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Large-scale SNP genotyping studies rely on an initial assessment of nucleotide variation to identify sites in the DNA
sequence that harbor variation among individuals. This “SNP discovery” sample may be quite variable in size and
composition, and it has been well established that properties of the SNPs that are found are influenced by the
discovery sampling effort. The International HapMap project relied on nearly any piece of information available to
identify SNPs—including BAC end sequences, shotgun reads, and differences between public and private
sequences—and even made use of chimpanzee data to confirm human sequence differences. In addition, the
ascertainment criteria shifted from using only SNPs that had been validated in population samples, to double-hit
SNPs, to finally accepting SNPs that were singletons in small discovery samples. In contrast, Perlegen’s primary
discovery was a resequencing-by-hybridization effort using the 24 people of diverse origin in the Polymorphism
Discovery Resource. Here we take these two data sets and contrast two basic summary statistics, heterozygosity and
FST, as well as the site frequency spectra, for 500-kb windows spanning the genome. The magnitude of disparity
between these samples in these measures of variability indicates that population genetic analysis on the raw genotype
data is ill advised. Given the knowledge of the discovery samples, we perform an ascertainment correction and show
how the post-correction data are more consistent across these studies. However, discrepancies persist, suggesting that
the heterogeneity in the SNP discovery process of the HapMap project resulted in a data set resistant to complete
ascertainment correction. Ascertainment bias will likely erode the power of tests of association between SNPs and
complex disorders, but the effect will likely be small, and perhaps more importantly, it is unlikely that the bias will
introduce false-positive inferences.

[Supplemental material is available online at www.genome.org.]

Because of the relatively low level of polymorphism in the hu-
man genome, the strategy for discovering SNPs by blanket rese-
quencing of a small sample, followed by targeted genotyping of
these SNPs in larger clinical samples, makes good economic sense
(assuming the SNPs are still at sufficient density that one still has
a good chance of detecting associations by linkage disequilib-
rium). This strategy worked well for identifying SNPs and pat-
terns of linkage disequilibrium, but for subsequent population
genetic analysis, not initially intended as a goal for the HapMap
project, the data pose some challenges. The fact that the statis-
tical properties of the genotype frequencies of the second sample
differ from what one would see from full resequencing of that
sample has been amply demonstrated (Kuhner et al. 2000; Wake-
ley et al. 2001 Akey et al. 2003; Nielsen and Signorovitch 2003;
Nielsen 2004; Nielsen et al. 2004). This ascertainment bias results
from the fact that the SNP discovery panel is often small, so that
the probability that a SNP is identified in this sample is a func-
tion of the allele frequency. For example, if the discovery panel
has only a size of two, then the chance of discovering a SNP with
allele frequencies p and q is simply the chance that the two mis-
match, or 2pq. This implies that rare SNPs are more likely to go
undiscovered compared with common SNPs.

A consequence of this frequency-specific distortion in SNP
discovery is that the frequency spectrum obtained from the two-
tier sampling will be different from that obtained under complete
sampling (e.g., by resequencing the entire study sample). As a
result, any statistical attributes that rely on the site frequency
spectrum (SFS)—including nucleotide diversity, Tajima’s D, FST,
and linkage disequilibrium—will be affected. For statistics that
quantify nucleotide diversity, the effect of ascertainment bias is
easily understood—because rare SNPs are missing, the average
heterozygosity of the sites that are polymorphic is higher, and
because SNPs are missing, the average heterozygosity across all
sites is underestimated. The overrepresentation of sites of inter-
mediate frequency means that Tajima’s D will be biased upward
unless the ascertainment bias is corrected. Among-population
heterogeneity is generally underestimated with uncorrected data,
in part because common SNPs are more likely to be shared across
populations. But the situation is made more complex by the fact
that the population composition of the discovery panel can result
in overcalling or undercalling SNPs that are globally distributed.

Each individual SNP that is examined in the large sample
may be accurately measured with respect to its frequency, het-
erogeneity among populations, and linkage disequilibrium. But
ascertainment bias arises as a result of the SNPs that are missing
from the larger sample. This implies that correction for ascertain-
ment bias must be done by predicting properties of those missing
SNPs, producing an ensemble of SNPs that would have been ob-
served with complete sampling based on the ascertainment
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