SCIENCE

American Association for the Advancement of Science
Science serves its readers as a forum for the presentation
and discussion of important issues related to the advancement of science, including the presentation of minority or conflicting points of view, rather than by publishing only material
on which a consensus has been reached. Accordingly, all articles published in Science-including editorials, news and
comment, and book reviews-are signed and reflect the individual views of the authors and not official points of view
adopted by the AAAS or the institutions with which the authors are affiliated.

Publisher: Richard S. Nicholson
Editor: Daniel E. Koshland, Jr.
News Editor: Ellis Rubinstein

Managing Editor: Patricia A. Morgan
Deputy Editors: Philip H. Abelson (Engineering and Applied
Sciences); John 1. Brauman (Physical Sciences)

Associate Editors: Keith W. Brocklehurst, Martha Coleman,
R. Brooks Hanson, Barbara Jasny, Katrina L. Kelner, Edith
Meyers, Linda J. Miller, Phillip D. Szuromi, David F. Voss

Letters Editor: Christine Gilbert
Book Reviews: Katherine Livingston, editor; Susan Milius
Contributing Editor: Lawrence 1. Grossman
Chief Production Editor: Ellen E. Murphy
Editing Department: Lois Schmitt, head; Mary McDaniel,
Patricia L. Moe, Barbara P. Ordway
Copy Desk: Joi S. Granger, Jane Hurd, MaryBeth Shartle,
Beverly Shields
Production Manager: James Landry
Assistant Production Manager: Kathleen C. Fishback
Art Director: Yolanda M. Rook
Graphics and Production: Holly Bishop, Julie Cherry, Catherine S. Siskos
Systems Analyst: William Carter

NEWS STAFF
Correspondent-at-Large: Barbara J. Culliton
Deputy News Editor: Colin Norman
News and Comment/Research News: Mark H. Crawford,
Constance Holden, Richard A. Kerr, Eliot Marshall, Jean L.
Marx, Joseph Palca, Robert Pool, Leslie Roberts, Marjorie
Sun, M. Mitchell Waldrop
European Correspondent: Jeremy Cherfas
West Coast Correspondent: Marcia Barinaga

BUSINESS STAFF
Circulation Director: John G. Colson
Fulfillment Manager: Ann Ragland
Business Staff Manager: Deborah Rivera-Wienhold
ADVERTISING REPRESENTATIVES
Director: Earl J. Scherago
Traffic Manager: Donna Rivera
Traffic Manager (Recruitment): Gwen Canter
Advertising Sales Manager: Richard L. Charles
Marketing Manager: Herbert L. Burklund
Employment Sales Manager: Edward C. Keller
Sales: New York, NY 10036; J. Kevin Henebry, 1515 Broadway (212-730-1050); Scotch Plains, NJ 07076: C. Richard
Callis, 12 Unami Lane (201-889--4873); Chicago, IL 60914:
Jack Ryan, 525 W. Higgins Rd. (312-885-8675); San Jose, CA
95112: Bob Brindley, 310 S. 16th St. (408-998-4690); Dorset,
VT 05251: Fred W. Dieffenbach, Kent Hill Rd. (802-867-5581);
Damascus, MD 20872: Rick Sommer, 1 1318 Kings Valley Dr.
(301-972-9270); U.K., Europe: Nick Jones, +44(0647)52918;
Telex 42513; FAX (0647) 52053.

Information for contributors appears on page Xl of the 30
1989 issue, Editorial correspondence, including

June

requests for permission to reprint and reprint orders, should
be sent to 1333 H Street, NW, Washington, DC 20005. Tele-

phone: 202-326-6500. Advertising correspondence should
be sent to Tenth Floor, 1515 Broadway, New York, NY 10036.
Telephone 212-730-1050 or WU Telex 968082 SCHERAGO,
or

13

FAX 212-382-3725.

OCTOBER

1989

Sequences and Consequences of the Human Genome
T he sequencing of the human genome involves big money, big consequences, and big
controversies. Within the scientific community there is the question of money
because of the "big science" image. The cost of the genome project ($3 billion in 15
years) is much smaller than the cost of a supercollider or of a space station, and it is
more of a mom-and-pop store enterprise than the mass production assembly line of real big
science. The Cystic Fibrosis Foundation has spent $120 million in the past 4 years on one
illness, to say nothing of the other foundation and federal money spent on the same project.
In that context a price of $200 million per year, the figure for the human genome project,
for work that applies to many diseases and untold discoveries in biology sounds costeffective.
The benefits to science of the genome project are clear. Illnesses such as manic
depression, Alzheimer's, schizophrenia, and heart disease are probably all multigenic and
even more difficult to unravel than cystic fibrosis. Yet these diseases are at the root of many
current societal problems. The costs of mental illness, the difficult civil liberties problems
they cause, the pain to the individual, all cry out for an early solution that involves
prevention, not caretaking. To continue the current warehousing or neglect of these people,
many of whom are in the ranks of the homeless, is the equivalent of providing iron lungs to
polio victims at the expense of working on a vaccine.
Other medical applications of a genome sequence include an early warning system that
may help individuals predisposed to diseases such as alcoholism, colon cancer, and
depression. The early warning may allow them to avoid the problems by behavior or diet
modification or frequent medical checkups. Family planning also will be made more
accurate. No individual should be forced to obtain genetic information but none should be
denied information either.
The "sky is falling" group, who denounce the genome project, sound like they are
paraphrasing a Woody Allen admonition by saying, "We stand at the crossroads. One road
leads to hopelessness, the other to utter despair. We must have the courage to make the right
decision." The potential risks from the new knowledge gained by sequencing the human
genome appear, on close examination, to be old problems revisited. Genetic counseling
already exists for Down syndrome, Tay Sachs, and sickle cell anemia. Personal insurance
policies already ask for lung x-rays, heart condition tests, and information on such behaviors
as smoking. Group insurance is available without test. Fingerprints are not
required of the general population but are kept on file for those who commit a crime. The
information in the genome adds accuracy and scope to many of these applications but no
new or threatening principles. If the higher visibility of the genome project causes a
qualitative change, then, of course, new procedures may be needed.
A genome sequence should not be a precondition of employment, and legislation might
be needed if that problem were to arise. However, less accurate data of the same type would
be available today from family histories, and that does not seem to be part of current
employment forms. If more accurate information provides temptation for abuse, action will
be needed.
The argument that dictators would alter genes to convert their enemies is farfetched.
The idea that a Hitler or a Stalin would prefer the engineering of Jews into Aryans or
capitalists into communists as cheaper or more satisfying than killing them (as they did) is
absurd. We must be vigilant about ethical concerns but not paralyzed by outlandish
scenarios.
The belief of biologists that studying simple organisms such as Escherichia coli, flies, and
rats is relevant to human physiology and behavior has been brilliantly confirmed. But there
are differences. One cannot extrapolate carcinogenic potency from the mouse to the rat with
precision, and even less to the human. Some diseases involve speech and mental states
unique to man. Sequencing the human genome puts us on the threshold of great new
benefits and some real but avoidable risks. There are immoralities of commission that we
must avoid. But there is also the immorality of omission-the failure to apply a great new
technology to aid the poor, the infirm, and the underprivileged. We must step boldly and
confidently across the threshold.-DANIEL E. KOSHLAND, JR.
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