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Single-nucleotide polymorphisms (SNPs) are the most frequent type of variation in the
human genome, and they provide powerful tools for a variety of medical genetic studies.
In a large-scale survey for SNPs, 2.3 megabases of human genomic DNA was examined
by a combination of gel-based sequencing and high-density variation-detection DNA
chips. A total of 3241 candidate SNPs were identified. A genetic map was constructed
showing the location of 2227 of these SNPs. Prototype genotyping chips were developed
that allow simultaneous genotyping of 500 SNPs. The results provide a characterization
of human diversity at the nucleotide level and demonstrate the feasibility of large-scale
identification of human SNPs.

Although the Human Genome Project still
has tremendous work ahead to produce the
first complete reference sequence of the
human chromosomes, attention is already
focusing on the challenge of large-scale
characterization of the sequence variation

among individuals (1). This genetic diver-
sity is of interest because it explains the
basis of heritable variation in disease sus-
ceptibility, as well as harbors a record of
human migrations.

The most common type of human genet-
ic variation is the SNP, a position at which
two alternative bases occur at appreciable
frequency (.1%) in the human population.
There has been growing recognition that
large collections of mapped SNPs would
provide a powerful tool for human genetic
studies (1, 2). SNPs can serve as genetic
markers for identifying disease genes by
linkage studies in families, linkage disequi-
librium in isolated populations, association
analysis of patients and controls, and loss-
of-heterozygosity studies in tumors (1, 2).

Although individual SNPs are less informa-
tive than currently used genetic markers
(3), they are more abundant and have
greater potential for automation (4, 5).

We performed an initial survey to iden-
tify SNPs by using conventional gel-based
DNA sequencing to examine sequence-
tagged sites (STSs) distributed across the
human genome. STSs are short genomic
sequences that can be amplified from DNA
samples by means of a corresponding poly-
merase chain reaction (PCR) assay. From
among 24,568 STSs used in the construc-
tion of a physical map of the human ge-
nome at the Whitehead Institute for Bio-
medical Research/MIT Center for Genome
Research (6, 7), an initial collection of
1139 STSs was chosen (8). These STSs
contained a total of 279 kb of genomic
sequence (9), with one-third from random
genomic sequence and two-thirds from 39-
ends of expressed sequence tags (39-ESTs)
and primarily representing untranslated re-
gions of genes. Each STS was amplified
from four samples (10): three individual
samples and a pool of 10 individuals (there-
by permitting allele frequencies to be esti-
mated among 20 chromosomes). The PCR
products were subjected to single-pass DNA
sequencing based on fluorescent-dye prim-
ers and gel electrophoresis; sequence traces
were compared by a computer program fol-
lowed by visual inspection (11). Candidate
SNPs were declared when two alleles were
seen among the three individuals, with both
alleles present at a frequency greater than
30% in the pooled sample. The term “can-
didate SNP” is used because a subset of such
apparent polymorphisms turn out to be se-
quencing artifacts, as discussed below.

The survey identified 279 candidate
SNPs, distributed across 239 of the STSs.
This corresponds to a rate of one SNP per
1001 base pairs (bp) screened and an ob-
served nucleotide heterozygosity of H 5
3.96 3 10–4 (Table 1). Expressed sequences
(39-ESTs) showed a lower polymorphism
rate than random genomic sequence (with
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