowledge in the
context of human proteome projects. J Prote
ome Res. 2013 Jan 4;12(1):293-298.
• Liu S, Im H, Bairoch A, Cristofanilli M, Chen
R, Deutsch EW, et al. A chromosomecentric human proteome project (C-HPP) to
characterize the sets of proteins encoded
in chromosome 17. J. Proteome Res. 2013;
12(1):45-57.
• Mary C, Duek P, Salleron L, Tienz P, Bumann
D, Bairoch A, Lane L. Functional identification
of APIP as human mtnB, a key enzyme in
the methionine salvage pathway. PLoS One.
2012;7(12):e52877.
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Bastien Chopard

Emmanouil Dermitzakis

Scientific and Parallel Computing Group

Genomics of Complex Traits Group

What do they do?

What else do they do?

They focus on multiscale modelling and computing, high performance computing, cellular automata, lattice Botzmann methods, multi-agent
systems, and optimizing techniques and machine
learning.

The group is also involved in teaching pro
gramming for bioinformatics at the master’s level
(UNIGE, UNIL).

Bastien Chopard and his team model and simulate complex systems and natural phenomena.

The group works on massively parallel computers, like the Scylla and Baobab clusters at
UNIGE, or the CADMOS supercomputer. They
also develop resources needed to perform simulations of large natural systems.

2013 Highlights

The group’s highlight during the course of 2013
was the modelling and simulation of the thrombus formation in cerebral aneurysms (FP/-VPH
project). New biological experiments and clinical observations are used to reveal the relevant
bio-mechanical processes that play a role in such
an affliction. A numerical model integrates these
mechanisms in order to give a global under
standing of the spatiotemporal behaviour, and
offer recommendations to the clinicians and stent
manufacturers.

Bastien Chopard and his team also develop the
Lattice Boltzmann solver on massively parallel
machines, as well as a multiscale modelling and
computing infrastructure (MAPPER FP7 project).

Noteworthy publications

• Hayase T, Ohta M, Anzai H, Chopard B,
Falcone J.-L., Design Optimization of a
Flow Diverter Stent Using Several Arterial
Configurations, submitted to Journal of Biome
chanical Engineering, 2013
• Charpilloz C, Veuthey A-L, Chopard B,
Falcone, J-L. Motifs tree: a new method for
predicting post-translational modifications.
Submitted to Bioinformatics, 2013.

Evolution of the thrombus formation in patient-specific cerebral
aneurysms. Lattice Boltzmann simulation by O. Malaspinas, using
Palabos. (THROMBUS FP7 Project)
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What do they do?

The Genomics of Complex Traits Group led
by Emmanouil Dermitzakis is interested in the
genomics of complex traits, and is using various
methodologies to understand the role of genetic
variation in phenotypic variation.
The group’s focus is on the genetics and genomics
of cellular phenotypes, genomic medicine and the
development of methods to analyse the genetics
of molecular phenotypes.

What else do they do?

The group has also participated in a number of
projects, on themes such as the analysis of gene
expression QTLs (eQTLs) in multiple tissues, the
genetic and epigenetic contribution to variability
in gene regulation, the contribution of regulatory
variation to colorectal cancer risk, and the analysis of the pancreatic beta cell transcriptome.

Noteworthy publications

• Kilpinen H, Waszak SM, Gschwind AR, Raghav
SK, Witwicki RM, Orioli A, Migliavacca E,
Wiederkehr M, Gutierrez-Arcelus M, Panousis
NI, Yurovsky A, Lappalainen T, RomanoPalumbo L, Planchon A, Bielser D, Bryois J,
Padioleau I, Udin G, Thurnheer S, Hacker D,
Core LJ, Lis JT, Hernandez N, Reymond A,
Deplancke B, Dermitzakis ET. Coordinated
effects of sequence variation on DNA binding,
chromatin structure, and transcription. Science
2013 342(6159):744-7.
• Lappalainen T, Sammeth M, Friedländer MR,
‘t Hoen PA, Monlong J, Rivas MA, GonzàlezPorta M, Kurbatova N, Griebel T, Ferreira PG,
Barann M, Wieland T, Greger L, van Iterson
M, Almlöf J, Ribeca P, Pulyakhina I, Esser
D, Giger T, Tikhonov A, Sultan M, Bertier G,
MacArthur DG, Lek M, Lizano E, Buermans
HP, Padioleau I, Schwarzmayr T, Karlberg
O, Ongen H, Kilpinen H, Beltran S, Gut M,
Kahlem K, Amstislavskiy V, Stegle O, Pirinen
M, Montgomery SB, Donnelly P, McCarthy MI,
Flicek P, Strom TM; Geuvadis Consortium,
Lehrach H, Schreiber S, Sudbrak R, Carracedo
A, Antonarakis SE, Häsler R, Syvänen AC, van
Ommen GJ, Brazma A, Meitinger T, Rosenstiel
P, Guigó R, Gut IG, Estivill X, Dermitzakis
ET. Transcriptome and genome sequencing
uncovers functional variation in humans.
Nature 2013 Sep 26;501(7468):506-11.
• Gutierrez-Arcelus M, Lappalainen T, Montgomery
SB, Buil A, Ongen H, Yurovsky A, Bryois J,
Giger T, Romano L, Planchon A, Falconnet
E, Bielser D, Gagnebin M, Padioleau I, Borel
C, Letourneau A, Makrythanasis P, Guipponi
M, Gehrig C, Antonarakis SE, Dermitzakis
ET. Passive and active DNA methylation and
the interplay with genetic variation in gene
regulation. eLIFE. 2013 Jun 4;2:e00523.
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Frédérique Lisacek

Patrick Ruch

Proteome Informatics Group (PIG)

What do they do?

PIG led by Frédérique Lisacek is involved in software and database development for the proteomics and the glycomics communities.
The group focuses on mass spectrometry data
analysis, the discovery of posttranslational modifications, and the functional study of glycoconjugates and carbohydrates.
SugarBind and UniCarbKB
The group develops two sister resources to
support research in glycomics: SugarBind and
UniCarbKB.
Glycosylation is probably the most important posttranslational modification, generating both the
number of proteins and their diversity. Since glycoproteins, glycolipids and glycan-binding proteins
are frequently located on a cell’s membrane,
many events of biological significance are attributed to glycan recognition. Protein-carbohydrate
interactions are also involved in many disease processes, including bacterial and viral infection, cancer metastasis, autoimmunity and inflammation.

2013 Highlights

Until now, glycobioinformatics resources have
provided information that is partial, scattered and
often inaccessible to non glycobiologists. To start
addressing this issue, PIG developed a framework
– with the Packer group at Macquarie University
in Sydney, Australia – that provides users with
the means of finding and exploring contextual
information related to glycan structures.
In 2013, UniCarbKB and a redesigned SugarBindDB
were released. UniCarbKB contains curated information from the scientific literature on glycoprotein-derived glycan structures. And SugarBindDB
includes curated information on the binding of
pathogenic lectins or adhesins to a specific human
glycan.
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Text Mining Group

Unique entries were created per ligand
in SugarBind, and per glycan structure in
UniCarbKB. In both cases, information on tissue
source, disease, glycoconjugate and corresponding references define the functional context of
glycosylation. The group uses standard notations
and formats, as well as controlled vocabularies
for each type of annotation, and cross-references each entry to UniProtKB, NCBI Taxonomy,
PubChem and other specialized resources.
UniCarbKB and SugarBind can be browsed or
queried. Navigation within and across each data
base is easy thanks to the high connectivity of
pages.

What else do they do?

PIG develops software for mass spectrometry
analysis. A substantially modified and enhanced
version of the Java Proteomics Library was prepared in 2013 for a 2014 launch. The group also
develops software specifically for analysing glycan structural data (e.g. GlycoDigest), and strives
to innovate in teaching by contributing to, and using, the HSeT e-learning website for bioinformatics
courses (http://sib.bio-med.ch/cms/).
Java library: http://mzjava.expasy.org
GlycoDigest: http://glycodigest.org/

Noteworthy publications

• Shakhsheer B, Anderson M, Khatib K, Tadoori
L, Joshi L, Lisacek F et al. SugarBind Database
(SugarBindDB): A resource of pathogen
lectins and corresponding glycan targets. J
Mol Recognition 2013 ;26(9):426-31.
• Campbell MP, Peterson R, Mariethoz J,
Gasteiger E, Akune Y, Aoki-Kinoshita KF et
al. UniCarbKB: Building a knowledge platform
for glycoproteomics. Nucleic Acid Res. 2014;
42(1):D215-21.
• Campbell MP, Ranzinger R, Lütteke T,
Mariethoz J, Hayes CA, Zhang J et al.
Toolboxes for a standardised and systematic
study of glycans. BMC Bioinformatics 2014;15
(Suppl 1): S9.

What do they do?

Patrick Ruch and his team transform the wealth
of implicit and hidden information buried in the
biomedical literature, into human-actionable and
machine-readable knowledge items (answers to
questions, functional annotation etc.).
The activity of the group focuses on the maintaining of an updated data infrastructure to efficiently
store, access and analyse the bibliome, i.e. biomedical literature contents such as MEDLINE, bio
medical patent libraries and other web contents,
including clinical practice guidelines and patient
communities. The bibliome is then normalized
and enriched with unambiguous semantic descriptors, i.e. database accession numbers and
onto-terminological descriptors.

A few examples…

BioMed is a local version of various digital libraries
that are useful to life scientists: MEDLINE,
PubMed Central, USPTO & EPO patent libraries
for instance.
EAGLi is a question answering engine. If you
ask ‘which cells are involved in heart looping?’,
the system will provide ‘cardiac myocytes’ as an
answer. http://eagl.unige.ch/EAGLIi/
PTM Information Extraction (developed by
Swiss-Prot) is hosted by SIBTex; it searches
MEDLINE abstracts to identify Post Translational
Modifications (disulphide bridges, phosphorylations, methylations…). http://eagl.unige.ch/PTM/
GOCat – the Gene Ontology Categorizer – is
a key resource which assigns a set of Gene
Ontology descriptors to help link any input text
content with Gene Ontology categories (molecular
functions, biological processes and subcellular
locations for example). It is used throughout the
world to characterize a protein, a statement about
a protein or a protein/gene product network (High
Throughput), to provide a functional fingerprint
using Gene Ontology descriptors. GOCat is used
routinely by the COMBREX database to annotate
experimental and putative protein sequences of
prokaryotes. GOCat received over one million
queries in 2013. http://eagl.unige.ch/GOCat/

2013 Highlights

PTM Information Extraction was developed by
Swiss-Prot on top of the SIBTex’ literature processing pipeline, and launched in 2013.
In the past 10 years – i.e. between 2003 and 2013
– GOCat’s annotation effectiveness has been
improved by 300%! The system was ranked #1
during the BioCreative 2013 evaluation campaign
organized by the NCBI.

What else do they do?

In the summer of 2013, the epSOS Large Scale Pilot
– a data sharing infrastructure for Electronic Health
Records across EU countries – was launched for
Switzerland. http://www.epsos.eu/schweiz.html

Noteworthy publications

• Gobeill J, Pasche E, Vishnyakova D, Ruch
P. Managing the data deluge: data-driven
GO category assignment improves while
complexity of functional annotation increases.
Database (Oxford). 2013 Jul 9;2013.
• Anton BP, Chang YC, Brown P, Choi HP, Faller
LL, Guleria J, Hu Z, Klitgord N, Levy-Moonshine
A, Maksad A, Mazumdar V, McGettrick M,
Osmani L, Pokrzywa R, Rachlin J, Swaminathan
R, Allen B, Housman G, Monahan C, Rochussen
K, Tao K, Bhagwat AS, Brenner SE, Columbus
L, de Crécy-Lagard V, Ferguson D, Fomenkov
A, Gadda G, Morgan RD, Osterman AL,
Rodionov DA, Rodionova IA, Rudd KE, Söll D,
Spain J, Xu SY, Bateman A, Blumenthal RM,
Bollinger JM, Chang WS, Ferrer M, Friedberg
I, Galperin MY, Gobeill J, Haft D, Hunt J, Karp
P, Klimke W, Krebs C, Macelis D, Madupu R,
Martin MJ, Miller JH, O’Donovan C, Palsson B,
Ruch P, Setterdahl A, Sutton G, Tate J, Yakunin
A, Tchigvintsev D, Plata G, Hu J, Greiner R,
Horn D, Sjölander K, Salzberg SL, Vitkup D,
Letovsky S, Segrè D, DeLisi C, Roberts RJ,
Steffen M, Kasif S. The COMBREX project:
design, methodology, and initial results. PLoS
Biol. 2013;11(8):e1001638.
• Veuthey AL, Bridge A, Gobeill J, Ruch P,
McEntyre JR, Bougueleret et al.. Application
of text-mining for updating protein posttranslational modification annotation in
UniProtKB. BMC Bioinformatics. 2013 Mar 22.
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Ioannis Xenarios & Lydie Bougueleret

Evgeny Zdobnov

Swiss-Prot Group

What do they do?

The Swiss-Prot group produces and maintains
a number of internationally renowned databases for the life science community. Namely,
UniProtKB/Swiss-Prot, HAMAP, PROSITE, RHEA,
UniPathway and ENZYME. All these databases
are manually curated and continuously updated.
SwissLipids
The group’s main focus is to provide high quality
manually curated databases. It also provides dir
ect biocuration support to a number of research
projects, including several from the SystemsX.ch
initiative. One such project has opened up new
opportunities, and the group is now bringing its
expertise to bear on a field that has not yet been
addressed: lipidomics. Since the first trimester
of 2013, the group has been developing a new
knowledgebase for lipids: SwissLipids.

2013 Highlights

SwissLipids is a dedicated resource that provides
accurate and comprehensive curated information on lipid metabolic pathways, as well as the
biological roles and interaction of lipids. It uses
the ChEBI ontology of small molecules in order
to provide a precise description of lipid species at
various levels of ambiguity – ranging from brutto
lipids to fully elucidated lipid structures.
The underlying semantic model of ChEBI facilitates the integration of lipid and lipidomic data at
a variety of levels of resolution with other forms
of biological data, including enzymes and sig
naling metabolic pathways. Lipid metabolism is
described using RHEA, a database of fully balanced biochemical reactions, which uses ChEBI,
and UniProt. Other aspects of lipid biology – such
as subcellular locations and biological roles – are
captured using standard vocabularies such as
Gene Ontology (GO).
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Computational Evolutionary Genomics Group

All information is quality controlled and checked
for consistency, and the resulting annotations are
supplied with full data provenance as well as links
to supporting evidence and source literature.
SwissLipids includes complete curated reaction
sets and pathways for common lipid classes such
as glycerophopholipids, glycerolipids, sphingo
lipids, as well as saturated and (poly)unsaturated
fatty acids, covering organisms ranging from
Homo sapiens to Caenorhabditis elegans and
Saccharomyces cerevisiae. These lipids and all
associated information are continuously updated.

What else do they do?

The group is deeply involved in all the educational efforts of SIB, particularly in educating high
school teachers. The group’s web-team also plays
an active and extensive role in the development of
SIB’s bioinformatics resource portal: ExPASy.
Of note, ViralZone – the group’s knowledge resource to understand virus diversity – is still growing and forms the basis for a number of collab
orations. In partnership with FAO and the Vital-IT
team, the group has created specialized e-learning
courses.

Noteworthy publications

• Schuepbach T, Pagni M, Bridge A, Bougueleret
L, Xenarios I, Cerutti L. pfsearchV3: a code
acceleration and heuristic to search PROSITE
profiles. Bioinformatics 2013 1;29(9):1215-7.
• Sigrist CJ, de Castro E, Cerutti L, Cuche BA,
Hulo N, Bridge A, et al. New and continuing
developments at PROSITE. Nucleic Acids
Res. 2013 Jan;41(Database issue):D344-7.
• Masson P, Hulo C, De Castro E, Bitter H,
Gruenbaum L, Essioux L, et al. ViralZone:
recent updates to the virus knowledge resource.
Nucleic Acids Res. 2013 Jan;41(Database
issue):D579-83.

What do they do?

Evgeny Zdobnov and his group use comparative
genomics techniques to interpret genome sequencing data, and to learn about evolution and
the possible function of protein-coding genes,
microRNAs and conserved non-coding sequences.
During the course of 2013, the group focused on:
miRmap
This new web resource is for the exploration and
on-demand computing of miRNA targets. miRNAs
are a class of non-coding genes important in
gene regulation.
miRmap website: http://mirmap.ezlab.org
SIBLINGS
This new web resource allows accessing all pairwise gene comparisons from complete genomes,
currently underlying our OrthoDB data. Such
comparative data is the basis for gene family
analysis and prediction of their function, and thus
it can be the common basis for our collaboration
with the Orthologs Matrix project of Gaston H.
Gonnet’s Group in Zurich.
SIBLINGS resource: http://siblings.ezlab.org/
Human microbiome
The group continued to develop their human
microbiome analysis pipeline, which can be
adapted to facilitate the study of the associations
of microorganisms or viruses with human disease.
OrthoDB
The group continues to develop their OrthoDB
resource – a catalogue of “equivalent” genes
among species, called orthologs. Resolving gene
ancestry is the most accurate way to predict putative gene functions by association with genes
studied in model organisms. Thus, OrthoDB is
critical both for evolutionary studies and for interpreting gene content from the newly sequenced
genomes. The current release – OrthoDB7 – includes 64 vertebrates, 57 arthropods, 14 basal
metazoans, 175 fungi and 1,115 bacteria.

2013 Highlights

The group’s miRmap web application offers a userfriendly and feature-rich resource for browsing
miRNA target predictions for model organisms,
as well as for predicting targets for user-submitted sequences. miRmap web integrates sorting,
filtering, and exporting of the results. Micro-RNAs
post-transcriptionally repress the expression of
protein-coding genes. Based on the partial complementarity between miRNA and messenger
RNA pairs, many thousands of potential targets
can be identified. MiRmap ranks these potential targets with a biologically meaningful criter
ion: the repression strength. MiRmap combines
thermodynamic, evolutionary, probabilistic and
sequence-based features, which cover features
from TargetScan, PITA, PACMIT, and miRanda.
miRmap web application: http://mirmap.ezlab.org

What else do they do?

The team is also sequencing a few basal insects
to study the evolutionary emergence of wings
and metamorphosis. In a broader context, the
group is contributing to the I5K initiative to
sequence the genomes of 5,000 insects. This will
provide an exceptional opportunity to explore the
evolutionary processes which act on genes and
genomes, since insects are the most diverse and
successful terrestrial animals, encompassing by
far the largest number of species.

Noteworthy publications

• Vejnar CE, Blum M, Zdobnov EM. miRmap
web: Comprehensive microRNA target prediction online. NAR 2013;41:W165-168.
• Waterhouse RM, Zdobnov EM, Tegenfeldt F,
Li J, Kriventseva EV. OrthoDB: a hierarchical
catalog of animal, fungal and bacterial
orthologs. NAR 2013; 41:D358-365.
• Cosset E, Petty TJ, Dutoit V, Cordey S,
Padioleau I, Otten-Hernandez P, Farinelli
L, Kaiser L, Bruyère-Cerdan P, Tirefort D,
El-Dusouqui SA, Nayernia Z, Krause KH,
Zdobnov EM, Dietrich PY, Rigal E, PreynatSeauve O. Comprehensive metagenomic
analysis of glioblastoma reveals absence
of known virus despite antiviral-like type I
interferon gene response. Int J Cancer. 2013;
doi: 10.1002/ijc.28670.
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Sven Bergmann

Computational Biology Group

Lausanne
University of Lausanne
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Jérôme Goudet
 Functional Evolutionary Genomics
Henrik Kaessmann
 Statistical Genetics
Zoltán Kutalik
 Molecular Modelling
Olivier Michielin & Vincent Zoete
 Evolutionary Bioinformatics
Marc Robinson-Rechavi
 Computational Phylogenetics
Nicolas Salamin
 Vital-IT
Ioannis Xenarios
EPFL – Swiss Federal Institute of Technology Lausanne
 Computational Cancer Genomics - ISREC
Philipp Bucher
 Laboratory of Systems Biology and Genetics
Bart Deplancke
 Host-Pathogen Genomics
Jacques Fellay
 Laboratory of Computational Systems Biotechnology
Vassily Hatzimanikatis
 Population Genetics
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Felix Naef
 Laboratory for Biomolecular Modelling
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Jacques Rougemont
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What do they do?

The Computational Biology Group develops
concepts and algorithmic tools for the analysis of
large-scale biological data. The focus is on the
integration of genotypic and phenotypic datasets
from mammalian cells or clinical studies.
The Iterative Signature Algorithm was designed
to reduce the complexity of very large sets of data
by decomposing them into so-called “modules”.
In the context of gene expression data, these
modules consist of subsets of genes that exhibit a
coherent expression profile only over a subset of
microarray experiments. Genes and arrays may
be attributed to multiple modules, and the level
of required coherence can be varied resulting in
different “resolutions” of the modular mapping.
ExpressionView is an R package that provides an
interactive environment to explore such modules
in their biological context.
The Ping-Pong Algorithm extends modularization
to multiple datasets from which it extracts “comodules”.
The group’s modularization tools provide a valuable resource for bioinformaticians who are facing the challenge of integrating information from
thousands of genes in order to generate know
ledge. ExpressionView provides an interface to
make the data integration accessible to researchers with no, or little, computational background.

What else do they do?

During 2013, the group took part in the SIB/NBIC
Winter School in Kandersteg.

Noteworthy publications

• Ledda M, Kutalik Z, Souza Destito MC, Souza
MM, Cirillo CA, Zamboni A, Martin N, Morya
E, Sameshima K, Beckmann JS, Le Coutre J,
Bergmann S, Genick UK. GWAS of human
bitter taste perception identifies new loci and
reveals additional complexity of bitter taste
genetics. Hum. Mol. Genet.: 2013.
• Piasecka B, Lichocki P, Moretti S, Bergmann S,
Robinson-Rechavi M. The hourglass and the
early conservation models--co-existing patterns
of developmental constraints in vertebrates.
PLoS Genetics: 2013, 9(4);e1003476.
• Rueedi R, Ledda M, Nicholls AW, Salek RM,
Marques-Vidal P, Morya E, Sameshima K,
Montoliu I, Da Silva L, Collino S, Martin FP,
Rezzi S, Steinbeck C, Waterworth DM, Waeber
G, Vollenweider P, Beckmann JS, Le Coutre J,
Mooser V, Bergmann S, Genick UK, Kutalik Z.
Genome-wide association study of metabolic
traits reveals novel gene-metabolite-disease
links. PLoS Genetics: February 20, 2014, DOI:
10.1371/journal.pgen.1004132.

2013 Highlights

During the course of 2013, the group developed
QuickTest. QuickTest is a software tool which
implements a number of statistical methods for
the rapid association of measured and imputed
genotypes with phenotypes measured in large
cohorts.
Tools and documentation available at:
www2.unil.ch/cbg/index.php?title=Software

45

SIB Swiss Institute of Bioinformatics
SIB Profile 2013

Philipp Bucher

Mauro Delorenzi

Computational Cancer Genomics Group

What do they do?

Philipp Bucher and his team are set on cracking
the regulatory code of the human genome by analysing DNA sequences, and experimental data
which reveal the function of these sequences.
The current focus is on developing methods for
exploiting the so-called next-generation sequencing (NGS) data to this end.
EPD: Eukaryotic Promoter Database
Genes are first “transcribed” into messenger
RNAs – which are short-lived copies of the genes
– and used as templates to synthesize proteins.
Transcription begins on “promoters”. EPD provides quality-controlled information on experimentally defined promoters of higher organisms.
Recently, the team introduced a new data division
called EPDNew, which is automatically generated
from NGS data and attempts to reach complete
gene coverage for important model organisms.

2013 Highlights

In response to the release of large amounts of new
transcript mapping data, the EPD team was able
to more than double the coverage of EPDNew for
humans – from the previous 9,712 promoters to
the current 25,988. The team also released a promoter collection for zebrafish – the fourth model
organism covered by the resource, after human,
mouse and Drosophila melanogaster.
The group further improved the procedure for selecting the most representative transcription start
site from primary transcript mapping data. This
improvement facilitates the analysis of core promoter elements and the investigation of their role
in transcription start site selection by RNA polymerase II, the enzyme which transcribes genes
into messenger RNA.
EPD is generated from data that are stored in the
Mass Genome Annotation (MGA) data repository,
a publicly accessible directory containing various
kinds of NGS data sets in a standardized format.
Due to the ongoing data flood created by NGS
technologies, the contents of the MGA repository
has more than doubled surpassing 5,000 samples by the end of 2013. Among the newly added
samples are genetic variation tracks from the
1,000 genomes project.
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The EPD team also develops and maintains web
servers for programmatic access to eukaryotic
promoters and other gene regulatory elements.
The ChIP-Seq server provides tools for the analysis of functional genomics data stored in the MGA
repository. The SSA (Signal Search Analysis)
server allows users to analyse the DNA sequence
of promoters. An important recent development
is the addition of support for transcription factor
binding site motifs from the JASPAR database.

What do they do?

What else do they do?

The Biostatistics Service
This particular service of Mauro Delorenzi’s group
helps researchers analyse their data. It also
provides consulting and training in biostatistics,
with a focus on the analysis of data produced
by modern high throughput biological methods.
The ultimate goal is for life-science researchers
to gain access to cutting-edge statistical analysis
methods in their work.

Philipp Bucher and his group are also developing methods for the analysis of ChIP-Seq and
related data. Recently, they introduced a probabilistic partitioning method based on the EM
(Expectation-Maximization) algorithm for the
discovery and characterization of subclasses of
gene regulatory elements including promoters.
Current work focuses on the joint analysis of
chromatin profiling data (ChIP-Seq, DNAse-Seq,
etc.) and human polymorphism data (personal
genomes) with the aim of understanding causal
relationships between gene-regulatory molecular events that occur on the genome and colocalized genetic variants.
For some time, the group has also been developing methods for automatic classification and
diagnosis of molecularly characterized clinical
samples. Recently, they extended this approach
to ChIP-Seq data from surgically removed breast
tumours.

Noteworthy publications

• Dreos R, Ambrosini G, Cavin Perier R, Bucher
P. EPD and EPDnew, high-quality promoter
resources in the next-generation sequencing
era. Nucleic Acids Res. 2013;41: D157-64.
• Dimitrieva S, Bucher, P. UCNEbase – a database of ultra-conserved non-coding elements
and genomic regulatory blocks. Nucleic Acids
Res. 2013;41:D101-9.
• Weirauch MT, Cote A, Norel R, Annala M,
Zhao Y, Riley TR et al. Evaluation of methods
for modeling transcription factor sequence spe
cificity. Nature Biotechnol. 2013;31(2):126-34.

Mauro Delorenzi and his group provide bioinformatics-statistical expertise to the life science community, as well as promote collaborations. They
perform the analysis of biomedical-genomics
data with a focus on biomarker studies in cancer
research and statistical methods for genomics.
Recently, the group concentrated on molecular
heterogeneity and pathway activation patterns in
cancer subtypes.

2013 Highlights

In 2013, the need for courses, in Switzerland, on
state-of-the-art methods for statistical analysis
of biological data increased. Consequently, the
group developed their offer to meet these needs.

What else do they do?

Mauro Delorenzi and his group have also published a comparison of the most popular statistical
methods to analyse transcriptome differences with
NGS RNAseq data, which has an ever-growing
readership. The group continues its effort in
understanding the biology and clinical usefulness
of markers linked to colon cancer subgroups.

Noteworthy publications

• Soneson C, Delorenzi M. A comparison of
methods for differential expression analysis
of RNA-seq data. BMC Bioinformatics 2013,
14:91.
• Budinska E, Popovici V, Tejpar S, D’Ario G.
Delorenzi M. et al. Gene expression patterns
unveil a new level of molecular heterogeneity in colorectal cancer. J Pathol. 2013 231(1):
63-76.
• Popovici V, Budinska E, Bosman FT, Tejpar
S, Roth AD, Delorenzi M. Context-dependent
interpretation of the prognostic value of BRAF
and KRAS mutations in colorectal cancer.
BMC Cancer 2013 231(1):63-76.

In particular, several advanced courses were
organized on topics for which training has rarely
or never been offered to the Swiss life science
community before. They included courses on
advanced features of the R statistical software
(the de-facto standard for statistical analysis of
biological data), as well as an advanced course
on the analysis of transcriptomics data.
Nowadays, research groups tend to hire directly
data analysts who can take care of their basic
needs in data analysis but may request further
help from the group when more complex issues
arise. In such cases, the Bioinformatics Core
Facility (BCF) acts as a consultant and provides
expert advice in data analysis. This allows the
group to focus on the more complex questions or
on new technologies for which expertise is not yet
widely available, and to bring real added value
to competences that are already present in the
group. In 2013, several papers were published
based on expertise provided by the BCF.
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Bart Deplancke

Jacques Fellay

Laboratory of Systems Biology and Genetics Group

What do they do?

The LSBG is using high-throughput sequencing,
microfluidics, large-scale yeast screens and computational approaches to characterize the regulatory code in Drosophila and mammals, as well
as to examine how variations in this code affect
molecular and organismal diversity.

In more detail…

Gene regulatory networks (GRNs) play a vital
role in metazoan development and function; their
deregulation is frequently involved in disease.
The interactions between genes and their
respective regulatory transcription factors (TFs) –
which form the basis of GRNs – have, however,
been poorly characterized. This is because the
transcriptional function of most metazoan TFs –
which denotes the regulatory elements they bind
to, the genes they regulate, the transcriptional
consequence of their DNA interactions and the
transcriptional complexes in which they function
– remains unknown.
The group’s main focus is to generate novel experimental and computational tools to improve
their ability to elucidate this metazoan gene regulatory code and to examine how variations within
it affect molecular and organismal diversity. Their
model organisms of interest are Drosophila melanogaster, the mouse and human.
High-throughput sequencing technologies, although powerful, sometimes introduce unexpected
artefacts. Bart Deplancke and his team developed
an R package – absfilter – to alleviate specifically a
library amplification bias that introduces false positive allele-specific binding events in ChlPseq data.

2013 Highlights

As part of the consortium project described above,
the group used absfilter – with other computational methods – to identify allele-specific binding
events for several transcription factors, chromatin
marks, and RNA polymerase II in two parent-offspring trios and eight unrelated individuals from
the 1000 genomes project. The group identified
extensive allelic specificity for all analyzed marks,
which they found to be largely mediated by TF
binding. Such results suggest that sequence-

48

Host-Pathogen Genomics Group

specific TFs may specify histone modifications,
and that there is thus a sequence-specific component to the deposition of histone modifications1.
Another notable highlight of the group is the
development of a targeted proteomics method
to quantify absolute levels of lowly abundant
proteins, including TFs3. In a collaboration with
Felix Naef’s lab – also an SIB member – the
group then formulated a DNA binding model using
the derived TF copy number data as well as data
on binding energetics and local chromatin state
to provide novel insights into the DNA-binding
behavior of a key TF during fat cell differentiation.

What else do they do?

With Jeff Jensen – an SIB member – and his lab,
Bart Deplancke and his team are also preparing
an SIB-sponsored conference on the Systems
Genetics and Evolution on Non-human (Model)
Organisms. The conference will take place in
May 2014 in Ascona, Switzerland.
For more information: http://sge2014.epfl.ch/

Noteworthy publications

• Kilpinen H.*, Waszak S.M.*, Gschwind A.*,
Raghav S.K., Witwicki R.M., Orioli A. et al.
Coordinated effects of sequence variation
on chromatin structure, DNA binding and
transcription. Science 2013:342:744-7. (*, first
author).
• Gubelmann C., Isakova A., Waszak S.M.,
Lagovitina A., Hens F. et al. A yeast one-hybrid
and microfluidics-based pipeline to map mammalian gene regulatory elements. Molecular
Systems Biology 2013 :9:682 (Article #).
• Simicevic* J., Schmid A.W.*, Gilardoni P.*,
Zoller B., Raghav S.K., Krier I. et al. Absolute
quantification of transcription factors during
cellular differentiation using multiplexed,
targeted proteomics. Nature Methods 2013:
10:570-6. (*, first author).

What do they do?

Research in the Fellay lab focuses on the human
genomics of infection. Using genome-wide association analysis, exome sequencing and trans
criptomics, the group explores the genetic roots
of inter-individual differences in response to viruses. The study of genetic interactions between
pathogens and their human hosts represents a
particularly exciting aspect of their research.
The group focuses on 1) human genomics of
HIV infection, 2) the joint analysis of interactions
between human and viral genomes, and 3) exome
sequencing in patients with extreme infectious
disease phenotypes.
Human genomics of HIV infection
Jacques Fellay and his group coordinate the
International Collaboration for the Genomics
of HIV, and run a meta-analysis of HIV control
in over 10,000 samples. They also generated
exome sequencing data for 400 participants in
the Swiss HIV Cohort Study. Together, these
studies will help them delineate the global impact
of human genetic variation on HIV control.
Joint analysis of interactions between
human and viral genomes
It is now possible to acquire complete viral and
host genome information in the same infected
individuals, which provides the unprecedented
opportunity to identify all sites of interaction between the host and the pathogen through non
a priori analysis. Using HIV-1 as a paradigmatic
example of a highly variable genome, the group
mapped all sites in the retroviral genome that are
under host selective pressure, and characterized
the corresponding host factors.

Exome sequencing in patients with extreme
infectious disease phenotypes
The group recruits and sequences the exome of
children with severe viral respiratory infections, as
well as of liver transplant recipients who suffered
from fulminant hepatitis upon HBV infection. Here,
they test the hypothesis that patients developing
unusually severe symptoms after infection by
common pathogens carry rare genetic defects
that can be uncovered using exome/genome
sequencing technology and comparison with
healthy control populations.
GuavaH
The Fellay lab recently developed GuavaH, a
compendium of host genomic data in HIV biology
and disease. This intuitive web interface allows
queries, and supports validation of the rapidly
growing body of host genomic information
relevant to HIV research. www.guavah.org

Noteworthy publications

• Bartha I, Carlson JM, Brumme CJ, McLaren
PJ, Brumme ZL, et al. A Genome-to-Genome
Analysis of Associations between Human
Genetic Variation, HIV-1 Sequence Diversity,
and Viral Control. eLife, 2013, 2:e01123.
• McLaren PJ, Coulonges C, Ripke S, van
den Berg L, Buchbinder S, et al. Association
Study of Common Genetic Variants and HIV1 Acquisition in 6,300 Infected Cases and
7,200 Controls. PLoS Pathogens 2013, 9(7):
e1003515.
• Lane J, McLaren PJ, Dorrell L, Shianna KV,
Stemke A, et al. A genome-wide association
study of resistance to HIV infection in highly
exposed uninfected individuals with hemophilia A. Human Molecular Genetics 2013,
22(9):1903-10.
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Jérôme Goudet

Vassily Hatzimanikatis

Population Genetics and Genomics Group

What do they do?

The Population Genetics and Genomics Group
led by Jérôme Goudet strive to understand how
the interplay between population structure, trait
architecture and selection can be disentangled.
The group focuses on the simulation of individuals and their genomes through time in a realistic
landscape, inferring historical events and selection from genomic and phenotypic data, and developing statistical tools for population genomics.
quantiNEMO
How diversity among genomes has been shaped
is a huge challenge, and will have an impact on
fields ranging from evolutionary biology to medical genetics. quantiNEMO has been designed to
tackle such questions. It is an individual-based,
genetically-explicit stochastic simulation program, which allows the investigation of the effects
of selection, mutation, recombination and drift on
quantitative traits.

2013 Highlights

During the course of 2013, five issues were
addressed, namely:
1) Improving the coalescence layer in order to
simulate the sequences of several mega-bases;
2) Testing the different selection schemes that
have been implemented, and estimating the
selection intensity on fictional worlds – a rectangular world, for instance – but also realistic
worlds, such as Europe for example;
3) A new class of deleterious loci were implemented to allow the simulation of background
selection;
4) Gender can now be determined using a genetic
basis rather than being allocated at random;
5) The recombination rate among genomic positions along the chromosomes is now allowed
to change through time. Such a feature allows
us to explore how sex chromosomes – such
as the human Y chromosome, for example –
might have lost their capacity to recombine.

Laboratory of Computational Systems Biotechnology Group (LSCB)

What else do they do?

The group develops hierfstat, a collection of statistical functions allowing the analysis of population genomic data.
Jérôme Goudet was invited to teach statistical genetics with Professor Bruce Weir, at the
University of Washington, USA.

Noteworthy publications

• Pagni M, Niculita-Hirzel H, Pellissier L, Dubuis
A, Xenarios I, Guisan A, Sanders IR, Goudet J,
Guex N. Density-based hierarchical clustering
of pyro-sequences on a large scale-the case of
fungal ITS1. Bioinformatics 2013;29(10):12681274
• Alcala N, Streit D, Goudet J, Vuilleumier S.
Peak and Persistent Excess of Genetic Diversity Following an Abrupt Migration Increase.
Genetics 2013;193(3):953-971
• Blaser O, Grossen C, Neuenschwander S,
Perrin N. Sex-Chromosomes Turnovers Induced
By Deleterious Mutation Load. Evolution 2013;
67(3):635-645

What do they do?

Vassily Hatzimanikatis and his team concentrate on the mathematical modelling of complex
cellular processes and develop computational
methods for the integration of experimental information on multiple levels. The aim is to provide
experimentally testable hypotheses and targets
for purposeful redesign and manipulation of these
processes.
The group focuses on systems biology, synthetic
biology, metabolic engineering, bioenergetics,
metabolism, proteomics, lipidomics, drug design
and sustainability.
BNICE (Biochemical Network Integrated Computational Explorer) is a computational framework
for the identification of novel metabolic reactions
and pathways. It uses a database of more than
200 generalized enzyme rules, and employs a
pathway generation algorithm which allows the
generation of all possible routes from known metabolic intermediates to target natural and manmade chemicals. These routes are composed of
generalized enzyme reactions. Hence, any of the
novel reactions in these routes can be associated
with a class of known enzymes (and sequences)
which catalyse similar reactions.
BNICE enables researchers to explore the potential of nature’s chemical toolbox, as well as discover and exploit its diversity.

2013 Highlights

During the course of 2013, BNICE was developed
for the design of synthetic metabolic pathways for
renewable biobased chemicals in synthetic biology (synBNICE), for the identification of biodegradation of xenobiotic compounds by microbes and
in the human body (NICExenos and NICEdrug),
for the analysis of lipidomics data (NICELips),
and for the simulation and analysis of the fate
of atoms in labelling experiments (NICEfate).
BNICE integrates algorithms for network and
pathway analysis, as well as bioenergetics information for the screening and feasibility evaluation
of the generated, novel reactions and pathways.
Using NICEdrug, Vassily Hatzimanikatis and
his team have discovered novel routes for the
metabolic fate of two major antiplatelet drugs in the
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human liver. These routes could explain why the
drugs are not effective for many individuals (nonresponders), and how the group could chemically
modify them for personalized medicine.
Disposable diapers are made with acrylic acid,
and plastic bottles are made with terephthalic
acid. These are chemicals derived from limited
fossil fuel, and their carbon footprint is significant.
Synthetic biology and metabolic engineering are
the only technologies that are able to develop
biological processes that can derive these products from renewable resources, such as sunlight
(algae) and plant biomass (yeast), using environmentally friendly industrial processes. However,
these chemicals are not native to these choice
organisms, and novel biosynthetic routes have
to be discovered. To this end, industrial and academic collaborators are using the SynBNICE
framework and LCSB computational technologies to reveal novel biochemical pathways and
develop bioprocesses that can turn sunlight and
natural fibres into acrylic acid and terephthalic
acid.

What else do they do?

The group also develops ORACLE (Optimization
and Analysis of Complex Living Entities), a framework for the development of large-scale kinetic
models that account for the uncertainty in the
available experimental data.

Noteworthy publications

• Tymoshenko S, Oppenheim R, Soldati-Favre
D, Hatzimanikatis V. Functional genomics
of Plasmodium falciparum using metabolic
modeling and analysis. Briefings in Functional
Genomics 2013; 12(4): 316-327.
• Racle J, Picard F, Girbal L, Cocaign-Bousquet
M, Hatzimanikatis M. A Genome-Scale
Integration and Analysis of Lactococcus lactis
Translation Data. PLoS Comp Biol 2013;
9(10): e1003240.
• Chakrabarti A, Miskovic L, Soh KC,
Hatzimanikatis V. Towards kinetic modeling
of genome-scale metabolic networks without
sacrificing stoichiometric, thermodynamic and
physiological constraints. Biotech J 2013; 8(9):
1043-1057.
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Jeffrey Jensen

Henrik Kaessmann

Population Genetics Group

What do they do?

The primary research theme of Jensen’s group
is to draw statistical inference from DNA polymorphism data. More specifically, to describe the
processes which determine the amount and distribution of genetic variation within and between
populations. Lab members work on both applied
and theoretical problems, in fields ranging from
population genomics to medical genetics.

In more detail…

The Jensen Lab carries out research on two general themes: Theory and Computation, and Data
Analysis.
Theory and Computation
This line of research aims to identify and describe by way of theory and simulation, as well
as statistical method development, patterns of
variation which may be used to differentiate and
co-estimate selective and demographic effects.
This involves, a) the use of coalescent theory to
derive analytically expected patterns of variation
under non-equilibrium demographic models, both
with and without selection; b) the development of
maximum likelihood and approximate-Bayesian
(ABC) based methodology to identify specific
beneficial mutations, as well as to infer the distribution of fitness effects (DFE); and c) developing
novel simulation machinery in order to generate
expectations for otherwise intractable models.
Data Analysis
This line of research aims to apply the theory and
methodology, described above, to specific biologic
al systems, in order to characterize the evolutionary process in natural populations. Current focal
points involve three collaborations with Harvard
University and the University of Massachusetts
(UMass) Medical School. 1) With Hopi Hoekstra,
Harvard University, Jensen and his team investigate the mode and tempo of adaptation for
cryptic coloration in wild mouse populations.
2) With Dan Bolon, UMass Medical School, Jensen
seeks to determine systematically the fitness effects of all single nucleotide substitutions, using
this information to describe the shape of the fitness landscape and the nature of adaptive walks.
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Functional Evolutionary Genomics Group

3) With Tim Kowalik, UMass Medical School, the
Jensen Lab hopes to identify and characterize
sites in viral genomes underlying drug resistance
and countering immune response, as well as to
characterize the demographic history of infection.

Noteworthy publications

• Simkin A, et al. Recurrent and recent selective
sweeps in the piRNA pathway. Evolution 2013;
67: 1081-90.
• Linnen CR, et al. Adaptive evolution of multiple
traits through multiple mutations at a single
gene. Science 2013; 339: 1312-16.
• Renzette N, et al. Rapid intrahost evolution of
human cytomegalovirus is shaped by demo
graphy and positive selection. PLOS Genetics
2013; 9: e1003735.

What do they do?

Henrik Kaessmann and his group pursue integrated bioinformatics projects regarding the functional evolution of mammalian genomes based
on publicly available genomic data as well as
various experimental data sets generated by the
wet lab unit of the group.
The main focus is on the evolution of gene expression levels, the origin and evolution of long
non-coding RNA genes, the birth and functional
evolution of miRNA genes, the evolution of sex
chromosomes – such as, for example, the evolution
of X dosage compensation and of the Y chromosome – the evolution of germ cell transcriptomes,
the functional evolution of new protein-coding
genes, and the evolution of alternative splicing.

2013 Highlights

Changes in gene expression are thought to
under
lie many of the phenotypic differences
between species, but large-scale analyses of
gene expression were, until recently, not possible because of technological limitations. As a
sequel to a major study published in 2011, the
group assessed, in detail, the evolution of the
correlation between expression divergence and
protein divergence, transcriptome complexity of
the testis, microRNAs, and long non-coding RNA
repertoires and expression patterns in tetrapods
– based on extensive sets of RNA-seq data generated by the group. Their efforts in computational analysis benefited greatly from SIB’s Vital-IT
infrastructure.

What else do they do?

Other projects pursued during the course of 2013
concerned unique transcriptome and epigenomic
data, generated by the group, and included the
evolution of newly emerged coding genes, Y
chromosomes, UTRs and alternative splicing.

Noteworthy publications

• Soumillon M, Necsulea A, Weier M, Brawand
D, Zhang X, Gu, H, Barthès P, Kokkinaki
M, Nef S, Gnirke A, Dym M, de Massy B,
Mikkelsen TS, and Kaessmann, H. Cellular
source and mechanisms of high transcriptome
complexity in the mammalian testis. Cell Rep.
2013;3(6):2179-2190.
• Warnefors M and Kaessmann H Evolution
of the correlation between expression divergence and protein divergence in mammals.
Genome Biol. Evol. 2013;5(7):1324-1325.
• Meunier J, Lemoine F, Soumillon M, Liechti
A, Weier M, Guschanski K, Hu H, Khaitovich
P, and Kaessmann H Birth and expression
evolution of mammalian microRNA genes.
Genome Res. 2013;23(1):34-45.
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Zoltán Kutalik

Olivier Michielin & Vincent Zoete

Statistical Genetics Group

What do they do?

Zoltán Kutalik and his team are developing statistical methods to gain a greater understanding
of the genetic mechanisms which influence human traits – such as obesity for example – or
which trigger disorders – such as infectious or
autoimmune diseases. The group is particularly
interested in the interplay between these genetic
factors and the human environment.
The group’s research topics focus on 1), genetic
fine-mapping, 2) obesity genetics, 3) the integration of intermediate markers into gene-disease
associations, and 4) the genetics of infectious,
autoimmune and other diseases.
1) Genetic fine-mapping involves the quantification of multiple genetic effects at a single locus
(with C. Hoggart, Imperial College London, UK
and G. Ehret, Cardiology, University Hospitals
of Geneva), detecting imperfect tagging, and
copy number variant associations.
2) Obesity genetics involves detecting agedependent genetic factors and the timeevolution of genetic effects on obesity (with the
GIANT consortium), dissecting diet and obesity
genetics, and revealing the genetic effects that
depend on the parental origin of the allele.
3) Integration of markers into gene-disease associations involves metabolomics genetics (with
S. Bergmann, SIB), and Mendelian randomization (with V. Rousson, M. Bochud, Institute
of Social and Preventive Medicine, University
Hospital of Lausanne (CHUV)).
4) The genetics of infectious, autoimmune and
other diseases involves the modelling and
testing of how genetic factors contribute to
the outcome of disease and treatment. The
group has established long-standing collabor
ations with the Swiss Hepatitis C cohort (P-Y.
Bochud, Infectious Disease Service, CHUV),
European Narcolepsy Network (M. Tafti, CIG,
UNIL), Cohorte Lausannoise (P. Vollenweider,
Internal Medicine, CHUV).
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Molecular Modelling Group

2013 Highlights

What do they do?

During the course of 2013, the QuickTest software
– which was developed for rapid genome-wide
association scans – was extended to accommodate robust interaction tests and multivariate
analysis.

The Molecular Modelling group develops and employs techniques for
the computer-aided rational design of
proteins, or small molecules, for research and treatment of human diseases, mostly in the field of oncology.

What else do they do?

The group focuses on the development of computer-aided drug design
tools, the creation of web services
for drug design, the development
of new drugs for cancer therapy,
the development of computer-aided
protein design tools and the rational
design of T-Cell receptors for cancer immunotherapy

Zoltán co-organizes an SIB course on Genetic
Diseases & Exome Sequencing.

Noteworthy publications

• Randall JC*, Winkler TW*, Kutalik Z*, Berndt
SI* et al. Sex-stratified Genome-wide Association Studies Including 270,000 Individuals Show Sexual Dimorphism in Genetic Loci
for Anthropometric Traits. PLoS Genet. 2013
Jun;9(6):e1003500.
• Lange CM et al. Comparative genetic ana
lyses point to HCP5 as susceptibility locus
for HCV-associated hepatocellular carcinoma.
J Hepatol. 2013 Sep;59(3):504-9.
• Choong E et al. Influence of CRTC1 Polymorphisms on Body Mass Index and Fat
Mass in Psychiatric Patients and the General Adult Population. JAMA Psychiatry 2013
Oct;70(10):1011-9.

Example of an output page of
SwissTargetPrediciton
(www.swisstargetprediction.ch).
The ouput lists predicted probable
targets for chlorotrianisene.

SwissDrugDesign
The SwissDrugDesign project is an ambitious
initiative whose aim is to provide the first comprehensive, integrated and freely accessible
web-based in silico drug design environment to
the scientific community worldwide. Its purpose
is to offer a large collection of tools covering all
aspects of computer-aided drug design.

In more detail…

The Molecular Modelling group develops several
web services that have an increasing number of
visitors:
SwissDock is a free docking web service to predict the molecular interactions that may occur
between a target protein and a small molecule.
www.swissdock.ch
SwissParam provides topology and parameters
for the molecular modeling of small organic
molecules. www.swissparam.ch
SwissSidechain is a database which gathers
information on hundreds of commercially available
non-natural side chains for peptide design, which
can be used to study, in silico, their insertion into
peptides or proteins. www.swisssidechain.ch
The SwissBioisostere database collects over
5.5 million molecular substructural replacements
extracted from the literature, along with information on how frequently such replacements were
performed in the past, and the observed impact
on the compounds’ activity. This knowledge is of

particular interest for a better understanding on
possible molecular modifications of a current lead
compound, so as to possibly increase affinity, or
circumvent a pharmacodynamics, pharmacokinetics, or intellectual property issue.
www.swissbioisostere.ch

2013 Highlights

In 2013, the group developed a new drug design
tool, the SwissTargetPrediction web service,
which aims to predict the targets of bioactive
small molecules in human and other vertebrates.
This is useful to understand the molecular
mechanisms underlying a given phenotype or
bioactivity, to rationalize possible side-effects, or
to predict off-targets of known molecules.
www.swisstargetprediction.ch

What else do they do?

The group also developed several methods to estimate the role played by protein residues in their
activity and structural stability. Consequently,
they were able to engineer several T-cell receptors with enhanced binding properties for two
different melanoma-related antigens, and demonstrated that T-cells expressing this new receptor exhibit an increased ability to kill cancer cells,
thus paving the way to clinical trials.
The group is also developing indoleamine 2,3-dioxigenase inhibitors. They obtained several highly efficient compounds with low nanomolar activities in enzymatic and cellular assays, exhibiting a
significant activity in a cancer mouse model.

Noteworthy publications

• Gfeller D, Michielin O, Zoete V. Shaping the
interaction landscape of bioactive molecules.
Bioinformatics 2013 Dec 1;29(23):3073-9.
• Zoete V, Irving M, Ferber M, Cuendet MA,
Michielin O. Structure-Based, Rational Design
of T Cell Receptors. Front Immunol. 2013 Sep
12;4:268.
• Fagerberg T, Zoete V, Viatte S, Baumgaertner
P, Alves PM, Romero P, Speiser DE, Michielin
O. Prediction of cross-recognition of peptideHLA A2 by Melan-A-specific cytotoxic T lymphocytes using three-dimensional quantitative structure-activity relationships. PLoS One
2013 Jul 16;8(7):e65590.
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Bernard Moret

Felix Naef

Laboratory for Computational Biology Group

What do they do?

Bernard Moret and his group develop, implement
and assess models and algorithms for genome
and network evolution.
6 Dell Poweredge R815
The group has its own dedicated cluster – 6 Dell
Poweredge R815 – with a 256GB main memory
and 64 cores each, to run simulations for model
and algorithm assessment.

2013 Highlights

During the course of 2013, the group carried out
a detailed assessment of existing synteny tools
using new models and measurements on various
families of genomes (yeasts, insects, others).
They also developed very fast exact algorithms
to compute the median of three genomes under
duplications, losses, and rearrangements.

Computational Systems Biology Lab Group

Noteworthy publications

• Lin Y, Hu F, Tang J, Moret BME. Maximum
likelihood phylogenetic reconstruction from
high-resolution whole-genome data and a tree
of 68 eukaryotes. Proc. 18th Pacific Symp. on
Biocomputing PSB’13, pp. 285-296, 2013.
• Shao M, Lin Y, Moret BME. Sorting genomes
with rearrangements and segmental dupli
cations through trajectory graphs. Proc. 11th
RECOMB Workshop on Comparative Geno
mics RECOMB-CG’13, in BMC Bioinformatics
14, Suppl. 15, S9 (2013).
• Nair NU, Lin Y, Bucher P, Moret BME. Phylogenetic analysis of cell types using histone
modifications. Proc. 13th Workshop on Algorithms in Bioinformatics WABI’13, in Lecture
Notes in Computer Science 8126, 326-337,
Springer Verlag (2013).

What do they do?

Felix Naef and his lab work in the field of computational and systems biology, in the areas of gene
regulation, stochastic transcription and circadian
rhythms. While their research is largely computational, the Naef lab also started an independent
wet lab working on circadian gene expression and
stochastic transcription using imaging in single
cells.
They focus on cis-regulatory bioinformatics, functional genomics (RNA-seq, Chip-seq, DNAse1),
transcriptional bursting, stochastic modelling, single cells and circadian rhythms.

2013 Highlights

Together with the Gachon Lab at the Nestlé
Institute for Health Sciences (NIHS), the Naef-lab
published the first proteome-wide measurements
of circadian protein accumulation in wild-type
and clock mutants. In the context of their work
on transcriptional bursting in single cells, they
were able to show that different stimuli can elicit
transcriptionally distinct responses, notably on
the level of the refractory periods following the
initial bursts.

Noteworthy publications

• Mauvoisin D, Wang J, Jouffe C, Martin E, Atger
F, Waridel P, Quadroni M, Gachon F, Naef F.
Circadian clock-dependent and -independent
rhythmic proteomes implement distinct diurnal
functions in mouse liver. Proc Natl Acad Sci
USA (2013).
• Molina N, Suter DM, Cannavo R, Zoller B,
Gotic I, Naef F. Stimulus-induced modulation of
transcriptional bursting in a single mammalian
gene. Proc Natl Acad Sci USA (2013).
• d’Eysmond T, De Simone A, Naef F. Analysis
of precision in chemical oscillators: implications for circadian clocks. Phys Biol. 2013;10,
056005.

Teaching…
The group is involved in several teaching activities
in computational and mathematical biology at the
EPFL.
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Matteo Dal Peraro

Marc Robinson-Rechavi

Laboratory for Biomolecular Modeling Group

What do they do?

The Laboratory for Biomolecular Modeling led
by Matteo Dal Peraro strives to understand the
physical and chemical properties of complex biological systems, in particular their function with
regards to structure.
To this end, they use and develop multiscale molecular simulation methods and dynamic integrative
modelling to investigate large molecular assemblies, mimicking conditions found in the cellular environment.
power
A Parallel Optimization Workbench for Enhancing
the Resolution of biological systems, has been
developed to exploit heuristic optimization, molecular simulation as well as all sorts of experimental spatial restraints to reach near-atomistic
resolution for large assemblies.
http://lbm.epfl.ch/resources

2013 Highlights

Proteins often assemble in large macromolecular
complexes to achieve a specific task. Such structures are difficult to determine at atomistic resolution, and their mechanism of action remains
obscure. To address this, the group developed
ways to predict the structure and function of large
biological assemblies, and established an optimization strategy guided by structural and dynamic
data in order to characterize the final assembly
conformation (power) [1].
Using this strategy, the group was able to reveal
the assembly mechanism of aerolysin, a bacterial pore-forming toxin that produces heptameric

Evolutionary Bioinformatics Group

pores [2]. The group also determined the basal
body structure of the Yersinia type III secretion
system, and the importance of its flexibility at the
periplasmic space [3].
The native dynamics of individual components is
key in defining the architecture, and understanding the function of large multi-protein complexes.
The ability of the group’s approach to integrate
protein dynamics with sparse experimental data
is a promising step towards the molecular characterization of large pathogenic systems.

What else do they do?

In 2013, the group reached new and notable
results in two other major areas:
1) A new generation of electrostatic-consistent
coarse-grained models for soluble proteins was
developed.

What do they do?

Marc Robinson-Rechavi and his team focus their
research on linking the evolution of animal development to genome evolution. In this regard, the
group develops databases for evolutionary biol
ogy, and studies genome evolution in vertebrates.
Their main interests are in gene and genome
duplication, evolution and development, gene
expression evolution, and natural selection.
Bgee
The group develops the Bgee database on the
evolution of gene expression. The database provides integrated patterns of expression based on
the analysis of diverse data in different animal
species. It also provide tools for the comparison
between genes, or species, based on organ and
gene homology.

2) New molecular models of key components of
the bacterial and mitochondrial membrane,
such as cardiolipin were also developed.

Bgee is the only resource currently available for
comparative transcriptomics based on homology.
http://www.bgee.org

An automatic web-server was also developed:
LipidBuilder, which is able to construct bilayers of
any given lipid composition to mimic as precisely
as possible the biological membrane .
http://lipidbuilder.epfl.ch

2013 Highlights

Noteworthy publications

From a practical point of view, this means that
users of diverse bioinformatics resources will
see anatomical information represented in the
same way. It also implies that annotation efforts
will not be duplicated but, rather, spread across
resources.

• Degiacomi M, Dal Peraro M. Macromolecular
Symmetric Assembly Prediction Using Swarm
Intelligence Dynamic Modeling. Structure 2013;
21(7):1097-1104.
• Degiacomi M, Iacovache I et al. Molecular assembly of the aerolysin pore reveals a swirling membrane-insertion mechanism. Nature
Chemical Biology 2013;9, 623–629.

In 2013, the Bgee team integrated their
annotations with those from the Gene Ontology
and Phenoscape projects, to form one common
ontology.

What else do they do?

Marc Robinson-Rechavi and his group also develop Selectome, a database of positive selection. Selectome now has its first complete, nonbeta, release online. http://selectome.unil.ch/

Noteworthy publications

• Gharib W, Robinson-Rechavi M. The branchsite test of positive selection is surprisingly
robust but lacks power under synonymous
substitution saturation and variation in GC.
Molecular Biology and Evolution 2013; 30(7):
1675-1686.
• Daub JT, Hofer T, Cutivet E, Dupanloup I,
Quintana-Murci L, Robinson-Rechavi M,
Excoffier L. Evidence for polygenic adaptation
to pathogens in the human genome. Molecular
Biology and Evolution 2013; 30(7):1544-1558.
• Piasecka B, Lichocki P, Moretti S, Bergmann
S, Robinson-Rechavi M. The hourglass
and the early conservation models - coexisting evolutionary patterns in vertebrate
development. PLOS Genetics 2013; 9(4):
e1003476.

• Kudryashev M, Stenta M et al. In situ structural
analysis of the Yersinia enterocolitica injectisome. eLife 2013; 2:e00792.

Figure legend
Pore forming toxin aerolysin monomers (in red),
upon activation by proteolytic cleavage of their
C-terminal peptide, can assemble first in a heptameric prepore state (center) and finally in a transmembrane pore (right) at the host target membrane [2]. (Credit to Matteo Degiacomi.)
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Jacques Rougemont

Nicolas Salamin

Bioinformatics and Biostatistics Core Facility Group

What do they do?

The Bioinformatics and Biostatistics Core Facility
offers support for the analysis of high-throughput
genomic data for life science researchers in the
Geneva-Lausanne area. It develops tools and
methods to facilitate and improve such analyses.
In particular, the group focuses on gene regula
tion, functional genomics and the analysis of
sequencing data.
Flygut
Jacques Rougemont and his group collaborate
with the lab of Prof. Lemaitre to develop Flygut, an
online database which provides a comprehensive
atlas of the Drosophila melanogaster adult
midgut, including anatomical, histological and
gut- or region-specific gene expression data.
The resource proposes a mapping of expression
data for 210 enhancer-trap lines – obtained by
measuring GFP fluorescence along the midgut –
onto a 3D model of the midgut. This representation
helps to understand better the relations between
gene expression patterns and the anatomy of the
midgut. Microarray data for the different regions
along the gut associated with GO terms are also
reported. http://flygut.epfl.ch

Computational Phylogenetics Group

2013 Highlights

In 2013, a description of the resource was published in Cell Reports (see below).

Noteworthy publications

• Andrey G, Montavon T, Mascrez B, Gonzalez
F, Noordermeer D, Leleu M, et al. A switch
between topological domains underlies HoxD
genes collinearity in mouse limbs. Science
2013;340(6137):1234167.
• Buchon N, Osman D, David FPA, Yu Fang H,
Boquete J-P, Deplancke B, et al. Morphological
and molecular characterization of adult midgut
compartmentalization in Drosophila. Cell Rep
2013;3(5):1725–38.
• Uplekar S, Rougemont J, Cole ST, Sala C.
High-resolution transcriptome and genomewide dynamics of RNA polymerase and NusA
in Mycobacterium tuberculosis. Nucleic Acids
Research. 2013;41(2):961–77.

What do they do?

Nicolas Salamin and his group estimate and use
the evolutionary relationships between species
to investigate the processes which affect species
evolution. In particular, they are looking at the
ecological, genomic and morphological factors
that limit and constrain speciation and adaptation.
The group focuses on phylogenetic reconstruction
methods, clownfish genomics, the estimation
of positive selection on genes, modelling the
evolution of DNA sequences and phenotypes,
the mode and tempi of species evolution, and the
spatially explicit evolution of diversity.
Coev
This software implements a markov model to
identify the coevolving positions along DNA and
amino-acid sequences. Its advantage over other
methods is that it can also estimate the coevolving
profile, which provides an evolutionary footprint
for molecular sequences. This allows a better
identification of the key functional and structural
properties of RNA and protein-coding genes.
s

AC, GG


d

AA, AG, AT, CA, CC,
CG, CT, GA, GC, GT,
TA, TC, TG, TT

r1, r2

Schematic view of the Coev model. The red box
represents the coevolving profile and the s, d, r1
and r2 are the parameters of the Markov model.

2013 Highlights

During the course of 2013, the development of
Coev was carried out alongside another resource
called fastCodeML which estimates the signature
of positive selection along branches of a
phylogenetic tree. The goal is to combine both
approaches to get a greater understanding of the
evolutionary forces acting on protein-coding gene
sequences.

Reproduced from Buchon N et al. Cell Rep 2013
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The group is currently running Coev on the
Selectome database in order to identify coevolving
positions and estimate the associated coevolving
profile across all protein-coding genes that are
annotated in available vertebrate genomes. The
principal focus of this work is the application of

the Coev model on a large number of proteins,
to understand better the intrinsic properties of
coevolving positions. For the total of 14,044
protein families, the group will analyse 5,587,992
positions (5x107) and 5x1010 pairs of positions.
For each family, and each pair of positions, the
group evaluated a score of coevolution using
the Coev model. This large-scale analysis was
possible by porting Coev to the BlueGen/Q high
performance computing system of CADMOS.
The Coev model is now in press in Bioinformatics
(Dib et al. 2014).

What else do they do?

Besides the Coev model, the group continues to
develop models and methods to estimate positive
selection on phylogenetic trees. They are now in
the process of porting their fastCodeML resource
on the BlueGen/Q system of CADMOS to run the
analysis on large scale genomic datasets. This
was made possible thanks to an interdisciplinary
grant from the Swiss National Science Foundation
to Nicolas Salamin, Marc Robinson Rechavi and
Bastien Chopard – all three are SIB group leaders.
Nicolas Salamin and his team are also involved
in teaching evolutionary modelling, and they
organized an SIB course “Introduction to Markov
models” in October 2013.

Noteworthy publications

• Kostikova A, Litsios G, Salamin N*, Pearman
P*. Linking Life-History Traits, Ecology, and
Niche Breadth Evolution in North American
Eriogonoids (Polygonaceae). American Naturalist 2013; 182(6): 760-74. (*=co-last authors)
• Lexer C, Mangili S, Bossolini, E, Forest F, ...
Salamin N. Next generation’ biogeography:
towards understanding the drivers of species
diversification and persistence. Journal of
Biogeography 2013; 40(6): 1013-22.
• Perret M, Chautems A, DeAraujo A O, Salamin
N. Temporal and spatial origin of Gesneriaceae
in the New World inferred from plastid DNA
sequences. Botanical Journal of the Linnean
Society 2013; 171: 61-9.
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Ioannis Xenarios
Vital-IT Group

Lugano

What do they do?

The Vital-IT group maintains a Competency Centre
in Bioinformatics and Computational Biology which
supports the Swiss scientific community.
The group trains biomedical and life scientists in
bioinformatics software development, and in the
use of high performance computing and bioinformatics software development.
The main focus is to provide high quality access
to computational expertise and to carry out work
in bioinformatics. The group also creates opportunities for scientists to transform their bioinformatics tools into production-quality software that
is ready to use in industry (pharma/biotechno
logy, agrochemistry, information technology, etc.).
Vital-IT supports several hundred projects and
SIB resources such as neXtProt, Swiss-Prot,
OpenFlu, SWISS-MODEL, SwissDock and the
scientific webportal ExPASy. These resources are
the cornerstone of the group’s activities for both
the Swiss community and the rest of the world.
Vital-IT
The Vital-IT centre supports over 650 scientists in
the Western part of Switzerland. Its staff supports
medium to large-scale bioinformatics and computational biology projects. Vital-IT has been either
acknowledged in – or its group members were coauthors of – more than 80 publications in 2013.

2013 Highlights

During the course of 2013, several resources
were made publicly available. One of these was
MetaNetX which provides metabolic-scale model
reconstruction and evaluation. The project is led
by Joerg Stelling and Marco Pagni from SIB and
EZH Zurich.
A novel heuristic search for domain detection was
developed for the Profile/Prosite activities, this
enables searching for novel processors efficiently
and coping with the growing size of databases.
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What else do they do?

Ioannis Xenarios and his team are deeply involved
in the continuing education of researchers,
particularly in teaching and training them how to
use computing power efficiently; in 2013, over
80 people were trained. This is not a trivial task.
It demands expertise, which the Vital-IT expert
pool has. It is also worth noting that training in
High Performance Computing (HPC) has been
provided in the KAIMRC in Saudi Arabia where
attendees learned how to use a Vital-IT-like
infrastructure.

Università della Svizzera Italiana - Lugano
 Scientific Computing
Igor Pivkin

In a rapidly evolving environment, innovative
technologies are appearing at a fast rate, and
coping with these changes is an essential part of
Vital-IT’s success and efforts. To this end, Vital-IT
has developed an innovative prenatal diagnostic
algorithm that supports the first clinical grade
non-invasive test in Switzerland (CE mark)

Noteworthy publications

• Pagni M, Niculita-Hirzel H, Pellissier L,
Dubuis A, Xenarios I, Guisan A, Sanders IR,
Goudet J, Guex N. Density-based hierarchical
clustering of pyro-sequences on a large scale –
the case of fungal ITS1. Bioinformatics 2013;
29(10):1268-74.
• Guex N, Iseli C, Syngelaki A, Deluen C,
Pescia G, Nicolaides KH, Xenarios I, Conrad
B. A robust second-generation genome-wide
test for fetal aneuploidy based on shotgun
sequencing cell-free DNA in maternal blood.
Prenat Diagn. 2013; 33(7):707-10.
• Ganter M, Bernard T, Moretti S, Stelling J,
Pagni M. MetaNetX.org: a website and repository for accessing, analysing and manipula
ting metabolic networks. Bioinformatics 2013;
29(6):815-6.
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Igor Pivkin

Scientific Computing Group

Zurich

What do they do?

Igor Pivkin and his team’s interests lie in the area
of multiscale/multiphysics modelling, and parallel
large-scale simulations of biological and physical
systems. Their focus is on the development of
new computational models and corresponding
numerical methods suitable for the next generation of supercomputers.
The group’s current projects include stochastic
multiscale modelling of motion, interaction, deformation and aggregation of cells under physiological flow conditions, coarse grained molecular dynamics simulations, as well as modelling
of transport processes in healthy and tumourinduced microcirculation.

2013 Highlights

In 2013, and in collaboration with research groups
from Brown University and MIT, Igor Pivkin and
his team developed a new multiscale model of
the red blood cell (RBC) by representing the lipid
bilayer and the cytoskeleton of spectrin network
as two distinct components. They used this new
model to investigate the effects of the bilayercytoskeletal viscoelastic interactions. Currently,
there are no experimental techniques that measure the mechanical characteristics of these interactions directly. By applying this new two-component whole-cell model, the group reconciled
and resolved several controversies and issues
in RBC mechanics. Their computational framework can be used to explore problems involving
cell physiology and pathological states mediated
by protein mutations, such as the bilayer loss in
hereditary spherocytosis and the bilayer cytoskeleton uncoupling in sickle cell anemia.
In collaboration with the group of Petros
Koumoutsakos from ETH Zurich, Igor Pivkin
and his team also studied transport processes
in healthy and tumour-induced microcirculation.
Within the project, they built the most detailed allatom model of the glycocalyx. The glycocalyx is
a polymeric layer that is the first barrier for solute
exchange between the blood and tissues and,
as such, is involved in key metabolic processes.
Using molecular dynamics simulations, the group
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studied glycocalyx conformational and dynamic
properties, the binding of fibroblast growth factors
to it and the mechanics of the glycocalyx under
the shear flow. The results will help to quantify
transport phenomena in healthy and tumourinduced microcirculation, thus contributing to
the development of rational strategies for cancer
therapy.

Noteworthy publications

• Peng Z, Li X, Pivkin IV, Dao M, Karniadakis
G, Suresh S. Lipid-bilayer and cytoskeletal
interactions in a red blood cell. PNAS 2013;
110(33):13356-61.
• Koumoutsakos P, Pivkin IV, Milde F. The fluid
mechanics of cancer and its therapy. Annual
Review of Fluid Mechanics 2013; 45:325-55.
• Cruz-Chu E, Malafeev A, Pivkin IV,
Koumoutsakos P. Structure and response
to flow of the glycocalyx layer. Biophysical
Journal 2014; 106(1):232-43.

University of Zurich
 Computational Oncogenomics
Michael Baudis
 Bioinformatics / Systems Biology
Christian von Mering
 Statistical Bioinformatics
Mark Robinson
 Evolutionary Systems Biology
Andreas Wagner
Swiss Federal Institute of Technology Zurich
 Computational Biochemistry Research
Gaston Gonnet

Figure legend

It is essential to train the next generation of bioinformaticians in order to maintain the exceptional
quality of bioinformatics in Switzerland. One of
the missions of SIB is to promote and coordinate
Bioinformatics education. We take it very seriously and recruit new bioinformaticians from the very
first days of their lives. On the image: Alexander
and Alexandrina Pivkin, DOB 6 October 2013.
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Michael Baudis

Gaston Gonnet

Computational Oncogenomics Group

What do they do?

The Computational Oncogenomics Group focuses
on the exploration of changes in the genomes of
cancer cells. This group, located at the University
of Zurich, uses their continuously expanding data
collections to detect both specific mutation events
that affect individual tumours, as well as complex
genomic aberration patterns and their relationships to cancer entities. Collaborative projects –
for example, in association with specialists in the
fields of childhood brain tumours or skin diseases
– are aimed at the in-depth biological characterization of these diseases, to facilitate targeted
therapeutic approaches.
Progenetix
The Progenetix database is the largest managed
resource for genomic copy number aberration
data in cancer. Through the mining, review and
annotation of published cancer genome datasets,
Progenetix provides a one-stop reference for
genomic copy number aberration profiles in the
majority of cancer types. www.progenetix.org

2013 Highlights

In 2013, the Progenetix resource reached a
milestone with over 30,000 individual genomic
profiles, covering 363 individual tumour types. As
a new information layer, Michael Baudis and his
group began to integrate location data to explore
population biases in cancer and facilitate location
– based networking among research groups.

Computational Biochemistry Research Group

What else do they do?

The group continued to extend the arrayMap
data
base and repository for childhood glioma
data.
They also began a collaborative project to delineate inflammatory dermatologic diseases from histologically related cutaneous lymphomas (SNF
project).
arrayMap database: www.arraymap.org
repository for childhood glioma data:
dipg.progenetix.org

Noteworthy publications

• Salaverria I, Martin-Guerrero I, Baudis M,
Siebert R et al. High resolution copy number
analysis of IRF4 translocation-positive diffuse
large B-cell and follicular lymphomas. Genes
Chromosomes Cancer 2013; 52(2): 150-155.
• Krieger M, Roos A, Stendel C, Claeys KG,
Sonmez FM, Baudis M et al. SIL1 mutations
and clinical spectrum in patients with
Marinesco-Sjogren syndrome. Brain 2013;
136(Pt 12): 3634-3644.
• Martin-Guerrero I, Salaverria I, Burkhardt B,
Szczepanowski M, Baudis M, Siebert R et
al. Recurrent loss of heterozygosity in 1p36
associated with TNFRSF14 mutations in
IRF4 translocation negative pediatric follicular
lymphomas. Haematologica 2013; 98(8):
1237-1241.

Figure legend

The map displays the geographic distribution (by
corresponding author) of the 70667 genomic array and 35995 chromosomal CGH based cancer genome datasets. The numbers are derived
from the publications registered in the Progenetix
database. Area sizes correspond to the sample
numbers reported from a given location. The map
was generated through the Progenetix web API
http://www.progenetix.org/cgi-bin/api.cgi?mapwi
dth=1024&output=map&locscale=5&collection=p
ublications&mapcaption=1
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What do they do?

The Computational Biochemistry Research
(CBR) group is interested in the modelling and
analysis of biological problems at the molecular
level. Its expertise lies in the field of algorithms,
optimization algorithms, mathematical modelling and computational systems. The group is
currently working on a large-scale project: the
Orthologous Matrix project and phylogenies. It
also offers results and general services via the
internet and the distribution of the Darwin system
for bioinformatics computations.
Gaston Gonnet and his team are interested in
bioinformatics problems, in particular the modelling and simulation of molecular sequence data.
The group is pursuing large-scale computational
problems, such as the Orthologous Matrix Project
(OMA). This particular project aims to produce,
automatically, reliable orthologous groups of proteins that are derived from entire genomes.

What else do they do?

The group is very involved in teaching and supervising the advanced Master’s in Computational
Biology and Bioinformatics, at the ETH Zurich.

Noteworthy publications

• Altenhoff AM, Gonnet GH, Dessimoz C. The
impact of gene duplication, insertion, deletion,
lateral gene transfer and sequencing error on
orthology inference: a simulation study. PLoS
One 2013,8(2): e56925.
• Altenhoff AM, Gil M, Gonnet GH, Dessimoz
C. Inferring Hierarchical Orthologous Groups
From Orthologous Gene Pairs. PLoS One
2013,8(1): e53786.
• Gil M, Zanetti MS, Zoller S, Anisimova M.
CodonPhyML: Fast maximum likelihood phylogeny estimation under codon substitution
models. Mol Biol Evol 2013;30(6):1270-80.

OMA
The CBR group provides all the ancillary information which is used to produce the OMA database
to the community through a new database called
SIBLINGS. SIBLINGS provides very high quality information on all homologous relationships
between genes, in more than 1500 complete
genomes.

2013 Highlights

During the course of 2013, the OMA project was
significantly consolidated and expanded, and
passed the mark of 1,500 full genomes. Over
1,000 different users search the database daily.
The data are exported, with explicitly written interfaces, to about twelve other services.
The SIBLINGS database was designed and
implemented during 2013, and will be made
available to the research community in 2014.
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Christian von Mering

Mark Robinson

Bioinformatics / Systems Biology Group

What do they do?

The group is interested in biological networks and
the quantitative, high-throughput data that define
them. As networks evolve, their impact on the
molecular players within the cell is studied at the
levels of protein expression, sequence evolution
and genome architecture.
STRING
The STRING protein network resource offers
scientists a convenient “one-stop-shop” on information regarding protein-protein partnerships.
Because most proteins perform their function as
part of larger assemblies – such as protein complexes, but also pathways for instance – STRING
gives researchers essential contextual information on any protein of interest, and provides a
scaffold for interpreting research results which
range from genetics to molecular biology.
www.string-db.org/

2013 Highlights

During the course of 2013, STRING underwent
an important change with respect to one particular source of its protein-protein interactions,
namely interactions that are inferred from data
in another organism, and known as “interaction
transfer”. Interactions which are discovered in
one model organism can often be transferred to
homologous genes in other organisms – provided
that the genes involved in the interaction occur in
both of the organisms’ genomes. This so-called
“interolog transfer” constitutes one of the most
important sources of interactions in STRING, particularly for less well studied organisms.
In 2013, the group re-designed the algorithms
for this transfer completely, and now places
more emphasis on orthology relations between
the respective genes. This information is parsed
from the eggNOG database, which shares its sequence/name-space with STRING, and to which
the group contributed a new, hierarchical ortho
logy schema in 2013 (with the group of Lars Jensen
at DTU, in Copenhagen). The resulting transfers
turn out to have better coverage and prevision,
and are more easily understood, conceptually.
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Statistical Bioinformatics Group

Overall, the STRING resource continues to be
widely recognized by its users. In 2013, according
to Google Analytics, the resource passed the
threshold of 600 citations in a single year – a
record so far.

What else do they do?

The group continues the development of its
PaxDB database resource, which is dedicated
to systematic protein abundance measurements
in model organisms. In addition, a number of
medically relevant collaborations focussing on
microbial communities relevant in diseases such
as cystic fibrosis, salmonella infection, and inflammatory bowel disease were initiated. The
group also joined the SystemsX consortium
TargetInfectX, which will be studying small RNA
molecules (microRNAs) in the context of infectious diseases.

Noteworthy publications

• Matias Rodrigues JF, von Mering C. HPCCLUST: distributed hierarchical clustering
for large sets of nucleotide sequences.
Bioinformatics. 2014;30(2):287-8.
• Powell S, Forslund K, Szklarczyk D, et al.
eggNOG v4.0: nested orthology inference
across 3686 organisms. Nucleic Acids Res.
2014;42(1):D231-9.
• Maier L, Vyas R, et al. Microbiota-derived
hydrogen fuels salmonella typhimurium
invasion of the gut ecosystem. Cell Host
Microbe 2013;14(6):641-51.

What do they do?

Mark Robinson and his team develop robust data
analysis solutions for the analysis of genomescale data. They develop statistical methods for
interpreting data from high-throughput sequencing
and other technologies, primarily in the domain
of gene expression and epigenetic regulation.
The group is largely data- and problem-driven,
and the methods they develop are tailored to the
characteristics of the technology platform that is
generating the data. They develop open-source
software tools via the Bioconductor project. Where
needed, the team also designs experiments and
collects data to compare the performance of
competing methods and platforms.

In more detail…

Noteworthy publications

• Anders S, McCarthy DJ, Chen Y, Okoniewski
M, Smyth GK, Huber W, Robinson MD. Countbased differential expression analysis of RNA
sequencing data using R and Bioconductor.
Nature Protocols 2013; 8(9):1765-86.
• Menigatti M, Staiano T, Manser CN, Bauerfeind
P, Komljenovic A, Robinson M, Jiricny J,
Buffoli F, Marra G. Epigenetic silencing of
monoallelically methylated miRNA loci in
precancerous colorectal lesions, Oncogenesis
2013; 2 (7), e56.
• Zhou X, Oshlack A, Robinson MD (2013).
miRNA-seq normalization comparisons need
improvement (Letter to the Editor), RNA, 19(6):
733-4.

Technology developments – such as highthroughput sequencing technologies Illumina
MiSeq/HiSeq/NextSeq – have revolutionized the
way in which genomes, transcriptomes and epigenomes are studied. Molecular biology is now
hugely data-rich, and researchers face an enormous challenge in the interpretation of the daunting amount of complex data. Their processing
and interpretation, together with the integration
of numerous molecular aspects, will demand the
research effort of a whole generation, and necessitates contributions not only from biologists but
also mathematicians, statisticians and computer
scientists.
Projects in the Robinson group encompass three
interrelated themes. 1) The analysis of genomescale experimental data in close collaboration
with biologists, 2) the development of statistical
methods and software tools for the interpretation
and integration of multiple types of genome-scale
data, and 3) conducting technical investigations
to understand the relative merits of technologies
and existing algorithms.
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Andreas Wagner

Acknowledgements

Evolutionary Systems Biology Group

What do they do?

Andreas Wagner and his team study the evolution and evolvability of biological systems at all
levels of biological organization – from genes
and genomes to biological networks and whole
organisms. The group develops bioinformatics
tools for the integration of data from a variety of
sources, such as comparative whole-genome
sequence data, microarray expression data and
high-throughput protein interaction data.

In more detail…

Traditionally, the field of molecular evolutionary
genetics focuses on individual genes and on the
evolutionary forces that influence the evolution of
these genes. However, in recent years, the field
has seen an intense burst of research activity,
driven by the availability of many whole genome
sequences as well as by the daunting amounts of
genome-scale data on mRNA expression, protein
expression, gene function, and the genetic and
physical interactions between gene products.
The mere heterogeneity and size of these datasets require the development of increasingly sophisticated bioinformatics tools for data integration. In turn, the data is used to study evolutionary
processes, not only at the level of individual genes
but also at the level of entire genomes and biological networks, including metabolic networks,
transcriptional regulation networks and protein
interaction networks.
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Noteworthy publications

• Barve A, Wagner A. A latent capacity for
evolutionary innovation through exaptation in
metabolic systems. Nature 2013; 500: 203206.
• Sunnaker M, Zamora-Sillero E, Dechant R,
Ludwig C, Busetto AG, Wagner A, Stelling J.
Automatic generation of predictive dynamic
models reveals nuclear phosphorylation as
the key Msn2 control mechanism. Science
Signaling 2013 ; 6 : ra41.
• Payne JA, Wagner A. Constraint and contingency in multifunctional gene regulatory
circuits. PLoS Computational Biology 2013; 9
(6): e1003071.

SIB develops and maintains core resources that are indispensable to life science researchers the world
over. We gratefully acknowledge the following sponsors for their financial support and encouragement in
helping us fulfil our mission.
• The Swiss government and in particular:
• The State Secretariat for Education,
Research and Innovation (SERI)
• The Swiss National Science Foundation
(SNSF)
• The Commission for Technology and
Innovation (CTI)
• Our institutional members (see list page 9)

The SIB Fellowship programme has been
launched thanks to the generous support of:
• Université de Genève
• Université de Lausanne
• Universität Zürich
• Fondation Leenaards

• GeneBio SA

• Swiss Foundation for Excellence and Talent
in Biomedical Research

• The National Institutes of Health (NIH)

• SystemsX.ch

• Basel Tourism
• Competence Center Computational Sciences
(CCCS) – University of Basel
• University of Basel Biozentrum
• IBM
• SystemsX.ch

We further thank all our industrial and academic partners who trust SIB expertise.
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Bioinformatics Resource Portal

More than 150 bioinformatics
resources for life science
researchers worldwide, such as:
 Translate
 ProtParam
 SWISS-MODEL
 STRING
 PROSITE
 neXtProt
 SwissRegulon
 UniProtKB/Swiss-Prot
 ViralZone

SIB | Swiss Institute of Bioinformatics
Quartier Sorge
Bâtiment Génopode
CH-1015 Lausanne
Switzerland
t +41 21 692 40 50
f +41 21 692 40 55
www.isb-sib.ch
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