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research; they are also challenging for

European science. Access to the total
genome sequences of several organisms
will lead biology to previously unimagin-
able insights, as these sequences are ana-
lyzed using bioinformatics and both estab-
lished and novel experimental methods. In
Europe, scientists and policy-makers now
perceive significant problems: a serious gap
in resources for critical areas of biology rel-
ative to other industrialized countries, and a
lack of coherent policies that are needed to
maximize the total impact of our diverse
national and international efforts. This is
the dual context within which the European
Molecular Biology Laboratory (EMBL) has
developed recently its scientific program
for the next 5 years (/), and is preparing the
associated budget.

In summary, the laboratory will be ad-
dressing the challenge of the times by fo-
cusing on functional genomics as its cen-
tral theme, based on our combined strength
in experimental biology, bioinformatics
and technology development. Despite its
strong reputation, EMBL is an institution
of modest size, and has been underfunded
in the last decade. The scientific plans will
require budgetary increases that will be
reasonable in absolute figures, given the
present core budget of approximately 45
million euros (US$44 million). Our exist-
ing Units (the Research Programs in the
main laboratory in Heidelberg and in
Monterotondo) and the Outstations in
Grenoble, Hamburg, and Hinxton (Euro-
pean Bioinformatics Institute, EBI) are the
essential foundations for these plans, and
must be reinforced. A major part of the
planned growth is to build up the EBI as a
world center in bioinformatics. To bolster
our strength in mouse biology, Montero-
tondo will need to double in size to six re-
search groups to achieve critical mass.
Thematic initiatives across the Units will
capitalize on our interdisciplinarity, for
which adequate resources in Heidelberg
are vital. At the structural biology Outsta-
tions, we will need to invest in equipment
upgrades and staff for the x-ray beam lines
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that are very much in demand. Finally, we
intend to build on our extensive collabora-
tions across Europe, offering new opportu-
nities for institutional partnerships.

The EMBL Profile

Our central mission is to promote the de-
velopment of molecular biology through-
out Europe: to foster leading-edge research
that opens up new fields, to develop new
techniques and instrumentation, and to
provide advanced training and services to

for continuity. As a result of high turnover,
the laboratory is extremely youthful and
flexible, evolves rapidly, stays current, and
avoids rigid borders between its Units.

Our research landmarks include sys-
tematic genetic analysis of embryonic de-
velopment in Drosophila; molecular cell
biology of membrane traffic; elucidation
of RNA maturation, transport, and transla-
tional control; introduction of biocomput-
ing and bioinformatics in Europe; and de-
velopment of enabling technologies such
as the use of synchrotron radiation in biol-
ogy, cryoelectron microscopy, advanced
light microscopy, and mass spectrometry
for protein identification. Often, collabo-
ration between instrumentation developers

‘and experimental biologists has proved

crucial to success. Major, widely appreci-
ated services are offered at synchrotron
beam lines for structural biology in Ham-
burg and Grenoble, and through global

bioinformatic resources at the
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.9%0%, % tructures also serve visitors in
0920%0 2%, %%, 0%0%0% Heidelberg.
E:E:E:E .,S"’ 25:5 :O:C:O:OQ The EMBL has an unparalleled
::::::: o* c ::g: ® 00,20, record of advanced training and re-
0020808 ‘20 0% 02490 ® search networking in Europe.
0020008 200° oeoe P4 When our scientific alumni leave
%0808 ©32,0°° 0 EMBL, they carry with them its
®og 00’ Heidelb standards, contacts, and interna-
= ; arg tional collaborative outlook. Out of
0% @ ® more than 1500 to date, three-quar-
0%0%0%0% ters work in and benefit the mem-
@0003006@ ber states, often in leading posi-
ag ® ® ® :Q ® @) tions. In addition, nearly 2000 visi-
@2 : ® ® @ : ® tors participate in research projects
[ ] ® ® ® @ ® @ ® @ annually; establish collaborations;
0%0® are trained in specific methods; or
e @ I attend up to 25 practical courses,
o%e ® workshops, and conferences. EMBL
0% 0%, 0% % is the European equivalent of the
e%e%0e ®ees 000,60 Id Spring Harbor Laboratory in
°’..“°e:=°a ozgs ®@@®®@@@® co Pring ry
00e%e3e, 230 g0 0,0,0,0.0  the United States.
0920%0,°%0 02 o2 o 00,0 In the last decade, the EMBL in-
2% o of 20 o2 of ® ©9%e® ternational Ph.D. program has
002023° 85 o2 o° %0 0%099®  grown to a steady state of 170 stu-
e ol 0% 0_0,0 ;
030° oo 0,0 dents, selected from a large and di-
* verse pool of applicants. Their stud-
Logos of EMBL Units ies begin with an intensive core

the scientific community. This complex
mission is supported by activities and poli-
cies that give EMBL a unique profile. Ap-
pointments are made strictly on merit, not
by national quotas. Yet, by inclusive re-
cruitment, EMBL is the most international
institution in biology worldwide, with no
single nationality predominating. Our sci-
entists come from engineering, informat-
ics, and diverse physical and biomedical
sciences, permitting interdisciplinary in-
novation. Staff contracts are for fixed
terms, up to 9 years, with rare exceptions

course program in Heidelberg, fol-
lowed by supervised research at any EMBL
site. This leads to a degree that is granted by
national Universities, EMBL itself, or, joint-
ly, under agreements negotiated between
EMBL and national institutions.

The Scientific Context and the Plans

In the second half of the 20th century, the
biological research community embarked
on one of the greatest scientific revolu-
tions of all times. For the first time in his-
tory, we are beginning to understand the
fundamental nature of life itself—a subject
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at least as interesting as the nature of the
cosmos or the ultimate composition of
matter. This revolution continues to accel-
erate, underpinning a technological revo-
lution in medicine, agriculture, and the
biotechnology industry. Biology is becom-
ing less reductionist and more integrative,
as it seeks to understand the logic of com-
plex living systems in molecular terms.
The evolutionary unity of life at the
molecular level has become evident, great-
ly facilitating the transfer of knowledge
from tractable model organisms to com-
plex species including humans. Novel
methods, equipment, and large-scale facil-
ities, both physical (for example, syn-
chrotrons) and electronic (interconnected
global databases), are now crucial, as biol-
ogy becomes “big science.”

Adjusting to these changes, the
blueprint for EMBL in 2001-2005 envis-
ages a judicious combination of organiza-
tional stability and programmatic ferment.
It grows out of current strengths while set-
ting new directions, with functional ge-
nomics as a central theme.

By next year, numerous microbial and
several multicellular genomes, including
the human, will have been deciphered. Bi-
ology will be faced with an enormous
challenge: understanding how the infor-
mation of the entire genome affects the bi-
ology of the organism. Molecular analysis
is clearly required to understand higher
levels of biological organization, but the
converse is also true: the biology of the
molecules of life can only be understood
in the context of functioning cells and or-
ganisms. EMBL is in a favorable position
in this new era, precisely because of its
strength in basic research at interconnect-
ed levels (molecular structures, gene ex-
pression, cell and developmental biology),
coupled with bioinformatics and instru-
mentation development. In the next 5
years it will be vital to safeguard this
strength in our evolving Units, while using
our flexibility from turnover and relying
on our unique collaborative culture, to
build interunit initiatives that cut across
traditional disciplines.

Initiatives targeted on bioinformatics,
genomics, and proteomics aim to integrate
technology development for global analy-
sis with challenging fundamental prob-
lems of experimental biology. An initiative
on molecular interactions, based on the
emerging realization that multimolecular
machines are the key mediators of biologi-
cal function, will develop methods for iso-
lation and characterization of functional
macromolecular complexes in cells and
developing organisms. An initiative on the
intracellular RNA world will focus on
post-transcriptional gene expression as a
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mechanistically integrated process of RNA
remodeling. Another initiative seeks to
combine quantitative experimental analy-
sis with new inputs from chemistry and
physics, as well as modeling, to elucidate
the systems properties of complex biologi-
cal phenomena such as morphogenesis. Fi-
nally, by cultivating interactions with med-
ical research institutions, we aim to alert
both medical researchers and our scientists
to the potential medical applications of the
discoveries at EMBL.

Service, advanced training, and support
for visitors are well-established activities,
only limited by the available resources. For
the next 5 years we propose a new thrust in
outreach activities: the development of lo-
cally funded bilateral partnerships with in-
stitutions in the member states. We envis-
age collaborations whereby EMBL would
help update or set up facilities in the partner
institution; temporary external sponsorship
of groups at EMBL followed by relocation
to the sponsoring partner institution; tran-
sient establishment of local EMBL units,
which then devolve to the national system;
and broader institutional affiliations, for ex-
ample, for facilitating international recruit-
ment and advisory structures or reciprocal
access to facilities and sustained collabora-
tions. The rationale is to contribute toward
overcoming the fragmentation of science
efforts in Europe, by promoting a coopera-
tive network of centers of excellence.

Toward a Robust European

Science Policy

Like CERN and other intergovernmental
research institutions, EMBL is the legacy
of the postwar vision of science on a Euro-
pean scale. Currently, there are three sci-
ence systems in Europe: national, inter-
governmental, and European Union (EU).
A major challenge is how to articulate
these systems properly, to create synergies,
and to amplify the dynamism of the
whole. The challenge is especially impor-
tant for the life sciences and “e-science”
because of their expected pivotal role in
the 21st century. A recent experience gives
cause for concern.

The EU has funded the EBI generously
since its inception, through competitive
grants. In November 1999, the EBI’s ap-
plications under the new multiannual EU
Framework V Programme were turned
down for being “out of scope.” The same
happened to other previously EU-support-
ed infrastructures in the life sciences, in-
cluding the European Mouse Mutant
Archive (EMMA). Apparently, the rules
under the EU “Support for Research In-
frastructures” program had changed to ex-
clude support for the actual operation of
infrastructures. The wisdom of such a de-

cision, when biology depends ever more
on robust infrastructures, was challenged
vigorously (2, 3). The failure to inform in-
frastructure operators directly, transparent-
ly, and well in advance to allow arrange-
ments for alternative support was especial-
ly regrettable. Because of the rapid growth
and strategic importance of bioinformat-
ics, we had committed to the EBI more
than half of the requested growth for all
EMBL in 2001-2005. Now we have also
asked our member states to fill the gap left
by the EU.

Nevertheless, there is some ground for
optimism. A recent European Commission
document (4) “Towards a European re-
search area” proposed by the new EU
Commissioner for Research, P. Busquin
begins: “Even more so than the century
that has just finished[,] the XXI century
we are now entering will be the century of
science and technology....In Europe, how-
ever, the situation concerning research is
worrying.” Referring to an expanding gap
of tens of billion euros between the re-
search expenditures of the United States
and Europe, the document moves away
from the misguided orthodoxy that all is
well with the European science base and
that the EU should concentrate on applied
research directed toward industry and “so-
cioeconomic” objectives. It calls for a
“European approach to research facilities”
and seems to signal a renewed favorable
attitude toward the European intergovern-
mental organizations. It promises that “In
form as in content the Sixth Framework
Programme will have to be thoroughly
rethought out in the light of the project to
develop the European research area.”

The other powerful bodies of the EU
are the Council of Ministers and the Euro-
pean Parliament. The successive presi-
dents of the Council this year will be J. M.
Gago (Portugal) and C. Allégre (France),
influential ministers who are scientists
with a European vision. The new parlia-
ment is also likely to favor European co-
operation. Finally, the life sciences re-
search community is beginning to formu-
late and project its views in an effective
manner (5). This may be the year for a
common effort toward a more robust Eu-
ropean science policy. In the long run, our
institutions—EMBL included—will pros-
per, not in isolation, but in the context of
an improved climate for stronger, consis-
tent, and coordinated support for science
in Europe.
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