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ABSTRACT. A large number of microsatellite genetic markers
have been identified in the human leukocyte antigen (HLA) region.
We investigated genetic polymorphism of the nine short tandem
repeat (STR) loci (D6S276, MOGCA, D6S265, MIB, D6S273,
G51152, TAP1CA, RING3CA, and D6S291) in the HLA region in
the Shaanxi Han population. Using a fluorescence-labeled multiplex-
PCR STR typing method, 6-13 alleles were detected in these nine
STR loci in 150 unrelated Han Chinese from the region of Shaanxi,
China. The distributions of the genotypes at these nine loci were in
Hardy-Weinberg equilibrium. We conclude that these nine STR loci
have a high level of genetic polymorphism; they would be useful for
population genetic studies, pre-transplantation HLA typing, forensic
and paternity testing, etc.
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INTRODUCTION

Approximately every 2000 bases in the human genome contain a microsatellite,
also called short tandem repeats (STRs) or simple sequence repeats. These STRs are widely
distributed throughout the human genome and abundant in various functional regions and
non-functional regions of the genome (Kashi and King, 2006). Because of their high poly-
morphism and comprehensive distribution in the genome, STRs have already become sig-
nificant genetic markers for gene mapping and disease association analysis (Foissac et al.,
2000; Cullen et al., 2003). Due to the ir extensive genetic polymorphism and heterozygosity
and Mendelian codominant inheritance, STRs have also become a useful tool in forensic
identification of individuals and paternity testing (Urquhart et al., 1994; Schoske et al.,
2003). As one of the most intensely active gene regions in the human genome, human leu-
kocyte antigen (HLA) is a hot spot in disease association studies. The HLA region has a full
length of 3.6 Mb, including a large number of STR loci, most of which are (CA)n repeats
(Fiorentino et al., 1997). As obvious characteristics of linkage disequilibrium exist in the
HLA region, it was deemed important to explore the polymorphism of the short tandem re-
peats in the HLA region for disease correlation studies. The present study revealed that these
STRs loci had high heterozygosity with highly polymorphism information content. These
STRs could be applied to predict the supplement of using the specific HLA haplotypes to
screen the HLA matching donor and in the forensic identification of individuals (Cullen et
al., 2003; Gourraud et al., 2004).

Microsatellite typing is rapid, accurate and reproducible, providing additional in-
centive for their use as polymorphic markers. In this study, 9 STRs loci were evenly distrib-
uted in the human HLA region, where D6S276, MOGCA, D6S265, and MIB were located
in the HLA I region, G51152, TAP1CA, RING3CA, and D6S291 in the HLA II region, and
D6S273 in the HLA 11l region. All 9 STRs loci were the polymorphic repeat of the dinucleo-
tide (CA)n and the length of the amplified fragments was within 63-295 base pairs. Fluores-
cent labeling was performed at the 5' end of the upper primer by 6-FAM or TET, and typing
was carried out by using the ABI 377 DNA sequencer (Applied Biosystems). The polymor-
phism of 9 STR genetic markers had not been previously reported in the Han population in
China. There is very little information about their polymorphism for Chinese populations.

MATERIAL AND METHODS
Sampling

After obtaining informed consent, peripheral blood samples were collected from 150
healthy Han individuals from Shaanxi Province of China. Genomic DNA was extracted from

EDTA-treated peripheral blood samples by the Chelex-100 method (Walsh et al., 1991).

PCR and genotyping

Primers used for STR genotypings are published elsewhere (Cullen et al., 2003), and
specific for the amplification of chromosome nine STR markers. D6S276, D6S273, G51152,
TAP1CA, RING3CA, and D6S291 of the upper primers of the polymorphic markers were la-
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beled with 6-FAM, and TET was used to label MOGCA, D6S265 and MIB. All primers were
prepared by Shanghai Sangon Biological Engineering Technology & Service Co., Ltd. The
PCR amplifications were carried out as follows: 30 cycles for 15 s at 94°C, 15 s at 55°C and
30 s at 72°C, and a final extension for 30 min at 72°C. The PCR products were electrophoresed
on an ABI 377 DNA Sequencer (Applied Biosystems). The data were collected and analyzed
by the GenScan 3.1 software. GeneScan and Genotyper DNA fragment analysis software were
used to interpret the data. The output and molecular weight of each product were shown by
curve peak and then processed, and the genotyping data were transferred into the allele code.
According to the genotyping results, homozygous of each locus were selected for sequenc-
ing. Using an ABI 3730 Genetic Analyzer, the reverse unlabeled fluorescence primers were
sequenced to determine the size and composition of the fragments. Based on the principle that
the allele of the STR locus was named according to the repeat times of its core unit proposed
by the DNA Commission of the International Society of Forensic Haemogenetics, standard-
ized naming was performed (Gill et al., 1997; Olaisen et al., 1998).

Statistical analysis

The allele frequency and genotype frequency of the unrelated individual samples were
calculated by the direct-counting method. The Arlequin3.01 software was used for the Hardy-
Weinberg equilibrium test (Guo and Thompson, 1992). The PowerStats 12 software was used
to calculate the application indicators of genetics, including heterozygosity, matching prob-
ability, power of discrimination, polymorphic information content, and power of exclusion.

RESULTS

In the 150 unrelated individual samples, a total of 95 alleles were detected in 9 loci
with the frequency of 0.003-0.483 (Table 1). The highest polymorphism was found in locus
MIB with 13 alleles and 43 kinds of genotypes, and the lowest was in locus RING3CA with
6 kinds of alleles and 15 kinds of genotypes in the nine STRs loci. Using the Arlequin 3.01
software, the observed heterozygosity and expected heterozygosity of each locus were calcu-
lated. Exact tests of Hardy-Weinberg equilibrium were performed for the nine STR loci. Based
on the exact test results for the distribution of genotype frequency of the loci, all loci were in
Hardy-Weinberg equilibrium.

DISCUSSION

Among the 9 STR loci, D6S276, MOGCA, D6S265, and MIB were located in the
HLA I region, G51152, TAP1CA, RING3CA, and D6S291 in the HLA Il region, and D6S273
in the HLA III region. For the 9 loci, the heterozygosity was greater than 0.6 in all cases, and
the highest was found in locus D6S273, which was 0.8533. The polymorphic information
content was higher than 0.65 in all cases, and the highest, 0.8356, was in locus MOGCA.
The power of discrimination was consistently higher than 0.8, with the highest being 0.955 in
MOGCA. The probability of paternity exclusion was in all cases above 0.5 and locus D65273
had the greatest, namely 0.701. These indices are usually applicable in forensic science and
population genetic studies. The 9 loci had high genetic polymorphism, heterozygosity, and
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Table 1. Distribution of observed allele frequencies of nine short tandem repeat loci located on chromosome 6

(N = 150).

Alleles MOGCA  D6S265 MIB D6S273  D6S291  TAPICA  RING3CA  D6S276  G51152
5 0.0067
7 0.3667
8 0.0033 0.1833 0.0200
9 0.0300 0.0033 0.4333 0.1700 0.4833
10 0.3033 0.0167 0.3533 0.4033 0.0800
11 0.0300 0.3267 0.0033 0.1967 0.0500  0.0167
12 0.0033 0.2900 0.0433 0.0333  0.0367
13 0.1500 0.2767 0.0433 0.0033 0.0600 0.1500  0.0967
14 0.2700 0.2233 0.0067 0.0100 0.0167 0.0700 0.0033 0.0067  0.0433
15 0.0933 0.2667 0.1300 0.0833 0.1367 0.0200 0.1800
16 0.1433 0.0567 0.0033 0.1267 0.1400 0.0400 0.0633  0.0033
17 0.0767 0.0767 0.0233 0.1433 0.0067 0.0700 0.0333
18 0.0067 0.0033 0.0833 0.2067 0.0033 0.0600
19 0.0033 0.0033 0.0833 0.3367 0.2200
20 0.0800 0.0567 0.1467 0.0800 0.0133  0.0067
21 0.0033 0.0000 0.1000 0.0067
22 0.1367 0.0033 0.0633 0.0033
23 0.0067 0.0100
24 0.0033 0.0033 0.0300
25 0.0033
Matching probability 0.0454 0.0798 0.0466 0.0814 0.0939 0.1967 0.117 0.0869  0.1102
Power of discrimination 0.9546 0.9202 0.9534 0.9186 0.9061 0.8033 0.883 0.9131 0.8898
Polymorphism index system 0.8256 0.7583 0.8226 0.7668 0.7315 0.6211 0.6935 0.7556  0.687
Power of exclusion 0.5505 0.5041 0.5625 0.7014 0.5867 0.5155 0.4817 0.6494  0.4283
Observed heterozygosity 0.7733 0.7533 0.78 0.8533 0.7933 0.6667 0.7333 0.8267  0.7000
Expected heterozygosity 0.848 0.7919 0.8419 0.7965 0.7693 0.6807 0.7367 0.7847  0.717

broad distribution of alleles in the Shaanxi Han population, and could have strong amplifica-
tion efficiency combined. The application of the 9 loci may be more significant in the popula-
tion genetics, human origin and evolution studies and forensic identification of individuals
or paternity tests.

Preimplantation genetic diagnosis (PGD) is a new kind of method to avoid transfer-
ring genetic diseases to the newborn. At present, the significance of PGD has been considered
for several indications beyond its original purpose, and it may not only detect fetal diseases
but also select for non-disease characteristics, such as in HLA genotyping and immune com-
patibility before hematopoietic stem cell transplantation. The study on highly polymorphic
STR genetic markers in the HLA region is an elegant method for linkage analysis of genes
associated with the HLA region and disease correlation research. Studying the short tandem
repeat sequences within pathogenic genes and analyzing the genetic linkage within a family
has been useful for detecting the disease linked with the microsatellite markers. The STR with
high polymorphism in the HLA region could be used indirectly in HLA typing in PGD and it
has already become a kind of effective tool (Rechitsky et al., 2004; Fiorentino et al., 2005). To
improve the accuracy of HLA typing in PGD, it has been necessary to strengthen the analysis
of STRs of the HLA region, especially the polymorphic STR loci with high heterozygosity
and power of discrimination. In this study, the genetic markers were all highly polymorphic
in the Han population of China and they were distributed in the HLA I, HLA II and HLA III
regions. These loci could be used in HLA typing in PGD in the Han population of China to
find a potential donor. Although the tying of polymorphic STR loci with high polymorphism
cannot replace HLA matching for organ transplantation, it could supplement the low resolu-
tion of HLA typing before the transplantation of bone marrow or hematopoietic stem cells
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(Korzebor et al., 2007; Malkki et al., 2007; Sens-Abuazar et al., 2009). The reliable and highly
polymorphic STR typing of the HLA region would provide an effective method for pretrans-
plant HLA typing.
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