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throughput genotyping, as discussed in this 
issue by Peltonen and McKusick (5). An-
other new benefit is that much of the hard 
work of positional cloning has been re-
placed by cloning by computer. Thus, gene 
sequences, and even polymorphisms can 
be identified by searching appropriate 
computer databases. 

Identifying QTLs is one thing, but un-
derstanding their effects will take much 
more time. Functional genomics and pro-
teomics (6),where the focus is on gene 
products, their structure and expression, 
can be generally viewed as bottom-up 
strategies. But there are other levels of 
analysis at which we can understand how 
genes work. A top-down approach high-
lights the behavior of the whole organism. 
For example, we can ask how the effects of 
specific genes unfold in behavioral devel-
opment and how they interact and correlate 
with experience.This top-down, behavioral 
genomic level of analysis (7) will comple-
ment the current functional approaches in 
the human species. Furthermore, genome 
sequences of other organisms will be espe-
cially important because of the great simi-
larity of genes and gene organization be-
tween, for example, mouse and man (8). 

Ultimately, the human genome sequence 
willrevolutionizepsychology and psychiatry. 
The most important impact will be on under-
standingthe neurobiological basis of individ-
ual differences and achieving a better grasp 
of the etiology of diseases. The latter, in turn, 
should lead to the discovery of new and more 
specific drug treatments. The use of ge-
nomics as a path to drug discovery holds 
considerable potential (9). It is also probable 
that DNA testing will be used to predict 
which patients will respond to different drugs 
or be susceptible to particular side effects 
(10). However, there are two built-in limita-
tions to this DNA revolution. The first is that 
all behavior involvesgene-environmentinter-
play. The second is the unsolved question of 
the distribution of effect sizes of QTLs; some 
may involve effects so small or so complicat-
ed that they will never be detected. 

The probabilistic rather than determin-
istic influence of genes on behavior means 
that some of the ethical specters raised by 
the advent of behavioral genomics proba-
bly have little substance. For example, it 
has sometimes been suggested that geneti-
cization is likely to increase the stigma of 
mental disorders. To the contrary, far from 
increasing the stigma, advances in genetics 

have the opposite effect. As a case in point, 
it is now perfectly acceptable for an ex-
president of the United States and his fami-
ly to acknowledge that he has Alzheimer's 
disease, a disorder for which much 
progress has been made in understanding 
its basis at a molecular level. In the recent 
past this might have been called "going se-
nile" and would have been seen as some-
how morally reprehensible.We predict that 
this is the start of a trend and that identify-
ing genes involved in behavioral disorders 
will do much to improve public perception 
and tolerance of behavioral disorders. 
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FUTURE DIRECTIONS: P O L I C Y  I S S U E S  

PoliticalIssues 
Genome Era 

JamesM.JeffordsandTom Daschle 

The sequencing of the human genome 
heralds a new age in medicine, with 
enormous benefits for the general pub-

lic. For example, it will allow scientists to 
identifyallof the genes contributingto a giv-
en disease state, leading to a more accurate 
diagnosisand precise classification of disease 
severity. In addition, healthy patients can 
know the diseases for which they are at risk, 
giving them the opportuuity to make benefi-
cial lifestyle changes or to take preventive 
medications to protect their health. Unda-
standing the genetic bases of heritable dis-
eases also will allow researchers to develop 
therapeutics at the molecular level, resulting 
in better imttmentswith fewer side effects. 

Despite the potential benefits, many ethi-
cal, legal, and social concernsexist. The U.S. 
Congress rec0-d this early in the devel-

[ opment of the publicly funded human 
igenome project and so set aside approximate-
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ly 5% of the budget, starting in 1990,to 
fimd the ELSI program (Ethical, Legal, 
and Social h~ l i&ons  of ~ u m a nGS I 

l'rivacy and fairuse of genetic informa- Regulating use of genetic information. President 
tion, clinical integrationof genetic tech- Clinton signing an executive order prohibiting civilian 

nologies, issues surrounding research federal agencies and departments from using genetic 

ethics, and public and professional edu- information in any hiring. 

cation. Later these goals were expanded 
to include studies of the societal impact of leased this past September revealed that 
knowing the complete human genome se- 86% of U.S. adults 18 years of age or older 
quence, the interpretation of genetic varia- believe that physicians should obtain per-
tions among individuals,integration of genet- mission before doing any genetic testing be-
ic technologies into clinical and nonclinical yond routine testing (2). Similarly, 93% of 
settings, and the implications of genetic tech- adults believe that their permission should 
nolo& for religious, philosophical, ethical, 
and socioeconomicconcerns. 

One of the most issues is deter-
mining the proper balance between privacy 
concerns and fair use of genetic informa-
tion. The growing number and use of genet-
ic tests has many worried about discrimina-
tion due to inappropriateaccess to, and use 
of, private genetic information. A Gallup 
poll by the Institute for Health Freedom re-

be granted before researchers use their ge-
netic information. Francis Collins, Director 
of the National Human Genome Research 
Institute (NHGRI), has written, "It is esti-
mated that all of us carry dozens of glitches 
in our DNA-so establishing principles of 
fair use of this information is important for 
all of us" (3). Without adequate safeguards, 
the genetic revolution could mean one step 
forward for science and two steps back-
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wards for civil rights. Misuse of genetic in- a group health plan, or an issuer of a group 
formation could create a new underclass: the health plan, f?om using genetic information as 
genetically less fortunate. a basis for implementing rules of eligibility for 

Many Americans are concerned about the plan or for setting premiums (10). But it 
potential genetic discrimination by their em- does not cover people who buy insurance as 
ployers. In 1998 the National Center for individuals, nor limit collection and disclosure 
Genome Resources (NCGR) surveyed 1000 of genetic information by insurers. 
American adults, and found that the majority Most protections, whether in terms of em- 
(85%) believed that employers should not ployment or health insurance discrimination, 
have access to a patient's genetic informa- are at the state level. At present, 37 U.S. states 
tion, and 63% indicated they "probably" or have laws regarding genetic discrimination 
"definitely" would not un- 
dergo genetic testing if they Senator ,effords:
hewthat insurers Or em- As chairman of the U.S. Senate Committee on Health, Edu- 
ployers discover the cation, Labor, and Pensions, Senator Jeffords held a hearing 

(4). However, mem- on Genetic lnformation in the Workplace during the 106th 
hers of the business corn- Congress and a hearing on Genetic lnformation and Health 
munity report that employ- Care during the 105th Congress. During the 106th 
merit discrimination based Congress, Senator Jeffords joined with Senators Snowe and 
on genetic information is Frist in cosponsoring the Genetic lnformation Nondixrimi- 
currently very rare. The nation in Health Insurance Act The bill is designed to pro- 
American Management As- tect American consumers from discrimination by health in- 
sociation surveyed 2 133 surance companies based on predictive genetic information 
employers this year, and of or the use of genetic services. It prohibits the use of this in- 
all those surveyed only 7 formation by health insurers to set eligibility requirements 
indicated that they used ge- or premium rates. Itclearly specifies the very limited condi- 
netic testing, either for test- tions under which a company may request genetic informa- 

ing job applicants or em- tion from individuals. Furthermore, it calls for the establish- 

ployees (5). ment of safeguards within the insurance companies to pro- 
tect the confidentiality of the individual's genetic informa- However, it is important 
tion. On 29 June2000, the Senate adopted the measure as that this situation not be- an amendment to the LaborIHealth and Human Services and Appropriations bill. It was subsequently removed by the 

even a perception of genetic Conference Committee.This bill will be reintroduced during 
discrimination can the 107th Congress. Senator Jeffords' Committee will also 
impede future progress. continue its examination of issues surrounding the use of 
Craig Venter put it succinct- genetic information and workplace discrimination. 
ly: ". ..there are more barri- 
ers to achieving that era [of 
personalized and preventive medicine] than 
the scientific ones that have now been over- Senator Daschle: 
come. A key banier is the fear that is perva- I believe that Congress must pass 
sive in our society that genetic information strong federal laws against genetic dis- 
will be used to deny health insurance or a crimination. I believe that the United 
job.... Without the enactment of legislation, I States should develop legislation that 

fear that this new era will be delayed (6). conforms to the Universal Declaration 

IntheUnitedStates,federallawssuchas Of theHumanGenOmeandHuman  
the Americans with Disabilities Act and the Rights: "No one shall be subjected to 

discrimination based on genetic char- Rehabilitation Act provide some protections acteristics that is intended to infringe 
against genetic discrimination in the work- or has the effect of infringing human
place, but the that coverage has rights, fundamental freedoms and hu- 
been tested in the courts (7). Former Presi- man
dent Clinton recently signed an executive or- Thus, I believe that employment 
der barring genetic discrimination against and health insurancediscrimination on 
employees in federal executive departments the basis of predi&ive genetic informa- 
and agencies (8).Just this past November, tion should be firmly prohibited. Fur- 
the Society for Human Resource Manage- ther, I believe that l imits must be 
ment (SHRM) issued a policy position that placed on the collection and disclosure 
stated, in part, "For this reason, the SHRM of individuals' genetic information. In 
would oppose employment policies that per- crafting these protections, lawmakers 
rnit employment decisions to be made based should actively solicit opinions from 
on an individual's genetic information" (9). others, including-at a minimum-sci- 

U.S. federal law does provide some protec- entists, geneticists, ethicists, con- 

tionagainstdisc~ationinhealthinsurance. Sumers ,employeeandemployer  
Specifically, the Health Insurance Portability grOUPS, and hsurers. 

and Accountability Act of 1996 (HIPAA) bars 

and health insurance; 24 states have laws re- 
garding genetic discrimination and employ- 
ment. Although this patchwork of state laws 
affords some protections, it also contains 
loopholes. For example, definitions vary 
f?om state to state. One state may protect only 
DNA and RNA; another may extend protec- 
tion to familv historv data and other medical 
information hat  c o i d  offer genetic clues. ~n 
addition, because of federal law preemptions, 
state laws do not protect the nearly one-in- 
three Americans who get their health insur- 
ance through their employer. 

Ethical ambiguities are not limited to how 
genetic information will be made available 
and applied, but extend to the research meth- 
ods used to gather the data in the first place. 
For example, in large community studies, ob- 
taining informed consent from every commu- 
nity member is often impractical. Further- 
more, studying groups of people within rela-
tively small gene pools may have an uninten- 
tional stigmatizing effect. Policies protecting 
confidentiality in research are crucial both to 
guard individual privacy and to promote ad- 
vancement of the science. Some organiza- 
tions have published guidelines in this area. 
For example, general recommendations to 
protect privacy in genetic research have been 
published by members of the Privacy Work- 
shop Planning Subcommittee of the National 
Action Plan on Breast Cancer (11). 

Genetic information has begun to be cata- 
logued and maintained in many different 
forms, such as pathology specimens, blood 
bank donations, newborn screening samples, 
and research collections. In addition, the U.S. 
Armed Forces require all members to donate 
a sample of their DNA for future casualty 
identification. Many countries including the 
United States maintain forensic DNA banks 
for use in criminal courts as well as commer- 
cial DNA banks. Outside the United States, 
there have been efforts to create national ge- 
netic databases. For example, in December 
1999, Iceland's parliament passed a bill al- 
lowing Decode Genetics, a biotechnology 
company, to combine all Icelanders' genetic, 
medical, and genealogical information into 
one database to be sold to researchers. Critics 
of this research have expressed concerns over 
the "ownership rights" of genetic informa- 
tion, especially when a profit is to be made 
from the information (12). Estonian scientists 
are trylng to create a similar genetic database 
and also to address concerns regarding access 
(13). Their goal is to include the genetic in- 
formation, as well as other health and 
lifestyle data, on more than 70% of the Esto- 
nian citizens. If established, the participants 
will receive access to their own genetic pro- 
files in exchange for their contribution. 

One of the most challenging areas of poli- 
cy development involves genetic testing in 
the reproductive sciences. Research advances 
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in this area have been remarkable, but are 
fraught with controversy. Couples consider- 
ing pregnancy now have many options for 
genetic screening. In fact, those undergoing 
in vitro fertilization may now opt to have 
their embryos genetically screened before 
implantation (14). This can be helpful to cou- 
ples whose offspring are known to be at risk 
for an inherited disease. Although some view 
this technology as a wonderful breakthrough, 
critics argue that it borders on eugenics. 

In our lifetime, we have watched with 
amazement the progress of this field from the 
initial discovery of the structure of DNA in 
1953 by Watson and Crick (IS), to the pre- 
sent-day sequencing of the human genome. 
Increased understanding of the human 
genome may ultimately result in the eradica- 
tion of common diseases, but in the meantime 
we need to be on guard against potential mis- 
use of genetic information. This is an emerg- 
ing technology, and we should proceed with 
caution. The science is expanding at a breath- 
taking pace, and the overwhelming amount of 

new information puts governments under in-
creasing pressure to pass legislation. 

Eventually every country must decide what 
genetic information should be protected, who 
will have access to it, and how it may be used. 
In addition, governments must ensure that the 
public realizes practical gains from their in- 
vestment in genetic technology, because much 
of the research is made possible by taxpayer- 
supported federal enterprises in partnership 
with academic and industrial institutions. Fur- 
ther, for this partnership to continue, the public 
must understand the new technologies so that 
unfounded fears will not develop and slow 
progress. Ultimately, the greatest difficulty 
will be for policy-makers to strike a balance 
between timely promotion and use of the best 
genetic research and carell protection of peo- 
ple from genetic discrimination. 

Editor b note: The authors have chosen to 
express their individual views about future 
directions for legislation in the United 
States separately. see page 1250. 
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w ith the reports of the DNA se- ture and genome organization to questions 
quence of the human genome of protein function and interactions, de- 
and progress in sequencing the velopmental and physiological pathways, 

mouse genome, the first phase of the Hu- and systems biology. 
man Genome Project is complete (1-3). Various com~utational methods are be- 
Analysis of these DNA sequences will re- ing used to deduce functions for genes. 
veal the inventory of genes used for build- Analyses of the genome sequences of 
ing these organisms, as well as many reg- species such as Haemophilus injluenzae, 
ulatory elements that compose the "in- Helicobacter ~v lo r i .  Caenorhabditis ele- , 

struction manual" for converting the ge- guns, and Drosophila melanogaster, and 
netic "parts list" into organismal form and humans illustrate the power of these meth- 
function. Research attention is now begin- ods (1, 2). However, many fundamental 
ning to shift from problems of gene stkc- aspects of biological functions are not di- 

rectly evident in DNA sequences. It is not 
'The members of the IMMC are listed in (21). unusual to discover a gene sequence about 
'To whom correspondence should be addressed. De- which little functional information can be 
partment of Genetics, BRB 624, Case Western Reserve deduced. For example, sequence analysis 
University School of Medicine, 10900 Euclid Avenue, leads to no prediction of function for as CLeveLand, OH 44106, USA. E-mail: jhn4@po.cwru.edu 
tThe viewpoints stated here reflect their personal many as 30% of the genes in the human 
opinions and not  those of the government. genome, and the inferred functions of 
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most of the remaining genes have yet to 
be proven (1, 2). Because of the striking 
sequence similarities between humans and 
mice ( I ) ,  discoveries in one species lead 

to strong inferences in the other. species can Laboratory mice and related 
make important contributions to -functional 
genomics and identification of new models 
of human disease. Many spontaneous mu- 
tants have contributed profoundly to 
biomedical research and our understanding 
of disease etiology and pathogenesis. The 
ability to make crosses between genetically 
defined strains, to work with large sample 
sizes, to engineer mutations in specific 
genes, and to generate mice with induced 
mutations facilitates identification of ge- 
netic variants of biomedical interest. By in- 
cluding known single-gene mutants in sur- 
veys of mutagenized mice (also known as 
"sensitized surveys"), induced mutations 
that modulate the mutant phenotype can be 
identified, as was done with great success 
in the discovery of naturally occurring vari- 
ants that suppress disease traits in Apc and 
Cf@mutant mice (4).These mouse models 
reveal new drug targets for adenomatous 
polyposis coli and cystic fibrosis, as well 
as provide ways to evaluate potential thera- 
peutics, predict treatment effects, and pri- 
oritize treatments for clinical trials. 

Remarkably, despite more than 100 
years of research in mouse genetics, fewer 
than 5000 out of an expected total of 
30,000 genes have functions attributed to 
them through direct experimental studies. 
Recent progress in mouse genetics and 
genomics has provided proof-of-principle 
for large-scale studies to produce compre- 
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