American A iation for the Ad t of Sci
Science serves its readers as a forum for the presentation
and discussion of important issues related to the advance-
ment of science, including the presentation of minority or con-
flicting points of view, rather than by publishing only material
on which a consensus has been reached. Accordingly, all ar-
ticles published in Science—including editorials, news and
comment, and book reviews—are signed and reflect the indi-
vidual views of the authors and not official points of view
adopted by the AAAS or the institutions with which the au-
thors 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 |. Brauman (Physical Sciences)

EDITORIAL STAFF
Assistant Managing Editor: Nancy J. Hartnagel
Senior Editor: Eleanore Butz
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
This Week In Science: Ruth Levy Guyer
Contributing Editor: Lawrence |. 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
Productlon Manager Karen Schools Colson

Pr Manager: James Landry
An Dlrector. Yolanda M. Rook

and P ion: Holly Bishop, Catherine S. Siskos
Covers Editor: Grayce Fmger
M ipt S t: William Carter

NEWS STAFF

Correspondent-at-Large: Barbara J. Culliton

Deputy News Editors: Roger Lewin, Colin Norman

News and Comment/Research News: Gregory Byrne, Mark
H. Crawford, Constance Holden, Richard A. Kerr, Eliot Mar-
shall, Jean L. Marx, Robert Pool, Leslie Roberts, Marjorie Sun,
M Mitchell Waldrop

Cor dent: David Dickson
Con(rlbutlng erter John Walsh

BUSINESS STAFF

Circulation Director: John G. Colson

Fulfillment Manager: Ann Ragland

Business Staff Manager: Deborah Rivera-Wienhold
Classified Advertlslng Supervlsor Karen Morgenstern
Guide to Bi gy Products and Instr

Shauna S. Roberts

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

Y Sales Manager: Edward C. Keller
Sales: New York, NY 10036; J Kevin Henebry, 1515 Broad-
way (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, 11318 Kings Vailey Dr.
(301-972-9270); U.K., Europe: Nick Jones, +44(0647)52918;
Telex 42513; FAX (0647) 52053.

Information for contributors appears on page X! of the 31
March 1989 issue. Editorial correspondence, including
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 FAX 212-382-3725.

16 JUNE 1989

16 JUNE 1989
VOLUME 244
NUMBER 4910

SCIENCE

The Engineering of Species

omewhere in the vast pantheon of science a molecular biologist is saying, “I'd like to

engineer a wolf into a dog.” Somewhere else, the sepulchral voice of a geneticist will

reply, “It’s been done.” For in fact, over evolutionary time, the friendliest of wolves
(and possibly the most intelligent) learned that wagging their tails and delivering slippers
was an easier way to earn a living than hunting caribou in the wilds. In modern times,
scientists have accelerated evolution for the benefit of humans by deliberate selection
techniques to improve livestock, crops, and other life forms. The difference between these
techniques and the use of recombinant DNA is that direct gene alteration removes some
chanciness and accelerates the pace at which new variants can be produced. This issue of
Science, assembled with the insight and editing skills of Barbara Jasny, shows how various
species are being genetically cngmccrcd

The most controversial genetic engineering involves humans and Friedmann covers the
latest exciting advances in the development of gene therapies. Gene transfer techniques that
produce somatic mutations, such as by the introduction of viral vectors into bone marrow,
have great potential for curing patients without affecting succeeding generations. Homolo-
gous recombination, as described in the article by Capecchi, allows the surgical removal of a
single deficient gene and its replacement by a normal gene, the crucial step needed for
efficient alteration of a germ line. It can reverse history in ending the progress of a deficient
gene into new generations.

Even the best intentioned genetic engineering can have bad effects as illustrated in the
article by Pursel et al., in which the genetic engineering of livestock has been carried on for
several generations. Two successive generations of pigs engineered to produce elevated
levels of bovine growth hormone showed significant improvements in weight gain and feed
efficiency and marked reduction in fat. However, these beneficial effects were offset by a high
incidence of gastric ulcers, arthritis, cardiomegaly, dermatitis, and renal disease.

Plant research, as discussed by Gasser and Fraley, is one of the triumphs of modern
genetic engineering; plants are being produced that are resistant to infectious agents or
weed-control agents and can produce more and better food. As pesticides come under
continual attack, the development of plants that naturally resist predators will become
increasingly useful. An ironic feature is that some plant defenses involve synthesis of natural
carcinogens. It is thus conceivable to get a plant that can be grown without pesticides but is
deadly poisonous.

One alternative to pesticides is the use of biocontrol, a subject that is illustrated in the
article by Lindow, Panopoulos, and McFarland. The famous “Ice™ bacterium is a classic
case in which genetic engineering of a bacterial species results in an organism that protects
plants against damage from freezing. The importance of microorganisms is further
illustrated by the genetic engineering of Rhizobium to improve nitrogen fixation, a
development that could increase plant yields and diminish the need for agricultural
chemicals. Additionally, engineered bacteria are being used to improve the cleanup of
hazardous waste sites. Techniques described by O’Connor, Peifer, and Bender can accelerate
the ease and efficiency of genetic engineering, not only on bacteria, but possibly on other
organisms as well. Finally, Timberlake and Marshall discuss genetic engineering of fungi,
which have great relevance, not only because they are serious pathogens in many diseases,
but also because they have potential applications for the industrial production of antibiotics
and other important chemicals.

This issue reminds us that we must proceed cautiously in introducing new genes or new
combinations of genes into species, and long-term experiments are needed to study
detrimental effects. We are nowhere near the knowledge needed to genetically engineer the
complex behavior of a wolf or a dog. An original wolf might say to the dog, “You have lost
your freedom. Your obsequiousness is humiliating to the family Canidae.” The dog could
reply, “I am much less warlike, far more altruistic, and besides, it’s a wonderful standard of
living.” Whether society prefers to have wolves or dogs remains to be seen.

—DANIEL E. KOSHLAND, JR.

EDITORIAL 1233






