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The European Science Foundation (ESF) is an independent, non-governmental organisation of national research 
organisations.
Our strength lies in the membership and in our ability to bring together the different domains of European 
science in order to meet the scientifi c challenges of the future. ESF’s membership currently includes 77 infl uential 
national funding agencies, research-performing agencies and academies from 30 nations as its contributing 
members.
Since its establishment in 1974, ESF, which has its headquarters in Strasbourg with offi ces in Brussels and 
Ostend, has assembled a host of research organisations that span all disciplines of science in Europe, to create 
a common platform for cross-border cooperation.
We are dedicated to supporting our members in promoting science, scientifi c research and science policy 
across Europe. Through its activities and instruments ESF has made major contributions to science in a global 
context. The ESF covers the following scientifi c domains:
• Humanities
• Life, Earth and Environmental Sciences
• Medical Sciences
• Physical and Engineering Sciences
• Social Sciences
• Marine Sciences
• Nuclear Physics
• Polar Sciences
• Radio Astronomy Frequencies
• Space Sciences

Cover picture: 
BAZ1A staining of human small intestine
© Human Protein Atlas: www.proteinatlas.org



Frontiers of Functional Genomics (FFG) | 3

Introduction

Following the sequencing of many genomes, genom-
ics research has focused increasingly on elucidating 
the functions of gene products and their translation 
into the complex organisation of cells, tissues and 
organisms. These are the essential goals of functional 
genomics, the exploration of gene function on a glo-
bal scale. Functional genomics investigations typically 
use large-scale assays in which many of the genes or 
proteins of an organism can be measured and tracked 
in parallel through space and time or under different 
environmental conditions. Revolutionary technologies, 
such as microarrays, are used, capable of high sample 
throughput and producing vast amounts of data requir-
ing computational processing for interpretation. With 
the increasing assimilation of data by bioinformatics 
tools, integration into systems-level understanding has 
become a primary objective. Thus, functional genom-
ics impacts in the most fundamental way on biological 
understanding, from individual molecules to cellular 
organisation and the physiology of whole organisms 
and their dysfunction in disease.

‘Frontiers of Functional Genomics’ follows on from 
a previous ESF programme, ‘Integrated Approaches to 
Functional Genomics’, which was established in Novem-
ber 2000 for 9 ve years in order to foster communication 
and interactions among European researchers. The 
focus of Integrated Approaches was to unite experimen-
tal technologies and complementary informatics tools, 
facilitating discussion, networking, collaboration, com-
mon standards and training opportunities. It engaged a 
wide audience and through workshops, courses, major 
conferences on Functional Genomics and Disease in 
2003 and 2005, an exchange fellowship scheme and a 
website, made a signi9 cant contribution to the genom-
ics research environment.

Frontiers of Functional Genomics now aims to con-
nect the most promising developments in functional 
genomics technologies with the expanding concept 
of systems biology, focusing particularly on applica-
tions in biomedicine, as well as the environment and 
implications for society at large. Frontier technology 
developments include high throughput array-based 
methods for analysis of genome variation, genome 
resequencing and protein detection, nanobiotechnol-
ogy for single cell and single molecule analysis, and 
RNA interference, now the leading gene knockdown 
method. Through bioinformatics tools, data generated 
is integrated into the holistic systems biology approach, 
which complements the traditional study of genes and 
proteins as isolated entities by regarding biological sys-
tems as networks of complex relations, requiring high 
throughput experimental approaches together with 
mathematical simulation and modelling.

Central to the programme are the applications 
of functional genomics and systems biology in bio-

medicine, including epigenomics, neurogenomics, 
metabolomics, pharmacogenomics and predictive and 
personalised medicine, which will have a major impact 
on both understanding and treating disease in the 
future. Environmental issues include how post-genomic 
technologies and metagenomics can strengthen under-
standing of natural ecosystems. Consideration is also 
given to the social expectations that underlie European 
public funding of functional genomics research, includ-
ing understanding of risks, ethical and legal issues, the 
implications of biobanking, and furthering of genomics-
related biotechnology.

The running period of the ESF Frontiers of Func-
tional Genomics Research Networking Programme is 
for 9 ve years from June 2006 to May 2011.

Figure 1 shows a dividing HeLa cell where the chromosomes 
are stained with DAPI (blue) and the two regulatory proteins, 
Hec1 (green) and Survivin (red), are labelled with speci9 c 
antibodies, with kind permission of Marko Kallio.
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Scope and Objectives

The 9 rst area of focus is on emerging technologies 
including arrays, nanosystems, and gene silencing. 
Highly sensitive array systems (biochips) are being 
developed for genotyping, resequencing, transcriptome 
analysis, protein detection and function, and cell and 
tissue analysis, while nanosystems allow for detection 
and analysis down to the single molecule and sin-
gle cell levels. Mutational and knockdown strategies, 
particularly the powerful RNA interference (RNAi), can 
speci9 cally silence individual genes, the phenotypic 
effects of which can be observed on a global scale in 
genetically amenable model organisms or cells.

A second focus is on bioinformatics, without which 
the data cannot be made accessible, organised and 
understood, and systems biology. The latter, one of 
the most far-reaching developments in recent years, 
attempts to understand function not on individual 
genes or proteins but on multimolecular modules and 
ever more complex systems. Three levels of genomic 
analysis – the mRNA level, the protein level, and the 
level of low molecular weight intermediates (metabo-
lites) – combine to provide an understanding of whole 
organism functioning. Systems biology aims to describe 
how the molecular properties of the cell the predictable 
development of organs and the organism as a whole.

There is great potential for the human genome 
sequence information, through the application of new 
technologies and systems biology, to yield new insights 
into the pathogenesis of human diseases and new 
strategies for prevention or treatment. Biomedicine is 
therefore a third major focus for this programme, from 
disease understanding to predictive and personalised 
approaches to treatment and responses to drugs. 
Functional genomics will increase the understanding 
of disease mechanisms and guide the development of 
new drugs and therapeutic procedures. Areas coming 
to the fore where technologies are key include:

Figure 2 shows an overview of the major areas of 
functional genomics which come into the scope of the 
programme, illustrating their integration through bioin-
formatics and systems biology, and indicating that they 
impinge directly on human health, environment, indus-
try and society. High throughput data for genome-wide 
analysis are obtained using a variety of technologies, 
followed by computer-based analysis and then integra-
tion. Key data areas include: genome-wide variation; 
gene expression at the mRNA and protein levels; 
protein interactions and organisation in networked 
pathways; and the effects of modi9 cation of gene struc-
ture and expression in model organisms. Bioinformatics 
tools identify function through genome comparisons, 
predictions, literature mining and modelling, while inte-
gration enables interpretation and understanding at the 
whole-cell and organism levels (systems biology). The 
implications of functional genomics research are par-
ticularly important in healthcare, from greater disease 
understanding to predictions, novel therapies and new 
opportunities for industry; in addition there are envi-
ronmental implications, while ethical and legal issues 
are of increasing public interest and concern. These 
different aspects de9 ne speci9 c areas of focus for the 
programme. Building on the success of the Integrated 
Approaches programme, the Frontiers programme 
takes functional genomics a stage further into systems 
biology and explores key areas of its applications, par-
ticularly in biomedicine.

Programme Areas

Figure 3: Staining with llama single chain anti-muscle actin A1 
© Silvere van der Maarel

Figure 2: Areas of Functional Genomics
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•  epigenetics and epigenomics describe heritable 
chromatin and DNA modi9 cations that alter gene 
expression without altering the DNA sequence. The 
study of epigenomics will greatly expand the under-
standing of gene regulation and disease, especially 
in oncology; 

•  neurogenomics, which is leading to the assembly of 
gene expression and function maps in the brain and 
relating them to neurological disease;

•  metabolomics, in which comprehensive knowledge 
of metabolic pathways has applications in biomarker 
discovery and toxicology; 

•  pharmacogenomics examines the inE uence of 
genetic variation on drug response and has enormous 
implications for personalised medical interventions.

Other emerging biomedical topics are stem cell 
genomics and cardiogenomics. In addition, population 
genomics and epidemiology are a particular European 
strength which will continue to be an important part of 
identifying disease genes. Therapeutic as well as eco-
nomic bene9 ts accrue through the biotechnology and 
pharmaceutical industries, which use the new methods 
and knowledge to identify novel drug targets.

Genomic analysis also leads to increased appre-
ciation and understanding of the diversity of the 
environment. The programme will explore means of 
strengthening efforts to apply post-genomics technolo-
gies (e.g. metagenomics) to improving understanding 
of natural ecosystems and to exploit their capabilities 
to degrade xenobiotic chemicals and other pollutant 
products of human activities.

Finally, we propose to take into account the interface 
between advances in functional genomics research 
and society. Biobanks and populations are now major 
resources for genome research; the use of both sources 
has raised signi9 cant ethical and legal questions. The 
programme will aid the understanding of risks and pro-
mote discussion of the ethical and legal issues to be 
confronted through public and governmental debate.

Figure 4: An antibody microarray upon incubation with a labelled 
sample of serum proteins from a single patient © Joerg Hoheisel

Frontiers of Functional Genomics encourages collabo-
ration and interaction through a series of small- and 
medium-scale workshops. Following on from two very 
successful conferences, the third biennial Functional 
Genomics and Disease conference is being held 
in 2008 (Innsbruck, Austria) and again in 2010. Train-
ing courses help to train a new generation of young 
researchers and technicians in emerging technologies. 
Bursaries are available through science meeting organ-
isers to facilitate the attendance of young scientists. 
Exchange grants promote mobility of researchers 
between laboratories in different European counties 
and hence contribute both to training and to advancing 
basic research projects. Programme information is dis-
seminated through the website where there is also an 
opportunity to sign up to an email information service. 
These instruments provide opportunities for com-
munication and outreach, dissemination of research 
information and data, and training. The programme 
also actively interacts with other international organisa-
tions and initiatives, particularly the increasing range 
of EC Framework projects and networks related to the 
genomics area.

Funding Opportunities There are usually two calls 
for proposals for both science meetings and short visit 
and exchange grants per year with deadlines in spring 
and autumn. To apply for these funds and for further 
information please go to the programme website: www.
functionalgenomics.org.uk.

Activities

Figure 5: image from the GNOM project 
© www.moebio.com/santiago/gnom/
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