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Establishment of an optimized set of 406 microsatellite markers covering
the whole genome for the Japanese population
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Abstract Microsatellites, an essential tool for genetic link-
age analyses, are selected in genetic studies on the basis
of both informativeness and their positions with respect to
one another on the genetic map. In order to establish a
microsatellite marker set useful for linkage studies in the
Japanese population, we first genotyped 64 unrelated
Japanese subjects, using 400 microsatellite markers from a
commercially available set (ABI PRISM Linkage Mapping
Set-MD10) and then determined the allelic frequencies and
heterozygosities for these marker loci in the population. In
order to optimize the set, we replaced 41 markers having
a heterozygosity lower than 0.6 with as many informative
markers in the corresponding loci, and newly added six
markers in the set to minimize the several gaps found at
intervals of over 20cM. We finally established a set com-
prising 406 microsatellites with average intervals of 9cM
(maximum, 17cM) and minimum heterozygosities of over
0.6 (mean, 0.76). All data generated in this study, including
the specific polymerase chain reaction (PCR) primer se-
quences of the newly added markers, are freely available to
all researchers at our web site. The genetic tool established
here should facilitate genetic linkage studies of various he-
reditary diseases, especially in the Japanese.
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Introduction

Genetic mapping locates one gene locus relative to another,
the position of which is known by the frequency of recom-
bination for Mendelian traits, or the concordance or dis-
cordance of affected sib pairs for polygenic traits. Because
microsatellites are distributed prolifically throughout the
genome and are highly variable in repeat length and in
polymorphisms, they have become powerful tools for the
genetic mapping of disease susceptibility loci. Several
screening sets of microsatellite markers have been de-
scribed in the literature (Reed et al. 1994; Levitt et al. 1994;
Dubovsky et al. 1995; Yuan et al. 1997), and such marker
sets designed for genome-wide screening have recently be-
come available commercially. Because the allelic frequency

Table 1. Distribution of heterozygosities of microsatellite markers in
the original ABI PRISM Linkage Mapping Set MD-10 before
optimization

Frequency (%)

Heterozygosity Japanese Caucasians

,0.5 5.5 0
0.5–0.6 5.3 0.5
0.6–0.7 18.9 8.7
0.7–0.8 35.4 38
.0.8 34.9 52.8

.0.6 89.2 99.5

Table 2. Comparison of the original marker set and our optimized
marker set

Original set Optimized set

Quantity of markers 400 406
Intermarker distance of over 20cM Four positions 0
Maximum interval 26.1cM 17.0cM
Average heterozygosity 0.726 0.756
Markers with heterozygosity lower 40 Markers 1 Marker

than 0.6
Observed heterozygosity 0.11–0.93 0.55–0.93
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Table 3. Heterozygosities of tested markers
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Het, Heterozygosity; cM, centi-morgans from telomere of p arm
Newly added markers are shown in bold
Markers with heterozygosity under 0.6 are shown in italics and shaded
The genetic positions were obtained from the 1996 Genethon map (Dib et al. 1996)

Table 3. Continued
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of each marker is readily available in public databases, the
sets were prepared on the basis of information on Cauca-
sians. Such allelic frequencies are known to vary widely
among ethnic groups; indeed, Yamane-Tanaka et al. (1998)
examined allelic frequencies and heterozygosities of one of
the early commercial marker sets by genotyping 32 Japa-
nese subjects, and found marked differences in both the
allelic frequency and the heterozygosity of many markers
between Caucasians and Japanese. In the present study, we
compared the allelic frequencies and heterozygosities of
all of the 400 microsatellite markers included in one of
the latest marker set versions, and optimized a set for the
Japanese population.

Subjects and methods

Genomic DNA was extracted from 64 unrelated Japanese
subjects. An ABI PRISM Linkage Mapping Set-MD10
(Applied Biosystems, Foster City, CA, USA), which con-
tains fluorescence-labeled primer pairs for 400 micro-
satellite markers, was used for genotyping. Polymerase
chain reaction (PCR) amplification of each DNA segment
of interest was performed in 96-well plates in a volume of
6µl, containing 5ng of genomic DNA, 0.2mM dNTPs,
1.5mM MgCl2, 0.6µl 10 3 PCR buffer, 2pmol of each
primer, and 0.15U AmpliTaq Gold (Applied Biosystems).
After a pre-PCR heating step for 12min at 95°C, 35 cycles
of amplification (15s at 94°C for denaturing, 15s at 55°C for
annealing, and 30s at 72°C for extension) were performed
in GeneAmp 9700 thermal cyclers (Applied Biosystems).
The PCR products were combined into pools, analyzed on
ABI 377 DNA sequencers, and genotyped using GeneScan
(version 3.1) and Genotyper (version 2.5) software (Ap-
plied Biosystems). New markers examined were obtained
from the Genome Database (GDB, http://www.gdb.org), or
one of the other commercial sets (ABI PRISM Linkage
Mapping Set-HD5; Applied Biosystems). Genotypic data
derived from Caucasians for each marker, which was used
as a reference for the selection, was also obtained from the
GDB. Primer sequences for the markers were modified to
facilitate genotyping, as described (Brownstein et al. 1996).

Results and discussion

Among the 400 microsatellite markers in the original set
(ABI PRISM Linkage Mapping Set MD-10), heterozygos-
ity was different in a significant fraction of the markers in
Japanese and Caucasians (Table 1). Differences in het-
erozygosity of over 0.2 between the groups were found in
37 markers (9.3%), most showing lower heterozygosity in
Japanese than in Caucasians. The mean heterozygosity of
the markers in the original set was 0.73 (range 0.11–0.93) in
this study, and 40 markers (10.0%) were found to show
heterozygosities lower than 0.6 (Table 2). To our surprise,
5.5% of the markers examined in Japanese showed het-

erozygosities below 0.5, insufficient for linkage analysis,
while such low informativeness was not found in any of the
markers in Caucasians. Because all markers included in
the sets should be highly informative, the less informative
markers were replaced by markers in the same locus with a
heterozygosity of over 0.6, with the exception of D6S446
(heterozygosity of 0.55), for which no appropriate substi-
tute could be found in the neighboring region. Because the
intermarker interval at four positions was greater than 20
centi-Morgan (cM) (maximum, 26.1cM) in the original set,
the interval was filled with six markers, resulting in a
maximum interval of 17cM. For two markers (D1S2890,
D15S130), sufficient PCR products could not be generated
for analysis, possibly because of poor efficiency of am-
plification with the standard reaction conditions, so these
two markers were replaced with alternatives (D1S2700,
D15S1004) from the corresponding loci. Finally, a set of 406
microsatellite markers optimal for Japanese, covering the
entire genome, with an average interval of 9cM (maximum,
17cM) and minimum heterozygosity of over 0.6 (mean,
0.76), was established (Tables 2 and 3).

The marker set optimized for Japanese described here
should provide an informative framework for genome-wide
screening for disease susceptibility loci. We have con-
structed a database of the allelic frequencies and het-
erozygosities of all of the 447 markers evaluated in this
study, as well as the PCR primer sequences of the newly
added markers, and have uploaded it to our web site
(http://imcr.sb.gunma-u.ac.jp/lab/genetics/suppl.html),
where the data are freely available to all researchers.

Acknowledgments This study was supported by Health Science
Research Grants on Human Genome and Gene Therapy from the
Japanese Ministry of Health and Welfare.

References

Brownstein MJ, Carpten JD, Smith JR (1996) Modulation of non-
templated nucleotide addition by Taq DNA polymerase: primer
modifications that facilitate genotyping. Biotechniques 20:1004–1010

Dib C, Faure S, Fizames C, Samson D, Drouot N, Vignal A, Millasseau
P, Marc S, Hazan J, Seboun E, Lathrop M, Gyapay G, Morissette J,
Weissenbach J (1996) A comprehensive genetic map of the human
genome based on 5264 microsatellites. Nature 380:152–154

Dubovsky J, Sheffield VC, Duyk GM, Weber JL (1995) Sets of short
tandem repeat polymorphisms for efficient linkage screening of the
human genome. Hum Mol Genet 4:449–452

Levitt RC, Kiser MB, Dragwa C, Jedlicka AE, Xu J, Meyers DA,
Hudson JR (1994) Fluorescence-based resource for semiautomated
genomic analyses using microsatellite markers. Genomics 15:361–
365

Reed PW, Davies JL, Copeman JB, Bennett ST, Palmer SM, Pritchard
LE, Gough SC, Kawaguchi Y, Cordell HJ, Balfour KM, Jenkins SC,
Powell EE, Vignal A, Todd JA (1994) Chromosome-specific
microsatellite sets for fluorescence-based, semi-automated genome
mapping. Nat Genet 7:390–395

Yamane-Tanaka Y, Kogawa K, Tanaka T, Nakamura Y, Isomura M
(1998) Heterozygosities and allelic frequencies of 358 dinucleotide-
repeat marker loci in the Japanese population. J Hum Genet 43:165–
168

Yuan B, Vaske D, Weber JL, Beck J, Sheffield VC (1997) Improved set
of short-tandem-repeat polymorphisms for screening the human
genome. Am J Hum Genet 60:459–460


