
ter requesting volunteers at meetings and in 
ne\vsletters. Persons interested in nartlci- Genetic Discrimination: 
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In a study of the perceptions of 332 members of genetic support groups with one or more 
of 101 different genetic disorders in the family, it was found that as a result of a genetic 
disorder 25 percent of the respondents or affected family members believed they were 
refused life insurance, 22 percent believed they were refused health insurance, and 13 
percent believed they were denied or let go from a job. Fear of genetic discrimination 
resulted in 9 percent of respondents or family members refusing to be tested for genetic 
conditions, 18 percent not revealing genetic information to insurers, and 17 percent not 
revealing information to employers. The level of perceived discrimination points to the 
need for more information to determine the extent and scope of the problem. 

T h e  rapid advances in human genetics, 
largely fueled h!; the  Human Genolne 
Project (HGP) ,  have resulted in the expan- 
sion of the  l lu~nber  and range of genetic 
tests ( I  ). These tests are capable of provid- 
ing carrier and presympto~llatic information 
~ n c l u d ~ n g  risk of future disease, disab~lity, 
and early death. In  adciition, these tests ma!; 
reveal genetic information not  only about 
the  health of the individual, hut also about 
his or her famil!; rne~llbers (2) .  

Concern about access to genetic infor- 
a nation by health insurers has historical sup- 
port (3, 4 ) .  In the early 1970s, several ill- 
surance comnanics discrimlnateii aeainst 
individuals \vho Lvcrc carriers of sickle cell 
anemia, even though the!; Lvcrc quite 
healthy (5) .  T h e  use of genetic infor~uation 
to deny life Insurance to iniiividuals leaves 
then  deL~encients Inore vulnerable to eco- 
n o ~ n i c  conseiluences than 1s the case ~ v i t h  
the 70% of adults n h o  are covered (6) .  T h e  
use of genetic screening to ident~fy workers 
~ v h o  may be particularly sensltlvc to nox- 
lous cnvironlnellts has been the princit>al 
focus of concern a lxx~ t  ~vorkplace genetic 
testmg even ~ v h e n  iione for henevi~lent rea- 
sons (7). Issues of gellctlc discrlmlnat~on ~n 
ernL?lo!;ment and insurance have becolne 
more urgent as a result of the  genome 
project (8) .  

Overall concerns about privacy ancl con- 
f~dcntialit!; have led the Ethical, Legal, and 
Social Issues (ELSI) Branch of the N a t ~ o n a l  
Center for Human Genome Research to 
~dentify this issue as a top pr~ority n . ~ t h  the 
goal of proposing l eg~s la t~on  specifically de- 
signeii to protect people agamst genetic d ~ s -  
crllnlllatlon (9) .  A d d ~ t ~ o n a l l y ,  several 
\vi>rking groups and scholars are foc~~s ing  o n  
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this issue anii have dcvcloL?cd hackground 
papers and policy recoln~nendat~olls about 
the use of genetic ~ n f o r m a t ~ o n  111 health 
i n s ~ ~ r a ~ l c e  as ~vell  as other areas such as life 
lnsurallce and employment (1 0 ,  1 1 ). De- 
spite these concerns a b o ~ ~ t  potellrial genetic 
d~scrimination and documentation of indi- 
vidual cases, there 1s l ~ t t l c  ~nformation 
about the incidence and range of the proh- 
l e ~ n  (12) .  

This report provides information o n  the 
cxt>cricnces of 332 individuals with one o r  
Inore famil!; ~llelnbers with a genctic disor- 
der who arc affiliated ~ v i t h  genetic support 
groups. T h e  stud!; \vas part of the Human 
Genorne Eciucation h,lodel (HLIGEM) 
Project of the Gcorgcto~vn University 
Child Llevelonment Center and the  Alli- 
ance of Genetic Support Groups. It \vas the  
f ~ r s t  phase of the  HuGEh,l Project with the 
ail11 of gettillg ~ n p u t  fi-om 300 consLllncrs in 
order to develop, unplernent, and evaluate a 
ci~llahorative education model for consum- 
ers and health care providers. 

Participants n7erc recruited primarily 
tlirix~gll the national, reg~onal,  and local 
genetic support groups afflllated with the 
Alliance of Genetlc Support Groups. No- 
tices \!,ere put in two issues of the  monthly 
Alliance Alert and letters \!,ere sent to the 
directors of 101 genetic suppiJrt groups (rep- 
rcsentlng an  cst~lnated 585,800 members). 
T h e  notices contailled information about 
the study and requested vo l~~n tce r s  that 
were at least 18 vears old and with one or 
more persons in the f ;~m~ly  ~ v ~ t h  a genetic 
J~sorder  \vho ~voulii be \vill~ng to partlclpate 
in a ?0-min telephone intcrvie\v to provide 
op in~ons  o n  the e th~ca l ,  legal, and social 
~ssues of the H G P  as ~vell  as prior~tv topics , . 
for educat~on.  Volunteers were assured con- 
fidentiality of their responses. Random sam- 
nline was co~ l s~dcred  and ruled o ~ ~ t  because 
L L >  

of time, cost, and the  pri~nar~l!; educational 
focus of the project. Thus, the  findings arc 
applicable only to this group. Support group 
leaders \\?ere requested to iiistribute the  let- 

pating were to cornplerc a form at  the  Pot- 
tom of the letter or call a 1-800 n~lrnbcr for 
Inore information. 

As a result of i~lformatioll provideii h!; 
the  support groups to the rnelnbers or 
through the Alliance Alert, a group of 483 
persons (from 73 differc~lt groups) conract- 
ed the Alliance of Genetic Sunnort Grour?s 

L L 

about the  stud!;. The!; n7ere sent informa- 
tlon ahout the study and about the Hunlan 
Genornc Project. Of these, 336 (70%) re- 
turned consent forms (13).  Fro111 this group, 
four ~ c r s o n s  ~ieciiieii not to part~cinate after 
the mtcrvlews started, 306 persons complet- 
eii telephone intervic~vs, and 26 requested 
and cornpleteii the  (questionnaire hy mail, 
for a total return of 332 rcspolldents f r o ~ n  
44 states and the District of Columbia (1 4 ) .  

Respondents \Yere pr~marily female, 
h~gh ly  educated, married, and Caucasian 
(15)-characteristics believed to he typical 
of genetic support groups (1 6 ) .  Age catego- 
ries ranged from the tlventies through sev- 
ellties ~ v i t h  a ~ned ian  age In the forties. A 
rallgc of religious \vah reported 
117). There Lvas a n  average of 2.1 affected 
family rne~nbers per respolldcnt with a 
range of 1 to 12 affected ~lle~llhers reported. 

T h e  stuiiy questionna~re \vas cornposed 
primarily of ~luestlons with multiple choice 
rcsuonses. Telenhi~ne ~ntcrvie\vs were con- 
iiucteii hY fcx~r soclal \vorkcrs, a genetic 
counselor, anii a consumer administrator 
(18) and lasted an  average of 40 nlin ~ v i t h  a 
range of 29 to 90 min. T h e  content covered 
five areas: ~iernographic information; 
kno\vleiigc of the Human Genolne Projcct 
(61% had hearii about the  H G P  before 
volunteering to participate in the  study, 
74% cons~dcrcd the  H G P  very lmportallt to 
their f;~milies, and 81'% cons~ilereii it very 
important to society); personal and fa~nily 
experience in areas related ti) genetic teat- 
ilig and research; opiniona o n  a rallgc of 
ethical, legal, and soc~a l  issues; and priorlt!; 
topics for educat~on.  T h e  education prlorl- 
ties n7ere used to develop and irnplelnent 
educatio~lal forunls in the mid-Atlantic and 
Pacif~c Northwest reeions and \!rill he de- 
scr~bcd elsewhere. 

Rcspo~lde~l ts  \!,ere asked ~vhethes  they or 
other farnil!; rnemhers had encountereii 
p roh le~ l~s  w ~ t h  health insurance, 11fe Insur- 
ance, and e ~ n p l o ~ ~ n e ~ l t  (1 9). T h e  term "ge- 
netic discrimination" was not useii in the  
survey. It 1s used in t h ~ s  report to dcscril?e 
prejud~cial actions as perceived by the  re- 
spondents that resulted from ins~~rers '  or 
employers' kno\vledge of a n  ind~vidual's ge- 
netic cond~t ion ,  carrier status, or presulneii 
carrier status, haseci on ohservation, family 
histor!;, genctic testing, or other Incalls of 
gathering gcnetlc ~nfornlatlon (2L1). 

SCIEIiCE VOL. 274 25 OCTOBER 1996 



Respondents reported 101 different pri- 
niarv genetic disorders. T h e  18'% (of families 

often deter~nines \vho does and \!rho does 
not have access to health care 14). For 

deny Insurance to these people based o n  
their genetic cond~t ion  is not known. , L 

xi th  t ~ v o  or more disorders n7ere asked to 
select one for purposes of the stuiiy. Of the  
primary disorilcrs 68'% Lvere single-gene dis- 
orders, 10% were chromosome disorders, 
11'% Lvcre mult~factorial disorciers, 11% 
xere major malformation syndromes, and 
less than 1% \\ere mitochondria1 and endo- 
crine iiiscascs. 

man!; people with genetic disorders, health 
insurance may lnean the  iiifference hetween 
life and death 121 ) .  

Twenty-two percent of the respondents 
(Table 1)  s a d  that they or a fam~ly ~nernhcr 
Lverc refused health unsurance as a result of ~, 

Although considerable genetic ~nforma- 
tion may already be available to insurers in 
~neiiical records, 40% of the  respondents 
recalled being specifically asked ahout ge- 
netic diseases or disabilities o n  their appli- 
cations for health insurance (Table 1) .  It 
cannot he assumeci that the re~nainillg 60% 
had not heen asked ilucstlons about genetic 
iiiseases and ciisabilities. Many of them vol- 
~ ~ n t e e r e d  the information that they had 

the genetic conciition in the famil!;. Since 
insurers do not need to provide reasons for 
t u m ~ n g  down applications, it might be ar- 
gued that respol~dcnts may have subjective- 
lv assumed that the  denials Lverc made he- 

Data analysis inc l~~de i i  frequency re- 
sponses and comparison of responses to the 
questions o n  genetic i i iscri~n~nation hy ed- 
i~cation, religious preference, and health of 
resuondcnt and thev showed n o  statisticallv 

cause of the genetic condition. In this 
stud!;, however, 83% of those \vho Lvere 
refused health insurance had also been 
askeci about genetic iiiseases or d~sahilities 
on their appl~cations. Looked at in another 
way, nearly half (47%) (of those \vho \!,ere 
asked about genetic diseases or disabilities 
on an  annlication for health insurance Lvcre 

significant iiifferenccs (Pearson value of 
P < 0.05 was ci>nsidered s ignif ic~nt) .  Gen-  
der and ethnicitv sho\ved n o  significant 

never applied for health insurance. Solne 
\\.ere ahle to ~na in ta in  the coverage they 
had prior to diag~losis of a genetic disorder. 
Others had not applied hecause they as- 
sumed the  genetic condition in the  family 

d~fferences when controlled for sa~nplc  size. 
Consumer cx~~cr icnccs  ~ v i t h  health in- 

L L 

subsequently turneil i io~vn. As health and 
11fe insurers are primarily regulated by states 
and most states are just heginni~lg to address surers Lvcrc deemed important hecause the 

availability of affordable health Insurance 
~vould result in being turned do~vn .  Wheth-  
er or not this infc~rmation was then used to genetic issues in legislation (22),  it is not 

kno\vn how Inany insurers actuall!; ask ge- 
netic questions on applications. 

T h e  31% of responilents Ivith health 
insurance coverage \vho \!,ere denied reim- 

Table 1. Questions and responses about experiences of consumers In areas of health insurance life 
insurance, and employment. The total number of respondents is 332. 

hursement for some service or treatlllent 
indicated reasons such as the treatments 
were considered experimental, and services 

Responses ( Y O )  

Quest~on 
Yes No Don't 

know 
such as physical or occupational therapy 
n7ere not consiiiered a ~nedical necessity. 
Tinle lilllits for sub~llittillg clai~ns Lvcrc also 
an  issue, n71th insurers not paying clai~ns 
that were lllore than a vcar old even when 

As a result of the genetic condition in your family have you 01 

a member of your family been- 
Asked questions about genetlc diseases or 40 55 5 

dsab i t e s  on an applcation for health insurance? 
Refused health insurance? 22 76 2 

they had heen submitted ~vi thin  the  !;ear 
and rcturneii for Inore information. In  scv- 
era1 instances, pa!;ment was denied even 
though preapproval for a treatlnent or ser- 
vice hail been given. 

T h e  large major~t!; (83%) of respondents 
(Table 2 )  saiii thev ~ ~ o u l i i  not Lvant t h e ~ r  

Refused insurance coverage of some sewice or 
treatment? 

Refused Ilfe Insurance? 
Asked questions about genetlc dseases or dsabilities 15 83 2 

on a job application? 
Dened a job or let go from a job? 13 85 2 insurers to know ii they were tested and 

found to he at higll risk for a gelletic disor- 
der. T h e  rate ciecreaseii to 78% \!,hen a 
similar cluestion was asked that added the 
condition, "if the insurer Days for the tests." Table 2. Questions and responses to opinons about genetic information In Insurance and employment 

A ,  

Some of the respolliients noted that they 
~voulti pa!; for genetic tests themselves or not 
be tested if they wanted to keep their genetic 
infor~natio~l conf~ilential. T h e  fear of genetic 
iliscrimination, as shown in Table 3, resulted 

Responses (50) 

Strongly Dlsagree or Not sure or agree or strongly don't know 
agree dsagree 

in 9% of the respondents or a famil!; ~llclnber 
refusing to he tested for a gcnetlc conilition. 
This fear e l i~n~na tcs  the o~nortunities of in- 

Genetic testng should be par? of 4 94 
pre-employment physcal exams. 

Healtli insurers should be able to get 16 78 
genetc nformation lf they pay for the 
tests. 

Yes No 

A L 

diviiiuals to learn that they arc not at in- 
creased risk for the genetic ci~sorder in the 
f;~mily or to ~nake  life-style changes to reduce 
the r~sks or seriousness of the condi t~on.  It 
may also affect the number of people ~villing 
to participate in s c ~ e n t ~ f i c  research (iL?). Fear 
also prevented 18% of the respondents from 
revealing genetic infor~nation to an insur- 

Not sure 

If you were tested and found to be at 
thigh rlsk for a genetlc dsorder wth 
serious compl~cat~ons, wli~ch of the 
followng would you want to know 
the results of the test? 

a. Your employers? 6 87 
b. Your ins~~rance company? 11 83 

ante company. 
Ar?uroximatelv 70?h of adults in the 

United States have some form of life insur- 
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ance (23) .  It is widely available, and only 
3% of those ~ v h o  apply for coverage arc 
declined. Of the 97'% accepted, 5 %  are 
required to pay higher than standard premi- 
u~lls (24). This ma!; be compared to the 
respondents in this study In which 25% 
(Table 1)  of the rcspondents or affectcd 
family ~ l l e ~ n b c r  havc been refused life insur- 
ance (25).  

T ~ v o  iltresrlons \\ere asked about the em- 
ploy~ncnt experiences of the study popula- 
tion. As noted in Tahle 1 ,  li'i/i~ of the  
respondents said that they or affectcd family 
~llc~llbers had been asked cluestions about 
genetic diseases or disab~lities on job appli- 
cations. This increased to 20% of affected 
rcspondents ( P  = 0.006). It is not clear how 
often this informat~on was used to subse- 
quently deny the job to the applicants but 
the possib~lity exists and Lvas of concern to 
respondents. In this study, 870h of respon- 
dents (Table 2)  ~vould not Lvant their em- 
plovers to k n o ~ v  ~f they were tested and 
L ,  

found to he at high risk for a genetic disor- 
der with serious comulications. 

T h ~ r t e e n  percent of all respondents (Ta- 
ble 1)  reported that they or another family 
~llelnbcr had been denied a job or let go 
fro111 a job hecause of the genetic condition 
in the familv. This Ivas true for 21% of 
affectcd respondents and 4% of unaffected 
respondents ( P  = 0.00001). T h e  percent 
was reduced to 9%" ( P  = 0.000) for those 
~v i th  an  affected c h ~ l d ,  even though a high- 
er proportLon of these respondents were in 
the ~vorkforcc than the total ni~nulation. 

During the course of the analysis, a clues- 
tion Lvas raised as to ~vhethcr  the ucrccivcd 
problelns encountered in job a p p l ~ c a t ~ o n  or 
denial or dis~nissal emanated fro111 an  em- 
ployer's perception of a v~slhle disability. T o  
approach this question, analysis lvas done 
for the 77 unaffected respondents ~vhosc 
only affected f a n l i l ~  ~l le~l lhcr  Ivas a child of 

a starting m i n t  for future analvses 
L 

For the affectcd respondent;, some spe- 
cific exa~nples highlight the kinds of proh- 
l ens  experienced. A Inan ~ v i t h  a sex chro- 
lnosolne d~sorder reported that he  had been 
denied a job following a pre-employment 
physical exam aftcr the doctor wrote the 
name of the ~oss ib lc  disorder on his medical 
report. T h e  employer, in this case, k n e ~ v  it 
was illegal to use the diagnosis in the hirlng 
decision and told the applicant that h e  
would dcnv the  conversation in  the  f ~ ~ t u r e  if 
asked. A ivolnan ~ v i t h  a skeletal disorder 
reported that she Lvas mven ternlination 
notice the day aftcr she inforlned her em- 
ployer of a genetic diagnosis. T h e  notice 
was ~v i thdra~vn  aftcr she sought legal coun- 
sel. Exalnples provided by other respon- 
dents focused o n  effects of the  eenetic con- 
ditlon that could come under the protec- 
tion of the  1995 interpretations of the 
A~llcricans ~ v i t h  Disabilltles Ac t  (26).  T h e  
d i l e ~ n ~ n a  for persons with genetic disorders 
is that they inust show not only that they 
havc a genetic defect but also that they 
were regarded as "disabled" hy a11 c ~ n p l o ~ e r  
and discr~minated against because of that 
perception. This raises concerns ahout the 
privacy and conftdentialit!; of genctlc ~nfor-  
mation in the workplace. 

A total of 17?h havc not revealed gcnet- 
ic information to  their emplovers (Table 3 )  

L , .  

for fear of losing their jobs or insurance 
coverage. This increased to 25% of affected 
respondents ( P  = 0.00001). Overall, 43% 
of the respondents reported that the!; or 
~llclnbcrs of their f;~mily have experienced 
genetic discri~nination in one or more of 
the three areas. This included health insur- 
ance only (90.;1), life insurance only ( 1  I%) ,  
c~np loy~nen t  only (O'i.;), and more than one 
category ( 17%). 

Additional sttrdies of persons with ge- 
n c t ~ c  disorders are indicated to confirm or 

less'than 16 years of age. It was found that deny the perceptions of the  consumers in 
7?:1 of this population was asked ahout ge- this study. It is possible that lnelnhers of 
netic diseases or disabilities o n  a job appli- genetic support groups ~vho have cxpcri- 
catLon anii 390 !/0'lvere denied or let go from a cnccd genetic discrimination may have 
job. These n~r~l lbers  should only hc used as been more motivated to volunteer for this 

Table 3. Percentage of respondents withlioldlng informaton or refusng to be tested for a genetlc 
condition as result of fear. 

Responses ( Y O )  

Questlon 
Yes No Don't 

know 

As a result of a genetc condton, have you or a member of 
your famly- 

Refused to be tested for a genetic condition for fear of 9 89 2 
your insurance coverage beng dropped. 

Not revealed genetic nformation to an nsurance 18 79 3 
company. 

Not revealed genetlc nformation to an employer. 17 8 1 2 

study. O n  the other hand, persons ~ v i t h  
these resources of higher education and 
~nelnbership in support groups traditionally 
have the skills and lnealls to work with and 
influenci: social systems and may havc ex- 
perienced less discri~nination than other 
groups. Wi th  adecluate funding, a random 
sa~nplillg of respondents fro111 support group 
or clinic populations could be selected with 
probability methods and objective as ~vel l  as 
subjective information could he gathered. 

Another goal ~l-ould be to design more 
detailed cluestions to elicit information on 
genetlc iliscrim~nation fro111 rcspondents. 
Distinctions het~veen the l~llplications of 
overt genetic disease and conditions on 
each person and the effects o n  unaffected 
family memhcrs, or persons ~ v h o  are carriers 
or do not overtly express the consequences 
of the genetic condition will reclulre f ~ ~ r t h c r  
study. Consumers may be ~villing to partic- 
ipate if confidentiality is assured and trust is 
established. In t h ~ s  study, it was also found 
important for the  intcrvie~vers to have clin- 
ical as ~vel l  as technical skills in intcrvic~v- 
ing to facll~tate the co~llfort level of discuss- 
ing sensitive issues. T h ~ s  would also hc rcc- 
ommended for future studies. 

Although the goal of the  HGP (and 
other genctic testing and research) is to 
help people, it could also cause harm if the 
level of percelvcd discri~nination is in fact 
true. Neither the authors nor the  respon- 
dents (as indicated in earlier responses) are 
suggesting that the  HGP should not con- 
tmue. On the contrary, there is strollg sup- 
port to continue research and to find Ivays 
to deal with genetic discri~llination includ- 
ing federal or state legislation, guidelines, 
and standards among insurers, employers, 
researchers, and health professionals, and 
c i t ~ z e r ~  aci\li)cacy to  estahlish protections. 
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marl-ecl an:l t ' n g  :.,~tIi ti-el spc~!ses. ;GCs  h a e  c h ~  - 

:11en anti GZCs ;!ol-k cutstle the home Fat-I: rea- 
t131-sl i1:~. :>~lietlier cr I-ot tlie respmdent or fam: 
members .jete affected age cf cagncss anc -wr- 
rent age '.'!ere also le-orcle:l 

1'5 31-ec~se :lata on t - ~ e  dernoyra:~hcs 3; genetc SL!:J- 

: ~ c r  groL!ps ale not at!alabe. I~~ ipressons ale from 
stari cf t?e Allat-ce of Genet~c S L I : J ~ X  Groups 
1base:I 31- tl ier conversatcl-s an:. zclnn-.lncatons 
i!tI-I the ~- ie l - i .~e l  c l~gan~iat~cr-s at-cl attenclance at 
natlona ~eglonal an:l local Imeetlngs. 

1- Rely~cus lileferel-ces ;!ere R~ I - i an  Catl-13c. 22 j2 ;  
P13testant. -1 >2. Clirstan-ct l ie~. 9 j 2  Jev:sI-I, 11 jc;  

ctlier 2 r ~ ,  an:l none, 1 z 5 s  

18 Tile ~-~ter~!e;!els ;!ele t~anecl n ntelve':: techl-q.~es 
b:! the p ~ n - ? a I  1-1 'estgat3r at-cl ~,aricpatecI n pre- 
tes-I-g ti-e tl.lestionl-ale. 

19. Tlie clirest131-s on : ~ o s s  IJ e yenet~c c scr lrinatlcl- 
"jete raken f131~ -  a clLlesr3~-nare cet!elopec IJ: DI- 
Cclotl-I; Z '.'~'erz, Ti-e Slit we1 Center, \.?'a ti-aln, r.lA, 
enrtec, E!!i ca,' Iss~;es ,i Gelye: cs. pa;? I, 1;. 33 No 
34 an: (!set1 v!t-I perm sson of Cr. ~".'erlz :letter o i  
1 85 Dece~-~-.~el 19031. 

20. Tlis :.ef~~i~-~on 3' eel-erz :l~s-r~~i-~nat~cn riffers iron- the 
cre  -1sec1 .I; E I - g s  ei  at. : '2 as tlie; :Icl I-c- ~ncl~~cle 
actons acJa I'SI persol-s ,c i-3 ;\,ere s,, mptol-iat 2 ol vs- 
b:! aftecte:. ?: tlieil gelietc csordels. Tlie desyn c' 
cilr c:i~estonna~e does I-ct m m ! t  21-al;ss ac;c8:ncJ tc 
tlie de-ntor- of EIl1i;~s e: a' 11 993:. Eecai~se :lie t ~ ~ e s -  
t ens on t Is - l~n i~n?-~c~ i  as* a11o1.t a fa t ry  1*lel7ib€r~ at 
once :lie cLlesto1is do I-lot ds- I t ig~~s l i  amoric~. I I  tl-e 
cllrect ccl-secl.~ences c- ongclng cJelier1- d~sease cr 
-ondtons, I tlie eftezt o' yenetc clsease en oilier 
-am:! mem.Iels, at-:I ( I  I !  -he ccnseclilences c' genet12 
~-format~c~- ;alne:, ti-,rc.!gli testl-g 

21 ib:l ? Ells Kalil-, n a t!l:eo b: tlie HL!GEr.l 3roject, 4': 
O#,e'i;e.4 oi:;~e P.;lva,; Se,-.o,i,e ?,.;o;ec?a,i-'t?s :?I-.- 

rcat k e p t ,  s!?dSocrst tssi;es Gee1 getc>::i Lnverst: 
t~ledcal Center. ','iasi-igtcri, CC 1993). 

22 K H. 3oti-erbel y .  J La:v ,i.:e;i. E!!lfcs 23. 11 3 
1995:  

23. The Ad H3c Co~mmttee 3n Genetc Testlic~ Ins-1,- 
an-e Issues, 8177. . YLII:' Gecie: 56, 323 :1995, 

2L. 'Pe301-t oi  t ~ i e  A Z L - H I W  Task Fcr-e en Gel-et~c 
Testr-g, TIiePl-nercan Zc~ !n -  I cf L fe  II-ISL!I~ICE ar'cl 
The Hea ti- 1ns.11-at-ce Asscc atlcr- cf Amerca : I  991 1 .  

23. r.lan: respcr-c1e1-1ts saic ti-ey liacl 1-et!er ap:~Ie:l fcl 
i-e inswance Ibe-ai~se ihe; ass~!med ti-~e~: v:c~~ld be 
~LI~I-ECI CIC'J!I-I 

26 S~nce l0CC. it-~e AI-ier~car-s  ti- C sab t ~ e s  Act 
:ADA: Pas ?~-cvcecI pr3tect13n 731 perscrs v:tIi :Is- 
abi  tes  n tlie u~3rk:~lace. Ti-e ACA pre5,ents emp 3; 
ers iron- cpen:! den:~l-g eml,lo:!nient cr f r ng  at; 
iricl~~!~cl~!al soel; 017 tlie bass of a ' d s a b t y  f the12 
a1 e 'reasonable accz1-i n?dar~o;s ' t iat  can tbe 
made I; t i e  :*,o-li settlng to a z i !  tile persay tz 
perizr n 11;s zr tier ]so In A p r  1935 tl:e 4DA !'!as 
I iterl?l.etecl lb; ti-e U S Ec:.lal Ern:~Ioy~'ient Oppolt~l-  
i t ;  o m  r s s o i  tz i ~ i c l~~c ie  iieat -: ce?cle '*,iio are 
calrers ?- genetc dszlders I i ipe~-?el-tat191 I i geri- 
era rees 01-1 ei'coyers and el'i:~z:!ees k;z'.:.~;g an:. 

s~na r l :  nterpre~~ng tlie la?: as ;!el as ,?at>ny ~ 3 3 ~ 1  
faltl-I efforls to cc~mpl; 

2; '.'/e ;!'sli to t i an l i  t i e  t~ !GEr . l  Ad',~sor; C3mlmittee. 
N 3,. Hctzlman F N e a S r ~ t h  E. 0 N gl i tnyae. K 
t. Rothel-bay, a1-1c1 L \ '~al te~s, fcr asststalee r -  
: ~ a n n n g  and carl-vng 3 ~ ! t  the stud: L":E also V:SI-I to 
twnk  L 3al~ncsar r.1. P L'.'son S. Pen ie r  and ibl. 
I .,Iner I _  for tl ier assstance ./ti-I ti-~e telephone nter- 
5.je;:s an:] r.1. J :Verceck anc ibl O Pel; for researci-I 

assstance. Most of a ,  ;!e vjs,? to t w n k  the con- 
sill-iers ;!I-I~ ~,ro~!cIe:l the clata. F.~nclecl IJ; the Na- 
t~onal lnstit~!tes of Health at t ~ i e  Nat!ona Center ior 
Hl~man Genome Resealei n the blan-li of Ethcal. 
Legal and Scc~al Issues g la i t  nalmber R01- 
HGOO;8G-C3 711s supper roes not -3nst1tlrte an 
en:.crseliient of ti-~e 5.) E'J!S ex:~ressec 11  ths  a r c e .  

i Seliten~ber 1996, accepted 2 October 1902 

Kapl04p: A Karyopherin Involved in the Nuclear 
Transport of Messenger RNA Binding Proteins 

John D. Aitchison, Gunter Blobel," Michael P. Rout 

A cytosolic yeast karyopherin. Kapl04p. was isolated and shown to function in the 
nuclear import of a specific class of proteins. The protein bound directly to repeat- 
containing nucleoporins and to a cytosolic pool of two nuclear messenger RNA (mRNA) 
binding proteins; Nab2p and Nab4p. Depletion of Kapl04p resulted in a rapid shift of 
Nab2p from the nucleus to the cytoplasm without affecting the localization of other 
nuclear proteins tested. This finding suggests that the major function of Kapl04p lies in 
returning mRNA binding proteins to the nucleus after mRNA export. 

Tr,lny?ort ~icro+ the i i ~ ~ i l e a r  envelope oc- 
CLIP  throuph nuclear pj re  coii-iplehea 
(NPC5) cilld i> go\-er~-ieil 1iy the 11-iter~1ct1c7l-i 
c>t , s o l ~ ~ l ~ l c  tr<~i-isport protcil-i~ (k~1rvol>hcriii>) 
lvith tlie tran.;yort .~~l~. ; t ra tc  anc1 tl-ie S P C  
(1-12). L'li>.;t ot cur ~~n~ier i ta l - i~l ing c-if tl-ic 
mecl-ian~.;m of t r ~ l ~ i ~ l o c ~ i t i t ~ l i  i t > ~ i ~ c i  frc>ii-i 
.;tnLi\ iiig yrijtei~i i ~ i i y ~ ~ r t  in seniiyermr- 
ahlized cell.; j i ) ot  mailel knrr-k~pl-iilic prkJ- 
tel~ia that carry a nuclear loca1i:ation \iy-ial 
(XLS) t l . k > i i - i  e~tl-ier tlie S\'tL? 1,irye T 'inti- 
?en k j r  il~1cleap1aimi1-i ( ? )  T l ~ c \ c  cl;l,,>ical 
N L S  are reci7gli1:eJ I,\. kar~oplierili a in a 
dimeric cvtosolic ci-imyles n-it11 k;iryi~l-'heriii 
p ( 3 - S ) .  The  coiliplcs LIc>iks at tlie NPC 
t h r o ~ ~ g l l  its inter;lcti~jn lvitll ~ i~~c le i>pk>r~ns  
t l l ,~t  co~~tai i - i  cllar,icteristic repcciteL1 peptiile 
motit; (6-1 1 ). TI-ie ,sii-iall FLl;lntjbil-ie triplioa- 
pI-iat<lre. Rail, ancl plL7 are rcLlnlrcil f i ~ r  the 
s ~ ~ h s c ~ ~ ~ ~ e l - i t  trci~i~locatit>li  of tl-ic SLI~-st r<~te  
(aliLl l<aryi>pl~er i~~ a )  t l ~ r o ~ ~ ~ l i  the S P C  (1 1 ,  
12) .  

Distinct satur,il~le al-iil l-ioncc~mneti~lo 
patliways for tlie iiiiyort o f  d~t't'erei-it karyo- 
1 7 l l i l e  lia\,e lxen  r~nc~>\-e~-eki tliri>upli tlie use 
ot micrc)inicction ct~~ciic> in i>ocyte,\ (13- 
15) .  5iinil;lrlv, \atnr,ll-le iioncompetiny 
pcltIl\vayh exist ttji- tI1e expk>rt <>t lll<lcrt~llli>l- 
e c ~ ~ l e s  fr{>rn the nnc le~~ , \  (1 4 ,  16, 17).  Tlie 
~ i ' : ~ - i ~ ~ I s  that meili,lte m;iny ot tl1r.e procesLe.; 
are different tl.0111 cla,siical NLSi j 14, 1 J ,  
17-19) aiiJ ~ I I L I .  may use rzia':ii~tit~n k c -  
ti-irb utlizr than k,irvc)~hcrin cu aiiJ b,irvi)- 
p11eri1-i P t o r  i l ~ ~ c l e ~ i r  tr,insyort. Here \\.e 
char,~cter~ze the first \ucli hctclr, \vliicli u,e 

Laborato-\, ?f Cell 61olzg:. Hz;!a ci H.lgi-es r.le:,ca 1 -  
st~tlrte Rzcltefeler L i l t ' e  s~t:. 1230 "zrk hen - l e  Ne':: 
Y?rk. NY 1 C'321. LSA 

teriii Kayl04p ~ 1 1 ~ 1  \vhic11 1.; 1 - e q ~ ~ ~ r e J  for the 
imyi-irt of at 1e'i.t t n .~ )  yeast nuclear mRNA 
I7inLl1n~ yroteiiis. 

Tl-ie S~iccirii~on!yci.s ce,ceti.sind proteii-i> 
KcipOCp aiiil KClp9ip are Ili~mc-ilo~s of mnm- 
m,ilial-i karvtq~llcril-i cu ,ind liaryapl~erin p 
(2P).  S e q ~ ~ e ~ i c e  comyaris~~l-i.; of Kap9ip 
\vitl-i the comyletc yea,<t genome i1at;il-aic 
~111ci~\~ereil three ,iL1cl~tik)nal yrc>teiiii that 
are str~~ctur,ill\- .iinil;rr t(> I(,ip9jy; t~vk) ot 
tliesc, \vliicl-i n.e terlii Kap123p ,inel 
K ~ p l  Ctp. have i i i~t  heen 17revio~~~ly eliarac- 
ter~zeil ( 2  1 ), ,inLi the tl-iiril. Pselp. \\,,IS idei-i- 
t~fieci a. a multiccq-y enll,i~icer of p ro te~n  
ecretioii  (22) .  Tlie aecluence alignment of 
KaylOLtp \\.it11 Kcap95p ia she\\-n ( F i r  LA). 
Tlie yri)tei~ia 17ear s~ll7stantial ,>imilaritv 01-er 
tl-ie~r entire lei-i~tha. anci secoiitiarv sti-nctur- ,~ , 

al prediction. aueyest that K;lp?iSy ancl 
Kapli?tp s1-ial.e the ~ ~ i i - i e  o ~ ~ e r a l l  ilkjmain 
structLlrc of HEAT mot~t's (23).  

lleletioli ot K.4Pli)i reiultecl i i i  a ,severe 
oro\vtll ~icfect anti temnrratnre ensitivitv 
(24).  I i l l~l l~~~l i>t l~c>rc>ce~-ice  11iicri)aciq~y (25)  
\\,it11 ,111tihoclie.; ,,yecit~c till. K;iylL?4y ( in  
nild-t\-ye cells) shoiveLi tl-i,it K,-iylL?4p \vas 
mainly c\-to.;olic ancl was apyarentlv al-ici~t 
tri>m tlie nuelens (Fie. 1R) .  Holvever, in 
n1g12~'1  cells, \vllicli cl~lstcr tl-ieir NPC. ti-i 
,I resion c)t the n ~ ~ c l e a r  eii\.elk)pe c>pp~>ilte 
tl-ie ilucle{>lus (26) ,  K;lplCLtp c01oc~ili:e~I 
~vit1-i tllc i-i~~clct>pt~rii-i S s p l p  (27) (Fly. LC). 
T h e  ai~ilitv tkj <ietect coii-iciiient st,iinine o t  
tlie ii~~cli.cyc~l.iiis aiiil Kap 1 C4p uiiJer these 
ciinditit~ii:: lil<ely \\.CIS c i ~ ~ e  to ~111 ii-itc.ractic7i-i 
of Kc~131L?4y \v~tll  NpCs. 

s~ll7cell~ll<1r ~r<1ctlt~llatli>ll (28)  \\,<I< ec)ll- 
sisteiit nit11 the clistri1~ntii~i-i of KCip1L?4p 

A 

Lletecteil hy ~i~iilic~~ioi'lc~orescei-ice. Kali 1 CLtll 
\\,as pi-e>ent ma~iily in the cytosc>lic hactioil. 




