




proved by the scientists ultimately involved, if 
that vote had been taken before the programs 
were originally established. Hence, the fundamen
tal decision to establish a DNA sequencing or a 
Human Protein Index effort is an almost purely 
political one. C.P. Snow pointed out that, in the 
past, most decisions in science and technology 
were made in secret, unknown to the majority of 
those ultimately affected. (He also pointed out 
that in government, scientists should be "on tap 
but not on top".) Secrecy relative to very major 
decisions such as those suggested here was never 
desirable and is no longer possible. I f, as George 
Keyworth (Director, Office of Science and Tech
nology, The White House) has suggested, biotech
nology is the most important high technology for 
the future of the United States, and if (as nearly 
all major countries have concluded) future eco
nomic progress depends on mastery in high tech
nology, then it is essential that the ideas described 
here have the widest possible discussion. 

The transition in physics from small-scale ef
forts to large-scale problem solving occurred un
der wartime pressure, while the parallel transition 
in space exploration was largely driven by Sputnik 
and defense requirements. A similar transition 
and redirection may now be required if the United 
States is to win the so-called biotechnology race. 
Whether this transition can be made for nonmili
tary, humanitarian, and economic reasons pro
vides an interesting test of our civilization. 

The policy we propose is to organize biomedi
cal and biotechnological research around two ma
jor, understandable, and technically feasible very 
long-range goals, which can logically encompass 
nearly all present program objectives and which 
can also support the engineering and development 
now required to master biology and biotechnolo
gy. Few existing genetic engineering and biotech
nology companies will fail to see at once where 
they might fit in. 

To be realistic, a national biotechnology pro
gram must be planned for at least a twenty-year 
period, with major milestones spelled out for the 

first eight years. The average length of time be
tween innovation (either administrative or scientif
ic) and success or failure in achieving an end re
sult or use appears to be at least five years. 

An eight-year span, therefore, would give three 
years for start up and time for at least one inno
vation-application cycle. 

The best guides to the organization and philos
ophy of sizable multidisciplinary efforts remain 
the books by Webb, who organized NASA,6 and 
Weinberg,' who supervised the maturation of the 
Oak Ridge National Laboratory under the Atomic 
Energy Commission. 

Success or failure will not be solely dependent 
on our own efforts; we have competition. A day 
of judgment lies ahead. There is the very real pos
sibility that, within a decade, biomedical scientists 
and technologists in the U. S. may join their fel
lows in the electronics and automotive industries 
as spectators. Then neither policy nor programs 
will help. The U.S. biotechnology die is being cast 
now. 
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