


1

I II-I- o( II.N(“I' LEEADIERSHIP:

- Beckman
nical Specialist Bill Lanahan
doesnt think of “after hours’

legional Tech-

as after hours. Just other work-

Bemg a Beckman Regional —
Tec,hrucal Specialist is more

than just a job to Bill. Its a full-
time com

ing hours.
~It's with that kind of con-

cern for his customers thathels

been taking care of their
research instrumentation ser-

_ vice needs for the last ten years.

~ Inthat time, Bill's custom-
ers have come to appreciate
his dedication and technica

their labs up and running. Bu
that's no more a surprise to us

expertise in helping to keep

han it is to them. We've knowr
Bill a long time. ;
Beyond Bill's thorough

ucts is his almost uncarmy

- knowledge of Beckman prod-

ability to ada

pt them to his

- customers’ ap

unique blend
support Bill b

Is the kind o
rings to every

1]1ﬁatlons This

mitment to domg whatever

it takes, whenever necessary,
for however long it takes. Ifs
being certain that the important

research work his customers
ing is not jeopar-

1\’rmpm Itsacom-

- Our solution-oriented field
personnel. Our detailed cus-
tomer service. Our hel pful

applications support. Our
on-going workshops and
seminars. These are all a mea-

sure of our CQmmltmeuLto,;k,;,w,‘

you, a measure of how much
we care. =
But if you know Bill, you

rument downtime.
Its no surprise to us that
Bill has a very enthusiastic fol-

lowing among the customers

he serves. Bill works as much
for them as he does for us.

already know that.
If thls is the kind of sup-
port you'd like for your research,

find out more about Beckman

products and the people
behind them. Ask for your

And Bill does more tha
work. Much more. He cares.
'And he exemplifies

Beckmarnis attitude. Were with

you every step of the way in

after-sales support With the
largest staff in life sciences, we

make sure you receive highly
personalized attention when-

one of leis cus

omers labs,

ever and wherever you need it.

 US.A (800742 2345 Australia, Gladesville (02)

France, Gagny (014) 381

93 00, Germany, Munic

816 52,88, Ausma Vienna (0222)32 2
(089) 38 871 Hong Kong (5) 539 23

copy of Bu
Instrumentation, Accessoneu
and Supplies for the Life

Science Laboratory, Write:
Beckman Instruments, Inc.,

tin #6500,

:’of the way

2500 Harbo
Fullerton CA
:U S A

Wefre with

r Boulﬁevard

you every step

Circle No. 1 on Readers’ Serv

ice Card

5 57 Canada, Mississau
6. Italy, Milan (02) 69 911,

Japan, Tokyo (03) 221 5

(5) 564 81 35. Netherlands, Mijdrecht (02979) 8 56 51. Norway, Oslo (02) 68 39 00. Puerto Rico, Carolina (809) 762 30 30. Singapore (065)
Johannesburg (11) 805 2014. Spain, Madrid (01) 729 16 66. Sweden, Bromma (08) 98 53 20. Switzerland, Geneva (022) 35 64 80/Zurich (01

,{02)700 22 33 UK, HnghWycombe (@494) 411 81. ©1986, Beckman Instruments Inc. .

ga (416) 6739844, Denmark, Birkerod (02) 819211,

9 11. Mexico, Mexico Cit
) 534 25 08. South Africa,
) 4416 46, !hiwan, Taipei

92634-3100,







AMERICAN
ASSOCIATION FOR THE
ADVANCEMENT OF
SCIENCE

o
ISSN 0036-8075
31 OCTOBER 1986
VOLUME 234
NUMBER 4776

523  This Week in Science

Editorial
erpecive ]

525  Overhead and Symbiosis

526  The Mitochondrion Updated: M. D. LANE, P. L. PEDERSEN, A. S. MILDVAN

528  Canadian “Yellow Rain” Research: Does It Weaken the Case?: B. A. B. SEIDERS;
E. MARSHALL B Creativity and Manic Depressive Illness: D. K. KINNEY AND
R. L. RiIcHARDS ® American Education: E. J. ELLioTT 8 AIDS and the
Physician: W. R. HENDEE AND M. R. SCHWARZ B Multivariate Analysis:
A. AHLGREN; P. C. JUrs

533  Star Wars and the Summit
534  San Diego’s Tough Stand on Research Fraud
536  R&D Budgets: Congress Leaves a Parting Gift
537  Toxic Waste, Energy Bills Clear Congress

538  Briefing: Britain’s Scientific Decline ® Britain to Create New Network of Science
and Technology Schools B Refusenik Geneticist Released ® Academic Pay Cap
Could Result from California Initiative @ German Decision Improves Prospects
for European Mini-Shuttle @ NSF Examines Detail of Its Salary Support &
Comings and Goings

541  Mystery Disease at Lake Tahoe Challenges Virologists and Clinicians

542  Briefing: What Does it Mean to Be “Rare” or “Likely”?
543  The 1986 Nobel Prize for Physiology or Medicine

545  Asking Impossible Questions About the Economy and Getting Impossible
Answers

549  Predicting New Solids and Superconductors: M. L. COHEN

554  Fertility in the United States: C. F. WESTOFF

559  Ablation of Polymers and Biological Tissue by Ultraviolet Lasers: R. SRINIVASAN

Research Articles 566  Molecular Cloning and Expression of Neuroleukin, a Neurotrophic Factor for

Spinal and Sensory Neurons: M. E. GURNEY, S. P. HEINRICH, M. R. LEE,
H.-s. YIN

574  Neuroleukin: A Lymphokine Product of Lectin-Stimulated T Cells:
M. E. GURNEY, B. R. APATOFF, G. T. SPEAR, M. J. BAUMEL, J. P. ANTEL,
M. B. Bania, A. T. REDER

L SCIENCE is published weekly on Friday, except the last week in December, and with an extra issue in May by
the American A iation for the Ad t of Sci 1333 H Street, NW, Washington, DC 20005. Second-
class postage (publication No. 484460) paid at Washington, DC, and at an additional entry. Now combined with The Scl-
entific Monthly® Copyright © 1986 by the American Association for the Advancement of Science. The title SCIENCE is
a registered trademark of the AAAS. Domestic individual membership and subscription (51 issues): $65. Domestic insti-
tutional subscription (51 issues): $98. Foreign postage extra: Canada $24, other (surface mail) $27, air-surface via Am-
sterdam $65. First class, airmail, school-year, and student rates on request. Single copies $2.50 ($3 by mail); back is-
sues $4 ($4.50 by mail); Biotechnology issue, $5.50 ($6 by mail); classroom rates on request; Guide to Biotechnology
Products and Instruments $16 ($17 by mail). Change of address: allow 6 weeks, giving old and new addresses and
seven-digit account number. Authorization to photocopy material for internal or personal use under circumstances not
falling within the fair use provisions of the Copyright Act is granted by AAAS to libraries and other users registered with
the Copyright Clearance Center (CCC) Transactional Reporting Service, provided that the base fee of $1 per copy plus
$0.10 per page is paid directly to CCC, 21 Congress Street, Salem, Massachusetts 01970. The identification code for
Science is 0036-8075/83 $1 + .10. Postmaster: Send Form 3579 to Science, 1333 H Street, NW, Washington, DC
20005. Science is indexed in the Reader's Guide to Periodical Literature and in several specialized indexes.

u The American Association for the Advancement of Science was founded in 1848 and incorporated in 1874. Its objects
are to further the work of scientists, to facilitate cooperation among them, to foster scientific freedom and responsibility,
to improve the effectiveness of science in the promotion of human welfare, and to increase public understanding and ap-
preciation of the importance and promise of the methods of science in human progress.

20 SCIENCE, VOL. 234

wn



i

== SCIENCE

COVER Topological maps of electron densities for diamond (upper) and
silicon (lower). Red disks represent atoms and red lines are drawn along the
scaled covalent bonds in a 110 plane. The pileup of electronic charge forming the
covalent bonds has two peaks for carbon and one for silicon because of the lack of
2 electrons in the carbon atom core. It is speculated that this is the origin of the
difference in the multiple bondmg character of these elements and why “carbon
gives biology, but silicon gives geology.” See page 549. [Marvin L. Cohen,
University of California, Berkeley 94720; design executed by Margareta Slutzkm
and Marianne Friedman, M and M Graphlc Designs, Oakland, CA]
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Fertility in the
United States

HE fertility rate in the United

States is below the replacement

level and is likely to remain there
for the foresceable future (page 554).
From the first United States census in
1790 to the present, the birthrate in this
country has continually declined except
for an occasional reversal, the largest of
which was the baby boom (1947 to
1964) that followed World War II. In
the recent decade, fertility has stabilized
at a low of 1.8 births per woman.
Among the factors that, in the late
1950’s and afterward, led to and then
sustained this low rate are the trend
toward postponing marriage, the rise in
the use of contraception, the increase in
abortion, and changes in the status of
women in U.S. society. Westoff dis-
cusses these and other social and eco-
nomic variables—how immigration af-
fects the size and composition of the
population and how ethnic, racial, reli-
gious, and class factors affect fertility—
that have contributed to the birthrate’s
negative momentum and that will fig-
ure into predictions of future fertility
trends.

Anemone-fish symbiosis

IANT sea anemones live symbi-

otically with anemone fishes in

the Indo-Pacific region, and
they are drawn together through chemi-
cal mediators (page 585). Young fish
apparently are attracted to the right
anemonc partner by chemicals secreted
by the anemones. The fish swim with
active oriented movement, tail wag-
ging, and seesawing toward the anemo-
ne shelters. Murata et al. describe the
isolation and characterization of chemi-
cals, called synomones, squeczed or ex-
tracted from anemones. Each synomone
attracted only those guest fishes that are
known to coexist with the host anecmone
from which the chemical was obtained;
distinct synomones were secreted by
single anemones to attract fish of differ-
ent specics. Through synomones, fish
apparently locate the anemones that will

31 OCTOBER 1986
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provide them with a good home; other
fish going to the same anemone can be
killed by the anemone’s toxic secretions.

Radar glory from
Jupiter’'s moons

IGHLY unusual and intense
Hcchocs with bizarre polariza-

tion patterns are recorded
when radar signals reflect off three of
Jupiter’s Galilean moons, Callisto, Eu-
ropa, and Ganymede (page 587). Eshle-
man proposes that the anomalous ech-
oes can be attributed to the focusing of
signals by craters beneath the moons’
icy surfaces; cratering and resurfacing
are known to occur on these moons.
Total internal reflection within the bur-
ied craters would cause signals to
bounce around and split; the signals
would be repolarized, concentrated,
and focused. The effect would be much
like that observed in the optical phe-
nomenon of “the glory,” in which ob-
servers from an airplane, for example,
see a bright halo around the shadow
that the plane casts onto clouds. The
model not only accounts for the
strengths of the echoes, their unusual
polarizations, and the bright echoes
coming from all zones of the moons,
but also predicts echo strengths for the
three moons that correspond with their
theoretical cratering rates.

Paramyosin in
schistosomiasis vaccine

CHISTOSOMIASIS vaccines con-
S taining the protein Sm-97 (either

purified or along with other larval
or worm constituents) induce signifi-
cant protection against infection in
mice; the gene that codes for a portion
of Sm-97 has now been isolated and
cloned by Lanar e al. and the protein
identified (page 593). The deduced
amino acid sequence of the gene prod-
uct in conjunction with other data point
to the identity of Sm-97 with paramyo-
sin, the protein that forms the core
structure of muscle myosin filaments in
schistosomes and all other inverte-

brates. Paramyosin is thought to con-
tribute to the “catch® mechanism
whereby contracting muscles sustain
large tensions with little energy expen-
diture. It is unclear how paramyosin
serves as a target for immunity; one
possibility, speculated upon in this re-
port, is that the protection provided
with paramyosin-containing vaccines
might come from a series of interactions
among components of the immune sys-
tem, culminating in the activation of
macrophages that can kill larval forms
of the parasite.

Malaria control by
mosquitoes

NE of the world’s major serious

infectious diseases, malaria, is

transmitted from vertebrate
host to vertebrate host by mosquitoes;
mosquitoes have now been bred in
which the malaria parasite’s life cycle
and spread are halted (page 607). Mos-
quitoes bite hosts, some of whom are
diseased, and ingest blood meals. In the
mosquito’s digestive tract, the malaria
eggs are fertilized, the motile zygote
burrows through the midgut wall, mul-
tiplicative development occurs produc-
ing many organisms, and parasites mi-
grate to the salivary glands from which
they are passed on to new hosts.
Through mating and selection proce-
dures, Collins ¢t al. have developed
strains of Anopheles gambine mosqui-
toes—the primary transmitters of ma-
laria in Africa—that inhibit parasite
maturation. The mosquitoes were fully
refractory to several simian, avian, and
rodent malaria parasites and showed
partial refractoriness to a number of
human and simian parasites. Refractori-
ness involved encapsulation of the de-
veloping zygote. Over 40 generations
of mosquitoes expressed the refractory
trait. The feasibility of introducing
genes for refractoriness into a mosquito
population has thus been demonstrat-
cd; eventually it should be possible to
use a similar gene-introduction strategy
to change the capacity of naturally oc-
curring mosquito vectors to transmit
the malaria parasite.

THIS WEEK IN SCIENCE §23



BECKMAN

poe
?ﬂﬂﬂ

pooos
\nnu

LIQUID SCINTILLATION COUNTING.

Count Accurate, Count Simple,
Count on us.

Introducing a family
of counters, unsur-
passed for their accu-
racy and versatility.

This competitively
priced range has been
designed with ease-
of-use in mind, with
a full range of help
screens and easy-to-
use displays.

Plus full compatibility with the IBM
personal computer for complete analy-
sis of experimental data.

Beckman's Liquid Scintillation
counters, overflowing with advan-
tages. Building solid conclusions the
easy way.

The Beckman Investment.
Buying Beckman is an investment

in true value. With after
sales support, on-going
application assistance,
technical staff training,
widest range of con-
sumables—and tech-
nical back-up of the
highest quality.

To find out more,
use the reader service
number or write/tele-
phone us: Beckman Instruments, Inc.,
Scientific Instruments Division, Nuclear
Systems Operations, Mail Station
D-32-D, 2500 Harbor Blvd., Fullerton,
CA 92634-3100, (714) 773-7602.

Offices worldwide.

BECKMAN

Circle No. 3 on Readers’ Service Card



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: William D. Carey
Editor: Daniel E. Koshland, Jr.

Deputy Editors: Philip H. Abelson (Engineering and Applied
Sciences); John |. Brauman (Physical Sciences); Gardner
Lindzey (Social Sciences)

EDITORIAL STAFF
Managing Editor: Patricia A. Morgan

Assistant Managing Editors: Nancy J. Hartnagel, John E.
Ringle

Senior Editors: Eleanore Butz, Ruth Kulstad

Associate Editors: Martha Collins, Barbara Jasny, Katrina L.
Kelner, Edith Meyers, Phillip D. Szuromi, David F. Voss
Letters Editor: Christine Gilbert

Book Reviews: Katherine Livingston, editor; Deborah F.
Washburn

This Week in Science: Ruth Levy Guyer

Chief Production Editor: Ellen E. Murphy

Editing Department: Lois Schmitt, head; Caitilin Gordon,
Mary McDaniel, Barbara E. Patterson

Copy Desk: Lyle L. Green, Sharon Ryan, Beverly Shields,
Anna Victoreen

Production Manager: Karen Schools

Graphics and Production: John Baker, assistant manager,
Holly Bishop, Kathleen Cosimano, Eleanor Warner

Covers Editor: Grayce Finger
M ipt “: A .J

: William Carter

NEWS STAFF

News Editor: Barbara J. Culliton

News and Comment: Colin Norman, deputy editor; Mark H.
Crawford, Constance Holden, Eliot Marshall, Marjorie Sun,
John Walsh

Research News: Roger Lewin, deputy editor; Deborah M.
Barnes, Richard A. Kerr, Gina Kolata, Jean L. Marx, Arthur L.
Robinson, M. Mitchell Waldrop

European Correspondent: David Dickson

BUSINESS STAFF

Associate Publisher: William M. Miiler, Il
Business Staff Manager: Deborah Rivera-Wienhold
Classified Advertising: Leo Lewis

Membership Recruitment: Gwendolyn Huddle
Member and Subscription Records: Ann Ragland
Guide to Biotechnology Prodi and Instr
Shauna S. Roberts

ADVERTISING REPRESENTATIVES

Director: Earl J. Scherago

Production Manager: Donna Rivera

Advertising Sales Manager: Richard L. Charles

Marketing Manager: Herbert L. Burklund

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 60611:
Jack Ryan, Room 2107, 919 N. Michigan Ave. (312-337-
4973); San Jose, CA 95112: Bob Brindley, 310 S. 16 St. (408-
998-4690); Dorset, VT 05251: Fred W. Dieffenbach, Kent Hill
Rd. (802-867-5581); Damascus, MD 20872: Rick Sommer,
24808 Shrubbery Hill Ct. (301-972-9270).

Instructions for contributors appears on page xi of the 26
September 1986 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, NY 10036. Telephone 212-730-1050 or WU
Telex 968082 SCHERAGO.

31 OCTOBER 1986

31 OCTOBER 1986
VOLUME 234
NUMBER 4776

SCIENCE

Overhead and Symbiosis

asic research in the United States depends on one of the most highly selective

symbiotic relationships in nature. It is largely carried out by a combination of cheap

labor (called “professors”) and ultracheap labor (called “graduate students™). They
are housed in impoverished institutions (called “universities”) that are continually begging
for funds from wealthy aunts (called “private donors) and a very wealthy uncle (called “the
federal government”). Everyone should be delighted by this arrangement. The federal
government gets fundamental research at a cheap price, the universities obtain funds to help
them in their primary mission of education, the students obtain a subsidy during their
apprentice period, and the private donors get the psychic satisfaction of contributing to a
worthy cause.

Disaster looms when individuals in a symbiotic system reason that if one is getting
enough of a good thing, it might be better to have even more. The universities decide that
the rich aunt and uncle will never notice if a small amount of their money is diverted to help
a group of the worthy downtrodden (called “the humanities”). The research investigators
complain that “their” money is being diverted and forget that universities need to maintain
an atmosphere in which ideas flourish. The federal government gets nervous and demands
increasingly detailed accounts of time and effort. Over the last 20 years overhead rates have
doubled, from an average of 20 percent to one of 40 percent. In addition, there are vast
discrepancies: overhead varies from 30 percent in some universities to 100 percent or more
in others. No one really believes that an institution with a 30 percent overhead is very
efficient and one with a 100 percent overhead is a bunch of fumblers. Rather, they regard the
high rate as a clever way to enrich that institution with federal money. University
administrators, spurred by either envy or altruistic passion, then try to get “their fair share”
by creative financing.

It is, therefore, pleasant to note that a first step in bringing this problem into line has
now been taken by the Office of Management and Budget after discussions with a
representative group of university administrators and scientists. A flat 3.6 percent cap on
allowable indirect costs for the salaries of professors and department chairmen has been set,
and federal requirements for detailed effort reporting have been eliminated. Negotiations on
caps for other portions of indirect costs are under way. Some flexibility will be needed to
allow for minor variations, but the wide range existing today needs to be curtailed.

A fixed national rate would have numerous advantages. First, it would provide an
incentive to be more efficient. Second, with a flat fee, all institutions would of necessity pull
together for an equitable system rather than compete with each other for a dwindling share
of research dollars. Those who enjoyed manipulating the system in the past might argue that
each university is a special case. There are extra heating needs in Minnesota and extra air
conditioning needs in Texas, but they tend to compensate for one another. The overhead
should be sufficiently handsome to provide an optimistic atmosphere that generates
originality.

Another way to minimize future problems is to make the overhead contracts more
explicit and more uniform. Both the institution and the investigator will then know what the
investigator is entitled to receive and what the university is required to give. At present,
there is considerable bitterness when grants are charged for items the investigator believes
should be part of overhead. It is frequently difficult to obtain a copy of the overhead contract
and even more difficult to decipher it. After clarity should come a willingness to adapt. If the
originally set maximum percentage of overhead is too low, it may have to be adjusted to
reflect reality. But at least the correction would be a concerted effort in a common cause.

To be generous is very important. Universities are always strained for funds, and
education becomes more complex in our sophisticated society. The new tax bill may be
particularly hard on private universities, and they cannot be allowed to fail. Yet symbiosis
requires restraint from all parties. It has been said that a gentleman is one who has more
privileges than he chooses to exercise. The shift from symbiosis to parasitism can be caused
by a slight deviation beyond what is appropriate. The beginning step that has been taken
provides a good foundation for future progress. The system needs to be preserved and
improved.—DANIEL E. KOSHLAND, JR.

EDITORIAL §2§



Creativity and Manic Depressive Iliness

We were pleased to see the generally well-
done Research News article “Manic depres-
sion and creativity,” by Constance Holden
(15 Aug., p. 725), but we would like to
clarify several points about our own and
others’ research.

1) Creativity of our research subjects was
not based solely on “participation in the arts
and crafts,” but rather on a wide range of
vocational and avocational activities assessed
over each subject’s adult lifetime. We devel-
oped a new tool, The Lifetime Creativity
Scales, for just this purpose, so that we and
other researchers could study real-life cre-
ativity in general populations, rather than
being limited only to activities that are
socially recognized as creative or are in
particular fields that have traditionally been
regarded as creative.

2) Our results suggest that, on the aver-
age, it may be the better-functioning relatives
of manic depressives, and not manic depres-
sives themselves, who carry a particular ad-
vantage for creativity. This is an important
distinction for at least two reasons. First, it
suggests that, in our research sample at least,
certain traits associated with liability for
bipolar disorder, rather than psychopatholo-
gy or suffering per se, are conducive to
heightened creativity. Second, it suggests
that our findings may be of practical rele-
vance, not only to the 1% or so of the
population who may develop frank bipolar
disorder, but also to the much larger pro-
portion who may carry a genetic liability for
the disorder.

3) We 4o have definite hypotheses—ge-
netic and environmental—as to why there
may be a link between creativity and liability
for bipolar disorder. We have hypothesized
that enhanced creativity may reflect a “com-
pensatory advantage” within the families of
manic depressives, roughly analogous to the
increased resistance to malaria in individuals
heterozygous for the gene for sickle cell
anemia. We also hypothesize that environ-
mental influences interact with genetic li-
ability for bipolar disorder, such that envi-
ronmental intervention may not only help to
prevent the development of psychopatholo-
gy but also enable individuals to realize
unusually great creative potential.

4) It is misleading to state that “modern
science has taken next to no interest in
exploring the connection” between creativ-
ity and psychopathology. Rather, although
there has been a good deal of interest in this
possibility, it has until recently usually taken
the form of theoretical speculation rather
than rigorous empirical research. An impor-
tant reason for the relative paucity of such
rescarch has been the scarcity of funds to
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support it. We hope that Holden’s article
will encourage other agencies to join the
small number of sources, such as the Spen-
cer and Boston Mental Health foundations,
now supporting this pathbreaking research.
DEennis K. KINNEY

RutH L. RICHARDS

Madlman Research Center, McLean Hospital,
and Department of Psychiatry,

Harvard Medsical School,

Belmont, MA 02178

American Education

Mark Crawford’s briefing “Education sta-
tistics found to be inadequate” (News &
Comment, 10 Oct., p. 147) is, for the most
part, a commendable report on the recent
National Academy of Sciences study of the
Center for Statistics. Crawford has brought
to the attention of Sesence readers the results
of too many years of neglect of the Center
that officials of the Department of Educa-
tion have been pointing out now for some
time and that were compellingly docu-
mented by the Academy.

The bricfing incorrectly states as my own
view that “more money is not needed at
present.” In fact, and on this point I differ
with the members of the Academy’s panel, I
believe that improvements in quality and
timeliness are not likely to find support
alone but must accompany an expansion of
the statistical program itself and that does
require more money.

The Exccutive Branch, Congress, states,
educational institutions, and decision-mak-
ers in them need a more complete reporting
of the condition and progress of American
education, one that fills long-standing data
gaps about teachers, finance, student
achievement, and other policy issues. They
should expect, and demand, that such data
meet the qualitative standards set out by the
Academy. »

EMERSON J. ELLIOTT

Center for Stasistics,
Department of Education,
Washington, DC 20208

AIDS and the Physician

David Jenness points out in his editorial
“Scientists’ roles in AIDS control” (22 Aug.,
p- 825) that the principal tools available to
stop the spread of AIDS over the next few
years will be information, education, and
prevention campaigns. To be cffective, these
campaigns will require the dedicated efforts
of social scientists, public health workers,
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and medical researchers. However, another
group of individuals is essential to the suc-
cess of any public education effort dealing
with a health issue—physicians practicing in
metropolitan and rural communities across
the nation.

At least three levels of commitment and
communication are needed from physicians
if the spread of AIDS and infection by the
virus human immunodeficiency (HIV) are
to be curtailed. First is the care required by
patients with AIDS and by the families and
friends of the patients. Second is the need
for counseling of sexually active persons
about preventive measures for sexually
transmitted diseases and about the meaning
and significance of infection by the HIV
virus. Third is communication with the pub-
lic at large about the medical and psychoso-
cial aspects of AIDS and about the preven-
tive measures necessary to reduce transmis-
sion of the HIV virus. It is at this level that a
collaborative effort of physicians, social sci-
entists, and public health workers is most
needed. The American Medical Association
is preparing, collecting, publishing, and dis-
tributing a wide variety of articles and
monographs on AIDS and HIV transmis-
sion.

The AMA has also initiated a program to
help and encourage physicians to become

public spokespersons on the health care and

societal issues associated with AIDS. This

program includes establishing a speakers

bureau of concerned physicians in state and

county medical societies across the country.

Collaboration in this effort by social science

and public health groups is encouraged and

welcomed by the AMA. Stemming the

spread of AIDS and the HIV virus requires
the resources of all of us.

WiLLIAM R. HENDEE

M. Roy SCHWARzZ

American Medical Association,

535 North Dearborn Street,

Chicago, IL 60610

Multivariate Analysis

Part of the description of multivariate
statistical methods by Peter C. Jurs in his
article “Pattern recognition used to investi-
gate multivariate data in analytical chemis-
try” (6 June, p. 1219) may inadvertently
encourage inappropriate use of these meth-
ods. In the social sciences, where analyses to
discriminate between groups have long been
familiar, the lack of statistical sophistication
of some investigations has led to dubious
procedures that exploit random variation in

the data. Chemists should be wary of repeat-
ing the error.

Discriminant studies, like multiple regres-
sion studies in general, are often pursued in
an exploratory way and involve a large num-
ber of variables. A common pitfall is under-
estimating the probability of having arrived
at seemingly impressive results solely by
chance variation in the sample. Jurs has
discussed this issue elsewhere (1). He points
out in his Scfence article that exploratory
discriminant analysis may be of little use
unless the number of cases is several times
greater than the number of variables, and
that consequently it is often necessary to
reduce the set of variables considerably by
some “objective means.” It is in the reduc-
tion that inadvertent exploitation of random
variation may occur.

One of the major examples described in
the article is an attempt to discriminate
between two groups of 24 people for which
214 variables were measured. Objective
means of reducing this set would be to select
a few variables a priori, on the basis of a
theoretical model or empirical results from
previous studies, or to identify summary
composites on the basis of a factor analysis,
as Jurs has done in another study (2). In this
example, however, the variables were select-
ed a posteriori on the grounds of how well
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they appeared to contribute to the desired
classification of the two sample groups.

The problem is most clear in the analysis
of 65 variables chosen, objectively, as the
most commonly occurring (p. 1222). The
investigator sclected six of these variables—
not by objective means but on the grounds
that they worked best—and then made a
formal discriminant analysis of those six
variables. But in effect the analysis involved
65 variables, more than the number of cases.
The results are therefore suspect; the rele-
vant statistical question for the believability
of the results is not whether the classifica-
tion success might have been found just by
chance for six variables, but more nearly for
the best six chosen opportunistically from
65 possibilities.

There is nothing wrong with all this as
exploration. (And in other respects Jurs’
exploratory analysis was very sophisticated:
There was an additional selection criterion
that the variables hot discriminate among
other subdivisions of the data and an “inter-
nal validation” showed that the findings
were not the result of a few highly deviant
subgroups in the sample.) But discriminant
functions prove to be notoriously poor in
external validation, that is, in classifying
samples other than the one on which they
were based. A serious case for the validity of

the pattern recognition in such an explor-
atory study can be made only by means of
actual prediction in a subsequent study.
These remarks have pertained to predic-
tion, which was the focus of Jurs’ article. But
much more could be said about weaknesses
of the procedure for purposes of explana-
tion. Even if the procedure for identification
of variables were legitimate, and prediction
were significantly better than chance, little
credence could be placed in the meaning of
the particular cocfficients found for the sam-
ple unless all important variables were
known to be included in the analysis (or
were known to be uncorrelated with the
variables already included). The inclusion of
a single important missing variable could
significantly change all of the values, even
the signs, of the cocfficients.
ANDREW AHLGREN
College of Education and
Office of Academic Affars,
University of Minnesota,
Minneapolis, MN 55455
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Response: 1 agree that one must be careful
about getting results in discriminant studies
that are due to chance and are not as mean-
ingful as they appear to be. In addition to
the paper cited by Ahlgren, we have pub-
lished twice more on this subject (1). With
respect to the selection of six variables from
65 in the cystic fibrosis work, we selected six
chromatographic peaks that possessed sever-
al attributes simultancously, both with re-
spect to the desired separation, but also with
respect to the undesired separations. In ad-
dition, while I agree that prediction on true
unknowns is the most satisfying test of
discriminants, such unknowns are not al-
ways available in real studies. Finally, it is
true that the results obtained in exploratory
data analysis are dependent upon the varia-
bles used, and one can seldom be sure that
all important variables have been included in
the analysis in this type of work. We must
do the best we can.

: PeTER C. JURS

Department of Chemistry,
Pennsylvania State University,
University Park, PA 16802
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NEEW IN UV-VIS
SPECTROSCOPY:

Enhanced Data Manipulation

QOur new DU®-50 Series UV-
Visible Spectrophotometers result
from more than 50 years of inno-
vative scientific instrument design.
New data manipulation features,
along with programmable calcu-
lations, achieve instant, accurate
results.

Instant Custom Reports

Custom calculations and
reports are generated automati-
cally. and once a format is created,
it can be permanently stored and
instantly recalled at the touch of
a button. ,
New Software Makes
Applications Easy

Most application procedures
like protein analysis, Gel Scanning,

New Micro-Cuvette. For your precious
nucleic or protein samples of less than
50 microliters, our micro-cuvette makes
sample delivery quick, analysis simple
and sample recovery easy.

Enzyme Kinetics and DNA/RNA
calculations are preprogrammed

on plug-in SoftPac™Modules. Addi-

tional flexibility is soon to be pro-
vided with our new IBM PC* Data
Manipulation Software that will let

*IBM PC is a trademark of International Business Machines, Inc., ©1986 Beckman Instruments, Inc.
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you acquire data as well as analyze,
manipulate, graph, expand, overlay,
view in multiple dimensions, store
and plot it.

Quarterly newsletters share
valuable data with our customers,
and keep them up-to-date on our
latest developments.

Full Line of Accessories

Beckman offers a superlative
full line of accessories for all your
needs in the important areas of the
life sciences.

So for quick results at the touch
of a button, phone your Beckman
Representative or Beckman
Instruments, Inc., Mail Station
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1986
AAAS-WESTINGHOUSE
SCIENCE JOURNALISM

AWARDS

For 35 years the AAAS-Westinghouse Science Journalism
Awards have recognized outstanding reporting on the
sciences and their engineering and technological
applications (excluding medicine). Award honor science
reporting in newspapers and general circulation magazines
and on radio and television.

Entries are judged on the basis of their initiative,
originality, scientific accuracy, clarity of interpretation, and
value in promoting a better understanding of science by the
public.

Five awards of $1,000 each are made in the categories of:
over 100,000 daily circulation newspapers; under 100,000
circulation newspapers; general circulation magazines;
radio; and television.

The 1986 Contest Year is 1 January — 31 October. All
entries must be postmarked before midnight, 14
November 1986.

The 1986 Awards will be presented at the National
Association of Science Writers’ banquet during the Annual
Meeting of the American Association for the Advancement of
Science in Chicago in February 1987.

The Awards are administered by the American
Association for the Advancement of Science under a grant
from the Westinghouse Educational Foundation.

For further information and entry forms, contact the AAAS Office of
Communications, 1333 H Street, N.W., Washington, D.C. 20005 or call (202)
326-6440.
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Sequence entry is easy with the new
GelMate™ 1000 Sonic Digitizing System.
Once entered, sequences can be fully
analyzed using MicroGenie® software.

¥ The Laboratory Standard
for Sequence Analysis.
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keep MicroGenie® the most
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the PC*
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With MicroGenie software,
you can enter and analyze
sequences up to 60,000 residues
long. Hundreds of sequences
from a shotgun dideoxy sequencing
experiment can be automatically
merged. Powerful procedures,
including dot matrix plotting and
optimal alignment, make location
of sequence homologies easy.

The MicroGenie package
includes GenBank® now with
more than 6,000 nucleic acid
sequences, and the NBRF data
bank, with more than 3,500
protein sequences. Both are
updated semiannually.

Fast, Easy to Use

With MicroGenie and an IBM
PC/AT, you can compare a 1000-
nucleotide sequence against the
entire 7 million nucleotides of
GenBank in just 40 minutes!

And no computer experience is
necessary. Easy-to-use menus
guide you through the program,
with help messages available

at any time simply by typing “?"

New!

Using the new GelMate™
1000 Sonic Digitizing System,
you can read sequencing gels
and gel mobilities directly into
your computer. With the latest
MicroGenie software, Version
4.0, you can:

¢ Automatically determine
restriction fragment or
protein sizes from gel
mobilities;

* Predict restriction maps
from single and double
digests.

To Come

Your purchase of
MicroGenie includes six
months of free program
and data bank updates.

The PROGRAM PROCEDURES
screen lists the fifteen analytical
functions available in the
MicroGenie program.

*MicroGenie can now be used with NEC 9801 microcomputers, as well as IBM PCs and Compags.

GenBank is a Registered Trademark of NIH.

MicroGenie is a Registered Trademark of SciSoft, Inc., and the MicroGenie sequence analysis
program is licensed for exclusive distribution by Beckman Instruments, Inc.

The next version of MicroGenie
will include expanded graphics
capability (including circular
restriction maps), oligonucleotide
choices for probes, and statistical
determination of open reading
frames. And MicroGenie will
soon be VAX-compatible!

Let MicroGenie take your
DNA and protein sequencing
analyses further! To find out
more, call toll-free (800) 742-2345.
Or write to Beckman Instruments,
Inc., 1050 Page Mill Rd., Palo Alto,
CA 94304.

Which procedure should be described? _

BMLYSIS: Desceibe

BECIKMAN

Circle No. 6 on Readers’ Service Card



LIFIE SCIENCIE LIEADIERSHIIP:

Before?

The accuracy of the ana-
lytical process is only as good
as the preparation that takes
place before the measurements
are made.

But in addition to the care
which must be exercised, sam-
ple preparation and handling
can be tedious and extremely
labor intensive.

Beckmans commitment to
provide solutions to this crucial
area of laboratory operations
continues with new advances
that increase lab productivity
and optimize efficiency:.

It begins with our new
Biomek™ 1000 Automated Lab-
oratory Workstation, a unique
robotic system designed spe-
cifically to improve throughput
and productivity in sample prep-
aration and handling.

The new Biomek 1000 joins
an illustrious line-up of sample
preparation and handling solu-
tions that includes batch and

automatic samplers for virtually
unattended analyses of large
sample batches using HPLC
systems and UV/Visible spec-
trophotometers. And a self-
operating dissolution testing
system that integrates sample
handling with data gathering.

The Biomek 1000 and other
Beckman systems for sample
handling and preparation
exemplify our commitment to
being with you in every step
of your laboratory process. Not
surprisingly because, here at
Beckman, we consider our
efforts to be part of a permanent
partnership with the entire
life science process.

The commitment continues.
For more product information,
contact your local Beckman
representative. Or write to:
Beckman Instruments, Inc.,
2500 Harbor Boulevard, Mail
Station E-33-D, Fullerton,
CA 92634-3100.

©1986, Beckman Instruments, Inc.
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New Titles Available from

Scientists and Journalists:
Reporting Science as News

Edited by Sharon M. Friedman,
Sharon Dunwoody, and Carol L. Rogers

The public is interested in science and depends largely on
the mass media for the latest information. But how well do
scientists and journalists connect to communicate to the
public? This book examines the human aspect of the links
between scientists and journalists through the eyes of
both.

1985, 352 pp., hardcover; $24.95, AAAS members $19.95

Science and Creation:
Geological, Theological, and
Educational Perspectives

Edited by Robert W. Hanson

The creation/evolution controversy is examined by
scientists, theologians, educators, and historians. These
authors view the controversy as a false dichotomy and as
an attempt to force a choice between two ideas that are not
mutually exclusive. Includes case studies from several
states.

1986, 240 pp., hardcover; $24.95, AAAS members $19.95

Low Tech Education in a High Tech
World: Corporations and Classrooms in
the New Information Society

Elizabeth L. Useem

Are students in the U.S. developing the skills necessary for
a high technology society, or will it be technological boom,
educational gloom? Useem examines education in
California’s “Silicon Valley” and Boston’s Route 128, two of
the country’s leading high tech centers, and suggests ways
for education and industry to forge a stronger partnership
for the future.

1985, 256 pp., hardcover; $19.95, AAAS members $15.95
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Science as Intellectual Property:
Who Controls Scientific Research?

Dorothy Nelkin

Who controls research? A growing number of legal and
administrative disputes raise critical issues of professional
sovereignty, scientific secrecy, and proprietary rights.
Nelkin offers cases illustrating the dilemmas that arise as
the interests of scientists, the rights of citizens, and the
security needs of government and industry come into
increasing conflict.

1984, 130 pp., softcover; $10.00, AAAS members $8.00

The Gene-Splicing Wars:
Reflections on the
Recombinant DNA Controversy

Edited by Raymond A. Zilinskas and

Burke K. Zimmerman

Questions of safety and ethics about recombinant DNA
techniques continue to surface. This book takes a look at
historical, political, industrial, scientific, and international
aspects of these issues. The authors show how lessons
learned from the experience can be used to cope with
similar issues in the future.

1986, 256 pp., hardcover; $24.95, AAAS members $19.95
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Particle Physics in Retrospect

Inward Bound. Of Matter and Forces in the
Physical World. ABrRaAHAM PaIs. Clarendon (Ox-
ford University Press), New York, 1986. xvi, 666
pp., illus. $24.95.

Inward Bound is an account of “particle”
physics from X to Z—from the discovery of
x-rays by Roentgen in 1895 to the discovery
almost a century later, by Rubbia and 135
collaborators, of the neutral boson that me-
diates the weak interactions. Two books
really make up Inward Bound. The first,
constituting the first two-thirds of the vol-
ume, is a history of the period from 1895 to
1945; the second, which Pais calls a mem-
oir, covers the postwar years. The distinc-
tion is of importance. A memoir, as DPais
indicates by quoting the Oxford English Dic-
tionary, is a record of events that have come
within the personal knowledge of the writer.
What Pais means by a history was defined in
his superb biography of Einstein, Subtle Is
the Lovd. It is an account based on an
unavoidably subjective selection of informa-
tion from a pool that can be assumed to be
incomplete. Pais there also noted that
though questions like “Why did A create
what he did, why did B readily accept what
A created, why did C resist A’s new ideas?”
can be distilled from the historical record
their answers are beyond history. Some-
where between the question and the answer
lies what Pais has called the edge of history.

In Subtle Is the Lovd, Pais was willing to
indulge in such “extrahistorical” specula-
tions, and that epic work was humanized by
his willingness to trespass at the edge of
history. The same is true for the first part of
Inward Bound. The memoir, on the other
hand, is a depersonalized—one might al-
most say dehumanized—account of the
great advances that have taken place in high-
energy physics in the last four decades, in
which the building blocks of matter have
been uncovered and the dynamical laws
describing - their interactions, laws valid to
distances of the order of 107" centimeter
and energies of the order of 100 billion
electron volts, have been established.

Both periods are illuminated by Pais’s
felicitous style, his extraordinary scholar-
ship, and the wealth of detail he has incor-
porated in the text. The references alone
make Inward Bound an invaluable historical
document. But above all it is the quality of
Pais’s mind that makes it memorable. Pais is
a deeply learned authority who writes with
lucidity and avoids frills but also shows an
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acute aesthetic sense and a fine sense of
humor. His own accomplishments in phys-
ics, moreover, are such that he properly
appreciates the achievements he writes
about.

The book is admittedly a Whiggish his-
tory, but then I do not believe one can
escape some Whiggism in the history of
science. The Whiggish idea of progress
must, since there has been progress in sci-
ence, come into the writing of its history.
Moreover, the illumination of later theories
helps make the earlier landscape clearer,
demarcate boundaries and approaches, and
organize the narrative.

The concerns of Pais’s own research are
reflected in his selection of topics: beta-
decay and the weak interactions receive
dominant emphasis in the historical section
of the book. The heroes of the pre-1945
account are Rutherford and Dirac, and of
the two Rutherford is the more fully (and
lovingly) portrayed. Both are supremely in-
tuitive and fearless physicists. Others are as
insightfully drawn—for example, Thomson,
Planck, Bohr, Pauli, Heisenberg—yet some-
how Rutherford represents a beau ideal for
Pais. The historical segment is humanized
by these portraits; it also is enlivened by
Pais’s judgments and insights. For Pais,
“progress in science depends vitally on a
backlog of experimental data in need of
interpretation.” His treatment of the period
prior to about 1905 is intended “to demon-
strate that in all of the twentieth century (to
date) the experimental backlog in physics
was never greater than during its opening
years.” Similarly, the greatness of Thomson
and the reasons he is credited as the discov-
erer of the electron are masterfully detailed:
not only did he determine the ratio of
charge to mass for these particles, he also a
few years later measured their charge. Addi-
tionally, the historical part of the book is
peppered with stimulating and controversial
statements: on the pitfalls of search for
general patterns of laws of history, and more
specifically laws of the history of discovery,
on the influence of Zeitgeist, on the role of
individuals in history, and much else.

Whereas one might have inferred that the
title of the book alluded to an inward jour-
ney, Pais’s account of the events that have
occurred during his own career refers only
to quarks, gluons, leptons. Here Pais avoids
discussing individuals. The memoir is pri-
marily a history of ideas, with some atten-
tion to the instrumentation that has made it
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recognition phenomena in the operation of
incompatibility systems. He admits, howev-
er, that the book is biased toward his own
research interests and that another book (by
another author) is needed to deal with the
theory and mathematical modeling that he
covers less thoroughly. One-fifth of the text
is devoted to Richards’s interests: heterosty-
ly (51 pages) and agamospermy (53 pages).

The introductory chapter makes some
statements easily subject to misinterpreta-
tion; for example that “hermaphrodites can
self-fertilize whereas unisexuals cannot” (p.
2) could be read to mean that plants with
perfect flowers do self- fertilize (thus exclud-
ing the important role of mcompanblhty or
other mechanisms that prevent this in many
species). This statement also does not distin-
guish two kinds of hermaphroditic individ-
uals: plants with perfect flowers and monoe-
cious ones with unisexual flowers. This con-
fusion is compounded in the glossary, which
refers to monoecious flowers as well as to
monoecious individuals; the term correctly
refers to plants and not flowers. Likewise
that “self-fertilization tends to reduce genet-
ic variability” (p. 2) surely is not what the
author intended to say; the distribution of
variability may differ in xenogamous and
autogamous breeding systems, but the level
of variability is dependent on selection and
is not an artifact of the breeding system
alone. “Self-incompatibility will ‘lead to
more outbreeding and greater genetic vari-
ability than will self-compatibility” (p, 3) is a
statement that is true only if accompanied by
qualifications concerning levels both of out-
breeding and of genetic variability. An “in-
teresting feature” of monoecious species is
“that they can change sex” (p. 4); the sen-
tences that follow this puzzling assertion
explain what the author means, but it is a
showstopper for an informed reader and
probably an uninformed one as well. The
glossary poses additional problems. The
term “breeding system” does not appear
there. A monocarpic plant is one that “only
flowers once.” A carpel is “the segment of an
ovary.” Definitions of the Darwinian terms
“legitimate” and “illegitimate” for classes of
pollination of heterostylous plants exclude
tristylous species.

Richards is to be commended for dispel-
ling the common notion that agamospermy
(the production of seeds without syngamy)
is an evolutionary dead end. Indeed, anyone
who has attempted to maintain a lawn free
of dandelions will have an intuitive suspi-
cion of this assertion. Most agamospermous
species that have been studied appear to be
facultatively so, and retain some level of
sexual reproduction combined with asexual-
ity. The balance between relative levels of
sexuality and asexuality in successive repro-
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ductive phases may vary and seems to be
under environmental control, though the
specifics of this control are scarcely under-
stood. Richards contrasts the “real world” of
agamospermy with the “hopelessly naive”
mathematical models that assess its long-
term success in a given evolutionary line.
His own work with the dandelion genus
Targxacum has gone a long way toward
providing an understanding of the mechan-
ics and significance of sexuality and ascxual-
ity combined in the same organism.

Botanists, in particular, do not always
distinguish clearly between inbreeding as a
term of population genetics and the various
factors, such as levels of selfing and of
assortative mating or population size, that
contribute to levels of inbreeding. Indeed,
one commonly finds the term “inbreeding”
used interchangeably with “selfing.” Rich-
ards, however, keeps the distinctions clear
and realizes that the mechanics of rcproduc-
tion must be distinguished from the genetic
consequences of different reproductive
modes.

The flaws mentioned above may diminish
the value of this book as a textbook, but a
scasoned reader will doubtless recognize
most of the infelicities as such and benefit
from the book’s many positive qualities. The
book is wide-ranging in coverage, provides
an excellent review of many interrelated
topics, and lacks the doctrinaire quality and
sketchy literature reviews of some recent
volumes that cover some of the same terri-
tory. It also points to many general topics
that requirc investigation; the “explosive
expansion” of research that Richards refers
to will doubtless continue.

ROBERT ORNDUFF
Department of Botany,
University of California,
Berkeley, CA 94720

Petrology

Fluid-Rock Interactions during Metamor-
phism. JoHN V. WALTHER AND BERNARD J.
Woob, Eds. Springer-Verlag, New York, 1986. x,
218 pp., illus. $44. Advances in Physical Geo-
chemistry, vol. 5.

In the last few years a lively debate regard-
ing the nature of fluid-rock interactions at
depth has been carried on in the geological
literature. This debate has centered on the
amount of fluid involved in metamorphism
(lots vs. almost none), the sources of the
fluid phase, and the mechanisms of fluid
migration through material with low perme-
ability. A review of current thinking on the
mechanical and chemical aspects of fluid-
rock interactions has been sorely needed.
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