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What is bioinformatics?
Over the past 30 years new biological research techniques, along
with developments in information technology, have increased both
the amount and complexity of biological data. That is why scientists
must often apply information technology to biological problems –
a science called bioinformatics.
Life scientists use bioinformatics to store, process and analyse
large amounts of data, advancing their knowledge and understanding of biological processes. This, in turn, can lead to scientific
breakthroughs that enhance our quality of life in fields such as designing better medical treatments or improving crop yields.

About SIB www.isb-sib.ch
The SIB Swiss Institute of Bioinformatics is an academic notfor-profit foundation, recognised of public utility and federating
bioinformatics activities throughout Switzerland. Its two-fold mission
is to provide world-class core bioinformatics resources to the life
sciences research community at both the national and international
levels in key fields such as genomics, proteomics and systems
biology, as well as to lead and coordinate the field of bioinformatics
in Switzerland.
It has a long-standing tradition of producing state-of-the-art software
for the life sciences research community, as well as carefullyannotated databases. The SIB includes 31 world-class research
and service groups that bring together more than 450 researchers
in the fields of proteomics, transcriptomics, genomics, systems
biology, structural bioinformatics, evolutionary bioinformatics,
modelling, imaging, biophysics and population genetics in Basel,
Bern, Fribourg, Geneva, Lausanne and Zurich. SIB expertise
is widely appreciated and its infrastructure and bioinformatics
resources are used by life science researchers worldwide.
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With the recent arrival of novel research technologies, such as
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next-generation sequencing, the data produced by researchers
have increased dramatically over the past decade, and the trend
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is not likely to slow down. Indeed, as sequencing techniques
improve, costs decrease and the amount of data produced in
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biological experiments becomes simply daunting. Needless to
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say, data production by biologists is a prerequisite to progress
in health care, and such a flow is a goldmine of information.
Generating data is one thing though; the information also needs
to be stored and interpreted so as to extract knowledge which will be key to a research project and pave the way to
new discoveries. It is also crucial to share the available data and knowledge with the research community by way of databases which are
comprehensive and well maintained. Moreover, to ensure that quality prevails over quantity, the data need to be annotated by meticulous
curators. Hence, more than ever, life science researchers need bioinformatics expertise and support. This is why SIB is involved in a
growing number of academic and industrial research projects, and more and more research groups want to join our institute. In November
2008, SIB counted 24 groups. Currently, SIB totals 31 research and service groups and six new ones have recently expressed their
interest to join the institute.
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Naturally, the need for bioinformatics support is not limited to Switzerland. Researchers all over the world need to access and share
quality databases as well as other core resources, whose existence and maintenance must be secured. It is also crucial to train the next
generation of bioinformaticians who will have to handle the data in the coming years. ELIXIR, the pan-European initiative to operate a
sustainable infrastructure for managing and safeguarding biological information in Europe is an illustration of this developing awareness.
The Swiss Confederation officially engaged in this major initiative by signing the Memorandum of Understanding for the construction and
implementation of ELIXIR, and SIB will act as the Swiss node within this major European collaboration. Our institute is proud to share its
experience and expertise and is looking forward to the results of this promising venture.

 SwissRegulon
 UniProtKB/Swiss-Prot
 ViralZone

Ron Appel, Executive Director

Institutional members:

News in brief

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
University of Lausanne
University of Zurich
Ludwig Institute for Cancer Research (LICR)
Friedrich Miescher Institute for Biomedical Research (FMI)
Geneva Bioinformatics (GeneBio) S.A.
Hewlett Packard

HUPO Distinguished Achievement
Award for Amos Bairoch
On September 7 Amos Bairoch received the
HUPO Distinguished Achievement Award in
Proteomics Sciences during the 10th World
Congress on Proteomics – HUPO (Human
Proteome Organisation) - which was held in
Geneva. This Award honours Amos Bairoch
for his outstanding career in the field of protein
science, particularly for the development of
diverse worldwide resources such as the protein sequence and
information database Swiss-Prot which has become indispensable
for the life science research community.

A full list of SIB research projects can be found at:
www.isb-sib.ch/research/projects.
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On 20 October, Switzerland signed
the Memorandum of Understanding
to catalyse the implementation and
construction of ELIXIR, the panEuropean initiative to operate a sus
tainable infrastructure for managing
and safeguarding biological information in Europe. Six other
countries (Denmark, Finland, the Netherlands, Spain, Sweden
and the United Kingdom) and the EMBL (European Molecular
Biology Laboratory) also recently signed the memorandum and
thus officially engaged with ELIXIR. Other countries are planning
to join in the near future. SIB will act as Switzerland’s node and
will share its experience and expertise as one of the leading
bioinformatics institutes on the international scene. Ron Appel,

member of ELIXIR’s Steering Committee, sees in this collaborative
international project a genuine opportunity to foster life science
research: “The successful 10 year-old collaboration between just
two of Europe’s major life science data providers - SIB and EMBLEBI - has shown what can be achieved when experts pool their
knowledge and vision. But we need to take this further. With the
support of European and national funding agencies, ELIXIR will
allow for collaboration on an unprecedented scale, and open the
door to the science of the future.”
www.elixir-europe.org/

Collaborative work between the FAO and SIB to enable the
linking of influenza outbreaks with genomics data
The FAO (Food and Agriculture Organization of the United Nations)
and SIB have started a collaboration for the development of a
Genetic Virus Module in EMPRES-i, FAO’s global animal health
information system. The objective of this collaboration is to create
a methodology allowing to link the epidemiological influenza
data available in EMPRES-i to the genomic data contained in the
OpenFlu database maintained by SIB. This effort is leading to a
novel approach for the detection and risk assessment of influenza
outbreaks through consideration of genomic information. This
tool will support molecular epidemiology and the monitoring
of viruses with specific markers, for example associated with
increased risks to human health. This genetic module has been
endorsed by the OIE*/FAO global network of expertise for animal
influenza (OFFLU).
www.offlu.net
*OIE: World Organisation for Animal Health
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Why aren’t we all Neanderthals?

The study also provides an explanation for the similar levels of
Neanderthal ancestry in Europe and Asia. It shows that the
hybridization range was not limited to Europe and the Near East,
but extended to the Altai mountains, North of the Himalaya. Distinct
interbreeding events probably took place beyond the Middle East,
after the split between Europeans and Asians. Such a hypothesis
predicts that further studies should reveal different components of
Neanderthal ancestry in Europeans and Asians.

“Without these strong barriers
to reproduction, we would all have
become Neanderthals”
The results of their study “Strong reproductive isolation between humans
and Neanderthals inferred from observed patterns of introgression” were
published in September in the high impact journal PNAS.

Mammalian Evolution
Mammals share many features: lactation, hair and a relatively large
brain, to name a few. During the course of evolution, however, they
also acquired characteristics that are specific to each species.
For the first time ever, a team of scientists led by Prof. Henrik
Kaessmann at the University of Lausanne and SIB managed to
compare the activity of genes in six different organs from nine
mammalian species. The team used organ samples from placental
mammals (mice, rhesus macaques and all the great apes, including
humans), marsupials (opossums) and monotremes (platypus) to
study the cerebral cortex, the cerebellum, the heart, the kidney, the
liver and the testicles.

The Neanderthal and modern humans coexisted for about 10,000
years. It is a known fact that 1 to 3% of modern human’s gene
pool stems from the Neanderthal, but why is this inheritance so
low despite such a long coexistence? Laurent Excoffier from SIB
and the University of Bern, together with Matthias Currat from the
University of Geneva followed the Neanderthals’ tracks from the
time modern humans migrated from Africa to Eurasia some 50,000
years ago.
Since a similar proportion of Neanderthal genes in modern
humans was observed both in Europe and Asia, it was assumed
that interbreeding between Neanderthals and modern humans
occurred in the Middle East just after the latter left Africa or that
some blending may have occurred in other regions but left no
signs due to later admixtures with other modern humans. Laurent
Excoffier and Matthias Currat established a computer model to
clarify the hybridisation process between Neanderthals and modern
humans by comparing it with present-day samples of French
and Chinese citizens. They performed numerous and complex
simulations based on various demographic scenarios, most of
which revealed an interbreeding success rate that was lower than
2%, which suggests the existence of very strong barriers to gene
flow between the two populations. This result echoes the 1-3%
shared between the Neanderthal and the modern human genome.
What barriers existed then? Did both species avoid interbreeding?
Or were the human-Neanderthal hybrids of poorer health? Thanks
to the large bioinformatics resources available today, Excoffier and
Currat have been able to show that limited Neanderthal inheritance
was most probably due to a very low interbreeding success rate.
“Without these strong barriers to reproduction, we would all have
become Neanderthals”, claims Laurent Excoffier.
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mammals are very well reflected in their organs’ gene activities.
In other words, the comparison of gene expression levels among
species for each organ reflects perfectly the position of each
species in the mammalian evolutionary tree.
The scientists also assessed at what speed each organ evolved
by measuring the rate of gene expression change over time.
They found that the brain is the most slowly evolving organ. This
observation can be explained by the fact that this organ contains
numerous vital and fine-tuned functions, which leaves little room for
molecular change. In contrast, the testicles have undergone rapid
changes, which is likely due to the strong sexual selective pressures
resulting from the usually intense reproductive competition among
mammalian males.
Finally, together with Prof. Sven Bergmann (Department of Medical
Genetics, University of Lausanne, and SIB), the team was able to
identify changes in gene activity that were likely to contribute to the
evolution of features specific to each of the six organs – such as
the complexity of the primate brain or certain particularities of the
platypus’ testicles. “Our aim is to understand the origins of features
that are unique to different mammals, in particular those that are
unique to humans”, explains Henrik Kaessmann.
The important results of this study were featured on 20 October as a lead
article in the renowned journal Nature.

Influenza: a choosy virus

The study, which lasted two and a half years, showed that, with
respect to the repertory of genes used and their activities, the
variability between different organs of a specific species is much
higher than the variability of a specific organ in different species.
For example, in terms of gene expression, a human brain is more
closely related to the brain of a platypus than to another human
organ, such as the liver. “This result reflects the fact that the
different organs originated during evolution before the emergence
of mammals”, explains Henrik Kaessmann. The biologists then
sought to assess the evolutionary history separately for each
organ and discovered that the known evolutionary relationships of

The influenza or flu virus causes seasonal pandemics that kills
between 250,000 and 500,000 people annually (WHO, 2009).
Why are some of us more at risk than others? What conditions
favour the infection of our cells by the flu virus? An international
team of scientists including Dr Akos Dobay from the University of
Zurich and SIB used a systems biology algorithmic approach to
understand the first stages of the infection process.
The flu virus begins infection by binding to the host cell membrane via
a protein known as hemagglutinin, which occurs as a trimer (assembly
of three copies of the protein). There had been conflicting reports on
the minimum number of hemagglutinin trimers that a flu virus needs
to fuse with subsequent to cell membrane penetration. This led a
research team from the Ludwig-Maximilians-University (Germany),
the University of Zurich and SIB (Switzerland), and the University
of the Philippines to develop a computational model that could
solve the problem. The model was created by using AlEx – an
algorithmic/executable approach adapted to systems biology – and is

one of its most recent applications.
In AlEx, models are built using a speciallydesigned programming language that reflects
biological processes. This results in an executable
program able to run on a computer – in this case, a “virtual flu” that
proceeds with the first stages of infection.
Using this particular model, the researchers found that at least six
hemagglutinin trimers are required for fusion. Another interesting
finding was a predicted relationship between the sialic acid
density on the host cell and infection. Results indicate that there
is an optimal range of sialic acid surface densities that facilitates
influenza virus entry, and anything falling outside this range would
impede the process drastically. Hence, infection by influenza virus
may well depend on the density of sialic acid on the host’s cell
membrane, thus suggesting that sialic acid is an important factor
in influenza virus protection.
The results of this study, “How many trimers? Modeling influenza virus
fusion yields a minimum aggregate size of six trimers, three of which
are fusogenic”, were featured in October as the cover story of Molecular
Biosystems.

Education and outreach
The Summer Schools organised by the SIB PhD training network
have become a must event for PhD students. This year, SystemsX.ch
and SIB have joined forces to organise a session entitled, “From
Data to Models in Biological Systems” in Kandersteg, Switzerland,
from 14 to 19 August. This edition taught the students how to
integrate, manage and analyse experimental data using advanced
bioinformatics tools. Topics included the visualisation of complex
biological interactions and the application of modelling to predict
network processes. Theoretical approaches and their practical
application were covered bearing high interest for both systems
biology and bioinformatics PhD students who wish to become
competent in the application of computational approaches to
address biology at the systems level.
Systems Biology aims at integrating complex measurements to
understand the functioning of biological systems. This research
field is expected to make heavy use of the daunting amount of
data produced by life science researchers. By working together,
bioinformaticians and systems biologists can develop advanced
approaches to extract knowledge from the data, and thereby drive
the creation of hypotheses and models that have the potential to
open new avenues of understanding for biology at the systems
level.

29 students participated in this
Summer School and had the opportunity
to interact with researchers from Swiss
and international horizons
Evgeniy Ozonov, participant student:
“I found that the Summer School’s scientific programme covered
a broad range of topics, and everyone was able to find something
of interest and useful. For instance, I found a talk on the systems
biology of ageing, given by Daryl Shanley, very compelling. It was
a nice introduction to a topic I didn’t know much about. Overall,
I think that this Summer School was an excellent opportunity to
meet engaging people and to learn something new.”
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tainable infrastructure for managing
and safeguarding biological information in Europe. Six other
countries (Denmark, Finland, the Netherlands, Spain, Sweden
and the United Kingdom) and the EMBL (European Molecular
Biology Laboratory) also recently signed the memorandum and
thus officially engaged with ELIXIR. Other countries are planning
to join in the near future. SIB will act as Switzerland’s node and
will share its experience and expertise as one of the leading
bioinformatics institutes on the international scene. Ron Appel,

member of ELIXIR’s Steering Committee, sees in this collaborative
international project a genuine opportunity to foster life science
research: “The successful 10 year-old collaboration between just
two of Europe’s major life science data providers - SIB and EMBLEBI - has shown what can be achieved when experts pool their
knowledge and vision. But we need to take this further. With the
support of European and national funding agencies, ELIXIR will
allow for collaboration on an unprecedented scale, and open the
door to the science of the future.”
www.elixir-europe.org/
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linking of influenza outbreaks with genomics data
The FAO (Food and Agriculture Organization of the United Nations)
and SIB have started a collaboration for the development of a
Genetic Virus Module in EMPRES-i, FAO’s global animal health
information system. The objective of this collaboration is to create
a methodology allowing to link the epidemiological influenza
data available in EMPRES-i to the genomic data contained in the
OpenFlu database maintained by SIB. This effort is leading to a
novel approach for the detection and risk assessment of influenza
outbreaks through consideration of genomic information. This
tool will support molecular epidemiology and the monitoring
of viruses with specific markers, for example associated with
increased risks to human health. This genetic module has been
endorsed by the OIE*/FAO global network of expertise for animal
influenza (OFFLU).
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