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With all forms of technology becoming increasingly efficient and cost-effective, the resulting 
accumulation of data in the life sciences can be intimidating; and this process is unlikely to 
slow down in the near future. Data alone, however, is of little value. Not only do researchers 
need ways to store these large amounts of data, but they also need to access and analyse it 
to generate new biological insights and find the answers to essential questions about life such 
as “How is insulin uptake achieved?” or “How can we treat AIDS and cancer?”. Decrypting 
biological data will assist scientists in addressing some of the world’s biggest challenges of 
this century, such as food and energy production, sustainability and environmental protection, 
and of course, improving health. While the life sciences will play a key role in finding solutions 
to all these challenges, bioinformatics will play a central role in this endeavour. 

However, data and understanding data is not enough. Collaboration is also paramount.  
There can be no global progress unless there is exchange of knowledge and expertise  
among institutions, research groups and scientists. In this respect, SIB has been – and 
remains – at the forefront of intercantonal and interinstitutional collaboration since its creation. 
For example, Professor Jacques Beckmann joined SIB in 2012 to address the issue of 
“clinical bioinformatics”, an emerging field which stems from the ever-growing interaction 
between the medical and the life science communities. Soon the medical community, 
and in particular doctors, will be faced with large quantities of patient data such as whole 
genome sequences and protein expression data, to name but two. This poses novel analytic, 
technological, educational and ethical challenges for clinicians, but also for scientists. A whole 
new area of bioinformatics is emerging to which doctors and their patients will be directly 
linked. SIB has decided to be proactive in this field and hopes to become a hub for specialists 
and organizations. 

2013 marks SIB’s 15th anniversary. Bioinformatics is growing out of its infancy. In the light  
of what has just been presented, it is no understatement to say that there is still much to 
achieve and SIB will prove to be ever more essential in the years to come. 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, without 
which SIB would not exist today.

Prof. Manuel Peitsch 
Chairman of SIB Board of Directors

Manuel Peitsch 
Chairman of the Board of Directors
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Let’s face it: we are witnessing a paradigm shift in biomedical research. It is becoming more  
and more digital. Experimental research most often results in the production of data that 
must be analysed and interpreted. Moreover, the quantity of data produced is continually 
increasing. To make sense of this flood of data, we need bioinformatics and bioinformaticians. 
In the coming decade there will barely be any life science research without bioinformatics. 
The increasing need for it is illustrated by the continuous growth of our Institute which gained 
eight new groups in 2012, and will be joined by eight more by this summer.

The boom in bioinformatics was also demonstrated by ECCB’12, the European Conference 
on Computational Biology organized by SIB in Basel from 9 to 12 June 2012. Initially 600 
participants were expected, but the conference attracted more than 1,200 scientists from all 
over the world. This shows once again that Switzerland holds a leading place in this field, and 
that the concept of “Swiss quality”, one of SIB’s leitmotivs, is very much alive.

To keep up this pace, Swiss science must be able to continue to rely on outstanding, well 
trained specialists. We must therefore intensify our efforts in training the next generation 
of bioinformaticians. A major step was made with the launch of the new SIB Fellowship 
Programme. Thanks to the support of generous partners, we published the first call for 
applications in September and selected seven laureates from more than 100 applicants from 
several continents. The SIB Fellows will have the opportunity to do their PhDs within an SIB 
group, enjoying the expertise of, and contact with, many SIB members. 

But bioinformatics does not boil down to research alone. Healthcare is about to experience 
a revolution in which the diversity of available data concerning a given patient will be 
integrated and used for his/her benefit. The data includes imaging and medical records, 
but also genomics and other “omics” data. SIB launched a new activity area called “Clinical 
Bioinformatics” in order to prepare for this upcoming revolution, which will require new tools, 
new types of education and close collaboration at the national level.

In 2013 SIB is celebrating its 15th anniversary. While we must keep up our efforts, we can 
be proud of our Institute’s dynamic development and contribution to life science. 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 support 
and 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.

Amid many successes, the year unfortunately also had a sad note. The late President of our 
Foundation Council, Peter Malama left us much too early. We all miss him and will remain 
indebted to him for his abiding support and involvement.

Prof. Ron Appel 
Executive Director 

Ron Appel 
Executive Director 
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What is bioinformatics?
Computers and information technology (IT) have 
become part of our everyday lives and are in-
dispensable tools for many businesses. For ex-
ample, 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 is 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 ad-
vances result in a continuous and ever-growing 
flow of research data that require accurate sto-
rage 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. 

What is the role of bioinformatics?
Many bioinformatics technologies have been de-
veloped 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 bacte-
ria 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 ex-
pressing a particular morphological trait or for de-
veloping 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 
life. For example, bioinformatics is used in medi-
cine for designing better treatments or in agricul-
ture 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 summa-
rized 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.

Why do we need bioinformatics?
Handling the overwhelming increase  
in biological data
An organism’s genome is its entire sequence of 
DNA. In humans, the genome is arranged into 
23 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. 
However, making sense and effective use of this 
vast amount of data relies heavily on bioinforma-
tics 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 group-
ing of genes and proteins into structural and func-
tional families. A number of high-throughput ex-
perimental 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 bioinfor-
matics 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 tech-
nologies 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 ex-
pressed in normal cells and tumour cells in order 
to identify the genes that may play a role in can-
cer. 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 pro-
teome, which changes continuously in response 
to many internal and external signals. The pro-
teome expressed in a cell is analysed using 
techniques such as mass spectroscopy and two-
dimensional electrophoresis or liquid chromato-
graphy, which are dependent on computational 
techniques for data storage and for visual and 
quantitative analysis. 

An introduction to bioinformatics
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Providing the tools for a scientific revolution
Following genomics, transcriptomics and pro-
teomics, a series of similar new terms are now 
being coined to describe similar systematic stu-
dies 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 stu-
dies clearly complement one another. In fact, the 
development of new experimental techniques 
coupled with the parallel development of bioin-
formatics 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 sys-
tems 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 liv-
ing organisms. 

Modelling
A central tool in systems biology is quantitative 
modelling. The idea is to formulate mathema-
tically 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 para - 
meters. Today such an approach has been applied 
successfully to many small systems relevant for a 
large variety of biological processes. Yet, model-
ling larger systems which depend on many inter-
actions - potentially at different levels - is still very 
challenging, and will require more precise mea-
surements and novel analysis tools. 

Conclusion
Today, access to bioinformatics resources has 
become essential for life science researchers 
whose competitiveness depends upon two indis-
pensable skills: the ability to find critical informa-
tion 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 bioin-
formaticians, is therefore increasingly in demand. 
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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, as well as independent 
research institutes such as the Friedrich Miescher 
Institute for Biomedical Research. It also works 
closely with industrial partners.
SIB brings together Swiss bioinformatics skills 
and experience. It coordinates bioinformatics re-
search and education throughout Switzerland and 
provides high quality bioinformatics resources to 
the national and international research community. 

SIB Vision and Missions

SIB Organization
Modelled on Switzerland’s federal structure, the 
SIB Swiss Institute of Bioinformatics is a federa-
tion of academic research and service groups ba-
sed in key locations in Switzerland: Basel, Berne, 
Geneva, Lausanne, Fribourg, Lugano and Zurich. 
SIB has a unique structure in that SIB group lead-
ers are senior academic staff of the partner insti-
tutions, 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 carries out its own research 

and other activities independently within its host 
institution. However, research, provision of core 
resources and teaching are coordinated nation-
wide, thus greatly increasing each group’s effi-
ciency. 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, tel-
ephone 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 on its own. 
Nationally, the Swiss government benefits signifi-
cantly 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 re-
search and infrastructure programmes. SIB has 
also developed a number of important relation-
ships 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 ap-
proach of science. Well aware that medical care is 
preparing itself for a revolution and that the future 
of medicine lies in a more global approach of a 
patient for more targeted and efficient therapies, 
SIB has decided to be proactive and develop clini-
cal bioinformatics in Switzerland.

A strong presence on the international 
research scene
The demand for bioinformatics support is explo-
ding and the need to coordinate all efforts in this 
field is, more than ever, necessary. Many coun-
tries already have their national bioinformatics 
centre, and Europe’s awareness on 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 bioin-
formatics infrastructure. Switzerland acted as a 
pioneer by establishing SIB 15 years ago, and 
will quite naturally act as Switzerland’s node by 
sharing its experience and expertise. 

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
To federate bio in

formatics researchers 
and foster collabo

ration and innovation 
at the highest level of 
scientific excellence.

Strategic Goal 4
To train first-rate 

researchers

SIB 
Mission 1

To provide world-class 
core bioinformatics 

resources to the  
national and  

international life  
science research 

community

SIB 
Mission 2

To lead and 
coordinate the field 
of bioinformatics in 

Switzerland

SIB 
Vision

SIB helps shape the 
future of life sciences 
through excellence in 

bioinformatics
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Institutional members
• Swiss Federal Institute of Technology Lausanne 

EPFL
• Swiss Federal Institute of Technology Zurich 

ETHZ
• University of Basel
• University of Bern
• University of Fribourg
• University of Geneva
• Università della Svizzera Italiana, Lugano
• University of Lausanne
• University of Zurich
• Ludwig Institute for Cancer Research
• Friedrich Miescher Institute for Biomedical 

Research
• Geneva Bioinformatics (GeneBio) SA
• Hewlett Packard

SIB Groups
The 38 SIB groups are located in our partner 
institutes (see following pages).

SIB Special Projects
• Clinical Bioinformatics – Jacques Beckmann
• SIB Technology Transfer Office – Nasri Nahas, 

GeneBio

SIB Affiliated groups
• Osirix – Osman Ratib
• SyBIT – Peter Kunszt

SIB Governance
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
• Vacant

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, Univer-

sity of Geneva and Hôpitaux Universitaires de 
Genève (HUG)

• Prof. C. Victor Jongeneel, Director, Bioinfor-
matics 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 Philipp Morris Interna-
tional (PMI)

Ex officio members
• Prof. Karl Aberer, Vice-President for Informa-

tion Systems, EPFL
• Prof. Henri Bounameaux, Dean, Faculty of 

Medicine, University of Geneva
• Prof. Edwin Constable, Vice-Rector of Re-

search and Talent Promotion, University of Basel

• 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. Philippe Moreillon, Vice-Rector, Univer-
sity of Lausanne

• Mr. Nasri G. Nahas, CEO, GeneBio
• Prof. Roland Y. Siegwart, Vice-Rector, ETHZ
• Dr. Robert L. Strausberg, Executive Director 

of Collaborative Sciences, Ludwig Institute for 
Cancer Research (LICR)

• Dr. Etzard Stolte, Life Sciences, EMEA, 
Hewlett Packard 

• Prof. Martin Täuber, Rector, University of Bern
• Prof. Jean-Marc Triscone, Dean, Faculty of 

Sciences, University of Geneva
• Prof. Guido Vergauwen, Rector, University of 

Fribourg
• Prof. Walter Wahli, CIG, University of Lausanne
• Prof. Daniel Wyler, Vice-Rector, Medicine and 

Natural Sciences, University of Zurich.

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 
define 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 Philipp 
Morris International (PMI)

• Prof. Torsten Schwede, SIB Group Leader and 
University of Basel

• Prof. Chrisitan 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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Core bioinformatics resources
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 interna-
tional 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 RNA-binding proteins), PROSITE (pro-
tein families and domains), MyHits (protein se-
quences and motifs), CleanEx (gene expression 
data), Bgee (data on gene expression evolution), 
OpenFlu (influenza database), ViralZone (portal 
to viral UniProtKB entries), GlycoSuiteDB (glycan 
database), Sugarbind (sugar binding database), 
OrthoDB (the hierarchical catalogue of eukaryotic 
orthologs), miROrtho (the catalogue of animal mi-
croRNA genes), and ImmunoDB (insect-immune-
related gene families). 

Software tools
SIB develops and supplies software 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), OMA (Orthology 
Matrix), DeepView / Swiss-PdbViewer (protein 
visualization, modelling and analysis), and 
Newick utilities (high-throughput phylogenetic 
tree processing). 

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 also maintains the 
Vital-IT High Performance Computing Centre that 
provides computational resources, development 
support and consultancy to the Swiss life science 
community both in academia and industry. 
Compute resources and bioinformatics expertise 
are also provided in the Basel area with [BC]2, the 
Basel Computational Biology Center.

Education and training
One of SIB’s priorities is to promote and coordinate 
education in bioinformatics. SIB members are 
directly, or indirectly, involved in a number of 
bioinformatics courses at all educational levels – 
from high school to undergraduate and graduate 
degrees – as well as in specialized training for life 
scientists.
SIB also promotes a PhD Training Network in bio-
informatics, which is open to graduate students at 
Swiss schools of higher education. The objectives 
of this network are two-fold. 1) To offer graduate 
students in bioinformatics a set of cutting-edge 
courses that provide both the theoretical and 
the 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 the students between 
participating institutions. 

Popular science
Another of SIB’s concerns is to bring bioinformatics 
to the layman. We believe that it is important for 
each and every one to understand the growing 
importance this relatively recent science has in 
today’s society. Indeed, in not too distant a future, 
patients will be referring to results directly gene-
rated by bioinformatics methods. Since the year 
2000, SIB has taken part in numerous science 
fairs, created two online magazines, an outdoor 
exhibition and, in 2012, a virtual exhibition.

The SIB Swiss Institute of Bioinformatics (continued)



SIB Swiss Institute of Bioinformatics  
Annual Report 2012

11

6: Researchers from the University of 
Geneva, the LICR@UNIL, the CHUV 
and SIB discovered new mutations of 
the genes MEK1 and MEK2, which 
are involved in the development of 
the me lanoma. This discovery, which 
opens new perspectives to persona lized 
treat ment, was published in Nature 
Genetics.
13: Several research teams from UNIL, 
UNIGE and SIB sequenced the ge-
nome of the the Rupicapra – Chamois. 
30-31: The Institute held its 7th an-
nual internal meeting – the SIB Days 
– in Biel/Bienne with 373 SIB members 
participating. This year, collaboration 
was more than ever the leitmotiv of the 
event with the presence of guests from 
the European Bioinformatics Institute 
EBI. Both institutes have been collabo-
rating for many years and are working 
together towards the construction of the 
European Life Science Infrastructure 
for Biological Information ELIXIR, as 
underlined by the keynote talk given by 
Prof. Janet Thornton, Director of EBI.
The SIB Days always include a social 
event, during which our members can 
explore new ways of developing and 
demonstrating their creativity and inno-
vation skills. Our teams were equipped 
with rudimentary objects such as bal-
loons, thread and rubber bands, and 
were asked to build small cars that they 
would race. The activity was organized 
by Team-Works and allowed SIB mem-
bers from our different locations to co-
ordinate their skills and prove their vari-
ous abilities in a different situation.

27: SIB has been officially recognized 
by the Commission for Technology and 
Innovation KTI/CTI as a research in-
stitution able to benefit from financial 
contributions. With this recognition, our 
Institute is likely to get more support to 
transform research results into market-
able products.

21: Felix Naef from SIB and EPFL 
shared the Leenaards Award 2012 for 
the promotion of scientific research with 
two other groups from the University of 
Lausanne for a collaborative research 
project on the circadian clock. This pro-
ject aims at understanding how the bio-
logical clock controls liver cell function, 
and how a defective one brings about a 
pathological state so that new preven-
tive and therapeutic approaches can 
be conceived. 
26: A study led by Dr. Janet Shipley 
from the Institute of Cancer Research 
(ICR) in London, in collaboration 
with Dr. Mauro Delorenzi from SIB in 
Lausanne, has shown that a simple 
genetic test could help predict the ag-
gressiveness of rhabdomyosarcoma 
tumours in children. The results of this 
study “PAX3/FOXO1 Fusion Gene 
Status Is the Key Prognostic Molecular 
Marker in Rhabdomyosarcoma and 
Significantly Improves Current Risk 
Stratification” were published in the 
Journal of Clinical Oncology.
27: Election of the first SIB staff com-
mittee to foster communication and 
collaboration within the increasing SIB 
employee community, as well as with 
SIB Management.

January March April

2012 in review: Highlights
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11: Researchers at SIB and the Euro-
pean Bioinformatics Institute have 
confirmed the long-held belief that stu-
dying the genes we share with other 
animals is useful. The study “Resolving 
the Ortholog Conjecture: Orthologs 
Tend to Be Weakly, but Significantly, 
More Similar in Function than Paralogs” 
was published in the journal PLoS 
Computational Biology.
31 to 3 June: SIB and the Centre for 
Integrative Genomics (CIG) entertained 
300 school children (13 classes) aged 
9 to 13 as well as families during “Les 
mystères de l’UNIL”, a science fair 
held on the grounds of the University of 
Lausanne. Organized activities allowed 
the fair visitors to get an insight into DNA 
sequencing methods by using starting 
blocks and sweeping brush handles 
and to lead an investigation in which 
they had to identify two athletes – one 
Asian, the other non-Asian – using their 
respective DNA sequence and the se-
quence alignment tool BLAST.

7-8: SIB participated in “La Nuit de la 
Science” in Geneva. This science fair 
was the opportunity to officially launch 
ChromosomeWalk.ch, the virtualized 
version of our outdoor exhibition 
“Chromosome Walk, a saunter along 
the human genome” which had been 
created on the occasion of SIB’s 10th 

anniversary in 2008. 
25: SIB signed a Memorandum of 
Understanding for the creation of a 
Global Organization for Bioinformatics 
Learning, Education and Training. 
GOBLET is meant to become an um-
brella organization based on criteria of 
training and pedagogical excellence. 
The objective is to coordinate world-
wide bioinformatics training initiatives, 
organize international events, acquire 
funds to support activities and to 
establish a joint web-based portal for 
training information and tools.

27: Yearly meeting of the SIB Foundation 
Council in Berne.
SIB welcomed eight new Group Leaders:
• Prof. Emmanouil Dermitzakis, 

University of Geneva.
• Prof. Jérôme Goudet,  

University of Lausanne.
• Prof. Vassily Hatzimanikatis,  

EPFL.
• Prof. Jeffrey Jensen,  

EPFL.
• Prof. Petros Koumoutsakos,  

ETH Zurich.
• Prof. Igor Pivkin,  

Università della Svizzera Italiana.
• Prof. Mark Robinson,  

University of Zurich.
• Dr. Michael Baudis,  

University of Zurich.

2012 in review: Highlights (continued)

May June July
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1: Reelected by the Board of Directors, 
Ron Appel started a second five-year 
term as Executive Director of SIB. 
23-23: The ELIXIR Interim Board met  
in London. During this meeting, the 
14 signatories of the MoU for the 
construction of ELIXIR finalized the 
drafting of the International Consortium 
Agreement (ICA).

8: UniProt celebrated its 10th anniver-
sary. For the occasion, about 150 scien-
tists from all over the world attended the 
“Bioinformatics Research Infrastructure 
for the life sciences: the first ten years 
of UniProt” workshop organized the day 
before the ECCB Conference in Basel.
9-12: The 11th European Conference on  
Computational Biology took place in  
Basel. Organized by SIB and the Bio-
zentrum in Basel, the conference was 
a tremendous success in terms of pro-
gramme and attendance. Over one thou-
sand participants – twice the expected 
attendance - from around the world 
came to listen to keynote speakers such 
as Aaron Ciechanover, Nobel Laureate 
in Chemistry (2004), Gene Myers, Søren 
Brunak and Barry Honig. 
SIB members won the 1st and 2nd poster 
prize. Their work was selected out of 500 
posters presented during the conference. 
The first prize went to Adem Bilican, 
Anamaria Necsulea and Henrik 
Kaessmann for their innovative poster 
“The evolution of alternative splicing 
patterns and splicing regulatory mecha-
nisms in vertebrates”, which included a 
3D application.
The second prize went to Barbara 
Piasecka, Pawel Lichocki and Marc 
Robinson-Rechavi for their poster en-
titled “Modular approach uncovers dif-
ferent developmental patterns of evolu-
tion on different molecular levels”.
22: Peter Malama, National Councillor 
and President of the SIB Foundation 
Council passed away. The Swiss scien-
tific community and SIB lost a faithful 
friend who was an unfailing supporter 
of scientific research and progress.
27: 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. Thanks to the generous 
support of committed partners, a se-
lection of the best students chosen 
worldwide will have the opportunity to 
carry out their PhD research in one of 
the Institute’s 38 groups located across 
Switzerland starting in 2013.

26: Marco Pagni from Vital-IT collabo-
rated with a group of scientists to se-
quence the genome of the pathogen 
responsible for Pneumocystis pneu-
monia. This advancement can help 
identify new targets for drugs to treat 
and prevent this often deadly infection 
in immunocompromised patients. The 
results of the study “De Novo Assembly 
of the Pneumocystis jirovecii Genome 
from a Single Bronchoalveolar Lavage 
Fluid Specimen from a Patient” were 
published by mBio.

September October December
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Continuing education
In 2012, SIB members – in particular those within 
the Bioinformatics Core Facility, and the Swiss-
Prot, Proteome Informatics and Vital-IT groups 
– organized and gave over 30 block-courses and 
one-day workshops on key bioinformatics topics, 
both in Switzerland and outside. These events 
hosted 855 participants; yet another record in the 
history of SIB. “Analysis of differential gene ex-
pression”, “Biochemical pathways and large-scale 
metabolic networks”, “High performance comput-
ing for life sciences”, are a few of the topics co-
vered in the courses. The offer in continuing edu-
cation is primarily for PhD and Master students in 
the life sciences, in Switzerland and abroad. 
A complete list of courses is available at www. 
isb-sib.ch/education and scientists can sign up to 
a mailing list (courses@lists.isb-sib.ch) to receive 
regular announcements of new courses. 

e-learning
Upon the invitation of the Food and Agriculture 
Organization of the United Nations (FAO) and 
the International Atomic Energy Agency (IAEA), 
the Vital-IT and Swiss-Prot groups produced an 
e-learning module to train veterinarians and bi-
ologists in the phylogenetics of viral pathogens 
of domestic animals. The aim was to take advan-
tage of SIB’s decade-long experience in training 
and educating biologists as well as to benefit from 
former experiences in e-learning (e.g. eBiomics, 
e-Proxemis). 
This e-learning module is accessible via a dedi-
cated website and USB-keys. USB-keys avoid 
the need of an Internet connection, which is 
handy in countries where the Internet is unstable, 
if available at all.

Bioinformatics Training Networks
A growing number of life scientists need to learn 
how to access, submit and analyse biological data 
– which are exactly the objectives of bioinforma-
tics continuing education. In 2012, an international 
community-led initiative known as the Glo bal 
Organization for Bioinformatics Learning, Education 
and Training (GOBLET, www.mygoblet.org), was 
created to coordinate worldwide bioinformatics 
training activities. SIB became one of its members. 
In the long term, GOBLET will replace the interna-
tionally-led Bioinformatics Training Network (BTN, 
www.bionet.org) in connecting institutions involved 
in bioinformatics training, and providing a structure 
for sharing experience and best practices. 

PhD training network (TN) in 
bioinformatics
In June 2012, SIB and the Population Genomics 
PhD programs organized an international summer 
school in Adelboden, Bernese Oberland. The 
school focused on the integration, management 
and analysis of experimental genomics data, 
using advanced bioinformatics tools applied to  

popu lation variation studies. Topics covered by 
leading scientists in the field included gene ex-
pression and variation in human population 
genetics, systems genomics of obesity in Droso-
phila, and evolutionary and conservation biology. 
Participants also had the opportunity to practise 
all steps involved in genome assembly and anno-
ta tion while processing the ant genomics dataset. 
PhD Retreats are organized once a year to 
encou rage exchanges between PhD students, 
to enhance their presentation and communica-
tion skills and to multiply interactions with other 
scientists in diverse fields of bioinformatics. The 
2012 SIB PhD Retreat was organized in Berne 
in March. Prof. Karsten Borgwardt, from the 
Max Planck Institutes and the Eberhard Karls 
Universität Tübingen, was invited as a guest 
speaker. Dr. Philip Selby, from PSA Consulting, 
an expert in training in communication skills, was 
also present during the students’ talks to advise 
them on the communication aspects of their re-
spective pre sentations. 
Over the year, three other events were orga-
nized specifically for PhD students: 1) The block-
course on “Comparative Genomics” which was 
organized with the StarOmics Doctoral Program 
(CUSO); 2) The workshop Best practices in pro-
gramming; and 3), the workshop on Bio++.
Towards the end of 2012, the SIB PhD TN counted 
79 students, who were enrolled in the main Swiss 
universities, EPFL and ETHZ. This is twice more 
than in 2011. 

Bioinformatics for all
Since the year 2000, SIB has been eager to 
introduce the world of bioinformatics to the 
public. Besides the creation of two popular 
science online magazines, Protein Spotlight 
(www.proteinspotlight.org) and Protéines à la 
Une (www.prolune.org, discontinued), SIB has 
always taken part in as many science fairs as 
possible. One particularly successful event was 
our outdoor exhibition, “Chromosome Walk”. 
In 2012, this became a virtual exhibition, www.
chromosomewalk.ch, which has just been 
awarded two prizes for its graphic design. 
SIB took part in “Les Mystères de l’UNIL”, 
Lausanne University’s open house day, as well 
as in “La Nuit de la Science” in Geneva, a pop-
ular science fair. Early 2012, members of SIB 
and Biozentrum participated in “tunBasel” and 
“TecDay” of the SATW (Schweizer Akademie der 
Technischen Wissenschaften). World Diabetes 
Awareness Day was also an opportunity to intro-
duce bioinformatics to about 140 young students, 
aged 12 to 18, all very enthusiastic in exploring the 
world of genes, chromosomes and diabetes while 
playing with alignment tools, phylogeny trees and 
3D structures. This particular workshop was also an 
opportunity to present ChromosomeWalk.ch, the  
virtual adaptation of SIB’s former outdoor exhibition. 

SIB Education projects
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A word on ChromosomeWalk.ch
With ChromosomeWalk.ch, visitors are intro-
duced to the world of DNA and proteins – and 
indirectly to the world of bioinformatics – by go-
ing on an interactive and recreational journey into 
the heart of our chromosomes. Visitors enter the 
exhibition at the level of a cell’s nucleus and its 
chromosomes. From chromosome to chromo-
some, and gene to gene, answers are given to 
questions such as “what is the human genome?”, 
“what makes a boy, a boy?”, “who are our ances-
tors?”. Besides the core of the exhibition, there 
are two quizzes (“easy” and “expert”), a glossary, 
videos, links to authentic lab experimental data, 
scientific publications and numerous popular sci-
ence articles. The site is PC, Mac and touchpad 
compatible. Currently, ChromosomeWalk.ch is 
in French and English. A German version will be 
available mid 2013. 
Thanks to ChromosomeWalk.ch and science fair 
events, SIB will continue to highlight and explain 
the role of bioinformatics to a larger audience.

w
w

w
.a

te
li
e
rp

o
is

s
o
n
.c

h

N
ui

t d
e 

la
 S

ci
en

ce
 2

01
2

C
hr

om
os

om
eW

al
k.

ch



16

In 2012, the SIB income reached 24 million CHF,  
from the following sources(*):

• Confederation (article 16) 9.0 (37.3 %)
• SNSF and European Funds 3.3 (13.7 %)
• NIH 3.2 (13.3 %)
• SystemsX.ch 2.1 (8.9 %)
• Industry 1.9 (8.1 %)
• Universities and Hospitals 2.4 (9.9 %)
• Other 2.1 (8.8 %)
Expenditures:
• Wages and expenses:  84 %
• Facilities and functioning:  16 %

This does not include the income of the SIB groups which are managed  
by their respective institutions: CHF 31.4 million in 2012.

(*) These figures are subject to the approval of the Foundation Council.
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The following section presents each group that is 
part of SIB, and the research which is carried out. 
When this document went to press, there were 
580 scientists, which represents 38 groups and as 
many group leaders. Scattered across the three 
main linguistic regions of Switzerland – German, 
French and Italian – the groups are situated in 
seven of the country’s major towns: Basel, Berne, 
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. This state of affairs is reflected in the group 
presentations described in the following pages. 
On the whole, groups that do not benefit from SIB 
funds are presented in less detail. To make things 
as clear as possible, the groups are introduced 
according to their geo graphical location, and then 
in alphabetical order. The aim is to give a full 
picture of all SIB groups.

About 20 SIB Core resources supported 
by the Swiss government
• Vital-IT, bioinformatics competence centre that 

supports and collaborates with life scientists 
inside and outside Switzerland 

• 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 annota-
ted 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

• Melanie, 2D gel analysis platform
• 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
• STRING, database of known and predicted 

protein interactions
• SwissRegulon, database of genome-wide an-

notations of regulatory sites
• SwissDock/EADock & SwissDrugDesign, 

ligand docking 
• 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

Research and Service activities
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SIB Research and Service Groups
 Basel

 Berne

 Fribourg

 Geneva

 Lausanne

 Lugano

 Zurich
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University of Basel

 Computational Biophysics 
Simon Bernèche

 Genome Systems Biology 
Erik van Nimwegen

 Center for Information Sciences and Databases 
Bernd Rinn

 Computational Structural Biology 
Torsten Schwede

 RNA Regulatory Networks 
Mihaela Zavolan

D-BSSE, ETHZ

 Computational Biology 
Niko Beerenwinkel

 Computational Biology 
Dagmar Iber

 Computational Systems Biology 
Joerg Stelling

Friedrich Miescher Institute

 FMI Computational Biology 
Michael Stadler

Basel
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What do they do?
Niko Beerenwinkel’s group develops and applies 
statistical models and efficient algorithms for ana-
lysing high-throughput molecular data. Their goal 
is to predict the effect of genetic alterations and to 
support the diagnosis and treatment of diseases. 
The group’s main interests are computational bio-
logy and bioinformatics, medical systems bio logy 
and computational medicine, the de velopment of 
statistical methods for high-throughput molecular 
profiling data, and the evolutionary dynamics of 
pathogen populations. 

deepSNV
deepSNV is an R/bioconductor software package 
for calling single-nucleotide variants (SNVs) 
in next-generation sequencing data. Because 
of abundant sequencing errors, deepSNV is 
essential for the reliable detection of subclonal 
variants in tumours, and hence for the robust, 
detailed diagnosis and prognosis of cancer.

2012 Highlights
deepSNV is optimized for deep-coverage sequen-
cing experiments and, during 2012, outperformed 
other SNV calling methods. 

What else do they do?
The group is also involved in teaching. It gives 
full courses in Evolutionary Dynamics, Systems 
Biology, Bioinformatics, and Statistical Models 
in Computational Biology. Single lectures and 
one-day block courses are also given, including 
“Introduction to Mathematical Modelling”, “Com-
putational Cancer Genomics’ and ‘Probabilistic 
Graphical Models”.

Noteworthy publications
• Gerstung M, Beisel C, Rechsteiner M, Wild P, 

Schraml P, Moch H, Beerenwinkel N. Reliable 
detection of subclonal single-nucleotide 
variants in tumor cell populations. Nature 
Communications 2012; 3:811.

• Siebourg J, Merdes G, Misselwitz B, Hardt 
WD, Beerenwinkel N. Stability of gene 
rankings from RNAi screens. Bioinformatics 
2012; 28(12):1612-1618.

• Töpfer A, Zagordi O, Prabhakaran S, Roth V,  
Halperin E, Beerenwinkel N. Probabilistic infer-
ence of viral quasispecies subject to recombi-
nation. Journal of Computational Bio logy 2012; 
20(2),doi:10.1089/cmb.2012.0232 (in press).

Legend to figure
Tumours accumulate mutations in successive 
clonal expansions and, at any point in time, 
consist of many competing subclones. We de-
veloped a statistical algorithm and sequencing 
strategy to detect subclonal variants at frequen-
cies as low as 1/10,000. The figure illustrates 
the distribution of sequencing reads with SNVs 
(grey arrows with coloured dots) and confound-
ing sequencing errors (black dots). We estimate 
the local error rate from a homogeneous control 
sample separately for the forward and reverse 
strands, because errors are often biased to one 
strand. (Nat. Commun. 3:811, 2012. doi: 10.1038/
ncomms1814).

Niko Beerenwinkel 
Computational Biology Group  

SNVs

Errors
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What do they do?
Simon Bernèche’s group uses molecular mecha-
nics and statistical physics approaches to under-
stand the mechanisms that define the folding of 
peptides and membrane protein function at the 
atomic level. The group focuses on the elemen-
tary mechanisms of protein folding, on model-
ling permeation and gating mechanisms in ion 
channels, on understanding protein co-transport 
mecha nisms in passive and active transporters 
and on the stochastic simulation of membrane ac-
tivity on a mesoscopic scale.

Self-learning conformational sampling 
for molecular simulations
Using an iterative process, this automated proto-
col finds the most probable states of a mole cular 
system according to predefined degrees of free-
dom 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 macro scopic 
observables to microscopic structures.

2012 Highlights
In 2012, the self-learning sampling approach was 
applied to different systems. Of note, it was used 
to elucidate how ion binding affinity variation in K+ 
channel pores regulates inactivation. The efficien-
cy and flexibility of the tool allowed the group to run 
calculations under different conditions of ion occu-
pancy states for a number of key channel mutants. 
This provided a broad spectrum of data that is 
rarely made available using molecular simulation. 

What else do they do?
On the teaching front, Bernèche’s team gives a 
series of lectures – “Bioenergetics 1” – as part of  
the Bachelor curriculum of Nanoscience at the 
University of Basel. In 2012, the course was re-
structured by integrating practical sessions during 
which students were able to simulate different 
membrane protein systems via molecular dyna-
mics. The “Crédit Suisse Award for Best Teaching” 
was attributed to the class. This particular award 
distinguishes a teaching project at the University 
of Basel which excels by virtue of its innovation 
or excellence.

Noteworthy publications
• Faure E, Starek G, McGuire H, Bernèche S, 

Blunck R. A limited 4 a radial displacement of 
the s4-s5 linker is sufficient for internal gate 
closing in kv channels. The Journal of biologi-
cal chemistry 2012;287(47):40091-8.

• Wang S, Orabi EA, Baday S, Bernèche S, 
Lamoureux G. Ammonium Transporters 
Achieve Charge Transfer by Fragmenting Their 
Substrate. Journal of the American Chemical 
Society 2012;134(25):10419-27.

• Picollo A, Xu Y, Johner N, Bernèche S, Accardi 
A. Synergistic substrate binding determines 
the stoichiometry of transport of a prokaryotic 
H(+)/Cl(-) exchanger. Nature structural & mo-
lecular biology 2012;19(5):525-31.

Legend to figure
Schematic illustration of the NH3/H+ co-transport 
cycle in the AmtB ammonium transporter pore. 
(a) Scheme of the transport mechanism. NH4+ in 
site S2 transfers its excess proton to the His168-
His318 dyad. After deprotonation, NH3 can diffuse 
down the pore and eventually receive the excess 
proton from His318. The process is completed 
by proton transfer via a water chain in the pore. 
Areas in blue represent water-accessible regions. 
Curved red arrows represent substrate diffusion. 
(b) Free energy (in kcal/mol) of the most important 
states in the transport process. The first and the 
last states are the same in the thermodynamic 
cycle. The difference in their energy levels is 
attributed to computation errors that occur during 
the process.

Simon Bernèche 
Computational Biophysics 
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What do they do?
Dagmar Iber and her team focus on the devel-
opment 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 quanti-
tative data is available and that model predic-
tions 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 signalling 
networks. 

In more detail...
Higher forms of life emerge from a more sophis-
ticated use of often-conserved signalling path-
ways. 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 ef-
ficient generation of testable hypotheses and an 
integrative understanding of biological networks.
Iber and her group are particularly interested 
in the mechanisms that enable the spatio-
temporal control of developmental processes in the 
growing embryo and focus mainly on problems 
in branching morphogenesis, limb and brain 
development as well as in the establishment of 
the body axes. The group increasingly carries 
out image-based model ling using developmental 
sequences of 3D images to simulate their in silico 
models on realistic embryonic domains. 

2012 Highlights
In 2012, the Iber group were able to show that 
a certain class of cooperative ligand-receptor in-
teractions can give rise to Turing patterns. This 
suggests that a simple mechanism exists, which 
can explain a wide range of sponta neous pattern 
formation processes during embryogenesis. 

Noteworthy publications
• Menshykau D, Kraemer C and Iber D, 

Branch Mode Selection during early Lung 
Development. PLoS Computational Biology 
2012;8,e1002377.

• Iber D, Zeller R, Making sense - data-based 
simulations of vertebrate limb development. 
Current Opinion in Genetics & Development 
2012;DOI: 10.1016/j.gde.2012.11.005.

Dagmar Iber  
Computational Biology Group  



24

What do they do?
Erik van Nimwegen’s group uses both theoretical 
and experimental approaches to study the func-
tion and evolution of the regulatory networks that 
cells use to control the expression of their genes.
The group focuses on gene regulatory networks, 
genome evolution and the development of proba-
bilistic inference methods.

SwissRegulon
The SwissRegulon database and webserver pro-
vides information and tools for the ana lysis of 
genome-wide transcription regulatory networks 
in organisms ranging from E.coli to human. Of 
note is the group’s ISMARA webserver that gives 
researchers the opportunity to have their gene 
expression, or ChlP-seq, data analysed in terms 
of the team’s genome-wide predicted regulatory 
sites. Given such data, ISMARA identifies the key 
regulators and regulatory interactions in the sys-
tem of interest in an automated fashion. 

2012 Highlights
One of the main developments over the year 
was the publication of an update regarding the 
SwissRegulon database in the NAR data base 
issue. As part of the preparation for this publication, 
the database was updated completely, including 
the implementation of a new web browser. In 
addition to this, the main focus in 2012 was to 
develop the Integrated System for Motif Activity 
Response Analysis (ISMARA). Besides taking 
microarray and RNA-seq expression data, the 
system now also takes any ChlP-seq datasets, 
such as chromatin modifications for example, 
and models these genome signals in terms of 
predicted transcription factor (TF) binding sites. 
The power of this methodology was under scored 
by the team’s Genome Research publication in 
which they identified TFs that are involved in 
recruiting Polycomb repression in mammals. 
The power of ISMARA is also demonstrated by 
the publication of four collaborative articles in the 
course of the last year, for which ISMARA was 
used to predict the key regulatory interactions 
that act in different systems. 

Much work also went into preparing the research 
for the main publication regarding ISMARA, which 
was submitted recently. This involved the analysis 
of a large number of new datasets as well as a 
host of technical developments to improve the 
system and ensure that all the predictions are 
based on rigorous Bayesian calculations.

What else do they do?
Over the course of the year, van Nimwegen’s 
team worked on a completely automated pipeline 
for the analysis of ChlP-seq binding data of TFs. 
The pipeline takes raw sequencing reads and 
performs all steps in an automatic fashion: from 
mapping and shifting reads, peak detection and 
quality assessment, to regulatory motif inference, 
and site mapping and cross-validation tests.

Noteworthy publications
• 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. Jan 2013 
1;41(D1):D214-20.

• Arnold P, Schöler A, et al. Modeling of 
epigenome dynamics identifies transcription 
factors that mediate Polycomb targeting. 
Genome Res. 2012, Nov 20.

• Arnold P, Erb I, Pachkov M, Molina N, van 
Nimwegen E. MotEvo: integrated Bayesian 
probabilistic methods for inferring regulatory 
sites and motifs on multiple alignments of 
DNA sequences. Bioinformatics Feb 2012; 
15;28(4):487-94.

Erik van Nimwegen  
Genome systems Biology Group 
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What do they do?
The Centre for Information Sciences and 
Databases (C-ISD) develops computational tools, 
that range from biological databases to re-usable 
framework components, to enable and support 
data management and analysis in life science 
research. 
The group focuses on data publication and mana-
gement in biology, as well as the integration of 
research analysis pipelines. 

openBIS
C-ISD is developing and extending openBIS, the 
“open biology information system”. openBIS is 
a versatile and scalable software framework for 
data management, sharing and integration, and 
workflow automation. The framework has been 
used successfully in many labs and in research 
projects involved in systems and synthetic bio-
logy. It is also used by life science companies in 
fields such as High Content Screening or High 
Throughput Sequencing.
www.openbis.ch

2012 Highlights
Together with a Sinergia research project, led 
by Olivier Pertz, and involving groups from the 
University of Basel and EPFL, Rinn and his 
team are developing support for High Content 
Screening time-series measurements (‘movies’) 
as well as feature selection results. 
The group is also developing a mobile browser for 
openBIS running on Apple’s iPad tablet computer 
so as to offer easy access to the database from 
within a wet lab. The Yeast lab at the Biosystems 
Science and Engineering (BSSE) in Zurich has 
been acting as development partner and decided 
to equip all group members with tablet computers, 
based on their positive experience with the App. 
For Illumina sequencing, the initial tedious work 
of sample multiplexing and de-multiplexing 
has been automated to help the Quantitative 
Genomics Facility (QGF) of BSSE to scale up 
in the number of biological samples without any 
repe titive and error-prone manual steps. To sup-
port more sophisticated downstream sequence 

analysis, a proof-of-concept integration of openBIS 
with the Open Source workflow system “Galaxy” 
was established and is currently being tested by 
the QGF.
Furthermore, support for flow cytometry data was 
developed with the Single Cell Unit of BSSE.
Finally, driven by various projects, openBIS witnes-
sed many other improvements and functional 
enhancements in 2012. Among these, full history 
changes to an experiment, user-defined tagging 
of experiments, links between data in two openBIS 
instances, a grahical installer, and various im-
provements which help the massive data produ-
cers in SystemsX.ch RTD projects. 

What else do they do?
Rinn and his team lead the data sharing effort 
within the EU research project BaSysBio, which 
published its extensive result data on bacterial 
systems biology in an openBIS database at www.
basysbio.eu/nutrientshift and www.basysbio.eu/
bsubtranscriptome. The group also developed 
a database for the online resource on infection 
biology – which went live in 2012 – for Pelkmans 
laboratory at the University of Zurich. 
On the educational front, and in close collabora-
tion with tutors from the SIB groups of Christian 
von Mering and Marc Robinson-Rechavi, the 
group held a well-attended SIB training course 
“Best practices in programming”. This course was 
designed to teach techniques for writing reliable 
research software to PhD students and bioinfor-
maticians. 

Noteworthy publications
• Buescher JM et al. Global Network Reor-

ganization During Dynamic Adaptations of 
Bacillus subtilis Metabolism. Science 2012, 
335(6072):1099-1103.

• Nicolas P et al. Condition-Dependent Trans-
criptome Reveals High-Level Regulatory  
Architecture in Bacillus subtilis. Science 2012, 
335(6072): 1103-1106.

Bernd Rinn  
Centre for Information Sciences and Databases 
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What do they do?
The main goal of Torsten Schwede and his team 
is the development of methods for model ling 
three-dimensional protein structures, and their 
application in biomedical research. 
The group focuses on protein structure model-
ling, protein-ligand interactions, model quality  
estimation and structure visualization. 

SWISS-MODEL
SWISS-MODEL is a web based expert system 

for modelling the three-dimensional structure 
of a protein using homology modelling 
techniques. Starting from a protein’s 
amino acid sequence, SWISS-MODEL 
automates the complex process of 

model building and provides an intuitive 
graphical user interface, thereby making 
model information also available for non-
specialists. SWISS-MODEL is one of the 
most widely used web-based modelling 
servers, with about 2,000 modelling re-
quests per day. swissmodel.expasy.org

2012 Highlights
Homology modelling uses information which 
stems from homologous protein structures – or 
templates – to build models for protein sequences 
of interest, called targets. One of the challenges 
is to extract available information on experimental 
structures in such a way that it can be used 
effectively for model building. To this end, the 
group developed the SWISS-MODEL template 
library, which organizes the information found 
in the PDB database into biologically relevant 
oligomeric complexes, including annotation on 
relevant ligands such as cofactors, inhibitors 
or drugs. This allowed the team to improve the 
SWISS-MODEL pipeline with functionalities for 
the automated modelling of homo-oligomeric 
protein complexes and biologically relevant 
cofactors and ligands. 
Different biomedical applications of structural 
models have different requirements in terms of 
accuracy and resolution. Schwede and his team 
contributed to the organization of the 10th edition 
of the Critical Assessment of protein Structure 
Prediction (CASP) experiment, and assessed how 

accurately ligand binding sites in proteins can be 
predicted. Such results will help the group improve 
their approach in including protein ligands in com-
parative models. In order to benchmark the accu-
racy of new developments, the group established 
the CAMEO system for continuous automated 
model evaluation and devised a novel scoring 
method (IDDT; local distance difference test) that 
does not depend on model-target superposition.
Realistic model quality estimates are essential 
for judging the suitability of a model for a specific 
application. Schwede’s group developed a new 
version of their QMEAN scoring function, which 
is able to assess integral membrane proteins – 
an important class of proteins, which includes 
a large number of pharmacologically important 
drug targets. www.cameo3d.org

What else do they do?
Torsten Schwede and his group also organized 
the ECCB’12 conference, the key European 
computational biology event that unites scientists 
who work in a broad range of disciplines, 
including bioinformatics, computational biology, 
biology, medicine and systems biology. They 
developed the Protein Model Portal of the 
Nature PSI Structural Biology Knowledgebase, 
the OpenStructure framework for computational 
structural biology, and operated the Basel 
Computational Biology Centre high performance 
IT infrastructure. 
www.proteinmodelportal.org,  
www.openstructure.org

Noteworthy publications
• Schwede T, Dagmar I. ECCB 2012: The 11th 

European Conference on Computational 
Biology. Bioinformatics 2012: 28:i303-i305. 

• Barbato A, Benkert P, Schwede T, Tramontano 
A, Kosinski J. Improving your target-template 
alignment with MODalign. Bioinformatics 2012; 
28(7):1038-9. 

• Bordoli L, Schwede T. Automated Protein 
Structure Modeling with SWISS-MODEL Work-
space and the Protein Model Portal. in: Orry, 
Andrew JW; Abagyan, Ruben (Ed.). Homology 
Modeling: Methods and Protocols, Methods in 
Molecular Biology 2012;107-136. 

Torsten Schwede  
Computational Structural Biology Group
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What do they do?
Michael Stadler and his team study gene 
regulation through the analysis and modelling of 
genome-wide datasets. As an example, data on 
gene expression (RNA-seq), transcription factor 
binding (ChlP-seq) and epigenomics (Bis-seq). In 
the past year, the group focused their work on the 
analysis and interpretation of DNA methylation.

Resource
The group is developing software tools for the 
processing and analysis of different types of 
next-generation sequencing datasets. Recent 
advances in sequencing technology have made 
it simple and inexpensive to generate huge 
amounts of experimental data. Data analysis, 
however, has become a major bottleneck, thus 
stressing a need for efficient analysis tools. 

2012 Highlights
With the support of SyBIT from SystemsX.
ch, Stadler and his team created the “QuasR” 
Bioconductor package that implements a frame-
work for the analysis of next generation sequen-
cing data, from raw sequencing data up to feature 
quantification. QuasR runs on all major platforms 
(Windows, Apple Macintosh and Linux/Unix). 
QuasR also comes with complete documentation 
of its capabilities, a step-by-step guide for typical 
analysis workflows, and is freely available.

What else do they do?
As part of a biomedical research institute with 
over twenty experimental research groups, an 
important aspect of Stadler’s team’s work is the 
training of biologists in data analysis and visualiza-
tion, and also the development and maintenance 
of the FMI bioinformatics infrastructure including 
software and hardware that can be accessed via 
the web or by remote login. 

Noteworthy publications
• Tippmann SC et al. Chromatin measurements 

reveal contributions of synthesis and decay 
to steady-state mRNA levels. Mol Syst Biol 
2012;8:593.

• Aceto N et al. Tyrosine phosphatase SHP2  
promotes breast cancer progression and main-
tains tumor-initiating cells via activation of key 
transcription factors and a positive feedback 
signaling loop. Nat Med. 2012;18(4):529-37.

• Tiwari VK, Stadler MB, Wirbelauer C, Paro R, 
Schübeler D, Beisel C. A chromatin-modifying 
function of JNK during stem cell differentiation. 
Nat Genet. 2011;44(1):94-100.

Michael Stadler  
FMI Computational Biology Group 
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What do they do?
The Computational Systems Biology (CSB) group 
studies the complex networks which underlie cel-
lular functions in order to elucidate the principles 
of their design and operation. Jörg Stelling and 
his team focus on the development of concepts 
and tools for network inference, system modelling 
and analysis, as well as large-scale experimental 
design in different biological systems. 

In more detail...
The continuous increase in the amount of avail-
able experimental data – derived from sequenced 
genomes, high-throughput transcriptomics and 
proteomics for instance – has shifted the focus in 
biology towards how networks establish biological 
functions, taking into account that networks are 
merely formed by the sum of their parts. However, 
current computational methods 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. As an example, concepts and tools for net-
work inference, system modelling and analysis, 
and large-scale experimental design are not avail-
able, which is why the CSB group focuses on the 
development of such bioinformatics methods. 
All projects involve close collaborations with 
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. 

Noteworthy publications
• Buescher JM, Liebermeister W, Jules M, Uhr 

M, Muntel J, Botella E, Hessling B, Kleijn RJ, 
Le Chat L, Lecointe F, Mader U, Nicolas P, 
Piersma S, Rugheimer F, Becher D, Bessieres 
P, Bidnenko E, Denham EL, Dervyn E, Devine 
KM, Doherty G, Drulhe S, Felicori L, Fogg MJ, 
Goelzer A, Hansen A, Harwood CR, Hecker 
M, Hubner S, Hultschig C, Jarmer H, Klipp E, 
Leduc A, Lewis P, Molina F, Noirot P, Peres S, 
Pigeonneau N, Pohl S, Rasmussen S, Rinn 
B, Schaffer M, Schnidder J, Schwikowski 
B, Van Dijl JM, Veiga P, Walsh S, Wilkinson 
AJ, Stelling J, Aymerich S, Sauer U. Global 
network reorganization during dynamic adapta-
tions of Bacillus subtilis metabolism. Science 
2012;335(6072):1099-103.

• Bacchus W, Lang M, El-Baba MD, Weber W, 
Stelling J, Fussenegger M. Synthetic two-way 
communication between mammalian cells. 
Nat Biotechnol. 2012;30(10):991-6.

Jörg Stelling  
Computational Systems Biology Group 
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What do they do?
Individual cells within a multicellular organism 
exhibit stunningly different phenotypes, yet 
they carry the same genetic information. This 
is a consequence of the expression of different 
subsets of the transcriptome and proteome in 
each cell type. The path from gene to protein has 
multiple steps, which offer many possibilities for 
regulation along the way. While until recently it 
was believed that gene expression is regulated 
mainly at the transcriptional level, recent studies 
have unveiled additional layers of complexity. 
The goal of the RNA Regulatory Networks (RRN) 
group is to use computational methods to discover 
and understand the regulatory networks leading 
to tissue-specific expression of protein forms. 

In more detail...
For many years, transcription factors held the 
centre stage in the regulation of gene expression. 
This paradigm has changed with the discovery of 
Piwi-protein-associated small RNAs that regulate 
gene expression at either the transcriptional 
or post-transcriptional level. Among these, the 
microRNAs (miRNAs) were first discovered in the 
worm Caenorhabditis elegans, but in recent years 
they have been found in the genomes of organisms 
as varied as viruses, plants and humans. miRNAs 
play essential roles in development, metabolism, 
immune responses, and they can either suppress 
or enhance specific pathogenic processes such 
as infections and cancer. By combining high-
throughput experimental approaches with data 
analysis and computational modelling, Mihaela 
Zavolan and her team strive to uncover post-
transcriptional regulatory circuits that control 
cellular differentiation. 

Noteworthy publications
• Gruber AR, Martin G, Keller W, Zavolan M. 

Cleavage factor Im is a key regulator of 3’ UTR 
length. RNA Biol. 2012;9(12):1405.

• Jaskiewicz L, Bilen B, Hausser J, Zavolan M. 
Argonaute CLIP--a method to identify in vivo 
targets of miRNAs. Methods 2012;58(2):106-
12.

• Martin G, Gruber AR, Keller W, Zavolan M. 
Genome-wide analysis of pre-mRNA 3’ end 
processing reveals a decisive role of human 
cleavage factor I in the regulation of 3’ UTR 
length. Cell Rep 2012;1(6):753-63.

Mihaela Zavolan   
RNA Regulatory Networks Group 
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What do they do?
Laurent Excoffier’s group uses genetic and ge-
nomic data to understand how populations evolve 
under the effect of stochastic factors or that are 
due to selection. The team also develops statis-
tical genetics methods to infer evolutionary pro-
cesses.
The main focus is on genomic evolution, range 
expansions and adaptation signatures at the 
molecular level. 

Arlequin
Arlequin gives empirical population geneticists 
the opportunity to extract information on genetic 
and demographic features from a collection of 
population samples. A large set of population 
genetics methods and statistical tests are offered. 
Since its creation, Arlequin has become very 
popular. http://cmpg.unibe.ch/software/arlequin35

2012 Highlights
By investigating the effects of range contraction 
on the genetic diversity of populations, Excoffier 
and his team discovered, quite counter-intuitively, 
that slow contractions lead to a greater loss of 
diversity than rapid contractions. This implies 
that the same episode of climatic change could 
impact more negatively on short-lived rather than 
on long-lived organisms. 

What else do they do?
The team also carries out empirical studies of 
range expansions and hybrid zones in small 
rodents. They provide models of genomic 
evolution during range expansions and develop 
statistical methods to find signals of adaptation at 

the genomic level. 

Noteworthy publications
• Alves I, Sramkova Hanulova A, Foll M, 

Excoffier L. Genomic data reveals a complex 
making of humans. PLoS Genetics 2012; 
8:e1002837.

• Arenas M, Ray N, Currat M, Excoffier L. 
Consequences of Range Contractions and 
Range Shifts on Molecular Diversity. Molecular 
Biology and Evolution 2012; 29: 207-218.

• Hofer T, Foll M, Excoffier L. Evolutionary 
Forces shaping genomic Islands of Population 
Differentiation in Humans. BMC Genomics 
2012; 13:107.

Laurent Excoffier   
Computational Population Genetics Group 
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What do they do?
Christian Mazza and his team study biological 
networks by focusing both on their geometrical 
structure (graphs, patterns) and their underlying 
dynamics. Typical examples are food webs and 
gene networks, pattern formation in plants and 
plant mechanics.

Experiment and theory
PhD students work both on the experimental 
and the theoretical level. As an example, it is 
difficult to establish mathematical models of 
plant mechanics without performing practical 
experiments. 

2012 Highlights
During 2012, the group was able to get a better 
understanding of some aspects of phyllotaxis, 
such as the formation of regular patterns in plants, 
by establishing models of plant hormone auxin 
flux – supposed to be one of the main actors in 
plant patterning processes. 

What else do they do?
Mazza and his group are working on several 
projects related to pattern formation in transport 
processes, deterministic and stochastic dynamics 
of chemical reaction networks, and topological 
structures of ecological networks, for example. 
The group provides service in statistics and 
bioinformatics for the life sciences community in 
Fribourg. 

Noteworthy publications
Feller C, Gabriel JP, Mazza C, Yerly F. Pattern 
formation in auxin flux. Journal of Mathematical 
Biology 2011;DOI 10.1007/s00285-013-0655-
9;arXiv: 1110.4302v2[q-bio.To].

Christian Mazza   
Biomathematics and Computational Biology Group  
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What do they do?
The CALIPHO group concentrates on broadening 
the understanding of the function of the 20,000 
protein coding genes that are found in the human 
genome. 
The group focuses on building a human protein 
knowledge resource, on annotating human pro-
teins that are of interest to the pharmaceutical  
industry, and on analysing data which result from 
high-throughput experiments. 

neXtProt
neXtProt is a human protein centric knowledge 
platform. It includes curated information on 
various aspects of human protein biology, such 
as protein function, mRNA/protein expression, 
protein/protein interactions, post-translational 
modifications, protein variations etc. neXtProt is 
built on the wealth of human protein annotation 
provided by the Swiss-Prot database but it also 
includes data which comes from high throughput 
repositories that are filtered to ensure a high 
level of quality – the hallmark of SIB’s protein 
resources. neXtProt’s aim is to help formulate 
and test new hypotheses that are relevant to the 
complexity of human life processes.
www.nextprot.org

2012 Highlights
In 2012, the group provided the first version of 
Application Programming Interface (API) so that 
bioinformatics software and database developers 
can access – via the use of programs – to some 
of the data in neXtProt. What is more, thanks 
to a collaboration with BIONEXT, a French 
bioinformatics company, the group integrated a 3D 
structure viewer applet into neXtProt.

What else do they do?
Within the framework of a large annotation contract 
with a pharmaceutical company, the group deve-
loped an annotation platform to suit the industry’s 
specific needs. In the future, the team expects to 
use this platform in the context of neXtProt. As for 
the Human Proteome Project launched by HUPO, 
the team continues to provide guidelines and as-
sistance to the various groups that are taking part 
in this endeavour. neXtProt has been selected 
by HUPO as the central resource to capture the 
knowledge on proteins obtained via HPP. 

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. Proteome Res 2012; DOI:10.1021/pr300830v.

• Paik YK, Omenn GS, Uhlen M, Hanash S, 
Marko-Varga G, Aebersold R, Bairoch A et al. 
Standard guidelines for the chromosome-
centric Human Proteome Project. J. Proteome 
Res 2012;11:2005-2013.

• Paik YK, Jeong SK, Omenn GS, Uhlen M, 
Hanash S, Cho SY, Lee HJ, Na K, Choi EY, 
Yan F, Zhang F, Zhang Y, Snyder M, Cheng Y, 
Chen R, Marko-Varga G, Deutsch EW, Kim H, 
Kwon JY, Aebersold R, Bairoch A, Taylor AD, 
Kim KY, Lee EY, Hochstrasser D, Legrain P, 
Hancock WS. The chromosome-centric Human 
Proteome Project for cataloguing proteins 
encoded in the genome. Nat. Biotechnol 2012; 
30:221-223.

Amos Bairoch & Lydie Lane 
Computer and Laboratory Investigation of Proteins of Human Origin (CALIPHO)
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What do they do?
Bastien Chopard and his team develop new 
algorithms and methods with an aim to grasp a 
greater understanding of life and/or to predict 
various phenomena in Biology. 

In more detail...
With an ever-increasing speed and memory, 
computers have become very powerful tools in 
the study of a vast range of scientific issues. The 
main objective of Chopard’s group is to develop 
new computational methods for solving scientific 
problems in various areas. 
A core activity of the group is the modelling 
and simulation of complex systems by using 
cellular automata and related methods. In 
bioinformatics, the objective is to develop 
advanced numerical methodologies and high 
performance computations to extract knowledge 
from biological data and simulate multiscale 
biophysical systems. 

2012 Highlights
Chopard’s group is involved in the European 
THROMBUS project whose goal is to understand 
and predict thrombus formation in cerebral 
aneurysms, by combing numerical simulation 
with in vitro experiment and clinical observations.
www.thrombus-vph.eu

Bastien Chopard  
Scientific and Parallel Computing Group 
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What do they do?
Emmanouil Dermitzakis and his team study the 
genomics of complex traits. They use various 
methodologies to understand the role of genetic 
variation in phenotypic variation. 
The group focuses on the genetics and genomics 
of cellular phenotypes, genomic medicine and 
methods for analysing the genetics of molecular 
phenotypes. 

What else do they do?
The group has taken part in a number of projects 
with the following themes: analysis of gene ex-
pression QTLs (eQTLs) in multiple tissues, ge-
netic and epigenetic contribution to variability in 
gene regulation, contribution of regulatory varia-
tion to colorectal cancer risk and analysis of the 
pancreatic beta cell transcriptome. 

Noteworthy publications
• Grundberg E, Small K, Hedman A. … Deloukas 

P, Dermitzakis ET, Spector T. Mapping cis- and 
trans-regulatory effects across multiple tissues 
in twins. Nat Genet 2012; 44(10):1084-9.

• Dimas AS, Nica AC, Montgomery SB, Stranger 
BE, Raj T, Buil A, Giger T, Lappalainen T, 
Gutierrez-Arcelus M, MuTHER Consortium, 
McCarthy MI, Dermitzakis ET. Sex-biased 
genetic effects on gene regulation in humans. 
Genome Res 2012; 22: 2368-75.

• Stranger BE, Montgomery SB, Dimas AS, 
Parts L, Stegle O, Ingle CE, Sekowska M, 
Davey Smith G, Evans D, Gutierrez-Arcelus 
M, Price A, Raj T, Nisbett J, Nica AC, Beazley 
C, Durbin R, Deloukas P, Dermitzakis ET. 
Patterns of cis regulatory variation in diverse 
human populations. PLoS Genetics 2012; 
e1002639.

Emmanouil Dermitzakis  
Genomics of Complex Traits Group  
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What do they do?
PIG is involved in software and database deve-
lopment for the benefit of the proteomics and the 
glycomics communities.
The group focuses on mass spectrometry data 
analysis, the discovery of posttranslational modi-
fications, the functional study of carbohydrates 
and the analysis of venom.

ConoDictor
Conopeptides – or cone toxins – are the main 
bioactive component of cone snail venom. 
These particular toxins are of interest because 
of their potent effect on ion channels and many 
receptors. The great majority of cone toxins are 
peptides with cysteine-knots, which have been 
classified into families based on structural or 
functional features. The ever-growing number 
of new sequences that are generated in large-
scale studies needs tools which can classify 
them – rapidly and accurately – into families and 
superfamilies. ConoDictor is a webwerver which 
is achieving just this goal.
http://conco.ebc.ee

2012 Highlights
High throughput sequencing techniques have 
spread to the study of venoms and set the 
basis for a field now referred to as “venomics”. 
When venom glands are screened, hundreds of 
thousands of sequences are produced, amongst 
which only a few dozen are extracted for activity 
testing. Efficient filtering methods were precisely 
developed to that end. 
Computational approaches that can be applied 
to the automatic classification of large sequence 
datasets usually rely on protein signatures or 
profiles. A protein family profile is defined following 
the sequence alignment of family members and 
commonly modelled by Hidden Markov Models 
(HMMs) or Position-Specific Scoring Matrices 
(PSSMs). The engine behind the ConoDictor 
interface actually combines the advantages of 
HMMs (speed and reliable probability model) 
and PSSMs (accuracy and fine-tunable models) 
to assign conopeptides to superfamilies. Profiles 

are defined on the sequence variations of different 
regions which characterize toxin precursors 
(signal, propeptide, mature regions). In this way, 
truncated sequences – that are produced by 
high throughput techniques and potentially span 
conopeptides – are not missed. 
ConoDictor is a fully automated tool, and provides 
classification results that support users who wish 
to investigate toxin activity further and design 
novel drugs. 

What else do they do?
PIG develops software for mass spectrometry 
analysis, and the 2012 version of the Java library 
– named JPL – is stable. 
http://javaprotlib.sourceforge.net
PIG also maintains two glycomics databases. 
SugarBind was updated with over 20% new 
entries, and GlycoSuiteDB was redesigned for a 
2013 release.
sugarbind.expasy.org 
glycosuitedb.expasy.org
PIG has co-developed an e-learning website 
named eBiomics for bioinformatics teaching, 
which was launched in 2012.
http://ebiomics.sdcinfo.com

Noteworthy publications
• Koua D, Brauer A, Laht S, Kaplinski L, 

Favreau P, Remm M, Lisacek F, Stöcklin R. 
ConoDictor: a tool for prediction of conopeptide 
superfamilies. Nucleic Acid Res. 2012 (web 
server issue); W238-41. 

• Koua D, Laht S, Kaplinski L, Stöcklin R, Remm 
M, Favreau P, Lisacek F. Position-Specific 
Scoring Matrix and Hidden Markov Model 
complements each other for the prediction of 
conopeptide superfamilies Biochim Biophys 
Acta (in press).

• Laht S, Koua D, Kaplinski L, Lisacek F, 
Stöcklin R, Remm M. Identification and 
classification of conopeptides using profile 
Hidden Markov Models. Biochim Biophys Acta 
2012;1824(3):488-492.

Frédérique Lisacek  
Proteome Informatics Group (PIG) 
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What do they do?
The Swiss-Prot group develops and maintains 
several protein-related databases – each of 
which is manually curated – for the life science 
community: UniProtKB/Swiss-Prot, Prosite and 
ENZYME. 
The group’s main focus is to provide high quality 
manual curation. Besides their own databases, 
several research projects benefited from Swiss-
Prot expertise, such as SystemsX.ch and the IMI-
JU initiative. 

UniProtKB
UniProtKB is the most widely 
used protein data base world-
wide. UniProtKB/Swiss-Prot re-
pre sents the manually curated 
section and is developed, main-
ly, by the Swiss-Prot group. The 
database contains reviewed 
and up-to-date information on 
protein function in particular, 
and is also linked to trusted 
resources that provide more fo-
cused data. 
www.uniprot.org

2012 Highlights
During 2012, the group’s efforts 
to coordinate with other major 
data repositories turned out to 
be very beneficial to the data-
base’s users. The group began 
a major clean-up regarding 
post-translational modification 
(PTM) data in the UniProtKB/
Swiss-Prot entries and reas-
sessed the pertinence of a 

number of large-scale experiment-based PTM an-
notations. Similarly, the group is reorganizing data 
from proteomics data to provide unambiguous 
mass spectrometry determined peptides. 
All this is part of the group’s commitment to 
structure, in a more coherent manner, the flow of 
information between databases, such as PRIDE 
at EBI, or neXtProt, the SIB human protein 
knowledgebase.

What else do they do?
The Swiss-Prot group is also very involved in SIB’s 
educational effort, particularly in forming teachers. 
On the popular science front, a virtual edition 
of the 2008 outdoor exhibition “Chromosome 
Walk” was designed: www.chromosomewalk.ch,  
and the online magazine Protein Spotlight (www.
proteinspotlight.org) is heading into its 13th 
year. The group’s web team also takes quite an 
extensive part in SIB’s bioinformatics resource 
portal: ExPASy.
Of note, the group develops ViralZone – a know-
ledge resource to understand virus diversity – 
whose popularity continues to grow. In collabo-
ration with Roche, the group created specialized 
pages to describe the biology of hepatitis B virus 
(HBV) and its interactions with its host. This part 
of the resource was private to begin with, but  
publicly released for the scientific community, 
over the course of the year. The group hopes that 
this type of targeted biocuration activity at the 
request of the private sector will develop in the 
coming years and promote more private-public 
partnerships. 

Noteworthy publications
• Orchard S et al. Ten Years of Standardizing 

Proteomic Data: A Report on the HUPO-PSI 
Spring Workshop: April 12-14th, 2012, San 
Diego, USA. Proteomics 2012 Sep;12(18):2767-
72. doi: 10.1002/pmic.201270126.

• Pedruzzi I. et al. HAMAP in 2013, new devel-
opments in the protein family classification 
and annotation system. Nucleic Acids Res. 
2012;Nov 27. [Epub ahead of print].

• Schneider M, the UniProt Consortium, Poux S. 
UniProtKB amid the turmoil of plant proteomics 
research Front. Plant Sci. 2012 3:270-270.

Ioannis Xenarios & Lydie Bougueleret   
Swiss-Prot Group  
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What do they do?
Evgeny Zdobnov and his team use comparative 
genomics to identify repertoires of animal protein-
coding genes, microRNAs and Conserved Non-
Coding sequences to quantify trends of their 
molecular evolution as well as to elucidate their 
function through sequence variability patterns.

OrthoDB
The OrthoDB resource enables the detailed map-
ping of “equivalent” genes among sequenced 
animal genomes. This kind of mapping is a corner-
stone for comparative studies; it drives hypotheses 
on a gene’s function conservation across species, 
and enables the examination of links between 
gene evolutionary and functional traits.

2012 Highlights
In 2012, OrthoDB was updated to provide a com-
prehensive coverage of animals and fungi repre-
senting 252 eukaryotic species. The resource ex-
tended to prokaryotes with the inclusion of 1115 
bacteria. Functional annotations of orthologous 
groups are provided through mapping to InterPro, 
GO, OMIM and model organism phenotypes, 
with cross-references to major resources includ-
ing UniProt, NCBI and FlyBase. In particular, 
OrthoDB provides computed evolutionary traits 
of orthologs, such as gene duplicability and loss 
profiles, divergence rates and sibling groups. The 
resource now includes exon-intron architectures, 
syntenic orthologs and parent-child trees. The 
interactive web interface allows navigation along 
the species’ phylogenies, and supports complex 
queries with various identifiers, annotation key-
words and phrases, as well as gene copy-number 
profiles and sequence homology searches. With 
the exponential growth of available data, OrthoDB 
also provides the mapping of newly sequenced 
genomes and transcriptomes to the current or-
thologous groups. OrthoDB is freely accessible.
www.orthodb.org

What else do they do?
Zdobnov and his group are involved in other 
developments. 1) Newick Utilities, which is a 
set of command-line tools that can process 
arbitrarily large amounts of data. They do not 
require interaction, thus making them suitable 
for automating phylogeny processing tasks. 2) 
mirRmap, which is a complete Python-based 
pipeline for microRNA target prediction that covers 
both the full range of published models and an 
extended comparative genomics approach

Noteworthy publications
• Waterhouse RM, Tegenfeldt F, Li J, Zdobnov 

EM, Kriventseva EV.OrthoDB: a hierarchical 
catalog of animal, fungal and bacterial 
orthologs. Nucleic Acids Research 2012.

• Vejnar CE, Zdobnov EM. miRmap: Compre-
hensive prediction of microRNA target re-
pression strength. Nucleic Acids Res. 2012; 
Dec1;40(22):11673-83. 

• Cordey S, Petty TJ, Schibler M, Martinez Y, 
Gerlach D, van Belle S, Turin L, Zdobnov E, 
Kaiser L, Tapparel C. Identification of site-
specific adaptations conferring increased 
neural cell tropism during human enterovirus 71 
infection. PLoS Pathog. 2012;8(7):e1002826.

Evgeny Zdobnov  
Computational Evolutionary Genomics Group 
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What do they do?
Sven Bergmann and his group develop concepts 
and algorithmic tools for the analysis of large-
scale biological data. The focus is on the integra-
tion of genotypic and phenotypic datasets from 
clinical studies. The group is particularly involved 
in Genome-Wide Association Studies (GWAS) 
and the modelling of model organisms. 

In more detail...
The group’s Iterative Signature Algorithm (ISA), 
and Ping-Pong Algorithm (PPA) identify co-
herent subsets, or modules, from large data-
sets. Modules can be viewed interactively with 
ExpressionView. Quicktest is a tool for the rapid 
association of genotypes with phenotypes. The 
Bergmann group’s plant phenotyping software 
HypoPhen helps in the understanding of photo-
tropism in plants.

2012 Highlights
ISA and PPA are being used – by the group and 
others – for genomic analyses. Quicktest was 
enhanced by a number of new features, important 
for GWAS.

What else do they do?
The group is also involved in teaching.

Noteworthy publications
• Valsesia S, Stevenson BJ, Waterworth DM, 

Mooser V, Vollenweider P, Waeber G, Jongeneel 
CV, Beckmann JS, Kutalik Z, Bergmann S. 
Identification and validation of copy number 
variants using SNP genotyping arrays from 
a large clinical cohort. BMC Genomics 2012; 
13(1);241.

• Piasecka B, Kutalik Z, Roux J, Bergmann S, 
Robinson-Rechavi M. Comparative modular 
analysis of gene expression in vertebrate 
organs. BMC Genomics 2012; 13();124.

• Hersch M, Peter B, Kang HM, Schupfer F, 
Abriel H, Pedrazzini T, Eskin E, Beckmann 
JS, Bergmann S, Maurer F. Mapping genetic 
variants associated with Beta-adrenergic res-
pon ses in inbred mice. PLoS One 2012;7(7): 
e41032.

Sven Bergmann  
Computational Biology Group 
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What do they do?
Philipp Bucher and his team are trying to crack 
the regulatory code of the human genome by 
analysing DNA sequences and experimental data 
that can reveal information on gene regulation in 
various cancer cells and normal tissues.
The team focuses on epigenetic regulation in 
gene regulation and the function of conserved 
non-coding regions.

Eukaryotic Promoter Database (EPD)
Genes are first transcribed into messenger 
RNAs, which are short-living RNAs used to 
synthesize proteins. Transcription begins on 
“promoters”. EPD provides quality-controlled 
information on experimentally defined promoters 
of higher organisms. The data is derived from 
scientific articles and, increasingly, from raw data 
distributed over the internet 

2012 Highlights
In 2011, Bucher and his team introduced EPDnew, 
a follow-up database of EPD, which is restricted 
to important model organisms with complete 
genome sequences. By the end of 2011, the team 
had released a pilot version of EPDnew for the 
human genome, totalling 8,512 promoters.
During 2012, the team consolidated the pro-
duction pipeline for EPNnew and released public 
promoter collections for human, mouse and the 
fruit fly Drosophila melanogaster – 9,714, 9,773 
and 11,389 promoter entries, respectively. 
For a better visualization of EPDnew entries, 
Bucher’s group introduced a new promoter viewer 
which enables the user to explore the promoter-
defining evidence and additional high-throughput 
genomics data in a UCSC browser window. The 
current version displays transcription start sites, 
histone modification profiles and the DNA methyl-
ation status of DNA in promoter regions. 
Over the year, the large international ENCODE 
consortium released a huge amount of NGS 
data for human. Together, these data provide 
a global picture of the structural and functional 
organization of the human genome in a large 
number of different cell types. The team reacted to 
this by integrating a large fraction of the ENCODE 
data into their local data repository which serves 

as the data back-end for the EPDnew product-
ion pipeline. The promoter coverage in human 
EPDnew was doubled and reached 25,988 
entries by the end of the year.

What else do they do?
The group also developed and released publicly 
UCNEbase, a resource which provides informa-
tion on the evolution and genomic organization of 
ultra-conserved non-coding elements (UCNEs) in 
multiple vertebrate species. UCNEbase currently 
covers 4,351 UCNEs across 18 different genomes. 
The group was able to demonstrate that certain 
UCNEs function in a highly cooperative way. 
Bucher and his team also participated in the 
lung cancer diagnostic signature challenge orga-
nized by the Industrial Methodology for Process 
Verification in Research (IMPROVER) consor-
tium. The challenge was to assess and verify 
computational approaches that classify clinical 
samples based on transcriptomics data. Using a 
logistic regression model combined with a boot-
strapping strategy for feature selection, the group 
achieved good performance in terms of the belief 
confusion metric (rank 4 out of 46 participants). 

Noteworthy publications
• Nair NU, Sahu AD, Bucher P, Moret BM. 

ChIPnorm: a statistical method for normalizing 
and identifying differential regions in histone 
modification ChIP-seq libraries. PLoS One 
2012;7(8):e39573.

• Thompson N, Gésina E, Scheinert P, Bucher P, 
Grapin-Botton A. RNA profiling and chromatin 
immunoprecipitation-sequencing reveal that 
PTF1a stabilizes pancreas progenitor identity 
via the control of MNX1/HLXB9 and a network 
of other transcription factors. Mol Cell Biol. 
2012; Mar;32(6):1189-99. 

• Dimitrieva S, Bucher P. Genomic context 
analysis reveals dense interaction network 
between vertebrate ultraconserved non-
coding elements. Bioinformatics 2012;Sep 15; 
28(18):i395-i401.

Philipp Bucher   
Computational Cancer Genomics Group
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What do they do?
The Bioinformatics Core Facility (BCF) provides 
bioinformatics statistical expertise to the life 
science community and promotes collaborations 
and services. Mauro Delorenzi’s group equally 
carries out analysis of biomedical-genomics data 
focusing on biomarker studies in translational and 
cancer research. 
In addition, the BCF carries out the application 
of statistical methods to data that arises from 
high throughput genomics technology. The group 
also concentrates on the molecular heterogeneity 
of cancer by studying subtypes and pathway 
activation patterns, as well as biomarker 
discovery and validation methodology. 

The Biostatistics Service
The Biostatistics Service of the BCF helps re-
searchers analyse their data. It also provides 
consulting and training in biostatistics, focusing 
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.

2012 Highlights
In 2012, the Biostatistics Service organized 
a number of novel specialized courses for 
researchers in the life sciences. These courses 
– in particular the one-day workshops that take 
place throughout the year – help scientists keep 
up to date with the most recent advances in 
technology. As an example, the new workshop on 
the integrated analysis of data that arises from 
different technologies was very successful, and 
actually organized twice. 
Research groups that employ data analysts 
frequently continue to depend on the group’s 
Biostatistics Service, particularly when they 
are dealing with new technologies or analysing 
complex datasets.

Delorenzi’s group acts as consultant in the 
analysis of biological data for research groups 
that are part of Swiss academic organizations.
Several papers were published based also on 
results generated in the BCF.
Over the course of 2013, the group plans to 
develop several new courses and workshops, 
focusing on topics for which training is generally 
not available elsewhere in Switzerland. 

What else do they do?
The group published three important cancer 
studies: two of them describe clinically relevant 
risk factors in colorectal cancer - one focussing 
on traditional molecular markers and the other on 
a newly discovered gene expression subgroup. 
The third study establishes a new risk classification 
for Rhabdomyosarcoma and critically evaluates 
current evidence for the potential contribution of 
gene expression signatures.

Noteworthy publications
• Roth AD, Delorenzi M, Tejpar S, Yan Pu, 

Klingbiel D, Fiocca R et al. Integrated analysis 
of molecular and clinical prognostic factors in 
stage II/III colon cancer. J Natl Cancer Inst. 
2012;104:1635-46. 

• Popovici V, Budinská E, Tejpar S, Weinrich S, 
Roth A, Delorenzi M et al. Identification of a 
poor prognosis BRAF-mutant-like population 
of colon cancer patients. J Clin Oncol. 
2012;30:1288-95. 

• Missiaglia E, Williamson D, Chisholm J, Wirapati 
P, Delorenzi M, Shipley J et al. PAX3/FOXO1 
Fusion Gene Status is the Key Predictive Mo-
lecular Marker in Rhabdomyosarcoma and 
Significantly Improves Current Risk Stratifica-
tion. J Clin Oncol. 2012;30:1670-77.

Mauro Delorenzi  
Bioinformatics Core Facility Group 
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What do they do?
Jérôme Goudet and his group focus on under-
standing how the interplay of population structure, 
trait architecture and selection can be disen-
tangled.
Their research is threefold. 1) Simulating indi-
viduals and their genomes through time, in a 
rea listic landscape. 2) Inferring historical events 
and selection from genomic and phenotypic data.  
3) 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 as diverse as evolutionary biology and 
medical genetics. quantiNEMO was designed to 
tackle such issues. The resource is an individual-
based, genetically explicit stochastic simulation 
program. It is used to investigate the effects of 
selection, mutation, recombination and drift on 
quantitative traits. 

2012 Highlights
In 2012, a great effort was made to improve 
the code of quantiNEMO in order to run a large 
number of simulations. Goudet and his group 
are currently investigating which demographic 
parameters – population size, migration rate, 
population growth rate – allow a best fit to diver-
sity observed in genetic data, for the expansion 
of humans outside Africa. To this end, the group 
optimized the code and developed an alternative 
back-in-time method of simulation (coalescence). 

What else do they do?
The group also develops hierfstat, an R package 
for the analysis of population genomic data. 
In 2012, Jérôme Goudet was invited to teach 
statistical genetics with Professor Bruce Weir 
at the University of Edinburgh (UK) and at the 
University of Washington (USA).

Noteworthy publications
• Dreiss A.N et al, 2012. Local adaptation and 

matching habitat choice in female barn owls 
with respect to melanic coloration. Journal of 
Evolutionary Biology 25(1) pp. 103-114. 

• Grossen C., Neuenschwander S., Perrin N., 
2012. The evolution of XY recombination: 
sexually antagonistic selection versus deleteri-
ous mutation load. Evolution 66(10) pp. 3155-
3166. 

• Kronholm I etal, 2012. Genetic basis of adap-
tation in Arabidopsis thaliana: local adaptation 
at the seed dormancy QTL DOG1. Evolution 
66(7) pp. 2287-2302. 

• Mafli A., Goudet J., Farmer E.E., 2012. Plants 
and tortoises: mutations in the Arabidopsis 
jasmonate pathway increase feeding in a 
vertebrate herbivore. Molecular Ecology 
21(10) pp. 2534-2541. 

Jérôme Goudet  
Population Genetics and Genomics Group  
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What do they do?
Vassily Hatzimanikatis and his team carry out re-
search on the mathematical modelling of complex 
cellular processes, and computational methods for 
the integration of experimental information. The 
idea is to provide experimentally testable hypoth-
eses and targets for the purposeful redesign and 
manipulation of such processes. 
The group focuses on systems biology, synthetic 
biology, metabolic engineering, bioenergetics, me-
tabolism, proteomics, lipidomics, drug design and 
sustainability. 

BNICE
BNICE is a computational framework for the identi-
fication of novel metabolic reactions and pathways. 
It uses a database of over 200 generalized enzyme 
rules, and employs a pathway generation algorithm 
which allows the generation of all possible routes 
from known metabolic intermediates to target natu-
ral and man-made chemicals. These routes are 
composed of generalized enzyme reactions and, 
therefore, any novel reaction 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, and to discover and exploit its 
diversity. 

2012 Highlights
BNICE was developed to address four issues.  
1) The design of metabolic pathways for renewable bio-
based chemicals in synthetic biology (synBNICE). 
2) The identification of the biodegradation of xeno-
biotic compounds by microbes and in the human 
body (NICExenos and NICEdrug). 3) The analysis 
of lipidomics data (NICELips). And 4), the simula-
tion and analysis of the fate of atoms in labelling 
experiments (NICEfate). BNICE integrates algo-
rithms for network and pathway analysis, as well 
as bioenergetics information for the screening and 
feasibility evaluation of the generated novel reac-
tions and pathways. 
Using NICEdrug, the team discovered novel routes 
for the metabolic fate of two major antiplatelet 
drugs in the human liver. These routes could explain 
why the drugs are not effective for many individuals 
(non-responders) and how the group could chemi-
cally modify the drugs for personalized medicine. 

Most of the industrial chemicals, such as acrylic 
acid and terephthalic acid, and commodity pro-
ducts, such as plastics, are derived from limited 
fossil fuel, and their carbon footprint is significant. 
Synthetic bio logy and metabolic engineering are 
the only technologies that can develop biological 
processes that are then able to derive these prod-
ucts from renewable resources – such as sunlight 
(algae) and plant biomass (yeast) – using environ-
mentally friendly industrial processes. However, 
microorganisms do not produce most of the chemi-
cals derived from fossil fuels, and new biosynthetic 
routes must be discovered. Industrial and acade-
mic collaborators are using the SynBNICE frame-
work and LCSB computational technologies for the 
discovery of novel biochemical pathways and the 
development of bioprocesses that can turn sunlight 
and natural fibres into acrylic acid and terephthalic 
acid. 

What else do they do?
Vassily Hatzimanikatis and his team also develop 
ORACLE (Optimization and Analysis of Complex 
Living Entities) for the analysis of the properties of 
metabolic systems under uncertainty and partial 
information. They also develop models and study 
protein synthesis for integration and analysis of 
proteomics data. The team designs algorithms for 
analysing cellular bioenergetics and the design of 
synthetic organisms. They have also developed two 
master courses in Systems and Synthetic Biology. 

Noteworthy publications
• Soh KC, Miskovic L, Hatzimanikatis V. From 

network models to network responses: integra-
tion of thermodynamic and kinetic properties of 
yeast genome-scale metabolic networks. FEMS 
Yeast Research 2011, vol. 12, num. 2 : 129-143.

• Brunk E, Neri M, Tavernelli I, Hatzimanikatis 
V, Rothlisberger U. Integrating computational 
methods to retrofit enzymes to synthetic path-
ways. Biotechnology and Bioengineering 2012 ; 
109:572-582.

• Racle J, Overney J, Hatzimanikatis V. A com-
putational framework for the design of optimal 
protein synthesis. Biotechnology and Bioengi-
neering 2012;109,(8):2127-2133.

Vassily Hatzimanikatis  
Laboratory of Computational Systems Biotechnology Group (LSCB) 
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What do they do?
The primary research theme of Jeff Jensen and 
his team is centred around drawing statistical in-
ference from DNA polymorphism data and, more 
specifically, in describing the processes that deter-
mine the amount and distribution of genetic varia-
tion within and between natural populations, and 
between species. Specific projects range from the 
development of approximate Bayesian statistics 
for the estimation of population genetic parameters 
and Neanderthal genomics, to directly inferring the 
distribution of fitness effects of new mutations from 
experimental yeast data. The group works on both 
applied and theoretical problems in fields ranging 
from population genomics to medical genetics. 

In more detail...
“Variations neither useful nor injurious would not 
be affected by natural selection, and would be 
left either as a fluctuating element… or would 
ultimately become fixed, owing to the nature of 
the organism and the nature of the conditions.” – 
C. Darwin
When Yule (1902) published what was perhaps 
the first paper on theoretical population genetics – 
followed by Hardy and Weinberg (1908) – he was 
in fact laying the cornerstones for a novel scien-
tific field. In the following three decades, Fisher, 
Haldane and Wright continued to build a rich 
mathematical foundation, making their respective 
cases for the relative importance of these adap-
tive (natural selection) and non-adaptive (genetic 
drift) factors in evolution. Within this rich frame-
work, the Jensen Lab uses tools from theoretical, 
statistical and empirical population genetics in order 
to quantify the underlying distribution of fitness ef-
fects in natural populations.

2012 Highlights
While lab members work on a variety of topics 
spanning population genetic theory, ecological 
genetics, and medical genomics, three general 
themes of current focus are highlighted.
I. Statistical inference in population genetics
This line of research aims to identify adaptively 
important regions of the genome in an unbiased 

manner, based on patterns of genetic variation. 
The group uses maximum likelihood and ap-
proximate Bayesian based methodology, with an 
interest towards both the identification of specific 
beneficial mutations and the estimation of the dis-
tribution of fitness effects – all with a particular fo-
cus on distinguishing selective from demographic 
forces. 
II. The evolution of cryptic coloration
In collaboration with the Hoekstra Lab (Harvard 
University), the group is investigating the evolu-
tionary consequences of cryptic coloration in wild 
mouse populations. Pelage of the deer mouse, 
Peromyscus maniculatus, closely matches its sub-
strate throughout its range, driven by natural se-
lection for crypsis. This project takes advantage of 
a system in which the ecological context of pheno-
typic variation is well understood, and the genetic 
basis of the quantitative phenotype is largely con-
trolled by a single gene of major effect – Agouti. 

III. Experimental dissection of fitness  
landscapes
In collaboration with Dan Bolon (University of 
Massachusetts Medical School), the group seeks 
to determine systematically the fitness effects of 
all individual single-codon substitutions in yeast, 
by using a newly developed high throughput se-
quencing technology. Rather than drawing infer-
ence from fixed or polymorphic differences as in 
Peromyscus above, this project measures selec-
tion coefficients directly from new mutations. 

Noteworthy publications
• Shulha HP, Crisci J, Reshetov D, Tushir JS et al. 

Human-specific histone methylation signatures 
at transcription start sites in prefrontal neurons. 
PLoS Biology 2012;10(11): e1001427.

• Domingues V, Poh YP, Peterson B, Pennings P, 
Jensen JD, Hoekstra HE. Evidence of adaptation 
from ancestral variation in young populations of 
beach mice. Evolution 2012;66:3209-23.

• Crisci J, Poh YO, Bean A, Simkin A, Jensen 
JD. Recent progress in polymorphism-based 
population genetic inference. Journal of Heredity 
2012;103: 287-96.

Jeff Jensen   
Population Genetics Group 
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What do they do?
The FEG group pursues integrated bioinformatics 
projects on the functional evolution of mamma-
lian genomes. Their research is based on publi-
cly available genomic data as well as various 
experimental data sets that are generated by the 
group’s wet lab unit.
The group focuses on the evolution of gene ex-
pression levels, the origin and evolution of long 
noncoding RNA genes, the birth and functional 
evolution of miRNA genes, the evolution of sex 
chromosomes (such as the evolution of X dosage 
compensation and the evolution of the Y chromo-
some), the evolution of germ cell transciptomes, 
the functional evolution of new protein-coding 
genes and the evolution of alternative splicing.

2012 Highlights
Changes in gene expression are thought to 
underlie many of the phenotypic differences 
between species but, until recently, large-scale 
analyses of gene expression were not possible 
because of technological limitations. As a sequel 
of a major initial study that was published in 2011 
(Brawand et al., Nature), the group assessed – 
in detail – the evolution of dosage compensation 
as well as the birth and functional evolution of 
microRNA genes in mammals. This was based 
on extensive sets of RNA-seq data generated 
by the group, whose success with computational 
analysis benefited greatly from SIB’s Vital-IT 
infrastructure. 

What else do they do?
Other project topics – based on unique tran-
scriptome and epigenomic data generated by the 
group – were pursued over the course of the year. 
These include the evolution of protein-coding gene 
expression levels in tetrapods, long noncoding 
RNAs, newly emerged coding genes, Y chromo-
somes, UTRs, alternative splicing and germ cell 
transcriptomes. 

Noteworthy publications
• Julien P, Brawand D, Soumillon M, Necsulea 

A, Liechti A, Schütz F et al. Mechanisms 
and evolutionary patterns of mammalian 
and avian dosage compensation. PLoS Biol. 
2012;5:e1001328.

• Meunier J, Lemoine F, Soumillon M, Liechti 
A, Weier M, Guschanski K et al. Birth and ex-
pression evolution of mammalian microRNA 
genes. Genome Res. 2012;23(1):34-45.

Henrik Kaessmann  
Functional Evolutionary Genomics Group (FEG)
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What do they do?
The Molecular Modelling group develops and 
uses molecular modelling techniques for the 
computer-aided rational design of proteins, or 
small molecular inhibitors, for the research and 
treatment of human disease – particularly in the 
field of oncology.
The group focuses on the development of com-
puter-aided drug design and protein engineering 

tools, the creation of web 
services for drug design, as 
well as the development of 
new drugs for cancer thera-
py, and the rational design 
of T-Cell receptors for can-
cer immunotherapy.

SwissDrugDesign
The SwissDrugDesign pro-
ject is an ambitious initiative 
whose aim is to provide the 
first comprehensive, integra-
ted and freely accessible 
web-based in silico drug 
design environment to the 
worldwide scientific commu-
nity. Its purpose is to offer a 
large collection of tools to co-
ver all aspects of computer-
aided drug design. 

2012 Highlights
In 2012, Michielin and his team launched two 
new drug design tools: SwissSidechain and 
SwissBioisostere. 
SwissSidechain is a database that gathers in-
formation on hundreds of commercially avail-
able non-natural side chains for peptide design, 
whose insertion into peptides or proteins can be 
studied in silico. Such studies are of interest to re-
searchers in drug design and biology, since modi-
fications of this nature can enhance the binding 
properties of peptides and their resistance to 
peptidases. Plugins to molecular visualization 
software have been developed to perform and 
inspect the insertions visually. 
The SwissBioisostere database is a collection 
of over 5.6 million molecular substructural re-
placements that are extracted from the literature.  

The database also includes information on how 
frequently such replacements happened in the 
past, and the impact it had on the compounds’ 
acti vity. This kind of knowledge is of particular in-
terest for researchers in the field of drug discovery. 
Indeed, certain bioisosteric modifications can in-
spire them with regards to their current lead mole-
cule for increasing its affinity, for example, or for 
circumventing a pharmacodynamics, pharmaco-
kinetics or intellectual property issue. 
www.swissdock.ch, 
www.swissparam.ch, 
www.swisssidechain.ch, 
www.swissbioisostere.ch

What else do they do?
The Molecular Modelling group is also active in 
the field of protein engineering and has developed 
several methods for estimating the role played by 
protein residues in their activity and structural sta-
bility. Using these techniques, Michielin and his 
team were able to engineer T-cell receptors, with 
enhanced binding properties, for two different 
melanoma-related antigens. The group demon-
strated that T-cells which express this new recep-
tor show an increased ability to kill cancer cells, 
paving the way to clinical trials.
The Molecular Modelling group is also develop-
ing indoleamine 2,3-dioxigenase inhibitors. They 
have obtained several highly efficient compounds, 
with low nanomolecular activity in enzymatic and 
cellular assays, which exhibit significant activity in 
a cancer mouse model. 

Noteworthy publications
• Gfeller D, Michielin O, Zoete V. SwissSidechain: 

a molecular and structural database of non-
natural sidechains. Nucleic Acids Res. 2013; 
41(D1):D327-32.

• Wirth M, Zoete V, Michielin O, Sauer WH. 
SwissBioisostere: a database of molecular 
replacements for ligand design. Nucleic Acids 
Res. 2013;41(D1):D1137-43.

• Röhrig UF, Majjigapu SR, Grosdidier A, Bron 
S, Stroobant V, Pilotte L, Colau D, Vogel P, Van 
den Eynde BJ, Zoete V, Michielin O. Rational 
design of 4-aryl-1,2,3-triazoles for indoleamine 
2,3-dioxygenase 1 inhibition. J Med Chem. 
2012;55(11):5270-90.

Olivier Michielin  
Molecular Modelling Group
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What do they do?
The Laboratory for Computational Biology and 
Bioinformatics (LCBB) develops models and al-
gorithms for phylogenetic analysis and compara-
tive genomics. Areas of particular interest include 
reticulate evolution, genomic rearrangements, 
gene families, phylogenetic multiple sequence 
alignments and large-scale, high-performance 
phylogenetic reconstruction.

In more detail...
“Nothing in biology makes sense except in the 
light of evolution”, is the title of a famous essay 
written by T. Dobzhansky in 1973. 
Indeed the evolutionary histories of groups of 
living systems from proteins to organisms – oth-
erwise known as phylogenies – have become 
ubiquitous in biological research. In this era of 
genomics, phylogenies are inferred from molecu-
lar sequence data such as DNA, amino-acids or 
entire genomes. Most computational problems in 
this area – from multiple sequence alignment to 
orthology assignment – are NP-hard. By develop-
ing algorithms to compute good approximations, 
and ensuring that these algorithms scale to han-
dle data streams from high-throughput experi-
ments, the LCBB is contributing to the building 
blocks of next-generation bioinformatics tools. 

2012 Highlights
Past postdoc Alexis Stamatakis was named a full 
professor at the Karslruhe Institute of Technology 
in Germany (the top CS department in Germany). 
Past PhD student and postdoc Xiuwei Zhang left 
for Cambridge U. (the Laboratory for Molecular 
Biology) for a postdoc with Dr. Sarah Teichmann. 
Three of Bernard Moret’s PhD students passed 
their defense this year: Vaibhav Rajan, Yu Lin, 
and Yann Christinat. Vaibhav is a staff member at 
Xerox Reseach Laboratories in Bangalore, India; 
Yu Lin will join Pavel Pevzner’s group at UC San 
Diego for a 3-year postdoc starting April 2013; 
and Yann Christinat is a postdoc at ETHZ in 
Wilhelm Krek’s group. 

Noteworthy publications
• Zhang X, Moret BME. Refining regulatory net-

works through phylogenetic transfer of infor-
mation, IEEE/ACM Trans. on Computational 
Biology and Bioinformatics, 9, 4 (2012),1032-
1045

• Lin Y, Rajan V, Moret BME. A metric for 
phylogenetic trees based on matching. IEEE/
ACM Trans. on Computational Biology and 
Bioinformatics 2012;9,4:1014-1022.

• Christinat Y, Moret BME. A transcript 
perspective on evolution. Proc. 8th Int’l Symp. 
Bioinformatics Research & Appls. ISBRA’12, 
in Lecture Notes in Computer Science 2012; 
7292:48-59, Springer Verlag.

Bernard Moret  
Laboratory for Computational Biology
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What do they do?
The aim of systems biology is to achieve a quanti-
tative and dynamic understanding of cellular 
networks by combining experimental data with 
theoretical and computational methodo logies. 
The Computational Systems Biology (CSB) 
group’s interest lies in the regulatory and cellular 
networks involved in oncogenic signalling, cell-
cycle regulation and molecular oscillators. Data 
obtained from technologies such as microarrays, 
chromatin-immunoprecipitation (ChIP) and ge-
nome sequencing are brought together to disco-
ver regulatory dependencies between genes and 
regulatory proteins involved in cell proliferation. 
One thematic focus is the study of biomolecular 
oscillators, in particular the circadian clock.

In more detail...
Felix Naef and his team develop bioinformatics 
approaches to investigate gene networks relevant 
to cancer and chronobiology. They study how 
oncogenic signals alter transcriptional programs 
in cancer using combined genome-wide techno-
logies such as expression ChIP. Data are used 
to map relationships between the promoter 
state and transcriptional responses. The group 
is also interested in computational approaches 
for the study of circadian biology, both through 
the modelling of circadian pathways to decipher 
oscillator stability and the use of comparative 
genomics to infer cis-regulatory elements at the 
heart of the circadian clock. 

Noteworthy publications
• Le Martelot G, Canella D, Symul L, 

Migliavacca E, Gilardi F, Liechti R, Martin 
O, Harshman K, Delorenzi M, Desvergne B, 
Herr W, Deplancke B, Schibler U, Rougemont 
J, Guex N, Hernandez N, Naef F. Genome-
Wide RNA Polymerase II Profiles and RNA 
Accumulation Reveal Kinetics of Transcription 
and Associated Epigenetic Changes During 
Diurnal Cycles. PLoS Biol 2012; 10, e1001442.

• Morf J, Rey G, Schneider K, Stratmann M, 
Fujita J, Naef F, Schibler U. Cold-inducible 
RNA-binding protein modulates circadian 
gene expression posttranscriptionally. Science 
2012; 338, 379.

• Stratmann M, Suter D, Molina N, Naef F, 
Schibler U. Circadian Dbp transcription relies 
on highly dynamic BMAL1-CLOCK interaction 
with E-boxes and requires the proteasome. 
Molecular Cell 2012; 48, 277.

Felix Naef 
Computational Systems Biology Lab 
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What do they do?
The research carried out by Marc Robinson-
Rechavi and his team studies the links that exist 
between the evolution of animal development and 
genome evolution. To this end, the group develops 
databases in the field of evolutionary biology and 
studies genome evolution in vertebrates.
The group focuses on gene and genome dupli-
cation, evolution and development, the evolution 
of gene expression and natural selection. 

Bgee
Bgee is a dataBase for Gene Expression Evolution. 
It provides integrated patterns of expression that 
are based on the analysis of diverse data in 
various animal species. It also provides tools for 
gene comparison and species comparison based 
on organ and gene homology. Bgee is currently 
the only resource for comparative transcriptomics 
which is based on homology. 
bgee.unil.ch

2012 Highlights
RNA-seq was a novel feature in release 12 of 
Bgee, making it the first resource – to the group’s 
knowledge – to integrate gene expression 
information from in situ hybridization, microarrays 
and RNA-seq. Release 11 introduced improved 
quality control.

What else do they do?
Robinson-Rechavi’s team also deals with the 
computational challenges of large-scale positive 
selection computations, exploring both grid com-
putation and code optimization. The group also 
collaborates with the Gene Ontology consortium 
on ontologies. 

Noteworthy publications
• Altenhoff AM, Studer RA, Robinson-Rechavi 

M, Dessimoz C. Resolving the ortholog 
conjecture: orthologs tend to be weakly, but 
significantly, more similar in function than 
paralogs. PLoS Computational Biology 2012; 
8(5): e1002514.

• Niknejad A, Comte A, Parmentier G, Roux J, 
Bastian FB, Robinson-Rechavi M, vHOG, a 
multispecies vertebrate ontology of homolo-
gous organs groups. Bioinformatics 2012; 
28(7):1017-1020.

• Roux J, Gonzàlez-Porta M, Robinson-Rechavi 
M. Comparative analysis of human and mouse 
expression data illuminates tissue-specific 
evolutionary patterns of miRNAs. Nucleic 
Acids Research 2012;40(13):5890-5900.

Marc Robinson-Rechavi 
Evolutionary Bioinformatics Group
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What do they do?
The EPFL Bioinformatics and Biostatistics 
Core Facility offers support for the analysis of 
high-throughput genomic data for life science 
researchers in the Geneva-Lausanne area. The 
group develops tools and methods to facilitate 
and improve this kind of analysis.
The group focuses on gene regulation, functional 
genomics and the analysis of sequencing data.

LipidX
The group develops a lipidomics analysis pipeline 
and data repository for the LipidX project. The re-
source is a central repository that provides a series 
of tools to explore and interpret lipidomics data. 
www.lipidx.org

2012 Highlights
Over the year, new functionalities were imple-
mented in LipidX. Among these were 1) the nor-
malization of MRM (Multiple Reaction Monitoring 
by mass spectrometry) quantitative results based 
on one or several control data; 2) the integration 
of qua lity control between biological replicates 
by calculating correlation and linear regression 
on lipid quantities; 3) T-test and enrichment cal-
culations for each individual lipid between any 
two given conditions; and 4), the joint analysis of 
multiple MRMQuant datasets. Furthermore, sum-
mary pages display global trends between differ-
ent conditions. 

What else do they do?
Rougemont’s group also contributes to the EPFL 
Core Facilities teaching programme.
sv.epfl.ch/platforms-training

Noteworthy publications
• Le Martelot G, Canella D, Symul L, et al. 

Genome-Wide RNA Polymerase II Profiles 
and RNA Accumulation Reveal Kinetics of 
Transcription and Associated Epigenetic 
Changes During Diurnal Cycles. PLoS Biol 
2012;10:e1001442.

• Blasco B, Chen JM, Hartkoorn R, et al. 
Virulence Regulator EspR of Mycobacterium 
tuberculosis Is a Nucleoid-Associated Protein. 
PLoS Pathog. 2012;8:e1002621.

• Lee KP, Piskurewicz U, et al. Spatially and 
genetically distinct control of seed germination 
by phytochromes A and B. Genes Dev 2012; 
26:1984–1996.

Jacques Rougemont   
Bioinformatics and Biostatistics Core Facility
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What do they do?
Nicolas Salamin and his team estimate, and use, 
the evolutionary relationships between species 
to investigate the processes affecting species 
evolution. In particular, the group is looking 
into the ecological, genomic and morphological 
factors that limit and constrain speciation and 
adaptation.
The group focuses on phylogenetic reconstruc-
tion methods, clownfish genomics, estimating 
positive selection on genes, modelling evolution 
of DNA sequences and phenotype, the mode 
and tempo of species evolution and the spatially 
explicit evolution of diversity.

fastcodeml
The group has developed “fastcodeml”, which 
implements improved likelihood calculation on 
phylogenetic trees and parallel algorithms to 
compute positive selection. 

2012 Highlights
Detection of positive selection is an essential 
step to assess functional changes during gene 
and genome evolution. The task, however, is 
computationally intensive, especially when 
dealing with multi-species genomic data. This 
is why the group developed fastcodeml in 
collaboration with Marc Robinson-Rechavi’s 
group and Heinz Stockinger from the Vital-IT 
group. fastcodeml allows the group to use high-
performance computing infrastructures efficiently, 
in order to compute sites and lineages that have 
evolved under positive selection. 

What else do they do?
The group is also developing four other types 
of software to estimate evolutionary models on 
phylogenetic trees. 1) “speciate” is for estimating 
speciation and extinction rates from phylogenetic 
trees through Markov chain Monte Carlo. 2) 
“MLtree” is for estimating evolutionary models 
through Maximum likelihood. 3) “SuperTree” is 
supertree reconstruction for building the Tree of 
Life. “GrassWeb” is a resource to automate the 
sampling of DNA sequences and to allow regular 
updating whenever new data becomes available 
in existing databases. 

Noteworthy publications
• Christin PA, Besnard G, Edwards EJ, Salamin 

N. Effect of genetic convergence on phylo-
genetic inference. Molecular Phylogenetics 
and Evolution 2012; 62: 921-927.

• Litsios G, Pellissier L, Forest F, Lexer C, 
Pearman PB, Zimmerman NE, Salamin N. 
Trophic specialization influences the rate of 
environmental niche evolution in damselfish. 
Proceedings of the Royal Society Series B 
2012; 279:3662-3669.

• Schabauer H, Valle M, Pacher C, Stockinger 
H, Stamatakis A, Robinson-Rechavi M, Yang 
Z, Salamin N. SlimCodeML: An Optimized 
Version of CodeML for the Branch-Site Model. 
in Aluru S., Bader D.A. (eds.) HiCOMB 2012 
(11th IEEE International Workshop on High 
Performance Computational Biology). IEEE.

Nicolas Salamin  
Computational Phylogenetics Group 



SIB Swiss Institute of Bioinformatics  
Annual Report 2012

55

What do they do?
The Vital-IT group maintains a Competency 
Centre in Bioinformatics and Computational 
Biology which supports the Swiss scientific com-
munity. The group trains biologists and scientists 
in the use of high performance computing and 
bioinformatics software development.
Their main focus is to provide high quality ac-
cess to computational expertise and to works in 
bioinformatics. The group also creates opportuni-
ties for scientists to transform their bioinformatics 
tools into industry-grade software solutions for 
solving problems in the pharmaceutical/biotech-
nology and agrochemistry industry. 

Vital-IT
Vital-IT maintains a high performance Competency 
Centre that 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. 

2012 Highlights
2012 was a challenging year for the group as 
the data production reached a bewildering 14TB 
of experimental data… on a weekly basis! This 
required a number of innovative initiatives on 
the group’s behalf. First, it had to structure 
its resources in an efficient manner. Second, 
scientists needed to be trained in order to make 
the best use of the data they had produced. Third, 
it was necessary to show how scientists could 
benefit from the Competency Centre that Vital-IT 
provides.

What else do they do?
Ioannis Xenarios and his team are deeply in-
volved in the continued education of researchers, 
particularly to teach and train them how to use 
computing power efficiently. This is not a trivial 
task. It demands expertise, which the Vital-IT ex-
pert pool contains. In a rapidly evolving environ-
ment, innovative technologies are appearing at a 
fast rate, and coping with these changes is an es-
sential part of Vital-IT’s success and efforts.

The SME and biotech industry are approaching 
Vital-IT to support their research and train their 
scientists. In the future, this could re present an 
increasing funding opportunity for the group, with 
job prospects in the field of bioinformatics for our 
SIB members. 

Noteworthy publications
• Artimo P, Jonnalagedda M, Arnold K, Baratin 

D, Csardi G, de Castro E, Duvaud S, Flegel 
V, Fortier A, Gasteiger E, Grosdidier A, 
Hernandez C, Ioannidis V, Kuznetsov D, 
Liechti R, Moretti S, Mostaguir K, Redaschi N, 
Rossier G, Xenarios I, Stockinger H. ExPASy: 
SIB bioinformatics resource portal Nucleic 
Acids Res. 2012;40(W1):W597-W603.

• Canella D, Bernasconi D, Gilardi F, Lemartelot 
G, Migliavacca E, Praz V, Cousin P, Delorenzi 
M, Hernandez N. The CycliX Consortium. A 
multiplicity of factors contributes to selective 
RNA polymerase III occupancy of a subset 
of RNA polymerase III genes in mouse liver. 
Genome Res 2012; 22(4):666-80. 

• Johansson MU, Zoete V, Michielin O, Guex 
N. Defining and searching for structural motifs 
using DeepView/Swiss-PdbViewer. BMC Bio-
informatics 2012; 13:173.

Ioannis Xenarios  
Vital-IT Group
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What do they do?
The research interests of the Scientific Computing 
Group lie in the area of multiscale/multiphysics 
modelling and parallel large-scale simulations of 
biological systems. 

In more detail...
High performance computing can play a catalytic 
role in advancing physics, biology and medicine. 
Igor Pivkin and his team focus on the develop-
ment of new computational models and corres-
ponding numerical methods that are suitable 
for the next generation of supercomputers. The 
group uses particle based methods – such as 
Molecular Dynamics and Dissipative Particle 
Dynamics – for solving scientific problems, in par-
ticular in the area of biofluid mechanics and cell 
biomechanics. 

Igor Pivkin   
Scientific Computing Group
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What do they do?
Michael Baudis and his group focus on the analy-
sis of structural variations in cancer genomes by 
way of computational genomics, including bio-
informatics and systems biology methods. Their 
work revolves around their collections of mole-
cular tumour data, which have been assembled 
from genomic screening experiments in cancer. 
Specific projects deal with the development of 
computational methods for structural data analy-
sis, genomic aberration analysis in tumour enti-
ties and the large-scale exploration of genomic 
patterns in malignancies. 

arrayMap
Michael Baudis and his group develop the arrayMap  
database, which is the largest resource for an-
notated genomic copy number aberration data 
in cancer. The database is based on more than 
40,000 oncogenomic arrays. The focus of this 
resource is twofold. 1) To be able to depict – in 
an easy and accessible fashion – genomic loca-
tions that are affected by genomic amplifications 
or deletions in different cancer entities. 2) The 
development of gene and locus specific mutation 
statistics.

2012 Highlights
Though work on the infrastructure started in 
2011, the group’s arrayMap database was 
actually published in 2012 as an open access 
online resource. The resource currently contains 
about 40,000 genomic array datasets, from 224 
different cancer types. Subsequent additions 
include gene specific copy number imbalance 
frequency queries, and improved search and 
visualization options.  www.arraymap.org

What else do they do?
With the Progenetix resource the group maintains 
another cancer genome reference resource, based 
on published data from Comparative Genomic 
Hybridization (CGH) experiments. In 2012, Baudis 
and his team also launched dipg.progenetix.org, a 
resource for molecular data in childhood brain tu-
mours. Additionally, they continue to develop www.
compbio.ch, the information site for computational 
biology community in Zurich.
www.progenetix.org, dipg.progenetix.org,  
www.compbio.ch

Noteworthy publications
• Cai H, Kumar N and Baudis M. arrayMap: a 

reference resource for genomic copy number 
imbalances in human malignancies. PLoS One 
2012;7: e36944.

• Kumar N, Cai H, von Mering C and Baudis M. 
Specific genomic regions are differentially af-
fected by copy number alterations across dis-
tinct cancer types, in aggregated cytogenetic 
data. PLoS One 2012; 7: e43689.

• von Bueren AO, Gerss J, Hagel C, Cai H, … 
and Baudis M. DNA copy number alterations 
in central primitive neuroectodermal tumors 
and tumors of the pineal region: an interna-
tional individual patient data meta-analysis.  
J Neurooncol 2012; 109: 415-423.

Michael Baudis   
Computational Oncogenomics Group 
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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, and its 
expertise lies in the field of algorithms, optimization 
algorithms, mathematical modelling and computa-
tional systems. The group is currently working on 
two large-scale projects – the Orthologous Matrix 
project and the Codon Bias project – and offers re-
sults and general services through the internet and 
by the distribution of the Darwin system for bioinfor-
matics computations. 

In more detail...
Gaston Gonnet and his team are interested in 
bioinformatics problems, in particular the model-
ling 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 automati-
cally produce reliable orthologous groups of pro-
teins that are derived from entire genomes. The 
team also carries out a joint research project with 
the Biochemistry Institute, known as the Codon 
Bias project, whose goal is to uncover the causes 
and purposes of codon bias in eukaryotes – in 
particular in yeast.

2012 Highlights
The group started the “SIBLINGS” project/data-
base whose goal is to make the source informa-
tion, for large scale protein comparative programs, 
available to all researchers. The group also specia-
lizes in the quality analysis of varied bioinformatics 
information – in particular phylogenetic trees, mul-
tiple sequence alignments, gene ontologies and 
orthologous/paralogous information.

Noteworthy publications
• Gonnet GH. Surprising results on phylogenetic 

tree building methods based on molecular se-
quences. BMC bioinformatics 2012; 13, no. 1: 
148.

• Dalquen DA, Anisimova M, Gonnet GH, 
Dessimoz C. ALF—A Simulation Framework 
for Genome Evolution. Molecular biology and 
evolution 2102;29, no. 4: 1115-1123.

Gaston Gonnet  
Computational Biochemistry Research Group 
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What do they do?
Research in the CSE Lab is at the interface of 
Engineering, Mathematics and Computer Science. 
Applications range from nanofluids to cancer- 
induced angiogenesis and artificial schools of fish. 

Cell Image Velocimetry (CIV)
Petros Koumoutsakos and his team have 
developed Cell Image Velocimetry, or CIV. It 
is a MATLAB toolbox that combines cell layer 
segmentation and image velocimetry algorithms 
for extracting and analysing detailed spatio-
temporal information on cell migration – as 
studied on wound healing assays.

2012 Highlights
CIV is distributed as an open source package 
to the scientific community. A graphical user 
interface has been developed and the team 
expects that it will have an impact on all facilities 
where wound healing assays and cell migration 
have to be tracked. 

What else do they do?
The group has also developed open source, 
object-oriented software for high throughput 
direct numerical simulations of compressible two-
phase flow. Such flows are of relevance to medi-
cal applications such as kidney lithotripsy. This 
soft ware is capable of exploiting state-of-the-art 
computing resources – such as the Monte Rosa 
supercomputer at the Swiss Supercomputing 
National Centre – better than any preceding 
work in the field. The software therefore enables 
researchers to simulate at a higher resolution 
than was previously possible with constrained 
resources. 

Noteworthy publications
• Koumoutsakos P, Pivkin I, Milde F. The Fluid 

Mechanics of Cancer and its Therapy. Annual 
Reviews of Fluid Mechanics 2013;45:325-355.

• Milde F, Franco D, Ferrari A, Kurtcuoglu V, 
Poulikakos D, Koumoutsakos P. Cell Image 
Velocimetry (CIV): boosting the automated 
quantification of cell migration in wound healing 
assays. Integrative Biology 2012; 4(11): 1437-
1447.

• Angelikopoulos P, Papadimitriou C,  
Koumoutsakos P. Bayesian uncertainty quanti-
fication and propagation in molecular dynamics 
simulations: A high performance computing 
framework. Journal of Chemical Physics 2012; 
37(14):144103.

Petros Koumoutsakos   
Computational Science and Engineering Laboratory (CSElab) 
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What do they do?
Christian von Mering and his team analyse 
large-scale data both from environmental DNA 
sequencing efforts and from proteomics experi-
ments on model organisms. The group’s hope is 
to understand evolution and how organisms com-
pete and/or cooperate in the wild. 
The group focuses on microbial ecology, co- 
existence networks of uncultivated microbes, 
gene expression in environmental samples, pro-
tein quantification on the whole-genome level, 
and the evolution of protein abundance levels 
over long periods of time. 

STRING
The STRING protein network resource provides 
scientists with a convenient “one-stop-shop” on in-
formation regarding protein-protein partnerships. 
Because most proteins perform their function as 
part of larger assemblies (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/

2012 Highlights
In 2012, version 9.1 of the STRING resource was 
prepared and its corresponding print publication 
appeared on 1st January 2013. For this particu-
lar update, two major improvements were made.  
1) The use of text mining for protein-protein inter-
action discovery evolved from the mere parsing 
of abstracts to the full-text parsing of millions of 
articles. This allows for more depth and coverage 
with regards to text-mining but also poses new 
challenges. 2) For the first time, STRING now lets 
its users register to the website and log in. This 
enables persistence of settings and parameters, 
and provides a user history. More importantly, it 
gives users the possibility to upload their own 
data to STRING, which can then be mapped and 
browsed within STRING’s interaction network. 
Overall, the resource is widely recognized by 
its users. In 2012, STRING reached the 10,000 
threshold of distinct users per week (according to 
Google Analytics).

What else do they do?
Von Mering and his team continue to develop a 
new online resource dedicated to protein abun-
dance levels, known as Pax-db and which is cur-
rently in version 3.0. The group also upgrades 
and automatizes a high-throughput pipeline for 
the global annotation of microbial lineages.

Noteworthy publications
• Franceschini A, Szklarczyk D, Frankild S, 

Kuhn M, Simonovic M, Roth A, Lin J, Minguez 
P, Bork P, von Mering C, Jensen LJ. STRING 
v9.1: protein-protein interaction networks, with 
increased coverage and integration. Nucleic 
Acids Res. 2013;41(D1):D808-15.

• Wang M, Weiss M, Simonovic M, Haertinger 
G, Schrimpf SP, Hengartner MO, von Mering 
C. PaxDb, a database of protein abundance 
averages across all three domains of life. Mol 
Cell Proteomics. 2012;11(8):492-500.

• Knief C, Delmotte N, Chaffron S, Stark M, 
Innerebner G, Wassmann R, von Mering C, 
Vorholt JA. Metaproteogenomic analysis of 
micro bial communities in the phyllosphere and 
rhizosphere of rice. ISME J. 2012;6(7):1378-90.

Christian von Mering  
Bioinformatics / Systems Biology Group
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What do they do?
Mark Robinson and his team develop robust data 
analysis solutions for the analysis of genome-
scale data. They develop statistical methods for 
interpreting data from high-throughput sequencing 
and other technologies in the context of genome 
sequencing, gene expression and the regulation 
and analysis of epigenomes. The group is largely 
data- and problem-driven and the methods they 
develop are catered to the characteristics of the 
technology platform that is generating the data. 
They develop open access open-source software 
tools, generally through the Bioconductor project. 
Most of their time is spent on collaborative projects 
and the development of statistical methods with 
accompanying software. Where needed, the 
team also designs experiments and collects 
data to compare the performance of competing 
methods and platforms. 

In more detail...
Technology developments – and more specifi-
cally high-throughput sequencing technologies 
such as ABI SOLiD or Illumina HiSeq 2000 for 
instance – have revolutionized the way 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 amounts of complex 
data. The processing and interpretation of this 
unprecedented amount of data, together with the 
integration of numerous molecular aspects, will 
demand the research effort of a whole genera-
tion and necessitates contributions not only from 
biologists but also mathematicians, statisticians 
and computer scientists.

Projects in Robinson’s group encompass three 
overlapping themes. 1) Contributions to relevant 
genome-scale experimental design and data 
analysis challenges in close collaboration with 
biologists. 2) Development of statistical methods 
and software tools for the interpretation and 
integration of multiple types of genome-scale 
data. 3) Conducting technical investigations to 
understand the performance of the technologies 
used to generate the data, as well as the existing 
algorithms used to process it. 

Noteworthy publications
• Bert SA, Robinson MD, Strbenac D, Statham 

AL, Song JZ, Hulf T, Sutherland RL, Coolen 
MW, Stirzaker C, Clark SJ. Regional activation 
of the cancer genome by long-range epigenetic 
remodeling. Cancer Cell. Jan 2013; 14;23(1):9-
22. Epub 2012 Dec 13.PMID: 23245995.

• Copy-number-aware differential analysis of 
quantitative DNA sequencing data. Robinson 
MD, Strbenac D, Stirzaker C, Statham AL, 
Song J, Speed TP, Clark SJ. Genome Res. 
2012 Dec;22(12):2489-96. PMID: 22879430

• Statham AL, Robinson MD, Song JZ, Coolen 
MW, Stirzaker C, Clark SJ. Bisulfite sequen-
cing of chromatin immunoprecipitated DNA 
(BisChIP-seq) directly informs methylation 
status of histone-modified DNA. Genome Res. 
2012; Jun;22(6):1120-7. PMID: 22466171.

Mark Robinson   
Statistical Bioinformatics Group  
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What do they do?
Andreas Wagner and his team study the evolu-
tion 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. 

Noteworthy publications
• Barve A, Rodrigues JFM, Wagner A. Super-

essential reactions in metabolic networks.  
Proceedings of the National Academy of Sci-
ences of the U.S.A. 2012;109(18), E1121-
E1130.

• Chen B, Wagner A. Hsp90 is important for 
fecundity, longevity, and buffering of cryptic 
deleterious variation in wild fly populations. 
BMC Evolutionary Biology 2012;12, 25.

• Sabath N, Wagner A, Karlin D. Evolution of viral 
proteins originated de novo by overprinting. 
Molecular Biology and Evolution 2012;29, 
3767-3780

Andreas Wagner  
Evolutionary Systems Biology Group 
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Clinical Bioinformatics  
Jacques Beckmann

In 2012, SIB decided to develop a new sector – 
clinical bioinformatics – to facilitate interactions 
and developments in the field.

What is clinical bioinformatics?
The fields of medicine and biology have always 
interacted, and the interaction has become not 
only necessary but will soon prove to be inevitable. 
Why? Because of the growing emergence in 
clinical practice of cost-effective, high-throughput 
data-generating equipment and technologies that 
can now be found in so many different areas: 
from imaging to genomics. 
In less than a decade from now, it is very likely 
that clinicians will be confronted with whole 
genome sequence data for any given patient as 
part of their routine, just as one now carries out 
a regular blood check. Along with other types of 
data such as longitudinal epigenetic, RNA-Seq 
and protein expression data for various tissues 
and conditions, as well as metabolomics data and 
a possible flurry of additional ones that have not 
yet been anticipated. 
What is more, doctors will also be increasingly 
faced with data provided by their patients as 
technology intended for private use – not to 
mention the Internet – develops. Clinical use 
of such daunting amounts of data poses novel 
technical, analytic, technological, educational 
and ethical challenges – not only to clinicians but 
also to scientists.
Jacques Beckmann has been involved in various 
aspects of human genetics in particular since 
1990. He was both founder and director of the 
Department of Medical Genetics in Lausanne. 

SIB Technology Transfer Office  
Nasri Nahas

The SIB Technology Transfer Office’s (TTO) mis-
sion is to value, manage and transfer SIB know-
ledge and know-how to the scientific community.
With almost 40 different groups spread across 
Switzerland, and expertise that covers a broad 
spectrum of application fields, SIB currently oc-
cupies a pivotal hub position for bioinformatics 
innovation in Switzerland. 
The TTO thrives to enhance the scientific and 
industrial visibility of SIB innovation by assisting 
SIB members in their contacts with external part-
ners. It ensures additional income to consolidate 
SIB widespread research and service mandates, 
by working shoulder to shoulder with SIB Group 
Leaders to increase the product/service offering 
based on their respective innovations. 

Special projects
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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 encoura-
ge ment in helping us fulfill 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 partners (see list page 9)

• GeneBio SA
• The National Institutes of Health (NIH)

• Basel Area
• Basel Tourism
• Biochemical and Biophysical Research 

Communications (BBRC)
• BioAlps
• Competence Center Computational Sciences 

(CCCS) -  University of Basel
• University of Basel Biozentrum
• Convey Computer 
• European Molecular Biology Organization 

(EMBO)
• Fondation Solidar-Immun
• Foundation of American Societies for 

Experimental Biology (FASEB)
• Friedrich Miescher Institute for Biomedical 

Research (FMI)
• IBM
• Interpharma

• International Society for Computational 
Biology (ISCB)

• Kanton Basel-Stadt und Stadt Basel
• Kontaktgruppe für Forschungsfragen (KGF): 

Novartis, Syngenta, BASF, Merck Serono
• Löwenzorn
• MEDIC Foundation
• The Netherlands Bioinformatics Centre 

(NBIC)
• Restaurant Schloss Bottmingen
• Roche
• Safran Zunft
• SAMW – Schweizerische Akademie der 

Medizinischen Wissenschaften
• Società di Bioinformatica Italian (BITS)
• Swiss International Air Lines
• Swiss Foundation for Excellence and Talent  

in Biomedical Research
• SystemsX.ch

The new SIB Fellowship Programme could be 
launched thanks to the generous support of:
• Université de Lausanne
• Université de Genève
• Universität Zürich
• Fondation Leenaards
• Swiss Foundation for Excellence and Talent  

in Biomedical Research
• SystemsX.ch
• Procter & Gamble 

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

More than 130 bioinformatics 
resources for life science 

researchers worldwide, such as:
 Translate 
 ProtParam 

 SWISS-MODEL
 STRING  
 PROSITE 
 neXtProt

 SwissRegulon
 UniProtKB/Swiss-Prot

 ViralZone 


