Functional genomics has emerged as a new and rapidly
evolving scientific discipline dedicated to studying the
functions of genes. With the complete sequencing of the
genomes of an increasing number of organisms (bacteria, fungi, plants and animals), culminating in 2001
with the full sequence of the human genome, research
priority has shifted from the identification of genes to
the elucidation of their functions. The ultimate goal of
functional genomics is the improved understanding of
cell organisation at different levels, from individual
genes to groups of biomolecules and complete
genomes.

Integrated Approaches for Functional
Genomics
High throughput technologies are a hallmark of functional genomics experimentation, with their capacity for
collecting data on a genome-wide scale. DNA
microarrays (‘DNA chips’), where many thousands of
genes are spotted onto an area no bigger than a microscope slide, allow researchers to sample thousands of
genes in parallel for expression analysis in health and
disease. Similarly, developments in proteomics, the
protein complement of a cell or organism, are yielding
information on the expression of proteins in different
developmental stages, cell types or disease states, as
well as on the complex protein interactions which underlie
cellular functions. Knocking out individual genes in
cells and organisms, and observation of resulting
phenotypes, provide a direct insight into physiological
function. Structural genomics, the determination of
protein structure by physical methods such as X-ray
crystallography or by computational prediction and
modelling programmes, reveals functional roles by
comparison with proteins of known structure and function.
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These types of experiment create massive amounts of
information which require efficient data management
processes. Bioinformatics, the application of computers
to biological data analysis, has become an integral part
of almost all projects within genome research. Data
acquisition, data analysis and databases to store and
search for data are the main areas where informatics
supports researchers.

The European Science
Foundation acts
as a catalyst
for the development
of science by bringing
together leading scientists

implement pan-European

By making available resources to foster collaborations
between laboratories and for regular meetings and
training, this programme aims to enhance the develop-

initiatives.

ment of functional genomics in Europe.

and funding agencies
to debate, plan and

1

interpretation of genome function. This is
the challenge for the post-genomic
period which we are now entering and is
the area known as functional genomics.
Functional genomics employs major
innovative technologies for genome-wide
analysis supported by information
technology. These activities depend both
on experimental and computational
methods. While high throughput
experimental technologies generate data
on gene expression, protein structure and
protein interactions, powerful informatics
systems are required for the efficient
management of experimental data,
integration of information that is
distributed in heterogeneous sources and
establishment of ‘computer assisted
experimental strategies’.

Scientific background
The publication of the human genome
sequence in February 2001 was hailed as
a major step forward in human knowledge
and the fight against disease.
Simultaneously, the genomes of an everincreasing number of organisms have been
sequenced, with plants, bacteria, fungi,
and animals all yielding their sequence
information as a result of major international collaborations and cooperation.
However, despite all the attention such
revelations receive, the availability of the
DNA sequences is only the first step in a
complex process of discovery. It is the
understanding of gene function and the
subsequent application of this new
information that will ultimately yield
benefits. Consequently, a shift of emphasis
is now occurring from genome mapping
and sequencing to determination and

Developments in large-scale, highthroughput technologies and robotics
now allow researchers to simultaneously
profile vast numbers of different genes or
proteins in parallel. These technologies,
which include DNA and protein
microarrays (chips), large scale
2-dimensional gel electrophoresis and
mass spectrometry (proteomics), are
further keys to unravelling gene function.
It is possible to observe the expression of
many genes or proteins under a single
situation, such as a developmental stage,
in a particular cell type or in a certain
disease state. Profiles can also be
compared against a changing status, such
a disease or development. By building up
these pictures and comparing them with
data held in many laboratories, functional
information on particular genes and
proteins can be deduced.
What creates the complexity of an
organism? The primary DNA sequence
certainly holds an important part of the
basic information, but the assembly and
fine-tuning depends on how different
proteins are modified and interact in
manifold permutations. The complexity
of the genome is more than matched by
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showing up
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regulation of
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developed to support genomics activities
and are routinely used in structure and
function prediction. Functional genomics
data open up new possibilities and
challenges for bioinformaticians involved
in the development of methods to address
questions related to genome comparison,
networks of protein interactions in cells
and networks of coordinated expression
in the transcriptome or proteome. As data
accumulate, modelling and simulation of
biological processes, from isolated
biochemical pathways to the complete
cell factory, are becoming possible and
may well become the central focus of
bioinformatics; relevant models and
systems will need to be developed.

that of the proteins it encodes; the proteome
probably exceeds the genome by an order
of magnitude in size, given alternative
splicings of many genes and the posttranslational changes by which proteins
are modified. Molecular interactions are
critical to most biological processes.
Protein-protein interactions are being
analysed in order to generate macromolecular interaction maps, e.g. knowledge of
the yeast genome has enabled the systematic analysis of interactions for all 6,000
proteins.

Despite all the progress being made,
there are a number of perceived
deficiencies and bottlenecks which
currently affect functional genomics
research. One is the lack of a structure or
organisation which would enable scientists
working in the same and different fields
to exchange information about their
technologies. Such communication is
particularly crucial in view of the speed
with which these fields are moving and
the multidisciplinary nature of many of
the technologies. Another major need
which affects many of the methods is for
appropriate benchmarking and standardisation, to enable valid exchange of
experimental data and comparison of
results and reduce the considerable ‘noise’
currently existing in the presentation of
experimental information. A third problem
is a lack of software tools for data handling
and of a widely accepted suite of analysis
methods integrated into a coherent system
for prediction of protein structure and
function. Fourthly, there is an increasing
problem of insufficient or erroneous
functional assignment in sequence
databases; part of the error propagation is
caused by the lack of traceability of results.
This programme seeks to put into place
the necessary organisation to enable these
problems to be tackled at a European level.

Protein structure and function are inseparably connected. It follows that being able
to determine or predict interactions and to
model structures will illuminate protein
functions. Major programmes of structure determination for all representatives of
protein folds and families, by high throughput protein expression, crystallisation
and X-ray crystallography, are under way
in various centres.
Powerful informatics systems have been
developed to manage the large quantities
of experimental data and integrate this
information. The massive amount of data
generated on gene expression, protein
structure, protein interactions and structure
has been closely mirrored and facilitated
by computer programs designed to
organise and access it. Many in silico
methods and programs have been
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2D electrophoresis gel
showing about 10.000
different proteins expressed
in a single cell.
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total number of interacting
proteins in the cell.
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The vast amount of textual
information about biological
systems stored as plain text
abstracts of publications can
only be handled with new
bioinformatics platforms.
Each box contains a possible
protein name or chemical
compound, the lines indicate
different types of interactions.
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cal’ and ‘horizontal’ scientific areas that
will be used to structure the organisation
of cooperation at the European level.
Vertical areas correspond to specific
technological or scientific fields, while
horizontal areas correspond to
requirements common to several vertical
areas. The vertical organisation is intended
to foster collaborations in the development
of parallel techniques, including
individual technologies of expression
profiling, proteomics and mutation
analysis, in order to facilitate exchange
and communication within particular fields.
At the same time, the horizontal organisation is required to integrate functional
and expression data from different
sources with databases and literature
information through bioinformatics tools
of universal application.

The objectives of the programme are to
facilitate exchange of information,
integrate scientific approaches and
facilitate collaboration within Europe.
Programme activities and resources are
interdisciplinary, in order to disseminate
the range of expertise available in
Europe and result in the rational use of
available resources. The programme will
act as an incubator from which new
collaborative projects will emerge that
can later be proposed for public funding
at either national or European level.
Programme activities will include
workshops, training courses and
conferences. The Programme will also
offer a number of exchange grants.
The programme is coordinated by a
Steering Committee composed of one
representative from each participating
country.

The vertical areas are:
V1. Analysis of phenotypic
changes resulting from
mutagenesis and gene disruption

Aims and objectives

Mutation and gene disruption are
powerful tools for investigating gene
function and for identifying novel genes
without prior knowledge of homology in
other systems. Screening for phenotypes
of interest leads to discovery of new
genes, some of the mutations becoming

Functional genomics is such a broadly
encompassing term, that a structure was
required for the programme, that
included the major technologies involved
and provided a means of linking these
together and addressing common issues.
The programme identified a set of ‘verti4

output files, facilitating comparison of
information produced in different
centres.

models for human genetic diseases.
Model organisms include the mouse
(Mus musculus), thalecress (Arabidopsis
thaliana), yeast (Saccharomyces
cerevisiae), fruit fly (Drosophila
melanogaster), nematode (C. elegans)
and bacteria such as Pseudomonas spp. A
significant priority is to develop novel
screens for recovering mutants, in parallel
with expression profiling and proteomics
to further define new phenotypes. The
programme will bring together researchers
working with different organisms to
share ideas and technologies.

V3. Proteomics: protein
identification, characterisation,
expression and interactions

The proteome is the entire complement
of proteins expressed in a cell or an
organism. Proteomics includes the
identification of proteins in biological
tissues, the characterisation of their
physicochemical properties (complete
sequence, post-translational modifications), and the description of their
behaviour (function, expression level).
Proteomics involves many different
methodologies, databases and
bioinformatics tools, and is closely
linked to developments in genome
sequencing projects, microarray
technology and expression profiling.
While these provide complementary
information, it is unusual for them all to
be concentrated in a single laboratory.
The programme will encourage linkages
between proteomics groups and those
with expertise in other technologies and
bioinformatics through workshops and
the interactive website.

V2. DNA arrays and chips in
expression profiling and
mutation detection

DNA microarray or ‘chip’ technology, in
which very large numbers of cDNA
species or oligonucleotides are gridded
for hybridisation to target DNA
molecules, is advancing rapidly. Parallel
expression analysis of many thousands of
genes can be achieved. In expression
profiling, DNA microarrays provide a
global, high throughput approach to
discovering which genes are expressed at
a detectable level, where are they
expressed, and which are over- or underexpressed in a given developmental
stage, following environmental alteration
or in disease. The use of different array
systems has created a particular need for
comparison of results and benchmarking
between different laboratories.

V4. Structural genomics: protein
structure determination, classification, modelling and docking

Structural genomics is the assignment of
3-dimensional structures to proteomes
and the investigation of their biological
implications. Protein structure is an
important indicator of function,
particularly where the structure of a new
protein is homologous to one already
known. Two levels of assignment are
employed in structural genomics, one
being experimental large-scale
determination of protein structures using
X-ray crystallography, and the other,
computational structure prediction
through detection of homologies with
proteins of known structure. With
numerous genome sequences already

The other key application of DNA array
technology is in screening for
polymorphisms and mutations, a major
aim being the large-scale detection of
DNA sequence variation amongst
individuals. Characterisation of single
nucleotide polymorphisms (SNPs) is
important for the discovery of variations
that affect biological function. This
programme will aim to promote European
integration by setting up a network of
relevant laboratories, with establishment
of appropriate standards for assays and
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available, it is becoming increasingly
likely that a family to which a new
protein belongs is represented already in
the databases. Collaborative developments
in structural genomics to be included in
the programme are closely linked to
those in bioinformatics tools and
databases.

algorithms are comparable and well
defined. Currently there is a serious
problem of heterogeneity of
experimental approaches and of the data
generated and a detrimental lack of
traceability of information. Hence
information tools are needed which will
register the source and the quality of data
and increase homogeneity, to ensure that
data from different laboratories match
each other, use the same nomenclature
and are expressed in the same way.

V5. In silico methods for the
description of cellular systems
by data and literature mining,
predictions and simulations

Many computing methods and programs
have been developed to support
genomics activities and are routinely
used in sequencing projects for
sequence assembly, identification of
coding and regulatory regions, homology
searches, protein domain identification,
and structure and function prediction.
The improvement of these methods must
be supported to achieve better accuracy
and increased throughput and to include
annotation information derived from
experimental sources or directly from the
literature. As data accumulate, modelling
and simulation of biological processes,
from isolated biochemical pathways to
the complete cell factory, are becoming
possible and may well become the central
focus of bioinformatics. For this, relevant
models and systems will need to be
developed.

H2. Data management: data-bases,
interfaces and ontologies

Bioinformatics has become an integral
part of almost all projects within genome
research. Only a few sophisticated tools
have been developed so far for the
complex data arising from expression
profiling studies. Several European
databases are under development, the
main one being at the European
Bionformatics Institute (Cambridge) and
another at the Max Planck Institute for
Molecular Genetics (Berlin). Furthermore,
no major database exists to deal with the
large amounts of experimental data from
different functional genomics projects
although a number of specialised
databases for certain expression data
have been developed. Despite several
attempts around the world to build
databases specifically for the management of biomolecular interactions, no
standard has yet emerged. The programme will aim to support efforts to
achieve a common subset of ontologies,
classes and structures that are best able
to store and represent the experiments
and resulting data in the areas involved.

The horizontal areas are:
H1. Standardisation,
benchmarking and comparison
of different experimental
systems

Standardisation and benchmarking in
functional genomics are required at both
the biological and informatics levels. It is
important that researchers be able to
combine their efforts by relating
experimental results produced in one
laboratory with those made in others.
However, this is only feasible if the
experimental procedures, the source
materials used and the analysis

H3. Combination and
integration of functional
genomics data to derive new
biological knowledge

In order to go beyond the information
acquired by individual functional
genomics technologies, new biological
knowledge will be derived by the
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combination and integration of the
different types of data produced in
laboratories, extracted from the scientific
literature and available in the databases.
The first requirement for the
experimentalist is to link his own results
to external sources in order to better
interpret and exploit them. Linking local
data to external sources of information
requires either direct references, such as
cross reference in sequence databases, or
computer supported methods, such as
programs for homology searches,
literature extraction or genome
comparison. The programme proposes
the development of integrative platforms
(concepts and software tools) able to
expand and increase knowledge
accumulated in the individual fields.

Actin is the most abundant protein in most animal cells.
© J.E. Celis
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Czech Republic; Statens
Naturvidenskabelige Forskningsråd,
Denmark; Statens Sundhedsvidenskabelige Forskningsråd, Denmark;
Estonian Science Foundation, Estonia;
Suomen Akatemia/Finlands Akademi,
Finland; Centre National de la Recherche
Scientifique, France; Institut National de
la Santé et de la Recherche Médicale,
France; Deutsche Forschungs-
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