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Chapter 7

International Efforts

INTRODUCTION

The expected health benefits of genome proj-
ects—and their commercial potential—have at-
tracted international as well as national attention.
The United States is the clear leader in basic
research, publishing more articles on mapping
and sequencing than European or Asian nations
(see figure 7-1, table 7-l). U.S. companies have also
marketed more instruments for DNA research
than any others (see ch. 2). Productivity in basic
and applied research does not, however, guaran-
tee the United States the lead in developing or
producing commercial products and processes,
nor does it ensure market competitiveness. Japan
has also encouraged the commercial development
of technologies associated with the mapping and
sequencing of DNA, Countries such as Switzerland
and West Germany are home base for multination-
al pharmaceutical and chemical companies that are
poised to commercialize developing products.
Some nations not supporting much basic genome
research at present have strong biotechnology or
high-technology resources and policies and might

Figure 7-1 .—Distribution of Publications in
Human Gene Mapping and Sequencing

Compiled from a bibliometric analysis of literature on human
gene mapping and sequencing conducted for the Office of
Technology Assessment by Computer Horizons, Inc. [see
apps. A and E]. The differences between the annual percen-
tages displayed and the total annual research (100°/0) can be
attributed either to countries not included in the listing or
to the absence of sufficient bibliographic information to de-
termine the country or region from which the publication
originated.

SOURCE: Office of Technology Assessment, 1988

Table 7-1 .—International Distribution of Human Genome Research
(percent of articles published annually on human gene maps or markers)

Year 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
United States. . . . . . . . . . . . . . . 45 ”/0 420/o 380/o 43% 420/o 40% 460/o 44 ”/0 420/o 43 ”/0
Japan . . . . . . . . . . . . . . . . . . . . . 2 2 3 3 4 5 4 4 4 5
Western Europe

Denmark . . . . . . . . . . . . . . . . . 1 3 1 1 2 1 1 1 1 1
Federal Republic of

Germany. . . . . . . . . . . . . . . 5 4 2 4 6 5 5 5 5 5
Finland . . . . . . . . . . . . . . . . . . <1 1 1 1 1 <1 <1 1 1 <1
France . . . . . . . . . . . . . . . . . . 5 7 6 6 8 6 6 5 6 6
Italy . . . . . . . . . . . . . . . . . . . . . 2 2 1 2 3 2 4 3 3 4
Netherlands . . . . . . . . . . . . . . 4 5 3 3 2 2 2 2 3 2
United Kingdom . . . . . . . . . . 8 9 9 6 9 10 9 10 11 10
Other. . . . . . . . . . . . . . . . . . . . 7 4 7 4 6 5 6 5 4 5

Other non-European countries
Australia. . . . . . . . . . . . . . . . . <1 1 2 2 2 2 2 2 1 2
Canada . . . . . . . . . . . . . . . . . . 3 3 3 4 2 3 2 3 4 4
Eastern Europe and

U. S. S. R.. . . . . . . . . . . . . . . . 5 3 3 5 5 4 3 4 4 3
South Africa . . . . . . . . . . . . . 0 1 1 <1 <1 <1 <1 1 <1
Other. . . . . . . . . . . . . . . . . . . . 5 4 : 4 4 5 3 3 5 3

SOURCE: Office of Technology Assessment, 1988, compiled from a literature search and bibliometric analysis conducted for the OTA by Computer Horizons, Inc The
key words used in the search are described in app. E,

133
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be well positioned to commercialize technologies
that are developed for and spun off from human
genome research. ’ The OTA has found that
Government agencies in the United States are fur-
ther along in developing policies for genome
projects than are comparable agencies in other
countries, although a number of other countries
have well-established basic research efforts in
mapping and sequencing human and nonhuman
genomes-efforts that could either complement
or compete with U.S. efforts.

Gene mapping is perhaps the most common in-
ternational research activity in human genetics,
and it is likely to be an area to which many na-
tions will contribute. Human genes are highly
polymorphic, and populations from different
regions exhibit considerable genetic variation.
These regional differences will allow researchers
to contribute to comparative studies, as well as
to characterize and map genes of particular
regional interest (e.g., the thalassemias in the
Mediterranean and Oudtshoorn skin disease in
the Afrikaner population in South Africa). The
study of DNA from diverse peoples will shed light
on the nature of polymorphisms and genetic dis-
orders, even if it does not lead immediately to im-
proved health care (8).

The large scope of genome projects invites in-
ternational cooperation. Informal cooperation and
collaboration are already underway through a va -

IIt is not within the scope of this assessment to provide a detailed
analysis of biotechnological  capabilities and industrial funding; suf-
fice it to say that genome research is part of a much larger arena
of Federal, university, and industrial research and development.
A forthcoming OTA assessment, New Developments in Bidechnd-
ogy,  4: [ ~.S. Int’estment  in Biotechnology (81), covers this in great
detail for the United States. A previous OTA assessment, Commerc-
ial Biotechnology: An International Ana[vsis  (79), describes the state
of biotechnolo~v  in Western Europe and Japan; the more recent
Department of Commerce reports, Biotechnoiogv  in Western Eur-
ope (91 ) and Biotechnology in Japan (39), offer updated information
on international efforts.

riety of mechanisms. Formal collaboration could
speed research and reduce the financial burden
on each country. Maintenance of international
databases and repositories is particularly im-
portant to provide timely access to informa-
tion from research conducted around the
world. Many scientists encourage international
cooperation in genome research, but any effort
to conduct genome mapping and sequencing proj-
ects on an international scale must be based on
a realistic assessment of the capabilities and in-
terests of the countries involved.

Countries that do not themselves carry out the
kinds of research involved in mapping and se-
quencing can play an important role by collect-
ing genetic material from families for compara-
tive studies. One such project, a collection of
genetic material from a group of Venezuelan fam-
ilies, was a key factor in the successful search for
the gene that causes Huntington’s disease (see box
7-A). Similar pedigree collections are being estab-
lished and maintained in Egypt and Denmark, as
well as in isolated populations in the United States
such as Mormon and Amish communities. These
pedigrees provide valuable source material for the
study of polymorphisms and genetic disease in
human beings.

This chapter summarizes the state of DNA map-
ping and sequencing research in Japan, Western
Europe, and elsewhere. Issues of international co-
operation and competition and precedents for in-
ternational cooperation in science are examined.
Some organizational options for the international
management of genome projects are proposed,
specifying areas in which cooperation might best
be achieved and describing cooperative frame-
works already in existence. Chapter 8 outlines
questions about international technology trans-
fer that might emerge in collaborative or cooper-
ative situations.

BOX 7-A. —The Venezuelan Pedigree Project

In the small fishing villages that line the coast of years the residents of these villages were ostracized,
Lake Maracaibo in Venezuela lives an unusual group considered to be chronically drunk. But in the early
of families. If you walk into any of these villages, 1970s a doctor from a nearby military base real-
you may be met by residents who do a characteris- ized that the dance was not due to alcoholism but
tic dance down the streets—large, jerky motions, to Huntington’s disease, a rare, dominant genetic
staggering and weaving from side to side. For many disease that causes degeneration of nerve cells in
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the brain. The onset of Huntington’s disease is gen-
erally late: In those who carry the gene, symptoms
begin at age 35 or older. The disease leads to loss
of control of the voluntary muscles, first causing
twitches and jerks, then dementia, and finally death.

A preliminary study describing the case histories
and pedigrees of approximately 100 patients from
Lake Maracaibo families was presented at a meet-
ing of the American Neurological Association in
1972. It was an interesting case: an interrelated set
of families, along whose pedigree could be traced
an extraordinarily high incidence of a genetic dis-
ease that is rare in the general population. At the
time, however, no one knew what to do about it.
The case remained an interesting anecdote in the
memories of the researchers who attended the
meeting.

One of those researchers was Nancy Wexler, a
clinical psychologist. Wexler had both a professional
and a personal interest in Huntington ’s-her mother
had died of the disease, so she and her sister each
have a 50:50 chance of developing it.

Wexler and her colleagues remembered the case
of the Venezuelan families 5 years later, when writ-
ing a report on Huntington’s disease for a congres-
sional commission. One of their recommendations
was to initiate a genetic study of the Venezuelan
pedigree. Starting in 1979, the National Institutes
of Health appointed Wexler to direct a program that
would implement the recommendations and set
aside funding for the Venezuelan genetic study. The
first team of researchers went to Lake Maracaibo
in 1981 to collect blood samples from which to ex-
tract DNA. At the same time, they compiled a care-

ful record of the pedigrees of the volunteers from
whom the blood was extracted. Research teams
have gone every year since. The pedigree has grown
to include over 7)000 family members; the diagram
of it occupies a 100-foot-long section of a corridor
near Wexler’s Columbia University office. DNA sam-
ples have been collected from nearly 1,50() family
members, some with Huntington’s and some
without.

At the same time the genetic study got underway,
advances in recombinant DNA technolo~v, specifi-
cally the elaboration of techniques for finding
genetic markers using RFLPs (see ch. 2), increased
the power of analytical methods that could be used
on the collected family materials. In 1982, Jim
Gusella and others began to screen the DNA from
the Venezuelan collection for genetic markers
linked to the gene for Huntington’s disease. They
tested DNA from normal and affected members of
the Venezuelan families, comparing the different
patterns cut by restriction enzymes on the samples
from different family members. The fact that the
pedigree included large extended families wvas use-
ful in locating informative markers. By 1983, the
researchers had figured out which chromosome
contains the Huntington’s gene and had identified
a linked marker, paving the way for a diagnostic
test—an extraordinary breakthrough, says Wexler,
in such a short time. The search for the actual
gene is not yet over, however, since locating more
closely linked markers has presented unforeseen
difficulties.

A cure is not in sight for the families of Lake
Maracaibo, but they have made an extremely im-
portant contribution to the study of Huntington’s.

Photo credit: Nick Kelsh/Kelsh.Marr  Studios

Huntington’s patient being rowed across Lake
Maracaibo.

Photo credit: frank Micelotta/Time magazine

Nancy Wexler going over Huntington’s disease
p e d i g r e e s .  -
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Moreover, their genetic materials are a valuable re-
source for other genetic studies, including searches
for other disease genes, as well as for the develop-
ment of genetic maps. Indeed, some of the DNA has
been contributed to the international mapping col-
laboration coordinated by CEPH (see box 7-B). Wex-
ler suggests that “the pedigree is a big genetic
playground–whatever idea you have, you could
probably test it there.”

The Venezuelan pedigree project highlights an im-
portant role that developing countries can play in
human genome projects, even if they do not yet have
the capability to carry out human genome research
on their own. A similar collection of genetic mate-
rials from patients with genetic diseases (primarily
the anemias and thalassemias) and their families was
started in Egypt in 1964 and has proceeded since
in collaboration with scientists from NIH and sev-
eral universities---Oxford, London, Harvard, Colum-
bia, New York University, and the University of Cali-

fornia, San Francisco. The scientists who manage
this collection are eager to cooperate in international
efforts to map and sequence the human genome.
As Wexler points out:

In many cases, the countries are eager to col-
laborate, but they don’t know what they have
to offer. The patient populations are a valuable
resource. And once the working relationships are
established between Third World countries with
health problems and the high-tech labs in the de-
veloped countries, the connections are there for
advice and assistance if those countries get to the
point of starting their own labs.

Sf)[lRCES’
J Guse[la, ‘(-fine, Mapping  and Disorders of the Nervous System, lecture at Amer.

wan Association for the  Advancement of Scwnce  annual rmwtmg,  Boston Feb Is
1988

N Hashem, Ain  Shams (Inii ersq Medmal  Center, Cairo, E@Ipt, personal communl.
cation, July 1987

S $Vexler,  Columhla  L’niverslty,  personal communication october  1987

JAPAN

Japan’s efforts to develop automated DNA se-
quencing technologies have been highly publicized
over the past year, causing concern that Japan
will capture the market for sequencing technol-
ogy and that it will realize most of the potential
profits from genome projects. Japan does not,
however, have well-defined government policies
for human genome mapping. Instead, funding for
mapping and sequencing research is under the
jurisdiction of half-a-dozen government agencies
that often compete for prestige rather than at-
tempt to coordinate efforts.

Mapping and Sequencing Research

The general framework for science policy in Ja-
pan is formulated by a small group of bureaucrats
in the various agencies and by an inner cabinet
group, the Council on Science and Technology,
chaired by the prime minister. Programs for hu-
man genome research have been divided among
the Ministry of Education, Science, and Culture
(MESC), the Science and Technology Agency (STA),
and the Ministry of International Trade and Indus-
try (MITI). The Ministry of Agriculture, Forestry,
and Fisheries supports some research on nonhu-
man genomes, notably a $500,000 feasibility study
on sequencing the entire genome of rice (77).

The Ministry of Education, Science,
and Culture

Most mapping and sequencing research falls un-
der the domain of MESC, the primary supporter
of basic research in Japan. Like the National In-
stitutes of Health in the United States, MESC sup-
ports research projects selected by peer review;
it provides grants and funds for universities and
university-based researchers and for several na-
tional research institutes. In addition, the minis-
try can encourage research in specific, targeted
areas on the recommendation of its advisory
committees.

The ministry does not yet have an official pol-
icy regarding genome research but has appointed
an advisory committee to study the situation.
Members of the committee visited the United
States in early 1988 to gather information on US.
policies on human genome research and to ascer-
tain what the US. expects of Japan. The commit-
tee’s recommendations will be implemented be-
ginning in fiscal year 1989 or 1990 (58).

Japan is often criticized for not doing enough
basic research; many observers have questioned
whether Japanese scientists have enough exper-
tise in basic molecular biology to support a major
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gene mapping or sequencing effort [Yoshikawa,
see app. A]. Bibliometric analysis [see app. E] indi-
cates that while Japan’s research output in DNA
mapping is far below that of the United States (fig-
ure 7-I, table 7-1), its proportion of research rela-
tive to other countries has consistently increased
over the last decade. Its share of publications on
human gene mapping and sequencing rose from
2 percent in 1977 to 5 percent in 1986, compared
to a U.S. share that varied from 40 to 46 percent
during those years. In addition, MESC supported
the research of a scientist that led to the publica-
tion of a complete genetic map of E. coli in the
prestigious magazine Cell in 1987 (53). U.S. re-
searchers published a map of E. coli at about the
same time, but the Japanese research was nota-
ble for the speed with which it was done and for
the use of automated technologies.

The Science and Technology A g e n c y

STA supports mostly mission-oriented basic re-
search. It has played a leading role in the devel-
opment of automated sequencing technology.
Since 1981, STA’s Special Coordination Fund for
the Promotion of Science and Technology has un-
derwritten a program entitled Extraction, Analy-
sis, and Synthesis of DNA, with a total funding
of $3.8 million (40). The project, led by Akiyoshi
Wada of the University of Tokyo, aims to “to re-
duce the burden of time demanded of research-
ers working on the analysis of DNA base sequences
by developing automatic machinery,” utilizing the
knowledge and resources of companies with ex-
pertise in electronics, robotics, computers, and
material science [Wada quoted in Yoshikawa, app.
A]. The project scientists are adapting robotic tech-
niques and mass production machines to automate
the time-consuming steps in the Maxam and Gil-
bert sequencing process (see ch. 2) rather than
developing new processes. The project has re-
sulted in a prototype of a microchemical robot,
made by Seiko, but it is not yet on the market.
The goal of the project has been to increase the
rate of DNA sequencing output in general, not to
sequence the entire human genome. Wada has
repeatedly emphasized the necessity for interna-
tional cooperation in the project and would like
to develop a supersequencing center to operate
as a service facility for scientific groups around
the world (84,87).

STA and a private foundation sponsored an in-
ternational conference in Okayama in July 1987
to discuss the state of DNA sequencing technol-
ogies and possible strategies for genome sequenc-
ing in the future; the conference gave no clear
indication of the pace or direction of future STA
efforts. Some scientists expressed doubts about
the STA project, noting that there has been no
public discussion in Japan about whether or not
to support Wada’s conception of the project and
that the project is not actively supported by many
other Japanese scientists [Yoshikawa, see app. A].
Still, a quiet consensus has emerged that sequenc-
ing technology should be developed regardless of
whether a full-scale project to sequence the hu-
man genome is launched.

Oversight of the project has now shifted from
the Special Coordination Fund to STA’s Council
for Aeronautics, Electronics, and Other Advanced
Technologies (CAEOAT); a decision on the status
of future directions of the sequencing research
should be made by spring 1988, The publicity and
momentum of the project are undoubtedly attrib-
utable in part to the active role that ex-Prime Min-
ister Nakasone played in advocating biotechnol-
ogy and related projects [Yoshikawa, see app. A].
Whether the momentum will continue now, af-
ter Nakasone’s retirement, remains to be seen.

The Ministry of International
Trade and Industry and the
Human Frontiers Science Program

MITI coordinates applied research, linking
university researchers with industry to encourage
technology development and commercialization.
It does not now play a major role in genome re-
search, but its influence may increase if the Hu-
man Frontiers Science Program is fully funded.
A human genome sequencing project may become
a focal point for the program.

The Human Frontiers Science Program (HFSP)
is a proposal for an international, cooperative pra-
gram of research in basic biology and the devel-
opment of related “key technologies. ” The pro-
posal originated in 1985 in MITI’s Agency of
Industrial Science and Technology (AIST). The pro-
posal came about partly in response to interna-
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tional criticism that Japan does little basic research
itself, but capitalizes on the research of others
(4,23), and partly to emphasize international co-
operation in the face of persistent foreign trade
frictions [Yoshikawa, see app. A]. The HFSP pro-
posal met with a lukewarm reception during early
outings and international conferences, however,
and Nakasone’s mention of it at the June 1987 Eco-
nomic Summit meeting roused little enthusiasm
[Yoshikawa, see app. A] (46,76).

If implemented, HFSP would probably enhance
Japan’s sequencing effort, since DNA sequencing
technology has been identified as a key area for
development. The program was granted an ini-
tial budget of 197 million yen (approximately $1.5
million) for fiscal year 1987, to conduct a feasibil-
ity study, but the amount to be spent on develop-
ment of sequencing technologies is not yet clear.
Some observers speculate that the proposal will
be shelved now that Nakasone has retired. MITI
officials contend, however, that the program is
still viable (4,90). A December 1987 planning meet-
ing again endorsed human genome sequencing
as a focus for HFSP, but the Ministry of Finance
probably will not decide on the program’s bud-
get until 1989 (75).

Commercial ization of  Mapping and
Sequenc ing  Technolog ies

potentially marketable technologies that are de-
veloped for genome projects have been supported
by the several mechanisms through which the gov-
ernment aids industrial research in technology
development. STA’s Special Coordination Fund,
established in 1981, provides incentives for basic
research for new technologies in accordance with
the long-term goals for science and technology
development set by its Policy Committee. STA’s
Research Development Corp. promotes commer-
cial uses of government-developed technologies
that might not be used otherwise. The prototype
of Seiko’s microchemical machine was developed
with assistance from the Special Coordination
Fund, while the Research Development Corp. has
supported its commercialization. In addition,
Hitachi, Fuji Photo Film, Toyo Soda, and Mitsui
Knowledge Industries have all undertaken re-
search into the automation of DNA sequencing,
and some relevant products are being commer-

cialized. DNA extractors developed by Toyo Soda
are already on the market, as is a gel preparation
by Fuji and autoradiograph readers by Seiko and
Hitachi.

Potentials for Cooperation and
Conflict With the United States

Many Japanese scientists are willing to cooper-
ate in an international genome sequencing project,
but collaboration will clearly be accompanied by
economic tensions and competitive posturing both
by the United States and by Japan.

The development of similar automated technol-
ogies by U.S. and Japanese companies may pose
difficult trade issues. The Japanese concentration
on sequencing hardware has drawn criticism from
American companies, which fear that the Japa-
nese could take the lead in developing technol-
ogies for the analysis of DNA (89). At present, how-
ever, U.S. manufacturers are clearly ahead in the
development and manufacture of equipment for
manipulating and analyzing DNA (see ch. 2). Jap-
anese companies are not as far along in market-
ing relevant products as is often reported—while
the Seiko machine has been touted in the West-
ern press, few scientists in Japan have even heard
of it (40). In addition, the machine’s economy has
been overrated: One frequently quoted estimate
for the sequencing systems is $0.17 per base pair,
with a target of $0.01 or less, but Wada himself
states that the system is still far from reaching
even the $0.17 goal (86), (The present cost of se-
quencing is approximately $1.00 per base pair.)
Finally, despite the customary preference of Jap-
anese officials for buying Japanese machines, offi-
cials of U.S.-based Applied Biosystems, Inc. (ABI,
Foster City, CA) in Japan have reported no diffi-
culty in marketing their DNA sequencing machines
and other instruments used by molecular biolo-
gists [Yoshikawa, see app. A]. To date, Japan is the
largest market for ABI’s sequencing machine (47).

One frequently voiced fear is that Japanese com-
panies are focusing on automating parts of the
sequencing process that companies in the United
States have not yet automated (although several
U.S. firms have begun development). Thus far,
however, the STA-sponsored technology develop-
ment effort is based on automating machines that
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use conventional methodology rather than devel-
oping or using new molecular biology techniques.
Scientists at some U.S. companies have commented
that it may have been a mistake for Japan to in-
vest so much in automating existing methodolo-
gies when there are new technologies emerging
that may make the old methods obsolete.

Databases, which are generally considered use-
ful and politically straightforward areas for co-
operation on genome projects, present knotty
problems of ownership of information. Despite
support within the scientific community, the de-
velopment of shared databases—even within
Japan—is problematic. The Japanese Government
has recognized that Japanese databases and re-
positories are insufficient to handle even its own
research and development, and it is trying to estab-
lish the database infrastructure necessary for a

While Japan is often viewed as a prime com-
petitor, many European countries have stronger
research traditions in molecular genetics and the
developrnent of related technologies. There are
notable genome mapping and sequencing activi-
ties in France, Italy, and the United Kingdom, and
significant research in gene mapping and tech-
nology development in Denmark, the Federal
Republic of Germany, and others. In addition, sev-
eral supranational organizations in Europe have
developed targeted programs to encourage bio-
technology development; human genome projects
can be and are being included. The following sec-
tions describe research activities underway in the
European community as a whole and in selected
countries, in alphabetical order.Z

‘The information presented in the sections on selected countries
is based on several sources. The OT.A contracted a report on re-
search efforts in key countries in Western Europe [Newmark, see
app. Al. Some information was gleaned from scientific journals and
international news sources. In late 1986 and throughout 1987, OTA
conducted an informal suri’ey  of international efforts, contacting
embassy officials, science attaches, and scientists from numerous
countries to request information about the types and funding Ietels
of genome  mapping and sequencing research undertaken in those
countries and asking whether any specific policies governed genome
research. The information gathered from this effort varied consider-
ably in focus, depth, and detail. The countries represented here—
other than those with targeted or particularly well known research
programs–are thus self-selected and self-reported. ‘1’he result is a
descripti~’e  account rather than a cornprehensi~e  analvsis.

European Organizations

Over the past two decades, many European na-
tions have supported scientific collaboration in
principle, but in practice funding has been a per-
sistent problem:

Most European governments have become in-
creasingly reluctant to invest large sums of pub-
lic money in domestic and citilian R&D, and this
is reflected at the European level. . . As domes -
tic science budgets in Europe have become hard-
pressed for cash, governments are asking whether
they are getting value for money from interna-
tional projects. Scientists in some fields have also
come to view such projects as unwelcome com-
petitors for their domestic research budgets (29).

Nonetheless, several existing organizations in Eur-
ope either support genome research now or could
do so in the future.

The European Economic Community

The founding treaties that established the in-
stitutions of the European Economic Community
(EEC) made little explicit provision for research
and development beyond that needed for Eura -
tom (which dealt with nuclear energy, including
radiation biology), the Coal and Steel Community)
and some coordination of agricultural research
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under the Treaty of Rome founding the EEC. In
January 1974, the Council of Ministers agreed on
the general need for an EEC research and devel-
opment policy, and in the mid-1970s, the EEC’S
advisory commission began proposing programs,
including a program of research and training in
selected areas of genetics and enzymology (bim-
olecular engineering). It was not until 1981 that
this proposal was approved, since Article 235 of
the Treaty of Rome specifies that such programs
can only be adopted by unanimous agreement of
all member states (11).

Support of research and technological develop-
ment has been enhanced by the adoption of the
Single European Act, which took effect on July 1,
1987. This act modifies and extends the Treaty
of Rome by adding provisions for precompetitive
research to strengthen “the scientific and tech-
nology basis of European industry and to encou-
rage it to become more competitive at the inter-
national level” (19). Once a multiyear framework
program is unanimously agreed on by member
states, the individual research and development
programs within its agreed areas and financial
limits can be approved by a qualified majority
(member state votes are weighted roughly by size).
The current framework program, an initiative to
help create collaboration in targeted areas in sci-
ence and technology, was adopted on September
28, 1987, and runs until 1991, with a global limit
of 5.396 million ECUs (European currency units,
which in recent years have had approximately the
same value as the U.S. dollar). Framework pro-
grams must be proposed by the commission and
approved by the governing Council of Ministers
and the European Parliament (11).

Most relevant to genome research is a series
of research programs in biotechnology: the Bim-
olecular Engineering Programme, 1981-85; the
Biotechnology Action Programme (BAP), 1985-89;
and Biotechnology Research and Innovation for
Development and Growth in Europe (BRIDGE),
1990-93, A Concertation Unit for Biotechnology
in Europe was established in 1984 to coordinate
the various activities in biotechnology [Newmark,
see app. A]. These programs have been designed
to complement national research programs while
promoting the development of European biotech-
nology (83).

The budget for BAP has been substantially re-
duced from the original proposal; as of spring
1987, it appeared that approximately $300 mil-
lion of the proposed $6 billion budget would be
earmarked for biotechnology research, with
another $100 million for health, including some
funds for human genome mapping and sequenc-
ing work, under the heading of “predictive medi-
cine” [Newmark, see app. A]. “Within the biotech-
nology program(s), active consideration is being
given to mapping and sequencing technology, and
in particular with respect to the genome of yeast,”
although “given the range of topics within the cur-
rent biotechnology program, it would be surpris-
ing if genome work gained more than a small frac-
tion of the total” (11). However, “Community
research expenditures have a catalytic role that
mobilizes other funds, and a political significance
that enhances the coherence and consequent ef-
fectiveness with which national funds are de-
ployed” (11). BAP encourages proposals that in-
clude at least one industrial partner in the research
effort or that provide specific evidence of inter-
est on the part of industry.

When BAP expires, it will be replaced by
BRIDGE, which is likely to place even more em-
phasis on industrial participation. While not yet
finalized, BRIDGE is likely to include a project to
sequence the genome of yeast, which is more fea-
sible than sequencing the human genome [New-
mark, see app, A]. The tentative plan is to under-
take a 2-year pilot project in which perhaps 15
laboratories will concentrate on sequencing one
yeast chromosome; eventually, a large number of
European yeast laboratories would be involved.
The pilot project might be launched under BAP,
but the full project would be part of BRIDGE and
is provisionally estimated to cost $50 million. The
project would also try to create a market for se-
quencing equipment [Newmark, see app, A]. Re-
search on the project will begin soon at some par-
ticipating laboratories in the United Kingdom
[Mount, see app. Al.

A subprogram of BAP, Contextual Measures for
R&D in Biotechnology, aims to enhance EEC ca-
pabilities in bio-informatics (the use of computers
and information science in biology), data capture
techniques (including advanced instrumentation
and automated reading), data banks, computer
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modeling, computer software, and the “collection
of biotic materials” (repositories), along with the
“development of information and communication
techniques for enhancing the quality and useful-
ness of such collections” and “the development
of techniques for the identification, characteri-
zation, conservation, and resuscitation of the ma-
terials held in such collections” (20). Development
of a biotechnology infrastructure has obvious po-
tential for researchers in human genetics.

Another EEC activity that aids genome research
is the Task Force for Biotechnology Information.
Created in 1982, the task force has produced dis-
cussion papers and has provided small sums of
money, totaling $200,000, to support databases
(including a contribution to software development
at the database of nucleotide sequences run by
the EMBL, discussed below and in app. D), and
the launching of the European branch of the
CODATA Hybridoma Databank, centered at the
American Type Culture Collection in Rockville,
Maryland. The task force work plan for 1987-90
maintains support for databases, communications,
and computational research. The commission of
the EEC also supported a series of workshops and
studies (1984-86) investigating the interface be-
tween biotechnology and information technology
in a planning exercise known as Bioinformatics:
Collaborative European Programs and Strategy
(BICEPS), which “aims to formulate a mid- to long-
term strategy for Europe in bio- and medical in-
formatics” and “overall, to improve the European
competitive position in the rapidly developing
world market for these technologies and applica-
tions” (18). Documents for BICEPS refer to the in-
formatics requirements of human genome se-
quencing and have contributed to plans for
bio-informatics in BAP and BRIDGE and to a pro-
posal for a program of Advanced Informatics in
Medicine (17). The proposed pilot phase, 1988-90,
at 25 million ECUS ) was presented by the com-
mission to the European Parliament and the Coun-
cil of Ministers in September 1987. It includes
plans for the development of advanced sequenc-
ing instruments and related computational facil-
ities required in genome and other areas of bio-
chemical and protein engineering research, The
European chemical industry trade association has
endorsed some of the BICEPS proposals and has

indicated a willingness to help support an infra-
structure such as sequence databases (11,21).

Apart from biotechnology programs, EEC funds
research and development in health. The com-
mission’s original proposals for the framework
program envisaged a Program of Predictive Medi-
cine and Novel Therapy, which would seek “de-
velopment of predictive medicine and novel ther-
apy oriented towards better knowledge of the
human genome, and genetic engineering proc-
esses aiming at the repair of DNA defects (e.g.,
in congenital diseases of genetic origin)” (11). The
program was designed to support research in four
areas from 1987 through 1991: study of the hu-
man genome (including mapping the genome as
an aid in the diagnosis and prevention of genetic
disease), nucleic acid probes, genetic therapy, and
monoclinal antibodies. Funding for the program,
originally proposed at $75 million, has been re-
vised downwards to $25 million; both budget and
content may be further revised before the pro-
gram is approved.

The European Molecular Biology
Organization

Funded by 17 European countries, EMBO serves
primarily to strengthen the training of European
molecular biologists. It supports fellowships, work-
shops and training courses, occasional scientific
meetings, and a journal, but it does not directly
support research. EMBO sponsored a meeting of
Europeans with an interest in human genome re-
search in spring 1987. Few of the scientists present
expressed an interest in mounting a major Euro-
pean mapping or sequencing project; instead, most
favored informal cooperation between individual
laboratories. The group was pessimistic about
whether public funds could be found for a large-
scale project and raised the possibility of seeking
private funds [Newmark, see app, A].

The European Molecular
Biology Laboratory

Located in Heidelberg, West Germany, EMBL
is financed by contributions from 10 of the 17
member nations of EMBO. It houses the adminis-
trative offices of EMBO, but the organizations have
separate budgets and purposes. EMBL’s staff of
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about 250 scientists and technicians, drawn from
member nations and from West Germany, work
on a scientific program proposed by its director-
general, at present Lennart Philipson, and sub-
ject to the approval of a council composed of rep-
resentatives from contributing countries. The lab-
oratory was founded with the notion that
molecular biology would require facilities that
would be too expensive for any national research
program to support. For the most part, however,
research in molecular biology has not required
large centralized facilities, and member nations
have tended to interact less with EMBL as they
have become proficient at molecular biology in
their own laboratories (28). consequently) mem-
bers have often been grudging in their support,
which limits the projects that EMBL can under-
take. EMBL’s annual budget is approximately 45
million deutschmarks (about $26.5 million), 25 to
30 percent of which is paid by West Germany (W.

EMBL sponsors research in instrumentation,
biocomputing, and gene mapping and sequenc-
ing as well as other areas of biology. EMBL’s re-
searchers have been active in technology devel-
opment for mapping and sequencing and have
produced prototypes of machines for automat-
ing some of the steps in DNA sequencing (see ch. 2).

EMBL also operates the major European data-
base of nucleotide sequences, which works in co-
operation with GenBank” to gather and dissemi-
nate sequence data. For EMBL to undertake a
major human genome project would require a con-
siderable increase in budget —unlikely under cur-
rent circumstances—and sustained enthusiasm
from its members [Newmark, see app. A]. Director-
General Philipson is eager to promote collabora-
tion on a genome sequencing project, which he
believes will increase the need for a centralized
European data-handling facility. In the 1986 di-
rector’s report, Philipson encouraged the estab-
lishment of new support programs for a human
genome project:

If the American plan to launch a programme
on the human genome materializes, the EMBL
may be a natural collaborative partner in this
project. It might, therefore, be worthwhile to plan
for at least one new Programme in one of those
fields to be initiated in Heidelberg at the end of
the proposed Scientific Programme (1990). To fa -

cilitate recruitment and the launching of this Pro-
gramme, plans should be available by 1990 but we
do not foresee any cost during the next 4 years (36).

The European Science Foundation

Headquartered in Strasbourg, France, the ESF
is subscribed to by 49 research councils and
equivalent bodies from 18 European countries (33).
It supports projects on a special funding basis from
a small central fund; in the past, the ESF has not
sponsored much research in biology, although re-
cently it has supported some protein engineer-
ing work. One of the foundation’s standing com-
mittees, the European Medical Research Council,
enables the heads of national medical research
bodies to meet once a year. The council has no
budget, however, and little influence outside the
ESF. At its 1987 meeting, the council decided not
to attempt to coordinate European research on
human genome mapping and sequencing [New-
mark, see app. A].

The  European  Research  Coordinat ion
Agency

A French-initiated response to the U.S. Strate-
gic Defense Initiative, EUREKA was set up in 1985
to encourage development of advanced technol-
ogies in Western Europe. Participating in EUREKA
are the 18 democracies of Western Europe: the
12 member states of the EEC (Belgium, Denmark,
France, the Federal Republic of Germany, Greece,
Ireland, Italy, Luxembourg, The Netherlands, Por-
tugal, Spain, and the United Kingdom); the 5 mem-
ber states of the European Free Trade Associa-
tion (Austria, Finland, Norway, Sweden, and
Switzerland); and Iceland.

EUREKA promotes industry-led technological
collaboration among its members in several areas,
including biotechnology and advanced informa-
tion technology. It supplements EEC’S efforts by
funding research beyond the precompetitive
stage. A EUREKA project must involve at least two
industrial laboratories in two different European
countries. Governments vary in their financial sup-
port of EUREKA projects: Some offer little more
than token support and assistance in administer-
ing an international collaboration; others, such
as France, pay up to 50 percent of a EUREKA
project. Coordinated by a small secretariat in Brus -
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sels, EUREKA’s performance has impressed many
observers. Still, maintaining consistent funding is
difficult, since most of the governments support-
ing EUREKA have not created procedures for
funding the program (34), There are no EUREKA
projects for human genome mapping and sequenc-
ing yet, but the program might be used to link
French researchers to industrial partners in Eur-
ope, particularly in the development of sequenc-
ing technologies [Newmark, see app. A].

National Research Efforts in Europe

Denmark

The National Health Authority, the primary
funding agency for biomedical research, supports
some gene mapping studies, although there is at
present no centralized effort. Other funds for gene
mapping and sequencing come from general al-
lotments to universities and research institutes,
from the government, and from research coun-
cils, notably the Danish Research Council. Spe-
cial projects can be funded by applying to the
appropriate research council. The Institute of
Medical Genetics of the University of Copenha-
gen is the most prominent Danish effort in the
field. It has the longest tradition and the greatest
interest in gene mapping; sequencing is not yet
a major concern, although it may be in the fu-
ture. A University of Copenhagen scientist is the
editor of the international journal Clinical Genetics,
which publishes mapping studies and similar re-
search. There are several ongoing projects at the
institute on various genetic diseases, but there is
no concerted effort or government policy on map-
ping and sequencing (70).

One project of interest is a family pedigree
project that has been underway for more than
10 years, Like the Venezuelan pedigree project
(box 7-A), this is a collection of genetic material
from families with many children; the collection
contains “samples of red cells, serum, plasma,
thrombocytes [parts of the blood that help in clot-
ting], lymphocytes [cells important in the immune
system], as well as skin biopsies” (59). Unlike the
Venezuelan material, the genetic material in the
Danish project was collected from apparently nor-
mal families; over the years it has been tested by
classical genetic markers to help establish poly -

morphic regions for genes of different blood
groups, enzyme types, and so on. Extensive RFLP
mapping (see ch, 2) of the material has not been
done because of limited resources, but negotia-
tions are underway to contribute material to the
Center for the Study of Human Polymorphism
(CEPH), an international gene mapping center lo-
cated in Paris, for further mapping. There is as
yet no clear policy in Denmark on whether to se-
quence large portions of the family material, espe-
cially because resources are limited, but the re-
search group is exploring the possibility of
collaborative arrangements within Denmark, with
other countries, and with the United States. The
goal is to establish a Danish center for human gene
mapping, LINK, starting with the family material
that has already been gathered and expanding the
collection, as well as drawing in researchers from
other institutes. LINK is envisioned as a Scandina-
vian counterpart to the French CEPH effort (59).

The Danish Government has established 10 new
biotechnological centers and allocated D.kr. 500
million (about $80 million) for their operating ex-
penses over the next 5 years (6)59); 410 million
will be used to establish new research centers at
technical universities and private firms (24). The
biggest center, at Aarhus, is already supporting
some gene mapping research in collaboration with
CEPH.

Federal Republic of Germany

The emergence of the environmentally oriented
Green party in West Germany, combined with a
general wariness about research with possible eu-
genic applications, has made molecular genetics
research a sensitive political issues Nonetheless,
research in molecular biology is well funded by
federal, state, and private monies. There are four

K)ne  indication of this attitude is that a feclerall~  appointed com-
mission of government and outside experts on genetic engineering
recommended, in early 1987, that there be “tight limits drawn for
analyses of human hereditary factors (genomic anal~rsis)  as well as
for gene therapy” (2). The commission published an extensive re-
port entitled Chances and Risks of Genetic Engineering after two
years of study. An English  translation of the foreword and recom-

mendations of the report, entitled Gene Technology: Opportunities
and Risks (16) has been made a~’ailable  by the EEC. The DFG criti-
cized the recommendations of the commission in the case of ge-
nome analysis, arguing that the search for causes and cures for
genetic defects is a scientific duty and serves the public interest
(42).
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main sources of funds for basic research in
molecular genetics. The Max Planck Society, which
receives a substantial allotment from the federal
government but is legally independent, supports
the Max Planck Institutes, each of which is devoted
to a particular area of research (72). The German
Research Association (DFG) obtains approximately
half of its funds from the federal government and
half from state governments and supports re-
search in the universities. The German Ministry
for Research and Technology (BMFT) supports
projects in universities as well as funding the In-
stitute for Biotechnology Research and other re-
search institutes. Individual states contribute to
some science research through the universities.
Another source of potential support for genome
research is the prestigious Society for Biotechno -
logical Research (GBF), a government-funded re-
search center (78).

At present, West Germany does not have a co-
ordinated genome mapping or sequencing project.
At a meeting in September 1987, representatives
of the DFG decided not to endorse a concerted
genome project, although the agency does sup-
port a research program targeting molecular
methodology for studying the genome (52).

West Germans are strong supporters of inter-
national cooperation. They consistently contrib-
ute to EMBL, and several laboratories are carry-
ing out research that could be extended at little
expense and aligned with an international collabo-
ration in genome research.

Biotechnology is being actively promoted by the
federal and state governments in West Germany.
The Federal Ministry of Research and Technol-
ogy’s Biotechnology Research Program, initiated
in 1985, includes as an objective the promotion
of “research and development projects in public
life care, including health, nutrition, and environ-
mental protection”; one of its high-priority re-
search areas is a program of “genetic engineer-
ing with a focus on the investigation of gene
structures, research on gene functions, and on
controlling of genetic processes” (68). The minis-
try has also encouraged the establishment of re-
search centers in which university and industry
would participate and has set up seven “gene
centers” to study areas including gene expression

and differentiation and the correlation between
gene structure and function. Human genome map-
ping and sequencing are not explicitly included
in either the Biotechnology Research Program or
the genetic research centers, but both support
related research and could provide an institutional
infrastructure and funding framework for ge-
nome research.

Finland

In January 1987, scientists at the Finnish Acad-
emy proposed a 5-year plan to improve biotech-
nology and molecular biology research, in order
to promote industry and increase industrial ca-
pabilities. The proposal included a request for the
equivalent of $37 million per year for research,
training, and equipment (48). Finland has estab-
lished several genetic engineering research cen-
ters and has plans for half-adozen more; the in-
stitute associated with the University of Helsinki
is perhaps the best known.

Human genome mapping in Finland is being
done by about 10 large and small individual re-
search groups in medicine and science. They are
primarily funded by government sources, namely,
university budgets and the Academy of Finland,
which is the main funding source other than
universities. The University of Helsinki hosted the
eighth international Human Gene Mapping Work-
shop (HGM 8) (5). Finland has no concerted effort
nor any specific policies; as in most countries, how-
ever, sequencing efforts have focused on particu-
lar genes. Finnish groups are involved in collabora-
tive projects with groups in other countries,
notably the United States, and have contributed
to and received materials from international data-
bases and repositories.

France

Since 1981, the French Government has sought
to make France a world power in science and tech-
nology by increasing both funding and political
interest in research and development. The Gov-
ernment has encouraged collaboration between
university and industry researchers, both within
the country and with the rest of Europe (e.g., the
EUREKA program).
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The French Ministry of Research is directly or
indirectly in charge of nearly all government-
funded research. Most is carried out within
universities, often in units set up by the research
organizations, the largest of which is the National
Center of Scientific Research (CNRS). The CNRS
and the much smaller National Institute of Health
and Medical Research (INSERM) are the only two
government organizations that support research
related to human genome mapping and sequenc-
ing. The Pasteur Institute in Paris, a semi-
autonomous institute that receives half its funds
from the government, carries out related research.
None of these organizations has announced a firm
plan for human genome mapping or sequencing,
but each is considering what part it might play
[Newmark, see app. A].

An important focus of genome studies in France
is the CEPH (see box 7-B). organized in 1983 by
Jean Dausset to “hasten the mapping of the hu-
man genome by linkage analysis with DNA poly-
morphisms)” CEPH is a privately funded center
that collects and distributes genetic materials for
use in mapping studies. It acts as an informal coor-
dinator for approximately 40 investigators in Eur-
ope, North America, and Africa who use CEPH
materials in exchange for reporting their data
(25,26).

France has not initiated a coordinated genome
project, but there is a strong undercurrent of opin-
ion favoring a substantial program in human ge-
nome mapping and sequencing as long as it is not
funded at the expense of other research. Genome
researchers may try to work through EUREKA
to involve other European companies with an in-
terest in instrumentation or information technol-
ogy. The French Government (usually through its
Ministry of Industry) is prepared to provide 50
percent funding for EUREKA projects, and there
are indications that it would consider CEPH’s hu-
man genome work eligible for EUREKA funding
[Newmark, see app. A].

Italy

Recent administrations have given priority to
improving Italy’s scientific performance in hopes
of sparking a technology-led revitalization of the
country’s ailing economy. Considerable extra
funds for technology-related research have been

made available in the past few years, with bio-
technology as one focus. The Italian Government
announced in April 1987 that it would allocate
209 billion lire (approximately $156 million) over
a 5-year period for a national biotechnology
project involving both public research centers and
industry (64); the following month Italy’s National
Research Council (CNR) announced a special re-
search project in biotechnology for which it will
spend 84 billion lire (about $63 million) over the
5-year period (51).

In May 1987, the CNR announced its decision
to initiate a project devoted to human genome se-
quencing, to be run as a cooperative effort of all
CNR institutes and laboratories working in biol-
ogy (22). Nobel laureate Renato Dulbecco is C o-

ordinating the project, in which CNR has started
investing 20 billion lire (about $15 million) and
75 to 100 person-years (51). A 2-year pilot project
with a budget of $1 million per year will be under-
taken first, to determine whether a large-scale
project will be funded at around $10 million a year.
(These sums are to cover only specific materials,
machines, travel, meetings, and so on—not sala-
ries and general overhead—since only the exist-
ing number of personnel will be involved. )

A key question in the pilot project is whether
it is possible to isolate a single chromosome with-
out damaging it so much that sequencing would
be impossible, The ability to separate the chro-
mosomes would offer a shortcut to sequencing,
and researchers could begin sequencing with one
of the smaller chromosomes (but one with genes
of particular interest), probably chromosome 21,
22, or Y (73). otherwise) researchers will consider
continuing the project using conventional tech-
niques. Research institutes and laboratories in
Rome, Naples, Pavia, and Milan will participate
in the project. Databases and information retrieval
will be managed by research units in Rome, Turin,
Milan, and Bari, with the aim of making the na-
tional databases compatible with and complemen-
tary to existing international ones (57)73).

The pilot human genome project is still expkma-
tory, so no attempt is being made yet to coordi-
nate work with researchers outside Italy. Project
scientists anticipate that the final project would
be complementary to, if not an integral part of,
any international project that arises [Newmark,
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see app. A]. In the meantime, Italian scientists are ian scientists are not the only ones interested in
enthusiastic about Italy’s role in genome mapping; chromosome 21, however; it is a popular target
“there is good reason to believe that, for once, for research because it contains genes for Alz-
this country will perhaps succeed in reaching the heimer’s disease and for Down’s syndrome, and
starting line ahead of &her countries” (73). Ital- it is likely to be an early focus of U.S. efforts.

BOX 7-B.— The Center for the Study of Human polymorphism (CEPH):
An International Gene Mapping Center

The Centre d’Etude du Polymorphism Humain (CEPH) has become an important focus of international
scientific cooperation in the drive to map the human genome. CEPH is a private research foundation estab-
lished in 1983 by French Nobel laureate Jean Dausset with the bequest of an anonymous donor. Its aim
is to “hasten the mapping of the human genome by linkage analysis with DNA polymorphisms. ”

The basic premise behind CEPH’S activities is that a genetic linkage map (see ch. 2) will be more easily
constructed if researchers study genetic material from a common group of families—a reference panel.
The most useful family pedigrees consist of four living grandparents with many children and grandchildren
so that the inheritance of DNA can be traced through three generations. CEPH maintains DNA from a panel
of 40 families, each with 5 to 15 children; in most cases, all grandparents are living. The DNA from 29
of the 40 families in the CEPH collection was contributed by Ray White and his collaborators from the
Howard Hughes Medical Institute (HHMI) in Utah. Dausset also solicited family materials gathered by other
researchers in the United States and Europe, including some material from normal families identified in
the Venezuelan pedigree project. In contrast to that project (see box 7-A), in which researchers collected
material from families with Huntington’s disease in order to trace the gene responsible, CEPH maintains
material from families with no known genetic diseases. The markers mapped to chromosomal locations
in normal CEPH families can then be used to accelerate the search for disease genes in other families.

CEPH coordinates an international collaboration of researchers from laboratories in Europe, North
America, and Africa. In order to obtain material from CEPH, collaborating investigators must first possess
DNA probes that detect genetic markers, generally RFLPs. They must agree to use the probes to test the
entire panel of 40 families and to provide CEPH with all of their data. There are no enforcement mecha-
nisms, but so far researchers have cooperated.

Dausset’s work is supplemented by the efforts of Jean-Marc Lalouel, a mathematical geneticist at HHMI
in Utah who has designed a variety of computer programs to record and analyze the data contributed
by CEPH investigators. Lalouel and his collaborators have written programs that analyze genetic linkages
and automatically sketch out gene maps from the results. These programs are sent out on disk with the
CEPH DNA samples. Researchers can record and analyze their data using the programs on the disk, then
send the disk back to CEPH for inclusion in a central database. HHMI supports a database station at CEPH
that will be linked to its Utah station and may soon include interactions with other databases as well.

An important factor in CEPH’s success at fostering cooperative research is the two-tiered database it
maintains. One database, available only to collaborators, contains all data that investigators produce. At
the end of a year’s time or when the results have been published, whichever comes first, data from the
collaborative database is moved into a public database, where it is accessible to any qualified researcher.
This system of having both a private and a public database ensures the timely sharing of information while
affording investigators some proprietary protection for their results. The fact that the collaboration re-
quires sharing of data–but not the actual probes, which could prove to be patentable–reduces potential
competitive tensions.
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Industry is not playing a role in the pilot project,
since few Italian companies have the technologi-
cal interest or capability. But scientists involved
in the research believe that “the automation re-
quired for the project will act as a major incen-
tive for industry” and hope that industry would
help finance the final project (73). At least one Ital-
ian pharmaceutical company has expressed a will-
ingness to participate and contribute.

The United Kingdom

The United Kingdom has a strong research tra-
dition in molecular biology and genetics, and it
has done pioneering work in the mapping of non-
human genomes and in the development of se-
quencing techniques. The United Kingdom has
consistently ranked second to the United States
in the number of articles on human gene map-
ping and sequencing published annually in inter-
national journals (see figure 7-1 ) table 7-l). The
United Kingdom also ranks high in the develop-
ment of physical mapping techniques and of auto-
mated technologies for DNA manipulation and
analysis. Thus the United Kingdom is well placed
intellectually, if not financially, to contribute sig-
nificantly to mapping the human genome.

Basic biomedical research is funded mostly by
the government through the Department of Edu-
cation and Science, although both the Department
of Health and Social Security and the Department
of Trade and Industry have funds available for
contract research. The Department of Education
and Science distributes research monies through
universities and through five research councils,
The research councils provide support for scien-
tific programs carried out in universities; some
councils also support research within their own
institutes. Biotechnology is an area of overlap for
the Science and Engineering Research Council
(SERC) and the Medical Research Council (MRC),
the two councils whose areas of interest are most
closely related to human genome research. The
science and engineering council supports basic
biological research outside the medical field, al-
though it has supported some work on automated
DNA sequencing through a biotechnology direc-
torate established to link academic research to
industrial needs. The MRC is undoubtedly the
leading supporter of mapping and sequencing re-

search. Its total expenditure for genome-related
research for the 1985-1986 fiscal year, both di-
rect and indirect, was approximately 4.2 mil-
lion ($7.4 million) [Newmark, see app. A] (88).

The MRC is similar to the NIH in supporting high-
quality, investigator-initiated proposals, although
the council also establishes targeted programs in
particular areas. It has a longstanding commitment
to molecular biology and has the power to set up
new units devoted to particular areas of research
when a suitable director and sufficient funds are
available. Although the MRC supports a good deal
of relevant research and its various units and grant
holders have the expertise and instrumentation
necessary for the study of genetic disease, the MRC
does not now plan a targeted program of research
on human genome mapping or sequencing. At a
1987 meeting, however, the MRC did endorse the
plan of an employee, well-known scientist Syd-
ney Brenner, to map the human genome (largely
with private funds) as long as the research pro-
ceeded at no extra cost to the research unit Bren-
ner directs (66). At Brenner’s request, the MRC
has also agreed to set up a committee that will
consider questions such as who owns the clones
produced in mapping efforts and how best to pro-
vide public access to them.4

Brenner’s project will be financed in part by a
4300,000 (about $525,000) prize award he re-
ceived from the Louis Jeantet Foundation; the
MRC and other sources will provide another
<200,000 to  +250,000 (about  $350,000 to
$440,000) per year (56). The project will build on
a mapping technique developed by Alan Coulson,
John Sulston, and co-workers in the MRC research
unit at Cambridge. They compiled a genetic link-
age map of the nematode Caenorhabditis elegans

4“It  has been agreed by the MRCI that the human ,genome work
should constitute a separate project to be carried out as an exten-
sion of the work of the [Molecular Genetics] L1nit [in Cambridge],
It was also considered that the longer term future of this work  could
not be tied to the finite tenure of a personal LJnit.  The project might
evohe into a reference laboratory with a major service component
and would then need a different funding structure. A central aim
would be to ensure that the collection of clones and information
remained in the public domain. It \\’as therefore agreed that an Ad\i-
sory  Board be established to consider these and other policy mat-
ters” (66).
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genome, the smallest genome known for any mul-
ticellular creature (it is estimated to be 80 million
base pairs, compared with approximately 3 bil-
lion base pairs for the human genome—see ch.
2). Brenner expects that perhaps half of the ge-
nome could be mapped by a few people within
5 years. The project will include research on data-
handling methods and parallel processors, since
the mapping techniques require sophisticated
computing capabilities.

The Imperial Cancer Research Fund (ICRF), a
charitable organization financed solely by dona-
tions, has recently recruited scientists to work on
the development of a different technique for hu-
man genome mapping, as well as related software
and instrumentation [Newmark, see app. Al. The
MRC and ICRF plan to explore the possibility of
collaboration in areas of common interest.

Other efforts in the United Kingdom include
technology development in automated systems for
genome sequencing at the University of Man-
chester Institute of Science and Technology
(UMIST) (1) and biocomputing research at the
University of Edinburgh. The Edinburgh Biocom -
puting Research Unit has considerable experience
in database searching and related problems and
is undertaking a variety of studies into the infor-
matics needed for analysis of map and sequence
data (15).

The United Kingdom contributes to interna-
tional research efforts such as EMBL, to which
the MRC provided 2.72 million (about $4.7 mil-
lion) in 1987, The MRC maintains a level contri-
bution to EMBL in real terms, after supporting
some growth of the organization in 1982, when
the new director was appointed (66).

OTHER INTERNATIONAL EFFORTS

Australia

The largest research institution in Australia is
the Commonwealth Scientific and Industrial Re-
search Organization (CSIRO), which is conduct-
ing pertinent research through its Division of
Molecular Biology. Biomedical research is primar-
ily the province of the National Health and Medi-
cal Research Council, which at present funds a
number of researchers working on gene mapping
and sequencing. The Department of Human Ge-
netics and the Medical Molecular Biology Unit at
the Australian National University in Canberra are
sites of some relevant research activity. In partic-
ular, chromosomes 6 and 9 are the foci of investi-
gation because several genes have been localized
to them (43,82). Researchers at the Cytogenetics
Unit Department of the Adelaide Children’s Hos-
pital in North Adelaide are constructing maps of
chromosome 16 and part of the X chromosome.
They have collaborated with scientists from the
U.S. Department of Energy’s Lawrence Livermore
and Los Alamos National Laboratories.

The Department of Industry, Technology and
Commerce administers a system of research
grants under its National Biotechnology Program,
with priority areas including genetic engineering

and cell manipulation and culture, which could
provide support for genome research.

Canada

Canada does not yet have a national policy on
genome sequencing. The National Research Coun-
cil (NRC) is considering the creation of a task force
to address this subject within its laboratories. A
national network of biotechnology laboratories
supported by the council has been set up, includ-
ing the Biotechnology Research Institute in Mon-
treal, the Plant Biotechnology Research Institute
in Saskatoon, and the Division of Biological Sci-
ences in Ottawa, which focuses on protein engi-
neering.

In addition to the expertise that the government
research institutes might lend to genome research,
Canada has 15 to 25 university laboratories with
the necessary skills and equipment to participate
in a human genome project. To date, however,
there has been little effort to coordinate the activ-
ities of these various groups. Canadian scientists
and government officials are paying close atten-
tion to international developments in human ge-
nome sequencing and are hopeful that opportu-
nities for international collaboration will develop
(67).
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Latin America

Relatively few laboratories are involved in hu-
man genome research; of those that are, the pri-
mary interest is generally mapping genes for dis-
eases of particular national significance. As one
observer pointed out, “Brazil has its share of good
scientists, but they are hampered by lack of fund-
ing and difficulties importing equipment and ma-
terials”; presumably the same holds true in other
Latin countries (13).

Many Latin American countries realize the com-
mercial potential of biotechnology; Brazil and Ar-
gentina, among others, have initiated programs
to encourage biotechnology research and devel-
opment. Argentina has a biotechnology program
under the aegis of its Secretariat of Science and
Technology (60), and Brazil has a Biotechnology
Secretariat in its Ministry of Science and Tech-
nology (13). Scattered throughout Latin America
are individual laboratories doing relevant re-
search.

In Mexico, “scientists are pushing the Mexican
government to consider the development of ge-
netic research a priority. They don’t want to fall
behind on this kind of research, because the
pathology index in the Mexican population is ap-
proaching that of developed countries. With epi-
demics and infections decreasing, greater atten-
tion can be paid to genetic problems” (69). Like
Brazil, however, Mexico has a low research bud-
get (less than 0.6 percent of the gross national
product is spent on research) and can neither af-
ford sophisticated equipment nor train enough
scientists; both countries are interested in inter-
national cooperation. The Organization of Amer-
ican States reports that its Department of Scien-
tific and Technological Affairs, which runs a
Regional Program for the Development of Science
and Technology in Latin America and the Carib-
bean, includes projects in plant and animal
genetics but none in human genetics (65).

South Africa

Gene mapping and sequencing research is sup-
ported by the Medical Research Council (MRC),
the Council for Scientific and Industrial Research
(CSIR), and the National Cancer Association, None
has initiated a formal or coordinated attempt to
map or sequence the human genome, but there
are a number of laboratories at work in the field
of human genetics (30). Several researchers are
active in the CEPH collaboration, screening the
CEPH family materials and contributing their re-
sults. Researchers are examining genes for Hun-
tington’s disease, cystic fibrosis, and neuro-
fibromatosis in collaboration with laboratories in
the United States and the United Kingdom (10).
Research is also underway on several genes of
particular interest in the region–those for Oudt-
shoorn skin disease and familial hypercholester-
olemia (conditions prevalent in Afrikaners) and
albinism, which is common in the Bantu popula-
tion (50).

The Union of Soviet Socialist
Republics and Eastern Europe

Although the Soviet Union has not been a ma-
jor contributor to mapping and sequencing studies
published in international journals, it has pub-
lished some research on bacterial genomes (74)
and the barley genome (3). Soviet scientists are
also working on computational methods for ana-
lyzing DNA sequences (7). The Central Institute
for Molecular Biology in East Berlin has under-
taken a variety of studies in gene mapping and
sequencing and has collaborated with research-
ers in the United Kingdom (45). Bibliometric anal-
yses (see figure 7-1 and app. C) show that the So-
viet Union and Eastern European countries have
not published a significant number of research
articles on human gene mapping and sequencing.
These figures tend to select items from interna-
tional journals, however, so internal publications
are not as thoroughly cataloged and accounted
for.
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INTERNATIONAL COLLABORATION AND COOPERATION

The large size and humane mission of human
genome projects make them ideal candidates for
international collaboration. International data-
bases have already been established and are be-
ing jointly maintained, which indicates some will-
ingness to cooperate on gene mapping efforts, but
it remains to be seen how far that cooperation
will extend. The potential for commercial payoffs
raises difficult questions but does not preclude
successful collaboration as long as prior agree-
ment on allocation of benefits is reached (32,49).
The following sections recount some precedents
for collaboration and cooperation in international
science projects and the role the United States has
played in them. Organizational options available
for international human genome projects are ex-
amined, and some collaborative efforts already
underway are described. The following chapter
outlines the questions of international technology
transfer that will undoubtedly arise in any coordi-
nated international effort.

Precedents for International
Scientific Programs

The biological sciences have been organized into
international projects far less often than other sci-
ences, but collaborations in the physical and space
sciences can provide useful organizational insights.
The International Geophysical Year, box 7-C, is
an example.

Since the 1940s, research in particle and high-
energy physics has relied on complex and expen-
sive equipment—notably, the particle accelera-
tor—that is beyond the ability of any individual
investigator, or even any one institution, to con-
struct and maintain. Consequently, a number of
large, specialized laboratories have emerged na-
tionally and internationally. In the United States,
centralized facilities evolved into a network of na-
tional laboratories, now operated by DOE. These
laboratories house cyclotrons, synchrotrons, and
other advanced instruments and undertake re-
search in a broad range of areas, cooperating in
limited ways with researchers from abroad.

The European Center for Nuclear Research
(CERN) was established in 1954 to advance knowl-

edge in the field of particle physics. It is operated
by 14 European nations and has provided a frame-
work for collaboration in instrumentation. Its
governing council consists of one technical advi-
sor and one administrative advisor from each
member nation. Participants contribute to CERN
based on their gross national products, although
no nation can contribute more than onequarter
of CERN’S annual operating budget. CERN has en-
abled European nations to conduct research be-
yond the capabilities of any single member na-
tion and has been widely recognized for its success
in the advancement of particle physics. It has re-
stricted its efforts to basic research, however, and
so has avoided the complications that arise in col-
laborative work on applied research (80).

The enormity of the endeavor to explore and
study space spawned proportionately large agen-
cies to manage the research. The founding legis-
lation of the United States’ National Aeronautics
and Space Administration (NASA) included inter-
national cooperation as a major theme, and NASA
has carried out that mandate by negotiating and
implementing hundreds of cooperative projects.
Some NASA projects have established formal joint
working groups on a bilateral basis with other
national agencies. These groups meet several times
a year to ‘(discuss present and future projects of
mutual interest, and to exchange information on
scientific and management issues of concern” (61).

One of NASA’s major partners has been the
European Space Agency (ESA), a collaboration of
13 European nations. The Hubble Space Telescope
is an example of collaboration between the two
agencies. In 1977, officials from NASA and ESA
drew up an agreement to work together on the
project, citing specific contributions and respon-
sibilities (37). An article on data rights directed
that scientific data from the telescope be reserved
for analysis for one year, then turned over to pub-
lic data centers. Results were to be made avail-
able to the scientific community through publica-
tion as soon as possible and appropriate. No
specific provisions were made for patenting prod-
ucts or processes developed in the course of the
project.
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Box 7-C. —The International Geophysical Year

The International Geophysical Year (IGY) was originally conceived as the third in a series of interna-
tional polar years-earlier cooperative investigations into the phenomena of the Arctic and Antarctic took
place in 1882-1883 and 1932-1933–but the scope was expanded to include the study of all aspects of the
physical environment. Sydney Chapman, one of the organizers, described the enormous undertaking as
it finally evolved:

The main aim is to learn more about the fluid envelope of our planet—the atmosphere and oceans-over all
the earth and at all heights and depths. The atmosphere, especially at its upper levels, is much affected by distur-
bances on the Sun; hence this also will be observed more closely and continuously than hitherto. Weather, the
ionosphere, the earth’s magnetism, the polar lights, cosmic rays, glaciers all over the world, the size and form of
the earth, natural and man-made radioactivity in the air and the seas, earthquake waves in remote places, will
be among the subjects studied. These researches demand widespread simultaneous observation.

To accomplish this, teams of scientists from 67 nations—60,000 in all-observed, measured, and recorded
data in meteorology, geomagnetism, auroras and airglow, the ionosphere, solar activity, cosmic rays,
oceanography, glaciology, gravity measurements, and other disciplines over a period of 18 months in
1957 and 1958.

The effort was coordinated by the Special Committee of the IGY (CSAGI) under the auspices of the
International Council of Scientific Unions. Planning committees were appointed to organize research
programs in 14 different disciplines. Participating nations generally had their own planning commissions
or advisory boards as well.

An essential feature of IGY was the operation of world data centers. Participants agreed to send
all of their data to three major centers, in the United States, the U. S. S. R., and Western Europe. Organiza-
tions or investigators from any country could obtain copies of the deposited materials free of charge
(other than the price of reproduction and transmission). In addition, the data were summarized and
presented in more than 30 volumes in the Annals of the International Geophysical Year, an information
resource that provided the raw material for subsequent research in geology, meteorology, oceanogra-
phy, and other fields.
SOLIRCES
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NASA’s operating principles for international potential: ‘(Astronomical data have no commer-
collaboration are a useful starting point for draw- cial value” (71). The gap between research in
ing up collaborative agreements.s One key dif - molecular genetics and the market has narrowed
ference, however, between human genome proj - rapidly in recent years, making the boundary be-
ects and most space research is the commercial tween basic and applied or development-oriented

research nearly impossible to draw. Consequently,
‘NASA has never formally encoded its mechanisms for interna- agreements si-mila~ to those negotiated by NASA

tional collaboration, but it has developed an informal set of guidelines:
● Cooperation is on a project-by-project basis, not on a program and ESA regarding data rights and publication of

or other open-ended agreement. results could prove insufficient for human genome
• Each project must be of mutual interest and have clear scien- projects. A second difference is that the instrumen-

tific value.
Technical agreement is necessary before political commitment. tation required for human genome projects is nei -
Each side bears full financial responsibility for its share of the ther as large nor as expensive as that used in par-

●

project. ticle physics and space research.
Each side must have the technical and managerial capabilities
to carry out its share of the project; NASA does not_ provide In spite of a stated desire for international co-
substantial technical assistance to its partners, and little or no
U.S. technology is transferred. operation, the United States has generally acted
Scientific results are made public (55). as the primary partner in large science projects,
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defining them and then inviting other nations to
join in, rather than planning, funding, and imple-
menting projects jointly (54). In the present era
of constrained funding, however, the United States
may not always be able to carry out major re-
search projects on its own.

Collaborative projects can offer significant sav-
ings for participating countries by splitting the
financial burden (although some observers have
pointed out that the costs of negotiating and the
loss of jobs if a project is located outside the United
States may reduce the savings). Collaboration cre-
ates a paradox, however: On the one hand, it might
reduce the cost for each member, making the proj-
ect more feasible; on the other, it might reduce
each nation’s potential economic gain from the

project. The world economic situation has led to
an increasing desire for scientific research to pro-
duce commercially valuable products, thereby
fostering a protective, nationalistic attitude toward
research (see box 7-D).

Options for International
Organization of Genome Research

A decision to pursue human genome projects
on the international level, emphasizing coopera-
tion and participation, will entail considerable or-
ganizational effort. It will have the same organiza-
tional goals as a domestic effort: to eliminate
redundancy in research and to expedite the spread
of scientific and commercial knowledge of the ge-

BOX 7-D.— Views on International Cooperation and Collaboration in Genome Research

“Too many promising international research collaborations, from AIDS research to the sequencing of
the human genome, languish for lack of a workable framework for tangible and short-term research. . . .
The U.S. Department of Energy and the Japanese Science and Technology Agency have an interest in orga-
nizing and supporting the @enomel project; each seems sensibly to have decided that two independent
projects would be a waste of resources and a source of confusion, but [they] differ sufficiently in their
objectives as to impede agreement between themselves, let alone with others. ” Editorial in Nature 328:187,
1987.

“There’s a task to be done here, and we need to get on with the task. If we try to take into account
every country’s interest and concerns, we can only serve to delay it. ” J. McConnell, Johnson & Johnson,
Science Writers’ Workshop, Brookhaven National Laboratories, Upton, NY, Sept. 14, 1987.

“An international DNA analysis center or centers equipped with super sequencing systems which are
connected to a worldwide data-network should be developed. ” A. Wada, “Many Small-Scale or a Few Large-
Scale DNA Sequencers?” unpublished report, Japan, 1987.

“It is highly desirable that the U.S. continue to be the leader of the @enome mapping and sequencing]
effort, but it must be consciously and effectively run as an international quest for knowledge having univer-
sal importance. No single purse nor administrative center, in either the U.S. or the world, can or should
be created to fund or attempt to direct the task.” D. Fredrickson, National Institutes of Health, personal
communication, December 1987.

“There is . . . a growing awareness in Europe that the first megaproject in biology is shortly being
launched. Europe ought to participate in it alongside the USA and Japan to ensure access to the information
and all that it implies for medical and biological science, as well as the technological spinoffs that will surely
arise. . . . There is now an opportunity to ensure that the project involves international collaboration from
its outset which should not be missed. ” L. Philipson and J. Tooze, “The Human Genome Project, ” Biofutur,
June 1987, pp. 94-101.

“If they wished, either Western Europe or Japan could by themselves take on this project and it must
be assumed that they will initiate their own efforts. So a new international body should soon be formed
to ensure that collaboration, not competition, marks the relationship between these efforts in various parts
of the world. In a real sense, the exact sequence of the human genome will be a resource that should
belong to all mankind. So it is a perfect project for us to pool our talents, as opposed to increasing still
further the competitive tensions between the major nations of the world.” J.D. Watson, director’s report
for Cold Spring Harbor Laboratories, in press.
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“The principle of ‘mutual self-interest’ . , . lies at the heart of successful cooperation. ” D. Dickson and
C. Norman, “Science and Mutual Self-Interest,” Science 237:1102, 1987.

“If a sequencing factory can be built, Wada emphasizes that it would not be ‘Japan Incorporated’ against
the rest of the world. He wants an international centre that would be open to scientists of all nationalities
and intended for the benefit of all mankind. ” D. Swinbanks, “Human Genome: No Consensus on Sequence, ”
Nature 322:397, 1986.

“This project is so vast that it necessarily requires international cooperation. Since there are 3 billion
bases to be sequenced, the project will not create problems of competition.” P. Vezzoni, Consiglio Nazionale
di Richerche, Milan, quoted in A. Sommariva, “And Italy Will Study Chromosome 22,” Italia Oggi (Milan),
May 22, 1987, p. 36.

“There’s considerable interest in the commercial spinoffs, and I expect each country would want to
keep those. I would hate to see U.S. tax dollars used to kill yet another U.S. industry. ” J. McConnell, Science
Writers’ Workshop, 1987.

“On the one hand, the climate for international collaboration in science . . . is warmer than ever. In
virtually every major field, U.S. scientists can point to significant work being done in Europe, the Soviet
Union, Japan, Canada, or Israel that needs to be read closely, argued about, and replicated as much as
does work done in the United States. On the other hand, the new era is chillier, for governments and
businesses here and abroad will continue to try to squeeze economic value out of every bit of science to
win the international high-tech sweepstakes. ” D. Shapley and R. Roy, Lost at the Frontier: U.S. Science
and Technology Policy Adrift (Philadelphia, PA: ISI Press, 1985), p. 116.

“The creation of a sequence database is the major goal of the project, whether it is done nationally
or internationally or privately. . . . I don’t think an international project as an organized scheme will emerge,
. . . I expect a set of private ones will emerge, with some level of cooperation,” W. Gilbert, Harvard Univer-
sity, Science Writers’ Workshop, Brookhaven National Laboratories, Upton, NY, Sept. 15, 1987.

“I am convinced that an international advisory body must be formed to oversee the data bases. . . .
International cooperation [is] as important as interagency coordination in the U.S.A. But I do not think
that a special institution would be useful at the national and at the international level.” A. Lafontaine, Office
of the Secretary General, Brussels, Belgium, personal communication, June 1987,

“There is a strong belief here that practical collaborations on actual, welldefined projects are very
helpful, and probably more meaningful than large-scale collaboration between governments. Cell banks,
gene banks, and databases are very important in this regard.” A. de la Chapelle, University of Helsinki,
personal communication, August 1987.

“International cooperation is not something that should be imposed by government agencies. . . . Real
cooperation comes from individual scientists communicating with each other. ” C. DeLisi, Mount Sinai School
of Medicine, Science Writers’ Workshop, Brookhaven National Laboratories, Upton, NY, Sept. 15, 1987.

“I’m just concerned that if we focus on trying to set up an international effort, we will delay decisions
of the United States in proceeding with this. I’d like to see a willingness to cooperate at the international
level, but setting U.S. national priorities.” G. Cahill, Howard Hughes Medical Institute, comments at Issues
of Collaboration for Human Genome Projects, OTA workshop, June 26, 1987.

“[Tlhe United States does not and cannot expect to monopolize information and innovation in this field.
Moreover, the initiation of a human genome project in the United States will probably not deter work
in other countries, but rather will stimulate it. Given this assumption, the importance of past traditions,
and the magnitude of the task of mapping and sequencing the entire human genome, every effort should
be made to enhance the existing contacts between the United States laboratories and those overseas, so
as to speed the work. Indeed, we believe it will become necessary to have some major organized mechanism
for international cooperation, In particular, its objective would be to collate data and ensure rapid accessi-
bility to it, as well as to distribute materials, such as cloned DNA fragments.” National Research Council,
Mapping and Sequencing the Human Genome (Washington, DC: National Academy Press, 1988), p. 85.



nome. Just as the issues in domestic organization
revolve around distribution of authority and tasks
among interested government agencies and pri-
vate firms (described in ch. 5), the issues in inter-
national organization involve coordination of in-
terested sovereign nations.

An international organization could be either
passive or active. A passive organization would
serve primarily as a clearinghouse of research in-
formation among participating nations. This task
would require the formulation and oversight of
standard nomenclature and the translation of re-
search reports. The organization would need to
keep track of research in progress and any tech-
nological innovations reported by individual lab-
oratories, and it might be intimately associated
with databases such as GenBank” and the EMBL
data bank and with collaborative organizations
such as CEPH. Although participation in this type
of passive organization would have to be volun-
tary, all academic researchers would stand to ben-
efit from the free flow of information. The pro-
prietary interests of commercial researchers
might limit their participation, but collaborative
arrangements could be made (12,49). The success
of a passive international organization depends
primarily on the good will of the participants.

An active international organization along the
lines of the interagency task force described in
chapter 6 could plan and distribute genome re-
search among participating countries. There are
at least three ways in which the tasks of an in-
ternational genome project may be distrib-
uted: 1) by physical units, such as chromosomes
or genes, in which each country would analyze
one unit or a group of units; 2) by project aspect,
such as sequencing, informatics, or cloning, in
which each country would focus on one aspect;
and 3) by geography, in which each country or
group of countries with similar resources would
establish a genome center.

Distribution by physical units would require
each participating nation to possess the entire
spectrum of technical specialties associated with
the project—mapping, sequencing, data manage-
ment, and so on, This requirement would prob-
ably limit involvement to those nations that are
already scientifically advanced, regardless of any
interest among nations attempting to develop bio -

technical capabilities. The requirement could,
however, spur developing nations to acquire tech-
nologies, and it might provide an economic incen-
tive for commercial firms to assist in the start-up
efforts. Assignment by chromosome would most
likely cause intense politicking among the top na-
tions for the most “interesting” chromosomes. Cer-
tain countries or regions might be more interested
in chromosomes known to contain genes that af-
fect a large portion of their populations. Such a
method of assignment would also identify a spe-
cific nation with a specific achievement, effectively
placing flags on the map of the genome. The reali-
zation of this would inject an element of competi-
tion for national prestige into the context of an
international science project. In effect, the coop-
erative partners would be establishing the arenas
and ground rules for competition.

An international project divided by project
aspect would require participating countries to
adopt a specialty, which would accelerate devel-
opment and commercial profit in that field but
could preclude achievement in related fields, Ja-
pan, for example, might contribute a large share
of DNA sequencing because of its interest in auto-
mating sequencing technologies. The component
tasks of a genome project are not equivalent nor
easily evaluated in terms of necessary resources,
so distributing them may prove difficult. Further,
some aspects of the project are more visible and
economically valuable than others. To map or se-
quence an important gene is noteworthy and prof-
itable; to create a database is to provide a com-
mon good but to receive little of value in return.
An international division of labor is an attractive
idea, but only clearly defined special talents among
the nations would justify it.

The third possible distribution of international
efforts is geographical—several genome centers
could be established and supported by a nation
or group of nations. The vocation of these centers
might become a point of debate, however: Should
each cover the full spectrum of genome technol-
ogy, or should they specialize?6 If each center at-
tempted to cover all technologies, a division of

The idea of setting up large centers has been promoted by Amer-
ican scientist and entrepreneur Walter Gilbert (44) and by .lapan
Akiyoshi  Wada (84,85,87). Both have referred specifically to sequenc-
ing rather than to genome research in general.
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labor might evolve based on specialized innova-
tion. This might keep the centers complementary
and competitive, but not necessarily cooperative.
Establishing specialized centers would predeter-
mine each center’s scientific and economic suc-
cess. Focusing all of them on a single aspect, for
example sequencing, would siphon funds and at-
tention from the other aspects, A center arrange-
ment involving only countries with state-of-the-
art research capabilities might lock out interested
countries just beginning to develop biotechnol-
ogy capabilities, unless the centers were amena-
ble to taking on minor partners. Few scientists
other than the two who have proposed the se-
quencing center idea seem to be enthusiastic about
the prospect of establishing large centralized in-
stitutions (see box 7-D).

If an international project is to be pursued, is-
sues of participation and underlying motivations
should be recognized clearly and early. Without
specific guidelines for initial and future partici-
pation, any organization is likely to become en-
trenched and inaccessible to latecomers. If the
motivation for an international distribution of ef -
fort is purely economic, then participation might
be restricted to nations already able to demon-
strate their ability to contribute. Should an inter-
national effort be tied to political goals such as
assisting the growth of biological research and
biotechnology in the developing world, then wide-
spread participation and an organization capable
of coordinating both advanced and developing
countries would be necessary. If political motives
are acknowledged, then the international orga-
nization might seek to encourage the association
of national goals and priorities with genome re-
search. Political motivations are probably inher-
ent in international projects, but they could be
used to elicit widespread participation and con-
tinuing commitment. By using enticements such
as distribution of physical units of the genome
by political units of the participants, it may be pos-
sible to guide nationalistic forces into a workable
international effort.

An important factor in any international] col-
laborative or cooperative agreement will be the
participants’ domestic organization of human ge-
nome projects. The agencies involved speak with
many voices, depending on their respective mis -

sions. Formal collaboration would be difficult to
negotiate without some domestic coordination (see
chs. 5 and 6) to harmonize goals. Otherwise, less
formal cooperative arrangements will probably
prevail.

Even if there emerges no formal international
organization that can satisfy national and propri-
etary goals, the United States could establish an
international advisory board to solicit suggestions
and recommendations from the international sci-
entific community regarding human genome proj-
ects. Domestic advisory boards could include
nonvoting members from Europe and Japan, An
international advisory committee for database
oversight already exists; it has two members from
the United States, two from Japan, and several
from Western Europe (14). Members of the com-
mittee issue recommendations that, although not
binding, help coordinate the various national
efforts,

Existing Collaborative Frameworks

Lack of an international organizational struc-
ture does not preclude informal collaboration or
cooperation. Scientific laboratories exchange
views, visits, and materials as a matter of daily
practice; many scientists prefer informal network-
ing to prescribed arrangements and institutions
(see box 7-E). Policymakers in Europe are finding
that increasing support for laboratory networks,
rather than establishing centers, can be an effec-
tive way to conduct research on a limited bud-
get, Many of the scientists involved in human ge-
nome research host visiting foreign scientists and
graduate students regularly.

The United States already finances international
collaboration in biomedical research to a certain
extent through the normal funding mechanisms
of the National Institutes of Health, which may
award grants to U.S. investigators “whose work
involves substantial collaboration with foreign in-
stitutions” (63). Researchers affiliated with foreign
institutions are eligible for grants and contracts;
in fiscal year 1984, NIH spent $35 million on for-
eign grants, roughly half the budget allotted to
international activities, NIH also gives grants for
foreign or international conferences and for in-
ternational research fellowships.
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Box 7-E.—Large Centers v. Networking

The development of international sequencing centers draws enthusiastic response from some quarters
and skepticism from others. Proponents such as Walter Gilbert and Akiyoshi Wada advocate the creation
of several international centers containing advanced sequencing equipment as the most efficient way to
sequence the genome, if not to map it. Critics contend that establishing large central institutions reduces
the innovation spawned by small research laboratories doing investigator-initiated projects. Other critics,
including many industrialists, argue against “naive internationalism,” stating that the task at hand should
be done posthaste, without lengthy delays while international negotiations decide on the division of labor,
responsibilities, and benefits.

One solution that could satisfy critics of both stripes is networking—strengthening the links between
existing laboratories-rather than starting up new research centers. Networking has recently gained popular-
ity in the European community; indeed, Dickson has written that “the top political priority given to the
idea that governments should focus their efforts on linking together scientists in existing laboratories—
rather than on creating major centers or research facilities –has become perhaps the most important shift
in European-level science policy in the 1980s.”

Various research programs supported by such organizations as the European Science Foundation and
the European Economic Community (EEC) have adopted networking strategies in lieu of costlier and more
contentious decisions to set up central collaborative facilities. The ESF has supported laboratory networks
for research in areas including polar science and individual psychological development. Particularly rele-
vant for genome research is a network on the molecular neurobiology of mental illness, in which scientists
are hunting for pedigrees of families with psychiatric problems in order to locate informative genetic poly-
morphisms for linkage analysis studies (see ch. 2 and box 7-A). The EEC supports research under the Stimu-
lation Program, providing money to allow scientists from different countries working on the same project
to meet, perform joint experiments, and so on. One successful project that the Stimulation Program funded,
according to Dickson, was “a research program into the development of new high-field magnets, which
now links together scientists working in 58 research institutions in the 12 member states of the EEC. The
EEC’s Biotechnology Action Program, which encourages a translational approach to the research it spon-
sors, has developed a similar networking approach-European Laboratories Without Walls (ELWWS). ELWWs
link individual researchers from laboratories in different institutions (preferably in more than one country)
together for multidisciplinary but focused, precompetitive research projects. The ELWW program empha-
sizes rapid, open flow of information and material between participants and incorporates joint planning
and evaluation of the scheduled experiments.

Perhaps because European laboratories have traditionally been poor at communicating beyond their
national borders—European scientists are more likely to collaborate or cooperate with American scientists
than with other Europeans—the networking strategy has met with increasing enthusiasm and has fostered
notable successes. Whether the strategy would work to link Europe, Japan, and the United States is not
certain. Even within Europe there are potential problems. Networking could lead to the support of elite
research groups and exclude those from poorer countries that do not yet have the facilities to be desirable
research partners. For projects with potential commercial value, proprietary rights and the open exchange
of information can become troublesome issues. Dickson reports that some policymakers argue that “the
relative absence of centralized strategic thinking could turn out to be a major weakness. ” Despite these
caveats, networking is a model for international organization that could reduce the anxieties accompanying
the planning and implementation of international cooperative or collaborative projects.
SOURCES:
D. Dickson, “Networking: Better Than Cr8ating New Centers?” Science 237:1106.1107,  1987.
J. HeiIbron  and D. Kevles, we app. A.
J Maddox, “New Eurupean Colbhmations,” Nature 330:417,  1987.
J. McConnell, Johnson & Johnson, 6cience Writers’ Workshop, Brookhaven National Laboratories, Upton, NY, Sept 14, 1987
R van der Meer, E Magnien,  and D de Nettancourt, “European Laboratories Without Walla: Focused Precompetitive Researth,” Trends in Biotechno&y  5318.321, 1987
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DOE also engages, to a limited extent, in inter-
national research cooperation and collaboration
through its national laboratories. It has been crit-
icized, however, for earning ‘(a poor reputation
abroad for long-term commitment to international
collaborations,” which “will make it extremely dif-
ficuh for DOE to attract foreign countries into sig-
nificant new partnerships” (3 I). So far, however,
DOE scientists working on genome projects have
collaborated freely with researchers from other
countries (82).

Existing research organizations can also become
centers of collaboration. CEPH coordinates over
40 international investigators and research lab-
oratories for mapping studies (see box 7-B). It sends
genetic materials to major gene mapping labora-
tories around the world; in exchange, the labora-
tories share their results and data.

Washington University-
RIKEN Collaboration

A recent agreement between researchers from
Washington University in St. Louis, Missouri, and
the Institute of Physical and Chemical Research
(RIKEN) in Tsukuba, Japan, illustrates the poten-
tial of international collaboration at the level of
individual institutions (38). The 3-year program,
effective November 1, 1987, enables researchers
from Washington University’s new Center for
Genetics in Medicine (founded by a donation from
philanthropist James McDonnell) to work with re-
searchers from the Tsukuba Life Sciences Cen-
ter of RIKEN. The research will combine the ex-
pertise of the university’s scientists in cloning yeast
cells with the technological know-how of the
RIKEN scientists, who have developed automated
DNA analysis equipment. The initial focus of the
research will be to sequence the entire yeast ge-
nome and to improve techniques for cloning hu-
man chromosomes into yeast cells.

This collaboration, the first bilateral agreement
between American and Japanese scientists in the
field of genetics, also provides for information and
personnel exchanges with the Pasteur Institute
in Paris and the Academia Sinica in Shanghai,
China. Data and results from the collaboration will
be disseminated freely to the international com-
munity.

International Human Gene
Mapping Workshops

A series of biannual international gene mapping
workshops—the ninth (HGM 9) was held in Paris
in September 1987—has provided a mechanism
for extensive international interaction. Prior to
each workshop, committees are appointed for
each of the human chromosomes. The commit-
tees are in charge of evaluating the research that
has been done on the chromosome; they solicit
papers from the international research commu-
nity and select the ones to be presented. At the
workshop, the committee for each particular chro-
mosome works toward a consensus on which
mapping data will be accepted as the standard.
The committees also decide upon the official
nomenclature for map sites and for probes, and
their deliberations provide a measure of quality
control for the research. Data accepted at the
workshop are submitted to the Human Gene Map-
ping Library in New Haven, Connecticut, and sub-
sequently entered into that database (see app. D).
In 1987, a new database, Genatlas, was initiated
specifically for the purpose of managing the map-
ping data from HGM 9. The conference proceed-
ings are published in the Journal of Cytogenetics
and Cell Genetics. Proceedings of some of the con-
ferences have been independently published.

The growth in the size of the HGM workshops
is one indication of the overall growth of the field
of human genetics. Early conferences attracted
an exclusive group of participants, but the ninth
drew hundreds. Data are accumulating so rap-
idly that biannual conferences may not be suffi-
cient; plans are already underway for an infor-
mal workshop, dubbed HGM 9.5, to be held in
1988 (9).

International Journals

The scientific publication process is the most
important form of data sharing within and across
national borders—an ongoing form of interna-
tional cooperation. A bibliometric analysis of the
international literature showed a rapid rise in the
number of mapping and sequencing articles pub-
lished in international journals between 1977 and
1986 (see figure 7-2). U.S. researchers have con-
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Fi~ure 7-2.—Human Gene Mapping and Sequencing
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A bibliometric analysis conducted for the Office of Technol-
ogy Assessment by Computer Horizons, Inc. [app. A] showed
a steady increase in the total number of articles published
annually in international journals on human gene mapping,
gene markers, nucleotide sequences, and related topics from
1977 through 1986. [See app. E for details on the key words
used in the literature search.]

SOURCE: Office of Technology Assessment, 19S8,

sistently contributed the largest number—from
38 to 46 percent of all articles with genetic map
or linkage results (see figure 7-I, table 7-1, and
app. E) [Computer Horizons, Inc., see app. Al. The
United Kingdom is the next largest contributor,
publishing 8 to 11 percent of the articles annu-
ally, while France and West Germany are next
with 5 to 8 percent and 2 to 5 percent, respec-
tively. Japan’s share of the basic research has in-
creased fairly steadily, from 2 percent to 5 per-
cent of the total. These data show the international
nature of genome research and of the medical and
scientific literature in general. There exists some
segregation of Eastern European journals due to
restrictions on export of information, and lan-
guage may pose a barrier for non-English-speaking
scientists (since many international journals are
published in English), but for the most part scien-
tific journals are thoroughly international. Scien-
tists from one nation freely report data in jour-
nals from another.

Databases and Repositories

The operation of databases and repositories has
been a standard mode of international coopera-
tion in many scientific fields, and human genome
projects are no exception; several databases and
repositories relevant for human genome projects

exist (see app. D). The cooperative arrangements
that have evolved among the international data-
bases for nucleotide sequences and for protein
sequences are examples of effective international
collaboration.

Databases for nucleotide sequences were started
at Los Alamos National Laboratory (later funded
by NIH and operated under the name GenBank@)
and EMBL (officially dubbed the EMBL Data Li-
brary) during the late 1970s. By the fall of 1980,
the database organizers recognized the need for
collaboration between the two, and from 1980
through 1982 the databases exchanged sequence
data on an informal basis until their first major
releases. In August 1982, GenBank@ and EMBL
held their first joint meeting and agreed to use
a similar system of accession numbers and to di-
vide the journals each would scan for data. The
compatibility of the databases was further en-
hanced by agreements, reached in 1985 and 1986,
on common sets of data and annotation. The DNA
Data Bank of Japan formally joined the collabora-
tion in May 1987, The division of responsibilities
for various aspects of the operation of the data-
bases was formalized in meetings in the summer
and fall of 1987.

An international workshop on database needs
in molecular biology was convened in Heidelberg,
West Germany, in 1987. The participants recom-
mended that an international advisory commit-
tee composed of experts from the fields of molecu-
lar biology and information sciences be formed
to provide advice and guidance for expanded co-
operation among the databases (35). The funding
agencies that support the databases followed the
recommendation and appointed a committee,
which consists of three members from the United
States, three from Europe, and two from Japan.
The committee will meet yearly to advise data-
base staff on matters such as format and annota-
tion. Its recommendations are not binding, how-
ever, since each database is responsive primarily
to the agencies that support it. The first meeting
was held in February 1988.

Formal collaboration on protein sequence data-
bases is more recent. The US. database, the Pro-
tein Identification Resource (formerly known as
the Dayhoff database, or NBRF), was started in
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the late 1960s. The European and Japanese coun-
terparts—the Martinsreid Institute for Protein Se-
quence Data (MIPS) (27) and the Japan Interna-
tional Protein Information Database (JIPID)–
began operations in 1987. The close collaboration
among the three includes use of the same format,
the same software, and a regional division of mon-
itored journals (41).

The continued development and maintenance
of databases and repositories are the most com-
monly endorsed mode of international coopera-
tion on human genome projects (see box 7-D). The
National Academy of Sciences supported the estab-
lishment of an international organization to gather
and distribute data and materials in its 1988 re-
port on human genome mapping (62).
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