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What price the

genetic revolution?
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{l-s",' " ,*. "r.. my wire phoned
to say thac somerhing might be mong with our mbom child. A blood cest
suggested dre possibiliry of Down syndrome, and dre doctor was recom-
mending amniocenresrs and genetic counseling. As it happened, I was al-
most finished writing a book abour the pamdoxical nature of information
rechnology-the strange realization thar more, fasrer, even befier infonna-
tion can sometimes do more ham rhan good- Vhen my wife's obstetrician
reporred the alarming news, it seemed a 6ough rhe Cod of Technolocy
was already looking to senle the score. The doctor, a{ier all, was maely
reading from a computer printout. Test results pored ovei us in a gush of
formuld md snlistics. My wifet blood contained such-and+uch a ratio of
three fetal horrnones, which tl3nslated statistically into a such-aad+uch in-
cremed chance of our child having an extra chrornosome, a forry-seventh,
which can cause severely limited intellecual capacity, deformed organs ard
limbs, and hean dysinction. The miocenr€sis woutd senle che maner for
certai!, allowing a lab technician to count rhe fetst actual cbrcmosomes.
But drcre was a dark statistical specter here, roo, a chance that the proce-
dure itself would lead to a spontaneou mis@diage whether the fetus was
generically abnormal or not. Testing a healthy ferus ro deafi: many rimes,
in the davs ahead, I wondered if I could come to terms with rhar uhacon-
tenporary brand of senselesnes. The computer thought it a risk worth rak-
ins: rhe chance of niscariage was slghtly lower than the chance of discov,
ering Down syndrome. My wG md I put ou faith in tlrc compucer.
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ta Save," auioredn rtu Sepk b,- )chs ss@.



Mappnc ceNss rs
TH]S ERA.'S RACE TO THE MOON,

BUT WE DON'T KNOW \?HAT

VE'LL DO WHEN WE CET THERE

Few of these details will seem familiar to parents of children bon before
thts decade; nor will any parents of children born after, say, 2010 face our
specifc predicament. The discoveries in the field hav€ been generatins one
asronishins headline afler anorher about genes related ro Alzheiner\,
brcdr cancer, epilepsy, osreoporosis, obesiry, Dd even neurosi$ lhe feral-

senetics revolution is now so accelerated rhat remarLable technologies be-
come obsolete almost as quickly as they are invented. Although the 'triple

marker" blood test was invenred in the lare 1980s, it probably will be a his'
torical footnote a decade or so 6om now. So will amniocentesis Both will
be replaced by a senetic sampling of feral cells extncted fiom the mo$eis
blood. a rest that will be tisk ftee fo. both mother and fetus. That's hun-
dreds ofheaLrhv ferues every year who will not be lost just for the sake ofa
genetic snapshol We wiLl know much nore for much less.

Bur the odd question arises: Vill we know too much? Fetal and embry-
onic genetic karyotypes may ultimately be as legible as a topographical
map, Yom son uill be bom hedthy; he will be albcic to cahews; he will reach

fue foot ten ann a half inches: math will not come easib to him; in ltis l/1t l
yus, tu will be at high risk fct the sane ttpe ol areriosclerosls dat afflnted his
great-gandfather . Here are secrets from dre hererofore indecipherable text
"The Book of Man," the wishful term used by researcheE to refer to the
complete translation of human genetic information that they one day
hope to acquire. Such a drscovery is what C. S. t-ewis foresaw when he
wamed, in a prescienr 1944 essay Ttu Abolioon ofMan, 

"The linal stage is
cone when Man by eugenics, by prenatal conditioning . . . hs obtained
tull control over hinseLt"

l'm jumping ahead, far beyond present facts and into the furure. "The

Book of Man" will not be finished fot some time, if ever. Buc wirh the
U.S. sovemmenCs staunch suppon of the Human Genome Project, the

$3 billion meea+esearch sprint to map ou! and decode all of the estinat-
ed 100,000 human genes by the year 2005, genetic knowledge has sud-
denly becorne a national priority. lt is this generation's race to rhe moon,

bur we're not quite sure what we'll do when we get
IY 

- f  
rhere:  whar the dak s ide Loolo Lr te mor o i  u '  don t

I f, / Darricularlv w:nc to imasine.vv
V Ve're pursuine the human genome for good reasons, of course.

With our new sytlabus of genetic knowledge, we will become healthier
and live lonser. But even with che few facts that we now have, there rs al-
readv cause to worry about the unincended consequences of acquiring
such knowledge. lf senes are the biological machine code the soft-
ware<ontaining the inscilctions for each person's development and de-
cay, unlocklng rhat code portends the abiLiry to frx the bugs and even to
add new features. When people worry aloud that we may soon be "playing

God," ir\ because no living creature has ever before been able to upgnde
'ts own opera nc sysrem.

Lewis suggests that such absolute biotechnological power is comptive,
rhar it robs humanity o{ its irurinclive duty to posterily. "lt is not that
they are bad nen," he writes of future senetic 

"Conditioners." "They are
not men at all. Scpping outside the Tao"-thar is, oucide dre moral or-
der as dictated by Nature-'they have stepped lnto the void." Although
not yer close to a moral void, we do, even at this primirive srage of
biorechnology, efforrlessly step outside the Tao. Consider, for example,
rhat when my wife and I went in for amniocentesis, we did so with the
racir undersmnding that we would abort our child if we discovered that he
or she was carrying the extra chromosome; othemise, there would have
been no point in risking miscadiase. The facr rhar we did nor aborr our
child. rhat she was born healthv, with fortv-slx chronosones and four
chambers in her hean and two lungs and two long l€gs, is mora y beside
the point. We had nade our if-then choice to terninate- I suppose I'm
glad I had the Legal freedon co nake that choice; I Lnow, though, thai
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I\n srill haunred by the odd noral burden it inposed on me: H€r€ is a tr-
uieu of :rotn darghter . lf she's dcfecti$e , wilL^Ja keep het.

\fle all wanr a rorld without Doivn's and Aizheimert:tnd Huntins-
ton\. But rvhen the vaccine asainst tbese disorders takes the forn of ge-
neric knowledse and shen rhat knovledge cones with a sneak preview
ot the full caralogue of weaknesses in each of us, solutions stan to look
like potenrial probLems. With the earLy peek comes a rransfer of control
from natural Larv to human Law. Can the U.S. Congres (which seens in-
tcnt on shrinking, not exp:rnding, its dominion) manage this new en.
largeLl sphere of influence? Crn the churches or the media or the schoolsl
To mention llsr one ohvious policy implicarion of rhis biotechnologicaL
leap beyond rhe Tao: The abortion debate, hisrorically an issue in two
dimensions (whether or nor individurls should hrve the right to tenni-
nate a pregnancy), sLrddenly takes on a disconfiting third dimension.
Should prospective parents rvho want a child be allowed to refuse a par-
ricular r)p€ ofchild?

From that perspective, I wonder if today's crude riple
narker/amnio combinarion isn\ jusr an early indicarion
of thc burdcns Likcly to be placeil on futurc gcnerations
of parents: the burden of knorving, rhe burden of choow
nrs. I imasine my daushter, presnanr with her frrst child.
The phone rings. The doctor has reviewed the karyotype
and the computer analysis. He is sony ro report that her
fetus is canying a eenetic marker for severe nanic-de-
pressive illness, siniLar in cluracter to that oi mI great-
uncle, who lived a turbulent and diflicuLt lire. wiLl she
continue rhe prcgnancy?

Or perhaps she is not yet pregnant. ln keeping wirh the
social nores ofher day, she and her panner have {errilized
a nurnber of eggs in vitro, intendine to inplam $e one
with the best apparenr chance for a successful gestation.
The doctor calls with the karyotype resuhs. It seems thar
embryos number 1 and 6 reveaL a srrong manic-depresive
rcndcncv. Will my ilaughter cxcludc thcm fron possibLe
inpLantationl The choice seens obvious, unril the doctor
tc lLs her  that  cmbryos 1 and 6 are. rLso quick 'wi t ted,
whereas 2 and 3 are likely to be intellectually sluggish.
The founh and 6fth embryos, by the way, are marked for
ordinary intelligence, early-onset hearing impainnent, and
a high potentialfor aggressive pangeatic cancer. Which, if
any, shouLd be implanredl

Now add a plausible econonic variable: Suppose that my daughre. sets
a registered Letter the next day f.on her health maintenance organization,
irhich also has seen the karlotype :rnd the analysis (both of *hich they
happiLy paid for). The HMO cannot presune to tell her whlch emhryo ro
inplant, but she shoulLt know rhrt ifshe chooses to implant embryo num-
ber 1 or 6, rhe costs of her child's manic depression will not be reim-

\Vnl vv oaucHrER BE ABLETo
CHOOSE AMONG SIX EMBRYOS,

EACH \(/ITH HIS OR HER O\(/N

STRENCTHS AND \UEAKNESSES]

i

buned, ever. Now thar the genetic marker is on the record,
it is ofhcially a "pre-exisrins condirion"-in fact, rhe term
nas never Deen more appropdare.

uch are some of the specilic scenarios now being bandied about by
bioethicists, who, because of the Hunan Genome Proiect, are flush whh
thinking'cap money. Five percent ofthe projecr's tunds Gouchlv $100 mil'
lion over lifteen yean) is being dedicated to sociaL and ethical exploration,
an aLlotment that prompted Arthur Caplan, director of the University o{
Pemrsvlvania's Center for Brcethic, to celebtate the HCP as the "f"ll.em.

ployment act for bioethlcisrs." The Departmenr of Energy, the Narional ln-
stitutes ofHealth, and the internationaL Hunan Genone Organisation alL
have committees to study rhe social and erhicrl implications ofgeneric re-
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GrvrN cnr,lr loyrR To ALTER
OUR O\{/N CENETIC DESTINY,

\UHAT LIMITS VILL WE SET

FOR OURSELVES]

search. Popping up 6equently are essays and conferences wid-r drles like
"Hunan Gene Therapy: \(rhy Draw a Line?" "Regularing Repioduction,"
md "Dov,.n the Slippery Slope." While genetic researchen plod along in
their methodical dissection of chrornosomes, bioethicists are leapins
decades ahead, o',rc of necesity. They're trying to foresee what Lind of soci-
ety we're soing ro b€ living in when and if the researchen are successtul. ln
Sheraton and Maniott con{erence halls, they pose the toughest questions
they can rhink ot lf a single skin cell can reveal the emotional and physical
characteristics of an individual, how are we going to keep such information
prlvatel At what level of risk should a patient be informed of rhe potential
tuture omet of a disease? Will employer be free ro hire and 6re based on in-
foftlation obtained ftoo ilen prospecrive employees' karyotl"es? Should a
criminal defendant be allowed to use genetic predisposition towanl extreme
aggressiveners as a legitimate defense, o. at least as a mitigating factor in
sentencing?l Should privately adminisrered genetic tests be regulated for
accuracy by the govemmenc? (Cunently, they are not.) Should private
comp:nies be able to patent rhe gene sequences rhey discoverl Should chil-
dren of spern donors have the iisht to know the idenrity and genetic histo-
ry of then bioLosical {athers? The only limitation on the number of impor-
ranr questiom seems to be rhe imagination of rhe inquirer.

Most tundamental of all, though, are questions regarding the propriety
of futuristic gene-ba.sed medical techniques. Suppose for a momenr drat

che power to select on the basis of, and possibly even al'
rer, our genetic code does, as many expect, tum out to
be extensive. What son of boundaries should we set for
ourselvesl Should infenile couples be allowed co resort
to a clone embryo rather than adopt a biological
stranger? Should any couple have the right to choose
the blond-haired embryo over rhe brown,haired em-
brvol Homosexualiw over hererosexualityl2 Should we
try to "fix" albinism in the womb or the test tubel Con-
genital deafiessl Baldness? Crooked teeth? What abo,lt
aorras that if left alon€ will likely give out after fifry-five
yearsl Should doctore instead pursue a genetic proce-
dure that would give the ill-fated embryo a heart primed
for ninetv-nine vearsl

To address these quesrions, bio€ihicists need ro de&r-
mine what conpeting interests are at srake. lf a futher
wants a blue-eyed, stout-heafted son and is able to pay
for the privil€ge, which will cause no harm to anyone
else, whaCs the problern? Consider the prospect of a pop-
genetics culture in which milions choose the sme desir-
able genes. Thouands ofyean dom the line, the divesi-
ry in the human cene pool could be diminished, which
any porato farmer can tell you is no way to manag€ a
species. While public policy generally arbicrates between

individual rights and social responsibilities, generics raises a new paradigm,
a struggle between €ontemporaty humanity and our distmt descendants
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The considerabte support for legislation that would suppres some o{
these technologies draws its strength from a sense of moral indisnation
as well as from the fear o{ an allen tuture. ln a Ner.r.' Rerublic essav enti'
tled "The Wisdon of Repusnance," University of Chicaso phitosopher
Leon Kas argues for a permanenr ban on human cloning, a ban gtound-
ed nor  in  hyster ia but  in  moral  pr inc ip le.  "We are repelLed by the
prospect ofcloning human beings not because of the srrangeness or nov-
elty of the undertaking," he writes, "but because we intuit and feel, im-
mediarely and without arsument, the violation of things |hat we right-
fully hold dear."

On rhe ocher end of the spectrum, some sciencists argue againsl an)
boundaries, proposing that wharever we can do to befter ourseLves is not
only ethically appropriate but also inpeative. "The potenrial nedical ben-
ents of genetic engineering are too sreat for us to let nebulous fears of the
future drive policy," argues Gregory Stock, director of the Center for the
Study o{ Evolution and the Origin of Life at UCLA. Stock and others con-
tend thar we know bener than Nature what we wanr out of life, and we
owe it to ounelves and irture generations to seek genetic improvement :s
a component ofsociai prosress. ln his article "Genetic Modiications," for
example, Anden Sandbers, a young Swedish scientisr and self-described
"Transhumanist," not only recommends the renoval of senetic 

"defectj'

and such Less harnful "undesirable traits" as drus abuse, agsression, and
wisdom teerh but proposes a wide selection of enhancements to beneft
rhe enrire race. Systemic improvenents rvould involve reprogramming
cells ro be nore resistant to agins, toxins, and fat. "Cosnetic nodifrca.
tions" woutd be the plastic surgery for the next millennium akerarion of
hair color/texture, eye coLor, skin color, nuscular build, and so on. Sand-
berg even fancies deluxe new features such as built-in molecular support
for frozen cryonic suspension. We can chuckle now at the improbabitity of
these ideas, bui when we do we might also try to imagine how people
mighr have reacted 150 yean ago (before elecnicity, before the telegraph)
to someone suggestins that people in the lare uentierh century would
roudnely convese with people on other continents using ponable devices
rhe same size rnd weighr as an empty coin pu6e. "ft basically means that
rhere are no limirs," Princeton biolosist Lee Silver remarked aftcr the an-

nouncement of Dolly, the cloned sheep. "lt neans all of

t 'n  \c .ence ncL nn \ , rue l  h*)  .zrJ r r  coulJ never  be do,re and
' 

I nou here ,r s. Jon" b"f"re rhe tear '000.

I
I  he ,n i iud"  wi 'h ,n ,he nnk.  " f  h .  Human Cenorne f rorecr  com

muiry is, not sufprisingLy, quite a bit more conservative than Sandberg's.
Norvhere in the Drolecr sunmaries rvill an allilirted researchet be found
yearnins publicly for a wotld lilled wirh fat-prool freezable people (al-
though no one seems to have misgivings about any conceivable senetic
engineering ofpigs, cows, or other nonhumant. More modestly, the stat.
ed hopes for the applicalion of gene mapping inclLrde a greater under.
sranding of DNA and all biological organisms; new rechniques for bat-
ding generic diseases; a new prevention-oriented rype of nedlclne; and a
windfall for aeribusiness and other biotech urdustries.

The fact that researchers are careful to hnir rheir pubLicly srated goals
reflects not so much a deeply insrained social ethic, says Arthur Caplan,
as a canny political awareness. "l{uncertainty about what to do rvith new
knowledge in the realm of senetics is a cause lor concem in some quar-
rers," he writes in the hook G€ae Mapptfls, 'then rhose who want to pro-
ceed quickly with mapping rhe genome misht 6nd it prudent to simply
deny that any application of new knowledge h senetics is imminent or
to promise to forbear from any controversill applicarions of this knowl-
edge. - . . IThisl is the simpLest stratesy if one's aim is not applying new
knowledge bur merely to be allowed to proceed to acquire Lt." Caplan
thus exposes a built'in tension between researchers and ethicists. Ethi-

Sovr scrmrrsrs eRcur
AGAINST ANY LIMITS,

PROPOSINC WE DO EVERYTHING

POSSIBLE TO BETTER OURSELVES


