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Identifying the genes conferring sus-
ceptibility or resistance to common hu-
man diseases should become increas-
ingly feasible with improved methods
for finding DNA sequence variants on a
genome-wide scale (Collins et al. 1997;
Landegren et al. 1998; Wang et al.
1998). To facilitate the discovery of DNA
sequence variants, the National Human
Genome Research Institute (NHGRI) of
NIH, working with the Centers for Dis-
ease Control and Prevention, the Na-
tional Institute of Environmental Health
Sciences, and several individual investi-
gators, has assembled a DNA Polymor-
phism Discovery Resource of samples
from 450 U.S. residents with ancestry
from all the major regions of the world.
This DNA Polymorphism Discovery Re-
source will be immensely valuable for
the discovery of human genetic varia-
tion, which other follow-up studies can
relate to health and disease.

Most successes so far in finding genes
that contribute to disease risk have been
for highly penetrant diseases caused by
single genes, such as cystic fibrosis
(Kerem et al. 1989; Rommens et al.
1989). To locate genes affecting these
rare disorders, researchers perform link-
age analysis on families, which requires
300–500 highly informative genetic
markers spanning the entire human ge-
nome. However, it has been consider-
ably harder to locate the genes contrib-
uting to the risk of common diseases
such as diabetes, heart disease, cancers,
and psychiatric disorders, because these
phenotypes are affected by multiple
genes, each with small effect; environ-
mental contributions are also impor-
tant. Instead of linkage analysis on fami-
lies it may be much more efficient to

perform association analysis on many
affected and unaffected individuals,
which would require hundreds of thou-
sands of variants spread over the entire
genome (Risch and Merikangas 1996).
Such a large number of variants is cur-
rently not available. The DNA Polymor-
phism Discovery Resource is designed to
promote their discovery.

About 90% of sequence variants in
humans are differences in single bases of
DNA, called single nucleotide polymor-
phisms (SNPs). SNPs in the coding re-
gions of genes (cSNPs) or in regulatory
regions are more likely to cause func-
tional differences than SNPs elsewhere.
Although most SNPs do not affect gene
function, a large number of mapped
SNPs will be valuable as markers
throughout the genome for finding
SNPs that do affect gene function, as
linkage disequilibrium over tens to hun-
dreds of kilobases is expected to be
found in many regions of the human
genome. Both SNPs and cSNPs can be
identified by using the DNA Polymor-
phism Discovery Resource.

When two random chromosomes are
compared, they differ at ∼1⁄1000 nucleo-
tides (Kwok et al. 1996). When all chro-
mosomes from 40 individuals are
screened, about 17 million SNPs are ex-
pected to be found, out of the 3 billion
bases in human DNA. Only a small pro-
portion of these SNPs are expected to be
in coding regions, as coding regions are
∼5% of the genome and are less likely to
have SNPs (Nickerson et al. 1998). Thus
the number of cSNPs is estimated to be
∼500,000, an average of about 6 per
gene.

There is thus widespread interest in
finding SNPs. They are also more nu-
merous, more stable, and potentially
easier to score than the microsatellite re-
peat variants currently used for mapping
genes. Given the large potential role of

SNPs in human disease it is important to
have these data in the public domain
(Heller and Eisenberg 1998). Conse-
quently NIH recently began an initiative
for large-scale discovery of SNPs and for
improving the technology to detect
them. For this initiative, as well as others
that are just starting, a common, geo-
graphically diverse DNA resource for
SNP discovery is crucial, so that re-
searchers can benefit from the cumula-
tive power gained by sharing a common
resource, analogous to the demonstrated
benefits of the common CEPH panel for
genetic mapping and the RH panels for
physical mapping. Accumulating infor-
mation on the same samples will allow
validation, quality control, and com-
parisons of different methods of detect-
ing SNPs.

The DNA Polymorphism Discovery
Resource has been assembled to serve
this function. It includes cell lines and
DNA from 450 anonymous, unrelated
individuals, with equal numbers of fe-
males and males. No medical, pheno-
typic, or ethnicity information is in-
cluded. There are predefined subsets
with 8, 24, 44, and 90 samples as well as
the complete set, with each subset con-
taining the smaller subsets. The subsets
have the same range of diversity as the
complete set. This span of sample sizes
will allow researchers to use common
sets of samples that are of the appropri-
ate size to address various questions.
Fewer samples will be needed when re-
searchers are developing new technolo-
gies or looking for common variants;
however, a more extensive set of
samples will be needed when researchers
are scaling up technologies or looking
for rarer variants.

The sampling strategy for the DNA
Polymorphism Discovery Resource fa-
cilitates finding genetic variants in the
entire human population (Table 1). Any
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population contains ∼85% of the world-
wide genetic variation, but none con-
tains all of it (Barbujani et al. 1997). Be-
cause a random sample of U.S. residents
would include genomes of mostly Euro-
pean origin, the DNA Polymorphism
Discovery Resource includes individuals
with non-European ancestry at more
than their frequency in the U.S. popula-
tion, although no attempt was made to
be exhaustive or precisely balanced. The
individuals sampled are U.S. residents
who have ancestors from the major geo-
graphic regions of the world—Europe,
Africa, the Americas, and Asia (Weiss
1998). Many U.S. residents have ances-
tors from more than one region, and
such individuals are included in the
DNA Polymorphism Discovery Re-
source. The European–American group
includes non-Hispanic whites; the Afri-
can–American group includes non-
Hispanic blacks; the Americas group in-
cludes Mexican–Americans and Native
Americans; and the Asian–American
group includes individuals whose ances-
tors came from several countries in East
and South Asia.

Table 1 shows the number of indi-
viduals sampled from each population
group and the expected number of ge-
nomes corresponding to the proportion
of their ancestry from each geographic
region. The second column shows cur-
rent estimates of the average amounts of
admixture for the groups sampled: Afri-
can admixture for the European–
Americans, Native American and Afri-
can admixture for the Mexican–
Americans, and European admixture for
the other groups (Hanis et al. 1991; Parra
et al. 1998).

All samples came from individuals
who gave informed consent explicitly to
be part of this DNA Polymorphism Dis-
covery Resource. The consent forms ex-

plain that the purpose of the DNA Poly-
morphism Discovery Resource is to dis-
cover genetic variation. All collection of
consents and samples received Institu-
tional Review Board (IRB) approval. For
the Native American samples, consent
was obtained first from the tribe and
then from individuals; in addition, com-
munity issues were discussed with other
Native Americans and representatives of
the Indian Health Service.

To ensure a diverse collection, infor-
mation on geographic origin and gender
was collected for each individual
sampled, but once the DNA Polymor-
phism Discovery Resource was as-
sembled, all identifying and demo-
graphic information was removed from
the individual samples. Because 52%
more individuals gave consent than
were included in the DNA Polymor-
phism Discovery Resource, no one, not
even those sampled, knows which indi-
viduals are actually included. A sum-
mary of the number of individuals
sampled from each group is available for
the complete collection and the pre-
defined subsets, but no identifiers are as-
sociated with individual samples.

The DNA Polymorphism Discovery
Resource was designed to be used to dis-
cover variants in human DNA, not to
assess the frequency of variants in par-
ticular groups. Thus, the DNA Polymor-
phism Discovery Resource is not useful
for population-specific medical or an-
thropological studies, such as the Hu-
man Genome Diversity Project (Com-
mittee on Human Genome Diversity
1997). The lack of information on geo-
graphic origin and phenotype may be
seen by some as a lost opportunity for
research. However, many ethical issues
are raised by including such informa-
tion, and addressing these issues will
take time. The Ethical, Legal, and Social

Implications research program of
NHGRI has made these issues a high pri-
ority for consideration; they include
avoidance of stigmatization, population
definition, community consultation,
and education about the meaning of ge-
netic variation. These issues must be ad-
dressed so that any potential harmful ef-
fects of research on human genetic
variation are minimized while the ben-
efits are made widely available. Delay in
the development of the DNA Polymor-
phism Discovery Resource while these
issues were being addressed would have
resulted in lost research opportunities,
so the admittedly limited approach de-
scribed here was adopted as an initial
step in this area.

A concern has been raised that re-
searchers might try to identify the eth-
nicity of the samples (Foster and Free-
man 1998). This probably cannot be
done precisely, as most variants occur in
most populations, and some individuals
have ancestry from multiple regions.
Nonetheless, the Native Americans
agreed to participate only on the condi-
tion that such identification would not
be attempted. Consequently, attempt-
ing to define the population affiliation
of the samples in the DNA Polymor-
phism Discovery Resource is a violation
of the consent form and thus a violation
of regulation 45 CFR 46 for the protec-
tion of human subjects. Users will be re-
quired to agree not to attempt to iden-
tify ethnicity when they obtain samples
and when they access the data derived
from the DNA Polymorphism Discovery
Resource in the NIH SNP database (see
below).

The samples are available from the
Coriell Institute for Medical Research as
part of the National Institute of General
Medical Sciences Human Genetic Mu-
tant Cell Repository (http://umdnj.edu/
locus/nigms/). The NHGRI, in consulta-
tion with the Office for Protection from
Research Risks, considers the material in
the DNA Polymorphism Discovery Re-
source to be in the category of human
subjects, for which exemption 4, use of
anonymous samples, should apply. All
use of material in the DNA Polymor-
phism Discovery Resource must be re-
viewed by an IRB and approved or des-
ignated as exempt. The Coriell Institute
requires that researchers submit their
proposed research plans so it can check
that the plans are in accordance with
the consent forms signed by the indi-

Table 1. Composition of the DNA Polymorphism Discovery Resource

Population
group

Propor.
admix.

No. of
indiv.

No. of genomes by continent

Europe Africa America Asia

European–American 0.01 120 119 1 0 0
African–American 0.17 120 20 100 0 0
Mexican–American 0.39 60 36 5 19 0
Native American 0.05 30 2 0 28 0
Asian–American 0.10 120 12 0 0 108

Total no. of individuals 450
Total no. of genomes 189 106 47 108
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viduals who agreed to participate in the
DNA Polymorphism Discovery Re-
source.

The NIH National Center for Biotech-
nology Information has created a data-
base to collect information on all SNPs
found for each sample in the DNA Poly-
morphism Discovery Resource, as part of
their SNP database, dbSNP (http://
www.ncbi.nlm.nih.gov/SNP/). SNP dis-
coverers are encouraged to submit their
data to dbSNP because a central database
will give researchers ready access to data
on the variants found using the DNA
Polymorphism Discovery Resource as
well as the ability to verify the SNP data
and to find associations among SNPs.

Finding genetic variants on a large
scale is a natural extension of the Hu-
man Genome Project and has become
one of its new goals (Collins et al. 1998).
At least 100,000 SNPs are expected to be
discovered in the next 3 years and
placed in the public domain. These vari-
ants will allow researchers to identify
the genetic basis for common diseases
and to improve the efficacy of drugs and
other therapies.
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