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The linkage disequilibrium maps of three human
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The extent and patterns of linkage disequilibrium (LD) determine the feasibility of association studies to map genes
that underlie complex traits. Here we present a comparison of the patterns of LD across four major human
populations (African-American, Caucasian, Chinese, and Japanese) with a high-resolution single-nucleotide
polymorphism (SNP) map covering almost the entire length of chromosomes 6, 21, and 22. We constructed metric
LD maps formulated such that the units measure the extent of useful LD for association mapping. LD reaches almost
twice as far in chromosome 6 as in chromosomes 21 or 22, in agreement with their differences in recombination
rates. By all measures used, out-of-Africa populations showed over a third more LD than African-Americans,
highlighting the role of the population’s demography in shaping the patterns of LD. Despite those differences, the
long-range contour of the LD maps is remarkably similar across the four populations, presumably reflecting common
localization of recombination hot spots. Our results have practical implications for the rational design and selection
of SNPs for disease association studies.

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

Recently, there has been tremendous interest in empirically es-
tablishing the patterns of allelic association, also known as link-
age disequilibrium (LD), among polymorphic variants of the hu-
man genome. When two alleles at adjacent loci co-occur in a
chromosomal segment more often than expected if they were
segregating independently in the population, the loci are in link-
age disequilibrium (Weir 1996). The profile of LD depends on the
age of the mutations, genetic drift, and the demographic history
of a given population. It is also eroded by recombination (Jeffreys

et al. 2001) and gene conversion (Ardlie et al. 2001). The extent
of LD across genomic regions is a crucial parameter for defining
the statistical power of association studies utilizing single-
nucleotide polymorphisms (SNP) as surrogate genetic markers
(Schork 2002), and for guiding the selection and spacing of such
polymorphisms to create marker maps useful in candidate gene,
candidate region, and eventually whole-genome association
studies (De La Vega et al. 2002).

The surveys of LD performed to date with SNPs have been
generally limited to small samples of the genome (Gabriel et al.
2002) or to single populations (Tsunoda et al. 2004) or chromo-
somes (Patil et al. 2001; Dawson et al. 2002; Phillips et al. 2003).
Previous studies in a small number of loci have shown marked
differences in the extent of LD observed between African and
non-African populations (Kidd et al. 1998; Service et al. 2001).
Service et al. (2001) performed a genome-wide survey of back-
ground LD with microsatellites in a population isolate showing
LD extending on a cM range and suggesting that a population’s
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