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Editorial
This issue carries the standard sections, with plenty 
to read as usual. We have asked for contributions 
on the specific area of ESFRI projects. Research 
infrastructures are important to each and every 
member of our community. At this time ESFRI 
is presenting final proposals to the European 
Commission and we decided that it would be 
the right time to ask the coordinators of six of the 
ongoing projects to let us know some details on 
what is being prepared. The six letters to the edi-
tor are the responses that we obtained. In one 
way or the other, Bioinformatics is in all of them.

The Editorial Board of EMBnet.news wishes 
to thank all the authors but a special reference 
must be made to the authors of these letters to 
the editor, that accepted to write them in such 
a short period of time and yet have brought us 
a considerable wealth of information on those 
projects.

EMBnet.news is here again making available 
reports and reviews, announcing events, etc. 
Please do not forget that, as a member of this 
community, regardless of the nature of your con-
nection to EMBnet and even if you do not have 
one, you are more than welcome to contribute 
to this publication.

The editorial board: Erik Bongcam-Rudloff, 
Domenica D’Elia, Pedro Fernandes, Andreas 
Gisel and Lubos Klucar.
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Summary
Biobanks are a key resource for unravelling the 
molecular basis of disease subtypes, identifica-
tion of new targets for therapy and reduction of 
attrition in drug discovery and development. The 
broad spectrum of existing biobanks is consid-
ered as a specific strength of European research. 
Unfortunately the diversity - lack of standardisa-

tion - of these biobanks and the differential ethi-
cal and legal landscape across Europe have 
prevented their effective use. Development of 
common IT infrastructure and sustainable fund-
ing schemes are key features for large transna-
tional projects interlinking different national and 
regional biobanks. Agreement on common 
standards is equally important for all de novo 
biobanks. In 2008, a pan-European infrastructure 
BBMRI (Biobanking and Biomolecular Resources 
Research Infrastructure) was established to bring 
cohesion to the European biobanking com-
munity and to make the existing and new high 
quality biological resources available for health 
research in Europe (Fig. 1).

Introduction
The sequencing of the human genome, com-
pleted in the 21st century, allows researchers to 
integrate new data on genetic risk factors with 
demographic and lifestyle data collected via 
traditional cohort studies or via modern commu-
nication technologies. The technical prerequisites 
now exist in Europe for merging large volumes of 
molecular genetic data obtained by using new 
high throughput DNA analysis platforms with clini-
cal, epidemiological and national health regis-
try data. One of the widely recognised strengths 
of European research is our long-term tradition 
to conduct large-scale clinical and epidemio-
logical studies and to collect biological samples 
from the study subjects for analyses and storage. 
Combined with data on nutrition, life style and 
environmental exposure, such longitudinal co-
horts have already demonstrated their strengths 
[1-2]. Therefore it is not surprising that human-de-
rived biological sample collections and related 
biomolecular resources were identified as one of 
the most promising research infrastructures in the 
first ESFRI (European Strategy Forum on Research 
Infrastructures) roadmap published in 2006 
[http://cordis.europa.eu/esfri/roadmap.htm] [3]. In 
addition to BBMRI (Biobanking and Biomolecular 
Resources Research Infrastructure, http://www.
bbmri.eu) five other biological and medical sci-
ences (BMS) infrastructures were selected for the 
roadmap of 34 mature proposals, representing 
bioinformatics, structural biology, mouse biol-
ogy, translational research and clinical research. 
Biobanked samples and information about the 
samples obviously provide important material 
also for the other BMS infrastructures.

http://www.bbmri.eu
mailto:kurt.zatloukal@meduni-graz.at
mailto:kurt.zatloukal@meduni-graz.at
mailto:eero.vuorio@utu.fi
http://cordis.europa.eu/esfri/roadmap.htm
http://www.bbmri.eu
http://www.bbmri.eu
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Although the existing biological sample col-
lections, biobanks and biomolecular resources 
are a recognised European strength, biobank-
based research suffers from the characteristic 
European weakness – fragmentation. The sam-
ples available have been collected and stored 
nationally using different techniques and IT-so-
lutions, and under different ethical and legal 
frameworks, which has made pan-European col-
laboration in large-scale projects quite challeng-
ing. Such a situation has resulted in duplication 
of effort in different EU Member States, although 
at the same time large research projects funded 
by the EC or other sources have demonstrated 
the usefulness and feasibility of collaboration 
between large European population-based 
biobanks [4-5]. Without doubt, efficient use of ex-
isting European biobanks has been hampered by 
their heterogeneity and lack of standardisation 
and has overall resulted in their underutilisation. 
For the study of common multifactorial diseases, 
a major health problem of the ageing European 
population, collaboration between existing na-
tional resources should create the synergism, 
the gain of statistical power and the economy of 
scale needed. The existence of population iso-
lates is another European strength by facilitating 
analysis of predisposing factors in more homo-
geneous genetic background.

This is the landscape where BBMRI is expect-
ed and prepared to integrate the existing qual-
ity controlled biobanks, biomolecular resources 
and enabling technologies into a novel pan- 
European biomedical research infrastructure, 
and to guide the way towards establishment of 
high quality de novo European biobanks adher-
ing to the guidelines drafted by BBMRI [6]. The 
European Commission has granted 5 Mio. € 
funding for 27 months (2008-2010) to the prepar-

Figure 1. BBMRI logo.

atory phase of BBMRI to conceptualise and se-
cure funding for the construction of the European 
research infrastructure for biobanking and bio-
molecular resources.

The aims of BBMRI
The objectives to be addressed by the BBMRI 
consortium during the preparatory phase are to 
develop a plan to integrate existing quality con-
trolled biobanks, biomolecular resources and en-
abling technologies into a novel pan-European 
biomedical research infrastructure. BBMRI will not 
only provide a comprehensive source of infor-
mation about existing biological sample collec-
tions and biomolecular resources, but will also 
provide an operational concept for a sustain-
able infrastructure, deliver standard operational 
procedures for future biobanking and codes of 
conduct for European biobanks. A particularly 
challenge is the generation of an IT  infrastructure 
capable of linking the existing biobank-derived 
genetic and molecular phenotyping data with 
data from clinical phenotyping and health-re-
lated registries. Furthermore, BBMRI will evaluate 
the heterogeneous European ethical and legal 
frameworks to find solutions how to implement a 
pan-European infrastructure, as well as to elab-
orate sustained funding solutions for European 
biobanking.

Strategy
BBMRI will improve the accessibility and interoper-
ability of the existing comprehensive collections 
of population based and disease orientated bi-
ological samples from different (sub)populations 
of Europe, including the attached data on 
health status, nutrition, lifestyle and environmen-
tal exposure of the study subjects. As the exist-
ing biobanks have a strong national character 
and background, a distributed hub-and-spoke 
structure has been suggested for BBMRI. This 
structure should provide great flexibility so that 
new members and partners can be connected 
at any time and the structure can be adapted 
to the emerging needs of biomedical research. 
Combined with the expertise of the clinicians, 
pathologists, bioinformaticians and molecu-
lar biologists involved, a globally unmatched, 
Europe-wide platform for translational medical 
research is envisaged to develop personalised 
medicine and disease prevention to the ben-
efit of European citizens. To reach this goal, also 
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biotech and pharmaceutical industry must have 
a possibility to collaborate with academic re-
searchers in order to fully realise the enormous 
potential of European biobanking. An important 
strategic goal is to create guidelines for better 
interoperability of de novo biobanks. Such guide-
lines should also help to overcome the current 
obstacle created by the heterogeneous ethical 
and legal landscape in Europe. In addition to 
clinical, ethical and legal experts, patient com-
munities will be involved to achieve standards 
and guidelines which properly balance individ-
ual values, such as protection of privacy and in-
formed consent, with shared values of facilitated 
access and progress in health care develop-
ment and prevention.

Action plan
The action plan of the preparatory phase BBMRI 
is defined in the grant agreement with the EC. 
The seven Work Packages (WP) of BBMRI (Table 
1) are responsible for the specific deliverables 
aimed at integrating the existing quality control-
led biobanks, biomolecular resources and ena-
bling technologies into a novel pan-European 
biomedical research infrastructure. The opera-
tional concept of BBMRI for the next stage will 
be developed based on the experience gained 
during the preparatory phase. The distributed 
hub-and-spoke structure will facilitate generation 
of technological platforms in areas such as bio-
logical resources, high-throughput techniques, 
bioinformatics and other advanced analytical 
tools for data analysis. Such platforms will also 
foster collaboration between academia and in-
dustry. 

Hubs are coordinated and directed by an ex-
ecutive management, which is supported by a 
governance council as well as by a scientific and 
ethical advisory board and receives input from 
the stakeholder forum (Fig. 2). The IT infrastructure 
which employs a federated database architec-
ture will integrate the complex network of hubs, 
members and associated partners.

One of the challenges of setting up large 
scale studies is the heterogenous legal and ethi-
cal frameworks within the EU. The new European 
legal entity (ERIC) that is currently being devel-
oped by the European Commission particularly 
to support the needs and operation of research 
infrastructures, foresees the establishment of op-
erational sites in different Member States under 
one legislation. Such an entity would provide an 
outstanding opportunity to generate an integrat-
ed and harmonized biomedical research area 
and joint policies for legal and ethical frame-
works within the EU. If ERIC is delayed, an interim 
solution for a legal entity (an international society 
or an association) will be considered.

Successes
All work packages started their work in February 
2008 although funding from the EC only be-
came available in June 2008. Due to the large 
size of the project the management and organi-
zational structure may appear complex, but has 
shown its effectiveness in practice. The three-lev-
el management structure provides an open and 
transparent decision-making process which can 
also be applied for the implementation stage of 
BBMRI.

Work Packages (WP) Leader(s)

WP1: Management and Coordination K. Zatloukal (AT), E. Vuorio (FI)

WP2: Population-based Biobanks L. Peltonen (FI/UK), A. Metspalu (EE)

WP3: Disease-orientated Biobanks E. Wichmann, (DE), T. Meitinger (DE)

WP4: Biomolecular Resources and Molecular Tools U. Landegren (SE), M. Taussig (UK)

WP5: Database harmonisation and IT-infrastructure J-E. Litton (SE), M. Fransson (SE)

WP6: Ethical, Legal and Societal Issues A. Chambon-Thomsen (FR)

WP7: Funding and Financing G. Dagher (FR), J. Ridder (NL) C. Brechot (FR)

Governance Council Chair L. Peltonen (FI/UK)

Advisory Board Chair G-J. van Ommen (NL)

Coordination Board Chair K. Zatloukal (AT)

Stakeholder Forum Chair M. Griffith (IR)

Table 1. BBMRI Work Packages (WP’s) and governance structure and leaders/chairs.
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Initially the EU-funded BBMRI preparatory 
phase project comprised 50 participants and 
about 150 associated organisations from 24 
countries. One indication of the increased vis-
ibility and acceptance of BBMRI is the fact that 
within the first year the number of associated 
organisations has increased to 190 representing 
29 European countries (Fig. 3). Partners of BBMRI 
have placed major emphasis on the proper 
embedding of BBMRI in the global biobanking 
community. Political and public recognition of 
BBMRI has increased through presentations in the 
European Parliament and in a large number of 
journals and public media. Work on biobank har-
monization is coordinated with the P3G consor-
tium (The Public  Population Project in Genomics, 
www.p3gconsortium.org), the strategic research 
agenda of the Innovative Medicines Initiatives 
(IMI), the WHO, and the OECD initiative on a glo-
bal network of Biological Resource Centres. Key 
representatives of these projects and initiatives 
have contributed to the goals of the preparatory 
phase as participants in work packages, mem-
bers in various boards or as external experts.

One of the early tasks of BBMRI was to pre-
pare an inventory of existing population-based 
(WP2) and clinical (or disease-orientated, WP3) 
biobanks in Europe using a survey questionnaire 
based on an existing P3G questionnaire. This core 
questionnaire was supplemented with a total of 
ten supplementary questionnaires dealing with 
issues such as standardization of procedures, 
data collection and handling, IT solutions as well 
as legal and ethical issues and funding. Data ob-
tained from the survey has been added to the 
BBMRI web site, but additional information is ex-
pected to be collected by the WPs throughout 
the preparatory phase.

WP4 has reviewed existing resources for affin-
ity reagents and other biomolecular resources 
as analytical tools applicable to biobanking. This 
has led to a new community standard of affin-
ity reagents (MIAPAR) (submitted for publication), 
designed to tackle the problems of scattered 
information and imprecise descriptions and fa-
cilitate database implementation. In addition, a 
new database for molecular methods (MolMeth, 
www.molmeth.org) [7-8] has been established, 

Figure 2. BBMRI organisation and responsibilities.

http://www.p3gconsortium.org
http://www.molmeth.org
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providing best practice-based protocols for mo-
lecular analyses of different types of samples. 
Key to any large assembly of data, be it biologi-
cal, clinical, epidemiological, or behavioral, is 
the system for information management. WP5 
coordinates and supervises all processes of the 
IT, informatics and infrastructure in the project. 
Success has been made in finding consensus 
on a general information management system 
for maintaining unique and secure coding sys-
tems for specimens, subjects and biobanks. WP5 
has initiated a searchable BBMRI catalogue of 
disease-oriented biobanks together with WP3. 
The catalogue provides a high-level description 
of Europe’s biobanks, including contact details, 
background and objectives, descriptions of 
available samples and data and the possibilities 
for access according to informed consent, links 
to the biobanks websites etc.

Analyses on the ethical, social and legal issues 
of the infrastructure have resulted in a concep-
tual paper on ethics related policies for biobanks 
and biomolecular resources. Furthermore, a 
WIKI+ platform for legal aspects of biobanks has 
been designed and presented as planned. The 

next step will be its launch on the project website 
and the involvement of experts.

WP7 has progressed with the challenging 
tasks of surveying the current and prospective fi-
nancial needs of biobanks in order to develop 
a sustainable funding concept for BBMRI. In ad-
dition to support from the EC, the biobanks par-
ticipating in the BBMRI preparatory phase have 
received commitment from 23 research and 
health ministries and funding agencies in 13 dif-
ferent European countries. Successful negotia-
tions for sustainable funding for joint BBMRI ac-
tivities form a critical and vitally important effort 
as the future of BBMRI is dependent on an ef-
ficient central unit coordinating all key activities 
of the pan-European biobank and biomolecular 
resource.
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EATRIS
Infrastructure bridges Basic 
Research and Medical Innovation

Regina Becker and Rudi Balling
Scientific directorate, Helmholtz Centre for 
Infection Research, Braunschweig, Germany

www.eatris.eu

The “European Advanced Translational Research 
InfraStructure in Medicine”, EATRIS, is a new re-
search infrastructure initiative which will help 
Europe to fulfil its potential in the strategically 
critical area of translational medical research. 
EATRIS is a unique framework linking European 
countries to accelerate the development of new 
medicinal products by facilitating access to a 
new pan-European infrastructure. EATRIS is one 
of the biomedical infrastructure projects initiated 
by the European Strategy Forum on Research 
Infrastructure (ESFRI) and is currently funded by 
the 7th Framework Programme of the European 
Commission.

Translational Medicine
“Translational medical research” or “translational 
medicine” is the crucial step between basic lab-
oratory research and practical, clinical applica-
tions. At its best, translational medicine is a two-
way street: the discoveries of basic research are 
developed into new tools for clinical care, and 
observations made in clinical care can inspire 
new approaches in basic research (Figure 1).

Everywhere in Europe basic researchers are 
hitting the same obstacles: they explore disease 
mechanisms, they find ways to influence these 
mechanisms and find new targets. They find 
ways to influence the target. All this contributes 
to the understanding of the biology of human 
disease. But the next step, the practical applica-
tion of their basic work and the advancement 
into preclinical and clinical trials, is not available 

http://www.esf.org/fileadmin/links/EMRC/SPB32Biobanking%5B1%5D.pdf
http://www.esf.org/fileadmin/links/EMRC/SPB32Biobanking%5B1%5D.pdf
http://www.eatris.eu/
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to them. Despite this productive and strong bio-
medical research in Europe, the research stays in 
laboratories and journals and does not result in 
the groundbreaking new therapies and diagnos-
tics that should follow from this work.

EATRIS – the Mission
EATRIS serves the translation of both diagnostics 
and therapeutics with a three-way approach, 
focusing on: product, people and population. 
EATRIS provides the necessary means to the re-
search community to further develop their re-
search results into products, EATRIS trains scien-
tists to think beyond their discipline and provides 
researchers with knowledge about clinical needs 
and regulatory requirements, and finally EATRIS 
contributes to public health by improving diag-
nostics and treatment for the population as a 
whole.

The EATRIS infrastructure will provide the fol-
lowing types of infrastructure: physical facilities, 
expert knowledge and training programmes. It 
uses the unique approach of opening the doors 
to the best comprehensive translation centres to 
provide access for external users with promising 
discoveries. 

EATRIS will enable academic institutions to 
translate their research and gain greater con-
trol and greater returns on early research invest-
ments. EATRIS translational research centres are 
the instruments to fulfil this mission but EATRIS will 
be more than a network of centres. The supply 
of research support is harmonised, facilities for 
research built up in EATRIS are largely comple-
mentary and a central governance structure co-
ordinates the internal management and serves 
at the same time as an entrance portal for exter-
nal scientists. 

The EATRIS Centres
Building on excellence
Each EATRIS centre will consist of one or more 
institutions which are excellent in translational 
research and will be capable of handling the 
entire development chain for one or more me-
dicinal products. The EATRIS centres will special-
ise according to their core expertise in products 
such as diagnostics, small molecule drugs, bio-
logics, vaccines or novel therapeutics. The initial 
disease fields envisaged are the most pressing 

Figure 1. The infrastructure provided by EATRIS will cover the complete chain necessary to bring translational projects for 
which a first proof of principle has been established to the first proof of concept in human (clinical phase IIa).
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ones: cancer, infection, cardiovascular, meta-
bolic and neurological diseases.

The strategic goal is to have all necessary 
disciplines, such as those needed in pre-clini-
cal development labs and study centres, as a 
strong innovation core close together, and com-
plementing them with large-scale technology 
facilities like screening platforms. Building on ex-
isting excellence and knowledge will avoid un-
necessary duplication of research environments 
and limit the need for the construction of new 
research facilities.

Comprehensiveness 
EATRIS centres comprise the technological fa-
cilities, expertise and the clinical environment 
needed for all aspects of translational research. 
In an integrated environment involving different 
disciplines, the following will all be part of EATRIS 
centres: GLP animal facilities, labs for medicinal 
chemistry, libraries and the associated screening 
facilities, ‘omics’-screening platforms, imaging 
facilities, both pre-clinical and clinical, cyclotrons 
to produce tracers and GMP facilities, as well as 
hospitals and early clinical trial units. The EATRIS 
goal is to take up discoveries and develop them 
to a stage where a proof of concept in human 
(clinical phase IIa) can be demonstrated. 

Professional Management  
In each EATRIS centre, project managers expe-
rienced in medicinal product development will 
oversee and steer the translational projects. Their 
experience in product development ensures 
an optimal progress on the development chain 
and compliance with regulatory requirements. 
Another key success factor is the multidisciplinary 
team which will be assembled for each project 
in order to provide input for each stage of the 
development chain from the outset. 

Capacity building
Education is another essential element of EATRIS 
to improve translational medicine. Training pro-
grammes such as PhD programmes and train-
ings for technicians in order to bring valuable 
knowledge about translation both back from the 
clinic into the basic research laboratory and in 
the other direction to train Europe’s next genera-
tion of clinical scientists and basic translational 
researchers. This will lead to more flexible and 
open career paths and a better exchange be-
tween the still too separate worlds of the clinic 
and research labs.

Uniqueness of EATRIS
The variety of platform technologies which 
EATRIS engages in will be unrivalled in any other 
framework. EATRIS closely intertwines develop-
ment and basic research to provide a deeper 
understanding of the underlying biology and 
thus facilitates innovative solutions. 
The operational connection of hospitals and 
technology centres will encourage the devel-
opment of a more personalised medicine. 
Carried out alongside therapeutics develop-
ment, the development of novel and robust 
biomarkers will make therapies both more 
specific and less toxic. 
Combining technology and therapy develop-
ment will lead to a faster drug development: 
Labelling therapeutic agents so that they can 
be traced in vivo with imaging methods can 

•

•

•

Figure 2. EATRIS is a new research infrastructure initiative con-
sisting of a network of well-renowned biomedical transla-
tion research centres across Europe. Currently ten European 
countries are partner countries in the EATRIS consortium (tur-
quoise).
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speed up the assessment of the success of 
the therapeutic approach. 
Biomedical researchers and clinical scientists 
located at universities, research institutions or 
SMEs will be attracted to EATRIS for the support 
it offers to their research projects. EATRIS will act 
like a funnel drawing in a multitude of excellent 
discoveries, select the top ones and translate 
them for the benefit of the patient.

Let the EATRIS vision come true
The Preparatory Phase (2008-2010)
A strong consortium of excellent research centres 
in the area of translational biomedical research 
and relevant national and regional research pol-
icy makers has gathered to work on this vision of 
flourishing translational biomedical research in 
Europe (Figure 2).

The current Preparatory Phase of EATRIS aims 
at defining the benchmarks to establish a cut-
ting-edge infrastructure for translational medical 
research, comprehensive training programmes 
and the requirements for implementation. A 
business plan will present the financing strategy 
and the governance scheme of EATRIS. Access 
conditions, a legal framework and a competi-
tive IP management regime are being drawn up 
during this phase. The results of the Preparatory 
Phase will form the basis for the next implemen-
tation stage.

Construction Phase (2011-2015)
During a Construction Phase the different EATRIS 
sites will see their capacities expanded and a 
full coverage of the necessary technological fa-
cilities established. During this phase will already 
support a limited number of user projects within 
the framework of the existing infrastructure in the 
centres. By the end the EATRIS will be fully opera-
tional and offer support on a regular basis. 

•
ECRIN
Integrating clinical research in 
Europe: the European Clinical 
Research Infrastructures Network ()

Jacques Demotes-Mainard, 
Roxane Brachet, Christine Kubiak
INSERM, Institut de Santé Publique, PARIS

www.ecrin.org

Summary
ECRIN consists of integrating national clinical re-
search facilities into a EU-wide network, able to 
provide support to clinical research in any medi-
cal field, and for any type of clinical research 
through information and consulting, and through 
a set of flexible services for the conduct of multi-
national clinical studies. This distributed infrastruc-
ture, based on the integration of competence 
centres, provides access to clinical research 
projects after assessment by its scientific board.  
A team of European correspondents working in 
the coordinating centre of each national net-
work is the key actor in the provision of consult-
ing and decentralised services. These services 
are particularly relevant for academic clinical 
research, especially under circumstances where 
international cooperation is required (ie. in rare 
diseases), or for clinical trials sponsored by bio-
technology SMEs who often lack the capacity to 
act as a sponsor in EU-wide studies. 

Introduction
Development of diagnostic and therapeutic in-
novation, and delivery of improved health care 
to EU citizens requires clinical research during the 
whole process extending from understanding the 
mechanism of disease, genetic studies or identi-
fication of biomarkers,  clinical development and 
evaluation, and to post-marketing strategy trials. 

http://www.ecrin.org
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The recent development of therapeutic innova-
tion is mainly based on biopharmaceuticals and 
on personalized treatments, on pharmacoge-
netics and toxicogenetics, on the use of biomar-
kers, and requires access to large populations of 
patients, enabling clinical trials adapted to these 
new therapeutic strategies with a need to focus 
on specific patient subpopulations (1-5). Further, 
a very large number of rare diseases are without 
effective interventions. In addition, the quality of 
clinical trials and other clinical investigations, the 
quality of clinical and biological data, and the 
rate of enrolment of patients into clinical trials 
are all requiring urgent improvements. Hence, 
the quality of the clinical research infrastruc-
ture is one of the main factors determining the 
competitiveness of European clinical research. 
European academic research (6), as well as the 
pharmaceutical and biotechnology research 
and development need an efficient, integrated, 
and professionalized organization of clinical re-
search, based on competence centres able to 
provide efficient support through a consistent set 
of services for clinical trials. Infrastructures sup-
porting clinical trials, data management, qual-
ity assurance, monitoring, ethics, and regulatory 
submissions are required for improving the quality 
and raising the credibility of data. An integrated, 

EU-wide infrastructure allows the conduct of mul-
tinational studies in Europe, taking advantage of 
the EU population and competencies, unlocking 
latent expertise and patients currently scattered 
across the EU member states.

ECRIN: a three-step project
The European Clinical Research Infrastructures 
Network (ECRIN) is designed to improve the ca-
pacity of the European Union to perform high-
quality clinical research, and to promote in-
novative pharmaceutical and biotechnology 
development as well as development of other 
interventions (7). This integrated clinical research 
infrastructure bridges the fragmentation of clini-
cal research in Europe through the intercon-
nection of national networks of clinical research 
centers and clinical trial units. ECRIN participants 
are currently Austria, Belgium, Denmark, Finland, 
France, Germany, Hungary, Ireland, Italy, Spain, 
Sweden, Switzerland, and the United Kingdom 
(Figure 1). ECRIN plans extension to other existing 
national networks in other member states, and 
stimulates the set-up of new national networks for 
further connection through its capacity building 
programme.

Coordinated by the National Institute of Health 
and Medical Research in France (INSERM), ECRIN 

Figure 1: Map of countries participating in ECRIN.
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started with a first project (2004-2005), funded by 
the European Commission under the FP6 Health 
programme, and helped identify bottlenecks to 
multinational collaboration (mostly the poor ca-
pacity of academic institutions to act as sponsors 
in multinational studies) and define a strategy for 
provision of services (mostly support to sponsors 
across the borders) (8 -10)

This conclusion served as a basis for the sec-
ond phase of the ECRIN project (2006-2008, FP6 
Health Programme) in which transnational work-
ing groups prepared guidelines and procedures 
to support clinical studies in any medical field, 
in any patient population, and for any type of 
study.

These working groups covered: interaction 
with ethics committees, interaction with compe-
tent authorities and regulatory requirements, ad-
verse event reporting, data management, study 
monitoring, and quality assurance. 

In its third step (2008-2011, FP7 Health priority - 
Infrastructures programme), ECRIN enters into the 
preparatory phase of the European strategy fo-
rum on research infrastructures (ESFRI) roadmap 
infrastructures. During this current third phase, 
the team of European Correspondents, a spe-
cialised staff located at the coordinating cen-
tre of each national network (Figure 2), provides 
decentralised support to multinational studies 
through a set of flexible services to investigators 
and sponsors (interaction with ethics commit-
tees, with competent authorities and support on 
regulatory submissions, in adverse event report-
ing, in drug dispensing, in the circulation of blood 
and tissue samples, in study monitoring). ECRIN 
also provides centralized services, including data 
management through accredited data centres.

ECRIN may also help with consulting and 
practical information on ethical and regulatory 
requirements, insurance, centre selection, cost 
evaluation, and funding opportunities during the 
preparation of the clinical research project. 

An independent scientific board is in charge 
of providing access to ECRIN, based on a set 
of eligibility and acceptance criteria (see www.
ecrin.org).

Impact and users
ECRIN has a substantial impact on the structur-
ing of clinical research in the European Union, 
through the debate on the legislative frame-
work for clinical research in the EU by contribut-

ing to the discussion on the 2001/20/EC Directive 
(12, 13) and to the FP7 ICREL (Impact on Clinical 
Research of European Legislation) project (14). 
ECRIN also promotes the active participation of 
patients and citizens, and transparency in clini-
cal research, and has launched the International 
Clinical Trials Day (each 20th of May, see www.
jameslindlibrary.org) as a yearly communication 
event on the challenges raised by clinical re-
search. In addition, ECRIN initiated, with the other 
ESFRI-biomedical research infrastructures and 
the pharmaceutical companies as participants, 
the FP7 Innovative Medicines Initiative (IMI) (15, 
16) EMTrain project to develop a pan-European 
education platform (www.emtrain.eu).

Such an integrated infrastructure will benefit 
mainly the academic scientific community but 
also SMEs or pharmaceutical companies, and 
public-private partnership programs, as well as 
series of projects developed by disease-oriented 
scientific networks. As access to patients is a lim-
iting factor, ECRIN will promote research on rare 
diseases, improving diagnostics and treatment 
strategies. This will enable translation of medical 
innovation into healthcare, hence to the benefit 
of patients and citizens.
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In May 2007 EMBL was awarded a Framework 
7 grant of 4.5 Million Euro to run the Preparatory 
Phase of a project called ELIXIR of which Professor 
Janet Thornton, Director of EMBL-EBI is the coordi-
nator.   The purpose of ELIXIR is to construct a sus-
tainable infrastructure for biological information 
in Europe.   The purpose of the Preparatory Phase 
is to make the plan for the construction phase 
which will follow.  

ELIXIR is one of six bio-medical projects that 
are part of the European Strategic Forum on 
Research Infrastructures (ESFRI) Roadmap.   It is 
very significant that bio-medical projects are part 
of the ESFRI Roadmap as this is the first time that 
it has been recognized at this level that biology 
needs infrastructures in the same way that the 
physical sciences do.   This is necessary because 
the nature of biological research is changing due 
to the availability of new high-throughput tech-
nologies such as next-generation sequencing.

 Biology is changing from an activity en-
gaged in by individuals and small groups to one 
in which large coordinated projects will make a 
much larger contribution.   The intensive nature 
of the new technologies means that teams of 
peoples are required to generate the data and 
then other teams to process and understand it 
and to translate that understanding into improve-
ments in healthcare and so on.   This in turn is go-
ing to need to be a change in the way in which 
the infrastructure for biology research is funded.   
This is because the new technologies, as well as 
being extremely powerful, require much more 
substantial capital investment than did previous 
technologies.    In particular, they produce vast 
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amounts of data and there is an urgent need 
for substantial investment in biological comput-
ing infrastructure if Europe is gain maximum ben-
efit from these advances.   It is not going to be 
enough to reorganize the way in which research 
funding is allocated; there is not enough money 
there for that to work.   Biology has to coordinate 
its activities and access the sources of funding in 
a structured way that has, until now, only been 
employed in the physical sciences.   This is the 
reason for ELIXIR and for the inclusion of biology 
projects in the ESFRI process.

The Human Genome Project is hardly 
completed and we are embarking upon the 
Thousand Genome Project.   Further down the 
line, the Cancer Genome Project is proposing 
to sequence the genomes and tumor genomes 
of 25,000 cancer patients.   How long will it be 
before we see the announcement of the Million 
Genome Project; and then what?   Further more, 
it is not just sequencing technologies that are 
set to produce prodigious quantities of data; 
advances in structural biology, proteomics and 
biological imaging are also poised to add to 
the deluge.   All these data need to be curated, 
archived and made available to the biological 
and medical community in useful and relevant 
ways; hence the need for ELIXIR.    All of this activ-
ity will also need to be coordinated to ensure that 
everything is covered in the most appropriate 
way and that there is no duplication that wastes 
resources; hence again, the need for ELIXIR.

Although the amount of money that is going 
to be needed to achieve ELIXIR goals may seem 
very large, it is in fact quite small compared with 
the amount of money that will be spent gener-
ating the data in the first place.   Further more, 
it is also relatively small in comparison with the 
amount of money that Europe has spent in the 
past on infrastructure for the physical sciences.   
When one thinks that the Grand Challenges fac-
ing Europe are biological ones, namely, health-
care for an aging population, the need to pro-
tect the environment, the need for increased 
food production, the need to sustain a viable 
European Biotechnology and Pharmaceutical 
Industry and so on, the question we should actu-
ally be asking is “Can Europe afford NOT to make 
this investment?”.   

ELIXIR consists of 32 organizations and insti-
tutes from across all of Europe.   The Preparatory 
Phase started in November 2007 and will run for 

three years.   Its purpose is to produce a plan 
for building and funding the construction phase 
which will follow.   The plan is intended to cover 
a ten year period, something unprecedented in 
the usual grant funding processes used in biol-
ogy, requiring commitment from the politicians 
and funding agencies alike.   Physicists have 
been walking the corridors of power for several 
generations and know how to coordinate their 
actions to lobby for very large resources; the time 
has come for us to do the same, but we can-
not take another generation to do it, for it we do 
then Europe will be left behind.   Europe already 
invests less in centrally-organized biological-data 
management than Japan and the USA and we 
must not fall behind the emerging economies of 
India and China.

ELIXIR needs the support of every biologist in 
Europe, particularly in convincing politicians and 
funding agencies of its importance - find out 
more from the ELIXIR web site (www.elixir-europe.
org), attend the stakeholders meetings, tell your 
friends about us and do what you can to make 
sure that the funding agencies in your country 
understand the need to contribute to ELIXIR.

The ease with which you will be able to ac-
cess the fundamental data of biology in the fu-
ture depends on the success of ELIXIR now!

http://www.elixir-europe.org/
http://www.elixir-europe.org/
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Mice as models for human dis-
eases
Mouse and man share 95% of their genetic 
make-up. Mice are easy to keep and breed in 
the laboratory and researchers have developed 
a comprehensive toolbox for altering the mouse 
genome. This is why mice are ideal models for 
human diseases such as Diabetes, Osteoporosis, 
Asthma, Alzheimer’s disease or Depression, 
as documented by an exponentially increas-
ing number of scientific publications on mouse 
models and the Nobel Prize in Medicine in 2007. 
To provide a source for new mouse models and 
support the research activities in the field of func-
tional genomics, the systematic mutagenesis of 
the approximately 25.000 genes in the mouse 
genome is currently underway, coordinated by 
the International Mouse Knockout Consortium 
(IKMC). These developments create an enor-
mous demand for access to a systematic func-
tional and molecular characterisation of the 
mouse mutants. Furthermore, new mouse mod-
els for human diseases must be made available 
to entire European mouse genetics, biomedical 
and translational research community [1].

Infrafrontier
It is clear that this tremendous task cannot be 
fulfilled by individual research facilities or on the 
national level alone. This is the rationale for the 
European project Infrafrontier (The European in-
frastructure for phenotyping and archiving of 
model mammalian genomes, www.infrafron-
tier.eu), which is coordinated at the Helmholtz 
Zentrum München by Prof. Hrabé de Angelis. 
Infrafrontier is on the European roadmap for re-
search infrastructures of ESFRI (European Strategy 
Forum for Research Infrastructures, http://www.
cordis.europa.eu/esfri) and receives funding from 
the EC’s Seventh Framework Program. It will or-
ganise a pan-European research infrastructure 
to increase the capacities for systemic pheno-
typing and archiving of mouse models. The 
Infrafrontier consortium currently contains 22 
partners (representing 14 phenotyping and ar-
chiving centres, 1 bioinformatics institute and 12 
European ministries and funding agencies) from 
10 different European countries. Six new partners 
will join Infrafrontier in the near future, extend-
ing the project to Austria, Czech Republic and 
Canada (Fig.1).

Phenomefrontier and Archivefron-
tier
In Infrafrontier, the four existing European primary 
phenotyping centres (or mouse clinics, see be-
low) in Germany, France and the U.K. will asso-
ciate with three emerging phenotyping centres 
in Spain, Italy and the Czech Republic, and with 
the Toronto-based Centre for Modeling Human 
Disease (CMHD) to form Phenomefrontier, a 
sustainable pan-European research infrastruc-
ture, providing capacities and access to mouse 
model phenotyping in Europe and around the 
globe.

The second major part of Infrafrontier, called 
Archivefrontier, aims to increase the capacities 
for the archiving and distribution of mouse mod-
els on a sustainable basis. To achieve this, EMMA, 
the European Mouse Mutant Archive (www.em-
manet.org, [2]) will be extended and upgraded. 
Several new archiving nodes in Europe and one 
in Canada will be added to the EMMA network 
(Fig. 2).

http://www.infrafrontier.eu
mailto:infrafrontier@helmholtz-muenchen.de
http://www.infrafrontier.eu
http://www.infrafrontier.eu
http://www.cordis.europa.eu/esfri
http://www.cordis.europa.eu/esfri
http://www.emmanet.org
http://www.emmanet.org
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Systemic phenotyping and archiv-
ing / distribution of mouse models
Mouse Clinics use a whole-system approach to 
obtain a comprehensive picture of the systemic 
effects of mutations in the mouse genome: mu-
tant mice are screened for alterations in bone 
and cartilage development, neurology and be-
haviour, clinical chemistry, immunology, energy 
metabolism and many more, comprising all es-
sential organ systems [3]. At least 320 parameters 
are measured per mutant mouse line. This sys-
temic phenotyping approach broadens our view 
of the functions of individual genes. Indeed, as 
recently reported by the German Mouse Clinic [1, 
4], in the mouse lines characterised so far most 
mutations affected more than one organ sys-
tem. Novel phenotypes were discovered in more 
than 95% of the cases, even in mouse lines that 
had been used in research for many years. This 
clearly shows the value of the approach. The ex-
isting European mouse clinics collaborate in the 
European pilot project EUMODIC (The European 
Mouse Disease Clinic, www.eumodic.org) to sys-
temically phenotype 650 mutant mouse lines, fol-
lowing standardised phenotyping protocols that 

are detailed in the EMPReSS database (European 
Mouse Phenotyping Resource of Standardised 
Screens, www.empress.har.mrc.ac.uk, [5]).

Mouse models are archived and distributed to 
the biomedical research community by EMMA. 
The currently ten European partners of EMMA run 
an archive of together more than 1600 cryo-pre-
served mouse lines. Frozen sperm or embryos of 
about 300 mouse lines are added each year. In 
2008 EMMA distributed upon request more than 
360 mouse lines (as frozen material or life mice) 
to research institutions around the world.

Managing phenotyping and ar-
chiving data acquisition
High-throughput phenotyping and archiving 
would not be possible without the development 
of sophisticated computational tools for the 
management of complex logistics and the han-
dling of large amounts of data. The phenotyping 
and archiving centres organised in Infrafrontier 
use several different software solutions, most of 
them developed in-house by dedicated bioin-
formatics groups.

Figure 1. The members of the Infrafrontier consortium are phenotyping and archiving facilities as well as ministries, research 
councils and funding agencies in 12 European countries and Canada.

http://www.eumodic.org
http://www.empress.har.mrc.ac.uk
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Mouse and facility management systems: 
Management of mouse keeping, mouse 
breeding programs including pedigree infor-
mation, cage capacities, specific housing or 
dietary requirements, as well as the documen-
tation of all individual mouse fates have to be 
accomplished.
Workflow management systems: High-
throughput systemic mouse phenotyping re-
quires the logistic management of multi-par-
allel test pipelines following a standardised 
workflow. Similarly, cryo-preservation and re-
derivation of frozen material by the mouse ar-
chives involves complex parallel workflows. An 
additional task is the management of intellec-
tual property or material transfer agreements 
associated with the different mouse lines.
Laboratory information management sys-
tems, storage device and sample manage-
ment: In the systemic phenotyping pipelines 
at least 320 different parameters are meas-
ured for each mouse line and their results re-
corded in a relational database. These results 
have to be matched with SOPs and metadata 
describing e.g. experimental and environmen-

•

•

•

tal conditions. In the archiving centres the stor-
age capacities of the cryo-tanks or freezers, 
as well as the storage locations of each indi-
vidual cryo-sample and its aliquots (including 
the back-up systems) have to managed.

An example of such a software solution is 
MausDB. It is used in the German Mouse Clinic 
and the German EMMA node. MausDB is real-
ised as a LAMP system (Linux as operating sys-
tem, Apache web server, MySQL database, Perl 
as programming language) and accomplishes 
most of the tasks listed above [6]. MausDB is an 
open-source software that is freely available 
from the download section of the Institute of 
Experimental Genetics of the Helmholtz Zentrum 
München (http://www.helmholtz-muenchen.de/
en/ieg/downloads/index.html).

Accessing phenotyping and ar-
chiving data
Phenotyping data from mutant mouse lines is 
available at EuroPhenome (www.europhenome.
org, [7]), an open-access platform which contains 
the data collected by the EUMODIC project. This 
MySQL relational database offers a data browser 

Figure 2. Infrafrontier organises two complementary pan-European research infrastructure networks: Phenomefrontier for 
large-scale systemic phenotyping, Archivefrontier for archiving and dissemination of mouse models. Both networks build on 
existing European initiatives and will include new facilities.

http://www.helmholtz-muenchen.de/en/ieg/downloads/index.html
http://www.helmholtz-muenchen.de/en/ieg/downloads/index.html
http://www.europhenome.org
http://www.europhenome.org
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based on PHP, JSP and AJAX and several tools for 
data visualisation and data mining. An important 
future step will be the mapping of the pheno-
typing parameters onto phenotype ontologies 
that can be included into genome databases 
like Ensembl, Gene Ontology (GO) and Mouse 
Genome Informatics (MGI) [8, 9]. Information on 
mouse lines available from EMMA can be found 
on the archive’s website (www.emmanet.org). 
The mouse line descriptions contain information 
on the genetic background, the phenotype and 
genotype descriptions that are cross-linked to 
the MGI database.

Bioinformatics activities in Infrafron-
tier
Infrafrontier’s bioinformatics activities have, be-
sides the maintenance of the project’s web re-
sources, two major objectives. The first is a com-
prehensive survey on IT systems for managing 
facilities, mice and data that are used by pheno-
typing and archiving facilities around the world. 
This will lead to a report with recommended IT so-
lutions for new facilities. Moreover, suggestions for 
a common nomenclature will be made that will 
facilitate exchange of mouse line data between 
the facilities. The second objective is the defini-
tion of minimum information standards required 
for an integration of the existing databases for 
phenotyping, archiving and mouse produc-
tion data (EuroPhenome, EMMA, EUCOMM [the 
European part of the IKMC]).

Since data is a major asset of Infrafrontier, it 
is important that the project keeps strong links 
with other information-oriented European initia-
tives, such as the coordination action CASIMIR 
(Coordination and sustainability of International 
Mouse Informatics Resources, www.casimir.
org.uk), the EMBRACE Network of Excellence (A 
European Model for Bioinformatics Research 
and Community Education, www.embracegrid.
info), and the ESFRI project ELIXIR (European Life 
Sciences Infrastructure for Biological Information, 
www.elixir-europe.org), as well as the other ESFRI 
research infrastructure projects in the biological 
and medical sciences.

Conclusions
In order to understand the fundamental proc-
esses governing living organisms in health and 
disease, modern life sciences employ increas-
ingly sophisticated technologies and produce 

increasingly complex and large datasets. High-
throughput phenotyping and archiving of mouse 
models of human diseases are good examples 
for this development. Infrafrontier will provide 
access to a sustainably funded research infra-
structure to meet the growing demand for these 
services in the biomedical research community. 
Infrafrontier in concert with the other ESFRI bio-
logical and medical research infrastructure initia-
tives will promote cutting-edge research ranging 
from basic science to the translation of results 
into novel drugs and treatments. Their success is 
likely to change the face of biomedical research 
in the European Research Area.
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INSTRUCT
an Integrated Structural Biology 
Infrastructure for Europe

Rosemary Wilson1, Claudia Alen Amaro2, Susan 
Daenke2, David Stuart2, 
1 Structural Biology Unit, EMBL Hamburg, 
Germany
2 Wellcome Trust Centre for Human Genetics, 
University of Oxford, UK

http://www.instruct-fp7.eu/

Introduction
Structural biology is a branch of molecular biol-
ogy concerned with the molecular structure of 
biological macromolecules such as proteins 
and viruses. Resolving a molecule’s structure can 
give us insights into the function of a molecule 
and eventually lead to potential drug targets. 
Structural biologists use many different techniques 
(Figure 1) including X-ray crystallography, nuclear 
magnetic resonance (NMR) spectroscopy, elec-
tron microscopy (EM), light microscopy and a 
range of other imaging techniques. Whereas 
these disciplines have traditionally been tack-
led as single entities, this is no longer sufficient to 
gain a detailed and quantitative understanding 
of the dynamic structure and biological context 
of the cell. Each technique resolves structures at 
different resolutions, and over the past few years, 
scientists have recognized the need and advan-
tage of collaborating on projects, integrating 

several different techniques to resolve a single 
biological problem in all its complexities. 

The future
Over the next few decades, structural biology 
will face major scientific challenges, and the 
need to integrate existing techniques and de-
velop emerging technologies, has never been 
more important. Advances in structural biology 
will produce other problems and scientists also 
recognize the need for developments in support-
ing technologies such as the automation of data 
collection and structural determination and data 
management. These challenges are all more 
than any one lab can manage individually, and 
coordinating efforts and equipment will be para-
mount for achieving these goals and pursuing 
cutting-edge science in Europe. The recent in-
struction from President Obama to significantly 
increase the ambition and scope of scientific 
research in the USA highlights the importance of 
an equal ambition for INSTRUCT in coordinating a 
truly integrated link between structural and func-
tional research in Europe.

The project
Coordinated by Prof. David Stuart from the 
University of Oxford, INSTRUCT is one of the bio-
medical projects in the European Strategy Forum 
on Research Infrastructures within the Framework 
7 of the EU, and aims to establish an integrated 
structural biology infrastructure in Europe to sup-
port the development of cellular structural biol-
ogy research. A number of centres across Europe 
will allow access for scientists to state-of-the-art 
equipment in core and complementary tech-
niques, thereby opening new scientific horizons 
in biomedical research. Alongside these scien-
tific challenges, INSTRUCT also plans to advance 
and disseminate technologies and methodolo-
gies, and to train scientists across Europe in using 
state-of-the-art and newly developed infrastruc-
ture. This vision requires a major, long term and 
focused investment and will revolutionize the way 
biomedical research is done in Europe. A biolog-
ical infrastructure on this scale is unprecedented 
in Europe, but is crucial in order for European sci-
ence to maintain its competitive edge and play 
a leading role in such a vital research area. To 
date, European research has often been hin-
dered by the short-term status of European fund-
ing. Securing a long-term investment will enable 

http://www.instruct-fp7.eu/
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the planning of more ambitious, larger scale and 
more complex projects. 

The preparatory phase
INSTRUCT has just entered the second half of its 
preparatory phase, which began in April 2008. 
INSTRUCT will establish a Pan-European infra-
structure based on core centres of scientific ex-
cellence, reinforced by associate centres with 
complementary expertise. Each core centre 
will provide access to cutting-edge equipment 
such as platforms for protein production, crystal-
lization, mass spectrometry, biophysical meth-
ods, NMR, light microscopy and computational 
methods. Key activities during the preparatory 
phase have been to develop mechanisms for 
establishing and maintaining this infrastructure. 
National user groups have also been established 
and have met to discuss and compile the re-
quirements of their nations researchers. This input 
is of great importance in making decisions about 
the structure of INSTRUCT, especially in terms of 
establishing guidelines for access and consid-

ering national and associate centres. In several 
countries, unprecedented numbers of scientists 
have worked together to generate a vital flow of 
information and ideas.

Identifying bottlenecks
Within the preparatory phase, several of the sci-
entific working groups have been working on fea-
sibility studies to identify bottlenecks in produc-
tion and to increase efficiency where possible. 
Several studies have already produced results 
including workpackage 14.7 which is working on 
the co-expression of baculovirus systems. In a pa-
per recently published online in Nature methods 
[1], Acembl, a versatile and automatable system 
for protein-complex expression in Escherichia coli 
is presented with the aim of aiding multiprotein 
complex production for structural and function 
studies. Other studies include the development 
of a NMR cryo probe, development in electron 
microscopy and the automation of eukaryo-
tic expression systems with the development of 
small volume concentrators. With these techni-

Figure 1. An overview of structural biological techniques showing the range of sizes of molecules studied by each method 
(Source: Cyttron, Leiden University).
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cal developments, the resolution level of struc-
tural biology research can be further refined. 

The coordination of data management is 
already an important issue and will continue to 
be so into the future. With several labs across 
Europe producing and gathering data, a con-
cise and consistent storage and management 
of the data will be increasingly vital. Following 
an extensive feasibility study, researchers have 
identified PiMS as the management storage of 
choice and are developing it to make it as user 
friendly as possible for use across the INSTRUCT 
community. This will include an online version 
for labs without the financial means to buy the 
software, allowing increased data sharing across 
Europe. Several successful training and dissemi-
nation events have already taken place, and the 
number of participating and interested organiza-
tions is rising.

Ties with industry
Another important part of the INSTRUCT vision has 
been the increased contact and communica-
tion with industry. Forging close ties with industry 
will promote the commercialization of innovative 
technologies developed within INSTRUCT, and 
strengthen European industrial competitiveness, 
in particular Biopharma and Agrochem compa-
nies. 

Ensuring a smooth transition
To permit a smooth transition to the construction 
and operational phases, a framework for gov-
ernance and a mechanism for defining partici-
pants has to be clarified. Furthermore, a financial 
and legal framework is being built to allow major 
funding bodies to work together to provide a co-
herent infrastructure with European-wide access. 
At the time of going to press, the number of af-
filiated countries is 20, but interest is growing and 
as the success of the recent annual meeting in 
Florence shows, researchers from across Europe 
see and appreciate the need for an integrated 
infrastructure of structural biology to take bio-
medical research in Europe to the next level.
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BIOmics Hands-On Workshop 
August 30 to September 4, 2009 

Weizmann Institute of Science 
Rehovot, Israel

http://ispc.weizmann.ac.il/biomics/

The International BIOmics Training & Education 
Center in Bioinformatics, Proteomics & Functional 
genomics (BIOmics) announces its first Hands-On 
Workshop on August 30 to September 4, 2009 
at the Weizmann Institute of Science, Rehovot, 
ISRAEL.

The Workshop is intended for graduate stu-
dents, postdocs and researchers from academia 
and industry.

At the Workshop, participants will hear talks 
from Israeli and international experts and gain 
first hand experience with:

• high throughput technologies,
• next-generation sequencing, 
• viewing molecules in 3D, 
• predicting protein–ligand interactions, 
• tools for gene ontology;
• approaches for studying whole-genome 

genetic variation. 
Hands-on sessions are limited to 20 partici-

pants.
Fellowships are available for attendees from 

academia, courtesy of the Israel Commission 
for UNESCO. With your application, let us know 
whether you will need a fellowship.

The registration deadline is July 31, 2009

Contact information
Workshop Secretariat:
Bracha Vaknin, ispc@weizmann.ac.il
Dept. of Structural Biology
Weizmann Institute of Science

http://ispc.weizmann.ac.il/biomics/
mailto:ispc@weizmann.ac.il
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Theme: SYNAPSES-BRIDGING THE GAP BETWEEN 
BIOLOGISTS AND BIOINFORMATICIANS

6 - 11 July, 2009

CST Conference Room, College of Science & 
Technology, Covenant University, Ota, Nigeria

http://www.covenantuniversity.com/bioinformat-
icsIWPDB/iwpdb2.html

COURSE AREAS 
Bioinformatics for Biologists
An Insight to practical Bioinformatics
Homology Modelling
Biological interpretation of Bioinfornatics re-
sults
In silico Drug Target Identification with experi-
mental verification
Understanding Drug Resistance Mechanism
Genetic engineering: Gene Manipulation
Software Demonstration

Contacts:
Dr. Ezekiel Adebiyi
Chairman, Workshop Local Organizing 
Committee
Covenant University, Ota, Nigeria

email: e.adebiyi@daad-alumni.de

Ms. Ijeoma Dike
Secretary, Workshop Local Organizing 
Committee
Covenant University, Ota, Nigeria

email:ejdike@gmail.com

1.
2.
3.
4.

5.

6.
7.
8.

The Institute of Biochemistry, Molecular Biology 
and Biotechnology of the University of Colombo 
is pleased to announce the:

International Conference on Frontiers in 
Molecular Life Sciences: 

Sailing towards New Horizons

http://www.ibmbb.lk/conference2009/index.htm

This will be the first of its kind in Sri Lanka and it 
expects to attract a wide range of researchers 
and students working in diverse fields using tools 
of Molecular Life Sciences. 

The main conference will be followed by 
a Post Conference workshop (19th, 20th and 
21st September 2009) on Bioinformatics co-
sponsored by the  European Molecular Biology 
Network (EMBnet).
Tentative Conference programme:
http://www.ibmbb.lk/conference2009/tent _ pro.
htmProgramme
Tentative Workshop Programme:
http://www.ibmbb.lk /conference2009/tent _
pro _ ws.htm
Plenary speakers:
Dr. Marie Allen, University of Uppsala, Sweden
Dr. Erik Bongcam-Rudloff, Linnaeus Centre for 
Bioinformatics in Uppsala, Sweden
Prof. Ludwig Gortner, University of the Saarland, 
Homburg/Saar, Germany
Prof. Eric Karunanayake, University of Colombo,  
SRI Lanka
Deadlines:
Early Bird Registration:   30th June 2009
Registration:   31st July 2009
Accommodation reservation:  31st July 2009
For further details contact us at:
Institute of Biochemistry, Molecular Biology and 
Biotechnology
University of Colombo, Sri Lanka
Phone:  +94 11 2552528 / 34
Fax:   +94 11 2552529 / 2553683
e-mail: conference2009@ibmbb.cmb.ac.lk

EMBnet supported workshops

http://www.covenantuniversity.com/bioinformaticsIWPDB/iwpdb2.html
http://www.covenantuniversity.com/bioinformaticsIWPDB/iwpdb2.html
mailto:e.adebiyi@daad-alumni.de
mailto:ejdike@gmail.com
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Teaching the ABCs of 
Bioinformatics

Jingchu Luo
Centre of Bioinformatics, Peking 
University, EMBnet China node, 
China

It has been ten years since we started the se-
mester course Computer Application to 
Molecular Biology in 2000. We now use Applied 
Bioinformatics Course, or ABC as a simple acro-
nym for this course. Apparently, as its name indi-
cates, ABC is an entry level introductory course, 
rather than an advanced one. We run the course 
in a training room (Fig. 1). Each student has a PC 
with both Linux and Windows installed. 

The course is designed for biological gradu-
ate students to solve practical problems. After 
a brief introduction to the three most popular 
bioinformatics resources, the National Center for 
Biotechnology Information (NCBI), the European 
Bioinformatics Institute (EBI) and the Expert of 
Protein Analysis System (ExPASy), the students are 
happy to start with hands-on practice, to retrieve 
the alpha subunit of human, mouse and rat he-
moglobin from Swiss-Prot, then make compari-
son of the amino acid sequences between each 
other [Swiss-Prot: HBA _ HUMAN, HBA _ MOUSE, 
HBA _ RAT]. Couple of online web servers can be 
found from the links at ExPASy, such as the built-in 

Figure 1. The students are doing hands-on practice in the 
training room of the ABC course.

programs in EBI SRS, and the NCBI tool box. We 
use the bioinformatics platform WebLab1 we de-
veloped locally. 

Surprisingly, the output of the Needle global 
alignment is out of expect, the sequence iden-
tity between mouse and rat is less than that of 
mouse and human. This triggers the interests of 
the students with enthusiastic discussion. Finally, 
they find the answer to this question by retriev-
ing and comparing the nucleotide coding se-
quence (CDS) of the hemoglobin alpha gene 
of these three mammals. Indeed, the identity 
of CDS of mouse and rat is higher than that of 
mouse and human, which tells us that mouse 
and rat are close relatives based on the analysis 
of molecular biology data.

A dozen of simple exercises like this are de-
signed. The students can get familiar with various 
bioinformatics tools by doing these exercises. For 
example, by comparing the 39kb genomic se-
quence of a Fugu cosmisd [GenBank: AF164138] 
to itself using dottup, the dot plot program em-
bedded in EMBOSS, we can easily spot out the 
tandem duplication of the multi-drug resistance 
gene in this cosmid. By comparing the predicted 
results of the trans-membrane helices of a post-
floral protein [Swiss-Prot: Q9FY06] identified from 
a cDNA library of short-day grown G2 pea tis-
sue, using several tools including TMAP, THHMM, 
TMHMM, TMPred, the students are well aware that 
different tools may have different output, a com-
mon scenario of doing dry lab experiments.

Running BLAST seems an easy job for most of 
the students. However, running a Good BLAST is 
not that easy.  Literature search reveals that neu-
roglobin [Swiss-Prot: NGB _ HUMAN] is a member 
of the human globin family to which nine hemo-
globin subunits (alpha, beta, gamma,  etc.) as 
well as myoglobin and cytoglobin belong. Take 
this as an example for BLAST search, we then ask, 
“can we find neuroglobin through BLAST search 
using the alpha subunit [Swiss-Prot: HBA _ HUMAN] 
as a query”? The answer is “No” if we use the de-
fault parameters to run BlastP through the NCBI 
BLAST server. Nevertheless, we can obtain a 
good match using PSI-BLAST, by choosing Swiss-
Prot as the preferred database, selecting Human 
as the organism to search, and setting E-value to 
0.001. The 12 hits obtained by the above search 
are ready to retrieve for further analysis for this 
human globing family, such as making multiple 

1 http://weblab.cbi.pku.edu.cn/

http://weblab.cbi.pku.edu.cn/
http://weblab.cbi.pku.edu.cn/
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sequence alignment, drawing a nice sequence 
logo, building up a phylogeny tree. By doing so, 
the students are convinced that it is critical to 
know the general principles and biological back-
ground behind the programs such as BLAST.

Several projects are implemented through-
out the course. One of them is the analysis of 
the sequence, structure and function of the bar-
headed goose hemoglobin. As we all know, he-
moglobin is one of the most well studied proteins 
in the last century. More than 700 entries can be 
found in the Swiss-Prot database. Three-dimen-
sional structures of wild type and mutants from 
dozens of species have been solved. This pro-
vides us a good opportunity to study the relation-
ship among sequence, structure and function of 
hemoglobin molecules of human and other spe-
cies. Bar-headed goose is a migration bird. They 
live in the Qinghai lake during summer time and 
fly to India all way along over the Tibetan pla-
teau in autumn and come back again in spring. 
Interestingly, close relative of bar-headed goose, 
the graylag goose lives in the low land all year 
around. Sequence alignment of bar-headed 
goose hemoglobin [PDB: 1A4F] with that of gray-
lag goose [PDB: 1FAW] shows only 4 substitutions. 
One of them is Pro 119 in the alpha subunit of 
graylag goose and Ala 119 of bar-headed goose. 
This residue is located in the surface of the alpha/
beta interface. In 1983, Perutz proposed that this 
substitution reduces the contact between the al-
pha and beta subunit and increases the oxygen 
affinity, due to the relation of the tension status in 
the deoxy form. During the past decade, a re-
search group at Peking University has solved the 
crystal structure of both deoxy and oxy form of 
the bar-headed goose, as well as the oxy form of 
the graylag goose hemoglobin. Using the pow-
erful free software Swiss-PdbViewer2, the students 
make a Magic Fit to superpose the alpha/beta 
heterodimer of the two goose hemoglobins on 
each other. They are excited to see the confor-
mation difference caused by one amino acid 
residue substitution Pro119Ala between the two 
goose hemoglobin molecules (Fig. 2) by meas-
uring the distance of the side chain atoms be-
tween Ala/Pro 119 and Leu 55 in the beta subunit. 
Furthermore, they make a mutation by replacing 
Leu 55 in the beta subunit with Ala 55 and pro-
pose that this mutant may further increase the 
oxygen affinity.

2 http://spdbv.vital-it.ch/

In addition to the pre-defined projects, the 
students are also encouraged to bring their own 
projects. They are divided into groups, four stu-
dents each, and discuss the project outside the 
class as homework assignments, work together to 
solve the problems. At the end of the course, a 
workshop is organized. Speakers chosen by group 
members make presentation on behalf of each 
group to summarize what they have learned dur-
ing the course, and what they plan to continue to 
learn in the future.

Indeed, the ABC course is aimed to teach 
ABCs of bioinformatics. We hope that, by learning 
the course, the students will be well convinced 
that “half day on the web, saves you half month 
in the lab!”

Figure 2. The superposed structure of bar-headed goose 
[PDB: 1A4F] and graylag goose [PDB: 1FAW] hemoglobin to 
show the interface of alpha and beta subunit. Pro 119 of al-
pha subunit (1FAW) has closer contact with Leu 55 of beta 
subunit than that of Ala 119 (1A4F).

http://spdbv.vital-it.ch/
http://spdbv.vital-it.ch/
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ELIXIR Project 
meetings

Pedro Fernandes
Instituto Gulbenkian. Oeiras, 
Portugal

Another round of meetings of the ELIXIR project, 
now in the last stretch of the preparatory phase, 
prior to the presentation of the project proposal 
to the EU, took place in Copenhagen, on May 
18th - 21st  2009.

The meetings, this time organized by Søren 
Brunak of DTU and his team, were held at the 
Panum Institute, which hosts the Faculty of Health 
Sciences of the University of Copenhagen. More 
than 80 participants  attended the meetings.

The main session was the Stakeholders Meeting 
where the reports of the several workpackages 
were presented by the respective committee 
heads. The results of the feasibility studies have 
also been presented by their respective leaders. 
The meeting was started and closed by Janet 
Thornton, the Director of the EBI and coordinator 
of the ELIXIR Project.

The spirit of mission accomplished was in the 
air. The material collected allows for the assem-
bly of a very sound and solid proposal, encom-
passing many aspects of the task of planning an 
European Infrastructure for Bioinformatics. On the 
other hand, it was quite evidently shown that the 
dimension and complexity of the problem have 
been addressed appropriately. The final propos-
al is now in preparation.

Several EMBnet members serve in the ELIXIR 
Workpackage Committees and were involved in 
the discussions and preparation of reports.

Present in this meeting: Terry Attwood, Pedro 
Fernandes, Lubos Klucar and Endre Barta.

Current Trends in 
Bioinformatics:
A Seminar held in Islamabad

Nazim Rahman
Department of Biosciences, 
COMSATS Institute of 
Information Technology, 
Islamabad, Pakistan

The EMBnet Pakistan National Node and the 
faculty of the Department of Biosciences at the 
COMSATS Institute of Information Technology 
(CIIT) together organized a seminar on, “Current 
Trends in Bioinformatics” on April 4, 2009. Dr. 
Fauzia Yusuf outlined the accomplishments of 
the Department of Biosciences as a pioneer 
in the field of Bioinformatics education and re-
search in Pakistan. Dr. Shahid Nadeem Chohan 
made a presentation on the Bioinformatics ac-
tivities in the CIIT emphasizing on the services 
provided by the EMBnet Pakistan National Node. 
Guest speakers were invited from COMSATS 
Institute of Information Technology (CIIT), National 
Center for Virology and Immunology (NCVI), and 
National Institute of Biotechnology and Genetic 
Engineering (NIBGE). 

Dr. Syed Habib Bokhari addressing the audience.
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Speakers presented their work with the follow-
ing themes:

Structural Bioinformatics and Drug Design
Computational Biology
Epidemics and Diseases

The objectives of the seminar were to:
Raise awareness about EMBnet and its 
services
Invite life scientists to take advantage of the 
EMBnet Pakistan National Node
Provide a platform for life science research-
ers to present bioinformatics tools and tech-
niques applied in their research
Introduce current trends and developments 
in bioinformatics

This was a free open access event attended by a 
large audience comprising of students, research-
ers and academicians from various universities 
and research centers both locally and nationally. 
The audience specially liked the poster session 

•
•
•
•

•

•

•

•

held after the seminar which provided a forum 
for detailed interaction among the audience 
and the authors. The event was followed by an 
award ceremony for the best presentation and 
the best poster of the event.

Malik Nadeem Akhtar presenting his new Gene Finder Tool.

Seminar participants.

Bioinfomatics students Zeeshan Fazal and Abbas Bukhari dis-
cussing their poster.

Dr. Shahid Chohan, Dr. Raheel Qamar, Dr. Shahzad Muft.
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Introductory Course 
in Bioinformatics in 
Kenya

Etienne de Villiers
EMBnet BecA-ILRI, Nairobi, 
Kenya

The BecA-ILRI Hub, EMBnet specialist node in 
Kenya hosted the third “Introductory course in 
Bioinformatics” between 4-9th May 2009 at 
ILRI, Nairobi, Kenya. The course team consisted 
of: Dr. Etienne de Villiers (BecA- ILRI Hub); Dr. 
Erik Bongcam-Rudloff, Dr. Hans-Henrik Fuxelius 
and Katharina Truve from Swedish University of 
Agricultural Sciences (SLU), Uppsala University (UU) 
and Linnaeus Centre for Bioinformatics (LCB); and 
George Githinji (KEMRI-Wellcome Trust program).

In total 25 applicants from Kenya, Tanzania, 
Uganda and South Africa were selected from 152 

applications. Eight travel fellowships were award-
ed to participants from Tanzania and Uganda . 
These fellowships were made possible with gen-
erous funding from Prof. Anna Tramontano from 
University of Rome “La Sapienza”, Italy and the 
BecA-ILRI Hub. The main funding was from the 
Swedish International Development Cooperation 
Agency (SIDA) (www.sida.se), Sweden. An addi-
tional 22 students from the University of Khartoum, 
Faculty of Animal Production in Sudan participat-
ed online in the course using the EMBnet Internet 
video conferencing system.

The response from the “online” participants 
was positive and we will use this medium in fu-
ture courses. All students received an eBioUSB, 
a Bioinformatics workbench on a USB memory 
stick, which contains all the basic bioinformatics 
tools taught during the course and that enable 
students to save their data on the same device. 
The course was favorably evaluated, with 4.4 out 
of maximum 5 points.

Lots of positive comments were received 
about the course. Some of these comments 
were: “a very powerful tool”, “We highly appreci-
ate it”, “Good course and teachers”.

Course participants and teachers.
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Constructing and 
working with protein 
interaction graphs

Charalampos Moschopoulos1, 2, Seferina Mav-
roudi1, Spiridon Likothanassis1 and Sophia Kos-
sida2

1 Department of Computer Engineering & 
Informatics, University of Patras, Rio, Patras, 
Greece 
2 Bioinformatics & Medical Informatics Team, 
Biomedical Research Foundation of the 
Academy of Athens, Athens, Greece 

Abstract
Nowadays, the detection of protein – protein in-
teractions is performed mainly from experimen-
tal methods that are able to record thousands 
of them in a single experiment. In this contribu-
tion, we present methods that are used to as-
sess the reliability of protein -protein interactions 
and construct reliable protein interaction graphs. 
Furthermore, we present the most popular algo-
rithms that are used to detect protein complexes 
or discover the functionality of unknown proteins 
through clustering protein interaction graphs. 
Finally, the most popular visualization software 
tools are described.

Introduction
Recent development of high-throughput meth-
ods produced enormous datasets of protein 
– protein interaction (PPI) data. Techniques such 
as yeast two – hybrid and mass spectrometry 
detect PPIs and give an insight of the cellular 
organization of an organism. However, these 
methods suffer from high error rate as they miss 
an important fraction of protein interactions and 
yield several protein interactions that do not exist 
in reality.

Due to the large number of interactions, there 
is a great need of computational methods and 
models that would make it easy to extract valu-
able information from them. Usually, through pro-
tein interaction data, information derives about 
functional modules such as protein complexes 
(which reveal insights into both the topological 
properties and functional organization of protein 
networks) as well as the function of uncatego-
rized proteins. A very efficient way of summariz-
ing these new datasets is by forming protein inter-
action graphs. These graphs provide a valuable 
tool that helps the better understanding of the 
functional organization of the proteome. A graph 
is represented as G = (V,E), where V is the set of 
the graph vertices and E is the set of the graph 
edges. In a protein interaction graph, the vertices 
represent the proteins and the edges the pairwise 
interactions between two proteins. Unfortunately, 
because of the unreliability of protein interaction 
data, algorithmic methods applied on protein in-
teraction graphs can not produce results of high 
information value.

In this contribution, we present the most pop-
ular methods to assess the reliability of protein-
protein interactions. Furthermore, we describe 
the features of a protein interaction graph and 
the computational methods which are used 
to acquire valuable conclusions from them. 
Additionally, this manuscript presents the most 
popular open source software tools which visual-
ize PPI data. 

Assessing the reliability of protein 
– protein interactions
Although data sets on the protein interactome, 
obtained by high-throughput protein interaction 
assays, are being accumulated rapidly, they usu-
ally come at the expense of relatively low quality, 
containing a high rate of spurious (false positives) 
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and missing (false negatives) protein-protein in-
teractions [1]. 

To address the problem of false positives, dif-
ferent confidence scores have been assigned 
that reflect the reliability and biological signifi-
cance of each protein interaction pair derived 
from the experiments [2]. Confidence scores are 
often computed as single indices, correlating in-
teraction pairs derived from direct experiments 
(e.g., two-hybrid screens and mass spectrometry) 
with either indirect biological data sources (e.g., 
gene expression, protein - DNA binding, biologi-
cal function, biological process, protein locali-
zation, protein class), or sequence based data 
sources (domain information, gene fusion, etc.). 
More recently, they are derived from supervised 
learning methods, which are employed to inte-
grate direct and indirect biological data sources 
for the prediction task. The training data sets for 
these methods include known true positives and 
true negative interactions. For both strategies dif-
ferent approaches have been proposed, where 
the data sources varied along with the imple-
mentations.

Specifically, indices have been based on the 
sharing of a common cellular localization or a 
common cellular role [3, 4]. Alternatively, ranking 
of the reliability of protein interactions have been 
based on the reproducibility and non-random-
ness of the observation of an interaction [5-7]. 
Related to the ideas of functional homogeneity, 
localization coherence and observational repro-
ducibility are a large number of other approach-
es based on the use of additional information, 
such as protein annotation, or the use of infor-
mation from multiple assays [8-12]. Interaction 
network topology is a different mean of identify-
ing reliability of interactions relying solely on the 
topology of the neighborhood of an interacting 
pair of proteins in the interactome [13, 14].

Bayes classifiers [15] and Bayesian Networks 
that combine multiple data sources are among 
the promising machine learning schemes that 
have been employed to predict true and false 
protein-protein interactions. Nevertheless, in [16] 
article, a Bayes classifier has been compared to 
Random Forest (RF) and Logistic Regression (LR), 
showing the RF classifier to have the best per-
formance among them. In a more extended 
comparison including a Random Forest (RF), a 
RF similarity based k-Nearest-Neighbor classifier, 
Naοve Bayes, Decision Tree, Logistic Regression 

and Support Vector Machine, the superior per-
formance of RF was confirmed along with a 
satisfying performance of the Suppert Vector 
Machines (SVMs) [17]. Alternatively, a variant ker-
nel canonical correlation analysis, has been 
used for predicting pathway protein interactions 
[18], while in [19] a sum of likelihood ratio scores 
strategy was explored to predict human PPI con-
fidence.

Even though most of the above approaches 
are hindered or limited due inherent difficulties 
(eg., not all model organisms have well annotat-
ed genomes, expression of interacting proteins 
may need not to be correlated over many condi-
tions and conversely protein pairs with correlation 
patterns do not necessarily physically interact, 
the number of proteins having known paralogs is 
limited as well as the number of available struc-
tures, etc), nevertheless, most studies suggest 
that utilizing any of the confidence assignment 
schemes is always more beneficial than assum-
ing all observed interactions to be true or equally 
likely.

The problem of false negatives is essentially 
related to the problem of the ab initio prediction 
of protein-protein interactions by computational 
methods. Well known methods rely on gene fu-
sion events [20-22], interacting domains [23, 24], 
interacting motifs [25-27], co-evolution of proteins 
or residues [28-30] and the topology of protein–
protein interaction networks [31, 32]. Alternatively 
association rules have been explored [33]. In 
a different approach some of the confidence 
scores initially designed for the reliability assign-
ment of observed interactions, are used for the 
assigning probability scores to putative unob-
served interactions pairs.

Protein interaction Graphs
A protein interaction graph can be weighted 
or unweighted. In a weighted one, each edge 
connecting two proteins has been character-
ized by a number that represents the validity of 
the connection between these two proteins. In 
an unweighted protein interaction graph, an as-
sumption is made that this number is equal to 1 
for all the edges of the graph.

Generally, the protein interaction graphs are 
undirected and unweighted. Some properties 
have been identified to be common between 
the protein interaction graphs of all the organ-
isms. First of all, they are all scale free. Moreover, 
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it is proved that similar proteins usually interact 
with each other and that they lie within short 
distance in the interaction graph. Finally, there 
are few vertices having many interactions and 
many that have few interactions. This means that 
if some proteins are eliminated, the topology of 
the protein interaction graph does not change 
which subsequently confirms the robustness of 
the organisms as they can afford to loose some 
proteins without jeopardizing the existence or 
even the normal function of the network.

In protein interaction graphs, the dense sub-
graphs are valuable since they provide details 
concerning the functionality of the proteins with-
in the subgraph and the consistency of protein 
complexes. Given the mathematical represen-
tation of a graph, algorithms derived from the 
graph theory are well suited in order to isolate 
these dense areas.

The amount of data that has been derived 
from high-throughput approaches, automated 
text mining techniques, and/or manually from 
the scientific literature, has been stored in da-
tabases called protein-protein interaction data-
bases. These databases are valuable resources 
for the researchers, where from they can easily 
retrieve and analyze the stored data [34]. Usually 
these databases include data of protein interac-
tions obtained from many organisms. The most 
popular ones are BIND [35], MIPS [36], UniProt [37],  
IntAct [38].

It must be noted that there is a significant dif-
ference in the total number of protein-protein 
interactions among the various protein-protein 
interaction databases [39], due to the fact that 
data for each database were derived using dif-
ferent methods. Apart from the databases, where 
data obtained from experimental methods are 
stored, there are some other databases, where 
protein interactions predicted by computational 
methods are stored. The most significant one is 
called STRING database which has integrated 
known and predicted interactions from a variety 
of sources as well [40].

Extracting information from protein 
interaction graphs
Protein interaction graphs are used mainly to de-
tect protein complexes in which individual pro-
teins assemble into functional modules [41] or 
elucidate the function of uncharacterized pro-
teins.  

Various algorithms have been applied for the 
identification of protein complexes through pro-
tein – protein interaction networks. They can be 
divided in two big categories: those using a lo-
cal search strategy and those using a hierarchi-
cal one. In the first category, the first introduced 
algorithm in the field was the Molecular Complex 
Detection (Mcode) [42]. A year before the appear-
ance of Mcode, Enright et al. had introduced an 
algorithm called TRIBE-MCL [43] based on the 
Markov cluster algorithm (MCL), a previously de-
veloped algorithm for graph clustering. Besides 
that, King et al. suggested the RNSC algorithm 
[44] a cost-based local search algorithm. These 
two algorithms separate the whole protein inter-
action graph into clusters that represent protein 
families. This means that not even a single pro-
tein is discarded from the final results and several 
clusters can not be considered as protein com-
plexes. Nevertheless, the RNSC algorithm uses a 
filtering strategy to achieve the identification of 
protein complex candidates. Another algorithm 
of the local search approach is the Local Clique 
Merging Algorithm (LCMA) [45] which locates lo-
cal cliques in an interaction graph and subse-
quently tries to expand them.

On the other hand, all the hierarchical cluster-
ing algorithms are based on the concept of di-
viding the initial graph by removing the minimum 
set of edges. The Highly Connected Subgraph 
method (HCS) [46] separates a graph into sev-
eral subgraphs using minimum cuts and stops 
when the cut is bigger or equal to the number 
of the graph vertices divided by 2. Koyutürk sug-
gested the SIdeS algorithm [47] which uses the 
HCS algorithm philosophy; however the stopping 
criterion is based on the statistical significance 
of the derived subgraphs. More specifically, the 
SideS algorithm uses a framework for analyzing 
the occurrence of dense patterns in randomly 
generated graph-structured data with a view to 
assessing the significance of a pattern based 
on the statistical relationship between subgraph 
density and size.

The algorithms applied for the identification of 
protein complexes can be used to functionally 
annotate proteins. As it is presented in [48], iden-
tifying protein modules helps annotating unchar-
acterized proteins using the function shared by 
the majority of the module’s proteins. However, 
these methods are outperformed by more direct 
“methods” which infer the function of a protein 
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based on its connections in the network. Based 
on the principle that proteins that lie closer to one 
another in the protein – protein interaction graph 
are more likely to have similar function, they are 
simpler and more effective from the clustering 
approaches. They can be divided in those using 
the neighborhood of a protein [6], the approach-
es which are graph theoretic [49], the probabil-
istic ones [50] and those that integrate multiple 
data sources [51].

Tools for PPI graphs visualization
Availability of large scale experimental data and 
numerous approaches of extracting informa-
tion from PPI graphs enable the development of 
many software tools. The visualization of the vast 
volume of PPI data allows the observation of the 
whole proteome of an organism [52]. 

Among those tools being freely available for 
academic use, the most popular visualization 
tool is Cytoscape [53] in which a user can con-
struct his own graph or import PPI graphs from on-
line databases. Additionally, Cytoscape includes 

a flexible plugin architecture that enables de-
velopers to add extra functionality beyond that 
provided in the core. Another visualization tool is 
Medusa [54] which is based on the Fruchterman 
– Reingold algorithm [55]. However, it is less suited 
for the visualization of big datasets and its own 
text file format is not compatible with other visu-
alization tools. 2D and 3D representations are of-
fered by BioLayout Express 3D tool [56]. This tool 
is highly interactive and in the latest version, the 
MCL algorithm is hosted in this tool. Other visuali-
zation tools are VisANT [57] and PIVOT [58] which 
are best suited for visualizing protein –protein in-
teractions and identifying relationships between 
them.

Future perspectives and conlusions
Graph – based model can exploit global and lo-
cal characteristics of biology and more particu-
larly PPI graphs. Various algorithmic methods and 
tools have been developed in order to extract 
information using graph theoretic approaches. 

Figure 1. Snapshot of Cytoscape tool.
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Although the above methods of assessing 
the protein interactions reliability are useful and 
some of them exhibit encouraging results, there 
is still room for improvement. None of the exist-
ing methods gain both a high specificity and a 
good sensitivity at the same time. Data integra-
tion usually improves the results. However, differ-
ent biological sources represent different and 
apparently biased subsets of the true interactions 
and simply taking the union may lead to poor 
performance, while taking the intersection may 
result in a minimal overlap. New methods, able 
to cope with partial domain knowledge would 
be desirable. Supplementary to data integra-
tion, model integration could further enhance 
performance. Besides of accuracy issues, newly 
designed methods should allow for the interpret-
ability of the results. There are different and often 
contradicting opinions regarding the biological 
evidence that should be taken into account for 
the computation and the evaluation of the reli-
ability of protein-protein interactions. Researchers 
should be given the means to judge each fea-
ture’s contribution and to extract new explainable 
knowledge.

Another future aspect would be the use of het-
erogeneous source of data to construct weight-
ed graphs. This way, the above mentioned meth-
ods can offer better quality of information, while 
the results of PPI graph analysis would suffer by 
less error rate. Furthermore, working in the same 
direction, the variety of information that derives 
from PPI graph analysis could be retrieved by us-
ing web services tools. Web services enable pro-
grammers to build complex applications without 
the need to install and maintain the databases 
and analysis tools and without having to take on 
the financial overheads that accompany these. 
Moreover, Web services provide easier integra-
tion and interoperability among applications and 
the data they require. Finally, it would be interest-
ing to apply these methods in trancsriptomics or 
metabolomics, sections of research that are still 
in their infancy.
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A question of length 
Vivienne Baillie Gerritsen 

When Charles Darwin accepted the invitation to accompany Captain Fitzroy on HMS Beagle as the 
ship’s naturalist, little did he know that he would bring back with him material that was to haunt 
him – one way or another - until the end of his days. Amongst the many mineral, plant and animal 
specimens which were unloaded from the ship on its return in October 1836, there were a number 
of preserved finches which Darwin had found on the Galapagos Islands. It was the study of these 
finches, which later became known as ‘Darwin’s finches’, that helped to forge the notion of the 
transmutation of species. In other words, any given species had the capacity to adapt, evolve and 
undergo transformations – and it turned out to be in the name of survival. With regards to finches, 
their beaks were different depending on the kind of diet they had. Charles Darwin had no idea how 
such changes could occur within a species. Today, we are getting closer and closer to understanding 
how it happens on the molecular level. And it seems that a protein known as calmodulin has a 
major role. 

As he set foot on terra firma after five years of 
sailing and as many of nausea, Darwin had no 
idea that fourteen of the many specimens of 
birds he brought back to England were in fact 
all finches. What is more, they seemed to be 
finches which bore many similarities to a type 
of finch found along the coast of South 
America. Darwin had identified them as 
different birds altogether but when he handed 
them over to the renowned ornithologist of the 
time – John Gould – it turned out that these 
fourteen birds were in fact representatives of 
twelve different species of finch. Until then, 
Darwin had believed that there were as many 

centres of creation as there were of species 
despite the fact that – within each centre – 
phenotypical change could occur. With Gould’s 
findings and Darwin’s knowledge of the 
geographical and ecological niches where he 
had found the birds, he shifted his theory: what 
if every species of finch on the Galapagos 
Islands had originated from the one same 
species on the South American coastline? It 
marked the very beginnings of his theory on the 
origin of species. 

In those days, the description of specimens – 
whichever kingdom they belonged to – 
depended on a keen eye, a pencil and paper. 
Today, thanks to novel molecular methods, 
observation has been magnified by the millions 
– and scientists are able to see or imagine 
processes which are going on well beneath the 
level of feathers and petals. Finding links 
between a specific gene and the effect it has on 
an organism is now routine. In this way, 
scientists discovered that the protein calmodulin 
– from CALcium MODULated proteIN – has a 
direct role in the shape of a finch’s beak. What 
is more, they discovered that calmodulin 
seemed to have an effect only on the length of 
the birds’ beak and not its width, or depth – 
which are dependent on another gene. From an 
evolutionary point of view, this is not really 
surprising since it gives natural selection a form 
of plasticity. In other words, evolution is fine-
tuned.  

'Brown Beakface', by Kaitlin Beckett 

Courtesy of the artist 
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How can calmodulin affect the length of a 
finch’s beak? It seems difficult to believe that 
one molecule could have such a massive effect 
on an organism’s appearance. In fact, it doesn’t. 
At least not directly. It happens to be at the very 
beginning of important molecular processes. 
Indeed, calmodulin has the power to trigger off 
a wide variety of biological pathways and, in 
turn, many activities such as muscle contraction, 
short-term and long-term memory, intracellular 
movement, inflammation, nerve growth and the 
immune response to name a few. It uses calcium 
ions, which are present in all kinds of tissues 
both inside the cell and outside it. Calmodulin is 
just one of the many molecules which use 
calcium ions to induce a reaction. Nevertheless, 
without it and calcium, a lot of what goes on 
inside us would go haywire.  

At rest, calmodulin looks a little like a 
dumbbell. It is composed of two arms attached  
by a helix hinge. Each arm can hold up to two 
calcium ions. Once bound, the structural 
conformation of calmodulin is modified and 
ready to bind to specific target proteins which it 
does by wrapping its arms around it in a sort of 
molecular hug. What is more, depending on the 
amount of calcium ions bound – up to four – 
and the kind of post-translational modification 
calmodulin has undergone, the protein can bind 
to a great variety of targets ranging from 
kinases, phosphatases and phosphodiesterases to 
ion channels, cyclases and cytoskeleton 

receptors. In turn, each of these target proteins 
will trigger off cellular processes – from the 
regulation of metabolism and the cytoskeleton, 
to ion transport, protein folding and cell 
proliferation. With regards to the length of 
finch’s beaks, researchers discovered that the 
long-beaked finches always express a higher 
level of calmodulin than the shorter and wider-
beaked species. And when they upregulated the 
calmodulin gene in chicken, this had a direct 
effect on the length of their beaks! 

Although a number of anti-calmodulin products 
had already been described in the 1980s, by the 
1990s interest had faded. However, owing to the 
more recent discoveries of the involvement of 
calmodulin in so many different physiological 
processes, there has been a drastic increase in its 
interest, especially within the world of therapy 
and drug design. Some synthetic inhibitors are 
already used clinically as anti-cancer and anti-
psychotic agents for example. But scientists 
have already described over one hundred natural 
inhibitors, the most potent of which are animal 
venoms. Such naturally-occurring compounds 
could be used to develop herbicides or to design 
drugs for neurodegenerative diseases for 
example. The future certainly seems bright for 
calmodulin. HMS Beagle took Darwin around 
the world; little did the founder of the theory of 
the origin of species know where his finches 
would take him. 

Cross-references to Swiss-Prot 

Calmodulin, Homo sapiens (Human) : P62158 
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