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Characterization of microsatellite markers
covering chromosome 1 in the Korean
and Japanese populations

You-Jin Lee, DDS, MSD, PhD,? Soo-Byung Park, DDS, MSD, PhDP

Microsatellite markers are considered to be very promising genetic markers for genetic linkage analysis.
The majority of the markers are as informative as in Caucasians but there are significant ethnic differences in
the genetic variations. In order to investigate the genetic variations in the Korean and Japanese populations
and their ethnic differences, 51 microsatellite marker loci spanning the whole human chromosome 1 were
arranged from a commercially available set (ABI PRISM Linkage Mapping Set-HD5, Applied Biosystems,
Foster City, CA, USA), and then determined the allelic frequencies and heterozygosities for these marker
loci in the 96 unrelated Korean subjects and 96 unrelated Japanese subjects. Of all 51 markers tested,
significant differences were observed when microsatellite allele frequency pattern of Korean was compared
with those of Caucasian, while this pattern was highly similar between Korean and Japanese populations.
Our data indicate that an extensive verification of public microsatellite markers in a particular population
study should be undertaken prior to their linkage studies. Moreover, this information should facilitate genetic
linkage studies of various hereditary diseases, especially in the Koreans and Japanese.
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ecent advances in genetic technigues have

facilitated the molecular dissection of the human
genome and provided an insight into its morbid
anatomy. These genomic analyses, including the cons—
truction of extensive framework linkage maps'~3 have
been greatly aided by the discovery of simple tandem
repeat polymorphisms*5 (STRPs; also called micro—
satellite). Microsatellites, an essential tool for genetic
linkage analyses, are selected in genetic studies on the
basis of both informativeness and their positions with

Vol. 34. No. 6. 2004. Korean J Orthod




e LN

¥

5%5385

respect to one another on the genetic map. Genetic
mapping locates one gene locus relative to another gene
locus that is known by the frequency of recombination
for Mendelian traits, or the concordance or discordance
of affected sib pair for polygenic traits. Because
microsateliites are distributed prolifically throughout the
genome and are highly variable in repeat length and in
polymorphisms, they have become powerful tools for
genetic mapping of disease susceptibility loci.

Chromosome 1 is the largest of the chromosomes
and occupies 9% of total. It has 252 Mbp and
approximately 900 genes have been detected in it. It has
been reported that chromosome 1 has candidate
regions related to high blood pressure,578 diabetes,?
rheumatoid arthritis, !0 localized aggressive periodon—
titis'" and mandibular prognathism.'? Mandibular
prognathism (MP) (Mc Kusick No.176700) is the best—
known facial phenotype with a varying prevalence
relative to populations.’ It was reported that the
prevalence of MP is the highest in Asian populations
(approximately 15%) and the lowest in Caucasian
populations (1%).'*15 A genome—wide linkage analysis
to identify loci susceptible to MP was conducted using
Korean and Japanese sib—pairs by Yamaguchi et al.'
They reported that 2 non—parametric linkage analyses,
GENEHUNTER —PLUS and SIBPAL, were applied and
nominal statistical significance of linkage to MP was
detected at chromosome 1p36, 6025, and 19p13.2 by
using 10 cM microsatellite markers. The chromosome
1p36 represented the highest significance among
them. Therefore chromosome 1 was selected as a
target and 5 ¢cM microsatellite markers for further studies
related to MP were used to reveal the similarity between
Korean and Japanese populations.

Several screening sets of microsatellite markers have
been described in the literature,'®1% and such marker
sets designed for genome—wide screening have
recently become commercially available. Most of them
have been prepared on the basis of information on
Caucasians, as their allelic frequencies are more readily
available. Differences in both the allelic frequency and
the heterozygosity of many microsatellite markers bet—
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ween Caucasians and Japanese have been found.?
But, these have not been well characterized in Koreans
and there was no comparison of the allelic frequency
and the heterozygosity of many microsateliite markers
between Koreans and any other populations.

To verify ethnic differences and informativeness of
microsatellite markers of chromosome 1 between
Koreans and Japanese for genetic linkage analysis, we
analyzed the differences in the allelic frequencies and
the heterozygosities between Koreans and Japanese of
the 51 microsatellite marker loci spanning the whole
human chromosome 1.

SUBJECTS AND METHODS

Genomic DNA was extracted from 96 unrelated
Korean subjects and 96 unrelated Japanese subjects.
Buccal cells were collected from Korean subjects and
DNA was isolated from buccal cells using a BuccalAmp
DNA Extraction Kit (Epicentre Technologies, WI, USA).
Blood samples were collected from Japanese subjects
and DNA was isolated from whole blood cells using a
QlAamp DNA Blood Kit (QIAGEN GmbH, Hilden,
Germany).

An ABI PRISM Linkage Mapping Set—HD5 (Applied
Biosystems, Foster City, CA, USA), which contains
filuorescence—labeled primer pairs for 51 microsatellite
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
6 4, containing 5 ng of genomic DNA, 0.2 mM dNTPs,
1.5 mM MgCl,, 0.6 4 10 X PCR buffer, 2 pmol of each
primer, and 0.15 Unit AmpliTag Gold (Applied
Biosystems). After a pre—PCR heating step for 12 min at
95%C, 35 cycles of amplification (15 sec at 94C for
denaturing, 15 sec at 55°C for annealing, and 30 sec at
72°C for extension) were performed in GeneAmp 9700
thermal cycler (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 (Appiled
Biosystems).
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Table 1. Distribution of heterozygosities of microsatellite markers

in the original ABI PRISM Linkage Mapping Set HD—5

Frequency (%) Heterozygosity
Koreans Japanese Caucasians
0.5 2.9 3.9 0.0
0.5-0.6 2.0 2.0 0.5
0.6-0.7 52.9 471 8.7
0.7-0.8 31.4 216 38.0
>0.8 7.8 254 52.8
>0.6 92.1 941 99.5

Genotype data derived from Caucasians for each
marker was obtained from the Genome Database (GDB,
htto://www.gdb.org). The microsatellite marker positions
were obtained online (http://research. marshfieldclinic.
org/genetics/).

The IRB (internal review board) of Busan National
University Hospital and Showa University approved this
study and all subjects gave informed consent.

RESULTS

Among the 51 microsatellite markers in the original set
(AB! PRISM Linkage Mapping Set HD—5), heterozygosity
was different in a significant fraction of the markers
among Koreans, Japanese and Caucasians (Table 1).
Heterozygosity values higher than 0.6 were 92.1% in
Koreans, 94.1% in Japanese, and 99.5% in Caucasians.
There were also ethnic differences of heterozygosities of
microsatellite markers among populations (Fig 1). The
differences of heterozygosities between Koreans and
Japanese from 0.00 to 0.05 is 39.2, from 0.05 to 0.10 is
29.4 from 0.01 t0 0.15is 15.7, from 0.1510 0.20is 13.7,
and above 0.02 is 2.0. The differences of heterozygosities
between Koreans and Caucasians from 0.00 to 0.05 is
25.5, from 0.05t0 0.10is 19.6, from 0.01 to Q.15 is 31 4,
from 0.15 to 0.20 is 13.7, and above 0.02 is 9.8.
Comparing the differences between Korean—Japanese
and Korean—Caucasian, we found that for values of
0.00-0.10 the Korean—Japanese difference is larger, for

in the Korean and Japanese populations

Ethnic differences of Heterozygosities

0.00< IR <0.05. 0.05< B <0.10. 0.10= B <0.15. 0.15< I <0.20. 0.20< B8

Fig 1. Ethnic differences of heterozygosities of microsatellite
markers among the populations.

0.10-0.15 the Korean—Caucasian difference is larger, for
0.15~0.20 there is no difference, and for values above
0.20 the Korean—Caucasian difference is larger. The
Korean DNA samples all had lower heterozygosity values
than those of Caucasians. Heterozygosity values below
0.20 occurred in 98% of the samples between Korean
and Japanese populations.

The mean heterozygosity of the markers was 0.67
(Korean: range 0.23—0.91, Japanese: range 0.29-0.92),
and 4 Korean markers (7.9%, D1S2660, D1S2713,
D152833, D15423) and 3 Japanese markers (5.9%,
D1S2660, D1S2713, D1S423) were found to show
heterozygosities lower than 0.6 (Table 2). Of the markers
examined, 5.9% in Koreans and 3.9% in Japanese
showed heterozygosities below 0.5, insufficient for
linkage analysis, while such low informativeness was not
found in any of the markers in Caucasians.

DISCUSSION

Genetic variations have been used for the identiti—
cation of disease related genes. Among those genetic
variations, not only single nucleotide polymorphisms
(SNPs) but also microsatellites are the most common
genetic variations between individuals and registered at a
frequency of approximately 3000 or more in the human
genome. Therefore, microsatellites can be used to
facilitate genetic mapping studies that may lead to a
better understanding of the genetic basis for complex
diseases. They are considered as very promising
genetic markers for genetic linkage analysis.

The newly introduced ABI PRISM Linkage Mapping
Set—HD5 (LMS—HD5)?" is a set of optimized
microsatellite markers originally identified in the

Vol. 34. No. 6. 2004. Korean J Orthod




Table 2. Heterozygosities of tested markers Genethon Human Linkage Map?2? that provides an

Lgm M L e average 5 cM genome—wide coverage. LMS—HD5
. . o utilizes the dye set 6—FAM, HEX, NED, and ROX, and

- Koreans . Japanese Caucgsians o
' - the reverse primers are tailed on the 5" —end to minimize

D15468 4.22 0.71 0.69 0.75

DIS660 1078 034 x 052 078 plus A inconsistencies. The set mcorpgrates the 400
D1S214 14.04 0.76 0.72 0.80 markers originally in the Linkage Mapping Set—MD10
DIS450 2061 068 0.80 0.8l (oreviously LMS V2) and 411 newly designed markers,
DIS2667  24.68 0.71 0.83 0.82
DIS434  99.93 0.61 0.61 0.61 for a total of 811 markers for whole chromosomes. For
D1S507 3375 0.65 0.81 0.78 this study, 51 microsatellite markers were used for hu—
D1S2644 4372 0.68 064 0.81 _
D1S199 45,33 077 069 084 mah chromosome 1 .of the Korgan and Japanese pc?p
D1S2864  50.28 0.77 0.83 0.80 ulations and the allelic frequencies and heterozygocities
DISz34 5510 071 0.77 0.82 of these markers were investigated.
D1S2892.  70.41 0.91 0.73 0.89 houah sianifi diff L ielite allel
DIS2713 7381 023 » 037 075 Although significant differences in microsatelite allelic
DIS2797  75.66 0.76 0.73 0.73 frequency were detected among different ethnic groups,
D152652  80.77 0.61 0.67 0.64 the comparison of allelic frequencies between Koreans
D1S2700 8731 0.79 0.85 0.89 o , ,
DIS2846  91.89 0.64 0.65 0.56 and Japanese showed a high similarity of microsateliite
D15230 95.31 0.65 0.63 0.79 allelic frequency patterns. Genetically, Koreans are most
D1S198 99.30 0.80 0.78 0.80 ,
DISISAL 10645 0.85 077 078 analogous tg the Mongolllan gnd are related to .the
DIS500  107.56 0.72 0.62 0.64 Japanese. This lends genetic evidence to the ethnohis—
DI5207 — 113.69 0.74 0.79 0.84 toric account of the origin of Koreans from Central Asia.2?
DIS2868  126.16 0.64 0.61 0.77 .
DIS206  134.20 0.68 081 0.82 Most authors generally agree that Koreans are considered
DIS495  136.88 0.61 0.62 0.87 as a North Asian group.?* Korean and Japanese
DIS2726  144.38 0.62 0.67 0.75 ‘ ‘ ;
netic str

DIS52  150.97 061 083 082 populations may share some common genetic structure
D1S498  155.89 0.77 0.73 0.82 that could reflect recent gene flow and some amount of
DIS2635  165.62 0.65 0.72 0.86 admixture of Y chromosomes between these 2 popula—
DIS484  169.68 0.62 0.68 0.64 oo . _
DIS2878 177 86 076 0.82 0.84 tions.=> These results may reflect the ‘out of Northeast
D1S196  181.49 0.61 0.66 0.73 Asia hypothesis' of the origin of the Japanese population.28
DIS218 19152 0.78 0.84 0.83 Recently, it has been reported that the Asian population
D1S2818  198.30 0.62 0.65 0.70 L
DIS238  202.73 0.82 081 0.86 had the smallest number of distinct SNP haplotypes.
D1S2877  205.40 0.61 0.63 0.72 Furthermore, allele frequency patterns between Koreans
DIS413 21244 0.70 0.64 0.77 _ ;
DIS2A9 220,65 069 064 087 and tJapanese were .reported to be compa rablfe with
D1S245 22781 0.64 0.62 0.83 previous data within the Japanese population,?’
DIs425 23111 0.65 0.62 0.81 suggesting a common origin of ancestry, as expected
D1S227 23852 0.61 0.72 0.71 . . he 2 o8
DIS213 242.34 0.69 081 0.86 from the close geographical location of the 2 countries.
DIS2833  245.05 059 = 0.61 0.83 lkari?® reported that the microsatellite markers {(ABI
D1S2709  247.23 0.67 0.89 0.73 Lj i _ i

ink Mapping Set—MD stablished amon
DIS2800 25212 0.73 0.67 0.79 PRISM , age Mapping 10 e, ¢
DIS2850. 256.26 0.61 0.63 0.65 approximately 10 cM were tested in 64 unrelated
DIS2785 26627 0.73 0.92 0.77 Japanese. These included 30 markers tested in our
DIS304 26751 0.62 0.61 0.61 . o e " .
DISIB4Z 27346 064 0.68 078 investigation. His findings for.th? heterozygosities testedin
D1S423  277.80 0.44 x 0.29 =+ 0.61 the same markers were very similar to ours. Our marker set
D152836  285.75 0.61 0.79 0.78 was established on average every 5 cM and these gave a

* : the microsatellite markers of below 0.60 heterozygosities more informative framework for genome_WIde screening
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for the disease susceptibility loci for chromosome 1.
Further study needs to substitute 4 markers for Koreans
and 3 markers for Japanese having heterozygosities lower
than 0.6 for other informative markers in the corres—
ponding loci. This would give more valuable information
for genetic linkage studies for Koreans and Japanese.

Chromosome 1 includes positional candidate genes
of interest such as alkaline phosphatase, heparan sulfate
proteoglycan 2 and matrilin—1. These materials revealed
their acts for bone formation and growth, cell growth and
differentiation and tissue organization. Therefore, we
supposed that chromosome 1 would play an important
role in growth of the craniofacial region and would be
related to hereditary malformations such as MP and cleft
lip and palate. Yamaguchi et al.' reported that chromo—
some 1, 6 and 19 included some susceptible loci for MP
according to a genome—wide linkage analysis using
Korean and Japanese sib—pairs. This led us to choose
chromosome 1 as our experimental subjective.

Our results suggest that public microsatellite markers
should be verified to whether they are optimal for genetic
linkage analyses of specific populations. Especially,
highly similar patterns of allelic frequencies in Koreans
and Japanese are suggestive of a common origin of
ancestry. Therefore, the genetic information obtained
here should facilitate genetic linkage studies of various
hereditary diseases related to chromosome 1 in Korean
and Japanese families.

CONCLUSIONS

Microsatellites are considered to be very promising
genetic markers for genomic analysis. However, it has
been demonstrated that there are significant ethnic
differences in the genetic variations.

In the present study, we compared the allelic frequen—
cies and heterozygosities in Korean and Japanese
populations of all of the 51 microsatellite marker loci
spanning the whole human chromosome 1 which is one
of the susceptible loci for mandibular prognathism.
Significant differences have been observed when
heterozygosities and allelic frequencies of Koreans were

in the Korean and Japanese populations

compared with those of Caucasians, whereas these
results were highly similar between Korean and Japanese
populations.

Public microsatellite markers should be verified whether
they are optimal for genetic linkage analyses of hereditary
diseases in specific populations before being used.

Our results dictate that the same microsatellite
markers could be used for genetic linkage studies of
various hereditary diseases related to chromosome 1 in
Korean and Japanese families.

REFERENCES

1. Buetow KH, Weber JL, Ludwigsen S, et al. Integrated human
genome—wide maps constructed using the CEPH reference
panel. Nature Genet 1994;6:391-3.

2. NIH/CEPH Collaborative Mapping Group. A comprehensive genetic
linkage map of the human genome. Science 1992;258:67 —86.

3. Weissenbach J, Gyapay G, Dib C, et al. A second—generation
linkage map of the human genome. Nature 1992;359:794—-801.

4. Litt M, Luty JA. A hypervariable microsatellite revealed by in vitro
amplification of a dinucleotide repeat within the cardiac muscle
actin gene. Am J Hum Genet 1989;44:397-401.

5. Weber JL, May PE. Abundant class of human DNA polymorphisms
which can be typed using the polymerase chain reaction. Am J
Hum Genet 1989;44:388—-96.

6. Thiel BA, Chakravarti A, Cooper RS, et al. A genome—wide linkage
analysis investigating the determinants of blood pressure in whites
and African Americans. Am J Hypertens 2003;16:151~3.

7. Kurtz TW, Spence MA. Genetics of essential hypertension. Am J
Med 1993;94:77—84.

8. Griffiths LR, Zee RY., Ying LH, Morris BJ. A locus on the long arm
of chromosome 1 as a possible cause of essential hypertension.
Clin Exp Pharmacol Physiol 1991;18:363—6.

9. lwasaki N, Cox NJ, Wang YQ, et al. Mapping genes influencing
type 2 diabetes risk and BMI in Japanese subjects. Diabetes
2003;52:209—13.

10. Jawaheer D, Seldin MF, et al. North American Rheumatoid Arthritis
Consortium. Screening the genome for rheumatoid arthritis
susceptibility genes: a replication study and combined analysis of
512 multicase families. Arthritis Rheum 2003;48:906—16.

11. LY, Xu L, Hasturk H, et al. Localized aggressive periodontitis is
linked to human chromosome 1925, Hum Genet 2004,114:291-7.

12. Singh GD. Morphologic determinants in the eticlogy of class IIl
malocclusions: a review. Clin Anat 1999;12:382—-405.

13. Allwright WC, Bundred WH. A survey of handicapping dentofacial
anomalies among Chinese in Hong Kong. Int Dent J 1964;14:505—
19.

14. Emrich RE, Brodie AG, Blayney JR. Prevalence of class |, class I,
and class Il malocclusions (Angle) in an urban population; an
epidemiological study. J Dent Res 1965;44:947-53.

Vol. 34. No. 6. 2004. Korean J Orthod




14,

18.

19.

20.

21.

o
»o‘i\:}
»
iy

s,
on
B
N

i

Emrich RE, Brodie AG, Blayney JR. Prevalence of class I, class I,
and class Il malocclusions (Angle) in an urban population; an
epidemiological study. J Dent Res 1965;44:947—-53.

. Yamaguchi T, Park SB, Maki K. |dentification of susceptibility loci

for mandibular prognathism in genome—wide scan. 103rd Annual
Session of American Association of Orthodontists, Abstracts
2003;58.

. Reed PW, Davies JL, Copeman JB, et al. Chromosome—specific

microsatellite sets for fluorescence—based, semi—automated
genome mapping. Nat Genet 1994:7;390~5.

. Levitt RC, Kiser MB, Dragwa C, et al. Fluorescence—based

resource for semiautomated genomic analyses using micro—
satellite markers. Genomics 1994;24,361-5.

Dubovsky J, Sheffield VC, Duyk GM, Weber JL. Sets of short
tandem repeat polymorphisms for efficient linkage screening of
the human genome. Hum Mol Genet 1995;4:449-52.

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

Yamane~-Tanaka Y, Kogawa K, Tanaka T, Nakamura Y, Isomura
M. Heterozygosities and allelic frequencies of 358 dinucleotide—
repeat marker loci in the Japanese population. J Hum Genet
1998;43:165~8.

Wheaton A, Rogers K, Roque—Biewer M, et al. Genetic Analysis

e
Y 4

OIN 27N 343 62, 2004

f
W

y SN

22.

23.

24.

25.

26.

27.

28.

29.

R&D, PE Biosystems, Foster City, CA.

Dib C, Faure S, Fizames C, et al. A comprehensive genetic map
of the human genome based on 5,264 microsatellites. Nature
1996,380:152—4.

Saha N, Tay JS. Origin of the Koreans: a population genetic study.
Am J Phys Anthropol 1992:88:27-36.

Nei M, Roychoudhury AK. Evolutionary relationships of human
populations on a global scale. Mol Biol Evol 1993;10:927-43.

Kim W, Shin DJ, You SA, Kim YJ. Y-specific DNA polymormphisms
of the YAP element and the locus DYS19 in the Korean popula—
tion. J Hum Genet 1998;43:195-8.

Hammer MF, Horai S. Y chromosomal DNA variation and the
peopling of Japan. Am J Hum Genet 1995;56:951—62.

Okuda T, Fujioka Y, Kamide K, et al. Verification of 525 coding
SNPs in 179 hypertension candidate genes in the Japanese
population: identification of 159 SNPs in 93 genes. J Hum Genet
2002;47:387-94.

Lee JK, Kim HT, Cho SM, et al. Characterization of 458 single nu—
cleotide polymorphisms of disease candidate genes in the Korean
population. J Hum Genet 2003;48:213—6. )

lkari K, Onda H, Furushima K, Maeda S, Harata S, Takeda J.
Establishment of an optimized set of 406 microsatellite markers
covering the whole genome for the Japanese population. J Hum
Genet 2001,46:207—-10.



................................................................................................ Characten'zan'on Of m[crosate//n‘e markers Coverl'ng Chromosome _’]_
in the Korean and Japanese populations

SOl LEOI0A 18 FAHO FEEE
=

microsatellite marker2|

23 REFAOITE, 1Y
ZE0) M AL E miE & EME 5 A

= {A W19 FAHE 0|5 AZHOL STt S=A T B AT A ST KF HOIE &AL
3l7] 95+, Z+Z 96 Q) H] EAET|A Y] =1} LR AH S A DNAE AFotATH 18|
microsatellite set{ABI PRISM Linkage Mapping Set—HD5, Applied Biosystems, Foster City, CA,
USA)E 012319 11 17 AAF A B0 24 51719 microsatellite markerg<€ Bi&st1l
2 markerSY JXE BHSI DEKHR WEY OZLLS ARHAT 1 21, BTAY
AR FEk ALOlo] = @A T ZFO1E HPYOL} SH=l it AR BT ALOJ0 A& T FAFSHAT.
B 930 Zul= 2F |3 G0 Ui YEIH O R N85 E microsatellite markerdl] Sk
HOS ASE WEA] A0} SiTte AS UERADE S S0y B2 W ALOJo A

EEEE

J40
T

1%

e & oy
i

%2 4o o

AFSHA LFERD RIS AT MIES} O] BA NS F UE2Y SR ETE AS dujsing F
=2 GYOE 3 1¥ ANEMH Y BRY 9F VY KF B ATE AP ) 5

microsatellite markerd] 0] & 7154 & R AIBIHT

TR B A=, 2=, 119 HMN|, Microsatellite marker
Habvjety X dojeh g ety

»

EECERE

NA A ey

A1) AT o} § 17 1099

Atdigtn Ao st 28 /051-240-7446

ypark@pusan ac.kr

A5 20043 92 149, SuHE5FAY 20049 129 39 A= 20043 128 49

o o R

e &

Vol. 34. No. 6. 2004. Korean J Orthod




