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chapter 8

Technology Transfer

‘(The politics of knowledge—the question of who owns and controls the distribution
and use of scientific information—is by no means a new issue. The pure scientist work-
ing in an ivory tower has long been extinct. ”

Dorothy Nelkin, Science as Intellectual Property: Who Controls Research?
(Washington, DC: American Association for the Advancement of Science, 1984), p. 92.

The economic impact of genome projects will
depend on how many new products and services
are created by them. Some large scientific projects
such as space programs and electronics research
facilities have been justified by their potential for
spinning off technologies. The magnitude of such
spinoffs is unpredictable, however. Often, there
emerge useful products that could not have been
foreseen IHeilbron and Kevles, see app. A], Given
the many surprises in molecular biology over the
past decade, it is impossible to predict exactly how
genome projects will result in products, but they
undoubtedly will yield many new applications in
pharmaceuticals, agriculture, and other industrial
sectors. Uncertainty about the magnitude of eco-
nomic impact means that genome projects can-
not be justified purely as an economic investment.
As the projects go forward for scientific and med-
ical reasons, however, it makes sense to ensure
that their results are fully used. The process of
converting scientific knowledge into useful prod-
ucts is technology transfer.

The Federal Government influences the effi-
ciency of technology transfer through its research
and development policies. Government has tradi-
tionally supported research that will have large
but unmeasurable noneconomic benefits (e.g., re-
search aimed at improving health as a value in
itself rather than simply disease impact measured
in dollars) or that is too risky for individual firms
to support (e.g., projects that are expensive, highly
uncertain in outcome, or long-term). Arguments
for increased Federal support of biomedical re-
search since World War II have generally empha-
sized improvements in health. Economic argu-
ments for increased biomedical research funding
have typically been analyses of economic drag–
how much the Nation could save by avoiding dis-
ability or disease (18). This argument is changing

to concern for efficient translation of science into
products. Policymakers are shifting their atten-
tion to technology transfer as products derived
from molecular genetics find their way to the mar-
ketplace, international trade imbalances worsen,
and rising deficits intensify scrutiny of Federal
budgets.

A major effort is underway in many developed
and some developing nations to target biotech-
nology for investment because it is considered par-
ticularly likely to produce economic benefits
(3, 16,19,23). Most foreign governments’ efforts to
promote biotechnology include strategic planning
of national research programs and encourage-
ment of research and development in private firms
(e.g., tax incentives, subsidies for industrial re-
search centers, business grants, or government
risk capital). The United States has no deliberate
Federal policy to encourage biotechnology per se
(16,19,23), although legislation introduced late in
the first session of the looth Congress would cre-
ate a national biotechnology policy board.

Most genome projects could produce both di-
rect and indirect economic benefits. Some projects
are expected to yield directly marketable prod-
ucts (e.g., DNA sequenators, analytical instru-
ments, DNA probes for diagnostic tests). Others
would accelerate development of products (e.g.,
maps, repositories, and databases).

Different groups have divergent concerns about
technology transfer. Scientists fear that corporate
participation will inhibit the free flow of informa-
tion and impede scientific progress. Policymakers
want to ensure that a large Federal investment
in genome projects is translated efficiently into
new products and services, ultimately creating
new jobs and other economic benefits. They are
wary of projects in which U.S. taxpayers will fund
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research that is commercialized and used by for-
eign interests. In this view, foreign governments
should support an equitable fraction of basic re-
search, and American investments should not al-
low jobs and profits to migrate abroad. Industrial
representatives want a say in planning research
programs and access to scientific results as they
are produced. Individual companies wish to en-
sure that any funds they invest will earn suffi-
cient returns.

Congress could encourage technology transfer
by funding personnel exchange among govern-

ment, academic, and industrial sectors, with min-
imal bureaucratic strictures, and by supporting
symposia, journals, and other modes of informa-
tion exchange. When advisory committees are
formed to guide Federal genome projects, indus-
trial representatives could ensure that projects
are planned with an eye to economic exploitation.
These options are covered in chapter 6. The re-
maining options relate to protection of inventions
resulting from federally funded research, dis-
cussed below.

PATENT AND COPYRIGHT POLICIES

Ideas and know-how—intellectual property—
are granted many of the same legal protections
as tangible private property. Intellectual property
law traces its roots directly to the U.S. Constitu-
tion, which authorizes the Federal Government
“to promote the Progress of Science and the use-
ful Arts, by securing for limited times to their
Authors and Inventors the exclusive Right to their
respective Writings and Discoveries,” The purpose
of intellectual property protection is to encourage
inventors and discoverers to share their knowl-
edge, while ensuring that they benefit from the
fruits of their labors. Legal protections balance
the social good stemming from wide disclosure
of new knowledge against individuals’ or compa-
nies’ rights to gain from what would not have ex-
isted without their efforts.

Three types of intellectual property protection
are relevant to discussion of the technologies likely
to emerge from genome projects: patents, copy-
rights, and trade secrets.

Patents

patents grant inventors the right to exclude
others from producing, using, or marketing their
inventions (as defined in the patent claims) for
a specified period. The purpose of patent law is
to give inventors an incentive to risk their time
and money in research and development, while
requiring public disclosure. Patent laws in differ-
ent countries vary in degree of protection, en-
forcement, penalties for violation, and criteria for

approval. In the United States, the period of pro-
tection is 17 years, with extensions for pharma-
ceuticals to cover some of the delay imposed by
regulation. Patents apply to inventions, but not
to ideas, mathematical formulas, or discoveries
of preexisting things. A patentable invention must
be new, useful, and not obvious. A patent holder
can permit others to use or make the invention
by licensing it.

Profit is only one of many motivations for patent-
ing an invention. Another is to maintain control
over it. Leo Szilard filed a patent on the process
of nuclear fission, for example, hoping to bring
it to the attention of military authorities in the
United States and Great Britain (12). Cyclotrons
used in nuclear physics were patented to ensure
their proper medical applications, yet this did not
inhibit research (in fact, most physicists were not
even aware of the patents) IHeilbron and Kevles,
see app. A]. The Rockefeller Institute patented the
sphygmomanometer (blood pressure cuff) to en-
sure that clinicians would have ready access to
it and that later discoverers could not limit its use
(11). Nonprofit organizations supporting genome
projects are likely to encourage patents when they
would ensure broad public use (9).

U.S. patents are obtained from the Patent and
Trademark Office in the Department of Com-
merce (other nations have analogous institutions).
The patentability of inventions is initially deter-
mined by this office. The scope of protection and
more refined factors for granting patents are de-
fined by case law, when patents are challenged
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in court, The principles for determining patenta-
bility do not depend on any particular type of tech-
nology, but interpretation of them does. Uncer-
tainty about the patentability of inventions is
greater in biotechnology than in most other areas
because the techniques are new and complex. In-
terpretation of criteria for granting patents, defin-
ing the scope of patent claims, and determining
what constitutes infringement have not been clar-
ified by case law, because the case law does not
yet exist.

Patent Policies for Federally
Funded Research

Uncertainty about patentability need not para-
lyze research efforts, because interpretation of
patent law does not interfere with most federally
supported research (as explained below). Patent
policies of Federal agencies will nonetheless in-
fluence how genome research is commercialized,
and these patent policies have changed dramati-
cally over the past decade. The changes are in-
tended to promote commercial application of fed-
erally funded research by permitting private
ownership and control of its results. The reason-
ing is that research will be more broadly dissemi-
nated and effectively used if those who conduct
it are granted title to the patents on resulting in-
ventions, thus providing an incentive to commer-
cialize the inventions [Rosenfeld, see app. A].

Changes in patent policy resulted from studies
showing that, while the Federal Government held
title to roughly 28,000 inventions in 1975, fewer
than 5 percent had been licensed to businesses
(15). The Patent and Trademarks Amendments
of 1980 (Public Law 96-517) were passed to grant
title to small businesses and nonprofit organiza-
tions funded to do research by the Federal Gov-
ernment. These were further amended in the
Trademark Clarification Act of 1984 (Public Law
98-620), most significantly by removing restric-
tions on licensing. Regulations implementing these
laws were made final by the Department of
Commerce in March 1987.

The policies applying to small businesses and
nonprofit organizations were extended to large
businesses, with some exceptions, by a memoran-
dum from President Ronald Reagan dated Febru-
ary 18, 1983, The Technology Transfer Act of 1986

(Public Law 99-502) permitted new licensing and
joint venture arrangements, and granted agen-
cies authority to form consortia with private con-
cerns. Executive Order 12591, issued by President
Reagan in April 1987, encouraged technology
transfer of federally funded research. The order
was based on existing statutes and promoted con-
sortium formation, exchange of research person-
nel between government laboratories and indus-
trial firms, special technology transfer programs
at federally owned laboratories, and transfer of
patent rights to government grantees and con-
tractors,

The policies embodied in these statutes, regu-
lations, and executive orders constrain the author-
ity of Federal agencies to force sharing of data
if sharing would conflict with recipients’ taking
title to inventions [Rosenfeld, see app. A], The gov-
ernment can override recipients and take title to
patents only in special situations. One of these is
when an agency determines that retaining title
‘(will better promote the policy and objectives” of
the patent statutes. This clause has been narrowly
interpreted and has rarely been used by the re-
search agencies involved in genome projects
IRosenfeld, see app. Al. The Federal Government
can also impose licensing requirements to ‘(allevi-
ate health and safety needs,” “meet requirements
for public use specified by Federal regulations, ”
or meet “certain statutory provisions requiring
products to be manufactured in the United States.”
These provisions have also been narrowly inter-
preted and impose such a daunting burden of
proof on agencies that they are unlikely to be used.
They could conceivably be invoked if patent rights
interfered with the pooling of data that must be
collective to be useful or if clinical benefits were
delayed (e.g., slow commercialization of genetic
tests or therapies), but only if problems were se-
vere and obvious.

Federal research agencies’ patent policies need
not unduly slow exchange of information. The de-
gree to which information flow is impeded will
depend on when grant recipients and contractors
file patent applications. Many genome projects will
result in patentable inventions, particularly those
focused on technology development. Recipients
of Federal funds may follow one of three courses
of action: file applications early and subsequently
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release data; file early and do not take extra ac-
tions to release data (relying on the patent proc-
ess to do so); or decide not to patent.

Filing patent applications early and publishing
data soon thereafter are optimal for encouraging
rapid dissemination of knowledge, protecting in-
ventors’ rights, and preserving economic bene-
fits in the United States. Early patenting and sub-
sequent disclosure would release data for public
use but would help inventors maintain control of
their inventions and assure them and their spon-
soring institutions of any financial rewards. Early
patent application would also protect the Nation
because statutes give a preference to U.S. manu-
facture of any resulting products or services. Early
patent application not followed by special efforts
to disseminate data would ensure benefits for the
grant recipient or contractor but would needlessly
delay exchange of useful information-patents are
often not published for several years, and it has
taken over 7 years for some biotechnology patents
to be awarded.

Investigators may decide not to apply for a pat-
ent because they wish to avoid substantial legal
costs and bureaucratic entanglements or because
they believe that science should not become com-
mercially oriented. This can make new methods
freely available to all, but it can also inhibit full
exploitation of an invention. It is also against the
intent of Federal statutes, which require recipi-
ents of Federal funds to report patentable inven-
tions. An inventor can lose control of an inven-
tion if he or she does not file a patent and another
inventor does so. A product or process that is not
patented is unlikely to be used commercially, be-
cause any firm investing in manufacture will want
a guarantee that its investment will be protected.
Failure to patent also invites foreign exploitation
of research funded at U.S. taxpayers’ expense: Pat-
ent rights could be claimed by a foreign company,
research institution, or individual; U.S. firms
would not be given manufacturing preference;
and the US. inventor could be prevented from
use of the invention. Export of economic benefits
has occurred frequently in biological sciences
when initial discoveries have not been patented.
Penicillin was discovered in England, for exam-
ple, but the patent was obtained by U.S. corpora-
tions. The cell fusion process for making mono-

clinal antibodies was developed in London, but
many of its applications were exploited first in
the United States. In both cases, the United King-
dom claimed the Nobel Prize, but the United States
reaped most of the economic benefits.

Federal agencies and Congress may wish to over-
see patent practices of grantees and contractors
closely to ensure that patents are filed early and
data exchanged soon thereafter. Disclosure of data
should not be long delayed by policies designed
to encourage patenting of inventions, because data
per se are not inventions eligible for patent pro-
tection. There is a gray area, however, between
invention of new methods and the data that re-
sult from using them.

Scientists may be reticent to disclose details of
methods used to generate data if doing so en-
dangers patentability. An invention must be novel
to be patented: that is, it must not be widely used
by parties other than the inventor for more than
one year, and publication of the method cannot
precede filing the patent by more than one year.
(Some foreign countries do not permit even the
one-year grace period.) If investigators are uncer-
tain whether disclosing details of method would
threaten a patent, they may choose not to pub-
lish those details. Uncertainty over patentability
can indeed inhibit the free exchange of informa-
tion. It has led one commentator to list three pos-
sible ways of altering patent laws: 1) making the
definition of novelty more flexible; 2) establish-
ing an intellectual property protection that is anal-
ogous to but more limited than patents and that
requires less rigorous proof of novelty and nonob -
viousness; or 3) legislating special intellectual prop-
erty protections for biotechnology (8). Further
study is needed “to determine whether and how
biotechnology demands special treatment as in-
tellectual property before legislative reform will
be in order” (8). This suggests that patent policies
might be high on the agenda for congressional
oversight but low on the legislative calendar.

Filing patents early and then disclosing the re-
sults could worsen an already considerable back-
log of pending patents. Approximately 7,000 bio-
technology patents have been filed at the Patent
and Trademark Office and await final action (20).
If the benefits of patent protection are judged im-
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portant by Congress, then one option would be
to increase the resources in the biotechnology sec-
tions of the Patent and Trademark Office. This
could include higher salaries, more opportunities
for training to keep abreast of technological de-
velopments, easier access to technical databases,
and more examiners. Increased resources could
not only reduce uncertainty by diminishing the
backlog of pending patents, but also increase the
attention devoted to each application and reduce
subsequent litigation.

Patent Policies at Research Agencies

The Department of Commerce recently promul-
gated final regulations for Federal agencies to use
when funding research at small businesses,
universities, and nonprofit organizations [37 CFR
401]. While these regulations, issued in March
1987, have had little time to take effect, the Na-
tional Science Foundation (NSF) and the National
Institutes of Health (NIH) have followed similar
policies since the late 1970s,

The General Accounting Office found that uni-
versity administrators, industry representatives,
and small businesses all reported a “significant
positive impact on research and innovation” from
taking title to inventions that resulted from fed-
erally funded research, University and industry
officials also reported benefits from the 1984 law
that removed licensing restrictions (15). Agencies
likewise reported a generally positive assessment,
with greater potential for licensing patents than
when title was retained by the Federal Gov-
ernment.

The situation at the Department of Energy (DOE)
is more complex. A substantial fraction of DOE
research funding goes to national laboratories,
which are owned by the Federal Government and
operated by private contractors. At most of the
laboratories, the contractor can elect to take title
to inventions. Title rights are restricted, however,
at facilities that conduct research on weapons and
naval propulsion systems. This could prove rele-
vant to genome projects because several of the
groups that have been directly engaged in DOE’s
Human Genome Initiative are located at labora-
tories with restricted title policies—namely, Law-
rence Livermore National Laboratory and Los

Alamos National Laboratory, both operated by the
University of California. Regulations state that limi-
tations on the contractor’s right to take title should
be restricted to ‘(inventions occurring under” na-
val nuclear propulsion or weapons-related pro-
grams [37 CFR Part 401.3(a)(4)]. This should per-
mit the contractor to take title to inventions from
human genome projects because the projects
would not be conducted under restricted pro-
grams, even at the affected laboratories. Negotia-
tions between DOE and contractors are more com-
plicated, however, when restrictions differ among
programs at the same facility. Legislation has been
proposed to mandate patent policies for genome
projects at the national laboratories; the policies
would be modeled on those of other research
agencies.

The regulations and executive orders imple-
menting patent policies at research agencies are
quite recent. It would be premature to alter those
policies fundamentally until the results of current
law can be assessed (with the possible exception
of DOE policies regarding national laboratories,
noted above).

There are additional roles for Congress. First,
Congress could monitor the practices of Federal
agencies and funding recipients to ensure that the
intent of existing statutes is carried out. Second,
Congress could increase resources to the Patent
and Trademark Office to enable more efficient
processing of patents. Third, Congress could in-
crease resources for universities and other recip-
ients in order to manage patent filing in the United
States and abroad. Finally, Congress could ask
agencies engaged in genome projects to specify
their patent policies more clearly, At present, writ-
ten material on patent policies at NIH, DOE, and
NSF is difficult to obtain, and there is no single
source for information on patent policies at all
agencies involved in genome projects [Rosenfeld,
see app. A]. The interagency nature of genome
projects means that recipient institutions will often
be funded by more than one agency. A clear pres-
entation of patent guidelines at various agencies,
with explanations of the advantages of early pat-
ent filing and the implications of doing so (and
not doing so), might diminish confusion and pro-
mote commercial application.
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Copyrights

Copyright law is intended to protect works of
authorship. It has traditionally been applied to
works of art, books, and articles but has had to
adapt to technological change. Copyrights now
extend to computer software and electronic en-
tertainment media, for example (6, 17). Copyright
is intended to protect the expression of ideas, not
the ideas themselves—a difficult but crucial dis-
tinction.

The Copyright Act of 1976 is the most recent
statute relevant to genome projects, extending pro-
tections to nontraditional media such as computer
software. The extensions may also prove relevant
for research in molecular biology (6). Case law
has evolved doctrines to test the distinction be-
tween idea and expression and to define the scope
of protection. An author can prohibit others from
copying his or her book, for example, but the con-
cepts and methods described in the book are not
protected. Arguments have been made that copy-
right could apply to DNA (6), but this line of argu-
ment is not widely accepted and the scope of pro-
tection (if it exists) is quite narrow (5). The ability
to copyright a native DNA sequence derived from
a human chromosome or other natural source is
particularly uncertain (5). A preliminary commu-
nication from the Copyright Registration Office
indicates that such sequences would not be ac-
cepted, although the book or printed map con-
taining them—the particular expression of map
or sequence data—would (10).

Even if DNA maps can be copyrighted, such
copyrights are unlikely to inhibit research sub-
stantially. In normal circumstances, obtaining a
copyright does not require extra time and is thus
not a justification for delaying disclosure of re-
sults. A company could charge for access to map
or sequence information in much the same way
that commercial databases charge for informa-
tion sharing. Access and service charges are not
new—molecular biologists routinely pay for serv-
ices that are less expensively or more rapidly per-
formed by others. They buy copyrighted books
and read copyrighted journals. Many materials
used in biological research (clones, enzymes,
chemicals) can be made by individual investiga-
tors, but it is easier to purchase such materials
from a company set up to make them.

The type of research conducted by a private
company engaged in mapping and sequencing
DNA would be feasible in a large number of lab-
oratories. Copyrights would not prevent investi-
gators from using information published or other-
wise provided by a company or from duplicating
the work. A company that has developed exten-
sive map and sequence information would either
charge so little that it is cheaper for a researcher
to obtain it from the company than to do the work,
or the researcher would in fact repeat the work.
In either case, the community of researchers is
no worse off than if the company had not mapped
or sequenced.

If copyright practices prove to impede research,
then agencies can take steps to correct the defi-
ciencies. Agencies have much broader discretion
for copyright policies than for patents IRosenfeld,
see app. A].

Trade Secrets

Information held by one company that is use-
ful in its business and unavailable to competitors
is called a trade secret. Trade secrets can be pro-
tected from misappropriation—that is, improper
disclosure–through the courts, which award
monetary damages for unauthorized use. A trade
secret must be in continual use, be well established
in practice, and have actual or potential commerc-
ial value (19). The holder must take steps to guard
it. Trade secrets do not involve slow and costly
legal steps for registration, their duration is not
limited by law, and they need not meet patentor
copyright criteria. Uncertainties about patents and
copyrights are not relevant (although legal criteria
for protection under trade secret laws must be
met). Trade secret protections are principally se-
cured under State rather than Federal laws, and
there is some variation among the States. Trade
secrets have limited scope: In a rapidly moving
field they may not last long. Trade secret laws
cannot ensure returns on a research investment
if another inventor discovers the secret method
or finds a new way to do the same thing. Protec-
tion does not apply, even if competitors figure out
the secret by examining a product (reverse engi-
neering). Most important, trade secrets must be
kept secret. This would be quite difficult to justify
for federally funded research.
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The scientific equivalent of a trade secret is non-
disclosure. This is referred to pejoratively as sit-
ting on data and is widely viewed as improper
beyond the period needed to confirm accuracy
of results and take advantage of a lead for fur-
ther research. The period of nondisclosure varies
widely among researchers, even those in the same
field, Researchers who share data and materials
early and freely are widely praised, such as the
many collaborators who worked to find the mus-
cular dystrophy gene (see ch. 3). But nondisclo-
sure—for a few months to a year—is not uncom-
mon in order to maintain a research advantage
or to establish first discovery, even in research
leading to Nobel Prizes (or perhaps especially in
such research) (21,22). Permanent nondisclosure
of an important result is, however, inimical to the
purpose of scientific inquiry—the discovery and
dissemination of new knowledge.

Nondisclosure is of particular concern when the
results must be pooled in order to be useful (e.g.,
maps derived from data contributed by various
groups). The need for pooled data can create a
situation known as the prisoner’s dilemma: when
cooperation of all parties yields the maximum ben-
efits, but one party can benefit if he does not co-
operate and the others do, (So called because
prisoners planning a jail break all benefit from
cooperation, but one stooge can benefit individu-
ally by telling the guard of the plans.) An investi-
gator searching for the location of an unknown
gene stands to gain if other groups with markers
make them freely available but he does not. He
can then use both his and others’ work to speed
the search, while denying others access to his mar-
kers. Similar situations will arise in connection
with submitting information to databases, send-
ing materials to other researchers or central re-
positories, and other cases directly related to ge-
nome projects. Agencies will need to monitor the
free exchange of data and materials, particularly
when the efforts must be collective, and take steps
to correct inequities. The need for joint efforts
highlights the importance and fragility of col-
laborative institutions such as the Center for the
Study of Human Polymorphism (CEPH) (see ch. 7).

Many journals have either explicit or unwrit-

ten policies that research data and materials de-
scribed in an article must be made available to
other researchers at the time of publication. Re-

searchers preserve their option for exclusive use
from the time of discovery until publication. Many
scientists make materials available even before
publication, which can require many months.
Linking availability of materials to publication is
a powerful mechanism, because one measure of
scientific prestige is priority—who discovered
something first. Priority is generally determined
by date of publication. In large collaborative sci-
entific projects, mechanisms have evolved to per-
mit scientists time to pursue hot research leads
while ensuring that others gain fair access. (CEPH’S
policy of sharing one set of data only among col-
laborators and making another set publicly avail-
able is an example.)

An informal policy of disclosure operates in Fed-
eral agencies through the process of peer review,
If a researcher is known to hoard data—and such
information spreads rapidly through scientific
communities—then proposals submitted by that
individual are unlikely to be given high priority
by study sections (7). Review groups withhold sup-
port from research whose results they cannot see.
This mechanism is slow—it can only be used when
a grant is up for renewal, every 3 years or more—
but it can be quite effective. If further measures
are needed, Federal agencies could require sub-
mission of materials and data—map positions or
DNA sequence data, for example—to the appro-
priate database. Such a policy would not be eas-
ily enforceable, however, and would be con-
strained by investigators’ patent rights. Some
journals now require submission of DNA se-
quences in proper form to GenBank” or its sister
database in Europe at the time a paper is accepted.
Agencies could devise incentives to make contri-
bution of data and materials attractive, an alter-
native that is more easily implemented and less
politically troublesome than negative sanctions.
Those submitting data to CEPH, for example, ben-
efit from knowing the position of their markers
relative to markers found by others. Persons man-
aging the DNA sequence databases have contem-
plated giving researchers a similar incentive,

Federal agencies have substantial power to re-
quire disclosure when it does not impede gran-
tees’ and contractors’ intellectual property rights.
Grant recipients and contractors need ample time
to file patent applications, but legal protections
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of intellectual property are unlikely to inhibit when broad access to data is necessary to fulfill
agency policies promoting disclosure, particularly the agency’s mission.

INTERNATIONAL TECHNOLOGY TRANSFER

Human gene mapping is inherently international
in scope. Recent breakthroughs in assembling
rough genetic maps, for example, have depended
on an international collaboration of investigators
from Europe, North America, and Africa using
family data from four continents. Several current
technologies for sequencing and physical mapping
were developed in the United Kingdom and other
European nations, not the United States; however,
recent years have seen increased emphasis on re-
taining the economic benefits of federally funded
research for the United States.

International technology transfer is the move-
ment of inventions and know-how across national
borders. Concerns about international technology
transfer fall into four areas: economic benefits,
humanitarian and scientific benefits, national pres-
tige, and military applications.

Economic Benefits

Concerns about economic implications of inter-
national technology transfer focus primarily on
the export of jobs and services generated by re-
search funded at public expense, Policies to com-
bat this fall into three main areas: patent policies,
restrictions on flow of information and materi-
als, and promotion of domestic technology trans-
fer so that benefits remain within national
borders,

The patent policies described above have sev-
eral provisions on international technology trans-
fer that are relevant to genome projects. For for-
eign recipients of Federal funds or those subject
to a foreign government, agencies must consider
whether the recipient’s government or company
enters into international cooperative funding
agreements on a “comparable basis” and whether
the recipient’s government protects U.S. intellec-
tual property rights [Executive Order 12591, Apr.
10, 1987]. Recipients of Federal R&D funds must
ensure that the products of the invention will be

“manufactured substantially in the United States”
[35 U.S.C. 204]. Since jobs and economic wealth
are linked more tightly to manufacturing than to
initial research and development, even foreign-
held U.S. patents resulting from Federal funding
would have economic benefits in the United States.
Moreover, Federal agencies are not required to
grant patent rights to foreign recipients or those
subject to control of a foreign government, even
if they are universities or nonprofit organizations
[37 CFR 401.14(a)(l)]. Foreign recipients are thus
managed differently than their U.S, counterparts.
Agencies could conceivably require foreign recip-
ients to assign title to the U.S. Government or re-
quire that U.S. research partners take title,

Exploiting federally funded research inventions
abroad will usually entail seeking foreign patents.
Several international conventions govern patents,
but conditions for granting patents differ among
nations. The United States permits a grace period
of one year from the date of publication to file
a patent application, for example, but many other
governments do not. If investigators wish to en-
sure worldwide patentability, therefore, they must
file foreign patents before publication, The period
of patent protection also differs. Researcher in-
stitutions accepting Federal funds must know
about these and other differences when making
decisions about foreign patents, Disseminating
knowledge about such differences could be en-
couraged by research agencies in concert with
the Department of Commerce. Agencies could also
encourage institutions receiving Federal funds to
pursue foreign patents.

The current necessity for filing patents individu-
ally in many countries is expensive and wasteful
for all nations. International patent policies have
been discussed several times at meetings of the
Organization for Economic Cooperation and De-
velopment. Attempts are being made to harmonize
international practices (14).
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Humanitarian and Scientific
Benefits

The humanitarian and scientific benefits of ge-
nome projects will be great. The United States has
consistently performed a significantly higher frac-
tion of the total mapping and sequencing effort
than any other nation (see ch. 7). The knowledge
resulting from these efforts has been freely shared
with the rest of the world, to the benefit of citizens
of all nations. The scientific knowledge generated
at Federal expense since World War II may well
prove to be one of the most significant interna-
tional contributions of modern American culture.

Imposing restrictions on the flow of informa-
tion and scientific materials from U.S. research-
ers to researchers abroad would be politically
troublesome and technically difficult. Details of
what to share and what to restrict would be diffi-
cult to describe in advance, and policies restrict-
ing the flow of data are against scientific traditions,
which transcend national borders. Withholding
map locations and DNA sequence information
would be a violation of scientific ideals, particu-
larly when such information could be clinically
useful. Unilateral restrictions imposed by the
United States would invite reciprocation, to the
detriment of worldwide scientific progress.

The same tradition of free international ex-
change does not necessarily apply to the exchange
of services and products—for example, mapping
services, instruments, automation equipment, and
reagents—which is governed more by interna-
tional trade agreements than by scientific prac-
tices. Many national governments wish to assist
their companies in developing goods and services
for export. Genome projects focused on technol-
ogy development are likely to be seen in this light.
Nationalistic economic policies make projects to
develop instruments or other salable goods poor
candidates for international cooperation. Euro-
pean nations may be exceptions, because they
have a basis for cooperation through several bio-
technology programs of the European Economic
Community.

Restrictions on international exchange of sci-
entific personnel would disrupt many molecular

biology laboratories in the United States and
abroad. The United States has often reaped the
benefits of international scientific exchange, Sen-
ior scientists, postdoctoral fellows, and graduate
students from other nations work in U.S. labora-
tories and attend conferences. In exchange, U.S.
scientists visit and are occasionally educated at
universities and research centers abroad (12,22).
The team of scientists that developed the atomic
bomb for the U.S. Army, for example, was heav-
ily dependent on scientists trained in Europe (1.2).
Molecular biologists from abroad have often set-
tled in the United States because it is so conducive
to scientific research; several Nobel laureates at
American universities immigrated during their sci-
entific careers. Many projects in molecular biol-
ogy have depended heavily on foreign scientists
working in the United States, and many of the
best stay or eventually return (4). The United
States may in fact benefit from international per-
sonnel exchanges more than it is hurt by them.
The Federal Government could nonetheless limit
funding of foreign researchers at U.S. institutions,
although this would probably generate ill will and
provoke reciprocal actions by other governments.

One of the problems in assessing the potential
impact of policies to reduce funding of foreign
researchers in American laboratories is the ab-
sence of information about their research careers.
If most foreign researchers remain in the United
States or are particularly productive investigators
while receiving Federal funds, then policies to re-
strict their ingress would be counterproductive.

Extending current restrictions or use of Fed-
eral funds for American researchers to travel
abroad would be even less politically acceptable
and more difficult to implement. It would result
in direct loss of information to the United States,
because persons traveling abroad are as likely to
import information from their foreign collabora-
tors as to export it. Policies designed to inhibit
the exchange of personnel, materials, and infor-
mation across national borders threaten benefits
but gain little for the United States.

Promoting domestic exploitation and foreign
patenting of new technologies is a more positive
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and less politically troublesome means to the same
end of improving U.S. economic competitiveness.
Such policies can preserve the U.S. lead in research
without provoking retaliation or tarnishing the
country’s prestige.

National Prestige

One argument for Federal sponsorship for ge-
nome projects is that they are highly conspicu-
ous and beneficial: Other nations will do the work
if the United States does not, to the detriment of
US. prestige. Similar arguments have been prof-
fered for the supersonic transport, space pro-
grams, and other technical projects. These argu-
ments tie the stature of U.S. science and
technology to leadership of genome projects. The
international prestige attached to genome projects
is a purely political judgment; it cannot be assessed
technically.

What would be the consequences if Japan or
a European nation were to have the first com-
plete set of ordered DNA clones representing all
human chromosomes, or the first reference se-
quence of the human genome? Such questions are
best answered primarily by the scientific and tech-
nical merits of the projects, not by an appeal to
a vague notion of national prestige. If projects are
technically unsound or uneconomical, then the
United States would not benefit from a commit-
ment to them. Other countries could do so, but
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they would only be hurting themselves. If the
projects are technically sound, then the United
States would do well to lead or at least partici-
pate in them, but national prestige would not be
the principal justification for involvement. National
prestige is not a useful basis for judging major
scientific or technical projects.

Military Applications

Military applications of results of genome
projects should not prove to be a major consider-
ation in technology transfer. U.S. policies ban the
export of goods and technologies that could be
used for military purposes by specified hostile
countries. Such policies are administered by the
Department of Commerce in consultation with the
Department of Defense and the Department of
State. The export of some goods produced using
biological technologies could be affected (1), At
present, however, DNA mapping, sequencing, and
other means of analysis relevant to genome
projects are not on the list of controlled technol-
ogies, and this should remain true for the fore-
seeable future (2). The main reason is that the tech-
nologies and data resulting from genome projects
would not have immediate military applications.
Like other technologies and data, some could con-
ceivably be used for a military purpose, such as
devising vaccines against biological warfare
agents, but genome projects would not in them-
selves promote biological warfare.
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