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OBJECTIVE 

I t has b e c o m e increasingly i m p o r t a n t t o i m p r o v e 

i n te rna t i ona l ag reemen ts . A l t h o u g h in Science t h e r e has 

t r ad i t i ona l l y been i n f o rma l c o o p e r a t i o n , i t has been 

ca r r i ed o u t by a f e w o r by smal l g r o u p s o f sc ient is ts 

i n t e res ted in specif ic p r o b l e m s . O n l y m o r e r ecen t l y 

s o m e larger g r o u p s have been o rgan ized and s u p p o r t e d 

by a n u m b e r o f na t ions ; hope fu l l y t h e r e w i l l be m o r e in 

t h e f u t u r e . T h e n e w p r o m i n e n t r o l e o f b io logy in many 

c o u n t r i e s w i t h its benef l ts , especial ly med ica l and 

techno log i ca l , r equ i res g e n e r o u s and ef f ic ient 

mechan isms t o bene f i t o t h e r less sc ient i f ica l ly 

p r o m i n e n t c o u n t r i e s as w e l l as s u p p o r t f r o m pr íva te 

and g o v e r n m e n t a l sou rces f o r p ro j ec t s w h i c h because 

o f c o s t a n d / o r w o r l d w i d e i n t e r e s t make c o o p e r a t i o n 

des i rab le if n o t essent ia l . T h e r e c e n t i n t e r e s t and 

deba te regard ing t h e G e n o m e Pro jec t , especial ly as i t 

appl ies t o humans, indícate t h e necess i ty f o r 

i n te rna t i ona l p r o g r a m s . Th is w o r k s h o p had as its main 

a im t o s t imu la te i n te rna t i ona l c o o p e r a t i o n in t h e eth ica l 

aspects o f t h e H u m a n G e n o m e Pro jec t . W e t h a n k t h e 

many par t i c ipan ts w h o c o n t r i b u t e d t h e i r t i m e and 

t a l en t in t h e rea l iza t ion o f th is a im. 
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P R E S E N T A T I O N 





I t is t o d a y possib le t o t r a c e o u t a genet ic map, t o o f fe r a desc r i p -
t i o n o f a c o m p l e t e b io log ica l b o o k o f t h e human being. Y e t th is 
scient i f ic k n o w l e d g e can be used in d iverse ways . 

Responsib le p r o c e d u r e demands t h a t t h e sc ient is t shou ld f o resee 
as fa r as poss ib le t h e consequences t o be de r i ved f r o m t h e app l i -
ca t ions o f t hese advances in t h e unders tand ing o f l iv ing m a t t e r . 
P r o f o u n d e th i ca l d i l e m m a s a r e p o s e d by t h e n e w poss ib i l i t i es 
o p e n t o us. 

T h e BBV F o u n d a t i o n , in its c o n c e r n t o c réa te spaces f o r t h o u g h t 
t h a t he lp t o p o i n t t o ways o f so lv ing these p r o b l e m s , takes u p o n 
i tself t h e task o f p r o v i d i n g t h e means t o d o jus t th is . 

Ref lect ing c o m p e t e n t l y and au tho r i t a t i ve l y o n t h e eth ical impl ica-
t i o n s o f t h e h u m a n g e n o m e w i l l perhaps n o t lead t o an e l imina
r o n o f t h e uncer ta in t ies w h i c h t h e H u m a n G e n o m e P ro jec t w i l l 
b r i ng mank ind o v e r t h e n e x t f e w years. H o w e v e r , i t w i l l enable us 
t o p r e p a r e advantageous ly f o r c o n f r o n t a r o n w i t h these u n c e r 
ta in t ies as t o t h e c o n d i t i o n s in w h i c h o u r behav iou r evo lves in 
n e w e n v i r o n m e n t s against n e w o p t i o n s and a l ternat ives. 

O u r Founda t i on is p r o u d t o have s p o n s o r e d and c o l l a b o r a t e d in 
t h e o rgan iza t i on o f th is i m p o r t a n t w o r k s h o p , in w h i c h s o m e o f 
t h e g rea tes t w o r l d e x p e r t s have had t h e occas ion t o i n f o r m us 
and ma tch t h e i r o w n conc lus ions w i t h t h o s e o f t h e i r col leagues. I 
shou ld h e r e l ike t o express m y s incere thanks t o all o f t h e m and 
par t i cu la r l y t o Prof . Santiago Gr iso l ía . 

W e h o p e t h a t th is pub l i ca t i on , w h i c h o f fe rs in suf f ic ient deta l l t h e 
i n t e r v e n t i o n s o f t h e 36 e x p e r t s w h o pa r t i c i pa ted in t h e II W o r k 
s h o p o n I n t e r n a t i o n a l C o - O p e r a t i o n f o r t h e H u m a n G e n o m e 
Pro jec t : Ethics, in t h e c i t y o f Valencia, may t hus b e c o m e a useful 
r e fe rence gu ide b o t h f o r scho lars and special ists in th is f ie ld and 
f o r t h o s e w h o in s o m e w a y a re respons ib le f o r manag ing and 
o r i e n t i n g t h e act iv i t ies and pa t te rns o f behav iou r o f t h e i r f e l l ows . 

josé Angel Sánchez Asiaín 

President of the Banco Bilbao Vizcaya Foundation. 





I N T R O D U C T I O N 
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I ns t i t u te o f Cy to log i ca l Research, Valenc ia (Spain) 





Since th is c o n f e r e n c e is c o n c e r n e d w i t h i n te rna t i ona l aspects o f | 3 
c o o p e r a t i o n o n e t h i c a l issues in H u m a n G e n o m e r e s e a r c h , I 
shou ld l ike t o begin by p o i n t i n g o u t t h a t i t is genera l ly accep ted 
t h a t t h e H u m a n G e n o m e P r o j e c t and p r o g r a m m e s assoc ia ted 
w i t h i t a re l ikely t o p resen t soc ie ty w i t h a n u m b e r o f i m p o r t a n t 
eth ical and social p r o b l e m s , as we l l as t h e benef i ts , in t h e decades 
t o c o m e . Sc ient is ts t h u s have a r espons ib i l i t y t o i n f o r m o t h e r 
sec to rs o f t h e c o m m u n i t y , and t h e dec is ión make rs in par t i cu la r , 
o f t h e i r advances and t h e n e w d i l emmas . T h e 1988 w o r k s h o p 
held in Valencia, t o w h i c h I shall r e fe r la ter o n , m a r k e d an i m p o r 
t a n t f i r s t s tep in t h e in te rd isc ip l i na ry debates t h a t w i l l be needed . 

I p r o p o s e d t h e r e f o r e t o D r . José A . Sánchez-Asiaín, p res iden t o f 
t h e Banco Bi lbao-Vizcaya Founda t i on (FBBV), a p p r o x i m a t e l y o n e 
year ago, t h a t a m e e t i n g be held focused t h e eth ica l aspects o f 
t h e H u m a n G e n o m e Pro jec t . I w o u l d l ike he re t o t h a n k D r . Sán
chez-As ia ín , and t h e b o a r d o f t h e FBBV, f o r accept ing t h a t p r o -
posal and f o r s p o n s o r i n g th is mee t ing , w h i c h , w i t h o u t d o u b t , has 
been v e r y successful . 

These w o r d s have t o be cons idered as a s imple i n t r oduc t i on t o th is 
monog raph w h i c h contains many o f t he exce l lent con t r i bu t i ons o f 
t he part ic ipants in th is meet ing w h i c h should in teres t many. 

A m o s t i m p o r t a n t goal o f sc ience, o r b e t t e r said, f o r t h e scien 
t is t , is t o make publ ic his d iscover ies and thus share his know ledge 
b u t w i t h o u t t h e o p p o r t u n i t y t o c la im p r i o r i t y , sc ient is ts w o u l d 
lose w h a t is p r o b a b l y t h e m o s t a t t r a c t i v e i n c e n t i v e f o r t h e i r 
w o r k ; t h a t is, t h e a d m i r a t i o n a n d / o r envy o f t h e i r col leagues, as 
we l l as d e m o n s t r a t i n g t h e i m p o r t a n c e o f t h e i r w o r k t o t h e so 
c ie t y w h i c h s u p p o r t s t h e m . Th i s is n o w m o r e i m p o r t a n t t h a n 
eve r s ince n o t o n l y t h e G e n o m e P r o j e c t b u t m u c h o f m o d e r n 
science requ i res eve r m o r e and g r e a t e r resou rces and s u p p o r t 
f r o m t h e soc ie ty . 

T o w h o m d o sc ient i f ic d iscover ies belong? In ear l ie r t imes , w h e " 
sc ien t is ts r e c e i v e d he lp and subsid ies f r o m p r í va te p a t r o n s o r 
f ounda t i ons , t h e i r p r o p r i e t a r y i n t e res t c o u l d be de fended . In b i o -
logy m a j o r d iscover ies have o f t e n been made w i t h o u t asking f o r 
f inancial benef i ts . W e have t h e examples o f t h e penic i l l in d i sco -
v e r y f r o m w h i c h n e i t h e r F leming, F lo rey ñ o r Cha in de r i ved any 
fiscal benef i ts , o r m o r e recen t l y t h e d i scove ry o f m o n o c l o n a l an-
t i bod ies by K o h l e r and Mi l s te in . Th ings have changed d ramat ica l l y 
in r e c e n t t i m e s , h o w e v e r w i t h t h e massive s u p p o r t t h a t sc ience 
needs and rece ives f r o m soc ie ty . Thus , and a l though up t o n o w 
t h e amer i can as w e l l as o t h e r G o v e r n m e n t s have been l en ien t 
and have in fac t encou raged t h e f ree pa ten t i ng o f n e w b io log ica l 
d iscover ies and even species, w e m u s t c o m e t o a c lear dec is ión 
f o r t h e i nmed ia te f u t u r e regard ing t h e H u m a n G e n o m e in i t ia t ive. 

If w e accep t t h a t t h e H u m a n G e n o m e is a p a t r i m o n y o f m a n k i n d , 
t h e s i tua t ion and t h e answe r is clear. T h e r e shou ld be a c o m p l e t e , 



14 rap id and f r a n k d isc losure . H o w e v e r , t h e sc ient is t o f t h e p resen t 
gene ra t i on , and I daresay o f al l , have made a fe t ish , as I have a i 
r e a d / i nd ica ted , o f c la iming p r i o r i t y . T h u s t h e s i tua t ion b e c o m e s 
m o r e c o m p l i c a t e d and di f f icul t . 

Th is w o r k s h o p has been v e r y i m p o r t a n t because u n d e r t h e p r e 
sent s t r u c t u r e s and c u s t o m s , I see no easy w a y w h e r e b y t o t a l 
shar lng o f t h e p r o j e c t can be reached o n a w i d e s p r e a d , If n o t 
c o m p l e t e l y In te rna t iona l level , un/ess we insist and work very ha rd 
t o change habi ts and suspic lons o n t h e c rea t i on and shar lng o f 
k n o w l e d g e . Th ls shar lng may be reached maln ly in t h e eth lca l and 
social aspects. R e m e m b e r , h o w e v e r , t h a t e th lcs as such Is n o t an 
o b j e c t l v e d isc ip l ine . Ra the r It t e n d s m o r e t o e m p l o y p r inc ip ies 
t h a t va ry w i t h t i m e and peop le . 

A s w e p o i n t e d o u t by R o b e r t C o o k - D e e g a n , w h o w o r k e d t i r e -
lessly o n and d u r i n g t h e p r o g r a m m e , t h e second w o r k s h o p t r l e d 
t o c lear ly analyze and in tég ra te t h e social imp l i ca t lons o f w o r k o n 
t h e G e n o m e as i t re la tes t o research and t h e Invest igators in th is 
área. 

W i t h o u t g o l n g I n t o de ta l l , as a l ready m e n t i o n e d , e th lcs r e p r e -
sents and re f lec ts t h e c u s t o m s accep ted by a soc le ty . N o w t h e 
a lmos t e x p o n e n t i a l d e v e l o p m e n t o f science and its impac t o n so
c le ty mod i f i es and w i l l , w i t h o u t d o u b t , c o n t i n u é t o m o d i f y e th lca l 
concep ts , as was p o i n t e d o u t In t h e f i r s t w o r k s h o p he ld in 1988. 
A f t e r t h a t w o r k s h o p t h e u r g e n t need t o d e v o t e t i m e t o t h e e t h l 
cal aspects o f t h e p r o j e c t t h r o u g h an i n te rd i sc i p l i na r y m e e t i n g 
became even m o r e apparen t , since man is able t o , and mus t , an t i 
cípate events and possib le consequences o f his acts. 

A s t r o n g in f luence leading t o t h e es tab l i shment o f th is i n te rd i sc i 
p l inary m e e t i n g was t h e c o n c e r n exp ressed by many t h a t b i o m e -
dical inves t iga to rs m i g h t e n c o u n t e r t h e same p r o b l e m s suf fered 
by nuc lear physicists a f te r W o r l d W a r II . Many inves t iga tors w h o 
w o r k e d o n nuc lear f iss ion, and t h e r e f o r e w i t h t h e a t o m i c b o m b , 
m a n i f e s t e d a f t e r w a r d s t h e i r r e g r e t a t hav ing p a r t i c i p a t e d a n d , 
above al l , r esen ted t h e i m p o s e d c o m m i t m e n t t o sec recy w h i c h 
den ied t h e m f r a n k and o p e n discussion o f t h e i r w o r k . A n o t h e r 
i m p o r t a n t reason f o r t h e w o r k s h o p was t h e h is to r ica l fact t h a t 
t h e r e w e r e s o m e scient ists in t h e past w h o deve loped and c o n -
d u c t e d p r o g r a m m e s in eugenics. Th is has d a r k e n e d genet ic r e 
search and is a f a c t o r leading s o m e c o u n t r i e s and ce r ta i n g r o u p s 
t o fear genet ic research . 

C e r t a i n l y t h e r e a re ser ious d o u b t s a b o u t leaving h u m a n genet ics 
in t h e hands o f a sc ient i f ic é l i te . Such fears ares especial ly s t r o n g 
in G e r m a n y , as has been s ta ted by many, a l t hough many m o r e 
have actua l ly had i t in m i n d . S o m e o n e has said - I be l ieve i t was 
t h e a s t r o n o m e r H o y l e , and I hope he was j o k i n g - t h a t in a f e w 
years w e w i l l see t h e nuc lear physicists f r ee and t h e genet ic i n 
ves t iga to rs beh ind bars. 



T h e last decade has been especial ly no tab le in t h e d e v e l o p m e n t | 5 
o f t e c h n i q u e s and advances in m o l e c u l a r b i o l o g y and gene t i cs , 
cu lm ina t i ng d u r i n g t h e last f ive years In t h e p r o p o s a l o f t h e feasi-
b i l l ty o f t h e p r o j e c t k n o w n as t h e H u m a n G e n o m e Pro jec t . T h e 
¡dea, w h i c h w a s p r o p o s e d i n d e p e n d e n t l y a n d a l m o s t s i m u l t a -
neous ly by severa l US sc ient is t , deve loped In to nat iona l research 
p r o g r a m m e s in many c o u n t r i e s besides t h e U S A , such as Italy, 
t h e U K , t h e USSR, Japan, and France. W i t h o u t d o u b t , o t h e r na-
t i o n s w i l l j o i n and also c réa te t h e i r o w n nat iona l p r o g r a m m e s . 

I w o u l d l ike t o stress w h a t t h e c u r r e n t m in is te r o f educa t ion , Javier 
Solana, t o l d m e some t i m e ago, t h a t Spain shou ld par t ic ípate in t h e 
G e n o m e Pro jec t , a l though l i t t le has been done thus far t o deve lop 
it. Un t i l n o w , t h e m in is t r y in Spain w h i c h has s h o w n m o r e in te res t 
is t h a t o f health and its c o m p e t e n t min is ter , Julián García-Vargas, 
w h o aided and a t tended also t h e f i rs t w o r k s h o p and t h e n k indly 
a r ranged f o r m e t o par t ic ípate w i t h h im in a long i n t e r v i e w w i t h 
t h e p res iden t o f t h e g o v e r n m e n t , Felipe González. T h e p res iden t 
s h o w e d a reso lu te in te res t in t h e act ive par t i c ipa t ion o f Spain in in -
te rna t iona l co l l abo ra t ion and in t h e feasibi l i ty o f deve lop ing a na
t i ona l p r o g r a m m e . Mr . Gonzá lez s h o w e d a b r o a d k n o w l e d g e o f 
t h e social and ethical p r o b l e m s entai led as a resu l t o f t h e advances 
in t h e H u m a n G e n o m e Pro jec t . Th is is w h y I am t r y i ng t o ascerta in 
t h e potent ia l and n u m b e r o f young spanish invest igators w h o are 
i n t e res ted and may be able t o deve lop a p r o g r a m m e s imi la r t o 
t h o s e o f o t h e r coun t r i es and perhaps o n e o r t w o cen t res d e v o t e d 
t o t h e H u m a n G e n o m e P r o j e c t . W i t h th i s a i m , w e w i l l in t h e 
cou rse o f 199! assemble t hose spanish scientists w h o w o u l d l ike 
t o par t ic ípate, t o s tudy t h e feasibi l i ty and then make r e c o m m e n d a -
t i ons f o r t h e d e v e l o p m e n t o f a mob i l i z ing p r o g r a m m e . I t is also 
hoped tha t t he example o f Spain wi l l st imulate o thers and give recog-
n i t i on t o t h e fact t h a t cer ta in In ternat iona l organizat ions, especially 
U N E S C O , are giving t h e i r m o r a l and as much mater ia l s u p p o r t as 
possible t o advance t h e sti l l u n e x p l o r e d genet ic f r on t i e r s , w i t h t h e 
hopes, first o f being able t o c o m b a t diseases m o r e eff ic ient ly than 
in t h e past, and second o f k n o w i n g each o t h e r be t t e r . 

T h e r e is n o d o u b t t h a t pub l ic en thus iasm is g rea t , bu t , as a l ready 
m e n t i o n e d , i t is t i nged w i t h t h e fear o f h o w t h e n e w k n o w l e d g e 
w i l l be used. T h e discussions a b o u t h o w n e w gene t i c k n o w l e d g e 
is go ing t o c o n c e r n us all w i l l increase in t h e c o m i n g years . Pr inc i 
pies o f b ioe th ics e l abo ra ted recen t l y in re la t i on t o peop le , bene-
fits, a u t o n o m y and jus t ice , m u s t be inc lude in legal p r o t e c t i o n o f 
t h e p e o p l e as w e l l as o f soc ie ty . These pr inc ip ies , a m o n g w h i c h 
t h e D e c l a r a t i o n o f Va lenc ia m u s t be c o n s i d e r e d p ionee r i ng , w i l l 
no be adequa te t o solve many o f t h e c o m p l e x ques t ions and c o n -
t r o v e r s i e s resu l t i ng f r o m th is s tep f o r w a r d in genet ics . Ce r ta in l y , 
e t h i c a l d i l e m m a s w i l l a r i s e because o f t h e c o n f l i c t s b e t w e e n 
co l l ec t i ve and indiv idual i n te res ts . 

So-ca l led eugen ics and rac ia l hyg iene w e r e based o n an e r r o -
neous bel ie f in t h e i m p r o v e m e n t o f t h e i nhe r i t ance p o o l , leading 



| 6 t o negat ion o f indiv idual decis ions a b o u t having ch i l d ren , choos ing 
ma tes , a n d , u n d e r nazi g e n o c i d e , t h e r i g h t t o l i fe. Eugenics in 
t e r m s o f coe rc i ve social po l i t i cs has n o t d isappeared; i t is al ive in 
s o m e c o u n t r i e s in w h i c h t h e r e a re even a t p resen t s te r i l i za t ion 
c o d e s , and as i d e o l o g y i t is t a k e n i n t o c o n s i d e r a t i o n in s o m e 
c o u n t r i e s and is t r y i n g t o appear in ce r ta in g r o u p s , e.g. A m e r i c a n 
r i g h t - w i n g e x t r e m i s t s . Invest igat ions re la ted t o behav iora l gene t -
ics and t h e i r resul ts a re easily misused, as w e have o f t e n seen in 
t h e c o n t r o v e r s i e s a b o u t I Q tes ts , af fect ive d i s o r d e r s and o t h e r 
men ta l diseases. 

T h e p r o b l e m s and d i l emmas re la ted t o t h e use o f eugenic In for 
m a t i o n w i l l n o t need special d racon ian measures , b u t w e m u s t be 
ready. A s w e have m e n t i o n e d be fo re , emp loye rs , pe rsonne l d i rec -
t o r s and Insurance c o m p a n i e s c o u l d d i sc r im ína te against t h o s e 
w h o s e genet ic charac te r is t i cs m a k e t h e m suscept ib le t o ce r ta in 
diseases, p r e m a t u r e dea th o r disabi l i ty . W i t h o u t d o u b t t h e r e is a 
po ten t i a l con f l i c t a m o n g ind iv idual in te res ts and t h o s e o f soc ie ty . 
H o w e v e r , w e shou ld r e m i n d t h e reade r t h a t n o o n e chooses his 
o r h e r genes, and t h a t t h e I n f o r m a t i o n g iven by t h e m m u s t be 
con f iden t ia l . N o o n e shou ld be analyzed genet ica l ly w i t h o u t his 
k n o w l e d g e , and t h e I n f o r m a t i o n o b t a i n e d m u s t n o t be re leased 
w i t h o u t t h e c o n s e n t o f i ts o w n e r , unless i t is necessary t o avo id 
damage t o o t h e r peop le . A l l t hese aspects w e r e discussed du r i ng 
th is second w o r k s h o p , w h i c h o r i g i na ted t h e II D e c l a r a t i o n o f Va 
lencia. 

W e w e r e awa re t h a t th is w o r k s h o p cou ld n o t so lve many eth ica l 
p r o b l e m s , because t h e y encompass m o r e t han t h e sclent l f ic basis. 
B u t i nves t i ga to rs have a v e r y i m p o r t a n t r o l e , I daresay, t o d a y 
m o r e t h a n eve r ; t h e y m u s t e x p r e s s and pub l i c l y d iscuss t h e i r 
w o r k . Fo r tuna te l y t h e y have been t h e f i r s t in recogn iz ing t h e i m -
p o r t a n c e o f such ques t ions and a re a w a r e t h a t t h e i r f indings can 
be misused. Thus , t h e y a re In a perhaps less t han enviable pos i -
t i o n t o o r ig ína te pub l ic deba te a b o u t these n e w áreas. I have said 
t h a t pub l ic p o w e r s and o rgan i za t i ons c a n n o t i g n o r e t h e m , b u t 
t h e y m u s t be p r o m p t e d t o de fend and m o d i f y t h e i r p r i o r i t i e s . 

I repeat , i t is necessary t o have c lear exp lana t ions and ex tens ive 
d iscuss ions. T h e II w o r k s h o p o n i n t e r n a t i o n a l c o o p e r a t i o n f o r 
t h e H u m a n G e n o m e Pro jec t : Ethics, was a p i onee r i ng even t in as-
sembl ing an in te rd isc ip l i na ry g r o u p o f ou t s tand ing leaders in ge-
net ics , c l in ical r e s e a r c h , socia l sc lence, t h e o l o g y , h u m a n l t y and 
g o v e r n m e n t . 

I be l ieve i t w o u l d be a w a s t e n o t t o use as a basis f o r f u t u r e i m -
p l e m e n t a t i o n t h e r e s u m e o f Va lenc ia , t h e conc lus ions o f w h i c h 
w e r e reached a f te r a s p i r i t e d d iscuss ion led by D r s . W y n g a a r d e n 
and M c K u s i c k . I t is n o t e w o r t h y t h a t a l t hough t h e r e was a v ig-
o r o u s case made f o r U N E S C O ' s c o o p e r a t i o n , t h e ñame o f th is 
agency d id n o t appear in t h e D e g l a r a t i o n o f Va lenc ia due t o t h e 
la rger in f luence and n o v e l t y I be l ieve, o f t h e t h e n n e w l y f o r m e d 



H u m a n G e n o m e O r g a n i z a t i o n ( H U G O ) . F r o m m y v i e w p o i n t , | 7 
t h i s w a s a s e h o u s m i s t a k e , p a r t i c u l a r / s ince U N E S C O has a 
b r o a d n e t w o r k as w e l l as admin is t ra t i ve k n o w - h o w . In th is regard , 
and as I p o i n t e d o u t in a r e p o r t o f t h e Hast igns C e n t e r (Ju ly /Au-
gust , 1989), a n u m b e r o f c o m m e n t s w e r e heard at t h e t i m e o f 
t h e f i r s t m e e t i n g in Va lenc ia suggest ing t h a t if t h e t h e n n e w l y 
f o r m e d H U G O o rgan i za t i on w e r e t o be e f fec t ive, each n a t i o n , 
inc lud ing t h e smal l na t ions , m u s t c o n t r i b u t e t o t h e f u n d i n g ac-
c o r d i n g t o t h e i r poss ib i l i t ies . 

In r esume , I suggest t h a t c o o p e r a t i o n a t an In te rna t iona l level is 
d i f f i cu l t b u t necessary and reachab le w i t h d i f f e r e n t degrees o f 
ear ly success depend ing o n c o n t i n o u s and v i go rous expos i t i ons 
and discussions such as t h e ones w h i c h w e r e deve loped d u r i n g 
th is w o r k s h o p . 





W O R K S H O P ON INTERNATIONAL 19 
C O O P E R A T I O N FOR T H E HUMAN 
C E N O M E PROJECT. Valencia Declaratíon 
on the Human Genome Project 

1. T h e m e m b e r s o f t h e w o r k s h o p b e l i e v e t h a t k n o w l e d g e 
gained f r o m mapp ing and sequencing t h e H u m a n G e n o m e can 
have g rea t bene f i t f o r h u m a n heal th and we l l be ing . T o w a r d s 
t hese ends, par t i c ipa t ing sc ient is ts a c k n o w l e d g e t h e i r r e s p o n -
s ib i l i ty t o help ensu re t h a t genet ic i n f o r m a t i o n be used on l y 
t o enhance t h e d ign i ty o f t h e ind iv idual . T h e y also encou rage 
pub l ic deba te o n e th ica l , socia l , legal, and c o m m e r c i a l imp l i -
ca t ions o f t h e use o f genet ic I n f o r m a t i o n . 

2. T h e m e m b e r s e n d o r s e t h e c o n c e p t o f i n te rna t i ona l co l l abo -
r a t i o n f o r t h e p r o j e c t and urge t h e w i d e s t poss ib le par t i c ipa -
t i o n o f c o u n t r i e s t h r o u g h o u t t h e w o r l d , w i t h i n t h e resou rces 
and in te res ts o f each c o u n t r y . 

3. T h e pa r t i c i pan t s s t r o n g l y e n c o u r a g e para l le l s tud ies o f g e -
n o m e s o f se lec ted an imal , p lan t and m i c r o - o r g a n i s m mode l s 
in o r d e r t o ach ieve a d e e p e r unde rs tand ing o f t h e H u m a n 
G e n o m e . 

4 . T h e w o r k s h o p urges c o o r d i n a t i o n o f research and i n f o r m a 
t i o n o n c o m p l e x g e n o m e s a m o n g na t ions and across d isc i 
pl ines and specíes. 

5. T h e w o r k s h o p bel ieves t h a t i n f o r m a t i o n resu l t i ng f r o m m a p 
p ing and sequenc ing o f t h e H u m a n G e n o m e shou ld be in t h e 
pub l ic d o m a i n and made f ree l y avai lable t o sc ient is ts o f all 
c o u n t r i e s . 

6. T h e par t i c ipan ts encou rage c o n t i n u e d e f f o r t t o deve lop c o m 
pat ib le g e n o m i c data bases and n e t w o r k s and measures t o 
ensu re w o r l d - w i d e access t o these resou rces . 

7. T h e w o r k s h o p endo rses T h e H u m a n G e n o m e O r g a n i z a t i o n 
( H U G O ) as t h e lead body , in c o l l a b o r a t i o n w i t h o t h e r n o n -
g o v e r n m e n t a l and g o v e r n m e n t o rgan iza t ions , t o p r o m o t e t h e 
goals and ob jec t i ves addressed in th is dec la ra t i on . 

O c t o b e r 24 -26 , 1988 
Va lenc ia (Spain) 





II W O R K S H O P ON INTERNATIONAL 21 
C O O P E R A T I O N FOR T H E HUMAN 
GENOME PROJECT: ETHICS. Valencia 
Deciaratíon on Ethics and the Human 
Genome Project 

1. W e , t h e par t i c ipan ts in t h e Valenc ia W o r k s h o p , a f f l rm t h a t a 
c iv i l ized soc ie ty entai ls r espec t f o r human d ivers i ty , inc lud ing 
g e n e t i c v a r i a t i o n s . W e a c k n o w l e d g e o u r r e s p o n s i b i l i t y t o 
help ensure t h a t genet ic I n f o r m a t i o n is used t o enhance t h e 
d ign i ty o f t h e ind iv idua l , t h a t all pe rsons in need have access 
t o genet ic serv ices, and t h a t genet ics p r o g r a m s abide by t h e 
e th ica l p r i nc i p i es o f r e s p e c t f o r p e r s o n s , bene f i cence , and 
jus t ice . 

2 . W e be l ieve t h a t k n o w l e d g e ga ined f r o m m a p p i n g and se-
quenc ing t h e H u m a n G e n o m e w i l l have g rea t benef i t f o r h u 
man heal th and we l l be ing . W e e n d o r s e In te rna t iona l co l l abo -
r a t i o n f o r g e n o m e r e s e a r c h and u rge t h e w i d e s t poss ib le 
pa r t i c i pa t i on o f c o u n t r i e s t h r o u g h o u t t h e w o r l d , w i t h i n t h e 
resou rces and in te res ts o f each c o u n t r y . 

3. W e urge c o o r d i n a t i o n a m o n g nat ions and across discipl ines 
in t h e c o n d u c t o f r esea rch and t h e shar ing o f I n f o r m a t i o n 
and mater ia ls re la t ing t o t h e genomes o f human beings and 
o t h e r o rgan isms. 

4 . C o n c e r n s a b o u t t h e use and misuse o f n e w gene t i c k n o w 
ledge have p r o v o k e d d e b a t e in many q u a r t e r s . In a d d i t i o n 
t o d iscuss ions in p ro fess iona l c i rc les , f u r t h e r pub l ic deba te 
o n t h e e th ica l , soc ia l , and legal imp l i ca t i ons o f c l in ica l , c o m -
m e r c i a l , and o t h e r uses o f gene t i c I n f o r m a t i o n is u r g e n t l y 
n e e d e d . 

5. W e s u p p o r t e f fo r t s t o edúca te t h e publ ic , t h o u g h all means 
inc lud ing t h e press and t h e schoo ls , a b o u t g e n o m e mapp ing 
and sequenc ing, genet ic diseases, and genet ic serv ices. 

6. In l ight o f t h e g rea t increase in p rognos t i c and t he rapeu t i c In
f o r m a t i o n t h a t w i l l ar ise f r o m t h e g e n o m e p ro j ec t , w e urge 
g r e a t e r s u p p o r t f o r t r a i n i n g o f gene t i c c o u n s e l o r s and ge
net ic educa t i on o f o t h e r heal th profess ionals . 

7. A s a genera l p r inc ip ie , gene t i c i n f o r m a t i o n a b o u t an ind iv i 
dual shou ld be ascer ta ined o r d isc losed o n l y w i t h au tho r i za -
t i o n f r o m t h e ind iv idua l o r his o r h e r legal r e p r e s e n t a t i v e . 
A n y e x c e p t i o n s t o th is p r i nc ip ie r e q u i r e s t r o n g eth ica l and 
legal jus t i f i ca t ion . 



22 8- W e agree t h a t somat ic cel l gene t h e r a p y may be used f o r t h e 
t r e a t m e n t o f specif ic human diseases. G e r m - l i n e gene t h e r 
apy faces techn ica l obstac les and does n o t c o m m a n d eth ica l 
consensus. W e e n d o r s e f u r t h e r d iscussion o f t h e techn ica l , 
med ica l , and social issues o n th is t o p i c . 

N o v e m b e r 14, 1990 
Valenc ia (Spain) 
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G E N E T I C P O L Y M O R P H I S M 
A N D T H E S U R R O U N D I N G 
E N V I R O N M E N T 

Jomes Wotson 

C o l d Spr ing H a r b o r L a b o r a t o r y , N e w Y o r k (USA) 

A B S T R A C T 

The genetic differences observed between people, 
which are the basis o f human evolution, are both im-
portant and frequent, and determine the existence 
from serious illnesses to skiíls and aptitudes typicaí 
o f man. However, it is very difí icuit to show how 
much is genetic determinism and how much is envi-
ronmental inheritance. 

It is equally difficult to f ind an answer to the question 
o f how to dea! with this human genetic variability. 





W e o w e a g rea t deal o f g ra t i t ude t o Santiago Gr iso l ía f o r br ing ing 27 
us t o g e t h e r t o discuss t h e eth ica l imp l i ca t ions o f t h e H u m a n C e 
n ó m e Pro jec t . T h e H u m a n G e n o m e P ro jec t has an e x t r a o r d i n a r -
ily i m p o r t a n t ob jec t i ve : t o w o r k o u t t h e c o m p l e t e set o f i ns t ruc -
t i o n s w h i c h make us human , as d is t inc t f r o m say a m o n k e y . It is a 
d i f f icu l t q u e s t i o n , h o w e v e r , t o p r o b é h o w m u c h w e are d e t e r -
m i n e d by o u r genes as o p p o s e d t o o u r e n v i r o n m e n t . M o r e o v e r , 
even g iven t h e sum o f o u r genet ic and e n v i r o n m e n t a l her i tages, I 
d o n ' t t h i n k t h e r e is anyone h e r e in th is r o o m w h o feels t h a t in 
s o m e sense o r o t h e r he o r she d o e s n ' t have f r e e w i l l . In any 
case, w e g o a b o u t o u r lives ac t ing as if w e are n o t cons tan t l y he ld 
back by o u r genes. 

T h a t w e all d o n o t have t h e same set o f genes is obv ious . G e n e t 
ic analysis on l y can ex is t if y o u obse rve d i f fe rences b e t w e e n t w o 
i nd i v i duá i s , and i t w a s by o b s e r v i n g t h e d i s t r i b u t i o n o f t r a i t s 
passed d o w n f r o m paren ts t o p rogeny t h a t Mende l ' s laws w e r e 
w o r k e d o u t . T h e q u e s t i o n t hus becomes , are t hese d i f fe rences 
in h u m a n s m a j o r o r m i n o r ? M a n y p e o p l e w o u l d l i ke t o w i s h 
these d i f fe rences t o be m i n o r , and t h a t all human beings a re b o r n 
w i t h v i r t ua l l y equal chances t o succeed in t h e i r la te r l ives. A s sc i -
ent is ts , h o w e v e r , w e k n o w these l a t t e r longings d o n o t re f l ec t 
rea l i ty . M a j o r gene t i c d i f fe rences a b o u n d and a r e seen in t h e i r 
m o s t e x t r e m e f o r m s in indiv iduáis suf fer ing f r o m h o r r i d genet ic 
diseases l ike muscu la r d y s t r o p h y o r Tay-Sachs disease. 

T h e s e all t o o m a n y such f o r m s o f gene t i c in jus t i ce ar ise t h r o u g h 
t h r o w s o f t h e gene t i c d i ce t h a t o p é r a t e w h e n o u r s p e r m and 
egg a r e f o r m e d . T h i s g e n e t i c v a r i a b i l i t y b e t w e e n h u m a n s r e -
f lec ts t h e fac t t h a t t h e gene d u p l i c a t i o n p rocess is n o t p e r f e c t , 
and t h e n e w gene t i c m u t a t i o n s a re c o n s t a n t l y a r is ing . T h e r e is 
n o w a y t o s t o p t h i s p rocess . M o r e o v e r , t h i s v a r i a t i o n has been 
t h e basis o f o u r e v o l u t i o n . W i t h o u t t h e d i f f e ren t ia l surv iva l o f 
m o r e f i t va r ian ts , w e as h u m a n beings w o u l d n o t have o u r h igh 
p o w e r e d b ra ins t h a t have l e t us d e v e l o p t h e languages, b o t h 
s p o k e n and w r i t t e n t h a t u n d e r l i e t h e c r e a t i o n o f o u r v a r i o u s c i -
v i l i za t ions . 

T h e q u e s t i o n n o w faces us, as w e w o r k o u t t h e detai ls o f t h e h u 
man genet ic message, as t o h o w w e are go ing t o deal w i t h these 
d i f fe rences b e t w e e n indiv iduáis. In t h e past, a t t h e t i m e o f t h e Eu-
genics m o v e m e n t in t h e U n i t e d States and in England, and d u r i n g 
t h e re ign o f rac is t t h o u g h t s in Naz i G e r m a n y , t h e r e was v e r y l i t -
t l e genet ic k n o w l e d g e . M o s t decis ions t h e n w e r e made w i t h o u t 
so l id genet ic ev idence. T h e r e w e r e many p re jud ices , b u t a l m o s t 
n o real human genet ics . N o w w e have t o face t h e fac t t h a t w e 
s o o n w i l l have real facts, and h o w are w e go ing t o r e s p o n d t o 
t hem? W h o is go ing t o t a k e care o f t h o s e peop le w h o a re dis-
abled by t h e genes t h e y have inher i ted? H o w can w e c o m p é n s a t e 
t h e m f o r t h e fac t t h a t many indiv iduáis a re n o t as equal gene t -
ically as o t h e r people? I d o n ' t t h i n k w e k n o w t h e answers , and 
t h a t is w h y w e are he re f o r th is mee t i ng . 
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T H E H U M A N C E N O M E P R O J E C T 
A N D P U B L I C O P I N I O N 

jack McConnell 

H i l t o n H e a d Island, S.C. ( U S A ) 

A B S T R A C T 

Bearing in mind the rapid political-economic changes 
that have taken place on a world-wide scale over 
the last decades, wi th growing emergency o f the 
subject, the author proposes that befare continuing 
with the Human Genome Project, and in order to 
avoid future rejection o f the project by public opin
ión, this programme should be presented to society, 
including the ethical considerations it entails. 





W e are ga the red h e r e t o begin t h r e e days o f in tense e x a m i n a t i o n 
o f t h e eth ics issues o f t h e P r o g r a m t o Map and Sequence t h e H u 
m a n G e n o m e . I w i s h i t w e r e u n d e r d i f f e r e n t c i r c u m s t a n c e s . I 
w o u l d l ike t h e w o r l d t o be less t u rbu len t , w o u l d be easier t o meas-
u r e t h e ef fects o n soc ie ty o f o u r w o r k . Bu t t h a t is n o t t h e case. 
O u r p r o g r a m is j us t ge t t i ng u n d e r w a y a t a t i m e w h e n t h e w o r l d 
is in t h e m i d s t o f i ts g rea tes t p e r i o d o f t r a n s i t i o n in a c e n t u r y o r 
m o r e . In s imp le r t i m e s changes o c c u r r e d b u t w e had t i m e t o r e -
f l ec t o n t h e changes and adap t t o t h e m . N o t so n o w . T h e d o m i -
nan t t h e m e o f t h e n e x t f e w decades is t h e increas ing ra te and 
pace o f change o c c u r r i n g . I t is t r u e n o t o n l y in t h e scient i f ic a rena 
b u t in all sec to rs o f soc ie ty . 

N a t i o n a l ba r r i e r s , w h i c h have s t o o d def iant ly f o r decades, have 
c o m e t u r b l i n g d o w n in a m a t t e r o f m o n t h s . C o m m e r c i a l ba r r i e r s 
have d isappeared a m o n g s o m e o f t h e w o r l d ' s g rea t e c o n o m i e s , 
resu l t ing in t h e d e v e l o p m e n t o f n e w marke ts . In ternat iona l c o m p e -
t i t i o n is e m e r g i n g f r o m s o m e o f t h e m o s t u n e x p e c t e d places r e -
v e r s i n g t h e r o l e s o f supp l i e r s and c o n s u m e r s . W o r l d p o w e r s , 
w h o unt i l r ecen t l y faced each o t h e r t h r o u g h gun sights, n o w find 
c o m m o n g r o u n d in t r y i n g t o r o l l back aggress ion o f o t h e r s . I 
have l isted on l y a f e w o f t h e áreas af fected bu t , in t r u t h , n o s e c t o r 
is spared . 

W h i l e t h e w o r l d is d o i n g i t 's o w n t o p s y t e r v y dance, w e a re e n -
gaged in t h e d e v e l o p m e n t o f t e c h n o l o g y w h i c h may, in t h e long 
r u n , c r é a t e m o r e c h a n g e t h a n any o f t h e g l o b a l e v e n t s n o w 
u n d e r w a y . T h e y shuff le m o n e y , p o w e r , m a r k e t s and po l i t i cs . O u r 
ac t i v i t y ho lds t h e po ten t i a l t o change man a t his m o s t f u n d a m e n 
ta l level . W i t h th is in m i n d i t is impe ra t i ve t h a t w e pause in o u r 
p r o g r a m and c o m e t o g r i pe w i t h t h e e th ica l issues i n h e r e n t in 
o u r e f fo r ts . 

F o r c e n t u r i e s t h e sc ient i f i c c o m m u n i t y has been able t o o p é r 
a te w i t h a high deg ree o f a u t o n o m y and independence . W e have 
been able t o se lec t and p u r s u e o u r o w n áreas o f i n t e res t , an -
swer i ng t o v e r y f ew . W i t h t h e t rans i t ions o c c u r r i n g in society, has 
c o m e a n e w awareness by t h e publ ic t h a t t h e y w a n t t o be m o r e 
i n v o l v e d in sc ien t i f i c i n i t i a t i ves . T h e y w a n t n o t o n l y t o be i n -
f o r m e d o f t h e resu l t s o f o u r e f f o r t s b u t t o be i nvo l ved in t h e 
p lann ig and e x e c u t i o n as w e l l . T h e y m a y n o t u n d e r s t a n d t h e 
sc ient i f ic t e r m s b u t t h e y have a so l id i n tu i t i ve fee l ing rega rd ing 
t h e eth ica l issues invo lved and h o w t h e y w i l l impac t t h e m . 

Unless and un t i l w e a re fu l ly equ ipped and p r e p a r e d t o t ake i n t o 
a c c o u n t t h e i r anx ie t ies and c o n c e r n s and t o p r e s e n t o u r p r o g r a m 
t o t h e m , inc lud ing especial o u r v i ews o f t h e eth ica l issues, t h e y 
may delay o r cali a hal t t o o u r e f fo r t s . I t has happened b e f o r e and 
c o u l d easily happen again. 

T h e f o r m a t o f t h e c o n f e r e n c e has been deve loped t o p r o v i d e f o r 
an in tense e x a m i n a t i o n o f t h e eth ica l issues, and w e h o p e t h a t 



32 o c c u r s . W h e t h e r o r n o t t h e con fe rence is a success depends o n 
y o u . Y o u r insights, v is ión , i npu t o f energy and y o u r w i l l can make 
th is a g rea t con fe rence . 

Th is is as un ique o p p o r t u n i t y f o r t h e p r o g r a m t o map and se-
quence t h e H u m a n G e n o m e , f o r t h e scient i f ic c o m m u n i t y and f o r 
soc ie ty . W h e t h e r o r n o t t h e con fe rence is a success depends o n 
y o u . T h e i n p u t o f y o u r v i s ión , energy, insights and w i l l can make 
th is a g rea t con fe rence . 

N o w le t i t begin and w h e n w e finish may be able t o say w e have 
se rved w e l l . T h e P r o g r a m , t h e scient i f ic c o m m u n i t y and soc ie ty . 
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A B S T R A C T 

The construction o f a Human Genetic map is a fea-
sible aim thanks to the avaiíability o f new technol-
ogies. In this sense, ¡arge-scale cloning methods, 
amongst which the artif icial methods produced by 
yeasts (YAC) are the most highly developed, provide 
intact genes which facilítate the integration o f broad 
contiguous fragments. In this way, easy, rapid cover-
age o f ¡arge regions o f the genome is achieved. The 
analysis o f the YACs, as likewise other alternative 
techniques, shows the effort required to attain wide-
ranging mapping. 





A t t h e t i m e w h e n t h e H u m a n G e n o m e Ini t iat ive s t imu la ted discus- 37 
sions o f o p t i m i s t i c 5 o r 10-year ta rge ts f o r c o m p l e t e analysis o f 
g e n o m e s , b o t h t h e physical mapp ing and sequenc ing t h a t w e r e 
imp l ied a r o u s e d skep t i c i sm a m o n g many w o r k e r s in t h e f ie ld . In 
t h e i n te r ven ing years, t h e mapp ing goals and even s o m e o f t h e 
sequenc ing goals have b e c o m e m u c h m o r e t rac tab le . T h e reason 
is c lear: t h e avai labi l i ty o f n e w t echno logy . 

T h e n a t u r e o f t h e m a p r e m a i n s t h e same in all f o r m u l a t i o n s . 
Maps a re cha rac te r i zed by a n u m b e r o f p r o p e r t i e s , t h e ch ie f ones 
being c o n t i n u i t y and r e s o l u t i o n . Fo r c o m p l e x genomes , t h e goal 
is c lear ly t o ob ta in long- range con t i gu i t y o f D N A and , eventua l ly , 
t o e x t e n d analyses un t i l t h e t o t a l sequence o f t h e D N A is avai l-
able. In o t h e r w o r d s , c o m p l e t e c o n t i n u i t y o f t h e map w o u l d be 
ach ieved w i t h m á x i m u m r e s o l u t i o n t o t h e n u c l e o t i d e level . 

H e r e I w i l l c o n c é n t r a t e ma in ly o n t h e i m p a c t o f yeast ar t i f ic ia l 
c h r o m o s o m e s [and t o a lesser ex ten t , o f po lymerase chain react ion 
(PCR) m e t h o d s ] o n large-scale c lon ing and D N A analysis f o r map 
c o n s t r u c t i o n . I w i l l a lso discuss br ie f ly t h e d e v e l o p m e n t o f a n u m 
b e r o f p o t e n t i a l l y s t r o n g m e t h o d s t o bu i ld con t i gs and t o ap-
p roach c l o s u r e o f p a r t i a l l y - f o r m e d maps. Th is leads t o s o m e f inal 
c o m m e n t s a b o u t t h e p rog ress i ve l y increas ing c o m p l e m e n t a r o n 
o f t echno log ies - b o t h f o r mapp ing and sequenc ing, and f o r gene t -
ic and physical m a p p i n g - t h a t is mak ing a un i f ied map a feasible 
goal . 

Y A C s as a cloning vector of choice 

Regard ing t h e o p t i m a l c l o n e d u n i t f o r m a p p i n g p u r p o s e s , i t is 
n o w c lear t h a t large-scale c l on ing m e t h o d s - o f w h i c h yeast a r t i f i 
cial c h r o m o s o m e s 1 a re t h e m o s t d e v e l o p e d - can p r o v i d e even 
q u i t e large genes i n tac t and in n o r m a l c o n t e x t f o r b iochemica l 
and gene t i c s tud ies ; and t h a t such c lones can fac i l í ta te t h e as-
semb l y o f large cont igs2. A s a resu l t , t h e u n i t o f c l o n e d D N A 
used as a bu i ld ing b l o c k in t h e assembly o f cont igs is c lear ly shi f t -
ing decis ively t o w a r d s a yeast ar t i f ic ia l c h r o m o s o m e . T h e r e a re a 
n u m b e r o f reasons f o r th is ; b u t t h e y inc lude b o t h a prior/ cons i -
de ra t i ons and pract ica l l im i ta t i ons o f o t h e r m e t h o d s . 

C o n v e n t i o n a l c lon ing m e t h o d s , f o r examp le , ra re ly exceed 4 0 kb 
in inser t length . F u r t h e r m o r e , cosmids , lambdas, and o t h e r s tan
da rd v e c t o r s have been s h o w n t o c lone c o m p l e x g e n o m i c D N A 
in a biased fash ion , so t h a t m o r e t han I04 ho les m igh t be e x p e c t -
ed in a c o s m i d l ib ra ry o f H u m a n G e n o m i c D N A . 

In c o n t r a s t , Y A C s can be 2 0 - f o l d t h e size o f c o s m i d s . T h e i r 
large size means q u i c k e r and easier cove rage o f large g e n o m i c 
r e g i o n s . A l s o , w h e n t h e r e p r e s e n t a t i o n o f g e n o m i c D N A in 
Y A C s is t e s t e d , i t seems t o i nc lude m u c h if n o t all D N A c l o n e d 



38 in m o r e - o r - l e s s r a n d o m fash ion . D a t a w i t h Y A C c l on ing o f D. 
me/onogoster and C. elegans D N A have genera l l y been in a c c o r d 
w i t h th is v i e w 3 , 4 . F o r h u m a n D N A , a c o m p a r a b l e i n fe rence can 
be made f r o m at least t h r e e l ines o f ev idence : f i rs t , Y A C con t igs 
o f 2 M b o r la rger have been assembled f o r a n u m b e r o f si tes in 
t h e H u m a n G e n o m e (see, f o r examp les , refs . 2, 5, 6, and 7 ) ; sec-
o n d , sc reen ing o f a l i b ra r y o f t o t a l h u m a n D N A in Y A C s w i t h a 
s e r i e s o f s e v e r a l h u n d r e d p r o b e s f o u n d c o g n a t e Y A C s f o r 
near ly all o f t h e p r o b e s t e s t e d ( ref . 8 and B r o w n s t e i n e t al . u n -
pub l i shed resu l t s ) ; and t h i r d , t h e y ie ld o f n u m b e r s o f cogna te 
Y A C s f r o m a l i b ra r y o f f o u r g e n o m i c equ lva len ts o f X q 2 4 - X q 2 8 
Y A C s , in t h e s tud ies o f o u r l a b o r a t o r y w i t h t h a t o f M. D ' U r s o 
(see b e l o w ) , has cons i s t en t l y been ind is t ingu ishab le f r o m t h e e x -
p e c t a t i o n by Po isson s ta t is t ics - t h a t is, e v e r y segmen t o f human 
D N A seems t o have a c o m p a r a b l e chance t o be c l o n e d i n t o 
Y A C v e c t o r s 9. F igure I emphas izes t h e c o n t r a s t b e t w e e n Y A C 
and c o n v e n t i o n a l c l o n i n g sys tems schemat ica l ly . 

Y A C s are n o t an ideal c lon ing v e c t o r . Fo r examp le , I % o f t h e m 
a r e pa ten t l y uns tab le , t h r o w i n g o f f d e l e t i o n de r i va t i ves d u r i n g 
g r o w t h , and in c u r r e n t l ib rar les , 10 t o 3 0 % o f t h e c lones con ta in 
d ispara te segments o f D N A ar t i fac tua l ly c o c l o n e d f r o m d i f fe ren t 
p o r t i o n s o f t h e g e n o m e . H o w e v e r , t h e availabi l i ty o f many p robes 
and o f a n u m b e r o f Y A C s f r o m any pa r t i cu la r locus faci l i tates t h e 
iden t i f i ca t ion and analysis o f t hese ar t i fac tua l c lones - a n d o n c e 
again, t h e f r equency o f sc ramb led c lones in n o g r e a t e r t han t h a t 
o b s e r v e d in c o s m i d l ib rar les . Y A C s thus have s o m e def ic iencies, 
b u t are t h e best t h i n g available, and t h e y c o n t i n u é t o be i m p r o v e d . 

T h e handl ing and analysis o f Y A C s - l i k e so many invest igat ions o f 
D N A - is g r e a t l y f ac i l i t a t ed by t h e p o l y m e r a s e cha in r e a c t i o n , 
w h i c h p e r m i t s t h e se lect ive ampl i f i ca t ion o f specif ic bi ts o f c l oned 
D N A , faci l i tates t h e diagnosis and c o m p a r i s o n o f m u t a t e d c o m 
p a r e d t o n o r m a l D N A w l t h o u t t h e need t o c l o n e any o f t h e 
s e q u e n c e s , and a lso p e r m i t s easy r e c o v e r y o f p r o b é and se-
quence I n f o r m a t i o n f r o m c l oned D N A s - s u c h as f r o m t h e ends 
o f Y A C s l0' n - l 2 . 

T h e p o w e r o f t h e c o m b i n e d use o f Y A C s and PCR has e n c o u r -
aged t h e d e v e l o p m e n t o f a f o r m a t f o r maps t h a t p r o v i d e s a 
c o m m o n language f o r maps o f all t ypes . It is based o n t h e use o f 
" S T S ' s " o r s e q u e n c e - t a g g e d s i t e s , p r i m e r p a i r s t h a t d e f i n e 
cha rac te r i s t i c PCR p r o d u c t s f o r c o r r e s p o n d i n g po in t s in t h e ge
n o m e l3. 

Approaches to contigs 

C o m m i t m e n t t o Y A C s as t h e p r i m a r y c l o n i g t a c t i c d o e s n o t , 
h o w e v e r , d e t e r m i n e t h e se lec t ion o f a s t ra tegy f o r mapp ing . In 
par t i cu la r , t h e r e a re t w o c r i t e r i a t h a t are especial ly i m p o r t a n t : 



Cosmids 

gcatítccaatgacíagclacgacat 
gccaggittccagtaagggitattgc 
gatcgtggaatcgatccctgaccclg 
tgacgatgcgaggtcacatgaatgga 
ttggaggatcccagtccatggg acct 
ggtaccatgacagiigacggtaccgg 
tgacgtaacgtgtgcgtgcaatgcgt 
gg af catggacctga ccatgaccgat 
tgacgaccgtggtaccagacctgcca 
tacgagcvtgcattagccgaggtcca 
tgacacctaggttcccacccatgggt 
cagtcagtggticagtccgcataact 
agtcaLgctggacgtccacgtttccag 
gtacgtacggtcaggcaaacctggga 
cag i cgat cgg tacg tccag t acg te 
tgacacctaggttcccacccatgggt 
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\ 
YAC 

glacgtaTg^gtcaggcaaacctggga 
caglcgatcgglacgtccagtacglc 
tgacacctaggtlcccacccatgggt 

Figure I. The putative advantage o f YACs and other large-fragment cloning methods. 
The genome is shown as a " b o o k " , w i t h an alphabet o f the fou r di f ferent let ters 
spel l ing o u t t h e long gene t i c message o f 100,000 genes a r rayed in a t o t a l 
3,000,000,000 nucleotides. W i t h convent ional vectors, the genome is broken up 
as if i t had been shredded, in to pieces the size o f a w o r d o r phrase. A lso, a frac-
t i on sufficient t o leave 10,000 holes in the to ta l is unclonable and there fo re lost 
f r o m at tempts t o recons t ruc t t he ent i re genome f r o m fragments. In contrast , 
Y A C s are of the size o f a paragraph o r halfpage, and can clone most o r all o f the 
genome, facil itating the assembly of the ent i re genome in overlapping fragments 
(contigs). 

First , does a map r e q u i r e t h a t c l o n e d D N A be available across its 
b read th? S o m e m a p p i n g m e t h o d s , as i n d i c a t e d b e l o w , d o n o t 
c o m m i t themse lves t o t h e p r o v i s i ó n o f any substant ia l a m o u n t o f 
c l o n e d D N A . F o r med ica l and resea rch p u r p o s e s , h o w e v e r , i t 
seems ce r ta i n t h a t w o r k e r s w i l l genera l l y w a n t t o have c l o n e d 
D N A at t h e i r d i spos i t i on f o r f u r t h e r analysis. 

Second, w h a t is t o be t h e f o r m a t o f t h e map? T h e STS f o r m u l a -
t i o n is w i d e l y f a v o r e d by invest iga tors and by t h e G e n o m e In i t ia-
t i ve A d v i s o r y B o a r d in t h e U n i t e d States; b u t i t is by n o means 
agreed t o by all g r o u p s . 

I t may be useful t o indícate s o m e o f t h e a l te rna t i ve f o r m u l a t i o n s 
and techno log ies in t h e field a t p resen t . 

First , pu ised- f ie ld gel mapp ing . In th is m e t h o d , p r o b e s a re sough t 
w h i c h w i l l hyb r id i ze t o t h e same large D N A f r a g m e n t in a gel , 



40 p e r m i t t i n g t h e in fe rence t ha t t h e y can be n o f u r t h e r apa r t t han 
t h e ends o f t h a t f ragmen t . Th is m e t h o d can achieve long- range 
c o n t i n u i t y o f a map, b u t its r e s o l u t i o n is l o w ; i t is d i f f icu l t c a r r y 
o u t (because o f t h e p r o b l e m s o f m e t h y l a t i o n o f h u m a n D N A ; va-
r i ab i l i t y in gel m o b i l i t y , e t c . ) ; and i t p r o d u c e s n e i t h e r c l o n e d 
D N A ñ o r STS's as pa r t o f t h e process . 

In a v a r i a n t o f pu lsed- f ie ld gel mapp ing , " S T A R S " , reg ions sur -
r o u n d i n g speclf lc r a r e - c u t t e r r e s t r i c t l o n sites are sequenced and 
t u r n e d i n t o STS's, and t h e n local ized o n gel f ragmen ts l4. O n c e 
again, a t t h e end o f t h e mapp ing p rocess , h o w e v e r , n o c l o n e d 
D N A is available apa r t f r o m t h e small bi ts t h a t def ine t h e STARS. 

Second , in situ hyb r i d i za t i on . M o d e r n m e t h o d s , us ing n o n r a d i o -
ac t ive label ing o f p r o b e s , can o r d e r Y A C s and c o s m i d s w i t h i n 
a b o u t 3 M b o n metaphase c h r o m o s o m e s , and w i t h i n a b o u t 600 
kb using in te rphase nucle i l5, l6. I t has been suggested t h a t t hese 
m e t h o d s can be used t o al ign and even o r i e n t Y A C s a l o n g a 
c h r o m o s o m e ; b u t t h e m e t h o d does n o t use o r p r o d u c e STS's 
dur ing t h e mapp ing process, so t h a t i t y ie lds a map o f a v e r y dif-
f e r e n t f o r m a t . 

T h i r d , r a d i a t i o n h y b r i d s can be used t o d e f i n e t h e o r d e r o f 
c l oned m a r k e r s a long c h r o m o s o m e s ; b u t th is app roach m u s t be 
s u p p l e m e n t e d by o t h e r s in o r d e r t o achieve c o n t i n u i t y o r r e s o l u 
t i o n . In o n e f o r m u l a t i o n , a set o f rad ia t ion hybr ids a re used w i t h 
aux i l ia ry techn iques t o def ine t h e o r d e r o f a n u m b e r o f p r o b e s ; 
and t h e p r o b e s a re t h e n used t o sc reen l i b ra r les f o r c o g n a t e 
Y A C s l7; b u t i t is n o t c lear t h a t such m e t h o d s p e r m i t any real 
gain o v e r s t ra teg ies t h a t re l y d i r ec t l y o n cycles o f sc reen ing f o r 
Y A C s w i t h r a n d o m p robes . 

F o u r t h , Iden t i f i ca t ion o f ove r l app ing reg ions by f l n g e r p r i n t i n g o f 
c lones , a t e c h n i q u e w h i c h has p e r m i t t e d t h e assembly o f large 
cont igs f o r £. co l i l8 , S. cereWs/oe l9, and C. elegans 20, reta ins c o n 
s iderable p o w e r ; b u t i t is as y e t unc lear w h e t h e r i t can m u s t e r 
suf f ic ient d i sc r im ina t i on t o p e r m i t t h e assembly o f cont igs across 
t h e vast s t r e t c h e s o f m u c h m o r e c o m p l e x g e n o m e s ; and o n c e 
again, in its p u r é f o r m , i t ne i t he r uses ñ o r generates any STS's. A n 
e legan t f o r m u l a t i o n o f o n e v e r s i ó n o f f i n g e r p r i n t i n g has b e e n 
p r e s e n t e d by L e h r a c h , e m p l o y i n g t h e i n f o r m a t i o n d e r i v e d by 
hyb r i d i za t i on o f a ser ies o f o l i g o n u c l e o t i d e p r o b e s t o ar rays o f 
c lones 21 

T h e tac t i cs e m p l o y e d by d i f f e ren t s t ra teg ies can also va ry c o n -
s ide rab ly . F o r e x a m p l e , f i n g e r p r i n t i n g and in si tu h y b r i d i z a t i o n 
genera l ly d e p e n d c o m p l e t e l y o n hyb r i d i za t i on m e t h o d s , w h e r e a s 
o t h e r approaches e m p l o y m o r e PCR-based t echno logy . 

A t p resen t , a hea l thy sp i r i t o f c o m p e t i t i o n pervades t h e e f fo r t s a t 
long- range mapp ing , and i t w i l l n o t be c lear f o r s o m e t i m e w h i c h 
m e t h o d s w i l l be m o s t ef f ic ient , inexpens ive , and p o w e r f u l enough 



t o achieve t h e status o f m e t h o d o f cho ice . F u r t h e r m o r e , c o m m i t - 41 
m e n t t o o n e a p p r o a c h does n o t p rec lude t h e supp lemen ta r y use 
o f o t h e r s - f o r examp le , f i nge rp r i n t i ng m e t h o d s may n o t t u r n o u t 
t o be a m e t h o d o f cho ice t o gené ra te cont igs , b u t t h e y a re o f 
g rea t va lué t o ver i f y cont igs assembled by o t h e r m e t h o d s . 

O u r o w n anecdo ta l e x p e r i e n c e may be re levan t t o t h e d iscus-
s ion . In o n e o f t h e largest p i l o t tes ts t o da te , o u r g r o u p a long 
w i t h D r . D ' U r s o ' s has been mappp ing 50 M b o f D N A at t h e d is-
ta l t i p o f t h e long a r m o f t h e X c h r o m o s o m e . In t h a t p r o j e c t , a 
t a r g e t t e d l i b ra ry o f Y A C s specif ic f o r X q 2 4 - X q 2 8 D N A has been 
de r i ved f r o m a h a m s t e r / h u m a n hyb r i d cell con ta in ing t h a t D N A 
as its o n l y human c o n t e n t . T h e l i b ra ry con ta ins enough c lones t o 
p r o v i d e l ike ly coverage o f m o s t o r all o f t h e reg ión . A va r i e t y o f 
t echno log ies have t h e n been e m p l o y e d t o a p p r o a c h long- range 
con t i gu i t y w i t h ove r l app ing Y A C s 22. 

In t w o approaches t o gross mapp ing w i t h i n cy togene t i c c o m p a r t -
men ts , p r o b e s p rev ious ly assigned t o reg ions have been used t o 
f ind c o r r e p o n d i g n Y A C s and large Y A C s have also been p laced 
rough ly a long t h e c h r o m o s o m e by in situ hyb r i d i za t i on . These ap-
p r o x i m a t e loca t ions have t h e n been re f ined and con t igs assem
bled by f i nge rp r i n t i ng m e t h o d s and by wa l k i ng p r o c e d u r e s . W a l k -
ing has been d o n e , f o r examp le , by t h e use o f end -c lones f r o m 
Y A C s , by t h e i so la t i on o f e n d - f r a g m e n t s o f Y A C inser ts us ing 
PCR-based m e t h o d s , and by t h e use o f a rad ioac t i ve l y - l abe led 
Y A C as a p r o b é against t h e e n t i r e co l l ec t i on . In th is way , cont igs 
o f up t o 4 M b have been d e r i v e d , and t h e r e seems t o be n o p r o -
f o u n d b a r r i e r t o t h e reassembly o f m u c h o f t h e reg ión in o v e r 
lapping Y A C s . 

T h e r e have been t w o def ic iencies in th is w o r k t h a t have, h o w -
eve r , i nc reas ing ly c o n c e r n e d us. F i rs t , t h e w o r k p r o d u c e d n o 
STS's, so t h a t long- range con t i gu i t y was ach ieved w i t h o u t t h e d e -
s i red m a p f o r m a t , r equ i r i ng t h e add i t i on o f STS's as a de tached 
exerc i se t h e r e a f t e r . Second, hyb r i d i za t i on was used f o r t h e r e -
cogn i t i on o f Y A C s , and has o f t e n p r o d u c e d false pos i t i ves , based 
o n c r o s s - h y b r i d i z a t i o n , a n d fa l se n e g a t i v e s , b a s e d o n p o o r 
g r o w t h , w e a k signáis, e tc . W e have t h e r e f o r e t u r n e d in o u r o w n 
case t o a d i f f e ren t parad igm o f map f o r m a t i o n . 

Overlapping Y A C / S T S content mapping 

Phil ip C r e e n has suggested a pa r t i cu la r l y p r o m i s i n g w a y t o as-
semble ove r l app ing Y A C s and gené ra te a map w i t h t h e p r o g r e s -
sive accumu la t i on o f STS's, using a c o m b i n a t i o n o f t r a d i t i o n a l and 
PCR-based m e t h o d s 23. W e have a d o p t e d his m e t h o d , STS c o n 
t e n t mapp ing , f o r o u r c u r r e n t w o r k . In th is a p p r o a c h , p r o b e s and 
STS p r i m e r pairs are gene ra ted i ndependen t o f t h e co l l ec t i on o f 
Y A C s . Each p r i m e r pa i r is t h e n used t o f ind cogna te Y A C s , each 



42 o í w h i c h is recogn ized because i t p r o d u c e s t h e a p p r o p r i a t e PCR 
p r o d u c t s ta r t i ng w i t h t h e p r i m e r s . Thus , sco r i ng is abso lu te , and 
pos i t i ves can be c lear ly d is t ingu ished. F u r t h e r m o r e , t h e i r c o m -
m o n c o n t e n t o f STS's p rogress ive ly assembles Y A C s i n t o cont igs 
o f ove r l app ing D N A , In th is way , t h e f o r m a t i o n o f t h e map and 
t h e accumu la t i on o f ove r l app ing Y A C s p r o c e e d s in paral le l , and 
map c o n s t r u c t i o n makes use o f t h e d i sc r im ina t ing p o w e r o f PCR-
STS m e t h o d o l o g y . Th is m e t h o d is n o w in act ive use at t h e C e n -
t e r f o r Gene t i cs in Med i c i ne a t o u r Un ive rs i t y . 

The problem of closure and the promise 
of convergent technologies 

" C l o s u r e " remains a special , i m p o r t a n t , and st i l l v e r y chal lenging 
área in mappíng. It is st i l l n o t c lear w h e t h e r Y A C cont igs - w h i c h 
a re l ikely t o be t h e m o s t ex tens ive cont igs available f o r t h e f o r e 
seeable f u t u r e - can t r u l y be genérate a t t h e M b level e v e r y w h e r e 
a c r o s s c h r o m o s o m e s . Even i f t h e y can , t h e y w i l l p r e s u m a b l y 
reach a l im i t size a t po in t s w h e r e D N A is e i t h e r unc lonab le o r 
unstab le in Y A C s . A n d o n c e cont igs have reached l im i t size, t h e 
p r o b l e m o f f i t t i ng t h e m t o g e t h e r i n t o a longer - range con t i guous 
map ( c l osu re ) r ema ins . F o r t u n a t e l y , h e r e as w e l l , a n u m b e r o f 
m e t h o d s can be r e v i e w e d w h i c h can o r d e r and o r i e n t con t igs . 
T h e y i n c l u d e b o t h g e n e t i c t e c h n i q u e s ( l i nkage m a p p i n g ) a n d 
physical m a p p i n g t e c h n i q u e s such as in s i tu h y b r i d i z a t i o n l5' 16 
jump ing l ibrarles 24, pulsed-f ield gel e lec t rophores is 25, and rad iat ion 
h y b r i d mapp ing 26. 

It is especial ly no tab le in rega rd t o c l osu re t h a t i t is possib le t o 
deve lop mapp ing s t ra teg ies t h a t d o d o u b l e du ty . Just as ove r l ap 
p ing Y A C s can be f o u n d and a map can be s imu l taneous ly f o r -
m a t t e d using STS's, so t h e use o f STS's t h a t revea! p o l y m o r p h i s m 
in t h e h u m a n p o p u l a t i o n p r o v i d e s a w a y t o re f ine t h e gene t i c 
map , t o o r d e r con t i gs , and t o m e r g e t h e physical and gene t i c 
maps. Such approaches suggest t h a t o p t i m i s m a b o u t v e r y e x t e n 
sive long- range mapp ing o f c o m p l e x g e n o m e s w i t h i n t h e decade 
may n o t be misp laced. 
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A B S T R A C T 

The Human Genome Project really aims at identi-
fying the A D N o f organisms with genomes o f very 
different dimensions. At present, the sequencing o f 
A D N enables us to attack human illnesses, to fight 
ecological problems or study evolution. In future, mo
lecular biology will be a theoretical biology and we 
shall know the genes we all have in common, as also 
those which are different in each individual. 





T h e D N A sequence o f a g e n o m e gives us i n f o r m a t i o n a b o u t t h e 47 
genes o f t h e o r g a n i s m . T h e goa l o f t h e g e n o m e p r o j e c t is t o 
w o r k o u t all t h e genes o f t h e v e r y s imp les t o rgan isms, t h e m o r e 
c o m p l i c a t e d ones t h a t w e s tudy as mode ls , and t h e genes o f o u r 
o w n bod ies . T o d o t h a t r equ i res t h a t w e w o r k o u t t h e D N A o f 
o rgan isms w h o s e g e n o m e s range in size f r o m o n e megabase t o 
3,000 megabases. T h e smal les t o f t hese o rgan isms may have 500 
genes, a single e u k a r y o t i c cell l ike yeast may have 5,000, w h i l e w e 
have s o m e t h i n g l ike 100,000 genes. 

T h e D N A c o n t e n t o f a human cel l , w r i t t e n o u t in l e t te rs , w o u l d 
fi l l o n e t h o u s a n d 1,000-page t e l e p h o n e b o o k s . W e o f t en speak o f 
t h a t D N A as c o n t a i n i n g o r e n c o d i n g 100,000 genes . In s o m e 
ways t h a t is a m i s s t a t e m e n t o f t h e c o m p l e x i t y , because w e k n o w 
t h a t genes a re c o m m o n l y re la ted and fall i n t o fami l ies o r super -
fami l ies, each having o f t h e o r d e r o f 10 t o 100 m e m b e r s . T h e r e -
f o r e , th is c o m p l e x i t y is actual ly some th ing o f t h e o r d e r o f 1,000 t o 
a f e w t h o u s a n d d i f f e ren t gene s t r u c t u r e s . Bu t many o f t h e genes 
in o u r bod ies a re a l te rna t i ve ly sp l iced. In t h e b ra in t h e m o s t c o m 
p l ica ted p r o t e i n t h a t I k n o w , N - C A M , has a l ready a t least 50 dif
f e r e n t spl ic ing pa t t e rns . I t h i n k t h a t w h e n w e l o o k a t t h e s t r u c -
t u r e o f o u r genes and ask w h a t ind iv idual s t r u c t u r e s w i l l d o w h a t 
d i f f e ren t th ings, w e w i l l find a b o u t several m i l l i on gene var iants in 
t h e bra in and o f t h e o r d e r o f 100,000 gene var ian ts in t h e body . 
Thus , t o u n d e r s t a n d t h e ful l c o m p l e x i t y o f t h e o rgan ism is go ing 
t o be v e r y d i f f icu l t . H o w are w e go ing t o f ind o u t t hese detai ls o f 
s t r u c t u r e , and speci f ical ly h o w t h e ind iv idual genes d e t e r m i n e t h e 
ind iv idual par ts o f o u r bodies? 

T h e a n s w e r is t h a t w e a re go ing t o d o i t by sequenc ing. A l t h o u g h 
w e w i l l ident i fy a n u m b e r o f genes by mapp ing and o t h e r t e c h -
n iques, u l t ima te l y w e a re go ing t o p r e d i c t t h e m a j o r i t y o f gene 
f o r m s f r o m t h e i r sequence. 

I w o u l d l ike t o say a w o r d a b o u t sequenc ing. A t t h e m o m e n t t h e 
D N A sequenc ing t h a t w e d o in t h e l a b o r a t o r y is d o m i n a t e d by 
f o u r e l emen ts , o f a l m o s t equal d i f f icu l ty . People o f t e n t h i n k t h a t 
t h e e f f o r t o f sequenc ing is d o m i n a t e d by runn ing e l e c t r o p h o r e t i c 
gels o r d o i n g chemis t r i es . In fact , m o s t o f t h e e f f o r t is spen t in 
p repa r i ng t h e D N A , m u c h is spen t in read ing gels i n t o t h e c o m 
p u t e n and a g r e a t dea! o f e f f o r t is spen t in c o m p o s i n g t h e se
quence in t h e c o m p u t e n T h e a u t o m a t i c machines a re essent ia l ly 
dev ices f o r r e a d i n g t h e gels, and t o d a y t h e r e a re a v a r i e t y o f 
c o m p u t e r app roaches t o so lve th is p r o b l e m . T h e assembly o f se
quence is b e c o m i n g we l l - de f i ned . T h e p rocess t o t h e gels f r o m 
t h e chemis t r i es is s t ra igh t f o r w a r d , and t h e m a j o r e f fo r t , I t h i n k , 
t h a t w i l l s impl i fy t h e bu l k sequenc ing, w i l l be in so lv ing t h e first 
p r o b l e m . 

O v e r t h e n e x t f e w years t h e r e a re go ing t o be a ser ies o f large 
sequenc ing p r o j e c t s . W e a re go ing t o d o o n e o n mycop lasma . 
T h e r e a re n o w t h r e e £ coli p ro j ec t s in t h e w o r l d . T h e r e is a C. 



48 elegans p r o j e c t b e t w e e n England and A m e r i c a ; t h e r e is a yeast 
p r o j e c t go ing o n in A m e r i c a and a yeast p r o j e c t go ing o n in Eu-
r o p e . W i t h i n th is n e x t p e r i o d , t h e f i r s t large a m o u n t s o f c o h e r -
e n t D N A sequence w i l l appear . 

In A m e r i c a , t h e 1995 goals o f t h e g e n o m e p r o g r a m , s ta ted in a 
f i v e - y e a r p lan , a r e t o have s e q u e n c e d 2 0 megabases o f D N A 
f r o m m o d e l o rgan isms and t o have sequenced a p p r o x i m a t e l y 10 
megabases o f h u m a n D N A , in large, c o h e r e n t r eg ions , and t o 
have b r o u g h t t h e c o s t o f s e q u e n c i n g d o w n t o s o m e t h i n g l i ke 
$0 .50 p e r finished basepair . I t is genera l ly be l ieved t h a t t h e c o s t 
t o d a y o f sequenc ing is o f t h e o r d e r o f $ ! t o $ 2 p e r f in ished base
pair, based o n es t ima t ing w h a t t h e large, reasonab ly w e l l - t r a i n e d 
l abo ra to r i es spend in t e r m s o f do ing sequence. 

M y o w n e x p e c t a t i o n , n o w t h a t I have g i ven y o u t h e n a t i o n a l 
goa l , is t h a t t h e w o r l d is g o i n g t o change m u c h m o r e rap id ly so 
t h a t by 1995 t h e c o s t w i l l fal l t o less t han $0 .25 a base and t h e 
f i r s t h u m a n c h r o m o s o m e w i l l have been sequenced . By t h e yea r 
2 0 0 0 t h e c o s t w i l l have fal len t o s o m e t h i n g l ike a p e n n y t o a, f e w 
cents a base, and all t h e h u m a n c h r o m o s o m e s w i l l have been se
q u e n c e d . 

H o w w i l l t h i s happen? A s t h e w o r l d s t a r t s la rge s e q u e n c i n g 
p r o j e c t s in severa l l a b o r a t o r i e s , each w i l l begin t o d o d o w n t h e 
e x p e r i e n c e c u r v e , t h e l ea rn ing c u r v e , and w e w i l l d e v e l o p , as 
happens in e v e r y i n d u s t r i a l p r o d u c t i o n p r o j e c t , d e f i n e d , s i m -
p le r , a n d c h e a p e r m e t h o d s . Each i n c r e m e n t in p r o d u c t i o n by a 
f a c t o r o f t e n gene ra l l y is assoc ia ted w i t h a d r o p in c o s t by a 
f a c t o r o f t w o . T h e a m o u n t o f sequence t o be p r o d u c e d is such 
t h a t t h e c o s t s h o u l d d r o p o v e r t i m e t o t h e levéis t h a t I have 
j u s t sugges ted . 

F u r t h e r m o r e , s o m e t h i n g else is happen ing in o u r sc ience a t th is 
t i m e t h a t is genera l l y unrea l i zed . A t t h e same m o m e n t t h a t m o 
lecular b io logy has b e c o m e t h e under ly ing science t h a t pervades all 
o f b io logy , i t seems t o be fai l ing as a sc ience! T o d a y , n o t o n l y d o 
w e a t tack p r o b l e m s o f human disease, as w e discussed th is m o r n -
ing, by l o o k i n g a t genes and l o o k i n g ad D N A sequences, b u t w e 
a t tack p r o b l e m s o f eco logy by s tudy ing t h e D N A sequences o f 
bacter ia , w e s tudy p r o b l e m s o f e v o l u t i o n by c o m p a r i n g t h e D N A 
sequences o f d i f f e r e n t o rgan isms , w e s tudy p r o b l e m s in s t r u c -
tu ra l cell b io logy by l ook ing a t t h e D N A sequences o f c o m p o n e n t s 
o f t h e ce l l . M o l e c u l a r b io logy , o v e r t h e last f lve years , has pene -
t r a t e d all o f b io logy by using its abi l i ty t o isolate genes and w o r k 
o n t h e i r sequences . Y e t a t t h e same t i m e , as w e begin t a l k i ng 
a b o u t a human g e n o m e p r o j e c t , t h e n t r y i n g t o w o r k o u t all t h e 
genes o f t h e o rgan isms a r o u n d us in t h e w o r l d , p e o p l e a re w o n -
de r i ng , o r c o m p l a i n i n g , o r suggest ing, t h a t s o m e t h i n g is w r o n g 
w i t h b io logy because e v e r y o n e seems t o be sequenc ing, and w e 
all k n o w t h a t sequenc ing is b o r i n g . I t h i n k w h a t is happen ing . 



w h a t w e d o n ' t real ize, is t h a t w e a re go ing t h r o u g h a parad igm 49 
shift ; o u r sc ience is changing a r o u n d us. 

T o d a y m o l e c u l a r b l o l o g y is d o m i n a t e d by an e x p e r i m e n t a l ap -
p r o a c h : w e de f ine a p h e n o t y p e , w e f i nd a gene , w e w o r k o u t 
i ts s e q u e n c e , w e s t u d y a p r o t e l n . W e e x p e r i m e n t f i r s t a n d 
t h i n k la te r . T o m o r r o w t h a t w i H ' n o l o n g e r be t r u e . M o l e c u l a r 
b l o l o g y w i l l be d o m i n a t e d by t h e o r y : o n e w i l l t h i n k o f t h e 
p r o p e r t i e s o f a gene and t h e n go t o d o e x p e r i m e n t s . T h a t is a 
s h o c k l n g change. 

T o d a y m o l e c u l a r b l o l o g y is d o m i n a t e d by t e c h n i q u e s l i ke l i -
b rar ies , c lon ing , sequenc ing, PCR reac t ions , y e t all o f t hese a re 
b e c o m i n g m o r e and m o r e c o n v e n t i o n a l . T h e y can all be l o o k e d 
up in a b o o k , t h e Maniat is C o o k b o o k , o r purchased as ki ts, " f o l l o w 
t h e p r o c e d u r e in t h e i nse r t " . 

A l l o f t h e s e t e c h n i q u e s w i l l m o v e f r o m t h e l a b o r a t o r y i n t o sup-
p o r t fac i l i t ies o v e r t h e n e x t f e w years . T h a t has h a p p e n e d be 
fare in b io logy . In t h e I970 's , t h e r e s t r i c t i o n enzymes w e n t f r o m 
t h e f o r e f r o n t o f r esea rch in t h e l a b o r a t o r y t o be ing p u r c h a s e d . 
In 1960, o n e had t o syn thes ize rad ioac t i ve t r i p h o s p h a t e s in o r -
d e r t o w o r k o n t h e b i osyn thes i s o f nuc le i c ac ids. S o o n a f t e r 
t h a t t h e y c o u l d be p u r c h a s e d . It c o n s t a n t l y happens in sc ience 
t h a t n e w e l e m e n t s w h i c h had been b r e a k t h r o u g h s t h e n became 
c o n v e n t i o n a l th ings t h a t o n e has techn ic ians w o r k o u t o r o n e 
purchases f r o m t h e s t o c k r o o m . In t h e f u t u r e , t h e g e n o m e se-
quences w i l l be p u t in a datábase, and t h a t datábase w i l l be t h e 
m a j o r r e s e a r c h t o o l . F r o m t h o s e sequences w e w i l l p r e d i c t f i r s t 
gene p r o d u c t s , a l t e r n a t i v e sp l ic ing, and c o n t r o l sequences . T h e n 
w e w i l l p r e d i c t t h e i n t e r a c t i o n s o f gene p r o d u c t s , and f inal ly w e 
w i l l p r e d i c t t h e w a y s in w h i c h t h e genes f o r m t h e o rgan i sms . 
T o d a y , i f w e had t h e s e q u e n c e , w e c o u l d o b v i o u s l y p r e d i c t 
fami l ies o f genes, s t r u t u r e s o f r e c e p t o r s , t h e r egu la t i on o f t r a n -
s c r i p t i o n . T o m o r r o w I p r o m i s e y o u a t h e o r e t i c a l b i o l o g y in 
w h i c h w e f i r s t p r e d i c t all aspects o f gene i n t e r a c t i o n and t h e n 
go t o d o e x p e r i m e n t s . 

I said th i s parad igm shi f t is actual ly he re . T o d a y t h e datábase is 
large enough t o begin t o d o m í n a t e m o l e c u l a r b io logy . T h e reason 
f o r th is is t h a t t h e a m o u n t o f D N A sequence in t h e datábase has 
gone up 6 0 % a year f o r t h e past 15 years. T h a t is a f a c t o r o f 10 
eve ry 5 years . T o d a y t h e r e a r e 50 megabases o f sequence in t h e 
datábase. ( T h e r e a re a b o u t 10,000 l abo ra to r i es a r o u n d t h e w o r l d 
w o r k i n g o n s o m e aspec t o f sequenc ing genes) . Five years ago 
t h e r e w e r e on l y five megabases o f D N A sequence in t h e data-
base, five years be fa re t ha t t h e r e w e r e on ly 500,000 bases o f D N A 
in t h e datábase. Th is is a d rama t i c change o v e r t i m e . If o n e w o r k s 
o u t t h e s t r u c t u r e o f a gene t o d a y , one 's f i r s t ques t i on is t o go t o 
t h e c o m p u t e r t o see if s o m e b o d y has f o u n d s o m e t h i n g s imi lar . 
A b o u t 7 0 % o f t h e t i m e , s o m e b o d y has, and if t h e y haven ' t , y o u 
had b e t t e r keep y o u r eye o n t h e c o m p u t e r because a w e e k la te r 



50 s o m e b o d y else w i l l have f o u n d s o m e gene t h a t is jus t l ike t h e o n e 
y o u have f o u n d . 

W h a t consequence does th is ra te o f g r o w t h have f o r t h e fu ture? 
Five years f r o m n o w , if t h o s e rates c o n t i n u é , w e w i l l have 500 
megabases o f D N A in t h e datábase, and by t h e year 2 0 0 0 f ive 
b i l l ion bases o f D N A in t h e datábase. Th is p r o j e c t e d ra te o f i n -
crease is essentially a res ta temen t o f t he H u m a n G e n o m e p r o g r a m . 
If c u r r e n t t r e n d s c o n t i n u é , f ive years f r o m n o w o n e expec ts t o 
be d o i n g c h r o m o s o m e s a y e a r and by t h e end o f t h e c e n t u r y 
genomes a year. 

I t h i n k t h e w o r l d w i l l g o even f u r t h e r t han t ha t . T e n years la ter , 
by 2010 , I e x p e c t t h a t w e w i l l be able t o sequence a m i l l i on bases 
o f D N A f o r $ 3 0 0 . Sequenc ing w h o l e genes w i l l b e c o m e a medica l 
d iagnost ic . Y o u w i l l be able t o exam ine a gene in y o u r b o d y c o m -
plete ly . A f e w years a f te r tha t , by 2020 , I e x p e c t t h a t y o u w i l l be 
able t o go t o y o u r c ó r n e r d r u g s t o r e , and f o r $ 3 0 0 y o u w i l l be 
able t o leave a b l o o d sample and ge t a c o m p a c t disc. T h a t single 
c o m p a c t disc w i l l con ta i n a H u m a n G e n o m e ; y o u r o w n . W h e n 
w e descr ibe t h e human g e n o m e as a s t r i ng o f l e t te rs e x t e n d i n g 
all a r o u n d t h e w o r l d if w r i t t e n o u t using o n e c e n t i m e t e r f o r each 
base, i t seems i m m e n s e . In t e r m s o f t h e c o m p u t e r p o t e n t i a l i t y 
t h a t w e each have o n o u r desks, t h e I n f o r m a t i o n in t h e g e n o m e 
is n o t t h a t large. 

I e x p e c t t h a t w e a re go ing t o k n o w t h e genes t h a t w e all have in 
c o m m o n , a b o u t 9 0 % o f o u r genes, by t h e end o f t h e c e n t u r y , and 
w e w i l l k n o w m o s t o f t h e var ia t ions , t h o s e 10,000 genes t h a t dif-
f e r across human beings w i t h i n 10 t o 20 years a f te r t ha t . 

T h a t is t h e p r o b l e m t h a t faces us. I t is n o t rea l ly t h a t w e a r e 
d o i n g a n e w p r o j e c t w h i c h w i l l m a k e t h i s h a p p e n . W e a r e a t a 
p o i n t in o u r sc ience w h e r e t h e m a r c h o f k n o w l e d g e is c a r r y i n g 
us f o r w a r d t o t h e e n d t h a t w e w i l l be ab le t o e m b e d o u r -
selves, all o f o u r genes , in t h e b a c k g r o u n d o f all l i v ing spec ies 
in t h e w o r l d , and w e w i l l be ab le t o t r a c e t h e m o v e m e n t and 
c r e a t i o n o f each o f o u r genes t h r o u g h o u t t h e e n t i r e c o u r s e o f 
e v o l u t i o n . 

T h e p u r p o s e o f t h i s w e e k is t o d iscuss s o m e o f t h e e f fec ts o f 
t h i s j u m p in k n o w l e d g e . O n e e f fec t o f t h i s j u m p is a p h i l o s o p h -
ical o n e . T h e r e w i l l c o m e a m o m e n t , s o m e t i m e in t h e n e x t f i ve 
o r t e n years , w h e n t h e w o r l d rea l izes t h a t t h e r e is s o m e t r u t h 
in t h e s t a t e m e n t t h a t w e can have a h u m a n be ing o n a c o m p a c t 
d isc. T h a t is g o i n g t o be a p h i l o s o p h i c a l s h o c k t o us and t o t h e 
w o r l d because i t r e f l ec t s , in a h igh d e g r e e , t h e e x t e n t t o w h i c h 
b io log ica l sc ience de f ines , o f fai ls t o de f ine , a h u m a n be ing . H u -
mans o f t e n t h i n k o f t h e m s e l v e s t o d a y as hav ing a l m o s t i n f i n i t e 
p o t e n t i a l . A s sc ien t i s ts , o f c o u r s e , w e have had t o lea rn t o l ive 
o v e r t h e years w i t h t h e fac t t h a t o u r bod ies have a gene t i c d i c -
t a t i o n , t h a t m u c h o f o u r s t r u c t u r e and b e h a v i o r is t h e p r o d u c t 



o f genes i n h e r i t e d f r o m o u r p a r e n t s . T h e w o r l d does n o t y e t 5 I 
l ive w i t h t h i s r e a l i z a t i o n . T h e w o r l d w i l l have t o f i gh t o f f suc-
c u m b i n g t o a s h a l l o w gene t i c d e t e r m i n i s m , " m y genes m a d e m e 
d o i t ! " and a lso m u s t f i n d a ba lance b e t w e e n genes as s t r u c -
t u r a l d e t e r m i n a n t s o f t h e ind iv idua l ' s b o d y and b ra in and o u r 
ideas o f m i n d , l i b e r t y , s e l f - d e t e r m i n a t i o n , and ind iv idua l w o r t h . 
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A B S T R A C T 

The French Government has undertaken a national 
programme on the Human Genome that covers as-
pects such as: coordination o f activities, sequendng 
and A D N mapping, disagreement o f data-processing 
systems and people's training and education, and 
transferring o f information. As for the ethical impli-
cations aroused by genetic research, the French op-
tion considers that it is o f pr ime importance to set 
up internal debates in which alí social sectors are rep-
resented. In this sense, the author points out that 
French policy can fmd no current justification for ger
mina l modi f icat ion work, and wil l encourage the 
principie o f genetic non-discrimination. At the same 
time, it points to the need for a differential ethical 
discussion on the possible solutions that could be 
suggested. 





I t is a g r e a t h o n o u r f o r m e t o have been des ignated by t h e Pres- 57 
i dency o f t h e F rench Repub l i c t o a t t e n d y o u r m e e t i n g and t o 
p r e s e n t F r e n c h na t i ona l po l i c y . I t is a g r e a t h o n o u r , b u t i t is a l -
so a g r e a t cha l lenge t o have t h e o p p o r t u n i t y t o speak in f r o n t 
o f f a m o u s sc ien t i f i c w o r k e r s : because even if I a m a phys ic ian , 
f o r m e r l y a p r o f e s s o r o f m e d i c i n e , I am n o t a t all a spec ia l is t o f 
eth ics. I am n o t a t all a special ist o f H u m a n G e n o m e , o f genet ics ; 
I may be a spec ia l is t o f na t i ona l po l i cy , be ing in cha rge , in t h e 
M i n i s t r y o f H e a l t h , o f t h e gene ra l po l i c y f o r pub l i c and gene ra l 
h e a l t h . If I c o m m e n t o n t h a t p o s i t i o n , i t is j u s t because o b -
v ious l y t h a t is r e l e v a n t f o r t h e m e a n i n g o f t h e c h o l e e F rench 
a u t h o r i t i e s a t t h e h ighes t leve l had t o a t t e n d and c o n f r o n t in 
t h a t m e e t i n g . 

M y f i r s t d u t y is obv ious l y t o t h a n k t h e f ounda t i ons w h o o r g a n -
ised t h e w o r k s h o p , and t h e organ is ing c o m m i t t e e , f o r having f o -
cused th is second w o r k s h o p o n eth ics, w h i c h is obv ious l y o n e o f 
t h e m a j o r issues. Ethics o f cou rse , a t least in France, is o n e o f t h e 
m o s t i m p o r t a n t tasks re levan t t o t h e in te r face b e t w e e n science, 
po l i t i cs and d e m o c r a c y . T h e f ight f o r h u m a n r igh ts and d ign i t y 
w i l l be c o m p l e t e d , and w e d o k n o w r i sk c o m i n g f r o m severa l 
sides - s o c i a l , e c o n o m i c , po l i t i ca l s i d e s - and let 's be f rank ; science 
cou ld w e l l s u p p o r t a r i sk if w e are n o t cau t ious . 

O n t h e o t h e r hand - a n d th is is a second reason t o p u t t h e eth ics 
debate in t h e f r o n t scenes - re la t ions b e t w e e n science and soc ie ty 
w e r e n o t a lways easy, and n o t on l y in t h e past. O n e o f t h e g o o d 
reasons f o r deve lop ing eth ics is t h e g o o d o p p o r t u n i t y , and p r o b -
ably t h e best , f o r scient i f ic w o r k e r s t o c o m m u n i c a t e w i t h soc ie ty . 
A n d p r o b a b l y a l l t h e s e p r e l i m i n a r y r e m a r k s a r e o f m o s t 
p o w e r f u l s igni f ícat ion w h e n re la ted t o t h e H u m a n G e n o m e . 

T h e place o f e th ics f o r po l i t i cs in France was i l l us t ra ted in t h e 
v e r y ear ly e ight ies, w h e n t h e French g o v e r n m e n t i m p l e m e n t e d a 
nat ional c o m m i t t e e in 1983, w h i c h is a k ind o f consu l ta t i ve c o m 
m i t t e e - a n eth ics c o m m i t t e e - f o r l ife sciences and hea l th . Th is 
c o m m i t t e e e , c o m p o s e d o f 15 scient i f ic w o r k e r s , 15 peop le f r o m 
soc ie ty , and 5 rep resen ta t i ves f r o m t h e m o s t c o m m o n re l ig ions 
in France, is, as I m e n t i o n e d a m i n u t e ago, a consu l ta t i ve o n e . Bu t 
obv ious ly , near ly 8 years la ter , i t became a re fe rence , w h i c h o f 
c o u r s e w i l l n o t s u p p l e m e n t t h e Par l i ament , b u t w h i c h has o b 
v ious ly p e r m i t t e d , and even induce, an in te rna l deba te , w h i c h f o r 
us is m o s t i m p o r t a n t . 

Th is c o m m i t t e e has pos i t i ons and makes s ta temen ts o n genera l 
m a t t e r s w h i c h ar ise f r o m sc ien t i f i c p r o g r e s s in t h e last years , 
such as p rena ta l diagnosis, graf ts , and n o n - p r o f i t f o r m t issue and 
cells and eve ry th i ng f r o m t h e human body . T h e nat iona l c o m m i t 
t ee also makes s ta temen ts o n e m b r y o research and i t is in t h a t 
general b a c k g r o u n d , t h a t t h e c o m m i t t e e is n o w facing w h a t is t o 
be discussed f r o m t h e H u m a n G e n o m e and eth ics. 



58 Recent ly , in O c t o b e r 1990, t h e French g o v e r n m e n t dec ide t o i m -
p l e m e n t a na t i ona l p r o g r a m m e f o r H u m a n G e n o m e , w h i c h is 
ma in ly a p r o g r a m m e t o c o o r d í n a t e nat ional ac t iv i ty and i n te rna -
t i ona l act iv i ty . O f c o u r s e several t eams have a l ready been w o r k -
ing f o r several years o n human g e n o m e aspects, and t h e p r o b l e m 
o b v i o u s l y is t o c o o r d í n a t e t h i s ac t i v i t y , f i r s t insíde France and 
t h e n o u t s i d e . A n d m o n e y has been p u t i n t o t h a t c o o r d i n a t i o n 
p r o g r a m m e , a m o u n t i n g t o 10 m i l l i on do l la rs f o r 1991 and 20 m i l -
l ion do l la rs f o r 1992. 

A n o t h e r aspec t o f t h e p r o g r a m m e besídes t h e c o o r d i n a t i o n I 
m e n t i o n e d a m i n u t e ago, is sequenc ing o f D N A , t h a t is mapp ing 
o f cou rse , and w e k n o w t h e re la t i on t h e r e is a l ready b e t w e e n Le 
C e n t r e d 'E tudes du P o l y m o r p h i s m e H u m a i n s , c h a i r e d by Jean 
Dausse t and t h e Imper ia l Research Fund in t h e U K . T h i r d , a f te r 
sequenc ing and mapp ing , p rocess ing data systems w i l l have t o be 
d e v e l o p p e d . Bu t also t h e g e n o m e analysis o f small genomes w i l l 
be ca r r i ed o n and c o m p l e t e d in s o m e examples . 

N e x t , t h e t r a i n i n g and e d u c a t l o n o f p e o p l e and t r a n s f e r o f In 
f o r m a t i o n , w h i c h so fa r seems t h e m o s t i m p o r t a n t task , t o p e r -
m i t and t o i nduce d i cuss ion and genera l deba te b e t w e e n sc ien-
t i f i c w o r k e r s a n d t h e n a t i o n . O b v i o u s l y , as I h a v e a l r e a d y 
m e n t i o n e d , t h e d e b a t e o n t h e H u m a n G e n o m e is p r o b a b l y o n e 
o f t h e m o s t c r i t i c a l o n e s t o ra ise t h e q u e s t i o n o f e th i cs and 
w h a t t h a t means. . . 

W e have t h e o b l i g a t i o n t o o p e n t h e d iscuss ion far away , in l i t t l e 
c i r c l e s - i m p o r t a n t o n e s b u t l i t t l e o n e s . If sc ien t i f i c w o r k e r s , 
w i t h p h i l o s o p h e r s , w i t h judges and w i t h socia l w o r k e r s , a re t h e 
o n l y ones t o d iscuss t h e s e c r i t i ca l m a t t e r s , I t h i n k w e w i l l have 
t r e m e n d o u s d i f f i c u l t y in g o i n g t h r o u g h w h a t all t h e sc ien t i f i c 
k n o w l e d g e f r o m t h e H u m a n G e n o m e c o u l d b r i n g t o h u m a n s o -
c ie ty . 

I l i s tened t o t h e r e m a r k o n t h e d i f f e ren t app roach if y o u c o m 
pare t h e U n i t e d States and Europe . I d o n ' t bel ieve w e can say t h a t 
w e are c o n d u c t í n g e th ics and sc ience in t h e same w a y in Eu rope , 
as in t h e U n i t e d States w h e r e t h e y s t a r t e d o f f b u t i t d o e s n ' t 
m a t t e r w h a t happened in p rev ious years - f r o m n o w o n , w e real ly 
have t o share b o t h po in t s o f v i e w . Y o u c la im t h a t scient i f ic w o r k 
e rs a r e as ab le as o t h e r s t o d iscuss t h e s e m a t t e r s , w e l l , n o t 
qu i te ; f o r scienti f ic w o r k e r s are may be n o t qu i te l ike o r d i n a r y c i t i -
zens w h e n i t c o m e s t o d iscuss ing t h e m . W e b r i n g s o m e t h i n g 
w h i c h is, o f cou rse , uñavo idab le , t h a t is scient i f ic k n o w l e d g e , b u t 
a re w e su re w e a re q u i t e neu t ra l , be ing scient i f ical ly invo lved in 
these mat ters? 

T h e s e a re t h e discussions t h a t a re runn ing in France at t h e m o -
m e n t , and i t is m y task t o m e n t i o n th is , maybe so t h a t w e can 
t a l k a b o u t i t la ter , and also t o be a l i t t le p r o v o c a t i v e w i t h scient i f 
ic w o r k e r s . O b v i o u s l y , a t t h e m o m e n t , even if w e have s o m e 



b a c k g r o u n d ¡n eth ica l debate in France o n an off icial basis, t h o s e 5 9 
ques t i ons c o n c e r n i n g h u m a n r igh ts and d ign i t y and c o n c e r n i n g 
human g e n o m e eth ics , a re n o t qu i t e clear. T h e y a re jus t s ta r t i ng 
t o be c lear ; t h e answers , o f c o u r s e , are n o t . Maybe t h e answers 
w h i c h a re b e c o m i n g c lear a re t h o s e w h i c h w e r e deba ted in b o t h 
France and t h e EEC, and in o n e w a y I r e g r e t t h a t t h e EEC ¡s n o t 
i tself r e p r e s e n t e d in th is w o r k g r o u p , t o give a t a l k o n w h a t was 
dec ided in Brussels several m o n t h s ago, w h e n t h e M in i s te rs o f 
Research had a m e e t i n g in M a r c h 1990 t o discuss such m a t t e r s . 
Bu t su re l y s o m e p e o p l e p r e s e n t c o u l d c o m m e n t o n w h a t w a s 
said at th is mee t i ng . 

First, obv ious ly , as s o m e b o d y m e n t i o n e d , genet ic in just ice does 
n o t mean and dos n o t just i fy genet ic d i sc r im ina t i on . T w o , t h e r e 
is n o jus t i f i ca t ion a t t h e m o m e n t f o r w o r k i n g o n ge rm ina l m o d i f i -
ca t i on . T h r e e , t h e r e is, at t h e m o m e n t , jus t i f i ca t ion f o r w o r k i n g 
o n somat i c m o d i f i c a t i o n . 

T h a t is f o r Eu rope , and f o r France i t w i l l p r o b a b l y be enhanced 
w h e n t h e N a t i o n a l C o m m i t t e e f o r Ethics convenes in D e c e m b e r 
f o r t h e 1990 session. 

Bu t besides th is p r o b i e m , besides these aspects, w h i c h a re at t h e 
c e n t r e o f F rench po l i cy o n e th ics and t h e h u m a n g e n o m e , o b 
v ious ly s o m e o t h e r po in t s have t o be discussed; I mean prenata l 
diagnosis, w h i c h obv ious ly has t h r e e d i f f e ren t pa t te rns : p renata l 
diagnosis f o r t h o s e ha rmfu l diseases w h i c h a re p r e s e n t f r o m t h e 
v e r y beg inn ing o f l i fe, o r even in ú t e r o , t h a t is t h e f i r s t g r o u p . 
T h e second o n e , w h i c h arouses a d i f f e ren t eth ica l d iscuss ion, is 
t h e diagnosis o f t h o s e diseases c o m i n g la ter o n his l i fe, a t t h e age 
o f 4 0 o r 50 . A n d t h e t h i r d g r o u p o f c o u r s e is t h e g r o u p o f diag
nosis w h i c h w i l l focus o n t h e p robab i l i t y o f disease, acco rd ing t o 
s o m e o t h e r f ac to rs l inked t o these . 

W e t h i n k w e m u s t m a k e a v e r y c lear d i s t i n c t i o n b e t w e e n t h e s e 
t h r e e g r o u p s o f s i t u a t i o n s , a n d w e have t o g o f u r t h e r o n an 
ethical basis t o k n o w w h e r e t o g o and w h e r e n o t t o g o . W e 
can ' t rea l l y d iscuss and d e b a t e e th i cs and t h e h u m a n g e n o m e 
w i t h o u t p o i n t i n g o u t s o m e s e c o n d a r y aspects , as: I ) t h e re la -
t i o n b e t w e e n f o r e n s i c m e d i c i n e and gene t i c t r e a t m e n t , 2) t h e 
c o n f i d e n t i a l i t y o f I n f o r m a t i o n f r o m h u m a n g e n o m e and gene t i c 
e q u i p m e n t , w h i c h in o u r v i e w s h o u l d be p r o t e c t e d by med ica l 
sec recy jus t as any o t h e r med ica l I n f o r m a t i o n . W e can also have 
a d i s c u s s i o n o n e c o n o m i c a n d c o m m e r c i a l c o n s e q u e n c e s o f 
t hese q u e s t i o n s , w i t h b u d g e t e r y consequences t o be c o m p a r e d 
w i t h o t h e r p u r p o s e as e c h o g r a p h y o n a huge scale f o r d iagnosis 
o f m o r p h o l o g i c a l a b n o r m a l i t i e s . 

I t h i n k o f c o u r s e t h a t w e have n o cho lee; w e have t o p e r f o r m 
b o t h th ings , and w e k n o w t h a t t h e k n o w l e d g e w h i c h w i l l ar ise 
f r o m t h e H u m a n G e n o m e Pro jec t , is o n e o f t h e m o s t t r i gge r i ng 
n e w fea tu res in b io log ica l sciences, and f o r t h e human species. 



60 I apo log ise speaking a language w h i c h is n o t m y m o t h e r t o n g u e , 
o n s o m e t o p i c s r e q u i r i n g v e r y c r i t i ca l nuances, b u t t h e d e m o -
c r a t i c p o w e r o r o u r d e b a t e is s o m e t h i n g t o be s h a r e d w i t h 
e v e r y b o d y - w i t h po l i t ic ians, b u t also w i t h e v e r y o n e n e x t t o us; 
t h a t is o n e o f t h e ma in p o s s i t i o n s in F rance . T h a n k y o u v e r y 
m u c h . 
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A B S T R A C T 

With the histórica! antecedent o f Nazi-ism and un-
der pressure f rom strong, so-cailed "a l te rna t i ve " 
groups, Germán scientific policy thought that it was 
important to come to public agreement on the legal 
and ethical implications o f the application to people 
o f genetic technology. To this end, different national 
commi t tees have d rawn up d i f fe rent repor ts in 
which, apart f rom acknowledging the advantages of-
fered by genome analysis, general guidelines are 
given which reject a predictive medicine with eugen-
esic aims a n d which favour specif ic vigilance in 
precise áreas o f use and abuse such as pre-natal 
diagnosis, diagnostic testing related to employment 
and both civil and penal law-cases, protection o f da
ta and privacy. 

The scientific community, the author says, musí pro
mote all types o f differential ethics. Wi th this aim in 
mind, he ends with the presentation o f a methodo-
logical procedure, based on differentiation, assignation 
and evaluation o f specific cases, which from the moral 
and ethical po in t o f view faci l i tates d iscernment 
between the benefits and risks o f genetic research. 





In G e r m a n y , H u m a n G e n o m e Pro jec ts have been discussed u n d e r 63 
t w o perspec t ives : t h e social acceptab i l i t y o f gene t e c h n o l o g y in 
genera l and t h e eugenic aspects in par t i cu la r . G i ven t h e h is to r i ca l 
b a c k g r o u n d o f Naz i e x p e r i m e n t a t i o n and t h e ex is tence o f s t r o n g 
so cal led 'a l te rna t i ve g roups ' , w e l l c o n n e c t e d t o t h e med ia , publ ic 
c o n c e r n has been v o i c e d in regard t o m o r a l r isks assoc iated w i t h 
t h e p ro jec t s and discussed u n d e r ' w o r s t case scenar io ' perspec
t ives. Even t h e use o f t h e t e r m 'gene' , al ike t h a t o f t h e t e r m ' r e -
p r o ' , w h i c h stands f o r r e p r o d u c t i v e med ic ine , causes ove rsens i t i -
v i t y and h ipe r i r r i t ab i l i t y in s o m e sec to rs o f soc ie ty and t h e med ia . 
A m i d a basic t e c h n o p h o b i c a t t i t u d e t o w a r d s n e w f o r m s o f high 
t e c h , special fears have been exp ressed in regard t o f u t u r e dis-
c r i m i n a t i o n o f t h e r e t a r d e d and handicapped, d i sc r im ina t i on in t h e 
w o r k place and in t h e hea l th care and Insurance systems and an 
i n c r e a s e in s e l e c t i v e a b o r t i o n s f o l l o w i n g p r e d i c t i v e p r e n a t a l 
screen ing. 

M y p resen ta t i on o n t h e G e r m á n deba te summar izes ( I ) t h e d e -
v e l o p m e n t o f consensus f o r m a t i o n in publ ic po l icy , (2) t h e a l te r 
nat ive g r o u p a r g u m e n t s against g e n o m e p r o j e c t and consensus 
f o r m a t i o n , (3) p ro fess iona l and academic b ioe th ica l debates r e -
gard ing t h e H u m a n G e n o m e Pro jec t . 

Germán science policy and 
the Human Genome Project 

Science po l i cy in t h e Federal Republ ic o f G e r m a n y , since d u r i n g 
t h e last years has recogn ized t h e i m p o r t a n c e o f an t i c i pa to r y m o r 
al deba te and publ ic consensus f o r m a t i o n in regard t o t h e deve l -
o p m e n t and i n t r o d u c t i o n o f n e w t echno logy . In 1983 t h e B M F T 
(Federa l M i n i s t r y f o r Research and D e v e l o p m e n t ) M i n i s t e r D r . 
R iesenhuber inv i ted a d iverse g r o u p o f e x p e r t s t o discuss eth ica l 
and legal issues o f app ly ing gene t e c h n o l o g y t o humans. Sho r t l y 
t h e r e a f t e r an e n q u e t e c o m m i s s i o n o f t h e Bundestag was estab-
l ished and pub l ished its r e p o r t 'Chances and r isks o f G e n e t e c h 
no logy ' in 1987. T h e G e r m á n Research F o u n d a t i o n ( D F G ) and 
t h e M a x Planck Soc ie ty ( M P G ) i n t r o d u c e d p r o g r a m s f o r socia l 
and m o r a l assessment o f r esea rch and s p o n s o r e d c o n f e r e n c e s 
and pub l ica t ions . T h e n e w a p p r o a c h by M in i s t e r R iesenhuber i n -
d icates t h a t t h e e x e c u t i v e b ranch as w e l l as t h e legislat ive, and 
research fund ing ins t i t u t i ons in t h e Federal Republ ic have learned 
f r o m pol i t ica l and m o r a l m i smanagemen t o f t h e nuc lear deba te in 
G e r m a n y by encourag ing publ ic eth ical deba te p r i o r t o i n t r o d u c 
t i o n o f n e w t echno logy . 

In 1987 an enque te c o m m i s s i o n o f t h e Federal Par l iament issued 
a r e p o r t o n 'Chances and Risks o f G e n e T e c h n o l o g y ' ( B u n d e -
stagsdrucksache 10/6775) . T h e r e p o r t d iscussed d i f f e ren t scena-
r ios o f social and m o r a l accep tab i l i t y o f gene m a n i p u l a t i o n , i n -
c l u d i n g H u m a n G e n o m e s c r e e n i n g . T h e r e p o r t s r e c o g n i z e s 



64 d iagnost ic benef i ts o f g e n o m e analysis and r e c o m m e n d s t o discuss 
d i f f e ren t scenar ios , pa r t i cu la r l y t h o s e ¡n prenata l sc reen ing and ¡n 
t h e w o r k place, separately. Recommenda t i ons include nond i rec t i ve 
counse l ing , non-eugen ic use o f n e w t e c h n o l o g y , c o o p e r a t i o n w l t h 
t h e medica l p ro fess ion t o deve lop a cata logue t rea tab le diseases 
f o r p rena ta l s c r e e n i n g and f o r se l f - r egu la t i on t o d isc lose o n l y 
non- t rea tab le severe anomal les o r diseases p r i o r t o t h e 12th w e e k 
o f p regnancy, t h e d e v e l o p m e n t o f b ind ing legal p a r a m e t e r s and 
e m p l o y e r - e m p l o y e e c o o p e r a t i o n f o r g e n e t i c s c r e e n i n g in t h e 
w o r k place (Sass, 1988). 

A j o i n t Bund-Laender c o m m i s s i o n o f sén io r execut ives f r o m state 
and fede ra l g o v e r n m e n t , in May o f 1990, issued gu ide l ines r e -
fusing genera l p r o h i b i t i o n o f genet ic sc reen ing and favo r i ng spe-
cific overs igh t in regard t o specific áreas o f possible use and abuse: 
p renata l screen ing, sc reen ing in occupa t i ona l hea l th , and in civi l 
and penal c o u r t cases, p r o t e c t i o n o f data and pr ivacy. Fo r prenata l 
sc reen ing t h e legal and v o l u n t a r y access t o screen ing , t h e t r ias 
counse l ing-screen ing-counse l ing , n o sc reen ing t o t o t i p o t e n t cells 
and sc reen ing o f n o n - t o t i p o t e n t t r o p h o b l a s t cells on l y a f te r c l in -
ical sa fe ty s t a n d a r d s have b e e n d e v e l o p e d , n o n - d i r e c t i v e and 
n o n - a c u t e counse l ing , special l icensing f o r sc reen ing physic ians, 
l i m i t e d s c r e e n i n g f o r s e v e r e and u n - t r e a t a b l e a n o m a l i e s and 
diseases (no off icial l ist o f such deseases shall be p r o v i d e d ) , costs 
paid by s t a t u t o r y o r p r íva te Insurance, r e s t r i c t e d I n f o r m a t i o n t o 
parents p r i o r t o t h e 12th. w e e k o f pregnancy, part icular ly regarding 
t h e sex o f t h e f e tus , n o of f ic ia l large scale sc reen ing f o r n o n -
t rea tab le diseases. Screen ing in t h e w o r k place may n o t inc lude 
g e n e r a l D N A d iagnos i s ( c h r o m o s o m a l a n d p r o t e i n c h e m i c a l 
diagnosis on l y f o r diseases o r r isks re la ted t o t h e pa r t i cu la r w o r k 
place), i n fo rmed consent o f t h e employee (illegal screening programs 
are ¡ilegal even w h e n c o n s e n t is ob ta i ned ) , n o p reven t i ve D N A 
s c r e e n i n g b u t speci f ic c h r o m o s o m a l and p r o t e i n sc reen ing f o r 
ear ly d e t e c t i o n o f occupa t i ona l heal th r isks. N o genera l sc reen ing 
is a l l o w e d f o r t h o s e app ly ing f o r hea l th ca re o r Ufe insurance , 
specif ic sc reen ing f o r d iagnos ing v is ib le o r o t h e r w i s e d iagnosed 
r isks may be d o n e . T h e legal sys tem may n o t d o sc reen ing f o r 
cod ing a p e r s o n , o t h e r specif ic sc reen ing f o r search o r ¡n f o r e n -
sic med ic ine ( D N A f i nge rp r i n t i ng ) may be d o n e . 

These guidel ines m a r k an i m p o r t a n t consensus in G e r m á n publ ic 
po l i cy and w i l l d e t e r m i n e t h e f u t u r e cou rse o f regu la t ion , se l f - reg
u la t i on , legis l t ion and e m p l o y e r - e m p l o y e e c o o p e r a t i o n ( B u e l o w , 
1990; Sass, 1990a). T h e y a re s u p p o r t e d by p o w e r f u l g r o u p s in 
s o c i e t y a n d p o l i t i c a l p a r t i e s , e x c e p t t h e G r e e n p a r t y . T h e 
G r e e n ' s po l i t i cs " is d i r e c t e d against t h e concep ts o f b io logy and 
med ic ine w h i c h app ly genet ic eng ineer ing in a a t t e m p t t o m e r e l y 
r epa i r social and e n v i r o n m e n t a l p r o b l e m s . G e n e t i c eng inee r ing 
techn iques a re t h e p r o d u c t o f a re la t ionsh ip t o N a t u r e w h i c h is 
based o n e x p l o i t a t i o n and d o m i n a t i o n r a t h e r t han sustainabi l i ty . 
Th is is t r u e n o t o n l y f o r appl ied research b u t f o r basic research 
as w e l l ; w i t h t h e a d v e n t o f g e n e t i c e n g i n e e r i n g , b o t h a r e b e -



c o m i n g increasingly d i r e c t e d by t h e ob je t i ves o f acce lera t ing i n - 65 
dus t r ia l u t i l i za t ion o f N a t u r e . . . W e are demanding an immedia te 
hal t to o// genetic engineering research and to al l related applications 
and forms o f product ion. " ( D i e G r u e n e n , 1986, p. 2) 

In July 1990, t h e G e r m á n Gene t i c Engineer ing Law (Gengesetz ) 
i n c l u d i n g f ive r e l a t e d r e g u l a t i o n s carne i n t o f o r c é and supp le -
men ts t h e r e c o m m e n d a t i o n s o f t h e Bund-Laender g r o u p in ensur -
ing p r o t e c t i o n against r i sk and dangers ar is ing f r o m r e c o m b i n a n t 
nucle i acids c o n s t r u c t e d in v i vo . 

G e r m á n federa l g o v e r n m e n t (Bundes reg ie rung) and t h e federa l 
pa r l i amen t (Bundestag) s u p p o r t t h e Eu ropean G e n o m e Pro jec t . 
T h e f i r s t d ra f t o f t h e EC Pred ic t i ve Med ic ine P ro jec t ( C O M (88) 
4 2 4 final - S Y N 146, July 20 , 1988), h o w e v e r , caused a s t o r m y de 
bate in t h e federa l pa r l i amen t as all pos i t ions , inc lud ing t h e f ede r 
al g o v e r n m e n t had p r o b l e m s w i t h t h e semant ics o f t h e p r o j e c t 
and its possib le eugenic consequences . In par t i cu la r , t h e w o r d i n g 
" P r e d i c t i v e Med ic ine seeks t o p r o t e c t indiv iduáis f r o m t h e k inds 
o f Hiñeses t o w h i c h t h e y a re gene t i ca l l y m o s t v u l n e r a b l e a n d , 
w h e r e a p p r o p i a t e , t o p r e v e n t t h e t r a n s m i s s i o n o f t h e gene t i c 
suscept ib i l i t ies t o t h e n e x t g e n e r a t i o n " ( l . c , l . l ) was i n t e r p r e t e d 
as i n t r o d u c i n g a eugenic publ ic heal th po l i cy f o r e n t i r e Eu rope . 
W h i l e all par t ies , e x c e p t t h e G r e e n s , and t h e g o v e r n m e n t , w e r e 
in f a v o r o f poss ib le d iagnos t i c bene f i t s , all p o s i t i o n s c r i t i c i z e d 
possib le o r real eugenic i deo logy and i n t e n t i o n o f t h e p r o g r a m , 
t h e w o r d i n g and focus o f w h i c h was subsequent ly changed. I t was 
asked w h e t h e r t h e p r o g r a m w o u l d la ter cali f o r a "eugen ic o r i -
e n t e d European medica l and hea l th po l i cy and mass screening,. . . a 
European a b o r t i o n p r o g r a m m o t i v a t e d by eugen ics " (Seesing), a l -
so , w h e t h e r " w e G e r m a n s , in t h e l ight o f exper iences du r i ng t h e 
years 1933 t h r o u g h , shou ld be sensib le, even supersens ib le " in 
r e g a r d t o t h e p r o t e c t i o n o f h u m a n r i gh t s and h u m a n d i g n i t y 
(Catenhusen) ; Min is ter Riesenhuber po in ted o u t tha t germl ine in ter -
v e n t i o n shou ld n o t be accep ted and g e n o m e analysis shou ld n o t 
be used f o r hea l th po l i cy based o n eugenics, also, t h a t v o l u n t a r i -
ness and data p r o t e c t i o n shou ld be essential ( D e u t s c h e r Bunde
stag, P l e n a r p r o t o k o l l 11/122, 8 9 3 8 - 8 9 4 3 , Jan 26 , 1989). 

Alternatíve groups argumentation 
against Human Genome Projects 

T h e a l t e rna t í ve scene, a s t r o n g p r o m o t o r o f an t i cap i ta l i s t i de 
o l ogy , r e c o g n i z e d t h e p o t e n t i a l s o f t h e eugenics deba te w h e n 
t h e y p r e v e n t e d P e t e r S inger , t h e A u s t r a l i a n b i o e t h i c i s t , f r o m 
speaking as an inv i ted gues t a t con fe rences in G e r m a n y in 1989. 
Singer, in o n e o f his b o o k s , had discussed act ive euthanasia o f se-
ve re l y de fec ted n e w b o r n s . These agi ta t ions t u r n e d t h e d iscussion 
regard ing se lect ive ly w i t h h o l d i n g t r e a t m e n t f r o m severe ly hand i -
capped n e w b o r n s i n t o a deba te o f f r ee speech. Singer, in a b i t t e r 



66 a r t i c le , descr ibes his expe r iences w i t h f r ee speech and academic 
d iscourse in G e r m a n y in th is year 's f i r s t issue o f 'B ioe th ics ' (B io -
eth ics, 4 , 1990). T h e Singer debate resu l ted in t h e d e v e l o p m e n t 
o f subcu l tu ra l n e t w o r k s f r o m t h e e x t r e m e r igh t t o t h e e x t r e m e 
left, in ic iat ing a campaign 'gegen G e n und Repro ' , i. e. against gene 
t e c h n o l o g y and r e p r o d u c t i v e t echno logy . T h e annual m e e t i n g o f 
t h e G e r m á n Soc ie ty f o r A n t h r o p o l o g y and H u m a n Gene t i cs was 
canceled in 1989 due t o t h rea t s f r o m a l te rna t ive g r o u p s and o t h -
e r i n t e r n a l p r o b l e m s . T h e B o c h u m C e n t e r f o r Med i ca l Eth ics 
l a t e r in 1989 , n e v e r t h e l e s s , p r o c e e d e d w i t h an i n t e r n a t i o n a l 
w o r k s h o p o n eth ica l issues regard ing t h e H u m a n G e n o m e P r o -
j ec t and human somat i c cel l gene t he rapy . T h e local s t u d e n t o r 
g a n i z a r o n and g r o u p s associated w i t h t h e Evangel ische S tuden -
t e n g e m e i n d e ( l oca l P r o t e s t a n t s t u d e n t u n i ó n ) t h r e a t e n e d t o 
i n t r u d e and upse t t h e mee t i ng , b u t f inal ly accep ted t h e inv i ta t i on 
t o a t t e n d and t o ge t i nvo lved in t h e d iscussion. In t h e p r e t e x t o f 
t h e m e e t i n g t h e s tuden t s i m p u t e d t h a t t h e con fe rence ' s p r i m e 
and exc lus ive goal was t o d e v e l o p an acceptance s t ra tegy ( A k -
zep tanzs t ra teg ie ) f o r und isc r im ina t i ng human g e m o n e man ipu la 
r o n , f o r d i sc r im ina t i on in t h e w o r k place and f o r d i sc r im ina t ing 
against hand icapped and disable c i t izens. T h e y i m p u t e d t h a t all 
d i scuss ion o n genes w o u l d necessar i l y be a d iscuss ion o n e u -
genics, i. e. advoca t ing and p r o m o t i n g eugenics. 

In June 1990 t h e Eu ropean Soc ie ty f o r Ph i l osophy o f M e d i c i n e 
and Hea l t h C a r e (ESPMH), t h e pro fess iona l o rgan iza t i on o f E u r o -
pean b ioe th ic i s ts , was schedu led t o ho ld its 4 t h . A n n u a l M e e t i n g 
a t t h e B o c h u m Z e n t r u m f u e r Med i z i n i s che E th i k f ocuss ing o n 
' C o n s e n s u s F o r m a t i o n in M e d i c i n e and H e a l t h C a r e ' , a r a t h e r 
n o n - c o n t r o v e r s i a l m e t h o d o l o g i c a l t h e m e . N e v e r t h e l e s s , t h e r e 
g ional and nat iona l 'a l te rna t i ve scene' , inc lud ing leading lef t w i n g 
j ou rna l i s t s , d e c i d e d t h a t t h e s e ac t iv i t ies o f t h e B o c h u m c e n t e r 
and i ts p r o j e c t s in d i f fe ren t ia l e th ics had t o be p u t t o an e n d . 
T h e y s t a r t e d t h e de fama t i on campaign against ' b ioe th i cs ' in gen 
eral and cal led f o r p r e v e n t i n g t h e m e e t i n g t o t a k e place: " I t is 
m a n d a t o r y t o p r e v e n t , t h a t u n d e r t h e c loak o f t o l e r a n c e , d e m o -
cracy, and l ibera l i sm, s t rategies o f ann ih i la t ion can be d iscussed. 
Th is is t h e reason , t h a t w e w i l l p r e v e n t t h e B o c h u m cong ress " . 
(Sass, V ie fhues , 1990, p. 4 3 ) . A so cal led nat iona l n e t w o r k , led by 
t h e G e n a r c h i v in Essen (gene arch iv ) and an ad -hoc A n t i - E u t h a n a -
sia F o r u m Ruh rgeb ie t (ant i euthanasia f o r u m r u h r área) o rgan iz -
ed W i d e r s t a n d s t a g u n g e n ( res is tance meet ings) and p r e p a r e d f o r 
i n t e r r u p t i n g and harassing t h e m e e t i n g o f t h e ESPMH. T h e na-
t i o n w i d e j o u r n a l ' K o n k r e t ' ( no . 5, p. 22) e d i t e d in H a m b u r g , in its 
June issue a n n o u n c e d a ser ies o f a l te rna t i ve g r o u p act iv i t ies : June 
I -3 in C o l o g n e , 'Cong ress o f t h e Radical Lef t ' ( K o n g r e - d e r rad i -
kalen L inken) , a 2 1/2 day teach- in o n t op i cs such ' neve r a n e w 
G e r m a n y again', 'ant icapi ta l is t ic eco logy and perspec t ives o f resis
tance ' , 'eugenics ' , speakers and panel ists inc lud ing femin is ts , le f t -
radicals, k o m m u n i s t s , ex - and sti l l G r e e n s ; a o n e day c o n f e r e n c e 
June 9 in K u l t u r z e n t r u m B o c h u m Langedreer o n 'Dead l y Ethics ' 
( T ó d l i c h e E t h i k ) , o n e o f t h e t o p i c s w a s : h o w t o p r e v e n t t h e 
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f r o m B o c h u m t o Maas t r i ch t . T h e b o a r d o f t h e ESPMH, in a l e t t e r 
t o t h e ad hoc c o m m i t t e e o f e x p e r t s in b ioe th ics o f t h e European 
C o m m u n i t y ( C A H B I ) , June 18, 1990, cal led t h e events "a v io la -
t i o n o f basic d e m o c r a t i c p r inc ip ies " , and comp la i ned a b o u t " t h e 
shamefu l fact... t h a t t h e basic d e m o c r a t i c pr inc ip ies o f f r e e d o m o f 
assembly and f r e e d o m o f speech c o u l d n o t be uphe ld in a U n i -
v e r s i t y t o w n in t h e Federa l Repub l ic o f G e r m a n y , and w e feel 
t h a t t h e o c c u r r e n c e o f t h i s i n c i d e n t m u s t be m a d e p u b l i c i y 
k n o w n . W e feel su re t h a t t h e vast m a j o r i t y o f t h e G e r m á n p e o -
pie w i l l agree w i t h us t h a t i t is c o n t r a r y t o t h e i r i n te res ts and t o 
t h e i n t e r e s t s o f all Eu ropeans t h a t academic soc ie t ies such as 
o u r s a re f o r c e d t o avo id ho ld ing o u r con fe rences in t h e Federal 
Republ ic o f G e r m a n y " (Saas, V ie fhues, 1990, p. 29 f ) . 

T h e " a l t e r n a t i v e " s t ra tegy o f d ia logue refusal is based o n m i s t r u s t 
t o w a r d s t h e " e n t i r e es tab l i shmen t " , a suspic ion against a p r e s u m -
ed " c a r t e l o f o rgan i zed i n t e r e s t s " , i m p u t i n g class i n t e r e s t g u i d -
ing w i t h o u t e x e m p t i o n t h e pos i t i ons t a k e n by all speakers and 
c o n f e r e n c e par t i c ipan ts . A n a r t i c le in t h e May/June issue o f ' B o -
r iss' , a B o c h u m s t u d e n t j o u r n a l , pu ts t h e thes is , t h a t t h e m e t h o d 
o f assessing and balancing g o o d s and m o r a l goods ( G u e t e r a b w a e -
gung) s o u n d s g o o d o n p a p e r on l y , b u t w i l l n o t w o r k w h e n i t 
comes t o real- l i fe issues, because personal and g r o u p in terests w i l l 
preval í , such as t h o s e against t h e bu rdens o f car ing o f paying f o r 
hand icapped and disable c i t izens, and necessar i ly w i l l p r e p a r e t h e 
r o a d f o r euthanasia. T h e r e f o r e t h e a u t h o r s u p p o r t s t h e " s u p r a r e -
g ional coa l i t i on o f g r o u p s o f t h e r e t a r d e d and t h e c r l pp l ed , f e m i -
nist g r o u p s , enemies o f genes and r e p r o d u c t i o n " in its e f fo r t s t o 
p r e v e n t t h e c o n f e r e n c e o f " p h i l o s o p h e r s cal l ing themse lves b i o -
e th i c i s t s d i scuss ing eu thanas ia , m e t h o d s o f r e p r o d u c t i o n , and 
death c r i t e r i a " (Sass, V iefhues, 1990, p. 35f) . B ioeth ics is def ined as 
"e th i cs o f t e c h n o c r a t s " , a n e w " f o r m o f research in accep tab i 
l i t y " , o r " s e r v i c e s e t h i c s " , s e r v i n g t o " p r o v i d e a c c e p t a n c e f o r 
r i sky t echno log ies , in o r d e r t o p r o m o t e easy i n t r o d u c t i o n o f a 
heal th po l i cy ready t o accep t dead persons and t h e rea l iza t ion o f 
cos t -bene f i t based ca lcu la t ions o f k i l l ing u t o p i a s " (l.c. p. 36 ) . 

T h e a u t h o r c o n c l u d e s , t h a t t h e ESPMH m e e t i n g schedu led f o r 
B o c h u m "has t o be assessed as a c o n t r i b u t i o n t o f u r t h e r i n t r o d u c -
ing b ioe th i cs i n t o E u r o p e and pa r t i cu la r l y i n t o t h e Federa l Re
p u b l i c " , w i t h t h e i n t e n t i o n " o r f u r t h e r s u p p r e s s i o n o f c r i t i c a l 
assessment o f gene- and r e p r o d u c t i v e techno log ies o r o f a hea l th 
po l i cy exc lus ive ly o r i e n t e d a long e c o n o m i c c r i t e r i a " . 

I d o n o t t h i n k t h a t t h e ' a l t e rna t i ve g r o u p s ' r e p r e s e n t a d o m i -
nan t f o r c é in W e s t G e r m á n soc ie t y , o n t h e c o n t r a r y . B u t in t h e 
absence o f a d i f f e ren t i a t i ng m e d i a deba te and pub l ic d iscuss ion 
o n issues o f m o r a l c o n c e r n in m e d i c i n e in p a r t i c u l a r and t e c h 
n o l o g y in gene ra l , t h e y a re capable t o o rgan i ze imp ress i ve sup-
p o r t f o r ad h o c ac t i ons . F o r t h o s e ad hoc ac t i ons , t h e y e v e n -
t u a l l y m i g h t a l so g e t s u p p o r t o f a n a t i o n w i d e h a r d c o r e o f 



68 v i o l e n t a n a r c h i s t s , m u f f l e d r o w d i e s , t e r r o r i s t s , a n d t o u g h s . 
N e v e r t h e l e s s , t h e a r g u m e n t s v o i c e d by t hese g r o u p s revea l a 
cu l t u ra l and po l i t i ca l a t t i t u d e o f a p o t e n t i a l l y g r o w i n g n u m b e r o f 
so ca l led a l t e r n a t i v e ind iv iduáis and t h e i r g r o u p s w h o have l os t 
t h e i r basic t r u s t in s o c i e t y and w h o have b e c o m e susp ic ious 
even against t h o s e , w h o w o r k ha rd t o g ive t h e i r bes t in analyz-
ing and assessing t h e w r o n g s and pi t fa l ls o f m o d e r n m e d i c i n e , 
m o d e r n t e c h n o l o g y , o f t e c h n o c r a t i s m , e c o n o m i s m , and b u r e a u -
c r a t i s m . T h e y d o n o t r e p r e s e n t , as t h e y c la im, an a l t e r n a t i v e t o 
t h e ex i s t i ng soc ie ty , r a t h e r t h e fa r o u t edges o f a soc ie t y based 
o n a f a b r i c o n c o o p e r a t i o n , m u t u a l t r u s t , and s o l i d a r i t y , f o r 
w h i c h d ia logue and o p e n and fa i r d i s cou rse are essent ia i . In r e -
fus ing t h e d iscuss ion and in t h r e a t e n i n g t o ac t i ve ly p r e v e n t i n g 
consensus o r i e n t e d d iscuss ions, t h e d e s t r o y t h e f u n d a m e n t o f 
soc ie t ies based o n m u t u a l r espec t , d i scou rse , and c o o p e r a t i o n . 
In t a r g e t i n g t h e h u m a n g e n o m e p r o j e c t and o t h e r issues w h i c h 
i nc lude m o r a l r isks and dangers , t h e y a re n o t d i r e c t l y i n t e r e s t -
ed in t h e issue i tself , r a t h e r use i t t o p r e s e n t t h e i r p a r t i c u l a r v i 
s ión o f an a l t e r n a t i v e w o r i d , f o r ag i ta t i on and n e t w o r k bu i l d i ng 
a m o n g t h e d issa t is f ied and f r u s t r a t e d . S o m e o f t h e s e g r o u p s , 
such as t h e G r e e n s , f o l l o w a d o u b l e s t ra tegy o f i n v o l v e m e n t in 
t h e soc ie ta i n e t w o r k o f a l l oca t ing and dec id ing o n t h e o n e s ide, 
w h i l e o n t h e o t h e r hand c r i t i c i z i ng and v i o l e n t l y a t t a c k i n g t h e 
' s y s t e m ' f r o m t h e o u t s i d e . 

Academíc and professíonal 
bíoethical debates 

i r r a t i ona l and ideo log ica l o u t r i g h t and genera l refusai o f H u m a n 
G e n o m e Pro jec ts is a chal lenge n o t on l y t o t h e fabr ic o f a soc ie ty 
based o n c o m m u n i c a t i o n , d ia logue and m u t u a l l y shared valúes, 
b u t a iso a chal lenge f o r t h e professíonal c o m m u n i t y o f sc ient is ts , 
physicians and b ioe th ic is ts and t h e i r professíonal e t h o s . in a rgu ing 
w i t h t hese g r o u p s , m o r e is a t s take t han academic f r e e d o m and 
f r e e d o m o f speech. W e need unders tand ing , pat ience and e n d u r -
ance in n o t g iv ing up t o c o m m u n i c a t e w i t h t h o s e w h o d i s t r us t ali 
establ ished f o r m s o f c o m m u n i c a t e and d ia logue, w h o f ind secu-
r i t y in i n te rna l e m i g r a t i o n and in re fus ing c o m m u n i c a t i o n , w h o 
p re fe r v io lence o v e r d ia logue, con f l i c t o v e r c o m m u n i c a t i o n . 

T h e ag i ta t ions, u n f o r t u n a t e as t h e y are , cali f o r an increase, n o t 
an a b a n d o n m e n t , o f ali f o r m s o f d i f f e ren t i a t i ng e th ics in pub l ic 
d iscourse , in e d u c a t i o n , and in t h e professíonal and po l i t i ca l set -
t ings. O n l y increased c o m p e t e n c e in d i f ferent ia l e th ics w i l l enable 
indiv iduáis, p ro fess ions , and soc iet ies t o apply and deve lop t e c h 
no logy in a p r u d e n t , e th ica l , and social ly respons ib le way . T h e r e 
fusai o f d ia logue, t h e o p i n i o n a t e d , s t u b b o r n and dogma t i c refusai 
o f ce r ta in f o r m s o f t e c h n o l o g y and o f m o r a l t e c h n o l o g y assess-
m e n t w i l l o n l y d e s t r o y t h e social , m o r a l , and f inal ly po l i t i ca l fabr ic 
o f p lura l is t ic and t e c h n o l o g y based soc ie t ies . 
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p o r t i n g d i f fe ren t ia t ing publ ic debates and dec is ión mak ing . A s ide-
o log is ts t e n d t o a rgüe v e r y genera l on ly , i t is i m p o r t a n t t o be 
v e r y specif ic in rega rd t o v e r y specif ic benef i ts and harms , t o d o 
m o r a l scenar io assessment case by case. A s w e d o n o t discuss 
t h e m o r a l benef i t s o r ha rms o f e lec t r i c i t y , w h i c h inc lude l ight -
ening, e lec t r ic mach inery , e l e c t r o c u t i o n , e lec t r ic t o r t u r e , and make 
m o r a l assessments p r o o r c o n t r a e lec t r i c i t y based o n w o r s t case 
scena r io v i s i ó n , w e may n o t discuss H u m a n G e n o m e P ro jec t s 
in genera l u n d e r t h e aspects o f eugenic abuse o r pe rsona l and 
p ro fess iona l d i s c r i m i n a t i o n . Rather , w e w a n t t o discuss p ro fes -
sional ly and pub l ic ly its use f o r p reven t i ve d e t e c t i o n o f v e r y spe
cific hea l th r isks in v e r y specif ic w o r k places o r f o r p renata l de 
t e c t i o n o f severe genet ic c h r o m o s o m a l her i tage o f u n b o r n life a t 
r i sk o r f o r D N A f i nge rp r i n t i ng o f c r iminá is . These scenar ios o f f e r 
h igh m o r a l , m e d i c a l , and soc ia l bene f i t s o v e r l o w r i sk and n o 
h a r m . O t h e r scenar ios , such as r o u t i n e genera l genet ic sc reen ing 
o f e n t i r e popu la t i ons , cod ing specif ic indiv iduáis w i t h l ong t e r m 
heal th r isks o r p renata l sex se lec t ion p resen t high m o r a l ha rms 
and r isks assoc ia ted w i t h m in ima l o r negl ig ible m o r a l o r social 
benef i ts . O p e n and p lura l is t ic soc iet ies w i l l agree o n many g o o d 
scenar ios and o n many u n w a n t e d and uncal led f o r ; t h e r e w i l l be 
d i sag reemen t in regard t o s o m e scenar ios in t h e m idd le . Bu t t h e 
d i f f e r e n t i a t i o n b e t w e e n typ ica l scenar ios o f use and abuse w i l l 
he lp n o t on l y researches, physicians, and po l i t ic ians, b u t m o s t o f 
all t h e e d u c a t e d ind iv idua l c i t i zen in assessing t h e benef i ts and 
l imi ts o f any f o r m o f n e w t e c h n o l o g y , inc lud ing t h e techno log ies 
w h i c h a l l o w us t o ident i fy , d iagnose, and eventua l ly heal and ma
n ipú la te t h e H u m a n G e n o m e her i tage. 

T h e B o c h u m C e n t e r f o r Medica l Ethics has deve loped a Scenar io 
D e v e l o p m e n t P r o c e d u r e f o r m o r a l assessment o f speci f ic n e w 
scenar ios de f ined by n e w use o f t e c h n o l o g y o r use o f n e w t e c h 
no logy and c o m p l e x m o r a l conf l i c ts (Sass, 1990b). T h e m o r a l as
sessment p r o c e d u r e f o l l o w s p r o v e n m e t h o d s in t e c h n o l o g y as
s e s s m e n t a n d r i s k ana lys is o r i g i n a l l y d e v e l o p e d in c o m p l e x 
techn ica l o r e c o n o m i c s i tua t ions f o r r isk r e d u c t i o n and r i sk p r e -
v e n t i o n . T h e m o r a l scenar io assessment m e t h o d avoids basic ide-
ological o r metaphys ica l we l tanschauung discussion and c o n f r o n 
t a r o n . Its t w o f i r s t steps analyze and discuss m o r a l and techn ica l 
p r inc ip ies and facts establ ish ing t h e f r a m e w o r k o f a specif ic sce
na r io . T h e n e x t t w o steps c o m p a r e and assess scenar io mod i f i ca -
t i ons p r o v i d i n g d i f fe ren t m o r a l r isk pa ramete rs and d i f fe ren t m o r 
al b e n e f i t - h a r m balances. T h e scenar io assessment m e t h o d has 
p r o v e n t o be a m o s t ef fect ive f o r m s o f deve lop ing pro fess iona l 
eth ics e x p e r t i s e in s imu la t ing and ant ic ipa t ing real- l i fe chal lenges 
t o eth ica l e x p e r t i s e in t h e w o r k place and in persona l l ife. T h e 
use o f m e t h o d o l o g i c a l l y re f ined m o r a l scenar io assessment p r o -
cedures is o f pa r t i cu la r i m p o r t a n c e in p lura l is t ic soc ie t ies f o r de 
ve lop ing e x p e r t i s e in c o m p l e x and consensus o r i e n t e d valué as
sessment in c o n c r e t e s i tua t ions and f o r d e t e r m i n i n g t h e c o u r s e 
o f ac t ion in apply ing, deve lop ing and s t e w a r d i n g n e w techno logy . 



70 inc lud ing gene t echno log ies . Fo r a m o r a l l y respons ib le , po l i t i ca l ly 
p ruden t , and cu l tura l ly c o m f o r t a b l e acceptance o f H u m a n G e n o m e 
Pro jec ts d i f fe ren t ia t ing m o r a l scenar io p r o c e d u r e s m u s t be used 
in (a) consu l t i ng o n publ ic po l i cy o p t i o n s , (b) p ro fess iona l scenar
io assessment, (c) a n t i c i p a t o r y r i sk analysis, and (d) single case 
eva lua t ion . 

M o s t a u t h o r s in t h e pub l i ca t ion w h i c h came o u t o f t h e m e n t i o n -
ed B o c h u m m e e t i n g in 1989 (Saas, 1990), in assessing t h e p r o b 
able m o r a l and societa l benef i ts , hsks and ha rms o f H u m a n G e 
n o m e Pro jec ts and h u m a n gene t he rapy , use t h e m e t h o d o l o g i c a l 
approach o f d i f ferent ia t ing, al locat ing, and assessing mid- leve l m o r 
al pr inc ip ies and techn ica l r isks and uncer ta in t ies in c o n c r e t e sce-
nar ios in discussing t h e m o r a l benef i ts and r isks o f t h e H u m a n 
G e n o m e Pro jec t . 
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S C E N A R I O D E V E L O P M E N T P R O C E D U R E 

1. PROBLEM I D E N T I F I C A T I O N 

a) Col lect ing technical data. 

b) Col lect ing significant human data. 
c) Identif ication o f valué elements. 
d) Discuss relat ions between technical and human valúes. 

2. DEVELOP ALTERNAT IVE SCENARIOS FOR A C T I O N 

a) Establish reasonable possibilit ies f o r each scenario. 
b) Identify ethical principáis in each scenario. 
c) Determine ethical costs and risks in each scenario. 
d) Discuss ethical and technical cost-benef i t assessments. 

3. PRESENT A SET O F ALTERNATIVE SCENARIOS 

a) Discuss uncertainty in each scenario prognosis. 
b) Present technical cost-benef i t - r isk assessments. 
c) Present ethical cost-benef i t - r isk assessments. 
d) Discuss differences in benef i t -cost-r isk balances. 

4. FORMULATE A JUSTIF ICATION FOR Y O U R SELECTION 

a) Specify you r reasons fo r the selected course of act ion. 
b) Clearly present the ethical basis f o r your act ion. 
c) Understand ethical shortcomings of you r justi f ication. 
d) Ant icípate and discuss object ions t o your selection. 
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H G M P Resource C e n t r e . 
H a r r o w , M i d d x ( U n i t e d K i n g d o m ) 

A B S T R A C T 

The author suggests that the meaning o f ethics is 
not univocal and that by shielding themselves behind 
it, many could deprive mank ind o f the impor tant 
benefíts the Human Genome Project could contribute, 
a project which on the other hand poses no more 
risks than any other human activity. The efficiency o f 
the project should be judged on the strength o f the 
result ing equi l ibr ium between benefíts and draw-
backs it may offer. The author moreover insists on 
the planning o f the control o f its possible dangers 
and this could be comed out at three leverls: profes-
sional ethics, legisiative control and by means o f 
international agreements. 
The Human Genome Project in the United Kingdom 
is o modest one and importance is currently given to 
the work o f coordination and facilitating research, as 
l ikewise to po ten t i a t i ng ex is t ing capaci t ies a n d 
encouraging interest in British industry. It is o/so 
considered that any discoveries made should be pub-
lic property. 





A view from the 77 
United Kingdom 

I t is w o r r y i n g t h a t t h e w o r d " e t h i c s " has no single o r s imple mean-
ing. T h e r e w a s an a r t i c l e in A p r i l ' s Sc ient i f i c E u r o p e a n a b o u t 
"Eth ics and b io techno logy " ; I cou ld see no th ing in i t t h a t I i m m e d i -
ate ly u n d e r s t o o d t o be i nhe ren t l y an eth ical issue. 

I have used t h a t pa r t i cu la r examp le t o t r y t o focus m y o w n c o n -
cerns a b o u t t h e p resen t deba te . T h e r e is n o w a m a j o r e th ics i n -
dus t ry . Large sums are spen t o n eth ical deba te . It is se l f -ev ident 
t h a t an eth ica l f o r u m such as th is ¡s a chal lenge t o ident i f y p r o b -
lems. A c l o u d is c r e a t e d beh ind w h i c h t h o s e w h o - f o r w h a t e v e r 
r e a s o n - w i s h t o o p p o s e i nves tmen t in g e n o m e analysis can h ide 
mo t i ves o t h e r t han eth ica l c o n c e r n s . If any lesson d e r i v e d f r o m 
t h e gene t i c m a n i p u l a t i o n deba te o f t h e m id -70s can be app l ied 
he re , i t may be t h a t t h e real issue is comp l i ca ted by t h e h idden 
agendas o f t h e p ro tagon is ts . T h e v e r y w o r d " e t h i c s " is i tsel f p o -
t e n t : if I o p p o s e y o u o n t h e g r o u n d s t h a t y o u r ideas o r ac t ions 
a re une th ica l , I am c la iming t h e m o r a l high g r o u n d in a w a y t h a t is 
on l y a l i t t l e m o r e soph is t i ca ted than saying y o u are " w i c k e d " . 

I bel ieve t h a t s tud ies o f human genet ics have a g rea t pos i t i ve p o -
ten t ia l t h a t c o u l d be unnecessar i ly f r u s t r a t e d if t o o m u c h eth ica l 
song and dance is made i r respons ib ly . A s in m o s t human act iv -
i t ies, t h e r e is n o d o u b t a b o u t t h e ha rmfu l po ten t i a l in k n o w l e d g e 
o f genet ics . If t h a t l a t t e r po ten t i a l c o u l d n o t be c o n t r o l l e d , t h e n 
w e have a p r o b l e m , b u t I remain unconv inced t ha t t h a t is t h e case. 

T h e m o s t press ing eth ica l ques t i on is w h e t h e r i t can be r igh t t o 
deny access t o po ten t i a l l y available and a f fo rdab le k n o w l e d g e . By 
" a f f o r d a b l e " I mean t h a t t h e necessary m o n e y is t h e r e and t h e r e 
is no b e t t e r w a y t o spend i t . B u t t h o s e are n o t e th ica l cons ide ra -
t i ons . It seems a s h o r t s tep f r o m t h e refusal o f access t o th is n e w 
k n o w l e d g e , because i t might be misused ( h o w e v e r t h a t is de f ined 
o r judged) , t o res t r i c t i on o f access t o ex is t ing know ledge : t o b u r n -
ing b o o k s and t o censorsh ip . 

T h e e f fec t i veness o f t h e U K H u m a n G e n o m e P r o j e c t w i l l be 
judged o n t h e scale and t h e balance o f benef i ts and d isbenef i ts 
t h a t s t e m f r o m t h e app l i ca t i on o f t h e k n o w l e d g e t h a t accrues . 
T h e P r o j e c t i tsel f has n o i n h e r e n t d isbenef i ts . T h e r e m u s t be n o 
con fus ión w i t h t h e deba te 15 years ago a b o u t w h e t h e r genet ic 
manipulat ion, as a labora tory pract ice, might be inherent ly hazardous. 
T h e o n l y r o l e o f t h e deba te n o w is t o de f ine w h a t d isbenef i ts 
might resu l t f r o m t h e app l i ca t ion o r misapp l ica t ion o f t h e k n o w 
ledge and , so far as is p rac t icab le , t o be p r e p a r e d t o set up safe-
guards t o e l imínate unnecessary d isbenef i ts and t o l im i t unavo id -
able ones - i f t h e r e a re s u c h - t o s o m e acceptab le level . If t h e r e 
a re m a j o r p o t e n t i a l s f o r g o o d , t h e n t h e emphas is m u s t be o n 



78 p lanning f o r c o n t r o l , t o r e s t r i c t ques t ionab le o u t c o m e s , n o t o n 
w h e t h e r t h e w o r k shou ld go ahead at all. 

T h e r e a re t w o o b v i o u s levéis o f c o n t r o l . I accep t t h a t t h e ex ls t -
Ing p o w e r o f med ica l gene t l cs raises ques t i ons o f p ro fess iona l 
eth ics - t h e re la t i onsh lp b e t w e e n d o c t o r and p a t i e n t - t h a t have 
n o t been reso l ved . I see n o t h i n g in th is p r o b l e m t h a t is qua l i ta -
t i ve ly n e w o r inso lub le . 

T h e r e is a second level - a s i l l us t ra ted by t h e reléase o f gene t i c -
a l l y -eng ineered m i c r o - o r g a n i s m s - w h e r e t h e r e a re s t r o n g f inan-
cial incent ives t o courses o f ac t ion t h a t a re social ly undes i rab le . 
Legislat ive c o n t r o l is t h e o n l y possib le s o l u t i o n . 

T h e r e may be a t h i r d level o f c o n t r o l by means o f In te rna t iona l 
c o n v e n t i o n s , o f t h e s o r t a p p r o p r i a t e f o r b io logical o r chemica l o r 
nuc lear w a r f a r e , if i t is t h o u g h t t h a t states may misuse t h e k n o w -
ledge. 

T h e p lann ing o f t h e U K P ro jec t has had t o take a c c o u n t o f t h e 
re la t ive ly m o d e s t scale o f s u p p o r t and o f t h e poss ib i l i ty o f a m a -
j o r US p r o g r a m m e . T h e fac t t h a t o t I I m i l l i o n w a s e x p l i c i t l y 
e a r m a r k e d by t h e G o v e r n m e n t f o r th is par t i cu la r P r o j e c t impl ies 
t h e i m p o r t a n c e ( in t e r m s o f in te rna l scient i f ic pol i t ícs) o f deve l -
op ing , w i t h i n t h e t h r e e - y e a r ini t ial t i m e span, a signif icant U K pos i -
t i o n . T h e key t o t h e U K p r o g r a m m e is t h e select ive expans ión o f 
ex is t ing s t reng ths c o u p l e d w i t h an e f f o r t t o c o o r d í n a t e and faci l í
t a t e all such w o r k . I t is se l f -ev ident t h a t t h e p resen t f o r m o f o p -
e ra t i on in U K m o l e c u l a r an cl inical genet ics is inef f ic ient , in t h a t a 
n u m b e r o f re la t ive ly small t eams are l o o k i n g f o r a f e w genes o r 
needles - t h e ones t h a t i n t e res t t h e m - in a genet ic haystack. A 
m a j o r s t ra teg ic t h r u s t in t h e U K P ro jec t is a sys temat ic need le -
pick ing exerc ise, t o save t i m e and e f fo r t and give w o r k e r s a chance 
t o ge t m o r e d i r ec t l y i n t o cl in ical and b io log ica l analysis. A n o t h e r 
analogy w o u l d be w i t h t h e s o r t o f i ndex ing sys tem t h a t gives y o u 
s o m e idea w h a t a pa r t i cu la r b o o k is a b o u t - a n d w h e r e i t is o n 
t h e s h e l v e s - It is sti l l up t o y o u t o f ind o u t w h e t h e r t h e c o n t e n t s 
a re real ly w h a t y o u w a n t , and d o s o m e t h i n g w i t h t h e m . 

h ie re is w h a t I accep t t o be a m a j o r eth ica l c o n s i d e r a r o n : t h a t i t 
w o u l d be m o r a l l y w r o n g f o r t h e data de r i v ing f r o m g e n o m e m a p -
p ing p r o j e c t s n o t t o be in t h e publ ic d o m a i n . T h a t is ce r t a i n l y 
s t rog l y be l ieved by t h e U K scient i f ic c o m m u n i t y . O u r datábase 
w i l l be a p r íva te o n e , in t h a t i t w i l l h o l d o n l y t h e o u t c o m e o f o u r 
(and any co l l abo ra to r s ' ) p r o g r a m m e : a l ist ing o f t h e par t ia l ly char-
ac te r ízed f ragmen ts o f genes w e have pu l ied o u t o f t h e haystack. 
Bu t i t w i l l be publ ic t o o . W o r k e r s w i l l be able t o have t h o s e f rag 
men ts as t o o l s t o map t h e g e n o m e ; t h a t in t u r n w i l l f u r t h e r char -
ac ter íze t h e f ragmen ts , and t h o s e w h o s e ob jec t íve is genes r a t h e r 
t han m a p - d r a w i n g w i l l be able t o have b o t h any need le t h a t l ooks 
i n te res t i ng and t h e means t o bu i ld up a p i c t u r e o f t h e c o m p l e t e 



g e n e . O n e e x p l i c i t c o n d i t i o n w i l l be t h a t t h e r e s u l t i n g d a t a 79 
t hemse lves g o i n t o o n e o f t h e publ ic databases. 

W e a r e e n j o i n e d t o f u r t h e r t h e i n t e res t s o f U K i n d u s t r y : t h e 
main c o m m e r c i a l benef l ts w i l l p resumab ly c o m e e l t h e r f r o m diag-
nost ics o r , a t l onger - range , f r o m ra t lona l d r u g deslgn. I see n o 
p r o b l e m In i ndus t r y t ak ing away data o r mater ia ls f r o m o u r c o l -
l ec t i on . T h e c o n d i t i o n , in any case, w i l l be t h a t t h e U K P r o j e c t 
re ta ins o w n e r s h i p o f t h e or ig ina l needles and , even if o n i y as a 
f o r m a l i t y , a say and a stake in subsequen t c o m m e r c i a l e x p l o i t a -
t i o n and t h a t I n f o r m a t i o n c o m e s back. 

I t is d i f f icu l t t o assess t h e ex is t ing level o f s u p p o r t in t h e U K f o r 
t h e t o t a l i t y o f w o r k t h a t m i g h t be he lped by t h e U K Pro jec t ; i t 
can hard ly be less p e r year t h a n 3 t i m e s t h e annual a m o u n t be ing 
c o m m i t t e d t o t h e P ro jec t . W h a t w e have t o increasing ef f ic iency 
and ef fect iveness, t h e p r o j e c t m o n e y has y ie lded an i n c r e m e n t in 
p e r f o r m a n c e g r e a t e r t h a n w a s l i k e l y t o have b e e n a c h i e v e d 
s imply by spend ing t h e e x t r a o n " m o r e o f t h e same" . 

W h e t h e r th is w i l l w o r k rema ins t o be seen. If i t does , t h e n t h e 
pos i t i ve consequences m igh t be i m p r o v e d unde rs tand ing o f t h e 
m e c h a n i s m o f disease, n o t j u s t t h o s e resu l t i ng f r o m single-gen 
de fec ts , b e t t e r d iagnos is and t h e r a p y , and m o r e p r e c i s e l y - t a r -
ge ted p r e v e n t i v e med ic ine . Each o f t h o s e hopes genera tes s o m e 
ambiva lence. Th is i n h e r e n t c o m p l e x i t y o f t h e issues may be a fac
t o r in d a m p i n g d o w n in te res t . T h e r e is n o c lear ra l ly ing p o i n t f o r , 
say, t h e a n t i - a b o r t i o n lobby : b e t t e r diagnosis o f genet ic defects 
m igh t r e d u c e t h e d e m a d f o r a b o r t i o n s o r m i g h t increase i t . 

T h e m o d e s t scale o f t h e U K v e n t u r e and t h e sty le o f dec is ion -
mak ing a re t w o o t h e r poss ib le reasons w h y t h e level o f publ ic i n 
t e r e s t is l o w : c o n c e r n s , in so fa r as t h e y sur face a t al l , e i t h e r d o 
so in t h e c o n t e x t o f t h e US p r o g r a m m e o r a l ready ex is t , in t e r m s 
o f w o r r i e s a b o u t on -go ing genet ic research and cl in ical p ra t i ce . 
T h e p e r c e p t i o n , r ight ly , is t h a t w h a t w e are p u t t i n g i n t o e f fec t is 
a plan t o d o m o r e o f w h a t is a l ready go ing o n , m o r e ef f ic ient ly , 
econom ica l l y and ef fect ive ly. So n o n e w p r o b l e m s ar ise. 

I t w o u l d be reg re t t ab le if i nh ib i t ions in o n e c o u n t r y w h e t h e r t h e y 
ar ise f r o m par t i cu la r eth ical sensi t iv i t ies o r f r o m a la rm at t h e scale 
o f w h a t is p r o p o s e d - s p i l l e d o v e r i n t o o t h e r s . T h a t is o n e reason 
w h y t h e misleading impress ion o f a single H u m a n G e n o m e Mapping 
P r o j e c t s h o u l d be a v o i d e d . A head l ine in t h e " N e w S c i e n t i s t " 
shou t ing " W h a t ' s w r o n g w i t h t h e H u m a n G e n o m e P r o j e c t " jars 
n o less w h e n i t t u r n s o u t t h a t i t is t h e US p r o g r a m m e t h a t is 
being c r i t i c i sed , and by an A m e r i c a n : po l i t ic ians r e s p o n d t o head-
lines. It seems best - a s we l l as a c c u r a t e - t o see t h e c u r r e n t act iv -
i ty w o r l d w i d e as r e p r e s e n t i n g a w h o l e ser ies o f ind iv idua l and 
i n d e p e n d e n t p r o g r a m m e s , w i t h i n t h e c o n t e x t o f a w i d e s p r e a d 
p e r c e p t i o n t h a t H u m a n G e n o m e m a p p i n g is a f i e l d r i p e f o r 
d e v e l o p m e n t . 



80 Some issues o n t h e agenda f o r th is m e e t i n g - f o r examp le t h e i m -
p l icat ions o f genet ic sc reen ing f o r life assurance o r as a p r e l i m i 
n a r / t o e m p l o y m e n t - seem t o be m a t t e r s o f social po l i cy r a t h e r 
t h a n eth ics, and bes t dea l t w i t h in an e v o l u t i o n a r y and pragmat ic 
w a y . It may be t h a t w h a t I am accept ing in t h a t s t a t e m e n t is t h a t 
in p rac t i ce eth ica l cons ide ra t i ons a re on l y mater ia l in l o o k i n g a t 
act iv i t ies t h a t a re d ispensable o r w h e r e t h e r e are c lear a l te rna -
t i ve ways t o a g iven e n d : f o r examp le , research can be inh ib i ted if 
i t is pa in ted as " u n e t h i c a l " . Bu t G o v e r n m e n t s have a w i d e range 
o f acceptab le f r e e d o m f o r t ak ing ac t i on t h a t damages indiv iduáis. 

W h e n any substant ia l advance in medica l research is de l i ve red i n -
t o p rac t i ce , in t h e c o n t e x t o f inev i tab ly l im i t ed resou rces , dec i 
s ión - p e r h a p s life and dea th d e c i s i o n s - a re imp l ied t h a t f a v o u r 
s o m e pe rsons a t o t h e r s ' expense . Indiv idual o r g r o u p eth ics a re 
t h e n d isp laced by t o u g h c o r p o r a t e p ragmat i sm; if t h e y w e r e n o t , 
t h e Na t i ona l Hea l t h Serv ice w o u l d cease t o o p é r a t e . 

T h e life assurance business, t o t ake a n o t h e r examp le o f c o r p o 
ra te act iv i ty , is n o t t h e r e t o ac t as a char i t y and t h e r e is n o p res -
c h p t i v e h g h t t o life assurance. If t h e app l i ca t ion o f genet ic a d -
vances means t h a t m o r e peop le t han at p resen t a re d e e m e d t o 
r e p r e s e n t high o r even unacceptab le r isks, t h a t raises ques t ions 
such as w h e t h e r t h e m o n e y t h e res t save by a m o r e prec ise de f i -
n i t i on o f t h e actuar ia l r isks t h e y r e p r e s e n t shou ld n o t be balanc-
ed by s o m e e x t e n s i ó n o f s tate unde rp inn ing . 

In t h e U K , s o m e , a t least, o f t h e eth ica l conce rns I in fe r f r o m t h e 
p r o g r a m m e o f th is m e e t i n g a re a l ready t h e sub jec t o f s t a t u t o r y 
c o n t r o l ( f o r examp le , t h e D a t a P r o t e c t i o n A c t , and t h e legis lat ion 
g o v e r n i n g e m b r y o research , w h i c h w i l l ban g e r m - l i n e gene t h e r -
apy) o r o f eth ica l gu idance o f g r e a t e r o r lesser f o r c é , f r o m b o -
dies such as t h e Br i t i sh Medica l Assoc ia t i on o r t h e Medica l Re
search C o u n c i l . I t may be i n n o c e n t t o say t h a t t h o s e cons t ra in t s 
a re ef fect ive, but , t o t a k e t h e examp le o f r e c e n t p roposa ls f o r leg
is la t ion in t h e US, t o r e q u i r e w r i t t e n c o n s e n t f r o m an e m p l o y e e 
b e f o r e his medica l h i s t o r y is d isc losed t o an actual o r po ten t i a l 
e m p l o y e r , m y u n d e r s t a n d i n g is t h a t th is is t h e we l l - es tab l i shed 
p rac t i ce in t h e U K and , m o r e o v e r , d isc losure is l im i ted t o m e d i 
cal p rac t i t i one rs . In th is c o n t e x t " e t h i c s " rea l ly means an e l e m e n t 
o f p ro fess iona l c o n d u c t : h o w , f o r examp le , medica l data re la t ing 
t o an indiv idual a re hand led by his medica l p r a c t i t i o n e r . 

Ethical issues, w i t h i n a f o r u m such as th is , can be t r e a t e d in a w a y 
t h a t is b o t h t o o subt le and ove rs t r essed . Th is p r o b l e m has been 
c o m p o u n d e d by t h e na tu re and scale o f t h e US p r o g r a m m e - a t 
least as c o m m o n l y pe rce i ved . 

In aggregate, t h e e x p e n d i t u r e o f medica l research char i t ies in t h e 
U K exceeds t h e budge t o f t h e M R C ; t h e y a re a p o t e n t f o r c é in 
d e t e r m i n i n g w h a t t h e r e s e a r c h agenda is. S o m e a r e e x p l i c i t l y 
c o n c e r n e d w i t h s ingle-gene c o n d i t i o n s such as cyst ic f ib ros is and 



muscu la r d y s t r o p h y ; o t h e r s - f o r examp le , t h o s e t h a t deal w i t h 8 i 
h e a r t d isease, d i abe tes , a r t h r i t i s and r h e u m a t i s m , c á n c e r and 
s o m e f o r m s o f psych ia t r ic i i l ness - n o w have a m a j o r i n te res t and 
inves tment in genet ics. So far as I am aware , none o f t h e char iet ies 
has m a j o r r ese rva t i ons a b o u t s u p p o r t i n g t h e ob jec t i ves o f t h e 
U K H u m a n G e n o m e Mapp ing Pro jec t . T h e genera l publíc in t h e 
U K are gene rous in s u p p o r t i n g t h e w o r k o f t h o s e char i t ies . Even 
m o r e i m p o r t a n t , t h o s e w h o a re d i r ec t l y a f fected, as suf ferers and 
t h e re lat ives o f t h o s e a f fec ted, a re genera l ly s t r o n g in s u p p o r t o f 
pu rsu i t o f t h e cause o f diseases. T h e robus tness o f t h e a t t i t udes 
o f t h o s e m o s t d i r ec t l y a f fected is s o m e t h i n g t h a t shou ld n o t be 
o v e r l o o k e d . T h e r e s p o n s e o f a p a t i e n t asked w h e t h e r he w i l l 
agree t o 'h is ' cells be ing used f o r research is su rp r i se t h a t such 
eth ica l de l icaty surfaces in t h e r o u g h and t u m b l e o f n o r m a l m e d i 
cal r o u t i n e . I suppose if I w e r e ser ious ly ill I m igh t n o t be a w a r e 
enough t o feel degraded by be ing t r u n d l e d in m y bed t h r o u g h t h e 
main publ ic c o r r i d o r s o f a hosp i ta l , b u t t h a t is a d is t ress ing sight I 
am exposed t o as an o b s e r v e r eve ry w o r k i n g day. W h e t h e r o r 
n o t t h o s e pa t ien ts ' cells o r D N A o r w h a t e v e r ge t i n t o o u r labor -
a t o r y seems an u t t e r l y t r i v ia l issue by c o m p a r i s o n . W h a t d o " p r i -
vacy" , " c o n f i d e n t i a l i t y " and " i n f o r m e d c o n s e n t " mean in t h a t c o n -
tex t? 

T h e r e is all t h e d i f f e r e n c e in t h e w o r l d b e t w e e n , o n t h e o n e 
hand, gu id ing t h e medica l p ro fess ion i n t o handl ing indiv iduáis sen-
s i t i ve ly w i t h awa reness o f t h e r am i f i ca t i ons o f c o m p l e x issues 
and, o n t h e o t h e r hand, t ak ing b l o c k dec is ions o n behal f o f all i n 
d iv iduáis . T h e q u e s t i o n w h e t h e r m y d o c t o r s h o u l d te l l m e if I 
have cáncer o r t h e gen f o r H u n t i g t o n ' s disease o r w h a t e v e r is 
o n e t h a t in t h e last r e s o r t I w a n t t o answer . I feel s t rong l y a b o u t 
that , bu t I feel equal ly s t rong ly t h a t o t h e r s have a r ight t o d i f fe rent 
ind iv idual v iews . I d o n o t w i s h e i t h e r t o impose m y o w n p r e f e r -
ences o n o the rs o r t o have o the rs prescr ibe w h a t is " r i g h t " f o r me. 

If t h e d iscussion at t h e p resen t m e e t i n g ex tends pos i t i ve ly t o t h e 
f o r m u l a t i o n , n o t jus t o f p r o b l e m s , b u t o f so lu t ions , in a f o r m t h a t 
actual ly meshes w i t h t h e processes by w h i c h t h e so lu t i ons m i g h t 
be i m p l e m e n t e d , w e l l and g o o d . M y app rehens ion is t h a t t h e d e 
bate w i l l a b o r t a t t h e stage w h e r e i t does n o t h i n g b u t raise o b -
jec t i ons , and , m o r e o v e r , t h a t t h e same w i l l be t r u e t h e n e x t t i m e 
t h e issue is d iscussed, and t h e n e x t t i m e , and.. . A n d t h e danger is 
t h a t g o v e r n m e n t s w i l l c h o o s e t h e easy o p t i o n , w h i c h is t o s t o p 
t h e research , n o t because t h e no ise gene ra ted by t h e eth ica l de 
bate looks m o r e i m p o r t a n t - i n t e r m s o f e lec to ra l c a l c u l a t i o n s -
than benef l ts t h a t may be a l ong w a y in t h e f u t u r e . 
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S C I E N T I F I C A N D E T H I C A L 
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Paolo Vezzoni * 

I s t i t u to d i T e c n o l o g i e b i o m e d i c h e Avánza te , C N R ( Ins t i t u te o f 
A d v a n c e d B io -med ica l T e c h n o l o g y , C N R ) 

A B S T R A C T 

Within the scientific ambit o f the Human Genome 
Project, Italy thought it preferable to potentiate ex-
isting centres and research teams. M oreo ver, it was 
dedded to concéntrate work on one specific genomic 
región: the t e rm ina l por t ion o f the ¡ong a rm o f 
chromosome X , cal led Xq24 -q te r . Tunnel-ef fect 
microscope techniques are o/so being developed. 
As for the ethical aspects o f the project, an agree-
ment has been reached in Italy, by which genother-
apy o f somatic cells is permitted, but not that o f ger
minal cells. And as for the danger o f any possible 
discrimination o f bearers o f abnormal features, it is 
thought that this could be regulated by laws and 
professional ethical codes. 

* Paper w r i t t e n in co l labora t ion w i t h 
Elena R e d o l f i , A n n a l i s a F r a t t i n i and 
Monica Repet to . 





I w o u l d l lke t o t h a n k t h e o rgan ise rs f o r g iv ing m e t h e o p p o r t u - 85 
n i t y t o speak a b o u t t h e sc len t l f i c o r g a n i z a t l o n o f t h e H u m a n 
G e n o m e p r o j e c t in I ta ly and a b o u t t h e e th i ca l p r o b l e m s t h a t 
can be ra ised in th is á rea and t h e w a y i t has been t a c k l e d in o u r 
c o u n t r y . 

T h e Ital ian p r o j e c t s t a r t ed in 1987 and i t was f unded by t h e main 
scient i f ic agency in Italy, w h i c h is t h e Cons ig l i o Naz iona le del la 
R i ce rche ( N a t i o n a l Research C o u n c i l , C N R ) . T h e N o b e l Pr ize 
Renato D u l b e c c o , an Italian sc ient is t w h i c h is n o w Pres iden t o f 
t h e Salk I ns t i t u te , was asked t o ac t as c o o r d i n a t o r t o p r o v i d e 
sc ien t i f i c adv ice and t o e n s u r e t h e i n t e r n a t i o n a l i t y o f p r o j e c t , 
since w e fe l t f r o m t h e beginn ing t h a t th is p r o j e c t shou ld be car-
r i ed o u t o n l y in a In te rna t iona l c o n t e x t . 

F o r t h e f i r s t t h r e e yea rs w e have a l l o c a t e d a b o u t 1.7 m i l l i o n 
do l l a r s f o r each y e a r in a p r o g r a m t h a t was eva lua ted y e a r by 
year . N o w th i s p r o j e c t has b e e n i n s e r t e d in a w i d e r p r o j e c t o n 
m o l e c u l a r b i o l o g y t h a t lasts f r o m 1991 t o 1995, and in t h i s w a y 
t h e surv iva l o f t h e p r o j e c t has been assured f o r a t last 5 years 
w i t h t h e same a m o u n t o f a b o u t 2 m i l l i o n do l l a r s . If i t is t a k e n 
i n t o a c c o u n t t h a t t h e s e f igu res d o n o t i nc lude salar ies f o r ¡n-
v e s t i g a t o r s , i t is poss ib le t o see t h a t , even if t h e y c a n n o t be 
c o m p a r e d t o t h e a m o u n t o f m o n e y t h a t is s p e n t in t h e U n i t e d 
States, t h e y a r e in t h e same o r d e r o f m a g n i t u d e as o t h e r E u r o -
pean in i t i a t i ves . 

It was dec ided t h a t t h e p r o j e c t w o u l d focus o n a single specif ic 
reg ión , t h a t is t h e t e r m i n a l p o r t i o n o f t h e long a r m o f t h e X c h r o -
m o s o m e , a n d i n s t e a d o f b u i l d i n g a n e w c e n t r e f o r g e n o m e 
studies, w e t r i e d t o po ten t ia te exist ing units already w o r k i n g o n t h e 
genet ics o f th is c h r o m o s o m e o r plannig t o w o r k o n techno log ica l 
d e v e l o p m e n t s o n mapp ing and sequenc ing, s ince i t was fe l t t h a t 
techno log ica l advances w e r e abso lu te ly needed t o c a r r y o n th is 
p ro jec t . 

Tab le I summar i zes s o m e o f t h e research aspects t h a t have been 
ca r r i ed o u t u n d e r t h e aegis o f t h e p r o j e c t as we l l as s o m e p u b -
l ished resu l ts a l ready o b t a i n e d . T h e tab le s h o w s also s o m e In te r 
nat ional co l l abo ra t i ons t h a t have been set up in t h e f r a m e w o r k 
o f t h e p r o j e c t , s ince w e s t rog l y t h i n k t h a t la rger benef l ts t o t h e 
scient i f ic p rog ress can c o m e f r o m c o o p e r a t i o n in th is área. 

In th is r e g a r d w e w i l l m e n t i o n h e r e o n l y t h e c o l l a b o r a t i o n b e -
t w e e n i ta l ian r e s e a r c h e r s and t h e W a s h i n g t o n U n i v e r s i t y in St 
Lou is , t h a t led t o t h e c o n s t r u c t i o n o f a Y A C l i b ra r y f r o m t h e 
cell l ine X .3000 .1 I, a h u m a n / h a m s t e r hyb r i d con ta in ing t h e c h r o -
m o s o m a l r e g i ó n X q 2 4 - q t e r as t h e o n l y h u m a n c o m p o n e n t . 
U n d e r t h e d i r e c t i o n o f D r . D . Schlessinger a l o t o f w o r k has 
been d o n e in m a p p i n g th i s g e n o m e r e g i ó n w i t h t h i s p o w e r f u l 
n e w t o o l , as w i l l be d i s c u s s e d in S c h l e s s i n g e r a n d D ' U r s o 
papers in th i s same m e e t i n g . 



36 Table I: Partial list of activities of the Italian Human 
Genome Project and of the international collaboratíons. 

Mapping, Y A C vectors ( 1 , 2 ) 
Mapping, t radi t ional vectors (3-6) 

In situ hybridizat ion 
Au toma t i on (7, 8) 
STS map o f the Zq24 -q te r 
Scanning tnnel ing microscopy (9) 
C o m p u t e r sequence analysis 
Ethical evaluation (10) 
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In add i t l on , t h e c o n s t r u c t i o n o f conven t i ona l phage and c o s m i d l i 
b rar les f r o m t h e same hyb r i d has led t o t h e p r o d u c t i o n o f many 
useful c lones t h a t have been used in l inkage analysis and physical 
mapp ing . Some c lones have been mapped t o c h r o m o s o m a l bands 
and a re c u r r e n t l y inves t iga ted f o r assoc ia t ion w i t h gene t i c d is -
eases. In si tu hyb r i d i za t i on w i t h n o n rad ioac t i ve p r o b e s has been 
ex tens ive ly used t o map Y A C and o t h e r c lones. 

A n o t h e r p r o g r a m p u r s u e d in t h e f r a m e w o r k o f t h e p r o j e c t is 
t h e c o n s t r u c t i o n o f an STS (Sequence Tagged Sit) map o f t h e 
X q 2 4 - q t e r . T h e ma in f e a t u r e o f t h i s a p p r o a c h is t o sequence 
smal l p ieces o f D N A mapp ing in th is reg ión and establ ish t h e i r 
o r d e r a long t h e c h r o m o s o m e , as p r o p o s e d by O l s o n and c o -
w o r k e r s in 1989. T h e cho lee o f segments f o r STS map c o u l d be 
c o m p l e t e l y r a n d o m , b u t w e plan t o sequence f ragmen ts c ióse t o 
t h e so cal led C p G islands. In th is r ega rd , Eag I s i te c o n t a i n i n g 
c lones have been o b t a i n e d by c o n s t r u c t i n g a specia l ized l i b ra ry 
and by subc lon ing c o s m i d s d iges ted w i t h r a r e c u t t e r enzymes , 
m a p p e d t o c h r o m o s o m a l bands w i t h a panel o f hyb r i ds and se-
q u e n c e d w i t h a u t o m a t e d dev ices. T h e advantage o f th is C p G is-
land-based map is t h a t t h e de r i v i ng STS map is, a t least in s o m e 
w a y , gene-assoc ia ted . 

A c o m p l e t e l y n e w a p p r o a c h t o t h e analysis and sequence o f t h e 
g e n o m e is also invest igated in t h e p ro j ec t . Th is p r o g r a m is based 
o n a n e w t echno logy , t h e scanning t unne l i ng m i c r o s c o p y . D i r e c t 
v isual izat ion o f t h e d o u b l e he l i x o f D N A is o b t a i n e d ( ) and i t is 
n o t imposs ib le t h a t in f u t u r e sequences c o u l d be o b t a i n e d w i t h 



t hese means. Th is w o u l d a l l o w t o increase t h e speed o f sequenc- 87 
ing t h a t is real ly needed if w e w a n t t o ex tens ive ly sequence t h e 3 
b i l l ion nuc ieo t i des - l ong human g e n o m e . 

Ethical p r o b l e m s associated w i t h th is p r o j e c t have been discussed 
f r o m t h e beg inn ing . D e f i n i t i o n o f all t h e genes o f t h e H u m a n 
G e n o m e c o u l d p r o v i d e b e t t e r diagnosis and perhaps t h e r a p y o f 
many genet ic diseases, and e v e r y o n e agrees o n t h e po ten t i a l ben -
ef l ts f o r t h e mank ind t h a t can de r i ve f r o m t h e H u m a n G e n o m e 
Pro jec t . T h e r e a re h o w e v e r several aspects o f th is research t h a t 
deserve care fu l eva lua t ion . A m o n g t h e m w e w i l l discuss br ie f l y 
t w o p r o b l e m s : gene t h e r a p y and resul ts d isc losure . 

A s far as gene t h e r a p y is c o n c e r n e d , a w i d e a g r e e m e n t has been 
recen t l y reached o n th is m a t t e r by a panel o f e x p e r t s inc lud ing 
sc ient is ts, po l i t ic ians, e th ic is ts as we l l as theo log ians f r o m t h e Ro 
mán Ca tho l i c C h u r c h . T h e panel recogn ized t h e l ice i ty o f somat i c 
cell gene t h e r a p y since in th is case t h e t h e r a p y does n o t d i f fer in 
pr ic ip le f r o m o t h e r k inds o f t he rapy , f o r examp le b o n e m a r r o w 
t r a n s p l a n t a t i o n ; g e r m l ine gene t h e r a p y is n o t a l l o w e d f o r t h e 
m o m e n t , s ince t h e po ten t i a l benef i ts a re coun te rba lanced by t h e 
poss ib i l i t y t o h a r m t h e e m b r y o (especial ly by inse r t i ona l m u t a -
genesis t h a t o c c u r f requen t l y in t ransgenic mouse mode ls ) ; in add i -
t i o n , t h e r e a r e fears t h a t t h e s e t e c h n i q u e s c o u l d be used f o r 
changing t h e H u m a n G e n o m e . 

D i sc l osu re o f genet ica l tes ts f o r e m p l o y m e n t as we l l as f o r m e d i 
cal and l i fe Insu rance is a n o t h e r poss ib i l i t y . C o n t r a r y t o w h a t 
happens in U n i t e d States, access t o medica l insurance is n o t a 
p r o b l e m in I ta ly s ince hea l th ca re is all g o v e r n m e n t s u p p o r t e d 
and n o b o d y can be e x c l u d e d f r o m hea l th ca re o n t h e basis o f 
genet ic d iagnosis. 

D i s c l o s u r e o f r e s u l t s o b t a i n e d w i t h n e w g e n e t i c s t e c h n i q u e s 
cou ld be used t o d isc r imína te peop le ca r ry ing an a b n o r m a l t r a i t 
mani fes t ing i tsel f on ly la ter in l i fe, as i t happens in H u n t i n g t o n ' s 
disease, b o t h in e m p l o y m e n t and in life insurance, b u t i t is fe l t 
t h a t again these i n f o rma t i ons a re n o t v e r y d i f f e ren t f r o m o t h e r 
I n f o r m a t i o n a l ready available w i t h o t h e r conven t i ona l means ( f o r 
e x a m p l e , p r e d i c t i v e t es t s f o r p r e d i s p o s i t i o n t o d iabe tes ) . T h i s 
área can be easily regu la ted by law, keep ing in m ind t h e o íd m e d i 
cal ru le o f p ro fess iona l secre t . In add i t i on , i t is n o t imposs ib le t o 
t h i n k t ha t in f u t u r e individual life insurance becomes a general fea-
t u r e s u p p o r t e d by t h e s tate. 

In conc lus ión , t h e H u m a n G e n o m e Pro jec t in Italy is n o w we l l es-
tab l i shed, even if n o t in t h e large scale as in U n i t e d States. N o big 
G e n o m e C e n t r e s have b e e n e s t a b l i s h e d , b u t sma l l e x i s t i n g 
g r o u p s have been encou raged t o w o r k focus ing o n a de f in i te p o r -
t i o n o f t h e H u m a n G e n o m e . In s o m e aspects t h e m o n e y a l located 
f o r t h e p r o j e c t is n e w m o n e y f o r genet ics research c o m m u n i t y 
and t h e p r o j e c t w i l l g rea t l y bene f i t b o t h basic and appl ied genet ic 
research in Italy. 
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A B S T R A C T 

The ethics developed in the USSR has been impreg-
nated with orthodox Marxism and has had a strong 
political component. At present, ethics and moráis 
are guiding Soviet society in a more human way. 
Today, the H u m a n Genome Project is o/so being 
developed in the USSR, bes/des being the first in this 
field o f human genetics. The scientists in charge o f 
the project consider that it will characterize man as 
a species and not as an individual. Other additional 
methods o f analysis are required to this latter end. 
Therefore, it would seem that the possible influence 
on society o f knowledge o f the human genome, and 
o/so on the destiny o f man, would be the final stage 
o f the project on a far more long-term basis. Yet in 
provisión for the fu ture Soviet scientists consider 
a person's genome to be his or her own exclusive 
property, as part o f human rights. 





T h e s tandards o f e th ics and t h e c o d e o f morá i s a re h is to r i ca l cat - 91 
egor ies and d e p e n d o n a social e n v i r o n m e n t w h i c h c rea tes t h e m 
and w h e r e t h e y o p é r a t e . Rel ig ious We/tonschouung lays c la lm t o 
t h e l r abso lu te I m p o r t a n c e a l t hough , If o n e takes an unp r e j ud i c ed 
a t t i t ude , t h e i r h is to r i ca l o r ig in b e c o m e s obv ious . T h e m o r a l p r i n 
c ip ies o f C h r i s t i a n i t y and Judaism a re d i f f e r e n t insp i te o f t h e i r 
c o m m o n h i s t o r y and success ion. 

T h e i n t e r p r e t a r o n o f m o r á i s as a h is to r ica l and social p h e n o m e -
n o n just i f ies analysing t h e m o r á i s o f o u r Sov ie ty soc ie ty in re la-
t i o n t o h u m a n g e n o m e stud ies. Th is is n o t a s imp le e n t e r p r i s e , 
b u t o n e can t r y t o o v e r e ó m e t h e di f f icul t ies a long th is r o u t e . 

It appears t o m e t h a t t h e eth ic deve loped by o u r ph i l osophe rs 
has n o t ignores its universal h i s t o r y and valúes p r o c u r e d by t h e 
w o r k o f g r e a t in te l lec ts in t h e past. Y e t t h e sp i r i t o f o r t h o d o x 
M a r x i s m g o v e r n s th is e th ic and i t a lways o b e y e d po l i t i ca l o r d e r s , 
w h i c h made i t so pecu l ia r and accoun ts f o r its dec l ine '. T h e p r o -
ponen ts o f th is e th ic c la imed t h a t its s tandards and t h e c o d e o f 
morá i s w e r e en t i r e l y d e p e n d e n t o n h is tor ica l -soc ia l f ac to r s and 
t h a t eth ical p r inc ip ies had a class and pol i t ica l cha rac te r . 

M a r x i s m advoca tes t h a t t h e class cap i ta l is t soc ie t y m u s t e v e n -
tua l ly b e c o m e a m o r e pe r f ec t classless soc ie ty and t h e class m o r 
áis m u s t g ive w a y t o a classless e th ic c o m m o n t o all m a n k i n d . 
M a r x he ld t h a t th is w o u l d be d o n e by t h e p r o l e t a r i a t , i.e. t h e 
w o r k i n g class, by seizing p o w e r and via its d i c t a to r sh i p . Th is d o g 
ma was of f ic ia l ly a d o p t e d in th is c o u n t r y a f te r t h e O c t o b e r Revo-
lu t i on in 1917 w h e n t h e f i r s t s ta te o f w o r k e r s and peasants was 
dec la red . La te r o n , a f te r W W I I , th is de f in i t i on was e x t e n d e d ( b u t 
again n o t a lways) t o " t h e peop le 's in te l l igents ia" ( t ha t is n o t t h e 
w h o l e in te l l igents ia, b u t a p a r t o f i t , w h i c h has neve r been de f ined 
prec isely : w h a t does " p e o p l e s " mean in th is con tes t? ) . N o w , in 
t h e e ra o f perestroika, t h e off icial ph raseo logy has inven ted a n e w 
t e r m , "a man o f l abou r " . 

A l l w h a t I have said above is d i r ec t l y assoc iated w i t h t h e p r o b -
lems o f m o r á i s since t h e Sov ie t soc ie ty was ar t i f ic ia l ly segregated 
i n t o ( I ) w o r k e r s and peasants w h o w e r e c la imed t o e n j o y fu l ! 
r ights and t h e benef i ts o f th is m o r a l c o d e , and (2) all t h e o t h e r s 
w h o w e r e d e p r i v e d o r social r igh ts . 

Fo r a long t i m e t h e eth ics o f o u r soc ie ty was o u v e r t l y u t i l i ta r ian . 
N o t t h a t t h e concep t s o f g o o d and evi l , k indness and h a r m , c o n -
science and h o n o u r d id n o t ex is t , b u t t h e y w e r e ru led by po l i t i ca l 
o r d e r s and t h e o n l y c r i t e r i o n f o r t h e m was t o benef i t t h e r e v o l u -
t i o n and t h e d i c t a t o r s h i p o f t h e p ro le ta r i a t . 

T h e actual rea l i t y was even m o r e biased. T h e state o f w o r k e r s 
and peasants was n o t h i n g else b u t a p ropagand is t slogan because 
t h e w o r k e r s w e r e e x p l o i t e d in th i s soc ie ty w h e r e a s t h e peasants 
w e r e n o t o n l y e x p l o i t e d b u t even d e s t r o y e d (co l lec t i v i sa t ion) . In 



92 fac t , t h e S o v i e t s o c i e t y w a s t y r a n n i s e d by a smal l o l i ga rch i ca l 
g r o u p o f pa r t y leaders headed by Stal in, and t h e state morá i s serv-
ed t h e in te res ts o f th is g r o u p w h o d i c ta ted t h e i r i deo logy and t h e 
s tandards o f behav iou r . 

T h e s i t u a t i o n in t h e c o r r i d o r s o f sc ience w a s c o m p l i c a t e d by 
t h e d i c t a t o r s h i p o f po l i t i ca l l eaders and , p a r t l c u l a r l y in t h e f ie id 
o f gene t i cs , by t h e d o m i n i ó n o f L y s e n k o and his a g r o b i o l o g i c a l 
ideas 2... 

N o w t h e s i tua t ion has changed drast ica l ly . A l t h o u g h t h e o l igarchy 
is t r y i n g ha rd t o t h r u s t benef ic ia l t o its eth ica l s tandards o n o u r 
soc ie ty , th is does n o t w o r k . T h e soc ie ty lives n o w by t h e c o d e o f 
morá i s advoca ted by Russian in te l lec tua ls in t h e past and in t h e 
p resen t as w e l l as a c c o r d i n g t o t h e t r a d i t i o n s o f Russian h i s to ry . 

T h e universal p r inc ip ies o f e th ics and morá i s again gu ide o u r so 
c ie ty n o w . It is in t h e i r t e r m s t h a t t h e p r o b l e m o f H u m a n C e 
n ó m e studies is c o n s i d e r e d n o w . Radical po l i t i ca l and econom ica l 
r e f o r m s i n o u r c o u n t r y ( p e r e s t r o i k a ) h a v e m o d i f i e d t h e 
Weltanschauung and, in par t i cu la r , t h e eth ic s tandards. Th is is n o t 
a D r . Jekyl l and M r . H y d e p h e n o m e n o n , b u t a p r o f o u n d a l te ra -
t i o n o f o u r w a y o f t h i n k i n g f o r e v e r . 

T h e state po l i cy and social t r e n d s are humane n o w in a pleasant 
c o n t r a s t t o t h e past. T h e p r o g r a m m e H u m a n g e n o m e is an in te 
gral pa r t o f ideas and ac t ions preva i l ing n o w d a y s in th is c o u n t r y . 

T h e USSR had n o c o m p r e h e n s i v o p r o g r a m m e o f H u m a n G e 
n o m e i nves t i ga ron t i l l 1989, and t h e p resen t p r o j e c t is t h e f i r s t 
o n e in th is f ie id 3. 

T h e p r o g r a m m e s o f s tudy ing H u m a n G e n o m e are p r imar i l y a imed 
at i ts mapp ing and sequenc ing . Y e t g e n o m e analysis c a n n o t be 
con f i ned t o th is p u r p o s e a l t hough its rea l isa t ion w i l l t h r o w m o r e 
l ight o n g e n o m e a r c h i t e c t u r e and poss ib ly reveal many secre ts 
b u r i e d by t h e na tu re in i ts w o n d e r f u l c r e a t i o n . 

Chemica l symbo ls per se a re dead and m u s t necessar i ly be c o m 
pared w i t h f unc t i ons , w i t h dynamic fac to rs w h i c h w e unde rs tand 
as t h e mean ing and concea led essence o f l ife. Funct iona l d e c o d i n g 
o c c u r s n o w , t o o , b u t i t w i l l b e c o m e m o r e c o m p r e h e n s i v o and ef-
fec t ive as s t r uc tu ra l I n f o r m a t i o n is be ing accumu la ted . Funct iona l 
decod ing is a second , p r o b a b l y even m o r e i m p o r t a n t and di f f icul t , 
p r o b l e m in t h e p r o g r a m m e o f H u m a n C e n ó m e s t u d i e s . W e 
shou ld learn h o w t o read s t r u c t u r a l t e x t s o f H u m a n C e n ó m e in 
t e r m s o f f unc t i ons . L e . pass f r o m t h e syntax o f t h e g e n o m e t o its 
semantics. O n l y in t ha t case o u r know ledge abou t H u m a n C e n ó m e 
w i l l be useful and capab le o f i n f l uenc ing t h e social and m o r a l -
eth ica l aspects o f human ex is tence . H o w e v e r t h e c o m p r e h e n s i o n 
o f H u m a n G e n o m e m u s t pass t h r o u g h y e t a n o t h e r stage be fo re 
i t becomes capable o f in f luenc ing t h e soc ie ty and its indiv iduáis. 



W h a t shall w e ge t as a resu l t o f sequenc ing H u m a n G e n o m e a t 93 
t h e f i r s t step? T h e sequence o f chemica l symbo ls ( i t does n o ma t -
t e r w i t h i n th is c o n t e x t w h e t h e r t h e y are d e c o d e d o r n o t ) can be 
c o n s i d e r e d m e r e l y as a m o d e l o f H u m a n G e n o m e be long ing t o 
none o f human indiv iduáis in t h e past, p resen t and f u t u r e . Th is 
depends o n t h e m e t h o d o f sequenc ing deve loped by t h e universal 
assoc ia t ion o f researchers . T h e mate r ia l f o r analysis is o b t a i n e d 
n o t f r o m a pa r t i cu la r ind iv idua l , b u t f r o m qu i t e d i f f e ren t sources , 
and t h e analysis is d o n e by v a r i o u s sc ient is ts so t h a t analyt ical 
e r r o r a re unavo idab le . T h a t is w h y a sequence o b t a i n e d a f t e r 
10-15 years o f c o m m o n t i re less e f fo r t s may be c o n s i d e r e d o n l y 
as a m o d e l o f H u m a n G e n o m e as a species, and i t w i l l be used as 
a s tandar in t h e f u t u r e . 

Th is s i tua t ion can be i l l us t ra ted by t h e f o l l o w i n g scheme: 

c iv i l ls / V H o m o 
H o m o 

i nd i v i dua l i s 

T h e m o d e l o f H u m a n G e n o m e c r e a t e d as a resu l t o f t h e p r o -
g r a m m e w i l l cha rac te r i se t h e man as a species (Homo sap/ens). 
T h e charac te r i sa t i on o f an ind iv idual (Homo individualis) requ i res a 
special m e t h o d o r m e t h o d s , s o m e t h i n g l ike f i nge rp r i n t i ng , t o d e 
scr ibe t h e m o s t i m p o r t a n t fea tu res o f an indiv idual g e n o m e . T h e 
indiv idual d i f ferences o f H u m a n G e n o m e are r a t h e r small in t e r m s 
o f its c o m p o s i t i o n : 0.1 % o r ca. 3 x 10 6 bp f o r t w o un re la ted i n 
d iv iduáis . H o w e v e r t h e s e d i f fe rences a re in tens i f ied by g r e a t e r 
sequence m o d i f i c a t i o n caused by r e a r r a n g e m e n t s , inser ís , de le -
t i ons , e tc . T h e n t h e c o m p r e h e n s i o n o f H u m a n G e n o m e e n r i c h e d 
w i t h func t iona l ideas w i l l make i t possib le t o charac te r i se real h u 
man beings, w i t h all t h e i r ind iv idual b io log ica l p r o p e r t i e s u n d e r 
t h e c o n d i t i o n s o f t h e i r social e n v i r o n m e n t (Homo c/V;7;s). 

O n l y a t t h e last s tep, scient i f ic ¡deas a b o u t H u m a n G e n o m e w i l l 
be able t o in f luence its social s ta tus and persona l dest iny . A n d 
here w e shall face a g rea t n u m b e r o f s i tua t ions . 

Le t us f i r s t c o n s i d e r poss ib le ef fects o n t h e soc ie ty as such. W e 
shou ld hard ly use h e r e t h e abs t rac t concep t s o f g o o d and evi l : i t 
w o u l d be easier t o s tand o n t h e g r o u n d o f u t i l i ta r ian ism and e m -
ploy t h e c r i t e r i o n o f publ ic we l l - be i ng and benef i t . 

O n c e o f t h e possib le consequences in decod ing H u m a n G e n o m e 
may be c o n c e r n e d w i t h a n o t h e r o u t b u r s t o f eugenic ideas, p r e -
sumab ly s im i la r t o t h o s e p u t f o r w a r d in t h e past. T h e r e is n o 
d o u b t t h a t t h e advocates o f eugenics w i l l t r y t o t ake nuc leo t i de 
sequences as o b j e c t i v e c r i t e r i a f o r c l a i m i n g s o m e ind i v iduá is . 



94 g r o u p s and races e i t h e r s u p e r i o r o r i n fe r i o r . T h e appeal by G e r 
mán nazi f o r race hygiene because o f t h e N o r d i c race s u p e r i o r i t y 
w e r e m o s t l y based o n myst ic concep ts . T h e adheren ts o f eugenics 
he ld t h a t gene t i c f a c t o r s e x e r t e d an abso lu te e f fec t o n m e n t a l 
d e v e l o p m e n t , m o r a l status, c r im ina l i t y and d r u g a d d i c t i o n . 

T h e possess ion o f a m o d e l (s tandard) g e n o m e , t h e poss ib i l i ty t o 
charac te r i se an indiv idual g e n o m e and t o i n t e r p r e t i t in f unc t i ona l 
t e r m s w i l l , n o d o u b t , t e m p t s o m e persons t o use th is I n f o r m a 
t i o n f o r eugenic deduc t i ons . T h a t is w h y w e may e x p e c t a n e w 
o u t b u r s t o f eugenic ideas and o íd mis takes repea t ing themse lves 
n o w d a y s . Th is is even m o r e possib le n o w because human su r -
vival b e c o m e s a real p r o b l e m and eugenics can be used in t h e 
s t rugg le f o r ex is tence r a t h e r than f o r ideologica l pu rposes . 

H e r e d i t a r y diseases a re a n o t h e r p r o b l e m associated w i t h H u m a n 
G e n o m e stud ies and invo lv ing t h e soc ie ty as a w h o l e . G e n o m e 
mapp ing and sequenc ing can b r ing a b o u t radica! changes in th is 
field o f human pa tho logy . H e r e d i t a r y diseases s o m e t i m e engen-
d e r h u m a n beings w h o lack t h e m o s t i m p o r t a n t p r o p e r t i e s o f th is 
b io log ica l species, namely , t h e in te l l ec t , t h e capab i l i t y t o w o r k 
and t o en joy l i fe. S u p p o r t i n g t h e i r ex is tence o n m e r c i f u l g r o u n d s 
is a heavy f inancial b u r d e n f o r t h e soc ie ty . T h e b i r t h o f such a 
baby is a an in f in i te m ise ry f o r t h e fami ly . 

Heredi tary disease 

Society: Family: 

financial burden misery 

Y e t even less ser ious man i fes ta t ions o f h e r e d i t a r y pa tho logy of -
t e n a re ha rd t o c u r e , make t h e pa t i en t physical ly d isabled and, a t 
t h e late stages o f pa tho logy , c réa te t h e feel ing o f d o o m . W e may 
h o p e t h a t t h e p r o g r a m m e o f H u m a n G e n o m e stud ies w i l l a l l o w 
us t o c o m p r e h e n d t h e pathogenesis o f he red i t a r y diseases, t o i m -
p r o v e t h e i r d iagnost ics, t o p r e v e n t and t o cu re t h e m , t hus m a k -
ing a social c o n t r i b u t i o n t o social benef i t . 

A n y w a y genet ic p r o b l e m s b e c o m e m o r e and m o r e acu te and i m 
p o r t a n t as t h e e n v i r o n m e n t is d e s t r o y e d and p o l l u t e d at an eve r 
increas ing scale, t h e i ndus t r y and p o p u l a t i o n dens i ty r ise, and t h e 
p r o g r a m m e o f H u m a n G e n o m e studies may help t o so lve t h e m . 

N o w I w o u l d l i ke t o say seve ra l w o r d s a b o u t h o w th i s p r o 
g r a m m e re lates t o an ind iv idual . A s I has n o t e d above , i t w i l l be 
possible s o o n e r o r later t o pass f r o m a g e n o m e m o d e l t o individual 
g e n o m e s and t o c o n s t r u c t an indiv idual genet ic p o r t r a i t . W e may 
on ly guess n o w w h a t th is p o r t r a i t w i l l be and h o w c lose ly i t can 
desc r ibe t h e or ig ina l . A p p a r e n t l y , a t t h e beginn ing, i t w i l l c o n t a i n 
on ly a f e w available genet ic charac ter is t i cs , b u t gradua l ly m o r e o f 
these w i l l be added t o i t . 



This p o r t r a i t may w a r n us against possib le diseases, indícate m u - 95 
t a n t genes t h r e a t e n i n g w i t h h e r e d i t a r y diseases in descendants , 
c o n t a i n a p r e d i s p o s i t i o n f o r diseases, p s y c h o p a t h o l o g y . M o r e -
ove r , i t can inc lude i n f o r m a t i o n charac te r i z ing n o t human p a t h o l -
ogy, b u t such f ac tu res o f t h e ind iv idua l as i ts b e h a v i o u r , e m o -
t i ons , inc l ina t ions, in te l lec tua l po ten t i a l , e tc . 

A l l t hese charac te r is t i cs re la te t o many pa r t l y i n t íma te fea tu res o f 
an ind iv idua l and may be m isused against i ts i n t e r e s t s in such 
f ields as social Insurance, w o r k , mar r iage and fami ly re la t ions , es
tá te inher i tance and o t h e r social ins t i tu t ions w h e r e physical , i n te l 
lectual and sp i r i tua l p r o p e r t i e s o f an indiv idual a re so i m p o r t a n t . 
Gene t i c p r o g n o s t i c a t i o n s have a p robab i l i t y cha rac te r , b u t may 
be used w i t h ma l ic ious in ten ts t o suppress and e x p l o i t i nd i v id 
uáis. A n y w a y w e c a n n o t be ce r ta in w h e t h e r peop le bene f i t f r o m 
k n o w i n g t h e i r f u t u r e . 

T h e r e f o r e t h e genet ic p o r t r a i t o f an indiv idual shou ld apparen t l y 
be c o n s i d e r e d as h is /her exc lus ive and con f iden t ia l p r o p e r t y . T h e 
a l t i tudes o f Sov ie t sc ient ists t o w a r d s t h e p r o g r a m m e o f H u m a n 
G e n o m e stud ies is g o v e r n e d by humanis t ic m o r a l - e t h i c s tandards 
placing t o p p r i o r i t y o n indiv idual r ights and publ ic benef i t . These 
w i l l b e c o m e a sub jec t o f legislat ion t o be open ly discussed in p u b 
lic in th is c o u n t r y . 
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Norton D. Zinder 

T h e Rocke fe l le r Un ive rs i t y , N e w Y o r k (USA) 

A B S T R A C T 

In the United States, the Human Genome Project is a 
well-establ ished, specif ic large-scale reality, wi th 
prospects for future expansión and clear aims that 
define it: high-resolution mapp ing o f the H u m a n 
Genome; complete sequencing o f the human DNA 
and o f model biológica! organisms; a physical map o f 
h u m a n ch romosomes a n d t h a t o f mode l s ; the 
creation o f computer programmes and high-technology, 
high<apacity and development data-bases. 
In order to follow through the programme and its 
aims, certain scientific procedures to be fol lowed 
have been drawn up, which could be periodically 
modified in the light o f the discovery o f new technol-
ogies and o f experimental result 





W h i l e w e have a l ready heard f r o m speakers discussing t h e G e n - 99 
orne P r o g r a m f r o m a n u m b e r o f c o u n t h e s , t hey ' ve d e v o t e d m o s t 
o f t h e i r p resen ta t i ons t o eth ica l issues. Since b o t h D r . E. Jungst, 
D i r e c t o r o f t h e Ethical , Legal, Social Imp l ica t ions o f t h e H u m a n 
G e n o m e P r o g r a m o f t h e U.S. and D r . N a n c y W e x l e r , C h a i r o f 
t h e N . I .H . ELS! w o r k i n g g r o u p w i l l be address ing th is mee t ing , l'll 
t a l k main ly a b o u t t h e G e n o m e P r o g r a m o f t h e U.S. I j us t n o t e 
t h a t a v e r y large ELS! p r o g r a m is bu i l t i n t o t h e g e n o m e e f fo r ts o f 
b o t h t h e N . I .H . and D .O.E . and w i l l be f u n d e d at a p p r o x i m a t e l y 
5% o f t h e i r annual budgets . It is p robab l y w h e r e i t be longs f o r in 
t h i s w a y i t is f u l l y i n t e g r a t e d and stays c o o r d i n a t e d w i t h t h e 
scient i f ic endeavo rs . 

I w a n t t o assure t h e ph i l osophe rs and e th ic is t in th is g r o u p t h a t 
t h e r e is a substant ia l sc ient i f ic g e n o m e p r o g r a m b o t h o n go ing 
and being f u r t h e r deve loped in t h e U.S. t oday . 

W e cons ide r t h e H u m a n G e n o m e in i t ia t ive t o be a w o r l d w i d e 
e f fo r t t o map and sequence t h e en t i r e human g e n o m e . T h e H u m a n 
G e n o m e cons is ts o f 23 pairs o f c h r o m o s o m e s each con ta i n i ng 
be tween 50 t o 250 megabases o f D N A . T h e t o t a l H u m a n G e n o m e 
is 3 x 1 0 ( 9 ) base pai rs o f D N A . T h e s e mo lecu les c o n t a i n s o m e 
100,000 genes w h i c h c o d e f o r specif ic p ro te i ns . T h e s t r u c t u r e o f 

t h e g e n e s , w h i c h a r e a l t e r n a t i n g s e q u e n c e s o f c o d i n g D N A 
(exons ) sequences and o f n o n - c o d i n g sequences, ( i n t r ons ) is such 
t h a t o n l y a b o u t 5% o f D N A e n c o d e s p r o t e i n . T r a n s c r i p t i o n a l 
un i t s t h a t i n c l u d e b o t h e x o n s and i n t r o n s a r e , h o w e v e r , v e r y 
large and a re r e d u c e d t o messenger R N A by R N A spl ic ing. T h u s , 
t h e gene, f o r e x a m p l e t h e gene w h o s e m u t a t i o n s cause cyst ic 
f ib ros is con ta ins s o m e 250 ,000 base pairs o f D N A o f w h i c h on l y 
a b o u t 4 5 0 0 are cod ing . 

W h e n in t h e late sevent ies and ear ly eight ies techn iques f o r ma-
n ipu la t ing and sequenc ing D N A became so ef f ic ient t h a t several 
scient ists env is ioned sequencing t h e en t i r e H u m a n G e n o m e . A f t e r 
a b o u t f o u r years o f d iscussions and w o r k s h o p s cu lm ina t ing in a 
pos i t i ve r e p o r t f r o m t h e N a t i o n a l Research C o u n c i l , a j o i n t p r o 
g r a m o f t h e D e p a r t m e n t o f Energy and t h e N a t i o n a l Ins t i tu tes o f 
Hea l t h was establ ished t o accomp l i sh th is goal in t h e U.S. 

T h e N I H ' s p r o g r a m is main ly an e x t r a - m u r a l o n e and is c u r r e n t l y 
f unded by t h e U.S. Cong ress a t a b o u t $60 ,000 ,000 f o r FY90 and 
$88 ,000 ,000 f o r F Y 9 I . T h e D O E p r o g r a m is p r ima r i l y an i n t ra -
mura l ( abou t $46 ,000 ,000) o n e a t Lawrence L i v e r m o r e , Lawrence 
Berke ley , and t h e Los A l a m o s N a t i o n a l L a b o r a t o r i e s . W o r k i n g 
t o g e t h e r , t h e D O E and t h e N I H A d v i s o r y C o m m i t t e e s have p u t 
t o g e t h e r a f ive yea r plan o f a c t i o n f o r t h e U.S. C o n g r e s s . T h e 
plan is t o be used p r i m a r i l y a gu ide and w i l l be rev ised annual ly 
o n t h e basis o f n e w t e c h n o l o g i c a l and e x p e r i m e n t a l resu l t s o f 
sc ience. In th is área, as in m o s t áreas o sc ience, any a t t e m p t t o 
set specif ic plans a re o v e r t a k e n by events . Fo r examp le w h i l e t h e 
N C R r e p o r t w a s w r i t t e n on ly t h r e e years ago, t w o techn iques 



00 t h a t are n o w v e r y i m p o r t a n t w e r e n o t even discussed, t h a t is t h e 
po lymerase chain reac t ion (PCR) and high reso lu t i on in situ hyb r i d -
¡zat ion. Since, as n o t e d b e l o w , o n e p r o g r a m goal is t o s t imu la te 
n e w t echno logy , d e v e l o p m e n t s events may even m o r e faster . Fo r 
e x a m p l e , PCR at t h e 100 kb level w o u l d r e v o l u t i o n i z e t h e ap-
p roaches t o t h e p r o b l e m . 

T h e p r o g r a m goals a re : 

• c o n s t r u c t i o n o f a h i g h - r e s o l u t i o n genet ic map o f t h e H u m a n 
G e n o m e ; 

• p r o d u c t i o n o f a va r i e t y o f physical maps o f all human c h r o m o -
s o m e s and o f t h e D N A o f s e l e c t e d m o d e l o r g a n i s m s , w i t h 
emphasis o n maps t h a t make t h e D N A o f selected m o d e l o rgan
isms, w i t h emphasis o n maps t h a t make t h e D N A accessible t o 
invest igators f o r f u r t h e r analysis; 

• d e t e r m i n a r o n o f t h e c o m p l e t e sequence o f human D N A and 
o f t h e D N A o f se lec ted m o d e l o rgan isms; 

• d e v e l o p m e n t o f capabi l i t ies f o r co l lec t ing , s to r i ng , d i s t r i bu t i ng , 
and analyzing t h e data p r o d u c e d ; 

• c r e a t i o n o f a p p r o p r i a t e t e c h n o l o g i e s n e c e s s a r y t o a c h i e v e 
these ob jec t i ves . 

A n o t h e r p r o g r a m goal is t o p r o v i d e , f r o m t h e ou t se t , t h e means 
by w h i c h t h e publ ic can be made aware and have i npu t i n t o t h e 
consequences o f t h e legal and eth ical imp l i ca t ions o f t h e findings. 

It is c u r r e n t l y assumed t h a t t h e goals can be ach ieved in a b o u t 15 
yea rs w i t h t h e d o c k s t a r t i n g a t O c t . I , 1990 (FY 9 1 ) . S o m e 
$200 ,000 ,000 (1988) a year w i l l be r e q u i r e d . T h e exac t e x p e n -
d i t u res necessary in t h e U.S. w i l l depend in pa r t o n t h e act iv i t ies 
o f t h e res t o f t h e w o r l d . Signif icant ac t iv i ty ou ts ide t h e U.S. w i l l 
b o t h s h o r t e n t h e t i m e needed and reduce t h e p r o p o r t i o n o f U.S. 
expend i t u res . 

A seat o f f ive year Scient i f ic Goa ls have been establ ished as a w a y 
o f p roceed ing : 

Quote 

k C o m p l e t e a fu l ly c o n n e c t e d human genet ic map w i t h m a r k -
ers spaced and average o f 2 t o 5 cen t imo rgans apar t . Iden-
t i f y each m a r k e r [ w h e n e v e r poss ib le ] w i t h an STS. [STS, se
quence tagged si tes. Fo r any D N A f r a g m e n t 300 bases f r o m 
o n e end a re sequenced , t w e n t y nuc leo t i de o l i gonuc leo t i des 
a re made f o r each end o f t h e 300 bases and by PCR t h e f rag-



m e n t ve r i f i ed . Th is w o u l d a l l o w all f ragments t o be s t o r e d 101 
e lec t ron ica l l y by sequence and make super f l uous large and 
e x p e n s i v e c o l l e c t i o n s o f b i o l o g i c a l D N A c l o n e s . I t t h u s 
p rov i des a sigle language f o r desc r ib ing f ragmen ts made in 
any l a b o r a t o r y a t any t i m e ] . 

l a ) D e v e l o p t e c h n i q u e s f o r p r o d u c i n g t issue speci f ic and 
d e v e l o p m e n t a l s tage spec i f i c c - D N A l i b r a r l e s w i t h 
equ iva len t c o n c e n t r a t i o n s . C o n v e r t c - D N A iso la ted in 
any l a b o r a t o r y i n t o STSs. 

I b ) In t w o t o t h r e e years deve lop an i ndex map o f a b o u t 
300 make rs a p p r o x i m a t e l y 10 megabases apar t f o r all 
c h r o m o s o m e s o f t h e H u m a n G e n o m e . 

2. A s s e m b l e STS m a p s o f a l l h u m a n c h r o m o s o m e s w i t h 
m a r k e r s a t a p p r o x i m a t e l y 1 0 0 , 0 0 0 bases p a i r i n t e r v a l s . 
G e n é r a t e o v e l a p p i n g s e t s o f c l o n e d D N A o r c l o s e l y 
s p a c e d u n a m b i g u o u s l y o r d e r e d m a r k e r s w i t h c o n t i n u i t y 
o v e r lengths o f 2 x 1 0 ( 5 ) bp. 

2a) D e t e r m i n e in reg ions o f 2 x 1 0 ( 6 ) bp all possib le cod ing 
genes. 

3. I m p r o v e c u r r e n t m e t h o d s a n d / o r deve lop n e w m e t h o d s f o r 
D N A sequenc ing t h a t w i l l a l l o w sequenc ing f o r $0 .50 pe r bp 
[ o r less]. [Large scale sequenc ing dec is ión f o r human D N A 
t o be made at 4 t o 5 years o u t ] . 

4 . Prepare a genet ic map o f t h e m o u s e g e n o m e based o n D N A 
makers . S tar t physical mapp ing o f I o r 2 c h r o m o s o m e s . 

Sequence an aggregate o f a b o u t 2 0 x I O6 bp f r o m a va r ie ty o f 
organisms focussing o n s t re tches t h a t are 10(6) bp long [ M o d -
el o rgan isms are £. coíi, yeast (S. cerevisiae), D. melanogaste, 
C. elegans and t h e lab m o u s e ] . 

5. [U t i l i ze a "Jo in t I n fo rmat i cs Task F o r c é " , D O E & N I H ] t o : 

D e v e l o p ef fect ive s o f t w a r e and datábase designs t o s u p p o r t 
large-scale mapp ing and sequenc ing p ro jec t s . 

C r é a t e datábase t o o l s t h a t p r o v i d e easy acces t o u p - t o - d a t e 
physical mapp ing , c h r o m o s o m e mapp ing , and sequence in 
f o r m a t i o n so as t o a l l o w ready c o m p a r i s o n o f t h e data in 
these several STS. 

D e v e l o p t h e a l go r i t hms and analyt ical t o o l s t h a t can be used 
in t h e i n t e r p r e t a r o n o f g e n o m i c i n f o r m a t i o n . 

6. Deve lop [ t h rough a j o i n t N I H - D O E w o r k i n g g r o u p ] p rog rams 
[ r e s e a r c h g r a n t s , w o r k s h o p s , t o w n m e e t i n g s , e d u c a t i o n a l 



02 mate r ia ls ] addressed a t unders tand ing t h e e th ica l , legal, and 
social imp l i ca t ions o f t h e H u m a n G e n o m e P ro jec t . Ident i fy 
and def ine t h e m a j o r issues and deve lop ini t ial po l i cy o p t i o n s 
t o address t h e m . 

7. S u p p o r t research t r a i n i ng o f p r e - and p o s t d o c t o r a l f e l l o w s 
s ta r t i ng in FY 1990 (up t o 600/year , s teady s ta te ) . Examine 
needs f o r o t h e r types o f t ra in ing . 

8. S u p p o r t i n n o v a t i v e a n d h igh r i s k t e c h n o l o g i c a l d e v e l o p -
ments . . . t o m e e t t h e needs o f t h e G e n o m e Pro jec t . 

9. Encourage and faci l í tate t ras fe r o f t echno log ies and o f m e d i -
cal ly i m p o r t a n t I n f o r m a t i o n t o t h e [ re levan t ] c o m m u n i t i e s . 

Unquote 

C u r r e n t l y t h e N I H p r o g r a m is s u p p o r t i n g m o r e t han a b o u t 150 
grants in all o f t h e above áreas. In FY90 /9 I w e a re establ ish ing 
up t o n ine research cen te rs w i t h 2 0 - 5 0 persons focussed o n ge
n o m e research ; t o reach 10-15 cen te rs in t h e n e x t 5 years . T h e 
D O E s u p p o r t s t h e physical analysis o f c h r o m o s o m e s 16, 19, and 
2 ! a t t h r e e N a t i o n a l labs. In add i t i on t echno log ies such as scan-
ning t u n n e l i n g e l e c t r ó n m i c r o s c o p y o f D N A , láser d e t e c t i o n o f 
D N A and s tud ies o n a va r i e t y o f datábase s t r u c t u r e s and t o o l s 
are be ing s u p p o r t e d . 

Each c e n t e r w i l l have an o u t r e a c h p r o g r a m . Fac i l i t ies w i l l be 
made available f o r d o i n g lay scale mapp ing , datábase and s o f t w a r e 
updates and exchange o f I n f o r m a t i o n . T h e cen te rs w i l l t hus serve 
as a w a y t o par t ia l ly decen t ra l i ze managemen t o f t h e p r o g r a m . 

T w o q u e s t i o n s a re a l m o s t a lways ra ised . T h e f i r s t , w h o s e ge
n o m e w i l l be mapped and sequenced? T h e r e w i l l be n o pa r t i cu la r 
ind iv idual . L a b o r a t o r i e s all o v e r t h e w o r l d are s tudy ing d i f f e ren t 
isolates o f human cel l l ines, c h r o m o s o m e s and D N A segments . 
T h o s e w h o w i l l map and sequence w i l l use t h e i r o w n f a v o r i t e 
p ieces. T h u s , t h e m a p and sequences w i l l p r o v i d e a r e f e r e n c e 
s tandard t o w h i c h all o t h e r f ragments f o r m t h e same genet ic r e 
g ión can be c o m p a r e d . Fo r examp le , analysis o f f r o m 100 d i f fe r 
e n t peop le o f specif ic 100 k i lobase segments w i l l p r o v i d e de ta i led 
I n f o r m a t i o n o f human var iab i l i ty . If a highly c o n s e r v e d reg ión is 
s tud ied , t h e c o m p a r i s o n w i l l p r o v i d e insight i n t o t h e e v o l u t i o n a r y 
i npu t o f th is reg ión . 

T h e o t h e r ques t i on is, w h y d o i t as a p r o g r a m . T w o par ts o f t h e 
a n s w e r a re g iven above . By focussed e f f o r t w e m o r e readi ly w i l l 
de r i ve deep unde rs tand ing o f human var iab i l i ty and e v o l u t i o n a r y 
h i s to ry . Many n e w genes o f i m p o r t w i l l be ascer ta ined inc lud ing 
t h o s e p r o d u c i n g disease. G i ven t h e sequences a t any t ime in t h e 



f u t u r e w h e n a genet ic p r o b l e m anises, i t w i l l be s imp le t o s tudy 103 
t h e genes i n v o l v e d , m o r e e f f i c ien t ly and cos t -e f fec t i ve l y t h a n a 
p resen t . M o r e o v e r a high r e s o l u t i o n genet ic map has g rea t va lué 
even w i t h o u t t h e D N A sequence. W h e n w e t rans ía te all o f t h e 
nuc leo t i de sequences i n t o p r o t e i n s and t h e n i n t o gene func t i ons , 
w e w i l l ascer ta in n u m e r o u s i m p o r t a n t modu la t i ng and deve lop -
men ta l p r o t e i n s and t h e r e f o r e they ' l l be available f o r s tudy and 
use. T h e m a j o r p r o b l e m tha t w e fo resee is t h a t w e ' l l have genes 
before w e have funct ions and t h e r e f o r e diagnosis o f genetic diseases 
be fo re w e have the rap ies . 

T h a t is w h y w e have establ ished a large p r o g r a m re la t ing t o e t h i -
cal and legal p r o b l e m s as an o u t r e a c h t o be su re t h e imp l i ca t ions 
o f t h e resu l ts a re made c lear t o o u r re levan t g o v e r n o r s and t h e 
pub l i c . H o w e v e r , a t b o t t o m w e m u s t r e m e m b e r t h a t o u r ge -
n o m e is a pa r t o f us and in large measure make us, us and t h e r e f o r e 
w o r t h y o f de ta i led s tudy in its o w n r igh t . 
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W H Y I S O L A T E T H E 
T H I R D W O R L D ? 
W H A T P A R T D O E S 
U N E S C O H A V E T O P L A Y ? 

Claude Rosenfield 

A d v i s e r t o t h e D i r e c t i o n o f U N E S C O , Paris (France) 

A B S T R A C T 

The Th i rd W o r l d covers most of m a n k i n d . The 
Human Genome Project is o f an international nature 
and as such, demands the participation o f scientist 
f rom all nations, including those fo rm developing 
countries. On the other hand, résped for human dig 
nity and human rights is consubstantial to the Project 
from all points o f view: ethical, religious or genetic 
engineering. UNESCO intends to promote international 
co-operat ion for Education, Science, Culture and 
Communication; it is therefore obvious that the re-
sult o f research in agriculture, genetics or in other 
fields have implications for the whole o f mank ind 
and, in some cases, particularly for the Third World. 
There should therefore be no doubt about participa
tion and exchange between developing and devel-
oped countries. 





C o n s i d e r i n g t h e po ten t i a l publ ic impac t o f t h e H u m a n G e n o m e 107 
Mapp ing and Sequenc ing Pro jec t , i t is imposs ib le n o t use t h e ad -
jec t ive P r o m e t h e a n t o desc r ibe it. A s t h e m o s t p res t ig ious p r o 
d u c t o f t h e possib i l i t ies o p e n e d up by genetic engineering, i t calis 
f o r t h e i nvo l vemen t , t o paraphrase Frangois G r o s s 1 n o t on l y o f 
p h i l o s o p h e r s , " t h e o l o g i c i a n s " , j u r i s t s , leg is la tors and po l i t i c ians 
b u t also o f m e n and w o m e n genera l ly . 

T h e r e m a r k s o f t h e p h i l o s o p h e r M iche l Ser res 2 may useful ly be 
appl ied t o t h e subject : " t h e t h i r d área o f eth ics focuses o n t h e 
t r ans i t i on f r o m po ten t i a l i t y t o ex is tence . A m a t t e r o f d iv ine dec i 
s ión in t h e classical age, a na tura l mechan ism o p e r a t e d b l ind ly by 
na ture o r by t i m e since D a r w i n , a responsib i l i ty en t rus ted increas-
ingly t o ourse lves since w e f i s r t began t o ¡n te rvene act ive ly in t h e 
w o r l d - n o d o u b t since t h e age o f homo faber- i t has sudden ly be -
c o m e a m u c h g r e a t e r b u r d e n since w e acqu i red t h e capaci ty t o 
c réa te possib le w o r l d s . O n th is m a t t e r w e a re no longer d i v ided , 
be w e ph i l osophe rs , sc ient is ts , ju r i s ts o r pol i t ic ians. W h e t h e r w e 
see i t as tak ing p a r t in G o d ' s counc i ls o f o íd o r in na ture 's s o w i n g 
o f seeds, i t may be w i t h i n o u r p o w e r t o m o r r o w t o shape t h e 
w o r l d f o r t h e bes t " . 

These r e m a r k s sum up t h e reasons w h y i t is n o t possib le t o ex -
c lude f o r m th is apex o f know ledge , j udgemen t and decis ión - t a k i n g 
q u a l i f i e d r e p r e s e n t a t i v e s o f t h e m a j o r i t y o f h u m a n k i n d : t h e 
T h i r d W o r l d . Unesco 's ro le is t o faci l í tate exchanges o f know ledge 
b e t w e e n t h e r i c h m i n o r i t y and t h e p o o r m a j o r i t y in o r d e r t o 
p r e v e n t t h e in jus t ice o f t h e m a j o r i t y ' s be ing s u b o r d i n a t e d t o a 
f ew , an in just ice t h a t is dehuman iz ing , " a n e t h i c a l " and a n t i d e m o -
cra t ic , genera t i ng envy and ha t r ed a m o n g t h o s e w h o happen by 
lack o f resou rces t o be r e d u c e d t o passivi ty and i m p o t e n c e . 

T h e r o l e sc ient is t f r o m deve lop ing c o u n t r i e s can play in t h e H u 
man G e n o m e Pro jec t , w i t h Unesco 's assistance, has been s u m -
m e d up by J. E. A l l e n d e o f C h i l e 3 : " M o s t sc ient is ts agree t h a t i t is 
highly des i rab le t h a t t h e H u m a n G e n o m e P r o y e c t be a t r u l y g l ob 
al unde r tak ing , o p e n t o pa r t i c i pa t i on by sc ient i ts f r o m all na t ions , 
i n c l u d i n g t h e d e v e l o p i n g c o u n t r i e s . I t a lso seems log ica l t h a t 
Unesco , e n t r u s t e d by t h e w o r l d c o m m u n i t y w i t h t h e charge o f 
p r o m o t i n g I n te rna t i ona l c o - o p e r a t i o n in sc ience, educa t i on and 
cu l t u re , shou ld m a k e e f fo r t s t o faci l í tate t h e pa r t i c i pa t i on o f t h e 
deve lop ing c o u n t r i e s in th is p r o g r a m m e . T h e ques t i on is h o w . 

My p r o p o s i t i o n is t h a t such pa r t i c i pa t i on w o u l d be grea t l y s t i m u -
lated by b r ing ing t o g e t h e r t o smal l c o m m u n i t i e s o f human gene t i -
cists o f T h i r d W o r l d reg ions f o r t h e specif ic pu rposes o f gener 
at ing real ist ic reg iona l p r o g r a m m e s t h a t w o u l d i n c o r p ó r a t e t h e m 
an t h e i r c o u n t i r e s i n t o t h e H u m a n G e n o m e P r o j e c t " . 

H o w e v e r , t h e issue is o n e t h a t t ranscends t h e scope o f science. 
In a w o r l d f i r s t i nven ted and d i scove red by human beings b e f o r e 
being fash ioned by t h e m science is n o m o r e than t h e m o s t p o w -



08 e r fu l t o o l avai lable t o a t ta in t h e i r goals. T h e H u m a n G e n o m e is 
t h e my th i ca l and u l t íma te c u l m i n a t i o n o f th is search f o r t h e se-
c re ts o f l ife, and i t is par t i cu la r l y i m p o r t a n t t h a t t h e I ns t rumen ts 
and f indings o f t h a t search be regarded as t h e c o m m o n her i tage 
o f h u m a n k i n d , o f w h i c h no o n e m u s t be dep r i ved . 

T h e sc ient is ts a re fu l ly a w a r e o f th is fac t and are anx ious f o r i t t o 
b e c o m e a pub l ic issue. In t h e i r r e p o r t t o t h e P res iden t o f t h e 
French Republ ic in 1979, f o r examp le , P ro fessor Jacob, P ro fesso r 
R o y e r a n d P r o f e s s o r G r o s w r o t e : " C o n t r a r y t o w h a t s o m e 
w o u l d have us be l ieve, i t is n o t t h r o u g h b io logy t h a t a c e r t a i n 
idea o f human beings can be gained. O n t h e c o n t r a r y , i t is in t h e 
l ight o f a ce r ta in idea o f human beings t h a t b io logy can be used in 
t h e i r s e r v i c e " . 4 " W h a t a t y p e o f answers have b io log is ts t o o f fe r , 
as b io log is ts , t o t h e ques t i on t h e y a re t o d a y being u rgen t l y asked 
by o r d i n a r y c i t izens and dec i s ion -makers? "5 . 

Feder i co M a y o r , a t a U n e s c o s y m p o s i u m he ld a t t h e T r i e s t e Inst i -
t u t e o f H u m a n Rights ( w h o s e D i r e c t o r is G u i d o G e r i n ) , p o i n t e d 
o u t in c o n n e c t i o n w i t h t h e re la t ionsh ip b e t w e e n genet ic m a n i p u -
l a t i o n a n d h u m a n r i g h t s : " G e n e t i c m a n i p u l a t i o n , in i ts b r o a d 
sense, has many po ten t i a l imp l i ca t ions f o r human r ights as i t may 
have un fo reseeab le ef fect t h a t can in f r inge t h e human r ights n o t 
on ly o f t h e ch i ld b u t o f all his o r he r descendants ... C o n c e r n i n g 
r e s e a r c h , i ts r isks s h o u l d be ca re fu l l y c o n s i d e r e d in o r d e r t o 
avo id i n a d v e r t e n t effects t h a t may impa i r human r igh ts ... T h e r e -
q u i r e m e n t s o f h u m a n d i g n i t y a r e t h e r o o t s o f h u m a n r i g h t s . 
Eve rybody shou ld be able t o deve lop his o r her po ten t i a l as fu l ly 
as poss ib le " 6. 

W i t h rega rd t o th is c o n c e r n fe l t by scient is ts t o ensu re respec t 
f o r h u m a n d ign i ty i t may be a p p r o p r i a t e t o q u o t e paragraph I o f 
t h e Valenc ia D e c i a r a t i o n o n t h e H u m a n G e n o m e Proyec t , w h i c h 
inc identa l l y also calis f o r pub l ic d iscuss ion o f t h e issue and t h e 
spec i f i c p a r t i c i p a t i o n o f a l l c o u n t r i e s : " T h e m e m b e r s o f t h e 
w o r k s h o p be l ieve t h a t k n o w l e d g e ga ined f r o m m a p p i n g an se-
quenc ing t h e H u m a n G e n o m e can have g rea t bene f i t f o r h u m a n 
hea l th and w e l l - b e i n g . T o w a r d s these ends, pa r t i c i pa t i ng sc ien
t is ts a c k n o w l e d g e t h e i r respons ib i l i t y t o help ensu re t h a t genet ic 
I n f o r m a t i o n be used on l y t o enhance human d ign i ty . T h e y also 
encourage publ ic deba te o n eth ica l , social and legal imp l i ca t ions 
o f t h e use o f g e n e t i c I n f o r m a t i o n . T h e m e m b e r s e n d o r s e t h e 
c o n c e p t o f I n te rna t i ona l c o l l a b o r a t i o n f o r t h e p r o j e c t and urge 
t h e w i d e s t poss ib le p a r t i c i p a t i o n o f c o u n t r i e s t h r o u g h o u t t h e 
w o r l d , w i t h i n t h e resou rces and in te res ts o f each c o u n t r y " 7 

It is c lear t h a t t h e concep ts o f human rights and human dignity in 
c o n n e c t i o n w i t h t h e H u m a n G e n o m e and genet ic man ipu la t i on 
are o f c o n c e r n t o re l ig ious t h i n k e r s and ju r is ts seek ing t o engage 
in a d ia logue w i t h sc ient is ts. For examp le , in her a r t i c le en t i t l ed 
" G e n e t i c s c r e e n i n g , f r o m n e w b o r n s t o D N A t y p i n g " B a r t h a 
K n o p p e r s c o n c l u d e s : " i n t h e c o n t e x t o f t h e n e w gene t i cs , t h e 



assurance o f and respec t f o r human d ign i ty c a n n o t be l im i t ed t o a 109 
c o n c e p t i o n o f na tu ra l r igh ts o f t h e p e r s o n t h a t d e t e r m i n e t h e 
genet ic i m m u t a b i l i t y o f h u m a n k i n d and o f t h e indiv idual a t b i r t h , 
ñ o r t o a single r i gh t such as t h a t o f inv io lab i l i ty , o r pr ivacy, o r 
indeed l iber ty . Respect f o r human d ign i ty means t h a t i t is essential 
t o t a l k n o t in t e r m s o f g e n e t i c r i gh t s b u t r a t h e r in t e r m s o f 
p r o t e c t i o n o f t h e genet ic her i tage, o f ind iv idual c o n t r o l o v e r and 
access t o t h e H u m a n G e n o m e , a n d o f d u t i e s a n d c o l l e c t i v e 
respons ib i l i t y in rega rd t o i t . Such an a p p r o a c h shou ld serve as a 
source o r apprec ia t ion o f t he specific, intr insic valué o f each human 
being as such, f o r t h e ind iv idual in his o r h e r genet ic m a k e - u p and 
human n a t u r e and f o r t h e co l l ec t i ve a t t a i n m e n t o f such ' h u m a n -
i t u d e ' " 8. 

T h e counc i l o f E u r o p e , in t h e 1989 r e p o r t o f its ad hoc e x p e r t 
c o m m i t t e e o n t h e p rogress o f t h e b iomed ica l sciences ( C A H B ! ) 
in t h e f ie ld o f ar t i f ic ia l p r o c r e a t i o n , s t ressed t h e fac t t h a t " t h e es
sential basis o f human d ign i ty is t h a t all human beings a re equal 
and t h a t e v e r y o n e had his o r he r o w n in t r ins ic w o r t h " . T h e h u 
man being m u s t n o t be rega rded as " a m e a n s " o r as "an o b j e c t " . 
T h e pr inc ip ies p u t f o r w a r d a r e a imed at ensur ing r e c o g n i t i o n o f 
t h e essent ial c o n c e p t o f human d ign i ty and human r ights as e m -
bod ied in t h e Eu ropean C o n v e n t i o n f o r t h e P r o t e c t i o n o f H u m a n 
Rights and Fundamenta l F r e e d o m s 9. 

In t h e r e p o r t s q u o t e d by Bar tha K n o p p e r s 10 p r o d u c e d by var -
ious N o r t h A m e r i c a n scient i f ic bod ies o n gene t h e r a p y and o n 
t h e use o f human genet ic ma te r i a l , such respec t f o r human d ig
ni ty, " a l t h o u g h l i t t le m e n t i o n e d as such, is pe rce i ved as an ind iv id 
ual and sub jec t ive c o n c e p t " . C o m p l e m e n t i n g th is n o t i o n o f h u 
man d ign i ty , as a guaran tee o f ind iv idual sub jec t ive r ights , is t h a t 
o f t h e i n h e r e n t d ign i ty o f h u m a n k i n d , o f t h e c o m m u n i t y , and t h e 
r e q u i r e m e n t t o r e s p e c t such d ign i t y as t h e f o u n d a t i o n o f any 
t r u l y h u m a n soc ie ty . Th is l a t t e r app roach is pa r t i cu la r l y ev i den t in 
r e c e n t s tud ies p r o d u c e d in France, t h e Federal Republ ic o f G e r -
many and Sw i t ze r l and l2. T h e s e t h r e e c o u n t r i e s have begun t o 
rega rd t h e surv iva l o f t h e d ign i t y o f h u m a n k i n d as p a r t o f t h e 
p r o t e c t i o n o f t h e h u m a n species as a w h o l e . A r e p o r t by t h e 
French G o v e r n m e n t and a r e c e n t d ra f t law have g iven r e n e w e d 
express ion t o t h e overa l l c o n c e r n regard ing t h e l imi ts o n t h e f ree -
d o m an ind iv idual may exerc i se in dec id ing t h e fate o f his o r h e r 
gametes o r e m b r y o s and t h e f u t u r e uses t o w h i c h t h e y a re p u t " . 
In acco rdance w i t h t h a t v i ew , " ind iv iduá is a re f ree t o ac t as t h e y 
c h o o s e b u t t h e y a re also a c c o u n t a b l e t o o t h e r s and t o t h e m -
selves and henee may n o t a t t ack h u m a n k i n d t h r o u g h t h e i r o w n 
persons . A c c o r d i n g l y , n o ac t i on t h a t is i n compa t i b l e w i t h human 
dignity and t h a t p revents t he individual f r o m deve lop ing and fulf i l l ing 
his o r h e r human po ten t i a l can be pe rm iss ib l e " l3. I t is o f c o u r s e 
n o t poss ib le t o r e p o r t he re all he discussions t h a t a re s u m m a r i z -
ed in t h e exce l l en t sypno t i c a r t i c le . I shali con f ine mysel f t o q u o t -
ing, in rega rd o n c e again t o Unesco ' s ro l e , t h a t p layed by t h e dif-
f e r e n t na t ions f o r and t h r o u g h t h e i r c i t izens and t h e need t o t ake 



a c o o u n t in d iscussions o f all t h e cu l t u ra l , m o r a l and re l ig ios fac-
t o r s Invo lved In o r d e r t o enable dec is lon -makers t o be gu ided by 
t h e pr inc ip ies emerg ing f r o m t h e scient i f ic deba te , t h e f o l l o w i n g 
paragraphs: "Even assuming tha t , a t a societal level, t h e p r o t e c t i o n 
o f t h e c o m m o n genet ic her i tage o f human i t y and t h e necessary 
genet ic respons ib i l t y t o w a r d s f u t u r e genera t ions t a k e t h e f o r m o f 
t h e bann ing a t na t iona l and i n t e rna t i ona l levéis o f t h e t w o e x 
t r e m e pos i t i ons , namely genet ic man ipu la t i on f o r n o n - t h e r a p e u t i c 
pu rposes and eugenic app l ica t ions, t h e pos tú la te o f human d ign i ty 
in its c l in ical app l i ca t ion in human genet ics requ i res 'a p r e f e r e n c e 
f o r persuas ión r a t h e r than c o e r c i ó n ' ... t h e f u t u r e o f h u m a n ge
net ics lies n o t in t h e obv ious c o n t r o v e r s i e s s u r r o u n d i n g m a n i p u 
la t ion o r e l im ina t i on b u t r a t h e r in t h e c o m m u n i c a t i o n o f genet ic 
I n f o r m a t i o n in genet ic educa t i on and in t h e mak ing o f i n f o r m e d 
gene t i c cho lees . . . " F o r " t h e p u r s u i t o f h u m a n d ign i t y as a goal 
consis ts in seek ing t h e means o f reduc ing human affairs t o laws 
t h a t ma in ta in t h e g rea tes t poss ib le l i b e r t y " l4. 

In o r d e r t o p r e s e r v e w h a t is un ique l y h u m a n , t o p r e v e n t t h e 
loss o f w h a t is sac red , t o e n s u r e t h a t t h e h u m a n b o d y o r i ts 
c o n s t i t u e n t pa r t s o r even i ts cells t hemse l ves d o n o t b e c o m e 
c o m m e r c i a l p r o d u e t s o r r esea rch mate r ia l s used in n o n - t h e r a 
p e u t i c s c i e n t i f i c e x p e r i m e n t a t i o n , i t is essen t i a l t h a t h u m a n 
r ights s h o u l d exe rc i se t h e i r n e w f u n c t i o n o f " m e d i a t i n g b e t w e e n 
e th ics , t h e law, and po l i t i cs , t h e r e b y enab l ing a d iv id ing - l i ne t o 
be d r a w n b e t w e e n w h a t is j u s t and w h a t is un jus t , and a i m e d a t 
es tab l i sh ing w h a t m i g h t be t e r m e d . . . a legal i d e n t i t y hav ing a 
v a r i a b l e c o n t e n t " l5. T h e p o s i t i o n s q u o t e d a b o v e a r e n o t f a r 
r e m o v e d f r o m t h o s e o f t h e C a t h o l i c t h e o l o g i a n K laus D e m m e r 
and t h e sc ien t i s t Jean Dausse t , w h e t h e r speak ing o f t h e i n d i v i d -
u a i i t y o r u n i q u e n e s s o f t h e h u m a n p e r s o n f r o m a r e l i g i o u s , 
t r a n s c e n d e n t a l p o i n t o f v i e w o r f r o m t h e s t a n d p o i n t o f gene t i c 
eng inee r ing . 

A c c o r d i n g t o Klaus D e m m e r i t is essent ial w i t h i n a p lu ra l i s t s o -
c ie ty t o r e i t é r a t e t h e p resuppos i t i ons o f Ca tho l i c t h e o l o g y w h e n 
deal ing w i t h p r o b l e m s o f human genet ic man ipu la t i on . " T h e key 
c o n c e p t t o w h i c h t h e eth ica l a r g u m e n t re fe rs is re f l ec ted in t h e 
n o r m a t i v e n a t u r e o f t h e human p e r s o n . I t is in th i s c o n c e p t t h a t 
t h e t h i n k i n g o f t h e m o r a l t h e o l o g i a n s is r o o t e d : f o r reveíation 
does n o t by i tsel f p r o v i d e a c r i t e r i o n t h a t can be d i r ec t l y app l ied 
t o t h e i n t r a m u n d a n e o r d e r , even if th is does n o t mean t h a t i t 
c a n n o t p r o p o s e a genera l f r a m e w o r k w i t h i n w h i c h t o d e v e l o p 
t h e ethical d iscourse. In o r d e r t o avoid all possible misunderstanding 
i t shou ld be added t h a t th is f r a m e w o r k consists o f a ser ies o f e le-
men ts s t r u c t u r i n g a c o m p r e h e n s i v e Ch r i s t i an a n t h r o p o l o g y t h a t 
sti l l rema ins t o be w o r k e d o u t and analysed ... A t t h e c o r e lies 
t h e d ign i ty o f t h e human p e r s o n in so far as i t is a re la t ionsh ip t o 
G o d . . . W h a t m u s t be b o r n e in m i n d h e r e is t h e ind iv idua l , u n r e -
peatable n a t u r e o f t h e h i s t o r y o f each human being, and t h e p r o 
t e c t i o n t h a t m u s t a c c o r d i n g l y be g iven t o his o r h e r p e r s o n a l 
ident i fy t h r o u g h o u t t h a t pe rson 's ex is tence ..." I6. 



These pos tú la les enable D e m m e r t o w r i t e f u r t h e r o n : " T h e c o n - | | 
v i c t i on is beg inn ing t o p e r m e a t e c o n t e m p o r a r y theo log i ca l t h i n k -
ing o n m o r a l Issues t h a t a c t l o n t o m o d i f y t h e gene t i c c o d e Is 
leg i t ímate w h e n t h e i n t e n t l o n Is s t h c t l y t h e r a p e u t i c ... Years ago 
Plus X I I t o o k a favourab le v l e w o f t h e c o n t e m p o r a r y p rospec ts 
o p e n e d up by negat lve eugenlcs deslgned t o e l imína te h e r e d l t a r y 
dlseases ... T h e d o c t r i n e o f t h e p resen t p o p e f o l l o w s m u c h t h e 
same Unes, ... exp l i c l t l y a p p r o v l n g t h e use o f genet ic eng ineer lng 
f o r t h e r a p e u t i c p u r p o s e s . " 

Emphasls, h o w e v e r , Is p laced o n p r o b l e m s re la t l ng t o p rena ta l 
diagnosis o f genet ic dlsease: " I n acco rdance w i t h t h e p r inc ip ies 
t h a t a re va l id f o r all f o r m s o f diagnosis, t h e m o r a l l t y o f such diag
nosis Is c o n t i n g e n t u p o n t h e m o t i v a t i o n o f t h e p e r s o n asking f o r 
and t h e p e r s o n u n d e r t a k l n g t h e diagnosis, and u p o n t h e goal a i m -
e d a t . W h a t n e v e r t h e l e s s p o s e s a p r o b l e m f r o m t h e m o r a l 
s t a n d p o l n t in t h e se lec t ion o f e m b r y o s and foe tuses f o r eugenic 
pu rposes , if In t h e e v e n t o f an un favourab le diagnosis a t e r m i n a 
r o n o f p regnancy Is des i red o r r e q u i r e " . 

K laus D e m m e r , in his c o n c l u s i ó n , r e m i n d us t h a t t h e h u m a n 
being, t h r o u g h his o r h e r sc lent i f lc conques ts , is a c o - c r e a t o r and 
henee G o d ' s c o l l a b o r a t o r . H e also calis f o r an i n te rd l sc lp l i na ry 
d ia logue, w i t h ju r i s ts a m o n g t h e par t i c ipants , in o r d e r t o achieve 
a consensus and t o p r e v e n t dangerous abuses. 

Th is c o n c e p t o f t h e unqueness o f t h e h u m a n p e r s o n is f u r t h e r 
r e c a l l e d a t t h e b i o l o g i c a l a n d g e n e t i c levé is by Jean D a u s s e t : 
" W i t h each g e n e r a t l o n t h e r e f o r e a re b o r n beings - p r o d u e t s o f 
t h e genet ic l o t t e r y - t h a t a re n e w and un ique inasmuch as t h e y 
are f o r m e d o f en t i r e l y n e w c o m b i n a t i o n s o f genet ic cha rac te r i s -
t i c s " 17. 

Thus t h e r e a re po in t s o f a g r e e m e n t a m o n g peop le o f t h e same 
cu l t u re , be t h e y sc lent is ts , re l ig ious t h i n k e r s , ph l l osophe rs o r j u 
r is ts , c o n c e r n i n g t h e unqueness o f t h e h u m a n p e r s o n and t h e 
permiss ib i l l t y o f mod i f y i ng t h e H u m a n G e n o m e f o r a t h e r a p e u t i c 
p u r p o s e l im i t ed t o t h a t single (and un ique) p e r s o n , t h a t Is, an i n -
t e r v e n t l o n af fect ing t h e somat l c cells b u t n o t t h e g e r m cel ls. Be-
y o n d th is , p r o b l e m s ar ise, and t h e de f i n i t l on o f r i gh t and w r o n g 
relates t o concep tua l f r a m e w o r k s o r e x p e r i e n c e t h a t cali f o r ex -
p lanat lons, p o o l i n g o f I n f o r m a t i o n and h o n e s t a t t e m p t s t o c o m 
pare v i ews . 

Fo r e x a m p l e . James W a t s o n s ta ted his p o s i t l o n a t t h e U n e s c o 
s y m p o s l u m he ld a t t h e I n te rna t i ona l I ns t i t u te o f H u m a n Rights In 
T r i e s t e ( r e f e r r e d t o above) in t h e f o l l o w i n g t e r m s : " A s a sc ient ls t 
I am hes i tan t t o m a k e s w e e p i n g genera l i za t ions as t o t h e m o r a l 
Imp l i ca t l ons o f o u r Increas ing m a s t e r y o f D N A and t h e m o l e -
cu les t h a t m a k e Ufe p o s s i b l e . D i f f e r e n c e s b e t w e e n r i g h t and 
w r o n g o f t e n appear m o r e i n tu i t i ve t h a n deduc t i ve . . . A s each o f 
us possesses s o m e h u n d r e d t h o u s a n d d i f f e ren t genes i t Is c lear 



| | 2 t h a t n o n e o f us possesses o n l y ' g o o d ' examp les o f t hese genes. 
In s o m e cases a g iven gene w i l l a lways be bad, b u t in many cases 
t h e final ef fect w i l l depend w h e r e and h o w w e live. I fear, h o w e v e r , 
t h a t m a n y o f us w i l l no l onge r have th is f r e e d o m t o appear as 
n o n - c o n t r o v e r s i a l g o o d guys ... W e thus have n o cho lee b u t t o 
t a l k o p e n l y a b o u t t hese d iscover ies so t h a t t h e y can be seen as 
o p p o r t u n i t i e s f o r f u r t h e r h u m a n a d v a n c e m e n t r a t h e r t h a n as 
l inchpins f o r t h e u n d e r m i n i n g o f t h e Judaeo -Ch r i s t i an ideáis t h a t 
have so successful ly p r o m o t e d t h e d e v e l o p m e n t o f W e s t e r n c iv-
i l i za t ion ... M u c h m o r e d i f f i cu l t t o reso lve w i l l be t h e q u e s t i o n o f 
w h e t h e r s e l e c t i v e a b o r t i o n o f g e n e t i c a l l y d i s a b l e d f o e t u s e s 
shou ld o c e u r . 

H e r e again, t h e h e a r t o f t h e p r o b l e m lies in h o w w e perce ive h u 
man life per se" l8. 

Q u i t e recen t l y , Frangois G r o s made t h e po in t , in a s t a t e m e n t t o 
t h e po l i t i ca l dec i s i on -make rs at t h e M e e t i n g o f Eu ropean Min is -
t e rs f o r Research o n B ioeth ics , t h a t "sc iences t h a t a re c o n c e r n e d 
w i t h genet ics and r e p r o d u c t i o n d i rec t l y chal lenge t h e ind iv idual 
and soc ie t y and c o n s e q u e n t l y a rouse t h e i n t e r e s t o f t h e p o l i t i -
c ians" l9'20. H e gave f o u r reasons f o r th is , w h i c h I shall summar i ze 
as f o l l o w s : 

1. G e n e t i c m e t h o d s p e r m e a t e all b ranches o f b io logy , and t h e 
pace o f p rog ress in these f ields f r equen t l y makes i t d i f f icu l t 
f o r t h e genera l publ ic t o unde rs tand and keep up w i t h w h a t 
is go ing o n . " H e n e e i t is a m a t t e r o f c o m m u n i c a t i o n and e d u -
ca t i on as m u c h as o n e o f respons ib i l i t y . " 

2. B i o l o g y has m o v e d o n f r o m t h e c o n t e m p l a t i v e stage t o t h e 
ana ly t i ca l s tage, and t h e n c e t o t h a t o f i n t e r v e n t i o n . I ts a p -
p l i ca t i ons n o w lie w i t h i n t h e r e a l m o f t h e advanced t e c h -
n o l o g y . 

3. T h e t h i r d reason lies in " t h e m o r e o r less consc ious co l lec -
t i v e m e m o r y o f t o t a l i t a r i a n ideo log ies , in p a r t i c u l a r d u r i n g 
t h e Second W o r l d W a r , re la t ing t o so-cal led scient i f ic data 
t h a t led t o a f o r m o f eugenics raised t o t h e s tatus o f a po l i cy 
o r sys tem. Henee t h e fear t h a t t h e n e w b io logy may serve 
o n c e again t o p r o m o t such designs rema ins v e r y s t r o n g " . 
T h i s fea r leads t o p o s i t i o n s be ing t a k e n t h a t a r e a i m e d at 
ensu r i ng p r o t e c t i o n o f indiv iduáis and t h e i r e thn ic d ivers i ty . 

4 . " T o all t hese reasons m u s t be added t h o s e d r a w n f r o m e c o l -
ogy in t h e b r o a d sense" . T h e b io log ica l sciences a re suspect -
ed o f paving t h e w a y f o r a n e w mercan t i l e o r d e r in w h i c h i t 
w i l l be t h e t u r n o f h u m a n be ings t o b e c o m e c o n s u m e r 
g o o d s . 

" F o r all t hese reasons a n e w chap te r o f mo ra l i t y , k n o w n as ' b i o 
e th ics ' , has been o p e n e d . " 



W i t h regard t o genetíc engineering and íhe exploration o f the H u m a n \ \ 3 
Genome, t h e d o c u m e n t "E th i ca l issues i nvo l ved in g e n o m e r e -
search p r o u c e d by t h e Standing C o m m i t t e e f o r Legal A f fa i r and 
C i t i z e n s " Rights o f t h e Eu ropean Par l iament asser t t h a t n o t all 
t h a t is techno log ica l l y feasible ¡s necessari ly des i rab le f o r t h e h u 
man species. 

C o n c e r n i n g t h e e x p l o r a t i o n o f t h e H u m a n G e n o m e , Frango ls 
G r o s s d r a w s a t t e n t i o n , a f te r cons ide r i ng t h e advantages o f and 
c r i t i c i sms level led a t th is p ro j ec t , t o t h e usefulness o f adopt ing a 
concerted at t i tude at internat ional level in o r d e r t o o rgan ize suff i -
c ien t l y rap id l y t h e p rocess o f t h i n k i n g a b o u t t h e ind iv idua l and 
social consequences o f such research , " s o t h a t i t may be u n d e r -
t aken in o p t i m a l cond i t i ons , t h e r e by obv ia t ing undue and useless 
e x p e n d i t u r e o n r e d u n d a n t p r o g r a m m e s and above all p reven t i ng 
t h e resul ts o f such research f r o m being ' taken o v e r ' by dub ious 
ideolog ies o r f o r essent ial ly me rcan t i l e pu rposes " . 

A m o n g t h e e th ica l p r i n c i p i e he m e n t i o n s as be ing p a r t i c u l a r l y 
useful , t h e f o l l o w i n g may be h igh l ighted as re levan t t o Unesco 's 
ro l e : t h e es tab l i shmen t o f an adequate n u m b e r o f data banks, a 
d e t e r m i n a r o n t o ensu re t ha t b i o t echno logy , ag r i cu l t u re , research 
o n t r o p i c a l diseases, e tc . bene f i t f r o m t h e m e t h o d o l o g i c a l and 
techno log ica l sp in-o f f such research , th is be ing o f pa r t i cu la r i n te r -
est t o t h e T h i r d W o r l d , and, f inal ly, re f l ec t i on o n c o p y r i g h t and 
possib ly r ights o f u t i l i za t ion in r espec t o f genet ic data o n human 
beings in o r d e r t o ensu re t ha t these b e c o m e an inal ienable i n te r 
na t i ona l h e r i t a g e , as i n d e e d w a s a l ready sugges ted a t t h e last 
U n e s c o m e e t i n g 2 1 . 

These techn iques f o r t h e s tudy o f t h e H u m a n G e n o m e , dev ised 
in t h e c o u n t r i e s o f " t h e N o r t h " , c o n c e r n - i n so far as t h e i r f u t u r e 
d e v e l o p m e n t , t h e i r resu l ts and t h e i r app l ica t ions are c o n c e r n e d -
h u m a n k i n d as a w h o l e . 

Neve r the less , i t is c lear f r o m a perusal o f t h e many w o r k s t h a t 
have a l ready been pub l ished t h a t o n e o f t h e m a j o r p r i o r i t i e s is t o 
establ ish c o l l a b o r a t i o n w i t h T h i r d W o r l d c o u n t r i e s o n a s o u n d 
f o o t i n g . 

T h e fact is t h a t scient i f ic I n f o r m a t i o n , and act ive pa r t i c i pa t i on in 
highly cos t l y and highly c o m p e t i t i v e research p ro j ec t s and app l i 
ca t ions, a re a m a t t e r o f v i ta l c o n c e r n t o t h e peop le o f t h e T h i r d 
W o r l d , w h o c o n s t i t u t e t h e g r e a t m a j o r i t y o f h u m a n k i n d . Such 
pa r t i c i pa t i on shou ld make i t poss ib le b o t h f o r t h e sc ient is ts o f 
t h e c o u n t r i e s c o n c e r n e d t o be act ive pa r tne rs in deve lop ing and 
e x t e n d i g such k n o w l e d g e and f o r t h e spec i f ic needs o f t h o s e 
coun t r i es t o be fu l f i l led. 

H o w e v e r , if i t is t h e b io log is ts ' t ask t o dec iphe r " t h e b o o k o f t h e 
human be ing " , i t is t h e theo log ians , t h e ph i l osophers , t h e ju r is ts , 
t h e leg is t la tors , t h e po l i t ic ians and indeed t h e publ ic a t large t h a t 



| 14 have t h e d u t y o f d iscussing t h e issues af fect ing th is c o m m o n he r -
itage. 

U n e s c o , t h e i n te rd i sc ip l i na ry agency o f t h e U n i t e d N a t i o n s f o r 
educa t i on , sc ience, c u l t u r e and c o m m u n i c a t i o n , w h i c h has o v e r 
159 M e m b e r S ta tes t h e m a j o r i t y o f w h i c h a r e in t h e T h i r d 
W o r l d , has rece ived r e c o m m e n d a t i o n s f r o m t h e scient i f ic c o m -
m u n i t y a imed at p r o m o t i n g and fac i l i ta t ing all aspects o f i n te rna -
t i o n a l c o l l a b o r a t i o n re l a t i ng t o t h e H u m a n G e n o m e - m e d i c a l , 
t e c h n o l o g i c a l , sc ien t i f i c and e t h i c a l - specia l p r o m i n e n c e be ing 
g iven t o its r o l e in re la t i on t o t h e T h i r d W o r l d 22. 

O n t h e basis o f these r e c o m m e n d a t i o n s , and f o l l o w i n g consu l ta -
t i o n s w i t h M e m b e r States and approva l by t h e Execut ive Boa rd 
and t h e Gene ra l C o n f e r e n c e o f U n e s c o at t h e i r last sessions, t h e 
H u m a n G e n o m e Sequenc ing P r o g r a m m e was inc luded in M a j o r 
P r o g r a m m e A r e a II f o r 1990-1995. Its a im is t o p r o m o t e i n te rna -
t i o n c o - o p e r a t i o n w i t h t h e na t i ona l , reg iona l and I n t e r n a t i o n a l 
o rgan iza t ions c o n c e r n e d , b o t h g o v e r n m e n t a l and n o - g o v e r n m e n -
ta l , such as ICSU and H U G O , and t h e r e b y t o faci l í tate par t i c ipa-
t i o n and exchanges b e t w e e n deve lop ing and deve loped coun t r i es . 
Finally, a Scienti f ic C o - o r d i n a t i o n C o m m i t t e e , cha i red by Pro fes-
s o r Santiago Gr iso l ia , has been set up t o s tee r Unesco 's ac t ion in 
th is f ie ld . 
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T H E C A T H O L I C P O I N T 
O F V I E W A N D I T S 
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A B S T R A C T 

The Catholic Church recognizes the voíue o f basic 
scientific research and gives great importace to prog-
ress derived form applied research in general and 
f rom the H u m a n Genome Project in par t icu lar . 
However, the Church is against selective abort ion 
which it fears will increase once pre-natal diagnosis 
facilitates the detection o f a great number o f genetic 
disorders. Likewise, it considers germinal therapy 
and in vitro product ion o f embroys to be moral ly 
unacceptable. Nevertheless, it accepts genetic ther
apy in somatic cells and supports the approach o f a 
predictive medicine designed to safeguard the family 
and population, even though it knows that this will 
genérate conflicts between the right to freedom o f 
cholee on the one hand, and the rights o f other pro-
grammes or communities on the other. 





A s a human genet ic is t I have en joyed t h e adven tu re o f f o l l o w i n g , | 23 
step by s tep, t h e rap id and e x t r a o r d i n a r y d e v e l o p m e n t o f human 
genet ics, f r o m t h e f o r m a l level up t o t h e mo lecu la r one , cu lm ina t -
ing n o w in th ls " b i g sc ience" w h l c h is t h e P ro jec t o f mapp ing and 
sequencing t h e H u m a n G e n o m e . A l l a long, It has gradual ly b e c o m e 
c lea re r t o m e t h a t eve ry p rogress has been accompan ied by n e w 
respons ib i l i t ies , due t o t h e e m e r g e n c e o f nove l eth lcal and social 
imp l i ca t ions . Th is is e x p e c t e d t o o c c u r a t st i l l h igher ra te w h e n 
t h e H u m a n G e n o m e P r o j e c t w i l l be ca r r i ed o u t . T h e r e f o r e , all 
o f t h e p e o p l e i nvo l ved in p r o m o t i n g such p r o j e c t , b o t h in t h e 
scient i f ic and a d m i n i s t r a d ve áreas, repea ted ly stress t h e need t o 
take i n t o c o n s i d e r a r o n all t h e consequences o f t h e inev i tab le i n -
crease o f k n o w l e d g e and its resu l tan t p o w e r , as w e l l as o f t h e 
many fo reseeab le app l ica t ions o f t h e n e w findings. 

T h e Ca tho l i c C h u r c h , l ike all o t h e r re l ig ious g roups , is p a r t i c u -
lar ly sensi t ive t o th is u rgency. She recogn izes, and highly app re -
ciates t h e in t r i ns i c va lué o f basic sc ient i f ic r esea rch , and a t t r i -
butes g rea t i m p o r t a n c e t o app l ied invest iga t ion : indeed, as far as 
its re l ig ious v i e w o f t h e w o r l d is c o n c e r n e d , t h e y " c o n s t i t u t e a sig-
n i f icant e x p r e s s i o n " o f t h e " d o m i n i ó n o v e r c r e a t i o n " w h i c h is e n -
t r u s t e d by t h e C r e a t o r t o man '. A s t h e same t i m e , h o w e v e r , she 
feels i t as he r essent ial d u t y t h a t t w o tasks be accomp l i shed : f l rs t , 
t o examine all t h e aspects c o n c e r n i n g human respons ib i l i t y , b o t h 
in t h e m a n n e r o f a c q u i r i n g k n o w l e d g e , and in t h e app l i ca t i ons 
t h a t inev i tab ly f o l l o w n e w d i scovehes ; second , t o he!p, t h r o u g h 
he r teach ing , f i r s t o f all t h e ca tho l i cs , and t h e n all o t h e r s w h o 
w i sh , t o see w h a t shou ld be t h e r igh t and cons i s ten t c o n d u c t in 
acqu i r ing science as w e l l as app ly ing it. In t h e specif ic case o f t h e 
H u m a n G e n o m e Pro jec t , t h e c o n c e r n o f t h e Ca tho l i c C h u r c h is 
n o t t h e P r o j e c t itself. W e l l a w a r e o f he r lack o f c o m p e t e n c e in 
t h e área o f e x p e r i m e n t a l sc iences, she t r u s t s t h e e x p e r t s w h o 
can evalúate t h e p r o s and cons o f t h e Pro jec t , discuss t h e many 
p r o b l e m s i nvo l ved in i ts e x e c u t i o n f r o m t h e sc ient i f ic , po l i t i ca l 
and f inancial s t andpo in t s , and dec ide a b o u t p r i o r i t i e s 2"5, c o n f i -
d e n t t h a t a g rea t a m o u n t o f n e w and i m p o r t a n t k n o w l e d g e w i l l 
be acqu i red f o r t h e g o o d o f m a n k i n d . T h e C h u r c h ' s main c o n 
ce rn is t h e use t h a t can be made o f th is k n o w l e d g e . I w i l l b r ie f l y 
re fe r t o t h r e e áreas, t h a t I d e e m o f par t i cu la r i n te res t , w h e r e t h e 
n e w f indings c o u l d be app l ied , and w i l l o u t l i n e t h e pos i t i on o f t h e 
Ca tho l i c C h u r c h o n s o m e eth ica l imp l i ca t ions . I d o th is w i t h s in
c e r e r e s p e c t t o all o t h e r p o i n t s o f v i e w and e th ica l p o s i t i o n s , 
w h i c h are express ions o f d i f f e ren t cu l tu ra l o u t l o o k s , and deserve 
ful l c o n s i d e r a r o n 6. 

A f i r s t área in w h i c h t h e h igh - reso lu t i on mapp ing o f H u m a n G e 
n o m e (wh i ch seems t o be t h e first and neares t t a r g e t o f t h e P r o 
jec t ) w i l l have i m m e d i a t e ef fect is t h a t o f p renata l diagnosis o f ge-
net ic diseases 7"12. O t h e r par t i c ipan ts w i l l deal w i t h t h e scient i f ic 
and techn ica l aspects. I w i l l s imp ly m e n t i o n t h a t t h e n u m b e r o f 
de le te r i ous genes f o r w h i c h e i t h e r t h e h o m o z y g o u s o r t h e h e t e r -
ozygous state c o u l d be d e t e c t e d a t t h e e m b r y o n i c o r fetal stage. 



| 24 o r even p r i o r t o imp lan ta t i on in case o f in v i t r o c o n c e p t i o n l3'16, 
w i l l great ly increase, n o t w i t h standing the many scientif ic, technical 
an/d iog is t ica l p r o b l e m s t h a t r e m a i n t o be s o l v e d . A s a c o n s e -
quence , in t h e p r e s e n t s tate o f k n o w l e d g e , t h e n u m b e r o f cases 
in w h i c h t h e c u r r e n t po l icy o f se lect ive p renata l , o r p re imp lan ta -
t i o n , t e r m i n a t i o n m i g h t be app l ied , is e x p e c t e d t o raise cons ide r -
ab ly . T h i s is, n o t o r i o u s l y , a p o i n t o f e th i ca l t e n s i ó n l7"18. T h e 
pos i t i on o f t h e C a t h o l i c C h u r c h is n o t o f abso lu te c o n d e m n a t i o n 
o f p r e n a t a l d iagnos is l9. H o w e v e r , a c c o r d i n g t o h e r d o c t r i n e , 
p renata l diagnosis is g o o d if " t h e life and in teg r i t y o f t h e e m b r y o 
and t h e human f o e t u s " a re respec ted , and i t is " d i r e c t e d t o w a r d s 
its safeguard ing and heal ing as an ind iv idua l " . Th is p o s i t i o n , t h a t is 
c lear ly c o n t r a r y t o se lect ive t e r m i n a t i o n o f fe tus o r e m b r y o , is 
based o n t h e f o l l o w i n g p r i n c i p i e t h a t she c o n s i d e r s t o be a 
fundamen ta l o n e : " T h e f r u i t o f human genera t i on f r o m t h e f i r s t 
m o m e n t o f i ts ex is tence. . . demands t h e u n c o n d i t i o n e d r e s p e c t 
t h a t is m o r a l l y due t o t h e human being in his bod i l y and sp i r i tua l 
to ta l i t y . . . and t h e r e f o r e f r o m t h a t same m o m e n t his r ights as a 
p e r s o n m u s t be recogn ized , a m o n g w h i c h in t h e f i r s t place is t h e 
inv io lab le r i gh t o f eve ry i n n o c e n t human being t o l i fe " . A c c o r d i n g 
t o th is v i e w p o i n t , t h e "qua l i t y o f l i f e " is ce r ta in ly a g rea t va lué, 
t h a t sc ience, med i c i ne and soc ie ty m u s t s t r i ve t o i m p r o v e f o r and 
in eve ry human sub jec t ; b u t i t is n o t t h e man's r i gh t t o establ ish 
at w h i c h p o i n t in t h e range o f t h e "qua l i t y o f l i fe" o n e can d ispose 
o f an o t h e r man's " l i f e " . 

A s e c o n d á rea w h e r e p r o g r e s s in t h e k n o w l e d g e o f t h e H u m a n 
G e n o m e w i l l o p e n n e w pe rspec t i ves is t h a t o f p r e v e n t i v e m e d i 
c ine t h r o u g h c a r r i e r s ' d e t e c t i o n and p r e v e n t i v e c o u n s e l i n g 20. 
A g o o d p a r t o f t h e W o r k s h o p is d e d i c a t e d t o t h i s t o p i c , and 
c e r t a i n l y t h e g r e a t poss ib i l i t i es , b u t a lso d i f f i cu l t ies and p r o b 
lems, f o r t h e a c h i e v e m e n t o f t h e s e goals w i l l be p r e s e n t e d and 
d iscussed . I shal l o n l y add t h a t th i s l ine o f a p p r o a c h , a i m e d a t 
a v o i d i n g t h e c o n c e p t i o n o f i n d i v i d u a l l ives l o a d e d w i t h suf -
f e r a n c e , and a t p r e s e r v i n g and p r o m o t i n g t h e q u a l i t y o f l i fe o f 
f a m i l i e s a n d p o p u l a t i o n s , b y r e d u c i n g t h e b u r d e n o f g e n e t i c 
d i s o r d e r s , is w a r m l y s u p p o r t e d and f a v o r e d by t h e C a t h o l i c 
C h u r c h . T h e e n g a g e m e n t o f sc ience t o d i s c o v e r t h e d e t e r m i n -
ing f a c t o r s o f m a n y d i s r u p t i n g diseases; t h e e n d e a v o r o f m e d i 
c ine t o i den t i f y and r e s p o n s i b l y adv ise sub jec ts a t r isk , he lp ing 
t h e m in t h e i r d e c i s i ó n ; t h e e f f o r t s o f s o c i e t y t o c r é a t e all t h e 
fac i l i t ies f o r a p r i m a r y p r e v e n t i v e m e d i c i n e , and f o r t h e ind is 
pensab le e d u c a t i o n ; and , f ina l ly , t h e ca re o f t h e sub jec ts a t r i sk 
t o r e a c h m a t u r e p e r s o n a l c h o l e e s , a l t o g e t h e r c o n s t i t u t e t h e 
so l i da r i t y t h a t , in t h e v i e w o f t h e C a t h o l i c C h u r c h , s h o u l d cha r -
a c t e r i z e a h u m a n e e n t e r p r i s e and s h o u l d be t h e e x p r e s s i o n o f 
t r u e h u m a n n e s s . 

In t h i s la rge c o o p e r a t i o n a n u m b e r o f e th i ca l p r o b l e m s m a y 
ar ise 2I"23, due ch ie f ly t o poss ib le con f l i c t s b e t w e e n ind iv idua l ' s 
r i gh t t o f r e e d o m o f cho lee and pr ivacy , o n o n e hand , and o t h e r 
p e o p l e o r c o m m u n i t y r e q u i r e m e n t s , o n t h e o t h e r , as f o r i n -



stance in t h e case o f fami l y o r , even , p o p u l a t i o n sc reen ings . N o 125 
genera l s o i u t i o n appears t o be poss ib le . H o w e v e r , in t h e l ight o f 
t h e bas ic e t h i c a l p r i n c i p i e s o f t h e C a t h o l i c C h u r c h , j u s t i c e , 
equ i t y , r e s p e c t o f t h e d ign i t y o f any h u m a n be ing, and t r u e l ove 
m u s t all be t a k e n i n t o c o n s i d e r a t i o n in t h e a t t e m p t t o f i nd a 
p r u d e n t and w i s e a n s w e r t o e v e r y single p r o b l e m in any single 
case. 

A t h i r d área, w h e r e research w i l l be acce le ra ted by t h e ach ieve-
ments o f t h e H u m a n G e n o m e Pro jec t is t h a t o f gene t h e r a p y 24"28, 
t h a t shall also be e x a m i n e d in o u r W o r k s h o p . In acco rdance w i t h 
t h e pr inc ip ies w h i c h a re at t h e basis o f t h e m o r a l i t y o f t he rapeu t i c 
t r e a t m e n t and e x p e r i m e n t a t i o n in humans, t h e Ca tho l i c C h u r c h 
pa r t i c i pa tes in t h e gene ra l e th i ca l consensus n o w r e a c h e d f o r 
somat ic cell gene therapy , t ha t cou ld even be ex tended t o e m b r y o s 
w i t h due respec t f o r t h e i r l ife and in teg r i t y by avo id ing d i s p r o -
p o r t i o n a t e r isks 29. Y e t , t h e fac t t h a t t h e Ca tho l i c C h u r c h 30 c o n -
siders t h e p r o d u c t i o n o f human e m b r y o s in v i t r o , f o r w h i c h e v e r 
reason, t o be a v i o l a t i on o f h u m a n digni ty , and t h e r e f o r e m o r a l l y 
i l l ic i t , makes any t y p e o f ge rm-ce l l t h e r a p y invo lv ing t h e fe r t i l i za-
t i o n in v i t r o also e th ica l ly unacceptab le . 

I have s i m p l y p r o p o s e d t h e essent ia l t e a c h i n g o f t h e C a t h o l i c 
C h u r c h c o n c e r n i n g a f e w eth ica l aspects imp l i ca ted in t h e m e d i 
cal app l i ca t ion o f n e w f indings o f genet ics , w h i c h a re e x p e c t e d t o 
g r o w and expand v e r y rap id ly u n d e r t h e p o w e r f u l impu lse o f t h e 
d e v e l o p i n g H u m a n G e n o m e P r o j e c t . U n d o u b t e d l y , o n e c a n n o t 
avo id t h e imp ress ion o f a r i g o r o u s and in t rans igent d o c t r i n e . Th is 
is p robab l y o n e reason w h y n o t all catho l ics agree. H o w e v e r , i t is 
on l y h o n e s t o f m e t o q u o t e a f e w sentences f r o m t h e i n t r o d u c -
t i o n t o a r e c e n t p e r t i n e n t d o c u m e n t , f r o m w h i c h o n e can pe r -
ceive t h e sp i r i t under ly ing t ha t d o c t r i n e 3 " T h e Chu rch ' s Magiste-
r i u m . . . h a v i n g t a k e n a c c o u n t o f t h e d a t a o f r e s e a r c h a n d 
t e c h n o l o g y , i n tends t o p u t f o r w a r d , by v i r t u e o f i ts evangel ical 
miss ion and apos to l i c du ty , t h e m o r a l teach ing c o r r e s p o n d i n g t o 
t h e d ign i t y o f t h e p e r s o n and t o his o r h e r in tegra l voca t i on . . . 
T h e c r i t e r i a o f m o r a l j udgmen t . . . a r e t h e respec t , de fense and 
p r o m o t i o n o f man . T h e C h u r c h ' s i n t e r v e n t i o n in th is f ie ld is i n -
sp i red also by t h e love she o w s t h e man, he lp ing h im t o r e c o g -
nize and respec t his r ights and du t i es " . 

T o c o n c l u d e : s o m e o f t h e s t a t e m e n t s I have m a d e so far , r e p r e -
sen t ing t h e t r u e t e a c h i n g o f t h e C a t h o l i c C h u r c h , p r o b a b l y w i l l 
c o n t r i b u t e t o ma in ta i n t h e e th ica l t e n s i ó n t h a t p e r m e a t e s t h e 
m o s t advanced f r o n t i e r s o f h u m a n and med ica l gene t i cs ; a t e n 
s ión t h a t can be fe l t as a d i s t u r b i n g f o r c é by t h o s e w h o a re e n -
gaged in th i s f i e ld . H o w e v e r , i t m u s t be r e c o g n i z e d t h a t a g r e a t 
deal o f advances in sc ience in gene ra l , and in m e d i c i n e and m e d 
ical g e n e t i c s in p a r t i c u l a r , a lways o c c u r r e d in an a t m o s p h e r e 
o f e th ica l t e n s i ó n . T h e f u n d a m e n t a l , h i d d e n cause o f th i s t e n 
s ión is, I be l ieve , t h e ex i s t i ng , inev i tab le d i f f e rence in t h e c u l 
t u r a l b a c k g r o u n d s u p o n w h i c h i nd i v i duá i s o r s o c i e t a l g r o u p s 



26 f o u n d t h e i r e th ica l p r i nc ip ies o f behav io r . Fo r th i s v e r y reason 
t h e t e n s i ó n w i l l n o t easi ly subs ide. But , pe rhaps , i t can g radua l l y 
lessen if w e c o u l d succeed , as i t happens in m o s t f ie lds o f r e 
sea rch , t o m a k e , o u t o f t h e p lu ra l i t y o f o p i n i o n s , a m a t t e r o f 
c o n s t r u c t i v e , r e c i p r o c a l u n d e r s t a n d i n g , so t h a t basic and app l ied 
r esea rch m i g h t have a st i l l s t r o n g e r i m p a c t f o r t h e t r u e w e l l -
be ing o f m a n k i n d . 
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A B S T R A C T 

The position o f ¡síam is to support sc/ence and scien-
tific development by encouraging man to acquire 
greater knowledge in alí fields. However, based on 
the commandments o f the Coran - t h e Sacred Book 
o f Laws which governs all activities o f Musl im m e n -
Islamic theologians categorically reject any form o f 
artificial reproduction that uses the sperm o f a do
nar who is not the husband, as ¡ikewise any that 
brings about the destruction o f the embryo. 
Musl im moralists consider that sc/ence has to co-
exist alongside religión and ethics and believe that 
its múltiple applications should be controlled. To be 
more precise, they support a morator ium o f genetic 
engineering and artificial reproduction as applied to 
man. 





I am v e r y m u c h h o n o u r e d and de l igh ted t o have been inv i ted t o | 3 I 
j o in in th i s i m p o r t a n t g a t h e h n g t h e In te rna t iona l C o o p e r a t i o n f o r 
t h e H u m a n G e n o m e Pro jec t . 

T h e r e p u t a t l o n o f t h e "Fundac ión Valenciana de Estudios Avanza
d o s " is a l r e a d y w e l l k n o w n and w e l l e s t a b l i s h e d and o n t h i s 
g r o u n d a lone , i t is a pr iv i lege t o p resen t a paper he re . 

T h e t h e m e o f o u r s y m p o s i u m i n t e r r o g a t e d e v e r y man 's c o n s -
c ience: sc len t i t s , physicians and b io log is ts in par t i cu la r , po l i t i ca l 
m e n and popu la t i ons c o n c e r n e d , ¡t i n t e r roga tes t h e consc ience 
o f t h e re l ig ious famil ies. N o t being a f o r m a l delégate o f any mus lem 
c o m m u n i t y and n o t be ing a special ist in m u s l e m t h e o l o g y , I shall 
l im i t myse l f t o t h e eth ica l aspects re la ted t o ar t i f ic ia l human p r o 
c r e a r o n , seen f r o m t h e p o i n t o f v i e w o f Is lam, k n o w i n g t h a t i t 
r ep resen ts o n l y an aspect o f t h e v e r y w i d e t h e m e w h i c h is sub-
m i t t e d in o u r r e f l e x i ó n . Bu t i t is a fac t t h a t islamic scho la ry have 
n o t w e l c o m e d ar t i f ic ia l f o r m s o f p r o c r e a t i o n w h i t h a g rea t deal 
o f en thus iam. W h a t is t h e exp lana t ion o f th is negat ive a t t i tude? 

B u t f i r s t , l e t us see t h e is lamic a t t i t u d e t o w a r d s sc ience and 
scient i f ic d e v e l o p m e n t 

Islam does accep t t h e theo log ica l d o c t r i n e o f na tura l law, t h a t t o 
say t h e t h e o r y t h a t af f i rms t h a t t h e un iverse and, m o r e genera l ly , 
na tu re , is des igned by G o d f o r t h e fu l f i l lmen t o f specif ic goals. Is
lam bel ieves t h a t in te l l igence is ev iden t in t h e laws o f na tu re and 
t h a t c r e a t i o n is des igned f o r a p u r p o s e . Bu t Islam re jec ts t h e n o -
t i o n c o n t a i n e d in t h e d o c t r i n e o f na tu ra l l aw t h a t man s h o u l d 
no t , t hanks t o his ski l l and in te l l igence, t r a n s f o r m n a t u r e and ac t 
upon t o in o r d e r t o i m p r o v e human c o n d i t i o n . 

In t h e ñame o f th is p r inc ip ie , o n e c o u l d o p p o s e any i n t r u s i ó n o f 
human k n o w l e d g e in t h e d e t e r m i n a r o n o f t h e l iv ing. O n t h e c o n -
t r a r y . Is lam, as f r o m t h e beginning, has been in f a v o u r o f an t i b i -
ot ics and surgery. Islam is f o r t h e progress o f science t h a t can cu re 
s ter i le coup les , p r e v e n t anomal ies , fight spon taneous a b o r t i o n o r 
t h e hsks o f p r e m a t u r e d a b o r t i o n s . N e v e r , even a t t h e v e r y beg in
ning o f t h e caesarian surgery . Islam o p p o s e d its p rac t i ce o n w o m -
en. Islam encourages man t o seek m o r e k n o w l e d g e in all f ields 
and places t h e scient i f ic in a special level o f d iv ing cons ide ra t i ons . 
A verse o f t h e C o r a n says " H o w can these w h o k n o w and t h o s e 
w h o d o n o t k n o w be equale?". 

So Islam denles t h e n o t i o n o f na tura l law w h i c h legislates against 
t h e t h w a r t i n g and man ipu la t i on o f na tu re . Since Islam encourages 
science and scient i f ic d e v e l o p m e n t s and since t h e r e can be n o t 
o p p o s i t i o n o n g r o u n d s o f na tura l law, w h y th is rese rve t o w a r d s 
art i f ic ial f o r m s o f p roc rea t i on? 

It has t o be r e m i n d e d t h a t a l though islam i n t e r p r e t a t i o n s a re n o t 
m o n o l i t h i c and t h a t w i t h i n Islam t h e r e are d i f f e ren t op in i ons w i t h 



I 32 regards t o many issues a m o n g scho la re (u lémau) , th is re l ig ión in 
f i r s t and above all a re l ig ión o f law. A s such, t h e basic p r inc ip ie is 
t h a t if t h e C o r a n does n o t p r o s c r i b e any ac t as a c o n t r a v e n t i o n 
o f d iv ine p r o h i b i t i o n , t h e n t h e ac t ion is p e r m i t t e d o r , a t least, n o t 
c o n d o n n a b l e . 

W h a t a re t h e n t h e g r o u n d s f o r t h e negat ive a t t i t u d e o f Islam t o -
w a r d s t h e m o s t c r i t i ca ! o f t h e n e w techn iques , t h a t is t o say t h e 
in vitro f e r t i l i za t i on o f o v u m and s p e r m and t h e r e p l a c e m e n t o f 
t h e e m b r y o t h u s e n g e n d o r e d in t h e u t e r u s o f an o t h e r w i s e 
chi ld less wife? Par t o f t h e a n s w e r lies in t h e p r i m a c y o f t h e va lué 
o f t h e fami ly and fami ly t ies in is lamic c o n c e p t i o n , Islam has a l -
ways had t h e h lghest r espec t and t h e h ighest c o n s i d e r a t i o n f o r 
t h e i n teg r i t y o f t h e fami ly . Bu t o n e can p o i n t o u t t h a t t h e p r o -
m o t i o n o f fami ly va lúes is o f g rea t c o n c e r n t o mora l i s t s o f va r -
ious re l ig ions t h r o u g h t o u t t h e w o r l d and c o n s e q u e n t l y is n o t a 
m o n o p o l y o f Is lam. 

In many verses o f t h e C o r a n , A d a m Is o r d e r e d t o p r o c r é a t e and 
th is c o m m a n d m e n t is specif ical ly d i r e c t e d t o h im , t h a t is t o say: 
t h e male. 

T h e d iv ine impe ra t i ve is consequen t l y a c o m m a n d m e n t t o engage 
In sexual ac t iv i ty w i t h i n t h e mar i ta l f r a m e w o r k w i t h enough f r e -
quency unt i l ch i l d ren a re conce i ved . Thus , t h e essence o f t h e d i 
v ine c o m m a n d m e n t is t h e sexual ac t i tself and t h e on l y ac t w h l c h 
is o r d e r e d is t h e ac t w h i c h is na tura l . T h e o n l y manda ted f o r m o f 
p r o c r e a t i o n is t h a t w h i c h s tems d i rec t l y f r o m sexual un i ón . 

A s fa r as a r t i f i c i a l f o r m s o f p r o c r e a t i o n a r e c o n c e r n e d , t h e y 
m igh t , a t least in t h e n a r r o w legal sense, be r e g a r d e d as p e r m i s -
sib le unless a v i o l a t i o n o f s o m e speci f ic d i v ine c o m m a n d m e n t s 
is c o m m i t t e d . A n d i t is a fac t t h a t s o m e f o r m s o f ar t i f i c ia l p r o 
c r e a t i o n d o t r a n s g r e d e t h e l im i t s p rec ise ly de f ined by t h e H o l y 
B o o k . 

Insemínatíon of a married woman 
wíth the sperm of a donor other 
than her husband 

T h e ma in r e a s o n t o t h e o p p o s i t i o n o f Is lam t o t h i s f o r m o f a r -
t i f i ca l p r o c r e a t i o n is n o t t h e t r a n s g r e s s i o n o f m a r i t a l ob l i ga -
t i o n s as t h e r e is n o sexua l p r o h i b i t e d i n t e r c o u s e b e t w e e n t h e 
d o n o r and t h e w o m a n . A n d t h e sexua l a c t in all t h e o l o g i c a l 
sys tems is d e f i n e d as p e n e t r a t i o n . W h a t m o t i v a t e s Is lam p o s 
t u r e is Its c o m m a n d m e n t against a d u l t e r y . A n d t h e p r o h i b i t i o n 
against a d u l t e r y is based u p o n t h e necess i t y t h a t pa te rna l i d e n -
t i t y be a b s o l u t e l y c e r t a i n , w i t h o u t t h e leas t a m b i g u i t y , leas t 
p r o g e n y , u n k n o w i n g l y , have i n c e s t u o u s r e l a t i o n s h i p . 
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d o n o r m i g h t lead t o inces tuous re la t ionsh ip . T h a t is w h y , a c c o r d -
ing t o t h e o v e r w h e l m i n g m a j o h t y o f Islam theo log is ts , t h e ut i l iza-
t i o n o f t h e semen o f a male o t h e r t han t h e husband t o inseml -
nate a m a r r i e d w o m a n is p u r é and s imple adu l te ry . T h a t is w h y 
th is re l ig ión ca tegor ica l ly re jec ts any f o r m o f ar t i f ic ia l p r o c r e a t i o n 
w h i c h invo lves t h e i n t r o d u c t i o n o f semen o t h e r t h a t t h e hus-
band's i n t o t h e geni ta l t r a c t o f a m a r r i e d w o m a n . 

Destruction of the zygote 

T h e in vitro fe r t i l i za t i on impl ies a second ser ious p r o b l e m w h i c h 
der ives f r o m t h e d e s t r u c t i o n o f a l iv ing e m b r y o . A s a m a t t e r o f 
fact, e v e r y t i m e an o v u m fe r t i l i zed w i t h t h e semen o f t h e husband 
is imp lan ted in t h e u te rus o f his w i fe , t h e r e does n o t arise a p r o b 
l e m , f r o m t h e t h e o l o g i c a l p o i n t o f v i e w . T h e p r o b l e m ar ises 
w h e n a ce r ta in n u m b e r o f o v u m are s imu l taneous ly fe r t i l i zed , and 
some o f t h e m are n o t imp lan ted in t h e m o t h e r ' s u te rus . W h a t 
w i l l be t h e des t iny o f these ova? Ki l l ing a l ife, even t h a t o f a f o e -
tus , is t o t a l l y p r o h i b i t e d by m u s l e m re l ig ión . T o take s o m e b o d y ' s 
life, even t h a t w h i c h man has c o n t r i b u t e d t o c réa te and cou ld n o t 
have ex is ted w i t h o u t his ski l l and k n o w l e d g e , is c r im ina l . 

T h e ques t i on is w h e n does t h e fe r t i l i zed o v u m begins t o be c o n -
s idered as a human being? H e r e , t h e op in ions d i f fer and w e c o n 
t i nué n o a t t e n d a on -go ing deba te and d i sagreement a m o n g m o s -
lem scholars . 

A s c h o o l o f t h e o l o g i s t h e a d e d by A b d a l l a h G u e n n o u n , t a k i n g 
g r o u n d o n a ve rsus o f t h e C o r a n w h i c h c o n s i d e r e d t h a t m a n 
bears inside h imsel f his p rogeny , has gone so fa r as t o a f f i rm t h a t 
life is in t h e semen and t h e ova b e f o r e t h e p h e n o m e n o n o f f e r t i 
l izat ion takes place. 

A t t h e o t h e r e x t r e m e , o t h e r s cons ide r t h a t t h e e m b r y o becomes 
a human o rgan ism o n l y w h e n i t becomes vis ible t o t h e naked eye 
and c o n s e q u e n t l y , t h e law does n o t g ive i t a legal r e c o g n i t i o n 
w h e n t h e o rgan ism is st i l l sub-v isual . 

T h e di f f icul t ies t o ident i fy t h e m o m e n t w h e n t h e human o rgan ism 
is f o r m e d , as f r o m t h e m o m e n t o f f e r t i l i z a t i on , have led o t h e r 
m o s l e m scholars t o r e c o m m e n d t h a t ali fe r t i l i zed ova shou ld be 
i n t r o d u c e d i n t o t h e w i fe ' s u te rus and if th is is n o t medica l ly ac-
c e p t a b l e f o r r e a s o n s r e l a t e d t o t h e m o t h e r ' s o r t h e f o e t u s ' 
heal th, t h e y suggest t o t ake f r o m t h e w o m a n on l y t h e n u m b e r o f 
ova than can be safely r e i m p l a n t e d o n c e ar t i f ic ia l ly fe r t i l i zed . 

T h e conservat ive m o s l e m theo log is ts claim f o r t h e e m b r y o , f r o m 
t h e t i m e o f c o n e p t i o n , t h e same status and t h e r e f o r e t h e same 
fight t o p r o t e c t i o n as in due t o all human beings t h r o u g h o u t life. 
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life, no m a t t e r w h a t t h e es t imated benef i t e i t he r t o a t h i r d par ty o r 
t o medical progress in general . Because o f its genet ic po tent ia l t o 
become a human being o r a human person , t h e e m b r y o mus t be 
t r ea ted as t h o u g h i t actual ly w a r e o n e f r o m t h e beglnning. 

A n o t h e r fundamenta l mo t i va t i on tha t suppor ts t he reserve o f Islam 
w i t h regard t o in vitro fe r t i l i za t l on and o t h e r f o r m s o f p r o c r e a t i o n 
e x p e r i m e n t s is t h e p r inc ip ie t h a t o r d e r us " t o d o no h a r m " . 

Man is n o t m o r a l l y en t l t l ed t o c réa te life in o r d e r t o Inf l ict h a r m 
o r in ju ry u p o n t h e bea re r o f t h a t Ufe. For Islam, all e x p e r i m e n t a 
r o n u p o n u n b o r n foe tuses is i m m o r a l and uneth ica l . 

Such e x p e r i m e n t a t i o n is uneth ica l because i t is imposs ib le t o p r e -
d ic t w h e t h e r i t w l l l resu l t in t h e b i r t h o f a defec t ive ch i ld w h o , 
o t h e r w i s e , w o u l d n o t have been b o r n . Life shou ld n o t be a r t i f i -
cial ly gene ra ted w h e n such gene ra t i on car r ies w i t h i t t h e r i sk o f 
suf fer ing o r pain. 

D a t e re la t ive t o t h e congen i ta l defects in t h e thousands o f b i r t hs 
w h i c h resu l ted f r o m in vitro fe r t l l l za t i on a re n o t available and l i t t le 
I n f o r m a t i o n a b o u t i t has been pub l ished in medica l l i t e ra tu re . 

Bu t i t seems reasonab le t o t h i n k tha t , a t least in t h e f l r s t p e r l o d 
o f t h e use o f in vitro f e r t l l l za t i on , t h e b i r t h o f de fec t ive ch i l d ren 
had t o be an t i c ipa ted . 

T h e s imple physical man ipu la t i on o f t h e o v u m and t h e zygo te and 
t h e r e i nse r t i on o f t h e deve lop ing e m b r y o in t h e m o t h e r ' s u te rus 
c o u l d have resu l ted in genet ic acc idents . O n t h e o t h e r hand, f o r 
m o s l e m scholars, t h e fac t t h a t t h e fe r t i l i zed o v u m rema ined , even 
f o r a l im l t ed t i m e , ou t s i de t h e u te rus c o u l d have p r e v e n t e d t h e 
i n t e r v e n t i o n o f mechan isms e m p l o y e d by na tu re , special ly at t h e 
ear ly stages o f ges ta t ion w h i c h a re a imed at e l im ina t ing de fec t i ve 
foe tuses . 

De fec t i ve ch i l d ren m i g h t have been b o r n . T h e y w o u l d n o t have 
been if ar t i f ic ia l t echn iques had n o t i n t e r f e r e d w i t h t h e na tu ra l 
p rocess o f ges ta t i on . 

A s a m a t t e r o f fact , t h e h i s t o r y o f medica l d e v e l o p m e n t is ful l o f 
examp les o f uneth ica l acts w h i c h , la ter , have led t o substancial 
benef i ts f o r m e n and, m o s t p robab ly , th is w l l l also be t h e case f o r 
ar t i f ic ia l p r o c r e a t i o n . Bu t w h a t makes t h e in vitro fe r t l l l za t ion ma-
n ipu la t i ons susp ic ious t o e th ics is t h a t t h e y a re app l ied t o t h e 
v e r y c rea t l on o f h u m a n life and t h a t any e r r o r can resu l t in i r r e 
vers ib le damage t o t h e foe tus . 

Because o f t h e s h o r t t i m e t h a t is a l l o w e d t o me , I c a n n o t tack le 
o t h e r aspects o f ce r ta in f o r m s o f art i f ic ia l p r o c r e a t i o n w h i c h m o 
t ívate t h e negat ive a t t i t u d e o f Is lam, such as: 
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in genéra te h im o r o n c e he learns he is n o t t h e b io logical son 
o f his paren ts . 

T h e fac t t h a t in vitro fe r t i l i za t i on seems t o resu l t in t h e p r e 
p o n d e r a n t e o f female b i r t hs o v e r male b i r ths . 

T h e possib i l i ty , in t h e f u t u r e , t o p re -se lec t t h e chi ld 's sex o r a 
speci f ic gene t i c cha rac te r . T h e s e a re áreas in w h i c h legisla-
t i o n s have t o be p r o m u l g a t e d in o r d e r t o avo id social evi ls 
t h a t m igh t t h r e a t e n t h e s t r u c t u r e s o f o u r soc ie t ies . 

Conclusión 

F o r m o s l e m m o r a l i s t s , s c i e n c e w i t h i ts m ú l t i p l e a p p l i c a t i o n s 
shou ld n o t e be le f t t o i tself. A s t h e w a t e r o f t h e t o r r e n t t h a t 
goes d o w n f o r t h e m o u n t a i n , i t can ru in and dea th , i t has t o be 
canal ized and o r i e n t e d t o w a r d s specif ic ob jec t i ves . 

T h e genet ic engeneer ing and t h e v e r y techn iques o f ar t i f ic ia l fe r 
t i l i za t i on , if app l ied t o a g r i c u l t u r e and b r e e d i n g and p u t a t t h e 
serv ice o f a w o r l d - w i d e d e v e l o p m e n t , instead o f being t h e m o n o -
po ly o f a f e w coun t r i es , cou ld c o n t r i b u t e t o b e t t e r t h e c o n d i t i o n 
at "a l l m e n and all t h e m a n " , as said His Ho l i neus Paul V I . 

T h e m o s l e m theo log i s t s c o n s i d e r t h a t science has t o go o n being, 
a long w i t h re l ig ión and eth ics, a basic f a c t o r o f p rogress and un i 
versal peace, b e t w e e n m e n in all con t i nen t s , w h o d o n o t need 
add i t iona l ¡nequal i t ies, y e t need , o n t h e c o n t r a r y , a deepe r and 
m o r e vis ible so l idar i t y . 

T h e y jo in t h e i r vo lees t o t h a t o f t h o s e advóca te a m o r a t o r y in 
t h e f le ld o f genet ic engeneer ing and art i f ic ia l p r o c r e a t i o n app l ied 
t o man . Th is i nv i t a t i on , a l t hough o n l y exp ressed , is a sign o f w i s -
d o m w h i c h deserves t o be sc ru t i n i zed a t least as care fu l ly and 
w i t h t h e same p r e o e c u p a t i o n as t h e p r o d u c t i o n and e x p e r i m e n 
t a r o n o f nuc lear a rms . 

As said t h e p r o f e s s o r T e s t a r t , p i o n e e r in t h e IVF, a m o r a t o r y in 
t he invest igat ion in human "in vitro f e r t i l i z a t i o n " is necessary be-
cause i t car r ies t h e r i sk t o lead t o a radical change o f t h e human 
pe rson . 

O n e shou ld n o t f o r g e t t h e cen te r s o f conse rva t i on cal led " e m -
b ryos ' b a n k " ce r ta in o r w i l l con ta in a g rea t n u m b e r o f po ten t i a l 
human beings, a w h o l e p o p u l a t i o n in e x p e c t a t i o n o f l i fe. I t shou ld 
n o t be a l l o w e d , u n d e r any p r e t e x t , t o have human i t y s t o r e d in 
d ip l i ca te , t o m a k e h u m a n r e s e r v e s t h a t can be used f o r G o d 
K n o w s w h i c h pu rposes . Th is shou ld induce us, w h a t e v e r t h e re l i 
g ión w e be long t o , t o advócate t h e p r o m u l g a t i o n o f a specif ic leg-



| 36 is la t ion. Possibi l i t ies ex is t in a s h o r t f u t u r e t o m u l t i p l y ident ica l ly 
t h e same indiv idual (and th is is cal led c lon ing) t o c réa te n e w espe
cies and p r e d e t e r m i n e indiv iduáis (and th is is gene t i c man ipu la -
t i o n ) . W h o c a n n o t see t h a t i t is abso lu te ly necessary, if w e w i s h 
t o p rese rve man in his s ingular i ty , t o set up ba r r i e r s against these 
g rea t dangers. T h e law, he re , shou ld play ful ly t h e p r o t e c t i v e r o l e 
i t is made f o r . 
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A B S T R A C T 

Knowledge o f the human genome and the possibility 
that this information be used to modify human ge-
netics pose certain ethical problems. The fact that 
creation is not perfect opens the door to man to in-
tervene with the aim o f perfecting, but never harm-
ing i t ¡ f God created one so/e man in His own image 
and likeness, the concept o f geneticaüy inferior races 
is irrational. In this sense, knowledge o f the human 
genome wi l l clearíy show the equaii ty o f human 
beings. 
As far as genetic therapy is concerned, its applica-
tion to somatic cells is no different to other thera-
pies. However, the genetic intervention o f germinal 
cells requires a somewhat more complex analysis. 
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t heo log ian . I have a l ong i n t e r e s t in Jewish s tud ies and t r a d i t i o n . 
T h e f o l l o w i n g are m y persona l t h o u g h t s o n t h e sub jec t as a Jew
ish sc ient is t . T h e y a re based o n m y unde rs tand ing and i n t e r p r e t a 
r o n o f Jewish t r a d i t i o n and ph i l osophy . T o s o m e e x t e n t t h e y a re 
also based o n ce r ta in legal d iscussions. These t h o u g h t s d o n o t , 
h o w e v e r , c o n s t i t u t e a f o r m a l legal o p i n i ó n o n Jewish law ( "Ha la -
cha") . Let m e also add t h a t in t h e g o o d t r a d i t i o n o f Jewish cu l 
t u re , o n e can find op in ions w h i c h are d i f fe ren t f r o m mine , bu t I be-
lieve t h a t these r e m a r k s t h a t I am go ing t o share w i t h y o u are in 
l ine w i t h Jewish t r a d i t i o n and ph i l osophy . W i t h g rea t re luc tance 
and hesi tance d id I u n d e r t a k e t o share these r e m a r k s w i t h y o u . 

Let m e o u t l i n e t h e p r o b l e m s and issues t h a t I am go ing t o dis-
cuss: De ta i l ed k n o w l e d g e o f t h e H u m a n G e n o m e and t h e t e c h -
niques and possib i l i t ies o f using th is I n f o r m a t i o n t o i n te r vene ge-
net ica l ly in t h e h u m a n gene t i c m a k e - u p p r e s e n t a t least t h r e e 
main e th ica l / theo log ica l p r o b l e m s : 

1. K n o w i n g t h e de ta i led H u m a n G e n o m e , may reveal I n f o r m a 
t i o n t h a t s u p p o r t s t h e n o t i o n t h a t ce r ta in races a re gene t i -
cally i n f e r i o r t o o t h e r s , t hus causing racial d i s c r im ina t i on . 

2. Gene t i c i n t e r v e n t i o n in " G o d ' s C r e a t i o n " is an a r r o g a n t h u 
man act. Us ing gene t h e r a p y is "p lay ing G o d " and shou ld n o t 
be p rac t i ced . 

3. T h e techn iques o f genet ic man ipu la t i on can potential ly be mis -
used t o h a r m a n d t o d a m a g e c r e a t i o n . T h e y , t h e r e f o r e , 
shou ld n o t be d e v e l o p e d a t al l . 

I w i l l discuss these issues f i r s t o n a ph i losoph ica l level, and t h e n 
on a s o m e w h a t m o r e legalistic level . 

Philosophical approach 

T h e Jewish a t t i t u d e is t h a t Man plays a cen t ra l r o l e in t h e w o r l d . 
Man is t h e " c r o w n " o f c r e a t i o n . A s t h e b o o k o f Génesis puts i t : 
Man w a s c r e a t e d in G o d ' s image. F u r t h e r m o r e , w i t h o u t M a n , 
G o d ' s k i n g d o m in t h e un i ve rse is l i m i t e d . Man is an i m p o r t a n t 
partner t o G o d . Many Jewish ph i l osophe rs share t h e o p i n i ó n t h a t 
c rea t i on is, in fact , n o t pe r fec t . Th is is a v e r y i n te res t i ng concep t . 
T h e A l m i g h t y has lef t th ings f o r Man t o c o m p l e t e , perhaps p u r -
posely. 

This places v e r y i m p o r t a n t respons ib i l i t ies o n Man . Man shou ld 
be a respons ib le p a r t n e r and behave accord ing ly . In m y o p i n i ó n , 
t h e r e is n o t h i n g w r o n g w i t h "p lay ing G o d " if i t means i m p r o v i n g 
C r e a t i o n and if i t is d o n e in a respons ib le w a y as a g o o d pa r tne r . 



40 Man has t o w o r k as a p a r t n e r w i t h t h e A l m i g h t y in o r d e r t o 
p e r f e c t H is c r e a t i o n and t o avo id caus ing i t h a r m . A s Man is 
c e n t r a l , so is his l i fe, his hea l t h , his w e l l - b e i n g , and d ign i t y . Sav-
ing h u m a n l i fe is o n e o f t h e h ighest p r i o r i t i e s in Jewish law, su -
p e r c e d i n g m o s t o t h e r laws . Hea l i ng and r e d u c i n g h u m a n suf-
f e r i n g a r e c o n s i d e r e d means o f h e l p i n g and c a r i n g f o r G o d ' s 
image. Rabbi M o s h e , t h e s o n o f M a i m ó n k n o w n as M a i m o n i d e s , 
t h e g r e a t Jew ish scho la r , p h i l o s o p h e r and phys ic ian , w h o w a s 
b o r n in C o r d o v a ( I I 3 5 A C ) and la te r f led w i t h his fami ly f r o m 
Spain, w r o t e 8 0 0 years ago: " A hea l thy b o d y in G o d ' s w i l l , b e -
cause o n e c a n n o t k n o w and unders tand G o d if o n e is sick. T h e r e -
f o r e , o n e s h o u l d a v o i d th ings w h i c h a r e h a r m f u l t o t h e b o d y 
and s h o u l d behave and d o th ings w h i c h p r o m o t e w e l l - b e i n g and 
g o o d h e a l t h " . 

Jewish ph i l osophy does n o t assume an " O r i g i n a l S in " t h a t needs 
t o be dea l t w i t h . W e be l ieve t h a t Man can po ten t i a l l y be v e r y 
e levated and c ióse t o G o d . " A n d Y o u have made Man a little l o w -
e r t h a n G o d " (Psalms). T h e Kabal ist ic Messianic c o n c e p t is t h a t 
a t t h e end o f t i m e . Man w i l l achieve a high m o r a l s tatus. C r e a t i o n 
has a pos i t i ve d i r e c t i o n . Man , t h r o u g h his behav iou r , has e n o r -
m o u s p o w e r t o acce le ra te th is p rocess . Th is is a v e r y pos i t i ve 
and optimist ic a p p r o a c h . I may go as far as saying t h a t using m o d -
e r n genet ics t o b e t t e r unde rs tand C r e a t i o n and t o i m p r o v e C r e 
a t i on is w h a t t h e A l m i g h t y expec ts f r o m us. 

Specífíc ¡ssues addressed 

/ . Genet ic In fo rma t ion 

A s t h e w o r l d is G o d ' s c r e a t i o n , k n o w i n g c r e a t i o n is a w a y o f 
k n o w i n g G o d and pe rhaps b e t t e r a p p r e c i a t i n g H i m . K n o w l e d g e 
o f c r e a t i o n is, t h e r e f o r e , h igh ly des i rab le . T h e c o n c e p t o f genet-
/co//y " i n f e r i o r " races is o b v i o u s l y i m p r o p e r and u n r e a s o n a b l e . 
T h e b o o k o f Génes i s te l l s us t h a t G o d c r e a t e d o n l y o n e m a n 
( A d a m ) . Jew ish c o m m e n t a t o r s asked : W h y d id G o d c r é a t e o n l y 
o n e man? In o r d e r t o t e a c h us t h a t a l l m a n k i n d is e q u a l . 
M a i m o n i d e s w r o t e t h e f o l l o w i n g : ". . . A n d A d a m was , t h e r e f o r e , 
c r e a t e d a lone in t h e w o r l d , t o t e a c h t h a t e n d i n g a s ingle l i fe is 
l ike e n d i n g a w h o l e w o r l d , w h e r e a s saving a s ingle l i fe is l i ke 
saving a w h o l e w o r l d . . . and e v e r y p e r s o n can , t h e r e f o r e , say 
and fee l t h a t t h e w o r l d w a s c r e a t e d f o r h imse l f . " A c c o r d i n g t o 
Génes i s , Eve w a s a s o m a t i c c l o n e , n o t even a d i f f e r e n t gene t i c 
o r g a n i s m . 

I p r e d i c t t han o n c e t h e H u m a n G e n o m e is c o m p l e t e l y k n o w n , i t 
w i l l s h o w h o w remarkab l y equal human beings a re and t h e r e w i l l 
n o t be a scientific basis f o r rac ism based o n in te l lec tua l o r behav-
iora l genet ic d i f ferences. 



2. Gene Therapy 141 

T w o aspects o f gene t h e r a p y w i l l be discussed, somat i c t h e r a p y 
and g e r m l ine t h e r a p y . 

a) Somatic Therapy 

In m y o p i n i ó n , th is is in essence n o t d i f fe ren t f r o m any o t h e r t h e r 
apy, i t is v e r y posi t ive and desirable. This is just a long-last ing t h e r 
apy. Uve vacc ina t jon is also a long- last ing t he rapy . Hea l ing s ick-
ness can be a l i fe-saving ac t and is, t h e r e f o r e , long last ing. E l imi -
na t ion o f su f fe r ing is g rea t l y des i rab le . A l t h o u g h sickness and suf-
fe r ing can also be v i e w e d as a pun ish ing signal f r o m G o d , man 
shou ld never the less d o e v e r y t h i n g he can t o r e d u c e human suf
f e r i ng and t o p r e s e r v e h u m a n l i fe. P r e s e r v a t i o n o f l i fe , sav ing 
G o d ' s image, is o n e o f t h e m o s t i m p o r t a n t c o m m a n d m e n t s and 
supercedes a l m o s t all o t h e r c o m m a n d m e n t s . M a i m o n i d e s w r o t e : 
" I f o n e b e c o m e s s ick and may d ie , and t h e physicians say t h a t his 
r e c o v e r y r e q u i r e s d o i n g s o m e t h i n g w h i c h is f o r b i d d e n by t h e 
laws o f t h e T o r a h , w e a re p e r m i t t e d t o d o eve ry th i ng , inc lud ing 
t ha t w h i c h is usually f o r b i d d e n , e x c e p t f o r t h r e e th ings (one o f 
w h i c h is k i l l ing a n o t h e r p e r s o n ) . 

As in any o t h e r f o r m o f t h e r a p y , t h e p r o p o r t i o n b e t w e e n b e n -
ef i t and r i s k s h o u l d be e v a l u a t e d . N o o b v i o u s h a r m s h o u l d be 
d o n e , o f c o u r s e . T h e J e w i s h a p p r o a c h is t o e v a l ú a t e t h e 
r i s k / b e n e f i t r a t i o v is-a-v is t h e indiv idual pat ient , n o t in g e n e r a l i -
t ies . T h e phys i c ian has r e s p o n s i b i l i t i e s t o w a r d s t h e i nd i v i dua l 
pa t i en t in q u e s t i o n . T h e r e is less c o n c e r n in t e r m s o f " p o t e n -
t i a l " h a r m . W h e n i m m e d i a t e he lp t o an ind iv idua l is c o n t r a s t e d 
w i t h po ten t ia l l o n g - t e r m damage , i m m e d i a t e he lp , p a r t i c u l a r l y 
t h a t w h i c h p r e s e r v e s l i fe , t a k e s p r i o r i t y a c c o r d i n g t o J e w i s h 
law. 

b) G e r m line in tervent ion 

This may be perhaps a m o r e c o m p l e x issue. Th is is a v e r y long 
lasting t h e r a p y w h i c h w i l l in f luence genera t i ons t o c o m e . 

I bel ieve t ha t , in many ways , th is is also n o t t o o d i f f e ren t in es
sence f r o m o t h e r t h e r a p e u t i c app roaches t h a t w e are tak ing . 

T rea t i ng i n fe r t i l i t y p r o b l e m s , f o r examp le , is a long- last ing i n te r 
ven t ion w h i c h w i l l g rea t ly in f luence genera t ions t o c o m e . Life sav
ing can have long- last ing effects in genera t i ons t o c o m e . 

O n a m o r e technica l / lega l level , t h e man ipu la t i on o f e m b r y o n i c 
cells and e m b r y o s m a y p r e s e n t p r o b l e m s by e n d a n g e r i n g t h e 
" l i f e " o f t h e i m m e d i a t e , ind iv idual e m b r y o . 



42 T h e Jewish a p p r o a c h does n o t de f ine t h e e m b r y o as a l iv ing i nd i 
v idual d u r i n g t h e f i r s t m o n t h ( o r 4 0 days) o f ges ta t i on - i t is a 
special t i ssue. T h e r e f o r e , a c c o r d i n g t o Jewish law, th is is n o t a 
m a j o r obs tac le t o gene t i c m a n i p u l a t i o n . In fact , up t o t h e m o -
m e n t o f b i r t h , t h e e m b r y o is n o t legally de f lned in t h e same w a y 
as a l iv ing h u m a n be ing in t h e c o n t e x t o f m u r d e r , f o r examp le . I 
mus t , h o w e v e r , emphas ize t h a t a c c o r d i n g t o Halacha, t e r m i n a t -
ing p regnancy w i t h o u t a g o o d reason shou ld n o t be a n o r m a l 
p rac t i ce . O n t h e o t h e r hand, i t is n o t c o n s i d e r e d m u r d e r f o r le
gal pu rposes . 

T h e v i e w , he ld by s o m e , t h a t w e shou ld n o t even deve lop t h e 
t e c h n o l o g y o f gene man ipu la t i on because th is t e c h n o l o g y may be 
e x p l o i t e d and misused in t h e f u t u r e is v e r y pessimist ic and is n o t 
cons i s ten t w i t h o u r a t t i t u d e and basic t r u s t in Man. W e assume 
t h a t Man is or ig ina l ly g o o d , and t h a t he can, and w i l l be, even be t 
t e r . O f c o u r s e , w e have t o w a t c h and set up ru les and fences 
t o avo id t h e misuse o f k n o w i e d g e . T h e v e r y fac t t h a t meet ings 
such as th is take place raises consc iousness and awareness o f t h e 
p r o b l e m s . 

T e c h n o l o g y , in p r inc ip ie , is neu t ra l . T h e way in w h i c h t e c h n o l o g y 
is used by Man d e t e r m i n e s w h e t h e r o r n o t i t is g o o d o r ev i l . 
Rabbi Moshe , t h e son o f N a c h m a n (Nachman ides ) ( I 194-1270) , 
a n o t h e r scho lar and physic ian w h o l ived in G e r o n a and also f led 
f r o m Spain 750 years ago, c o m m e n t e d in his i n t e r p r e t a r o n o f t h e 
b o o k o f Génesis ( in re la t i on t o Lemech , p resumab ly t h e i n v e n t o r 
o f meta l lu rgy ) t h a t bu i ld ing s w o r d s is n o t a sin b u t k i l l ing is a sin. 

I n t e r e s t i n g l y , N a c h m a n i d e s a lso w r o t e t h a t a phys i c i an w h o 
k n o w s t o heal is ob l i ged t o heal , and if he avoids do ing so, he w i l l 
be v i e w e d as shedd ing b l o o d . D r a w i n g th is s t a t e m e n t t o a logical 
conc lus ión , i t means t h a t if a physic ian k n o w s h o w t o c u r e a dis-
ease by genet ic means, he has an ob l iga t ion t o d o so w i t h o u t any 
delays. 

In conc lus ión , t h e chal lenge is t o gu ide and teach o u r c o m m u n i -
t ies and indeed all m a n k i n d t o be respons ib le and t o adhe re t o 
m o r a l valúes in genera l . W e h o p e t h a t o u r basic o p t i m i s m and 
bel ie f in Man , w h o is c r e a t e d in G o d ' s image, w i l l be jus t i f i ed . 
Being c rea ted in G o d ' s image is a g rea t h o n o u r b u t also car r ies 
w i t h i t t h e u t m o s t respons ib i l i t y . T h e Kabala w h i c h f l ou r i shed in 
Spain 5 0 0 - 6 0 0 years ago d e v e l o p e d t h e c o n c e p t t h a t H o c h m a , 
W i s d o m , K n o w i e d g e and Progress, have t o go hand in hand and 
be c o m b i n e d w i t h Hesed , M e r c y , in t h e sense o f he lp ing peop le . 
If th is fantast ic k n o w i e d g e and w i s d o m t h a t is c u r r e n t l y evo lv ing 
is n o t used t o c u r e diseases and e l imínate suf fer ing, i t w i l l be an 
i m b a l a n c e d k n o w i e d g e a n d w i l l n o t fu l f i l l i ts m e r c i f u l aspec t . 
H o w e v e r , I may add t h a t in th is p rocess o f "p lay ing G o d " , w e 
shou ld n o t lose pe rspec t i ve and shou ld be humb le and sensi t ive 
t o human life and human dignity. W e should w o r k t o w a r d improv ing 
c r e a t i o n r a t h e r t han damaging c r e a t i o n . 



I w o u l d l ike t o finish w i t h a l i t t l e ta le f r o m t h e M id rash : W h e n 143 
G o d c rea ted Man , he s h o w e d h im all t h e t r e e s in t h e C a r d e n o f 
Edén and said t o h i m , "See h o w beaut i fu l and exce l l en t t h e y a re . 
Be carefu l n o t t o damage o r d e s t r o y m y w o r l d , because if y o u 
damage th is w o r l d , t h e r e w l l l be n o b o d y else t o f ix i t a f te r y o u " . 
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A B S T R A C T 

"Genetic Science in the benefit o f M a n k i n d " and 
"Biotechnology: its challenges to the Churches and 
the W o r l d " are two documents published respec-
tively by the Nat ional Council o f the Churches o f 
Christ o f the United States and by the World Council 
o f Ecclesiastical Sub-unities. Both reports consider 
ethical and legal aspects derived f rom projects on 
human genetics, such as the one concerning the hu
man genome. The latter o f these considers matters 
such as the prohibition o f cholee o f sex or warnings 
on possible social discrimination which knowledge o f 
the human genome may give rise to, amongst oth-
ers. Protestont/sm holds that human Ufe is sacred. At 
o given moment, this Protestant dogma could restrict 
scientific research. However, the Human Genome 
Project, as a source o f knowledge, does not in princi
pie viólate the sacred aspect o f Ufe; on the contrary, 
it may contribute to health. 





Pro tes tan t i sm is v e r y m u c h l ike a speech I o n c e gave. S o m e o n e 147 
grac ious ly cha rac te r i zed t h a t speech a t h i r t e e n po in ts in search 
o f an ou t l i ne . Excep t P ro tes tan t i sm is w o r s e . It defies r e s t r i c t e d 
by any ou t l i ne . I t is by its na tu re an e x p l o d i n g star, n o t a po la r 
magnet . O r , t o change t h e image, i t is always b i r t h i ng n e w social 
and re l ig ious m o v e m e n t s . 

It is th is mu l t i p l i c i t y t h a t makes def in ing P ro tes tan t i sm and P r o t 
es tan t i smo pe rspec t i ve o n any issue a l i t t le l ike t r y i n g t o nail a 
pudd ing t o t h e wa l l . 

Y e t b rave r and w i s e r pe rsons t h a n I have t r i e d . T h e y have sough t 
f o r cen t ra l , unde r l y i ng pr inc ip ies . T h e y have searched f o r uni fy ing 
po in ts . O n e such t h i n k e r was t h e late Paul T i l l i ch , a t heo log ian 
b o r n in G e r m a n y w h o immig ra ted t o t h e U.S.A. in t h e I930 's . T i l 
l ich cha rac te r i zed P r o t e s t a n t i s m in th is way : " W h a t makes Prot
estantism Protestant is the fact that is transcends its own religious and 
confessional character, tha t it cannot be ident i f ied wholly wi th any 
o f its part icular historical fo rms." (Tha t makes an asset o u t o f a lia 
b i l i ty) H e con t i núes , "The Protestant principie, in ñame derived f rom 
the protest o f the 'protestant ' [ o f the l ó t h century] against decisions 
o f the Catholic majority, contains the divine and human protest against 
any absolute claim made for a relative reality, even i f this claim is mo
da by a Prostestant church. " (T i l l i ch , pp. 162, 163). 

T i l l ich 's desc r ip t i ve and n o r m a t i v e pe rspec t i ve is th is : the P ro tes 
t a n t p r inc ip ie is t h e refusal o f and t h e r e j ec t i on o f any a t t e m p t t o , 
absolu t ize t h e re la t ive . T h a t negat ive asser t ion rests , o f cou rse , 
upon a pos i t i ve c la im o f fa i th , t h a t is, t h a t humans are r igh t l y r e 
latad t o G o d w h e n t h e y a c k n o w l e d g e themse lves grasped by a 
P o w e r w h i c h is u n c o n d i t i o n a l and w h i c h mani fests i tsel f as t h e 
g r o u n d and judge o f t h e i r ex is tence and o f all t h a t is. So s ta ted , 
th is doub le -s ided P r o t e s t a n t p r inc ip ie has b o t h cr i t i ca l and cons -
t r u c t i v e e lemen ts . 

T i l l i ch 's P r o t e s t a n t Pr inc ip ie is, o f c o u r s e , in rea l i t y a un iversa l 
and f o r m a l p r i nc ip ie , n o t l i m i t e d t o P r o t e s t a n t chu rches . I ndeed , 
i t has o f t e n been f o r g o t t e n and cast aside by P ro tes tan t s . Bu t i t 
remains as a p r i nc ip ie t o be b r o u g h t t o bear o n all o f l i fe. T h e 
w a r n i n g against abso lu t i z ing t h e re la t i ve - w h e t h e r i t be a t h e o l -
ogy o r ph i l osophy , an i n s t i t u t i o n , a po l i t i ca l s ta te , a m o d e o f i n -
qu i ry , an ideo logy , o r a pa r t i cu l a r p e r s o n - is a sent ine l against 
abso lu t i sm and t o t a l i t a r i a n i s m . I t is a d e f l a t o r o f all h u m a n p r e -
tens ions . T h e p r i nc ip ie begins a t t h e t h r e s h o l d o f one 's se l f hood 
and t h a t se l f s p r e t e n s i o n s . B u t i t r o a m s w i d e l y o v e r all arenas o f 
l ife. In t heo log i ca l t e r m s i t is a r e j e c t i o n o f ido ls - p e n u l t i m a t e 
p o w e r s , f o r ces , p e o p l e and t h e o r i e s t h a t c la im, o r t o w h i c h w e 
a t t r i b u t e , u l t imacy . "You shall have no other gods befare m e . " T h e 
P ro tes tan t p r inc ip ie can be l oosed f r o m its m o o r i n g s in t h e P r o t 
es tant c o m m u n i t i e s , b u t i t is t o be n o u r i s h e d and p r o m u l g a t e d 
t h e r e . Bu t w h e n e v e r i t appears i t is t h e re l ig ious d i m e n s i ó n o f 
human l i fe. 



48 Fai th c la ims o f P r o t e s t a n t i s m give m a t e r i a l c o n t e n í t o t h i s r e l i -
g i ous d i m e n s i ó n . T h e p o s i t i v e c l a im is s t a t e d in a v a r i e t y o f 
w a y s . B u t a p e r s i s t e n t P r o t e s t a n t w a y o f speak ing is t o a f f i rm 
t h a t t h e U l t i m a t e P o w e r is g o o d , seek ing t h e f r u i t i o n o f t h e 
w h o l e c r e a t i o n and d isc los ing in Jesús o f N a z a r e t h and his dea l -
ings, o u t o f his t r a d i t i o n , w i t h his c o n t e m p o r a r i e s , t h e w a y t o 
and t h e goa l o f t h a t f r u i t i o n . F u r t h e r th i s G o d - s p i r i t - is s t i l l a t 
w o r k , ca l l ing and enab l ing t h e c o m m u n i t y o f c r e a t i o n t o rea l i ze 
t h a t f r u i t i o n . Such o n g o i n g ac t i v i t y r e q u i r e s t h a t humans t a k e 
n e w I n f o r m a t i o n and h i s t o r i c a l d e v e l o p m e n t s be t a k e n i n t o ac-
c o u n t and be e v a l u a t e d in t h e l i gh t o f n o r m a t i v e t h e o l o g i c a l 
and e th i ca l t r a d i t i o n s . I t r e q u i r e s a c o m m u n i t y u n d e r t h e d i sc i 
p l ine o f re fó rma la , semper re fo rmando, " r e f o r m e d , a lways be ing 
r e f o r m e d . " 

G i ven t h e P r o t e s t a n t p r inc ip ie , i t w o u l d be m o r e t han p r e s u m p -
t u o u s , i t w o u l d be l ud i c rous , f o r any o n e p e r s o n t o c la im t o r e p -
r e s e n t P r o t e s t a n t i s m . I t w o u l d be a c o n t r a d i c t i o n in t e r m s , 
since t h e dynamic in t h e P r o t e s t a n t re l ig ious m o v e m e n t has led 
t o t h e bu rgeon ing o f re l ig ious g r o u p s , each o n e f ly ing t h e flag o f 
P ro tes tan t , b u t n o t necessar i ly salut ing o t h e r s tandards w i t h t h e 
same mark i ng . So f o r a p resen ta t i on l ike th is t h e f i r s t dec is ión t o 
be m a d e is t o d e t e r m i n e t h a t s o u r c e o r s o u r c e s o n e i nvokes 
w h e n i n q u i r i n g a b o u t P r o t e s t a n t i s m and t h e H u m a n C e n ó m e 
Pro jec t . 

F o r t u n a t e l y , o n e s o u r c e read i l y a t hand is d o c u m e n t s o f c o n 
ci l iar bod ies . T w o in pa r t i cu la r are p e r t i n e n t . T h e f i r s t is a Pol icy 
S t a t e m e n t o f t h e N a t i o n a l C o u n c i l o f C h u r c h e s o f C h r i s t in 
t h e U.S.A. e n t i t l e d " G e n e t i c Sc ience f o r H u m a n B e n e f i t " . T h e 
s e c o n d is a r e p o r t by t h e W o r l d C o u n c i l o f C h u r c h e s S u b u n i t 
o n C h u r c h and Soc ie ty , e n t i t l e d " B i o t e c h n o l o g y : Its Cha l lenges 
t o t h e C h u r c h e s and t h e W o r l d " . T h e da te o f t h e f o r m e r is 
1986, t h e l a t t e r 1989. B o t h d o c u m e n t s r e v i e w issues a r i s i ng 
f r o m th is and o t h e r p r o j e c t s , iden t i f y ing eth ica l issues and b r i n g -
ing e t h i c a l j u d g m e n t s t o b e a r o n t h o s e issues. A s t h e l a t t e r 
d o c u m e n t is m o r e c o m p r e h e n s i v e and r e c e n t , I w i l l use i t as a 
basic s o u r c e . I t s h o u l d be u n d e r s c o r e d t h a t t h e I d e n t i f i c a t i o n 
o f issues and t h e e th ica l r esponses p r o p o s e d have n o c o e r c i v e 
s tand ing f o r P r o t e s t a n t s . T h e i r e f fec t i veness , if any, l ies in t h e i r 
p e r s u a s i v e n e s s . T h e r e a r e n o i n s t i t u t i o n a l r e l i g i o u s e n f o r c e -
m e n t p r o c e d u r e s , n o e x t e r n a l d isc ip l ines b u i l t i n t o a P r o t e s 
t a n t p e r s p e c t i v e , n o m a t t e r w h o d e v e l o p s o r p r o p o u n d s i t . 
"God alone is Lord o f t h e conscience" r ema ins a b o t t o m l ine af f i r -
m a t i o n f o r P r o t e s t a n t s . 

In t u r n i n g t o t h e W o r l d C o u n c i l paper , I w i l l s u m m a r i z e t h e pa-
per 's r e c o m m e n d a t i o n s and o f fe r b r ie f c o m m e n t s a b o u t eth ica l 
c o n c e r n s and pr inc ip ies t h a t i n f o r m these j udgmen ts : 
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T h e W o r l d C o u n c i l o f C h u r c h e s , recogn iz ing t h e p o t e n t l a l dan -
gers as w e l l as t h e p o t e n t i a l bene f i t s o f many f o r m s o f b i o t e c h -
no logy , e n c o u r a g e s ¡ts m e m b e r c h u r c h e s t o t a k e a p p r o p r i a t e 
ac t l on in t h e i r o w n c o u n t r i e s t o d r a w these m a t t e r s t o pub l ic 
a t t e n t i o n , and t o he lp g o v e r n m e n t s , sc ient is ts , un ive rs i t i es , h o s -
pitals and c o r p o r a t i o n s t o d e v e l o p su i tab le safeguards and c o n -
t r o l s . 

In pa r t i cu la r i t : 

a) Calis f o r t h e p r o h i b i t i o n o f genet ic tes t ing f o r sex se lec t ion , 
and w a r n s against t h e p o t e n t i a l use o f gene t i c t e s t i n g f o r 
o t h e r f o r m s o f i nvo lun ta ry social eng ineer ing . 

b) D r a w s a t t e n t i o n t o w a y s in w h i c h k n o w l e d g e o f an i n d i -
v iduals 's genet ic make -up can be, and in s o m e cases, is be ing 
abused by b e c o m i n g t h e basis f o r unfai r d i s c r i m i n a t i o n , f o r 
examp le , in w o r k , hea l th care , Insurance and educa t i on . 

c) Stresses t h e need f o r pastora l counse l l ing f o r indiv iduáis fac
ed w i t h d i f f icu l t r e p r o d u c t i v e cholees as w e l l as persona l and 
fami ly dec is ions resu l t ing f r o m genet ic i n f o r m a t i o n c o n c e r n -
ing themse lves o r o t h e r s . 

d) P roposes a ban o n e x p e r i m e n t s i nvo lv ing gene t i c eng inee r 
ing o f t h e h u m a n g e r m l i n e a t t h e p r e s e n t t i m e , and e n c o u r 
ages t h e e th ica l r e f l e c t i o n necessary f o r d e v e l o p i n g f u t u r e 
gu ide l ines in th is á rea; and urges s t r i c t c o n t r o l o n e x p e r i 
m e n t s i nvo l v i ng genet i ca l l y e n g i n e e r e d s o m a t i c cel ls , d r a w -
ing a t t e n t i o n t o t h e p o t e n t i a l m isuse o f b o t h t e c h n i q u e s 
as a means o f d i s c r i m i n a t i o n against t h o s e he ld t o be " d e -
f e c t i v e " . 

e) Cal is f o r t h e bann ing o f c o m m e r c i a l i z e d ch i ld bea r i ng ( i .e. 
par t ia l and ful l su r rogacy) as we l l as t h e c o m m e r c i a l sale o f 
ova, e m b r y o s o f foe ta l par ts and s p e r m . 

f) Adv ises g o v e r n m e n t s t o p r o h i b i t e m b r y o research , w i t h any 
e x p e r i m e n t s , if agreed, on ly u n d e r w e l l de f ined c o n d i t i o n s . 

g) Encourages i ts m e m b e r churches and o t h e r g r o u p s t o keep 
themse lves i n f o r m e d o n h o w n e w d e v e l o p m e n t is r e p r o d u c 
t i ve t e c h n o l o g y af fect fami l ies, and especial ly w o m e n , and de
ve lop a pas to ra l m i n i s t r y t o counse l peop le facing these is-
sues, i nc lud ing t h o s e w h o c h o o s e , o r are p ressur i zed i n t o , 
u t i l iz ing such r e p r o d u c t i v e techn iques . 

h) Bel ieves t h a t an imal l i f e - f o rms shou ld n o t be p a t e n t e d and 
calis f o r f u r t h e r s tudy o f t h e p r o f o u n d m o r a l and social i m -
p l icat ions o f pa ten t i ng life f o r m s . 
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t h e reléase o f genet ica l ly eng ineered organ isms i n t o t h e env i -
r o n m e n t . 

j ) Cal is o n nat ions t h r o u g h o u t t h e w o r l d t o cease all use o f ge
net ic eng ineer ing as p a r t o f any b io log ica l o r chemica l w a r f a r e 
research p r o g r a m m e , and t o r e c o n v e n e c o n v e n t i o n s o n b i o 
logical and chemica l w e a p o n s in o r d e r t o c réa te n e w and ef-
fec t ive p r o t o c o l s w h i c h p r o h i b i t t h e i r d e v e l o p m e n t , p r o d u c -
t i o n and use. 

k) Resolves t o in i t ia te consu l ta t i ons b e t w e e n i n te rna t i ona l o r -
gan isat ions, n o n - g o v e r n m e n t a l o rgan isa t i ons and sc ient is ts , 
w i t h t h e chu rches and o t h e r , t o re f lec t o n t h e po l i t i ca l e v o -
l u t i on o f b i o t e c h n o l o g y and its impac t o n g lobal jus t ice , and 
t o make p roposa ls f o r max im iz ing t h e benef i t t o t h o s e w h o 
are m o s t in need . 

( A p p r o v e d by W C C C e n t r a l C o m m i t t e e , July 1989) 

These r e c o m m e n d a t i o n s and p roposa ls r e fe r t o m a t t e r s t h a t i n -
c lude b u t are n o t r e s t r i c t e d t o t h e H u m a n G e n o m e Pro jec t . T h a t 
such is t h e case re f lec ts t h e perspec t i ve t h a t t h e H u m a n G e n o m e 
P ro jec t shou ld be deal t w i t h as a subca tegory o f t h e n e w b io logy 
and its t echno logy . Bu t i t is t o t h e specif ic re fe rences t o t h e H u 
man G e n o m e P r o j e c t t h a t I t u r n n o w . 

A m a j o r c o n c e r n o f t h e W C C paper arises f r o m Francis Bacon's 
obse rva t i on t h a t k n o w l e d g e is p o w e r . Ce r ta i n l y t h a t is t h e case 
in a p ro j ec t than char ts t h e H u m a n G e n o m e . T o k n o w t h e human 
gene t i c map and h o w t o m a n i p ú l a t e i t is p o w e r i n d e e d . Such 
k n o w l e d g e may also be in te res t ing , aesthet ica l ly pleasing, de l igh t -
ful and satisfying o f cu r i os i t y . Bu t i t is a lways p o w e r . A n d p o w e r 
is t o be used. T h e ques t ions a b o u t p o w e r are r e c u r r i n g . T h r e e 
are : " W h a t p u r p o s e w i l l th is p o w e r serve?" , " W h o w i l l benef i t? " 
and " W h a t l imi ts a re t h e r e t o is?". T h e p u r p o s e t o be served and 
t h e d i s t r i b u t i o n o f benef i ts a re cr i t i ca l e th ica l ques t ions f o r P r o -
t e s t a n t s as f o r o t h e r s . T h e s e e n d u r i n g issues o f goa l (s ) t o be 
sough t and o f d i s t r i bu t i ve jus t ice ( the p r o p e r a l loca t ion o f bene
f i ts) a re cen t ra l f o r t h e W C C paper . 

A n issue p rev ious t o specif ic goal and t o jus t ice is t ha t o f t h e legit-
imacy o f t h e H u m a n G e n o m e P ro jec t itself. Because t h e focus o f 
t h e W C C paper is o n t h e eth ica l issues ar is ing f r o m t h e appl ica-
t i o n o f I n f o r m a t i o n a l ready o r p rospec t i ve l y a t ta ined , i t does n o t 
address th is q u e s t i o n . Bu t t h e paper f r o m t h e N a t i o n a l C o u n c i l 
o f t h e U n i t e d C h u r c h e s o f C h r i s t in t h e U.S.A. does g ive i t a 
g lancing b l o w . 

U n d e r t h e heading o f " L i m i t s t o K n o w l e d g e , L i m i t a t i o n o n Re
search and P r o d u c t i o n " , t h e po l i cy s t a t e m e n t c o m e s d o w n firmly 



o n t h e a p p r o p r i a t e n e s s o f l i m i t i n g i n q u i r y and r e s e a r c h . T h e 151 
d o c u m e n t reads as f o l l o w s : 

Límíts to knowledge, limítation on research 
and productíon 

" W e c a n n o t agree w i t h t h o s e w h o asser t t h a t scient i f ic i nqu i r y 
and r e s e a r c h s h o u l d a c k n o w l e d g e n o l i m i t s . A l l t h a t can be 
k n o w n need n o t be k n o w n ¡f in advance i t c lear ly appears t h a t 
t he process o f gaining such k n o w l e d g e v io la tes t h e sanct i ty o f h u 
man l i fe. R e m e m b e r i n g its o w n h i s to ry , t h e c h u r c h shou ld n o t 
o p p o s e sc ien t i f i c advance , b u t i t m u s t speak o u t in j u d g m e n t 
w h e n t h e ques t f o r n e w k n o w l e d g e supersedes all e th ica l c o n -
cerns. W e d o n o t a l l o w th is s tance t o be cal led, n o t t o b e c o m e , 
one o f an t i - in te l lec tua l o r ant isc ient i f ic bias. N e i t h e r d o w e imp ly 
t ha t genet ic sc ient is ts a re m o r a l l y i r respons ib le , o r t h a t i ns t i t u -
t iona l r e v i e w boa rds c a n n o t make p r o p e r dec is ión o n research 
p r o t o c o l s . " 

In th is paragraph t h e f i r s t p r inc ip ie invo lved is t h e a f f i rma t ion o f 
t he pos i t i ve valué o f scient i f ic i nqu i r y and research . It is asser ted, 
n o t a rgued. T h e second is t h e sanct i ty o f human life. T h e la t te r is 
t he l im i t ing p r inc ip ie f o r t h e f o r m e r . Fo r th is P r o t e s t a n t po l icy , 
t he sanct i ty o f human life p rov i des jus t i f i ca t ion f o r d e t e r m i n i n g 
w h e n scient i f ic i nqu i r y and research m u s t cease and desist. T h a t 
l im i ta t ion cashes o u t in s u b o r d i n a t e p r o p o s i t i o n s t h a t w o u l d , f o r 
example , r e jec t i nqu i r y w i c h requ i res t h e use o f humans as u n -
w i l l i ng guinea pigs f o r e x p e r i m e n t a r o n . In br ief , t h e c o n t r o l l i n g 
ethic o f th is l im i t ing p o s i t i o n is o n e cal led deon to log i ca l . T h a t r e -
fers t o t h e e leva t ion o f ce r ta in ob l iga t ions o r ru les as r equ i r i ng 
consen t and obed ience in and o f themse lves . T h e r e is n o re fe r -
ence t o j us t i f i ca t i on by a goa l , t h a t is, o f a te leo log ica l p r e f e r -
ence, w h i c h measures t h e va l id i ty o f ac t ions t o be taken sole ly by 
t he i r c o n t r i b u t i o n t o t h e end t o be ob ta i ned , w h e t h e r t h a t end 
be k n o w l e d g e f o r its o w n sake o r k n o w l e d g e in o r d e r t o advance 
the g rea tes t g o o d f o r t h e g rea tes t n u m b e r . T h e sanct i ty o f h u 
man life is, t h e r e f o r e , a pr inc ip ie t ha t re jects calculat ions o f m e r i t / 
d e m e r i t in t e r m s o f acts t o be d o n e in t h e l ight o f goals t o be 
real ized. N o end can just i fy in advance any means. T h e sanct i ty o f 
human life stands as t h e l im i t i ng p r inc ip ie o f scient i f ic inqu i ry . I t 
leads t o an e th ic o f r e s t r a i n t and cau t ion w i t h re fe rence t o ap-
p rov ing inqu i ry . 

G iven, h o w e v e r , t h a t t h e mapp ing o f t h e H u m a n G e n o m e does 
n o t v ió la te t h e sanct i ty o f t h e self, e.g., i ts a u t o n o m y , t h e r e is n o 
reason in p r inc ip ie t o re f ra in f o r m under tak ing , par t i c ipa t ing in , 
and c o m p l e t i n g t h e v e n t u r e . 

W h a t ne i t he r o f t h e P r o t e s t a n t s ta temen ts tack le is t h e issue o f 
the leg i t imacy o f t h e p r o j e c t in t e r m s o f its w o r t h c o m p a r e d t o 



I 5 2 o t h e r p ro jec t s . T h a t d e t e r m i n a t i o n is a jus t ice issue, o n e o f es t i -
m a t i n g its va lué in t e r m s o f po ten t i a l consequences o f o n e in -
q u i r y o v e r against a n o t h e r , and t h e c o n s e q u e n t estab l ish ing o f 
p h o r i t i e s f o r research . 

T o r e t u r n t o t h e ques t i on o f goals t o be sough t and o f jus t ice t o 
be d o n e , t w o p r o m i n e n t P r o t e s t a n t eth ical d i rec t i ves can be seen 
a t w o r k in t h e W C C paper . T h e f i r s t t r ea t s goals, t h e second 
jus t ice . 

U n d e r goals t h e r e is m o r e a w a r n i n g than a d i rec t i ve . I t is t h a t 
t h e p r o j e c t i o n o f goals t o be se rved by I n f o r m a t i o n a b o u t t h e 
H u m a n G e n o m e is inev i tab ly sub je t t o bias. "The history o f genetic 
movements, f rom Plato to the present doy, sfiows many examples o f 
individuáis and groups, including scientific leaders and often so-called 
experts, who inst i tut ional ized their prejudice o f race, sex, and class 
through programs that causad tragic h a r m " ( W C C , p. 14) Such a 
r e c o g n i t i o n elevates cau t ion and res t r a i n t o v e r against any par t i c 
ular pos i t i ng o f goals. K n o w l e d g e is p o w e r . T h a t is o n e fami l ia r 
saying. Bu t a n o t h e r is also pe r t i nen t . "Power tends to corrupt and 
absolute power tends to corrupt obso/ute/y". T h e r e is a hea l thy skep-
t i c i s m t o c o m e i n t o play w h e n any o n e p e r s o n o r g r o u p p r o 
poses a goal t o be sough t t h r o u g h t h e app l ica t ion o f a b o d y o f 
k n o w l e d g e . T h e t e m p t a t i o n t o abso lu t ize t h e re la t i ve is tes t i f i ed 
t o by t h e h i s t o r y o f eugenic pol ic ies. 

O n a m o r e pos i t i ve n o t e t h e P ro tes tan t c o n c e r n f o r jus t ice as a 
p r i m a r y valué leads t h e a u t h o r s o f t h e W C C paper t o speak a 
s t r o n g w o r d o n behal f o f t h o s e w h o are re la t ive ly powe r l ess . It 
does so by advoca t ing t h a t t h e t h e r a p e u t i c benef i ts o f t h e H u m a n 
G e n o m e f indings n o t be r e s t r i c t e d t o t h e w e a l t h y nat ions w h o s e 
p o w e r f u l m o n e y leads t o p o w e r f u l k n o w l e d g e f o r t h e i r use. Ñ o r 
t o t h o s e indiv iduáis on ly able t o a f f o rd . T h e c r i t e r i a f o r d i s t r i b u -
t i o n o f benef i ts p r o p o s e d by t h e W C C inc lude t h e u t i l i za t ion o f 
such k n o w l e d g e o n t h e basis o f need . Th is P r o t e s t a n t n o t e o f 
bias o n behal f o f t h o s e po ten t ia l l y lef t o u t o f t h e benef i ts o f r e 
sea rch leans aga inst t h e w i n d o f bene f i t s f o r t h e f a v o r e d f e w 
- p e r h a p s t h o s e peoples and nat ions t h a t fund t h e p ro j ec t . Such a 
bias recal ls t h e scient i f ic and human c o m m u n i t y t o its universal is-
t ic charac te r . I t e levates t h e issue o f t h e social respons ib i l i t y o f 
scient i f ic i nqu i ry , t h e fact t h a t use f o r w h o m and f o r w h a t is inev
i tably p a r t o f t h e ques t i on o f " t o i nqu i re o r n o t t o i n q u i r e " . A n d 
w h e n such e n o r m o u s fund ing is invo lved f r o m publ ic sources , t h e 
na tu re o f the public t o bene f i t is p r o p e r and necessary. 

T h e large j u s t i c e issue f o r t h e H u m a n G e n o m e P r o j e c t is i ts 
va lué p o r humans w h e n c o m p a r e d w i t h o t h e r sc ient i f ic p ro jec t s . 
T h e H u m a n G e n o m e P r o j e c t as t h e rec ip i en t o f e x t r a o r d i n a r y 
b e n e f i t s ( f u n d i n g , s t a t u s , p r e s t i g e ) b e c o m e s i t se l f , q u i t e a p -
p rop r i a t e l y , t h e c e n t e r o f jus t ice debates and st ruggles. Bu t t h a t 
issue is n o t addressed by e i t h e r o f t h e papers b e f o r e us. 



In conc lus i ón , t h e P r o t e s t a n t p r inc ip ie o f re fus ing t o abso lu t ize 153 
t h e re la t ive i n t r o d u c e s t h e p r inc ip ie o f skept ic ism i n t o t h e p r o -
j e c t i o n o f any goals t o be rea l i zed t h r o u g h t h e h a r v e s t i n g o f 
k n o w l e d g e a n d / o r its app l ica t ions, and f o r m o n i t o r i n g f r o m t h e 
beginning f o r consequences, m e t h o d o l o g y and benef i ts. As a f o r m -
at ive m o v e m e n t t h a t car r ies f o r w a r d human valúes, P r o t e s t a n t 
po l ic ies a f f i rm sc ient i f i c i n q u i r y and t h e c o n t r i b u t i o n t o hea l th 
w h i l e t h e y advóca te f o r a fa i r d i s t r i b u t i o n o f t h e benef i ts o f al! 
such scient i f ic i nqu i r y and research , inc lud ing t h a t pe r ta in ing t o 
t h e H u m a n G e n o m e Pro jec t . 

A P r o t e s t a n t d e n o m i n a t i o n a l po l i cy s t a t e m e n t a d o p t e d in 1989 
conta ins these w o r d s , and t h e y are perhaps an a p p r o p r i a t e place 
t o conc lude : 

" W i t h o u r n e w k n o w l e d g e c o m e s n e w respons ib i l i t i es . A s 
Jesús f ed t h e h u n g r y and hea led t h e sick, w e a r e ca l led t o 
f o l l o w his examp le and t o use o u r n e w [ k n o w l e d g e and] ab i l -
i t ies t o b r i ng heal ing and sustenance t o peop le e v e r y w h e r e " . 
(The Church and Genet/c Engineering, p. 3) 

T h e a f f i rma t i on may be seen as a counse l o f na ivete and sen t i -
men ta l i t y by t h e cynical . Bu t i t may be grasped as a counce l o f 
p r o f o u n d i m p o r t a n c e by t h o s e w h o s e sea rch f o r h u m a n w e l l 
be ing is b o t h t h e shin ing star gu id lng t h e i r research and also t h e 
s u b t e r r a n e a n m o t i v e o f t h e i r o f t e n u n e x a m i n e d , u n n a m e d b u t 
p o w e r f u l fa i th . 
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D e p t . o f H u m a n D e v e l o p m e n t , L y n e h b u r g Co l l ege , Lynehbu rg , 
V i rg in ia ( U S A ) 

A B S T R A C T 

Carrie Buck, a young gir l who was diagnosed as 
being menta l ly defícient, was ster i l ized to avoid 
transmission o f this defíciency to her descendants. 
Her case passed into the history o f law. The idea o f 
ochieving improvements and eradicating problems 
enveloped the case, both these ideas being o f a so
cial type. Nevertheless, this and other experiences 
have shown how erroneous it is to at tempt to reduce 
human Ufe to biology, disregarding ethical and social 
considerations on which human rights are based. In 
this sense, the Human Genome Project must display 
respect fo r Ufe and overeóme the diverse inac-
curacies o f the eugenesic movement 





In 1927 a y o u n g w o m a n n a m e d C a r r i e B u c k was i n v o l u n t a r i l y | 59 
ster i l i zed. She was t h e f l r s t p e r s o n t o be sub jec ted t o t h a t sur -
gery u n d e r t h e a u t h o r i t y o f a V i rg in ia law. T h e law a l l o w e d t h e 
state t o impose s te r i l i za t i on o n pe rsons d iagnosed as be ing i n -
c o m p e t e n t and f o u n d t o be l ikely t o genet ica l ly t r a n s m i t physical , 
psychological o r social def ic iencies t o t h e i r o f fspr ing . C a r r i e Buck 
had ben c o m m i t t e d t o an ins t i t u t i on f o r peop ie d iagnosed as " f e e -
b l e m i n d e d " . T h e c o m m i t m e n t f o l l o w e d h e r g iv ing b i r t h t o an 
i l l eg i t imate ch i l d . C a r r i e ' s m o t h e r had been c o m m i t t e d t o t h e 
same ins t i t u t i on s o m e years ear l ier . H e r ins t i tu t iona l iza t ion appar-
ent ly resu l ted f r o m p r o s t i t u t i o n and o t h e r social ly unacceptab le 
b e h a v i o r . I t w a s r e p o r t e d t h a t C a r r i e ' s i n f a n t d a u g h t e r a i so 
s h o w e d signs o f be ing menta l l y def ic ien t . 

T o t h e physicians, lawyers and po l i t ic ians w h o w i s h e d t o see t h e 
V i rg in ia s te r i l i za t i on law c o n s t i t u t i o n a l l y va l i da ted , C a r r i e B u c k 
seemed t o be t h e p e r f e c t p e r s o n f o r t h e t e s t o f t h e law. T h e ar-
g u m e n t c o u l d be made t h a t h e r m o t h e r was menta l l y def ic ient , 
t h a t C a r r i e w a s m e n t a l l y r e t a r d e d and t h a t h e r baby s h o w e d 
signs o f feeb lemindedness . Th is ev idence o f genet ic t r ansm iss ion 
o f t h e i r i n f e h o r i t y w o u l d t h e n be p r e s e n t e d as i l l us t ra t i ng t h e 
need f o r an i n v o l u n t a r y s te r i l i za t i on s ta tu te . T h e j u d g e m e n t o f 
t h o s e w h o se lec ted C a r r i e f o r t h e t e s t case p r o v e d t o be s o u n d . 
T h e S u p r e m e C o u r t uphe ld t h e c o n s t i t u t i o n a l i t y o f t h e law in t h e 
case w h i c h came t o be k n o w n as Buck / . Be//. In de l i ve r ing t h e 
ma jo r i t y o p i n i ó n in t h e dec is ión , Just ice O l i v e r W e n d e l l H o l m e s 
w r o t e : 

" W e have seen m o r e t han o n c e t h a t t h e publ ic w e l f a r e m y 
cali u p o n t h e best c i t izens f o r t h e i r l ives. It w o u l d be s t range 
if i t c o u l d n o t cali u p o n t h o s e w h o a l ready sap t h e s t r eng th o f 
t h e State f o r t hese lesser sacri f ices, o f t e n fe l t t o be m u c h by 
t h o s e c o n c e r n e d , in o r d e r t o p r e v e n t o u r be ing s w a m p e d 
w i t h i n c o m p e t e n c e . It is b e t t e r f o r all t h e w o r l d , if instead o f 
wa i t i ng t o e x e c u t e degenera te o f fspr ing f o r c r i m e , o r t o le t 
t h e m s ta rve f o r t h e i r imbec i l i t y , soc i e t y can p r e v e n t t h o s e 
w h o are mani fes t ly un f i t f r o m c o n t i n u i n g t h e i r k ind . T h e p r i n 
c ip ie t h a t sustains c o m p u l s o r y vacc ina t ion is b r o a d enough t o 
c o v e r c u t t i n g t h e Fal lopian tubes . . . " 

The s te r i l i za t ion o f C a r r i e Buck ach ieved a place in legal h i s t o r y 
and in t h e annals o f t h e social sciences. T h e saga o f sociaj D a r -
w in i sm and eugenics in t h e U n i t e d States, indeed in t h e w o r l d , 
s imply c a n n o t be t o l d w i t h o u t r e fe rence t o t h e Sup reme C o u r t 
decis ión in h e r case. T h e fact t h a t t h e legal i n teg r i t y o f c o m p u l 
sory s te r i l i za t ion was e n d o r s e d by t h e h ighest c o u r t in a c o u n t r y 
t ha t p r i d e d i tsel f o n its c o m m i t m e n t t o ind iv idual f r e e d o m had a 
global impact . C a r r i e , as t h e sub jec t o f t h e case, became an his-
to r i ca l figure o f In te rna t iona l fame. C a r r i e , t h e p e r s o n , l ived a life 
ma rked by w h a t had been e r r o n e o u s l y c la imed o f he r and w h a t 
was dec ided a b o u t h e r by peop le o f p o w e r and in f luence. These 



60 peop le , h o w e v e r , had l i t t le unde rs tand ing o f he r t r u e cha rac te r 
and abi l i t ies. I w i l l t r y t o ¡ I lústrate th is la ter In m y r e m a r k s . 

C a r r i e was f o l l o w e d by t h o u s a n d s o f o t h e r p e o p l e w h o w e r e 
s te r i l i zed u n d e r t h e p rov l s l ons o f t h e law. Vi rg in ia 's law also be-
came t h e m o d e l f o r s te r l l l za t ion s ta tu tes in o t h e r states. A c o n -
se rva t i ve es t íma te Is t h a t 50 ,000 peop le w e r e s te r i l i zed in t h e 
U n i t e d States by t h e a u t h o r i t y o f these s ta tu tes . U l t i m a t e l y t h e 
V i rg in ia law was t h e m o d e l used as p a r t o f t h e Naz i Race H y -
g iene P r o g r a m . O n July 14, 1933, t h e m o d e l s t e r i l i z a t i o n ac t 
d e v e l o p e d by eugenics advóca te H a r r y Laughl in, t h e same m o d e l 
used by V i rg in ia , became law in G e r m a n y . 

T h e Naz i law was i m p l e m e n t e d sw i f t l y and b road l y . By t h e end 
o f t h e f i r s t yea r t h a t i t was in ef fect , a c c o r d i n g t o S.J. H o l m e s , 
o v e r 56 ,000 p e o p l e had been f o u n d t o be de fec t i ve by special 
h e r e d i t a r y hea l th c o u r t s and had been s te r i l i zed . H i t l e r ' s race 
hygiene p r o g r a m s w e r e app lauded by A m e r i c a n eugenic is ts . Ste
r i l i za t ion p r o p o n e n t Paul P o p e n o e fe l t t h a t t h e Naz is w e r e f o l -
l ow ing a po l icy t h a t was cons is ten t w i t h t h e best t h i nk ing o f euge
nicists t h r o u g h o u t t h e w o r l d . K . M . L u d m e r e r q u o t e s an ed i t o r i a l 
s t a t e m e n t f r o m t h e A m e r i c a n pub l i ca t i on , Eugenical News, t h a t 
c o n c l u d e d , " I t is d i f f i cu l t t o see h o w t h e n e w G e r m á n Ster i l iza
t i o n L a w c o u l d , as s o m e have suggested, be de f l ec ted f r o m its 
pu re l y eugenical p u r p o s e , and made an ' i n s t r u m e n t o f t y r a n n y ' 
f o r t h e s t e r i l i z a t i o n o f n o n - N o r d i c r a c e s " . I t w o u l d be m a n y 
years b e f o r e m o s t A m e r i c a n eugenic is ts w o u l d c o m p r e h e n d t h e 
c o n n e c t i o n b e t w e e n t h e i r o w n w o r k and t h e s t a r k a t r oc i t i e s o f 
t h e N a z i r eg ime . I t is e s t i m a t e d t h a t b e t w e e n 1933 and 1945, 
t w o m i l l i on peop le w e r e dec la red de fec t i ve and w e r e s te r i l i zed 
by t h e Naz is . Perhaps i t is because o f t h e awfu lness o f t h e o t h e r 
a t r oc i t i e s c o m m i t t e d d u r i n g th i s p e r i o d t h a t so l i t t l e a t t e n t i o n 
has been focused o n th i s rea l i ty . T h e d imens ions o f th is in f r inge-
m e n t o n t h e basic r igh ts o f so many human beings are, h o w e v e r , 
stagger ing. Recogniz ing t h a t t h e legal, social and scient i f ic sources 
o f t h i s p r a c t i c e w e r e la rge ly A m e r i c a n is, f o r t h i s A m e r i c a n , 
ch i l l ing. 

O t t o H o f m a n n , a high rank ing SS of f icer , was o n e o f t h e faci l i ta-
t o r s o f pol ic ies a imed at w h a t t h e Nazis concep tua l i zed as t h e " f i 
nal so l u t i on t o t h e Jewish q u e s t i o n " . H e has head o f t h e Race and 
S e t t l e m e n t Main O f f i ce o f t h e Reichsfuehrer-SS. T h e f i f th v o l u m e 
o f Triáis o f the W a r Crimináis Before the Nuremberg Mi i i tary Tribu-
nais con ta ins r e c o r d s o f t h e c o n v i c t i o n f o r w a r c r imes o f O t t o 
H o l f m a n n . I t states t h a t t h e ev idence "establ ishes beyond any rea-
sonable d o u b t Ho l fann ' s gu i l t and c r im ina l respons ib i l i t y f o r t h e 
f o l l o w i n g c r i m i n a l ac t i v i t i es p u r s u e d in t h e f u r t h e r a n c e o f t h e 
G e r m a n i z a r o n p r o g r a m : "... f o r c i b l e a b o r t i o n s o n Eastern w o r k -
ers ; t ak ing away infants o f Eastern w o r k e r s ; t h e ¡Ilegal an un jus t 
p u n i s h m e n t o f fo re¡gn nat¡onals f o r sexual ¡ n te r cou rse w ¡ t h G e r -
mans; [and ] h a m p e h n g t h e r e p r o d u c t i o n o f fo re¡gn popu la t l ons 
[ f o r c e d ster i l ¡zat ¡ons] . . . " . 



W h i l e t h e f i f th v o l u m e o f r e c o r d s o f t h e N u r e m b e r g T r ibuna ls | 6 
conta ins t h e c o n v i c t i o n o f O t t o H o f m a n n , t h e f o u r t h v o l u m e in -
c ludes d o c u m e n t s w h i c h w e r e e n t e r e d in his defense. A m o n g 
t h e m is an abs t rac t p r e p a r e d in 1937 by t h e I n f o r m a t i o n Service 
o f t h e Racial-Pol i t ical O f f i ce o f t h e Reich A d m i n i s t r a r o n . I t c o n -
cerns w h a t a re ca l led "Race P r o t e c t i o n Laws o f O t h e r C o u n -
t r i e s " and appears t o have been e n t e r e d as ev idence o n H o f -
mann 's behal f t o s h o w t h a t t h e p rac t i ces he engaged in d u r i n g 
t h e w a r w e r e based o n p r e c e d e n t s f r o m o t h e r " c i v i l i z e d " na-
t i ons . It con ta ins a l i tany o f s te r i l i za t ion pol ic ies f r o m c o u n t r i e s 
inc lud ing D e a m a r k , Fin land, N o r w a y and Sweden . T h e l i tany ends 
w i t h a d e t a i l e d d i s c u s s i o n o f s t e r i l i z a t i o n laws in t h e U n i t e d 
States. It re fe rences t h e dec is ión in C a r r i e Buck 's case. 

" U N I T E D STATES O F A M E R I C A 

... T h o s e af fected by t h e law w e r e p r ima r i l y c r iminá is , feeb le-
m i n d e d , insane, ep i lep t ics , a lcoho l i c and na rco t i c add lc ts , as 
w e l l as p r o s t i t u t e s . A l t h o u g h a l m o s t all states t r y t o ca r r y o u t 
s te r i l i za t ion o n a v o l u n t a r y basis t h e c o u r t s have m o r e t han 
o n c e o r d e r e d c o m p u l s o r y s ter i l i za t ions . In a j u d g e m e n t o f t h e 
Sup reme C o u r t o f [1927 ] . . . i t says, a m o n g o t h e r th ings: ' I t is 
b e t t e r f o r e v e r y b o d y if soc ie ty , instead o f w a i t i n g un t i l i t has 
t o e x e c u t e degenera te o f fspr ing o r leave t h e m t o s tarve be-
cause o f feeb le -m indedness , can p r e v e n t obv ious ly i n f e r i o r i n 
div iduáis f r o m p ropaga t ing t h e i r o w n k ind . T h e pr inc ip ie jus-
t i f y ing c o m p u l s o r y vacc ina t ion is b r o a d enough t o c o v e r t h e 
sever ing o f t h e Fal lopian t u b e s " . 

T h e w o r d s o f Just ice O l i v e r W e n d e l l H o l m e s in th is c o n t e x t a re 
a sobe r i ng r e m a i n d e r o f t h e c red ib i l i t y b e s t o w e d u p o n eugenic 
p h i l o s o p h y and po l i cy , and t h e a t r oc i t i e s c o m m i t t e d , as Dan ie l 
Kevles has so w e l l desc r i bed it, " i n t h e ñame o f eugenics" . 

H o l m e s in w r i t i n g t h e m a j o r i t y o p i n i ó n in Buck v. Bell used t h e 
n o w famous phrase, " t h r e e genera t i ons o f imbéci les a re e n o u g h " . 
H is r e a s o n i n g and language w e r e c o n s i s t e n t w i t h t h e eugen ic 
v i e w t h a t many social ly undes i rab le t ra i t s , inc lud ing men ta l re ta r 
d a r o n , w e r e largely he red i t a r y . I n h e r e n t in th is v i e w was t h e idea 
tha t even c o m p l e x human t ra i t s c o u l d be t r a c e d t o s imple genet -
ic causes. Eugenicists be l ieved, in fact, t h a t m o s t h u m a m charac-
ter is t ics c o u l d be l inked d i r ec t l y t o single genes. T h e y held t h a t 
n o t on l y physical t r a i t s l ike eye c o l o r and height , b u t also p e r s o n -
al i ty a t t r i bu tes w e r e d e t e r m i n e d by a single gene. Th is con f i dence 
in M e n d e l i a n g e n e t i c s w a s e x t e n d e d t o t h e d e t e r m i n a t i o n o f 
occupa t i ona l p re fe rences , academic in te res ts , ta len ts , and even 
charac te r s t reng ths and weaknesses. It was c la imed t h a t mechan i -
cal ski l l , a r t i s t i c and musica l ab i l i t y w e r e s imp le recess ive gene 
t ra i t s . "Sh i f t lessness" w a s also i nc luded in th is l ist o f recess ive 
t ra i t s . V i o l e n t t e m p e r a m e n t , i t was reasoned , m u s t be a d o m i -
nant gene t r a i t s ince i t does n o t sk ip genera t ions . In a s tudy e n -
t i t l ed The N o m family: a study in Cacogenics Char les D a v e n p o r t r e -



I 62 p o r t e d t h a t laziness was a d o m i n a n t t r a i t , w h i l e abusiva d r i n k i n g 
and shyness w e r e s imp le recessives. T h e s e en thus ias t i c e x c u r -
s ions i n t o b io log ica l d e t e r m i n i s m and r e d u c t i o n i s m may s o u n d 
h u m o r o u s w h e n v i e w e d f r o m o u r c u r r e n t pe rspec t i va b u t t h e y 
w e r e t h e basis f o r g r e a t h u m a n t r agedy . Such s imp l i s t i c v i e w s 
a b o u t human beings w e r e i n h e r e n t in t h e c o n v i c t i o n t h a t s te r i l i -
za t i on w o u l d help s tem a fea red f l o o d o f i n c o m p e t e n c e resu l t i ng 
f r o m gene t i c b l igh t , and t h e y w e r e used t o s t e r e o t y p e w h o l e 
classes o f peop le . 

W h i l e t h e eugenics m o v e m e n t was obsessed w i t h race and e t h -
n ic i ty , i t a lso f ocused o n pe rce i ved d i f fe rences in social classes 
w i t h i n racia l and e thn i c g r o u p s . In h e r b o o k , W h i t e Trash: The 
Eugenic Family Studies, N i c o l e H a h n Raf te r p o r t r a y s t h e fami l y 
degeneracy studies w h i c h w e r e c o n d u c t e d as p a r t o f t h e eugen
ics m o v e m e n t In t h e U n i t e d States as having been focused p r i -
m a r i l y o n l o w e r class caucas ian fami l i es , o n t h e " p o o r w h i t e 
t r a s h " o f ear ly t w e n t i e t h c e n t u r y A m e r i c a . W h e n C a r r i e Buck 's 
case was f i r s t hea rd a r e p o r t was s u b m i t t e d as t e s t i o m o n y by 
H a r r y Laughl in, t h e a u t h o r o f t h e m o d e l s te r i l i za t ion law t h a t V i r 
ginia has a d o p t e d . H e had analyzed I n f o r m a t i o n o n C a r r i e and 
he r fami ly and he o f f e red his r e p o r t in s u p p o r t o f h e r be ing s t e r i -
l ized. In c o m m e n t i n g o n h e r her i tage, Laughlin, said, "These peop le 
be long t o t h e shif t less, i gno ran t and w o r t h l e s s class o f ant i -soc ia l 
w h i t e s o f t h e South. . . [ t hey are an] i gno ran t and m o v i n g class o f 
peop le . . . " . 

H e n r y G o d d a r d in his b o o k o n t h e Ka l l i kak fami ly made t h e f o l -
l o w i n g c o m m e n t s a b o u t t h e k ind o f l o w e r s o c i o - e c o n o m i c class 
peop le w h o w e r e t h e subjeets o f his s tudy: " I f all o f t h e s lum dis-
t r i e t s o f o u r c i t ies w e r e r e m o v e d t o m o r r o w and m o d e l t e n e -
m e n t s bu i l t in t h e i r places, w e w o u l d st i l l have s lums in a w e e k ' s 
t i m e because w e have these menta l l y de fec t ive peop le w h o can 
neve r be t augh t t o l ive o t h e r w i s e t han as t h e y have been l iv ing. 
N o t un t i l w e t ake care o f th is class and see t o i t t h a t t h e i r l ives 
a re g u i d e d by i n te l l i gen t p e o p l e , shall w e r e m o v e t h e s e so res 
f r o m o u r social l i fe" . 

I t w a s o n t h e basis o f t h e s e bel iefs and th is r eason ing t h a t C a r 
r ie B u c k was s te r i l i zed . T h u s t h e p r e c e d e n t w a s es tab l i shed f o r 
t h e suspens ión o f t h e r igh ts o f s o m e ind iv iduá is and classes f o r 
t h e p r o t e c t i o n o f soc ie t y . T h e s e v i e w s , w i t h t h e c r e d i b i l i t y af-
f o r d e d t h e m by be ing g r o u n d e d in w h a t was a c c e p t e d as sc ien-
t i f i c fac t , b e c a m e p o w e r f u l f o r c e s in shaping pub l i c o p i n i ó n and 
socia l po l i cy . 

T h e eugenic ev idence and p red i c t i ons in C a r r i e Buck 's case have 
p r o v e n in m y o w n i n v e s t i g a t i o n s , and t h o s e o f o t h e r s , t o be 
g ross ly inaecurate . Ca r r i e ' s ch i ld , V iv ían, al leged t o r e p r e s e n t t h e 
" t h i r d g e n e r a t i o n o f imbéc i les " , actual ly g r e w t o be an a t t r ac t i ve 
ch i ld w h o was a h o n o r r o l l s tuden t . C a r r i e , charged w i t h be ing 
t h e second g e n e r a t i o n o f imbéc i les , was pa ro led a f te r h e r s te r i l i -



za t ion t o a m o u n t a i n vi l lage w h e r e she s o o n m a r r i e d t h e d e p u t y | 63 
sheriff . T h e r e she Üved a m o d e s t , b u t p r o d u c t i v e and respectab le , 
l i fe. F o l l o w i n g t h e dea th o f h e r husband she m o v e l t o a la rger 
t o w n w h e r e she ea rned he r l iv ing car ing f o r e lde r l y and c h r o n i -
cally ¡11 peop le . Fr iends and e m p l o y e r s a t t es ted t o t h e fac t t h a t 
C a r r i e B u c k w a s n o t m e n t a l l y de f i c ien t . I ndeed , m e n t a l hea l th 
profess ionals w h o o b s e r v e d h e r late in he r life f o u n d n o ev idence 
o f menta l r e t a r d a t i o n . A b i t m o r e research , in fact , o n t h e pa r t o f 
t h o s e w h o c la imed t o have f o u n d defect iveness t o be innate in 
Car r i e ' s genea logy w o u l d have u n c o v e r e d a qu i t e d i f f e ren t pie-
t u r e . If t h e eugenic f ie ld researchers in he r case had l o o k e d jus t 
t w o m o r e b ranch ings back o n C a r r i e ' s fami ly t r e e t h e y w o u l d 
have d i scove red t h a t h e r g rand fa the r and g rea t g rand fa the r in t h e 
B u c k l ine w e r e b o t h p r o s p e r o u s f a r m e r s . Ana lys i s o f a n o t h e r 
b ranch ing back w o u l d have revea led tha t , i ron ica l ly , she was des-
c e n d e n t f r o m o n e o f t h e m o s t p r o m i n e n t fami l ies in V i rg in ia 's 
h is to ry . 

C a r r i e ' s s t o r y is a t r ag i c saga o f o n e i n j u r e d l i fe. I t is a lso an 
i m p o r t a n t i l l u s t r a t i o n o f t h e a l l u r e and d a n g e r s o f b i o l o g i c a l 
d e t e r m i n i s t i c t h o u g h t . T h e l a w y e r s , phys ic ians and sc ien t i s ts i n -
v o l v e d w i t h t h e case w e r e n o t s i n i s t e r f i g u r e s i n t e n t u p o n 
d o i n g h a r m t o th i s w o m a n o r t h e class o f p e o p l e she r e p r e s e n t -
ed . T h e y w e r e c o n v i n c e d t h a t t h e y w e r e se rv i ng t h e bes t i n t e r -
ests o f s o c i e t y by t h e i r a c t i o n s . T h e y saw in C a r r i e ' s l i fe w h a t 
t h e y e x p e c t e d t o see, and t h e y used i t t o advance a sc ien t i f i c 
and po l i t i ca l p o s i t i o n t h a t t h e y f e l t w o u l d lead t o t h e e rad i ca -
t i o n o f soc ia l p r o b l e m s and p r e v e n t i o n o f su f fe r ing . T h e y w e r e 
w r o n g . T h e idea t h a t c r e a t e d t h e m i s f o r t u n e o f C a r r i e B u c k 
has r e p e a t e d l y p r o d u c e d t r ag i c resu l t s . T h a t idea is t h a t h u m a n 
l i fe can be g u i d e d by t h e r ea l i t i e s o f b i o l o g i c a l d e t e r m i n i s m . 
T h e r e s u l t has b e e n t h a t s o m e f a m i l i e s , s o m e n a t i o n a l i t i e s , 
s o m e races , s o m e e t h n i c g r o u p s and s o m e socia l classes have 
been v i e w e d as be ing na tu ra l l y , i n h e r e n t l y , and u n m o d i f i a b l y In 
f e r i o r . I t has been o n t h i s basis t h a t t h e y have been d e p r i v e d 
o f t h e i r d i g n i t y and r i gh ts . 

R o b e r t C y n k a r has n o t e d t h a t Just ice O l i v e r W e n d e l l H o l m e s 
in 1920, seven years b e f o r e t h e dec is ión in Buck Bell, o b s e r v 
ed , " T h e l aw is t h e w i t n e s s and e x t e r n a l d e p o s i t o f o u r m o r a l 
l i fe. Its h i s t o r y is t h e h i s t o r y o f t h e m o r a l d e v e l o p m e n t o f t h e 
race " . C y n k a r a lso q u o t e s H o l m e s ' s b o o k pub l i shed in 1881 e n -
t i t led The Common Law. O n t h e f i rs t page o f t ha t b o o k H o l m e s said: 

"... T h e life o f t h e law has n o t been logic; i t has been e x p e -
r ience. T h e fe l t necessi t ies o f t h e t i m e , t h e p reva len t m o r a l 
and po l i t i ca l t h e o r i e s , i n tu i t i ons o f publ ic po l icy , a v o w e d o r 
u n c o n s c i o u s , even t h e p r e j u d i c e s w h i c h judges share w i t h 
t h e i r f e l l o w - m e n , have had a g o o d deal m o r e t o d o t h a n t h e 
sy l log ism in d e t e r m i n i n g t h e ru les by w h i c h m e n shou ld be 
governed . . . i t c a n n o t be dea l t w i t h as if i t c o n t a i n e d o n l y t h e 
ax i oms and co ro l l a r i es o f a b o o k o f m a t h e m a t i c s " . 



64 T h e H u m a n G e n o m e P r o j e c t w i l l m o s t ce r ta in l y resu l t in sc ien-
t i f i c k n o w l e d g e and m e d i c a l capab i l i t i es w h i c h w i l l b r i n g i n t o 
ques t i on t h e issue o f " f e l t necess i t ies " in r e l a t i on t o f u n d a m e n t a l 
valúes. T h e t e c h n o l o g y o f t uba l l igat ion and v a s e c t o m y w e r e de -
v e l o p e d in t h e 1890s, by 1927 i t was a " f e l t necess i t y " o f soc ie ty 
t h a t t h o s e d e e m e d d e f e c t i v e o n t h e basis o f eugen ic sc ience 
m u s t be s te r i l i zed . T h e H u m a n G e n o m e P r o j e c t w i l l p r o v i d e i n -
sights i n t o human n a t u r e w i t h a va l id i t y i n c o m p a r b l e t o t h e inac-
curac ies o f t h e eugenics m o v e m e n t . I t w i l l p r o v i d e f o r t h e de -
v e l o p m e n t o f t e c h n o l o g i e s w h i c h w i l l e c l i p s e a n y t h i n g t h a t 
med i c i ne has k n o w n b e f o r e . T h e po ten t i a l s f o r h u m a n bene f i t 
a re obv ious l y e n o r m o u s . I t seems t o th i s o b s e r v e r , h o w e v e r , 
t h a t t h e g rea tes t chal lenge posed by t h e H u m a n G e n o m e P r o 
j e c t w i l l be t o c o n d u c t its w o r k and p r o v i d e t h e benef i ts o f i ts 
e f fo r t s t o a w o r l d o f p e o p l e w h o are seen as m u c h m o r e t h a n 
t h e sum t o t a l o f t h e i r b io log ica l c o m p o n e n t s . T o r ise above t h e 
t e m p t a t i o n s and dangers o f b io log ica l d e t e r m i n i s m w e m u s t c o n 
t i n u é t o see p e o p l e , w i t h all d u e r e s p e c t t o B.F. S k i n n e r , as 
agents o f f r e e d o m and d ign i ty . 

O u r f i r s t c o m m i t m e n t m u s t be, I bel ieve, t o basic human r ights 
and valúes. Even w h e n t h e capaci ty t o i n t e r vene exped ien t l y in 
t h e lives o f o t h e r s seems t o be best f o r t h e m and soc ie ty ; even 
w h e n t h e " f e l t necessi t ies o f o u r t i m e s " seem t o u rge us so c o m -
pel l ingly t o ac t qu ick l y and ef f ic ient ly , th is m u s t be t r u e . T h e e t h i -
cal f ounda t i ons o f human life are t o be f o u n d in h u m a n sources . 
T h e eugenic ists l o o k e d t o e v o l u t i o n a r y t h e o r y and Mende l ian ge-
net ics f o r m o r a l t r u t h s . T h e y fe l t t h a t na tura l se lec t ion and M e n 
del ian gene d i s t r i bu t i ons c o u l d p r o v i d e mode l s f o r social e th ics. 
T h e fa i lure o f th is a p p r o a c h was ev idenced in t h e needless ins t i 
t u t i o n a l i z a t i o n o f t h o s e d e e m e d t o be " u n f i t " f o r t h e soc ia l 
" s t r ugg le " , in t h e s te r i l i za t ion o f peop le inaccura te ly assessed t o 
be t h e ca r r i e rs o f de fec t i ve genes and in t h e m o r a l h o r r o r s o f t h e 
ho locaus t . 

M o r a l and e th ica l agency is an a t t r i b u t e o f p e o p l e , n o t o f sc i 
ence o r t h e sc ient i f ic m e t h o d . T h e r e c o g n i t i o n t h a t w e a re e t h i 
cal and m o r a l agents , and t h a t t h e dec i s ions o f w h a t w e s o u l d 
d o , as o p p o s e d t o w h a t w e can d o , res ts w i t h us as p e o p l e in 
in t im ida t ing . O n t h e o t h e r hand, i t is exc i t ing . I bel ieve th is m e e t -
i ng is an e x p r e s s i o n o f t h a t r e c o g n i t i o n . A s t h e p o w e r o f 
sc ience f o r h u m a n b e n e f i t g r o w s t h r o u g h t h e w o r k o f t h e H u 
m a n G e n o m e P r o j e c t , so g r o w s t h e i m p o r t a n c e o f e t h i c a l 
q u e s t i o n s a b o u t t h e use and y i e l d o r t h a t p o w e r . T h e g r e a t s ig-
n i f i cance o f t h i s c o n f e r e n c e may be t h e o p p o r t u n i t i e s i t p r o 
v ides f o r exchanges b e t w e e n p e o p l e w h o a r e m o t i v a t e d by t h e 
m a k i n g o f d i s c o v e r i e s , and t h o s e w h o seek t o u n d e r s t a n d t h e 
h u m a n t r u t h o f t h o s e d i s c o v e r i e s . I am h o n o r e d t o be a p a r t i c -
i pan t in t h i s f o r u m , and I f ee l a sense o f e x h i l a r a t i o n a t t h e 
p o t e n t i a l t h a t t h e s e c o n v e r s a t i o n s w i l l have f o r t h e f u t u r e . I am 



also g ra te fu l f o r t h e i m p o r t a n c e t h a t t h e o p p o r t u n i t y t o speak | 65 
w i t h t h i s d i s t i ngu i shed g a t h e r i n g b e s t o w s o n t h e l i fe o f a p o o r , 
u n e d u c a t e d w o m a n w h o d e v o t e d h e r l i fe t o ca r i ng f o r o t h e r s , 
m y p r e s e n t a t i o n t o y o u is d e d i c a t e d t o C a r r i e Buck . 
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A B S T R A C T 

The deciphering o f human genetic composition prob-
ably poses once more the question o f what man re-
ally is. This is an oíd question on the human that can 
clearly be interpreted f rom a religious viewpoint. This 
analysis begins with the premise that man was cre-
ated in the image and likeness o f God, from which so-
lutions derive that can be understood from the politi-
cal-social and biological points o f view. However, 
Protestantism o/so gronts man an active role as the 
administrator o f creation. This function can be under
stood as a capacity to manipú la te and it is this 
interpretation that should be carefully analysed i f it is 
not to become a moral justification for certain appli-
cations o f science and technology. On the contrary, it 
is a capacity that should be impregnated with humil-
ity, o/so bearing in mind that man, the scientist, con-
fronts problems with the category o f mysteries that 
are hard to so/ve. Religión and science, therefore, 
have a common aim: man. 





This paper w i l l begin w i t h Miguel Ce rvan tes and conc lude w i t h a | 69 
re fe rence t o W . H . A u d e n , d is t ingu ished a u t h o r s , rep resen ta t i ves 
o f d is t inc t i ve h is to r ica l eras. In b e t w e e n a pe rspec t i ve based o n a 
P ro tes tan t cons t rua l o f t h e w o r l d w i l l be o f f e red . T h e i n tended 
resu l t is an e x p l o r a t i o n o f h o w o n e re l ig ious t r a d i t i o n , and t h a t 
far r i c h e r and va r ied t han can be suggested, may, can and shou ld 
r e s p o n d t o t h e H u m a n G e n o m e P r o j e c t w i t h re fe rence t o t h e 
ques t i on o f t h e h u m a n . 

Rel ig ión as I am using t h e t e r m means t h e human a t t e m p t t o af-
firm and t o deal w i t h , t h r o u g h r i tua l , in te l lectual act ions, and m o r 
al behav io r , an U l t í m a t e P o w e r w h o s e i n t e n t i o n is g o o d . By U l t í 
ma te P o w e r I mean a f o r c é t h a t is able t o accomp l i sh its o w n 
purposes and is f inal ly n o t sub jec t t o t h e c o n t r o l o r man ipu la t i on 
o f o t h e r p o w e r s . T h e a p p r o p r i a t e t e r m i n o l o g y f o r such an U l t í 
ma te P o w e r is G o d . 

\ 

Theo logy , t a l k a b o u t t h e U l t íma te P o w e r , is u n d e r s t o o d he re as a 
way o f cons t ru i ng t h e w o r l d so t h a t t h e cr i t ica! re fe rence p o i n t is 
w h a t is confessed t o be g o d . A P ro tes tan t cons t rua l o f t h e w o r l d 
means t h a t t h e cr i t ica l re fe rence p o i n t is t h e G o d w h o is k n o w n 
uniquely in Jesús C h r i s t as med ia ted t h r o u g h a par t i cu la r t r a d i t i o n . 
T h a t t r a d i t i o n gives u n c o m m o n place o f i m p o r t a n c e t o t h e ref lec-
t i o n and behav io r o f t h o s e r e f o r m i n g m o v e m e n t s in W e s t e r n Eu-
r o p e o f t h e s i x teen th cen tu ry , C.E., m o v e m e n t s w i t h leaders such 
as M a r t i n L u t h e r and John Ca lv in . T o lócate onesel f in t h a t t r a d i 
t i o n is n o t t o c la im s u p e r i o r i t y f o r it. Ñ o r is i t t o res t r i c t one 's r e -
sources t o i t . I t is t o recogn ize t h a t o u r re f l ec t i on a b o u t G o d and 
humans is inevi tably and sel f -consciously h is to r ica l . 

Miguel Ce rvan tes , 1547 t o 1616, l ived in t h e m i d s t o f an h i s t o r i 
cal ea r thquake , o n e w h e r e t h e t e c t o n i c plates o f human def in i -
t i o n w e r e shi f t ing. Mi lán K u n d e r a , a c o n t e m p o r a r y Czech b o r n 
nove l is t has w r i t t e n : 

" A s G o d s l ow ly d e p a r t e d f r o m t h e seat w h e r e he had d i r ec t -
ed t h e un ive rse and i ts o r d e r o f valúes, d is t ingu ished g o o d 
f r o m ev i l , e n d o w e d each t h i n g w i t h mean ing , D o n Q u i x o t e 
set f o r t h f r o m his house t o a w o r l d he c o u l d no l onger r e 
cognize. In t h e absence o f t h e Sup reme Judge, t h e w o r l d sud -
den l y a p p e a r e d in its f e a r s o m e amb igu i t y ; t h e single d iv ine 
t r u t h d e c o m p o s e d i n t o my r i ad re la t ive t r u t h s parce led o u t by 
man . T h u s was b o r n t h e w o r l d o f t h e M o d e r n Era" . 

James W a l l , e d i t o r o f The Christian Century, a w e e k l y re l ig ious pe -
r i od i ca l , c o m m e n t i n g o n t h e a b o v e q u e s t i o n , suggests t h a t t h e 
pub l i ca t ion o f Don Quixote an t i c ipa ted t h e agony o f a c iv i l izat ion 
t ha t t r a d e d cer ta in ly a b o u t G o d f o r t h e t a i n t e d ecstasy o f human 
c o n t r o l . ( W a l l , p. 5 3 1 ) . 

If t h e r e w e r e w i n d m i l l s r a t h e r t h a n kn igh ts t o be cha l lenged by 
t h e man f r o m La Mancha , t h e rea l i t y w a s n o t in t h e e x t e r n a l 



70 b u t in t h e ¡n te rna l landscape. I t w a s t h e w a y o n e saw t h a t m a d e 
all t h e d i f f e r e n c e . A n d t h e M o d e r n Era had a w a y o f see ing t h e 
w o r l d , i n c l u d i n g t h e h u m a n , t h a t d i f f e r e d f r o m i ts h i s t ó r i c a ! 
p r e d e c e s s o r s . I t had as w e l l , s ince see ing and va lu ing a re r e l a t -
e d , a d i f f e r e n t h i e r a r c h y o f va lúes. N o w t h e f r e e d o m and a u -
t o n o m y o f t h e ind iv idua l sel f as a dec i s i ón m a k e r w a s a f f i r m e d 
r a t h e r t h a n his o r h e r s u b o r d i n a t i o n t o e x t e r n a l c e n t e r s o f 
a u t h o r i t y . L i b e r a t i o n f r o m o p p r e s s i v e i n s t i t u t i o n s w a s p r o c l a i m -
ed a n d C o n s o l i d a t e d . H u m a n r e a s o n b r o k e t h e c o n s t r i c t i v e 
b o n d s o f c u s t o m and re l i g ious p r e t e n s i o n s t o be t h e m e d i a t o r 
o f t r u t h in t h e d i v e r s e rea lms o f l i fe. A n d t h e n e w h u m a n , e x -
u l t ing in a n e w se l f -unders tand ing , became t h e e x p l o r e r and c o l -
o n i z e r o f w o r l d s vas t and m i n u t e , a t o n c e f e a r s o m e and b e a u t -
f u l . T h e n e w se l f b e c a m e s i m u l t a n e o u s l y a h u m b l e s e r v a n t , 
i n d e e d a m e n d i c a n t , b e f o r e k n o w l e d g e , and a P r o m e t h e a n h e r o 
w h o w o u l d d o all t h i ngs . M o d e r n sc ience and t e c h n o l o g y w e r e 
t h i s s e l f s e x t e n s i o n s and e x p r e s s i o n s . A n d if m o d e r n sc ience 
and t e c h n o l o g y w e r e as a t t a c h e d t o t h e p u r p o s e s and p o w e r s 
o f c o m m e r c e and na t iona l i n t e r e s t s as t o d i s i n t e r e s t e d endeav -
o r s , t h e pay o f f w a s c l e a r l y f o r a l l . O r so i t w a s a s s u m e d , 
t h o u g h t h e spo i l s o f t h e n e w e r a w e r e u n e v e n l y d i s t r i b u t e d 
and t h e s t rugg le o f t h e sc ien t i s ts w a s n o t w i t h o u t i ts se tbacks . 
B u t in t h e m o d e r n e ra , w i t h all i ts d read fu l a m b i g u i t y , h u m a n s 
w e r e in c o n t r o l . 

D o n Q u i x o t e was con fused . His s t o r y was ques t i on m a r k a b o u t 
t h e c o n t o u r s and consequences o f t h e m o d e r n w o r l d . La te r c o l -
on izers o f t h e n e w era w o u l d see clearly w h a t D o n Q u i x o t e vague-
ly sensed . T h e i cons o f t h e n e w e r a w e r e n e i t h e r c a t h e d r a l s 
ñ o r t h r o n e s . T h e y w e r e l a b o r a t o i r e s and fac to r i es , symbo ls o f 
t h e ru le o f sc ience and t echno logy . 

In t h e m o d e r n e ra science and t e c h n o l o g y (appl ied sc ience) w e r e 
rega rded n o t o n l y as ways o f k n o w i n g and do ing . T h e y became a 
d o m i n a n t and in s o m e cases an exc lus ive parad igm f o r k n o w i n g 
and f o r be ing in t h e w o r l d . T o be human was t o k n o w by means 
o f o b s e r v a t i o n and m e a s u r e m e n t , u n d e r c o n d i t i o n s o f causal i ty, 
and t h e n t o apply w h a t had been o b s e r v e d and measu red t o spe-
cific goals. Its y ie ld has been inc red ib le advances in t h e w a y w e 
live - m o d e r n med i c i ne is b u t one , b u t sure ly o n e p r o f o u n d l y i m -
p o r t a n t , examp le o f its ach ievement . 

T h e consequences o f th is w a y o f be ing human w e r e n o t w i t h o u t 
t h e i r cos ts . T o t h e su rp r i se o f many, i r ra t i ona l f o r c e s w e r e un -
y i e l d i n g b e f o r e r e a s o n ' s advances . I n d e e d such f o r c e s f o u n d 
s l ight res i s tance in r e c r u i t i n g t h e m o s t advanced o f w h a t w a s 
k n o w n , and its m o s t ski l l ful app l i ca t ion , t o t h e engines o f des t r uc -
t i o n and t o n a r r o w c o m m e r c i a l in te res ts . T h e d a r k unde rs ide o f 
t h e h u m a n lay b e y o n d t h e grasp o f th is m o d e r n w a y o f be ing h u 
man. Indeed i t is t h e v e r y consequences o f m o d e r n sc ience and 
t e c h n o l o g y t h a t have p r o v o k e d t h e human ques t i on r a t h e r t han 
a n s w e r i n g i t . N e g a t i v e examp les o f t h a t p r o v o c a t i o n w e r e t h e 
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equate t hese in any o t h e r w a y than th is : b o t h raised d ramat ica l l y 
t h e ques t i on o f w h a t i t means t o be human . 

T h e p r o j e c t w e address th is w e e k has a s imi la r f u n c t i o n . I t is t h e 
ques t i on o f t h e h u m a n t h a t is s t imu la ted , n o t a n s w e r e d , by t h e 
k n o w l e d g e o f o u r g e n e t i c s t r u c t u r e . Su re l y t h e p h i l o s o p h e r ' s 
m á n d a t e , " K n o w t h y s e l f , m e a n t m o r e t h a n t h e i n j u c t i o n t o 
k n o w o u r b i o l o g i c a l c o m p o s i t i o n , i ts s t r u c t u r e , p r o c e s s , and 
c o n t e n t . I t m e a n t m o r e t han t o measu re t h e genet ic stuf f w h i c h 
shapes us. I t m e a n t r a t h e r t o t a k e fu l l measu re o f ou rse l ves , o f 
w h o w e a r e as h u m a n beings. T h e anc ien t q u e s t i o n s t imu la tes 
m o d e r n i t y t o b e c o m e p o s t - m o d e r n . Such an e ra i n c o r p o r a t e s 
o b s e r v a t i o n , m e a s u r e m e n t s , and app l i ca t ion i n t o a m o r e c o m -
p rehens ive v i e w o f t h e h u m a n . I t refuses t h e r e d u c t i o n i s m o f ex -
clusiv ist ic ep i s temo log ies . It encourages us t o p r o b é ques t i ons o f 
w h o w e a re , and w h y and h o w w e a re t o l ive, f r o m a va r i e t y o f 
angles. 

T o say as m u c h is in n o w a y t o repud ía te t h e m o d e r n e ra w i t h 
its human l y l i be ra t ing i n t e n t i o n s and c o n t r i b u t i o n s . I t is n o t t o 
seek a t i m e w h e n e x t e r n a ! i ns t i t u t i ons repud ía te as i l leg i t imate 
t h e sc ient i f ic , impos ing by f o r c é a l t é rna te w o r l d v i ews . It is t o af-
f i r m t h a t any d o m i n a n t w o r l d v i e w o f t h e h u m a n f inal ly y ie lds 
b o t h pos i t i ve benef i ts and pe renn ia l ques t i ons . " M o d e r n m e d i 
c ine " , a p h i l o s o p h e r o n c e n o t e d , " re f reshes t h e p r o b l e m o f ev i l " . 
H e m e a n t t h a t f o r e v e r y c u r e o f a d r e a d e d d isease, t h e r e is 
a n o t h e r disease w a i t i n g in t h e w ings t o d r a m a t i z e n o t o n l y its 
p o t e n c y b u t i ts agen t r y o f a d e s t r u c t i v e p o w e r t h a n refuses t o 
be s u b d u e d , o n e qua in t l y ca l led t h e d e m o n i c . Fo r e x a m p l e , t o 
p r o l o n g l i fe so t h a t t h e n o r m a l W e s t e r n l i f e -expec tancy exceeds 
t h e w i l d e s t d r e a m s o f a I 9 t h c e n t u r y res iden t is su re ly a pos i t i ve 
gain. Bu t i t is also t o f i l l nu rs ing h o m e beds w i t h t h o s e w h o s e 
hab i ta t i on pe rsona l l y is t h e past, s o m e long ago e ra packed i n t o 
chemica l c o m p o s i t i o n s m o r e p o w e r f u l t han c u r r e n t s t imu l i , i n t o 
e lec thca l c i r c u i t r y n o l onge r r e c e p t i v e t o n e w s t imu l i . A n d w h e n 
t h a t c o n d i t i o n o c c u r s , t h e de f i n i t i on o f t h e h u m a n is p r o v o k e d , 
n o t a n s w e r e d . O r , w h e n " n o t h i n g " is poss ib le , as i t is a nuc lear 
age, o r w h e n h u m a n m u t a t i o n is in h u m a n hands, as i t is inc reas-
ingly, t h e n t h e q u e s t i o n o f t h e genu ine l y h u m a n s c u r r i e s i n t o 
t h e p i c t u r e . I t begins t o w h i s p e r and t h e n t o dec la im , " I t is o n e 
t h i n g t o say o f a sc ient i f ic t h e o r y . It is t r u e . I t is q u i t e a n o t h e r t o 
say, sc ience teaches us w h a t ' t r u e ' m e a n s " ( H a r t t , p. 9 ) . In t h a t 
q u e r y a b o u t w h a t is means t o be t r u l y h u m a n , sc ient is ts j o i n all 
t he i r ne ighbors in a debate s imul taneous ly t ranscend ing and under -
g i r d i n g t h e sc ien t i f i c and t e c h n o l o g i c a l e n d e a v o r s , q u e s t i o n i n g 
t h e v i e w o f t h e s e l f as p r i m a r i l y o n e w h o is d e f i n e d b y 
k n o w i n g b y m e a s u r e m e n t a n d d o i n g by a p p l i c a t i o n o f s u c h 
m e a s u r e m e n t s . 

In such a search , o n e is g ra te fu l t o p ro jec t s l ike t h e H u m a n C e 
n ó m e P r o j e c t f o r rais ing t h e issue o f t h e human so f o r ce fu l l y ahd 
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c o m m i t t e d t o u n d e r s t a n d i n g and t o w h o s e bene f i t , p r e s u m p -
t ive ly , th is unde rs tand ing w i l l con t r i bu te? 

In t h e P r o t e s t a n t her i tage, t h o u g h by no means in i t exc lus ive ly , 
t h e r o o t m e t a p h o r s o f t h e human as " C r e a t e d in t h e Image o f 
G o d " and t h e h u m a n as " S t e w a r d o f C r e a t i o n " have p r o v i d e d 
n o r m a t i v e mode l s . I w i l l ske tch o u t aspects o f these m o d e l s o f 
human i t y , p r o p o s i n g essential e lemen ts and suggest ions o f human 
beingness. 

First, t h e human as " Image o f G o d " . 

Th is m e t a p h o r " I m a g e o f G o d " d r a w s f r o m t h e Génes is accoun t , 
t h a t a f f i rms : " S o G o d c r e a t e d A d a m in his o w n image, in t h e 
i m a g e o f G o d he c r e a t e d h i m ; m a l e a n d f e m a l e he c r e a t e d 
t h e m " (Génes is 1:27). In t h e ove ra l l c o n t e x t o f th is ve rse t h e 
t heo log i ca l c o n s t r u a l is o f G o d as a gene ra t i ve , n u r t u r i n g , and 
o r d e r i n g p o w e r . Th i s G o d is t h e s o u r c e o f human l i fe, and ac-
c o r d s a special p lace in t h e un ive rse t o t h e human species and 
t o t h e ind i v idua l . B o t h t h e h u m a n self and t h e h u m a n species 
e m b o d y de r i va t i ve va lué and w o r t h f r o m th i s C r e a t o r . Th is giv-
enness o f va lué and w o r t h is n o t d e p e n d e n t o n a c h i e v e m e n t , 
a c c o m p l i s h m e n t , o r g o o d deeds, ñ o r is i t genet ica l i y d e t e r m i n e d . 
I t is a c c o r d e d by an U l t í m a t e P o w e r . T h u s , t h e se l f s d ign i ty is 
n o t in i tsel f and its accomp l i shmen ts . I t is b e s t o w e d . A s t h e P r o t 
es tan t r e f o r m e r s c l a imed , l i fe is jus t i f ied by grace, i.e., p u r é giv-
enness ( C r e a t i o n ) and p u r é accep tance ( f o rg i veness ) . A basic 
va lué w a r r a n t e d by t h e v i e w o f G o d is t h a t o f t h e ind iv idua l i t y o f 
t h e self and its i m m u n i t y f r o m e n f o r c e d de f i n i t i on o r d e t e r m i n a 
r o n by o t h e r humans . T o be h u m a n is t o rece ive one 's o w n life 
and t h e w h o l e c r e a t i o n in g r a t i t u d e and t o a f f i rm t h e se l f s d ig 
n i ty . James Gus ta f son w r i t e s : 

" T h e Génesis a c c o u n t o f t h e c rea t i on gives us, f r o m a re l i 
g ious perspec t i ve , t h e m o s t so l id g r o u n d s f o r human d igni ty . 
Ca lv in , l ike m o s t t heo log ians w h o have a t t e n d e d t o t h a t ac
c o u n t , f inds i t an assurance o f t h e special d ign i ty o f o u r spe
cies, and a r e c o r d o f t h e d iv ine benevo lence t h a t is d i r e c t e d 
t o w a r d us. ' W e o u g h t ' he w r o t e , ' in t h e v e r y o r d e r o f th ings 
d i l igent ly t o c o n t é m p l a t e G o d ' s fa the r l y love t o w a r d m a n k i n d , 
in t h a t he d id n o t c r é a t e A d a m unt i l he had lavished u p o n t h e 
un iverse all m a n n e r o f g o o d th ings ' . If G o d had p u t A d a m o n 
t h e ea r th w h i l e i t was st i l l ' s te r i le and e m p t y ' he w o u l d n o t 
have p r o v i d e d su f f i c ien t l y f o r h u m a n w e l f a r e . ' L e t us m a k e 
man in o u r image, a f te r o u r l ikeness and le t h im have d o m i n 
ión o v e r t h e f ish o f t h e sea, and o v e r t h e b i rds o f t h e air , 
and o v e r t h e ca t t l e , and o v e r all t h e e a r t h , and o v e r eve ry 
c reep ing t h i n g t h a t c reeps u p o n t h e ea r th , says G o d . W h i l e 
theo log ians have d i spu ted t h r o u g h t h e ages a b o u t w h i c h h u 
man capaci ty makes man in t h e image o f G o d , t h e have n o t 
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n i t y w h i c h w e c la im f o r o u r species. Ñ o r have t h e y d i spu ted 
t h a t all t h e res t o f t h e c r e a t i o n ex is ts f o r o u r serv ice. W h a t 
h igher c la im f o r d ign i t y can be made , f r o m a re l ig ious pe r -
spect ive , t han t h a t man is made in t h e image and l ikeness o f 
G o d ? " (Gus ta fson , p. 100). 

A second charac te r i s t i c o f t h e human is t h a t t h e self m i r r o r s t h e 
C r e a t o r in its f r e e d o m . T h e non-necess i t y o f t h e c r e a t i o n , its giv-
enness , leads t o an a f f i r m a t i o n t h a t w h a t w a s c r e a t e d and is 
being c rea ted arises and is susta ined o u t o f t h e f r e e d o m o f t h e 
C r e a t o r . T h e P r o t e s t a n t emphasis o n indiv idual f r e e d o m and a u -
t o n o m y m i r r o r s t h e f r e e d o m and a u t o n o m y o f G o d . It is an aff i r
m a t i o n o f f r e e d o m o f cho i ce as a human capaci ty . 

In t h e Génesis s to r ies o f c r e a t i o n t h e p resence o f t h e c o m m a n d , 
" O f t h e t r e e o f t h e k n o w l e d g e o f g o o d and evil y o u shall n o t e a t " 
(2 :17) p resupposes f r e e d o m o f c h o i c e o n t h e p a r t o f t h e o n e 
being addressed. Such f r e e d o m ¡s t h e g iven capaci ty o f a self t o 
e x e r c i s e c h o i c e w i t h i n a m o r e o r less b r o a d / n a r r o w band o f 
o p t i o n s . Bu t t h e capaci ty f o r f r e e d o m may, i ron ica l ly , also lead t o 
bondage. 

For P ro tes tan t s , genu ine f r e e d o m has a te/os, a p u r p o s e . A c c o r d -
ing t o a P r o t e s t a n t p e r s p e c t i v e , t o be f r e e invo lves r e s p o n s i b i -
l i ty . T o be f r e e is t o e n t e r i n t o a r e l a t i onsh ip o f be ing f r e e for 
o t h e r s . D i e t r i c h B o n h o e f f e r , G e r m á n t h e o l o g i a n and m a r t y r , 
w r o t e , " T h e f r e e d o m o f t h e C r e a t o r is p r o v e d by t h e fac t t h a t 
he a l l ows us t o be f r e e f o r h i m , and t h a t means n o t h i n g e x c e p t 
t h a t he c rea tes his image o n e a r t h " . (Creat ion and Fall, p. 38) 
W h a t B o n h o e f f e r goes o n t o cali t h e p a r a d o x o f " c r e a t e d f r e e 
d o m " l inks d e p e n d e n c e ( d e t e r m i n i s m ) w i t h f r e e d o m ( i n d e t e r -
m i n i s m ) . I t is aga ins t " c r e a t e d f r e e d o m " t h a t h u m a n s r e b e l , 
mak ing f r e e d o m as a capac i ty t o c h o o s e a s o u r c e o f i so la t i on 
and l o n e l i n e s s , a g r o u n d o f p o w e r o v e r aga ins t , r a t h e r t h a n 
p o w e r w i t h . B u t t h e pos i t i ve va lué ca l led f r e e d o m e m b r a c e s t h e 
n o r m a t i v e a f f i r m a t i o n t h a n t h e h u m a n g i f t o f c h o o s i n g ¡s basi -
cal ly a d e c l a r a t i o n o f a n o r m a t i v e telas g r o u n d e d in t h e poss ib i l -
i ty o f d i r e c t i n g one ' s se l f -genera t i ve capaci t ies t o w a r d t h e w e l l 
be ing o f t h e o t h e r . O n e is f r e e for o t h e r s , as G o d f r ee l y is for 
o t h e r s . 

T h i r d , t o c r e a t e d in t h e image o f G o d is t o be c r e a t e d social. 
"Ma le and female he c r e a t e d t h e m . " B e c r e a t e d in G o d ' s image is 
t o be c rea ted as a re la t iona l beings, a social self. W e c a n n o t be 
human a lone . W e c a n n o t be h u m a n w i t h o u t o t h e r human beings. 
T h a t is t r u e b io log ica l ly , psycholog ica l ly , and sp i r i tua l ly . W e be-
c o m e ourse lves in an In te rac t i ve , t ransac t iona l w o r l d . W e have 
no w a r r a n t t o ac t un i la tera l ly , w i t h o u t r e fe rence t o o t h e r s . W e 
gain o u r human i t y in deal ing w i t h o t h e r humans. O u r fundamenta l 
human c o n d i t i o n is o n e o f p l u ra l i t y . I nd i v idua l i t y ar ises o u t o f 
social mat r i ces . 
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and d i s t i n c t i v e h u m a n b e h a v i o r is w h a t Hannah A r e n d t ca l led 
" a c t i o n . " ( A r e n d t , The H u m a n Condit ion, pp . 155 ff.) A c t i o n is 
t h e c r e a t i o n o f a h u m a n w o r l d by c o n v e r s a t i o n a b o u t t h e h u 
man g o o d , engaged in by a pub l ic c o m m u n i t y . I t is t h e leg i t íma te 
" p u b l i c " t h a t has e x p a n d e d d o w n t h r o u g h t h e c e n t u r i e s . T h e 
pub l ic n o w e m b r a c e s all m e m b e r s o f a c o m m u n i t y , n o t j u s t t h e 
r i c h , t h e n o b l e , m a l e s , o r a p a r t i c u l a r r a c e . I t is t h e p u b l i c 
w h i c h d e t e r m i n e s i ts o w n c o r p o r a t e l i fe. T h u s t h e r o l e o f n e w 
p r o s p e c t / t h r e a t s f o r l i fe m u s t be s u b m i t t e d t o t h e f o r u m o f 
pub l ic d e b a t e and dec i s i ón . Th i s pub l ic f o r u m makes i m p e r a t i v e 
t h e i n t r o d u c t i o n , f o r e x a m p l e , o f educa t i ona l p r o g r a m s so t h a t 
t h e pub l i c may i ndeed by i n f o r m e d and give c o n s e n t t o p rac -
t ices t h a t a f fec t i t . A l l , in so far as poss ib le , are t o be sub jec ts o f 
po l ic ies and p r o c e d u r e s a f fec t ing t h e m , n o t o b j e c t s o f such . T o 
be c r e a t e d in t h e image o f G o d is t o a f f i rm t h a t all p e o p l e - a l l 
h u m a n c r e a t u r e s - a r e i n t e n d e d m e m b e r s o f t h e b o d y p o l i t i c , 
agents o f t h e i r o w n and o t h e r f u t u r e s n o m a t t e r h o w e s o t e r i c 
t h e k n o w l e d g e . 

T h e h u m a n as a social self is always a po l i t ica l self, deal ing w i t h 
t h e c o n t e n t o f w h a t life is t o be and h o w life is t o be shaped, t r e a t -
ing issues b o t h o f de f i n i t i on and o f p o w e r . It is th is publ ic w h i c h 
bears b o t h t h e p o w e r and t h e r e s p o n s i b i l i t y t o d e t e r m i n e i ts 
o w n l i fe. O n e consequence is t h a t dec is ión mak ing a b o u t t h e h u 
man and w h a t affects t h e human c a n n o t e th ica l ly be lef t t o an 
é l i te , w h e t h e r sc ient is ts o r e th ic is ts , b u t is t o be lodged w i t h t h e 
en t i r e b o d y po l i t ic . T h e t r a j e c t o r y o f app rop r i a t e dec is ión makers 
w h e n i t c o m e s t o human g e r m l ine man ipu la t i on , f o r examp le , is 
t h e u n i v e r s a l h u m a n c o m m u n i t y . A c c o r d i n g t o t h i s u n d e r -
s t and ing , e f f i c i ency as a v i r t u e g ives w a y t o t h e o b l i g a t i o n o f 
consensus f o r m a t i o n . 

F o u r t h , t o be c r e a t e d in t h e image o f G o d is t o a c k n o w l e d g e t h e 
b r o k e n n e s s o f t h a t image. H u m a n s are , in t h e f i r s t ins tance, f i -
n i te , l iv ing u n d e r t h e c o n d i t i o n s o f l i m i t a t i o n and dea th . B u t t h a t 
is n o b r o k e n n e s s . B r o k e n n e s s is t h e se l f - induce w o u n d in t h e 
h u m a n species. I t is t h e pe rs i s t en t p r e t e n s i ó n o f t h e self i nd iv i -
dual ly and co lec t i ve l y t o asser t m o r e t h a n i t k n o w s , c la iming, f o r 
e x a m p l e , un iversa l pe rspec t i ves f o r one ' s o w n local and p a r o -
chial v i e w p o i n t . I t is also t h e human inc l ina t ion t o use w h a t falls 
i n t o i ts hands f o r t r i v ia l and d e s t r u c t i v e pu rposes . In br ie f , t h e 
h u m a n is o n e w h o s e c o n d i t i o n is d i s t o r t e d as t o p u r p o s e , w i l l 
and a f fec t ions . T h e human is o n e w h o d i s t o r t s t h e l ives o f o t h -
ers, as w e l l as n a t u r e . W h y th is emphasis he re u n d e r " Image o f 
G o d ? " . Because o n e k n o w s one 's b r o k e n n e s s w h e n o n e c o m 
pares one 's self w i t h t h e image o f G o d , w h o s e p o w e r , w i s d o m 
and g o o d n e s s humans are cal led t o re f lec t . A l s o , t o a c k n o w l e d g e 
one 's o w n and o t h e r s ' b r o k e n n e s s is t o i n t r o d u c e a h e r m e n e u -
t i c o f skep t i c i sm a b o u t all m o r a l c la ims, i nc lud ing one 's o w n . A f -
f i r m a t i v e l y , i t a c k n o w l e d g e s t h e h u m a n as a va lu ing /d i sva lu ing 
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fu l ly G o d . 

A s t r ong , b u t again n o t exc lus ive charac te r is t i c o f t h e human t h a t 
ref lects t h e image o f G o d , co r re i a t es w i t h b rokenness . I t is f o r -
giveness. Forg iveness is t h e p o w e r o f r e s t o r i n g b r o k e n r e l a t i o n -
ships, o f beg inn ing again, o f be ing o p e n , no evasive, a b o u t e r r o r s 
and w r o n g d o i n g . Forg iveness d ismisses w h a t has been h u r t f u l , 
w h e t h e r i n t e n d e r o r n o t , and releases t h e fo rg i ven and t h e f o r -
g iver f r o m t h e w e b o f t h e i r d e s t r u c t i v e re la t i onsh ips . I t un i tes 
t h e m c o n s t r u c t i v e l y , b o t h pe rsona l l y and c o r p o r a t e l y . Fo rg ive 
ness does n o t make " t h i n g s " r igh t . I t makes pe rsons able t o l ive 
in m u t u a l i t y d e s p i t t h ings t h e y have d o n e and w i l l d o t o each 
o the r . T h e assumpt ion o f forgiveness is t ha t humanness requ i res i t 
f o r persona l fu l f i l lmen t and f o r c o r p o r a t e endeavo rs . P ro tes tan ts 
assert t h a t t o fo rg i ve is indeed d iv ine and t h e r e f o r e a human pos -
sibi l i ty and respons ib i l i t y . 

Finally, t h e image o f G o d f o r P ro tes tan Chr i s t ians is o n e t h a t e m -
bodies ac t iv i ty . H u m a n s are t o image G o d ' s ac t iv i ty . T h e y d o so 
by lov ing ne ighbors and car ing f o r na tu re . T h e y d o so by s t rug -
gl ing f o r jus t i ce . T h e y d o by o b e d i e n t ac t iv i ty in al! rea lms o f l ife. 
Th is act ive pe rspec t i ve is in c o n t r a s t t o t h o s e f o r w h o m St. T h o -
mas A q u i n a s a r t i c u l a t e d a d i f f e r e n t s tand , name ly , " [ O u r ] u l t í 
mate fe l ic i ty consis ts on íy in t h e c o n t e m p l a t i o n o f G o d . " T o be a 
P ro tes tan t Ch r i s t i an is t o be, ind iv idual ly and w i t h o t h e r s , an ac
t i ve agent. I t means t o be a s t e w a r d o f G o d ' s c r e a t i o n . 

A second r o o t m e t a p h o r t h a t has consequences f o r t h e H u m a n 
G e n o m e P r o j e c t is t h a t o f t h e h u m a n as t h e S t e w a r d o f t h e C r e 
a t ion . In Génes is t h e w o r l d is cal led g o o d and humans are cal led 
t o t e n d t h e ga rden o f l i fe. 

T h e P r o t e s t a n t shaping o f humanness and t h e w o r l d has been d i 
verse. P r o t e s t a n t i s m as a t e r m po in ts t o a c lus te r o f r e f o r m i n g 
m o v e m e n t s t h a t r u n o n paral lel t r acks in t h e 16th c e n t u r y and d i 
verge increasingly t he rea f t e r . B u t o n e e l e m e n t o f t h e P r o t e s t a n t 
unde rs tand ing o f t h e human p o i n t e d t o by t h e soc io log i s t M a x 
W e b e r is t h e desacral iz ing o f na tu re . Because G o d c rea tes and 
t rascends t h e c r e a t i o n , c r e a t i o n , i tself has no sacred p rec i t s . Th is 
means t h a t n o arena o f l i fe, h u m a n na tu re o r o t h e r w i s e , is o u t 
o f bounds , e x e m p t in p r inc ip ie f r o m i nves t i ga ron and man ipu la 
r o n . T h e h u m a n c u r i o s i t y t o k n o w and t h e h u m a n d e s i r e t o 
apply k n o w l e d g e have been leg i t imated by a re l ig ious pe rspec t i ve 
t ha t a f f i rmed t h e human as an ac t ive agent w h o is cal led b o t h t o 
unders tand and t o reshape t h e w o r l d . Indeed, such h is to r ians o f 
ideas as P ro fesso r Lynn W h i t e have a rgued t h a t P ro tes tan t i sm is 
t o be b lamed f o r t h e rape o f na tu re , e levat ing t h e human t o a 
status so fa r above t h e res t o f na tu re t h a t i t o v e r w h e l m e d t h e 
perspec t ive o f t h e human as p a r t o f na tu re . L im i t ed t r ascendence 
o f t h e h u m a n o v e r n a t u r e was expanded t o abso lu te t r a n s c e n -



| 76 dence. T h e phrase descr ib ing humans as " U n d e r G o d , o v e r na-
t u r e " made f o r cons ide rab le mischief . 

P ro fesso r W h i t e ' s p o i n t may be w e l l t aken w i t h o u t P ro tes tan t -
ism's be ing u n d e r s t o o d as t h e so lé p e r p e t r a t o r o f t h e misuse o f 
na tu re and w h i l e recogn iz ing t h a t t h e r e w e r e c o u n t e r f o rces in 
t h e t r a d i t i o n as w e l l . Bu t t h e S t e w a r d o f C r e a t i o n as a m e t a p h o r 
f o r human respons ib l l i t y f o r t h e p lanet ea r th and f o r w h e r e v e r 
o u r p o w e r takes us remains suggest ive w h e n cons lde r i ng t h e H u 
man G e n o m e Pro jec t . I w l l l b r ie f ly asser t s o m e Impl ica t ions ar is -
Ing f r o m t h e m e t a p h o r . 

First , t h e c rea t i on is n o t o u r o w n . It is G o d ' s . W e ho ld i t in t r u s t 
f o r f u t u r e gene ra t i ons and f o r all w h o a re c u r r e n t l y res iden ts . 
W e are t o respec t i t and t o care f o r i t . H u m a n s are car ing c rea -
t u r e s . 

Second , t o care f o r any th ing involves unde rs tand ing i t . Fo r s t e w -
a rds , t o u n d e r s t a n d b e c o m e s n o t j u s t a f u n c t i o n o f c u r i o s i t y 
b u t a m o r a l c l a i m . T o u n d e r s t a n d o u r gene t i c c o m p o s i t i o n is 
consonan t w i t h t h e s tewardsh ip o f t h e c rea t i on . In pr inc ip ie t h e r e 
is no reason n o t t o seek t o unde rs tand . In fact, qu i te t h e o p p o -
si te is t h e case. John U p d i k e , t h e A m e r i c a n novel is t , w r o t e , " M y 
theory was that God knows everyth/ng and cannot be shocked. And 
only t ru th is useful . " T h e a p p r o p r i a t e a t t i t u d e f o r s t ewa rds is res
pec t and even a w e f o r w h a t has been " r e c e i v e d , " and f o r using 
t h a t w e k n o w f o r car ing pu rposes . A w e and respec t f o r m t h e ap
p r o p r i a t e c o n t e x t f o r c u r i o s i t y and invest iga t ion . 

A t h i r d charac ter is t ic o f s tewardsh is is man ipu la t ion . Man ipu la t ion 
means l i tera l ly p u t t i n g one 's hand i n t o t h e m ix , t r a n s f o r m i n g i t . 
T h e s t e w a r d cares f o r t h a t w h i c h is t h e o w n e r ' s . T o d o so means 
being engaged w i t h processes, s t r u c t u r e s and p r o d u c t s . I t means 
a l t e r i ng w h a t is, so t h a t t h e r e may be an i m p r o v e m e n t in t h e 
p r o d u c t o r an i nc rease in t h e p r o d u c t i o n o r a change in t h e 
s t r u c t u r e . I t means n o t playing G o d , b u t be ing engaged for and 
with G o d . T h a t is, o f c o u r s e , a p r e s u m p t u o s c la im and o n e sub-
j ec t t o abuse. 

T h e issue o f man ipu la t i on is o n e w h i c h re fe rs t o t h e use o f ap
p r o p r i a t e t e c h n o l o g y t o ach ieve s t a t e d p u r p o s e s . B u t f o r t h e 
s t e w a r d o f c r e a t i o n t h e ques t i on is n o t man ipu la t i on o r n o t , b u t 
w h a t k ind o f manipu la t ions and f o r w h a t purposes. W h e n i t comes 
t o genet ic eng ineer ing, caut ious u n d e r w r i t i n g o f t he rapeu t i c in te r -
ven t i ons (gene t h e r a p y ) by all re l ig ious c o m m u n i t i e s is a re f lec-
t i o n o f t h e pos i t i ve s tance t o w a r d man ipu la t i on . O n t h e o t h e r 
hand, t h e d e t e r m i n a r o n t o r e j ec t human g e r m l ine i n t e r v e n t i o n s 
may be u n d e r s t o o d also as a p r u d e n t j udgemen t , n o t a p r inc ip led 
o n e f o r t h e s t e w a r d . T h e issue as t o w h e r e t o d r a w t h e l ine in 
t e r m s o f such poss ib le man ipu la t i on is a s l ippery s lope i ndeed , 
b u t i t is perhaps a p p r o a c h e d m o s t p r o d u c t i v e l y o n a case by case 
basis r a t h e r t h a n by a g e n e r a l p r i n c i p i e r e p u d i a t i o n . F o r t h e 
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r isky v e n t u r e m u s t be o n t h e i n n o v a t o r w h o p r o p o s e s change. 
T h a t p r o o f m u s t be s u b m i t t e d t o t h e j udgements b o t h o f scient i f ic 
él i tes and t h e publ ic . 

Fu r the r , the ability t o i n t e r v e n e m u s t n o t be accep ted as t h e m o r 
al jus t i f i ca t ion for in te rven lng . T h a t techno log lca l men ta l l t y is p o w -
er fu l in t h e w o r l d , t a k i n g o n i ts o w n f o r c é . B o n h o e f f e r w r o t e , 
" T e c h n o l o g y ¡s t h e p o w e r w l t h w h l c h t h e e a r t h gr lps man and 
subdues h i m " . In such a s ta te humans d o n o t ru le , t h e y a re r u l ed , 
sacr i f ic ing f r e e d o m as cho lee and as respons ib i l i t y . T h e t e c h n o 
loglcal impe ra t i ve o v e r r i d e s o t h e r in juc t lons . 

For examp le , t h e negat ive ev idence o f eugenic p rac t i ce we igh t s 
t h e scales heavi ly in f a v o r o f r e s t r a i n t and even refusal w h e n i t 
comes t o human g e r m l ine man ipu la t i on . ove ra l l , t h e r e f o r e , w h a t 
D r . M a x i n e F. Singer, P r e s i d e n t o f t h e C a r n e g i e I n s t i t u t i o n o f 
W a s h i n g t o n , C.C. , has cal led o u r " n o v e l c o m p e t e n c e : t h e he r i t a -
ble a l t e ra t i on o f cells and w h o l e organisms. . . a p r o c e d u r e qual i ta-
t i ve ly d i f f e r e n t f r o m w h a t w a s p r e v i o u s l y poss ib le " , argües f o r 
p r o c e e d i n g o n l y u n d e r t h e m o s t carefu l c o n t r o l s . Because i t is a 
novel c o m p e t e n c e and because i t is a qua l i ta t ive d i f fe rence f r o m 
p rev ious p rac t i ce , a s t e w a r d s h i p o f c r e a t i o n in th is área leads t o 
a conse rv ing e th ic and an e th ic o f r e s t r a i n t w h i c h takes i t n o ac-
c o u n t t h e sanct i ty o f t h e species, n o t j us t o f t h e indiv idual self. 
Sti l l , t h e issue is n o t , in p r inc ip ie , c losed f o r pub l ic debate and d e 
c is ión . Such is t h e d izzy ing he ights o f h u m a n f r e e d o m t h a t n o 
such q u e s t i o n can be c l o s e d . W h a t is i m p o r t a n t is t h a t such 
ques t ions be " v e r y o p e n " , n o t r e s t r i c t e d t o t h e eso te r i c v o c a b u -
laries and dec is ión mak ing by t h e in i t ia ted f ew . 

Finally, a s t e w a r d o f t h e c r e a t i o n unders tands t h a t his o r h e r p o -
s i t ion is o n e n o t o f a r r ogance b u t o f hum i l i t y [ m o d e s t y ] . W h e n i t 
comes t o b io logy and t h e H u m a n G e n o m e P r o j e c t in pa r t i cu la r 
t ha t hum i l i t y has a t least t w o sou rces . O n e der ives f r o m t h e dis
c ip l ine itself. I t is t h e r e c o g n i t i o n o f h o w l i t t le w e k n o w . Lewis 
T h o m a s , physic ian and essayist, has w r i t t e n : 

The only solid piece o f scientific t ru th about which I feel totally con-
f ident is that we are profoundly ignorant about nature. Indeed, I 
regard this as the major discovery o f the past one hundred years 
o f biology. (Thomas, p. 73). 

T h e r e is so much y e t t o k n o w t h a t o u r c u r r e n t know ledge is rad i -
cally re la t i v ized . A second o u t e o m e o f hum i l i t y is t h e r e c o g n i t i o n 
o f t h e d i f fe rence b e t w e e n rea lms o f k n o w i n g - e v e n w h e n c o n -
f r o n t e d by t h e same data. O n e rea lm o f k n o w i n g looks at o u r cu r 
r en t b io log ica l k n o w l e d g e and sees p r o b l e m s t o be so lved . A sec
o n d l o o k s a t t h e l iv ing w o r l d and a f f i rms , "No th ing in the living 
world remains mysterious. W e do not yet understand all we see about 
us, but we are reassured that it is al l understandable, all describable in 
terms o f chemistry - o f molecular structure and the interacüon o f mole-



78 cu/e." O n t h e o t h e r hand, th is k n o w l e d g e , as was asser ted ear l ie r , 
raises t h e q u e s t i o n , " W h a t is t h e human?" O r b e t t e r , " W h o is 
t h e human?" A n t h e ca tegory o f m y s t e r y is i n t r o d u c e d by sc ient is t 
and o t h e r w h o see in t h e mate r ia l b e f o r e t h e m w h a t t h e y cali 
beaut i fu l , a w e s o m e , and humb l i ng . 

If a p r o t e s t a n t may q u o t e a Jesuit, and a Jesuit p o e t a t tha t , as pa r t 
o f p r o t e s t a n t p r e s e n t a t i o n , t h e n i t is t o G e r a l d Man ly H o p k i n s 
t h a t I w o u l d t u r n . In a l e t t e r t o his f r i end R o b e r t Br idges w h o 
had appa ren t l y w r i t t e n h i m a b o u t s o m e t h i n g be ing a " m i s t e r y " , 
H o p k i n s w r o t e : "You do not mean by mystery what a Catholic does. 
You mean an interesting uncertainty. But a Catholic by mystery means 
and incomprehensible certainty". ( D e b o r a h Doug las , p. 10.) T o t h a t 
th is C a t h o l i c P r o t e s t a n t says " A m e n " . 

Fo r P r o t e s t a n t s and Ca tho l i c s th is i n c o m p r e h e n s i b l e c e r t a i n t y is 
n o t a passive o b j e c t , t o be e x p l o r e d and exp la ined w i t h o u t r e -
ma inde r . I t is an ac t ive f o r c é bear ing d o w n u p o n us in va r i ous 
shapes and f o r m s , c o m i n g t o us, cal l ing t o us, i nqu i r i ng o f us as 
t o w h o w e a re , even as i t p r o v o k e s t h e response o f a j o u r n e y 
i n t o an u n d e r s t a n d i n g , w i t h o u t de f i n i t e c o m p r e h e n s i o n , o f i ts 
n a t u r e . A m y s t e r y a lways has surp lus o f meanings. W e l ive w i t h 
a m y s t e r y , l ike Jacob, w r e s t l i n g w i t h i t , s t rugg l ing w i t h t h e ques-
t i o n s m y s t e r y pu ts t o us and l iv ing i n t o w h a t answe rs w e are 
g iven . Fo r m y s t e r y , an a n s w e r is p r e c e d e d and f o l l o w e d by ques-
t i o n s , f o r m i n g a dynamic re la t i onsh ip . F r o m t h e answe rs w e give 
and a re g iven f l o w o u r f u n d a m e n t a l se l f -unders tand ings . T o be 
engaged by m y s t e r y is t o be vu lne rab le t o pe rsona l and social 
t r a n s f o r m a r o n . 

G a b r i e l M a r c e l , t h e F rench p h i l o s o p h e r , has m a d e a useful d is-
t i n c t i o n b e t w e e n t h e c a t e g o r i e s o f p r o b l e m and m y s t e r y . H e 
w r i t e s : 

A problem is something which I meet, which I f ind complete before 
me, but which I can therefore lay siege to and reduce. But a mys
tery is something in which I a m mysel f involved... A genuine prob
lem is subject to an appropr iate technique by the exercise o f which 
i t is defeated: whereas a mystery, by defmition, transcends every 
conceivable technique. It is, no doubt, always possible... to degrade 
a mystery so as to tu rn it into a prob lem. But this is a funda-
mental ly vicious proceeding... ( R o b e r t M c A f e e B r o w n , p. 2 6 2 ) . 

So u n d e r s t o o d , love is a mys te r y , h o p e is a mys te r y ; w e a re mys-
t e r i es t o ou rse lves . W e a re n o t mys te r ies t h a t can be " s o l v e d " . 
W e a re mys te r i es in w h i c h w e l ive and m o v e and have o u r being. 
Rel ig ión and sc ience e n c o u n t e r t h e same real i t ies, sepára te in f o -
cusing a t t e n t i o n o n pa r t i cu la r p resen ta t i ons o f w h a t " i s " , and in -
s t r u c t each o t h e r as t h e y m e e t in t h e t r ansac t i on o f m y s t e r y and 
p r o b l e m . P ro tes tan ts c la im on l y t o cali f o r a c o n t e x t o f unde r 
s tand ing m o r e inclusive t h a n " p r o b l e m " and n o t as obscu ran t i s t 



as an u n e x p l o r e d m y s t e r y , t h e r e b y open ing t h e w a y t o t r a n s f o r - 1 7 9 
m a t i o n o f w h a t i t means f o r us t o be human . 

Perhaps t h e m o s t a w e s o m e m y s t e r y t h a t Pro tes tan ts p roc l a im f o r 
humans is t h e rea l i ty t h a t w e a re c o - c r e a t o r s w i t h t h e u l t ima te 
P o w e r in a dynamic c o s m o s . O u r cal l ing as s t e w a r d s is n o t t o fit 
i n t o an assigned s lo t in a passive w o r l d , b u t t o share w i t h o t h e r s 
and w i t h t h e p o w e r w e Pro tes tan ts cali G o d in c o n t i n u i n g t h e 
d e v e l o p m e n t and hope fu l l y t h e m a t u r a t i o n o f t h e w o r l d . 

A c o n c l u d i n g w o r d is perhaps in o r d e r b e f o r e summar i z i ng . Fo r 
s o m e o f us P r o t e s t a n t s t h e w a y t o t h i n k a b o u t t h e h u m a n is t o 
t h i n k f r o m t h e f u t u r e b a c k w a r d . T h e h u m a n t o w a r d w h i c h w e 
l ive is t h e escha to log ica l , t h e p r o m i s e d e n d , w h e r e humans l ive 
w i t h each o t h e r an G o d in f r e e d o m and mutua l i t y , w h e r e t h e r e is 
n o w e e p i n g o r c r y i ng o r dea th , n e i t h e r r e j e c t i o n ñ o r lone l iness, 
b u t all d w e l l in d y n a m i c h a r m o n y , j us t i ce , and t r a n q u i l i t y w i t h 
t h e i r ne ighbo rs and w i t h n a t u r e . T h a t m y s t e r y , t h a t p r o m i s e d f u -
t u r e has r e f e r e n c e f o r l ife and f o r l i fe b e y o n d d e a t h . O u r l i fe 
shudde rs o n t h e p resence o f d e a t h . Bu t i t is t h e f o r m e r w h i c h I 
shall address . 

W e are , a c c o r d i n g t o th is pe rspec t i ve f r o m t h e e n d o f h i s t o r y , 
c u r r e n t l y p r o t o - h u m a n , n o t y e t fu l ly h u m a n , o n t h e w a y t o o u r 
human i t y . W e a re p i lg r ims e x p l o r i n g e m e r g i n g w o r l d s . W e r e 
side in t h e t e n s i ó n b e t w e e n w h a t w e shall be and w h o w e a re 
n o w . W e m a k e dec is ions in t h e l ight o f w h a t w e a r e cal led t o 
be, b u t a lso u n d e r t h e c o n d i t i o n s o f w h a t has been . T h u s , th is 
f u t u r e is n o t w i t h o u t c o n t e n t . I t is t h e fu l les t e x p r e s s i o n o f t h e 
life l ived by Jesús o f N a z a r e t h in his deal ing w i t h his c o n t e m p o r a -
r ies. Its qua l i t ies a re l ove o f G o d and n e i g h b o r and d o i n g jus t ly . 
Its speci f ic c o n t o u r s w e are t o u n f o l d , b u t n o t w i t h o u t r e f e r e n c e 
t o t h e image o f G o d w i t h us in Jesús o f N a z a r e t h and made pos -
sible t o d a y and t o m o r r o w by t h e same Sp i r i t o f G o d w h i c h an i -
m a t e d Jesús and t h e c o m m u n i t y c e n t e r e d a r o u n d and w i t h h i m . 
Precise ly in t h e m i d s t o f t h e t e n s i ó n b e t w e e n past and f u t u r e w e 
m a k e o u r dec is ions a b o u t w h o w e are and w h o w e a re t o be, 
and t h e n a b o u t w h a t w e shall d o . O u r hab i t a t i on is, w e P r o t e s 
t a n t Ch r i s t i ans a f f i rm , t h e f u t u r e as p o w e r f u l l y as t h e past and 
t h e p resen t . T h e r e f o r e t h e r e is an o p e n m o r p h o l o g y o f t h e h u 
man . W e u n d e r s t a n d ou rse l ves and all h u m a n as " n o t k n o w i n g 
w h a t w e shall b e , " b u t c o n f i d e n t in t h e p o w e r o f t h e o n e cal led 
C r e a t o r , R e d e e m e r , a n d Ru le r . O u r dec i s i ons a r e laced w i t h 
amb igu i t y . T h e y a re o f t e n h a r m f u l in t h e i r consequences , d i l u t e d 
in t h e i r p o w e r by o u r l im i t ed in te res ts . Bu t t h e P r o t e s t a n t af f i r -
m a t i o n o f g race is t h a t , f o r t u n a t e l y , t h e w a y o f humans lies n o t 
in t hemse l ves , b u t in an U l t i m a t e P o w e r w h o s e w i l l is goodness 
f o r t h e w h o l e c r e a t i o n . 

In conc lus ión , t h e n a q u o t a t i o n f r o m W . H. A u d e n . H is obse rva 
r o n re f lec ts t h e m o d e r n and, I bel ieve, t h e p o s t - m o d e r n w o r l d ' s 



80 g rasp ing o f t h e ne t t l e o f ambigu i ty , respons ib i l i t y , and anx ie ty . H e 
w r i t e s : 

"The Distresses o f choice are our chance o f being blessed. (Fo r 
t h e T i m e Be ing) . " 

T h a t w e have a chance a t all is g r o u n d s f o r g ra t i t ude , h o p e , and 
courage . 

Summary : I have c o n t e n d e d t h a t w e are res idents o f an emerg ing 
p o s t - m o d e r n w o r l d , o n e t h a t concedes somet imes grudgingly and 
some t imes gladly, t h e mú l t ip le ways o f k n o w i n g and being in t h e 
w o r l d . T h e fact t h a t th is d iverse g r o u p is ga thered here is t es t i -
m o n y t o t h a t n e w era. !t is, in fact, i ron ic t h a t t h e v e r y successes 
o f t h e so called scient i f ic w o r l d v i e w have e l ic i ted f r o m w i t h i n and 
f r o m w i t h o u t t h e scient i f ic c o m m u n i t y t h e ques t ion o f t h e human . 

In i lus t ra t ing o n e w a y o f t h i n k i n g a b o u t t h e human I have d r a w n 
f r o m a pa r t i cu la r h i s tó r i ca ! t r a d i t i o n , o n e cal led P r o t e s t a n t C h r i s -
t i an , w i t h o u t c la iming exc lus ive r ights by t h a t t r a d i t i o n , and w i t h 
o u t p r e s u m i n g t o r e p r e s e n t t h e P r o t e s t a n t pe rspec t i ve , an o x y -
m o r o n if e v e r t h e r e w a s o n e . T h e sum o f th i s p r e s e n t a t i o n is 
perhaps t h a t t h e h u m a n is a c o m p l e x n o t a s imp le rea l i ty , o n e 
w i t h many charac te r i s t i cs . A t va r ious t i m e s va r ious charac te r i s -
t ics have been e leva ted as " t h e human charac te r i s t i c , " e.g., rea -
son , valu ing, consc iousness o f its o w n dying. D i f f e r e n t P r o t e s t a n t 
perspec t ives o n t h e h u m a n have been advanced - t h e self as p i l -
g r i m , t h e self as c i t i zen , e tc . B u t w h a t seems appa ren t is t h a t t h e 
human self is a c l us te r o f charac te r is t i cs all o f w h i c h m u s t be af-
f i r m e d , p r o t e c t e d and advance . S o m e o f t h e s e w e r e a s s e r t e d 
w i t h t h e assistance o f t w o r o o t m e t a p h o r s . 

T w o r o o t m e t a p h o r s g iven p r o m i n e n c e in P r o t e s t a n t Ch r i s t i an i t y 
and nuanced d i f f e ren t l y because o f t h a t se t t ing , have been used. 
O n e is t h e h u m a n as c r e a t e d in t h e Image o f G o d . T h e o t h e r is 
t h e human as t h e S t e w a r d o f C r e a t i o n . 

U n d e r t h e h u m a n as c r e a t e d in t h e image o f G o d t h e f o l l o w i n g 
w e r e a f f i rmed as essent ial f o r humanness: I ) T h e ind iv idua l i ty o f 
each human be ing and t h e d ign i ty o f t h e self and t h e species; 2) 
f r e e d o m as a capaci ty t o c h o o s e a m o n g o p t i o n s and t o t ake res 
pons ib i l i t y f o r onese l f and G o d ' s w o r l d ; 3) t h e socia l i ty o f t h e h u 
man , resu l t ing in shared dec is ión f o r onese l f and G o d ' s w o r l d ; 3) 
t h e soc ia l i ty o f t h e h u m a n , resu l t i ng in shared dec is ión mak ing 
and w i d e d i s t r i b u t i o n o f p o w e r ; 4 ) t h e b rokenness o f t h e self in 
t e r m s o f separa t ion f r o m its s o u r c e o f be ing, its o w n f r e e d o m , 
and i ts n e i g h b o r s a n d t h e r e f o r e a h e r m e n e u t i c o f s k e p t i c i s m 
a b o u t m o r a l c la ims; 5) and t h e human as act ive ly engaged in t h e 
w o r l d and w i t h ne ighbors . 

Us ing S t e w a r d o f t h e C r e a t i o n as a heur is t i c dev ice, I have desig-
na ted t hese e l e m e n t s o f humanness : I ) unde rs tand ing t h e e r e -



a t ion as n o t o u r o w n , b u t as having its s o u r c e and being in an U l - 181 
t i m a t e P o w e r , w i t h o u r cali be ing t o ca re f o r t h e c r e a t i o n ; 2) t o 
care f o r requ i res unders tand ig ; 3) man ipu la t i on is an ob l i ga t i on , 
as is res t ra in t , in deal ing w i t h t h e c r e a t e d c o s m o s ; and 4 ) t h e v i r -
t u e o f hum i l i t y has consequences t h a t s imu l taneous ly p r o p e l b o t h 
sc ience and t e c h n o l o g y w h i l e de - imper i a l i z i ng t h e m as ways o f 
being human . 

In conc lus ión , I a f f i rm t h e p r o t o - h u m a n na tu re o f t h e human , and 
reasse r t t h e dynam ic and p i l g r image qua l i t y o f l i fe, ind iv idua l l y 
and c o r p o r a t e l y . O u r con f i dence is f inal ly n o t in ourse lves , b u t in 
O n e w h o s e p o w e r is p r o p o r t i o n a t e t o t h e pu rposes o f f r u i t i o n 
f o r life as w e rece ive i t , d i s cove r i t , c o n s t r u c t , and r e c o n s t r u c t i t . 
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A B S T R A C T 

The Human Genome Project attempts to intégrate 
the biological point o f view with that o f the social 
sciences or, in other words, it attempts to link the 
subjective h u m a n wor ld to the objective na tu ra l 
worid. The discoveries in molecular genetics support 
the unicity o f the individual; tha t is, each human 
being is the unique product o f genes and experience. 
It may be asked whether scientific knowledge in the 
modern era will be able to shape our beliefs. 





I am speaking t o y o u n o t as a m o l e c u l a r b io log is t ñ o r as a ph i l o - 185 
s o p h e r , b u t as a c l in ica l n e u r o l o g i s t . A n e u r o l o g i s t deve lops a 
specla l p e r s p e c t i v e r e g a r d i n g t h e h u m a n i m p a c t o f sc ience , a 
perspec t i ve w h i c h I h o p e t o share w i t h y o u t oday . Th is p o i n t o f 
v i e w der i ves f r o m o u r c l in ical w o r k , w h i c h invo lves seeing pa-
t i en t s w i t h physical b ra in lesions t h a t af fect awareness and be -
hav io r in a s ta r t l i ng va r i e t y o f ways . Each day w e m u s t i n t e r p r e t 
w h a t is k n o w n o f m o d e r n bra in sc ience t o pat ients and t h e i r f a m -
ilies, deal ing w i t h many issues a t a v e r y pract ica l level . F r o m th is 
v i e w p o i n t , a t o n c e i n t r o s p e c t i v e y e t p ragmat i c , I have t r i e d t o 
examine h o w t h e g e n o m e p r o j e c t s w i l l impac t o u r v i e w o f t h e 
mean ing o f l ife and o u r place in i t . 

T o p r i m i t i v e man , t h e w h o l e w o r l d is al ive, w i t h w i n d , ra in and 
m o u n t a i n a w a r e and pu rpose fu l . A s c u l t u r e deve lops , th is a n i m -
ism gives w a y t o a dua l ism w h i c h d iv ides t h e w o r l d i n t o t h e l iv ing 
and t h e non - l i v i ng , t h e sou l and t h e body , t h e sac red and t h e 
p r o f a n e . In m o d e r n t i m e s w e p r e s e r v e t h i s d u a l i s m as s p l i t 
b e t w e e n m i n d and body , o r b e t w e e n consciousness and t h e phys
ical w o r l d . T h i s m i n d - b o d y s e p a r a t i o n c o n t i n ú e s t o p e r m e a t e 
o u r t h i nk i ng , o u r l i t e r a t u r e , and o u r ph i l osophy , w h a t e v e r else 
w e bel ieve o r d o n ' t be l ieve a b o u t heaven o r an af ter l i fe . 

A s sc ien t i f i c r e d u c t i o n i s m advances , dua l i sm b reaks d o w n . I n -
c reas ing ly , q u a n t u m mechan i cs can exp la in c h e m i s t r y in a l aw -
fu l f a s h i o n , c h e m i s t r y e x p l a i n s m o l e c u l a r b i o l o g y , m o l e c u l a r 
b i o l o g y exp la ins ce l l p h y s i o l o g y and b i o c h e m i s t r y in a cha in o f 
k n o w l e d g e l i nk ing s u b a t o m i c even ts t o t h e l iv ing w o r l d . In m y 
f i e ld , I see an i nc reas ing ab i l i t y o f p h y s i o l o g y and n e u r o p h a r m a -
c o l o g y t o e x p l a i n t h e v a r i o u s p h e n o m e n a o f c o n s c i o u s n e s s . 
W i t h t h e i n t e r p e n e t r a t i o n o f s c i en t i f i c k n o w l e d g e f r o m o n e 
l i nk o f t h e cha in t o t h e nex t , consc iousness becomes an e m e r -

Figure I 
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Figure 2 

gen t p r o p e r t y o f ¡norganic m a t t e r r a t h e r t han s o m e t h i n g d i s t i nc t 
and sou l - l i ke . 

T o ¡ I lústrate s o m e t h i n g o f w h e r e w e are n o w , th is sl ide s u m m a -
rlzes data o n bra in e lect r ica l ac t iv i ty in n o r m a l subjects by Gev ins ' 
g r o u p in San Franc isco. T h e s e lines r e p r e s e n t covar iance in e v o k -
ed po ten t i a l data f r o m p i lo ts squeezing a t r i gge r w i t h t h e i r le f t 
i ndex finger a f te r seeing a numer i ca l cue. Th is m e t h o d p e r m i t s us 
t o see t h e e lec t r i ca l ac t i v i t y passing f r o m verba l p rocess ing t o d e -
c i s i on -mak ing c e n t e r , t h e n backwards t o act ívate b ra in cells i n -
vo l ved in actua l ly squeez ing t h e t r igger . 

i 

i 

Figure 3 



O f c o u r s e , h e r e w e analyze a single sp l i t - second dec i s ión , n o t a 187 
deta i led i n w a r d deba te o n e c o n o m i c t h e o r y , o r even o n w h a t t o 
have f o r l unch . U n t i l w e fi l l in m o r e deta l l a t many levéis, t h e u l t í 
ma te r e d u c t i o n o f consc iousness t o phys io logy is n o t y e t p r o v 
en ; so far, w e st i l l a ccep t th is r e d u c t i o n o n fa i th . N e v e r t h e l e s s , 
th is fa i th c o n t i n ú e s t o be j us t i f i ed by t h e b u r d e n o f ev i dence . 
N e u r o s c i e n t i s t s w h o s t u d y b r a i n f u c t i o n in t h e l a b o r a t o r y , o r 
n e u r o l o g i s t s w h o s t u d y " N a t u r e ' s e x p e r i m e n t s " in t h e c l in ic , 
l o o k a t t h e b ra in as t h e t issue o f m i n d , w i t h o u t having t o p o s t ú 
late a " g h o s t in t h e m a c h i n e " o r a dual un ive rse t o exp la in c o n 
sciousness. 

Par t o f t h e e n o r m o u s m y t h i c p o w e r o f t h e G e n o m e Pro jec ts lies 
in t h e s y m b o l i c c o m p l e t i o n o f t h i s cha in o f k n o w l e d g e w h i c h 
connec ts h u m a n consc iousness t o t h e inan imate un i ve rse . T h e 
abi l i ty t o u n c o d e t h e g e n o m e , t o w r i t e a " c o m p l e t e r e c i p e " f o r a 
human be ing , c rea tes a p o w e r f u l m e t a p h o r , p o w e r f u l enough t o 
impac t m o d e r n t h o u g h t a t e v e r y level in soc ie ty . In i t ia l ly , dec i -
phe r i ng t h e H u m a n G e n o m e seems t o s o m e h o w d im in i sh o u r 
human i t y , pe rhaps imp l y i ng t h a t w e can be c o n t r o l l e d o r t r a n s -
m u t e d , as by an a lchemist 's f o r m u l a o r spel l . Ce r t a i n l y th is genet ic 
m e t a p h o r l i nks us f i r m l y and i n e x t r i c a b l y t o t h e r e s t o f t h e 
b i osphe re , imp l y i ng s t r o n g l y t h a t e v e r y t h i n g a b o u t us, i nc lud ing 
o u r consc ious e x p e r i e n c e , may be exp la ined in b io log ica l , i ndeed 
genet ic , t e r m s . 

O n c e w e v i e w consc iousness as an e m e r g e n t p r o p e r t y o f a b i o -
logic s y s t e m , i t b e c o m e s increas ing ly d i f f i cu l t t o be l ieve in t h e 
soul as s o m e t h i n g detachab le f r o m t h e b o d y and e n d o w e d w i t h 
an af ter l i fe . H o w d o w e c o m e t o t e r m s w i t h o u r sc ience a t t h e 
level o f re l i g ión , o f m y t h o l o g y , o f o u r dai ly self- image? U l t i m a t e l y 
o u r w o r l d v i e w m u s t a c c o m o d a t e t hese concep ts o r else f ind a 
way t o repud ía te sc ience, o u r single m o s t successful ac t i v i t y as 
human beings. 

Many p e o p l e w i l l i ndeed remaín i gno ran t o f o r r e j ec t t h e impl íca-
t i ons o f th i s n e w I n f o r m a t i o n , c l inging t o o íd bel iefs, poss ib ly in 
d i s t o r t e f o r m s . T o o t h e r w h o accep t t h e n e w I n f o r m a t i o n , i t w i l l 
p resent an inv í ta t ion t o n ih i l ism o r " e x i s t e n t i a l " despair . O u r chal 
lenge as a species w i l l be t o m o v e b e y o n d b o t h r e j e c t i o n and 
despair , w o r k i n g t o search f o r valúes and mean ing ar is ing f r o m 
o u r o w n b io log ic n a t u r e r a t h e r t han s imply a t t r i b u t e d t o d iv ine 
au tho r i t y . W i t h o u t t h e idea o f an af ter l i fe , re l ig ión loses its unfa i r 
íeverage o n t h e be l iever . In t h e f u t u r e , re l ig ión o r m y t h o l o g y w i l l 
have t o p r o v e its va lué t o us by i m p r o v i n g o u r sense o f mean ing 
and s e l f - w o r t h h e r e and n o w , w i t h o u t appeal t o an af ter l i fe w h e r e 
amends w i l l be made f o r ea r th l y w r o n g s . 

O u r m o d e r n cr is is o f valúes arises in p a r t f r o m o u r e n o r m o u s 
success in t h e na tura l sciences. I t is w o r t h r e v i e w i n g t h e d i f fer-
ence be tween natural science and phi losophy. Science studies natu
ral p h e n o m e n a ob jec t i ve ly . Progress o c c u r s by r e d u c t i o n i s m , t h a t 
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Figure 4 

is by tak ing c o m p l e x p h e n o m e n a and reduc ing t h e m t o s imp le r 
p h e n o m e n a w h i c h can t h e n be e x a m i n e d quant i ta t i ve ly . W e o b 
serve and desc r ibe t h e p h e n o m e n a as ob jec t i ve l y as w e can, and 
w e exe lude t h e pe rspec t i ve and effeets o f t h e obse rve r , e x c e p t a t 
t h e q u a n t u m level as a r t i cu la ted in t h e H e i s e n b e r g U n c e r t a i n t y 
Pr inc ip ie . 

Sc ience e x p l i c i t l y e x e l u d e s v a l ú e s ; s c i e n t i f i c p h e n o m e n a a r e 
s tud ied because all th ings a re in te res t ing , n o t because o f specif ic 
u t i l i t y o r valué t o m a n k i n d . Par t o f o u r soc iety 's malaise may ar ise 
f r o m t h e t r i u m p h o f ob jec t i v i t y as e m b o d i e d in sc ience and t e c h -
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valué and mean ing. 

In c o n t r a s t t o t h e ob jec t i ve na tura l sciences, ph i l osophy s tud ies 
mank ind 's sub jec t i ve r e l a t i o n t o t h e un i ve rse o f na tu ra l th ings . 
Valúes and meanings a re in tegra l t o t h e human w o r l d , and as o n e 
o f its goals, ph i l osophy t r i es t o p r o v i d e a ra t iona l sys tem f o r d e -
t e r m i n i n g va lúes. F r o m th i s a r ise m e a n i n g and mean ing fu lness . 
M y t h o l o g y and re l ig ión a re ins t inc t i ve , v isceral a t t e m p t s t o find 
meaning in o u r lives, w h i l e ph i losophy a t t emp ts t o satisfy t h e same 
desires a t a logical , ra t i ona l level . 

Ph i losophy and sc ience a re i n t e r d e p e n d e n t as h u m a n act iv i t ies . 
P h i l o s o p h y c a n n o t c r é a t e a rea l i s t i c w o r l d v i e w w i t h o u t r e -
cou rse t o t h e f ind ings o f na tu ra l sc ience. O n e o f t h e reasons f o r 
c o n t i n u i n g change and f e r m e n t in p h i l o s o p h y is t h e c o n t i n u e d 
need t o a c c o u n t f o r sc ient i f ic p rog ress . T h e g rea t p h i l o s o p h e r s 
Hegel and K a n t m a d e e r r o r s in t h e na tu ra l sc iences t h a t a f i r s t 
year g radúa te s t u d e n t w o u l d f i nd laughable t o d a y , and desp i t e 
t h e i n e l l e c t u a l v i r t u o s i t y o f t h e s e and o t h e r g ian ts w e m u s t 
c o n t i n u o u s l y r e - m a k e o u r p h i l o s o p h y w i t h w h a t w e learn in t h e 
I abo r a t o ry . 

T h e cr i t i ca l j u n c t u r e b e t w e e n ph i l osophy and na tura l sc ience lies 
in t h e scient i f ic s t udy o f human i t y , inc lud ing n o t on l y b io log ica l 
bu t also psycho log ica l , a n t h r o p o l o g i c a l and soc io log ica l pe rspec-
t ives o n man . In these áreas, w e t r a i n t h e r e d u c t i o n i s t parad igm 
on ourse lves , and t h e rea lm o f t h e sub jec t ive b e c o m e t h e legit í 
mate t o p i c o f ob jec t i ve s tudy . N o t on l y can valúes and mean ing
fu lness be s t u d i e d and t o s o m e e x t e n t q u a n t i t a t e d , b u t t h e s e 
s tud ies can be e x t e n d e d c r o s s - c u i t u r a l l y t o e x a m i n e un iversa l 
character is t ics o f humans as indiv iduáis and in social g r o u p s . 

F r o m o u r p e r s p e c t i v e in t h i s g a t h e r i n g t o d a y , w e can p r e s u m e 
t h a t m u c h o r ali o f w h a t is un i ve rsa l in m a n k i n d is i m p l i c i t in 
t h e H u m a n G e n o m e . " H u m a n n a t u r e " w o u l d n o t be h u m a n 
n a t u r e if i t d i d n o t s p r i n g f r o m o u r b i o l o g i c o r i g i n s and c a r r y 
s o m e m e a s u r e o f s e l e c t i o n advan tage , a t leas t in t h e past . W e 
m u s t b r i n g t h i s p e r s p e c t i v e t o b e a r o n such i n t r i n s i c a l l y h u 
man c h a r a c t e r i s t i c s as o u r p e n c h a n t f o r v i o l e n c e , o u r r o m a n -
t ic and fami ly a t tachments , o u r t r iba l i sm, and o u r rel ig ious impulse. 

A c o h e r e n t "sc ience o f h u m a n i t y " in tegra t ing perspect ives f r o m 
b io logy and t h e socia l sc iences w i l l te l l us w h a t is f undamen ta l 
and nou r i sh ing t o t h e sp i r i t o f m a n k i n d as w e l l as t o o u r bod ies . 
This is t h e cr i t ica l j u n c t u r e w h e r e o u r se l f -knowledge f r o m ph i los
ophy , r e l i g i ón and a r t m u s t m e e t and j o i n o u r s e l f - k n o w l e d g e 
f r o m t h e na tura l and social sciences, so t h a t w e can c réa te and 
d i rec t o u r s t rugg le t o find va lué and mean ing. In th is c o n t e x t , t h e 
H u m a n G e n o m e Pro jec ts p r o v i d e a c r i t i ca l l i nk and a symbo l i c 
l ink c o n n e c t i n g t h e sub jec t i ve h u m a n w o r l d w i t h t h e o b j e c t i v e 
natura l w o r l d . 
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Figure 5 

I w o u l d l ike t o p r e s e n t s o m e examp les o f t h e b io logy o f men ta l 
p rocesses , h o p i n g t h a t such c lues w i l l lead us t o s o m e u n d e r -
s t a n d i n g o f t h e g e n e t i c poss ib i l i t i es and l i m i t a t i o n s o f h u m a n 
t h o u g h t . Many r e c e n t d e v e l o p m e n t s p o i n t t o t h e i m p o r t a n t ge
net ic c o n t r i b u t i o n t o pe rsona l i t y . Th i s aud ience is a l ready qu i t e 
fami l ia r w i t h t h e i m p o r t a n t ev idence f o r a gene t i c c o n t r i b u t i o n 
in a l c o h o l i s m , b i po la r a f fect ive d i s o r d e r , sch i zoph ren ia and o t h e r 
m e n t a l i l lness. T h e s e c o n d i t i o n s dev ia te m a r k e d l y e n o u g h f r o m 
n o r m a l men ta l f u n c t i o n i n g t o be cal led i l lnesses, a l t hough a l coho l 
ism lies v e r y c ióse t o t h e l imi ts o f w h a t w e in tu i t i ve l y c o n s i d e r 
t h e n o r m a l range o f h u m a n b e h a v i o r . M e n t a l i l lness has been 
s t u d i e d e a r l i e r t h a n gene t i c aspects o f n o r m a l p e r s o n a l i t y be-
cause o f t h e g r e a t e r ease o f d iagnosis and t h e g r e a t e r med ica l 
i m p o r t a n c e o f men ta l d i so rde rs , y e t w e have n o reason f o r t h i nk 
ing t h a t t h e in t r ins ic f ea tu res o f n o r m a l pe rsona l i t y d e p e n d any 
less o n gene t i c c o n t r i b u t i o n s . 

A n u m b e r o f f asc ina t i ng s tud ies have l o o k e d a t f r a t e r n a l and 
i d e n t i c a l t w i n s ra i sed t o g e t h e r o r s e p a r a t e l y . By p e r f o r m i n g 
studies o f t h e persona l i ty t ra i ts o f these subjects, rel iable est imates 
can be made o f t h e genet ic and " e n v i r o n m e n t a l " c o n t r i b u t i o n s t o 
exp la in ing var iance in persona l i t y . In o n e large s tudy , f o r e x a m -
ple, r a t h e r s ta r t l i ng es tamates o f 4 0 t o 5 5 % genet ic c o n t r i b u t i o n 
w e r e f o u n d in such c o m p o n e n t s as sel f- image and even t r a d i t i o n -
a l ism. A n in te res t i ng f ea tu re o f th is and o t h e r s tud ies is t h e o b -
se rva t i on t h a t " e n v i r o n m e n t a l " in f luence va r ied signi f icant ly even 
w i t h i n t h e same fami ly and h o u s e h o l d . Th is impl ies s t r ong l y t ha t 
ind iv idual e x p e r i e n c e and perspec t i ve a re sti l l c r i t i ca l l y i m p o r t a n t 
f o r pe rsona l i t y f o r m a t i o n , b u t w i t h i n cons t ra in t s d i c ta ted by ge
net ic i nhe r i t ance . 

A f e w e x a m p l e s f r o m c l in ica l n e u r o l o g y w i l l f u r t h e r i l l u s t ra te 
s o m e t h i n g a b o u t t h e f u n c t i o n a l o r g a n i z a t i o n and l i m i t a t i o n s o f 



t h e h u m a n b ra in . Perhaps t h e m o s t obv i ous l im i ta t i ons re la te t o 19 
p e r c e p t i o n . V e r y c lear ly , w e n e v e r d i r e c t l y e x p e r i e n c e rea l i t y , 
b u t on ly k n o w i t ind i rec t l y t h r o u g h o u r sense organs. A n ex tens ive 
l i t e r a t u r e ex is ts f o r each senso ry moda l i t y , o f c o u r s e , b u t in a 
genera l sense o u r p e r c e p t i o n s are l im i t ed b o t h in range and in 
moda l i t y . Fo r examp le , o u r ears r e s p o n d o n l y t o l im i t ed sound 
f requenc ies , o u r re t inas t o l i m i t e d f requenc ies o f l ight. O u r noses 
a re measurab ly less acu te t h a n in many o t h e r animáis. O t h e r pe-
cu l ia r i t ies d í c ta te m a n y sa l ient f ea tu res o f o u r p e r c e p t i o n . F o r 
examp le , t h e ove r l app ing p a t t e r n o f c o n e r e c e p t o r s in t h e re t i na 
seems t o exp la in w h y t h e c o l o r y e l l o w l ooks b r i g h t e r t o t h e h u 
man eye t h a n o t h e r c o l o r s . 

T h e b ra in ac t i ve ly p rocesses i ts senso ry i n p u t b e f o r e sensa t ion 
c o m e s t o consc iousness . Examples have been bes t de ta i l ed f o r 
t h e visual sys tem, w h e r e t h e b ra in n o t o n l y e x t r a c t s c e r t a i n fea
t u r e s o f i n t e r e s t such as l ines o r speci f ied o r i e n t a t i o n , etc. , b u t 
t h a t t h e b ra in uses feedback pa thways t o t h e p e r i p h e r y t o c o n 
t r o l and l i m i t s e n s o r y i npu t . T h e pup i l l a r y r e f l e x caus ing c o n -
s t r i c t i o n o f t h e pup i l t o b r i g h t l ight is o n l y t h e c r u d e s t o f many 
phys i co log i ca l m e c h a n i s m s t o r e d u c e s e n s o r y i n p u t t o a level 
w h i c h t h e b ra in can handle . A l l t h e s e mechan isms have e f f i c ien t 
data , b u t w i t h o u t a d o u b t p r o v i d e s e r i o u s l i m i t a t i o n s o n o u r 
v i e w o f rea l i t y . By e x a m i n i n g th is de ta i l f r o m an I m p r e s s i o n i s t 
pa in t i ng , w e see t h i s p r o c e s s in a c t i o n . O u r v isual b r a i n uses 
c o n t e x t t o t u r n a meaningless p a t t e r n i n t o a visual i m p r e s s i o n o f 
w a t e r . Imagine h o w d i f f e ren t t h e h u m a n w o r l d v i e w m i g h t be if 
w e had t h e s o n a r capab i l i t i e s o f t h e ba t , t h e h igh f r e q u e n c y 
hear ing o f t h e dog , o r t h e ab i l i ty t o sense magnet ic fields d e m o n -
s t ra ted by m i g r a t o r y b i r ds ! 

M a n y e x a m p l e s can ¡ I l ú s t r a t e f u n c t i o n a l p r i n c i p i e s o f h u m a n 
t h o u g h t . T h e m o s t c e l e b r a t e d o f t h e s e p r i nc ip i es r ema ins t h e 
d i s t i n c t i o n in p rocess ing b e t w e e n le f t and r i gh t c e r e b r a l h e m -
ispheres ( f ig . 6 ) . S lmp ly p u t , t h e d o m i n a n t (usua l ly le f t ) h e m -
isphere s h o w s a p r e d i l e c t i o n f o r r eason ing w h i c h is sequen t ia l , 
i nc lud ing log ic , m a t h e m a t l c s , s p o k e n , w r i t t e n o r s igned g r a m -
mar , e tc . T h e n o n - d o m i n a n t (usual ly r i gh t ) h e m i s p h e r e s h o w s a 
p r e d i l e c t i o n f o r p a r a l l e l r e a s o n i n g , such as t h a t i n v o l v e d in 
r e a d i n g a m a p , r e c o g n i t i o n o f f a c e s , n o n - v e r b a l g e s t u r e s , 
i n f l e c t i o n s , e t c . B o t h h e m i s p h e r e s n o r m a l l y p r o c e s s s p o k e n 
speech, f o r e x a m p l e . T h e le f t h e m i s p h e r e analyzes t h e g r a m m a r 
o f w h a t is said, w h i l e t h e equ i va len t s t r u c t u r e s in t h e r i g h t h e m 
isphere a t t e n d t o t h e e m o t i o n a l o v e r t o n e s c o n v e y e d by t o n e o f 
vo lee , facial e x p r e s s i o n , b o d y m o v e m e n t s , e tc . If a g e s t u r e e x -
presses e m o t i o n o r e m p h a s i s , t h e r i g h t h e m i s p h e r e ana lyzes 
t h i s aspec t ; h o w e v e r , p e r f o r m t h e same g e s t u r e f o r an i n d i 
v idual w h o k n o w s A m e r i c a n Sign Language, and i ts g r a m m a t i c a l 
c o n t e n t w i l l be ana lyzed in t h e le f t h e m i s p h e r e . C l in ica l b ra in i n 
ju r ies shed f u r t h e r l ight o n t h e c o m p l e m e n t a r y f u n c t i o n o f b o t h 
hem isphe res ; c o n s i d e r t h e e x a m p l e o f a r i t h m e t i c ca l cu la t i on in 
s t r o k e pa t i en ts . W i t h le f t h e m i s p h e r e les ions t h e n u m b e r s may 
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n o t be read o r a d d e d c o r r e c t l y , b u t w i t h r i gh t h e m i s p h e r e le-
s ions t h e c o l u m n s o f f igures may be a l igned i m p r o p e r l y d u e t o 
de fec t i ve spat ia l r e l a t i ons . 

O f i n te res t , w e have g r e a t e r consc ious access t o lef t h e m i s p h e r e 
func t ions , and m u c h o f r i gh t h e m i s p h e r e p rocess ing o c c u r s w i t h -
o u t o u r awareness . Th i s leads t o i n t e r e s t i n g specu la t i ons t h a t 
t h e Freud ian unconsc ious lies in t h e r igh t hem isphe re , a l t hough 
th is idea has n o t been p r o v e n o r r e f u ted so far. T h e in te rp lay o f 
l inear and paral le l p rocess ing , as w e l l as t h e g r e a t e r consc ious ac
cess t o lef t h e m i s p h e r e f u n c t i o n , p r o v i d e i m p o r t a n t p a r a m e t e r s 
o f human men ta l ac t iv i ty . 

A l t h o u g h m o s t o f us w o u l d c o n s i d e r language a n d l e f t - r i g h t 
h e m i s p h e r i c spec ia l i za t i on t o be c r i t i ca l b io log i ca l f e a t u r e s o f 
w h a t makes us h u m a n , g r o s s e x a m i n a t i o n o f t h e h u m a n b r a i n 
reveá is o n í y v e r y s u b t l e a n a t o m i c changes t o a c c o u n t f o r t h e s e 
d r a m a t i c d e v e l o p m e n t s . O n t h e o t h e r h a n d , be i m m e d i a t e l y 
s t r u c k by t h e r a p i d e n l a r g e m e n t o f t h e f r o n t a l ( s o m e t i m e s 
ca l led p r e f r o n t a l ) l o b e s , c o m p r i s i n g f u l l y 3 0 % o f t h e b r a i n in 
H o m o sapiens ( f ig . 7 ) . 

C lea r l y s o m e t h i n g a b o u t t h e f r o n t a l lobes m u s t have dec ided sur -
vival advantage, and in e v o l u t i o n a r y t i m e t h e i r c o n t i n u e d en la rge
m e n t p reda tes o t h e r c r i t i ca l human fea tu res such as u p r i g h t pos 
t u r e , p rehens i le t h u m b o r language acqu is i t i on . T h e f u n c t i o n o f 
t h e f r o n t a l lobes is q u i t e sub t le , so subt le t h a t large in jur ies may 
o c c u r t h e r e w i t h o u t immed ia te l y obv ious effects o n o u r behav io r , 
a c c o u n t i n g f o r t h e o í d , e r r o n e o u s be l ie f t h a t w e " fa i l t o u s e " 
m u c h o f o u r b r a i n . S imp ly pu t , t h e h u m a n c o r t e x is gene ra l l y 
o rgan ized i n t o a p o s t e r i o r " s e n s o r y ha l f ' and an a n t e r i o r " m o t o r 
h a l f . I n f o r m a t i o n f r o m v is ión , hear ing , t o u c h and o t h e r senso ry 
modal i t ies comes t o t h e p r i m a r y sensory co r t i ces in t h e p o s t e r i o r 
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halves t o each h e m i s p h e r e (f ig. 8 ) . Th is i n f o r m a t i o n unde rgoes 
f u r t h e r p rocess ing and u l t ima te l y is synthes ized i n t o a c o h e r e n t , 
in tegra ted awareness o f t h e e x t e r i o r w o r l d and o u r o w n body 's 
re la t ion t o i t . Th is i n f o r m a t i o n is t h e n p r o j e c t e d f o r w a r d t o t h e 
p re f r on ta l lobes w h e r e f u r t h e r p rocess ing in i t ia tes ac t i on , w h i c h 
t h e n p ro j ec t s s l ight ly b a c k w a r d s t o reach t h e m o t o r s t r i p . T h e 
m o t o r s t r i p acts l ike a set o f m a r i o n e t t e str ings t o c o n t r o l t h e 
final m o t i o n o f a rms , legs and face. 

W h a t p r o c e s s i n g o c c u r s in f r o n t a l lobes p r i o r t o ac t ion? D a t a 
f r o m an ima l w o r k and t h e resu l t s o f c l in ica l les ions in h u m a n s 
suggest s t r o n g l y t h a t t h e f r o n t a l l obes a re t h e seat o f d e c i s i o n -
mak ing , j u d g e m e n t , p lann ing and p r o j e c t i o n i n t o t h e f u t u r e . I n 
ju r ies t o t h e f r o n t a l l obes in humans r e s u l t in sub t l e p r o b l e m s 
w h i c h m a y n o t be o b v i o u s t o phys ic ian o r lay o b s e r v e r , b u t 
may r e s u l t in a loss o f a m b i t i o n , a fa i l u re t o gauge onese l f and 
a s s u m p t i o n o f un rea l i s t i c goa ls , o r i m p o r t a n t de fec ts in j u d g e -
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m e n t in a v a r i e t y o f áreas r e l a t e d t o sus ta ined h u m a n a c t i o n . I t 
is a p p a r e n t t h a t t h e f r o n t a l l o b e f u n c t i o n s a r e r e c e n t l y a c q u i r -
e d f r o m an e v o l u t i o n a r y p e r s p e c t i v e , i n d e e d a r e p r o b a b l y 
c o n t i n u i n g t o e v o l v e even in o u r p r e s e n t soc i e t y . T h e f r e q u e n t 
lapses o f e th i cs , o f j u d g e m e n t and o f " c o m m o n s e n s e " w h i c h 
r i d d l e o u r b e h a v i o r as ind iv iduá is and as l a rge r g r o u p s speak 
e l o q u e n t l y t o t h e b io log i ca l f rag i l i t y o f f r o n t a l l o b e f u n c t i o n s . 
F r o m a rac ia l p e r s p e c t i v e t h e s e f u n c t i o n s a r e st i l l in t h e p r o -
cess o f b e c o m i n g . Y e t na tu ra l s e l e c t i o n c lea r l y f a v o r s t h e f r o n 
ta l l obes in a sus ta ined d r i v e f o r e l a b o r a t i o n . In h u m a n s t h e y 
b e c o m e h igh ly d e v e l o p e d agents o f s p o n t a n e o u s a c t i o n , s i f t ing 
t h r o u g h t h e k a l e i d o s c o p e o f s e n s o r y images c o l l e c t e d by t h e 
back half o f t h e b ra in t o d e t e r m i n e w h a t is r e l e v a n t and w h a t 
is n o t , t o c o m p a r e t h e s e images w i t h p r i o r r e c o l l e c t i o n , t o 
p r o j e c t v a r i o u s c o u r s e s o f a c t i o n i n t o t h e f u t u r e , and f ina l ly t o 
se lec t , i n i t i a te and susta in a c o u r s e o f a c t i o n . T h e f r o n t a l l obes 
a re t h e eng ines o f f r e e cho lee , l i be ra t i ng us f r o m a r e f l e x r e s -
p o n s e t o t h e w o r l d a r o u n d us. F u r t h e r s t u d y o f t h e i r sub t íe 
f u n c t i o n s w i l l be c r i t i c a l t o a b i o l og i ca l u n d e r s t a n d í n g o f h u 
man i ty . 

I w i l l m o v e away f r o m s t r i c t l y neu ro log i c c o n c e r n s n o w t o t o u c h 
o n a behav io ra l issue w h i c h is c r i t i ca l f o r unders tand íng o u r na-
t u r e , even t h o u g h t h e a n a t o m i c and phys i o l og i c u n d e r p i n n i n g 
remains less c lear than f o r w h a t w e have jus t d iscussed. Th i s is 
t h e need t o bel ief, f o r mean ing in o u r Uves. Th i s need arises t o 
va ry ing deg ree in each o f us, y e t seems t o cu t across ai! soc ie t ies 
and epochs . 

T o p r i m i t i v e man , t h e surv ival va lué o f a p red i spos i t i on t o w a r d s a 
c o m m o n bel ie f sys tem appears ev iden t ; shared re l ig ious bel iefs 
have c lear valué in p r o m o t i n g fami ly and t r i ba l c o h e s i ó n . Y e t t h e 
need f o r a belief, f o r mean ing, f o r an o r i e n t a t i o n b e t w e e n t h e in -
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sistent , even In m o d e r n soc ie ty . In fac t m u c h o f t h e malaise t h a t 
aff l icts i ndus t r l a l i zed soc ie t y appears t o resu l t f r o m t h e loss o f 
belief, r o b b i n g o u r l ives o f mean ing b e y o n d t h e s imp le accumula -
t i o n o f w o r l d l y g o o d s . A n e x a m i n a t i o n o f m y t h i c and re l ig ious 
t h e m e s f r o m d i f f e r e n t c u l t u r e s p e r m i t s us t o d r a w s o m e c o n -
c lus ions a b o u t t h e h u m a n need f o r mean ing . M u c h o f o u r re l i 
g ious i dea t ion spr ings f r o m an augmen ta t i on o f e m o t i o n s e v o k e d 
by o u r ear l ies t c h i l d h o o d con tac t s w i t h o u r paren ts . T h e a w e o f 
t h e t i n y ch i ld f o r his fa ther ' s m i g h t becomes t h e r o l e o f t h e w a r 
g o d o r s t e r n pa t r i a r ch ; t h e ch i ld 's des i re f o r c loseness w i t h his 
m o t h e r ' s w a r m t h augments t o b e c o m e an image o f a n u r t u r i n g 
ea r th m o t h e r . T h e s e and o t h e r t h e m e s o f b i r t h and dea th , loss 
and r e d e m p t i o n , r u n t h r o u g h all t h e s to r ies o f all t h e peop les o f 
th is p lanet . 

W h a t needs d o t h e s e m y t h s fulf i l l? W e ev iden t l y have a need 
f o r c o n n e c t i o n w i t h t h e w o r l d a r o u n d us, a need f o r s t o r i e s t o 
he lp us in o u r p e r s o n a l t r a n s i t i o n s f r o m c h i l d h o o d t o a d u l t h o o d 
t o o íd age t o d e a t h , and a n e e d t o access c e r t a i n special s ta tes 
o f consc iousness . In W e s t e r n c i v i l i za t i on , t h e s e needs w e r e f i r s t 
f i l led by loca l m y t h o l o g i e s , t h e n by C h r i s t i a n i t y , t h e n l a te r ( f o r 
many p e o p l e ) by a v a r i e t y o f secu la r fa i ths , i nc lud ing a t y p e o f 
fa i th in h i s to r i ca l p rog ress i tse l f w h i c h i nc luded va ry ing e l emen ts 
o f be l ie f in sc ien t i f i c p r o g r e s s , in e v o l u t i o n a r y p r o g r e s s , in d ia-
lect ica l m a t e r i a l i s m . T h i s secu la r fa i th in t h e c o n t i n u i n g p r og r es s 
o f man has been t h r e a t e n e d by m a n y m o d e r n d e v e l o p m e n t s , i n 
c lud ing t h e d o m i n a t i o n o f E u r o p e by H i t l e r and Sta l in , t h e V i e t -
nam W a r and g r o w i n g eco log ica l signs t h a t w e a re reach ing t h e 
l im i ts o f u n c h e c k e d e x p a n s i ó n o n t h i s p lanet . N e i t h e r a s imp le 
r e t u r n t o C h r i s t i a n i t y in its c u r r e n t f o r m s ñ o r a r e t u r n t o naive 
p rogress iv ism are possib le f o r many peop le in o u r m o d e r n w o r l d . 

Some peop le " o p t o u t " by los ing themse lves in i m m e d i a t e dai ly 
conce rns ; t h e " w o r k a h o l i c " f inds mean ing in w o r k t o t h e neg lect 
o f o t h e r valúes and t h e h e d o n i s t finds mean ing in sensual e x p e -
r iences assoc ia ted w i t h s p o r t s , m a t e r i a l possess ions o r d rugs . 
Y e t many p e o p l e f ind s o m e t h i n g missing in t h e i r l ives and th is ac-
coun ts f o r t h e r e n e w e d i n t e r e s t in O r i e n t a l re l ig ions, in t h e o c -
cu l t , in a v a r i e t y o f so -ca l l ed N e w A g e be l ie fs . H o w w i l l o u r 
scient i f ic k n o w l e d g e o f ourse lves , symbo l i zed by t h e un r i dd l i ng o f 
t h e H u m a n G e n o m e , m a k e i t poss ib le f o r us t o shape o u r bel iefs 
and m y t h s f o r t o m o r r o w ? 

M y o w n qual i f i ca t ions a re m in ima l f o r add ing t o t h e f u t u r e o f th is 
d iscuss ion; I am n e i t h e r a p h i l o s o p h e r ñ o r an e x p e r t in re l ig ious 
studies. N e v e r t h e l e s s , t o c ióse th is t a l k I w o u l d l ike t o ske tch in 
s o m e p r e l i m i n a r y ideas o f h o w w e may shape o u r valúes in t h e 
f u t u r e . 

R e s p e c t f o r t h e e n v i r o n m e n t and f o r o u r c o n n e c t i o n t o t h e 
b i o s p h e r e m u s t be i m p o r t a n t e l e m e n t s o f o u r f u t u r e m y t h o l o g y . 
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b e t w e e n h u m a n i t y and t h e b i o s p h e r e , and a va r i e t y o f eco log ica l 
cr ises a re a l ready c o n f r o n t i n g us f o r c i b l y w i t h o u r d e p e n d e n c e 
o n t h e e n v i r o n m e n t . Th i s sense o f o u r s t e w a r d s h i p o f t h e Ear th 
is n o t in tegra l t o C h r i s t i a n i t y as i t has been p rac t i ced in t h e past. 
T h e J u d e o - C h r i s t i a n d e n i g r a t i o n o f n a t u r e m o t i f s had m u c h t o 
d o w i t h t h e s u b j u g a t i o n o f t h e a g r i c u l t u r a l Canaan i tes by t h e 
n o m a d i c H e b r e w s , w h o s e re l i g ión p r o m o t e d t r i ba l c o h e s i ó n as 
t h e C h o s e n Peop le w h i l e s u b o r d i n a t i n g oneness w i t h N a t u r e as 
an idea f i t o n l y f o r t h e s u r r o u n d i n g agr i cu l tu ra l peop les . Judaism 
and la te r C h r i s t i a n i t y c o n t i n ú e s t h e m o t i f t h a t Man w a s t h e l ink 
b e t w e e n G o d and a baser N a t u r e , a N a t u r e t h a t m u s t be sub ju -
gated t o G o d ' s w i l l ( o r a t least t h e w i l l o f his t r u e f o l l o w e r s ) . Fo r 
cen tu r i es th is e th ic o f t h e c o n q u e s t o f N a t u r e was a successful 
idea, p r o m o t i n g e x p a n s i ó n , a c h i e v e m e n t and conques t , even a t 
t h e expense o f f o r e s t s and w a t e r . N o w t h a t w e a re reach ing t h e 
l im i ts o f expans ión o n th i s p lanet , a r e t u r n t o a m o r e i n t eg ra ted 
v i e w o f o u r p lace in t h e w o r l d is n o t o n l y t i m e l y , b u t i t may 
b e c o m e a m a t t e r o f i m m e d i a t e su rv i va l . A r e t u r n t o s o m e o f 
t h e agrar ian my ths , t o an e m o t i o n a l c o n n e c t i o n t o t h e land o r t o 
t h e n u r t u r i n g Ear th M o t h e r , w i l l r e s o n a t e w i t h t hese p rac t i ca l 
needs. 

O n t h e o t h e r hand, a n o t h e r legacy o f o u r W e s t e r n c iv i l i za t ion is 
t h e emphasis o n t h e ind iv idua l , w h i c h came t o its first f r u i t i o n 
w i t h t h e e m e r g e n c e o f t h e Renaissance f r o m t h e M i d d l e Ages . 
Th is emphasis o n t h e valué o f t h e persona l pe rspec t i ve p r o v e d 
t h e s t imu lus t o u n p r e c e d e n t e d indiv idual ach ievemen t in t h e a r ts , 
in sc ience and t e c h n o l o g y , and in c o m m e r c e . Th is f undamen ta l 
change under lay t h e eventua l o v e r t h r o w o f t y r a n n y and t h e b i r t h 
o f d e m o c r a c y . T o m o s t o f us, t h e emphasis o n t h e w o r t h o f t h e 
indiv idual is in tegra l t o o u r eth ics and seems w o r t h p reserv ing , 
desp i te t h e e l e m e n t o f con f l i c t w i t h o u r ideal o f r e - i n t e g r a t i o n 
w i t h t h e w o r l d a r o u n d us. I see t h e advances in m o l e c u l a r gene t -
ics s u p p o r t i n g t h e va lué and un iqueness o f t h e i nd i v idua l , n o t 
on ly because o f t h e special na tu re o f each genet ic p a t r i m o n y b u t 
because o f t h e d e m o n s t r a t e d uniqueness o f each e n v i r o n m e n t a l 
i n t e r a c t i o n even w i t h i n t h e same fam i l y un i t , as w e d iscussed 
ear l ie r in t h e t w i n s tud ies . If each human is a un ique p r o d u c t o f 
gene and e x p e r i e n c e , t h e n th is r e i n fo r ces o u r un ique w o r t h as 
indiv iduáis. 

A s re l ig ious fa i th and naive p rogress iv i sm have co l lapsed. Ex is ten-
t ia l i sm stands as o n e o f t h e m o s t i m p o r t a n t m o d e r n a n s w e r s . 
Jean Paul Sa r t re and his col leagues c o r r e c t l y saw t h e co l lapse o f 
t r a d i t i o n a l va lúes, e m b r a c e d t h e anx ie t y o f having t o f ind t h e i r 
o w n mean ing in a meaningless w o r l d and chose t o c o n f r o n t th is 
a n x i e t y and de l i be ra te l y c o n s t r u c t t h e i r o w n valúes. W h i l e ap -
p laud ing t h e c o u r a g e and inc is iveness o f Sa r t re , I feel t h a t Ex-
is tent ia l ism as first enunc ia ted o f fe rs m u c h , b u t falls s h o r t o f t h e 
answers w e seek t o d a y . 
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t o choose . W e have a l ready seen t h a t man in fac t is f r ee t o make 
ce r ta in cho ices , b u t t h a t t hese cho ices a re c o n s t r a i n e d by b i o l og 
ical f ác to rs , many o p e r a t i n g unconsc ious ly . These f ac to r s c a n n o t 
be changed w i t h o u t a l t e r i ng o u r gene t i c he r i tage . By a c k n o w l -
edging ce r ta in b io log ic c o n s t r a t i n t s o n o u r men ta l and physical 
beings, w e f ind ou rse lves m u c h c lose r t o t h e Spanish p h i l o s o p h e r 
O r t e g a y Gasset t h a n t o t h e Exis tent ia l is ts . 

F r o m o u r i nspec t ion o f t h e f r o n t a l lobes, w e can see t h e i m p o r -
t ance o f s e l f - d i r e c t e d b e h a v i o u r s , w h i c h a r e o n l y t r i g g e r e d i n -
d i rec t l y and unpred ic tab ly by env i r onmen ta l s t imul i . Th is means w e 
real ly d o have t h e f r e e d o m o f cho lee t h a t w e feel w e have. W i t h -
in o u r b io log ic cons t ra in t s , w e a re respons ib le f o r o u r cho ices , 
and a t th is p o i n t m u c h t h a t Ex is tent ia l ism has t o o f f e r b e c o m e s 
useful in exam in ing t hese cho ices . Sa r t re emphas ized a " p r o j e c t " , 
a se t o f goals and o u t s i d e re la t i ons t h a t each o f us chooses t o 
give mean ing t o o u r l i fe. Th i s emphasis seems w e l l chosen t o us 
a f te r o u r e x a m i n a t i o n o f man 's g r o w i n g p r e f r o n t a l lobes. M o r e 
than any o t h e r an imal , t h e h u m a n is a d o e r and a p lanner , and 
t h e emphasis o n a l o n g - t e r m goal resona tes w i t h o u r b io log ic and 
in tu i t i ve sense o f w h a t gives mean ing t o a h u m a n l i fe. T o be sat-
isfying, o u r f u t u r e m y t h o l o g y w i l l have t o i n c o r p ó r a t e fea tu res o f 
p rogress , o f b e c o m i n g , o f p r o v i d i n g a d i r e c t i o n , t o satisfy w h a t 
appears t o be an i m p o r t a n t h u m a n need . 

O f c o u r s e , th i s a t t e m p t t o f o r e s e e o u r f u t u r e valúes b o r r o w s 
much f r o m t h e Existent ial c o n f r o n t a r o n w i t h t h e anx ie ty o f mean -
inglessness and t h e de l i bé ra te c o n s t r u c t i o n o f h u m a n mean ing . 
Y e t i m p o r t a n t d i f fe rences r e m a i n . W e a re l o o k i n g f o r a b io log ica l 
basis f o r o u r va lué sys tem, un l i ke t h e t r u e Exis tent ia l is t . W e w i s h 
t o p r e d i c t o u r c o l l e c t i v e need f o r mean ing , w h i l e t h e Ex i s ten 
t ia l is t s t rugg le is in tense ly pe rsona l , w i t h each seeker r ea rch ing 
his o w n independen t so lu t i on . Fur ther , t h e indiv idual c o n f r o n t a t i o n 
advoca ted by Sa r t re requ i res a g rea t deal o f ind iv idual courage , 
w h i l e t h e need f o r mean ing spr ings up in many peop le w h o a re 
n o t equal t o t h e b leakness o f t h e lone Exis tent ia l quest . Each o f 
us avoids a l o t o f painfu l i n t r o s p e c t i o n if w e can c h o o s e t o be -
l ieve in a shared re l ig ión o r m y t h o l o g y ( p r o v i d e d i t remains c o n -
g r u e n t w i t h t h e r e m a i n d e r o f o u r k n o w l e d g e , inc lud ing scient i f ic 
k n o w l e d g e ) . T o d a y w e are s imp ly t r y i n g t o p r e d i c t s o m e o f t h e 
fea tures o f t h a t necessary m y t h o l o g y . 

W e have a l r e a d y m e n t i o n e d t h e s o - c a l l e d N e w A g e n o t i o n s , 
w h i c h t r y t o f i l l t h e v o i d o f mean ing lessness in m o d e r n l i fe . 
A m o n g these n o t i o n s , I w o u l d l ike t o m e n t i o n t h e Gaia h y p o t h e -
sis as a m y t h o l o g y w h i c h seems t o m e e t many o f o u r c r i t e r i a f o r 
an i m p o r t a n t veh ic le o f h u m a n mean ing . S imply pu t , th is h y p o t h e -
sis, first advanced by L o v e l o o k , suggests t h a t t h e e n t i r e b i osphe re 
o f p lane t Ear th is al ive as a single supe r -o rgan i sm, s ta t ing t h a t t r e -
m e n d o u s c o r r e c t i v e f o r ces ex i s t w i t h i n o u r eco -sys tem because 
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mechan isms (f ig. 9 ) . Th i s hypo thes is is pseudo-sc ien t i f i c , sound ing 
cons i s ten t w i t h m u c h o f na tu ra l sc ience, y e t is conven ien t l y u n -
t e s t e d o n a sc ient i f ic basis because o f t h e vagueness o f t h e c o n -
cept . T h e emphasis o n t h e e n v i r o n m e n t is w h o l e s o m e f r o m an 
eco log ica l s tandpo in t , and p r o v i d e s a c o n v e n i e n t f r a m e w o r k f o r 
re la t ing human indiv iduáis t o a la rger e n t i t y as g rand as t h e l iv ing 
p lanet , y e t as pe rsona l and n u r t u r i n g as any V i rg in M a r y o r Ear th 
M o t h e r f igure . Lastly, t h e cho lee o f a f em in ine de i t y may have i m -
p o r t a n t advantages in r e d u c i n g aggress ion, and encou rag ing c o -
o p e r a t i o n r a t h e r t h a n c o m p e t i t i o n a m o n g be l ievers . Perhaps th is 
w o u l d s u p p o r t a c rea t i ve , n u r t u r i n g s tance r a t h e r t han t h e c o n -
que r i ng e x p l o i t i v e image f o s t e r e d by Ch r i s t i an i t y and by many r e -
l igions up un t i l n o w . 

In conc lus i ón , a search f o r mean ing m u s t o c e u r t o ful f i l l i m p o r -
t a n t h u m a n needs , and an i n t e l l i g e n t analysis o f t h i s n e e d f o r 
m e a n i n g s h o u l d p r e c e d e a n y l a r g e - s c a l e a t t e m p t t o a l t e r 
m a n k i n d ' s n a t u r e , w h e t h e r t h r o u g h g e n e t i c o r e n v i r o n m e n t a l 
man ipu la ron . T h e H u m a n G e n o m e Pro jec t p rov ide a useful symbo l 
o f o u r l ink t o t h e ob jec t i ve w o r l d , causing t h e ob jec t i ve (na tura l 
sciences) and t h e sub jec t ive (ph i l osophy and re l ig ión) t o i n t e r sec t 
at t h e p o i n t o f o u r se l f - know ledge . 

I w o u l d l ike t o c ióse w i t h t w o images, a n i gh tma re and a d r e a m 
(fig. 10). T h e first is a c a r t o o n s h o w i n g o u r da r kes t fears r e g a r d -
ing t a m p e r i n g w i t h D N A and t h e na tu re o f l ife. Th is t h e m e o f t h e 
d e s t r o y i n g m o n s t e r , o f t e n o u r o w n c r e a t i o n , d a t e s a t l eas t 
f r o m Frankens te in and r e c u r s t h r o u g h o u t sc ience f i c t i on t o t h e 

y . 

Figura 9 
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What i d i o t f l u s h e d r a d i o a c t i v e 
DNA i n t o our n u t r i e n t t a n k s ? 
The c r o p ^ f i n i s h e d f o r s u r e ! _ I 
Figure 10 

p resen t day. I be l ieve these m o n s t e r s r e p r e s e n t t h e a r t i s ts ' fears 
t h a t in o u r techno log ica l soc ie ty , ob jec t i ve sc ience has t r i u m p h e d 
o v e r sub jec t ive h u m a n valúes, and t h a t s o m e t h i n g essent ial a b o u t 
o u r human i t y is p laced in e x t r e m e per i l , n o t by physical des t r uc -
t i o n b u t by r e d u c t i o n , by t h e dai ly m o r a l e r o s i ó n t h a t a c c o m -
panies a loss o f va lué and o f mean ing . 

In con t ras t , cons ide r th is Bibl ical m e t a p h o r (f ig. I I ) . T h e d o u b l e 
he l ix has s o m e t i m e s been l i kened t o Jacob's ladder , f o r examp le 
in th is paint ing by Salvador Dalí . In t h e s t o r y o f Jacob, he fell asleep 
and d r e a m e d o f a l a d d e r a s c e n d i n g t o H e a v e n . T h u s Jacob ' s 
Ladder becomes t h e p o i n t o f ascens ión, t h e i n t e r sec t i on o f t h e 
m a t e r i a l , o b j e t i v e w o r l d w i t h t h e w o r l d o f t h e s p i r i t u a l , t h e 
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Figure 11 

w o r l d o f mean ing . A n d th is , prec ise ly , is t h e m e t a p h o r I w o u l d 
l ike t o leave in y o u r r i gh t hemispheres , t h a t w e as sc ient is ts a re 
c l i m b i n g Jacob's L a d d e r by s t u d y i n g t h e H u m a n G e n o m e , and 
t h a t t h e resu l t an t se l f - know ledge w i l l he lp us t o reach t h e w o r l d 
o f sp i r i tua l valúes, un i t i ng i t w i t h t h e ob jec t i ve w o r l d o f sc lence. 
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G E N E T I C T H E R A P Y 

Theodor Friedmann 

C e n t e r f o r M o l e c u l a r Gene t i cs , Schoo l o f Med ic ine . U n i v e r s i t y 
o f Ca l i f o rn ia , San D i e g o . 
La Jolla, Ca l i f o rn ia ( U S A ) 

A B S T R A C T 

The Human Genome Project wiíl bring new know-
ledge on the therapy o f disorders with a high genetic 
component, although it is true that in general there 
is a certain delay between knowledge o f human ge
netics and the dinical and therapeutic application o f 
this knowledge. Although the project aims to dis-
cover the structure and functíon o f the Human Ge
nome, ¡t is to be hoped that all this will be translated 
into therapeutic programmes. The history o f medi
cine, as fa r as genet ic disorders are concerned, 
shows that therapy has been directed at all places 
except at the root of the probíem, that is, at the gene 
which causes the disorder. Today, genetic therapy is 
being used, especially in the somatic field. Genetic 
theropy in the germinal field is onother motter for it 
aims at genetic and metabolic correction, not on/y in 
the patient but o/so in his/her descendants. 
However, both therapeutic modalities pose ethical 
problems which will gradually change as our techno-
logical stockpile changes. 





G o o d m o r n i n g . I t ' s m y p l e a s u r e t o s t a r t t h e d i s c u s s i o n t h i s 205 
m o r n i n g o n t h e med ica l app l i ca t i ons o f s o m e o f t h e issues t h a t 
w e have been d iscussing. A n d i t is m y p leasure t o i n t r o d u c e t o 
y o u and r e v i e w f o r y o u s o m e o f t h e aspects o f o n e o f t h e is
sues t h a t has s o m e t h i n g t o d o w i t h t h e H u m a n G e n o m e P r o -
jec t , b u t w h i c h is n o t necessar i l y i n t i m a t e l y i n vo l ved w i t h i t . I'd 
i ike t o r e v i e w f o r y o u s o m e issues r e l a t ed t o h u m a n gene t h e r -
apy and i ts r e l a t i o n t o t h e g e n o m e p r o j e c t . If o n e is l o o k i n g f o r 
h i s tó r i ca ! o r l i t e r a r y equ iva len ts o f m o d e r n m o l e c u l a r gene t i cs 
and t h e issues o f gene t h e r a p y , o n e m i g h t t h i n k o f th ings I ike 
" G r e a t E x p e c t a t i o n s " o r " T h e A g e o f A n x i e t y " , o r even t h e 
p r o m i s e s and e x p l o i t s o f El C i d . " T h e A g e o f A n x i e t y " is o b -
v ious l y t h e basis o f s o m e o f t h e d iscuss ions t h a t w e a re having. 
G e n e t i c s d o e s p o s e p r o b l e m s f o r us. " G r e a t E x p e c t a t i o n s " 
speaks f o r i tse l f and re f lec ts t h e h o p e , o f c o u r s e , t h a t w h a t w e 
are d o i n g w i l l lead t o e n o r m o u s l y n e w and usefu l t e c h n i q u e s 
f o r t h e h u m a n c o n d i t i o n . W e have h e a r d and w i l l c o n t i n u é t o 
hear t h a t genet ics has a v e r y special place in raising eth ical Issues, 
t h e issues dea l ing w i t h t h e n a t u r e o f man and t h e h u m a n c o n d i 
t i o n , in gene ra l . T h e e x p l o s i ó n in h u m a n gene t i cs has c o m e t o 
r e m i n d us t h a t gene t i c k n o w l e d g e r e p r e s e n t s in o n e w a y a pa r -
t i cu la r l y í i be ra t ing k i n d o f k n o w l e d g e f o r t h e p r o m i s e o f t h e r e -
l ief o f h u m a n su f fe r ing . I t a lso p r o m i s e s , a t t h e same t i m e , t o 
s o m e o f us a p a r t i c u l a r l y t h r e a t e n i n g k i n d o f k n o w l e d g e w i t h 
r espec t t o t h e k n o w l e d g e o f ou rse l ves as ind iv iduá is and as a 
soc ie ty . T h e v u l n e r a b i l i t y o f gene t i cs t o m isch ievous and even 
evi l app l i ca t i on has been k n o w n f o r a l ong t i m e , i l l us t ra ted by 
t h e B i r t h o f Eugenics m o v e m e n t in B r i t a i n in t h e n i n e t e e n t h 
c e n t u r y , and i ts f u r t h e r p e r v e r s i ó n in t h e U n i t e d States t h r o u g h 
t h e w o r k o f C h a r l e s D a v e n p o r t and o t h e r s a t t h e C o l d Spr ing 
H a r b o r Eugenics R e c o r d o f f i ce . T h e w o r k t h e r e led t o m isgu id -
ed socia l po l i c ies , i m m i g r a t i o n po l i c ies and t h e s o r t s o f disas-
t e r s t h a t w e h e a r d o f y e s t e r d a y f r o m D o c t o r S m i t h , dea l i ng 
w i t h C a r r i e B u c k and t h e c o m p u l s o r y s te r i l i za t i on laws in t h e 
U n i t e d States. A n d , o f c o u r s e , t h e u l t í m a t e s u r r e n d e r o f sc ience 
r e a c h e d i ts a t r o c i o u s e x t r e m e in t h e ev i l pub l i c po l i c i es and 
p r o g r a m s o f Naz i G e r m a n y and t h e Lysenko p e r i o d in Russia. 
A n d w e w i l l hear m o r e o f t h a t l a te r in t h e p r o g r a m . Th i s m e e t -
ing is t a k i n g place because w e i n tu i t , w e u n d e r s t a n d t h a t t h e r e 
are p r o b l e m s w i t h s o m e o f t h i s gene t i c k n o w l e d g e and w i t h i ts 
app l i ca t i on . T h o s e p r o b l e m s a r e in t h e rea lm o f sc ience po l i cy , 
in t h e uses and abuses o f persona l genet ic I n f o rma t i on f o r sc reen-
ing and m o n i t o r i n g p r o g r a m s . 

O n e o f t h e e x p e c t e d and o f t e n s ta ted e x p e c t a t i o n s and p r o m 
ises o f t h e g e n o m e p r o j e c t , o f c o u r s e , is t h e de l i ve ry o f i m m e n s e 
n e w k n o w l e d g e o f gene t i c disease and t h e t r ans l a t i on o f t h a t i n -
t o p o w e r f u l n e w k inds o f t h e r a p y f o r diseases w i t h m a j o r gene t 
ic c o m p o n e n t s . I t h i n k t h a t w e hall k n o w t h a t many o f t h e f i r s t 



206 and ear l i es t de l i ve r ies o f t h a t p r o m i s e w i l l t ake t h e shape o f ef-
f e c t i v e s c r e e n i n g and m o n i t o r l n g p r o g r a m s r a t h e r t h a n t h e r a -
peu t i c p r o g r a m s . T h e r e Is a lways a v e r y m a y o r and long h iatus 
b e t w e e n w h a t w e learn in genet ics and h o w w e app ly i t in t h e 
c l in ical and t h e t h e r a p e u t i c se t t ing . I m i g h t jus t r e m i n d y o u t h a t 
t h e case in p o i n t is t h a t o f h e m o g l o b i n and its d i s o r d e r s . T h e r e 
is n o gene and n o gene p r o d u c t as w e l l u n d e r s t o o d as h e m o g l o 
b in . Its m o l e c u l a r b io logy is as p r o f o u n d l y p r o d u c t i o n a re t r e a t -
e d , even t o d a y , I t h i n k y o u w i l l see t h e g rea t d i sc repancy be 
t w e e n t h e k n o w l e d g e t h a t w e have o f t h e disease and o u r ab i l i ty 
t o t r e a t . 

W e l l , w h a t does all th is have t o d o w i t h t h e H u m a n G e n o m e 
P ro jec t . W e hea rd y e s t e r d a y f r o m N o r t o n Z i n d e r t h a t t h e ge
n o m e p r o j e c t is n o t a imed en t i r e l y o r even largely a t u n d e r s t a n d -
ing all o f h u m a n b io logy and all o f h u m a n med ic i ne , b u t r a t h e r 
a t t h e s t r u c t u r e and f u n c t i o n o f t h e H u m a n G e n o m e . It is t r u e 
t h a t t h a t is o f t e n t r ans l a t ed i n t o p r o m i s e s o f t h e r a p y . I w o u l d 
l ike t o desc r i be t o y o u in t hese f e w m o m e n t s a b i t o f t h e s ta te 
o f t h e a r t o f gene t h e r a p y , w h e r e i t is and w h e r e i t is l ike ly t o be 
go ing in t h e near f u t u r e . I w i l l t h e n l o o k a t s o m e o f t h e p r o b -
lems and c o n c é n t r a t e o n t w o o f t h e issues t h a t I see t o be o f 
i n t e r e s t and w o r t h y o f f u r t h e r d iscuss ion by th is g r o u p , and o t h -
e r g r o u p s . 

G e n e t h e r a p y is n o t a ch i ld o f t h e H u m a n G e n o m e Pro jec t . It 's 
been w i t h us f o r s o m e t i m e and is an i n d e p e n d e n t c r e a t u r e b o m 
o f o t h e r paren ts . A l t h o u g h t h e r e is n o ques t i on w h a t s o e v e r t h a t 
I n f o r m a t i o n ga the red f r o m t h e H u m a n G e n o m e P r o j e c t w i l l i m -
mense ly catalyze t h e act iv i t ies t o w a r d nove l t he rapy . W e l l , in fac t 
tha t , w h e n t h e c o n c e p t o f gene t h e r a p y came t o be a g leam in 
t h e eyes , s o m e t w e n t y yea rs ago, i t w a s n ' t rea l l y poss ib le t o 
s tand in a respec tab le scient i f ic aud ience and u t t e r t h o s e w o r d s 
and, I t h i n k , y o u w i l l recogn ize an i m m e n s e change since t h e n , 
o n e t h a t p r o b a b l y rep resen ts as epocha l and as a m a j o r a change 
in med ica l t h i n k i n g as has e v e r o c c u r r e d in t h e h is to r i ca l o f m e d i 
c ine. I'll t r y and conv ince y o u o f t h a t in t h e n e x t f e w sl ides, t h a t 
th is change invo lves a 180 degree t u r n in t h e w a y w e t h i n k a b o u t 
t h e t r e a t m e n t o f disease. I can ' t see v e r y we l l f r o m here , b u t I 
t h i n k t h e first s l ide p resen ts a v e r y s impl is t ic scheme o f genet ic 
disease. W e all k n o w t h a t genet ic disease re f lec ts defects in t h e 
genet ic mate r ia l and t h a t i t resu l ts in t h e p r o d u c t i o n o f a b n o r m a l 
gene p r o d u c t s - p r o t e i n s , e n z y m e s and o t h e r g e n e p r o d u c t s . 
N o r m a l gene p r o d u c t s a l l o w n o r m a l cel l f u n c t i o n and phys io logy . 
Bu t w h e n t h e y a re a b e r r a n t o f mu tan t , cell o r o rgan damage takes 
place and disease resu l ts . In all o f medica l h i s t o r y up t o t h e p res -
e n t t i m e , all t h e r a p i e s have been a imed e v e r y w h e r e e x c e p t a t 
t h e s i te o f t h e defec t . W e have been able on ly t o imagine t r e a t 
m e n t o f diseases by man ipu la t ing t h e resu l ts o f t h e me tabo l i c and 



physical consequencés of genet ic defects and b iochemica l defects . 207 
It has "f tever been poss ib le t o imagine t r e a t i n g w h a t rea l ly is t h e 
p r o b l e m in t h e m u t a n t gene. 

O n e can imagine t h e gene t o be a dam and a m u t a n t gene t o be a 
leak in t h e d a m . T h a t resu l ts in a f l o o d d o w n s t r e a m . Th i s f l o o d is 
disease. Med ica l t h e r a p y , in all i ts f o r m s un t i l n o w , has been a 
f ran t ic e f f o r t t o c lean up t h e mess t h a t occu rs f r o m th is b r o k e n 
dam, and such an a t t e m p t at t h e r a p y b e c o m e s v e r y ine f fec t ive 
and a f te r a w h i l e t h e d a m con t i núes t o leak. W h a t is happen ing 
n o w - i n a v e r y s impl is t ic v i e w - is t h a t w e a re n o w able t o change 
t h e t h e r a p e u t i c a p p r o a c h i n to o n e t h a t invo lves a repa i r o f t h e 
defect , t h e b r o k e n d a m . A t t e m p t s t o t r e a t disease by f i x ing t h e 
dam itself a re n o w w h a t I t h i n k o f as an epocha l change in m e d i 
c ine. T h e c o n c e p t is " f i x w h a t ' s b r o k e n ! " T h e gene is b r o k e n , so 
let 's learn t o f i x t h e gene . W e l l , t h e r e a re p e o p l e w h o a re , in 
fact , t r y i n g t o d o w h a t . Many o f t h e m o d e l s i nvo l ve r e m o v i n g 
cells f r o m a pa t ien t , i n t r o d u c i n g f o re ign genes i n t o t h e n in vitro, 
t h e n r e t u r n i n g t h e m t o t h e pa t i en t i n t o an a p p r o p r i a t e s i te, o r 
possibly, even using gene t r a n s f e r r i n g techn iques d i r ec t l y i n t o t h e 
pat ient . 

T h e r e are t w o pr inc ipa l k inds o f t a r g e t cells f o r th is k i nd o f man i 
p u l a r o n - s o m a t i c cells and g e r m cells. T r e a t m e n t o f t h e somat i c 
cells o f t h e pa t i en t resu l ts in genet ic c o r r e c t i o n o f o n l y t h e ind i 
v idual pa t i en t - h o p e f u l l y a p e r m a n e n t t r e a t m e n t o f t h a t pa t i en t 
and on ly t h a t pa t ien t . T h e o t h e r possib le app roach invo lves t r e a t 
m e n t o f t h e g e r m cells o f a pa t ien t , so t h a t t h e genet ic and m e t a -
bo l i c c o r r e c t i o n and c o m p l e m e n t a t i o n o f t h e d e f e c t b e c o m e s 
ev iden t n o t on l y in t h e pa t ien t b u t in t h e p r o g e n y and f u t u r e gen -
era t ions . 

Many o f y o u w i l l recogn ize t h e soma t i c cel l app roach as t h e basis 
f o r t h e severa l p roposa ls t h a t have been a p p r o v e d n o w by t h e 
R e c o m b i n a n t A d v i s o r y C o m m i t t e e ( R A C ) , N I H , and by t h e o t h e r 
r e g u l a t o r y agenc ies in t h e U.S. In o n e o f t h o s e e x p e r i m e n t s , 
Ande rson and his colleagues are remov ing lymphocytes f r o m a chi ld 
w i t h A d e n o i s e D e a m i n a s e ( A D A ) de f i c i ency , i n t r o d u c i n g t h a t 
gene i n t o t h e l y m p h o c y t e s o f t h e pa t i en t and t h e n r e t u r n i n g t h e 
cells t o t h e pa t i en t t o t r y t o p r o v i d e p e r m a n e n t n e w A D A func-
t i o n . A n o t h e r a p p r o v e d p r o t o c o l in o n e in w h i c h t u m o r necros is 
f ac to r ( T N F ) genes a re i n t r o d u c e d i n t o cells a re r e t u r n e d t o t h e 
pat ient . T h e r e a re o t h e r m o d e l s t h a t peop le have been w o r k i n g 
o n in o u r o w n l a b o r a t o r y - i n an a t t e m p t t o c o r r e c t cancers t h a t 
resu l t f r o m defec ts in cáncer s u p p r e s s o r genes. H e r e is a r e t i n o -
b las toma t u m o r cel l t h a t has been c o r r e c t e d by having a n o r m a l 
r e t i n o b l a s t o m a gene i n t r o d u c e d i n t o i t . These cells n o w b e c o m e 
n o n - t u m o r i g e n i c . T h e c o r r e c t e d cells a re p u t i n t o nude m ice and 



208 t h e y a r e n o w r e - e x p r e s s i n g t h e RB gene p r o d u c t and a r e n o 
l onger able t o p r o d u c e t u m o r s . 

S im i la r a p p r o a c h e s have b e e n t a k e n t o c o r r e c t d i s o r d e r s such 
as L D L r e c e p t o r de f i c i ency , w i t h i ts r e s u l t i n g h y p e r c h o l e s t e r -
o l e m i a . N e w genes can a lso be p u t i n t o m u s c l e ce l ls . T h i s is 
an a p p r o a c h t o t r e a t m e n t o f t h i ngs l i ke D u c h e n n e ' s m u s c u l a r 
d y s t r o p h y . So t h e s e p r o m i s e s w o u l d , a t f i r s t g lance , r e p r e s e n t 
an unqua l i f i ed g o o d . B u t t h e r e a r e p r o b l e m s . W e all r e c o g n i z e 
t h a t w e ' v e r u n i n t o e t h i c a l s i t u a t i o n s , d i i e m m a s t h a t w e r e 
s o m e w h a t f a c e t i o u s l y ca l led " p l a y i n g G o d " , y e s t e r d a y . In fac t , 
" p l a y i n g G o d : is a n o t h e r p h r a s e f o r M e d i c i n e . T h e a p p r o a c h o f 
t h e a r r o g a n c e o f t h e h u b r i s o f m e d i c i n e in d e c i d i n g t h a t t h e r e 
a r e such t h i ngs as m i s t a k e s in n a t u r a l and o u r r e q u i r e m e n t , in 
f ac t , o u r i n j u n c t i o n t o c o r r e c t t h o s e m i s t a k e s , is ca l l ed t h e 
p r o f e s s i o n o f m e d i c i n e . S o m e o f us r e g a r d t h i s i n j u n c t i o n t o 
heal and c u r e an i m p o r t a n t de fens ib le t h i n g t o d o . Er ic L a n d e r 
d e s c r i b e d t h e p lace o f c h a n g i n g t e c h n o l o g y in o u r c h a n g i n g 
e t h i c a l l andscape . W e ' v e seen r a t h e r r e m a r k a b l e changes in 
gene t h e r a p y , s t e m m i n g f r o m t h e ea r l y fears and t h e d i sas te rs 
o f t h e e x p e r i m e n t s o f M a r t i n C l i n e and S tan f ie ld R o d g e r s be -
f o r e t h a t . 

W e a re n o w c o m i n g t o a p o i n t w h e r e gene t h e r a p y is n o t o n l y 
de fens ib le b u t i m m i n e n t a n d , in fac t , t a k i n g p lace. T h e r e a r e 
t w o sets o f p r o b l e m s t h a t I w o u l d l ike t o b r i n g t o y o u r a t t e n -
t i o n , p r o b l e m s t h a t st i l l r ema ins in gene t h e r a p y . T h e f i r s t is t h e 
p r o b l e m o f s o m a t i c ce l l ve rsus g e r m l ine t h e r a p y , an issue t h a t I 
t h i n k has so fa r been p o o r l y e x a m i n e d and t o o easi iy d ismissed . 
I suggest t o y o u t h a t t h e level o f t h e e th ica l d i s c o u r s e w i t h res -
p e c t t o g e r m l i n e t h e r a p y has b e e n e x t r e m e l y p o o r , e v e n 
t h o u g h i t is a p r o b l e m t h a t r e q u i r e s v e r y ca re fu l and c o n s i d e r e d 
d iscuss ion . T h e s e c o n d v e r y d i f f icu l se t o f issues re la tes t o c o n -
t e n t i o u s q u e s t i o n s o f " w h a t is d isease" and w h a t a re t h e t a rge t s 
a t w h i c h w e s h o u l d be a im ing o u r t h e r a p e u t i c a r m a m e n t a r i u m . 
S o m e p h e n o t y p e s , such as Tay-Sachs d isease, r e p r e s e n t c lear 
and o b v i o u s diseases, and m o s t m o r a l agents a m o n g us w o u l d 
agree t h a t t h e r e is v e r y l i t t l e bene f i t and v e r y l i t t l e g o o d t o be 
d e r i v e d f r o m t h o s e k inds o f h u m a n t r a i t s . Bu t t h e r e a re m a n y 
h u m a n c h a r a c t e r i s t i c s and o t h e r qua l i t i es , o f i n t e l l i gence and 
persona l i t y t h a t d o n o t necessar i ly r e p r e s e n t diseases t o be e l im -
i n a t e d , b u t c h a r e a c t e r i s t i c s t h a t may be d e l e t e r i o u s , b u t t h a t 
a lso may serve i m p o r t a n t and useful p u r p o s e s . T h e s e t o o c o m e 
u n d e r a t t a c k o r b e c o m e v u l n e r a b l e o r suscep t ib le t o m o d i f i c a -
t i o n . T h e y a re t h e k i n d o f qua l i t ies t h a t w e may be able t o m o d -
ify b u t o b v i o u s l y s h o u l d n o t u n t i l w e a r e ab le t o u n d e r s t a n d 
m o r e a b o u t t h e l o n g t e r m consequences o f t hese m o d i f i c a t i o n s . 
I t h i n k m y t i m e is up . I w o u l d l ike t o end by r e i t e r a t i n g f o r y o u 
t h e i m m e n s e n e e d f o r c o n t i n u e d d i s c u s s i o n , n o t o n l y o f t h e 



t e c h n o l o g y , b u t o f t h e i m p a c t o f t hese man ipu la t i ons . W e have 209 
at least t w o m a j o r e th ica l p r o b l e m s t h a t r e m a i n b e f o r e us, b u t I 
t h i n k t h a t even t h e s e p r o b l e m s w i l l change as o u r t e c h n o l o g i c a l 
a r m a m e n t a r i u m changes . T o d a y ' s p r o b l e m s w i l l d i sappea r o r 
m o d i f y In t h e f u t u r e b u t I w o u l d l ike t o suggest t h e Fundac ión 
para los Estud ios A v a n z a d o s m i g h t c o n s i d e r t h e f u t u r e mee t ings 
w i l l c o n c é n t r a t e o n t h e s e . 
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A B S T R A C T 

ñearing in m ind t h a t the genetic map is as yet a 
non-fulfilled future, the author describes a probable 
discourse for this moment o f the relationship be-
tween doctor and patient, which entails the following: 
a future illness wiíl be experienced as a present rea-
lity; the potential wiíl become the present; the inter-
ventionist, active medicine o f today will change to 
become a comtemplative science; and the duration 
o f the current doctor-patient relationship wil l give 
way to a doctor-community relationship. 
The present limits to the doctor-relationship will be 
renewed and modif ied to the extent that the elabo-
ration o f a genetic map progresses. 





My r o l e is t o discuss t h e imp l i ca t ions o f mapp ing t h e human ge- 21 3 
n o m e f o r t h e re la t ionsh ip b e t w e e n physicians and pat ients . O n l y 
a t i n y f r a g m e n t o f t h e g e n o m e has y e t been mapped and on ly a 
f e w human diseases have been l l nked t o t h a t small map . T h u s , 
any imp l ica t ions f o r t h e re la t ionsh ip b e t w e e n pa t ien t and phys i -
cian a re speculat ive and p robab le . A l l o w m e t o make th is specu-
lat ive and p r o b a b l e t o p i c c o n c r e t e and v is ib le t h r o u g h a m e t a 
p h o r : t h e m e t a p h o r o f map mak ing . Th is is, o f cou rse , t h e mas te r 
m e t a p h o r f o r t h e e n t i r e sc ient i f ic e n t e r p r i s e k n o w n loose ly as 
T h e G e n o m e Pro jec t . James W a t s o n and N o r t o n Z i n d e r v iv id ly 
e m p l o y e d t h e m e t a p h o r in a r e c e n t l e t t e r t o t h e N e w Y o r k 
T imes [ O c t . 13, 1990, p. 14]: " L i k e t h e sys tem o f s tate h ighways 
spanning o u r c o u n t r y , t h e map o f t h e H u m a n G e n o m e w i l l be 
c o m p l e t e d s t r e t ch by s t r e c h " . 

T h e sc ient i f i c w o r k o f c r e a t i n g l inkage maps and physical maps, 
w h e r e b y genes a re assigned t o c h r o m o s o m e s and t h e i r n u c l e o -
t i d e sequence i d e n t i f e d is s o m e w h a t l i ke , b u t n o t v e r y m u c h 
l ike, t h e d r a w i n g o f squiggly l ines w i t h i n M e r c a t o r p r o j e c t i o n s 
t o desígnate coasts , is lands, m o u n t a i n s , and t h e b o u n d a r i e s o f 
pol i t ical en t i t ies . Some o f t h e p r o d u c t s t h a t issue f r o m t h e d e -
cod ing o f t h e g e n o m e maps even l o o k l ike geographical maps: l o w 
r e s o l u t i o n physical maps m a d e u n d e r l ight m i c r o s c o p y r e s e m b l e 
t o high r e s o l u t i o n p h o t o g r a p h s m a d e by r e m o t e sensing sa te l -
l i tes such as th i s o n e of... t a k e n f r o m SpaceLab. H igh r e s o l u t i o n 
g e n o m i c maps o f E C o l i o r phage T 4 l o o k r a t h e r l ike t h e c i r c u 
lar m a p p a m u n d i o f t h e M i d d l e A g e , such as th is sp lend id C a t a l o -
nian map t h a t b e l o n g e d t o t h e Borg ia fami ly . Y e t f o r t h e m o s t 
par t , t h e inves t iga t ive m e t h o d s , t h e physical ma te r ia l s and t h e 
b iochemica l r e f e rences o f g e n o m i c maps a re q u i t e un l i ke g e o 
graph ica l maps and m a p p i n g . T h e i n t e r m i n a b l e ser ies o f c o d e 
l e t te rs and w o r d s t h a t exp ress sequences w o u l d n e v e r be m is -
takes f o r a r o a d m a p . St i l l , t h e m e t a p h o r is a useful o n e - i t makes 
c o n c r e t e and v is ib le a h ighly c o m p l e x and e lus ive s t r u c t u r e o f 
m a t t e r . 

T h e m a p p i n g m e t a p h o r is m o s t a p p r o p r i a t e t o Spain, t h e s i te 
o f t h i s c o n f e r e n c e . In t h e I 5 t h and I 6 t h c e n t u r i e s , Spanish and 
Span i sh -sponso red e x p l o r e r s t o u c h e d fa r c o r n e r s o f t h e g l o b e . 
T h e i r e x p l o r a t i o n s m a d e n e w maps p o s s i b l e and m a d e n e w 
m e t h o d s o f m a p p i n g necessa ry . T h e f i r s t m o d e r n A t l a s w a s 
p r o d u c e d by O r t e l i u s , g e o g r a p h e r t o Fel ipe Segundo . T h e a r t 
and sc ience o f m a p p i n g o w e s m u c h t o Spain (and t o i ts ne igh -
bo r , Po r t uga l ) . By t h e m i d d l e o f t h e I 6 t h c e n t u r y , al ! t h e l ines 
on t h e sur face o f t h e g l o b e had been r e d r a w n , n e w ones a d d e d 
and o íd ones r e n d e r e d m o r e a c c u r a t e . T h e g radua l d i s c o v e r y 
o f t h e locus and sequence o f t h e H u m a n G e n o m e w i l l be l ike 
t h e E u r o p e a n d i s c o v e r y o f u n k n o w n lands: i t w i l l , a m o n g o t h e r 



214 e f fec ts , r e q u i r e t h e r e d r a w i n g o f t h e l ines t h a t m a r k t h e p r e s -
e n t b o u n d a r i e s o f t h e r e l a t i o n s h i p b e t w e e n p h y s i c i a n s a n d 
t h e i r pa t i en t s . By t h e m i d d l e o f t h e 2 l s t c e n t u r y , t h e g e n o m i c 
phys ic ian and t h e g e n o m i c p a t i e n t w i l l l o o k u p o n each o t h e r 
f r o m q u i t e d i f f e r e n t s t a n d p o i n t s t h a n t h e y d o t o d a y . N a t u r a l l y , 
l ike t e r r i t o r i a l b o u n d a r i e s in r e m o t e áreas, t h e b o u n d a r i e s o f 
t h e pa t i en t -phys i c i an r e l a t i o n s h i p as i t has e x i s t e d and as i t w i l l 
e x i s t in t h e g e n o m i c e ra w i l l o f t e n o v e r l a p . S o m e t e r r i t o r i e s 
w i l l r e m a i n in t h e o í d d o m a i n ; m a n y o f t h e n e w f ea tu res w i l l 
r e s e m b l e t h e o í d . St i l l , i t is m y c o n t e n t i o n t h a t t h e m a p o f t h e 
r e l a t i o n s h i p w i l l b e c o m e a n e w o n e as t h e sc ien t i f i c w o r k o f 
m a p p i n g t h e g e n o m e p r o c e e d s . I t is m y i n t e n t i o n t o d e s c r i b e 
t h a t f u t u r e m a p , reca l l i ng , h o w e v e r , t h a t s ince w e d e s c r i b e an 
as y e t u n r e a l i z e d f u t u r e , m y w o r d s a r e s o m e w h a t l i k e t h e 
w o r k o f t h e med ieva l c a r t o g r a p h e r s w h o d r e w maps o f places 
t h e y had n o t seen . 

T h e m a p o f t h e r e l a t i o n b e t w e e n phys i c i an a n d p a t i e n t has 
been r e d r a w n severa l t i m e s in t h e h i s t o r y o f w e s t e r n m e d i c i n e . 
T h e r e v i s i ó n has b e e n m a d e n e c e s s a r y by n e w I n f o r m a t i o n , 
s o m e t i m e s a t t h e leve l o f t h e o r y , s o m e t i m e s d u e t o n e w data , 
t h a t has rad ica l l y m o d i f i e d t h e w a y d isease and hea l ing w e r e 
u n d e r s t o o d . T h e m o s t r e c e n t r e v i s i ó n c a m e in t h e l a t t e r hal f 
o f t h e 19th c e n t u r y . P r i o r t o t h a t e ra , phys ic ians l e a r n e d a b o u t 
t h e i r pa t i en t ' s i l lness p r i m a r i l y f r o m t h e pa t i en t ' s o w n r e p o r t -
ing o f t h e i r s y m p t o m s and t h e y l i nked t h o s e r e p o r t s t o ebbs 
and f l o w s o f i n t e r n a l f lu ids t h a t t h e m s e l v e s r e s p o n s e d t o ex -
t e r n a l , c o s m i c f o r c e s . In a l m o s t all a n c i e n t med ica l t h e o r y , t h e 
p a t i e n t w a s a m i c r o c o s m engu l fed in t h e m a c r o c o s m . I n t e r v e n -
t i o n s w e r e des igned t o r e d r e s s imba lances n o t o n l y w i t h i n , b u t 
b e t w e e n w i t h i n and w i t h o u t . T h e r e e x i s t e d n o re l i ab le w a y t o 
l i nk signs and s y m p t o m s t o t h e m a l f u n c t i o n o f d i s c r e t e o r g a n 
sys tems . 

In t h e I 9 t h c e n t u r y , medica l sciences became increasingly capable 
o f r e l a t i ng t h e pa t i en t ' s signs and s y m p t o m s t o an o rgan i ca l l y 
based patho logy. T h e single disease o f m i c rocosm ic imbaiance f rac-
t u r e d i n t o mú l t i p l e diseases s i ted in specif ic organs and caused by 
specif ic agents. T h e pa t i en t was n o longer a m i c r o c o s m b u t r a t h 
e r a si te f o r disease processes . Th is r e q u i r e d a r e d r a w i n g o f t h e 
map b e t w e e n pa t i en t and physic ian. In t h e f o r m e r era , t h e phys i 
cian s t o o d b e f o r e t h e pa t ien t as a l is tener , o b s e r v e r and counse l -
lo r . In t h e n e w age o f phys io log ica l pa tho logy , t h e physic ian gra-
d u a l l y b e c a m e an i n t e r v e n e r , s e e k i n g o u t t h e o r g a n i c o r 
o rgan ismic s o u r c e o f disease and e x t i r p a t i n g it. T h e n e w phys i 
cian became able t o e n t e r t h e l iv ing body , f i r s t by s te thoscop i c 
auscu l ta t ion , t h e n by x - r a y and all its rad io log ica l and endoscop i c 
successors; t h e bod i l y cavi t ies w e r e physical ly e n t e r e d by s ter i le , 



painless surgery . A s t h e physicai boundar ies w e r e passed, t h e r e - 215 
la t ional bounda r i es changed. I shall cali t h e re la t iona l map t h a t 
carne a b o u t a f t e r t h e m i d d l e o f t h e I 9 t h c e n t u r y , t h e map o f 
m o d e r n med ic ine . 

T h e map t o o k o n t h e f o l l o w i n g con f i gu ra t i on . I t shows a pa t ien t 
p resent ly suf fer ing f r o m an a i lmen t p resen t ing h imsel f o r herse l f 
t o a physic ian w h o sets o u t t o d i scove r and ex t í r pa te t h e cause 
o f t h e a i lment . T h e re la t ionsh ip was establ ished o n t h e basis o f 
an actual c o m p l a i n t a t t h e p resen t t i m e , r equ i r i ng act ive i n t e r v e n -
t i o n f o r d iagnosis and t r e a t m e n t and u n i t e d t w o pe rsons , t h e 
physician and t h e pa t ien t . Thus , t h e re la t ionsh ip cou ld be descr ib -
ed succ inc t l y as an ac tua l , p resen t , ac t ive dua l i ty . Spain's g r e a t 
ph i l osophe r o f med ic ine , t h e late Ped ro Laín Ent ra lgo, re f lec ted 
o n t h e s t r u c t u r e o f th is re la t ionsh ip and def ined i t as "a quas i -d i -
adic and helpfu l c o o p e r a t i o n , w h o s e p u r p o s e is t h a t t h e pa t ien t 
s h o u l d ach ieve t h e p s y c h o s o m a t i c s i t u a t i o n w e cal is h e a l t h . " 
[ D o c t o r and Pat ient . T rans . Francés Par t r idge . N e w Y o r k : Mc -
G r a w - H i l l , 1968, p. 152] 

T h e r e are, o f cou rse , many nuances in th is desc r i p t i on t h a t w e 
canno t e x p l o r e : I r e fe r y o u t o D r . Laín Entra lgo 's beaut i fu l l i t t le 
b o o k . Doc to r a n d Pat ient , f r o m w h i c h t h e a b o v e d e f i n i t i o n is 
d r a w n , f o r t h a t e x p l o r a t i o n . M y p u r p o s e is ske tch ing t h e m o d e r n 
f o r m o f t h e re la t ionsh ip is prec ise ly t o suggest h o w t h e gradual 
reve la t ion o f g e n o m i c I n f o r m a t i o n w i l l mod i f y i t , w i l l r e d r a w t h e 
boundar ies o f t h e re la t iona l map . 

G e n o m i c I n f o r m a t i o n w i l l e f fec t m a n y changes in t h e ways in 
w h i c h w e u n d e r s t a n d t h e b iochemica l basis o f human deve lop -
m e n t and o f heal th and disease. Put in t h e m o s t genera l way , ge
nom ic I n f o r m a t i o n w i l l increase t h e speci f ic i ty w i t h w h i c h w e can 
ident i fy and p red i c t t h e b iochemica l de te rm inan ts o f d e v e l o p m e n -
tal and phys io log ica l n o r m a l c y and a b n o r m a l i t y . T h e inev i tab le 
d e v e l o p m e n t o f disease and t h e p resence o f r isks f o r disease, as 
we l l as possib i l i t ies f o r p r e v e n t i o n , cu re and r i sk r e d u c t i o n w i l l 
b e c o m e m u c h m o r e v is ib le and pract ica l than eve r be fo re . Th is 
w i l l b r i ng m a j o r shifts in t h e l ines than demárca te t h e re la t ionsh ip 
b e t w e e n physic ian and pat ien t . 

Be fo re descr ib ing t h e n e w map itself, w e m u s t descr ibe t h e paths 
tha t scient i f íc e x p l o r a t i o n i n t o t h e g e n o m e is tak ing . T h e speak-
ers a t th is c o n f e r e n c e w i l l re la te t h o s e path in deta l l . A l l o w m e 
t o d o so in r o u g h o u t l i n e and w i t h re fe rence t o t h e possib le c l in i -
cal appl icabi l i ty o f scient i f íc d i scovery . 

It appears t h a t t h e f i r s t voyages o f d i scove ry i n t o t h e g e n o m e w i l l 
achieve t h e mapp ing and sequenc ing o f many and u l t imate ly all, o f 



21 6 t h o s e c o n d i t i o n s k n o w n t o be monogen i c . Th is w i l l expand t h e 
capaci ty f o r c a r r i e r sc reen ing and p r e s y m p t o m a t i c d e t e c t i o n t h a t 
w e a l ready have. T h u s , t h e eth ical issues t h a t have appeared f o r 
H u n t i n g t o n ' s o r po lycyst ic k idney disease w i l l appear f o r a b r o a d 
range o f late c h i l d h o o d o r adu l t o n s e t diseases, such as Fabry's 
Disease, re t in i t i s p igmentosa , ocu la r a lb in ism o r adu l t o n s e t mus 
cu la r d y s t r o p h y . Prenata l d iagnosis and p r e s y m p t o m a t i c d e t e c 
t i o n w i l l r e n d e r cl inical ly p r e s e n t many c o n d i t i o n s , o f va ry ing se-
v e r l t y , t h a t w o u l d o t h e r w i s e n o t b e p e r c e i v e d , f e l t o r 
e x p e r i e n c e d by t h e af fected pe rson f o r re la t ive ly long pe r i ods o f 
t i m e . Th i s s o r t o f g e n o m i c k n o w l e d g e w i l l p rec ip í t a te t h e f i r s t 
shi f t in t h e pat ien t -phys ic ian re la t ionsh ip . 

T h e f i r s t sh i f t w i l l be f r o m Presen t t o F u t u r e , o r m o r e a c c u -
ra te ly , t h e d r a w i n g o f t h e F u t u r e i n t o t h e Present . In m o d e r n 
med ic ine , a pe rson becomes a pa t ien t at t h e po i n t w h e n a p resen t 
a i l m e n t man i fes ts i tse l f (I a b s t r a c t f r o m t h e b r o a d e r sense o f 
" p a t i e n t " t h a t c o v e r s t h e quas i - cons t rac tua l re la t ionsh ips invo lv -
ed in f i nd ing and se lec t i ng s o m e o n e t o p r o v i d e phys ic ian ser -
vices w h e n needed) . People c o m e t o t h e d o c t o r w i t h a " p r e s e n t -
ing c o m p l a i n t " . T h e ac t i v i t i e s o f d iagnos is and t r e a t m e n t a r e 
in i t i a ted in th is w a y . G e n o m i c I n f o r m a t i o n w i l l signal f u t u r e d is 
ease o r desease r isks. As t h e mo lecu la r basis f o r single-gene in -
he r i t ance o f c o m m o n deb i l i t a t ing diseases un fo lds , d iagnosis and 
p rognos i s w i l l co l lapse i n t o each o t h e r . W e a l ready k n o w t h a t 
t h e r e a re fami l ies in w h i c h b reas t cáncer , c o l o n cáncer , A l z h e i -
m e r ' s disease o c c u r s in a u t o s o m a l d o m i n a n t fash ion . F u t u r e d is
ease w i l l e n t e r t h e p a t i e n t phys ic ian r e l a t i onsh ip . Persons w i l l 
b e c o m e pa t i en t ' s b e f o r e t h e i r t i m e . T h e y w i l l be d e s c r i b e d in 
disease t e r m s b u t " fee l f i n e " and " b e f i n e " , f o r years , perhaps a l -
ways . T h e f u t u r e , h o w e v e r , w i l l be made m o r e v iv id ly p r e s e n t 
t han e v e r b e f o r e . 

A second sh i f t w i l l be v e r y m u c h l ike t h e f i rs t : n o t o n l y w i l l t h e 
F u t u r e b e c o m e Present , b u t t h e Po ten t ia l w i l l b e c o m e A c t u a l . 
M o d e r n med i c i ne k n o w s e n o u g h a b o u t " r i s k f a c t o r s " t o be able 
t o i n f o r m pat ien ts w i t h ce r t a i n cha rac te r i s t i c o r Ufe sty les t h a t 
t h e y may b e c o m e ill in t h e f u t u r e . Classic genet ics desc r i bed t h e 
p a t t e r n s o f i n h e r i t a n c e t h e c o n s t i t u t e d r i sk f o r disease o r f o r 
t r a n s m i s s i o n o f disease. St i l l , t h e d e v e l o p m e n t o f actua l disease 
lay in t h e f u t u r e and r e m a i n e d a p robab i l i t y , n o t o n l y in t h e sta-
t i s t i ca l b u t in t h e psycho log ica l sense. G e n o m i c I n f o r m a t i o n w i l l , 
a t least f o r m o n o g e n e t i c Mende l i an d i s o r d e r s , m a k e t h a n p o t e n -
t ia l i t y an ac tua l i ty . Even t h o u g h t h e i l lness has n o t y e t appea red , 
i t has been f o u n d b i o c h e m i c a l l y p r e s e n t . In a s im i la r w a y , t h e 
r isks assoc ia ted w i t h m u l t i - f a c t o r i a l disease w i l l b e c o m e m u c h 
m o r e palpable. G e n o m i c i n f o r m a t i o n w i l l ident i fy an increas ing 
n u m b e r o f gene t i c loc i in w h i c h t h e p resence o f a speci f ic D N A 
sequence , pe rhaps o n e o f severa l v a r i a n t sequences o r alíeles 



f o u n d at t h a t locus , is assoc ia ted w i t h inc reased r i sk f o r a c o n d i - 2 I 7 
t i o n , such as c a r d i o v a s c u l a r d isease, cáncer , d i abe tes , d e p r e s -
s ion . S o m e o f t hese c o n d i t i o n s w i l l be po lygen lc ; o t h e r w i l l r e -
q u i r e e n v i r o n m e n t a l a n d b e h a v i o r a l c o - f a c t o r s ; in b o t h cases, 
t h e n u m b e r o f t hese m a y be vast and t h e i r n a t u r e o b s c u r e . St i l l , 
pe rsons can be des igna ted pa t len ts in an a n t i c i p a t o r y sense, as a 
sch i zoph ren i c o r card iac o r cánce r pa t i en t l ong b e f o r e any i l l -
ness is f e l t o r any p a t h o l o g y damages t h e o r g a n i s m . Even t h o u g h 
p r e d i c t i o n o f c l in ical man i fes ta t i ons in t h e ind iv idua l w i l l n o t be 
highly accu ra te , s ince i t w i l l d e r i v e f r o m p o p u l a t l o n data, st i l l t h e 
rea l i t y o f r i sk w i l l be m u c h m o r e palpable. T o d a y t hese r isks a re 
w r i t t e n in abs t r ac t n u m b e r s t h a t have b u t r e m o t e i m p a c t o n a 
pe rson 's p e r c e p t i o n o f t h e m s e l v e s ; t o m o r r o w t h e y w i l l be w r i t 
t e n in t h e g e n o m e , an inde l ib le p a r t o f t h e self. A s an an t i c i pa to r y 
p a t i e n t , t h e y w i l l w a t c h t h e m s e l v e s and phys ic ians w i l l w a t c h 
t h e m f o r t h e appearance o f disease. Th i s , o f c o u r s e , may be o f 
benef i t , s h o u l d p r e v e n t i o n o r ear ly t r e a t m e n t be poss ib le . But , 
w h e t e r benef ic ia l o r n o t , p o t e n t i a l disease w i l l b e c o m e ac tua l , as 
n e v e r b e f o r e . 

In t h e o r y , g e n o m i c I n f o r m a t i o n shou ld p r o v i d e n o t o n l y t h e diag-
nos t i c and p r o g n o s t i c aspects o f t h e pa t ien t -phys ic ian r e l a t i o n -
ship. It shou ld also p o i n t t o w a r d t h e t he rapeu t i c . W e have many 
possib le r o u t e s t o p r e v e n t i o n . W e have a l ready e m b a r k e d u p o n 
gene t h e r a p y . W e can g l impse ways in w h i c h g e n o m i c I n f o r m a 
t i o n can gu ide and enhance c u r r e n t p h a r m a c o t h e r a p y . St i l l , t h e 
t h e o r e t i c a l po ten t i a l f o r t h e r a p y is n o t l ikely t o be rea l ized in any 
b r o a d , m u c h less universal w a y . Unques t i onab l y , th is has a lways 
been t r u e o f med ic ine : many diseases have been recogn i zed and 
even w e l l u n d e r s t o o d w i t h o u t t h e f a i n t es t h o p e o f c u r i n g o r 
changing t h e i r c o u r s e . Th is became dramat ica l l y t r u e in t h e m i d -
n i ne teen th c e n t u r y , w h e n med ica l sc ience t o r e t h e vei l o f igno-
rance b e t w e e n disease and o rgan ic pa tho logy . So m u c h became 
k n o w n a b o u t t h e causes o f disease and so l i t t le was available t o 
t r e a t i t e f fect ive ly t h a t " t h e r a p e u t i c n i h i l i s m " became t h e p reva i l -
ing medica l ph i losphy . Gradua l l y , w i t h t h e appearance o f e f fect ive 
pharmaceut i ca ls and ef f ic ient su rgery , th is n ih i l ism was c o n v e r t e d 
i n t o a t h e r a p e u t i c a c t i v i s m . Even t h o u g h m a n y d i s o r d e r s de fy 
m e d i c a l i n t e r v e n t i o n , i n t e r v e n t i o n o f s o m e s o r t has b e c o m e 
man d a t o ry . 

Th is suggests t h e t h i r d shi f t o f boundar ies o n t h e map o f t h e pa
t i e n t - p h y s i c i a n r e l a t i o n s h i p : a sh i f t f r o m a Scientia Act iva t o a 
Sdentia Contemplativa. M o d e r n med ic ine is p r e d o m i n a n t l y a Scientia 
Act iva, a c o l l e c t i o n o f d i agnos t i c and t h e r a p e u t i c a c t i o n s t h a t 
s ta r t in t h e logic o f cl inical j u d g e m e n t and t e r m í n a t e in i n t e r v e n -
t i o n s . M o d e r n m e d i c i n e re l uc tan t l y acknow ledges t h e p resence 
o f u n t r e a t a b l e d i s e a s e , b u t a s s u m e s t h a t a t s o m e t i m e t h e 



2 18 un t rea tab le w i l l e successful ly t r e a t e d . G e n o m i c i n f o r m a t i o n , h o -
w e v e r , w i l l a n n o u n c e t h e p resence o r t h e poss ib i l i ty o f disease 
w í t h o u t t h e app l l ca t lon o f t h e loglc o f cl lnlcal j u d g e m e n t and f o r 
w h l c h t h e r a p e u t l c i n t e r v e n t i o n may be unaval lable. W e have a l re -
ady seen th is in o n e o f m o d e m genet ics f l r s t c l ln ical t r l u m p h s , 
s i t ing t h e locus o f H u n t i n g t o n ' s Disease. A s t h e m a p p e d g e n o m e 
opens up b r o a d vistas o f i n f o r m a t i o n , i t w i l l , in a s t range sense, 
r e t u r n t o med ic ine 's i m p o t e n t past. G e n o m i c i n f o r m a t i o n , w h i l e 
p r o m i s i n g many means o f c u r e and p r e v e n t i o n w i l l unravel be fo re 
us m a n y m o r e t h r e a t e n i n g c o n d i t i o n s t h a t w i l l l o n g r e m a i n 
un t rea tab le . Perhaps t h e anc ien t a r t o f p rognos is , o f p red i c t i ng 
t h e na tu ra l c o u r s e o f disease, incu lcated by H i p p o c r a t e s , w i l l be 
t h e p r i nc ip ie benef ic iary o f g e n o m i c i n f o r m a t i o n , a t least f o r t h e 
f o r seeab le f u t u r e . Th i s imp l ies t h a t t h e Scientia Act iva may be -
c o m e a Scientia Contemplat iva: many diseases w i l l be u n d e r s t o o d 
m o r e radical ly t han ever b e f o r e , b u t t h e disease c o u r s e c a n n o t 
be changed, a t least w i t h c u r r e n t k n o w l e d g e , t h u s i t can on l y be 
e x p e c t e d , w a t c h e d and w o n d e r e d a b o u t , by b o t h p a t i e n t and 
physic ian. 

T h e f o u r t h sh i f t w i l l be f r o m D u a l i t y t o C o m m u n i t y . M o d e r n 
m e d i c i n e is, as Laín En t ra l go e x p r e s s e d , a dua l i t y b e t w e e n a pa
t i e n t and a phys ic ian . H e even w i s h e d t o d e s c r i b e i t as a spe-
cies o f phi l ia , t h a t is, f r i e n d s h i p . G e n o m i c i n f o r m a t i o n w i l l push 
back t h e b o u n d s o f t h a t dua l i t y i n t o w i d e r c o m m u n i t i e s o r p o p -
u l a t i o n s . G e n e t i c i n f o r m a t i o n by d e f i n i t i o n t i es and i nd i v i dua l 
i n t o his o r h e r he r i t age and t o his o r h e r he i rs . T h e diseases 
l i n ked t o g e n e t i c l oc i f l o w t h r o u g h fami l ies f r o m g e n e r a t i o n t o 
g e n e r a t i o n . T h e ind iv idua l w h o s tands b e f o r e his o r h e r phys i 
c ian s e e k i n g i n f o r m a t i o n a n d he lp is, in t h e g e n e t i c v i e w , an 
ins tance o f a g r o u p l i n ked t o g e t h e r t h r o u g h soc ia l i n s t i t u i o n s 
such as m a r r i a g e and he r i t age and t h r o u g h sha red b i o c h e m i c a l 
c h a r a c t e r i s t i c s . W e a l ready see t h i s in t h e t e c h n i q u e s used t o 
d e v e l o p RFLP l inkage maps : w h o l e fami l ies and d i f f e r e n t g e n e r -
a t i o n s m u s t be d r a w n i n t o t h e d i agnos t i c p r o c e s s . W e even 
see t h i s in t h e t e r m i n a t i o n o f p r e g n a n c y f o l l o w i n g p r e n a t a l 
d iagnos is : a p o t e n t i a l h e i r is e l i m i n a t e d . W e a lso can g l impse 
t h e p r e s e n c e o f o t h e r s , gene t i ca l l y u n r e l a t e d , b u t i n tense ly i n -
t e r e s t e d in t h e ind iv idua l o r fami l y u n d e r i nves t i ga t i on : i nsu r -
e rs , e m p l o y e r s , pub l i c hea l t h of f ic ia ls , pó l i ce , g o v e r n m e n t . I n 
d i v idua l r i s k p ro f i l e s w i l l f i n d t h e i r w a y i n t o m a n y c o m p u t e r s 
and f i le d r a w e r s : t h e i n t r i ns i c d i f f i cu l t y o f i n t e r p r e t i n g t h e m ac-
c u r a t e l y w i l l be i g n o r e d as t h e y b e c o m e useful I n s t r u m e n t s f o r 
s o r t i n g o u t t h e f i t f r o m t h e w e a k , t h e safe f r o m t h e d a n g e r o u s , 
t h e c o s t - e f f e c t i v e f r o m t h e c o s t l y . M o r e and m o r e , a l a rge 
p o p u l a t i o n w i l l s tand a r o u n d each p a t i e n t , p r o v i d i n g essent ia l 
i n f o r m a t i o n , pos ing poss ib i l i t i es f o r p r e v e n t i o n and seek ing o u t 
p r e v i o u s l y p r í v a t e i n f o r m a t i o n f o r p u r p o s e s o f soc ia l o r e c o -



n o m i c u t i l i t y . T h e dua l i t y o f t h e m o d e r n r e l a t i o n b e t w e e n phy - 219 
s ic ian a n d p a t i e n t w i l l w i d e n i n t o a b r o a d c o m m u n i t y . T h e 
D u a l i t y w i l l b e c o m e a M u l t i t u d e . 

Th is , t h e n , is m y n e w map o f t h e pa t ien t physic ian re la t i onsh ip 
t h a t w i l l be d r a w n as t h e e x p l o r a t i o n o f t h e H u m a n G e n o m e p r o -
ceeds. T h e c u r r e n t map o f a dua l i ty deal ing act ive ly w i t h a p res 
e n t d i s o r d e r w i l l be r e d r a w n t o s h o w a c o m m u n i t y c o n t e m p l a t -
ing a f u t u r e d i s o r d e r o r p robab i l i t y t h e r e o f . O b v i o u s l y , t h e o íd 
and t h e n e w maps ove r l ap at many po in ts : t h e r e a re w i t h i n t h e 
c u r r e n t r e p e r t o i r e o f med i c i ne s i tua t ions w h i c h l o o k m u c h l ike 
t h e s i tua t ions o f t h e f u t u r e . O b v i o u s l y , as w e l l , f u t u r e s i tua t ions 
w i l l o f t e n be q u i t e s im i la r t o t h e p resen t . Y e t , I a m suggest ing 
t h a t a m j o r shi f t w i l l t ake place. T h e maps o f t h e I 6 t h c e n t u r y d id 
sharpen many o f t h e geograph ica l boundar ies : these w e r e b u t m i -
n o r shif ts. M u c h m o r e i m p o r t a n t l y , t h e y revea led " t h e r e s " t h a t 
had been p rev ious l y u n k n o w n and s h o w e d h o w i t was possib le 
t o ge t f r o m h e r e t o t h e r e in p rev ious l y unsuspec ted ways . These 
w e r e t h e m a j o r shif ts. 

T h e mapp ing o f t h e H u m a n G e n o m e , t h e , w i l l r e q u i r e a r e m a p -
ping o f t h e re la t i onsh ip b e t w e e n physic ian and pa t ien t . U n l i k e t h e 
mapp ing o f t h e g e n o m e , w h i c h is a scient i f íc voyage o f d i scovery , 
t h e r e m a p p i n g o f t h e re la t i onsh ip is a po l i t ica l a d v e n t u r e . I t w i l l 
r equ i r e d i p l o m a c y and may resu l t in r e v o l u t i o n s in social i ns t i t u -
t i ons , legal p rov i s i ons and e c o n o m i c a r rangemen ts . N e w claims 
o f r ights and dut ies w i l l eme rge . A b o v e al l , j us t as w h e n po l i t i ca l 
boundar ies a re r e d r a w , loyal t ies and al legiences w i l l be chal leng-
ed . T h e b o n d t h a t has t igh t l y l i nked physic ian and pa t i en t f o r so 
many cen tu r i es w i l l be s t r e t c h e d w i t h i n t h e e m e r g i n g n e t w o r k o f 
t h e m u l t i t u d e s t o w h o m g e n o m i c I n f o r m a t i o n is va luab le . T h e 
t r ad i t i ona l e th ica l fea tu res o f t h e re la t ionsh ip w i l l have t o be r e -
designed in s o m e respec ts and s t r eng thened in o t h e r s . M y c o l -
league, John F le tcher , has w r i t t e n sensi t ively o f t h e e th ica l imp l i -
cat ions o f genomic In fo rmat ion f o r medical genetics. [F letcher , J. C., 
W e r t z , D . C . Ethics, l aw and med ica l genet ics : a f te r t h e human 
g e n o m e is m a p p e d . Emory Law Journal 1990; 39 : 7 4 7 - 8 0 8 ] . H o w -
ever , t h o s e imp l i ca t ions go b e y o n d t h e specia l ty w e cali med ica l 
genet ics: g e n o m i c I n f o r m a t i o n w i l l t r a n s f o r m all medica l p rac t i ce 
i n t o med ica l genet ics . 

I am su re t h a t m u c h o f w h a t I have said sounds r a t h e r negat ive. 
H o w e v e r , t h e shif ts I have d e s c r i b e d are , l ike all m a j o r changes 
in social and i ns t i t u t i ona l Ufe, a m i x t u r e o f pos i t i ve and negat ive. 
G e n o m i c I n f o r m a t i o n p r o m i s e s s igni f icant t h e r a p e u t i c poss ib i l i 
t ies , b u t w e m u s t n o t de lude ou rse l ves by be l iev ing t h a t t h e y w i l l 
c o m e qu i ck l y o r t h a t t h e y w i l l be un iversa l . S imi lar ly , t h e shif ts 
f r o m t h e h igh ly i n t e r v e n t i o n a l sc ient ia act iva t o s o m e t h i n g m o r e 



220 üke a sc ient ia c o n t e m p l a t i v a may n o t be ail bad, g iven t h e n o t a 
ble p o w e r o f i n t e r v e n t i o n t o h a r m o r t o d o n o t h i n g f o r t h e pa
t i en t . Finally, t h e shi f t f r o m dua l i ty t o m u l t i t u d e m igh t press m o d 
e r n m e d i c i n e o u t o f t h e excess i ve i n d i v i d u a l i s m t h a t i g n o r e s 
social and c o m m u n i t y respons ib i l i t i es . Each shif t , l ike each d is -
c o v e r y o f n e w lands and each m o v e m e n t o f peop les f r o m an o íd 
w o r l d i n t o a n e w , w i l l b r i n g a m i x o f b e n e f i t s and b u r d e n s , 
g o o d s and evi ls. 

Aga in w e recal l t h e ships t h a t sailed f r o m Cád iz f o u r cen tu r i es 
ago. T h e i r voyages n o t on l y mapped t h e w o r l d , t h e y inaugura ted 
socia l , po l i t i ca l and e c o n o m i c events t h a t radica l ly changed h u -
mank ind 's v i e w o f i tsel f and na t ions ' v iews o f t h e i r dest in ies. T h e 
map o f t h e n e w w o r l d was n o t d r a w n by C r i s t ó b a l C o l ó n , Vasco 
N ú ñ e z de Balboa and Fe rnando Magel lan: i t was also d r a w n by 
t h e theo log ians , such as Franc isco V i t o r i a and B a r t o l o m e o de las 
Casas, w h o e x p o u n d e d , in academic and po lem ic t e r m s , o n t h e 
n e w eth ica l impera t i ves and respons ib i l i t ies o f ru le rs , se t t le rs and 
e x p l o r e r s Some o f t h o s e events w e r e g l o r i ous . T h e d iscover ies 
t h a t w i l l lead t o t h e mapp ing o f t h e g e n o m e w i l l have s imi lar d ra -
mat ic effects o n o u r p e r c e p t i o n o f o u r na tu re and o u r r e l a n t i o n -
ships w i t h each o t h e r . 

W e m u s t p r o c e e d w i t h these e x p l o r a t i o n s bu t , as o n e o f o u r f ine 
cl inical genet ic is ts , N e i l H o l z m a n n has said, p r o c e e d w i t h cau t i on . 
If I may anno ta te his w a r n i n g , I w o u l d recal l a d i c t u m o f St. T h o -
mas Aqu inas , w h o said a b o u t cau t i on , by w h i c h he m e a n t n o t t i -
m id i t y b u t carefulness, " c a u t i o n is r equ i red because human behav-
i o r is so c o m p l e x t h a t g o o d and evil a re i nex t r i cab ly m i x e d : t h e 
p r u d e n t man c a n n o t avo id evi l a l t oge the r , b u t he shou ld be ca re -
fu l t o avo id by f o res igh t t h e c o m m o n pitfal ls so t h a t as l i t t le h a r m 
as possib le is d o n e " . Th is w i s e c o m m e n t appl ies as w e l l t o t h e 
p r u d e n t sc ient is t : as t h e secre ts o f t h e g e n o m e are unrave l led , 
h u m a n g o o d and evi l w i l l appear : le t us avo id by f o res i gh t t h e 
c o m m o n pi t fa l ls so t h a n m o r e g o o d t h a n h a r m c o m e s o f th is 
e x t r a o r d i n a r y e f f o r t t o expand t h e boundar ies o f human k n o w 
ledge. Le t th is f inal ske tch by C o y a and its m o t t o , " e v e n ye t , I am 
lea rn ing" , p r o v i d e an image f o r t h e p ro j ec t : many o f t h e scient ists 
in th is r o o m w i l l l o o k l ike th is anc ien t l ong be fo re th is p ro jec t ' s 
imp l i ca t ions f o r sc ience and med ic ine w i l l be exhaus ted . 
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A B S T R A C T 

On account o f growth in the scale o f the work invol-
ved, huge benefits are to be derived f rom the Human 
Genome Project; the speed and effidency with which 
hered i ta ry componen ts o f monogen ic disorders 
are analysed will increase, as ¡ikewise accuracy o f 
diagnosis; it wiü faci l i tate the etioiogical study o f 
complex and polygenic disorders, and will clarify the 
role played by gene in processes such as cáncer and 
self-immune illnesses. 

On a long-term basis, the concept o f molecular ill-
ness will be better understood, a great deal o f the 
human metabol ism and development biology wil l 
be explained, thus increasing possibilities for genic 
therapy. 
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o s o p h y and law; b u t p robab l y its g rea tes t impac t is in cl inical ge

net ics. T h e r o l e o f c l in ical genet ics a t medica l cen te r s increases 

w i t h appeals f r o m fami l ies w h o cali l o o k i n g f o r he lp. T h e increase 

paral le ls t h e inc rease in I n f o r m a t i o n : t h e en t r i e s in Mckus i ck ' s 

s tandard ca ta logue increased f r o m a b o u t 1300 in 1966 t o a b o u t 

4 6 0 0 c u r r e n t l y (Mckus lck , V A Mende l ian Inher i tance in Man . 8 t h 

ed. B a l t i m o r e , Johns H o p k i n s U n i v e r s i t y Press, 1988). Th ls e n o r -

mous increase is m o s t pa ten t in academic e n v i r o n m e n t s a t t e r -

t i a ry care cen te rs , w h e r e t h e cl inical genet ic is ts a re consu l tan ts 

in ra re diseases. A s a resu l t , i t has been suggested t h a t med ica l 

schools may c o m e t o be k n o w n as genet ics schoo l . 

It is no tab le t han b o t h because w e can n o w manage l o w b i r t h 

w e i g h t and because so many d i f f e ren t ra re diseases a re k n o w n , 

t h e leading cause o f in fant dea th ( 2 0 % o f t h o s e w h o die in t h e 

f i r s t y e a r ) is b i r t h d e f e c t / m a l f o r m a t i o n ( s e e , f o r e x a m p l e , 

Robe r t s , D.F., Chavez , J. V o u t y , D . F . Z M . Stvh. Fid. Vhi l f . 56 :44 -48 

[ 1 9 7 0 ] . A n e w - b o r n has a 2 t o 5% chance o f having a m a j o r ma l -

f o r m a t i o n s y n d r o m e (see Hal l , J.G., P o w e r s , E.K., Mc l lva ine, R.T. 

and Ean, V . H . A m . J. M e d . G e n e t . 1:417-436 [ 1 9 7 8 ] f o r an assess-

m e n t o f f requenc ies o f c h r o m o s o m a l , single gene, and po lygen ic 

d i so rde rs ) . A t a large medica l c e n t r e , o f t h e o r d e r o f 1,000 pa-

t ien ts a re seen p e r year , w i t h increases o f t h e o r d e r o f 3 0 % year 

in r e c e n t year . T h e average t i m e spen t w i t h a cl inical genet ics pa-

t i e n t is in t h e range o f 3 t o 8 h o u r s w i t h m o s t o f i t spen t in c o u n -

sell ing. Th i s t i m e is p o o r l y c o m p e n s a t e d , c o m p a r e d t o q u i c k p r o -

c e d u r e s l i ke e n d o s c o p y o f t h e t h r o a t , and c l in ica l gene t i cs is 

expens ive, d i f f k u l t specia l ty f o r a medica l c e n t r e t o susta in. Th is 

p r o b l e m w i l l n o t go away, and is a v i ta l c o n c e r n f o r t h e hea l th 

systems o f all c o u n t r i e s . 

T h e func t i ons o f a cl in ical genet ic is t have, h o w e v e r , r e m a i n e d lar-

gely t h e same: accu ra te diagnosis; t h e best t h e r a p y poss ib le ; m a n 

agement o f assoc iated p r o b l e m s ; achiev ing re l iab le p rognos is ; and 

d e t e r m i n i n g a n d d i scuss ing w i t h p a t i e n t s / f a m i l i e s t h e r i s k o f 

r e c u r r e n c e and t h e i r o p t i o n s . H u m a n genet ics has been t h e sub-

stance o f t hese act iv i t ies ; and t h e H u m a n G e n o m e P r o j e c t w i l l 

t h e r e f o r e be d i r ec t l y ge rmane . I w i l l discuss h e r e t h e imp l i ca t ions 

o f t h e scale o f g e n o m e analysis, t h e resu l t ing d i f fe rence t h a t can 

be made by g e n o m e studies, and ways in w h i c h t h a t d i f fe rence 

can be t rans la ted i n t o pa t ien t benef i ts . 

G e n o m e s tud ies have n o t w a i t e d f o r t h e H u m a n G e n o m e P r o 

j ec t t o be o f e x t r a o r d i n a r y i m p o r t a n c e f o r d iagnos t i c ac t i v i t i es . 

O n e o f t h e m o s t r e c e n t examp les o f t h e usefulness o f n e w In 

f o r m a t i o n c o m i n g f r o m g e n o m e s tud ies is t h e r e c e n t i so la t i on 



224 o f t h e gene in w h i c h les ions lead t o cys t ic f i b ros i s ( R o m m e n s , 

J .M. e t al . Sc ience 2 4 5 , 1059 -1065 [ 1 9 9 0 ] ) . In t h i s case 1/2500 

b i r t h s in c e r t a i n p o p u l a t i o n s have C F , w i t h a c u r r e n t m e d i a n 

surv iva l age o f 26 years . Since t h e gene is an a u t o s o m a l reces -

sive, t h e r e is 1/4 chance o f o c c u r r e n c e in sibl ings o n an a f fec ted 

ind iv idua l . Us ing l i n ked m a r k e r s and l inkage m a p p i n g in fami l ies , 

c o n s i d e r a b l e p r o g r e s s has been ach ieved in d iagnos is ; b u t r e -

c o m b i n a t i o n a lways l i m i t e d t h e accu racy o f t h e i n f e r r e d I n fo r 

m a t i o n . W i t h t h e e s t a b l i s h m e n t t h a t 7 0 % o f t h e C F p a t i e n t s 

have t h e 3 base pa i r p h e 5 0 8 d e l e t i o n , d i r e c t - g e n e t e s t i n g w h i c h 

is fa r m o r e a c c u r a t e is avai lable f o r t h o s e fami l ies . (Th is can be 

d o n e in genera l by o l i g o - m i s m a t c h h y b r i d i z a t i o n , by t h e change 

in r e s t r i c t i o n e n z y m e si tes, o r by c o m p a r i n g t h a t r e g i ó n o f n o r 

mal and p a t i e n t D N A s by PCR-based t e c h n i q u e s . A t least t w o 

o f t h e s e tes ts a re c u r r e n t f o r C F , and can be c a r r i e d o u t by 

c h o r i o n i c v i l lus b i opsy [a t 9 t o 13 w e e k s ] o r a m n i o c e n t e s i s [a t 

16 t o 18 w e e k s ] ) . 

Such g e n o m e stud ies aid d i r ec t l y in p rena ta l diagnosis, t h e p r i m e 

t o o l o f t h e cl in ical gene t i c i s t . D iagnos is has many jus t i f i ca t ions ; 

b u t p e r h a p s t h e m o s t i m p o r t a n t is t h e a l l e v i a t i o n o f a n x i e t y . 

W i t h t h e i n t r o d u c t i o n o f n o n - d i r e c t i v e counse l l ing t o ensu re t h a t 

t h e fami ly can make i ts o w n cho lees, diagnosis p rov i des accura te 

I n f o r m a t i o n and also p e r m i t s t h e p r e p a r a t i o n o f a p p r o p r i a t e care 

f o r af fected infants, pa r t i cu la r l y in t h e p e r i o d d i r ec t l y a f te r b i r t h . 

Fo r a disease l ike t h e sex - l i nked H u n t e r ' s s y n d r o m e , ch i l d ren can 

die y o u n g , and s u p p o r t is needed f r o m t h e s ta r t ; and f o r cyst ic f i 

b ros is , ear ly diagnosis p e r m i t s adequate p repa ra t i ons and care t o 

be o rgan ized as s o o n as poss ib le . 

I t is h o w e v e r , t r u e t h a t cys t i c f i b r o s i s l es ión - l i k e so m a n y o t h -

e r h e r e d i t a r y s c o u r g e s o f h u m a n i t y - w a s f o u n d la rge ly by t h e 

a p p l i c a t i o n o f s t a n d a r d l inkage m a p p i n g and m o l e c u l a r b i o l o g y 

t e c h n i q u e s . In fac t , as t h e c o m p i l a t i o n o f D r . M c k u s i k s h o w s , a 

rea l a n d i n c r e a s i n g n u m b e r o f a n a l y z e d w i t h o u t t h e use o r 

bene f i t o f t h e H u m a n G e n o m e P r o j e c t . B o t h t h e les ions in a 

n u m b e r o f h e r e d i t a r y ma lad ies and in a n u m b e r o f cance rs can 

n o w be d e t e c t e d by spec i f ic m o l e c u l a r p r o b e s ; and i t is a r a r e 

gene t i c disease w h i c h d o e s n o t have severa l r es ea r c h g r o u p s 

a t t e m p t i n g t o f a t h o m its basis a t t h e m o l e c u l a r leve! . W h a t dif-

f e r e n c e is m a d e by t h e c u r r e n t I n t e r n a t i o n a l e f f o r t t o c a r r y o u t 

s y s t e m a t i c a n a l y s i s o f t h e g e n o m e , a n d t o b r i n g t o g e t h e r 

g r o u p s l i ke t h i s o n e t o d iscuss t h e e x t r a o r d i n a r y e th ica l issues 

t h a t a r e enta i led? 

M a j o r benef i ts o f t h e H u m a n G e n o m e P r o j e c t acc rue by v i r t u e o f 

t h e inc rease in t h e scale o f w o r k . W e a r e n o t t a l k i n g s imp l y 
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of ind iv idual diseases; b u t r a t h e r a b o u t t h e i nves tmen t up f r o n t 

o f enough resou rces t o fac i l i ta te disease gene studies in genera l . 

T o see t h e d i f fe rence, c o n s i d e r t h a t each l a b o r a t o r y w h i c h has 

d e t e r m i n e d a l i ke ly l o c a t i o n f o r a gene by l inkage m a p p i n g o r 

o t h e r means m u s t usual ly in i t ia te a labor ius search f o r t h e D N A 

tha t c o r r e s p o n d s t o t h a t reg ión o f t h e g e n o m e . O n l y w h e n t h a t 

reg ión o f t h e D N A has been p ieced t o g e t h e r f r o m a n u m b e r o f 

c lones can t h e search f o r t h e disease gene c o n t i n u é ful l f o r c é . In 

con t ras t , suppose t h a t an overa l l co l l ec t i on o f c l oned D N A has 

been assembled t o c o v e r m u c h o r all o f t h e g e n o m e : any pa r t i cu 

lar inves t iga to r w o u l d au tomat i ca l l y have at his disposal t h e s ta r t -

ing D N A f o r his reg ión o f in te res t , and cou ld immed ia te l y ge t o n 

w i t h t h e w o r k o f pa r t i cu la r i n te res t . 

As a r o u g h es t ímate , t h e avai labi t i ty o f such a r e s o u r c e o f m a p -

ped D N A w o u l d s h o r t e n t h e search f o r a disease gene by up t o 

80%, w i t h a sharp r e d u c t i o n in necessary e f f o r t and c o s t as w e l l 

as t i m e . T h e ef f ic ient expans ión o f large-scale g e n o m e w o r k ne-

cess i ta tes a c o r r e s p o n d i n g d e v e l o p m e n t o f n e w t e c h n o l o g y , 

w h i c h w o r k synergist ica l ly t o aid in t h e search f o r any indiv idual 

gene. Fo r examp le , I have been v e r y impressed w i t h t h e w o r k a t 

t h e C e n t r e f o r Gene t i cs in Med i c i ne at t h e W a s h i n g t o n U n i v e r -

sity in St. Louis . W o r k e r s t h e r e have p i o n e e r e d in t h e deve lop 

m e n t o f yeas t a r t i f i c ia l c h r o m o s o m e s as a c l o n i n g v e c t o r and 

mapping t o o l , and have already substant ively accelerated t h e studies 

o f t h e r e g i o n s o f D N A i n c l u d i n g t h e loc i f o r N e u r o f i b r o m a -

tos is I, W i l m s t u m o r , H u n t i n g t o n ' s disease, and po lycyst ic k idney 

disease. I cons ide r t h a t a f o r e t a s t e o f w h a t is t o c o m e as t h e G e 

n o m e P ro jec t gets u n d e r w a y . 

Simi lar c o n s i d e r a t i o n s app ly t o c u r r e n t e f f o r t s in t h e G e n o m e 

Pro jec t t o increase t h e reso lv ing p o w e r and coverage o f t h e ge-

ne t i c l inkages m a p ( D o n i s - K e l l e r , H . e t a l . C e l l , 5 1 : 3 1 0 - 3 3 7 , 

1987). T h e l inkage map rema ins t h e re l iab le w a y t o b r idge inves-

t igat ions f r o m ped ig ree studies o f t h e inher i tance o f a c o n d i t i o n 

t o respons ib le D N A ; and its r e f i n e m e n t cou ld y ie ld m u c h c lose r 

local izat ion o f a disease gene b e f o r e physical mapp ing s tar ts . 

O n e m a j o r impac t o f t h e G e n o m e P r o j e c t w i l l t hus be o n t h e 

speed and ef f ic iency w i t h w h i c h h e r e d i t a r y c o m p o n e n t s in d is 

ease can be analyzed, and in t h e resu l tan t dependab i l i t y o f d iag

nosis: t h e r isks t o c h i l d r e n , t h e hsks f o r t h e n e x t ch i ld , e tc . 

A second m a j o r impac t is c lear if o n e cons ide rs t h a t t h e discus-

sions thus far has t u r n e d o n diseases caused by lesions in single 



226 loc i ; b u t in fact , t h e e x p e c t e d impac t o f g e n o m e studies is even 

m o r e e x t r e m e f o r t h e case o f po lygenic diseases. Fo r t h o s e , i n -

c lud ing sch izophren ia and t h e h e r e d i t a r y c o m p o n e n t o f a l c o h o l -

ism, t h e r e may be 4 t o 8 genes w h i c h have a m a j o r in f luence; and 

i t seems i n t u i t i v e l y o b v i o u s t h a t g loba l I n f o r m a t i o n a b o u t t h e 

g e n o m e -as deta i led as poss lb le- w l l l faci l í tate such s tud ies; and 

t h a t t h e Ident i f i ca t ion o f a g r o u p o f genes Invo lved In t h e e t i o l ogy 

o f such c o m p l e x c o n d i t i o n s may be poss lb le only If i t can be 

based o n ex tens i ve g e n o m e analysis. O n c e again, d iagnosis can 

cer ta in ly be a ided. 

I t may be w o r t h n o t i n g t h a t in a t h l r d m a j o r i m p a c t , t h e bene -

f i ts o f g e n o m e analysis a re n o t l i m i t e d t o t h e r o l e and n a t u r e o f 

damaged genes. In pa r t i cu la r , f o r t h e o u t c o m e o f c h r o n i c and 

acu te o rgan ic disease and in fec t i ous disease as w e l l , t h e m a k e -

up o f h o s t defenses is c r l t l ca l . A l r e a d y n e w t e c h n o l o g y assoc i -

a ted w i t h long- range yeast ar t i f ic ia l c h r o m o s o m e - b a s e d mapp ing 

o f t h e g e n o m e has p r o d u c e d a g r e a t dea! o f n e w I n f o r m a t i o n 

a b o u t t h e M a j o r H i s t o c o m p a t i b i l i t y L o c u s ( C h a p l i n , D . , a n d 

B r o n s o n , S., w o r k In p r o g r e s s ) ; and c o m p a r a b l e I n f o r m a t i o n 

a b o u t v i ra l and bac te r ia l res is tance, a n t y b o d y r e p e r t o i r e s , e tc . 

w l l l n o t be fa r b e h i n d . In many o f t h e s e cases, w e a re n o t d is-

cuss ing " a f f e c t e d " and " u n a f f e c t e d " genes; b u t v a r i a n t cons te l l a -

t i o n s o f genes t h a n can have v e r y d i f f e r e n t ( p o s i t i v e o r nega-

t i v e ) e f f e c t s f o r p a t i e n t s in s p e c i f i c i n s t a n c e s . T h i s t y p e o f 

I n f o r m a t i o n w l l l be i m p o r t a n t In d e t e r m i n i n g t h e range o f gene t -

ic e f fec ts in t h e r e s p o n s e t o e n v i r o n m e n t a l cha l lenges and t o 

cáncer , and in t h e causa t ion o f a u t o i m m u n e and o t h e r sys temic 

diseases. 

In t h e l onge r t e r m , o f c o u r s e , o n e expec t s a f o u r t h and f inal i m 

pac t o n t h e H u m a n G e n o m e P r o j e c t t h a t is f o u n d e d o n t h e 

c o n c e p t o f m o l e c u l a r disease. I t has been d e m o n s t r a t e d many 

t imes t h a t m u t a t i o n a l analysis can y ie ld cons ide rab le ins ight a b o u t 

s t r u c t u r e / f u n c t i o n o f c o m p o n e n t s o f t h e body . In fact , i t seems 

ce r ta i n t h a t m u c h o f h u m a n m e t a b o l i s m and d e v e l o p m e n t a l b i o l -

ogy w l l l be exp l i ca ted by g e n o m e s tud ies , and t h a t t h e increased 

level o f u n d e r s t a n d i n g w l l l sh i f t t h e w e i g h t o f t h e va lué f o r ge

n o m e studies f r o m diagnosis t o p r e v e n t i o n o r even gene t he rapy . 

H e r e c u r r e n t p rac t i ce ; b u t i t is su re l y r e l evean t t h a t yeast a r t i f i 

cial c h r o m o s o m e s have been i so la ted c o n t a i n i n g large h u m a n 

genes in i n tac t f o r m and w i t h n o r m a l n e i g h b o u r i n g sequences, 

and t h a t t hese c h r o m o s o m e s can be expressed w h e n t rans fec ted 

i n t o m a m m a l i a n cel ls. Th is p rov i des a f i r s t s tep b o t h t o w a r d un 

d e r s t a n d i n g and t o w a r d conce ivab le c o r r e c t i o n o f s o m e genet ic 

maladies. In th i s c o n t e x t , I have n o special c o m p e t e n c e t o c o m -

m e n t o n t h e e th ica l c o n s i d e r a t i o n s t h a t ar ise and a re t h e focus 



o f d iscuss ion h e r e ; b u t I h o p e t h a t as g r o u n d w o r k f o r t h o s e d is- 227 
cuss ions , I have h e l p e d t o f u r t h e r o u t l i n e t h e e x p e c t a t i o n o f 
w h a t is sc ient i f íca l ly poss ib le based o n t h e H u m a n G e n o m e In i -
t ia t i ve . 





T H E I M P A C T 
O F T H E H U M A N 
G E N O M E P R O J E C T 
O N B I O L O G Y 





231 

T H E H U M A N C E N O M E 
P R O J E C T : IN D E F E N C E 
O F B A S I C S C I E N C E 

Giorgio Bernardi 

L a b o r a t o i r e de G é n é t i q u e Mo lécu la i re , 
Ins t i tu t Jacques M o n o d , París (France) 

A B S T R A C T 

The Human Genome Project aims t o map and se-
quence the human genome. However, the develop-
ment o f both these objectives will not mean absolute 
knowledge o f human genetics. M a p p i n g and se-
quencing the genome means acquiring knowledge, 
and knowledge, as such, is basic science. Neverthe-
less, this basic knowledge wi l l shed light on new 
paths o f research for specific aspects o f the genome. 
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A l t h o u g h t h e H u m a n G e n o m e P r o j e c t has bare ly t a k e n off, i t has 
b e e n t a l k e d a b o u t s o m u c h o v e r t h e pas t f e w y e a r s t h a t a t 
p resent , i t p r o b a b l y is t h e m o s t w i d e l y k n o w n p r o j e c t in B io logy. 
As far as o n e can see, t h e r e a re t h r e e m a j o r reasons f o r such p o p -
u lar i ty : (i) t h e " largest biological project ever con templa ted" (as i t is 
cal led in t h e adver t i s ing o f H u m a n G e n o m e con fe rences ) is m o s t 
impress ive ; i ndeed , t h e p r o j e c t is supposed t o lead t o k n o w l e d g e 
o f t h e ful l sequence o f t h e o v e r 3 G b (Gigabases, o r b i l l ions o f 
base pairs) o f D N A t h a t m a k e up t h e H u m a n G e n o m e ; (i i) i t is a 
b r u t e f o r c é a p p r o a c h ; as such, i t can be u n d e r s t o o d w e l l b e y o n d 
t h e n a r r o w c i rc le o f t h e scient i f ic c o m m u n i t y ; ( i i i ) t h e n o t i o n has 
been spread t ha t , o n c e t h e p r o j e c t is c o m p l e t e d , e v e r y t h i n g w i l l 
be k n o w a b o u t man and his diseases. These po in t s deserve s o m e 
c o m m e n t s . 

T h a t t h e p r o j e c t is imp ress i ve has t o be a d m i t t e d even by i ts 
s t r o n g e s t o p p o n e n t s . Sequenc ing o v e r 3 b i l l i on base pai rs is, in 
fact , such a f o r m i d a b l e t a s k t h a t i t r e c e n t l y w a s p u t aside f o r 
f ive years , h o p i n g t h a t d r a m a t i c i m p r o v e m e n t s in ex i s t i ng t e c h -
n iques w i l l o c c u r in t h e m e a n t i m e . T h e r e f o r e , f o r t h e n e x t f i ve 
years, . t h e H u m a n G e n o m e P r o j e c t w i l l basical ly be a m a p p i n g 
p r o j e c t . 

As far as physical mapp ing is c o n c e r n e d , i t is p resen t l y i n t ended 
t o p u t physical m a r k e r s ( recogn izab le sequences, l ike genes o r 
a n o n y m o u s s ing le-copy sequences) a t d is tances o f 100 kb o r so 
( I kb , o r k i lobase, is o n e t h o u s a n d base pairs) a long t h e o n e m e -
t r e t h r e a d o f D N A w h i c h runs t h r o u g h t h e 22 a u t o s o m e s ( c h r o -
m o s o m e s I t o 22 ) and t h e 2 sex c h r o m o s o m e s ( X and Y ) o f t h e 
human k a r y o t y p e . Pu t t i ng o n a map o v e r 30 ,000 landmarks is st i l l 
a huge task, r e q u i r i n g t h e co l l abo ra t i ve w o r k o f many l a b o r a t o -
ries a r o u n d t h e w o r l d . T h e t e c h n o l o g y f o r establ ish ing t h e phys i 
cal map is essent ia l ly avai lable; m o r e o v e r , a n u m b e r o f n e w t e c h -
niques a re l ike ly t o be d e v e l o p e d in o r d e r t o p r o c e e d a t a fas ter 
pace. Basically, w h a t is n e e d e d is a ser ies o f o v e r l a p p i n g D N A 
segments, w h i c h may be c l o n e d in a n u m b e r o f ways , as yeast a r 
t i f icial c h r o m o s o m e s ( Y A C s ) , as cosmids , o r as p lasmid . Par t i cu 
lar un ique sequences w i l l t h e n be p laced o n these o r d e r e d ar rays 
of segments . 

Genet;c mapp iong is a m u c h m o r e l abo r i ous e n t e r p r i s e and its r e -
so lu t i on (hope fu l l y I c e n t i m o r g a n ) w i l l be a b o u t 10 t i m e s l o w e r 
than t h a t p lanned f o r t h e physical mapp ing . 

T h e fac t t h a t t h e h u m a n g e n o m e p r o j e c t is a b r u t e f o r c é ap 
p r o a c h raises t h e q u e s t i o n as t o w h e t h e r i n te l l i gen t a p p r o a c h e s 
c a n n o t be used t o d e v e l o p s h o r t cu ts in o r d e r t o a t ta in i m p o r -
t a n t goals, such as gene l oca l i za t i on . O n e s h o u l d n o t f o r g e t t h a t 
t he H u m a n G e n o m e is f o r m e d o f o v e r 9 0 % n o n - c o d i n g , i n t e r g e -
nic sequences ( c o n s i d e r e d as " j u n k D N A " by c e r t a i n b io log i s t s ) , 



234 and t h a t t h e r e is a need t o c i r c u m v e n t t h e p r o b l e m o f i nves t ing 
a l o t o f sequenc ing e f f o r t o n t h o s e reg ions , a t least in a f i r s t i n -
s tance . 

A n u m b e r o f s ta temen ts have been made push ing t h e idea t h a t 
k n o w l e d g e o f t h e p r i m a r y s t r u c t u r e o f t h e H u m a n G e n o m e is 
equ iva len t t o k n o w i n g e v e r y t h i n g a b o u t a human being. N o n o -
t i o n c o u l d be m o r e mis leading, as w i l l be seen f r o m t h e f o l l o w i n g 
e x a m p l e s . W e k n o w t h e s e q u e n c e o f m i t o c h o n d r i a l g e n o m e s 
f r o m o v e r 20 d i f f e ren t species o f euka ryo tes . In sp i te o f th i s , w e 
d o n o t y e t u n d e r s t a n d many func t iona l aspects o f th is smal l ge
n o m e (16 kb in size in an imal cel ls) and o f its i n t e r a c t i o n w i t h t h e 
nuclear g e n o m e . L ikewise, w e k n o w a large n u m b e r o f sequenced 
v i ra l g e n o m e s , and y e t w e a re st i l l v e r y far f r o m unde rs tand ing 
m a n y bas i c p r o b l e m s in v i r o l o g y . S u c h e x a m p l e s c o u l d be 
mu l t i p l i ed t o inc lude plasmids, as w e l l as t h e g e n o m e s o f c h l o r o -
plasts. T h e s e r e m a r k s s imp ly se rve t o s t ress t h e fac t t h a t t h e 
avai labi l i ty o f a g e n o m e sequence is a necessary, y e t far f r o m suf-
f i c i e n t , c o n d i t i o n f o r u n d e r s t a n d i n g t h e u n d e r l y i n g b i o l o g i c a l 
p r o b l e m s . 

T h e p o i n t s m a d e in t h e p r e v i o u s t w o paragraphs suggest t h a t 
w e c a n n o t h o p e t o u n d e r s t a n d w h a t w e w o u l d l ike t o a b o u t 
t h e H u m a n G e n o m e s imp ly by k n o w i n g i ts m a p a n d , l a te r o n , 
its sequence , a l t h o u g h such a k n o w l e d g e w i l l de f i n i t e l y expand 
t h e n u m b e r o f k n o w n h u m a n genes and c l a r i f y a n u m b e r o f 
g e n e t i c d iseases. If t h e goa l is u n d e r s t a n d i n g h u m a n gene t i c s 
and t h e r o l e o f v a r i o u s genes in hea l th and d isease, t h e e f f o r t 
m a d e o n t h e H u m a n G e n o m e P r o j e c t shou ld be para l le led by a 
m u c h l a rge r o n e o n t h e basic m o l e c u l a r gene t i cs o f man and 
o t h e r o rgan i sms . 

W h a t w i l l be a t t e m p t e d h e r e is t o s h o w t h a t basic sc ience is 
n o t o n l y c o n d u c i v e t o a d e e p e r u n d e r s t a n d i n g o f t h e H u m a n 
G e n o m e t h a n b i o t e c h n o l o g y , b u t a lso t o t h e d e v e l o p m e n t o f 
n e w w o r k i n g h y p o t h e s e s and e x p e r i m e n t a l a p p r o a c h e s hav ing a 
d i r e c t i m p a c t o n t h e s t ra teg ies t o f o l l o w and t h e p r i o r i t i e s t o 
c h o o s e in t h e H u m a n G e n o m e P r o j e c t . T h i s w i l l be d o n e by 
using, as an e x a m p l e , w o r k c a r r i e d o u t in t h e a u t h o r ' s l abo ra -
t o r y . Bu t , f i r s t , l e t us discuss t h e h i s t o r y o f t h e w o r d g e n o m e 
and i ts mean ing . 

A brief history of the word genome 

T h e w o r d genome was c o i n e d in 1920 by W i n k l e r ( I I years a f ter 
t h e w o r d gene was c r e a t e d by Johanssen) t o d e n o t e t h e sum t o 
tal o f t h e genes o f an o rgan ism, b u t o n l y began t o spread several 
decades later , because f o r many years i t was n o t f o u n d useful by 
e i t h e r genet ic is ts o r cy togenet i c i s ts , t h e f o r m e r be ing i n te res ted 
in genes, t h e l a t t e r in c h r o m o s o m e s . 



In 1948, i t was d i scove red t h a t t h e a m o u n t o f D N A p e r cel l is 235 
t h e same ¡n all d i p l o i d cel l t ypes o f a g iven species f r o m m u l t i -
cel lu lar e u k a r y o t e s , w h e r e a s t h e a m o u n t Is half in gametes . T h e 
cons tan t a m o u n t o f D N A In a hap lo ld cel l o f a g lven species was 
cal led c -va lue , o r g e n o m e size. T h e c o n s t a n c y o f g e n o m e size 
w i t h i n a species waas, h o w e v e r , accompa ined by large va r ia t i ons 
w i t h i n o r d e r s , fami l ies and genera . Such va r ia t ions w e r e un l i ke ly 
t o be assoc ia ted w i t h d i f fe rences in o rgan ismic c o m p l e x i t y , ñ o r 
w i t h t h e p r e s u m e d n u m b e r s o f genes, so ra is ing t h e c-value para-
d o x . M o r e o v e r , t h e g e n o m e size o f m o s t e u k a r y o t e s o b v i o u s l y 
was in large excess re la t i ve t o t h e l ike ly n u m b e r s o f genes. N e g -
lec t i ng p o l y p l o i d y , w h i c h w a s t h e ma in f a c t o r in a n u m b e r o f 
cases, t h e c-value pa radox and t h e large size o f eukaryo t i c genomes 
w e r e exp la ined by t w o n o t mu tua l l y exc lus ive reasons: gene d u 
p l i c a r o n , and t h e expans ión c o n t r a c t i o n p h e n o m e n a af fect ing i n -
te rgen ic sequences. B o t h exp lana t ions w e r e c o r r e c t . In t h e e v o -
lu t ion o f e u k a r y o t i c g e n o m e s , gene dup l i ca t íon is c o m m o n , and 
in te rgen ic sequences d o c o n t r a c t and e x p a n d . Since i n te rgen i c 
sequences r e p r e s e n t t h e vast m a j o r i t y o f t h e g e n o m e o f m u l t i -
c e l l u l a r e u k a r y o t e s (as w e sa id , o v e r 9 0 % in m a m m a l s ) , t h e 
expans ión c o n t r a c t i o n p h e n o m e n a a r e quan t i t a t i ve l y by fa r t h e 
m o s t i m p o r t a n t f ac to r . 

A m u c h w i d e r sp read ing o f t h e w o r d g e n o m e in t h e I 960s and 
I970s w a s due t o invest igat ions o n t h e sequence o rgan i za t i on o f 
e u k a r y o t i c g e n o m e s , using m e t h o d s such as dens i t y g r a d i e n t c e n 
t r i f u g a r o n and reassoc ia t i on k i ne t i cs . T h e s e p i o n e e r i n g e f f o r t s 
w e r e f o l l o w e d , a f t e r t h e a d v e n t o f r e c o m b i n a n t D N A t e c h n o -
logy, by an exp los i ve d e v e l o p m e n t o f m o l e c u l a r genet ics . Th is ex -
p e c t e d l y l ed t o an e x p o n e n t i a l i nc rease in o u r k n o w l e d g e o f 
genes , f r o m b o t h p r o k a r y o t e s and e u k a r y o t e s , i n c l u d i n g t h e 
un fo reseen d i scove ry o f i n t r o n s in t h e la t te r . M o r e recen t l y , t h e 
use o f r e s t r i c t i o n enzymes c u t t i n g a t r a re sequences and t h e sep-
a ra t i on o f large D N A f ragmen ts by pu lsed f ie ld gel e l e c t r o p h o r e -
sis paved t h e w a y t o l o n g - r a n g e phys ica l m a p p i n g , w h i c h b e -
came an ind ispensab le a d j u n c t t o gene t i ca l m a p p i n g . W h i l e all 
these d e v e l o p m e n t s led t o an increas ing use o f t h e w o r d g e n o m e , 
w h a t recen t l y made i t a househo ld w o r d was t h e H u m a n G e n o m e 
Pro jec t . 

The meaning of the word genome 

O v e r a l i f e t ime o f 70 years , t h e w o r d g e n o m e has g r o w n f r o m 
to ta l o b s c u r i t y t o e n o r m o u s popu la r i t y . Th is success w a s n o t par-
al le led, h o w e v e r , by an inc reased unde rs tand ing o f t h e g e n o m e 
itself. I ndeed , t h e g e n o m e sti l l seems t o be largely p e r c e i v e d as 
jus t t h e s u m t o t a l o f t h e genes o f an o rgan i sm (and o f t h e i n te r 
genic sequences, if p resen t , as in t h e case o f e u k a r y o t e s ) . Th is 
v i e w was cal led t h e bean bag m o d e l o f t h e g e n o m e . A c c o r d i n g t o 



236 ¡t t h e g e n o m e is j us t a co l l ec t i on o f genes, w h i c h , in euka ryo tes , 
are r a n d o m l y sca t t e red o v e r t h e vast expanses o f j u n k D N A , es-
sent ia l ly f o r m e d by in te rgen ic sequences. 

Ev idence f r o m o u r l a b o r a t o r y , h o w e v e r , has s h o w n t h a t t h e 
g e n o m e is m u c h m o r e t h a n t h a t . I n d e e d , t h e g e n o m e is an i n -
t e g r a t e d s t r u c t u r a l , f u n c t i o n a l and e v o l u t i o n a r y s y s t e m t h a t 
obeys p rec i se ru les , w h i c h a m o u n t t o a genomic code. T h i s v i e w 
a r ó s e f r o m inves t i ga t i ons o n t h e c o m p o s i t i o n a l p r o p e r t i e s o f 
v e r t é b r a t e g e n o m e s . T h e t a c i t a s s u m p t i o n f o r t h i s w o r k w a s 
t h a t base c o m p o s i t i o n is a v e r y i m p o r t a n t p r o p e r t y o f t h e ge
n o m e . 

A l t h o u g h th i s a p p r o a c h was a l ready ex tens i ve l y app l ied t o t h e 
s tudy o f t h e m i t o c h o n d r i a l g e n o m e o f yeast and o f o t h e r nuc lear 
genomes , t h e d iscussion he re w i l l be c e n t r e d o n t h e v e r t é b r a t e 
g e n o m e , lagerly using t h e H u m a n G e n o m e as an examp le . 

Compositional patterns an the genome 
phenotype 

D N A p r e p a r a t i o n s f r o m w a r m - b l o o d e d v e r t e b r a t e s ( m a m m a l s 
and b i rds ) a re made up o f large f ragmen ts (usual ly having a size 
a r o u n d 100 kb) t h a t can be separa ted i n t o a n u m b e r o f fami l ies 
cha rac te r i zed by d i f f e ren t G C levéis (fig. I ) . T h e f ragmen ts de 
r ive , by t h e unavo idab le mechan ica l and enzymat i c deg rada t i on 
t h a t o c c u r s d u r i n g D N A p r e p a r a t i o n , f r o m m u c h l o n g e r seg-
men ts ( o v e r 300 kb o n average) , t h a t e x h i b i t a r emarkab le c o m 
pos i t iona l h o m o g e n e i t y and w e r e , t h e r e f o r e , cal led isochores ( fo r 
"equa l r eg ions " ) . 

T h e c o m p o s i t i o n a l d i s t r i b u t i o n o f large D N A f r a g m e n t s , w h i c h 
c o r r e s p o n d s , by fa r and large, t o t h e c o m p o s i t i o n a l d i s t r i b u t i o n 
o f i s o c h o r e s , de f ines a composi t ional pat tern . In man , G C - p o o r 
D N A f ragmen ts f r o m i s o c h o r e fami l ies L l and L2 (f ig. I ) r e p r e -
sent a b o u t t w o t h i r d s o f t h e g e n o m e ; G C - r i c h D N A f r agm en ts 
f r o m i s o c h o r e fami l ies H l , H 2 , H 3 (f ig. I ) c o r r e s p o n d t o t h e 
remain ing t h i r d . G C - p o o r and G C - r i c h isochores are in terspersed 
w i t h each o t h e r , as w e l l as w i t h t h e i s o c h o r e s c o r r e s p o n d -
ing t o sa te l l i te ( s imp le sequence ) D N A s and c l u s t e r e d repea t -
ed genes ( l i ke r i b o s o m a l genes) , t o f o r m a mosaic genome. T h e 
s t r o n g c o m p o s i t i o n a l c o m p a r t m e n t a l i z a t i o n o f t h e H u m a n 
G e n o m e (and o f t h e g e n o m e o f w a r m - b l o o d e d v e r t e b r a t e s in 
general) is in sharp con t ras t w i t h t h e w e a k compos i t i ona l c o m p a r t 
m e n t a l i z a t i o n o f t h e g e n o m e o f c o l d - b l o o d e d v e r t e b r a t e s (see 
f ig. I ) , w h i c h is m a d e up o f i s o c h o r e s t h a t c o v e r a n a r r o w e r 
G C range, and w i t h t h e even n a r r o w e r , u n i m o d a l c o m p o s i t i o n a l 
p a t t e r n s o f m o s t i n v e r t e b r a t e s l o w e r ( un i ce l l u l a r ) e u k a r y o t e s 
and p r o k a r y o t e s . 
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Figure l . -H is tograms showing the relative amounts, modal bouyant densities in 
CsCI and G C levéis o f t he ma jor D N A componen ts f r o m Xenopus , ch icken, 
mouse and man. Major D N A components consist o f D N A fract ions, obtained by 
density gradient centr i fugat ion in the presence of sequence-specific Kgands, which 
are pooled according t o the i r modal bouyant density in CsCI . Major D N A com
ponents der ive f r o m cor responding isochore families. The CsCI profi les of the 
major components are centered on the i r modal bouyant densities, but overlap 
w i th each o the r t o some extent , part icularly in the case of the components tha t 
are mos t abundant and c loser in density. Satell i te and m i n o r (e. g. r ibosomal 
D N A ) components are no t shown (From Bernardi , 1989). 

O t h e r compos i t i ona l pa t te rs are rep resen ted by t h e c o m p o s i t i o n -
al d i s t r i bu t i ons o f exons ( o r o f t h e i r ind iv idual c o d o n pos i t ions ) 
and i n t r o n s . In t h e g e n o m e o f w a r m - b l o o d e d v e r t e b r a t e s , t h e 
compos i t i ona l d i s t r i b u t i o n o f exons is s k e w e d t o w a r d s high G C 
valúes (fig. 2 ) , in c o n t r a s t w i t h t h a t o f D N A f ragmen ts w h i c h is 
s k e w e d t o w a r d s l o w G C valúes (f ig. I ) . By c o n t r a s t , genes (as 
we l l as large D N A f ragmen ts ; see above and f ig. I ) f r o m c o l d -
b l o o d e d v e r t e b r a t e s e x h i b i t a m o r e s y m m e t r i c a l and n a r r o w e r 
compos i t i ona l d i s t r i b u t i o n (fig. 2 ) . 

The c o m p o s i t i o n a l pa t t e rns c o r r e s p o n d i n g t o t h e c o m p o s i t i o n a l 
d i s t r i bu t ions (figs. I and 2) o f large D N A f ragments ( o r o f iso-
chores ) , o f exons ( o r o f ind iv idual c o d o n pos i t i ons ) , and i n t r o n s 
def ine, in fact , genome phenotypes. 
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Figure 2 . -Compos i t i ona l d is t r ibu t ion of t h i r d codon posit ions f r o m ver tébra te 
genes. (This d is t r ibut ion is the mos t informat ive because o f its w ide r spread in 
compos i t ion compared t o coding sequences and f i rst o r second codon positions.) 
The number of genes under cons idera ron is indicated. The broken line at 60 % 
G C is shown t o prov ide a reference (Modif ied f r o m Bernardi , 1989). 
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T h e physical separa t ion o f large D N A f ragmen ts cha rac te r i zed by 
d i f fe ren t G C levéis, p r o v l d e d an o p p o r t u n i t y t o local ize genes, o r 
o t h e r sequences, In d i f f e ren t I socho re faml l ies by hyb r i d l za t i on o f 
a p p r o p h a t e p robes . In t u r n , th is led t o t h e d i scove ry t h a t gene 
d i s t r l bu t i on is s t r i k ing ly n o n - u n l f o r m in t h e human g e n o m e , t h e 
highest gene c o n c e n t r a t i o n be ing f o u n d in t h e G C - r i c h e s t ¡so-
chores , t h e H 3 fami ly , w h i c h rep resen ts less t han 5% o f t h e ge
n o m e . T h e gene c o n c e n t r a t i o n in t h e H 3 fami ly can be es t ima ted 
as at least 15 t i m e s h igher than t h a t in t h e L l and 12 faml l ies. 

A second d i scove ry associated w i t h t h e loca l iza t ion o f genes in 
D N A f rac t i ons was t h a t t h e G C levéis o f exons and i n t r o n s a re 
l inearly c o r r e l a t e d w i t h t h e G C levéis o f t h e D N A f ragmen ts in 
w h i c h t h e c o r r e s p o n d i n g genes a r e e m b e d d e d ( f ig . 3 ) . S ince 
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Figure 3.-Plot of G C levéis of human codlng sequences against t he G C levéis o f 
D N A fract ions o r o f extended, sequenced, D N A segments in wh ich they w e r e 
localized (From Mouch i roud D., ATssani B., D 'Ono f r i o G., Macaya G., Gaut ier C , 
Bernardi G., 1991, Gene, in press). 



240 D N A f r a g m e n t s a r e m a d e by m o r e t h a n 9 0 % i n t e r g e n i c se-
quences, t h e re la t i onsh ip l inks, in fact , c o d i n g and in te rgen ic se-
quences . C o r r e l a t i o n s basical ly s im i l a r t o t h o s e d e s c r i b e d f o r 
man apply t o all v e r t e b r a t e s , w h e r e a s in t h e case o f p lants, t h e 
basic fea tu res a re t h e same, b u t w i t h quan t i ta t i ve d i f fe rences. 

In conc lus ión , t h e c o m p o s i t i o n a l c o r r e l a t i o n s jus t d iscussed are 
v e r y genera l , s ince t h e y c o n c e r n w h o l e classes o f l iv ing o r g a n -
isms, a l t h o u g h n o t un i ve rsa l . By c o n t r a s t , t h e c o r r e l a t i o n t h a t 
l inks t h e t h r e e c o d o n pos i t i ons o f all g e n o m e s (f ig. 4 ) is a un ive r 
sal o n e . T h e c o r r e l a t i o n s b e t w e e n genes and i socho res and t h o s e 
a m o n g c o d o n pos i t i ons a m o u n t t o a genomic code. It shou ld be 
s t ressed t h a t c o m p o s i t i o n a l p a t t e r n ( o r t h e g e n o m e p h e n o t y p e 
and c o m p o s i t i o n a l c o r r e l a t i o n s ( o r t h e g e n o m i c c o d e ) a re due t o 
composi t ional constraints, ac t i ng o n b o t h c o d i n g and n o n - c o d i n g 
sequences o f t h e g e n o m e . 
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Figure 4 . -P lo t of G C levéis o f t h i r d codon posit ions f r o m genes of co ld-b looded 
ver tebrates, inver tebrates, l o w e r eukaryotes, viruses and bacter ia against G C 
levéis of f irst + second codon posit ions (stands fo r slope and R fo r the corre lat ion 
coeff icient). The last square line obtained is pract ica!! / colncident w i t h tha t ob-
tained f o r human and bacterial genes (From Bernardi G., Bernardi G., I 9 9 I , J. 
Mol. Evo/., in press). 



Isochores, chromosomal bands and 241 
compositional mappíng 

I socho res a re c o r r e l a t e d w i t h c h r o m o s o m a l G-bands ( G l e m s a 
p o s i t i v e o r G i e m s a - d a r k b a n d s ; t h e s e a r e e q u i v a l e n t t o Q -
bands o r Q u i n a c r i n e bands) and R-bands (Reverse bands; equ iv 
a len t t o G l e m s a - n e g a t l v e o r G l e m s a - l i g h t bands) . T h e s e bands 
are p r o d u c e d by t r e a t i n g m e t a p h a s e c h r o m o s o m e s w i t h f l u o -
r e s c e n t dyes p r o t e a s e s o r d e n a t u r i n g agen ts , G C - p o o r a n d 
G C - r i c h i s o c h o r e s la rge ly c o r r e s p o n d t o t h e D N A o f G - and 
R-bands respec t i ve l y , as i n d i c a t e d by t h e p r o p e r t i e s t h a t t h e y 
sha re (see t a b l e I ) . G - a n d R-bands r e p r e s e n t , t h e r e f o r e , a 
c o m p o s i t i o n a l p a t t e r n basical ly c o r r e s p o n d i n g t o t h e i s o c h o r e 
p a t t e r n . I t s h o u l d be s t r essed t h a t , in c o n t r a s t t o w a r m - b l o o d -
ed v e r t e b r a t e s , c o l d - b l o o d e d v e r t e b r a t e s a r e c h a r a c t e r i z e d by 
a p o o r n e s s o r absence o f d i s t i n c t G - and R- bands, r e f l ec t i ng 
t h e l o w e r c o m p o s i t i o n a l c o m p a r t m e n t a l i z a t i o n o f t h e i r g e -
n o m e s . 

A m o r e de ta i led unde rs tand ing o f t h e c o r r e l a t i o n s b e t w e e n iso
c h o r e pa t te rns and c h r o m o s o m a l band ing pa t te rns can be gained 
t h r o u g h a nove l app roach : composit ional mapping. W h e n e v e r long-
range phys ica l maps a r e avai lab le , c o m p o s i t i o n a l maps can be 
c o n s t r u c t e d by assessing G C levéis a r o u n d landmarks t h a t can be 
p r o b e d . Th is s imp ly requ i res t h e hyb r i d i za t i on o f t h e p r o b e s o n 
D N A f r a c t i o n a t e d a c c o r d i n g t o base c o m p o s i t i o n and leads t o 
t he assessment o f G C levéis o f D N A segments 200 kb o r so in 
size a r o u n d t h e sequence p r o b e d . 

This app roach , as app l ied t o t h e long a r m o f human c h r o m o s o m e 
21 (see f ig. 5 ) , has p r o v i d e d a d i r e c t d e m o n s t r a r o n f o r t h e r e -
m a r k a b l e c o m p o s i t i o n a l h o m o g e n e i t y o f G - b a n d s and f o r t h e 
compos i t i ona l h e t e r o g e n e i t y o f R-bands. T h e la t te r are k n o w n t o 
c o r r e s p o n d t o d i f f e ren t fami l ies o f G C - r i c h i sochores and also t o 
c o m p r i s e a large n u m b e r o f t h i n G-bands o n l y v is ib le a t high r e -
so lu t i on . 

Table I: The Human Genome (a) 

The Pofeogenome The Neogenome 
(G-bands, GC-poor isochores) (R-bands, GC-r ich isochores) 

Scarcity of genes Abundance of genes 

(esp. in H3) 
GC-poo r genes GC- r i ch genes 
Scarcity of C p G islands Abundance of C p G islands 
T A T A box p r o m o t o r s G/C box p r o m o t o r s 
Less f requent homogenei ty Composi t iona l heterogenei ty 
Late repl icat ion Early repl icat ion 

(a) Modif ied f r o m Bernardi (1989); see this reference fo r addit ional details. 
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Figure 5 . -Compos i t i ona l map o f t he long a rm of human c h r o m o s o m e 2 1 . Long 
ho r i zon tal lines indícate pos i t ions o f t h e b reakpo in ts def in ing c h r o m o s o m e 
segments. Shor t hor izonta l bars indícate the D N A fract ions in wh ich sequences 
f r o m given c h r o m o s o m a l segments hybr id ized. This prov ides In fo rmat ion on 
t h e c o m p o s i t i o n o f D N A s e g m e n t s 0 .2 -0 .3 M b (Megabases , m i l l i o n s o f 
base pairs) in size ( F r o m Gard ine r K., Aissani B., Bernard i G., 1990, EMBO 
J. 9, 1853-1858). 

C o m p o s i t i o n a l m a p p i n g has a lso s h o w n t h a t t h e G C - r i c h e s t 
i s o c h o r e s o f t h e l o n g a r m o f c h r o m o s o m e 2 1 , w h i c h has t h e 
h i ghes t gene c o n c e n t r a t i o n , a r e l o c a t e d in t h e t e l o m e r i c r e 
g i ó n . In fac t , t e l o m e r e s a l m o s t a lways c o r r e s p o n d t o R-bands, 
and t h e t e r m i n a l r e g i ó n o f a b o u t hal f o f t h e m ( i n c l u d i n g t h a t o f 
t h e l o n g a r m o f c h r o m o s o m e 2 1 ) a re t h e m o s t d e n a t u r a t i o n -
res i s tan t r eg ions o f h u m a n c h r o m o s o m e s . W e have suggested , 
t h e r e f o r e , t h a t t h e G C - r i c h e s t i s o c h o r e s c o r r e s p o n d t o such 
t e l omer i c regions, a po in t a l ready suppo r ted by pre l im inary results. 

T h e c o m p o s i t i o n a l mapp ing o f human c h r o m o s o m e 2 1 , ca r r i ed 
o u t as i t was w i t h o n l y 50 p r o b e s t a r g e t e d a t loc i sca t te red o v e r 
a b o u t 4 0 M b (megabases o r mi l l ions o f base pairs) o f D N A , can 
on l y be c o n s i d e r e d as p re l im ina ry w o r k . A s m o r e de ta i led c o m 
pos i t iona l maps b e c o m e avai lable, t h e y shou ld p r o v i d e t h e best 
h igh - reso lu t i on band ing maps o f c h r o m o s o m e s , w i t h o u t t h e un -
cer ta in t ies o f cy togene t i cs . 

Isochores and genome functíons 

A l t h o u g h w e a r e o n l y beg inn ing t o u n d e r s t a n d t h e f u n c t i o n a l 
re levance o f i socho res , s o m e i m p o r t a n t po in ts a re a l ready estab-



l ished: (i) I n teg ra ted m o b i l e and v i ra l sequences are p re fe ren t ia l l y 243 
loca ted in c o m p o s i t i o n a l l y ma tch ing i sochores ; (ii) t r ans loca t ions , 
s is te r c h r o m a t i d exchanges , c h r o m o s o m a l a b n o r m a l i t i e s , h o t -
spots f o r m i t o t i c ch iasmata and fragi le sites a re p re fe ren t ia l l y l o 
cated a t G /R band b o r d e r s and w i t h i n R bands, namely a t c o m p o -
s i t i o n a l d i s c o n t i n u i t i e s ; ( i i i ) G C l evé i s o f i s o c h o r e s l a r g e l y 
d e t e r m i n e c o d o n usage ( the d i f fe ren t ia l usage o f s y n o n y m o u y s 
codons ) and t h e p re fe ren t ia l u t i l i za t ion o f half o f t h e aminoac ids 
( those o n l y haing G / C o r A / T in f i r s t and second c o d o n pos i -
t i ons ) ; (iv) C p G doub le ts , t h e on l y po ten t ia l sites o f D N A m e t h y l -
a t i o n , and " C p G is lands" (sequences w h i c h c o m p r i s e G / C - r i c h 
p r o m o t o r s ) , increase f r o m G C - p o o r t o G C - r i c h i socho res ; (v) 
G C - r i c h i socho res and R-bands rep l ícate ear ly and condense late 
in t h e cell cyc le ; t h e o p p o s i t e is t r u e f o r G C - p o o r i sochores and 
G-bands. 

Isochores and genome evolution 

T h e c o m p o s i t i o n a l pa t t e rns o f v e r t e b r a t e s def ine t w o m o d e s in 
g e n o m e e v o l u t i o n . In t h e conservot/Ve mode, w h i c h is p r e d o m i n a n t 
in mamma ls and b i rds , m u t a t i o n s accumu la te w i t h o u t causing a l -
m o s t any c o m p o s i t i o n a l changes in t h e g e n o m e . Th is can be seen 
by invest igat ing t h e c o m p o s i t i o n a l d i s t r l b u t i o n o f D N A f ragments 
and t h e c h r o m o s o m a l band ing pa t te rns , o r , in t h e m o s t r i go rous 
way , by c o m p a r i n g h o m o l o g o u s cod ing sequences. Fo r instance, 
in p h y l o g e n e t i c a l l y d i s t a n t m a m m a l s , h o m o l o g o u s c o d i n g se 
quences d o n o t s h o w c o m p o s i t i o n a l changes, n o t on l y in f i r s t and 
second , b u t also in t h i r d c o d o n pos i t i ons . 

By con t ras t , in t h e transit ional mode large c o m p o s i t i o n a l changes 
take place, i ndependen t l y o f geolog ica l t i m e and s o m e t i m e s o v e r 
s h o r t t i m e i n t e r v a l s . T w o i n d e p e n d e n t , m a j o r c o m p o s i t i o n a l 
t r ans i t i ons o c c u r r e d in v e r t é b r a t e g e n o m e s , b e t w e e n n o w e x -
t i n c t rep t i les ( theraps ids) and mamma ls a b o u t 200 m i l l i on years 
ago, and b e t w e e n o t h e r e x t i n c t r ep t i l es (d inosau rs ) and b i r ds 
a b o u t 150 m i l l i on years ago. T h e s e t rans i t i ons are ev iden t w h e n 
l o o k i n g a t t h e c o m p o s i t i o n a l d i s t r l b u t i o n o f D N A f r a g m e n t s 
(fig. I ) , and o f c o d i n g sequences (f ig. 2 ) , i nc lud ing h o m o l o g o u s 
cod ing sequences, and also a t c h r o m o s o m a l bands. Indeed, these 
t rans i t i ons led t o t h e f o r m a t i o n o f a n e w c o m p o s i t i o n a l c o m p a r t -
men t in t h e genomes o f w a r m - b l o o d e d ver tebra tes , t h e neogenome 
(see tab le I ) . In th is c o m p a r t m e n t , t h e ancest ra l , G C - p o o r iso
chores w e r e changed i n t o G C - r i c h i sochores t h a t con ta in abun-
dan t G C - r i c h genes, v e r y f r e q u e n t l y assoc ia ted w i t h " C p G is
lands" . By c o n t r a s t , t h e o t h e r c o m p a r t m e n t o f t h e g e n o m e o f 
w a r m - b l o o d e d v e r t e b r a t e s , t h e po /eogenome (see t a b l e I ) , is 
charac te r i zed by its s im i la r i t y t o w h a t i t was , and sti l l is, in c o l d -
b l o o d e d v e r t e b r a t e s . T h e G C - p o o r i s o c h o r e s c o n t a i n r e l a -
t ive ly sparse G C - p o o r genes t h a t a re o n l y ra re l y accompa ined by 
" C p G is lands". 
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T h e f indings ob ta ined in o u r l a b o r a t o r y w e r e p r e s e n t e d h e r e in 
o r d e r t o stress t w o po in ts . 

T h e f i r s t is t h a t basic sc ience can g o fas te r and d e e p e r t h a n any 
b r u t e f o r c é a p p r o a c h , if t h e goa l is t o push o u r k n o w l e d g e 
f u r t h e r . A w h o l e ser ies o f n e w i m p o r t a n t c o n c e p t s have been 
d e v e l o p e d d u r i n g t h e inves t iga t ions d iscussed h e r e : composi t ion
a l contraints ac t o n b o t h c o d i n g and n o n - c o d i n g sequences o f 
t h e e u k a r y o t i c g e n o m e and lead t o t h e f o r m a t i o n o f composit ion
a l pat terns ( c o r r e s p o n d i n g t o a genome phenotype) and t o com-
posit ional correlations ( c o r r e s p o n d i n g t o a genomic code) b e t w e e n 
c o d i n g and n o n - c o d i n g s e q u e n c e s , as w e l l as a m o n g c o d o n 
p o s i t i o n s . C o m p o s i t i o n a l p a t t e r n s a t t h e D N A l e v e l h a v e a 
c o u n t e r p a r t a t t h e ch romosoma l level, G C - p o o r , G C - r i c h and 
G C - r i c h e s t i s o c h o r e s c o r r e s p o n d i n g t o t h e D N A s e g m e n t s 
p r e s e n t in G - , and T -bands . T h e funct iona l signif icance o f i so 
c h o r e s is ma in l y s t r e s s e d by t h e d i s t r i b u t i o n o f genes w h i c h 
a re scare in G C - p o o r i s o c h o r e s , i n t e r m e d í a t e in f r e q u e n c y in 
G C - r i c h i s o c h o r e s , v e r y a b u n d a n t in t h e G C - r i c h e s t i s o c h o r e s , 
and by t h e fac t t h a t b o t h c o d o n usage and a m i n o a c i d c o m p o s i -
t i o n c h a n g e in g e n e s p r e s e n t in t h e s e t h r e e c o m p o s i t i o n a l 
c o m p a r t m e n t s o f t h e g e n o m e . F r o m t h e e v o l u t i o n a r y v i e w -
p o i n t , t w o m o d e s o f g e n o m e e v o l u t i o n have b e e n r e c o g n i z e d : 
t h e conservot/Ve mode in w h i c h n u c l e o t í d e changes o c c u r w i t h -
o u t any c o n c o m i t a n t c o m p o s i t i o n a l change, a n d t h e t ransi t ion-
a l mode, in w i c h n u c l e o t i d e changes a r e a c c o m p a n i e d by c o m 
p o s i t i o n a l changes . T h e c o n s e r v a t i v e m o d e p r e d o m i n a t e s in 
t h e g e n o m e o f w a r i f h b l o o d e d v e r t e b r a t e s w h i c h s h o w s im i la r 
c o m p o s i t i o n a l p a t t e r n s . T h e t r a n s i t i o n a l m o d e w a s a t w o r k at 
t h e t i m e w a r m - b l o o d e d v e r t e b r a t e s e v o l v e d f r o m c o l d - b l o o d 
ed v e r t e b r a t e s and is r a t h e r w i d e s p r e a d in c o l d - b l o o d e d v e r -
t e b r a t e s . 

T h e s e c o n d p o i n t s is t h a t , in sp i te o f t h e fac t t h a t n o goa l o t h e r 
t h a n f u r t h e r i n g OUr k n o w l e d g e m o t i v a t e d o u r w o r k , t h e basic 
f ind ings j u s t o u t l i n e d have led t o n o t i o n s w h i c h a r e e x t r e m e l y 
i m p o r t a n t f o r t h e H u m a n G e n o m e P r o j e c t : a) g e n e c o n c e n t r a -
tiúfí in t h e g e n o m e is c h a r a c t e r i z e d by a c o m p o s i t i o n a l g r a -
d i e n t ; génes a r e a t least 15 t i m e s m o r e f r e q u e n t in t h e G C -
r i c h e s t i s o c h o r e s w h i c h r e p r e s e n t less t h a n 5 % o f t h e g e n o m e 
t h a n in t h e G C - p o o r i s o c h o r e s w h i c h r e p r e s e n t o v e r 6 0 % o f 
t h e g e n o m e ; th i s pu ts a h igh p r i o r i t y o n m a p p i n g and sequenc ing 
o f t h e G C - r i c h e s t i s o c h o r e s w h i c h a p p e a r t o be l o c a t e d in 
T - b a n d s o f m e t a p h a s e c h r o m o s o m e s ; b) c o m p o s i t i o n a l m a p 
p ing de f ines t h e c o m p o s i t i o n a l p a t t e r n t h a t D N A f o l l o w s a long 
t h e c h r o m o s o m e ; as such i t i den t i f i es , m u c h b e t t e r t h a n c y t o -
gene t i cs can d o , t h e u l t í m a t e b a n d i n g p a t t e r n o f c h r o m o s o m e s 
and p ins d o w n t h e r e g i o n s c h a r a c t e r i z e d by t h e h ighes t gene 
c o n c e n t r a t i o n s . 
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A B S T R A C T 

A blood reiationship can be specified by means o f a 
genetic test that entails the mythocondr ia l A D N . 
This kind o f tests hove been comed out in Argentina 
in order for their families to recover newbom child-
ren who had been kidnapped or had disappeared 
between 1976 and 1983. The human mythocondrial 
A D N is inherited through the mother and has been 
totally sequenced. Consequently, it is part icular ly 
useful when it is a question o f establishing an indi-
vidual's maternal blood relationships. The technique 
consists o f the analysis o f this A D N m t by means o f 
restriction enzymes or by the chain-reaction by poly-
merasa (PCR). All this is just one instance o f the use-
fulness and use o f genetic information. 





Introductíon: the hístoncal context 249 

B e t w e e n M a r c h 1976 and D e c e m b e r 1983, t h e Republ ic o f A r 
gent ina w a s c o n t r o l l e d by a ser ies o f m i l i t a r / jun tas t h a t a b d u c t -
ed , t o r t u r e d , and m u r d e r e d t h o u s a n d s o c i t i zens ( A m n e s t y I n 
t e r n a t i o n a l 1980; I n t e r a m e r i c a n C o m m i s i o n o n H u m a n Rights 
1980). T h e m i l i t a r / g o v e r n m e n t u l t ima te l y fel l f o l l o w i n g t h e i r d e -
feat in t h e Malv inas-Palk lands W a r . T h e t o t a l n u m b e r o f v i c t ims 
o f ex t ra jud ic ia l e x e c u t i o n w i l l p r o b a b l y neve r be k n o w n , b u t in 
D e c e m b e r 1983, t h e new ly -e l ec ted d e m o c r a t i c g o v e n m e n t estab-
l ished t h e N a t i o n a l C o m m i s s i o n o n t h e D i sappea rance o f Per -
sons ( C O N A D E P ) , w i t h t h e r e q u e s t t h a t th is c o m m i s s i o n d o c u -
m e n t , i n s o f a r as p o s s i b l e , t h e h i s t o r y o f d i s a p p e a r a n c e s o f 
c i t izens d u r i n g t h e p e r i o d o f m i l i t a r y ru le . By S e p t e m b e r 1984, 
C O N A D E P had p r e p a r e d ev idence o n 8 8 0 0 v i c t ims . C O N A D E P 
and h u m a n r igh ts o rgan i zac t i on be l ieve t h e actual n u m b e r o f " d i s -
a p p e a r e d " pe rsons t o be m u c h h igher ( N a t i o n a l C o m m i s s i o n o n 
D isappeared Persons, 1984). 

W e have b e e n i n v o l v e d in he lp ing t o i den t i f y a specia l subse t o f 
t hese v i c t i m s . T h e s e a r e t h e 2 1 0 c h i l d r e n w h o w e r e k i d n a p p e d 
at b i r t h o r as in fants by m i l i t a r y and pó l i ce w h o m u r d e r e d t h e i r 
pa ren ts and r e t a i n e d o r so ld t h e c h i l d r e n . U n l i k e t h e o l d e r v i c 
t i m s o f t h e " D i r t y W a r " , m a n y o f t h e s e v e r y y o u n g c h i l d r e n r e -
ma ined a l ive, b u t w e r e m a d e t o " d i s a p p e a r " (Abue las de Plaza 
de M a y o , 1985) . In 1977, d u r i n g t h e p e r i o d o f m i l i t a r y r u l e , t h e 
surv iv ing re la t ives o f k i dnapped ch i l d ren f o r m e d t h e G r a n d m o t h -
ers o f t h e Plaza de M a y o , a h u m a n r igh ts g r o u p d e v o t e d t o f i n d -
ing k i d n a p p e d c h i l d r e n and r e u n i t i n g fami l ies . T h r o u g h pe rs i s -
t e n t c o l l e c t i o n and f o l l o w - u p o f c i r c u m s t a n t i a l e v i d e n c e , t h e 
G r a n d m o t h e r s began t o l ó c a t e t h e i r k i d n a p p e d g r a n d c h i l d r e n , 
p r i m a r i l y in t h e h o u s e h o l d s o f m i l i t a r y and pó l i ce of f ic ia ls and 
t h e i r c o l l a b o r a t o r s (Nos ig l i a 1985) . 

It s o o n b e c a m e a p p a r e n t t o t h e G r a n d m o t h e r s t h a t i t w a nec-
essary, b u t n o su f f i c ien t , t o es tab l ish t h a t a speci f ic ch i l d w a s a 
k i dnap v i c t i m . I t w a s a lso n e c e s s a r y t o es tab l i sh each ch i l d ' s 
t r u e i den t i f y by o b j e c t i v e means . A f t e r t h e fall o f t h e m i l i t a r y 
and t h e e l e c t i o n o f a d e m o c r a t i c g o v e r n m e n t , i t b e c a m e poss i 
ble t o b r i n g charges in A r g e n t i n i a n c o u r t s against t h e k i d n a p -
pers o f t h e c h i l d r e n . T h e G r a n d m o t h e r s t h e r e f o r e asked g e n e t -
icists f o r he lp in es tab l i sh ing o b j e c t i v i l y t h e i den t i t i es o f t h e s e 
g r a n d c h i l d r e n . In June 1984, a t t h e r e q u e s t o f t h e G r a n d m o t h 
ers o f t h e Plaza de M a y o and C O N A D E P , w e f i r s t t r a v e l l e d t o 
Buenos A i r e s t o he lp d e v o t e d p r o c e d u r e s f o r gene t i c Iden t i f i ca 
t i o n o f k i d n a p p e d c h i l d r e n . 

In 1984, g e n e t i c re la t i onsh ips w e r e m o s t e f fec t i ve ly es tab l i shed 
using se ro log i ca l t e s t i n g o f H L A ant igens a t t h e A , B, C ; and D R 
loc i ( A l b e r t e t a l . 1984) . T h e i n m u n o g e n e t i c s l a b o r a t o r y o f A n a 
M a r i a D i L o n a r d o a t t h e D u r a n d H o s p i t a l in B u e n o s A i r e s , 



250 w h i c h was e x p e r i e n c e d in H L A sero log ic t yp ing , agreed t o unde r -
t a k e t h e i d e n t i f i c a t i o n p r o j e c t . T h a t l a b o r a t o r y has b e e n 
success fu l ¡n e s t a b l i s h i n g t h e i d e n t i t i e s o f a la rge n u m b e r o f 
c h i l d r e n and in p r e s e n t i n g ev idence t o t h e A r g e n t i n i a n c o u r t s 
t h a t has led t o t h e r e u n i f i c a t i o n o f fami l ies ( D i L o n a r d o e t al . 
1984; D i a m o n d 1987) . 

In t h e i n t e r ven ing s ix years , w e have e x t e n d e d t h e gene t i c ap-
p roaches app l ied t o establ ish ing t h e i den t i t y o f t hese k idnapped 
ch i ld ren . T w o deve lopmen ts mo t i va ted th is w o r k . First, at t h e re -
q u e s t o f t h e G r a n d m o t h e r s and o t h e r h u m a n r igh ts o rgan iza -
t i ons , in 1985 t h e g o v e r n m e n t o f A r g e n t i n a establ ished t h e N a 
t i o n a l G e n e t i c D a t a B a n k . T h i s v o l u n t a r / s e r v i c e o f f e r s 
g randparen ts , aunts , úneles, cous ins, and o t h e r suviv ing re lat ives 
o f d isappeared c h i l d r e n t h e o p p o r t u n i t y t o have t h e i r b l o o d sam-
p led , H L A s e r o l o g y d e t e r m i n e d , and w h i t e cells s t o r e d f o r ex -
t r a c t i o n o f D N A . Pedigrees d o c u m e n t i n g t h e re la t ionsh ips o f sur -
v iv ing re lat ives t o t h e m u r d e r e d paren ts and missing ch i l d ren are 
also c o n s t r u c t e d . T h e i n t e n t o f t h e legis lat ion is t h a t as ch i l d ren 
are d i scove red w h o a re k idnap v i c t ims , t h e i r ident i t ies can be de
t e r m i n e d by m a t c h i n g t o ch i ld t o surv iv ing re lat ives. Several h u n -
d r e d surv iv ing re la t ives have c o n t r i b u t e d t o t h e D a t a Bank in t h e 
past f i ve years . C o n s e q u e n t l y , as k idnap v i c t i m s a re f o u n d f o r 
w h o m l i t t le c i r cums tan t i a l ev idence o f i den t i t y ex is ts , each m u s t 
be m a t c h e d against m ú l t i p l e fami l ies. T o establ ish i den t i t y w i t h a 
suf f ic ient ly high level o f stat is t ical ce r t a i n t y u n d e r these c i r c u m -
stances usually r equ i res ma tch ing t o m o r e t han o n e genet ic l ink-
age g r o u p . 

T h e s e c o n d d e v e l o p m e n t d u r i n g t h e p r o j e c t has been t h e ap-
pearance o f fami l ies w i t h f e w su rv i v ing re la t i ves : deaths d u r i n g 
t h e mi l i ta ry p e r i o d , fear o n t h e pa r t o f s o m e surv ivors , and subse-
q u e n t dea ths f r o m na tu ra l causes have all t a k e n t h e i r t o l l . I t is 
n o u n c o m m o m f o r a fami l y search ing f o r a miss ing ch i ld t o in -
c lude o n l y t h e m a t e r n a l l ineage, s o m e t i m e s o n l y t h e m o t h e r o r 
a s is te r o r b r o t h e r o f t h e m u r d e r e d m o t h e r o f a k i dnap v i c t i m . 
T h e r e f o r e , i t has been necessary t o d e v e l o p a gene t i c a p p r o a c h 
t h a t p e r m i t s t h e i d e n t i t y o f a ch i l d t o be d e t e r m i n e d even if 
o n l y a single m a t e r n a l re la t i ve is a l ive. W e have appp l i ed t h e se-
q u e n c i n g o f m i t o c h o n d r i a l D N A t o t h i s t a s k ( N e w S c i e n t i s t 
1989; O r r e g o e t a l . 1988) . 

Mitochondrial DNA (mtDNA) 
as a genetic system for testing 
relationship 

A w i d e v a r i e t y o f h u m a n sequences w i l l u n d o u b t e d l y be used 
eventua l ly t o t e s t w h e t h e r t w o indiv iduáis a re re la ted . W e chose 



m t D N A f o r th i s p r o j e c t f o r severa l reasons . M t D N A is hap lo i d , 25 I 
m a t e r n a l l y i n h e r i t e d ( G i l e s e t a l . 1 9 8 0 ; H e c h t e t a l . 1 9 8 4 ) , 
and h o m o p l a s t i c w i t h l n ind iv iduá is ( W i l s o n e t al. 1985; K o c h e r 
e t a l . 1989) . T h e r e f o r e , each i nd i v i dua l has e x a c t l y t h e same 
m t D N A as his s ib l i ngs , m a t e r n a l a u n t s a n d úne les , m a t e r n a l 
g r a n d m o t h e r , c o u s i n s v ia t h e m o t h e r ' s s i s te rs , and so o n , as 
i l l us t ra ted in F igure I. S e c o n d , h u m a n m t D N A has been c o m -
p l e t e l y s e q u e n c e d ( A n d e r s o n e t a l . 1981) . T h i r d , h u m a n m t 
D N A has e v o l v e d m o r e rap id l y t h a n nuc lea r D N A and is ex -
t r e m e l y var iab le a m o n g indiv iduáis. Th is d i ve rs i t y has enab led t h e 
c o n s t r u c t i o n o f e v o l u t i o n a r y t r e e s f o r humans based o n r e s t r i c -
t i o n e n z y m e analysis o f m t D N A ( C a n n e t al . 1984; W i l s o n e t al . 
1985; C a n n e t al. 1987; W i l s o n e t al. 1987) . Final ly, t h e i n t r o -
d u c t i o n o f t h e p o l y m e r a s e cha in r e a c t i o n , o r PCR, g rea t l y s i m -
p l i f ied sequence analysis by e l i m i n a t i n g t h e need t o cha in reac
t i o n , o r PCR, g r e a t l y s imp l i f i ed sequence analysis by e l im ina t i ng 
t h e need t o c l o n e t h e t a r g e t D N A in o r d e r t o g e n é r a t e suf f i -
c ien t D N A f o r sequenc ing (Scharf e t al. 1986; Mul l is and R a b o n a 
1987; G y l l e n s t e n 1989) . 

T h e c o n t r o l r e g i ó n o f m t D N A , near t h e o r i g i n o f r e p l i c a t i o n , is 
pa r t i cu l a r l y d i ve rse a m o n g ind iv iduá is . T h e m t D N A c o n t r o l r e 
g i ó n (a lso ca l led t h e d isp lace m e n t o r D - l o o p ) is a r e g i ó n o f 
1200 base pai rs f l anked by t R N A ( P r o ) and t R N A (Phe) genes. 
T h e c o n t r o l r e g i ó n does n o t c o d e f o r any genes, w h i c h pe rhaps 
has re leased i t f r o m s t r i c t n u c l e o t i d e c o n s e r v a t i o n . In t h e c o n 
t r o l r e g i ó n , b l ocks o f sequences c o n s e r v e d a m o n g m a m m a l i a n 
species a re sepa ra ted by reg ions o f h igh sequence d i v e r s i t y ( A n 
d e r s o n e t al . 1981) . O b v i o u s l y , m t D N A sequences w i l l se rve t o 
iden t i f y t h e m a t e r n a l leneages d i f f e r in sequence in t h e t a r g e t 
r eg ión . T h e r e f o r e i t is c ruc ia l t o be able t o d e t e r m i n e t h e p r o b -
ab i l i t y t h a t u n r e l a t e d ind iv iduá is w o u l d be iden t i ca l by chance 
a lone . W e have c o m p a r e d h y p e r v a r i a b l e p o r t i o n s o f t h e m t 
D N A c o n t r o l r e g i ó n f r o m 14 u n r e l a t e d Caucas ian ind iv iduá is 
( A n d e r s o n e t al . 1 9 8 1 ; A q u a d r o and G r e e n b e r g 1983; G r e e n -
b e r g e t al . 1983; O r r e g o and K i n g 1990) . O f t h e 3 4 7 n u c l e o t i d e 
sites c o m p a r e d , 32 w e r e va r iab le . W h e n t h e sequences w e r e 
c o m p a r e d b e t w e e n ind iv iduá is in pa i rs , t h e n u m b e r o f d i f f e r -
ences ranged f r o m o n e t o 13 n u c l e o t i d e s ; t h e average p a i r w i s e 
d i f f e rence w a s 5.9 n u c l e o t i d e s . F o r t h e s e 3 4 7 base pa i rs , t h e 
p r o b a b i l i t y t h a t t w o u n r e l a t e d ind iv iduá is w o u l d be i nden t i ca l 
by chance is a p p r o x i m a t e l y o n e in 370 ( O r r e g o and K i n g 1990) . 
T h e r e f o r e , th i s sequence o f m t D N A c o u l d c o n t r i b u t e t o i d e n t i -
f i c a t i o n o f m a t e r n a l l ineages. By s e q u e n c i n g m o r e o f t h e m t 
D N A c o n t r o l r e g i ó n , w e can i m p r o v e t h e s ta t is t ica l p o w e r o f 
I den t i f i ca t i on . 

In o r d e r t o tes t w h e t h e r hypervar iable sequences o f t h e m t D N A 
c o n t r o l reg ión are indeed conserved in human families, and in o r 
der t o c o n f i r m t h e materna l inher i tance o f m t D N A , w e selected 
D N A samples f r o m t h r e e unre la ted Caucasian ch i ld ren and t h e un -
disputed materna l g r a n d m o t h e r o f each. T h e six samples w e r e a m -



252 pl i f ied and sequenced w i t h o u t labels indicat ing w h o was re la ted t o 
w h o m . Match ing ch i ldren t o t he i r g randmo the rs was unambiguous. 

Testíng relationships ín Argentina 

A s t h e resu l t o f t h e e f fo r t s o f t h e G r n a d m o t h e r s , 4 8 o f t h e 210 
c h i l d r e n k n o w n t o have been k i d n a p p e d a t b i r t h o r in in fancy 
have been iden t i f i ed , 12 Ident i f i ca t ions a re n o w in p rogress , and 
150 ch i l d ren a re n o t y e t f o u n d . S o m e o f these cases w i l l be dis-
cussed in de ta l l a t t h e s y m p o s i u m M e a n w h i l e , b l o o d samples 
c o n t i n u é t o be co l l ec ted f r o m t h e h u n d r e d s o f su rv iv ing re lat ives 
w h o are search ing f o r k idnapped c h i l d r e n . These b l o o d samples 
are f r o z e n in Buenos A i r e s , t h e n sent t o us f o r D N A e x t r a c t i o n 
and m t D N A sequence analysis. 

T h e m a j o r c o n c e r n u n d e r l y i n g t h i s w o r k is t o d o w h a t is bes t 
f o r t h e c h i l d r e n (Abue las de Plaza de M a y o 1984) . C l e a r l y , c i r -
c u m s t a n c e s v a r y e n o r m o u s i y a n d t h e c u s t o d y o f each c h i l d 
m u s t be d e c i d e d i n d i v i d u a l l y . A f e w o f t h e c h i l d r e n b o r n in 
c a p t i v i t y o r k i d n a p p e d as in fants w e r e a d o p t e d in f o o d fa i th by 
fami l ies w i t h n o t i es t o t h e m i l i t a r y . T h e r e s o l u t i o n s o f t h e s e 
e x c e p t i o n a l cases have gene ra l l y been amicab le , w i t h t h e c h i l d 
r e n b e i n g t o l d t h e t r u t h a b o u t t h e i r b i o l o g i c a l p a r e n t s and 
s p e n d i g t i m e w i t h b o t h t h e i r b i o l og i ca l and a d o p t i v e fami l ies . 
H o w e v e r , t h e cases o f c h i l d r e n l iv ing w i t h m i l i t a r y o r pó l i ce of-
f i ce rs i n v o l v e d in t h e t o r t u r e and m u r d e r o f t h e i r p a r e n t s a re 
fa r m o r e d i f i cu l t . T h e s e have c o m p r i s e d t h e vas t m a j o r i t y o f 
c h i l d r e n d i s c o v e r e d so f a r . C e r t a i n l y u n d e r n o r m a l c i r c u m -
s tances , a ch i l d w o u l d n o t be le f t w i t h k i d n a p p e r s o r t h e i r ac-
c o m p l i c e s regard iess o f his age a t a b d u c t i o n . T h e n o t i o n o f as-
sess ing w h e t h e r p e r s o n s i n v o l v e d in k i d n a p p i n g , t o r t u r e , o r 
m u r d e r a r e su i t ab le p a r e n t s f o r t h e c h i l d r e n o f t h e i r v i c t i m s 
appears h igh ly un l i ke ly . 

K idnapp ing has un iversa l ly been c o s i d e r e d a c r i m e . Is t h e s i tua-
t i o n d i f f e ren t in A r g e n t i n a because k idnapp ing o c c u r r e d o n a large 
scale? T h e human r ights g r o u p s w i t h w h o m w e w o r k suggest t h a t 
t o abandon t h e search f o r t h e k idnapped ch i l d ren o f A r g e n t i n a 
is t o abandon a g r o u p o f ch i l d ren w h o w i l l n o t g r o w up in care-
f ree i nnocence . A s these ch i l d ren b e c o m e adul ts , w h a t w o u l d be 
t h e i r a t t i t u d e t o w a r d re lat ives w h o k n e w t h e y had d isappeared 
b u t d id noth ing? W h a t w o u l d be t h e ef fect o n a y o u n g p e r s o n t o 
learn he has l ived w i t h peop le invo lved in t h e m u r d e r s o f his par
en t s and t h a t his s u r v i v i n g re l a t i ves d i d n o t h i n g t o f i n d him? 
W o u l d fai l ing t o a t t e m p t t o ident i fy t h e k idnapped ch i ld ren impl ic -
i t l y g r a n t i m m u n i t y t o k i d n a p p e r s ? W o u l d t h i s i n c r e a s e t h e 
sense o f i nvu lnerab i l i t y o f abusers o f human r ights in o t h e r c o u n -
t r i e s ? T h e h i s t o r i c a l s i t u a t i o n t h a t l ed t o t h i s a p p l i c a t i o n o f 
gene t i c s t o h u m a n r igh ts is u n p r e c e d e n t e d . T h u s , a n s w e r s t o 



these ques t i ons o f e th ics , law, and men ta l hea i th a re deve lop ing 253 
w i t h o u r c u r r e n t expe r i ence . 

A s o f th is t i m e (fall 1990), t h e po l i t ica l s i tua t ion in A r g e n t i n a is 
much m o r e hos t i le t o t h e G r a n d m o t h e r s ' e f fo r t s t h a n d u r i n g t h e 
A l fons in p res idency o f 1984-1989. 

In par t i cu la r , i t is increasingly d i f f icu l t t o w o r k w i t h i n t h e A r g e n 
t in ian jud ic ia l sys tem. H o w e v e r , t h e G r a n d m o t h e r s r e m a i n u n -
daun ted . T h e y p o i n t o u t t h a t t h e average age o f t h e k idnapped 
ch i ld ren is n o w 15 years . V e r y s o o n , these ch i l d ren w i l l have t h e 
legal r i gh t t o d e t e r m i n e f o r t hemse lves t h e i r iden t i t ies . Fo r th is 
pu rpose , m t D N A sequences w i l l be avai lable. Even t h o u g h t h e 
g randpa ren t s o f a k idnapp ing v i c t i m may d ie b e f o r e t h e g r a n d -
chi ld is f o u n d , t h e y o u n g adul t 's ma te rna l l ineage w i l l be ident i f ia -
ble us ing t h e gene t i c I n f o r m a t i o n t h e G r a n d m o t h e r s have le f t 
beh ind . A y o u n g p e r s o n can t h e r e b y be p u t in t o u c h w i t h his 
fami ly - h i s surv iv ing aunts , úneles, and c o u s i n s - and his h i s to ry . 
For t h e past 13 years, t h e G r a n d m o t h e r s have been search ing f o r 
t h e i r k i d n a p p e d g r a n d c h i l d r e n . V e r y s o o n , t h e s e g r a n d c h i l d r e n 
w i l l c o m e l o o k i n g f o r t h e m . 
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A B S T R A C T 

The Human Genome Project is a biológica! research 
project with certain specific aspects derived from the 
scope o f its aim, it is predsely this broad scope that 
justifies the need for diverse work ing or research 
groups to particípate in i t 
The participation o f diverse scientists in a common 
aim means the production o f numerous data that 
should be made available to all the scientific com-
munity participating in the project 





H u m a n G e n o m e P r o j e c t advocates have emphas ized t h e i m p o r - 259 
tance o f rap id shahng o f resou rces and resul ts as an in tegra l p a r t 
o f th is p r o j e c t . W i t h o u t shar ing o f r esou rces a m o n g g e n o m e r e -
searchers , t h e p r o j e c t w¡! l be ¡nef f ic ient and w i l l t a k e t o o long 
and cos t t o o m u c h . Shar ing w i t h o t h e r s is also s t ressed because 
t h e resu l ts a re t o o i m p o r t a n t t o rema in in t h e hands o f a f e w . I 
w o u l d l ike t o discuss h e r e w h y b o t h shar ing a m o n g g e n o m e In -
ves t iga tors and shar ing w i t h o t h e r s a re cruc ia l t o t h e success o f 
t h e H u m a n G e n o m e Pro jec t . 

A l t h o u g h shar ing resu l t s as rap id l y as poss ib le is i n t u i t i ve l y " a 
g o o d t h i n g " and a behav io r t h a t w e valué, i t has n o t been insisted 
o n in o t h e r f ie lds o f b io log ica l research t o t h e e x t e n t t h a t i t has 
been p r o m o t e d vis á vis t h e H u m a n G e n o m e Pro jec t . In o r d e r t o 
u n d e r s t a n d w h y t h i s is so , seve ra l q u e s t i o n s n e e d t o be a d -
dressed: 

• H o w does t h e H u m a n G e n o m e P ro jec t d i f fe r f r o m b io log ica l 
sc ience in general? 

• H o w d o t hese d i f ferences re la te t o t h e issue o f sharing? 

• W h a t a re t h e p r o s and cons o f sharing? 

In discussing these ques t ions , I have a v e r y pract ica l ob jec t i ve . I 
am t h e manager o f a large g e n o m e grants p r o g r a m at t h e N a t i o n 
al Ins t i tu tes o f H e a l t h , c o n f r o n t e d w i t h t h e need t o set pol ic ies 
t ha t w i l l he lp and n o t h i nde r t h e H u m a n G e n o m e Pro jec t . I find 
myse l f a t t h e c e n t e r o f a g r e a t deal o f d iscuss ion o f issues o f 
shar ing and in r e c e i p t o f adv ice f r o m indiv iduáis w i t h o p p o s i n g 
interests. I need t o deal w i t h t h e ques t ion - w h a t is op t ima l shar ing 
b o t h w i t h i n t h e g e n o m e c o m m u n i t y and w i t h o t h e r s ? A t t h i s 
t i m e , I d o n o t bel ieve t h e r e is a s imple answe r t o th is q u e s t i o n . 

First, I w o u l d l ike t o discuss h o w t h e H u m a n G e n o m e P r o j e c t 
d i f fers f r o m s t a n d a r d b io log ica l r esea rch , a q u e s t i o n I a m f r e -
quen t l y asked. In s o m e ways, t h e H u m a n G e n o m e P r o j e c t is dif-
fe ren t , b u t in o t h e r s i t is jus t a na tura l c o n t i n u a t i o n o f b io log ica l 
t r ad i t i ons . 

T h e g e n o m e p r o j e c t has a large ob jec t i ve : t o o large f o r any single 
inves t iga tor t o a t t e m p t t o achieve in a l i fe t ime. A l t h o u g h t h e o b 
ject ive is large, i t is fa i r ly c lear and approachab le and lends i tsel f 
t o an o rgan i zed , co l l abo ra t i ve p r o g r a m . Because o f t h e large o b 
ject ive, t h e H u m a n G e n o m e P r o j e c t has been cal led " b i g sc ience " 
and accused o f be ing a t h r e a t t o " l i t t l e sc ience" . In fact , t h e H u 
man G e n o m e P r o j e c t is d is t inguished f r o m o t h e r b io log ica l p r o -
jects n o t so m u c h because i t is big, b u t because i t has a c lear 
goal , emphas izes t e c h n o l o g y d e v e l o p m e n t and a t t e m p t s cen t ra l 
c o o r d i n a t i o n . T h e s e cha rac te r i s t i cs have, i ndeed , caused s o m e 
pur is ts t o r e j ec t i t as n o t " s c i e n c e " a t all. B io log is ts have neve r 
a t t e m p t e d an o rgan ized p r o j e c t o f th is scope and v is ib i l i ty b e f o r e 



2 6 0 and t hus t h e y v i e w i t w i t h a la rm. H o w w e l l w e succeed w i l l ce r -
ta in ly in f luence t h e l i ke l i hood o f any f u t u r e a t t e m p t s a long these 
lines. 

A l t h o u g h t h e H u m a n G e n o m e P ro jec t is d i f f e ren t in having a big-
ger goal and be ing m o r e s t r u c t u r e d and c o o r d i n a t e d , i t can also 
be v i e w e d as a na tura l o u t g r o w t h o f a l ong t r a d i t i o n . Genet ic is ts 
have a lways been mak ing maps - m a p s a re a na tu ra l o rgan lz ing 
p r inc ip ie o r i n f r a s t r u c t u r e o n w h i c h genet ic k n o w l e d g e can be 
bui l t . Maps o f s imp le o rgan isms cou ld be made by a single ind iv id 
ual, t h o s e o f m o r e c o m p l e x organ isms r e q u i r e d s o m e ded ica ted 
soul w h o w o u l d co l lec t , o rgan ize , check, and publ ish t h e map as 
w e l l as r eso l ve d i sc repanc ies . Th i s k i nd o f ac t i v i t y w a s a t o n e 
t i m e highly va lued, t h o u g h i t was never everyone 's cup o f tea. T o 
day, w h e n t h e r e a re so many g l a m o r o u s th ings t h a t genet ic is ts 
can d o , mapp ing and assembly o f maps is cons ide red s o m e w h a t 
pedes t r ian by c o m p a r i s o n , b u t t h e map is sti i l j us t as i m p o r t a n t . 

T h e human map is d is t ingu ished f r o m p rev ious maps by g rea te r 
size and c o m l e x i t y and by t h e g r e a t e r deta l l w e are s t r i v ing fo r . 
Un t i l n o w , s o m e o n e l ike V i c t o r M c K u s i c k cou ld keep t r a c k o f all 
genet ic diseases o f man and t h e H u m a n G e n e Mapp ing W o r k -
shops k e p t t h e w h o l e map up t o date o n a biannual basis. Bu t t h e 
ra te o f data acqu is i t i on and t h e a m o u n t o f data is go ing t o in-
crease vastly and manual m e t h o d s and in fo rma l ge t - toge the rs wi l l 
no l onger be able t o cope . T h u s t h e human mapp ing e n t e r p h s e is 
n o t d i f f e r e n t f r o m p r e v i o u s ac t i v i t y b u t o n l y g r e a t e r in scope . 
T h e r e f o r e , i t r e q u i r e s m o r e o r g a n i z a t i o n and c o o r d i n a t i o n t o 
f l ou r i sh . 

W h y does th is c r é a t e a mánda te f o r m o r e shar ing t han is t r a d i -
t i ona l in biology? 

In s tanda rd b io log ica l r e s e a r c h , t h e emphas is is o n i nnova t i ve , 
or ig ina l ideas and t h e c r e a t i o n o f n e w k n o w l e d g e t h r o u g c lever -
ness and se rend ip i t y . Shar ing o f resul ts is e x p e c t e d a f te r t h e y are 
m a t u r e enough t o publ ish and f r ee exchange o f ideas a long t h e 
w a y is lauded, b u t w e d o n o t see any pa r t i cu la r v i r t u e t o insist ing 
o n m o r e . It is genera l l y be l ieved t h a t t h e a u t o n o m y o f indiv idual 
invest igators is needed f o r t h e best payof f and is indeed essential 
t o c rea t i ve research . 

A l t h o u g h t h e r e is r o o m f o r t h e id iosyncra t i c and se rend ip i t ous in 
t h H u m a n G e n o m e Pro jec t , m u c h o f w h a t w e are t r y i n g t o d o 
lends i tself v e r y w e l l t o t e a m w o r k , c o o r d i n a t i o n and shar ing o f 
mater ia ls and ideas. Indeed , t h e v e r y amb i t i ous goal t h a t has been 
set w i l l be d i f f i cu l t t o ach ieve unless sc ient is ts w o r k t o g e t h e r . 
F u r t h e r m o r e , w i t h o u t t h e benef i t s o f m u t u a l r e i n f o r c e m e n t , i t 
may be d i f f icu l t t o keep up t h e m o m e n t u m f o r 15 years ! Sharing 
w i l l a lso keep t h e c o s t d o w n by avo id ing u n p r o d u c t i v e dupl ica
r o n o f e f fo r t . Since t h e H u m a n G e n o m e P ro jec t is re la t ive ly ex-
pensive, i t is i m p o r t a n t t o be as e c o n ó m i c a ! as possib le. 



O n e th i ng I have b e c o m e acute ly a w a r e o f in t h e past year , is t h e 26 
c o n c e r n o f i n v e s t i g a t o r s n o t i n v o l v e d in t h e H u m a n G e n o m e 
Pro jec t t h a t all t h e exc i t i ng resu l ts w i l l be available t o on ly a se-
lect f e w and t h a t o t h e r sc ient is ts w i l l be lef t o u t . Th is fear is I 
t h i n k misp laced, because t h e r e is n o w a y t o ho ld o n t o so m u c h 
I n f o r m a t i o n p r o d u c e d in so many d i f f e r e n t l a b o r a t o r i e s . H o w -
ever, unless w e ac t t o allay t h e fear, t h e p r o j e c t may lose s u p p o r t 
and fail o n th is accoun t . W e m u s t make c lear t h a t t h e p u r p o s e o f 
t he g e n o m e p r o j e c t is t o deve lop fundamenta l I n f o r m a t i o n t o be 
shared w i t h t h e b r o a d e r c o m m u n i t y so t h a t i t can be used f o r i n -
novat ive research and t o d e v e l o p med ica l app l ica t ions . I t is i n -
c u m b e n t o n us t o share t h e resu l ts o f H u m a n G e n o m e research 
as rap id ly as possib le j us t because t h e y p r o m i s e t o be so valuable 
t o h u m a n k i n d . I n f o r m a t i o n t h a t can b e n e f i t all o f us m u s t be 
qu ick ly d issemina ted . 

Since rap id shar ing is such a v i r t u e and t h e a rgumen ts f o r i t so 
compe l l i ng , h o w c o u l d t h e r e be any th ing w r o n g w i t h it? Far be i t 
f r o m m e t o suggest t h a t t h e r e is, b u t I w a n t t o re lay s o m e c o n -
cerns t h a t a re be ing v o i c e d by t h o u g h t f u l peop le . 

• H o w can w e keep a sc ient is t i n t e res ted in a l ine o f w o r k , if t h a t 
sc ient is t does n o t have t h e o p p o r t u n i t y , a t least f o r a l im i ted 
t i m e , t o analyze t h e data he o r she l abo red f o r a long t i m e t o 
obtain? 

• In o r d e r t o p rese rve t h e incen t i ve f o r c o m m e r c i a l e x p l o i t a t i o n 
o f H u m a n G e n o m e P r o j e c t research , w e need t o p r o t e c t i n te l 
e c t u a l p r o p e r t y r ights . Rapid shar ing can lead t o messy t ra i ls 
f o r c la ims o f o w n e r s h i p , r e m o v i n g t h e p r o t e c t i o n needed t o 
p r o v i d e an i n c e n t i v e f o r i n v e s t m e n t . W i t h o u t i n v e s t m e n t , 
m u c h o f t h e benef i t o f t h e H u m a n G e n o m e Pro jec t may n o t 
occu r . 

Bo th o f t hese o b j e c t i o n s a re va l id and rea l . W e have asser ted 
t ha t w e are pursu ing t h e H u m a n G e n o m e P ro jec t f o r t h e publ ic 
g o o d , b u t w h a t is t h e publ ic g o o d in th is con tex t? Is i t m á x i m u m 
c o m m e r c i a l exp lo i ta t i on? Free and rap id access t o all w h o w a n t 
t he data? T h e m o s t incent ive f o r t h o s e ca r r y ing o u t t h e w o r k so 
i t gets done? These goals a re n o t all c o m p a t i b l e w i t h each o t h e r . 

I subm i t i t is n o n e o f t hese a lone , b u t a carefu l balance a m o n g 
t h e m . A s a manager faced w i t h se t t ing shar ing pol ic ies, I need t o 
deve lop po l ic ies t h a t avo id i n t e r f e r i n g e i t h e r w i t h p rog ress o n 
the H u m a n G e n o m e P ro jec t o r w i t h e x p l o i t a t i o n o f t h e resul ts 
f o r t h e publ ic benef i t . Such pol ic ies also m u s t be f lex ib le enough 
t o a c c o m m o d a t e t h e needs o f d i f f e ren t t ypes o f research , e.g., 
mapp ing i n f o r m a t i o n may need d i f f e ren t ru les f r o m sequenc ing 
I n f o rma t i on o r c o m p u t e r a lgo r i t hms . C u r r e n t l y , at t h e N I H , w e 
ask each g ran tee t o desc r ibe h o w t h e y w i l l share t h e i r resu l ts 
and nego t ia te w i t h t h e m if t h e plans d o n o t seem reasonable o r 
are o u t o f l ine w i t h w h a t o t h e r s a re do ing . Eventual ly, w e h o p e 



262 t h a t t h e va r ious scient i f ic c o m m u n i t i e s w i t h i n t h e g e n o m e p r o 
g r a m w i l l c o m e t o a consensus o n t h e a p p r o p r i a t e length o f t i m e 
i n v e s t i g a t o r s m a y h o l d v a r i o u s t y p e s o f da ta b e f o r e re leas ing 
t h e m t o a datábase o r publ ish ing t h e m . 

A n y shar ing po l i cy w e c o m e up w i t h m u s t be fa i r and equ i tab le 
and accep ted and ab ided by w o r l d w i d e . W i t h o u t a g r e e m e n t o n 
c o m m o n pr inc ip ies , I c a n n o t see h o w w e can have In te rna t iona l 
c o o p e r a t i o n . T r u e c o l l a b o r a t i o n r e q u i r e s a g r e e m e n t o n s o m e 
g r o u n d ru les. If w e d o i t r igh t , t h e H u m a n G e n o m e P r o j e c t cou ld 
b e c o m e an e x a m p l e o f h o w p lann ing, c o o p e r a t i o n and shar ing 
can be benef ic ial t o t h e a t t a i n m e n t o f se lec ted , i m p o r t a n t sc ien
t i f ic goals w i t h o u t be ing d e t r i m e n t a l t o t h e scient i f ic e n t e r p r i s e as 
a w h o l e . 
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A B S T R A C T 

In principie, advances in the scientific-technoíogicaí 
field occur so rapidly that it seems difficult to draw 
up an eth icaí code or a t t a i n e th ica l consensus 
among specialists in appiied genetics. However, this 
would pose the foliowing question: is it technology 
that dictates ethical norms or is it ethics itself that 
governs the application o f science and technology? 
Logically, an international ethical code should be set 
up for specialists in genetics that takes into account 
problems such as free cholee in the matter o f abor-
tion, confidentiality, respect for privacy or the use o f 
parental diagnosis, amongst others. 





T h a n k y o u , D r . Scr iver. M y s incere thanks t o t h e organizers o f th is 267 
mee t i ng f o r t h e inv i ta t i on t o c o m e he re . T h e t i t l e o f m y t a l k ¡s 
"Eth ics and H u m a n Gene t i cs A f t e r t h e H u m a n G e n o m e is Map-
p e d . " A f t e r a b r i e f d e s c r i p t i o n o f t h e m o s t p r e v a l e n t e th i ca l 
p r o b l e m s in app l ied human genet ics , I conc lude w i t h a p roposa l 
o f s o m e r u d i m e n t a r y e lemen ts o f an i n te rna t i ona l c o d e o f e th ics 
f o r human gent ic is ts . 

App l i ed human genet ics has f o u r serv ice act iv i t ies: genet ic sc reen-
ing ( o f c a r r i e r s and n e w b o r n s ) , counse l i ng , p rena ta l d iagnos is , 
and t r e a t m e n t o r med ica l m a n a g e m e n t o f genet ic d i s o r d e r s . A n y 
analysis o f e th ica l p r o b l e m s in th is f ie ld and any p r o p o s e d c o d e o f 
eth ics m u s t p resuppose and encompass these act iv i t ies . 

A n y c o n s i d e r a r o n o f e th ica l issues in human genet ics m u s t begin 
w i t h t h e un ique p o s i t i o n o f h u m a n genet ic is ts t o d a y . H u m a n - o r 
m e d i c a l - genet ic is ts a re unque ly s i tua ted a t t h e f i r s t m a j o r sub-
specia l i ty t o i n t e r a c t w i t h ind iv iduáis and fami l ies a b o u t gene t i c 
p r o b l e m s and dec is ions t o be made a b o u t gene t i c p r o b l e m s and 
dec is ions t o be m a d e a b o u t t h e m . Med ica l gene t i c i s ts a r e t h e 
m e d i a t o r s o f g e n e t i c k n o w l e d g e , g l e a n e d f r o m m a p p i n g a n d 
sequenc ing , t o pa t i en t s , fami l ies , and w h o l e p o p u l a t i o n s . T h e y 
also have t h e m o s t co l l ec t i ve e x p e r i e n c e in r e s p o n d i n g t o these 
p r o b l e m s . A n y s tudy o f these p r o b l e m s w o u l d w i se l y begin w i t h 
t h e m - a n d t h e i r p a r e n t s - t o u n d e r s t a n d t h e dynamics and o u t -
comes . 

T h e un ique pos i t i on o f human genet ic is ts in sc ience and soc ie ty 
leads t o m y m a j o r thes is , namely , t h a t th is g r o u p o f pro fess iona ls 
in many na t ions have a special respons ib i l i t y t o t a k e t h e lead t o 
w o r k o u t a p p r o a c h e s t o t h e e th ica l p r o b l e m s t h a t t h e y share 
w i t h t h e i r pa t ien ts . W h o can d o th is task b e t t e r t han t h e gene t i 
cists, in re f l ec t i on w i t h pat ients , t h e i r famil ies, and o t h e r s i n te res t -
ed in s tudy o f eth ica l p rob lems? 

Fou r p remises unde r l i e m y c o m m e n t s , based o n social scanning 
o f t h e f u t u r e , w h i c h is a r isky business. T h e f i r s t p r e m i s e is t h a t 
t h e H u m a n G e n o m e P r o j e c t w i l l succeed techn ica l l y . W h e t h e r 
t h e t i m e t a b l e w i l l be s h o r t e r (as D r . G i l b e r t bel ieves) o r l onger 
(as I bel ieve, given human na tu re , rebel l ions w i t h i n science, pol i t ical 
p r o b l e m s , etc . ) is immate r i a l t o t h e p rem ise . A n o t h e r s o u r c e o f 
delaying cl in ical benef i ts o f t h e H u m a n G e n o m e Pro jec t , in t h e 
U n i t e d States, in m o r a t o r i a , bans, and lack o f s u p p o r t in federa l 
science f o r app l ied genet ic research '. 

Secondly , gene t i c Services ( t h e f o u r ac t iv i t ies l is ted above ) w i l l 
gradual ly b e c o m e p a r t o f t h e nat iona l hea l th plans o f all deve l -
o p e d and deve lop ing nat ions . T h i r d , genet ic k n o w l e d g e w i l l g r a d 
ually b e c o m e a n o r m a l pa r t o f everyday life, because genet ic i n -
f o r m a t i o n w i l l t r a n s f o r m t h e p r a c t i c e o f m e d i c i n e . P r o f e s s o r 
Jonsen has desc r ibed th is t r a n s f o r m a r o n e loquen t l y t oday . C h i l d -



268 r en w i l l be ra ised w i t h t h e ¡n tu i t i on t h a t i t is g o o d t o w a n t t o 
k n o w a b o u t t hemse l ves genet ica l l y t o p r e v e n t ha rms t o t h e m -
selves, t h e i r c h i l d r e n , and t o f u t u r e genera t i ons . T h e f o u r t h p r e -
mise is t h a t a set o f eth ica l ag reemen ts a b o u t t h e use o f genet ic 
k n o w l e d g e in m e d i c i n e and s o c i e t y is a l r e a d y p r e s e n t in t h e 
pract ices o f human genet ic is ts in many nat ions . 

Eve ryone w h o has s tud ied e th ica l p r o b l e m s in h u m a n genet ics 
agrees t h a t t h e p r o b l e m s t h a t o c c u r n o w and t h e p r o b l e m s w h e n 
t h e g e n o m e is m a p p e d w i l l n o t be s ign i f kan t l y d i f f e ren t in k ind , 
b u t t h e y w i l l be d i f f e ren t in magn i tude . T h e eth ica l p r o b l e m s o f 
t h e " o í d and n e w " genet ics a re n o t d i f f e ren t in t y p e b u t in scope 
and t h e vas t n u m b e r s o f i nd i v iduá is and fami l i es a f f e c t e d . A n 
i n t e r n a t i o n a l s t u d y in 19 n a t i o n s 2 has s h o w n t h a t h u m a n 
genet ic is ts and t h e i r pa t ien ts in many na t ions f r e q u e n t l y face a 
se t o f e i gh t e th i ca l p r o b l e m s , a lso i l l u s t r a t e d in t h e f o l l o w i n g 
tab le . 

Table I. Ethical Problems in Human Genetics 

1. Fairness of access t o genetic services. 
2. A b o r t i o n choices. 
3. Confident ial ly problems when o the r family members ' interests are involved. 
4. Protect ion of privacy f r o m inst i tut ional t h i rd parties: insurers, employers, etc. 
5. Disclousre di lemmas in counseling. 
6. Indications f o r prenatal diagnosis: sex selection, benefit t o t h i r d parties. 
7. Vo luntary o r mandatory screening policies. 
8. Counsel ing incapacitated patients: d i rect ive vs. non-direct ive approaches. 

I r ank t h e p r o b l e m - in t e r m s o f f r equency and i m p o r t a n c e - in th is 
o r d e r based o n I n f o r m a t i o n f r o m genet ic is ts ob ta i ned in an in te r 
na t iona l s tudy , f r e q u e n c y o f d iscuss ion in t h e l i t e r a t u r e , and in 
t e r m s o f n u m b e r s o f pe rsons w h o m igh t be adverse ly a f fected by 
t h e p r o b l e m itself. T h e s e p r o b l e m s have been t h o r o u g h l y des-
c r i bed e l s e w h e r e 3 . 

M y thes is is, t h a t s ince a s t r o n g t o m o d é r a t e consensus ex is ts 
a m o n g m e d i c a l g e n e t i c i s t s ' a p p r o a c h e s t o t h e s e p r o b l e m s in 
many na t i on , t h e y have a special respons ib i l i t y t o t ake t h e lead t o 
lay t h e f o u n d a t i o n s , in th is g e n e r a t i o n , f o r t h e approaches t h a t 
t h e y and t h e i r successors w i l l t a k e in t h e f u t u r e w h e n t h e ge
n o m e is m a p p e d . N o w is t h e t i m e f o r c la r i f i ca t ion and shaping 
approaches t o e th ica l p r o b l e m s t h a t w i l l serve w e l l i n t o t h e f u -
t u r e . 

Is an i n te rna t i ona l c o d e o f e th ics and prac t ise a m o n g genet ic is ts 
real ly possib le - o r even needed? T h e need arises f r o m t h e p r o b 
lems, l i s ted a b o v e , w h i c h a r e s ign i f icant . T h e r e a re a r g u m e n t s 
against t h e c o n c e p t and u t i l i t y o f a c o d e o f e th ics , w h i c h a re : 
I ) " e t h i c s " is t o o sub jec t ive and cu l tu ra l l y var iab le t o establ ish a 
consensus , 2) t e c h n o l o g y changes t o o fas t t o es tab l ish e th ica l 



consensus, 3) r i sk o f legal l labl l l ty if genet ic is ts act In a w a y t o 269 
dev la te f r o m t h e code ' s spec l f led p rac t i cas , and 4 ) o t h e r sub-
special t les In med i c i ne d o n o t have codes o f e th ics. 

Each o f these a rgumen ts can be, in m y v i ew , successful ly m e t and 
r e b u t t e d . First , ev idence f r o m t h e s tudy c i ted above shows t h a t 
med ica l gene t i c i s t s ac ross severa l c u l t u r e s n o t o n l y i den t i f y a 
highly s im i la r se t o f p r o b l e m s b u t share s im i la r app roaches t o 
many o f t h e m . T h e y d o n o t necessar i ly agree o n specific resolu-
tions o f s o m e ethical p r o b l e m s (especial ly conf l ic ts o f con f iden t ia l -
i ty b e t w e e n t h e pa t i en t and fami ly m e m b e r s , d isc losure o f psy-
cho log i ca l l y sens i t i ve I n f o r m a t i o n , and i nd i ca t i ons f o r p rena ta l 
diagnosis) b u t t h e y d o share s imi lar valúes in h o w these p r o b 
lems o u g h t t o be c o n s i d e r e d and eva luated. A s long as a c o d e o f 
eth ics d id n o t a t t e m p t t o d íc ta te o u t c o m e s f o r par t i cu la r cases 
and a c k n o w l e d g e d w i d e l y accep ted e x c e p t i o n s t o m o r a l p r i nc i 
pies, a c o d e f o r med ica l genet ic is ts , l ike In te rna t iona l codes f o r 
r esea rch i nvo l v i ng h u m a n sub jec ts 4, w o u l d be accep tab le and 
useful . 

Secondly, a l t hough t e c h n o l o g y does change and evo lve , t e c h n o l -
ogy i tself o u g h t n o t t o d íc ta te w h a t eth ica l s tandards shou ld be 
e m p l o y e d f o r i ts p r o p e r use. Un less th i s is t r u e , " e t h i c s " is a 
sham anyway. T h i r d l y , if genet ic is ts ac t c o n t r a r y t o a code 's gen 
eral expec ta t i ons , t h e y shou ld have eth ica l ly defensib le reasons 
t h a t w o u l d l ikely be c o v e r e d by t h e excep t i ons recogn ized by t h e 
code . A í so , t o c i te legal r isks begs t h e ques t i on o f w h e t h e r t h e 
ac t ions o f such genet ic is ts w o u l d be e th ica l ly acceptab le in t h e 
f i r s t place. Fou r th l y , even if o t h e r subspecial i t ies d id n o t ( w h i c h is 
n o t t r u e ) have bod ies o f eth ica l re f l ec t i on and guidance, i t w o u l d 
st i l l be a w e a k a r g u m e n t . O t h e r subspec ia l i t ies a re n o t in t h e 
un ique pos i t i on o f genet ic is ts , namely , t h a t t h e y medía te k n o w -
ledge t o pat ien ts a b o u t t h e i r dest in ies and we l lbe ing . O t h e r sub
special i t ies have, in fact , su rveyed t h e i r m e m b e r s a b o u t e th ica l 
p r o b l e m s , ana lysed t h e da ta , and shaped g u i d e l i n e s f o r t h e i r 
m e m b e r s o n s o m e p r o b l e m s 5. 

A r g u m e n t s f o r a code o f ethics are: I ) geneticists in this genera t ion 
need t o consol ídate t h e i r mo ra l exper ience, w h i c h is considerable, 
t o t r a n s m i t t o t h e n e x t g e n e r a t i o n , 2) ach iev ing consensus o n 
less c o m p l e x eth ica l issues can be a f l o o r f r o m w h i c h genet isc ists 
can cons ide r m o r e c o m p l e x issues t o c o m e , w h e n t h e g e n o m e is 
mapped , 3) genet ic is ts have an i m p o r t a n t o p p o r t u n i t y t o in f luence 
evo lv ing publ ic po l i cy w i t h a c o d e o f e th ics , and 4 ) since medica l 
genet ic is ts in many na t ions w o u l d l ike t o deve lop a specia l ty in 
th is f ie ld , a c o d e o f e th ics is a m a r k o f a p ro fess ion and special i ty. 

T h e r u d i m e n t a r y e lemen ts o f an In te rna t iona l c o d e o f eth ics f o r 
human genet i c i s ts w o u l d i nc lude a p r e a m b l e desc r i b ing t h e is
sues, p r o b l e m s , valúes, p r inc ip ies , and re la t ionsh ips t h a t gene t i 
cists and t h e i r pat ien ts , fami l ies, and soc iet ies face in th is f ie ld o f 



270 e n d e a v o r . T h e r e c o u l d f o l l o w sec t i ons t h a t add ress t h e e igh t 
p r o b l e m áreas desc r ibed above . Based o n t h e k n o w l e d g e t h a t w e 
have a b o u t med ica l gene t i c i s ts ' app roaches t o t hese p r o b l e m s , 
t h e f o l i o w i n g sec t ions are p r o p o s e d . 

I. Access to Genetíc Services 

Secur ing access t o adequate genet ic services is an eth ica l obl iga-
t i o n o f soc ie ty t o pe rsons and fami l ies as pa r t o f a genera l obl iga-
t i o n t o secure access t o adequate hea l th care. Equi table d i s t r i bu -
t i o n o f g e n e t i c serv ices is o w e d f i r s t t o t h o s e w h o s e n e e d is 
g r e a t e s t , t h o s e a t h i g h e r g e n e t i c r i s k . G e n e t i c i s t s s h o u l d d o 
e v e r y t h i n g w i t h i n t h e i r leg i t ímate a u t h o r o i t y t o i nsu re t h a t pa-
t i en t s w h o m o s t need serv ices and have t h e g rea tes t o p p o r t u n i t y 
t o bene f i t rece ive such serv ices. 

2. Respect for and Safeguardíng Parental 
Cholees 

Genet ic is ts in all nat ions cons ide r i t essentiai t o p r o t e c t r ights of 
parenta l cho lee. Medical genet ic ists shou ld safeguard t h e op t i ons 
o f paren ts in genet ic services, inc lud ing t h e o p t i o n s o f a b o r t i o n o r 
t o c a r r y t o t e r m a fe tus w i t h a m a l f o r m a t i o n o r a genet ic d i so rder . 

A n e x c e p t i o n t o th is d u t y shou ld be made in dec is ions t h a t in -
vo l ve I n f o r m a t i o n a b o u t t h e gende r o f t h e fe tus , un re la ted t o ge
ne t i c diseases, t h a t may lead t o a b o r t i o n . G e n e t i c i s t s have no 
d u t y t o c o o p e r a t e w i t h p a r e n t a l des i res t o a b o r t f o r g e n d e r 
se lec t ion , because I ) g e n d e r is n o t a genet ic disease, 2) equal i ty 
b e t w e e n males and females is v i l a ted , and 3) sex se lec t ion is a 
p r e c e d e n t f o r eugenics (i.e., i n t e r v e n t i o n s in human r e p r o d u c t i o n 
w i t h regard t o charac te r is t i cs un re la ted t o a genet ic disease). Sex 
se lec t ion d isc red i t s t h e r o l e o f p renata l diagnosis in med ic ine . 

3. Confldentlallty When Other Family 
Members are at High Risk 

Con f i den t i a l i t y is a v i ta l b u t n o t abso lu te n o r m in med i c i ne and in 
medica l genet ics . If t h e pa t i en t re fused t o d isc lose p r o v e n r isks o f 
ha rms t o re la t ives, t h e i m p e r a t i v e o f p r e v e n t i o n o f h a r m t o o t h 
e rs l i m i t s a phys ic ian 's o r c o u n s e l o r ' s d u t y o f c o n f i d e n t i a l i t y . 
T h e Pres ident 's C o m m i s s i o n f o r t h e Study o f Ethical P rob lems in 



Med ic i ne r e c o m m e n d s t h a t con f i den t i a l i t y be b r e a c h e d o n l y in 271 
excep t iona l c i r cums tances t h a t m e e t f o u r c o n d i t i o n s 6. 

Legal p r o t e c t i o n s f o r gene t i c i s ts w h o b reach con f i den t i a l i t y t o 
w a r n o t h e r s a t high r isk, a f te r having c o m p l i e d w i t h these c o n d i 
t i ons , may be necessary in t h e f u t u r e . 

4. Protection of Patients' Pnvacy from 
Instítutional Third Partíes 

W i t h o u t e f fec t ive legal p r o t e c t i o n f r o m genet ic d i sc r im ina t i on in 
e m p l o y m e n t , e m p l o y e r s shou ld n o t have access t o persona l ge
net ic data. Even w h e n legal p r o t e c t i o n s have been a d o p t e d , ac
cess t o pe rsona l genet ic data shou ld on l y o c c u r w i t h t h e i n f o r m -
ed c o n s e n t o f t h e ind iv idual i n v o l v e d . In na t ions w h e r e p r íva te 
hea l th Insu rance is a m a j o r i n d u s t r y and t h i r d p a r t y paye r f o r 
heal th care , t h e i ndus t r y shou ld be regu la ted by g o v e r n m e n t t o 
d iscourage excessive ly cos t i y p r e m i u m s f o r t h o s e a t k n o w n h igh-
e r genet ic r isk. Refusal o f p r íva te hea l th Insurance t o fami l ies a t 
h igher r i sk f o r genet ic disease shou ld be i l legal. A n o t h e r a l t e rna -
t ive is g o v e r n m e n t u n d e r w r i t i n g o f heal th Insurance f o r t h o s e a t 
genet ic r isk. 

5. Full Disclosure of all Clínícally Relevant 
Information 

Medical genet ic is ts shou ld d isc lose all c l in ical ly re levan t I n f o r m a 
t i o n t o pa t ien ts and fami ly m e m b e r s , cons i s ten t w i t h cons ide ra -
t i ons o f i m m a t u r i t y and psycho log ica l w e l l - b e i n g . A l s o , t h e ca-
p a c i t y o f c o u n s e l e e s t o c o m p r e h e n d I n f o r m a t i o n a n d m a k e 
v o l u n t a r y cho lees a re m o r a l l y re levan t f ac to r s in d i sc losu re d i -
lemmas. Psychological assessments o f capaci ty are best d o n e in 
c o n s u l t a t i o n w i t h m e n t a l h e a l t h p r o f e s s i o n a l s . Psycho log i ca l l y 
sensit ive I n f o r m a t i o n , such as X Y g e n o t y p e in a female , shou ld be 
d isc losed o n l y t h e c o n t e x t o f ful l o n s u p p o r t i v e counse l ing and 
pat ien t e d u c a t i o n . 

6. Indicatíons for Prenatal Diagnosis 

Prenatal diagnosis shou ld be used on l y t o give pa ren ts and phys i -
cians I n f o r m a t i o n a b o u t t h e hea l th o f t h e fe tus . A n y o t h e r use, 
such as f o r sex se lec t ion ( e x c e p t f o r X - l i n k e d disease) o r f o r t i s -



272 sue t yp ing t o plan f o r t r ansp lan ta t i on t o bene f i t a n o t h e r pe rson 
a f te r b i r t h , shou ld be avo ided . If pa t ien ts have a genet ic reason 
f o r diagnosis and also s h o w excessive i n t e res t in t h e gende r o f 
t h e fe tus, genet ic is ts can cons ide r de layed d isc losure o f gende r 
a f te r t i m e l y d i sc losure o f c l in ical findings. 

Laws p r o h i b i t i n g a b o r t i o n f o r sex se lec t ion a re a p p r o p r i a t e on ly 
w h e r t h e r e is ev idence t h a t abuse o f t h e medica l ind ica t ions f o r 
p r e n a t a l d iagnos i s e x i s t s . W h e r e abuse d o e s n o t e x i s t , laws 
p r o h i b i t i n g sex se lec t ion a b o r t i o n s are n o t on l y unneeded b u t set 
ha rmfu l p receden ts r es t r i c t i ng a b o r t i o n cholees. 

7. Voluntar/ Approach to Genetícs 
Services: One Exceptíon 

G e n e t i c serv ices p r o g r a m s shou ld be v o l u n t a r y in na tu re , w i t h 
o n e e x c e p t i o n , Le., sc reen ing n e w b o r n s w h e n t r e a t m e n t is availa-
ble t o help t h o s e af fected by genet ic d i so rde rs . Fo rc ing persons 
t o s u b m i t t o genet ic serv ices t o p r e v e n t genet ic d i s o r d e r s v i o -
lates t h e p r inc ip ie o f respec t f o r pe rsons and d is rup ts t h e i r re -
la t ionships in fami l ies. C o e r c i ó n , a rb i t ra r iness , and d i sc r im ina t i on 
against pe rsons a t h igher genet ic r i sk shou ld be illegal in t h e c o n -
t e x t o f e m p l o y m e n t and educa t iona l o p p o r t u n i t i e s . 

8. Non-dírectíve Counseling: 
wíth One Exceptíon that Requíres 
Further Study 

N o n - d i r e c t i v e counse l ing , i.e., t o re f ra in f r o m d i r e c t m o r a l advice 
t o p r o t e c t and enhance t h e a u t o n o m o u s cholees o f pat ien ts , is a 
c o m m i t m e n t o f medica l genet ic is ts ,assuming t h a t all re levan t faets 
a re k n o w n t o t h e counse lee t o cons ide r t h e faets in t h e c o n t e x t 
o f his o r he r bel iefs and valúes. 

A poss ib le e x c e p t i o n t o n o n - d i r e c t i v e c o u n s e l i n g can ar ise in 
g e n e t i c c o u n s e l i n g w i t h i n c a p a c i t e d p a t i e n t s , espec ia l l y w h e n 
g e n e t i c h a r m t o o t h e r s is a c l ea r and p r e s e n t danger . T h e ac
tua l i nc idence o f t h i s t y p e o f s i t u a t i o n and gene t i c i s t s ' response 
t o i t needs c a r e f u l s t udy , in p r i n c i p i e , g iv ing d i r e c t m o r a l ad 
v i ce t o r e l a t i v e s o f i n c a p a c i t i a t e d c o u n s e l e e s o r t o i m p a i r e d 
counse lees t h e m s e l v e s is e th i ca l l y a c c e p t a b l e , if t h e l i k e l i h o o d 
o f h a r m t o o t h e r s is g r e a t and in t h e g e n e t i c i s t has i n f o r m e d 
t h e p a t i e n t a n d / o r re l a t i ves in advance o f c o u n s e l i n g t h a t " d i -
r e c t i v e c o u n s e l i n g " m a y be i n d i c a t e d . G e n e t i c i s t s s h o u l d f o l -
l o w es tab l i shed p r o t o c o l s in d e t e r m i n i n g t h e capac i t y o f t h e i r 
pa t i en t s . 
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R E F E R E N C E S 

1. The effects of prohibit ions, morator ia and lack of support for re-
search on fetal, embryo and fetal tissue transplantation in the Amer i 
can scientific field are a threat t o the clinical benefits which the Hu 
man Genome initiative seemed t o hold out. Certain references are 
t o be found which record the history of these actions and the se-
rious harm they have caused t o clinical research in the field of genet-
ics and embryology in: F l e t c h e r , J . C . and R y a n , K. J . , 1987: 
Federal Regulations for Fetal Research: A Case for Reform, Law, Medicine 
and Health Care, 15: 126-138; F l e t c h e r , J . C , 1990, Conírovers/es 
in Research Ethics affecting the Futura of Human Gene Therapy, Human 
Gene Therapy 1: 307-324; F l e t c h e r , J . C , Fetal Tissue Transplanta
t ion Research and Federal Policy: A Growing Wa l l of Separation, 
Fetal Diagnosis and Therapy (published in the press); F l e t c h e r , J . 
C , 1974-1990: Restriction and Suppresion: Fetal and Embryo Research 
in Proceedings of Symposium on the Beginnings of Human Life, Uni -
versity of lowa, November 1990 (published in press). 

2. W e r t z , D. C , and F l e t c h e r , J . C , 1989: £íh/cs and Human Genet-
ics: A Cross-Cultural Perspective (Heidelberg, Springer-Verlag). This 
study was carried ou t between 1985 and 1986 under the direct ion 
of specialists in medical genetics in the fol lowing countries: Austra
lia, Brazil, Ganada, Denmark, United States, France, Greece, Hun-
gary, India, Israel, Italy, Japan, Norway, United Kingdom, East and 
W e s t Germany, Sweden, Switzerland, Turkey. 

3. F l e t c h e r , J . C , and W e r t z , D. C , 1990: £íh/cs, Law and Medical 
Genetics: After the Human Genome is Mapped, Emory Law Journal 39: 
747-809. 

4. For instance, the Helsinki Declaration of the W o r l d Medical Asso-
ciat ion, adopted by the I8 th W o r l d Medical Assembly (Helsinki, 
1964) and revised by the 20th W o r l d Medical Assembly (Tokyo, 
1975), and the International Gode of Experimental research on hu
man beings, of the W o r l d Health Organization, 1984. 

5. Gf. Tbsk Forcé on £íh/cs o f the Society of Critical Care Medicine: Consen-
sus repon on the ethics of foregoing life-sustaining treatments in the criti-
cally ill, Gritical Gare Medicine 18: 1435-1439, 1990: also P a r m l e t , 
W . W . , ¡ 9 9 0 : The Bethesda Conference; £íh/c in Cardiovascular Medi
cine (sponsored by the American Academy o f Cardiology) Journal of the 
American Gollege of Gardiology 16 ( I ) : 1-36. 



274 6. Presídent ía l C o m m í s s í o n , 1983: Screening and Counseling for Ge-
neí/c Conditions (Washington, D.C., U.S Government Printing Office, 
p. 44. These condit ions are as fol lows: I) that all reasonable effort 
t o obtain vo luntar / consent t o reveal the situation have failed; 2) 
that there is a high probabil i ty both that serious harm wil l be entail-
ed is information is concealed, and that the informat ion revealed 
wi l l be used t o avoid such harm; 3) that certain identifiable indi
viduáis could suffer serious harm and 4) that adequate precaution 
has been taken t o guarantee that the necessary genetic information 
wi l l only be revealed f o r the diagnosis and/or t r ea tmen t of the 
disease in question. 



275 

D I A G N O S T I C T E S T I N G 
O F G E N E T I C D I S O R D E R S 
IN T H E E A R L Y S T A G E S O F 
P R E G N A N C Y : S O C I A L A N D 
E T H I C A L I M P L I C A T I O N S 

Bruno Brambati 

Ins t i tu te o f O b s t e t r i c s and Gynaeco logy , 
Un i ve rs i t y o f Mi lán ( I ta ly) 

A B S T R A C T 

There are currently two options for the prevention o f 
genetic disorders: the donation o f gametes together 
with assisted reproduct ion and pre-nata l genetic 
diagnosis followed by se/ect/Ve abortion o f an affect-
ed fetus. Diagnosis can o/so be carried out prior to 
the implantation o f the egg (post-conceptional diag
nosis), and it has recent/y been suggested that the 
biopsy o f the polar corpuscuie will facilítate predic-
tion o f the genetic constitution o f the ovum to be 
fertilized. 

On the ethicai aspects o f pre-natal diagnosis, the 
author thinks that use for eugenesic ends is unac-
ceptable and that the fundamental aim o f this diag
nosis is to accurately inform parents and offer them 
all options that could fit their case, thus making it 
possible for them to come to a decisión. 





D u r i n g t h e last t w o decades t h e r e has been an increasing i n te res t 277 
in congen i ta l d i so rde rs and human genet ics. Congen i ta l d i so rde rs 
have n o t o n l y b e c o m e t h e m a j o r cause o f infant m o r t a l i t y , b u t 
are also respons ib le f o r a cons ide rab le p r o p o r t i o n o f long t e r m 
physical a n d / o r men ta l handicaps. M o r e o v e r , a g r o w i n g n u m b e r 
o f coup les w a n t t o l im i t t h e i r fami ly size and p r o t e c t t h e qua l i ty 
o f life, and t h e y are less inc l ined t o cons ide r t h e b i r t h o f a hand i -
capped ch i ld as an unavo idab le r isk. T h e r e f o r e , t h e y w a n t t o be 
i n f o r m e d a b o u t t h e genet ic r isks and h o w t o avo id having an af
fec ted ch i ld . 

T o face r e p r o d u c t i o n and p r e v e n t genet ic d i s o r d e r s assoc iated 
w i t h p o o r qua l i t y o f l ife t w o o p t i o n s are main ly available ( tab. I ) : 
gamete d o n a t i o n t o g e t h e r w i t h assisted p regnancy p r o c e d u r e s , 
o r p renata l genet ic diagnosis f o l l o w e d by select ive a b o r t i o n o f an 
af fected c o n c e p t u s . In t h e r e c e n t years w e have w i t n e s s e d t h e 
g r o w t h o f a n u m b e r o f p renata l diagnosis m e t h o d s f r o m appl ied 
research t o be ing a r o u t i n e c o m p o n e n t o f genet ic couse l l ing and 
o b s t e t r i c m a n a g e m e n t . A b o u t t w o h u n d r e d gene t i c c o n d i t i o n s 
can actual ly be d iagnosed in ú t e r o by apply ing invasive sampl ing 
techn iques ( c h o r i o n i c vi l lus sampl ing, amniocentes is , c o r d o c e n t e -
sis), and cy togene t i c , enzymat i c and D N A analysis m e t h o d s . In 
add i t i on , m o r e than t w o h u n d r e d s t ruc tu ra l defects o f t h e e m -
b ryo / fe tus a re de tec tab le by sonography , and neura l t u b e defects , 
and D o w n s y n d r o m e can be sc reened o n mate rna l b l o o d in t h e 
ear ly second t r i m e s t e r o f p regnancy ( tab. 2 ) . 

Table I: Reproductíve options available to genetic 
risk individuáis for avoiding an affected child 

BEFORE C O N C E P T I O N : 

- In the case o f autosomal recessive disease: do no t reproduce w i t h a carr ier of 
the same abnormal genetic t ra i t (i.e.: cont racept ion, ster i l izat ion). 

- In the case of X- l inked o r autosomal dominant disease: do no t reproduce at all. 
- Ovulat ion induct ion, f i rst polar body biopsy and genetic analysis, together w i t h 

IVF-ET. 

AFTER C O N C E P T I O N : 

- Unselective abor t ion . 
- Preimplantat ion genetic diagnosis and transfer of only non affected embryos. 
- Post- implantat ion genetic diagnosis fo l lowed by selective abor t ion of affected 

embryo/ fetus. 

IN THE FUTURE: 

- Fetal therapy (stemm cell t ransplantat ion, gene therapy). 

In all t h r e e invasive sampl ing p r o c e d u r e s , w h e n c o r r e c t l y app l ied , 
materna l and feta l r i sk has p r o v e d unusual , w h i l e in sk i l led hands 
the sampl ing success ra te is v i r tua l l y a h u n d r e d pe r cen t and abo r -



278 t i o n ra te is a b o u t o n e p e r c e n t ( tab . 3 ) . H o w e v e r , surgical o r 
medica l se lect ive a b o r t i o n a f ter amniocentes is o r c o r d o c e n t e s i s 
can n o t be p e r f o r m e d b e f o r e t h e fifth m o n t h , o f p regnancy and 
impl ies n o t on l y s igni f icant ma te rna l m o r t a l i t y and m o r b i d i t y b u t 
is also a psycholog ica l ly t r a u m a t i c even t w i t h f r e q u e n t long t e r m 
behav ioura l and e m o t i o n a l sequélae. In fac t mate rna l - fe ta l b o n d -
ing has a l ready o c c u r r e d a t t h e f i f th ges ta t ion m o n t h and p rena
tal a t t a c h m e n t t o a w a n t e d ch i ld ex is ts . Fo r t una te l y , c h o r i o n i c 
vi l lus sampl ing (CVS) a l l ows prenata l diagnosis t o be made m u c h 
ear l i e r in p regnancy : at t h a t t i m e ges ta t ion is st i l l a p r íva te even t 
and n o human features can be recogn ized in t h e sonograph ic rep 
r e s e n t a r o n o f t h e e m b r y o . T h e psychologica l advantages, c o m 
pa red t o amn iocen tes is and co rdocen tes i s , seem obv ious . 

Table 2 : Currently avaílable methods for in útero 
diagnosing congenital abnormalities 

U L T R A S O U N D * : >200 abnormali t ies have already 
been identif led 

CVS Biochemical 
anal/sis 

> 100 metabol ic diseases 

AMNIOCENTESIS Cytogenet ic 
anal/sis 

C h r o m o s o m e Aber ra t ions 

FBS D N A analysis 

M A T E R N A L BIOCHEMISTRY** : 

> 50 monogenic diseases 

- N T D s Screening 
- Aneuploid ies Screening 

* mainly in the 2nd and 3rd t r imester . 
* * at i 5 t o 18 gestation weeks. 

Table 3: Characteristics of the invasive prenatal 
diagnosis methods 

Method Earliest 
week for 
sampling 

T ime 
to 

diagnose 

Abortion Maternal 
risk risk 

Fetal 
risk 

CVS I day t o 
2-3 wks 

I % excep
t ional 

excep
t ional 

Amniocentesis 15 

FBS 17 

2-4 wks 

I -3 days 

I % 

1-4% 

First t r i m e s t e r genet ic diagnosis by CVS has b e c o m e a w i d e l y ac-
cep ted a l te rna t i ve t o t h e second t r i m e s t e r p r o c e d u r e s . CVS has 
o f f e red t h e o p p o r t u n i t y t o g rea t ly re l ieve t h e anx ie t y caused by 
t h e long w a i t o f a diagnosis conc luded n e x t t o t h e f i f th m o n t h of 
p r e g n a n c y , and t o m i n i m i z e t h e o b s t e t r i c a l and psycho log i ca l 



comp l i ca t i ons o f a late se lect ive a b o r t i o n . M o r e o v e r , because o f 279 
its p r e c o c i t y f i r s t t h m e s t e r diagnosis has f r equen t l y a l l o w e d even 
legal and re l ig ious obstac les t o be o v e r e ó m e . CVS has recen t l y 
been a n t i c i p a t e d as ea r l y as t h e 6 t h and 7 t h g e s t a t i o n w e e k , 
t h e r e f o r e by t h e use o f r a p i d d iagnos t i c m e t h o d s (e.g. d i r e c t 
ka ryo typ ing , enzymat ic analysis o f f resh t issue, D N A analysis by 
po lymerase chain reac t i on ) genet ic diagnosis m i g h t be available in 
f e w days and medica l t e r m i n a t i o n o f an u n w a n t e d pregnaney suc-
cessfully o b t a i n e d by t h e adm in i s t r a t i on o f an t ip roges tagens and 
prostag landins l•2. 

A l t h o u g h t h e publ ic genera l ly appears t o have a favorab le o p i n i ó n 
a b o u t t h e o p t i o n o f CVS, in a n u m b e r o f cases se lect ive a b o r t i o n 
remains unacceptab le o n m o r a l , e m o t i o n a l and re l ig ious g r o u n d s , 
o r its poss ib i l i t y is re fused as a consequence o f p rev ious g r i evous 
exper iences o f repea ted prenata l tests . I t is t h e r e f o r e unde rs tand -
able t h a t f o r these peop les p r e i m p l a n t a t i o n diagnosis c o u l d r e p -
resen t a f u r t h e r r emarkab le c o n t r i b u t i o n t o make p o s t - c o n c e p -
t iona l diagnosis a m o r e acceptab le t o o l t o save t h e fami ly f r o m 
gene t i c d iseases. In v i t r o f e r t i l i z a t i o n and non -su rg i ca l u t e r i n e 
lavage make possib le t h e access t o t h e p r e - e m b r y o . B las tomeres 
may be r e m o v e d f r o m t h e 4 - 8 cel l stage 3 o r f r o m t r o p h e c t o -
d e r m o f t h e expanded b las tocys t 4, and genet ic analysis c a r r i ed 
o u t o n o n e o r a f e w cells by ampl i fy ing specif ic D N A sequenced 
( tab. 4 ) . M o r e o v e r , f i r s t po la r b o d y b iopsy and analysis has also 
been recen t l y suggested and successful ly app l ied t o p r e d i c t t h e 
genet ic c o n s t i t u t i o n o f t h e o o c y t e t o be fe r t i l i zed 5. H o w e v e r , 
d iagnost ic re l i ab i l i t y and c o n c e p t u a l r isks o f game tes and p r e -
e m b r y o man ipu la t i on have been evaluated on l y in animáis: by ex -
t r apo la t i n t h e resul ts t o humans, t e ra togen i c effeets m i g h t be ex -
c l u d e d , w h i l e a l o w e r i m p l a n t a t i o n r a t e and r e d u c e d g r o w t h 
po ten t ia l shou ld be e x p e c t e d 6. A t p resen t p r e i m p l a n t a t i o n and 
p r e c o n c e p t i o n a l d iagnos t i c p r o c e d u r e s can o n i y be o f f e r e d t o 
highiy m o t i v a t e d and fu l ly i n f o r m e d coup les a t r isk o f h e r e d i t a r y 
disease. 

T h e actual ma te rna l age c r i t e r i a , l im i t ing t h e o f fe r o f genet ic diag
nosis t o w o m e n 35 o r m o r e years o íd , has l i t t le impac t o n t h e i n -
c idence o f c h r o m o s o m e anomal ies a t b i r t h : s ince up t o 9 0 % o f 
b i r t h a re in fac t f r o m l o w e r age class w o m e n as w e l l as 7 0 % o f 
D o w n S. n e w b o r n s . O n t h e o t h e r side t h e l im i t ed l a b o r a t o r y fa-
ci l i t ies, w h i c h a re un l ike ly t o be signif icant ly increased in t h e f u -
t u r e , make i t unrea l is t ic t o e x t e n d prenata l tes ts t o all p regnan t 
w o m e n . T h e r e f o r e , t h e ava l iab i l i t y o f i n e x p e n s i v e and s i m p l e 
screen ing tes ts c o u l d have a benef ic ia l e f fec t t o iden t i f y h igher 
r isk pregnancies w i t h o u t cons ide r i ng ma te rna l age. A c c u m u l a t i n g 
ev idence s u p p o r t t h e assoc ia t ion b e t w e e n a b n o r m a l ma te rna l se
r u m valúes o f a l f a - f e t o p r o t e i n (AFP) , human c h o r i o n i c g o n a d o -
t r o p h i n ( H C G ) , and uncon juga ted o e s t r i o l (uE3) in t h e ear ly sec-
o n d t r i m e s t e r and v iable fetal t r l s o m i e s . T h e data ear ly second 
t h m e s t e r and v iable feta l t r i s o m i e s . T h e data s h o w t h a t by of -
fe r ing amn iocen tes is t o on l y 5% o f t h e t o t a l p regnan t p o p u l a t i o n . 



280 Table 4: Methods that are beíng considered for 
preimplantatíon genetic diagnosis 

OVULATION 
INDUCTION 

NATURAL 
CONCEPTION 

1ST POLAR 
BODY BIOPSY 

GENETIC 
DIAGNOSIS 
(few hours) 

IVF 

IVF 

BIOPSY AT 
4-6 CELL 

STAGE 

GENETIC 
DIAGNOSIS 

EMBRYO 
FREEZING 

UTERINE LAVAGE 
AND BLASTOCYST 

RECOVERY 

T R O P H E C T O D E R M 
BIOPSY 

GENETIC 
DIAGNOSIS 
(few hours) 

IN UTERO NORMAL 
EMBRYO TRANSFER 

o v e r 6 0 % o f D o w n S, w o u l d be d e t e c t e d 1. H o w e v e r , t h e p reven 
t i o n o f aneuplo id ies by second t r i m e s t e r p r o g r a m m e and late t e r -
m i n a t i o n is a v e r y d is t ress ing task , and t h e d e v e l o p m e n t o f an 
equal ly e f f ic ient sc reen ing in t h e f i r s t t r i m e s t e r w o u l d be highly 
d e s i r a b l e . P r e l i m l n a r y s t u d i e s s u g g e s t t h e h igh s e n s i t i t y o f 
fe ta l /p lacenta ! p r o t e i n s (AFP, PAPP-A, S P - I ) b e t w e e n 8 and 10 
ges ta t lon w e e k s : in 8 5 % o f fe ta l aneup lo idy cases t h e ma te rna l 
level has been r e p o r t e d b e l o w t h e 5 t h pe rcen t i l e o f t h e n o r m a l 
d i s t r i b u t i o n in a t least o n e o f t h e m a r k e r s 8. F u r t h e r i m p r o v e -
m e n t s in sens i t i v i t y a re e x p e c t e d by using I n f o r m a t i o n de r i ved 
f r o m assay o f o t h e r p regnancy m a r k e r s (e.g. C A 125, uE3) in ma
t e r n a l s e r u m . T h u s , m e a s u r i n g f i r s t t r i m e s t e r c o n c e n t r a t i o n o f 
m a t e r n a l s e r u m ges ta t i ona l p r o t e i n s is l i ke ly c a n d i d a t e t o be-
c o m i n g an ef fect ive means o f ident i fy ing p regnan t w o m e n in t h e 
genera l p o p u l a t i o n w h o are a t increased r i sk o f bear ing a fetus 
w i t h c h r o m o s o m a l a b e r r a t i o n and t o w h o m c h o r i o n i c t issue kar-
y o t y p i n g shou ld be o f f e r e d . 

In add i t i on , t h e n e w m e t h o d s f o r human D N A analysis p r o m i s e 
rad ica l advances in t h e p r e v e n t i o n o f i n h e r i t e d d i s o r d e r s . T h e 
c h r o m o s o m a l l oca t i on o f de fec t i ve genes, t h a t cause a b o u t 600 
s ing le -gene d i s o r d e r s , have n o w been i d e n t i f i e d and m a n y o f 
t h e m , inc lud ing t h e m o s t i m p o r t a n t ones , may be d e t e c t e d dur ing 
pregnancy. A w i d e n i n g range o f de tec tab le diseases is becoming 
accessible and m o l e c u l a r s tudies by D N A r e c o m b i n a n t t e c h n o l -



ogy w i l l p r o v i d e in t h e n e x t t w e n t y years a c o m p l e t e l inkage map 281 
o f t h e H u m a n G e n o m e . T h e r e f o r e , d i so rders w i t h life th rea ten ing , 
m o d é r a t e o r ha rd ly no t i cab le s y m p t o m s , o r w h i c h man i fes t la te r 
in life (e.g. H u n t l n g t o n ' s disease, po l lcys t lc k idney ) , genet ic p r e -
d ispos i t l on f o r ce r t a i n diseases (e.g. d iabetes, card iovascu la r d is-
eases), and even c o s m e t i c charac te r i s t i cs c o u l d be recogn izab le 
prenata l ly in t h e f u t u r e . O n t h e o t h e r hand, t h e m e t h o d o l o g i c a l 
advances in p rena ta l diagnosis a re u n d o u b t e d l y speeding t h e e v o -
lu t ion o f n e w áreas o f in ú t e r o med ica l i n t e r v e n t i o n , namely s o -
m a t i c / g e r m i n a l gene t h e r a p y and s t e m cel l t r a n s p l a n t a t i o n , t o 
c u r e genet ic diseases and ensu re t h e qua l i ty o f l ife. 

In th is c o n t e x t a n u m b e r o f imp l i ca t ions a re c o n t r o v e r s i a l enough 
and need t o be fu l ly deba ted b o t h p ro fess iona l l y and a m o n g t h e 
w i d e r publ ic . T h e y ar ise f r o m , a m o n g o t h e r th ings , t h e fac t t h a t 
ear ly CVS, p r e i m p l a n t a t i o n e m b r y o b iopsy, s o r t i n g o f fe ta l cells in 
ma te rna l b l o o d , se lec t i on f o s p e r m a t o z o a , etc. , w i l l make genet ic 
diagnosis a m o r e acceptab le t o o l f o r a w i d e r n u m b e r o f peop le 
t o se lec t w h e t h e r t h e c o n c e p t u s be b o r n . M o r e o v e r , g e n e t i c 
m a n i p u l a t i o n o f t h e p r e - e m b r y o is p o t e n t i a l l y a v e r y p o s i t i v e 
d e v e l o p m e n t t h a t he lp t o c o r r e c t n u m e r o u s devasta t ing genet ic 
d i so rde rs in t i m e . I t c o u l d also have t h e po ten t i a l ha rmfu l e f fec t 
o f eng ineer ing humans in t h e l a b o r a t o r y a c c o r d i n g t h e f o r m u l a e 
o f s u p e r m e n o r b i za r re m o n s t e r s . 

Shou ld p r e n a t a l t e s t i n g be p r o v i d e d f o r all w o m e n w i s h i n g t o 
have a " n o r m a l " baby o r r e s t r i c t e d t o h igher genet ic r i sk couples? 

Should a p regnan t w o m a n d o w h a t she can t o ensure t h e b i r t h o f 
a n o r m a l r a t h e r t h a n a hand icaped child? 

D o e s i t make sense t o establ ish c r i t e r i a t o d i sc r im ína te b e t w e e n 
m i n o r and m a j o r d i s o r d e r s w i t h rega rd t o t h e admiss ion t o p r e 
natal t es t i ng a n d / o r se lec t ive a b o r t i o n ? 

W i t h t h e n e w d e v e l o p m e n t o f feta l and gene t h e r a p y t h e c o n c e p 
tus has t h e po ten t i a l t o b e c o m e a pa t i en t w h o m i g h t n o t o n l y be 
d iagnosed, b u t also t r e a t e d . Fetal t r e a t m e n t br ings t h e m a t e r n a l -
fetal con f l i c t issue i n t o sharp focus : can feta l a b n o r m a l i t y be c o r -
r e c t e d ; t o w h a t e x t e n t ; and a t w h a t m a t e r n a l and feta l risk? Is 
g e r m cel l gene t h e r a p y acceptab le in human beings? 

T o he lp t h e genera l deba te o n e th ica l issues ra ised by gene t i c 
diagnosis in ear ly p regnancy each pa r t i c i pan t shou ld be sc ient i f i -
cally i n f o r m e d , f i r m l y c o m m i t t e d t o ind iv iudal r ights and h u m a n 
d i g n i t y a n d s h o u l d o p e n l y a c c e p t a f r e e s o c i e t y o f p l u r a l i s t i c 
valúes. 

T h e use o f p r e n a t a l d i a g n o s i s f o r a d i r e c t e d e u g e n i c p r o -
g r a m m e at t h e popu la t i on level is unacceptable. Access t o prenata l 
t es t i ng s h o u l d in p r i n c i p i e be m a d e avai lable t o all i nd iv iduá is . 
T h e o n l y l i m i t i n g f a c t o r m i g h t be r e p r e s e n t e d by t h e avai lab i l i ty 
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s o c i e t y ( se lec t i ve c r i t e r i a s h o u l d be d e t e r m i n e d by t h e c o m -
m u n i t y ) . 

T h e ob jec t i ves o f p renata l diagnosis a re t o a l l o w t h e w i d e s pos-
sible range o f i n f o r m e d cho i ce regard ing t h e p r o s p e c t o f having a 
gene t i ca l l y de fec t i ve ch i l d . Fo r t h e vast m a j o r i t y o f c o n d i t i o n s 
t h a t can be d i a g n o s e d in ú t e r o n o c u r e s o r t r e a t m e n t s a r e 
k n o w n , t h e r e f o r e se lect ive a b o r t i o n is t h e dec is ión t o i n t e r r u p t 
p regnancy is p a r t o f a w o m a n ' s r i gh t t o an a b o r t i o n is a lways ab-
so lu te , t h e d i spu te a b o u t m a j o r and m i n o r de fec ts and t h e at-
t e m p t t o establ ish genera l c r i t e r i a a c c o r d i n g t o w h a t a concep tus 
s h o u l d be a b o r t e d b e c o m e i r r e l e v a n t . O n t h e o t h e r s ide, any 
eth ica l j u s t i f i c a r o n t o se lect ive a b o r t i o n shou ld be fundamenta l l y 
f o u n d ín t h e c o m p l e x i t y o f facts and m o t i v a t i o n s pecu l iar t o each 
ind iv idual . 

T h e e f fec ts o f i n d u c e d a b o r t i o n as a r e s u l t o f p r e n a t a l d iag
nos is a r e f r e q u e n t l y r e p o r t e d as psycho log i ca l l y t r a u m a t i c : f o r 
m o s t w o m e n t h e e v e n t i nvo lves t h e loss o f a d e s i r e d ch i l d t o 
w h i c h t h e y d i r e c t l y c o n t r i b u t e d by t h e i r a c t i v e d e c i s i ó n t o 
a b o r t . T h e r e is n o d o u b t s t h a t t h e access t o t h e n e w fe ta l t h e r -
apy a p p r o a c h e s , name ly s t e m cel l t r a n s p l a n t a t i o n and s o m a t i c 
gene t h e r a p y , w o u l d p r o v i d e t h e g r e a t advan tage o f a v o i d i n g 
t h e m o r a l p a i n o f s e l e c t i v e a b o r t i o n . H o w e v e r , in n o w a y 
s h o u l d fe ta l t h e r a p y be u n d e r t a k e n f o r c i b l y o r w h e n caus ing 
h a r m t o t h e m o t h e r . 

Table 5: Future directíons to prevent, diagnose, 
and cure the genetic dísease 

- Ca r r i e r detect ion o f abnormal genetic t ra i t . 

- Maternal serum biochemical screening of embryo aneuploidies in the f i rst t r i -
mester . 

- Magnetic nuclear resonance o f the fetus. 
- Genet ic diagnosis on fetal cells in maternal c i rculat ion. 
- Separation of X - and Y- bearing spermatozoa. 
- Medical therapy (drugs admin is t ra ron in fetal c i rculat ion). 
- Surgical therapy (open uterus surgery). 
- Stem cell t ransplantat ion. 

- Somatic cell gene therapy. 
- G e r m cell line therapy. 

G e r m l i n e gene t i c e n g i n e e r i n g is n o t y e t w i t h us, neve r the less 
t h e r e a re real causes f o r m c o n c e r n a b o u t it . T h e eventua l map-
ping and sequenc ing o f t h e H u m a n G e n o m e , t o g e t h e r w i t h k n o w -
ledge o f h o w genes d e t e r m i n e diseases and af fect character is t ics , 
may o n e day m a k e gene t i c man ipu la t i on o f t h e h u m a n e m b r y o 
possib le. I t has been c la imed t h a t t h e w r o n g dec is ions in t h e ap-
p l i ca t ion o f th is research c o u l d have d isas t rous consequences on 
t h e h u m a n species and soc ie ty . Th is c o n c e r n is n o t substant ia l ly 



d i f fe ren t f r o m t h a t resu l t i ng f r o m o t h e r research áreas (e.g. n u - 283 
clear energy ) . T h e n , is th is fear a val id m o t i v a t i o n t o ban any ge
net ic research o n embryos? A s a genera l ru le t o face these p r o b -
lems c o r r e c t l y " a n y c o n s t r u c t i v e d ia logue and reasonab le po l i cy 
d e v e l o p m e n t shou ld be p u r s u e d by pu t t i ng research ove rs i gh t i n -
t o a mu l t i d i sc ip l i na ry r e v i e w b o d y sui tably c o n s t i t u t e d t o eva lúate 
n o t on l y techn ica l r isks, b u t po l i t i ca l , social and m o r a l aspect as 
we l l "9 -10. 
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A B S T R A C T 

The European Community is currently fínancing a 
programme o f research and development for the 
study o f the Human Genome. This project is o f a cer-
tain confidential nature. The EEC guarantees confi-
dential t reatment o f technical reports to avoid the 
commercialization o f certain information. Besides, in-
tellectual copyright belongs to the researchers and it 
musí be them who exploit the information, bearing 
in mind that there will be no exclusive exploitation 
right as far as the human A D N is concerned. On the 
other hand, the Commission o/so guorontees the 
anonymity o f personal data resulting from genome 
research, considerin that the people whose ADN's 
are being mapped have given their consent to this 
end ofter being informed o f the project Finally, the 
medical data must only be used for diagnosis and 
the prevention o f diseases or for research. There-
fore, access to this information must be controlled. 





T h a n k y o u , M r . p r e s i d e n t . W h e n j u s t a f e w days ago, D o c t o r 2 8 9 
Gr í so l í a r e q u e s t e d m e by t e l e f a x t o p r o v i d e a p r e s e n t a t i o n o n 
c o n f i d e n t i a l i t y f o r t h i s w o r k s h o p , I a c c e p t e d i m m e d i a t e l y b e -
cause i t p r o v i d e s m e n o w w i t h an o p p o r t u n i t y t o d iscuss in 
pub l i c s o m e r e f l e c t i o n s o n a m a t t e r pe rhaps smal l - i n q u a n t i t a -
t i v e t e r m s o f o u r b u d g e t ; a b o u t 1 % o f o u r 1990 E u r o p e a n 
C o m m u n i t i e s b u d g e t f o r R & D - b u t y o u w i l l ag ree w i t h m e t h a t 
i t is v e r y i m p o r t a n t in q u a l i t y : t h e legal p r o b l e m s o f H u m a n 
G e n o m e r e s e a r c h . 

M y j o b in t h e last c o u p l e o f yea rs has been as legal adv ise r f o r 
t h e Sc ience and Research G e n e r a l D i r e c t o r a t e o f t h e E u r o p e a n 
C o m m u n i t y in Brusse ls . O f c o u r s e , I speak h e r e o n a p e r s o n a l 
basis - t h a t w i l l m a k e th ings eas ier . A s y o u a l ready k n o w , t h e 
EC has also a d o p t e d th i s y e a r a smal l , p i l o t R & D p r o g r a m m e 
f o r H u m a n G e n o m e analysis. A s D o c t o r L o d e r and P r o f f e s o r 
N i e r m e i j e r a re p r e s e n t in th i s w o r k s h o p , and t h e y a re far m o r e 
c o m p e t e n t t o g ive y o u any I n f o r m a t i o n a b o u t t h e sc ient i f i c and 
t echn i ca l c o n t e n t s o f o u r p r o g r a m m e , and w e have a c o u p l e o f 
I n f o r m a t i o n packages f o r t h o s e w h o a re i n t e r e s t e d , I w i l l c o n 
c é n t r a t e h e r e o n t h e i n s t i t u t i o n a l c o n c e r n s ra i sed , ma in l y by 
t h e E u r o p e a n Pa r l i amen t , d u r i n g t h e legis lat ive p r o c e s s w h i c h 
has e v e n t u a l l y m a d e t h e C o m m i s s i o n - t h a t is, t h e a d m i n i s t r a -
t i v e e x e c u t i v e b o d y o f t h e E u r o p e a n C o m m u n i t i e s - r espons ib le 
f o r a t h o r o u g h d e b a t e o f t h e e th i ca l , soc ia l and legal p r o b l e m s 
o f H u m a n G e n o m e analysis. A s Pro f . N i e r m e i j e r t o l d y o u th i s 
m o r n i n g , t h e r e w i l l be a genera l eth ica l r e v i e w o f t h e p r o g r a m m e 
b y an i n d e p e n d e n t i n t e r d i s c i p l i n a r y c o m m i t t e e o f t h i r t y 
m e m b e r s , t o be n o m i n a t e d a t t h e b e g i n n i n g o f n e x t yea r . . . 
w h i c h , by t h e w a y , w i l l a lso i nc l ude pa t i en t s ' r e p r e s e n t a t i v e s , o f 
o r g a n i z a t i o n s o f r e l a t i ves o f p a t i e n t s , l i ke cys t i c f i b r o s i s . W e 
t h i n k t h a t t h i s is a l s o an i m p o r t a n t a s p e c t f o r an e t h i c s 
c o m m i t t e e . 

Confidentiality for R&D 

T h e C o m m i s s i o n m u s t a lso e n s u r e - t h a t w a s a c o m m i t m e n t 
t o t h e E u r o p e a n P a r l i a m e n t - spec i f i ca l l y t h e e x c l u s i ó n o f any 
a l t e r a t i o n o f h u m a n g e r m ce l ls d u r i n g t h e r e s e a r c h . T h i s has 
been c r i t i c i z e d h e r e , p e r h a p s r i g h t l y , b u t i t is a legal o b l i g a t i o n 
f o r us. A n d t h e C o u n c i l d e c i s i ó n r e q u i r e s fu l l c o n f i d e n t i a l i t y o f 
any p e r s o n a l i n f o r m a t i o n c o l l e c t e d in t h e c o u r s e o f t h e r e 
s e a r c h , w h i c h w i l l c o n f o r m t o t h e b e s t da ta p r o t e c t i o n p r a c -
t i c e s . I w i l l c o n s i d e r h e r e fbu r ospects o f conf ident ia l i ty for the 
H u m a n Genome Programme; t h e t h r e e f i r s t conce rns t h e research 
i t se l f . F i r s t , c o n t r a c t u a l c o n f i d e n t i a l i t y , s e c o n d med i ca l c o n f i 
d e n t i a l i t y , and t h i r d da ta p ro tec t ion . A n d t h e f o u r t h , t h e issues 
ra i sed by appl icat ions o f any n e w k n o w l e d g e a r i s ing f r o m t h e 
r e s e a r c h . 
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First, w e begin w i t h contractual confidentiality. O n t h e o n e hand, 
t h e r e a re admin i s t ra t i va p r o c e d u r e s : all p roposa ls and all t e c h n i -
cal r e p o r t s , a re t r e a t e d conf ident ia l l y by t h e C o m m i s s i o n ' s ser-
vices, by t h e A d v i s o r y C o m m i t t e e and by t h e i r expe r t s . H o w e v e r , 
s o m e r e p o r t s su i table f o r pub l i ca t i on , exc lud ing any c o m m e r c i a l l y 
sens i t ive i n f o r m a t i o n , m u s t be p r o v i d e d . N o pub l i ca t i on o f r e -
sults w i i l be made w i t h o u t t h e p r i o r a g r e e m e n t o f t h e c o n t r a c 
t o r . O n c o m p l e t i o n o f t h e p r o j e c t , a conf ident ia l r e p o r t m u s t be 
s u b m i t t e d t o t h e C o m m i s s i o n , ind icat ing h o w t h e c o n t r a c t o r i n -
tends t o e x p l o i t t h e resul ts o f t h e w o r k , inc lud ing t h e indust r ia l 
and i n t e l l e c t ua l p r o p e r t y r i gh t s app l i ed f o r and r e c e i v e d . T h e 
C o m m i s s i o n may s u b m i t t h e ful l techn ica l r e p o r t , o n a c o n f i d e n 
t ia l basis, t o o t h e r EC ins t i t u t i ons , l ike t h e European Par l iament , 
and in a g r e e m e n t w i t h t h e pa r tne rs , t o g o v e r n m e n t s o f t h e EC 
m e m b e r states o n In te rna t iona l o rgan iza t ions . 

O n t h e o t h e r hand, t h e con t r ac tua l ob l iga t ions inc lude a l im i ta -
t i o n o f o w n e r s h i p . W e have in t h e C o m m i s s i o n t h e genera l p r i n 
c ip ie t h a t ideas and in te l lec tua l p r o p e r t y r ights gene ra ted u n d e r 
t h e research c o n t r a c t are o w n e d by t h e c o n t r a c t o r s , w h o m u s t 
e x p l o i t o r c o m m e r c i a l i z e t h e m in c o n f o r m i t y w i t h t h e in te res ts 
o f t h e C o m m u n i t y r e p r e s e n t e d by t h e C o m m i s s i o n . T h e c o n t r a c 
tua l c o n d i t i o n s p r o v i d e a legal f r a m e w o r k f o r t h e g ran t i ng o f l i -
censes and use r igh ts b e t w e e n d i f f e r e n t p r o j e c t s and d i f f e r e n t 
R T D (Research and T e c h n o l o g i c a l D e v e l o p m e n t ) p r o g r a m m e s . 
I n f o r m a t i o n w h i c h c a n n o t be p r o t e c t e d by patents - t h a t w o u l d 
be t h e case in Europe , o f human D N A s e q u e n c i n g - m u s t be made 
avai lable t o o t h e r en t i t i es , sub jec t t o ag reed qua l i f i ca t ions and 
res t r i c t ions . . . th is is perhaps a b i t t o o techn ica l , b u t i t is carefu l ly 
regu la ted in o u r h a r m o n i z e d o r " m o d e l c o n t r a c t s " . In t h e case o f 
human g e n o m e analysis, t h e r e is an add i t iona l p r inc ip ie , specif ic 
t o th is p r o g r a m m e , namely t h a t t h e r e shall be n o exc lus ive ex -
p l o i t a t i o n r igh ts in r e s p e c t o f h u m a n D N A . Bu t f o r t u n a t e l y - I 
h o p e , because M r . T r iana ' s avai lab i l i ty is n o t c o n f i r m e d - I w i l l 
leave th i s d i f f i cu l t sub jec t o f in te l lec tua l p r o p e r t y r igh ts t o t h e 
last speaker o f t h e panel , o r o t h e r w i s e w e can discuss i t in t h e 
c o l l o q u i u m . 

Medical confldentíalíty 

T h e second aspect I w a n t t o cons ide r h e r e is medical confldentía
líty. T h e C o m m i s s i o n fu l ly respec ts t h e C o u n c i l o f E u r o p e r e c o m 
m e n d a t i o n o f February 6, 1990, w h i c h shall be inc luded in a f u t u r e 
E u r o p e a n c o n v e n t i o n c o n c e r n i n g m e d i c a l r e s e a r c h o n h u m a n 
beings. It is be ing d ra f t ed n o w by e x p e r t s f o r t h e C o u n c i l o f Eu
r o p e . I t h i n k M r . W i t , w h o is he re , is w o r k i n g o n t h a t also. Pr in 
c ip ie 3 o f th is r e c o m m e n d a t i o n states t h a t " n o med ica l research 
may be ca r r i ed o u t w i t h o u t t h e i n f o r m e d , f ree , exp ress and spe-



cif ic c o n s e n t o f t h e p e r s o n u n d e r g o i n g i t " . A n d Pr inc ip ie 9 d e - 29 
clares: " A n y I n f o r m a t i o n o f a persona l na tu re ob ta ined du r i ng m e 
dical research shou ld be t r e a t e d as con f i den t i a l " . T h e m e m b e r s 
o f t h e 60 " l a rge fami l ies" , w h o s e D N A is co l l ec ted and mapped 
t h r o u g h t h e Eu ropean H u m a n G e n o m e P r o g r a m m e , have been 
fu l ly i n f o r m e d , and all o f t h e m have g iven t h e i r f r ee and w r i t t e n 
consen t , a f te r a long i n t e r v i e w in w h i c h c lear and p e r t i n e n t ex -
p l a n a t i o n s w e r e g i v e n , n o t o n l y a b o u t t h e c o m m i t m e n t , b u t 
above all a b o u t t h e possible risks invo lved. T h e C o m m i s s i o n t h e r e -
f o r e guaran tees t h e con f iden t ia l i t y and a n o n y m i t y o f t h e persona l 
data t o be o b t a i n e d ; f o r examp le t h e D N A samples t o be d i s t h b -
u t e d t o l a b o r a t o r i e s engaged in t h e l inkage mapp ing are c o d e d , 
and t h e key t o t h e c o d e is n o t s t o r e d o n c o m p u t e n 

Informatic confidentiality 

W e c o m e s n o w t o t h e t h i r d aspect o f con f iden t ia l i t y , namely data 
protect ion. Th is is perhaps o n e o f t h e m o s t con f l i c t i ve ones - e v e n 
t h e m o s t c o n f l i c t i v e o n e - because d i f f e r e n t and f u n d a m e n t a l 
r ights a re a t s take. T h e r igh t t o pr ivacy is ce r ta in ly o n e o f t h e es-
sent ial h u m a n r ights , b u t y e t i t is n o t an abso lu te o n e , and t h e r e 
is a c o n s t i t u t i o n a l case- law in severa l European states, p a r t i c u -
lar ly in t h e Federal Republ ic o f G e r m a n y , se t t ing up l imi ts o n t h e 
r i gh t t o con f i den t i a l i t y f o r pe rsona l data. Indeed , t h e Eu ropean 
C o n v e n t i o n o n H u m a n Rights cons ide rs t h e p r o t e c t i o n o f heal th 
as a leg i t ímate l im i t t o t h e r i gh t t o pr ivacy, w h i c h i tsel f is aiso a 
l im i t t o t h e f r e e d o m o f e x p r e s s i o n . Y o u w i l l f i nd t h a t in a r t i c le 10 
paragraph 2 o f t h e C o n v e n t i o n . A c o m p a r a t i v e survey o f na t iona l 
and In te rna t i ona l legis lat ion o n pr ivacy o f data p r o t e c t i o n s h o w s 
t h a t a set o f p r inc ip ies has e m e r g e d t o reconc i l e t w o seemingly 
con f i c t i ng needs: o n t h e o n e hand , f r e e d o m t o rece ive I n f o r m a 
t i o n t h r o u g h t h e n e w c o m p u t e r and t e l e c o m m u n i c a t i o n s means 
- w e c o u l d in fac t speak o f te lemat ies , t h e m i x t u r e b e t w e e n t e l e 
c o m m u n i c a t i o n s and i n fo rma t i cs ; and, o n t h e o t h e r hand, respec t 
f o r t h e p r í v a t e Uves o f i n d i v i d u á i s . T h e s e p r i n c i p i e s i n c l u d e : 
I ) Fair and lawfu l co i l ec t i on o f data; 2) Q u a l i t y o f data, ínc lud ing 
accuracy and p e r t i n e n c e ; 3) T h e pr inc ip ie l im i t i ng t h e use o f data 
so t h a t d i ssemina t íon and i n t e r c o n n e c t i o n are made cond í t i ona l 
u p o n t h e c o n s e n t o f t h e pe rsons c o n c e r n e d , o r t h e ex i s tence o f 
a specif ic legislat ive a u t h o r i z a t í o n ; 4) T ranspa rency , w h e r e b y in 
f o r m a r o n a b o u t t h e ex is tence o f data banks, t h e i r p u r p o s e and 
use, are t o be made publ ic ; 5) T h e pr inc ip ie o f ind iv idual pa r t i c i -
pa t i on , by v í r t u e o f w h i c h t h e indiv iduáis c o n c e r n e d shou ld have 
access t o files, and even a r igh t t o have such data c o r r e c t e d o r 
erased, a l t hough in s o m e c o u n t r i e s t h e r e are l imi ts f o r c o r r e c -
t i o n o f med ica l data by t h e ind iv idua l ; and f inal ly, t h e p r inc ip ie o f 
respons ib i l i t y o f t h o s e in charges o f f i les. 

T h e s e a r e d i f f e r e n c e s b e t w e e n t h e laws . S o m e a re g e n e r a l ; in 
o t h e r n a t i o n s t h e y o n l y c o v e r spec i f i c áreas - t h i s is m a i n l y t h e 



292 US a p p r o a c h . G r e a t i m p o r t a n c e t h e r e f o r e , a t least in t h e Eu
r o p e a n s e t t i n g a c c r u e s t o t h e C o u n c i l o f E u r o p e C o n v e n t i o n 
o n t h e p r o t e c t i o n o f i nd i v iduá is w i t h r e g a r d t o t h e a u t o m a t i c 
p r o c e s s i n g o f p e r s o n a l da ta - t h i s is t h e o f f ic ia l t i t l e - o f 1 9 8 1 , 
w h i c h t h e C o m m i s s i o n fu l l y i n t e n d s t o r e s p e c t , and w h i c h can 
be safe ly t a k e n as a m o d e l se t o f I n t e r n a t i o n a l s t a n d a r d s in 
t h i s á rea . 

T h e r e f o r e , ¡n te rna t iona l access t o human sequenc ing shou ld ¡n-
c lude fu l l r espec t f o r data p r o t e c t i o n , and o f c o u r s e o f In te rna
t i ona l s t a n d a r d i z a r o n in th is área, and guarantees against undue 
access t o p r íva te data. 

O f cou rse , a u t o m a t i c med ica l data banks shou ld o n l y be s t o r e d 
f o r t h e pu rposes o f medica l care , diagnosis and p r e v e n t i o n o f dis-
ease, and scient i f ic research in th is área. Access t o map and se-
quence i n f o r m a t i o n in data banks and c lone repos i t o r i es m u s t be 
o p e n t o scient ists and t h e r e f o r e sub jec t t o unavo idab le c o n t r o l s . 
H o w e v e r , long-term s to rage o f such data requ i res specif ic and in -
c reased secur i t y - a l p h a n u m e r i c passwords , e l ec t ron i c s ignatures, 
etc. A s t h e data f o r t h e H u m a n G e n o m e P r o g r a m m e may conce rn 
severa l g e n e r a t i o n s even tua l l y , and in a d d i t i o n c e r t a i n gene t i c 
d i so rde rs ( H u n t i n g t o n ' s c h o r e a f o r examp le , w h i c h may o n l y ap-
pear a t la ter stages in th is life o f a pat ien t , b e t w e e n 35 and 55) , 
l o n g - t e r m c o n s e r v a t i o n o f d a t a is j u s t i f i e d o n a n u m b e r o f 
g r o u n d s . 

C o n s i d e r a t i o n shou ld be g iven t o t h e need t o ensure t h a t backup 
r e c o r d s a re k e p t a t a safe, r e m o t e s i te. I t goes w i t h o u t saying 
t h a t pe rsonne l w h o a re a u t h o r i s e d t o access t h e date shou ld be 
t r a i n e d t o respec t and i m p l e m e n t data secur i ty . 

T h e r i g h t t o c o n f i d e n t i a l i t y o f p e r s o n a l gene t i c i n f o r m a t i o n is 
p o t e n t i a l l y con f l i c t i ve w i t h t h e r igh ts o f o t h e r s : fami ly m e m b e r s , 
f e l l o w - e m p l o y e e s , t h e pub l ic a t large. Fo r e x a m p l e an ind iv idua l 
m a y have D N A d a t a such as k n o w l e d g e o f a g e n e m u t a t i o n 
causing, say H u n t i n g t o n ' s disease again, w h i c h a n o t h e r m e m b e r o f 
t h e f a m i l y needs f o r d iagnos is o r p r e v e n t i o n . T h e r e a r e also 
r isks f o r t h e ind iv idua l h imsel f . I n f o r m a t i o n w h i c h is r e l e v a n t t o 
h e r o r his w e l l - b e i n g m u s t be avai lable w h e n n e e d e d . K n o w 
l e d g e o f s e n s i t i v i t y t o a p a r t i c u l a r a n a e s t h e t i c c a n save a 
pa t i en t ' s l i fe as l ong as i t is t h e r e w h e n t h e occas ion demands . 
A n a b s o l u t e ban o n d i s c l o s u r e o f g e n e t i c i n f o r m a t i o n w o u l d 
be u n w o r k a b l e , and i t w o u l d n o t be in t h e i n te res t s o f t h e ind i 
v i d u a l h imse l f . A s w a s sa id y e s t e r d a y , o n e s h o u l d n o t m a k e 
a b s o l u t e w h a t is o n l y re la t i ve . W e d o n ' t need abso lu te b u t on l y 
re la t i ve r e s t r i c t i o n s . I q u i t e ag ree w i t h t h a t . Pr ivacy s h o u l d be a 
v i ta l p r i nc i p i e o f med i ca l gene t i cs , b u t d e p a r t u r e s - f o r ins tance 
i n f o r m a t i o n w h i c h may be avai lable t o fami l y m e m b e r s - m u s t 
be c lear l y r e g u l a t e d . 
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W e reach he re the limits o f futura applications, t h e last po in t . I t Is 
essent ial t o ensure t h a t I n f o r m a t i o n a b o u t t h e i r genet ic make up 
o r i den t l t y , is n o t f o r c e d o n Individuáis, w h i l e guaran tee ing t h e m 
t h e r i gh t t o k n o w w h e t h e r t h e y a re a t genet ic r isk, so t h a t t h e y 
can m o d i f y t h a t r isk, e.g. by a change in l i fe-sty le. Fo r t h e f u t u r e , 
con f iden t ia l i t y o f t h e data o b t a i n e d and p r o t e c t i o n against unau-
t h o r i s e d access by t h i r d par t ies , w i l l b e c o m e cruc ia l . 

W e are consc ious , as t h e A m e r i c a n expe r i ence - w h i c h has been 
c lear ly s h o w n in th i s w o r k s h o p - a l ready ind icates, t h a t o n e o f 
t he main risks o f f u t u r e genet ic tes t ing f o r suscept ib i l i ty t o disease 
in t h e m i s i n t e r p r e t a t i o n o f t e s t resul ts by indiv iduáis, fami l ies and 
social i ns t i t u t i ons , and t h e po ten t i a l f o r s t igmat isa t ion and d isc r i -
m i n a t i o n . These r isks w i l l b r o a d e n as gene-based t e s t f o r m u l t i -
fac to r ia l heal th p r o b l e m s a re deve loped . 

But , b e y o n d i m p r o v i n g unders tand ing , t h e main w a y t o p r e v e n t 
unfa i r use o f genet ic i n f o r m a t i o n is t o legally p r o t e c t its c o n f i d e n 
t ia l i ty ; and several f ields m u s t be c o n s i d e r e d ; genet ic t es t i ng f o r 
insurance and f o r e m p l o y m e n t a re t h e sub jec t o f f u r t h e r C o m m u 
n ica t ions t o d a y and I w i l l n o t g o i n t o i t ; r e p r o d u c t i v e cho lees 
have a l ready been deal t w i t h ; t h e r i gh t o f paren ts t o ful l i n f o r m a 
t i o n , in c o m p l e t e con f iden t ia l i t y and f r e e d o m f r o m c o e r c i ó n ; - a t 
least t h e ideal ; t h e legal issues are always ideal and o f t e n n o t v e r y 
rea l i s t i c - ; and, g iven t h e w i d e r avai labi l i ty t o p rena ta l diagnosis, 
t h e danger t h a t resou rces f o r t h e genet ica l ly hand icapped may be 
l im i t ed . A l l these f u t u r e and n o t - s o - f u t u r e issues, s o m e o f w h i c h 
have a l ready been deal t w i t h t oday , emphasise t h e p r i nc ip ie o f 
con f iden t ia l i t y . T h e legal consequences o f t h e p r inc ip ie t h a t pe r 
sonal genet ic i n f o r m a t i o n m u s t rema in con f iden t ia l , shou ld be t h e 
r i g h t f o r e v e r y o n e n o t t o be d i s c r i m i n a t e d aga ins t , o n t h e 
g r o u n d s o f one 's gene t i c c o n s t i t u t i o n . Ef fect ive p r o t e c t i o n and 
access t o jus t ice against; genet ic d i sc r im ina t i on a re necessary and 
fair. 

Some conclusions 

I w o u l d l ike t o add two concluding remarks: O n e , W e m u s t c o n 
s ider all t hese issues f r o m t h e ful l respec t o f t h e fundamenta l pr in
cipie o f scientif ic f reedom, f r e e d o m in many c o u n t r i e s , i nc lud ing 
Spain, by o w n , is a lso a c o n s t i t u t i o n a l l y g u a r a n t e e d f r e e d o m . 
O n l y f r e e d o m can enta i l respons ib i l i t ies . A n d w e care a b o u t c o n 
f iden t ia l i t y prec ise ly because w e care a b o u t respons ib le f r e e d o m . 
I t is p r o b a b l y t r u e t h a t h u m a n d i g n i t y w o u l d n o t be poss ib le 
w i t h o u t t h e f r e e d o m o f sc ience. 

M y last r e m a r k : H u m a n G e n o m e analysis is a worldwide research 
e f fo r t , lend ing i tself pa r t i cu la r l y t o c o o p e r a t i v e ac t i on . It was said 



294 th is m o r n i n g t h a t sharing data is an ethical imperat ive, and I agree. 
T h e f ree exchange o f data and mater ia ls is e x t r e m e l y c ruc ia l in 
th i s e n t e r p r i s e . T h e r e s o u r c e s r e q u i r e d a r e so large t h a t u n -
necessary d u p l i c a t i o n o r u n d u e c o m p e t i t i o n m u s t be a v o i d e d . 
The re fo re , t he r ight comb ina t ion , t he r ight balance o f open collabora-
t ion in sc ient i f i c r esea rch f o r t h e bene f i t o f m a n k i n d , w i t h fu l l 
respect for anonymi ty o f personal data , m u s t be e n s u r e d . T h a n k 
y o u . 
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A B S T R A C T 

The insurance industry, as far as Ufe, invalidity and 
sickness insurance are concerned, is a f fected by 
health, the specifying o f the premius for the different 
types o f insurance requires statistic analysis o f the 
whoie o f popuia t ion data. The assurer moreover 
examines the health o f the candidates and on the 
strength o f both statistic and individual Information, 
sets a reasonable, fair premium. On the other hand, 
insurance companies consider genetic informatlon to 
be o f interest as far as pre-natal diagnosis and genet
ic manipulation are concerned. The assurer already 
has certain genetic Information for medical question-
naires Indude questions or diseases suffered by par-
ents. 

The assurer asks whether people who have certain 
genetic Information would adjust thelr llfe-style ac-
cording to same. In fact, It Is probable that genetic 
research wll l pave the way to a better future, at 
least as far as health Is concerned. 





The insurance industry has known a relatively calm period as far 299 
as health related insurance policies are concerned. The impor-
tance of health is involved in the following categories of insur
ance: life insurance (including pensions), disability insurance and 
health insurance. O f course certain problems have arisen: the ever 
decreasing mor ta l i ty rates and the coinciding increase in the 
average age of the population, the increasing number of those 
unfit t o w o r k (with a characteristic sensitivity to economic fluctua-
t ions), rising absenteism wi th definite economic consequences; 
fur thermore we can see a rise in health insurance premiums, not 
because the number of hospitalizations has risen, but because of 
the wide range of oppor tuni t ies that medical technology has 
made available; fur thermore the increase in average age has in-
fluenced demand. 

If we examine the underiying risk factors of these forms of insur
ance (mortal i ty rate, sickness rate, etc.) we become aware that 
nothing has changed in the way we apply these foundations. How 
and where do we get the necessary Information? 

In order t o determine the premiums for the various types of in
surance, one has to gather statistical material. O f course we are 
only able to do so for periods in the past; one of the fundamental 
problems is to predict the future development of these data. 

Data are accumulated either by observing the entire population 
(as is often the case in life insurance: the mortal i ty table) o r by 
using the material of (joint) insurance companies (often done for 
other types of insurance). 

The outcome is no more than a mere average. If we confine our-
selves for a moment to life insurance: the mortal i ty risk for a 40-
year oíd is 0.00174. 

This is derived by dividing the number of 40-year olds that died 
(d40). It is a deterministic frequency in the meaning as defined by 
Laplace. W e can do this for each age, thus forming a mortal i ty ta
ble. The mortal i ty table enables us to calcúlate what the average 
life expectancy of a forty-year oíd is. W e find this t o be 35.8 
years, which follows f rom 

e ° = 1/2 + 04, + l42 + + lw)/l4o 

This quantity is also an entirely deterministic one, 

Obviously not every 40-year oíd wi l l have this life expectancy. 
Some wi l l have a shorter life expectancy and others a longer 



300 one. O n the basis of the constructed mortal i ty table we can 
compute how many forty-year olds have a life expectancy of 
one year, of t w o years and so on. This results in the fol lowing 
picture: 
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0,03 --

0,025 --

0,02 --

0,015 --

0,01 --

0,005 " 
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lllustration I 
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lllustration 2 



Such lines can be drawn up for any age. They are not identical for 301 
each age, they change gradually. This is shown in the graph above 
(lllustration 2). 

The same applies of other types of Insurance; here was also first 
(looking at disabilitytables, tables of medical costs, etc.) a similar 
breakdown for each age bracket. 

Wha t does the insurer do wi th such a breakdown and why does 
he not confine himself t o the average valué? This average wil l 
surely w o r k out if the group is large enough. It is th law of large 
numbers. 

The insurer is faced with t w o problems in this context: 

a) If there are t o o many applicants f rom the 'left' part of the 
distribution, the insurer is faces wi th too many risks which 
have an unfavourable impact on the average. The company 
cannot sustain the average premium and the result is an un
favourable position in the market; higher premiums in turn 
make it difficult to attract new candidates for insurance policies. 

b) The insured himself may know (or possibly anticípate) that 
he belongs to the 'lefthand side' of the distribution; his risk is 
a poorer risk than the average. This may tempt him to insure 
more than he had originally intended. If this is t rue for life in
surance (people taking out higher insurances) this could be 
even worse for other types of insurance in particular when 
the insured can influence the declaration of his disablement 
o r illness. 

The insurance company must guard itself against such cases, 
both in the interest of its competit ive position in the market and 
in the interest of its other clients who wil l have to pay for the 
extra burden. The insurer has to make sure that it possesses the 
same amount of Information as the client does (=equality of In
formation). 

This is achieved by examining the health of candidates. This is 
done wi th the aid of a health questionnaire which is filled out by 
the applicant. 

Occasionally the answers warrant a physical examination; a phys-
ical examination is always required when large insured amounts 
are involved. 

This following sketch indicates how the company gets the Infor
mation: 
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RISK 1 RISK2 RISK 3 RISK N 

/ 
statistical information mortality 

table or any other table 
individual 

information 
Risk2 

basis for 
premium 

Risk2 

Flnally the premium may be (sllghtly) adjusted due to competitive 
influences of the free market. 

The outcome of the individual information, the medical examina
r o n (or questionnaire) defines together wi th the statistical infor
mation (the mortality table o r so on) the risk. 

W h y individual information? 

Because it is very easy to w h t e a health Insurance when the am-
bulance is coming around the córner of the street, or to w h t e a 
life Insurance just before death is knocked on the door. 

About the particular risk we can distinguished as follows: 

- unavoidable. 

- difficult to avoid, and 

- avoidable. 

o r translated : 

1. Unavoidable are inherent circumstances. Some people by na-
ture are in better shape than others. 

2. Diff icult t o avoid are external influences, fo r instance the 
place where one lives (air pollution) o r works (handling cer-
tain substances, etc.) 

3. Avoidable are behavioural circumstances such as smoking, al
cohol consumption, etc. 

Insurers cannot take this approach into account, because they 
have to set a reasonable and fair premium. Of course they will 
do what they can to attract as many applicants as possible; it is 
their business. In this respect changes have taken place. In the 
past the companies were inclined to ask an additional premium 
or even to decline the application/conditions, but gradually the 
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offer insurance to a máximum number of people. This is the goal 
of the insurance business. 

Generally speaking it may be said that filling out a health ques-
tionnaire or submitting oneself t o a physical examination pres-
ents few problems; even an unfavourable outcome won ' t be re-
garded negatively, because people understand the rat ionale 
behind it. 

Sometimes such a medical examination has an additional positive 
effect for the applicant, that is if a specific disease of discovered 
in an early stage. Naturally this may also have an unpleasant side, 
namely if the person involved is confronted w i th a disturbing 
finding. 

W e already noted that the medical examination is just a picture 
at a given moment. It is taken at the moment that the insurance 
is taken out. The medical adviser tries to link this t o the best 
possible conclusión regarding the future. That future is different 
in character for various types of insurance. Concerning whole life 
insurance the medical adviser wil l have to estimate the chance of 
premature death; for disability insurance a prediction has to be 
made as to the ability to w o r k and this up to a certain age. In 
case of illness it is different again. Someone may cause high medi
cal expenses and yet be able to w o r k and live to reach oíd age. 

Usualiy the estimate by a medical adviser wil l be such that an ac-
tuary wil l transíate it into a higher mortality risk, higher proba-
bility of medical costs, etc. 

The actuary assumes that any abnormality in question wil l lead 
t o an increased risk for the entire life span of the insurance. If 
we project this on the picture of the distr ibution for each age 
(l l lustration 3), the calculation of the (increased) premium wil l 
be done along the line (a). 

In some cases, we possess such extensive experience wi th spe
cific abnormalities (knowledge specially accumulated by reinsurers) 
that a sepárate mortality line can be constructed for specific ab
normalit ies. Generally the deviating line (a) wi l l run approx i -
mately parallel t o the standard one. 

Can one alter this situation? 

If the person involved is convinced that the reason for his pre
mium increase no longer exists and that his life expectation is 
back to normal, he wil l apply for a re-examination. Sometimes 



304 Probability 

Age 
lllustration 3 

Probability 
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this r ight has been agreed upon beforehand (e.g. after some 
years) but sometimes it has not. If a re-examination is done and 
the Ufe expectation is back to normal, the relative mortality line 
will bend towards the normal one (lllustration 4). 

Should the health of the person involved fur ther deter iórate, 
even by his own fault (avoidable), this does not affect the pre-



Probability 305 

Age 

lllustration 5 

mium setting. The same applies to someone who starts at the 
'right-hand side' of the distribution. Under the influence of bad 
habits he may turn into a poor risk; his particular line wil l start t o 
cross the normal one. Thls does not affect the premium either 
(ll lustration 5). 

Another problem arises: the Insurer tries t o set the premium as 
fairly as possible; he does so in such a manner that the insured 
do not have to carry the burden of additional solidarity for each 
other, an additional solidarity they never asked for. Yet careless-
ness and bad habits créate a degree of unwanted solidarity. That 
rises the question whether a conscious deterioration of the state 
of health Insurance the question arises whether others have to 
pay for the extra risk p.e. in connection wi th top sports). This 
runs parallel wi th common practice in general Insurance where 
an increase in risk results in a new and higher premium. 

So far the situation until recent times. 

This picture has changed recently when insurers were faced with 
the phenomenon AIDS. Suddenly the mortal i ty risk for certain 
age brackets increased considerably. This made no difference for 
those already insured, as we have seen above, but it was a dif-
ferent story for new insurances. 

Insurers, just like anybody else, have no experience in dealing wi th 
AIDS, but it is assumed that those infected by the AIDS virus will 
in due course develop AIDS and the consequences thereof. 
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diseases; apart f rom that we can hardly speak of an uncertain 
event any more when the mortality expectation is so evident as 
with the AIDS disease. 

The reaction of insurers was obvious: insurance companies start-
ing demanding an HlV-test pr ior to the underwhting of (life o r 
disability) insurance. Unlike in the past the society themselves 
particípate in the decisión making process. It was argued that 
such an investigation could be very damaging for the person in-
volved. Any negative outcome could be harmful; not only can it 
deny access to life o r other insurances, it could also ruin some-
ones chances of finding employment. Pressure groups opposing 
compulsory HlV-testing have argued that the test is not infallible 
and that developement of the disease as well as the transforma-
tion f rom infection t o actual illness isn't thoroughly understood. 
Moreover, antidotes may well be developed. 

This evidently put the insurance industry in a quandary. On one 
side of the argument there is the public opinión opposed to test-
ing yet on the other hand the companies must adhere t o sound 
business management. In the Netherlands a solution was found in 
the form of a compulsory HlV-test for larger risks. The future 
will show the extent of losses incurred by the insurance com
panies. 

Virtually at the same time the opportunities of genetic Informa
tion emerged and more than a few people started to link these 
two events. There is no actual relationship: AIDS belongs t o the 
category of practically avoidable diseases (so why should others 
contribute to the costs involved); genetic abnormalities are inevi
table, they are built in genetically. Society focused on the similari-
ties between the t w o such as privacy, the confrontation wi th un-
palatable facts, social consequences, etc. 

W h y is genetic information interesting f rom the insurers point of 
view? As far as companies are concerned genetics are divisible in-
to three subjects: 

prenatal 
diagnostics 

genetic 
information 

genetic 
manipulation 

non - hereditary hereditary 

What is the importance of each of those parts? 
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This subject is the most developed of the three. It is of utmost 
importance to those involved. It is of less importance to insurers. 
Based on the assumption that these diagnostics provide us wi th 
an accurate prediction whether a child will be born wi th of w i th -
out defects and if we assume that the parents are entirely free to 
decide whether they want the child (in this scenario society ac-
cepts the coinciding high expenses) the consequences are as 
follows: 

If a decisión is made in favour of abort ion, the coinciding ex
penses wil l be paid by the healthinsurer. The other side of the 
coin is that the medical expenses for an ailing child wil l in all 
probability be many times higher. To underwrite such costs in 
health Insurance is appropriate, and of course morally accepted. 

If the parents consciously decide to accept all medical expenses 
for the child that child wil l be born by the insurer. It seems fully 
justified to make the other policy holders contribute (solidarity), 
because otherwise the free cholee of the parents is jeopardized. 
This is what we are seeing in the Netherlands and other euro-
pean countries. An opposite situation we find in the U.S. where 
parents come under pressure for abort ion, while the child can-
not be insured. These prenatal diagnostics are not of practical 
importance for life Insurance and disability Insurance; disabled 
children have no purpose for such insurance. 

Genetic ínformatíon 

By far the most important part of genetics, for underwriters, is 
the use of genetic Information. This Information becomes avail-
able during a person's lifetime. The importance is underlined by 
the fact that insurance can only exist if the underwriter has suffi-
cient Information at his disposal. Genetic Information means ad-
ditional Information, obtained f rom a genetic source. 

First I would like to mention that insurers already possess a cer-
tain amount of hereditary Information. The medical question-
naires include questions about illnesses of ancestors. The stardard 
procedures allow us t o assess what the chances are that the per-
son in question wil l contract hereditary determined diseases. The 
insurer is currently not entirely uninformed, although the Infor
mation is rather rough. Therefore the question arises: does ge
netic Information provide additional information? 

The popular answer to this question is that in t ime we will all re-
ceive a genetic C.D., a genetic portrai t or as we say in the Ne-
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will contract and what the chances are of developing such illness. 
Barring accidents this knowledge enables us t o plot our course 
through life. O f course people fear that insurers will use (or rat-
her abuse) this to form an exact idea of the life expectations of 
the person in question. Is this depressing picture of the future 
correct? 

Since it has been discovered that the genes are made up of DNA , 
are responsible fo r the heredity of certain diseases and that 
these genes are located in certain places of the chromosomes, 
research has endeavoured to analyze which genes are responsible 
for which diseases and has tr ied to pinpoint their exact location. 

In depth exploration and analysis of the human gene is currently 
underway. This huge task has only just begun and although 
modern technology will enable us to speed up the pace, we must 
realize that it will take quite some t ime before we can map all 
human genes. 

Assuming that we succeed in mapping all human genes, we can 
apply our knowledge to any individual's genes. If we would have 
to proceed wi th present day technology such an examination will 
prove to be a cumbersome task, probably only useful in very spe-
cific situations. A so called 'genetic passport' therefore seems un-
likely, unless of course future technology would lend us a hand. 

Wha t Information will be available? 

To begin wi th we should make a distinction between diseases de-
pending on the number of defective genes involved: 

a) Diseases caused by one defective gene, e.g. Huntington's 
Chorea. 

b) Diseases caused by a combination of defective genes; these 
may be differentiated according to the amount of genes in
volved, i.e. involving 2 genes or 3 genes etc. Very little is 
known about these so called multi-factorial diseases. 

Genetic examination wi th respect to disease depending on a sin
gle defective gene will almost certainly provide relevant Informa
t ion. The outcome is that one will either develop the illness or 
one won' t . This of course seems to be a sound conclusión, al
though it may not be possible to predict the onset and severity 
of illness in t ime. W i t h such detailed Information on hand the un-
derwr i te r can't possibly provide the Insurance this is contrast 
w i th the oíd situation where only heridi tary Information was 
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anyway, although -expensive- solutions have been found in a lim-
ited number of cases). In the new situation it is an acceptable risk 
or an unacceptable risk. 

W h e n more than one defective gene is involved, the case be-
comes rather complicated. It might be possible t o predict the 
chance of illness as long as its occurrence depends on no more 
than t w o defective genes; Informat ion concerning the pros-
pect of illness involving three o r more genes, may be of very 
l i tt le valué of the insurer. If for instance genetic examination 
were t o disclose that the l ikel ihood of a person's contract ing 
a disease were 35% instead of 25% based on the subjects' pre-
vious records, than our overall knowledge hasn't notably in
creased. 

Therefore, f rom an insurance point of view, one must seriously 
question the relevance of Informat ion on múlt ip le defective 
genes. Nevertheless it seems likely that in certain intances we 
can augment the accuracy of our risk assessments. 

It is this aspect that public debate focuses on. The public is in-
clined t o believe that genetic Information is essential and that 
such Information may lead to more accurate risk assessment 
(higher premiums o r rejections) than is the case at present. 
This in turn would lead to all sorts of social consequences: it 
may cause diff iculties in f inding employment, o r obtaining a 
mortgage. 

Based on this knowledge certain groups in society have urged that 
genetic Informat ion should be disclosed only t o the subjects 
themselves and may only be applied for medical purposes. This 
movement regards genetic Information as particularly privacy-sen-
sitive; it is their conviction that a person can never be forced to 
particípate in genetic testing, if the person does not want to do so 
(the right not to know). Others content that this situation would 
lead to inequeal Information and thus have unacceptable conse
quences wi th respect to solidarity. The situation would ultimately 
cause disruption of the insurance industry. The champions of the 
privacy aspect sometimes take an even bolder standpoint. As 
noted before, they are apprehensive of the idea that insurance 
may be refused and are worr ied about the social consequences. 
On the other hand they are well aware that too much privacy is 
the key to misuse (inequality of Information enables subjects to 
take advantage of the situation at the expense of others). 

Proponents argüe that insurers should be prohibi ted t o gather 
any data at all whenever essential forms of insurance are con-
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everybody regardless of circumstances. The t rouble w i th this 
idea lies in the fact that only politicians can decided on what 
forms of insurance are essential o r not; this in tu rn wi l l créate 
an undersirable situation (i t may obstruct the cor rec t calcula
r o n of premiums due t o influences f rom undesirable elements 
of solidarity, p.e. wait ing t o take a life insurance just before 
death). 

Besides, there is a wide degree of variation between various 
types of insurance which we must take into consideraron. W i t h 
regard to health insurance the idea seems reasonable (it is in fact 
often the case): health insurance is practically essential (in view of 
the high costs hardly anyone can afford not to be insured), and it 
is practically impossible to influence the payments (claims). Here 
again a remark on the U.S. situation, where some 15% of the pop-
ulation is not insured for health care costs. However if we take 
life insurance o r disability insurance into account, the case be-
comes different. Here the extent of indemnification (the amount 
of money) has been agreed on beforehand; fu r the rmore not 
everybody needs to be insured (doesn't even want to be insured). 
Fraud is likely to occur much more often if insurers are obliged 
to underwrite all risks whilst the client have no actual obligation 
to take out insurance. 

Equality of information is the obvious goal of insurers, except 
when it is unnecessary (as in health insurance). This means that 
an applicant must surrender all information he o r she has ac-
quired wi th regard to genetic examination to the underwri ter, 
yet that the underwriter may not seek to iniate compulsory ge
netic examination. 

It is here that I wish to speak of another aspect. It is not unlikely 
that illness wil l become manifest, where genetic factors are to 
blame in conjunction wi th certain negative habits (for instance 
living or nuthtional factors). As I said earlier, changes in the indi
vidual^ living habits do not influence the premium that the indi
vidual is paying for his policy. This observation usually pertains 
to changes for the worse. 

W e may now see the reverse. Knowledge of your genetically de-
termined susceptibility may prompt you to change your way of 
living. Today smokers aren't entirely sure that smoking is harmful 
(apart f rom the rule of the thumb: smoking is bad for your health) 
because the smoker is unaware of his o r her (potential) geneti
cally determined susceptibility t o lungcancer. If the person in 
question is aware of a high degree of susceptibility to lungcancer 
then one can ask: shall he o r she continué to smoke? This of 



course raises the opposite question: wi l l a non-smoker w h o 3 I I 
learns of his low genetic susceptibility to lungcancer, decide to 
start smoking? 

The answer to the next question is essential: given that people 
have knowledge of certain genetic information, wil l they adjust 
their way of living accordingly? And that is of major importance 
to the insurer. Too much attention has focused on claims con-
cerning whole life Insurance (whereby premature death is a dis-
advantage to the insurer), yet the vast majority of insurance poli-
cies concerns oíd age pensions (i.e. long life risks). If people start 
t o adjust their way of living in accordance with their genetic in
formation, then we must not overlook that people will be aiming 
to increase their average age, which in turn has severe financial 
consequences for pensions. 

A longer lifespan induced in this manner should be welcomed 
and it seems evident that all forthcoming costs should be paid 
for. Again the question arises: who is going to pay, how far can 
solidarity be stretched and should we occasionally adjust pre-
miums accordingly? If behaviour is of such importance, the ques
t ion arises whether o r not the right premium may (must) also be 
adjusted during the term of the insurance. 

Finally, a few words on genetic manipulation; this subject remind 
us of a science fiction-like wor ld . The political forefront should 
stay on the alert. Still, we must make a few distinctions. 

Suppose one has a defective gene, which in t ime is likely t o 
cause illness, and this defect can be 'mended'. Possibilities of 
such repair are of the utmost importance to the person in question, 
because it wil l relieve the person of the disease and its conse
quences. 

Here we must stress t w o aspects: such 'repair' can be costiy, 
costs which wil l have t o be reimbursed by the health insurer. 
This seems quite justified, just as the resulting solidarity. The risk 
of disability wi l l decline, thus causing the product t o become 
cheaper, which of course must be recommended. As far as life 
insurance is concerned: the repair case wil l prolong a person's 
lifespan, and this of course had consequences for oíd age pen
sions. A development we pointed out earlier on. 

What remains to be discussed is the genetic manipulation wi th 
distinct hereditary components ('tampering wi th genes'). Whe th 
er o r not this is of any consequence for underwri ters cannot 
now be determined. Right now it looks more like a social and 
political problem. 
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It is highly doubtful whether genetic ¡nformation wil l be of any 
use to insurers. 

Should genetic ¡nformation prove to be of valué, then we must 
maintain the principie of equality of Information, except for types 
of Insurance that the entire population depends upon and where 
fraud is practically impossible, as is the case In health Insurance. 
The insurers wil l not Inltiate compulsory gentic examinatlon. 

Should genetic Information prove to be of importance, then we 
must realise that people wil l adjust their way of living accordingly. 
No t only will this Influence the Insurance industry, but it wil l also 
influence many others (e.g. food industry). 

Both the opportunities of prenatal diagnostics and the 'mending' 
of genes should be recommended, although we must give serious 
thought to the consequences. 

All in all it is not impossible that genetic research wil l pave the 
way to a better health future, regardless of the controversy sur-
rounding hereditary genetic manipulation. 

Finally some impressions on the situation about this topics in 
severa! countries. 

Practically in all countries it Is now more or less under discus-
sion. Mostly there Is a tendency to keep genetic Information con-
fidential for the person itself only. The argument: misuse by in
surers, employers and so on. 

First a remark about confidentiality. Confidentiality is primerly 
preferred by people wi th a bad genetic portralt. It is the same as 
asklng for solidarity, which is also only preferred by the receiving 
party. But it is not only confidentiality, it is what people are doing 
wi th their genetic knowledge. When he o r she has a good por
tralt, wil l he o r she t r y to get a good job o r to buy a low-priced 
Insurance? 

About the misuse t w o important remarks should be made: 

1. In this argumentaron no distinction Is made between mono-
genetic and multifactorial deseases, while the Information is 
totally different: monogenetic (practically) yes o r no, mult i
factorial: a probability (at most). 

2. N o distinction is made between several different types of in-
surances, or other uses such as by employers. 



In the U.S. we know the proposals of the Human Genome Pri- 3 I 3 
vacy Act, which gives individuáis the right to privacy on genetic 
informat ion. Also no informat ion t o insurers, empbyers , etc. 
Congressional hearings wil l begin next spring. 

In full contrast wi th this proposals we find in Germany a proposal 
for law that contains exactly my opinión, wi th the addition that 
there is no obligation on information for health Insurance. 
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Undoubtendly, knowledge o f the H u m a n Genome 
can /nf/uence the world o f work i f it provides infor-
mation on the tendency to develop diseases in a cer-
tain environment or on the individual's aptitude for 
work, to give a few exampies. The use o f this type o f 
genetic informat ion may iead to iegai probiems i f 
one considers who is the beneficiary o f the informa
t ion. However , anaiysis o f the H u m a n Genome 
wouid not be the only cause for this type o f prob
iems. A t present, there is a company policy tha t 
controls occess o f a worke r to the company by 
means o f physical and psychologicaí tests, the State 
i tsel f makes use o f these tactics for certain work 
activities. 





1. The analysis and evaluation of the incidence of the genome 3 I 7 
project for labor relations has to be based on the current 
status of scientific research and, at most, on scientific hypo-
thesis that are likely t o be attalned wlthin the near future. 

2. Quantitatively, human genome knowledge offers little infor
mation of actual relevance for labor relations. It's likely that 
genomic analysis may provide in the future more relevant in
format ion (for example, tendency for develop diseases by 
exposure to the enviroment, sterility in women or genetic 
markers associated wi th work ing aptitudes or ineptitudes). 

This information, certainly, might be important to select new 
workers or, later, t o move the w o r k e r geographically o r 
functionally within the company. 

3. I wil l not consider here the labor consequences of genetic 
manipulation, because this aspect exceeds the labor-juridical 
área, falling in the realm or ethics and politics. 

4. The main legal problem that the genome may pose in the fu-
ture labor relations is, doubtless, that of possible use of the 
information provided. By hypothesis, the information derived 
f rom the genome may be used in the benefit of the worker , 
his owner; in the benefit of other workers and th i rd parties 
outside the company; in the benefit of the comapny itself; 
and in the benefit of the general interest of the State. So, 
there would be four potential interests playing its role. 

5. The w o r k e r might use this in format ion fo r professional 
or ientat ion, as a mer i t for being selected for a job o r fo r 
promotions, and t o avoid certains changes in the place o r 
function of his job. 

Other workers and th i rd parties might use this information 
to avoid risks derived f rom the actions of somebody poten-
tially incompetent of dangerous. The company might use this 
information t o justify discriminations in selecting workers o r 
in assigning them certains tasks. 

Finally, the State might us this information in the interest of 
health preventive protect ion. 

6. Some of these interests can become rights w i thout major 
problems. This is the case wi th the interest of the worker t o 
use genomic information t o heip him to choose and find a 
job. 

But, even in this case, some problems could appear as de
rived f rom the fact that voluntary allegations as a meri t for 
being selected for a job o r for promot ion might suppose a 
factual and indirect pressure for those others who wouldn' t 
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wou ld probably be rejected by the company in use of its 
contractual freedom. 

However. I don't think that this simple fact wil l in the future 
determine a prohibit ion for those workers who voluntarily 
want to use the genomic Information in their own interest. 

7. Nevertheless, other interests may pose greater problems to 
become rights. This is the case in the interest for health of 
o ther workers and th i rd parties "versus" the interests for 
privacy, to w o r k and non-discrimination of the worker . 

Doubtless, the Information derived f rom the genome -as the 
Information derived f rom any other way (the clinical history, 
for example)-, is within the ambit of the basic right to privacy 
of the worke r and, so, it is necessary to respect it. 

Al though no right is absolute o r il l imited, the potential o r 
tendential character of the Information derived f rom the ge
nome appears, in my opinión, not t o be sufficiently solid t o 
l imit the basic rights of the person. 

In fact, it's wo r th mentioning that the Information about the 
tendencies t o develop diseases by exposure to the environ-
ment o r work ing aptitudes o r ineptitudes provided by ge
nome in the future wil l be always potential o r tendential. So 
that work ing aptitudes or ineptitudes must be shown after 
an apprenticeship and the working experience; and the dis
eases wi th the monogenetic exception, can develop o r not in 
contact wi th some environment circumstances. 

8. The legal recognition of the interest of the company encoun-
ters similar problems of conf l ict w i t h basic rights of the 
worker . 

The company could adduce reasons of productivity to con-
tract the best worker in order to justify the worke r exigence 
of a genomic Information in the contract moment o r later 
on. 

Cer ta in ly , in a democrat ic society, the company power 
brings about necessarily some limits, as the respect to he hu
man basic rights and, among them, the right to privacy and 
the right of non-discrimination by intímate known facts. 

Thus, I don' t think that the simple managerial interest to the 
best contract could justify by itself the intromission in the 
worke r privacy asklng for a genomic analysis. 

Nowadays, however, there are several managerial practices 
in order to clalm, before the contract, some controls and 
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aptitudes of the candidates to work. 

In my opinión, the legal answer could be this: not every 
managerial practices are legal f rom the point of view of the 
human basic rights. It's necessary a reasonable relation be-
tween the Informat ion claimed and the task t o do. For 
example, it would be legal a visual control of lorry-driver o r 
the who le physical c o n t r o l of a footbal l -p layers but i t 
wouldn' t be legal the exigence of some Information about 
the sexual Ufe of a miner candidate. 

In this way, could be justified certains exigences of Informa
t ion about genetic aptitudes; perhaps, but more difficult, 
about the tendencies t o develop diseases; but, absolutely, 
not about the women's sterility. 

9. Finally, the legal recognition of the interest of the State in 
the benefit of health necessarily represents an injury to the 
rights of the worker , which are therefore "colonized" -as it 
is said- by the State. 

Nowadays, the State stablishes the physical and psychological 
conditions of the worker for certains jobs (nuclear energy 
workers, for example) 

The use of Information derived f rom the genome would not 
be, therefore, a qualitative policy change, but only a further 
scientific refinement in the Instruments of control . 

10. In sum, t w o conceptions o r positions of law policy wi l l 
likely be confronted: I) The first: the genome is entirely prí
vate and can oly be used for self-benefit. 2) The second: the 
Information derived f rom the genome belongs t o the col-
lectivity and may be used for the collectivity benefit. 

There is no doubt that intermedíate positions wil l likely 
domínate in the future, rendering possible the reasonable 
use of genomic Information In the Interest of the company, 
In the interest of thírd partíes and ín the general Interest 
represented by the State. Relativíty is the conclussion. 

Thank you 





E T H I C A L A S P E C T S 
D E R I V E D F R O M 
C O M M E R C I A L 
A P P L I C A T I O N S 
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T H E C O M M E R C I A L A S P E C T 
O F D I A G N O S T I C T E S T I N G 

He/en Donis-Keller 

Dept. of Genetics, Washington University Medical School, 
St. Louis, Missouri (USA) 

A B S T R A C T 

Clinical diagnosis uses, amongst others, two types o f 
tests: linkage tests for congenital disorders and A D N 
diagnostic tests to determine propensity to illness. 
The former study the genes o f the illness and there 
are currently any norms for carrying out these tests. 
Bes/des, they give rise to errors on account o f the ar
der and distance o f the genetic markers with respect 
to the gene o f the illness. 
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ultímate in commercial diagnostics. This wi i l probably horr i fy 
some of you, but why? First of all, at least for the Americans in the 
audience, I think there is a basic distrust in the US of Corporate 
America. Secondly, this cartoon implies that there is no physician 
interface between the patient and the diagnosis. Then third and 
perhaps most important: how feasible is it t o do any of the tests 
that are shown here on the sign? 

Today, our focus is on the commercial applications of diagnostic 
testing; but one point I would like to make to you is that testing 
that is university based or commercially based does not differ in 
the ethical considerations. I do not believe that university-based 
testing is inherently more ethical. The prof i t motive in some 
cases is replaced by the prior i ty motive, and in some cases in the 
commercial sector, there are more safeguards in place, especially 
wi th regard to quality control and the technical aspects of diag
nostic testing. 

The experience base f rom which I speak t o you today is fairly 
limited; this comes f rom my experience of having worked in uni-
versities and having worked in a small start-up bitotechnology 
company, f rom 1986 t o 1989, on diagnostic testing. I worked on 
basic research for the other period of t ime that I was wi th this 
company, which was a total period of 7 years. 

This small biotech company decided to introduce predictive tests 
for cystic fibrosis, adult polycystic kidney disease, neurofibroma-
tosis and a few other disorders. My responsibility at this com
pany was to develop a test and perform a number of research 
case studies, and then t o oversee technology transfer, which 
included reading all the test results for a year once they made 
the technology transfer, t o the commercial reference laboratory. 
The commercial reference laboratory was regulated by the State 
of Massachusetts and fell under the clinical chemistry reference 
laboratory controls and standards. W e had a board of scientific 
advisers, we established guidelines, as well as a board of medical 
experts. 

W e established guidelines, that is criteria for diagnostic tests, and 
also we made choices as to which tests to offer. One decisión 
we made early on was that we would not perform diagnostic test
ing for diseases if there was no MD referral; we only worked 
through genetic counsellors and through medical doctors. On the 
other hand, we performed paternity tests for anyone who asked. 

The purpose of the testing, the reason why we began wi th adult 
polycystic kidney disease and cystic fibrosis, which are actually 
fairly rare inherited disorders, was not a profi t motive, but rather 
t o gain experience in the clinical testing arena, since this biotech-
nology company had no pr ior experience, wi th the long-terms 
goal of testing for more common disorders. I think my experi-
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startup company, and Jack McConne I think wi l l give you the 
perspective of someone who worked for a very large, well-estab-
lished company -Johnson & Johnson. So I would like to review 
first the types of diagnostic tests and then focus on one type of 
test which we implemented. 

First of all, there are genetic linkage tests for inherited disorders; 
in these tests we fol low disease genes using genetic markers. W e 
require at least one affected individual in a suitable family struc-
ture, and these are the tests that I wil l be talking about today. 
There are direct tests, using D N A analysis, permutations that 
are responsible for the disease; Norman Fost wil l focus on this 
aspect for cystic fibrosis. 

Then there are D N A screening tests for disease susceptibility. 
The company I worked for decided not to offer tests of this 
type; these are population-based screening tests, and at the time 
we were considering them, there were tests that were being of-
fered for atherosclerosis, emphysema, diabetes susceptibility, but 
we made the decisión not to offer these types of test. 

Then there are D N A fingerprinting for gentyping tests, that are 
applied for forensics purposes and parentage testing. The com
pany I worked for decided not to get into the business of perfor-
ming these tests for forensic purposes, mainly because the FBI 
entered the testing área and had decided themselves to set up 
testing for forensic purposes. So our company supplied the re-
agents for the FBI in order to perform these tests. There are 
several people in the audience who I think have much more expe-
rience wi th this type of testing - D o n Rufo and Eric Lander perhaps 
will offer some comments at the end. 

There are ethical concerns of course wi th this type of testing; 
one is the source of er ror in the tests, and the interpretaron of 
results. I am sure you are all aware of the unscrupulous compa-
nies who by ineptitude, or simply iying, have really darkened the 
ñame of D N A testing. And of course, one of the main problems 
is our judicial system and not so much the er ror rate in these 
tests, because it is based on winning and not on getting at the 
t ru th ; the major objective of defence and prosecution is to dis-
credit expert witnesses, and I guess we should not forget that 
we are participants in this, willing or unwilling. 

Here are the issues to consider. What are the criteria for high 
quality diagnostic tests? And the main point I want t o make is 
that determinaron of a high-quality diagnostic test is in itself an 
ethical consideraron, which I think is not being addressed in the 
academic o r commercial communities today wi th regard to D N A 
testing. There are no uniform standards that have been estab-
lished in any form for the linkage based tests I will be discussing. 
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There have been some attempts to set up standards in the com-
mercial sector, but there has been no agreement on, for example 
proficiency testing. 

A th i rd point is record-keeping, and this has several dimensions. 
First of all, sample-tracking. The samples that are obtained for 
these tests are often and almost always obtained at some dis-
tance by people not employed by the company o r the universitiy, 
then the samples are sent to where the test performance is done. 
This is probably the main source of errors that occur; sample 
mix-ups, sample mislabeling at the point, for example, where the 
blood is being drawn. But the questions are how do we track the 
samples? By ñame? By number? Every lab has a different way of 
tracking the samples. And secondly, how long should records be 
kept? This is an issue we never resolved at the company where I 
wo rked ; we just kept the records and thought at some later 
point in t ime we would decide when to destroy the records. And 
another aspect of this is storage of the sample; invahably there 
was D N A left over after the analysis was done. Was it our res-
ponsibility to save that sample, to send it back to the originator? 
Again, this was unresolved. 

Then the th i rd aspect is, how public does one become wi th the 
number and types of tests that are performed? In our company it 
was decided that we would not make public the number of tests 
that we performed for any given disorder, because we did not 
want our competitors to know how badly we were doing. 

Then there is the communication of results. To whom are the 
results given, and in what form? W e had a wr i t ten report form 
which we agonised over in terms of how easy it would be t o un-
derstand what the risk assessment was, how much Information 
could we give out, what was our liability situation. W e often gave 
results out over the telephone t o genetic counsellors. I th ink 
were naive initially, for example if we to ld them it would take 
about two weeks to get the results back (this was using a Shout-
hern-based assay) exactly 14 days f rom the later, cali expect-
ing the result because the patient expected it. We l l , invariably 
things went wrong in the lab, we had t o repeat assays; and so we 
found ourselves in a very difficult situation. 

One thing we also did not do was verify that the caller should 
have the Information; it would have been very easy for patients 
to pretend to be the doctor o r counsellor and get the Informa
t ion themselves. It ended up not being a problem for us, but I can 
see that it would have been, perhaps. 

And there is the issue of timeliness. Our technicians were not 
paid to w o r k weekends because of the cost; often we would get 
samples in for an amniocentesis in which t ime was very much an 
element. 
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who would pay for testing. I guess often in universities one does 
not consider the cost of the development of the diagnostic test, 
and the regulatory costs that are involved as well. In the cases 
that I was involved In, there was no profit; we weren' t even t ry-
ing to break even. He were simply trying to introduce the test. 
But it may interest you to know the company that I worked for 
considered it unethical that many universities were offering the 
test for free, which really meant that they were seen as compe
tí tors and really compromised the ability of small companies t o 
get into the business. 

W h o can o r should be tested? This was always left t o the deter-
mination of a physician. In the case of linkage tests, of course, 
one has t o have an appropriate family structure, and we sug-
gested t o genetic counsellors and physicians what the struc
ture should be. W h o has access to Information? 

... And the next point I think is a more serious ethical one. Often 
new Information was developed as a result of the test that had 
not been sought by the originating individuáis at risk o r their 
families. For example we had a test come in for adult polycystic 
kidney disease. The lab technician received the samples and pro-
cessed them and by the t ime the analysis got to me, what had 
happened was that a number of people who were at risk, who 
were not requesting Information, had been tested and we had 
the result. W e knew in some cases that people would be pre-
dicted t o be affected; in this case we simply turned the Informa
t ion over t o the physician; it was an honest mistake, they just 
sent in bloodsamples f rom everyone that came in that day f rom 
that family. 

In another case we sent out an amniocentesis sample and a kar-
yotype was done; this was standard practice by this secondary 
lab that we sent this sample to , but no-one thought to ask the 
pregnant women whether o r not she wanted it done. Wha t if we 
had found out something f rom having looked at those chromo-
somes? 

Then in another case, we were doing cystic fibrosis diagnosis, 
and it became obvious that there was a parentage problem. This 
was a very late analysis that was done as an amniocentesis. W e 
only had a few days t o return the result, and I noticed the stated 
father was probably not the father. I communicated wi th the ge
netic counsellor and asked for a unblood sample f rom the father. 
We l l , as it turned out, the woman swore that the father was as 
stated. Tested a few more probes and verified, t o our satisfac-
t ion, that the stated father was not the father. So the only result 
we could give was that it unlikely that this foetus was affected. 

And as I ment ioned earlier, part icipation on family members is 
an impor tant consideraron in linkage-based tests. And at this 
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cian's att i tude. For example, in the case of plycystic kidney dis-
ease, the nephrologists were very much opposed t o genetic 
test ing - t h e y were no t educated about the valué of genetic 
t e s t i n g - and in fact they we re very p roud of the i r surgical 
intervent ion procedures and thought there was no need for 
genetic testing. W e also found, interestingly enough, that in the 
case of adult polycystic kidney disease parents were always wi l -
ling to particípate. They considered themselves responsible for 
their offspring and were very wil l ing to particípate in the tests 
and were very wil l ing kidney donors. On the other side, there 
is sometimes coerción of the family members to particípate in 
the test. 

Fínally, which tests should be offered? For our company there 
we re s t rong economíc consideratíons when we considered 
which tests we might w o r k on. Should every company be com-
mítted to offer all avaílable diagnostic tests? It is very hard to ac-
quire experience and maintain competence while offering a large 
number of tests. 

I would like to move then to linkage-based tests, t o make my 
point again that the quality of the diagnostic tests is an ethical 
issue. 

W i t h linkage-based tests one uses markers t o fol iow the disease 
gene. So you can see the predict ion of affected abnormal o r 
carrier status of the affected individual, necessary for the perfor
mance of the test for the at-risk individual shown as the question 
mark. N o w the only problem wi th this of course is that there is 
recombination as chromosomes are passed on f rom parent to 
offspring, and you can see here the result: the child at the bot-
tom has a recombinant chromosome. This is the source of the 
inherent e r ro r rate in diagnostic tests of this type, and it just 
shows you the result one would have if one used only one mark-
er on one side of the disease locus. You would make the wrong 
prediction, the wrong diagnosis, based on following the inheritan-
ce of the marker: you wou ld not have seen the recombinant 
events. 

The second issue that is very important for linkage-based tests is 
informativeness. 

The quality of diagnostic testing for this type of test depends on 
the informativeness of the markers and the genetic distance of 
the marker, f rom the disease locus, because the frequency of re
combination is related to how cióse the marker is t o the disease 
gene. 

Sources of error , then, in the linkage tests are, first of all, incor-
rect marker order and distances: on assumes for the calculations 
t o make a risk assessment, a particular order of markers wi th 
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overs, which is why markers on both sides of the disease gene 
are very important. And then of course undetected genetic het-
erogeneity: for so many of these disorders there is the possibility 
that different genes on different chromosomes can independently 
give the same phenotype. One has to ensure that sufficient test
ing for genetic heterogeneity in the population has been done: 
and then of course there are D N A artifacts; when one does a 
[Southern-based] test, whether o r not the D N A has been digest-
ed on complet ion is crit ical. Contamlnat ion of o ther samples 
wi th the genomic D N A of the individual being tested, and in the 
case of PCR detection, amplificaron artefacts can be prevalent. 
Then of course sample mix-up, which I think is a major source of 
e r r o r in testing, and as I ment ioned before, paternity not as 
state d. 

These are my criteria for a high-quality test: First it is very im
por tant that the markers be very cióse t o the disease gene, 
(within a few per cent recombination) and that the markers flank 
the disease locus that crossovers can be detected. That leaves 
the possibility of a double crossover, which is a very rare event. 
Second, the markers must be highly informative, otherwise I 
think you are really deceiving the people for whom you say you 
are providing testing. If in only 30% of cases you give back unambi-
guous answers, the test is hardíy wor th doing. An then again, rea-
sonably rapid test performance and communication results are 
important: people expect to get the answer back the next day. 
Genetic heterogeneity studies, as I ment ioned: and tolerat ing 
only a low er ro r rate in these types of tests are also important 
¡ssues. 

I have raised some of the ethical considerations that are present 
in all of these types of diagnostic tests, and the underlying theme, 
is that there are no uniform standards that have yet been estab-
lished. One can always say that competi t ion, at least in a free 
society, provides the best service; the best tests wil l naturally 
come forward because there will be competit ion for them. But 
that is not always the case. Someone can do better marketing 
and there is a lot of t rust in medical doctors, and that should not 
be understated. 
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B I O T E C H N O L O G Y 

E/ad/o Montoya 

Technical Dept. of the Quality of Life and Natural Resources, 
General Secretariat for National Plan I + B, Madrid (Spain) 

A B S T R A C T 

Mon's struggíe against nature has given and is giving 
as a result the accumulatíon o f toxic producís with 
harmfui effects, not oniy f rom the ecológica! but also 
the genetic point o f view, for these agents are able 
to bring about genic disorders. The development o f 
medicine during this century, apart from its benefi-
cial effects, also entails a negative effect on human 
natural selection, in this sense, there has been an in-
crease in the number o f people who are bearers o f 
transmissible genetic disorders. Biotechnology, con-
sidered as the third great technological revolution o f 
this century, offers solutions to genetic disorders and 
environmental problems. However, with the use o f 
producís, biotechnology is not exempt f rom prob
lems i f it encourages a social imbalance between dif
ferent countries. 
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continuous task for humankind. This struggle has had deleterious 
effects on natural evolution, not only f rom a general ecological 
polnt of view, but also because of the accumulation of noxious 
agents, specially after Industrialization. This, together wl th other 
natural factors creating human diversity, has lead to the accumu
lation of products that can induce genetic disorders. In the pres-
ent century the t remendous development of medicine, which 
beneficial effects are beyond of doubt, has also had a negative ef-
fect upon the natural selection of humans, and therefore more 
and more people carrying transmissible diseases are now able to 
have descendants. Biotechnology is contributing to the right of all 
human beings to health, t o have descendents, and a new era has 
opened this year wi th the possibility of performing somatic cells 
gene therapy. Antisense RNAs and ribozymes are also now con-
sidered as potencial therapeutic agents against viral, neoplasic o r 
genetic diseases. On the other hand Biotechnology is also offer-
ing solutions to environmental problems by the use of selected 
microorganisms or genetically manipulated ones which, for in-
stance, degrade toxic products, accumulate heavy metáis or pro
duce biodegradable polymers. Biotechnology is being considered 
the third great technological revolution of this century, after nu
clear energy and the technologies of Information and communi-
cation. In Western countries, Biotechnology is supposed to have 
applications to sectors representing almost a 20% of the gross 
national incomes. 

In opposit ion wi th nuclear energy, technologies of Information 
and communication and biotechnology have a better acceptance 
by the public opinión, exception made of those groups which pro
mote a " return to nature". This acceptance, moves between the 
hopes and the fears, and depends mostly upon the individual be-
nefits that biotechnology is offering, specially concerning health. 
Nevertheless, Biotechnology, like o the r technologies is no t 
exempt of problems related t o the use of its products. Issues 
concerning the delivery of genetically engineered organisms, pa-
tent protection of these organisms and social disequilibrium that 
these new technologies can p romote between countr ies, are 
probably the most important aspects of the social ethics of the 
new biotechnology. 

Here I am going to address only two of these Items, nameiy, in-
creasing differences between developed and underdeveloped 
countries and safety. 

I. In underdeveloped countries Biotechnology has social and 
economic posi t ive efects, improv ing the p roduc t ion of 
crops, fuels, food like milk, o r providing vaccines against 
endemic diseases. Negative implications of biotechnology 
are the increase of the economic gap between No r th and 
South, due to the difficulties to develop these technologies 
by developing countr ies wich of course wi l l increase the 



336 debt in these countries. The figures wil l be aproximately the 
same for the knowledge of the Human Genome. Does this 
means tha t we shold stop increasing our knowledge t o 
avoid t o magnify these differences? O f course not. I would 
like t o bring here the recent words of Dr. Mangwende, Min-
ister of Lands, Agriculture and Ru al Settlement of Zimbawe 
addressing th is subject : " I t is t o ta l l y naive and in fact 
foo lhardy fo r anyone tha t we should stop the wheel of 
technological innovations because the outputs might adverse-
ly effect a group of people". It has been said many times 
that because of its very nature, information resulting f rom 
the Human Genome analysis should be in the public domain. 
As far as I known this was one of the points of the so called 
Valencia Declaration on the Human Genome Project, t w o 
years ago. This expresses the generosity that the scientific 
family has always shown. The problem does not lie in the 
knowledge of how genes are all put together o r which is 
the base sequence in these genes, the problem is the tech-
nology that wil l be develop for and by the project. Among 
these new technologies, it is clear that informatics wil l be 
implemented and new methods for sequencing and new 
vectors for genetic therapy wil l be developed. These tech
nologies wi l l get applications t o the diagnostic and thera-
peutics of human diseases of different origin, including cán
ce r , and i n f e c t i o u s deseases, and t o many o t h e r 
b iotechnological processes. A t the present, 18% of the 
pharmaceutical market depends on biotechnology. This in-
cludes of course antibiotics, and represents aproximately 
30 billion dollars. From these more than 400 million dollars 
are products derived f rom monoclonal antibodies. Actually 
the market of D N A probes is still low, aproximately 19 mil
lion $ but it is expected to increase in 1992 t o 600 million 
dollars. The Human Genome Project wil l therefore imple-
ment evolving biotechnologies which wil l be beneficial for 
many productive sectors and for many countries. The trans-
national character of this project wi l l , w i thout doubt, bene-
f i t the dissemination of knwoledge and thei r profi ts. The 
transfer of these technologies should be done through the 
cooperation. FAO, UNESCO, W H O , and the European Com-
munity STD program are good examples of multilateral co
operativo f rameworks that should be implemented in the 
future, as well as bilateral assistance. 

2. Safety. Unti l now D N A recombinant technology has been 
proved to be not only a safe technology but safer than pre-
vious ones. For instance endocrinologist can now treat child-
ren w i th G row th Hormone w i thou t having the danger of 
inoculating diseases, as it was the case of the human hormone. 
Vaccines, like hepatitis B can be obtained w i t h o u t mani
pularon of the virus. This safety is due to a great extent, to 
the careful way in which researchers have dealt w i th the 
problem. The Berg letter, Asilomar conferences o r the NIH 
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undertaken concerning this topic. Seeing the problem ret-
rospectively, all this measures were perhaps excessive, and 
in consequence they have been progressively modified. On 
the other hand they have had a negative impact on public 
opinión, a fact that is very probably influencing negatively 
other initiatives, but I think that at that moment they were 
necessary. 

Safety has special importance when we are dealing wi th spe-
cies. Doctors frequently have to take hercio decisions con
cerning patients.These decisions affect the individual life, but 
decisions concerning, for instance genetic manipulation of 
plants, can affect the evolution of a whole specie, o r an ecol-
ogic system. Therefore genetic manipulations that affect en-
vironment are to be undertaken carefully and studies of dis-
semination, propagation, e tc . . are needed, and biological 
diversity should be mantained. This contrast wi th the situa-
t ion of gene therapy, where only individuáis are the object of 
manipulat ion. Let us consider the most compell ing topic 
concerning gene therapy: germ line of embryo genetic ther
apy. I am very sorry to say that for me there is no an ethic 
or moral problem involved, but only a problem of uses and 
safety. By now we are used to múltiple surgical procedures, 
including grafts that increase life expectancy and quality of 
life of people carrying severe diseases. Procedures that mod-
ify the phenotype of individuáis are also continuously per-
formed and all these manipulations are well accepted by the 
general public, although they are painful, and some of them 
involve grafting of foreign organs and in some cases they are 
life threatening. So, why are they accepted? Probably be-
cause their effects are predictible and immediate, because 
they do not affect descendents and specially because they 
can be easily understood. People consider genetic modifica-
t ion as something mysterious that manipulates the very es-
sential nature of man and his destiny, instead of considering 
it, when feasible, as a simple intervention for correcting the 
errors of Nature. O f course this is not the moment to per-
form such type of interventions, because in the present state 
of knowledge the results may be impredictible, but we prob
ably should not cióse the door of terminal or embryo ther
apy for ever, and we shall consider the actual prohibitions 
in most legislations as a morator ium. Ethical problems wil l 
then arrive, for example, the right to patent vectors, which 
in some way could be compared to patent surgical procedures. 
Fortunatedly, in the future probably there wil l be no need 
for such manipulations, because very early diagnostic test of 
embryo, like it has been already started, wi l l avoid o ther 
procedures. 

I wish t o finish by quoting samebody who has dedicated a 
great part of his life to Bioethics, Prof. Edouard Boné: 
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rect o r to improve it t o 'arrange' the D N A molecule, artifi-
cially créate new species, to attempt to change his own indi
vidual o r specific identlty? 'Doesn ' t Nature know best'? 
Might there not be a limit beyond which we risk everything 
getting out of control? And finally, do we demand that huma-
nity, after having manipulated, altered, and exper imented 
wi th everything in this wor ld , stops in f ront of its own chro-
mosomes, feeling that by crossing this limit it would make it-
self gullty of some unaccepted violation?" To this question, 
says Father Boné, "I would think that we have a valid and ex-
plicit answer in our present understanding of scientific evo-
lution. Man, the thinking craftsman has as his privilege to de-
code and comprehend real i ty, t o put his hand on what 
makes the wor ld work , t o take in hand the destiny and the 
competion of the planet and to exploit its resources...". 

Thank you very much for your kind atention. 
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P O P U L A T I O N 





34 

D I A G N O S T I C P O P U L A T I O N 
T E S T I N G O F G E N E C F 

Norman Fost 

Program in Medical Ethics, 
University of Wisconsin Medical School 

A B S T R A C T 

There ore ot present propasáis to carry out genetic 
diagnostic population tests to detect beorers o f cystic 
fibrosis. 
In the outhor's opinión, almost none o f these propas
áis follows widely consensed criterio ot the institu-
tional level, such as: adequate experimental design, 
proof o f efficiency, study o f toxicity and acceptability 
o f costs. Therefore, these propasáis require more de-
tailed analysis befare their generalized putt ing inta 
practice. 
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carrying out programmes of genetic diagnostic population testing 
that are ethically acceptable.a consensus that seems to be reflect-
ed in the similar conclusions reached by the National Acaademy 
of Sciences, the Hastings Center and the American Presidential 
Commission for the study of ethical problems in medicine. Cur-
rent proposals on the carrying out of wide-ranging diagnostic 
population testing for the detection of CF bearers (CF = cystic 
fibrosis), or diagnostic testing in new-born infants for pre-symp-
tomatic treatment, fol low practically none of these recommenda-
tions. 

A t present proposals for the detection of bearers should take in-
to account the following problems: 

1. The scant sensitivity of available tests (75 to 80%) will cause 
unsurmountable uncertainty in many couples, for one of the 
t w o could be positive and the other give negative results in 
the test w i thou t their genetic situation being known. If all 
pregnant women were submitted t o the test, 200.000 of 
them would be in this situation, 97% of this kind of couple 
would run no risk at all. 

2. The dilemmas posed t o the counsellor are extraordinari ly 
complex, and yet there is no infrastructure for expert coun-
selling t o be made available t o patients. If all genetic coun-
sellors wi th experience in the United States were recruited, 
and if they spent 10 minutes counselling each couple, each 
counsellor would have to devote 17 weeks to this task. Con-
sequently, it wil l be non-qualified people who carry out the 
w o r k of counselling. 

3. The costs of diagnostic testing programme of this type would 
amount t o over a thousand million dollars. The number of 
pregnancies te rminated fo r this reason is unknown, but 
should they be reduced by 50%, costs would be more than 2 
million dollars per pregnancy thus terminated. This may be 
hard to justify in a country in which 37 million people have 
no basic health Insurance. Obviously, company interests and 
conflicts of interests are entailed. 

4. The public is little disposed t o participating in this type of 
programme: public opinión has little knowledge of cystic fi
brosis and even the most elementary genetic Information is 
barely available to the consumen Therefore, it is likely that 
there wil l be great confusión and that decisions taken on re-
production wil l be somewhat irrational. 

5. No pilot studies have been carried out on the efficiency and 
toxicity of bearers of cystic fibrosis.Therefore, these propos
als are experiments that require analysis at institutional le-v-
el, strict rules on the consent of the person Informed and a 



344 homologation of results, before it is possible to carry out 
testing on a generalizad scale. 

In Australia, Colorado and some other communities, diagnostic 
testing has been carried out on new-born infants for five years, 
as presymptomatic testing; yet in no case has either the experi
mental design, proof that efficiency and toxicity levéis and costs 
are acceptable been adequate. In Wisconsin, an aleatory, con-
t ro l led , prospective study has been carr ied ou t that has still 
no t shown any medical benefit after five years, although this 
study has not yet been completed. 
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Knowledge can be used destructively for human dig-
nity. Wha t can be done to guarantee that genetic in-
formation is used exclusively to increase human dig-
nity? It is assumed that the new genetic knowledge, 
as ¡ikewise technological progress associated with 
same, will be applied in a ciinical context, although 
there is no mechanism to control this appiication. 





The tit le of my presentation was drawn f rom the document that 35 
was drafted here in Valencia in October of 1988. It is called the 
"Valencia Declaration on the Human Genome Project." As I read 
this declaration, I was struck wi th the fact that wi th one excep-
t ion, which I will discuss in detall, most of the valúes informing the 
declaration where what might be called the valúes of good o r 
ideal science: the assumption that the pursuit of knowledge is 
good; the valúes of collaboration and coordination and the valué 
of honesty o r disclosure of Information. The exception is the 
acknowledgment that participating scientists have the responsability 
"...to help ensure that genetic Information be used oníy to en-
hance the dignity of the individual." Although the declaration en-
dorsed the Human Genome Organization (HUGO) as the: "lead 
body... to promote the goals and objectives addressed in this de
claration," it is silent on the question of specific steps to be taken 
to achieve these goals. 

As we have been told repeatedly in this conference, human his-
tory is replete wi th examples of the use of the knowledge of hu
man differences -of ten nothing more than beliefs based on igno-
rance, prejudice o r fear- t o justify systematic violations of the 
welfare, rights and dignity of individuáis, groups and whole socie-
ties. As we have been to ld, the history of human genetics more 
than explains the concern reflected in the Valencia Declaration 
that knowledge might be used in ways highly destructive of hu
man dignity. Wha t should be done t o ensure that genetic Informa
t ion wil l be used only to enhance dignity? 

One of the concerns that prompted me to accept the invitation 
to attend this meeting, is that the clinical geneticists I know and 
w o r k wi th struggle to dea! wi th the ethical ambiguity, complexity 
and conflicts involved in application of existing genetic knowledge 
and technology. In fact, the literature describing their on-going 
struggle wi th the demands of ethics contains little of no clarity or 
consensus about the meaning or demands of ethical declarations 
such as: "genetic information be used only to enhance the dignity 
of the individual". 

O f proponents and supporters of the Human Genome Project 
are correct in their predicitions, it is likely that these efforts wil l 
exponential ly increase the fund of basic information available 
regarding human genetics. It is also assumed that this dramatic in
crease will "pay of f ' in the sense of the application of this new 
knowledge t o the development of a w ide var iety of genetic 
technologies and products. 

In the second half of the t i t le of my presentation I invocked the 
metaphor of knowledge and its development as a building. I asked 
"Can Ethics Be Built into the Human Genome Project?" I should 
have been more careful in my use of this metaphor. As reflected 
in the question I asked yesterday afternoon, I believe -and it is 
essential that we acknowledge he re - that a wide range of valúes 



352 and ethical assumptions have been "bui l t into the Genome Pro-
ject". My question shold have been: " H o w Should Ethics Be Built 
into the Genome Project?" Therefore, one of the first tasks must 
be undertaken is the identification and critical examination of the 
valúes that inform thís project. I see the Identification of these 
valúes as a fairly straight-forward task. By engaging in a sustained 
dialogue over t ime wi th members of the community of scholars 
doing-ethics - long after the conclusión of this conference- those 
of you who are undertaking this project could come to know the 
often hidden valúes that inform what you are doing. 

It would then be necessary for you to "build in to" your project a 
process by which these valúes would be subjected to critical ex
amination and reformulation over t ime. Clearly the creators and 
masterminds of this ambitious project understood the importance 
of this effort. Many important and significant steps have been 
taken. Clearly the most visible steps in this regard are dedicated 
fiscal resources - w e have been to ld this is to be at least 3% of 
the total funding; the establishment of the "Ethical, Legal and So
cial Implications (ELS!) Program"- ond the recruitment of a highly 
qualified philosoper to manage the program. Eric, in cooperation 
wi th the Joint N IH-DOE Work ing Group, has undertaken impor
tant steps in the process of providing a mechanism for on-going 
cr i t ical examinat ion of the genome projects f r om an ethical 
perspective. 

In trying to prepare myself t o have some practical suggestions 
about additional aspects of this process, I have consulted wi th 
Eric and other members of the clinical ethics community wi th 
much more experience and expertise than I in the área of genetic 
ethics. In the summary of my presentation, I have proposed a se
ries of additional steps to be considered. I will not repeat all of 
them here. I would, however, like to specifically discuss there of 
them. First, I suggested that consideraron be given to the estab
lishment of what I called an "Ethics Board" to w o r k wi th Eric and 
the Joint Work ing Group in the ELS! Program. It may well be 
that this could best be accomplished by an expansión of the 
membership of the Work ing Group t o include additional volees 
in clinical ethics. My concern is that the decisions which guide the 
w o r k of this program need to be informed by the critical per
spective of scholars f rom the "outs ide" i.e. scholars in ethics 
whose w o r k is constantly shaped by having to w o r k in clinical 
contexts and by those whose w o r k is subject t o the scrutinty of 
academic peers. 

I also suggested that consideraron be given to the creation of 
what I called a National Consort ium or Commission to develop 
and recommend appropriate legislation to prevent the inappro-
priate, non-clinical uses of genetic knowledge and technology; and 
to recommend appropriate legislation to combat genetic discri-
mination. Obviously, the model I had in mind in making that sug-
gestion was that of the President's Commission. In fact, the re-
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remains an important document in genetic ethics particularly as it 
relates to ethical issues in screening. I see the need for such a 
Commission to supplement the educational and extra-mural re-
search activites of the ELSI Program. One obvious and pressing 
issue t o be examined is the possible expansión of federal civil 
rights and disability legislation t o include individuáis who have 
been identified as "genetically different". 

The third suggestion I would like to briefly discuss is that of creat-
ing a networking system for Institutionai Review Boards faced 
with the challenging task of reviewing genetic research at univer-
sities and research centers. This might well be an International 
networking system tied administratively to the Human Genome 
Organization through its Ethics Committee. As the chair of my 
institutions IRB I have become acutely aware of the difficulty of 
providing adequate review of the complex ethical issues raised by 
these research projects. It is not possible for each IRB to have of 
develop the necessary experience and expertise in genetic ethics. 

I would like to conclude my remarks about "building" ethics into 
this project wi th observations that deal wi th t w o other meta-
phors for knowledge that seem t o have been operative in this 
workshop. One of the metaphors which appears to have shaped 
many of the presentations and much of the converstation at this 
conference appears t o be the metaphor knowledge as power. In 
fact, one form of this metaphor appears to have shaped the deci
sión t o have the conference in the f irst place, namely that of 
knowledge as weapon o r the even more dramatic metaphor of 
knowledge as cannibal o r devour ing monster, ment ioned by 
Nancy Wex le r yesterday morning. I would like to use these met
aphors to express my concerns about what appears to be a very 
basic assumption which guides this project. It is the assumption 
that this new genetic knowledge and the technological progress 
its spawns wil l be used, ie. applied, in a medical o r clínica! con-
text. It is assumed that it will be utilized by health care profession-
ais working in clinical settings providing health care services to 
their patients. However, there is no existing mechanism by which 
the use of this newly developed knowledge and technology can 
be controlled, curtailed of limited to use in this setting. If the con
cern is that we do not repeat the experience of "our colleges in 
nuclear physics after the Second W o r l d W a r " we must critically 
examine this assumption. I hear you claiming that this project will 
produce or allow for the development of "powerful knowledge" 
and a vast armamentarium of powerful new technologies. Absent 
some as-yet-to-be developed mechanisms, this knowledge and 
technology wil l be used by those wi th power to increase their 
power. It will be marketed by its developers to the powerful - t o 
employers, t o corporations, to Insurance companies, to law en-
forcement agencies and to governments. I would draw your at-
tention to what has happened in the United States to the newly 
developed knowledge and technologies involved in testing human 
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ing" and t o the use of antibody testing for HIV virus to prevent 
the spread of HIV infection through the transfusión of blood. A t 
the present t ime in my country the vast majority of drug tests 
and HIV tests are ordered by non-health care providers and per-
formed on individuáis who are not patients. I would also point 
out that one of major users of this knowledge and technology is 
the government of my country. 

Another of the more prominent metaphors underlying this pro-
ject is that of knowledge as geography -mos t vividly presented to 
us yesterday by Al Jonsen. Those undertaking the project seek to 
créate a "map". W i t h this map, they claim, we wil l be better able 
to "find our way" in dealing wi th human genetic difference and 
disease. W i t hou t this "map" we wil l be " lost" in ignorance on the 
unexplored genetic frontier. W e wil l be left to continué to grope 
and stumble along wi thout the knowledge this map promises to 
provide. W i t h the map we will be better able to get where we 
want to be in terms of our ability to control , t o prevent and to 
respond to genetic disease. 

Yet it is not at al! clear to me that we know where we are going. 
Do we know where we want to go? Do we seek to prevent all 
genetic difference? Do we seek only to prevent or respond to 
certain kinds or levéis of difference? Which differences? Do we 
seek t o prevent of t hwar t o r even cure all genetic diseases? 
Wha t goals shold inform this search, this quest? W h o wil l deter
mine which goals should be sought? If we do not (cannot?) know 
where we want to be of what use is a better map? 

This geographical metaphor also invites us to attend to the im-
por tant task of understanding how this journey fits into the 
larger context of humanity's historical quest. 

What is clear to me is that the burden of human suffering in our 
wor ld community is not caused most fundamentally by human ge
netic difference o r even by human genetic disease. In fact, this 
burden is not caused by the lack of what those of us who live in 
privileged societies cali medical care. Genetic disease may be the 
leading cause of of infant mortality in the United Kingdom, but it 
is not the leading cause of the death of infants and children in the 
wor ld . The "map" we need to deal wi th the this globe's burden 
of human suffering is not a genetic map. If our goal is to find the 
way to respond effectively to the global burden of human suf
fering, this quest for a better genetic "map" must be seen as a dis-
traction, a luxury, at best, a noble but certainly not essential hu
man quest. When we take a wide-view - a wor ld v i e w — a human 
community v i e w - we see the specter of a crushing burden of 
human misery, hunger, homelessness and privation which cha-
racterize life for most of those in our global community. Wi l l this 
project and its "new map" help us find the way in seeking to res
pond to these basic human needs? I do not find its potential for 
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nations- to be either obvious or particularly enormous. 

Elke Jordán asked us to reflect on the question of what concep-
tion of the public good should inform NIH policies on data shar-
ing by Human Genome investigators. Although this seems to be 
an appropriate and important question, its asking is also dan-
gerous. As we seek to answer it and a host of related questions 
about the nature of the "public" o r "common good", who is the 
" w e " who wil l provide the answer? Whose volees will be heard 
as the answer to this question is formulated? I am concerned that 
our answer may well be just that "ou r " answer -an answer that 
fits the desires and needs of those of us who are privileged. Wi l l 
it fit the aspirations and needs of the billions of those members 
of the human community not fortúnate enough to particípate in 
this dialogue? 

I am also concerned that many so-called developed nations are 
alreaday struggling under the specter of a burden of biotechnol-
ogy and the medical- industr ial complex which supports and 
nourishes its relentless growth. In many countries, this monster 
already grows out of control consuming an ever-greater port ion 
of the social resourses. Its growth has resulted in a widespread 
medicalization of human life in these societies and has distored 
social valúes, pr ior i tes and programs in pursuit of its utopian 
(some would say demonic) visión of a maximally prolonged hu
man existence free of all suffering and disease. In at least one of 
these countries - m y o w n - this monster has lead us seriously 
astray (we are indeed in need of a map, but not a genetic map). 
Even as Americans spend more and more hundreds of billions of 
dollars each year t o feed the insatiable appetite for the latest in 
modern medicine, we must suffer the humiliation of calling our-
selves a developed nation -even a leader in the wor ld commu
n i t y - and yet we have no health care system; no system by 
which we can discharge our social obligation t o provide health 
care to our citizens. 
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A B S T R A C T 

It is certain that the H u m a n Genome Project wil l 
have social consequences. In Naz i Germany, there 
were attempts to apply human genetics with the aim 
o f creating a superior, genérica/// selected race. Illegal 
sterilization was a habitual practice and a law was 
defended that allowed euthanasia. But all this be-
longs to the past At present, we Uve in a world in 
which a large part o f the population has no housing, 
food or work, and within this context o f inequality 
the Human Genome Project poses problems. How? 
It may be that genetic inequality is translated into 
genetic "injustice" and that this may justify social in-
justice. 
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The Human Genome Project is a great intellectual and technical 
challenge for those who llke to w o r k wi th DNA. One can safely 
predlct that those Involved will have little t ime to think about the 
possible problems the successful project will créate for society. 
A scientist Is after all judged for his scientific accompllshments 
and not for his worr ies about the possible misuse of science. So 
the proposal that about three percent of the bugdet of the pro
ject should go t o experts -b ioeth ic is ts - who make a living of 
thinking about such things makes sense. 

My experience wi th bioethicists is limited to encounters at three 
conferences including this one. These encounters have been 
deeply disquieting for me. I liked of course the anglosaxon att i-
tude that (almost) all fundamental research is legitímate (I share 
this view). But I dislike the corresponding view that (almost) all 
application to man and society is potentially legitímate too . 

The most disturbing aspect is the apparent absence of any tabus. 
According to this view there is no proposition which can not be 
discussed carefully and all propositions are defendable as long as 
they are coherent. But what is t rue for science is - i n my opin ion-
not t rue for the issues trascending science. So economic argu-
ments should be n/7 ab initio when they viólate human hghts. 

I wil l argüe that something can be learned f rom history in this 
respect. Half a century ago, Germán human geneticists ailied 
themselves w i th the antisemitic Nazi Party t o propágate their 
common interest: to apply human genetics for the utopian goal 
of a wor ld dominated by a genetically selected, superior nordic 
race. 

A Short History of the Past of Human Genetics 
in Nazi Germany 

It is impossible to present an adequate picture of the history of 
human genetics in Nazi Germany in a few pages. I would like to 
draw the attention of the International readers to some books 
dealing wi th the phenomenon ,"4. For the situation in the US and 
England and some other countries see 5'7. Here I can just summa-
rize: In the twenties and thirties the evidence seemed to grow 
that most physical and psychic ailments had some genetic defect 
as basis. A large percentage of society seemed to be made up of 
such genetically afflicted persons. Furthermore the not ion was 
advanced that these afflicted persons bred faster than those wi th 
intact, "valuable" genes. Biological evolution was seen as a pro-
cess where dog eats dog and social evolution was seen in the 
same manner. A most readable story is told by an American pro-



360 fessor of zoology who in 1915 sat night after night in the Germán 
Army Headquarters in Brussels and talked wi th a Germán zoolo-
gist who had become an army officer 8. The American arrived as 
a pacifist and left deeply convinced that the war against Germany 
was justified. A country where the intellectuals made sociopoliti-
cal Darwinism their religión had t o be contained and, íf neces-
sary, by war. 

The Germán human geneticists of the twenties had no connec-
t ion any more to any religión. Darwinism was the surrogate they 
used. Thus they advocated that they should become the makers 
of human biological and social evolution. They proposed, as a 
first measure, sterilization of a large section of the Germán Popu-
lation. In the Welmar Republic no party except the Nazis sup-
ported enforced steril ization. Even sterilization after informed 
consent was extremely controversia!. It is thus not astonishing 
that almost all Germán geneticists pr ior to 1933 asked for ster
ilization wi th informed consent. 

There was one party which openly said that informed consents 
was democratic nonsense and this was the Nazi party. In fact the 
Nazi party approached the leading Germán human geneticists in 
1932 and were warmly received 9. It is thus not astonishing that a 
cióse collaboration w i th the human geneticists began after the 
Nazis came t o power in 1933. The geneticists asked for support 
of their research and got it amply. The Nazis asked for theoret i -
cal and practical support for their race measures. And they got 
what they wanted. 

The human geneticists had t o train the medical doctors who 
later became involved in the various racial measures. I would just 
like to list a few of these: 

• The legal sterilization of about 350 000 Germán citizens ac-
cording to the law of 1933 which asked for the sterilisation 
of schizophrenics, manic depressives, alcoholics, idiots and some 
others afflicted wi th rare genetic diseases. 

• The nonlegal sterilization of all coloured Germán citizens. 

• The nonlegal sterilization of almost all Germán Gypsies. Most 
Germán Gypsies perished later in Auschwitz 

• The planned sterilization of all Germán citizens wi th "antiso
cial" behaviour. 

• The planned sterilization of all "quarter-Jews". 

• The expert opinión in all cases of questionable Jewish origin. 

• The racial evaluation of the whole population in Poland and the 
Soviet Union. 



• The framing of a law legalizing "euthanasia". 36 I 

• The evaluation and killing of psychiatric patients after 1940. 

• The life and death decisions in Auschwitz. 

When the war ended in 1945 almost all Germán human geneti-
cists and psychiatrists, professors and postdocs alike, were so 
deeply entangled in some of these actions that there were just 
t w o options: 

• To continué. Then none of them would ever have to bear wi t -
ness against any collegue. 

• To cióse the fields of human genetics and psychiatry comple-
tely. 

Here as elsewhere the first opt ion became reality. The interna-
tional community of human geneticists or psychiatrists prefered 
not to know -and when somebody did know, he kept silent and 
shuddered. The Germán anthropologist, human geneticists and 
psychiatrists continued t o publish, meet and teach as if nothing 
had happened. There was not a single article or book on the his-
to ry of human genetics during these years by one of its practi-
t ioners. Even those who had been in trouble in Nazi Germany 
kept silent for many years. Only in 1961 did Karl Saller, who had 
been dismissed as a lecturerer in 1935, daré to wr i te his account 
on his f o rmer and present collegues l0. His book made him 
promptly a leper among his collegues. 

To ¡ilústrate the situation I wou ld like t o ñame just three of 
the speakers of the 6th Conference of the Germán An th ropo-
logical Society (6. Tagung der Deutschen Geseílschaft für Anthro-
pologie) in Kiel, July 30 t o August 2, 1958. Among the speakers 
are listed 1 ': 

• H. Schade on anthropological research in Macedonia: Schade 
was an SS officer and member of the SS race office. In this ca-
pacity he was active during the war in Yugoslavia. In 1937 he 
was involved in the illegal sterilization of coloured children. 

• B.K. Schultz on inheritance of variabilities of the foot: Schulz 
was an SS general and head of the race buró of the SS. He be
came responsible for the racial screening in all of Europe in 
1943. He was author of a proposal to head an office in which 
all "quarter-Jews" had to be examined for possible sterilization. 

• H. Fleischhacker on bloodgroups and race mixing in El Salva
dor. Fleischhacker was an SS officer. In 1943 he selected 79 
typ/co/Jews in Auschwitz t o be sent t o the concentraron camp 
Natzweiler near Strassburg. There they were all killed to be-
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anatomy of professor Hir t . 

The influence of all these geneticists and psychiatrists disappear-
ed only wi th their ret irement and death. This process had come 
more or less to an end in the eighties. Then suddenly a f lood of 
articles and books appeared in Germany dealing wi th these hu
man geneticists, anthropologists, psychiatrists, etc. The articles, 
most of them well researched, many in popular journals, comple-
tely destroyed the respectability of geneticists of all sorts. It was 
coincidental that some years earlier cloning of D N A was for a 
short t ime regarded as dangerous. This was simply t oo much for 
the Germán public. The oíd generation had objectively been in-
volved in crime and what was the new generation doing? The 
very low esteem of the general public for genetic engeneering in 
all its forms results f rom this. 

Lessons from the Past 

The present situation differs f rom the past in essential points: 

• In the past only phenotypes were available for evaluation. N o w 
genotypes will be unambiguously determined. 

• In the past the state and its agencies enforced steri l ization, 
abortion and death. N o w these decisions are left t o the indi
vidual citizen. 

• In the past knowledge about the presumed genotypes was 
freely circulated among the interested state agencies. N o w state 
agencies are under control . But what about Insurance compa-
nies and prívate business? 

In the best of all possible worlds, which does not exist, where 
everybody finds employment, housing and health Insurance, the 
Human Cenóme Project poses no threat. But in the US where 
about one percent of the population belongs to the homeless, 
where 37 mill ion people have no health Insurance, where the 
crowds of the poor and the jobless are growing, the Human Ce
nóme Project does pose problems. Here the economic pressure 
in immense that the insurance company may know the genotype 
to determine the insurance rate and that the company may know 
the genotype of its potential employee. I am afraid that such a si
tuation where all is decided by consenting individuáis under eco
nomic pressure, wil l push the US in the next half century in a si
tuation resembling the science fiction novéis of Philipp K. Dick. 
Social injustice wil l become first justified and later amplified by 
genetic injustice. The discovery that some unfavourable genotype 
are frequently found in certain ethnic groups wil l make racism 
again respectable. The end of this development can only result in 
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racism. This will also mean the end of respectable genetics be-
cause the geneticists will be unable to hide like their Germán col-
leagues did a century ago. 

Since I find this development utterly undesirable I propose here 
again what I proposed in vain here and elsewhere l2. 

1. Every person has the right t o know his genotype in full, in 
part or, if he wishes, not at all. 

2. The genotype of a person should not be determined unless 
the person has specifically asked for this. It should be a cr im
inal offense to determine the genotype of a person wi thout 
being authorized by this person. Exceptions as genetic finger-
printing should be carefully qualified. 

3. Parents have the right to ask, or not to ask, for particular 
genotypes of their children, when the onset of the sickness 
brought about by the particular genotype is below the age of 
eighteen. They have not the right to ask for genotypes of 
their children if their genetic condition will not disable them 
before the age of eighteen. 

4. Every pregnant mother has the right to ask, or not to ask, 
for the genotypes of the unborn. The genotypes of the un-
born should not be determined unless after specific authori-
zation of the pregnant woman. Insurance companies should 
not have the right t o ask for the genotype of an unborn. 
Abor t ion should be decided by the pregnant women and not 
by another persons. 

5. N o th i rd person, Insurance company, employer and the like 
has the right to ask for the genotype of a particular person 
or to determine it. Breach of this should be made a criminal 
offense. 
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A B S T R A C T 

As from 1900, eugenics became institutionalized in 
severo/ European countries and in the United States, 
However, thirty years later, it began to be criticized 
as a science because o f its scant scientifíc consis-
tency and due to social prejudices, although it con
t inued to influence human genetics, particularly in 
the United States. 
Wi th time, biochemistry síowly gained ground within 
genetics, contr ibut ing scientifíc rigour to research; 
thalasemia and falciform anemia are two examples 
o f this genetic research. Consequently, scientifíc 
rigor gradual ly supplanted eugenics, in any case, 
ethics must always be present and not only when 
apply ing a certain research but o/so when ques-
tion'mg the aims o f research. 





Human beings - s l ow and uncontrollable breeders- have never 367 
been as advantageous for genetic research as, say, poultry, rodents, 
and fruit flies. Nevertheless, almost immediately after the redis-
covery of Mendel's laws, in 1900, biologists began to apply them 
to the study of heredity in man -because he was man. In 1902, 
the British physicial Archibald Garrod convincingly showed that 
certain ¡nborn errors of metabol ism- notably alcaptonuria - w e r e 
caused by a Mendelian recessive gene. In 1907, the Mendelian 
inheritance of human eye color was demonstrated in Britain by 
C.C. Hurst, a f lower breeder. Clearly, early research in human 
genetics comprised the study of purely physical traits and diseases 
for their own sake However, through the first third of the twentieth 
century, human genetics was enormously influenced by eugenics 
- tha t is, by the cluster of ideas and activities centered on the aim 
of improving the quality of mankind through the manipulation of 
its biological heredity. 

Invented as a self-conscious doctrine in the late nineteenth cen
tury, eugenics became a popular social movements after 1900, 
developing a large fol lowing in the United States, Britain, Ger-
many, and many other countries. The backbone of the move-
ment was formed of people drawn f rom the white middle and 
upper middle classes, especially professional groups. Its support-
ers included prominent laymen and scientists, particularly genet-
icists, for whom the science of human biological improvement 
offered an avenue to public standing and usefulness. Eugenicists 
declared themselves to be concerned wi th preventing social de
generaron. They found signs of such degeneration in the social 
and behavioral discordances of urban industrial society - f o r 
example, crime, slums, and rampant disease; t ook these as symp-
toms of social pathologies; and attributed them phmarly to bio
logical causes- to "b lood," to use the term of inheritable essence 
common at the turn of the century. 

To eugenically-minded biologists, the causes of social degen
eration had t o be understood t o be rooted out -wh i ch made 
the study of human heredity essential t o the eugenic program. 
Such biologists understood eugenics t o be the application of 
human genetic knowledge t o social problems and the develop-
ment of that knowledge t o be the basic branch of eugenic 
"science". As a result, the human genetics program included the 
study of medical disorders - f o r example, diabetes and epilepsy-
not only for their intrinsic interest but because of their social 
costs. A still more substantial part of the program consisted 
of the analysis of t ra i ts alleged t o make fo r social burden-
straits involving qualities of temperament and behavior that 
might lie at the bo t tom of, for example, alcoholism, prost i tu-
t ion, criminality, and poverty. A major object of scrutiny was 
mental deficieney - t hen commonly termed "feeblemindedness" 
which was often identified by intelligence tests and was widely 
interpreted t o be at the roo t of many varieties of socially dele-
ter ious behavior. 



368 A large fraction -perhaps mos t - of research in human heredity 
was pursued in laboratories established to develop eugenically 
useful knowledge.The most prominent of these institutions, both 
of which were ceated early in the century, were the Galton 
Laboratory for National Eugenios, at University College London, 
under the directorship of the statistcian and population biologist 
Karl Pearson; and the Eugenios Record Office of the Carnegie 
Institution of Washington's Department of Genetics, located at 
Cold Spring Harbor, on Long Island, New York, and headed by 
the biologist Charles B. Davenport. Eugenic science was institu-
tionalized in Germany beginning in 1918, wi th the establishment 
ofwhat became the Kaiser Wi lhelm Institute for Research in Psy-
chiatry. The institutionalization continued wi th the creation, in 
1923, of a chair for race hygiene at Munich, to which the biolo
gist Fritz Lenz was appointed; and wi th the founding, in 1927, of 
the Kaiser Wi lhelm Institute for Anthropology, Human Heredity, 
And Eugenics in Berlin, which was directed by the anthropolo-
gist Eugen Fischer, a conservative nationalist Catholic who then 
headed the Society for Radial Hygiene. 

Staff at or affiliated wi th these laboratories gathered Information 
bearing on human heredity by examining medical records of con-
ducting extended family studies often relying upon fieid workers 
t o construct t ra i t pedigrees in selected populations -say, the 
residents of a rural communi ty- on th basis of interviews and the 
examination of genealogical records. An important feature of 
Germán eugenic science was twin studies. By 1926, as a result of 
its various surveys and studies, the Eugenics Record Office had 
accumulated about 65,000 sheets of manuscript field reports, 
30,000 sheets of special traits records, 8,500 family trai t sched-
ules, 1900 printed genealogies, t own histories, and biographies. 

Karl Pearson, an adamant anti-Mendelian, sought to determine 
heritabilities by calculating correlations among relatives o r be-
tween generations for different diseases disorders, and traits. 
Studies emanating f rom his laboratories typically explored the 
relationship of physique t o intelligence; the resemblance of first 
cousins; the effect of parental occupation upon children's welfare 
of the birthate; and the role of heredity in alcoholism, tuberculo
sis, anad defective sight. However, the approach that dominated 
eugenic science in most laboratories was not correlational but 
Mendelian analyses attempts to use phenotypical and family data 
to account for the inheritance of a variety of medical afflictions 
and social behaviors in genetic terms. 

Typical of Mendelian w o r k in eugenic science were the studies of 
Charles B. Davenport and his associates, which appeared in his 
comprehensive 19I I book, Heredity in Relation to Eugenics and in 
later publications. Wherever family pedigrees seemed to show a 
high incidence of a given character. Davenport concluded that 
the trai t must be inheritable and attempted to fit the pattern of 
inheritance into a Mendelian frame. Although he noted that single 



genes did not seem to determine important mental and behavioral 369 
characteristics, he did argüe that patterns of inheritance were 
evident in insanity, epilepsy, alcoholism, "pauperism", and crimi-
nality. The mental and behavioral characteristics of different races 
were a mayor concern of Davenport's, who, like eugenic scien-
tists elsewhere, held different national groups and "Hebrews" to 
represent biologically different races and express different racial 
traits. However, although he declared himself frequently on the 
subject, he actually did l i t t le research in It, part icular ly of a 
Mendelian type, except for an inquiry into "race-crossing" be-
tween blacks and whites in Jamaica, the effects of which, he con-
cluded, were biologically and socially deleterious. 

Davenport helped introduce Mendelism into the studies of "fee-
blemindedness" conducted by Henry H. Goddard, the psycholo-
gist who intoduced intelligence testing into the United States. 
Davenport provided field workers for Goddard's surveys of the 
mental characteristics of a local population in New Jersey and ad-
vice on genetic in terpretaron of the data.The surveys contrib-
uted essential material t o t w o highly influential books by Goddard 
-The Kallikak Family: A Study in the Heredity of Feeblemindedness 
and Feeble-mindedness: ¡ts Causes and Consequences, published res-
pectively in 1912 and 1914. Goddard speculated that the feeble-
minded were a form of undeveloped humanity: "a vigorous ani
mal organism of low intellect but strong physique - t he wild man 
of today." He argued that they lacked "one o r the other of the 
factors essential t o a moral life an understanding of right and 
wrong, and the power of cont ro l " , and that these weaknesses 
made them strongly susceptible to becoming crimináis, paupers, 
and prostitutes. 

Goddard was unsure whether mental deficiency resulted f rom 
the presence in the brain of something that inhibited normal de-
velopment or f rom the absence of something that stimulated it. 
But whatever the cause, of one thing he had become virtually 
certain: it behaved like Mendelian character. Feeblemindedness 
was "a condition of mind o r brain which is transmitted as regu-
larly and surely as co lor of haír o r eyes." According t o later 
studies by Goddard and others, it also occurred wi th dispropor-
tionately high frequency among lower - income and minoritaty 
g roups - notably recent immigrants in the United States f rom 
Eastern and Southern Europe. 

Eugenic research in Germany before the Nazi period was similar 
to that in the United States and Britain, and much of it remained 
similar after Hit ler came to power. The Institute for Anthropol -
ogy, Human Heredity, and Eugenics, for example, continued to 
press investigations into subjects such as the genetics of diabetes, 
tuberculosis, and brain disease; the heritability of criminality; the 
effects of race crossing (with no particular emphasis on Jews or 
Aryans). However, during the Hit ler years. Nazi bureaucrats pro
vided eugenic research institutions wi th handsome support and 



370 thei r research programs were expanded t o complement the 
goals of Nazi biological policy, exploiting ongoing investigations 
into the inheritance of disease, intelligence, and behavior to advise 
the government on its sterilization policy. Fischer's Institute, the 
staff o f w h i c h i nc luded t h e p r o m i n e n t gene t i c i s t O t m a r 
von Verschuer, trained doctors for the SS in the intricacies of 
racial hygiene and analyzed data and specimens obtained in the 
concentraron camps. Some of the material - f o r example, the 
internal organs of dead children and the skeletons of two murdered 
Jews - carne f r o m Josef Mengele, w h o had been a gradúate 
student of Verschuer's and was his assistant at the Institute. In 
1942, Verschuer succeeded Fischer as head of the Institute (and 
would serve postwar Germany as professor of human genetics at 
the University of Muenster). 

Davenport, Lenz, and eugenic scientists in other countries manag-
ed, in the end, to expose genuinely Mendelian patterns in the in
heritance of traits that could be well specified - co lo r blindness, 
for example- and were entirely physical. Their works showed 
that single genes might account for such abnormalities as brachy-
dactyly, polydactyly, and albinism, and for such diseases as he-
mophilia, otosclerosis, and Huntington's chorea. Lenz, in parti
cular, also developed impo r tan t mathemat ical methods fo r 
overcoming ascertainment bias - t he tendency in human genetic 
field surveys to find a higher frequency for a given tra i t among 
siblings than its t rue probability of occurrence. Some fraction of 
their w o r k thus contributed usefully to the early study of human 
genetics. 

However, the fraction was rather small. Combining Mendelian 
theory wi th incautions speculation, they often neglected polygen-
ic complexities in favor of single-gene explanations. They also 
paid far to t i t t le attention to cultural, economic, and other envi-
ronmental influences in their accounts of mental abilities such as 
low scores on IQ tests and social behaviors such as prost i tut ion. 
Some of Davenport's t rai t categories were ludicrous, particularly 
in studies on the inheritance of what he called "normadism", 
"shiftlessness", and "thalassophilia" - t he love of the sea that he 
discerned in naval officers and concluded must be a sex-linked 
recessive t ra i t because, like color blindness, it was almost always 
expressed in males. 

Class and race prejudice were pervasive in eugenic science. In 
northern Europe and the United States, eugenics expressed stand-
ards of fitñess and social valué that were predominantly white, 
middle class, Protestant -and indentified wi th "Aryans". In the as-
sumptive reasoning of eugenicists, lower- income groups were 
not poor because they had inadequate educational and economic 
opportunity but because their moral and educational capacities, 
rooted in their biology, were inadequate. When eugenicists cele-
brated Aryans they demonstrated nothing more than their own 
racial biases. Davenport, indulging in unsupportable anthropology, 



found the Poles "independent and selfreliant though clannish"; 371 
the Italians tending to "crimes of personal violence"; and the He-
brews " in termedia te between the slovenly Servians and the 
Greeks and the tldy Swedes, Germán, and Bohemlans" and givlng 
to "thleving" though rarely to "personal violence". He expected 
that the "great influx of blood f rom Southeastern Europe" would 
rapidly make the American population "darker in pigmentation, 
smaller in stature, more mercurial... more given to crimes of lar-
ceny, kidnapping, assault, murder, rape, and sex-immorality". 

In the I930s, in the United States and Britain at least, eugenic 
science -eugenically colored theories of human heredity- was in-
creasingly criticized for its scientific shoddiness and social preju-
dice. It was charged with vagueness in Identification of putatively 
heritable trai ts and w i th uncritical acceptance of hearsay evi-
dence gathered in the field surveys. An assessment of the Eugenics 
Record Office pointed out, for example, that its vast body of re
cords were worthless for the study of human genetics, not least 
because they fastened upon traits such as personality, character, 
sense of humor, self-respect, loyalty, holding a grudge, and the 
like, all of which could seídom be measured or honestly recorded 
if they were. Eugenic science was also indicted for its distortions 
of race and class bias and for its neglect of how social and cul
tural environment might shape soca! behavior, not t o mention 
performance on intelligence tests. 

In the I930s and I940s, eugenics influenced the field of human 
genetics in the United States and Britain partly by making it unat-
tractive to most of the new generation of geneticists. To be sure, 
the field was unappealing partly because the techniques and skills 
of plant and animal genetics, in which most geneticists were train-
ed, did not readily transfer t o the study of human heredity, 
which depended upon at least some medical knowledge as well 
as special mathematical methods. However, in the United States, 
where eugenic doctrine had been virulently deployed against mi-
nority groups, plant and animal geneticists were also discouraged 
f rom having anything t o do wi th human genetics because of its 
associations wi th the racism, sterilizations, and scientific poppy-
cock. One American geneticists recalled having been warned that 
it was just t o o difficult t o get the necessary reliable Information 
on human heredi ty. "The records are poor ; classification is 
poor... Let's w o r k wi th experimental organisms. The only thing 
you can do wi th human genetics is develop prejudices. And anyone 
who went into human genetics was immediately classified as a 
person of prejudice". 

However, the eugenic idea remained tantalizing to some scien
tists and drew an exceptionally talented cadre into human genet
ics. The group included Ronald A. Fisher, J.B.S. Haldane, Lance-
lot Hogben, Julián Huzley, and Hermann J. Muller. One might cali 
them "refor tn eugenicists" because, unlike their predecessors, 
they held that any eugenics must be free of racial and class bias 



372 and must also be made consistent wi th what was known about 
the laws of heredity. In this latter regard, they had important 
allies among physicians like the British authority in mental defi-
ciency Lionel Penrose, an anti-eugenicists, who thought that ge
netics might be advantageously deployed in preventive or thera-
peutic medicine. W h a t bound Penrose together w i th re form 
eugenicists like Haldane was a deep-seated belief in the need t o 
develop a sound science of human genetics. 

Partly to emancípate the field f rom a prejudicial eugenics, the 
new students of human heredity preferred to search for wel l -
defined, sharply segregating traits as immune as possible both to 
uncertainty in Identification and to environmental influence. They 
thus welcomed with particular enthusiasm the rapidly increasing 
knowledge of the human blood groups, seven of wich were 
known by the early I930s, which displayed patterns of inherit
ance that seemed to conform to Mendel's laws. The blook groups 
promised to open the door to the genetic mapping, via linkages, 
of the human chromosomes. Hogben, in his influential Genetical 
Principies in Medicine and Social Science, published in 1931, called 
attention to the recent development of mathematical methods 
for transforming data into tests of linkage, adding that if unambi-
guous markers like t o blood groups could be found for every 
chromosome, then there wou ld be a set of socially unbiased 
benchmarks in connection wi th which the human genome could 
be catalogued. 

To Hogben and others, linkage studies were also promising for 
eugenic prognosis. Eugenicists had long been stymied by the prob-
lem of tagging the heterozygous carriers of genes for recessive 
traits, which were not expressed until - t o o late f rom a eugenic 
point of v i e w - they joined homozygously in offspring. Linkage 
studies might revea! that a deleterious recessive gene occurred 
on the same chromosome as did one of the blood groups; anyone 
found to have that blood group would be spotlighted as a prob
able carrier of the recessive. Similarly, if the gene was a dominant, 
the Identification of an infant's blood group would enable one to 
predict the probability - i t would depend upon the degree of link
age- that the disease resulting f rom the dominant would be ex
pressed in the child. Appropriate steps might then be taken t o 
prevent the expression - o r at least to mitígate the effects- of the 
disease itself. If the disease came on late in the child-bearing 
years, people fated to contract it could be adised before they had 
children of the chance of transmitt ing it t o their offspring and 
they might then refrain f rom reproduction. 

A good deal of effort was expended, especially in England, on the 
search for linkages, and also on surveys for consanguinity in the 
families of hospital patients suspected of suffering f rom recessive 
diseases. However, no linkages were found between, on the one 
side, the blood groups o r any o ther universal, non-sex-linked 
character and, on the other, any type of genetic disease or disor-



der. Hogben's team was similarly unsuccessful, and so was every 373 
laboratory in the United States and Britain that attempted the 
task. Almost as disappointing was the search for consanguinity. 
Nevertheless, the research program of the thir t ies produced 
powerful mathematical methods of linkage analysis and, for the 
most part, a large amount of reliable data, particularly measures 
in Britain of the national incidence of consanguinity as well as of 
the incidence of numerous rare diseases. It was also advanta-
geous, Haldane noted, to know that single recessive genes did 
not seem to account for goitre, pyloric stenosis, harelip, or spina 
bifida, among other maladies. 

A f te r W o r l d W a r II, biologists interested inhuman genetics 
sought to emancípate the field entirely f rom its eugenic associa-
tions and research ambitions. Lionel Penrose, appointed Galton 
Professor and head of the eugenics laboratory at University Col -
lege London, managed t o have his chair renamed the Galton 
Professorship of Human Genetics, the t i t le of the laboratory's 
journal changed f rom Annals of Eugenics to Annals of Human Ge
netics, and focus its w o r k on human and medical genetics as such, 
particularly on the study of hereditary phenomena that could be 
objectified quantitatively or otherwise. Penrose's most important 
ally was J.B.S. Haldane, the We ldon Professor of Biometry at 
University College, who, although still eugenically inclined, back-
ed Penrose's scientific program, stressing in particular the essen-
tial importance to human genetics of biochemistry. 

In the United States during the postwar years, a key figure in liber-
ating human genetics f rom its eugenic attachments was James V. 
Neel, who had started out in fruit-fly genetics under Cur t Stern, 
taken an M.D., and in 1948 assumed a joint faculty appointment 
in the Medical School and the Laboratory of Vertébrate Biology 
of the University of Michigan. Initiative for the creation of the 
post seems to have coe f rom the head of the laboratory. Lee R. 
Dice, a eugenically inclined ecologist who had persuaded the uni
versity to establish a small outpatient heredity clinic to help peo-
pie learn whether they might have "bad" genes. Neel assumed 
responsibility for the clinic, and he spent part of his t ime ex-
ploring how the carriers of genetic disorders might be detected. 
However, he recalled, "When I came into human genetics, I had 
one, I guess absolute, guiding principie: Try to be as rigorous as I 
would have been had I remained wi th Drosophila. That meant pick-
ing problems careful ly, problems where we could get solid 
scientific evidence about inheritance in man". Neel's search for 
solid scientific evidence -and for indicators of deleteriours ge
netic carr iers- focused his attention on human blood. "You can 
spread it out, you can look at it, you can treat it objectively", he 
remarked, and by the late 1940s he had worked out the genetics 
of thalassemia and sickle-cell anemia. 

During the I950s and I960s, human geneticists inb both the United 
States, Britain, and elsewhere advanced the objectif ication of 



374 human genetics considerably through biochemical and chromo-
somal research, further removing the field f rom its eugenic past. 
However that past remains alive in memory and an awareness of 
it can assist us in thinking ethically about human genetics now 
and in the future. 

In this connection, several points might be kept in mind. Eugenics 
was not an aberration, the commitment merely of a few oddballs 
and mean-spirited social theorists. It was embraced by leading 
biologists and it was integral t o the research programs of promi-
nent, powerful institutions devoted to the study of human hered
ity. The lure of alleged biological imperatives, having tantalized 
capable scientists in the past, could equally seduce them in the 
future, even though the expression of the imperatives may differ 
in language and sophist icat ion. Indeed, eugenics remained a 
powerfully attractive idea even after the social prejudice of its 
early form was recognized and exposed. Objective, socially un-
prejudiced knowledge - t h e type sought by Haldane, Hogben, and 
their like-minded colleagues- is not ipso fado inconsistent wi th 
eugenic goals of some type. Such knowledge may, indeed, assist 
in seeking them. The enrichment of human genetics by molecular 
biology has in fact prompted some leading contemporary biolo
gists to raise wi th enthusiasm the possibility of a "new eugenics" 
- a eugenics that, in the vein of the reform eugenic program of the 
1930s, cold be free of social bias and, as a result of D N A engineer-
ing, could be scientifically achievable. The more that is learned 
in the fu ture about human genetics, the more might it edge 
towards a reunión wi th eugenic goals - w i t h all the hazards that 
such a reunión would entail. 

Nevertheless, I doubt that a new eugenics wil l soon arise - a t 
least not an overt eugenics. The social and ethical challenges of 
the Human Genome Initiative lie in the detailed issues on which 
this conference has focused, notably the use of genetic information 
in genetic counseling, diagnostic testing, insurance, and employ-
ment. The issues will turn on economic costs - w h o pays for what 
and how much - rather than on the quality of the gene pool as 
such. However, it is wo r th remembering that the pursuit of hu
man genetic knowledge was intimately a part of the eugenics 
movement and that the results of this research - t h e claims of 
what human qualities, especially behavioral ones, were genetic-
established part of what we deplore about the eugenics move
ment. And one hears echóse of eugenic discourse in some of the 
claims -wel l- intent ioned though they may b e - by contemporary 
practitioners of behavioral genetics. 

Many early eugenicists were scientifically and socially well inten-
t ioned, too . Indeed, politically, a number were progressives o r 
advocates of the socialist left. Goddard argued that, since certain 
anti-social deviates were feebleminded and that since their flee-
blemindedness resulted f rom their genes, they were not t ru ly 
responsible for their behavior. He suggested that they should not 



be imprisoned but should be placed in therapeutic institutions, 375 
where educations and training might make up for their genetic 
inadequacies. Yet however well-intentioned, their research yield-
ed claims about the genetics of intellectual capacity and moral 
behavior that were stlgmatizlng t o the so-called feelbeminded 
and members of various mlnority groups -and that were for the 
most part utterly wrong. 

No doubt similar good intentions lie behind contemporary claims 
made about the genetics of behavior and mental disorder. How
ever, there is reason to suspect that result concerning the genet
ics of, for example, alcoholism, manic depression, and the like 
may also be wrong and may also be socially stigmatizing as well 
as hurtful t o families. The categories of behavior that one finds 
specified in some of this resarch are, in the vein of the early eu-
genic studies, of decidedly dubious meri t . Declarations that a 
propensity for "tradit ionalism" is genetically based frankly cali to 
mind Davenport's analysis of thalassophilia. The inferences about 
genetics drawn from these studies raise doubts in the mind of any-
one familiar wi th the early eugenic l iterature. Just because ge
netic conclusions are couched in the language of RFLPs does not 
make the behavior categories about which the conclusions are 
reached any more reliable or persuasive. 

Perhaps a code of ethics is needed for how genomic analyses of 
behavior should be handled. Perhaps, because of their stigma
tizing potential, they should be published in a journal unabashedly 
entitled, "The Journal of Results that May Be Wrong " . Perhaps 
they should not be announced in press conferences. More se-
riously, perhaps the genomic community should establish stand-
ards for how to deal with socially charged Information. The great-
er the social explosiveness, the more rigorous should be the 
requirements of rigor and reliability for its publication. Whatever 
the case, the influence of eugenics on the history of human genet
ics suggests that it is not only how the results of research are 
applied that merits ethical scrutiny. It is also what questions are 
asked about human behavior, including racial and sexual differ-
ences -and how the results are handled. 
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A B S T R A C T 

Science and ¡aw co-exist, although they are confront-
ed in certain instances. The Human Genome Project 
wil give a unique character to each human being, 
and it is only logical to think o f the impücations to be 
derived f rom this fact, implications on which Law 
musí give its opinión. This project must count upon 
internationaí iaws for the respect for law and profes-
sionai ethics on the one hand, and for human rights 
on the other. 





How could the Human Genome Project and its applications in 379 
medicine benefits f rom the lessons of the past in matter of law? 
Is the influence of Law so powerfu l that it could have some 
influence upon the development of Science? Don ' t you believe it 
would be merely presumptuos t o think we could draw f rom the 
Law some useful lessons which could be used to define what 
should be the Human Genome analysis? 

The only lesson f rom the past I have in mind is Galilee's story. 
Thus I could conclude here this speech telling you that the best 
thing we could imagine for the Genome Project is that it should 
not become a matter of law wi th perhaps one exception about 
which I will tell you now a few words. In Galilee's story, Science 
and Law come into conflict because the concept of Science im-
plied by the theory of Galilee and the concept of Law used by his 
opponents and judges opposed t w o worlds. Galilee's wor ld was 
announcing a new period in human development in which Science 
will obey its own rules while the wor ld of his judges was large 
ly based on religious principies which were supposed to apply 
to all human activities. As far as the Law in no more considered 
as a part of a global and unique view of how universe is con-
ceived, the danger has disappeared. However, if the Law is not a 
way to enforce the idea we have about how our wor ld should 
be, what should the Law do? 

Let me imagine that the Law is useless and that the power of 
Science is sufficient enough to organize our life. But does Science 
say anything about justice, human rights o r more simply about 
the way to divorce and t o pay alimony to your wife? 

W e could then conclude that Science and Law, although they have 
their own autonomy, belong t o the same wor ld . In this wor ld 
no one of them could dominate the other. Both are necessary to 
organize and even promote our every day life. Then, I come to 
my exception which I consider myself as the main role of the 
Law. The Law, I mean the legal approach, should not be regarded 
as an independant system of control and sanctions but as a realis-
tic too l t o maintain a cióse relationship between Science and So-
ciety, t o make aware all those concerned by these t w o elements 
that the context in which Science is developing supposes a per-
manent interaction between Society and the scientific activities. 

As far as we agree on this process, the problems are simple. Law 
does not intend to stop the development of sciences and we be
lieve Science wil l not transform our wor ld into a big laboratory. 
So the problematic is only to find a way in which Science and 
Law could opérate all together. Unfortunately, this is where our 
difficulties begin. 

As regard t o the Human Genome analysis which aims t o bring us 
a better knowledge of our genetic individuality, we have to con-
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t ion we could admit and which we should not. 

For the first t ime in human history, the knowledge in genetics 
wil l enable science to completely identify and differentiate each 
human as genetically unique '. Wi l l the possibility which are then 
opened t o individual differentiation affect the Social Cont ract 
which govern Society? Wi l l it reinforce the trend for more indi
vidual liberties? O r will it créate a "brave new wor ld " in which in
dividual differences will be the basis of social inequality? In her ad-
dress to the Fifth Economic Summit Conference held in 1988 in 
Roma, Prof. B.M. Knoppers expressed the view that the develop-
ment of genetics implies the renegotiation of the Social Contract 
and suggested two founding principies: reciprocity which means 
exchange of Information and mutuality which means civic respon-
sibility 2. 

I can neither assure you that the genetics technologies will lead 
t o the renegotiation of the Social Cont ract ñor that the Law 
could solve all the questions raised by the genetics technologies. 

However, I would like t o show that a legal approach is necessary 
to offer to our Society a way to deal democratically wi th the so-
cietal cholees related to the use of Genetics. 

The simple reference to the scientific means and the tremendous 
amount of money which wil l be devoted in the Human Genome 
analysis would have been sufficient enough to demónstrate "how 
big and how fast" public authorities and the community in general 
are concerned with Genome Projects3. 

But other reasons justify a public policy approach of this ques-
t ion: the fears and anxiety raised in the population by the biologi-
cal revolut ion 4 but also the interrogations of scientists them-
selves about what they should do wi th the new biological power 5. 

If we consider institutionnal issues are legal issues, the analysis of 
the role played by our democratic institutions in the Human Ge
nome debate reveáis a complete failure. 

W i t h the exception of the USA6, Germany7 and Sweden 7'1, no 
official assessment has been realized on the implications of the 
human genome analysis. Some countries addressed specific issues 
such as prenatal diagnosis, gene therapy o r the use of D N A fin-
gerprints. But neither the executive of the legislative branches 
which are supposed t o represent the citizens did tackle w i th 
such a question. 

The factual reason is probably that apart Japan 8 and the U.S.A.9 
no other country in Western Europe launched its own program 
in order t o map and sequence the Human Genome. Countries 
are either associated in the Humane Genome Organization 10 or. 
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nity project on genome analysis 1'. 

The conceptual reason is that traditional public mechanisms have 
not t i l l now been equal t o the task of debating the questions 
raised by the new biology. 

Governments which function often as leaders of many legislative 
initiatives have been very reluctant t o address such issues. In 
France, for example, the Government asked for severa! reports 
in the field of bioethics 12 and even for a draft bilí l3, but always 
refused t o go fur ther in the legislative process. In the United 
Kingdom, where the Government presented a bilí on embryo re-
search in Parliamentl4, the proposed text left fuil cholee to M.P's 
between the prohibit ion of research and its regulation. 

Legislative bodies have not better succeeded in this way. So far 
as I know, there has been little significant legislative activity of a 
traditional sort on the subject of the new biology - tha t is, by a 
committee made up solely of members of the legislation consider-
ing a bilí, through hearings and committee deliberation, leading 
to a debate on the f loor of the legislature and eventually to the 
adoption of a status. A.M. Capron, who directed the U.S. Presi-
dent's Commission for the Study of Ethical Problems in Medicine 
and Biomedical and Behavioral Research (1979-1983), explained 
that "legislators want probably to stay at some distance f rom 
controversia! issues in particular when a topic seems to implícate 
the issue of abort ion. But they also realize that these issues re-
quire more sustained analysis than the legislative committee pro
cess would al low" l5. Federal systems are also concerned wi th 
the specific problem to know at what leve! of government the 
question should be addressed. Judicial cases constitute another 
customary f o rum fo r law-making, especially in common law 
countries. 

There has been some significant decisions by courts in the field 
of the new biology such as the New Jersey Supreme Cour t deci
sión on surrogate motherhood in the Baby M case in 1988 l6. 

As regard to genetics, courts have also dealt wi th cases in pre
natal diagnosis 17 or the possibility to patent living organisms l8. 
The disclosure to third parties (employers, insurance companies) 
of Information obtained by genetic testing of adults is also an im-
portant matter for litigation l9. 

Yet the courts are ill-suited to resolve all the questions in the 
context of existing law and the control of research experimenta
r o n can not be accomplished by courts wi thout any specific legal 
references. 

In matter of very difficult legal issues, case law does not also per-
mit to know a priori what wil l be the legal solution adopted. 
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their role in setting up a democratic debate in the fleld of ge
netics, who should do? 

As other fields related to the new biology, genetics led to the de-
velopment of new institutions. 

T w o categories of institutions are concerned. 

The mándate for most of the groups in the first category is di-
rectly related to public policy and the law. 

Wha t solution should the government bring to a particular acti-
vity? 

Some of these institutions have been mandated to give their own 
views on such an issue and to propose guidelines for a coming 
legislation. 

This was the case in Germany wi th the Benda report on genome 
analysis20. 

Other groups are only requested to address the state of the art 
and to present the different alternatives offered to the legislator. 

This is mainly the task of O T A in the United States wi th its ma-
jor reports on Gene Therapy, Genetic Testing in Occupational 
Disease and Mapping our Genes 2I). 

A second characteristic of the groups in this f irst category is 
autonomy. 

Although they usually report t o the government or to the legisla
tor , these groups are independant f rom the existing administra-
tive framework. 

Sometimes, they are just ad hoc commissions outside the admi-
nistrat ion but relying on the administrative support of some 
ministries. 

In other cases they are permanent autonomous institutitons al-
ready existing t o help public authorities in defining new policies. 
The best examples is provided by the Law Reform commissions 
in several provinces of Canadá and States in Australia 22. It is also 
the case of the ethical Commission of the Medical Research 
Council in Canadá, Australia, Nordic countries and in the United 
Kingdom 23. 

Finally, new institutions have been created in some countries t o 
deal specifically wi th bioethics issues. Such is the task in France 
of the Comi té consultatif national d'ethique 24 o r in the United 
States of the Congressional Biomedical Ethics Advisory Com-
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mark27, Italy28, Luxembourg, Malta, Portugal 29 and Sweden. 
Spain is planning t o have its own very soon. 

The issue of membership is very important to look at the demo-
cratic aspects of these institutions. W i t h the exception of the 
Law Reform Commissions, biomedical scientists and pract i -
t ioners domínate the groups. This fact does not in itself seem a 
ground for criticizing a committee but it shows the limits of en-
larging the bioethical debate to other professional groups. 

However, lawyers, ethical and religious experts, as well as so
cial scientists and members of the general public are of ten 
represented. 

The second category of institutions concerned is formed by the 
increasing number of institutional review boards which are in the 
different countries in charge to review research protocols. 

Of course, their major task is scientific review but they also con
tr ibute to the diffusion of ethics in research and practise. 

The institutions, not all completely novel, that I have just described 
have played ti l l now a major role in the development of bio-
ethics. The w o r k they have accomplished multidisciplinar/, asses-
sing and proposing bodies is great and their wil l probably extend 
their jurisdictions in the coming months to other áreas covered 
by genetics 30. 

However t w o lessons can probably be drawn f rom the present 
experience. 

First, this is the importance of methodology in the legal approach 
of ethical issues. 

Is the group empaneled to address a single issue or an ongoing 
set of issues? A group wi th a broad mándate has certainly the ad-
vantage t o give a more coherent view on matter of law but a too 
broad mándate risks creating an ethics "bureaucracy". 

Then comes the need for this new institutions t o justify that the 
w o r k accomplished, especially when it includes guidelines o r 
draft legislation, takes into account the different opinions existing 
in the community. In order to satisfy wi th such an objective, spe-
cific methodology should be set up. 

I wi l l say that objective and impartial report ing is insufficient. 
Public opinión should not get the feeling that the new institu
tions are work ing on an insularity basis. Therefore a major effort 
t o communicate should be done by institutions in carge wi th 
studying the legal and ethical questions raised by genetics. 
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of the importance and opportuni ty t o deal wi th such issue 3I. 
Pre-reports should also be published and public hearings held in 
different localitles. 

The aim is not t o built a false consensus but t o créate interaction 
between the proposals of the commission and the comments of 
the public. 

The methodology adopted by Law Reform commissions in Austra
lia and Canadá constitutes a good example of what could be done. 

The impact of the Human Genome analysis wil l probably impose 
the setting up of amplified and permanent means to fulfil w i th this 
task. 

A second issue of great importance is t o know how a further 
step could be accomplished in te rm of legislative process? 

Except if al! those groups come to the conclusión than there is 
absolutely no need for legislation, we have t o think about this 
question: how should a decisión be taken? 

W e observed that in many issues the executive and legislative 
branches have been reluctant to take the initiative of Law Reform. 

Does it mean that the oniy possible reform is, as it was realized 
in Switzerland, t o mention in the law that the principies elabo-
rated by one of those new institutions should apply t o the mat-
ter concerned?32. 

Couldn't we do an effort on this point and imagine an Interactive 
approach that could contr ibute t o promote a democratic pro
cess of decisión? 

Public votes are already used in societal issues. If it consists in 
letting a group of citizens drafting a bilí and collecting signatures 
to submit this bilí t o a ballot such a procedure could be risky be-
cause it wil l exacérbate particular interests and controversial de
bate 33. But if it obliges the government to propose its own bilí 
o r counter-project either to Parliament o r t o the vote of the 
citizens, it could sometimes stimulate in a good manner the pro
cess of law. 

A popular initiative of Swiss citizens on reproductive medicine is 
under way to be transformed by the Swiss Federal Council in a 
governmental counter-project largely based on the proposals of 
the federal commission on reproductive medicine34. 

My remarks concerning the institutional approach would have 
not been complete w i thout saying a few words about Interna
tional cooperation. 
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f rom those involved in the ambituous program of genome analy-
sis. The Human Genome Project has already been conceived on 
the basis of international cooperation 35, Therefore, the question 
of international legal cooperation is already posed in t w o ways. 

First we should consider how the ethical and legal guidelines 
which would apply t o the coming common research realized on 
the ground of such a cooperation wil l be elaborated? 

W h o is going t o do it? How could it be enforce? Could some na-
tional authorities prevent scientists in their juridictions t o particí
pate in the Human Genome Project? For example, you know 
that the European Commission has not yet accepted to particí
pate in HUGO36. 

Secondly, what wil l be the appropriate international forum for le
gal cooperation? 

The Council of Europe has since many years adopted a method-
ology and a program in bioethics and genetics but it is only a re
gional organization 37. O n the International level, who has no in
ternational program of cooperat ion except the publication of 
national legislations. 

So, do we need a specific organization linked t o H U G O as we 
now have an international ethics commit tee on AIDS o r is it 
possible, as the Secretary General of the Council of Europe sug-
gested, to develop an international cooperation f rom a regional 
one 38. 

Unesco which since 1990 has established a t w o year program on 
Science and Ethics could also bring its contribution t o the rela-
tionship between Science, Ethics and Culture39. 

I know that many of the international projects concerning the 
Human Genome analysis such as H U G O or the EEC program 
have now substantial money to fund ethical and legal studies. 

I have no idea of what was the mind of those who decided t o in-
clude this legal studies in their programs but I guess that they 
merely wanted t o prove that these programs wil l be realized in 
respect wi th the law and professional ethics. 

However, this proport ion of legal and ethical w o r k wil l appear 
quite illusory if, pr ior to any study, some principies are not inter-
nationally recognized t o be used as references. Among these 
principies comes first the respect of the rights of individuáis such 
as informed consent, confidentiality and access t o genetic data. 
But equitable diffusion of genetic Information for scientific and 
therapeutic purposes, prohibit ion of any military use of genetic 
Information as well as the prohibit ion of compulsory state policy 
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considered. 

Therefore, legal and ethical studies at the international leve! 
should also be coordinated to facilítate the assessment of inter
national programs and approphate decisions. 

It is then rather difficult t o reach to any other conclusión than 
the following! 

Mapping and sequencing the Human Genome supposes first map-
ping and sequencing the legal approach to the Human Genome 
Project. 
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A B S T R A C T 

Genetic testing and diagnostic p r o o f pose ethical 
and legislative problems. The development and car-
rying out o f tests such as the detection o f phenylce-
tonuria in new-born infants or the detection o f Tay-
Sachs disease have shown the need for norms o f 
application. The same may be said with regard to 
genetic therapy. It is obvious that biomedicine is ad-
vancing rapidly and that the scientific aspects on the 
one hand and the ethicai ones on the other, reiative 
to the same research project, are not considered by 
the same peopíe. This fact shows the need to revise 
the personal perspectives o f experts in ethics and o f 
legislators, to the extent that scientifíc-technical ad-
vances with social implications are made. 
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A t a meeting devoted t o the future of a field as dynamic and 
scientifically exciting as molecular genetics - a future t ied today t o 
the modern mantra, "mapping the Human Genome"- it Is perhaps 
not surprising (albeit somewhat dlsappointing) that only on the 
last day does our attent ion tu rn to history, t o draw "lessons 
f rom the past". Some of those lessons, as we have already heard, 
are dramatic, Indeed horrlfying. It would, for example, be difflcult 
(and very wrong) to overlook the role that a perverted genetics 
played in the Nazi policy of "racial hygiene". Ñ o r can we ignore 
the lingering effects of this eugenic heritage on clinical genetics in 
the post-War era. 

The Seemíng Innocence of Screening 
and Testíng 

In linking these "lessons f rom the past" to "prospects for the fu-
ture" , as the t i t le for this session does, I am sure that the meet-
ing's organizers did not intend t o imply that we are bound to re-
peat the past, much less tha t learning f r o m the past means 
emulating it. Yet I suspect that were it possible to put aside the 
history of eugenics discussed by Professors Müller-Hill and Kevles, 
the topic of my talk - "Test ing and Screening"- would be less 
likely to raise concerns about the dangers of emulating the past. 
That is, despite the attention and concern that has focused on 
certain aspects of human genetics, such as genome mapping and 
gene therapy, genetic testing and screening today provokes little 
excitement. 

Nevertheless, I wil l t ry t o show that screening and testing should 
be topics of central concern t o anyone considering the ethical 
issues raised by modern genetics. Furthermore, experiences wi th 
testing and screening have a great deal t o teach us about the 
potential uses (and misuses) of the knowledge garnered through 
mapping the Human Genome and about the potential for public 
enthusiasm to outrun medical knowledge. 

The Focus of the Paper 

Whi le science is universal, ethics and public policy are very pro
vincial. For bet ter o r worse, this insularity (or, less pejoratively, 
this part icular i ty) is an inevitable aspect of my presentat ion, 
which describes the development of screening and testing in 
the United States, looking back t o newborn screening and pre-



394 natal test ing, and then f o rwa rd t o susceptibi l i ty and carr ier 
screening. 

The rapid increase in the number and technical capacity of screen
ing methods for ¡nherited conditions that can be expected over 
the next decade will affect many relationships. Plainly, some spe-
cific legal responses to this Increase in genetlc capabilities are 
possible, such as the passage of legislation to protect the confi-
dentiality of genetlc Information and to prevent dlscrlmlnatlon 
agalnst those who have - o r who are belleved to be at hlgh risk of 
developlng- a genetlc disablllty. 

Yet such responses, valuable as they may be, only address symp-
toms and do not respond to the underlylng problems that the 
genetlc technlques uncover. If we are to address the fundamen
tal issues, we need t o elévate them t o a level of much greater 
publlc vlslblllty, fo r if deeper problems are going to be over
eóme, some collective redefinitlons in concepts and standards 
wil l be required. 

The history of screening and testing 

Before we can look to these baslc Issues and attempt to under-
stand their Implications for the future, we have t o look back to 
experiences wi th genetlc screening and testing. These t w o terms 
are sometimes used interchangeably while other times they are 
used, as I do here, to refer to sepárate though related activitles. 
When the difference Is drawn, screening connotes the initial ac-
t ion and testing encompasses diagnostic fol low-up. 

Screening may be undertaken for several reasons. In the words 
of a National Research Council study: 

Genetlc screening may be defined as a search In a populatlon 
of persons possessing certain genotypes that I) are already 
assoclated wi th disease o r predispose to disease, 2) may lead 
to disease In their descendants, or 3) produce other varla-
tions not known to be assoclated wi th disease '. 

The three types of screening -medical management, reproduc-
tive and research- mentioned in this deflnitlon can be further 
di f ferent iated in a number of o the r ways. For example, one 
might focus on whether the screening method Is well valldated 
or Is still experimental, o r whether It Involves a biochemical test 
fo r a gene product , a d i rect enzyme assay, o r an analysis of 
varlations in D N A base-pairs withln in a kindred. Based upon the 
results of a screen, fur ther diagnostic testing may then be under-
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t ion in question. 

Screening for T rea tmen t : The P K U Story 

The earl iest mass genetic screening program in the Uni ted 
States is now almost three decades oíd: newborn screening for 
PKU (phenylketonruia). Looking back at this program -wh ich is 
so rout ine today that it hardly ever excites any professional 
much less public a t tent ion- reveáis a history that may be very in-
fomative for those engaged in genome research today. As we 
wil l see, the lessons concerns scientific naTvete, medical mis-
takes, public overconfidence, premature action, and a willingness 
to use coerción to achive collective goals. Furthermore, it may 
be that some of the concepts absorbed f rom screening for in-
born errors of metabolism (such as PKU) are misleading as we 
move into an era when genetic screening may aim at conditions 
that are at once more complex and less obvious than the single-
gene defects that have been the major focus of medical genetics 
until now. 

In PKU, defects in the metabolic process in which phenylalanine 
is catalyzed t o tyrosine creates an amino acid imbalance that pro
duces harmful changes in the central nervous system. It had been 
known since the I930s that an elevated level of phenylalanine is 
associated wi th mental retardation 2. And by the mid-1950s it 
had been shown that lowering dietary phenylalanine could re
verse PKU's major biochemical abnormalities. Yet by the t ime 
the condition is clinically detectable, it is t oo late to institute die
tary t reatment because severe and irreversible mental damage 
has already occurred. 

Thus, effective t reatment of PKU became possible only when, in 
1961, Dr. Robert Guthrie developed a bacterial inhibition assay 
that could be applied t o tiny blood specimens collected on fi l ter 
paper f rom a heel pr ick of new bables right before discharge 
f rom the hispital. Field testing of the Guthrie method began in 
1962 and showed that when the test was used wi th infants who 
had had adequate exposure t o proteins, the blood screening 
method let few false negatives slip by. In order to avoid missing 
cases, the presumptive level of serum phenylalanine was set 
fairly low, which produces a high rate of false positives (over 
90%). Thus, diagnosis depends upon fo l low-up testing, ideally 
during the flrst month of life. Children found t o have PKU can 
then be placed on a commercially available diet that has a very 
low level of phenylalanine (while also supplying other essential 
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to late childhood. 

Although at the t ime, the inicial triáis of the Guthrie assay left 
many questions unanswered -bo th about the testing methods and 
about the disease itself- the prospect that a cause of retardation 
could be eliminated soon generated enthusiasm among the natio-
nal and state mental retardation associations for routine screen-
ing of all newborns. In Massachusetts, the state healt department 
promoted a large-scale trial (with the state lab being responsible 
f o r runn ing the assays on t he serum specimens) t ha t was 
successful in screening most infants. This trial program operated 
wi thout legal compulsión, yet in 1963 the state became the first 
t o adopt a mandatory genetic screening statute -spurred by the 
health department director (who also chaired the public health 
services committee of what is now known as NARC, the National 
Association for Retarded Citizens). 

A t the t ime, the NARC committee merely urged states to adopt 
laws directing each state health board " t o make recommenda-
tions for approphate screening tests as they are developed and 
accepted". The following October, however, NARC adopted the 
committee's conclusión that states be recommended t o adopt 
laws requiring PKU screening for all newborns. By the end of 
1965, a majority of states in the USA had such laws. Althogh a 
few have since repealed them, 45 states still have mandatory 
statutes. 

The adoption of such laws seems puzzling, not the least because 
the voluntary programs seemed to have been reaching most in
fants. Moreover, the rush to legislate occurred well before an-
swers were available to several important biomedical questions, 
as the Nationl Research Council committee observed a decade 
later. In particular, the signiflcance of elevated phenylalanine was 
not well understood at the t ime, ñor had the variations f rom 
"classical PKU" been differentiated. For example, the fact that 
some degree of hyperphenylalanemia does not necessarily cause 
retardation was not fully established; yet this meant that a large 
number of the children placed on a low phenylalanine diet were 
not at risk for retardation in the first place, which confounded in-
terpre ta t ion of the studies that aimed t o determine whether 
adopting the diet could ensure normal inteiligence in children 
wi th PKU. 

Likewise, the adoption of widespread screening occurred before 
sufficient t ime had elapsed even to measure the regime's impact 
on inteiligence, which requires the testing of capacities that are 
not reliably measaured until later in childhood. And the proper 
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of this essential amino acid (as well as inadequate tyros ine)- had 
not been worked out, ñor had physicians decided when it was 
safe for children to go off the special diet (age 2, 6, 10, o r never?). 

The history of screening for PKU in the USA (which has been fol-
lowed in a number of states by the addition to the screening stat-
utes of other rare inborn errors of metabolism such as Maple 
Syrup Uriñe disease) is interesting but the details are less impor-
tant for our present discussion than the implications of the whole 
experience for potential uses of the data now being produced 
by the genomic cartographers. Before we further explore those 
implications for gene mapping, we should look briefly at another 
área of "testing and screening", namely experiences wi th repro-
ductive screening. 

Screening for Reproduct ive Purposes: 
Tay-Sachs a n d Sickle Ce// 

Given the way the public and its elected representatives were 
convinced t o support mandatory PKU screening - t ha t is, as a 
means of preventing mental retardat ion- it seems hardly surprising 
that the programs were generally not perceived as "genetic" at 
all. Instead, in the USA the public's recognition of the potential 
impact of t ruly genetic testing came a decade later wi th the com-
mencement of a number of efforts t o screen carriers of auto-
somal recessive disorders. Such screening produces information 
that typically has no necessary implication for the health of the 
person screened but that indicates a risk (usually 25% in each 
pregnancy) for offspring if one's mate also carries the same (or a 
similar) abnormal gene. 

Screening for t w o diseases in the early t o mid- l970s provide 
i l lustrative examples, both involving diseases that occur at a 
much higher than average rate in a minori ty population in the 
United States. The first is largely a success story: beginning in 
the Baltimore-Washington área in the early I970s, community 
based screening programs for Tay-Sachs disease (a progressive 
neurological disorder that is typically fatal between the second 
and fifth year of life) were offered to Jews of Eastern European 
extraction. Success is measured not in the large percentage of 
the at-risk population of child-bearing age who participated but 
rather in such facts as: I) a good educational effort, resulting in 
only a small percentage of the nonparticipants having not heard 
of the program, 2) enrol lment having been based on informed, 
vo luntary consent of adults (most programs wou ld not test 



398 children), and 3) confidentiality of test result having been main-
tained.3 

Several factors were probably crucial t o the success of those 
programs that worked . First, the programs were mounted by 
university researchers who -having no propietary interest In the 
test ing- were willing, indeed eager, t o have the ethlcal design of 
their programs widely discussed both among colleagues and con-
sultants and wi th the communit ies affected. Second, the pro
grams were almed at a communlty wi th a sense of self-ldentity 
and institutions (synagogues and communlty centers) where In
formation about Tay-Sachs and the screening program could be 
spread and particlpatlon could be endorsed by respected leaders. 
Third, the members of these communities were usually well edu-
cated and sophlsticated users of the health care system. Fourth, 
most children born In these communit ies result f rom marital 
unions, so that both partners have a stake in knowing whether 
they were carriers and making reproductive decislons In light of 
that knowledge. Fifth, and perhaps most Important, Tay-Sachs of-
fered something of real utility because it was linked wi th the abil-
Ity t o perform a prenatal test for any pregnancy that resulted 
f rom the unión of two carriers; if the results showed the fetus to 
be homozygous for the Tay-Sachs gene, the parents could choose 
to termínate the pregnancy and t o conceive again, wi th 3:1 odds 
favoring the next fetus not being affected. Al though selectlve 
abort ion understandably excites concerns about genocide among 
many ethnic and racial minori t ies, in the contex t of a severe 
autosomal recessive cond i t lon , the results of screening and 
prenatal diagnosis actually improve reproductive prospects withln 
families in which the disease had previously occurred. When a dis
ease is devastating enough, many pregnant women wi l l abor t 
rather than run the risk (even if only 25%) of bearing (another) 
affected child. 

Despite the predicates of success, not all community-based Tay-
Sachs programs achieved a hlgh rate of screening; the program In 
Montreal was one such example. And when higher rates opf screen
ing were obtaln, questions sometimes aróse about their ethl-
cality. As Holtzman observes, the more than seven-fold increase 
in the rate of screening In the Montreal Jewish when a program 
was introduced into the hlgh schools may well be attributed not 
only t o the greater ease of obtaining specimens in that setting 
but also to external pressure4. 

The risks of coerción and of adverse consequences to persons 
screened can be seen even more starkly In the experlence in the 
USA wi th screening in African-American communities for sickle 
cell anemia carriers, which also began In the early I970s. A t this 
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her couples were faced wi th the choice of not reproducing o r 
of doing so wi th the knowledge of a 25% risk. A person identified 
as a carrier might even not want prospective mates to know this 
information, for fear of being ostracized. Furthermore, some em-
ployers and insurers, acting f rom ignorance o r malice, treated 
heterozygotes for the sickle cell gene as though they had the di-
sease and attempted t o place limits on, o r even to exelude, them. 
Before these problems wi th sickle cell carrier screening were 
perceived, screening programs were launched by communi ty 
groups, minor i ty polit icians supported governmental funding 
(sometimes merely as a means to get their constituents access to 
some port ion of governmental health funds and to draw the atten-
t ion of researchers to the disease), and seventeen states passed 
laws mandating screening in a variety of settings, f rom schools to 
marriage license bureaus to custodial institutions. W i t h greater 
clarity about the program's problems and the misuse of results, 
Congress adopted the National Sickle Cell Anemia, Cooley's 
Anemia, Tay-Sachs and Genetic Diseases A c t of 1976 under 
which programs supported wi th federal funds have to be "whol ly 
vo lun tar / '5 . 

Commenting on this episode, physician-lawyer Philip Reilley has 
pointed to the "glaring errors, including egregious drafting mis-
takes that hopelessly muddled the scientific faets about sickle 
cell anemia" as demonstrating " the abyss that separates lawmak-
ers f rom thechnical experts"6. Like the PKU experience, the 
experience wi th sickle-cell screening also sounds a cautionary 
note as we contémplate the uses that my be made of the results 
of genome mapping, namely the risk that programs wil l move 
too quickly to de f a d o and even de jure compulsión, while ig-
noring the risks of discrimination and the potential difference in 
diagnosing " in -born" as opposed to "acquired" diseases o r dis-
orders. 

What líes ahead for genome mapping? 

I hope that what I have said so far demonstrates two things: first, 
that even a topic as unglamorous and as apparently wi thout non-
controversy as genetic screening and testing actually raises many 
genuine ethical and public policy issues, and second, that gene 
mappers would do well to learn f rom our experience with screen
ing and testing. Lessons can also be garnered f rom other áreas of 
the new genetics which are thought of as more controversia!, 
like gene therapy. Since other speakers have not pointed to these 
lessons, I wil l describe them briefly. 



400 The Di f f icu l ty o f K n o w i n g W h a t Problems 
W i l l Ma te r i a l i ze 

First, I want to emphasize the risk that we in ethics and policy 
face of addressing the w r o n g issue, often because scientists 
themselves mispredict the future. Let me ¡Ilústrate thls wi th an 
example d rawn n o t f r o m genet lc screenlng but f r o m gene 
therapy (another área on which the genome project wil l have 
great Impact.) 

In the 1970s and early 'SOs, the general expectatlon was that the 
first attempts at gene therapy would be for the hemogloblnopa-
thles. As i t tu rned out , that expectat lon was both r ight and 
wrong. It was right in that the first attempt to use recombinant 
technology in gene therapy was Kline's unauthorized and unsuc-
cessful attempt t o treat several thalassemia patients. But it was 
wrong because the reason others did not perform or support 
such experiments was that modification of hemoglobin function 
turned out to require a level of genetic regulation that gene ther
apy techniques are still not able to achieve. So the target diseases 
became those - l ike A D A deficiency- where such regulation of the 
inserted genetic message does not seem t o be necessary fo r 
therapeutic efficacy. 

This change in technique was not necessarily of ethical impor t . 
Likewise, a fur ther change f rom expectations - t h e switch f rom 
at tempt ing t o modify hematopoiet ic stem cells t o modifying 
circulating lymphocytes- was not in itself ethically significant. 
But the fur ther change ofat tempt ing t o t reat a genetic disease 
t o treat ing cáncer w i th genetically modif ied cells does seem t o 
me significant fo r ethical and legal analysis. The f i rst exper i -
ment w i th human subjects involving gene transfer approved by 
the RAC (Recombinant D N A Advisory Commi t tee) at N I H in-
volved the use of tumor- in f i l t ra t ing lymphocytes (so-called TIL 
cells), tagged w i th a genetic marker through gene transfer, in 
t r ea tmen t of malignant melanoma. The second exper iment , 
approved just this fall, involves inserting and active gene for 
t u m o r necrosis fac to r in to the T IL cells. These approvals 
were given before the f i rst a t tempt t o use gene therapy for a 
genetic disease, namely A D A deficiency. As French Anderson 
notes in an editorial in the latest issue of Human Gene Ther
apy, besides t rea t ing cáncer, gene therapy may also prove 
useful in t reat ing cardiovascular disease (both as an aid t o 
heal ing a f te r su rgery and by decreas ing a r t he rosc l e ros i s 
th rough increasing LDL recep to rs ) , infect ious diseases like 
AIDS, and as a "sophist icated drug delivery system" applicable 
in general t o all diseases. 7 
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vious lessons: f irst, that biomedical science develops in unpre-
dictable ways, and second, thát when those developments de-
p a r t s u f f i c i e n t l y f r o m w h a t b i o m e d i c a l s c i e n t i s t s have 
pred ic ted , ethicists and pol icymakers must also reevaiuate 
thei r perspectiva and perhaps rewr i te the l r prescript ions. In 
the case of gene therapy, the shift f rom the hemoglobinopa-
thies t o ADA-def ic iency and even the shift f rom the "perma-
nent" changes expected f rom stem-cell alterations t o the tem-
porary ones created by recombinant lymphocytes may no t 
have been ethically significant, but the shift f rom treating ge-
netic diseases t o being merely a means for targeted drug de-
livery seems t o me t o cali fo r ethical and legal reexamination. 
A t the very least, it should make us ask again a basic question: 
not just " W h a t is disease?" but more particularly " W h a t is a 
genetic disease?". 

N o r m a l i t y a n d Abnorma l i t y : Open for a N e w Look? 

The need to reexamine our ideas about genetic disease is likely 
to arise not only f rom gene therapy research but also very ur-
gently f rom the results of the Genome Mapping Project. For 
example, what consequence will there be for concepts of "nor
mal" and "abnormal" when molecular genetics demonstrates that 
the line of difference between the "disease" and "nondisease" is 
nothing more than the rearrangement of a single D N A base-pair 
(out of the billions in every cell). 

Questions like this can seem very philosophical (in the perhaps 
pejorative sense of being merely of intellectual interest), but I am 
convinced that they can have profound practical implications as 
well . In terms of my assigned topic of "testing and screening", 
consider what happens when a test shows an individual t o be 
"abnormal". Certainly, part of the result is to sepárate that per-
son f rom others, t o genérate the sense of the person being very 
different. To the exent that the difference is understood to be as 
minor as a single D N A base-pair -and henee perceived as basi-
cally random, the sort of chance event that could easaily happen 
t o anyone, rather than as the more major change that marks a 
person as "diseased"- then the perception of distance between 
affected and unaffected persons may disminish. 8 This would have 
obvious (and beneficial) implications regarding a major concern 
arising f rom genome mapping, namely, the risk that the ability to 
detect more genetic differences wil l créate more instances of dis-
crimination against those marked as "abnormal". 
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T w o áreas in which the issue of discrimination are frequently 
cited are employment and insurance (especially ¡n countries, such 
as the USA, in which w o r k and insurance are tied to a competi-
tive market place rather than being derived as a matter of social 
enti t lement). The potential that Information derived f rom ge-
nome mapping will greatly enhance the ability of genetic testing to 
"sor t " people into different groups based on genetic differences 
raises an interesting challenge. It is usual t o reflect that challenge 
back onto the genetic enterprise itself: to say, in other words, 
that the genome project creates a risk that "genetic predictions" 
(i.e., predictiions about the future occurrence of illness in an indi
vidual who carries a gene associated wi th greater than average 
susceptibility to a particular illness) wil l be used by employers 
and insurers as screening devices. This way of viewing the chal
lenge is legitímate but I would like to turn the challenge around 
and ask instead: what are the Implications of any new genetic 
predictive capabilities for our notions of insurance and employ
ment? For example, in the fleld of health insurance in the USA, 
we have seen a movement f rom a risk-sharing model t o a group-
narrowing model - i n other words, fom seeing ourselves as all 
being in roughly the same situatjpn (thereby making it morally 
desirable to spread hsks as broadly as possible) to seeking our 
individual advantage in placing ourselves in a group f rom which 
we have excluded people who are at higher risk than ourselves. 
W h e n the exclusions are based on voluntar i ly acquired risks 
(such as f rom smoking), they have gained general public support. 
Such exclusions do not seem ethically objectionable, so long as 
we apply a fairly strict understanding of the te rm "voluntary". But 
exclusions grounded in genetic differences are less benign. 

Nonetheless, it would be a mistake t o conclude that genetic test
ing has no place in insurance. Whether it is acceptable depends 
not on abstract ethical principies but on our conception of the 
purpose of insurance. 

Thus, the outcome of the Genome Project could be t o forcé us 
to reevaluate the principies underlying insurance. Likewise for 
employment, wheter we regard everyone as entitled to compete 
for any job or belive that limits can be placed based on the costs 
(of illness, etc.) when a particular person works in a setting that 
exposes him or her to risks to which the person in unusually sus
ceptible. Does "voluntary assumption of r isk" resolve the prob-
lem or are there other desiderata regarding employment that 
may override individual willingness to assume a health risk? If a 
person is excluded f rom a workplace, what guarantees of compa
rable w o r k must be available? Does it make a difference if the ge-
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group - s o that a policy of exclusión might remove an entire ra
cial or ethnic group f rom a particular type of employment? Wha t 
if the potentially dangerous condition (such as toxic fumes) only 
affects a small number of people rather than affecting all people 
and simply harming those wi th peculiar susceptibility more rap-
idly or more severely? Such questions involve a reevaluation of 
the employee-workplace relationship generally; they are provoked 
by the potential use of genome mapping results in genetic testing 
programs but they are questions of broader interest than just t o 
people concerned about genome mapping policies. 

Mondo to r iness 

I have already argued that the history of genetic testing and screen
ing shows the risk that they wil l be made mandatory innappro-
priately or at the least prematurely. I also mentioned in passing 
that there was quite a backlash against such developments and a 
renewed emphasis on the requirements of voluntariness. The ge
nome mappers may provoke a challenge here as well - indeed, I 
believe that they already have. For example, in light of the impor-
tance of linkage analysis to mapping and diagnosis, we may need 
to rethink the concepts by which we describe our relationships 
and duties. In light of the genetic connections that bind people t o 
one another, in terms not only of inheritance but also of molecu
lar diagnostics, what are the proper meanings of "autonomy" and 
"privacy"? Don ' t I have some obligation to allow myself t o be 
tested if that is the only (or by far the best or easiest?) way to 
map a gene that is of potential importance to the health of other 
members of my family? Wha t if the knowledge has no immediate 
potential t o benefit my family but is scientifically important? O r 
might aid in the detection of disease in other families sometime 
in the future? 

Even more difficult questions will arise as genetic screening and 
testing gain the ability to predict more and more conditions (in
cluding those that would not today be labeled a "disease") in the 
fetus. It is t oo son to predict what consequences might all this 
have for our predisposition to protect free choice in prívate mat-
ters generally and in medical care in particular. But it is clear that 
more than a reexaminaron of voluntariness and mandatoriness 
wil l be needed: along the way, we will need to examine what we 
mean by such concepts as "responsible parenthood". Such a no-
t ion already exists in the context of behavior toward born child-
ren and may be extended to reproductive cholees as well - i n 
deed, this can already be seen in a number of unfortunate judicial 
decisions upholding forced cesearen sections. In light of such 
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actually be regarded as less onerous, particularly if those doing 
the tests did not plan t o forcé an intervention afterwards but 
planned to rely on the person's conscience (and other pressures) 
to coerce "responsible" behavior once the results of the genetic 
test were known. 

Conclusíons 

In this essay I have attempted to do several things: to sketch the 
history of genetic testing and screening and draw implications for 
genome mapping, and t o speculate about a broad range of conse-
quences in the testing-screening arena as the findings of the map
ping project begin to be applied. Let me cióse, then, by summa-
rizing a few of the basic lessons that we might draw f rom our 
experiences thus far wi th genetics in the public arena. 

First, not only lay society but the health professions have been ill-
prepared for new genetic knowledge and technologies. As a re
sult, health professionals often have not played an effective role 
either witch individual patients o r in the process by wich public 
policy was formulated. Further, we have seen that genetic tech
nologies may be put into use in nonhealth-care settings by people 
who have little connection wi th science or medicine. 

Second, although we tend today to regard the public as fearful of 
genetic developments, history also shows that the enthusiasm of 
the public (or at least of its elected representatives) for a new 
technology may rapidly outstrip knowledge of how to use it wise-
ly. Programs have even be adopted that relate to genetic diseases 
wi thout any real appreciation of what difference, if any, attaches 
to the disease of interest being "genetic". Instead, the program 
may be justified to policymakers on economic or other grounds. 

Third, despite ritual affirmation of the valué of personal self-de-
termination, it would be naíve to think that when policymakers 
become convinced of the valué of genetic screening o r testing 
they will refrain f rom mandatory measures, especially if the health 
of children appears to be involved. Furthermore, if services do 
become routine, then failure to use them may open a person to 
accusations of behaving irresponsibly. "Responsible" behavior 
may also be encouraged by the economic incentives offered by 
employers and insurers, not solely through mandatory legislation. 

Finally, history shows us the ways in which the exceptional be-
comes the routine. And when something becomes routine, in-
cremental changes may occur in our moral attitudes, whether it 



is about our mutual obligations to one another (can I exelude 405 
you f rom my Insurance base because you're at risk of getting 
sick?), about who qualifies as a member of the moral community 
(are the unborn included?), o r about parents' rights t o make 
cholees about their chlldren's health care (does that extend to 
newborn tests for in-born metabolic problems?). N o t all changes 
are bad, and many are beyond the ability of anyone to prevent, 
especially when they arise f rom new knowledge which is there 
whether one likes it o r not. But we ought still t ry to anticípate 
the probable o r even possible consequences of the genome map-
ping project and t o avoid harmful ones if we can, a prospect that 
is improved if we wil l learn f rom our experiences this far wi th 
genetic testing and screening. 
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Your Majesty, 41 I 

In the ñame of the distinguised group of personalities f rom the 
basic, medical and social sciences, etc., who have taken part in 
this workshop, and on my own behalf, I should like t o thank you 
for your generosity and for honouring this Congress wi th your 
presence today. 

Your presence clearly shows the deep concern of the Crown for 
science and its effects on society. I should also like to mention 
the support and pro tect ion Your Majesty has given for many 
years to those less fortúnate ones who suffer physical and psy-
chic disabilities. 

It Is therefore quite logical and fitting that Your Majesty should 
take part in and preside the Closing Session of this II Workshop 
on International Cooperat ion for the Human Genome Project, 
wich has been devoted t o the ethics of the matter. In this work 
shop, problems have been discussed that may affect new groups 
alienated on account of genetic causes wi th regard to employ-
ment, Identification, Insurance, etc. 

W e are on the threshold of a huge t ransformaron in society that 
wil l t o a great extent be due to the rapid pace of development 
and progress in scientific knowledge. As His Royal Highness, the 
Prince of Asturias quite rightly said a few weeks ago in Valencia 
" the development of a country depends more on its creative ca-
pacity than on its natural resources". 

W e may perhaps not realize what a powerful factor for the devel
o p m e n t of a nat ion scient i f ic g r o w t h means, o r the social 
changes it implies, obviously, genetics is today unrivalled among 
the sciences in this respect. Genetics is now about t o take a 
gigantic step forward: to attempt to know the Human Genome, 
which has been compared t o the Apol lo Project on account of its 
dimensions and novelty. Yet I believe it is even more than this, 
for this project does not end wi th the drawing out of a map that 
locates each and every one of the 50.000 to 100.000 genes that 
represent the Human Genome, ñor w i th the identif ication of 
each one of its components. 

Apart f rom the immediate advantages that this entails for medicine 
and the new technology it brings, t o possess the "d ic t ionary" 
wil l enable us in future years —perhaps in the new century— t o 
come to know ourselves better. 

Like all advances, the Human Genome Project gives rise t o new 
problems. In this sense, this is why this Congress is historically 
important, for participants in same have shown, f rom an interdis-
ciplinary approach, their concern and fulfi lment as members of 
the scientific communi ty by publicly and clearly discussing the 
ethical problems posed and t o be posed by the new knowledge. 



41 2 When i was work ing at the University of Chicago in the building 
next to Stagg Field, I can remember the photographs taken of the 
occasion of the f irst chain reaction carried out on December 
the 2nd, 1942. In these photographs, everybody was smiling; 
however, the chain reaction finally killed 40,000 people in Nagaski 
alone. Thus, scientists do not wish the same thing to happen now 
as happened t o those who took part in the development of the 
atomic bomb. These scientists later regretted not only their parti-
cipation, but also the iron censorship that prevented any clear 
discussion of the possible ethical implications of their research. 

From the social point of view, the dilemma is obvious; to protect 
both the individual and society, too. To this end, clear discussion 
is required and one cannot wait until their is suitable legislation. 
For example, in th United States there is the so-called "Human 
Genome Privacy A c t " -although it is currently being postponed-
which is a draft of a law with the aim of giving the individual the 
right to disclose of otherwise his o r her genetic identification. 
Thus discrimination as to employment, Insurance and education 
will be forbidden, for it seems there have already been cases of 
discrimination on grounds of genetic evidence. It is thought that 
similar laws wil l be suggested in other countries. But jurists and 
politicians need t ime to think and act. It is therefore an urgent 
need for the scientists themselves to act through prívate means 
such as foundations which, even though they have not the eco-
nomic capacity of state entities, do have the agility that official 
organisms lack and cannot have. For this reason, I should like to 
publicly mention and thank the generosity of the BBV Foundation, 
which has begun its activities wi th a meeting as important as this, 
a meeting of such vast universal projection as the II Workshop 
on International Cooperat ion for the Human Genome Project: 
Ethics". 

Finally, I should like to thank all participants who have made this 
meeting possible, and particularly Her Majesty the Queen for her 
special sensitivity to these problems. 
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O n behalf of the Interministerial Commi t tee for Science and 415 
Technology, I should like to express my thanks for the invitation 
to take part in this act, in which we have had the occasion to 
listen to important conclusions on the Human Genome Project, 
a project that is inserted within the growing f ramework of scien-
tific internationalization, and has the oustanding merit of posing 
its possible repercussions at the same t ime as w o r k is being 
carried out on it. 

The Interministerial Commit tee for Science and Technology, in 
which all Ministerial Departments take part in Research and De-
velopment planning, worked out a National Health Programme 
within the f ramework of the National Plan, in which the Human 
Genome is considered a specific objective.The Interministerial 
Commit tee has also strongly supported the creation and launch-
ing of the corresponding programme of the European Economic 
Community. All this will undoubtedly contribute to the integration, 
subsidizing and cooperat ion of research, which by thei r very 
nature, is of utmost importance t o projects such as the once we 
have discussed today. 

The Spanish Admin is t ra t ion is making great efforts t o attain 
greater participation day by day in the International scientific field. 
These efforts are not isolated ones for the Autonomous Com-
munities also devote important funds to scientific research. All 
this, together wi th the initiative of foundations such as the one 
that has received us today, is enabling the Spanish system of 
science and technology to grow in importance on a wor ld-wide 
scale. 

The creation of trained human resources is the most important 
wager for the development of science and technology. W i t h this 
in mind, the National Plan for the Training of Research Personnel 
is enabling a great number of young scientists to be trained both 
in our country and abroad. To this end, I should like to thank the 
laboratories of the International community for their help and 
support by having opened their doors to our researchers. 

All this is bringing about a new situation in the wor ld of science 
and technology in Spain. During the hard times, our researchers, 
some of whom are present here, kept alight the torch that has 
today made Spanish science and technology important on the In
ternational scene. This is not a mere personal opinión: on the 
strength of bibliometric studies carried out, our advance in the 
wor ld of science is quite clear. 

To return to the Human Genome, I should not like to leave out 
the importance of this project and promise that we shall, within 
our limited resources, contr ibute to its development to some 
extent. Wi th in this development, independently of the benefits it 
may bring t o knowledge and its application t o medicine and 
other sciences, theré is its valué and importance in contributing 



416 to set up an ever-increasing internationalized system of science 
and technology. 

Finally, I wish t o congratúlate all of you for having reserved an 
important space and t ime for the study of ethical and social as-
pects, as likewise for the importance of your concluslons. 

Thanking you all very much. 
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Your Majesty, 419 

It is a great privilege for me t o thank you today for having hon-
oured us by accepting t o preside this Closing Session of the 
Workshop on International Cooperation for the Human Genome 
Project, of which our King is the Honorary President. On ac-
count of the ambitiousness of its scientific objectives, this project 
has aroused great enthusiasm, and at the same t ime profound in-
terrogations on the social consequences to be derived f rom the 
broadening of our knowledge that the development of this pro-
jects offers. 

For, t o a t tempt ourselves t o encounter the keys t o under-
standing why we are what we are f rom the biological point of 
view, why our organism behaves as it behaves, also arouses great 
fascinatlon, numerous and even controversia! philosophical and 
ethical questions. This workshop has consequently been focused 
on confronting some of them on the basis of the excellent inter-
ventions of those taking part. 

I wish to express my sincere admiration, respect and gratitude t o 
Professor Watson, Professors Gi lbert and Dausset, co-partici-
pants, in the development of certain essential aspects of this 
great project on the genome, all of whom were awarded the 
máximum distinction of the Swedish Academy of Sciences. 

I should also like to express my admiration for Professor Santia
go Grisolía, an outstanding biologist, winner of the Prince of As
turias Prize, and alma mater of this important encounter; my 
thanks too , t o the Valencian Foundation for Advanced Studies 
and to all those who agreed to think together over the past few 
days on the ethical implications of this great project. 

To attempt to understand the genetic basis of the human species 
is a thri l l ing prospect, not only for those who actively and di-
rectly take part in it, but also for the great majority of people 
who fol low its development in admiration, albeit an admiration 
not free of concern. A concern that is of course reasonable. For 
this century has shown us that tools based on scientific know
ledge can be used for alternative, and often counterposed, ends, 
because our wor ld has also at times shown that it has attained an 
amazing capacity and perfection of means and tools at its dis-
posal, although it has at t imes been misguided as t o the end 
and aims that should be pursued. As Einstein said what charac-
terizes our century is perfection of means and confusión of aims. 

This does not prevent society f rom highly valuing science and 
technology, knowledge and research, as important enterprises in 
themselves, independently of their applications, on account of 
their valué in improving our knowledge of the universe and our 
place in it. Society is also aware that many of the problems we 
face up to over the wor ld can only be solved by means of a wise 



420 applying of science and technology, nevertheless, this wise ap-
plying must be founded on an ethics of responsability, that is, in 
the conviction that we are responsible for the consequences, 
whether foreseeable o r otherwise, to be derived f rom our acts 
and not merely f rom our good or bad intentions. This wisdom 
will also enable us to analyse and anticipate as far as possible the 
side-effects to be derived f rom applications considered at the 
outset as wor thy of development. 

And these dilemmas take on a singular forcé and relevance when 
we deal wi th disciplines such as biology, particularly the molecu
lar biology entailed in the Human Genome Project. In the last 
years of this century they make up one of the fields of knowledge 
that are on the frontiers of scientific knowledge. This is because 
their discoveries can directly affect the human being's own phy-
siobiological identity. And because any manipulation, intervention 
o r informat ion on this identi tymay bring far-reaching conse
quences for the individual that may even affect both his o r her 
own individuality and the esemble of links and relationships he o r 
she has wi th society. 

"The prospect of a genetic map, of a complete biological book of 
humanity, at one and the same t ime arouses enthusiasm and con
cern, giving rise to questions of an ethical and philosophical na-
ture" . This is textually stated in one of the central reports for 
setting up the Human Genome Project in the United States. And 
this concern for the ethical aspects of the project on the genome 
should oblige us to question ourselves on the direction and ob-
jectives to which our own research is channelled, questions to 
which certain answers have been proffered here over the past 
few days. In any case, I think that the dignity of the human being is a 
mission and that respect for same must be an essential part of any re
search activity. 

For this reason, one should welcome the rise of a growing sensi-
tivity to the ethical and social problems which scientific develop
ment brings. And particularly in the Human Genome Project, in 
which reflection on the ethical dimensión runs parallel to devel
opment of research itself, and can therefore influence the later 
course of same instead of wai t ing fo r the f i rs t non-desired 
impacts to occur. 

In any case, whenever new cognitive categories emerge, new 
perceptive approaches, new tools for the analysis of vital phenom-
ena, that is, whenever the human being resorts to innovation as 
a driving mechanism, there occurs a double phenomenon of con
testaron on the one hand and practical application on the other, 
which notably affects a great deal of the structural resources of 
our society, whether these be scientific, poli t ical, socio-eco-
nomic, legal or of any other kind. I also think that whenever these 
convulsions occur, the urgencies t o innóvate and the inertias to 



preserve are usually rare in common forums of encounter, in 42 
time of joint reflection and compatible codes of communication. 

And it is precisely this truly key function of providing environ-
ments of convergence, of supplying spaces for reflection, of of-
fering the means for new horizons of reference to be explored and 
common compatibilities and languages to be sought, that is the 
t rue vocation of our Foundation, the BBV Foundation. For t o 
créate suitable frameworks to reflect at liberty on the great chal-
lenges of the end of this century, to interpret emergent situations 
through a new prism, and to achieve renewed systems of refer
ence that allow for innovating voyages is wi thout doubt the jus-
tification for all our efforts. 

Therefore, our Foundation, either alone o r in collaboration wi th 
other institutions, as in the case of this Workshop with the Va-
lencian Foundation for Advanced Studies, will continué in its ef
forts to encourage, support and stimulate new pluh-disciplinary 
spaces for encounter and reflection. This, in order to offer the 
results to all strata of society as cultural paradigms, as elements 
of the new education society demands if it is t o solve wi thout 
violence its serious problems of identity and survival. For this In
formation is an unrenounceable right of society, and it is one of 
the most important means t o a person's beign able at each mo-
ment to make free decisions as to the direction and form t o be 
taken by development and the technological applications of basic 
knowledge. 

Madam: I should like to end by saying that it is of extraordinary 
valué for science and culture, as for all of us, that the Crown 
should offer such exemplary understanding and support for the 
efforts of all those who, at different levéis of science, w o r k and 
strive to attain thresholds of knowledge t o be shared wi th o th-
ers, knowledge that leads t o attemps at improving - f r o m the in-
novation that co-exists wi th t rad i t ion- the conditions o develop-
ments of human dignity wi th the desire to attain a freer, more 
cultured society. My sincere thaks for this. 

Many thanks to you all. 
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Your Majesty, 425 
Ladies and Gentlemen: 

On behalf of the Government of Spain, I should like to thank all 
scientists and experts who have intervened for their participation 
in this International Workshop , as llkewlse the support of the 
BBV Foundation and the hard w o r k of its President, Professor 
Grisolía. 

The highest praise is due to all of those who have made it pos-
sible for this Workshop to be held in Spain on the ethical aspects 
of one of the most wide-ranging ever scientific projects which 
even has the backing of UNESCO and the ECC. 

I should also like to congratúlate you for the approach that is 
being given to this ambitious task of analysing the human genome 
by carrying out the purely scientific w o r k alongside reflection on 
its possible social and ethical consequences at one and the same 
time. Had this always been done in all fields of science, mankind 
could have been spared an era of fear and uncertainty which has 
today fortunately been overeóme. 

The scientific community and society have much to learn f rom 
this approach, which is based on inter-disciplinary dialogue, in or-
der to solve the conflicts that arise between biomedical advances 
and ethics, w i th the fundamental part icipation of the citizens 
themselves. To be more precise, this dialogue must lead us t o 
wo rk out norms of behaviour in genetic research and its applica-
tions. 

These norms can no longer be based on the ideal portrayed in 
Plato's Republic, which allowed the intellectual leader, the philos-
opher, to discern between the true and the false, good and evil, 
the just and the unjust. 

The great revolutions of the modern era, the English, the Amer i 
can and later the French revolutions, suggested another, more 
democratic and symmetrical type of human relationships. These 
ideas are crystallized in the spirit of the Enlightenment, the de
fensor of the autonomous nature of the human individual, of the 
individual as subject who as such should be respected by all those 
who hold different moral stances, who must take an active part 
in the decisions or reflections that affect him or her. A modern 
philosopher and sociologist, Habermas, has updated this spirit by 
speaking of "communicative action", of this very participative ra-
tionality which is characteristic of our t ime. 

In societies such as ours, wi th their f ramework of co-existence 
drawn out in the modern Constitutions that support ideological 
and social pluralism and the respect for human right, the rela-
tionship t o be established between scientists, the individual and 



426 society has become autonomous, plural, desacralized and con-
flictlve. 

O r this reason, In texts such as the recent Law of Assisted Hu
man Reproductlon of 1988, It is stated that there Is no doubt 
that scientific research must continué its course and that It should 
not be limited unless thls be on firmly based crlterla that prevent 
It clashlng wl th human rlghts and the Individual^ dlgnity, and that 
to thls end an open, rlgours and dispassionate collaboration Is 
required between society and sclence. 

This is the gist of the speech glven to this workshop by Professor 
Jean Dausset, Nobel prize winner, Presldent of the Universal Move-
ment for Scientific Responsibility, who proposed t o the Orga
nizaron of the United Natlons that an International Commission 
should be created to control manipulation of the map of the hu
man genome. 

As was t o be expected, we are in Spain advanclng In the same di-
rection and consequently, wl th the State in the role of the in-
spirer of social articulation, we are working on the constitution 
of the National Commission of Bio-ethics, In which scientific, 
professional and social personalices connected wl th the sclences 
of health and blology are to particípate. 

The Commission wil l be responsible for Informing and advising 
the Health Administrations as to security, efflclency, plausibility 
and ethical aspects related to the technologies relevant to health 
and medical assistance, as likewise wl th regard to the criteria as 
to limiting their applications. 

The project of the Royal Decree thls Commission has created Is 
already wr i t ten out and will soon be examined by a great number 
of public and prívate institutlons for them t o offer suggestlons 
and Ideas. 

Your Majesty, genetics Is a science of the future that can explain 
and solve many aspects of the blological process and alteratlons 
in people's state of health, but It also poses important questions. 

Finally, therefore, I encourage you to continué to reflect on the 
questions which are still w i thout an answer, so that all together 
thls research wil l not only be of a very high scientific quality, but 
wil l also have the relevance for the human collective we all hope 
for. 

Thankyou all very much. 
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Your Majesty, 429 
Mr. Minister, 
Ladies and gentlemen: 

As representative of the Government of the Valencian Commu
nity, I am honoured to be here today wi th you, for the Closing 
Session of this II Workshop on International Cooperation for the 
Human Genome Project, which has dealt wi th ethical aspects of 
same. 

In the first place, on behalf of the Valencia Community, I should 
like to thank Her Majesty, Queen Sofia for being here wi th us to 
day, Her presence certainly honours this workshop and sets it at 
the level f itt ing t o it, once more displaying the interest of our 
Monarchy for science and culture, an interest that both stimu-
lates and encourages us as we had the occasion to see recently 
when His Highness, the Prince of Asturias visited us fo r the 
awarding of the Jaime I Prize. I should also like to thank the Min
ister of Health and Consumer Affairs for attending today, and 
mention the distinguished scientists among us. 

This is not the first t ime that Valencia has been the vénue for an 
encounter of this nature. In October 1988, the I Workshop on 
the Human Genome was held here. These internationally impor-
tant events have made our city and Community a scientific forum 
and act as a measure of how important we consider the develop-
ment of knowledge in all fields and the advantages of a modernity 
invariably to be understood as at the service of society and its 
members. 

The conclusions of this meeting have once more shown the qual-
ity of contemporary science, for which scientific knowledge must 
only be used in the service of the dignity, integrity and the future 
of human beings, Spain is fully immersed in the European and 
world-wide tendency to use technology rationally as a factor of 
progress improvement and the attainment of higher levéis of 
equality and welfare, and the people of Valencia feel identified 
with this project. W e therefore feel that it is important not to be 
left on the margin of the Human Genome Project, on which a 
competent research group of ours is working. 

W e believe that it is legitímate to t ry to make medicine advance 
by using genetic mapping, which opens up the way to knowledge 
and enables scientists t o design and apply new therapies t o 
diseases that had so far been resistant to the advances of medi
cine, such as cáncer. 

This must of course be achieved on the strength of presupposi-
tions of a severely humanistic and social ethics, so that scientific 
discoveries do not get out of hand -as has unfortunately so often 
occurred in other fields. Self-awareness and self-limitation must 
govern science itself so that the inertia of its discoveries may not 



430 'ose sight of its objectives, which are none other than those of 
helping life t o develop more fully. 

Science does not possess the keys to human nature, neither do 
we believe that genetic mapping will reveal its secrets to us. The 
essence of human nature does not lie in genes but in language, 
for man is a fundamentally social being endowed wi th speech, 
that is, wi th thought, and is conditioned by his environment. One 
should not let oneself be led away by fantasy when dealing wi th 
these matters that are so often trivialized and subject to a banali-
zation that magnifies them, to the detr iment of their t rue role 
and dimensión. 

When this workshop was inaugurated, I said something I should 
like t o repeat here. Ethics is an extremely flexible sphere; if it is 
individual, it may be subjective and henee arbitrary. Therefore, the 
only valid frame of reference in this field is the law. But the polit i-
cian and legislator need the scientist t o supply the Information on 
the profound consequences of his discoveries before debating on 
their limits and establishing universally valid rules. 

This makes meetings such as the one we are now closing have 
such extraordinary importance, for they take knowledge out of 
the laboratory into the grounds of debate, and because it is no 
longer the grounds of debate, and because it is no longer the mi-
croscope or the computer that is used in them, but speech, re-
flection and criticism. 

My warmest congratulations to those whose efforts have made it 
possible for this to take place once more amongst us. W e shall 
always be happy to welcome such distinguished visitors and hope 
that they too , you, have spent these days wi th us full of positive 
experiences. 

Many thanks to you all. 



431 

I N D E X 

Presentat lon 7 

Introduct ion ' ' 

G e n e r a l R e m a r k s 23 

Genetic Polymorphism and the Surrounding Environ-
ment (James Watson) 25 

The Human Genome Project and Public Opinión (Jack 
McConnell) 29 

Scíentific Revisión 33 

The Current State and Future Prospects of the Physi-
cal Mapping of the Human Genome (David Scheles-
singer) 35 

Sequencing the Human Genome: Current State (Walter 
Gilbert) 45 

Nat ional Policies 53 

The Human Genome Project: The French View (Jean 
Frangois Girard) 55 

A Germán Point of View (Hans-Martin Sass) 61 
A British Approach (Tony Vickers) 75 
Scientific and Ethical Aspects of the Human Genome 

Project in Italy (Paolo Vezzoni) 83 
Policy in Relation to the Human Genome Project. The 

View f rom the USSR (Alexander Bayev) 89 
The Human Genome Project in the Uni ted States 

(Nor ton D. Zinder) 97 
W h y Isolate the Third Wor ld? Wha t Part does UNES

C O have to Play? (Claude Rosenfeld) 105 

Religous Considera t ions I 19 

The Catholic Point of View and its Ethical Implications 
(Angelo Serra) 121 

Ar t i f i c i a l Rep roduc t i on : an Islamic Point of V iew 
(Azeddine Guessous) 129 

Ethical Att i tudes of a Jewish Scientific wi th Regard to 
Genetic Intervention (Haim Aviv) 137 

Protestantism and the Human Genome Project (Jack L. 
Stotts) 145 



432 T h e C o n c e p t of the " I " 155 

Biological Determinism and the Concept of Social Res-
ponsibi l i ty. The Lesson of Carr ie Buck (J. David 
Smith) 157 

The Human: a Pro tes tan t Chr is t ian V iew (Jack L. 
Stotts) 167 

Mankind in Search of Meaning (James S. Grisolía) 183 

T h e Impact of the H u m a n G e n o m e Pro ject on 
Medicine 201 

Genetic Therapy (Theodore Friedmann) 203 
The Impact of Human Genome Mapping on the Doc-

tor-Patient Relationship (Albert R. Jonsen) 2 ! I 
The Impact of Human Genome Studies on Clinical Ge-

netics (Michele D'Urso) 22! 

T h e Impact of the H u m a n G e n o m e Pro ject on 
Biology 229 

The Human Genome Project : in Defence of Basic 
Science (Giorgio Bernardi) 231 

N o Time for Knitting: The Genetic Quest of the Ar -
gentinian Grandmothers (Mary-Claire King) 247 

Participation in and Access to the Data of the Human 
Genome Project (Elke Jordán) 257 

Identification and Diagnosis 263 

Ethics and Human Genetics once the Human Genome 
has been Mapped (John Fletcher) .' 265 

Diagnostic Testing of Genetic Disorders in the Early 
Stages of Pregnancy: Social and Ethical Implications 
(Bruno Brambati) 275 

Professional S e c r e c y and Confidential i ty 285 

Confidentiality (José Elizalde) 287 
Genetic Technology, Insurance and the Future (G.W. 

de W i t ) 297 
The Human Genome Project and Labour Relations 

(Tomás Sala) 315 

Ethical A s p e c t s Der ived f rom C o m m e r c i a l 
Appl icat ions 321 

The Commercial Aspect of Diagnostic Testing (Helen 
Donis-Keller) 323 

Biotechnology (Eladio Montoya) 333 

Diagnostic Populat ion 339 

Diagnostic Population Testing of Gene CF (Norman 
Fost) 34! 

Lessons f rom the Past : Prospects for the Fu ture . 347 



"Beyond Dec lara t ions: Is i t Possible t o Fit Ethics 433 
i n to the Human Genome Project?" (Wi l l i am G. 
Bartholome) 349 

Genetic Inequality and Social Injustice: A Lesson f rom 
History (Benno Müller-Hill) 357 

The Influente of Eugenios on Human Genetics (Daniel 
J. Kewles) 365 

Lessons f rom the Past: Projects for the Future. The 
Human Genome Project and Social Contract : An 
Approach of Legal Policy (Cristhian Byk) 377 

Diagnostic Proof and Genetic Testing (Alexander M. 
Capron) 39! 

Clos ing Sessíon 407 

Santiago Grisolía 409 

Luis O r o 413 

José Angel Sánchez Asiaín 417 

Julián García Vargas 423 

Joan Lerma 427 

Index 431 









Design: A lber to Corazón. 



FUNDACION DDV 

Alcalá, 16-planta quinta 
28014 Madrid 



g 

2 
O 

I 
2 
u. 

V I 
U 

L U 

U 

Oí 
E o c 

D 
E 


