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European Molecular Biology Laboratory

A. Executive Summary

As the European Molecular Biology Laboratory (EMBL) enters its fourth
decade, and in preparation for the search for its next Director General, EMBL
Council has mandated the Laboratory to organise a Strategic Forward Look
(SFL). This will consist of consideration ofwhy the Laboratory was set up, what
its missions are, and whether they are still appropriate for the period under dis-
cussion (2006-2015). There will be an examination of the current position of
the Laboratory in relation to these missions and an analysis of the objectives of
the Laboratory in the coming decade. The SFL encompasses discussion of both
scientific and administrative planning for the Laboratory. The SFL is a strategy
paper designed to provide information to, and garner feedback from, the
Member States and the scientific community. It is not, nor is it directly coupled
to, a request to the Member States for funding.

I. The Missions of EMBL
EMBL is a large-scale project for Europe. It was set up in order to promote
molecular biology across Europe, and to provide an attractive alternative to the
United States as a workplace for Europe's leading young molecular biologists.
To accomplish this, EMBL has pursued four major missions which should be
re-confirmed as part of the SFL:

a) To be a flagship laboratory for basic, investigator-driven research in molec-
ular biology.

b) To develop and help disseminate cutting edge technologies and instrumen-
tation for molecular biology.

c) To provide facilities and services for the scientific community.

d) To provide advanced training to individual scientists at all levels, from PhD
students to independent investigators.

From the beginning, it was therefore foreseen that EMBL would need to devel-
op both critical mass and excellence in many facets of molecular biology. Once
these goals were achieved, the Laboratory was intended to develop a philosophy
of looking outward into the scientific community and to share widely its
knowledge and expertise, to the benefit of molecular biology in all its Member
States.
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2. How EMBL Delivers on its Mission
a) Basic Research

It is inappropriate to provide a detailed account of EMBLS research achieve-
ments at this stage in the SFL document; this will come in later sections.
However, two critical points need to be made in this summary.

I. EMBL has always subjected itself to external scientific review. Its Units are
evaluated every four years by external experts convened by the standing
Scientific Advisory Committee (SAC). SAC oversees EMBLS scientific
development, giving advice to the Laboratory and to EMBL Council. These
external reviews have consistently and strongly praised the overall quality of
research at EMBL. Objective measures of scientific innovation, perform-
ance and impact are notoriously difficult, and scientists tend to rely instead
on peer assessment and lists of achievements (such as those provided in
Appendix Lb.). Nevertheless, bibliometric analysis does provide a widely
used basis for assessing institutional performance. Such studies, carried out
over the last decade or so, have underlined that EMBL occupies a leading
place among Europe's scientific institutions. The most recent, carried out by
the Institute for Scientific Information (lSI), rated the impact of scientific
publication from research institutes and universities from all over the world
in the Life Sciences over the last 10 years (1992-2002). EMBL performed
better than any other European institution (in fact better than any other
non-US institution). In parenthesis, a worrying trend highlighted by such
studies is the steady decline in the relative performance ofEuropean science.
Only two of the top twenty institutions in the lSI survey were European,
whereas a similar survey carried out by Science magazine 11 years ago
showed 5 European institutions in the international top ten. The period
lying between the surveys coincides with the enormous widening in the gap
between spending on basic research in the US and in Europe (as a percent-
age of CDP), and the change in comparative performance is a predictable
consequence of this difference in science funding policy.

II. In the first decades of EMBL, molecular biology was a reductionist science
consisting ofmany sub-disciplines. Today, in the post-genomic era, we need
to study and understand biological phenomena and systems in their full
complexity, in terms of the sequence and functions of the genomes of
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organisms. This is an enormously ambitious task that necessitates the inte-
gration of all the sub-disciplines of biology as well as the acquisition of
expertise from chemistry, physics, mathematics and computer science.
Through its past and current Scientific Programmes, EMBL has developed
an integrative, interdisciplinary structure that is ideally suited to tackle the
challenge that lies ahead for the Life Sciences: understanding complex bio-
logical systems. More detailed information on this is to be found in later
sections of the SFL.

b) Technology and Instrumentation

Instrument and technology development have a long history at EMBL. Some
of the first experiments carried out in the Laboratory involved the adaptation
of radiation from a synchrotron source for use with biological material. Today,
virtually all X-ray crystallography utilises synchrotron radiation. Other areas of
instrument development have included DNA sequencing, cell fractionation,
light and electron microscopy methods, mass spectrometry of proteins, X-ray
imaging plates, synchrotron beam-lines and automated cell microinjectors. An
area of prolific current activity is in the development of software and databases
for the life sciences. These and other examples will be expanded upon in the
body of the SFL.

EMBLs activities in both basic research and technology development poten-
tially give rise to intellectual property. This potential is realised and developed
in a pro-active way via EMBL Enterprise Management (EMBLEM), a technol-
ogy transfer company wholly owned by EMBL. EMBLEM's activities have
resulted in the formation of several EMBL spin-out companies and a sizeable
intellectual property portfolio.

c) Facilities and Services

The most widely used services provided by EMBL are the various biological
databases constructed, organised and run by its Hinxton Outstation, the
European Bioinformatics Institute. Currently, roughly 100,000 different users
consult these databases each month, seeking information on anything from
DNA sequences, protein structures, gene expression profiles, human genetic
polymorphism or even comparative analyses of entire genomes. Web-based
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services for protein sequence and structure analysis are also provided by the
computational biology groups in Heidelberg. At two of its sites, Hamburg and
Grenoble, EMBL provides access to world-leading sources ofX-ray and neutron
radiation, to hundreds of users from the structural biology community per year.
As technologies allow biologists to follow molecular events inside cells, or even
organisms, in real time, the Advanced Light Microscopy Facility (ALMF) of
EMBL in Heidelberg is the centre of a series of nodes throughout Europe, to
which biologists can come to both learn about and use the most appropriate
current technique to approach their specific experimental problem. Other,
smaller facilities include those devoted to mass spectrometry, microarray tech-
nologies, DNA sequencing and protein production.

d) Teaching and Training

EMBL is a unique international training centre. Like other top-quality research
institutions, it provides a considerable number of PhD and postdoctoral fellows
with training of the highest standard. Roughly fifty fellows in each category
leave EMBL per year for other academic and industrial research centres or uni-
versities. However, EMBLS unique structure and mission ensure that its train-
ing activities do not stop there. The turnover system at EMBL, where the vast
majority of staf£ including research group leaders, receives contracts for a max-
imum of nine years, ensures that roughly a dozen highly trained, international-
ly respected research leaders leave EMBL each year. The vast majority of them
move to senior research positions in the Member States, where they help
strengthen and internationalise the national research programmes. This unique
human capital pipeline is considered by many to be the most valuable contribu-
tion made by EMBL to the European scientific community. The turnover sys-
tem also benefits the Laboratory, since it provides the opportunity to rapidly
embrace new challenges by recruiting group leaders with the desired expertise.

In addition to these intramural teaching and training activities, EMBL, often
in collaboration with its sister organisation EMBO, organises multiple training
courses, workshops and symposia every year. No other European research cen-
tre is as involved in such activities. Although the majority of these events are
aimed at life scientists, a significant and growing fraction have a wider audience.
Courses for schoolchildren or for teachers, seminars and meetings on Science
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and Society and a broad informational outreach complement EMBLs extramu-
ral teaching activities in the purely scientific arena.

3. The Future of European Molecular Biology,
and EMBL's place in it

In the period under discussion, 2006-2015, European molecular biology will
face three major challenges. The first, the scientific challenge, is not Europe-
specific. As will be described in detail later, the life sciences are moving into a
phase where reductionist studies will be complemented by integrative systems
biology. This will require a commitment to interdisciplinary collaborative
research and critical mass in a variety of disciplines. Over the last decade,
EMBL has been preparing itself for this challenge and is well positioned to meet
it. It is recognised for excellence in structural biology, biochemistry, develop-
mental biology, cell biology, computational biology and instrumentation. In its
current scientific programme it is gathering comparable strength in genomics
approaches. Integration of these disciplines to address Systems Biology will be
the hallmark of the 2006-2015 period. Systems Analysis sits at the intersection
of EMBLs current strengths in experimental and computational biology.
Together with EMBLs collaborative, flexible culture, these strengths provide
the ideal launchpad from which to advance into Systems Biology.

The second challenge is international competition. The last ten years have seen
an enormous increase in spending on basic research in the life sciences in the
US and Japan, Europe's major competitors in this arena. Although a commit-
ment to growth in research and development spending was made by the
Council ofMinisters in their 2002 Barcelona declaration (from 1.9% to 30/0 of
GDP by 2010), the reality is that public spending on research in Europe has
stagnated, and no robust initiatives to change this are in sight. The result is a
new brain drain from Europe to the US in the life sciences. EMBL, with its sci-
entific quality and excitement, attracts some of the best young researchers back
to Europe and, via its turnover system, helps repatriate most of them. This con-
tribution to European Molecular Biology is, unfortunately, likely to become
more necessary than ever in the coming period.
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The third challenge is intra-European. The European Community is set to
expand its membership to 25 countries. It is essential for the well being of the
continent that knowledge-based economies are quickly established in the new
Member States. EMBLs willingness to serve the scientific community will
enable it to play an important role in promoting the life sciences in an expand-
ing Europe, just as it has helped establish bridgeheads of molecular biology
excellence in those of its current Member States whose national research com-
munities were weaker.

By remaining a flagship for European Research in the Life Sciences, EMBL
intends to continue to help its Member States face these three new challenges.
A new instrument, institutional partnerships between EMBL and research cen-
tres in the Member States, will be used to amplify the positive interactions
between EMBL and the external research community, further increasing the
benefits of the Laboratory for Europe.
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B. Introduction

I.The Purpose and Process of the SFL

The European Molecular Biology Laboratory was established in 1974 as an
international legal entity. As it approaches its 30th anniversary, it also faces a
transition in its leadership; the fourth Director General is due to be recruited
and take office on 1 May 2005. This is an appropriate time for a strategic for-
ward look. The SFL has been commissioned by the governing Council of
EMBL, representing the Member States, to be conducted in the period
December 2002 - November 2003. The intention is to outline the directions
in which the Laboratory's activities should develop in the next ten years, and
the associated resource implications. Thus, this exercise resembles but is distinct
from the normal cycle of quinquennial, detailed Scientific Programmes and
accompanying financial Indicative Schemes, which the Director General pre-
pares in consultation with the Member States and the Scientific Advisory
Committee (SAC), and then proposes for adoption by the Council. The differ-
ences are:

• The SFL document will be prepared under the supervision of a committee
that includes the leadership of the EMBL, the Council, the Finance
Committee, the SAC, as well as the Chairs of the European Molecular
Biology Organisation (EMBO) and Conference (EMBC). The document
was prepared in first draft by the Director General and the Scientific
Director of the Laboratory and is being developed further, under the guid-
ance of the SFL Committee. The process will also entail extensive consulta-
tion with the organisations of the Member States responsible for EMBL, as
well as leading members of the scientific community in Europe and abroad.

• The early drafts focused primarily on the programmatic aspects and were
favourably discussed by SAC and the Council in June 2003; the final draft
will integrate the programmatic, organisational and financial aspects, and
will be presented for adoption by the Council in November 2003.

• The SFL document will include a strategic outline but not a detailed plan.

• It will aid the search committee to identify and recruit the most appropri-
ate person as the next Director General, and will allow that person to eval-
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uate the offer knowing the broad directions towards which the member
states will wish the EMBL to evolve, and the resources likely to be made
available. Within this broad framework, the SFL should not curtail the flex-
ibility or authority of the new Director General.

• The next quinquennial Scientific Programme and Indicative Scheme will be
the responsibility of the next Director General.

2. Scientific Developments and Choices for EMBL

No single institution can cover (or ought to attempt to cover) the whole
breadth of modern biology. A focus on suitable domains of activity is also an
imperative for EMBL, despite its Europe-wide mission to promote "molecular
biology" (which today can only mean the molecular life sciences). The strategic
forward look is an opportunity to consider all reasonable options. It is appro-
priate to do so in the light of the mission, the history and the current status of
EMBL. Valuable and well-functioning research institutions must continue to
evolve, without abandoning their successful profile, for they are propelled for-
ward by their past and present: by the achievements, reputation and scientific
culture that they have achieved over time, as well as their evolving scientific
community, leadership and resources. Therefore, the SFL will consider both the
history and current features of EMBL, and the Laboratory's vision of the com-
ing scientific developments. The following paragraphs provide an introductory
synopsis of this vision and relate it to the features of EMBL.

3. Synopsis of EMBL's Vision for the Future

The current cutting edge in biology is functional genomics. With genome
sequences available, the powerful discovery tools of high-throughput ("omics")
science must now be fully integrated with reductionist experimental biology:
structural, molecular, cellular, developmental and beyond. This integration is
an absolute prerequisite in the effort to understand how complex biological sys-
tems function.

Genomics and functional genomics are giving biology the lists of components
in the cellular machinery, and are assigning the components to particular
machines. What lies ahead is to fully comprehend how the machines operate
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and interact with one another within the integrated assembly lines of the cell.
This is a task for Systems Biology, the new revolution that is already taking
shape. It aims at complete understanding of living systems across the multiple
levels of biological organisation, from the molecule to the cell and from there
to the organism. In doing so, it is moving modern biology beyond its reduc-
tionist roots towards integrative biology; toward a new physiology anchored in
molecular-level understanding; and towards a convergence with medicine. In
this phase, the boundaries between the fields of life sciences are dissolving.
Biology is becoming highly interdisciplinary. It is moving toward a quantitative,
rigorous understanding of complex systems. To do so, it must integrate bioin-
formatics, computational biology and theory with experimental biology. The
use of tractable model systems will facilitate the effort, but many of the insights
gained will be shared across organisms, all the way to humans, because of the
unity of life through evolution. In this phase, even more than in the past, flex-
ible, multidisciplinary institutions with critical mass and with the ability to
both pioneer and efficiently implement new ways of operating will be essential.

EMBL, Europe's intergovernmental laboratory of the molecular life sciences, is
a major, multi-site facility dedicated to the development of molecular biology
in Europe. It is well suited to address the major new challenge of Systems
Biology, building on traditional strengths in the biology of model organisms,
from the molecular to the organismic level and in computational biology. It will
capitalise on its flexibility, its youthfulness, its interactiveness across disciplines
and its distinctive scientific culture: a culture that blends ambition, insistence
on excellence, cooperation and openness. As in the past, EMBL will be exten-
sively integrated with the scientific communities of the member states, through
its stellar training programmes and alumni, but also through the new initiative
for interinstitutional partnerships. This will allow the member states to share in
the benefits of this exciting new phase of EMBLs science, justifying the invest-
ments that will be required.
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c. EMBL:A Brief Summary
EMBL is an unusual and complex institution, best understood by those with
first-hand experience. The SFL document is addressed to a diverse audience,
ranging from those who have worked in or helped supervise the Laboratory in
the past, to those who only know it by reputation or from the scientific litera-
ture. Therefore, a section on the history and current features of EMBL is an
essential component of this document. For conciseness, a summary is included
here. A fuller treatment is presented in Appendix 1.
EMBL is currently supported by 17 member states, including 14 members of
the European Union plus Switzerland, Norway and Israel. Its Units are located
in the central laboratory in Heidelberg and at four branches (Outstations): in
Hinxton (the European Bioinformatics Institute, EBI), in Monterotondo (the
Mouse Biology Unit), in Grenoble (a Structural Biology Unit associated with
the ESRF synchrotron and the ILL neutron facilities) and in Hamburg (also a
Structural Biology Unit associated with the DESY synchrotron). EMBL as a
whole employs 1000 people, ofwhom almost 70% (including five Programmes
or Research Units, a central administration and support personnel) are in
Heidelberg, and the rest in the Outstations. The current Research Units in
Heidelberg are Structural and Computational Biology; Gene Expression; Cell
Biology and Biophysics; Developmental Biology and Biochemical
Instrumentation.

The four central missions of the institution are basic research; development of
enabling technologies and instruments; provision of facilities and services for
the broader scientific community; and both intra- and extramural advanced
training. These core functions are combined with significant outreach activities.
These include a proactive programme of Technology Transfer, a Science and
Society Programme and the diverse activities of an Office of Information and
Public Mfairs (OIPA). Finally, the current Scientific Programme of EMBL,
approved by the member states, envisages the involvement of EMBL in a net-
work of substantive inter-institutional partnerships. The first major example is
the recently established "Partnership for Structural Biology" (PSB) in Grenoble
that links the Grenoble Outstation with two international facilities, ESRF and
ILL, and a French national institution (Institut de Biologie Structurale).
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Additional collaborative agreements of this nature are being discussed current-
ly.

For the first two decades of its existence, EMBL consisted of the interdiscipli-
nary headquarters laboratory in Heidelberg, and two relatively small structural
biology Outstations in Hamburg and Grenoble. It was well endowed to pursue
its four-fold mission. This phase established an enormously successful research
and training institution, open to visiting scientists whom it supported by train-
ing and access to facilities. The institution became known as the home of a dis-
tinctive scientific community: youthful, highly international, vibrant, with crit-
ical mass, highest standards and world-class research achievements. Amongst
the early scientific landmarks were the elucidation of genetic hierarchies under-
lying embryonic development in Drosophila, utilisation of X-rays from syn-
chrotrons for structural biology, invention of vitrification techniques for cryo-
electron microscopy, the introduction of bioinformatics and databases in
Europe and the emergence of an influential school of molecular cell biology.
Success was based on recruiting highly talented young scientists and giving
them support, complete independence, and a stimulating collaborative envi-
ronment. Moreover, a turnover system based on time-limited appointments
became a defining feature; it ensured that these scientists, after they succeeded
at EMBL, moved on to the national systems. The consequences were an unusu-
al degree of flexibility for EMBL, but also dissemination of EMBLS expertise
and its successful scientific culture and organisational model: through the
mobility of the alumni as well as by direct emulation by other institutions.
These are abiding features of EMBL, and continue to generate benefits to the
member states that are at least as important as its research results and direct
serVIces.

In a second phase, during the 1990's, EMBL deliberately deepened its integra-
tion with the dispersed national research systems. This was achieved by the cre-
ation of two new Outstations for bioinformatics (Hinxton, in 1993) and mouse
biology (Monterotondo, in 1998); by a strong emphasis on service provision
through essential bioinformatics resources; and by a substantial increase in
advanced training through an enhanced visitors programme and a major, excep-
tionally successful, International PhD Programme. This was a decade of
tremendous growth and change in the molecular life sciences. However, in
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common with institutions in many parts of Europe, the Laboratory was initial-
ly faced with almost stagnant resources. Nevertheless, it managed to attain these
ambitious programmatic goals, simultaneously consolidated and reoriented its
research activities to address the new scientific opportunities and challenges,
and continued to build an outstanding scientific record, both in basic research
and in enabling technologies (e.g. RNA metabolism and RNP assembly and
maturation; lipid/protein rafts in membranes; protein sequencing using nano-
electrospray mass spectrometry; development of software for analysis of biolog-
ical problems). External funding from multiple sources and EMBLS institu-
tional flexibility proved essential for the success of the institution during this
difficult period. Timely initiatives were required to build up bioinformatics and
computational aspects of biology, as well as emphasise functional genomics and
experimental biology at the level of the organism. These were started but not
on the desired scale, because of a gap in resources. These initiatives were essen-
tial for EMBL to remain an important player in modern biology, from the
molecular to the organismic level. Therefore, priority was placed on establish-
ing the two new Outstations and a Developmental Biology Programme. The
unfortunate side effect was that other successful and necessary Programmes suf-
fered painful cuts, especially in Heidelberg.

A third vigorous phase was initiated with the adoption of a new Scientific
Programme in 2000, and the simultaneous provision of essential new resources.
EMBL capitalised on this opportunity rapidly, with an integrated focus on
functional genomics that involves all sites of the Laboratory. As part of this ini-
tiative the structural biology Outstations were reinforced and have assumed-'
leading roles in European structural genomics programmes. The establishment
of the inter-institutional partnership in Grenoble (PSB) marks a successful
beginning of a partnership programme that the EMBL leadership had con-
ceived ten years ago, aiming to complement the success of the Laboratory itself
with the success of a broad network of associated laboratories to which EMBL
contributes the appropriate elements of its expertise. It became possible to
recruit new directors for EBI and Monterotondo and to promote bioinformat-
ics and mouse biology research, respectively. The service programme of the EBI
came to fruition, with reinforced and new biomolecular information resources,
which are vital for the life scientist community in both academia and industry.
Core facilities of a new generation (genomic, proteomic, advanced microscopy)
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are operative in Heidelberg, supporting cutting edge research from the molec-
ular to the organismic level of organisation. This research integrates new high-
throughput methodologies with EMBLS traditional strengths in computation-
al, molecular, cellular and developmental biology. The new methods have sub-
stantially raised the cost of research, pushing against the available resources.
However, the dynamism of the Laboratory has enabled it to renew and reorient
itself into a position from which it can look forward to the challenges of the
next decade.

14



Strategic Forward Look 2006-2015

D. The Life Sciences:
Recent Past and the Next Decade

I. The Successive Revolutions of Modern Biology

In the last 50 years, the Life Sciences have moved to the frontier of the exact
sciences, thanks to molecular biology. Three successive (and overlapping) revo-
lutions have brought us close to a fundamental understanding of the complex
phenomena of life. This is an objective at least as interesting as understanding
the ultimate makeup of inanimate matter, or the grand-scale organisation of the
cosmos. Understanding life is also related to a profound, ongoing revolution in
technology: in medicine, in agriculture, and in industrial production.

The first revolution of modern biology, classical molecular biology, is conven-
tionally dated from 1953 but was based on robust earlier foundations: bio-
chemistry and structural biology, both of which established the importance of
molecular recognition, and genetics which provided a formal framework for
describing the phenomena of heredity. The understanding of the structure of
DNA and its correlates ushered in a new, informational and decidedly reduc-
tionist view of Biology. Until the early 1970's, attention was focussed primari-
lyon understanding the fundamentals of the flow of genetic information, from
DNA to RNA and protein, studying the simplest possible organisms with the
tools of microbial genetics, biochemistry and structural biology. Structural
molecular biologists followed up on the earlier triumphs of biochemistry by
demonstrating that molecular recognition of substrates in the active sites of
enzymes and recognition between macromolecules exhibit exquisite stere-
ospecificity, which can be traced ultimately to the linear sequence of DNA in
the genes.

The second revolution, classical eukaryotic molecular biology, took centre stage
in the '70s and '80s. It was propelled by the development of convenient meth-
ods to isolate, sequence, manipulate and transfer specific DNAs between organ-
isms (recombinant DNA, DNA sequencing, transgenesis); it also relied heavily
on eukaryotic genetics. This second revolution introduced molecular approach-
es to study higher levels of biological complexity (molecular, cell and develop-
mental biology). Increasingly it focussed attention on selected model organ-
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isms: yeast, the plant Arabidopsis thaliana, the worm Caenorhabditis elegans, the
fruitfly Drosophila melanogaster, and the mouse. Aspects of human biology that
could be studied ex vivo (e.g. oncogenic transformation) also came under inten-
sive study.

A third revolution, genomics and functional genomics, is now in full swing; a
fourth, systems biology, is just beginning. These will be discussed in greater
detail in the following sections.

2.The Third Revolution: Genomics and Functional Genomics

This ongoing revolution focuses on the complete description of the genome
(i.e. the total genetic information content) and its implementation in the
organism. It arose in the '80s, closely associated with the development of bioin-
formatics. It gathered steam with high-throughput methods for DNA sequenc-
ing, protein sequencing by mass spectrometry and DNA amplification using
peR. Landmark achievements were the complete description of cell lineages in
C. elegans, the sequencing of whole genomes, the development of new genetic
techniques for convenient and regulated gene manipulation in vivo (such as
gene knockout, conditional gene activation or loss, and most recently RNAi).
A natural sequel was the emergence of "omics" science in recent years: descrip-
tion of the complete protein set in an organism or in specific cell types (pro-
teomics), complete genome expression profiles by microarray analysis (tran-
scriptomics), large-scale protein-protein interaction mapping (interactomics),
phenotypic analysis (phenomics), protein localisation (toponomies), metabolic
analysis (metabolomics), etc. "Gmics" science has created a new style of "dis-
covery-driven" research, generating massive data sets that lead to the subsequent
formulation of new hypotheses and their testing by more classical research
methods. The study of model organisms has become vastly more detailed and
rigorous. Important new organisms (both microbes and higher plants or ani-
mals, including humans) that were previously ill-suited to modern biology have
come under intensive study. It is now often faster to sequence the genome of a
pathogen than to find a way to culture and study it in the laboratory. Probably
the most momentous trend is the ongoing convergence of Biology and
Medicine, highlighted by an approach that is often termed Molecular
Medicine; it connects basic biomedical research with applied research for new
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diagnostics and clinical interventions (including novel pharmaceuticals), and
leads towards the emergence of personalised medicine.

As foreseen by EMBL's Scientific Programme 2001-2005, Functional
Genomics is currently the cutting edge of the Life Sciences. Sequencing
genomes and related high-throughput approaches to molecular description
have become not ends-in-themselves, but powerful discovery tools that now
must be fully integrated with experimental biology.

3. Unification of Biology in the Era of Functional Genomics

The Life Sciences are now undergoing a profound structural transformation.
Historically, they operated as a collection of narrow, even parochial disciplines
guarding well-defined territories. Progressively, and increasingly rapidly, these
internal boundaries are collapsing and Biology is becoming unified from the
molecular to the organismic level, along two axes: across the evolutionary tree
(diversity of life), and across the successive levels of internal organisation (com-
plexity of life). The first unification is based on the central historical fact of life
on earth, its evolutionary continuity, which is becoming ever more obvious at
the molecular level. Evolution is now directly relevant to our understanding of
the functional organisation of genomes, cells and organisms. Gene conservation
in a particular organism, or the lack of conservation, can provide important
clues as to the physiology of the organism.

The second unification is based on our mechanistic conviction, but also accu-
mulating evidence, that the composition of a living system at one level (say the
molecular) can indeed explain its organisation at the next level (say the level of
subcellular structure). In this view of life, properties that govern the organisa-
tion and dynamics of the system at the next level emerge from the nature of the
components of the system at the prior level: from the abundance, localisation,
detailed structure and modifications of the components, their inherent bio-
chemical properties and their interactions. For example, progress is now being
made at EMBL and elsewhere in understanding major switches in the mor-
phology of cells during the progression from interphase to mitosis, in terms of
the molecular properties and compositional changes of the cytoskeletal system.
How the same cytoskeletal components can be used to make entirely different
structures at different times of the cell cycle in a single cell is an example of a
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problem that can only be understood in terms an entire interacting system of
components (see Appendix 11). This is one example of a general pattern: as
explained below, our understanding of the transitions between different levels
of organisation is progressing by a combination of experimental and theoretical
analysis.

In the future perspective, this unification of Biology across multiple levels of
organisation could become as profound as unifying the physical sciences, from
elementary particles to condensed matter physics and chemistry. Even then we
would be far from a complete theory of life: molecular tools have entered the
study of biodiversity, ecology and other supraorganismic domains, but the uni-
fication of these domains with the underlying domains, from the molecule to
the organism, remains an essential task for a more distant future. In a different
dimension, however, Biology is now reaching across its historic outer limits and
is clearly becoming an interdisciplinary science. Obvious examples are bioin-
formatics and chemical biology. Furthermore, new fields of biophysics and bio-
mathematics are developing, in pursuit of novel experimental tools, and rigor-
ously testable biological simulations and models, which are becoming invalu-
able for deepening our understanding of biological systems.

4. The Fourth Revolution: Systems Biology

Through this process, Functional Genomics is giving rise to Systems Biology,
beginning a fourth revolution. This differs from classical molecular biology in
focussing the attempts to understand functioning not on individual genes or
proteins, but on multimolecular "modules" that constitute ever more complex
integrated systems. Some modules are dynamic complexes or machines, which
can either be relatively stable (e.g. the ribosome, the proteasome), or more tran-
sient assemblies (e.g. the spliceosome, or the combinations of transcription fac-
tors on active promoters). Other modules are integrated elements of biochem-
ical pathways (e.g. certain segments of signal transduction cascades). To under-
stand how a module works, we need to have its parts list, but also to know its
intracellular localization and the physicochemical and functional interactions of
its components at different concentrations and different states of modification.
Biology is becoming more rigorous and quantitative, as we begin to take into
account in precise terms the concentrations, the intrinsic activities and the

18



Strategic Forward Look 2006-2015

interactions of the component parts, as well as their "connectivity" (whether
they are positive or negative in function, activators or inhibitors). Furthermore,
modules are increasingly revealed as neither invariant nor isolated. Recent work
(some of it done at EMBL and Cellzome, one of its spin-off companies) empha-
sises that numerous proteins are dynamic, being either transiently or more sta-
bly associated with several distinct protein complexes. Ever more complex sys-
tems are beginning to yield integrated understanding e.g. the transition of cells
from interphase to mitosis, the pattern formation system of the embryo, the
formation of morphogenetically very specific and functionally distinct organs,
such as the leaves and roots in a plant, or the heart and brain of a human. In
sum, Systems Biology represents a profound transition, away from"one gene -
one function" thinking towards viewing living systems as based on integrated
molecular complexes or modules which are dynamically modified and interact,
resulting in the properties of the system as a whole. The challenge now is to
understand such modules quantitatively and in terms of the principles of con-
trol theory and of their evolution.

Far from being descriptive, this new view of life is predictive in emphasis. It
requires quantitative studies, integration of information, computational
approaches (modelling and simulation) as well as broad programmes of tech-
nologically complex experimentation, much of it in the reductionist mode of
molecular biology. It demands close collaboration between scientists, and a
combination of approaches: experimental, computational and engineering. The
aim is both to infer the logic of the system's operation and to re-engineer the
system to test the validity of our understanding.

In summary, we expect that Systems Biology will progress over time to become
central to Biology. It will help us understand what are usually referred to as
emergent properties of a biological system, i. e. those that are ultimately condi-
tioned but not easily deduced from the behaviour of the individual parts of the
system:

• How the molecular properties of the cell's constituents lead to the complex
organisation and the integrated, sophisticated properties of the cell.

• How the properties of molecules and cells lead to the predictable develop-
ment of organs and the organism as a whole.

19



European Molecular Biology Laboratory

• How the properties of molecules, cells and organs lead to the integrated
function of the organism, its normal physiology and its failure in disease.

• Beyond providing understanding, Systems Biology will guide efforts, first in
model systems and then in medicine, to regain or even improve function:
by re-engineering and chemically influencing the activities not so much of
individual genes, but of modules and systems.

5. Fields that are not Addressed

The focus of the preceding sections, and much that follows, is centred on fun-
damental aspects of the Life Sciences, from the molecular to the organismic
level, and on enabling technologies that facilitate such studies. This reflects an
underlying assumption: that the research activities of EMBL should be funda-
mental in orientation and rooted in molecular biology. Therefore we have not
considered at all, or considered only in passing, the applied fields of agriculture
and medicine, as well as biotechnology and bioengineering. Our contributions
to biotechnology are substantial in the form of scientific breakthroughs and
technological developments that open new vistas for applications, and in the
form of a proactive technology transfer policy (see Appendix Lb.).

For a different reason we are not addressing plant biology: this domain is
vibrant, important and distinct enough to justify a special programme, and fits
the remit of EMBL. However, it is not likely that adequate resources will be
available to mount such a programme in addition to what we consider the irre-
ducible minimum ofwhat EMBL should cover (see Appendix II). We also will
not address separately some important helds such as virology or immunology,
which can be viewed as specialities of molecular/cellular/developmental biolo-
gy and are of particular interest because of their special medical implications. In
the context of EMBL, these fields can be treated adequately only through part-
nerships, although they can also be (and occasionally are) represented at EMBL
within broader Research Units that cover a particular level of biological organ-
isation. Later, we will touch briefly upon an interdisciplinary area, the
Neurosciences, which is both important and progressively relevant to the evolv-
ing focus of EMBL.
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6. Implications for Biological Research Centres

One implication of the explosive growth and importance of the molecular life
sciences is the need for continuing substantial financial investments. Ambitious
funding of the life sciences is already a dramatic trend in the USA (which is
reported to spend more on biomedical research than all of its "competitors"
combined). Europe will need to hold its own in this strategically important
domain, and this will require significant new resources, in line with the
Barcelona declaration on European competitiveness. Equally important will be
the necessary institutional changes. The continuing importance of Functional
Genomics and the emergence of Systems Biology will require considerable
intensification and redirection of efforts in the major biological and biomedical
centres in the world. We will exemplify these trends by considering some fields
that are centrally important for EMBL.

• Molecular, cellular and developmental biology (MCDB) will remain the
central foundation for the progress of fundamental biology (and many
applications), but will be pursued in a more integrated manner, further eras-
ing the boundaries between these coalescing fields and unifying research at
different levels of biological organisation, from the molecule to the organ-
ism. MCDB practitioners will need even broader training in experimental
methods than now: in molecular biology, biochemistry, genetics, chemical
biology and diverse imaging methods. They will need access to much
greater automation, integrated laboratory management systems (LIMS) and
high-throughput screening. They will depend on ever more sophisticated
core facilities for protein and nucleic acid sequencing and synthesis, for
quantitative proteomics, for macromolecular (protein and nucleic acid)
chip analysis, for antibody and other specificity reagents, for microinjection,
for sorting (cells, tissues, developmental stages), for high-throughput,
robotic assays, and for advanced and diverse microscopies (e.g. in vivo
molecular imaging, interaction imaging, videomicroscopy, whole-organism
imaging, etc.). They will need to be fluent users ofbioinformatics resources,
and sufficiently trained in mathematics to appreciate and productively col-
laborate with scientists engaged in modelling and simulation.

• The importance of bioinformatics and computational biology will increase
dramatically. The shift from descriptive to quantitative and predictive biol-
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ogy will require that novel and vast datasets be captured, stored, made pub-
licly available and utilised. This will require major new information
resources and new underlying methodologies. Database searches will need
to become much faster, wider and unimpeded between what are currently
separate databases. New approaches will be required for knowledge repre-
sentation, text mining, machine learning and modelling at different granu-
larities. New information resources will be needed, to make accessible and
permit integration of vast amounts of new data. It will be essential to
describe in standard language and to make machine-accessible the novel
information. This information will encompass molecular polymorphism
and population genetics; biomolecules, protein interactions, modules and
networks; metabolic fluxes; chemoinformatics; complex images including
cellular phenotypes and atlases (cellular, anatomical and developmental)
with superimposed molecular information; host-pathogen interactions;
molecular medicine; quality-controlled clinical studies; and biobank
datasets that will integrate biomolecular and medical information. For
modelling and simulation projects of increasing complexity and scope, sub-
stantial new expertise rooted in mathematics and physics will be needed, in
addition to sophisticated and well-curated new information resources and
major computational capacity. It is quite likely that the life sciences will
require the GRID and distributed computing at least as much as the phys-
ical sciences will. All biologists will require substantial training in bioinfor-
matics and computational biology.

• Structural biology is a broad domain that was seminal for the origin of
molecular biology. Enriched with new methods appropriate to increasingly
higher levels of biological organisation, structural biology remains just as
important today for functional genomics and systems biology. It now
requires training and facilities in biochemistry, molecular biology, protein
expression, etc., as well as the traditional specific requirements for structur-
al analysis per sea Because of its clarity and precision, X-ray crystallography
remains very important. While it is pursued in a variety of institutional set-
tings, its data capture is now done almost exclusively at synchrotrons, mak-
ing facilities such as EMBL-Hamburg and EMBL-Grenoble of crucial
importance. The physical properties of 3rd generation synchrotron beam-
lines make possible demanding projects, such as analysis of micron-scale
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crystals (such as those that arise often from large proteins or complexes that
are inherently difficult to crystallise), or crystals of large unit cell size (pro-
tein complexes, ribosome, viruses). The requirements are becoming more
complex. They include wet-biology facilities suitable for sample preparation
and crystallisation, X-ray beamlines, computational facilities for converting
data to structure, and a high degree of automation. The automation is vital
for high-throughput structural genomics projects, along the entire chain
from protein purification to calculation of structure. X-rays from synchro-
trons are also needed for a variety of non-crystallographic structural studies,
such as small-angle scattering (for non-crystalline structures and for infer-
ring overall shape and dynamics rather than detailed structure of particles)
and EXAFS (for metal-containing structures). How free-electron lasers such
as those planned at DESY in Hamburg will be applied to structural biolo-
gy is not yet fully established, but the potential impact is enormous (e.g. in
structural holography). NMR, a method complementary to crystallography,
is invaluable for determination of macromolecular structure and dynamics
in solution; although initially applicable to relatively small molecules, new
(and expensive) instruments are pushing the methodology to address ever
larger proteins. Structural biology based on electron microscopy deals with
large complexes and can be applied to both single particles and two-dimen-
sional arrays, extending high resolution analysis to proteins that are refrac-
tory to crystallization (such as many membrane proteins). An exciting new
methodology, electron microscopic tomography, is highly promising for
identifying structural features such as protein complexes in the context of
the entire cell, linking structural analysis from the molecular to the cellular
levels. As an important component of Systems Biology across these two key
organisational levels, an ambitious goal that is appearing above the horizon
is 3D imaging of whole cells at 2-10 nm resolution. EMBL, with the gen-
erous help of the headquarters' host country on the 25th anniversary of the
opening of the Heidelberg Laboratory, has invested in the hardware
required for EM tomography. One new faculty member with expertise in
this area has already been recruited and will join EMBLs pursuit of this
challenging goal at the end of 2003.
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E. EMBL: A Strategy for the Next Decade

I. Research Orientation

Research at EMBL should continue to be strongly oriented towards a central
strategic goal: fundamental understanding of basic biological processes in
model organisms. This abiding goal requires considerable continuity that will
be coupled with new developments as sketched in the following sections. In
operational terms, EMBL should reinforce and integrate its strengths, by com-
bining the high throughput approaches of Functional Genomics and
Bioinformatics with the methods and tools of MCDB, Structural,
Computational and Chemical Biology. It will be especially important to com-
prehend emergent properties at the transitions from one level of biological
organisation to the next, across the entire span from the molecular to the organ-
ismic level. This is the route to a new integrative biology, inherently molecular
but extending to successively more complex problems of physiology in model
organisms including mammals, and in humans. However, the conceptual focus
should shift to emphasise Systems Biology, an approach that EMBL started to
utilise in 1997 in an exploratory manner and which is now a major focus of
four members of the research faculty. We see Systems Biology becoming the key
EMBL-wide objective over the coming years, as the best route to understand
biological modules and systems. Four key strengths contribute to making
EMBL a natural choice as a major contributor to Systems Biology. First is broad
strength in cutting edge experimental science. Second is EMB:Ls past and pres-
ent record in innovative computational science. Systems Biology lies precisely
at the intersection of these two established strengths. Third, EMB:Ls tradition
of interaction and integration across disciplines, that will be reinforced by the
creation of EMBL Centres as discussed later, will be essential for success in
Systems Biology. Fourth, EMB:Ls turnover system is an ideal organisational
framework with which to tackle new challenges like Systems Biology.

Complementing the emphasis on Systems Biology, EMBL should take greater
account of the convergence between basic biology and medicine. This does not
imply becoming a clinical research centre, which would be impossible in the
absence of a directly affiliated hospital. However, a number of faculty members
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already study fundamental aspects of human biology and pathology, towards
understanding molecular mechanisms of disease. The Laboratory should con-
tinue to encourage this type of pre-clinical basic research at each of its sites.
Some examples would be the study of basic processes implicated in tissue
degeneration and repair, and the development of animal models of disease both
in the mouse (primarily at EMBL-Monterotondo) and in simpler organisms (at
EMBL-Heidelberg). Functional genomic studies in human tissues and patho-
genic organisms could address relevant pathways and networks through bioin-
formatics and comparative genomics (at EMBL-EBI and EMBL-Heidelberg),
through structural genomics/proteomics (at EMBL-Grenoble and EMBL-
Hamburg), and through studies of genome expression, growth control, adhe-
sion/migration and differentiation in a variety of cells, including stem cells (at
EMBL-Heidelberg and EMBL-Monterotondo).

Further, we see a need to encourage a broader involvement of EMBL in molec-
ular medicine through collaboration at two levels. First, involvement through
institutional partnerships of the type discussed in the next section, with insti-
tutions whose main focus is on human biology and medicine and therefore
complements the expertise of EMBL. Three potential partnerships (in which
several of our member states would participate) are currently being discussed,
focussing on (a) regenerative medicine, (b) in vivo imaging, and (c) human
genetics and molecular medicine. Second, involvement through the desire of
individual group leaders to extend their work by collaborating with partners
from the academic and commercial sectors in the areas of drug discovery and
diagnosis. Similar to the mutually fruitful interactions of EMBL scientists with
industrial partners in instrumentation development, we could contribute to
and benefit from such partnerships.

2. EMBL Partnerships
Strategically, it seems best that EMBL should further strengthen its current
Units rather than creating new Outstations in the next five years (2006-2010).
In parallel, it should actively develop carefully selected partnerships with
national institutions. As foreseen in the current Scientific Programme, such
partnerships would be locally funded, with EMBL contributing its expertise in
research, training and institution building. Reciprocally, these partnerships
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would reinforce EMBLS strengths. For example, we expect that involvement of
EMBL in medically oriented molecular biology, human genetics, and research
on pathogenesis will be strongly enhanced through partnerships with national
institutions. Although the partnerships will be locally funded, EMBL will
require some resources to deploy the technical, managerial and research infra-
structure underpinning its participation in the partnerships, and to reinforce its
internal leadership structure which is currently too stretched to adequately
manage major additional initiatives.

Partnerships that entail substantive involvement of EMBL are highly desirable
in strategic terms. They are fully consistent with the pan-European mission of
EMBL. Through them:

• EMBL will be providing new, important and direct benefits, potentially to
each of the member states, in an area where its expertise is widely recog-
nised: organising world-class, flexible and international laboratories.

• This assistance will be efficient, as it will be made possible by (and will
depend upon) the continuing investments of the member states in EMBL
itself.

• The assistance will be broadly effective, through a built-in multiplier effect.
Experience shows that a model institution within a country can guide the
development of other institutions in the same country more easily than dis-
tant models.

• EMBL will gain by complementing its own core strengths with those of its
partners.

• Although EMBL would be able to manage new Outstations, this alternative
is not financially feasible in the near term. Moreover, partnerships are
attractive as a flexible option permitting continuing evolution. They will be
reviewed periodically and will be easy to terminate if no longer needed (or
unsatisfactory) .

• Conversely, in the more distant future the member states may wish to con-
sider inviting on a case-by-case basis, through a decision of the EMBL
Council, a particularly successful partner institution of general and strategic
importance, to become part ofEMBL as a multilaterally funded Outstation.
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A major partnership has already been started at Grenoble, the Partnership for
Structural Biology (PSB). It involves EMBL, ESRF, ILL and a CEA/CNRS -
supported French Institute, the Institut de Biologie Structurale; it holds the
promise of generating a uniquely powerful centre for Structural Biology in
Europe. Another partnership is in place with the Sars International Centre for
Marine Molecular Biology in Bergen. A smaller partnership on Molecular
Medicine has started in Heidelberg, together with the Medical Faculty of the
University. Four other partnerships with national institutions are already under
discussion: a Nordic EMBL-affiliated Centre for Molecular Medicine, affilia-
tion of a new Department of Regenerative Biology in Madrid, a partnership
emphasising in vivo imaging with the Neuroscience Institute in Zurich and an
imaging initiative centred on Lausanne, and a partnership involving the
Hamburg Outstation, DESY, the German Synchrotron Source, and possibly
other structural biology institutes in Hamburg.

Partnerships can work only in so far as the partners share sufficient interests and
related expertise. This requirement is already met by EMBL in the case of
potential partnerships related to MCDB, Structural Biology, Functional
Genomics and Systems Biology. The involvement of EMBL in human biology
is currently limited, but its strength in pre-clinical basic research on disease
mechanisms is sufficient to permit further development and strong partnerships
focused on human genetics and molecular medicine. However, there is one
major gap which EMBL is currently not well prepared to fill as it should:
Neurosciences. EMBL has some research groups working on the molecular, cel-
lular and development biology of the nervous system, but lacks activities in the
most distinctive area, Systems Neuroscience and Cognition. There is a clear
need to promote these aspects of the Neurosciences at the European level. Our
strengths in imaging methods (albeit at the cellular level), in computational sci-
ence and in mouse biology would be extremely useful. However, were EMBL
to become involved in this direction, a precondition would be the establish-
ment of an in-house Neurosciences Unit or Outstation. Unless dedicated exter-
nal funding became available, it would not be sensible to move in this direction
in 2006-2010; preparing to undertake such an initiative in the subsequent five
years is however appropriate. The decision whether to do so will be up to the
next Director General, in consultation with SAC and Council. Lacking a
Systems Neuroscience/Cognition activity, our abilities in systems biology,
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which by then will have matured, will not be able to turn to what we see as a
clear goal for biology in the next 15-20 years: developing a deep understanding
of how the brain works.

3. Research in the EMBL Units

The sections that follow outlines how the proposed overall research strategy of
EMBL will be implemented in its various Units. As this document is not
intended to be a fully developed scientific programme, these sections are only
indicative. They are made available to make more concrete the preceding sec-
tions, and begin to identify resource requirements. A more fully developed
description of how one Unit plans to develop towards Systems Biology research
is given in Appendix II, as a concrete example of how EMBL intends to realise
the vision presented in this document.

At EMBL, the Units (Research Programmes and Outstations) are reviewed peri-
odically and can be started, discontinued, fused, pruned, or otherwise recon-
figured from time to time. A number of restructuring changes of this type have
occurred in the last 10 years. In addition, rapid and often radical changes take
place in the specific areas of research that is pursued even if a Unit keeps a con-
stant name (e.g. Gene Expression). Without compromising the prerogative of
the next Director General to undertake structural changes, we currently view
the present constellation of Units as appropriate for the tasks ahead, for at least
the next five years, subject to the usual continuous thematic rejuvenation and
some desirable shifts of emphasis that are discussed below.

a) EMBL-Heidelberg

The central laboratory will remain the essential heart of the EMBL system in
the next 10 years, as we thoroughly integrate high-throughput approaches into
structural, molecular, cellular and developmental biology to fulfil the promise
of Functional Genomics and Systems Biology. A number of the necessary
research areas that are pursued in the various Heidelberg Units now have an
adequate number of research groups. However, some are represented by a sin-
gle group (e.g. mouse biology, chemical biology), and this is not sustainable in
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the longer term, especially given the instability introduced by the turnover sys-
tem ofEMBL.

The current Gene Expression, Cell Biology and Biophysics, and
Developmental Biology Programmes represent MCDB, a broad domain of
substantial strength at EMBL; they require some reinforcement to deliver their
full potential. The size of these Units is currently at the minimum required in
view of the EMBL turnover system, and their budgets have become limiting,
particularly in view of the dramatically increased cost of doing research in the
era of functional genomics. We cannot emphasise enough the requirement for
sufficient critical mass in these and the other EMBL Units in order to enable
the productive co-existence of sufficient variety of expertise with the level of
turnover generated by the EMBL model. Without critical mass, turnover will
lead to dangerous destabilisation, particularly in the diverse Headquarters
Laboratory.

It is inherent in our system that the specific research interests, and potentially
even the configuration of these Units, will evolve over time in line with new sci-
entific and breakthroughs. However, in the aggregate the current
areas of strength constitute an irreplaceable foundation of capabilities on which
to build future developments. These areas are chromatin-based regulation of
gene expression; nuclear morphogenesis; nucleo-cytoplasmic exchanges; post-
transcriptional regulation; protein localisation, dynamics and interactions in
the cell; the cytoskeleton and cellular morphogenesis; organ and tissue devel-
opment in vertebrates and invertebrates; other aspects of invertebrate develop-
ment including formation of asymmetries, evolution and development, growth
control, and cell migrations and interactions. It will be necessary to strengthen
and stabilise our focus on mammalian development and physiology. We con-
sider this important not only in order to reinforce Heidelberg/Monterotondo
interactions, but also to facilitate the transfer of new insights bidirectionally
between invertebrate and vertebrate model systems, ultimately strengthening
initiatives in the area of disease mechanism. Similarly, increasing the represen-
tation of human biology in Heidelberg is important in itself and will also facil-
itate fruitful interactions with projected partnerships centred on molecular
medicine and human genetics.
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The technological infrastructure of EMBL-Heidelberg for Functional Genom-
ics requires reinforcement. Currently it rests largely in the Core Facilities and
in the Biochemical Instrumentation Programme. The Programme name
reflects its previous success on developing instruments (cell microinjectors,
DNA sequencers, nanoelectrospray for mass spectrometry). In view of evolving
requirements, this Programme is now beginning to transform into a Functional
Genomic Technologies Programme. Its emphasis will be on introducing,
developing and integrating new high-throughput approaches, which will be
required for the Programme itself and for the rest of the Laboratory. A current
redesign of the layout of one of the floors at EMBL-Heidelberg is being under-
taken with the goal of bringing the research groups and core facilities engaged
in high throughput work into close physical proximity, in order to ensure their
optimal interaction. An obvious requirement in both functional genomics and
systems biology is the need for sensitive, quantitative, high-throughput meth-
ods to study proteins and their modification states, and we need to build
around our expertise in mass spectrometry in this area.

The development activities will take advantage of the tradition and existing
capacity for engineering at EMBL to innovate in the direction of miniaturisa-
tion (nanotechnology), speed and economy, driven by the requirements of cut-
ting-edge research and with due allowance for developments in the private sec-
tor. It is obvious that nanotechnology is an area into which EMBL might easi-
ly and logically expand, but the decision ofwhether and, if so, how to do so is
one that should be left to the new Director General for in-depth consideration.

The Structural and Computational Biology Programme represents two scien-
tific domains that are strategically important for EMBL. Concerning Structural
Biology, the international Scientific Advisory Committee's review panel has
recommended strongly that we maintain the combination of top quality com-
petence in diverse structural approaches which has been the hallmark of this
Programme. However, priority setting will be necessary, given insufficient
resources. With due allowance for the fact that crystallographic data collection
will be done almost exclusively in the synchrotron-associated Outstations,
where automation will also be actively pursued, we see scope to reduce the
number of crystallography groups in Heidelberg from three to two. Further
reduction is not advisable in view of the important functions of these groups
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within EMBL: to collaborate with their immediate neighbours from other
experimental biology Units, and to serve as strong bridges with Grenoble and
Hamburg. A broader spectrum of biochemical techniques will need to be intro-
duced in view of requirements for both quantitative data and the production of
ever-more sophisticated and complex molecular machines for structural study.
A solution will have to be found for access to state-of-the-art NMR facilities,
which EMBL (and its one NMR group) presently cannot afford. In the struc-
tural biology area, a clear priority is to reinforce EMBLs strength in electron
microscopy. The intention is to pursue an exciting new opportunity, adding a
state-of-the-art electron tomography instrument and researchers that work in
this area. This priority fits with our focus on functional genomics, permitting
investigations on multimolecular complexes and their localisation within cellu-
lar structure. Integration of high-resolution structural data into a cellular con-
text, via the new bridging technology of tomographic electron microscopy, is an
essential part of our strategy for bridging the levels of biological organisation
and thus facilitating the development of Systems Biology.

EMBL-Heidelberg was the first place in Europe to create a Computational
Biology Programme in the mid 1980's. Today the majority of well-known
European bioinformatics group leaders were once associated with this
Laboratory. While the bioinformatics services and a significant fraction of the
research groups were spun-off to form the EBI, a computational biology com-
ponent remained in Heidelberg to address the imperative of close interaction
with experimentalists, in terms of in-house services, collaborations and new
biology-driven developments. This imperative will become even more evident
in the coming years, as every experimental group will come to rely on data
retrieval, mining and analysis, and on computer-aided hypothesis generation.
Currently, Computational Biology in Heidelberg (emphasising biomolecular
and genomic analysis) is of high quality but too small for the challenges of the
next decade. It needs to grow in the direction of higher order functions such as
cellular networks, to create new synergy with the experimental Units of the
Laboratory. Expertise in image analysis, simulation, systems analysis, algo-
rithms and statistics will be needed. It will be especially important to address
both spatial and dynamic functional information (e.g. the bridge from molecu-
lar to cellular organisation via EM tomography, or fluxes in intracellular path-
ways and trafficking between cell compartments). While an essential core will
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remain within the Structural and Computational Programme, this core will be
seamlessly integrated with computational expertise in the MCDB programmes
(see Appendix II), and closely networked with the EBI, as described below
under EMBL Centres.

It will also be important to strengthen Chemical Biology at EMBL-Heidelberg.
This discipline is needed for the design and implementation of intracellular
sensors, for chemicals dedicated to promotion or disruption of specific intra-
cellular functions, and for integration of chemical libraries into our high-
throughput biological investigations. Currently, EMBL has one group in this
field, in the Gene Expression Programme, but the need for a broader capacity
is signalled by the exceptionally high number of in-house collaborative projects
in which this group is engaged.

b) EMBL-EBI at Hinxton

The EBI currently has a clear, multi-task mission: to be the European Resource
Centre for all biomolecular data, to set the standards for data representation
and exchange, to be a centre of excellence in bioinformatics research, to provide
bioinformatics training through courses aimed at teachers of bioinformatics,
and to support the European life sciences industry through bioinformatics. Its
mission as a bioinformatics resource centre serving the global research commu-
nity (basic and applied) is massively demanding in terms of resources; it will
become even more so in the light of expected scientific developments (Sections
D.2 and D.6). As biological research moves to the analysis of complex systems,
the major information resources that the EBI already provides or is developing
will have to capture, curate and present effectively an avalanche of data (on
molecular interactions, genome expression, proteome, metabolome, structure,
sequence, sequence variation, networks/pathways, etc.). In parallel, the EBI will
need to cope with new and demanding types of data at the subcellular, cellular
and organismic levels (tissue typing, phenotypes, atlases) for which no adequate
digital, searchable representation mechanism currently exists. The EBI will not
develop or host databases in all these sub-disciplines, but will need to facilitate
integration of information from them, building upon its evident mission as the
centre for coordination and integration of biomolecular databases across
Europe.
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In the years to come, clinical, toxicological, chemoinformatic data, etc. will
need to be accessible; everything from raw data to multimedia objects will be
embedded in an increasingly electronic literature, creating new challenges for
integration between databases and publications. To remain competitive as a
world-class portal for life-science information, the EBI will need to substantial-
ly expand its activities, and also establish an effective network of alliances with
information resources in related domains. The computational, combinatorial
and interoperability challenges will be major, and the EBI will need to remain
abreast of IT developments. It must be strongly involved in GRID computing,
and very active in building tools that support the user in cross-database
research.

The EBI will also need to further develop its research activities, with a focus on
mining and exploitation of the systematic data captured in its databases, to
understand fundamental processes of biology and their evolution. The research
is essential for supporting the EBI's training function and its central role as a
resource centre. It will also allow the EBI to become more thoroughly integrat-
ed into the scientific activities of the EMBL system; this process has already
begun and will be tremendously beneficial for all parties over the years. To suc-
ceed in systems biology, the EMBL will need to mobilise and integrate all ofour
research resources in computational biology. In view of the certainty that a sub-
stantial expansion of the EBI's activities will be required, an extension building
is already in the planning stages. EMBL has made a modest commitment from
the central budget, and national funds are being sought. The funding model for
the EBI is (and will need to remain) multilateral, based on access to multiple
sources of funding (EMBL, European Commission, the Wellcome Trust and
national Research Councils). Evidently, internal funding will need to at least
keep pace with external funding in order to maintain some semblance of sta-
bility in what is an essential resource for European, and indeed world, biology.
Whatever the funding arrangements, the level of support required will increase
significantly. The arrangements must ensure the stability of data resource fund-
ing, and continuing competiveness of the EBI in the very tight market for
bioinformaticists.
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c) EMBL Grenoble, EMBL-Hamburg

Structural Biology, which EMBL has promoted through the years, is widely
recognised as being strategically important in the era of functional genomics, in
terms of both basic science and its applications in the biotechnology and phar-
maceutical industries. Although several new third generation synchrotrons will
become available in Europe within the next decade (SLS, Diamond, Soleil) the
greatly escalating demand, together with the unique experience and success of
EMBL in providing unhindered access for the international scientific commu-
nity throughout Europe and beyond, strongly argue that EMBL should con-
tinue to invest appropriately in its two Structural Biology Outstations. They
have proven their ability to spearhead new technical developments in the use of
synchrotron radiation for structural biology, and to coordinate use of synchro-
tron facilities at a European scale in projects such as SPINE and BIOXHIT.

Investments have been made in the two Outstations recently and will need to
be followed up in the following respects. The construction of the Partnership
for Structural Biology (PSB) building (a joint facility attached to the EMBL-
Grenoble building), will make possible the commissioning of new infrastruc-
ture for high-throughput Structural Genomics; the addition of some personnel
to operate this infrastructure optimally for both research and the support of
external visitors will be required. Similarly, the refurbished building of EMBL-
Hamburg will now permit this Outstation to enhance its Structural Genomics
activities significantly, both with EMBL personnel and with a larger number of
visitors. Most importantly, the projected conversion of DESY's Petra Ring into
a top quality synchrotron, around 2007, will create an unprecedented oppor-
tunity that will require EMBL-Hamburg to invest appropriately in instrumen-
tation and personnel. This will permit EMBL, for the first time in recent years,
to provide access to world class facilities under its own control. It must be
stressed that our long experience shows that service provision will only remain
at the cutting edge if the internal scientific community is of top quality. Thus,
as in the EBI, the Structural Biology Outstations require balanced investments
in research as well as in service provision. Equally, it must be emphasised that
the Structural Biology Outstations are natural partners of both the EBI and the
experimental biology Units of EMBL in Heidelberg and Monterotondo. Thus,
they have important roles in promoting the cohesion of the Laboratory, and in
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supporting the integrated projects that will be a hallmark of biology in the com-
ing decade.

d) EMBL-Monterotondo

The mouse is the paramount model organism for human biology and its impor-
tance in this respect has been further reinforced by the availability of the
genomic sequences of both organisms, an essential condition for functional
genomic analysis. Thus, this Unit will come to playa critical role in the research
strategy of EMBL, as it moves through systems biology in the direction of inte-
grative biology and molecular medicine. From the very start, Monterotondo has
maintained a close interaction with Heidelberg, and this will remain critical for
the future. The interactions are cemented by sharing interests and facilities, and
by joint Group Leader appointments between both Monterotondo and the
appropriate Heidelberg Unit. The necessary links with the EBI are also now
being put in place. To deliver on its promise more fully, Monterotondo will
need some modest growth in research groups over the next decade, and a sub-
stantial strengthening of its infrastructure.

4. Interdisciplinary Research Instruments

Spontaneous interdisciplinary collaborations are a hallmark of EMBL and a
major contributor to the success of our scientists as well as the institution as a
whole. However, there has been considerable internal discussion, both in the
Heads of Units Committee and within and across the Units of the Laboratory,
about how to enhance our interdisciplinary strength further, especially as we
need to optimise our ability to address Systems Biology, an interdisciplinary
endeavour par excellence. This has resulted in two major "bottom-up" initia-
tives. The Units remain the fundamental and persistent organised entities of
EMBL research, representing the various levels of biological organisation from
the atomic (structural biology) to the organismic (developmental and mouse
biology). The new initiatives are meant to complement and further strengthen
the Units by creating flexible but institutionalised "horizontal" links in two
ways.
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a) Joint Appointments

This instrument has been tried out for several years, and has been used more
extensively recently; there are currently ten group and team leaders with such
appointments. It is interesting that many of our recent appointees feel equally
"at home" in more than one of the existing Units, and that several of these peo-
ple (e.g. Ellenberg, Conti, Furlong and Schultz) are conduits of strong exchange
between the two Units to which they are appointed. The experience to date
encourages us to promote such interdisciplinary links via joint appointments,
on a broader scale. The feedback from the joint appointees suggests that being
embedded in two Units is also advantageous to their integration as new group
leaders into EMBL as a whole, and for broader transfer of information between
Units.

b) EMBL Centres

The second and most recent structural initiative is the creation of EMBL
Centres. These are meant to be focal points for cross-Unit activities involving
many scientists (from Group Leaders to PhD students), in critical areas that cut
across our vertical structure represented by the Units. Effectively they result in
a matrix structure that is expected to reinforce and institutionalise transdisci-
plinarity within EMBL. While the Units administer most of the research
resources of the Laboratory (personnel, budgets and shared equipment), the
Centres are expected to be even more flexible and dynamic entities, with rap-
idly changing participants, limited resources and possibly limited lifespan. They
will often be virtual, rather than limited to one EMBL site. They are meant to
catalyse the creation of electronic as well as "in person" discussion groups, sem-
inar series, workshops, and retreats of faculty members who have similar or
complementary technical and intellectual interests but who are currently locat-
ed in different Units. With modest additional resources they could provide
shared infrastructure and specialised training, and develop new, innovative col-
laborations in a cost-effective manner. Seed resources will have to come initial-
ly from central resources available to the Director General, and from the Heads
of Units on a voluntary scale. If the Centres live up to expectations they could
be considered for some dedicated resources under subsequent indicative
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schemes. They are being organised by committees of 2-3 group leaders each,
who will take turns serving as Centre managers for I-year terms.

EMBL Centres that are currently under development are:

• Centre for Computational Biology. The moves towards Functional
Genomics and now Systems Biology leave no doubt that computational
methods have reached centre stage in Molecular Biology. This Centre will
encompass members of groups from most of the Units in EMBL, including
those whose major research tools are computational (independent of
whether they are primarily involved in bioinformatics, software develop-
ment or mathematical modeling), but also experimentalists whose research
interests now require strong commitment to computational approaches.
The major goals of this Centre are the efficient and wide dissemination of
information on hardware and software tools, development of appropriate
computing infrastructure, the spread ofadvanced computational know-how
throughout all Units of EMBL, and the promotion of collaborations
between computational and experimental scientists at EMBL.

• Centre for High-Throughput Functional Genomics. High-throughput
approaches are essential for efficient studies on functional genomics (SNPs
and other genetic polymorphisms, genome-wide gene expression profiles,
proteomic profiles, etc.). This Centre aims to promote and facilitate such
studies, by creating an appropriate scientific community across all the
EMBL units. Participants will share and cooperatively develop their expert-
ise in all aspects of high-throughput biology, will reinforce the shared infra-
structure of EMBL for such studies (methods, hardware and software), and
generally optimize EMBLS performance in demanding functional genomic
studies.

• Centre for Molecular and Cellular Imaging. Imaging is now a crucial tech-
nology for research at all levels of biological organisation, from the atom to
the organism, and groups who make heavy use of imaging tools are found
in all EMBL Units. This Centre will make imaging tools and training wide-
ly available across the laboratory. It will integrate the best software packages
and algorithms into an appropriate computing infrastructure, and thus pro-
duce a valuable and evolving set of tools of use to structural, cell, develop-
mental and computational biologists.
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• Centre for Disease Mechanisms. The unity of biology across species
because of their common descent and evolution, and their common levels
of biological organisation (molecular, subcellular, cellular and organismic),
mean that much of the basic research carried out on other organisms is of
direct relevance to humans and, specifically, to human disease. The realisa-
tion, during the planning of the 1996-2000 Scientific Programme, that a
substantial number of research groups in EMBL were engaged in projects
with medical implications led to the foundation of a Molecular Medicine
interest group. This group has already organised a successful series of one-
day symposia around medically-related topics and collated information on
useful contacts among clinicians. The aim of this Centre is to continue such
activities and to strengthen initiatives of EMBL faculty members in the
direction of using mammalian and lower organism models to investigate the
mechanisms of human diseases.

The scientific leadership of the Laboratory has promoted and strongly supports
these "horizontal" initiatives, as an important reinforcement and complement
to the Units. These initiatives are regarded as strategic elements for focusing the
Laboratory on integrative biology. They are also valuable testing grounds for
establishing robust cooperative links at a distance, and as such will be extreme-
ly helpful for EMBLS partnerships with member state institutions. We expect
to both extend EMBLS system of joint appointments and, after a test phase
with the current four, also the number of EMBL Centres.

5.Training, Service and Outreach

These activities are important aspects of EMBLS mission, and are widely recog-
nised as highly successful. Their treatment here will be brief: for three reasons:
they have been alluded to in other sections, they represent areas of continuity,
and they are only limited by resources. An important challenge for the next
Director General will be how to further strengthen the EMBL training, service
and outreach programmes, without undercutting the research activities on
which the reputation of EMBL, and everything else that it does, ultimately
depend.
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a) Training

The multifaceted training program of EMBL is world-renowned, and makes
the Laboratory a true meeting place for biologists in Europe, "a place for the
young" in Kendrew's phrase. It includes

• A flourishing degree-granting International PhD Programme

• Training of postdoctoral fellows in an interdisciplinary and international
setting

• Mentoring of young faculty as they establish their first independent group

• Training of external visitors through research collaborations, use of facilities,
as well as through practical courses, workshops and conferences.

Since the very beginning of EMBL (see Appendix I), training has been an area
of close and fruitful cooperation with EMBO, particularly in terms ofEMBO's
support for postdoctoral fellows, practical courses and diverse meetings. We are
grateful for this support (which is granted competitively), and we reciprocate by
proposing and offering a rich collection of courses and meetings, unrivalled by
any other institution in Europe in the Life Sciences.

In recent years, support for our training activities has diversified, with the emer-
gence of the EU and HFSP training support programmes. Overall, 80% of the
postdoctoral fellows and nearly half of the PhD students at EMBL are exter-
nally supported, as are most of the courses and meetings. The Laboratory makes
substantial in-kind contributions through the time and effort of its scientists
and staff, the use of facilities, and laboratory expenses which are not reimbursed
(bench fees are either absent or very limited). EMBL makes similar substantial
contributions to the training of visitors who come to us for research collabora-
tions and use of facilities. Furthermore, unlike the Cold Spring Harbor
Laboratory courses and meetings in the US (which are fully funded externally
and by subscription), our courses and meetings, even if funded as described
above, are subsidised by the EMBL budget.

There is considerable scope for expansion of our training services in case dedi-
cated resources became available. For example, EMBL-EBI has a very success-
ful industry-supported workshop programme for industry, but lacks the
resources for equivalent training directed towards the academic community.
Given the urgent requirement for advanced academic training in bioinformat-
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ics, this is an unsatisfactory state of affairs. In the case of EMBL-Heidelberg,
where the programme of courses and meetings is particularly intense, laborato-
ry and conference space is limiting.

b) Services

A similar pattern applies to the major and highly successful service activities of
EMBL. The Outstations in Hamburg and Grenoble are known internationally
for their Visitors Programmes, through which they provide essential service
support as well as training to visiting structural biologists. Similarly, the bioin-
formatics resources established and operated by EMBL-EBI are a service that is
now essential for the entire academic and industrial biomolecular research com-
munity in Europe and beyond. EMBL-Heidelberg encompasses a collection of
smaller high quality facilities that are stimulated and kept at the cutting edge by
the exacting demands of the in-house researchers. As their capacity permits,
they are made available to the external community, especially for training and
for exploratory projects. The Advanced Light Microscopy Facility has become
the gold standard for these initiatives, and proteomics, genomics and microar-
ray/gene chip facilities are currently available; an electron microscopy facility
including electron tomography is being installed at present. All these facili-
ties/services evolve rapidly (as everything at EMBL does) in response to new
opportunities and user needs.

In the mid to late 1990's, the service (as well as the research) activities of EMBL
experienced clearly inadequate budgets that threatened their success, and even
their existence. In this context, the temporary loss of EU support for the EBI
services was a particularly serious blow. Thankfully, the significantly improved
funding provided by the EMBL member states under the 2001-2005 Indicative
Scheme has permitted the start of a dynamic new phase throughout the
Laboratory. This institutional change had a particularly beneficial effect on the
EBI, especially as it was accompanied by the opening up of funding opportu-
nities from the Wellcome Trust and the UK Research Councils, and by renewed
EU support in the context of the European Research Area.

This recent experience constitutes an important lesson for the future. EMBL
deliberately subjects all its activities to periodic stringent peer review through
the independent international Scientific Advisory Committee, which is
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appointed by the member states through the EMBL Council. EMBL is happy
to see its performance and proposals for the future being evaluated carefully by
the member states every 5 years, during the recurrent decision-making for the
next Scientific Programme and Indicative Scheme. It also expects all its exter-
nally supported activities to be evaluated competitively by the respective fund-
ing agencies. Support is not an entitlement, it must be earned by excellent past
performance and future relevance. But there needs to be a stable framework for
earning merit-based support, if EMBL is to continue to play its important role
in support of the Life Sciences in Europe. This is doubly important for the
major service activities, whose funding model is multi-sourced, and whose
development and operation requires stability to serve obvious and long-term
needs.

c) Outreach

Science is no longer a monastic endeavour, nor an avocation for isolated genius-
es. It is a creative but also social activity, which requires teamwork, organisation
and substantial resources for which we are accountable to the society that sup-
ports liS. Furthermore, ever since the atom bomb and (for the life sciences) the
development of genetic engineering and human reproductive technologies, we
also have the responsibility and obligation to develop an effective dialogue with
society: to inform the public correctly about the exciting opportunities but also
the problems that may lie ahead, and to be informed by the public and non-
specialist thinkers about their views and concerns. In Europe, especially, we also
have the special task of attracting the young to the scientific endeavour, in the
face of contrary social and economic pressures, scientific illiteracy and (some-
times deliberate) misinformation.

While appropriate public information and science/society interactions are
desirable activities for individual scientists, they are mandatory for scientific
organisations and major research and training institutions such as EMBL. The
Laboratory has an obligation to expose its young scientists to the social con-
cerns and ethical debates relating to applications arising from the progress of the
life sciences, and to train them to reflect seriously and participate effectively in
science/society interactions. Conversely, EMBL has a lot to contribute to dis-
cussions on such topics in the public arena, and is often called upon to do so.
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Furthermore, like other major research and training institutions as well as pro-
fessional societies, EMBL has the ability and responsibility to encourage young
Europeans, directly or via their teachers, at the level of primary and secondary
education, to pursue a career in the life sciences. Realisation of these tasks led
EMBL to establish in 1997 the Office of Information and Public Mfairs
(OIPA) and an associated Science and Society programme. Both are small but
very successful, as reflected in widely appreciated publications, e.g. EMBLS
Annual Reports, the special Science and Society issue of the Journal of
Molecular Biology in 2002, the Special EMBO Reports issue in 2003, and CDs
which are now capturing events such as the annual EMBL/EMBO Meetings on
Science and Society. The success is also reflected in our internal study groups
and seminars, as well as in seminar series and thoughtful conferences open to
the public. A recent new activity of OIPA is an education initiative to develop
science-rich educational materials for children, as well as training opportunities
for teachers. As is the case of training young scientists, EMBL is closely and
fruitfully collaborating with EMBO on the Science and Society and education
initiatives. In addition, a broader collaboration in the same direction has been
initiated with the sister physical sciences through the EIROforum (see
Appendix I).

These initiatives are not resource intensive, but have major long-term value and
require a serious and sustained commitment.

6. A More Inclusive EMBL

In less than 30 years, EMBL has become firmly established as an international
centre of excellence, a flagship of the Life Sciences in Europe. This achievement
has been supported by a unique institutional culture, and a structure that is
both highly focused and progressively connected to the member states, in deci-
sive steps. The central multidisciplinary laboratory in Heidelberg has estab-
lished and continues to reinforce EMBLS high standards. The Outstations,
which are more specialised and designed to be complementary to EMBL-
Heidelberg, are committed to the same standards. Their success is fostered by
the integrated operation of EMBL as one institution in which the Heads of
Units committee function as a leadership group. The current Outstations are
located in our four largest member states.
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EMBL is and will remain connected with all its member states through several
mechanisms. The main ones are an inclusive personnel policy; the turnover sys-
tem that seeds EMBL alumni throughout Europe and beyond; and robust
training, outreach and technology transfer activities. Importantly, the essential
inclusiveness of EMBL in terms of the origin and gender of members of per-
sonnel is achieved by an "open door" policy, wide dissemination of information
concerning opportunities, provision of role models, and family-friendly support
facilities (e.g. child care) rather than by quotas. Each appointment made at
EMBL is and will remain based on individual merit. Currently, EMBL employs
people from 53 countries, 80% ofwhom are from the member states. Overall,
gender balance is satisfactory and is further improving at the level of faculty
members.

In addition to safeguarding and, where necessary, reinforcing these connections
with the member states, EMBL envisages a special effort in the coming years in
two new directions: institutional partnerships and new member states.

a) Partnerships

As noted previously, and discussed in detail in section E.2, properly structured
partnerships are an attractive mechanism to promote the development of the
life sciences in the European dimension, by leveraging the unique features and
competence of EMBL, together with investments made at a national level. One
advantage from the perspective of EMBL is the opportunity to develop in new
directions faster than would otherwise be possible, especially in biomedicine.

Collaborations with other international scientific organisations or research
facilities can also be thought of as Partnerships. Foremost among these is our
collaboration with EMBO, which goes back to our historic roots and is as
important and active as ever. A more recent collaboration is the EIROforum, a
body that links EMBL with the other large intergovernmental European facili-
ties, and was initiated in the context of the EU's European Research Area (see
Appendix I).

b) Geographic expansion

The agreed expansion of the European Union to a total of 25 countries in mid-
2004 brings to the forefront the question of EMBL expanding to incorporate
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new member states. This will be an essential step in fulfilling the European mis-
sion of EMBL, and was already identified as an important goal in the present
Director General's inaugural address in 1993. It will also be invigorating for
EMBL, in that several of the new ED member states have historically strong
education in the hard sciences and niches of research excellence, often comple-
mentary to what EMBL can offer. EMBL should strongly encourage the acces-
sion countries to join as members, in the perspective of welcoming most and
preferably all of them as member states well before the end of the period under
consideration in the SFL. Aside from the general challenges of a more geo-
graphically dispersed scientific community, eastward expansion will bring into
EMBL capable but much less well-supported scientific communities than those
of the present EMBL member states. It is worth pointing out that it is precise-
ly in those current member states whose own scientific infrastructures are weak-
est that the greatest need for, and appreciation o£ access to EMBL is to be
found.

All concerned will need to consider the best way to involve the new member
states in EMBLS activities. A possible method would be for EMBL to actively
seek partnerships with institutes in these countries as part and parcel of a plan
for their joining EMBL. Ideally, partner institutes should be dedicated to sci-
entific excellence in fields that complement ongoing EMBL activity. Given that
many of the countries under discussion have particular strength in physics,
mathematics and chemistry, i. e. subjects of great interest for Systems Biology,
this could be of considerable mutual benefit. Together with the EMBL Council,
the present and new administrations will need to explore this and other possi-
bilities, making clear EMBLS willingness to participate in building up the
molecular life sciences in the accession countries, and encouraging early nego-
tiations with a view to broadening EMBL membership.

It may be that some of these countries will wish to join but feel financially
unable to assume rapidly the full financial responsibilities of membership. The
terms of admission to membership should take into account the economic real-
ities and should be generous, while including a clear commitment of the new
members for their contributions to progress to the full level calculated by the
standard mechanism, within a fixed timetable. For example, one could imagine
providing an extended transition phase, say five years, during which these new
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member states would contribute 50% of the respective ordinary contributions;
the entry fee could also be paid over a five-year period. Alternatively, or in addi-
tion, other possibilities could be explored, e.g. that foundations or other sources
of funds might subsidise early entry of those new ED states that objectively
could not otherwise meet the responsibilities ofmembership immediately. Such
arrangements would also need to have a defined time frame, and be followed by
assumption of full financial responsibility by the new member states.

The international standing of EMBL is now such that EMBL has been
approached by certain non-European countries to explore the possibility of par-
ticipating in certain EMBL activities, e.g. training of PhD students or postdoc-
toral fellows, or establishing broader institutional links, potentially up to
Associate Member status. CERN has developed formal mechanisms that permit
a variety of participation modes from non-Member States. While the specific
mechanisms appropriate for EMBL may be different, this is an option that will
need to be explored seriously in the coming few months, in close consultation
with EMBL Council. The ERA concept includes welcoming scientists from
outside Europe; properly structured and fully-financed associations with appli-
cant scientific communities or institutions outside Europe can only reinforce
the role of EMBL as a leading European institution.
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F. EMBL: Organisational
and Financial Implications

I. General Comments

• The EMBL administration is deliberately lean, but effective and flexible. In
the scientific domain, the Heads of Units Committee has proven successful
as a collegial strategic and steering group that is extensible, and could also
serve as a model for the coordination of partnerships. However, aside from
the Director General and Scientific Director, the scientific management
structure of the EMBL as a whole requires reinforcement, to meet the heavy
demands of the emerging distributed system. Potentially two Associate
Directors with defined responsibilities will be required, together with the
necessary support staff and budget. This last measure is in no way designed
to undercut EMBL's successful (and essential) turnover system, nor the
authority of the Director General. Rather, it responds to the reality of a
much more complex EMBL than in years past, with a total of five
Outstations, multiple partnerships, expected geographic expansion, sub-
stantially greater involvement in European science matters, and an ever-
increasing requirement from the member states for access to high level
advice from EMBL.

• It is important to reflect that EMBL has been designed, and only makes
sense, as a scientific institution that must be competitive at the highest glob-
al (and not simply European) level. Although EMBL is very cost-effective,
this goal cannot be achieved without commensurate backing from the
member states. Realistically, the financial requirements of the EMBL are
considerable by European standards, and will continue to increase.

• In view of the dynamic growth of the life sciences, sustained growth of the
resources available will help determine to what extent EMBL can remain
competitive on the world stage, and can serve the scientific communities of
the member states in an optimal manner. This was never more true than at
present, given the enormous cost of high-throughput compared to low
throughput biology. Of course, detailed financial planning must await con-
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sideration of specific Scientific Programme and Indicative Scheme propos-
als, to be developed by the incoming Director General in subsequent years.

• An aspect of financial planning that may be worthy of initial consideration
in the context of the SFL is the appropriate mix of institutional versus exter-
nal funding. Joint institutional funding is part and parcel of the interna-
tional nature of EMBL: providing its core funding by a patchwork of inde-
pendent decisions by 17 or more member states would be completely
unworkable. Adequate multilateral funding of EMBL is also vital for its
competitiveness, as it counterbalances the transient nature ofmost appoint-
ments, and the modest size of the individual research groups. This central
funding permits talented young scientists to make a rapid transition to
independence, and to take the long view, focussing on difficult and uncer-
tain questions rather than resorting to safe projects. The institutional, inter-
national funding suffers, however, to the extent that EMBL is perceived as
being external, and is not as well connected to the decision-making systems
as are national institutions. Beyond the institutional core support, EMBL
scientists are happy to submit their plans for expert assessment. They do so
not only through the quadriannual SAC reviews but also through reviews
for external funding, which becomes essential when their groups need to
grow beyond the minimum (ca. 4 people) that the EMBL funds. A clear
limitation is the scarcity of schemes for which individual EMBL groups are
eligible. Approximately 55% of the EBI budget is currently externally fund-
ed, and an average of approximately 25% in other research units. The
requirements for increased public funding through the EMBL budget
would be correspondingly reduced if competitive project funding for indi-
vidual investigators were more broadly available from foundations (as is the
case in the United States, e.g. Howard Hughes Medical Institute, American
Cancer Society and many others). Valuable access is available for EMBL sci-
entists to the Human Frontiers Science Programme (HFSl?, which however
only funds networks, not individual investigators), and from the Wellcome
Trust (exclusively for research at the EBI).

• Competitive external support for fellowships at EMBL is available from the
European Commission, EMBO, HFSP and other smaller sources, appro-
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priately on the same basis as for other institutions. This is extremely valu-
able, and is indeed essential for the postdoctoral training programme.

• European Commission support for research projects is inherently limited to
networks and the new instruments of Integrated Projects and Networks of
Excellence. EMBL scientists actively participate and often are very helpful
in putting together effective networks and major projects. If a European
Research Council is established and provides competitive funding for basic
research projects of individual investigators, it would be essential for EMBL
scientists to have equal access.

• Mutual opening-up of national research funding programmes is now being
discussed extensively in Europe. This issue is complex as far as EMBL is
concerned. EMBL would certainly not wish to compete for national fund-
ing in member states where funding is clearly inadequate. It could be argued
that in other circumstances opening up member state programmes to
EMBL may be mutually beneficial, as was pointed out by an EMBO mem-
ber currently working in the US, in his following response to an earlier SFL
draft:

"Concerning external funding, it would be extremely beneficial to the
Member States ifEMBL scientists were allowed to compete with mem-
bers for funding. The reasons for saying this is that it would quickly
raise the level of competition and therefore encourage scientists from
member states to raise the quality ofproposals by the inevitable force of
competition. Furthermore, it would have an even more beneficial effect
on countries where funding mechanisms are not based on clear stan-
dards ofscientific excellence or are inexistent and unclear altogether.
Just as EMBL has had a tremendous positive effect on the scientific cli-
mate ofbiology in Europe, it could have an equally· important effect in
promoting a rejuvenation in funding mechanisms which, I believe, is
an even greater weakness ofEuropean science compared to the US than
the gap in funding is. Thus, I commend the suggestion that member
states open their funding programmes to EMBL scientists, not only
EMBL would profit, as is obvious, but member states as well, this
request should be strongly supported. "
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Despite the merits of such arguments, we do not propose generalised access of
EMBL scientists to national funding schemes. We are keenly aware that scien-
tists in certain countries work with minimal institutional funding (aside of
salaries for University faculty members and research institute investigators).
Instead we hope that the member states can consider the following points.

• EMBL host countries: It is generally understood that the host countries
have some special benefits from EMBL (e.g. easier recruitment of staff to
remain in the country at the end of their EMBL appointment, local collab-
orations, strengthening of the local research environment). In return, they
provide some special support (e.g. all or a substantial part of the costs for
new buildings). We very much appreciate that UK Research Council and
Wellcome Trust funding schemes are open to applications from EBI scien-
tists (regardless of nationality), thus complementing the substantial core
support provided by EMBL. Similarly, we very much appreciate that certain
DFG and German Ministry of Research and Education programmes are
open to EMBL scientists at Heidelberg and Hamburg. Such arrangements
are mutually beneficial, and it is essential that they be safeguarded even in
periods of financial stringency.

• Non-host countries: Similarly, EMBL wishes to encourage other member
states to consider ways in which they could, to a limited extent and on a
mutually beneficial basis, open up domestic funding opportunities to
EMBL scientists. Most non-host countries might consider it sensible, in
terms of the cost/benefit ratio, to limit such access to their nationals.
Possibilities might include:

Submission of standard applications to the granting agencies of the
home country. This would increase contact between the (stringently
selected) EMBL scientists and their national systems, thereby increasing
the likelihood of a later return to the home country. The same applies
to participation of EMBL scientists in national research networks and
special, focused funding programmes.

Many member states have special schemes for junior group leaders. Such
schemes, and fellowship programmes, could be opened to nationals
located or to be located at EMBL.
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2. Specific Requirements for EMBL in 2006-2015

It should be apparent from the record of the Laboratory over the past ten years
that EMBL does not seek growth for its own sake, nor does it try to add to an
immutable status quo. The reduction in the number of groups and in budget
in real terms of the headquarters laboratory between 1994 and 2000 underlines
that we chose to focus on supporting the development of new EMBL Units in
this period at the expense of the Heidelberg Laboratory. The considerable
changes in research focus and organisation throughout EMBL since 1994 attest
to our flexibility. Nevertheless, given the scope and diversity of EMBLS activi-
ties, it is evident that substantial investment will be needed, chiefly at three
EMBL Units between now and 2015.
EMBL-Hamburg will need to respond to the triple challenge and opportunity
posed by the redesign and future plans of DESY-HASYLAB, beside which it is
located and on which it depends for access to synchrotron radiation. The con-
version of the PETRA ring into a synchrotron facility delivers two of these chal-
lenges. The first is to design, build and equip beamlines for the structural biol-
ogy community using what promises to be a prime source of X-rays in the
world for this purpose. The second is to maintain user support and beamlines
on the current DORIS ring while the changeover is implemented. The third is
to respond to the invitation of DESY-HASYLAB to explore the potential of the
Free Electron Laser, that is to be constructed at the Hamburg site, for biologi-
cal applications. The SAC review panel which evaluated the outstation in 2003
provided the strongest possible encouragement to EMBL to extend its success-
ful collaboration with DESY to these new areas. EMBL wishes to respond to
both the encouragement and the challenges but will not be able to do so with-
out a substantial increase in the staffing level and investment budget of the
Hamburg outstation.

EMBL-Heidelberg will have two issues to face. The first is to meet the need for
critical mass in the increased number of disciplines that will be required to dev-
elop the research programme in Systems Biology described in this document.
Several key areas were already mentioned that are currently represented by a
single group, an unstable situation in a laboratory with high turnover. These
include chemistry, mass spectrometry, NMR and mouse biology in Heidelberg.
Other areas whose importance will inevitably increase such as nanotechnology
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are not currently represented in the Laboratory. It seems to us prudent and nec-
essary to plan for a modest expansion in the number of groups to take the com-
plement back to the level of the early 1990s, an increase of roughly 80/0.

Secondly, the headquarters Laboratory is now 25 years old. It has reached this
age with only minor renovations and additions. The buildings now need sub-
stantial overhaul. We currently have situations like that in the so-called Con-
nection Building, which houses our computer servers. These use substantial
amounts of power and produce considerable heat i. e. they must be cooled. As
more servers have become necessary, a proper air-conditioning system has
become a requirement. However, this section of the building (in common with
other parts of the Heidelberg site) does not have a large enough energy supply
to support proper air-conditioning, leading to the absurd situation that in order
to cool parts of this building in summer we must direct heated air into other
laboratories. This kind of Catch 22 situation exists in many parts of the
Laboratory - parts of the animal facility have had to be closed down this sum-
mer because we cannot afford to renovate them, our telephone exchange has
reached its limit so no new outside lines are available, etc. Without belabouring
the point further, money will-be needed for renovation and renewal. These costs
go into multiple millions and are much too high to be taken from the baseline
budget. Extracting this money from the baseline budget over the period of an
Indicative Scheme would require the closure of one of our large Units.

EMBL-Hinxton, the EBI, is still in the throes of the initial, if delayed, expan-
sion required to take its service and research activities to the necessary levels
agreed with SAC and Council. At the 2003 review of the EBI, the projection
that total personnel levels will need to increase to roughly 400 by the end of the
current funding period was made, and found reasonable and justified by the
SAC review panel. Council has endorsed the SAC report. Although any growth
beyond this level will require decisions about priorities by the next Director
General, this staffing level cannot be accommodated in the present building,
and additional space will require new construction. As in the case of the reno-
vation of the Heidelberg building, we feel that the tradition that the host coun-
try of an EMBL Unit bears the lion's share of the cost of infrastructure should
be maintained. It is in any case evident that the present EMBL budget can pro-
vide no more than seed towards extensive building or renovation costs.
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Appendix One

Brief History and Current Features of EMBL
a) The Origins of EMBL

The post-war II period in Europe was marked by a ferment to develop both
political and scientific supranational institutions in Europe. In the scientific
domain CERN, a centre dedicated to high energy physics (founded in 1954),
was an early and spectacular success. It promoted similar initiatives in other
fields, such as a collaborative nuclear fusion effort (already in 1957), the launch
of the European Space Agency in March 1962 and the establishment of the
European Southern Observatory in October 1962. A Hungarian-born
American visitor to CERN, Leo Szilard (who was a physicist turned molecular
biologist and self-described roving ambassador for Biology) proposed a CERN-
like international laboratory for molecular biology. The concept was strongly
promoted by Victor F. Weisskopf, the Director General ofCERN (an Austrian-
born American on leave from MIT). Together they discussed this proposal with
John C. Kendrew and James D. Watson, who had stopped by CERN in
December 1962, immediately following their Nobel Prize investiture cere-
monies. Kendrew became an enthusiastic convert to the concept of the inter-
national laboratory, for which he worked assiduously until it came into being
as EMBL (in July 1974) with the signature of the founding treaty Agreement
by the tenth country, France. Kendrew served as the first Director General of
EMBL until 1982, when he was succeeded by Lennart Philipson. The third
Director General, Fotis C. Kafatos, took office in April 1993, and John Tooze
served as Acting Director for a transition phase, until January 1994.

In addition to the pioneers (Kendrew, Szilard, Weisskop£ Watson) and CERN,
major credit belongs to the founders of EMBO, and EMBO itself A dozen sci-
entists (predominantly molecular biologists) who participated in related discus-
sions in Geneva in March and June 1963 relating to establishment of an inter-
national laboratory and other European-scale activities for biologists. A broad-
er group of 25 biologists met at the invitation of the Italian Physical Society at
Ravello, in September 1963. For that meeting, Kendrew had drafted the major
part of a "Proposal for a European Organisation of Fundamental Biology",
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based on the previous discussions in Geneva. The largest section dealt with the
international laboratory, provisionally named CERB, by analogy with CERN.
The British developmental geneticist (not molecular biologist) C.H.
Waddington had contributed to the draft a section proposing a "European
Federal Biological Organisation (EFBO)", with purposes that included com-
munication, exchanges and reciprocal uses of facilities by scientists working in
different laboratories, postdoctoral fellowships, a smaller number of more sen-
ior posts, training courses, and meetings of various sizes. The proposed EFBO
would consist of a small number of leading labs, scattered throughout Europe,
initially not more than 10-15. These would be selected for being very active in
research, with expensive equipment and facilities that would be made available
to scientists from other labs. Individual membership was foreseen for a number
of leading biologists. Waddington's proposal twice mentioned in passing the
Central lab, as distinct from the federated labs.

The 1963 proposal, largely the work of Kendrew, is an eloquent, historic doc-
ument. It outlines the need to strengthen European fundamental biology in the
face of the greater success of the US which it ascribes to the provision of funds
and facilities, large inter-disciplinary centres of research, a pattern of mobility,
exchanges and easy communication, attractive posts for able young scientists,
and an academic structure more flexible than Europe's. It notes the efforts
made, on a small scale, to remedy the European problems: the organisation of
an International Laboratory of Genetics and Biophysics in Naples, by A.
Buzzati-Traverso, and a planned federation of a small number of European lab-
oratories within the UNESCO-supported, global International Cell Research
Organisation (ICRO). The proposal then sets forth a case and a programme for
the International Laboratory, which impressively resembles what EMBL has
become and strives towards (e.g. dedicated to fundamental and complete under-
standing, operating on a large scale, endowed with critical mass, interdiscipli-
nary, with facilities, conditions of work and equipment of the best standards,
with personnel selected by excellence rather than quotas, with advanced train-
ing activities, with staff turnover, "a place for the young").

According to the summary of the proceedings of the Ravello meeting, the agen-
da was to discuss the proposals for:

1. the foundation of a European laboratory of fundamental biology
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II. the formation of a federal organisation of existing European laboratories
of fundamental biology

as summarised in the Kendrew/Waddington paper. A majority of those present
were in favour of both schemes, and it was decided to set up a European
Molecular Biology Organisation (EMBO) with the following objects:

I. to promote both the proposals mentioned above;

II. to act as a clearing-house for discussion of international initiatives of all
kinds in the field of molecular biology;

III. to consider the possibility of establishing a European fund for research
in fundamental biology to help meet the situation which will result if
the threatened drastic reduction in the United States support (for
research outside the USA) takes place.

Thus EMBO was established (formally so in July 1964), as an organisation of
leading biologists of all European countries, with non-Europeans as associate
members. Two subcommittees were already set up in Ravello, the Laboratory
Subcommittee chaired by Kendrew, and the Federal Organisation Subcommittee
chaired by Buzzati-Traverso.

It was clear that there was insufficient political support at the time to establish
an independent laboratory, on the lines of CERN, although the majority of
those present at the meeting favoured its creation. Therefore the Laboratory
Subcommittee was asked to explore the possibility of a laboratory associated
with, or part o£ a WHO-proposed World Health Research Centre, and if that
failed (as it did) to revert to the idea of an independent laboratory analogous to
CERN. In July 1964 the Swiss Federal Government indicated through E.
Kellenberger its willingness to take a diplomatic initiative, to persuade other
European governments to establish EMBL and to support the other aspects of
the EMBO programme.

The EMBO programme of courses, meetings and fellowships started up in
1966, with initial funding provided by the government of Israel and the VW
Foundation and was very popular. Its fantastic success was instrumental in
establishing the reputation of EMBO for excellence, and facilitated other ini-
tiatives. The scheme of federating existing laboratories (as distinct from activi-
ties based on individual scientists) did not proceed. However, Kendrew and his
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Committee, under the umbrella of a Special Project of EMBO and later
EMBC, worked methodically and with persistent dedication and ultimately
succeeded in establishing the Laboratory, EMBL.

The detailed subsequent history is outside the scope of the present document.
The Swiss diplomatic initiative led to the establishment of an intergovernmen-
tal organisation, the European Molecular Biology Conference (EMBC) in April
1970, initially for 5 years, in support of the EMBO-managed general pro-
gramme (the EMBC Agreement has been renewed periodically since then). The
countries were not prepared at the time to establish EMBL, but the EMBC pro-
vided a permanent forum at the intergovernmental level where the Laboratory
project could be discussed. Following an EMBO-convened planning meeting
in Konstanz (November 1969), the EMBO Laboratory Committee worked up
detailed plans; the EMBC set up related working groups (November 1970)
including representatives of the EMBO Council; the plans took definite shape
by 1972; and by that year Heidelberg had been selected as the site for the cen-
trallaboratory, with outstations in Hamburg (at DESY) and Grenoble (at ILL).
Kendrew was formally appointed Project Leader, in 1973 the Swiss government
invited the 9 other interested governments to sign the Laboratory Agreement,
and this was concluded by July 1974.

In conclusion, EMBL has multiple roots rather than a single parent. They can
be traced to multiple institutions. (CERN, EMBO, EMBC), scientific commu-
nities (molecular biologists and physicists) and visionary scientists (especially
Kendrew, Szilard and Weisskopf). While CERN and the physicists were instru-
mental in launching the concept (which also profited from the remarkable sci-
entific success of CERN), EMBO, and its dedicated Laboratory Committee
under Kendrew were essential in incubating, refining and promoting the proj-
ect. The Laboratory was warmly embraced by the EMBO membership over
time, and was colloquially known as the EMBO Laboratory. EMBC was an
important intergovernmental platform for discussion. The Swiss government
provided invaluable diplomatic help.

Reciprocally, EMBL invited EMBO to Heidelberg and provided free accom-
modation in its building thereafter. The Laboratory made available land for the
EMBO building, and continues to provide services and utilities to EMBO at a
cost of some € 300K per year. The two organisations, autonomous but linked
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by history and common mISSIon, collaborate extensively when appropriate.
EMBLs connection with CERN and the physical sciences is looser, but has
been resumed by membership in the cooperative body of the large European
research facilities, the EIROforum, and by the recently concluded Partnership
for Structural Biology in Grenoble, which includes ESRF and ILL. There is an
increasing interest in physicists working at EMBL, which will increase substan-
tially as the Laboratory moves strongly into Systems Biology.

b) The Features of EMBL

EMBL was conceived at the height of the first molecular biology revolution,
but for financial reasons its establishment was delayed until the early days of the
second, eukaryotic molecular biology revolution. As mentioned above, in the
early period it consisted of the central multidisciplinary laboratory in
Heidelberg and two small Structural Biology Outstations, in Hamburg and
Grenoble. The third Outstation, the European Bioinformatics Institute (EBI) ,
was founded in 1993, and has grown rapidly since then. The fourth, the Mouse
Biology Programme at Monterotondo, was agreed in 1994 but actually opened
in 1998. In the last few years, the EMBL system has operated with approxi-
mately 1000 people, ofwhom ca. 810 are scientific and technical personnel: ca.
100 members of the research faculty, 310 technical staff, 140 postdoctoral fel-
lows, 170 PhD students and 90 others (trainees, diploma students, visitors).
The administrative and support staff has been approximately 90, while locally-
recruited staf£: mostly for user-supported services (guesthouse, canteen, child
care facilities, etc.) and temporary staff have totalled approximately 110. Of the
current annual budget of€95.6M (in 2003), €59.1M comes from subscrip-
tions of the currently 16 Member States, € 14.5M from personnel contribu-
tions (internal tax, pension contributions) and € 22M from external sources.

EMBL has been a very special institution throughout its history, with a four-
fold mission and very distinctive features. Two centrally important missions
have been cutting-edge basic research emphasising model organisms, and the
development of enabling technologies and instrumentation. A third, related
mission has been provision of facilities and services for the broader communi-
ty. The most prominent service components are the biomolecular information
resources of the EBI and the synchrotron associated structural biology facilities
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at Hamburg and Grenoble. These are used very widely by the external scientif-
ic community, both on-site (especially in Hamburg and Grenoble) and by
remote access (especially at the EBI). However, the Core Facility Programme
and the Research Programmes in Heidelberg also sustain an active programme
for visitors, both as facility users and as research collaborators; visitors account
for approximately 11 % of the EMBL-Heidelberg personnel at anyone time.
The fourth mission of EMBL, advanced training, is pursued through an excep-
tionally active programme of practical courses, workshops and conferences that
bring ca. 1700 scientist participants from throughout the world to EMBL
annually. In pursuit of its training mission, EMBL is authorised to grant its own
PhD, but prefers to utilise interinstitutional agreements with Universities (thus
far 10 Universities in 8 countries) for granting joint doctoral degrees. In sum-
mary, EMBL is unusual amongst research institutions in having a broad and
well-integrated programme of basic research, methodology/instrumentation
development, advanced training and service provision.

A prominent special feature of EMBL is interdisciplinarity. This has been a
deliberate attribute, as the Laboratory has developed a diverse scientific com-
munity since its inception, welcoming physicists, chemists, engineers, mathe-
maticians, computer scientists, medical scientists, in addition to molecular biol-
ogists and biochemists.

A second special feature is internationality. Currently, nationals of 75 countries
work at EMBL, and no single nationality predominates. The lingua franca is
English, but many languages are heard in the canteen and the laboratories.
EMBL is committed to inclusiveness, advertises its positions widely and man-
ages to maintain national diversity and reasonable gender balance, while adher-
ing to the cardinal principle that all appointments are based on individual
merit. In practice, approximately 200/0 of the personnel are non-member state
nationals. Similarly, the Scientific Advisory Committee (SAC) is multinational,
consisting of distinguished international scientists with no one nationality pre-
dominating. The same is true for the panels of experts that assist the SAC in
conducting in depth quadrennial reviews of each EMBL Unit.

A third feature of EMBL is the youthfulness of its faculty. In turn this is the
consequence of a fourth, most unusual feature. In principle, all staff positions
at EMBL are temporary. Circa 880/0 of the staff hold term appointments of 3
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or 5 years renewable to a limit of 9 years. The more senior scientific staff that
the Laboratory needs for continuity in its programmes, or because they are
practically irreplaceable, typically hold rolling tenure (open-ended contracts
subject to termination). No permanent appointments whatsoever have been
given at EMBL in the last decade, and none are foreseen for the future.

The above four features are foundation stones, and were already stressed in the
1963 Kendrew proposal. They are at the root of two other remarkable charac-
teristics, openness and flexibility. The EMBL is a place where carefully selected
and predominantly young scientists can do their personal best, with significant
institutional support, good facilities and guaranteed intellectual freedom. It is
not a place for anyone to build large empires or rest isolated on their laurels.
Scientific policy guides the appointments, and ongoing mentoring is available
from the Heads of Units and more senior colleagues, but this does not com-
promise the guaranteed independence of even the newest faculty members.
Despite this emphasis on independence, the faculty (who are not competing
with each other for tenure) frequently find it exceptionally helpful to collabo-
rate. Thus, they capitalise on the multidisciplinary and open-door policy of the
laboratory by forming transient collaborative teams possessing complementary
expertise, that can rapidly exploit new opportunities and become competitive
with much larger teams in the world's best known institutions. The atmosphere
encourages new, daring initiatives that, with freely available collegial feedback
and subject to sufficient resources, frequently succeed. Both in individual
groups and within (even long-established) Units, the science done changes rap-
idly, allowing the institution to remain at the forefront.

As a result of careful recruitment, the unique scientific environment and the
personnel turnover policy, EMBL exports a very large number of young and
highly accomplished scientists annually (approximately 2000 since the begin-
ning). Roughly 150/0 of the research faculty turn over every year. Typically they
obtain senior appointments in their own country or elsewhere: full professor-
ships, institute directorships, etc. Significantly, their international experience
seems to promote their willingness to work abroad. Our statistics show that, on
average, approximately two thirds of the alumni move on from EMBL to their
own country and one third to countries other than their own. Many of the
young faculty are recruited by EMBL from postdoctoral positions in the US
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and are attracted back to Europe by the EMBL environment and its associated
opportunities. Conversely, a large majority of EMBLS departing faculty mem-
bers remain in Europe, allowing EMBL to serve as a "European repatriation"
agency. Most member countries benefit from EMBL in this manner, although
the degree to which they do so differs in interesting ways, reflecting differences
in the local environments (see EMBL Annual Report 2001). The EMBL
turnover system, and our extensive programmes for visiting collaborations, and
training, have generated a remarkable scientific network across Europe and
beyond. This network has now become more visible, with the formation of the
EMBL Alumni Association. The alumni have spread the influence of EMBL,
and are affecting the organisation and practice of science in Europe in a man-
ner far beyond what might be expected from the relatively modest size and the
recent origin of the Laboratory.

EMBLS effect on the practice of science, whether promoted via the alumni or
more indirectly, is evident in a number of institutions, especially in Europe.
Notable examples are the research division of the Institut Curie in Paris, the
Institute of Molecular Pathology in Vienna, and the Max Planck Institute for
Molecular Cell Biology and Genetics in Dresden. Less systematic but wide-
spread influence of the EMBL model can be found in the many universities
with alumni, or scientists who otherwise had extensive contact with the EMBL
system.

The Laboratory stresses flexibility, and changes continuously. This is exempli-
fied by the fact that, of the nine present Heads of Research Units, six took on
this task within the last eight years. Not only are two of the four Outstations
new (EBI and Monterotondo), but three of the five Heidelberg Programmes
(Cell Biology and Biophysics, Developmental Biology, and Structural and
Computational Biology) have been created during the same period by absorb-
ing old programmes. Even the rest of the Units have changed substantially in
research direction in the last decade. This ferment is reflected in the following
list, that provides a sample of scientific and technical highlights from EMBL.

• Genetic control of development in Drosophila (C. Nusslein-Volhard and E.
Wieschaus). Identification ofmany of the genes responsible for establishing
the body plan of insect embryos. The first attempt to analyse function on a
genome-wide scale, recognised by the Nobel Prize in 1995.
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• Introduction of X-rays produced in synchrotrons to the study of biomole-
cules (K. Holmes). The first example of the now commonplace harnessing
of powerful X-ray sources for structural biology.

• Cryoelectron microscopy (J. Dubochet). Development of vitrification
methods that allowed study of unfixed biological samples.

• Membrane traffic in the cell (K. Simons M. Zerial, B. Dobberstein & oth-
ers). How proteins are targeted to distinct subcellular membranes, and how
these compartments are defined.

• First public DNA databases (G. Hamm, G. Cameron & others). These are
now part of the definitive international collection of DNA sequences;
EMBL, GENBANK, DDBJ.

• Protein rafts in membranes (K. Simons). Establishment of a role for specif-
ic lipids in organising membrane domains.

• X-ray detector devices for synchrotrons (C. Boulin, A. Gabriel, M. Koch, J.
Hendrix, K. Wilson). Automatic, rapid collection of X-ray diffraction data
in digital form.

• Early "EMBL" vectors for genetic engineering (K. Murray, G. Cesareni, R.
Cortese, H. Lehrach).

• Early confocal microscope (E. Stelzer).

• Photosynthetic reaction centre structure (W Ktihlbrandt). A very high res-
olution EM-based structure of the critical membrane protein that turns
light energy into chemical energy.

• RNAi-based functional genomic screen for cell division mutants in C. ele-
gans (A. Hyman). Among the first wide-scale functional screens that made
use of a metazoan genomic sequence.

• Pharmacia line of DNA sequencers (W Ansorge).

• Eppendorf microinjector (W Ansorge). An automated device for the
microinjection into individual cells.

• Oncogene identification and cellular function (T. Gra£ B. Vennstrom, D.
Bohmann, E. Wagner, R. Muller & others). A series of studies that identi-
fied the cellular counterparts of oncogenes and analysed the mechanisms of
oncogeneSIS.
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• SRS (T. Etzold). A system to navigate between various databases.

• Clustal (D. Higgins, T. Gibson). A programme that produces alignments of
multiple sequences.

• GenQuiz (C. Sander). The first automatic gene annotation system.

• SMART (I? Bork). A tool that identifies and classifies protein domains,
heavily used by the signalling and genomic communities.

• Ensembl (E. Birney & others, in collaboration with the Sanger Institute).
The leading annotated presentation of the human and other metazoan
genomes. An extremely efficient annotation resource with very heavy use.

• Array Express (A. Brazma). The first system for collecting and organising
microarray expression data.

• Modified RNA oligonucleotide tools (A. Lamond, B. Sproat).
Development and synthesis of chemical tools that are widely used in analy-
sis of RNA metabolism both in vivo and in vitro.

• RNA metabolism (M. Hentze, A. Lamond, 1. Mattaj, D. Tollervey & oth-
ers). Extensive, diverse studies on the mechanisms and regulation of post-
transcriptional steps in gene expression.

• Nucleocytoplasmic transport; Cell and Structural Biology (1. Mattaj, E.
Izaurralde, C. Muller, E. Conti). Identification and both functional and
structural analysis of the mediators of macromolecular transport between
the nucleus and cytoplasm.

• Cytoskeletal organisation (E. Karsenti, F. Nedelec, T. Surrey & others). The
beginnings of a Systems Analysis of the reorganization of the microtubule
cytoskeleton between interphase and mitosis, when the mitotic spindle is
formed.

• Cell and tissue polarity and organisation (A. Ephrussi, M. Mlodzik, K.
Simons & others). The importance of cell polarity in underpinning the cell-
cell interactions that guide development, from the establishment of embry-
onic axes to the organization of epithelial tissues.

• Protein design (L. Serrano). The only intensively tested automatic protein
design algorithm currently available.
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• Microdiffractometer and end-stations for High Intensity X-ray Beamlines
(A. Thompson, E Cipriani & others). Design and building of tools for the
manipulation of synchrotron radiation and for sample handling at beamline
endstations.

• Mass spectrometry for Biology (M. Mann, M. Wilm & others).
Development of hardware and software that enormously expanded the use-
fulness of mass spectrometry in Biology.

• Proteomics methodology: TAP-TAG method (B. Seraphin). A rapid, non-
disruptive method for purifying macromolecular complexes intact.

• Mouse neurogenetics (R. Klein, L. Minichiello & others). Discovery of
bidirectional signalling complexes and their role in axon guidance.

• Comparative genomics ofAnopheles (r Bork, EC. Kafatos). An early exam-
ple of comparative whole-genome analysis.

• Structural analysis of RNA metabolism (5. Cusack). Analysis of the molec-
ular basis for translational fidelity and other aspects of RNA metabolism.

• Breakdown and assembly of the nucleus (J. Ellenberg, 1. Mattaj).
Identification of the mechanisms and regulators of mitotic nuclear break-
down and reassembly.

• Assembly remodelling of chromatin (r Becker). Development of in
vitro systems that faithfully assemble chromatin templates for functional
study.

• Cell signalling in morphogenesis (5. Cohen & others). Demonstration that
gradients of secreted signalling proteins provide positional information that
organises the body plan.

• DALI (L. Holm, C. Sander). DALI allows automatic comparison of protein
structures to elucidate evolutionary relationships.

• InterPro (R. Apweiler & others). An integrated documentation resource for
protein families, domains and functional sites. InterPro integrates
PROSITE PRINTS, Pfam, ProDom, SMART and TIGRFAM annota-
tions. It, like Array Express is an early example of how the EBI can act to
integrate and coordinate databases and other computational resources.
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• ARP/WARB ATSAS (V Lamzin, A. Perrakis, D. Svergun). Software pack-
ages for automatic interpretation of synchrotron radiation data from X-ray
diffraction and small-angle scattering.

• Titin sequence, function and structure (S. Labeit, M. Gautel, K. Leonard,
M. Wilmanns, A. Pastore). An interdisciplinary effort at understanding
Titin, the largest human protein that forms the "third filament" of
sacromeres in muscle cells.

• SWISSPROT and TrEMBL (R. Apweiler, A, Bairoch and others in both the
EBI and the SIB). Two databases that annotate protein sequences with func-
tional information. TrEMBL generates protein sequence computationally
from the DNA sequence database then annotates these sequences automat-
ically. SWISSPROT includes extensive manual annotation and is recog-
nized as the most valuable database of information on proteins. It was start-
ed by Aimos Bairoch in the SIB, but has been developed in collaboration
with EMBL for many years.

This list also makes clear the unique and abiding role of the Heidelberg
Laboratory in the EMBL system. This is where the majority of the well known
research contributions of EMBL have been made over the years, in Molecular,
Cell and Developmental Biology, but also in Instrumentation. The EBI grew
out of the EMBL Data Library and the Biocomputing tradition, which were
developed at EMBL-Heidelberg for more than a decade, and represented the
main origin of Bioinformatics in Europe. Recruitment to all Outstations is sig-
nificantly facilitated by the association with EMBL-Heidelberg. Critical mass,
multidisciplinarity, turnover, adequate resources and independence of young
investigators have nourished the EMBL system in Heidelberg, and have estab-
lished the high standards and world reputation of the Laboratory. These ingre-
dients remain essential, and the role of the Heidelberg Laboratory remains cen-
tral, for the future of EMBL. What has changed in the last few years is that the
Outstations have greatly gained in importance and that a strong emphasis has
been placed on coordinating and integrating the activities of EMBL across all
five sites. These changes have already created highly fruitful cross-Unit scientif-
ic collaborations which are key for the future because of the changes in Biology
that were summarised in Section D.
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A third change in recent years has been the development of a professional
technology transfer policy at EMBL, with the establishment of a wholly-owned
TT-company (EMBLEM GmbH), an investment fund (EMBL Technology
Fund) and several spin-off companies. A clear benefit of this development for
the broader scientific community is the demonstration that socially valuable
applications, as well as job creation, originate in centres of research excellence.
An important benefit for EMBL is the opportunity for large scale public-pri-
vate research collaborations, leading to discoveries that are of great scientific
interest but beyond the capacity of the infrastructure available at EMBL or
most other European research centres. One example is the previously men-
tioned collaboration with Cellzome AG on protein complexes encoded by the
yeast genome. A longer term benefit for EMBL will be the utilisation of its
share of stock equity for the development of an endowment, the EMBL
Innovation Fund. However, significant income from this fund in the next five
years is most unlikely.
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Appendix Two

Future Directions for Cell Biology and Biophysics

In keeping with the purpose of the SFL, we have not provided a detailed
description of the plans for all of the individual EMBL Units. However, to give
a flavour of how the ideas presented above could be turned into a Scientific
Programme, we provide this section as an example.

Over the past 20 years, Cell Biology has progressively evolved from the descrip-
tion of cell organisation to the identification of molecules involved in the com-
position of the various compartments and the major systems of the cell: the
nucleus, the membrane traffic system and the cytoskeleton. The next challenge
is to begin to address the question of the molecular and physical principles that
govern the self-organisation of the products of the genome into these various
dynamic structures.

The overall structural and functional organisation of a eukaryotic cell is largely
based on the spatial distribution of three major systems. The genome keeps
long term information in store, the membrane compartments deal with the spa-
tial distribution of molecules expressed on the basis of genomic information,
between "inside" and "outside" worlds, and the cytoskeleton acts as a spatio-
temporal integrator of the whole. The steady state dynamics and shape of these
structures are coordinated by "regulators" which modulate the activities and
properties of the key components of each structure.

The present CBB programme is ready for the next challenges involved in
understanding cellular organisation. Some investigations are directed at eluci-
dating the principles involved in determining the shape ofyeast cells, in the for-
mation of membrane compartments, in the dynamics of such compartments,
and in the structure of signalling networks in living cells. Other groups are
working on the identification of parameters involved in the dynamic organisa-
tion of microtubule and membrane networks, and develop computer simula-
tion approaches in close parallel to experimental data to examine the properties
of these self-organisation processes. CBB is organised in such a way as to mix
talents working in classical molecular and cell biology with people developing
state of the art biophysical methods to address the dynamics of cell morpho-

65



European Molecular Biology Laboratory

genesis, and also with scientists originating from statistical physics who try to
model and develop computer simulations of the processes studied by the biol-
ogists. This results in a highly unusual blend of people and expertise and in a
new culture in which each individual thinks both in biological and in physical
terms.

One major problem that classical biological approaches have faced was the lin-
ear description of the informational molecular basis of living matter. But what
generates life is the constant four-dimensional (in space and time) movement
and encounter of molecules (both small and macro) that generate dynamic,
supramolecular but subcellular structures. Hence the need to understand the
collective behaviour of these molecules, and to describe it in physical terms that
are comprehensible. This can only be done by a community of biologists and
physicists grouped together in the same department who share instrumenta-
tion, concepts, group meetings, seminars and lab retreats. This is what the Cell
Biology and Biophysics program has become. It now plans to grow and devel-
op, in parallel with other Units at EMBL, in the direction of Systems Biology.

This new approach is an important change of paradigm in Biology, and its
development at EMBL would facilitate its adoption in the member states. One
difficulty is that senior scientists able to work in this manner are very few.
Therefore, the field has to grow through young investigators, and EMBL is a
perfect place to do this. The Cell Biology and Biophysics Programme can be
used as a generator of mature scientists who have gone through this experience
during their PhD, Postdoc, or Group Leader period at EMBL, before moving
to national institutes interested in such approaches.

Three areas should be expanded, by a mixture of recycling appointments and
adding two or three groups. One deals with membrane compartment dynam-
ics, where there is a lot of molecular information, and new in vitro models are
coming up. Clearly, these compartments are out of equilibrium, self-organised
dissipative systems. They should be studied as such. One experimental group
interested in this field should be hired as well as a theoretical person. An effort
should be made at identifying the principles leading to the steady state genera-
tion of membrane compartments, in particular how energy gradients can be
built up and specifically read through the membrane system, analogous to the
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way in which the Ran GTPase system has been shown in EMBL and elsewhere
to underlie nuclear assembly and organisation.

A second area concerns cell polarity, cell migration and the collective behaviour
of cells in a chemotactic gradient, or just as a result of physical contacts. How
do cells interact? How is directional information outside the cell translated into
spatial information inside the cell? It is important to understand the cellular
aspects of these problems if we are to understand how an embryo develops.
There should be two groups working in this field, one interested in the actin
system and the other in signalling events. This area represents a fruitful inter-
face with the Developmental Biology Programme, where extremely interesting
related questions are being addressed presently. A valuable area for exploration
is how trans-cellular gradients are generated and evolve in response to collective
cell dynamics.

The third area concerns the nucleus and the cell cycle. Extremely interesting
work is being done in the Gene Expression Programme on nuclear assembly
and dynamics. In this context, one problem that remains to be solved is that of
the interphase to mitotic transition. How morphologically different subcellular
structures, such as a mitotic spindle or the interphase cytoskeleton, can be built
largely of the same components is a key problem of biology. In some ways this
also addresses the question of how one can make such a complex organism as a
human being with so few genes, and how new species can arise. It is striking in
the above example that with the same components and just one change, the
activity of the cdc2 kinase, one can make two different structures with different
functions, and change essentially all aspects of cellular organisation. The work
done in CBB and GE should now be extended with a new hiring, to fully com-
prehend the interphase to mitotic transition. This may lead in the medium
term to the description of a morphogenetic two-state dynamic network involv-
ing the Ran pathway, phosphorylation reactions and structural proteins
(nuclear and microtubule-related).

Finally, CBB should keep and reinforce its strength in technology, building on
excellent work presently carried out on the FRAl?, FRET, FLIM and FCS
methodologies, on new microscopies, laser ablation technology and force trap
experiments and in integrating light microscopy with electron microscopy,
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including 3D EM tomography, in collaboration with the Structural and
Computational Biology Programme.

Questions are sometimes raised about the validity of the use of modelling and
computer simulations in Biology. This probably stems from early results based
on studies where connection between experimental and theoretical work was
limited or absent. What we propose to develop in CBB may worry some peo-
ple. However, it should be kept in mind that we will never understand complex
systems without the use of modelling and computer simulations. The interac-
tions are too numerous, and too dynamic to keep using the"cartoon" approach
that biologists have employed over the past decades. Physicists use quantitative
modelling and computer simulation all the time to study dynamic non-linear
systems. This methodology should be imported to the biological sciences.
Success will come from the measurement of the dynamic parameters that
underlie the formation of biological structures and from an interaction between
wet biologists and physicists interested in the same questions. EMBL is a per-
fect institution to do this because of the flexibility of its organisation and its
open interdisciplinary tradition.
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