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We present genome-wide definitive haplotypes, determined using a collection of 74 Japanese complete hydatidiform
moles, each carrying a genome derived from a single sperm. The haplotypes incorporate 281,439 common SNPs,
genotyped with a high throughput array-based oligonucleotide hybridization technique. Comparison of haplotypes
inferred from pseudoindividuals (constructed from randomized mole pairs) with those of moles showed some switch
errors in resolution of phases by the computational inference method. The effects of these errors on local haplotype
structure and selection of tag SNPs are discussed. We also show that definitive haplotypes of moles may be useful for
elucidation of long-range haplotype structure, and should be more effective for detecting extended haplotype

homozygosity indicative of positive selection.

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

Recent studies have shown that patterns of linkage disequilib-
rium (LD) vary across the human genome, with regions of high
LD interspersed with regions of low LD (Patil et al. 2001; Gabriel
et al. 2002). In high-LD regions, the diversity of haplotype struc-
ture is low and a small number of SNPs are sufficient to capture
most of the common haplotypes (Johnson et al. 2001; Patil et al.
2001). Therefore, it is believed that sets of informative SNPs (tag
SNPs) chosen based on LD and/or haplotype block structure can
be used as markers in genome-wide association studies without
much loss of power (Zhang et al. 2002a).

Several computational methods for large-scale haplotype
block partitioning have been developed (Patil et al. 2001; Gabriel
et al. 2002; Zhang et al. 2002b; Phillips et al. 2003). Despite dif-
ferences in concepts for haplotype partitioning, most of these
methods rely on computational inference of haplotypes using
genotypes obtained from diploid materials as starting data. Al-
though various algorithms have been developed to estimate hap-
lotypes from diploid genotype data, errors in haplotype inference
remain unresolved (Stephens and Scheet 2005), and it is not
clearly understood how errors in haplotype inference affect the
definition of haplotype block partitioning and the detection of
disease associations in case-control studies. In the HapMap
Project (The International HapMap Consortium 2003; http://
www.hapmap.org), haplotypes for samples of Asian ancestry are
inferred without family data and are less accurate than those for
samples of European or African ancestry, which are determined
using trio data.

The complete hydatidiform mole (CHM) is a benign tumor,
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mostly with a karyotype of 46, XX, formed by the fertilization of
an empty ovum by a single haploid sperm, that later duplicates
its chromosomes to give a diploid (duplicated haploid) cell mass.
CHMs offer a unique opportunity for determining long-range
definitive haplotypes at a genome-wide level (Taillon-Miller et al.
1997; Fan et al. 2002), as opposed to the inferred haplotypes that
are commonly adopted in various genome-wide studies, includ-
ing the HapMap Project.

We genotyped 74 CHM samples that were collected
throughout Japan using 281,439 common SNPs to obtain ge-
nome-wide definitive haplotypes. Using this data, whole genome
haplotype block maps were constructed. We also used the hap-
lotype data to create diploid “pseudoindividuals” from pairs of
randomized moles, to determine the frequency of phasing errors
and to assess the effects of these errors in haplotype block esti-
mations. In addition, we examined extended shared haplotypes
using the CHM data, and results were compared with those con-
structed from HapMap project genotype data. We found that the
latter may fail to capture some extended haplotypes, some of
which are expected to be indicative of positive selection.

Results

SNPs genotyped in this study

The CHM samples were genotyped using two sets of high-density
oligonucleotide arrays. The first set contained 266,722 tag SNPs
chosen to cover LD “bins” observed in a population of European
ancestry (Hinds et al. 2005). While these SNPs were preferentially
selected to be polymorphic in a European population, most were
also polymorphic in other populations. We found that 36% of
these SNPs were monomorphic in the CHM samples. The second
set contained 91,828 SNPs chosen to maximize coverage of LD
bins for a Han Chinese population when combined with the first
set (Hinds et al. 2005). From these two SNP sets, 281,561 SNPs
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were successfully genotyped and polymorphic (minor alleles ob-
served in at least 2 CHMSs). The genotyping quality filters are
described in the Methods section. Of these SNPs, 281,439 have
been mapped in the NCBI human genome map of Build 35, and
were used for the following analyses.

Of the 75 CHMs, one was not included in most of the analy-
sis, since it had a low call rate of 71.6%. For the remaining 74
CHMs, the call rates were >92%, as summarized in Supplemental
data S1.

We evaluated the quality of the genotype data using an in-
dependent platform, the Affymetrix 100K array, which con-
tained 18,782 SNPs in common with the SNPs described above.
We genotyped 10 CHMs using this array, and the concordance
rate for the 178,304 genotypes called in both sets was 99.91%, far
better than the accuracy required for the analysis of multi-marker
haplotypes (Gabriel et al. 2002).

The median physical distance between genotyped SNPs is
5.5 kb and the average distance between SNPs is 10.0 kb, exclud-
ing centromeric gaps. More than 90% of the genome is within
inter-SNP intervals of =70 kb, and >50% is covered by inter-SNP
intervals of =20 kb, considering just the intervals between the
first and last SNPs on each chromosome arm (Fig. 1).

Allele frequencies and linkage disequilibrium

The distribution of minor allele frequencies of SNPs determined
for the CHMs is essentially flat between 10% and 50% (Fig. 2A).
We compared allele frequencies determined here with those
among the Han Chinese sample previously reported (Hinds et al.
2005), and found a high correlation (Fig. 2B, R* = 0.93).

We measured linkage disequilibrium between adjacent SNPs
using r? statistics. The correlation between Han Chinese and
CHM 1? values was 0.89 (Fig. 2C). For SNPs with an estimated
r? > 0.8 in the Han Chinese data, 76% had r? > 0.8 and 96% had
> 0.5 in the CHM data (Supplemental Fig. S1). Thus, SNPs se-
lected based on the diploid Han Chinese samples generally do
seem to behave similarly in the CHM samples.

Definitive haplotypes, block structure, and tag SNPs

We partitioned the haplotypes of the 74 CHMs into blocks using
HapBlock (Zhang et al. 2002b, 2005), with the parameters for
block definition and tag SNP selection as detailed in the Methods
section. Supplemental Table S2 and Figure 3 summarize the re-
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Figure 1. Summary of SNPs used in this study. The relationship be-
tween inter-SNP gap size and genome coverage is shown. A genome size
of 2.82 Gb was assumed, which is the sum of intervals between the first
and last SNPs on each chromosomal arm of Build 35. The gaps spanning
centromeres are not considered.
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Figure 2. Allele frequencies and linkage disequilibrium of SNPs used in
this study. (A) Fractions of SNPs in bins of minor allele frequencies among
CHMs are shown. Comparisons of allele frequencies (B) and r? values (C)
between CHM and Han Chinese are shown. One percent of the geno-
typed SNPs are displayed (i.e., ~2800) to keep the number of points
manageable in B and C.

sults, and Figure 4 shows a screen shot of the Kyushu University
Definitive Haplotype Database (http://orca.gen.kyushu-u.ac.jp/)
displaying an example of the haplotype block pattern using the
Generic Genome Browser (Stein et al. 2002).

A total of 44,939 blocks was defined genome-wide. Of these,
6444 blocks (14%) contained a single SNP, but these isolated
SNPs constitute only a small fraction (2%) of all SNPs. The aver-
age block size was 51.1 kb (6.3 SNPs per block), which was ap-
proximately twice as large as previously reported for Japanese
and/or Chinese populations (Hinds et al. 2005). This difference
may be attributable to differences in SNP density, allele fre-
quency distribution, and sample size (Sun et al. 2004). The aver-
age number of common (=5%) haplotypes per block was 4.1,
similar to values observed for other populations (Gabriel et al.
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