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ABSTRACT. To look for novel microsatellites in the dystrophin
gene for the diagnosis of Duchenne muscular dystrophy, candidate
microsatellite sites in the dystrophin gene were analyzed with the
SSRHunter software and were also genotyped. Among the 15 candi-
date microsatellite sites, three novel microsatellite sites in the 60th,
30th, and 2nd intron were found to have a high degree of polymor-
phism. We submitted these three new loci to the European Molecular
Biology Laboratory, under accession Nos. FN547040, FN547041 and
FN557526, which were called DXSDMD-in60, DXSDMD-in30 and
DXSDMD-in2, respectively. In these three loci, we found 9, 6 and
11 alleles, respectively, in the 205 individuals. In addition, we also
detected 20, 19 and 20 genotypes for the three loci in female sam-
ples, with a polymorphism information content of more than 0.600.
In conclusion, the three microsatellite sites in the intron region of the
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dystrophin gene have a high degree of polymorphism, and they can be
used in population genetics, as well as to provide a theoretical basis for
genetic diagnosis and elucidation of molecular mechanisms in Duch-
enne muscular dystrophy.

Key words: Duchenne muscular dystrophy; Dystrophin gene;
Microsatellite; Polymorphism; Han population genetics

INTRODUCTION

Duchenne muscular dystrophy (DMD) is a fatal, X-linked recessive genetic dis-
ease, which is characterized clinically by progressive denaturation and necrosis of skeletal
muscles. The pathogenesis of DMD is a mutation in the dystrophin gene, which leads to
structural and functional changes of the dystrophin protein on the cell membrane (Koenig
et al., 1987; Sifringer et al., 2004). Duchenne muscular dystrophy and Becker muscular
dystrophy (BMD) are allelic disorders that cause progressive muscle atrophy, where BMD
is a milder variant of DMD. BMD is less severe but displays variable phenotypes, ranging
from a slightly less severe DMD-like condition to a very mild condition, and the majority
of patients can be diagnosed according to their phenotype (Sewry, 2010). However, a recent
clinical casebook described a boy without any signs of DMD but with confirmation of mo-
lecular findings (Dubowitz, 2006).

The clinical phenotypes caused by dystrophin mutation are complex and variable.
For example, deletion of exon 44, which is a small-sized exon, can lead to a typical DMD
phenotype, while some patients who have the 50% deletion in the dystrophin gene show
the BMD phenotype. There are intact reading frames with deletion in exons 32-44, 48-51
or 48-53 in some patients; however, the concentration of dystrophin protein is normal or
essentially normal (Melis et al., 1998). Many thousands of mutations have been recorded
in the dystrophin gene, but 65% of DMD patients harbor dystrophin gene deletions in a
mutation-rich area or ““hot-spot’ in the central genomic region (exons 41-54). About 6-10%
of DMD cases are caused by duplication, and most of them can lead to a new stop codon,
resulting in premature truncation. The hypothesis of “reading frame” considering the sever-
ity of the phenotype depends on whether the mutations affect the reading frame, rather than
depending on the size of deletion or duplication fragment (Walmsley et al., 2010). Recently,
animal studies provided similar findings (Banks and Chamberlain, 2008; Ambrosio et al.,
2009; Walmsley et al., 2010).

Although there is no specific therapy in humans for this disease, prenatal diagnosis
is a useful measure to prevent the birth of a baby with this disease. Linkage analysis can
improve diagnostic yield, where several highly polymorphic microsatellite markers have
been reported, but not enough. We therefore aimed to analyze these microsatellite sites in
order to identify new polymorphic DNA markers for linkage analysis. We performed whole
gene scanning and DNA sequencing to screen and characterize the polymorphic microsatel-
lite sites. Three new microsatellite sites of dystrophin showing high polymorphism were
discovered for the first time. Based on this, the genetic distributions of these loci in the Han
population in Xi’an were characterized to provide the basis for population genetics and the
early diagnosis and prevention of DMD disease.
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MATERIAL AND METHODS
Sampling

Based on the principle of informed consent, 205 individuals (100 males and 105 fe-
males, with no genetic connections between each other) (Gao and Li, 2008) were recruited
into this study. Peripheral blood, 3~5 mL, was collected in an EDTA anticoagulant vacuum
tube. The quantity of DNA was determined using the Blood Genomic DNA Extraction
System kit (Tiangen Biotech, Foster City, Beijing) in accordance with the manufacturer
protocol. All samples were stored at -20°C until needed.

Selection of microsatellite genetic markers

We extracted the dystrophin sequence from NCBI database and then per-
formed whole gene scanning to find out the microsatellite sites of dystrophin using
the SSRHunter software (http://www.biosoft.net) (Li and Wan, 2005). Microsatellite
sequences were selected according to the following criteria (Yan and Hou, 2004):
1) the core sequence is 3~4 bp long; 2) the core sequence is strictly regular repeats;
3) there is only one repeat unit contained in each fragment (i.e., only one motif); 4)
the repeat number of the core sequence is >5, and 5) the locus has not been reported.
Based on the search results of the ReapeatMask software, we confirmed that the mi-
crosatellite sites screened according to the above criteria did not belong to the Alu
family or other repetitive sequences. The 15 candidate microsatellite sequences of
the dystrophin gene selected using the SSRHunter software were designated M1, M2,
M15, according to their chromosome position (see Figure 1).
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Figure 1. Distribution of 15 microsatellite sites in dystrophin gene. Ex = exon; In = intron.
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Allelic detection and genotyping

Primers specific for the 15 candidate microsatellite sites were designed with Primer
5.0. The reaction system for polymerase chain reaction (PCR) amplification was 12 pL and
consisted of the following reagents: 6 uL. 2X PCR Master Mixture (Tianwei-shidai Company,
China), 1~1.5 pL of each primer (5 uM), 1~2 uL sterile deionized water and 2~3 pL template
DNA (30 ng/uL). The primers and reaction conditions for PCR are listed in Table 1. Allele
typing and DNA sequencing were carried out using 6% polyacrylamide gel electrophoresis
and silver staining, and the alleles were named according to the number of repeats (Kimmel
and Chakraborty, 1996).

Table 1. Sequence and polymerase chain reaction (PCR) information for three polymorphic microsatellite sites.

Name Primer sequence Annealing PCR product (bp) Chr start Chr stop

DXSDMD-in60  5' CGAGGGGATCAGGGTAATA 3' 58.4°C,40's 138-162 31402427 31402480
5' CTGTTCTCTTCTCTGGTCATCA 3'

DXSDMD-in30  5' GTTAGTCCCTATTCTATTCCTTTC 3' 56.6°C,30's 152-168 32426983 32427061
5' AAGAATGCCACCAAAATGAC 3'

DXSDMD-in2 5' TAGATTAGATAGGTAGGTAGGTAGG 3' 62.0°C,30's 110-150 32967440 32967538

5' CTTGCCAGTTTTTTTCAGTG 3'

Preparation of allelic genotyping standard material

We recovered and purified the allele fragments from the electrophoretic gels, and
each fragment and pGEM-T Easy vector (Applied Promega, Foster City, Wisconsin) were
connected and then transferred to Escherichia coli DH5a competent cells (Tiangen Bio-
tech). At the end, the selection of positive clones by the blue-white screening method was
confirmed by sequencing. This was the standard material for genotyping.

Statistical analysis

The modified Powerstats software was employed for the Hardy-Weinberg equi-
librium (HWE) test, calculating allele frequency, genotype frequency, heterozygosity,
polymorphism information content, and haplotype diversity [HD = (n/n - 1)(1 - Y Pi?)],
where Pi is the haplotype frequency and # is the number of samples. Linkage disequilib-
rium (LD) between the three loci was determined by the Arlequin software.

RESULTS

Three of 15 loci were found to be polymorphic, namely DXSDMD-in60, DXSDMD-
in30 and DXSDMD-in2. No significant differences were observed between allele distributions
in male and female groups, and therefore, the two groups were pooled into a single group to
analyze the frequency distributions for the respective loci. All loci analyzed were in HWE.
DXSDMD-in60 was located in the 60th intron of dystrophin, whose repetitive unit was CTA.
The repeat number was found to be 13~21 in this study. DXSDMD-in30 was located in the 30th
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intron of dystrophin, whose repetitive unit was TCTA. The repeat number was found to be 9~13
in this study. DXSDMD-in2 was located in the 2nd intron of dystrophin, whose repetitive unit
was TAGA. The repeat number was found to be 6~16 in this study. The other 12 loci did not
display polymorphism in the Han population in Xi’an, China. Our study showed that in the
Han population in Xi’an, there were 9, 6 and 11 alleles for the three microsatellites, while 20,
19 and 20 genotypes were detected in female samples, all of which with polymorphic informa-
tion content more than 0.600. The frequency distribution is shown in Tables 2 and 3. Allele fre-
quencies of DXSDMD-in60, DXSDMD-in30 and DXSDMD-in2 loci were 0.0032~0.5226,
0.0097~0.4258 and 0.0032~0.3903, respectively. In female samples, genotype 14,14, geno-
type 11,12 and genotype 12,13 were the most frequent in the DXSDMD-in60, DXSDMD-
in30 and DXSDMD-in2 loci, respectively. The analysis for LD was performed for all pairs of
the three microsatellite sites in female samples, no evidence of LD was detected. In the 100
male samples, we detected 56 haplotypes consisting of these three microsatellite sites, with a
haplotype diversity of 0.9784 (see Table 4).

Table 2. Population genetics index of the three microsatellite sites (males: N = 100; females: N = 105).

DXSDMD-in60 DXSDMD-in30 DXSDMD-in2
6 0.0032
7 0.0000
8 0.0258
9 0.0806 0.0032
10 0.1774 0.0065
11 0.4258 0.1452
12 0.2258 0.3903
13 0.0065 0.0806 0.2419
14 0.5226 0.0097 0.1548
15 0.0484 0.0258
16 0.1613 0.0032
17 0.1065
18 0.1194
19 0.0258
20 0.0032
21 0.0065
H 0.61 0.724 0.676
PIC 0.65 0.69 0.7

H = heterozygosity; PIC = polymorphism information content.

DISCUSSION

The dystrophin gene is located in Xp21.2, spanning 2.4 Mb in genomic DNA, which
is about 1.5% of the whole length of the X-chromosome. It contains 79 exons and 78 introns
(Davies, 1997; Suminaga et al., 2002). There are two kinds of mutation of dystrophin: about
60% (Roberts et al., 1994; Mendell et al., 2001) of the mutations are deletions, which usually
occur in the region of the 5' end and exon 1-11 and 41-54 regions (Den Dunnen et al., 1989;
Basak et al., 2006; Lai et al., 20006); the other 40% are non-deletions, which include point mu-
tations, small deletions and insertions of the dystrophin gene. Microsatellite-PCR technique
has been the preferred technique for linkage analysis of non-deletion DMD families. Several
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Table 3. Frequencies of the genotype at three microsatellite sites (females, N = 105).

No. DXSDMD-in60 DXSDMD-in30 DXSDMD-in2
Genotype N Frequency Genotype N Frequency Genotype N Frequency
1 13,16 2 0.02 9,9 1 0.01 6,13 1 0.01
2 14,14 31 0.30 9,10 3 0.029 8,8 1 0.01
3 14,15 5 0.05 9,11 7 0.067 8,13 1 0.01
4 14,16 17 0.16 9,12 4 0.038 8,14 1 0.01
5 14,17 8 0.08 9,13 1 0.01 9,12 1 0.01
6 14,18 12 0.11 9,14 1 0.01 10,12 1 0.01
7 14,19 4 0.04 10,10 3 0.029 11,11 5 0.05
8 14,20 1 0.01 10,11 15 0.143 11,12 9 0.09
9 15,15 1 0.01 10,12 8 0.076 11,13 8 0.08
10 15,16 3 0.03 10,13 3 0.029 11,14 5 0.05
11 15,18 1 0.01 10,14 1 0.01 11,15 1 0.01
12 15,19 1 0.01 11,11 19 0.181 12,12 18 0.17
13 16,16 3 0.03 11,12 20 0.19 12,13 21 0.20
14 16,17 2 0.02 11,13 7 0.067 12,14 10 0.10
15 16,18 5 0.05 11,14 1 0.01 12,15 1 0.01
16 17,17 3 0.03 12,12 5 0.048 13,13 7 0.07
17 17,18 1 0.01 12,13 4 0.038 13,14 8 0.08
18 18,18 2 0.02 12,14 1 0.01 13,15 1 0.01
19 18,19 2 0.02 13,13 1 0.01 14,14 3 0.03
20 21,21 1 0.01 14,15 2 0.02
Total 20 105 19 105 20 105

microsatellite sites in the dystrophin gene have been reported to be ideal loci for family
linkage analysis, including microsatellite sites located in the 5' promoter region, introns
44,45, 49 and 50, and 3' non-translational region (Giliberto et al., 2003). However, linkage
analysis is a kind of probabilistic diagnosis (Lai et al., 2002). It is very important to increase
the polymorphic loci for linkage analysis to avoid the wrong analysis results caused by gene
recombination and to increase the reliability of the analysis results. Our study uncovered
three novel microsatellite sites in the intron region of dystrophin, and the results indicated
that heterozygosity of the three microsatellite sites DXSDMD-in60, DXSDMD-in30 and
DXSDMD-in2 was 0.610, 0.724 and 0.676, respectively. Polymorphism information con-
tent was 0.650, 0.690 and 0.700, respectively, which will provide more genetic markers for
linkage analysis in the future.

In our study, the three loci screened were located in different introns of dystrophin, and
the distance between DXSDMD-in60 and DXSDMD-in2 is 1.67 Mbp. After linkage study, no
evidence of LD was detected. There are in total 56 haplotypes consisting of DXSDMD-in60-
DXSDMD-in30-DXSDMD-in2 among 100 male individuals, with frequencies varying from
0.010 to 0.080. The most common haplotype was 14-12-12, and the haplotype diversity was
0.9784.

In conclusion, these results indicate that these three microsatellite sites show high
polymorphism, which can be used in linkage analysis, gene location and diagnosis of dys-
trophin-related diseases, as well as population genetics studies (Ribeiro Rodrigues et al.,
2008). Further study of the polymorphism of these three microsatellite sites of the dystro-
phin gene still needs a larger sample size, as well as other regional and national population
data, and this polymorphism also needs further investigation and verification in different
ethnic, regional populations, as well as in disease studies.
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