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DANIEL KEVLES* 

Big Science and big politics in the United States: Reflections on the 
death of the SSC and the life of the Human Genome Project 

Both the superconducting Super Collider and the Human Genome Pro 

ject originated as ideas in the early 1980s and by the latter part of the 
decade initiatives had been taken to establish each as a large-scale project 
of the U.S. federal government. Both were called Big Science, yet while 
each was a kind of Big-Science enterprise, they were quite different expres 
sions of the genre. That difference figured significantly in the ultimate fate 
of each, and so did the circumstances of their respective fields of science as 

the Cold War came to an end and a new agenda for science took hold in the 
United States. 

1. ORIGINS 

The collider 

The Superconducting Super Collider?the SSC?was a gargantuan 
machine that would have accelerated protons and antiprotons through a cir 
cular tunnel some 52 miles in circumference to an energy of twenty trillion 
electron volts. Because they are oppositely charged, the two sorts of parti 
cles would circulate in contrary directions and collide with an energy of 

forty trillion electron volts. Allowing for inflation, the SSC would cost 

roughly $6 billion to construct over ten years. High-energy physicists 
wanted the SSC partly because they saw it as indispensable to the further 
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270 KEVLES 

advancement of the overarching structure of elementary-particle theory that 

they call the Standard Model. The Standard Model holds that all matter is 
formed of particles called quarks and leptons, that the existence and 
behavior of these particles are governed by different types of force fields, 
and that the interactions of these fields are mediated by the exchange of ele 

mentary particles. The Standard Model theoretically unifies three of the 
fundamental natural forces?the electromagnetic, the weak, and the strong. 
The fourth, gravity, has remained beyond its reach. By the 1970s, indirect 

experimental evidence had accumulated in support of one of the Model's 

major triumphs?the theoretical prediction that at sufficiently high energies a 

deep symmetry characterizes both the electromagnetic and the weak forces 
so that they operate as a single "electroweak" force. By then, too, the 
Standard Model had been exploited to understand the behavior of the 
universe close to the time of its origin in a Big Bang, when enormous ener 

gies were concentrated in a very small volume. As the universe cooled, the 

deep symmetry of the electroweak force was broken in a way that generated 
the electromagnetic and weak forces. 

Nevertheless, the Standard Model posed a number of unanswered ques 
tions. High-energy physicists were particularly interested in probing for evi 
dence of what they call the Higgs force field?named after Peter Higgs, of 

Edinburgh University, who had most clearly postulated it in 1964?which 
was believed to play a role in the shattering of electroweak unification and 
to be necessary to explain why the particles in electromagnetic and weak 
interactions possess the masses they do; indeed, why they have any mass at 
all. On theoretical grounds, it was expected that the Higgs field would 
reveal itself through the presence of an exchange particle called the Higgs 
boson?which was predicted to have a mass so large that only a machine 

operating at the SSC's energy could produce it.1 

High-energy enthusiasts also wanted the SSC because they worried that 
the United States was losing its leadership in elementary particle physics. 
Europe, which supported the grand multinational accelerator installation 

acronymically named CERN (for Conseil Europeen de la Recherche 

Nucleaire), on the French-Swiss border, was spending twice as much on 

high-energy research relative to GNP as was the United States. The 

apprehension was ratified when, in the first half of 1983, CERN announced 
that it had directly observed three massive particles from a class called 
bosons? the Z-zero, the W-plus, and the W-minus?that in electroweak 

theory were predicted to mediate the electromagnetic and weak forces. The 

1. Weinberg, testimony, U.S. Congress, House, Hearings before the Committee on Science, 

Space, and Technology: Superconducting Super Collider, 100th Cong., 1st Sess., 7-9 Apr 
1987, 244. 
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SSC's acceleration energy would be sixty times greater than the CERN 

collider's. It would be by far the most powerful proton accelerator in the 

world, could be ready by the 1990s, and would restore the United States' 

pre-eminence in high-energy physics. In 1985, in an article on the SSC, 
Leon Lederman, the director of Fermilab, and Sheldon Glashow, a co 

winner of the Nobel prize with Weinberg for his role in the development of 

electroweak theory, averred that, "if we forgo the opportunity that the SSC 

offers for the 1990s, the loss will not only be to our science but also to the 

broader issue of national pride and technological self-confidence. When we 

were children, America did most things best. So it should again."2 
Lederman, one of the principal spokesmen for the SSC, was an accom 

plished high-energy experimentalist who had made Nobel-prize-winning 
contributions to the development of the Standard Model during the 1960s, 

although the prize itself did not come until 1988. He was a fixture at 

Congressional hearings on the collider, an unbridled, streetwise, and collo 

quial advocate of its merits who frankly avowed that the primary 
justification for the collider was intellectual curiosity. Yet neither Lederman 
nor his fellow enthusiasts refrained from claiming that the SSC would pay 
considerable practical dividends to the American political economy. The 
outcomes of cutting-edge scientific endeavors being largely unpredictable, 
Lederman and his allies could not be very specific about the future; they 
thus enlisted the historical record of particle physics, pointing to its past 

spinoffs and extrapolating from them to sketch the SSC's practical prom 
ises. The knowledge of nature that high-energy accelerators revealed was, 
in and of itself, not practically relevant, but the machines had spun off use 

ful dividends: radiations used in the processing of foods and materials and 
in the treatment of cancer; powerful light beams that can etch integrated 
circuits onto semiconductor chips at much greater densities than could oth 
erwise be achieved; and computerized methods and sophisticated technolo 

gies to screen and analyze superabundant data. 
Advocates of the SSC suggested that protons from one of its low-energy 

injector accelerators would be diverted to cancer treatment in a facility that 
the University of Texas Southwestern Medical Center, based in Dallas, 
would establish on the site. But the medical was not the primary benefit 
foreseen. The main spinoff, according to Lederman and Glashow, would be 
advances in superconducting technologies. Lederman testified to the House 

Budget Committee that work on superconducting magnets for Fermilab and 
other accelerators had already "enabled" the deployment of the "powerful 
medical diagnostic tool called magnetic resonance imaging," continuing, 

2. Sheldon L. Glashow and Leon M. Lederman, "The SSC: A machine for the nineties," 

PT, 38 (Mar 1985), 28-37. 

This content downloaded  on Wed, 19 Dec 2012 16:23:46 PM
All use subject to JSTOR Terms and Conditions



272 KEVLES 

"Some 25 companies are making these things in a new industry that is 

approaching $1 billion dollars a year."3 Deputy Secretary of Energy W. 

Henson Moore, III, a lawyer and former Congressman from Louisana, per 
mitted enthusiasm to take him much further than Lederman by indicating to 
a Congressional committee that magnetic resonance imaging had been made 

possible by the work on superconducting magnets for the SSC.4 The step 

beyond medicine would produce important improvements and price reduc 

tions in the niobium-titanium wires needed to carry the enormous supercon 

ducting currents needed for innovations in power generation and transporta 
tion in the form of magnetically levitated trains. 

Although federal funding for all of physics had declined through the 

1970s following the Vietnam War, it had been rising dramatically with the 

Reagan administration's defense buildup, particularly its embrace of the 

Strategic Defense Initiative, and with the spreading absorption with 

economic competitiveness. In that high-technology climate, the SSC was 

endorsed by the Department of Energy, the agency that funds almost all 

high-energy physics in the United States, and, in January 1987, by President 
Ronald Reagan. It did not take a physicist to recognize that the SSC's $6 
billion price tag would create direct and proximate dividends. The collider 
would create an abundance of industrial contracts and, as a Congressman 
put it, "an awful lot of jobs"?some five to eight thousand of them just 
where the SSC would be built. More than half the states in the union took 

steps to enter the site selection competition, which began on April 1, 1987. 
The New republic called it an invitation to "quark barrel politics."5 

On November 10, 1988, the day after George Bush was elected 

president, Secretary of Energy John S. Herrington announced at a press 
conference that the SSC would be built at Waxahachie, Texas, a town of 

18,000 people about 25 miles southwest of Dallas. Waxahachie had been 
ranked outstanding on every major criterion by a site-selection committee 
of the National Academy of Sciences, which had submitted a short list of 

eight qualifying sites in as many states to the Department of Energy in 

January 1988. And Texas, which would provide 200 square miles of land 
for the facility, had also promised the project one billion dollars, a 

3. U.S. Congress, House, Hearing before the Task Force on defense, foreign policy and 

space, Committee on the Budget, establishing priorities in science funding, 102nd Cong., 1st 

Sess., 11 and 18 Jul 1991, 78 (hereafter, House, Hearing, Task Force, 1991). 
4. U.S. Congress, Senate, Hearing before the Subcommittee on Energy Research and 

Development of the Committee on Natural Resources, on the Department of Energy's Super 

conducting Super Collider Project, 102nd Cong., 1st Sess., 16 Apr 1991 (Washington, D.C., 

1991), 12 (hereafter, Senate, Hearings, Energy, SSC, 1991). 
5. Ibid., 48; Robert Bazell,''Quark barrel politics," New republic, 196 (22 June 1987), 9 

10. 
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sweetener offered by no other state. However, observers could not help but 

notice that the president-elect called Texas home and that the Texas 

Congressional delegation was a powerhouse that included Speaker of the 
House Jim Wright and Senators Lloyd Bentsen, who had just run for the 
vice presidency on the Democratic ticket, and Phil Gramm, a coauthor of 
the deficit-reduction act and Waxahachie's Congressional representative 
before his election to the Senate. 

In 1989, Congress voted decisively to fund the construction of the SSC, 

agreeing on a total appropriation to the project of $225 million for 1990 
and accepting a total cost for its construction of $5.9 billion. Two years 
later, in the summer of 1991, Congress appropriated more than twice as 

much for the collider and a move in the Senate to kill the project failed by 
a margin of almost two-to-one. 

The SSC appropriations were to be an add-on to the existing high 
energy budget, which amounted annually to more than half a billion dollars 
and had remained roughly steady in constant dollars during the past four 

years. By 1991, the add-on had resulted in the award of more than $100 
million in grants and contracts for SSC research to scientists and engineers 
at 90 universities and institutes in roughly 30 states. By 1990, some 150 

physicists were hard at work in Waxahachie, part of an overall SSC work 
force that was moving past a thousand people under the direction of Roy 
Schwitters, appointed head of the SSC in January 1989. In his mid-forties, 
Schwitters was a distinguished high-energy experimentalist, a former 
member of the Harvard faculty, and a project leader at Fermilab?a seem 

ingly good bet to turn the gargantuan project into the reality of an operating 
accelerator. 

The genome 

By the mid-1980s, the American community was alive with talk about a 
human genome project. A variety of techniques and technologies had been 

developed that made it possible to isolate genes, locate them on chromo 
somes, and obtain the sequence of DNA base pairs that coded their genetic 
information. Discoveries about the role of genes in disease were coming 
along at a rapid pace. Potential killers such as familial hyper 
cholesterolemia, a cause of heart disease, had been traced to a recessive 

gene, and cancer had been identified as arising in part from the play of 
what were called oncogenes. Oncogenes had been identified as normal cel 
lular genes that went haywire as a result of deregulation or mutation. 

Walter Gilbert, an avowed enthusiast of a genome project, persuaded 
several key scientists of its merits, including James D. Watson, the co 
discoverer of the structure of DNA and highly influential as the head of the 
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Cold Spring Harbor Biological Laboratory on Long Island. Gilbert tire 

lessly advocated proceeding with human gene sequencing on a crash basis, 

contending that there was no good reason to delay because the technology 
was already available for the task. In June 1986, at a meeting in Cold 

Spring Harbor, Gilbert declared that the project would be vastly accelerated 

by putting several thousand people to work on it, estimating that, at a 

sequencing cost of one dollar per base pair, the complete human sequence 
could be obtained for three billion dollars.6 It would be a big project for 

biology. Still, Walter Bodmer, who had come to the meeting from London, 
where he was Director of Research at the Imperial Cancer Research Fund, 
observed that while it might resemble the gargantuan efforts of particle phy 
sics or space flights, its payoffs would be more certain. It did no good to 

get a man "a third or a quarter of the way to Mars_However, a quarter 
or a third.. .of the total human genome sequence.. .could already provide a 

most valuable yield of applications."7 
Charles DeLisi had no qualms about big scientific tasks. A physicist by 

training and formerly chief of mathematical biology at the National Insti 
tutes of Health, he was director of the Office of Health and Environment at 

the Department of Energy (DOE) in Washington, D.C. The department, 
whose roots went back to the wartime Manhattan Project, had long spon 
sored research in the biological effects of radiation, especially genetic muta 
tions. It maintained a Life Sciences Division at the Los Alamos National 

Laboratory. There, in 1983, it had established a major database, "Gen 

bank," for DNA sequence information.8 DeLisi allocated $4.5 million for a 

genome project from the Department of Energy's fiscal 1987 appropriation 
and moved to transform the project into a major department program. The 

department was not only interested in the health effects of radiation; as the 

principal supporter of particle acclerators in the United States, it was accus 

tomed to Big Science projects, especially those involving sophisticated 
technologies. The volatility of national defense and energy policy since the 

early 1970s had also given it a sense of budgetary insecurity; it was always 

6. Joel Davis, Mapping the code: The Human Genome Project and the choices of modern 

science (New York, 1990), 97-98; Joseph Bishop and Michael Waldholz, Genome: The story 

of the most astonishing scientific adventure of our time?The attempt to map all the genes in 

the human body (New York, 1990), 217-218. 

7. Robert Mullan Cook-Deegan, "The Human Genome Project: The formation of federal 

policies in the United States, 1986-1990," in Kathi E. Hanna, ed., Biomedical politics (Wash 

ington, D.C.: Division of Health Sciences Policy, Committee to Study Biomedical Decision 

Making, Institute of Medicine, National Academy of Sciences, 1991), 123. 

8. Robert Mullen Cook-Deegan, "The Alta Summit, December 1984," Genomics, 5 (1989), 

661-662; Charles R. Cantor, "Orchestrating the Human Genome Project," Science, 248 (6 Apr 

1990), 49-51; Davis (ref. 6), 95-96. 
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eager to embrace worthwhile new research projects that would help main 

tain the vitality of its national weapons laboratories, like those at Los 

Alamos and in Livermore, California.9 
The department backed DeLisi when, in 1986, he advanced a plan for an 

ambitious five-year DOE human genome program that would comprise phy 
sical mapping, the development of automated high-speed sequencing tech 

nologies, and research into the computer analysis of sequence data. In Sep 
tember 1987, the secretary of energy ordered the establishment of human 

genome research centers at three of the department's national laboratories: 

Los Alamos, Livermore, and the Lawrence Berkeley Laboratory.10 The 

department's move into genome work found enthusiastic support from 

Senator Pete Domenici of New Mexico, a staunch supporter of the national 

weapons laboratories in his state who worried about the fate of these insti 

tutions should peace break out. In 1987, Domenici put the human genome 

project on the Congressional agenda by holding hearings on the issue and 

introducing a bill designed to advance it in connection with a general revi 

talization of the national laboratories.11 
Forceful advocates of the genome project appeared on Capitol Hill, 

including biomedical scientists as well as representatives of the pharmaceut 
ical and biotechnology industries. The biomedical scientistists tended to 

stress that the project promised high medical payoffs. The industrial spokes 
men contended .that it would be essential to national prowess in world 

biotechnology, especially if the United States expected to remain competi 
tive with the Japanese.12 

As with the SSC, U.S. competitiveness in high technology was a salient 

selling point for the genome project. To be sure, by several measures, the 

United States led Europe and was far ahead of Japan in molecular biology 
and biotechnology in general and human genome research in particular, but 

the Japanese appeared to be mobilizing for a major push into molecular 

biology; they were also moving toward a major genome project of their 
own and, since the early 1980s, had been pressing the development of 

9. Ibid., 115-116; Tracy L. Friedman, The science and politics of the Human Genome Pro 

ject (Princeton: Senior thesis, Woodrow Wilson School of Public and International Affairs, 

Princeton University, Apr 1990), 31-32. 

10. Cook-Deegan (ref. 7), 118; Friedman (ibid.), 31-32; Benjamin J. Barnhart, "The Hu 

man Genome Project: A DOE perspective," BioDoc, file CB27.188, 2. 

11. Cook-Deegan (ref. 7), 120; Friedman (ref. 9), 38-39; U.S. Congress, Senate, Subcom 

mittee on Energy Research and Development, Committee on Energy and Natural Resources, 

Department of Energy National Laboratory Cooperative Research Initiatives Act: Hearing be 

fore the Subcommittee on Energy Research and Development of the Committee on Energy and 

Natural Resources, 100th Cong., 1st Sess. (15 and 17 Sep 1987). 
12. Friedman (ref. 9), 45. 
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automated sequencing technologies. One Japanese group said that it 

expected its automated sequencers to spit out the identification of one mil 

lion base pairs a day by the early 1990s?more sequencing than was then 

being accomplished annually in the entire world?and was reported already 
to have reduced the sequencing cost to seventeen cents per base pair.13 In 

Europe during 1987/8 genome research and sequencing efforts were gather 

ing momentum in several countries, including Britain, France, Italy, West 

Germany, the Netherlands, Denmark, and even the Soviet Union, and the 

European Community soon began deliberating about the establishment of a 

genome project. It set one up in 1990, at a modest level of funding but with 

strong safeguards against the projects being used for eugenic purposes. In 
the Soviet Union, the Politburo approved a human genome budget of 25 

million rubles for 1989 plus $5 million in hard currency, a sizable amount 

by the standards of Soviet civilian research.14 
DOE's push towards a major program in the biological and medical sci 

ences decidedly bothered a number of practitioners in those fields. The 

principal federal agency in the life sciences, including genetics, was the 
National Institutes of Health (NIH). It was dominated by biomedical scien 

tists, generally did not tell its grantees what kind of research to do, and by 
tradition fostered small-scale investigations and local initiative. In contrast, 
DOE was run by physical scientists and its research programs, symbolized 
by the national laboratories, tended to be big, bureaucratic, and goal 
oriented. To many biomedical scientists, its entry into the genome sweep 
stakes threatened to divert funds from NIH and subject mapping and 

sequencing to centralized, czar-like control. At Cold Spring Harbor in June 

1986, David Botstein, one of the key inventors of RFLP mapping, earned 

applause when he cautioned biomedical scientists against letting themselves 
become "indentured" to mindless, Big Science sequencing.15 

James Wyngaarden, the distinguished physician who headed the 
National Institutes of Health, had been reluctant to enter the sweepstakes, 

13. Davis (ref. 6), 178-181; Akiyoshi Wada and Eiichi Soeda, "Strategy for building an au 

tomatic and high speed DNA-sequencing system," manuscript (copy in my possession), 1986, 

10; Leslie Roberts, "Human genome: Questions of cost," Science, 237 (18 Sep 1987), 1411? 

1412. As it turned out, the Japanese group's expectations were grossly exaggerated. 
14. Ferguson-Smith, "European approach," The FASEB journal, 5 (5 Jan 1991), 61-65, on 

62; Watson and Cook-Deegan, "Origins of the Human Genome Project," The FASEB journal, 
5 (Jan 1991), 8-11, on 9-10; M. Curien Lance, "Une programme national de recherche sur le 

genome humain," Le monde (10 Oct 1990); Tabitha M. Powledge, "Toward the year 2005," 

P1-P6; "E.C. joins 'Human Frontier Programme,'" Scrip (26 Sep 1990); 6 telephone conver 

sations with Gordon Lake, of the European Parliament staff, 24 Apr 1991; Gaudilliere, 
"French strategies in molecular biology," 4; "List of genome research projects under CEC 

programmes," Technology transfer newsletter, 11 (Oct/Nov 1989), 19. 

15. Cook-Deegan (ref. 7), 124-125; Watson and Cook-Deegan (ibid.), 9. 
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fearing that it might not be a good scientific bet and that the cost would 

jeopardize his agency's other programs. However, key biomedical scien 

tists insisted that NIH should get into the game, not least to take the princi 
pal control of it away from the DOE. They brought Wyngaarden to agree. 

They also mobilized several reliable Congressional friends of NIH against 
Domenici's bill, notably Senator Edward M. Kennedy of Massachusetts, 
who chaired the Senate Committee on Labor and Human Services, where 
NIH got its authorizations, and Senator Lawton Chiles of Florida, a member 
of the Senate Appropriations Committee, who chaired the subcommittee 

responsible for the agency.16 The outcome was that early in 1987 Wyngaar 
den endorsed the genome project in Congressional testimony; in the fall, 
Domenici's measure was absorbed into an omnibus biotechnology bill that 
died in committee; and in December, Congress appropriated substantial 

start-up funds to both NIH and DOE for human genome research in fiscal 
1988.17 

However, the increasing NIH commitment to the genome project by no 
means killed off the opposition to it; indeed, if anything, it intensified the 

dissent, which in 1987 spread more widely in the biomedical scientific com 

munity and grew increasingly heated. The project might now be largely in 
the friendly hands of NIH, but it suffered from the image that Walter Gil 
bert had given it?a three-billion-dollar Big Science crash program, built 
around a few large bureaucratized centers that would be given over to DNA 

sequencing and accomplish their task within several years. The work would 
be tedious, routinized, and intellectually unrewarding, the critics contended; 
in their view, sequencing the entire human genome would amount to bad 
and wasteful science. Only five percent of the base pairs in human DNA are 
estimated to code for genes. These coding regions, called "exons," are 

interspersed among extensive non-coding regions, long stretches of DNA 

formally termed "introns" and, informally, "junk DNA." From the per 
spective of the MIT biologist Robert Weinberg, an authority in oncogenet 
ics, "a gene appears as a small archipelago of information islands scattered 
amid a vast sea of drivel." It made no sense to Weinberg to spend time and 
resources to obtain data that would, for the most part, reveal little or noth 

ing about human disease or development.18 

16. Friedman (ref. 9), 32-35, 40-41, 56-59. 
17. Ibid., 38-42, 45; Cook-Deegan (ref. 7), 134-135, 141; Watson and Cook-Deegan (ref. 

14), 10. The health agency received $17.2 million, almost 50% more than the amount given 
the energy department 

18. Davis (ref. 6), 126-128; Robert A. Weinberg, "The case against gene sequencing," The 
scientist (16 Nov 1987), 11. See also Francisco J. Ayala, "Two frontiers of human biology: 

What the sequence won't tell us," Issues in science and technology (Spring 1987), 51-56, on 

56; Christopher Joyce, "The race to map the human genome," New scientist (5 Mar 1987), 
35-39, on 35. 
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Nor did it make sense to many others, especially since NIH would have 
to bear a large fraction of the enormous cost. The molecular biologist David 

Baltimore, a Nobel laureate and head of the Whitehead Institute for 
Biomedical Research at M.I.T., expressed a common apprehension: "The 

belief that new money is going to appear for a sequencing effort and that 
this project will not compete with other priorities is naive_A huge, low 

priority project in biology would undercut the efforts of those who argue 
that very high priority science is not being funded today."19 

However, in February 1988, a committee of the National Research 
Council issued a surprisingly favorable report on the human genome pro 

ject. The surprise stemmed from the fact that the committee included David 
Botstein and several other scientists opposed to big biology and initially 
skeptical of the genome project. The report found considerable merit in 

genome research as long as it served a broad biological interest and did not 

operate as a crash program. The report urged proceeding in a phased, 
longterm fashion, devoting to the project for fifteen years an annual $200 

million of new money?that is, money not to be taken from existing 
biomedical research. The money would at first be devoted primarily to phy 
sical and genetic mapping of human and other organisms, which would 

speed the search for genes related to disease (and was a type of research 
that many biologists wanted to pursue anyway). Part of the money would 
also be invested in the development of technologies that would make 

sequencing rapid and cheap enough to be accomplished in many ordinary 
sized laboratories rather than in just a few large facilities. In the view of 
the committee, the technological development could be done at up to ten 

large, multidisciplinary centers around the country. The biological research 
could be pursued in the usual way, with money granted on a competitive, 
peer-review basis to able investigators wherever they might be.20 

Wyngaarden's thinking matched that in the report. Early in 1988 he 
had explained his preferences to David Baltimore, who agreed to chair a 

high-level scientific advisory meeting on the genome project that Wyngaar 
den arranged to convene at the beginning of March in Reston, Virginia. 
There, Baltimore, Botstein, Watson, and the rest of the advisory group 
closed ranks behind a project that would proceed along the lines recom 
mended by the National Research Council committee's report. Wyngaarden 

19. Quoted in Friedman (ref. 9), 95; Bishop and Waldholz (ref. 6), 221-222; Joyce (ibid.), 
35. 

20. Watson and Cook-Deegan, (ref. 14), 9; Cantor (ref. 8), 50; Leslie Roberts, "Academy 
backs genome project," Science, 239 (12 Feb 1986), 725-726; Committee on Mapping and 

Sequencing the Human Genome, Board on Basic Biology, Commission on Life Sciences, Na 

tional Research Council, Mapping and sequencing the Human Genome (Washington, D.C., 

1988), 1-10. 
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announced that he would create an NIH Office for Human Genome 
Research. In October 1988, Watson agreed to head the office. (Wyngaarden 
later said, "I had an A list and a B list, and Watson was the only name on 

the A list.") His appointment de facto decided in favor of NIH the nagging 
issue of which federal agency would lead the biological side of the project. 

About the same time, under pressure from Congress, the two agencies 
drafted a concordat that formed the basis of their genomic relationship for 
the next five years, allocating mapping mainly to NIH and sequencing, par 
ticularly the development of technologies and informatics, to DOE, but 

allowing collaboration in overlapping areas.21 

Although Watson did not fancy himself an authority on ethical issues in 
the genome, he considered it not only appropriate but imperative that the 

NIH genome program stimulate study and debate about its social, ethical, 
and legal implications. To that end, in 1988, at the press conference 

announcing his appointment to head the new Office of Genome Research, 
he declared that NIH should spend some of its genome funds to address the 
ethical implications of the work; subsequently, he announced that such 
activities would be eligible for roughly three percent of NIH's genome 

budget.22 The commitment of these resources to the provocation of ethical 
debate was unprecedented, as was making bioethics an integral part of an 
NIH biological research program. By no means all biologists?perhaps 
fewer than a majority of those concerned with the genome project 
supported Watson's policy. However, Watson, undaunted, typically told a 
1989 scientific conference on the genome: "We have to be aware of the 

really terrible past of eugenics, where incomplete knowledge was used in a 

very cavalier and rather awful way, both here in the United States and in 

Germany. We have to reassure people that their own DNA is private and 
that no one else can get at it."23 

Watson was not only undaunted in his commitment to ethics but also, it 
would appear, shrewd. His policy undoubtedly helped defuse anxieties 
about the prospect of an ethically runaway genome project. But whatever 
the attention given ethical matters, it was discussion of the project's medi 
cal and economic ramifications that dominated Congressional panels and 

hearings. In 1988 Congress awarded NIH and DOE together some $39 mil 
lion dollars for the genome project for the following year. In October 1989, 
Secretary of Health and Human Services Louis Sullivan elevated Watson's 

21. Cook-Deegan (ref. 7), 141; Friedman (ref. 9), 60-61, 63-64; John M. Barry, "Cracking 
the code," The Washingtonian (Feb 1991), 182. 

22. Stephen S. Hall, "James Watson and the search for biology's 'Holy Grail,"' Smithsoni 
an (Feb 1990), 47-48; James D. Watson, "Moving toward clonal man: Is this what we want?" 

The Atlantic, 227 (May 1971), 53; Cook-Deegan (ref. 7), 149. 

23. Hall (ibid.), 47^8; Davis (ref. 6), 262. 
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office in NIH to a National Center for Human Genome Research. In 1990, 

federally sponsored research on the human genome operated at an appropri 
ation of about $88 million, with the National Center receiving about two 
thirds of the total, the Department of Energy the rest. Watson announced 
that the Center would use up to half its budget to establish and operate 
several genome centers around the country, each to work on special aspects 
of the project and to be funded for five years at $2 to $3 million a year. He 
also allocated several percent of the Center's share to conferences and 
research on ethical issues and he established a working advisory group on 

ethics that included five scientists, Nancy Wexler among them, as well as a 

lawyer and an ethicist.24 
In 1991, the year it was inaugurated as a formal federal program, the 

human genome project received roughly $135 million and moved into high 
gear, its infrastructure solidly in place. The NIH centers, eight in all, were 
in operation?seven focused on human-gene mapping, one on mouse-gene 

mapping.25 The genome installations at the Lawrence Livermore, Lawrence 

Berkeley, and Los Alamos national laboratories were occupied with forging 
technologies and informatics. Four additional projects, jointly funded by 

DOE and NIH, were engaged in large-scale sequencing efforts and innova 
tions. Gene mapping and sequencing activities appeared in dozens of other 

laboratories, each of them an investigator-initiated activity supported by 
NIH. 

Genomic data were pouring out of laboratories on both sides of the 

Atlantic, though not on the western side of the Pacific: the Japanese, having 
grossly overestimated their capacity to develop supersequencing machines, 
had scaled down their goals to one hundred thousand base pairs a day and 
their genome budget to an annual $8 million.26 Information about human 

gene mapping was being entered into a centralized data base at Johns Hop 
kins University by October 1990, almost 2,000 human genes had been 

mapped. Gene sequencing information was going into a data base at the 

European Molecular Biology Laboratory and at GenBank at Los Alamos, 
which now contained entries on 60 million DNA base pairs from a number 
of species, including about 5 million from human beings. 

24. Cook-Deegan (ref. 7), 152; Watson and Cook-Deegan (ref. 14), 10; Friedman (ref. 9), 
61, 107. Leslie Roberts, "Genome Center grants chosen," Science, 249 (28 Sept 1990), 1497. 

Early in 1990, NIH and DOE managed to submit a five-year joint genome research plan to 

Congress. 
25. Roberts (ibid.), 1497. Baylor College of Medicine was later added to the six institutions 

listed in Roberts' article. 

26. Davis (ref. 6), 178-181; Friedman (ref. 9), 50-51. 
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2. THE DEATH OF THE SSC 

As soon as the SSC became a serious public-policy initiative in the 

mid-1980s, it excited opposition within the physics community. Resent 
ments that had long been simmering against the power and authority of 

high-energy physicists, particularly their longstanding budgetary leverage, 
were expressed. A drumbeat of criticism came from Rustum Roy, a dis 

tinguished materials scientist at Pennsylvania State University, who in 1985 
had co-authored a book?Lost at the frontier?critical of American science 

policy since World War II for giving too much support to esoteric fields of 
research and who considered high-energy physicists "spoiled brats" for 

wanting a multibillion dollar accelerator when the country was running up 
$200-billion annual deficits.27 Yet Roy was regarded as something of a 

noisy eccentric in American science policymaking. More telling dissent 
came from within the scientific establishment?from distinguished scientists 
who worked in fields such as masers, condensed matter, and superconduc 
tivity. Prominent among them were the Nobel prize winners J. Robert 

Schrieffer, Nicolaas Bloembergen, and?the most persistent critic?Philip 
Anderson. All respected and admired particle physics, but like Schrieffer, 
who called himself a "loyal opponent" of the initiative to build the 

machine, none thought it a justifiable use of public resources at its 
multibillion-dollar price tag.28 

After 1990, budgetary pressures in the government turned the Super 
Collider project into what a high official of the American Physics Society 
called "perhaps the most divisive issue ever to confront the physics com 

munity."29 Anderson and Schrieffer told Congress that the laws of con 
densed matter physics were every bit as fundamental as those of 

elementary-particle theory and, more important, that fields like condensed 
matter served society at far lower cost and with far greater payoffs than did 

elementary-particle research. "Dollar for dollar," Anderson testified, articu 

lating the conviction of many of his colleagues, "we in condensed matter 

physics have spun off a lot more billions than the particle physicists..., and 
we can honestly promise to continue to do so."30 Yet high-energy research 
took a disportionately large share of the federal basic physics research 

27. Therese Lloyd, "SSC faces uncertain future," The scientist (23 Feb 1987), 8; Rustum 

Roy, letters, PT, 38 (Sep 1985), 9-10; 39 (Apr 1986), 11; 40 (Feb 1987), 13. 
28. House, SST hearings (1993), 89. 
29. Steven Weinberg, Dreams of a final theory: The search for the fundamental laws of na 

ture (New York, 1992), 54-55. 

30. House, SST hearing, 1993, 89-90; U.S. Congress, Senate, Hearing before the Subcom 
mittee on Energy Research and Development of the Committee on Natural Resources, Depart 
ment of Energy's fiscal year 1990 budget request for the Office of Energy research, 101st 

Cong., 1st Sess. (24 Feb 1989), 135. 
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budget?receiving, by Anderson's calculation, some ten times more money 
per capita than did other fields. 

A number of physicists were annoyed by the claimed spin-off benefits 
from high-energy accelerators, especially the decisive contributions to the 

development of magnetic resonance imaging (or MRI) that had been 

implied by Lederman and explicitly declared by Deputy Secretary Moore. 
Nicolaas Bloembergen testified in 1991 that neither superconducting mag 
nets, the superconducting magnet industry, nor magnetic resonance imag 
ing had come primarily from the development of accelerators, adding in a 

follow-up letter to an official at Fermilab that was entered into evidence in 
a Congressional hearing in the spring of 1992 that "MRI woud be alive and 
well today even if Fermilab had never existed."31 To Anderson, "the sad 
dest sight of all is to see officials of the Department responsible for our 

energy supply deliberately misleading Congress and the public with these 
false claims, and to see my particle physics colleagues, many of whom I 
admire and respect, sitting by and acquiescing in such claims."32 

In 1989, changes in the design of the machine were put through that 
would raise its quality and reliability but would also increase its total 
cost?to $8,249 billion 1990 dollars, according to the official estimate of the 

Department of Energy, although another estimate that it commissioned put 
the figure at $11.8 billion. The cost escalation provoked Congressional cri 
tics of the project, especially when, in the spring of 1992, congressional 
investigators reported that more than $20,000 had been spent the previous 
year for office plants and plant care and that additional thousands had been 

paid for entertainment, including liquor.33 The Reagan and Bush adminis 
trations had assured Congress that fully one third of the total construction 
costs would come from non-federal sources?which now meant, at the 
elevated price of the machine, $2.7 billion. A billion dollars would come 
from Texas, leaving $1.7 billion to be provided by foreign countries, most 
of it supposedly from Japan. Yet by 1990 nothing had been pledged from 
abroad except $50 million of in-kind contributions by India. Several Ameri 
can delegations to Japan were unable to extract anything for the SSC. 
President George Bush did not even raise the subject when he visited Prime 

31. Bloembergen to Richard A. Carrigan, 21 May 1992, in U.S. Congress, Senate, Joint 

hearing before the Committee on Energy and Natural Resources and the Subcommittee on En 

ergy and Water Development, importance and status of the Superconducting Super Collider, 
102nd Cong., 2nd Sess., 30 June 1992, 12. On later reflection, Lederman said that Fermilab 
could take "a modicum of credit" for the MRI industry. Lederman, with Teresi, The God 

particle, 233-234. 

32. House, Hearing, Task Force, 1991, 65. 

33. Kim A. McDonald, "University consortium charged with mismanaging work on Super 
collider," The chronicle of higher education (6 May 1992), A30. 
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Minister Kiichi Miyazawa in January 1992, and neither did President Bill 

Clinton when he met with him in Washington in April 1993 and in Tokyo 
in July. 

By the spring of 1992, amid the deepening economic recession, the 
attacks against the SSC were drawing blood on Capitol Hill. On the night 
of June 17, the House voted to terminate the project by the hefty margin of 

232-181, stunning its advocates everywhere into a frantic?and succesful? 
effort to reverse the decision in the Senate.34 However, early in 1993 Wash 

ington insiders were saying that, with a new Congress and a new adminis 

tration in office, the prospects of the SSC's surviving another year were 

problematic. Voters had sent 113 new members to the House, refreshing 
more than a quarter of that body with the message to cut spending. 
President Bill Clinton reiterated his campaign endorsement of the SSC, but 
his first budget called for stretching out the project by an additional three 

years. The ploy would reduce its annual cost, but would raise the total cost 

to almost $11 billion, according to a report issued in May 1993 by the Gen 
eral Accounting Office, which declared the SSC behind schedule and 

already over budget.35 In late June, shortly before the House was to vote on 

the collider, its critics leaked a report from the energy department's own 

Inspector General sharply critical of the project's management for allowing 
sizable unreasonable contractor charges and permitting uncontrolled cost 

escalation. 

In the House now, as in 1992, the SSC faced unremitting opposition 
from its chief critic, Sherwood Boehlert, from the Oneida district in upstate 
New York, a moderate Republican of independent mind and sharp tongue. 
The year before, he had derided the SSC as a medley of endlessly increas 

ing costs, threats to other sciences, and unwarranted predictions of spinoffs 
for competitiveness, declaring, "Contrary to all the hype, the SSC will not 
cure cancer, will not provide a solution to the problem of male-pattern bald 

ness, and will not guarantee a World Series victory for the Chicago 
Cubs."36 In a House hearing that spring, Boehlert had remonstrated that the 
session deserved the title, "The night of the living dead," explaining that 
even though the House had killed the SSC, "it keeps rising from the dead 
to suck out our budget dollars."37 On June 24, 1993, he and Jim Slattery, 
a middle-of-the-road Democrat from Topeka, Kansas, introduced an 

appropriations amendment to slay it once again, adding the adverse findings 

34. PT, 45 (Aug 1992), 59. 

35. Victor S. Rezendes, Director, Energy and Science Issues, General Accounting Office, 

House, SST Hearing, 1993, 177-178, 181-182, 189-190, 195. 

36. Ibid., H4820. 

37. House, SST Hearings, 1993, 2. 
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of the General Accounting Office to a repetition of their prior indictments 

of the project. Boehlert summarized the case against it: "In short, the costs 
are immediate, real, uncontrolled, and escalating; the benefits are distant, 
theoretical, and limited. You don't have to be an atomic scientist to figure 
how that calculation works out. We can't afford the SSC right now."38 

The defense of the SSC was led by Waxahachie's Congressman, Joe 

Barton, a smart arch-conservative Republican who in 1992 had spearheaded 
the unsuccessful fight for a balanced-budget amendment to the Constitution. 

(Which prompted Congressman Lawrence J. Smith, an outspoken liberal 
Democrat from Florida and an enemy of the SSC, to gibe that Barton, the 

budget balancer, was "obviously a contortionist, being on two opposite 
sides of fiscal policy at the same time.") Barton's case was strengthened by 
allies from California, hard hit by defense cutbacks, and from nearby dis 
tricts in Texas, who pointed out that the SSC had already provided hun 
dreds of millions of dollars for defense conversion, creating thousands of 

jobs and awarding some 20,000 contracts to businesses in most states of the 

union, more than ten percent of them to firms owned by women or 

members of minority groups. Congresswomen Carrie P. Meek from Miami, 
Florida, and Eddie Bernice Johnson from the Dallas area?both black and 
both newly elected to the House?praised the SSC. Meek: "It gives us a 

chance, the minorities in this country.. .to get into jobs that are developed 
by technology and science."39 

The House nevertheless voted on June 24 once again to end the SSC, by 
a strongly bipartisan vote of 280 to 150, which was so lopsided as to make 
the project's friends wonder whether this time it could prevail in the Senate. 
In Senate hearings in August, Steven Weinberg questioned the close over 

sight of the project?eight audits had been underway in the spring. "It 
seems that there is an effort being made to replace the system that gave us 
Fermi Lab with the system that gave us the B-l Bomber." In a House hear 

ing in May, Weinberg had testified that if the SSC was killed, "you may as 
well say good-bye to any responsible program of high-energy physics, and 
with it.. .any hope in this country in our time of discovering a final theory 
of nature." Now he warned that killing the SSC could also begin "the kil 

ling of support for basic science in this country."40 
The SSC's most important friend in the upper chamber was J. Bennett 

Johnston, a senator from Louisiana, who chaired the Energy and Natural 

38. CR, 103rd, House (24 June 1993), H4057. 

39. Ibid., H4052, H4063-H4064. 

40. U.S. Congress, Senate, Joint hearing before the Committee on Energy and Natural 

Resources and the Subcommittee on Energy and Water Development, Superconducting Super 
Collider, 103rd Cong., 1st Sess., 4 Aug 1993, 102, 80, 54; House, SST Hearings, 1993, 59. 
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Resources Committee and also the Energy and Water Development 

Appropriations Subcommittee, both of which had jurisdiction over the col 

lider project. Originally an opponent of the SSC, Johnston had turned into 
a formidable ally after General Dynamics committed itself to producing 
superconducting magnets for the accelerator at a large factory in Hammond, 
Louisiana. He was a Senate insider, a charming, knowledgeable, and 
effective legislative dealer, an able defender of his state's oil and gas indus 

try who did not mind telling people that Louisana received more than one 

billion dollars a year in defense contracts. He was also a man of indepen 
dent and energetic intellect, an outspoken opponent of the Strategic Defense 
Initiative. He counted the collider as important to the post-Cold War high 
technology economy. He had also developed a genuine intellectual 
enthusiasm for the quest after the Higgs boson, providing the Senate with 
rare moments of attempted instruction in theoretical physics and noting, in 

1993, that as he understood it, the questions that the SSC would address 
"lie astride the common boundary between theology and science." Suffice 
it to say, Johnston reported, "that many scientists see in the patterns, the 

complexities, the symmetries, and yet the simplicity of matter and quarks 
and leptons and the way they are put together, the hand of God. And to the 
extent that I am given a peek at what they have to say, I agree with that."41 

Johnston worked his magic again, guiding the Senate on the morning of 

September 30 to reject an attempt to kill the SSC by a bipartisan majority 
of 57 to 42. The SSC cleared a House-Senate conference with its full 

appropriation, imbedded in a multi-billion dollar energy and water appropri 
ations bill, but it was decisively and irrevocably turned back in the House, 
on October 19, by the overwhelming vote of 282 to 143. "The SSC has 
been lynched, and we have to bury the body," Johnston snapped.42 

3. THE SURVIVAL OF THE HUMAN GENOME PROJECT 

Indicted as Big Science 

During the early 1990s, the Human Genome Project, like the SSC, con 
tinued to win enemies within the scientific community. In February 1990, 

Martin Rechsteiner, a professor in the biochemistry department at the 

University of Utah, sent a letter to colleagues around the United States con 

tending that the human genome project is "a waste of national resources" 
and urging like-minded scientists to raise a protest against the project to 

41. CR, 103rd, Senate (29 Sep 1993), S12705. 

42. Ibid., H8101, H8109, H81117; "Congress pulls the plug on the Super Collider," Los 

Angeles Times (22 Oct 1993), 20. 
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key government officials, including the president's science advisor. In April, 
six biologists from across the country posted a joint "Dear Colleague" 
letter on the electronic mail system BioNet, which links the country's 

molecular biology laboratories. The letter read: "The human genome pro 

ject can be stopped. Please join our effort." In July, Bernard Davis joined 
by 22?virtually all?of his colleagues in the department of microbiology 
and molecular genetics at Harvard University Medical School, published a 

letter in Science magazine urging a reassessment of the government's com 

mitment to the project. That month, Rechsteiner and Davis made their cases 

in a hearing on Capitol Hill. By early 1991, a U.S. Senate aide was remark 

ing of the human genome effort, "There's no groundswell of support. In 

fact, there's a groundswell against it."43 

Thematically, the renewed criticism of the project echoed, in part, the 
main objection made to it in 1987?that it represented the subjugation of 

biology to the directed, hierarchical mode of Big Science. Dissidents called 
into evidence Watson's decision to spend part of his budget on genome 
centers, while Davis and his colleagues stressed that the project had begun 
"illogically, as a means of expanding the biological activities" of one of 
the country's principal agents of Big Science, the Department of Energy. 
Rechsteiner, undoubtedly pointing to Senator Pete Domenici, averred that 
"the project owes its existence to a powerful U.S. Senator who desired 
funds for a national laboratory located in his state."44 

Adding a new twist to the original charge that it would be a waste of 

money to sequence junk DNA, Rechsteiner held that ascertaining the 

sequence even of coding regions would not necessarily advance biological 

43. Michael Syvanen et al. to colleagues, electronic mail notice (16 Apr 1990), printout in 

my possession; Martin C. Rechsteiner letter, Feb 1990, attached to Rechsteiner to Norman Da 

vidson (23 Feb 1990), copy in my possession; Bernard Davis et al., "The Human Genome and 

other initiatives," Science, 249 (1990), 342-343; John M. Barry, (ref. 21), 183; Jeffrey Mervis, 
"On Capitol Hill: One day in the hard life of the Genome Project," The scientist (20 Aug 
1990), 1. Rechsteiner's letter was published in The FASEB journal, 4 (1990), 2941-2942. 

James Wyngarden, a former director of NIH and a supporter of the genome project, noted, "If 

you took a vote in the biological sciences on the project, it would lose overwhelmingly." Bar 

ry (ibid.), 63. See also Robert Wright, "Achilles helix," New republic, 203 (9 and 16 Jul 

1990), 30. 

44. Barry (ref. 21), 183; Leslie Roberts, "Plan for Genome Center sparks a controversy," 
Science, 246 (13 Oct 1989), 204; Davis et al., "The human genome and other initiatives," 
342. See also Bernard D. Davis, "Some problems with a crash program," The FASEB journal, 
5 (Jan 1991), 76. Rechsteiner, TIBS (16 Dec 1991), 4557. In the spring of 1990, a student of 

the project noted, "This widespread fear among biologists of 'big science,' and the accom 

panying doubts about the feasibility of the project, especially in the context of a biologial sci 

ence community that remains unconvinced about the benefits of contributing to such a project, 
will undoubtedly continue to haunt administrators of the project over the next fifteen years (or 

more)." Friedman (ref. 9), 82. 
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science. The effort would obtain DNA data for the sake of acquiring the 

information, independent of hypotheses that the data might address and with 

insufficient attention to the physiological or biochemical environment in 
which genes function. Nor, he insisted, would it necessarily foster medical 

progress. The revelations concerning the genetics of cancer or of cholesterol 

metabolism had not, after all, required human genome analysis; and detailed 

knowledge of genetic mutations had not led to therapies or cures. Rech 
steiner told a New York Times reporter, "The human genome project is bad 

science, it's unthought-out science, it's hyped science." Rechsteiner had a 

sharp idea of what the genome project would do?divert funds from most 

other areas of basic biological research and training, limiting opportunities 
for substantively creative research while producing, in its genome centers, 
"armies of technicians" skilled only at DNA sequencing and data entry.45 

The new round of dissidents were troubled, even angered, by the fact 

that, while the genome project had been prospering, general basic research 
in the biological sciences had been financially squeezed. In a letter to Sci 
ence magazine, John C. Lucchesi, chairman of the Genetics Study Section 
in the Division of Research Grants at NIH, predicted that "a few rounds of 

funding at the present award rates will very quickly result in a reduction in 
the number of active laboratories to less than half their current 

number_Arguments are made that the human genome project will give 
birth to a new generation of technologies. What good will that do in the 
absence of individuals trained and capable of applying these technologies?" 
Rechsteiner's resentment of the trend was typical: "During these hard times 
we saw the disbursal of previously unheard of amounts of money to a hand 
ful of genomists."46 

In the view of the dissidents, the $200 million a year that the project 
was eventually slated to get would be much better spent easing the strained 
circumstances of basic biomedical research. Rechsteiner noted that while 
such sums might not be large by defense department standards, they might 
appear to be "all the money in the world" to a "struggling young assistant 

professor." The critics commonly pointed out how many basic biomedical 
research grants?of the current average size of $212,000?might be carved 
from the genome project budget. The total estimated 1991 genome 
budget?$154 million for NIH and DOE combined?would support 385 such 

grants, which Bernard Davis declared would provide "a substantial amount 
of famine relief for untargeted research."47 

45. Rechsteiner letter (Feb 1990), 1-2; Natalie Angier, "Vast 15-year effort to decipher 
genes stirs opposition," New York Times (5 June 1990), B5. 

46. Friedman (ref. 9), 99-101, 104-105; Rechsteiner ms (22 Apr 1991), 2. 
47. Rechsteiner (ibid.), 2; Rechsteiner, letter (Feb 1990), 2; Davis et al. (ref. 44), 342. 
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In its deliberate emphasis on technological and methodological innova 

tion, the genome project flew in the face of tradition and preference in the 

biomedical research community. Some of the rhetoric raised against the 

project seemed to suggest that technology is no more than an auxiliary to 

genuine biological research, that it was even somehow alien to the enter 

prise, and that progress in the biomedical sciences is best achieved by lone 

investigators using simple methods and simple tools. The rhetoric had fre 

quently surfaced before in the annals of 20th-century experimental biology, 
as though experimental biologists had not gotten over the turn-of-the 

century charges by natural historians that the study of life could not be con 

ducted in the non-natural environment of Petri dishes. It became sufficiently 
commonplace to make its way into the 1954 Nobel prize ceremonies, when 
a member of the Royal Caroline Institute remarked, "The electronics, 
radioactive isotopes, and complicated biochemistry of our age has 
threatened to turn medical science into something dangerously resembling 
technology. Now and again we need to be reminded of its fundamental bio 

logical elements."48 

The fact of the matter, however, was that progress in the biomedical sci 
ences had been empowered and accelerated to a considerable extent by 
sophisticated tools and technologies?notably the ultracentrifuge, radioactive 

isotopes, x-ray diffraction, chromatography, electrophoresis, and electron 

microscopy. None of these technologies was indigenous to biology. All 
were originally the products of the physical sciences or physical scientists 
at the fringes of biology, and many were developed partly with philanthro 
pic or commercial support for use in biological research. For example, the 
builders of cyclotrons, the first abundant source of radioactive isotopes, 
found much of their initial financial patronage in medically oriented phi 
lanthropies eager to foster the construction of machines that would supply 
the isotopes cheaply and in profusion. Since World War II, the principal 
source has been the atomic piles of the Atomic Energy Commission and its 
successor agencies.49 

48. "Physiology or medicine 1954: Presentation speech by Professor S. Gard, member of 

the staff of professors of the Royal Caroline Institute," Nobel lectures.. .physiology or medi 

cine, 1942-1962, 447. Patricia Hoben, a molecular biologist and staff member at the Office of 

Technology Assessment, has remarked that the human genome project "goes against the whole 

culture of biomedical research" and that few biologists focus "on the kind of technical aspects 
of research and are really wizards in that, and there are few who would want to be." Friedman 

(ref. 9), 69-70. 

49. J.L. Heilbron and Robert W. Seidel, Lawrence and his laboratory: A history of the 

Lawrence Berkeley Laboratory, Vol. I (Berkley, 1990), 156-157, 189-190, 219; Daniel J. 

Kevles, The physicists: The history of a scientific community in modern America (Cambridge, 

1987), 274-275; Robert E. Kohler, Partners in science: Foundations and natural scientists, 
1900-1945 (Chicago, 1991), 358-391; Lily E. Kay, Cooperative individualism and the growth 

of molecular biology at the California Institute of Technology, 1928-1953 (Ann Arbor, 1987), 

esp. chapts. 2, 4 and 5. 
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The indispensability of technology for contemporary experimental biol 

ogy was evident even to critics of the genome project, but perhaps not so 

obvious, though also important, were the ways that various technologies 
had affected activity in the scientific workplace. The issue was pertinent to 

the charge that gene sequencing would necessarily move biology in the 
direction of gene drudgery. The indictment rested on a romantic premise 
that conventional biology was without drudgery, that every young labora 

tory investigator constantly confronted demanding intellectual challenges at 

the workbench. A moment's reflection about what people have actually 
done in the laboratory will suggest that the premise is generally false. Part 
of what people have done in molecular biology has been commonplace phy 
sical chemistry and biochemistry?for example, identifying restriction 

enzymes, determining protein, DNA, and RNA sequences, synthesizing 
genes and cloning them. Commercial firms have relieved molecular biology 
of some of the laboratory tedium, supplying off-the-shelf materials such as 
clones and restriction enzymes. Technologies?automatic sequencers and 

synthesizers, for example?that were innovated in academic environments 
have emancipated them from a good deal of drudgery. For example, H. 
Ghobind Khorana required a band of collaborators and roughly five years to 

synthesize a small gene, succeeding finally in 1970; much bigger genes can 
now be synthesized with table-top instruments in a day. 

The genome project's technological emphasis has undoubtedly contri 
buted to its Big-Science image?and helped fuel the celebration of conven 

tional small-scale research in the biomedical sciences as a preferable alter 
native. The celebratory defense of the individual investigatory enterprise as 
small science seems to lack informed perspective: The capital and operat 
ing costs, number of graduate students, postdoctoral fellows, and techni 

cians, laboratory space and equipment surely combined to make the .enter 

prise large-scale, if not altogether big, science compared with, say, Thomas 
Hunt Morgan's microscopes, jars of fruit flies, rotting-banana food stocks, 
and handful of graduate students, or Watson and Crick's tinker-toy and 

paper-cutout modeling of hypotheses for the structure of DNA. 
The way that the project was identified with Big Science in scientific 

journals and the press tended to cloud matters. The discussion was 
selective?the genome project was Big Science but the AIDS program, 

which spends far more annually, is somehow not?and undiscriminating. 
The project was lumped together with the Superconducting Supercollider 
and the space station?efforts that involve not only big money but big 
machines and big organizations.50 The fact is that, although the genome 

50. Friedman (ref. 9), 1-2; Daniel E. Koshland, Jr., "Sequences and consequences of the 

human genome," editorial, Science, 246 (13 Oct 1989), 189; William J. Broad, "Heavy costs 
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project is a type of Big Science, it is not the type that its critics deplored. 
A simple taxonomy of Big Science the genre might break it down, in 

the American context, into three different forms: centralized, federal, and 

mixed, each suitable to its function. The centralized form has been charac 
teristic of big technological missions?for example, the Manhattan Project to 

develop atomic bombs; the Apollo Program to land men on the Moon; and 
the current program to build, launch, and operate a space station. The 
features of big-mission science include centralized control of widespread 
efforts to produce and operate a major technological system. 

The federal form has been typical of research aimed at the acquisition 
of knowledge concerning big subjects?for example, a physical or geologi 
cal map of the continent, a catalogue of stars and galaxies, or major 
diseases such as cancer. Programs seeking such knowledge have been 
marked by coordinated encouragement of local initiative, by pluralist, 
decentralized efforts to develop the tools necessary to the task, and by 
integration of the information obtained into some systematically organized 
data base. 

The mixed form has been a standard feature of big-facility science 
research programs that depend on major technological instruments such as 

high-energy particle accelerators, planetary probes, or arrays of radio tele 

scopes. The creation, maintenance, and operation of the facility fall under 
the centralized control and direction of a large cadre of scientists and 

engineers (in the case of the Superconducting Supercollider, of an army of 

them, organized to design and develop the accelerator as well as its detector 

technologies). However, the uses of the facility for research are federally 
determined, the product of pluralist initiatives by research groups distri 
buted in a variety of institutions. 

Why the Big-Science SSC died 

The SSC exemplified the mixed form of Big Science, and that helped 
determine its political fate. Senator Johnston, like a number of analysts, 
blamed the execution on the House freshman, typically describing them as 
"the product of an angry electorate that want to cut projects and cut 

perks."51 However, the Congress of the United States is selective in its 

economizing, tending to be tolerant of expenditures for high national 

of major projects pose a threat to basic science," The New York Times (27 May 1990), 1, 20; 
William J. Broad, "Small scale science feels pinch from big projects," The New York Times 

(4 Sep 1990), Cl, C6. 

51. Clifford Krauss, "Knocked out by the freshmen," The New York Times (26 Oct 1993), 
BIO. 
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purposes, especially if they are reinforced by important local political and 
economic interests. Far more important than the freshman effect or the 

foreign deficiency in shaping the fate of the SSC was the fact that the SSC 
failed to qualify on the national or local ground. 

Missing at the national level was what had made physics, including its 

high-energy branch, so important since World War II?real or imagined ser 
vice to national security. After the atomic bombings of Hiroshima and 

Nagasaki in 1945, American physicists became a kind of secular 
establishment?with the power to influence policy and obtain state resources 

largely on faith and with an enviable degree of freedom from political con 
trol. What brought them to power was, to a considerable degree, what kept 
them there for most of the last half century?the identification of physics 
with national security. During World War II?a physicists' war?they not 

only devised the atomic bomb but also crafted numerous other technical 

miracles, including radar, rockets, and proximity fuzes. Throughout the 
Cold War, they were crucial figures in maintaining American superiority in 

arms, advising upon defense policy in relationship to technical possibilities, 
training students who populated university, industrial, and federal labora 

tories, including weapons establishments, and contributing to the high 
technology postwar economy?both iigiirectly, through military spinoffs, and 

directly, through research in myriad fields such as transistors, computers, 
lasers, and fiber optics. 

The most prominent and influential physicists were elementary-particle 
physicists. Comprising about ten percent of the American physics com 

munity in the 1980s, their leaders had won many of the Nobel prizes 
awarded to Americans and had been key figures in the nation's strategic 
defense and science policymaking councils. During the postwar decades, 

elementary-particle physics prospered handsomely. One of the leading 
rationales for the policy that gave abundant funds to particle physics was a 

reading of history. Seemingly impractical research in nuclear physics had 
led to the decidedly tangible result of the atomic bomb; research in particle 
physics had to be pursued because it might produce a similarly practical 
surprise. In the context of the Cold War, particle physics provided an 
insurance policy that if something important to national security emerged 
unexpectedly, the United States would have the knowledge ahead of the 
Soviet Union. Both the House and the Senate debates several times made 
the point advanced at summary length in a report that the General Account 

ing Office prepared for Senator John Warner, a conservative Democrat from 

Virginia, who presented it to the Congress on May 18, 1993: The SSC had 
no direct bearing on national security, though its indirect benefits such as 
more powerful superconducting magnets and conversion awards to defense 
contractors could assist the military indirectly. 
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In 1993, Congressman Ralph M. Hall of Texas wondered wistfully 
whether the SSC might not "bring us back one more time to the financial 

position that we had in the early 1950s and the geopolitical strength that we 
had?" And the SSC tended to receive support from the minority of House 
members who, following a more specific but similarly wishful preference, 
voted for the Strategic Defense Initiative. However, the SSC was disadvan 

taged by the general outlook that went almost without saying but that was 

made explicit by Senator Dave Durenberger, a Minnesota Republican: "If 
we were engaged in a scientific competition with a global superpower like 
the former Soviet Union, and if this project would lead to an enhancement 
of our national security, then I would be willing to continue funding the 

project. But.. .we face no such threat.52 
Dissociated from national security, the SSC was subject to the play of 

domestic politics, presidential as well as congressional. In July 1992, after 
the SSC's first setback in the House, the Bush administration lobbied hard 
for the project; President Bush himself welcomed a delegation of pro-SSC 
physicists to the White House, invited undecided Senators there for a pep 
talk, and visited Waxahachie, where he praised the collider as "a big part 
of our investment in America's future," adding that for basic research "this 
is the Louvre, the Pyramids, Niagara Falls all rolled into one."53 In 1993, 
the influence of the Texas Congressional delegation had been weakened by 
the loss of House Speaker Jim Wright along with Lloyd Bentsen's elevation 
to the cabinet, while Texas' adopted son in the White House had been 

replaced by Bill Clinton. Clinton support of the project struck insiders, 

including his Arkansas ally Dale Bumpers?the Senate's leading opponent 
of it?as tepid, and it did not begin to match the all-out jawboning effort he 
made on behalf of the space station, which the House approved by a margin 
of only one vote in June 1993, the day before it rejected the SSC. 

The SSC's political-economic muscle did not compare with the space 
station's which, with a price tag more than twice that of the collider, had 
commitments of some $8 billion in foreign financing, the heavyweight sup 
port of the aerospace industry, and a reported 75,000 jobs created to its 
credit. Although SSC expenditures reached into almost every state, Jim 

Slattery pointed out to the House that most states would pay far more for 
the project than they would receive from it. Indeed, from October 1989, 
when construction began, through April 1992 the vast majority of 

52. House, SST Hearing, 1993, 120; CR, 103rd (18 May 1993), S5996-S5997, S6000 

S6003; CR, 102nd, Senate (3 Aug 1992), S11165; Linda R. Cohen and Gretchen A. Kalsow, 
"Who killed the Superconducting Supercollider?" unpublished ms (1994), 22. 

53. Irwin Goodwin, "Good news for the SSC as Senate approves funds and magnets 
work," PT, 45 (Sept 1992), 55. 
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procurement contracts had gone to only five states?Massachusetts, New 

York, Illinois, California, and, of course, Texas, where some four times as 

much procurement money was spent as in California, which ranked second, 
or Illinois, which ranked third.54 Although Texas voted overwhelmingly to 

sustain the SSC, the delegations from the four other states voted 

overwhelmingly to kill it. Boehlert summarized, with only slight exaggera 
tion, the political dynamic of the SSC: "My colleagues will notice that the 

proponents of the SSC are from Texas, Texas, Texas, Texas, and Louisiana, 
and maybe someone from California. But my colleagues will also notice 

that the opponents are.. .from all across the country."55 
Respectful of the science or not, the opponents of the SSC considered 

the project simply too expensive. This is not to say that their only thought 
was penny-pinching. The Congressional debates revealed that while many 
wanted to kill the collider solely for the sake of cutting the budget, many 
other enemies of the SSC insisted that expenditures for it were unwarranted 

when appropriations for social programs such as medicare, nutrition, vacci 

nation, education, and inner-city redevelopment were being cut. Analysis of 

the 1993 House SSC vote in light of the voting record of incumbents on 

other issues shows that its opponents comprised a coalition of conservatives 

and, in greater proportion, liberals. Its defenders included a higher propor 
tion of conservatives, a tendency echoed by the vote in the Senate that year, 
where the collider won only a bare majority of Democrats but prevailed 
among Republicans by more than 2 to 1. In the end, the collider resolved 
into a creature of Cold War conservatism when the majority of Congress? 
both liberals and conservatives?was undergoing a sea change to a post 
Cold War political order. 

The Human Genome Project as resilient Big Science 

In contrast to the SSC, the Human Genome Project fell in neither the 
centralized nor the mixed categories but in the federal form of Big Science. 
As such, it is by no means new in the annals of scientific investigations 
sponsored by the American government, finding precedent, for example, in 
the program of the United States Coast Survey, which was established in 
1807 to map the country's coasts and was extended eventually to include a 

geodetic map of the country, a task that came to involve investigations in 

many geographical regions. Similarly, in 1879 Congress established the 
United States Geological Survey under the directorship of John Wesley 

54. Holly Idelson, "House denies atom smasher its 1993 expense account," Congressional 

quarterly (20 June 1992), 1783. 

55. CR, 102nd, House (17 June 1992), H4820. 
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Powell, who organized it to draw a geological map of the western interior, 

inaugurating a research program conducted partly by agency employees and 

partly through a grant system that drew many different scientists 

geologists, paleontologists, and mineralogists?into the endeavor.56 
The big subject of the genome project is, of course, the map and 

sequence of the human genome. It proceeded largely by awarding grants for 
research to many small groups of scientists scattered across the country for 
work initiated by them on problems and organisms relevant to the overall 

goal. In 1991, for example, NIH funded some 175 different genome pro 

jects, at an average grant size of $312,000 a year (about 1.5 times the aver 

age NIH grant for basic research and about equal to the average AIDS 
research grant). NIH also, to be sure, established eight centers to foster 

interdisciplinary work on special aspects of technological development and 

large-scale mapping and sequencing, but?like the individual research 

grants?the centers have been supported on a competitive, peer-reviewed 
basis and are, in any case, modest in size. The largest 1991 center budget 
amounted to $4 million and was spread over several individual research 

groups.57 It should be clear from the numbers and mode of operation that 
what characterized the human genome project has not been central direc 

tion, hierarchy, and concentration but loose coordination, local freedom, and 

programmatic as well as institutional pluralism. 
It should also be evident that its purposes fall within a historical tradi 

tion of technological innovation that has paid high dividends to the biomed 
ical sciences. It is not just that technologies such as electrophoresis or 

chromatography became useful in biological research. It is that several of 
them started big, expensive, and, hence, comparatively exclusive?and that, 
unlike particle accelerators, they became small, cheap, widely obtainable 
and dispersed.58 In the genome project, the agreement to use sequence 

tagged sites (STS) for identifying and locating genomic clones has done 

away with the need for establishing clone libraries, which were originally 
estimated to cost $60 million over the fifteen-year life of the genome pro 

ject. Once the STS of a particular clone is recorded in a database, anyone 
can promptly recreate the clone in his or her laboratory, whether the labora 

tory is big or small. David Botstein, a pioneer in the human genome 

56. The model of the Geological Survey affected the organization of scientific research in 

the private sector, particularly in the debates over how Andrew Carnegie* s munificent gift to 

establish the Carnegie Institution of Washington should best be used. See Kevles (ref. 49), 
82-83. 

57. Lander talk, "The Human Genome Project." The 1991 budget figures are estimates and 

were provided by Erin Burgess, Budget Officer, National Center for Human Genome Research. 

58. For the high cost of high-technology biology in its early days, see Kay (ref. 49), 113? 

112-187, 226-240. 
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project, early remarked, "It gives the individual investigator the power to 

map things. He doesn't have to join up with Los Alamos."59 
The genome project's commitment to devising superior sequencing tech 

nologies meant, in part, attempting to increase the sequencing throughput? 
the number of base pairs identified per unit time. The goal is decidedly 
ambitious: rates a hundred-to a thousand-fold higher than the steady pace of 

perhaps 5,000 base pairs a day of which the automated fluorescent DNA 

sequencer is currently capable. Advocates of the project say that the escala 
tion in throughput will reduce the current cost of DNA sequencing 
estimates range from $2 to $15 per base pair?by at least a hundredfold, 
thus placing large-scale sequencing of interesting portions of any 

organism's DNA within the financial reach of small laboratories. (The cost 
of sequencing per base pair has fallen to somewhat below a dollar.) A mul 
titude of cheap sequencers would further decentralize genome studies, pro 
vide still more room for independent projects and approaches, allow easier 
corroboration of results, and promote still further technological innovation. 

Enthusiasts of the genome project have not been blind to the magnitude 
of its technical challenges. They have recognized the difficulties and uncer 

tainties in producing the necessary genetic maps and sequencing technolo 

gies. They have been well aware that straightforward sequencing of the 
entire human genome cannot, as a matter of financial practicality, be 

accomplished unless and until the cost of sequencing a base pair is drasti 

cally reduced. Still, as uncertain outcomes in science and technology go, the 

genome project has been a decidedly good bet?a better one, it might be 

argued, than many other technologically dependent enterprises. A giant 
accelerator that fails to work or is abandoned before completion will likely 
produce little if anything of scientific value. In contrast, obtaining just a 
fraction of the human genome sequence, particularly the fraction containing 
the genes for disease, will pay high scientific and medical dividends.60 

Completely or partially successful, the genome project will yield what 
one observer has termed "an orgy of information," a harvest that, in the 

judgment of Francis S. Collins, one of the co-discoverers of the gene for 

cystic fibrosis will "drive the research enterprise for at least the next 100 

years." Victor McKusick has likened expanding human map and sequence 
information to creating a latter-day version of Vesalius' human anatomy, a 

compendium of comparably fundamental knowledge that will serve as a 
basis for the medicine of future decades. The quick location of the gene for 

Huntington's disease was lucky, but tracking down the gene for cystic 

59. Leslie Roberts, "New game plan for genome mapping," Science, 245 (29 Sep 1989), 
1438-1440; Friedman (ref. 9), 26-27. 

60. Robert Wright (ref. 43), 23. 
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fibrosis, was highly demanding?and still more so will be rinding the 

genetic sources for diseases that, like cystic fibrosis, arise from subtle 

changes in DNA but, unlike it* occur much less frequently in the popula 
tion. In such cases, which will probably be numerous, meticulous map and 

sequence data will be indispensable.61 
Sequence information, allowing the comparison of sequence patterns 

across species, promised to open a dramatic new chapter in the study of 

organic evolution. It also seemed likely to permit comprehensive assessment 

of whether most of mammalian DNA is in fact junk?a view that the Nobel 
laureate Paul Berg has described as expressing "a prejudiced definition of 

genes." Berg adds that perhaps 50 percent of the genome's sequence is 

genetically active, with many introns including important regulatory signals. 
He asks: "Shall we foreclose on the likelihood that the so-called noncoding 
regions within and surrounding genes contain signals that we have not yet 
recognized or learned to assay? Are we prepared to dismiss the likelihood 
of surprises that could emerge from viewing sequence arrangements over 

megabase rather than kilobase distances?"62 
New techniques will be necessary for managing, storing, analyzing and 

distributing the avalanche of information that mapping and sequencing will 

yield. Employment of the techniques will, in turn, require new kinds of 

biologists, men and women capable of applying sophisticated technologies 
and methods of data analysis to fundamental and interesting problems in 

biology. As Victor McKusick has noted, "The genomics laboratories will 
be superb settings for training a new breed of scientist?one who is 

prepared to capitalize on both the molecular genetics revolution and the 

computation revolution. These will be the leaders in biology in the 21st 

century."63 
In contrast to the assault against the SSC, the attacks against the Human 

Genome Project were largely ineffective, failing to bring it to a halt for 
several reasons. In 1991, NIH expenditures on the project accounted for 

only one percent of the agency's total budget of $8 billion. If the project 
came to be funded at the $200 million a year recommended by the National 

Academy of Sciences, the NIH share would have amounted to just 1.5 per 
cent of the agency's total 1991 budget or roughly 3 percent of its resources 

61. "Gene maps that guide biological explorers," The independent (4 Dec 1989), BioDoc; 
Francis S. Collins, "The Genome Project and human health," The FASEB journal, 5 (Jan 

1991), 77; Victor A. McKusick, "Mapping and sequencing the Human Genome," New Eng 
land journal of medicine, 320 (6 Apr 1989), 914-915. 

62. Paul Berg, "All our collective ingenuity will be needed," The FASEB journal, 5 (Jan 

1991), 75. 

63. Victor McKusick, "Current trends in mapping human genes," FASEB journal, 5:1 (Jan 

1991), 12-20, on 19. 
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for external grants. Whatever the level of its budget, the genome project 
operated in a small-science fashion, spreading its largesse throughout the 
biomedical research community?and gaining the political support within it 
that accompanied the spread. A case could be made that the genome project 
had brought appropriations to biomedical research that it would not other 
wise have received. The exact amount of the surplus might have been 

debatable, but, like any other NIH program, the project had no obligation to 
defend itself primarily on grounds that it assisted the biomedical research 

budget. Its principal justification was scientific and medical?that the tech 

nologies, data, methods, and trained personnel that it was fostering would 

substantially strengthen the infrastructure of the biomedical enterprise. 
For that reason, the project was taken to have a legitimate claim on 

biomedical research funds. It is perhaps the only major institute or center in 
the National Institutes of Health that derived from a report of the National 

Academy of Sciences instead of from a Congressional initiative to combat a 

particular disease.64 The genome project was the kind of Big Science 

pluralist, practical, and payoff rich, unlike the SSC?that the political sys 
tem remained willing to supply with the public resources that it requires. 

64. Eric Lander, "The Human Genome Project," talk at "Scientist-to-scientist colloqui 
um," Keystone, Colorado (Aug 1991). 
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