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Abstract A 13 X-chromosomal short tandem repeat (STR)
multiplex system (DXS6807, DXS8378, DSX9902, DXS7132,
DXS9898, DXS6809, DXS6789, DXS7424, DXS101,
GATA172D05, HPRTB, DXS8377, and DXS7423) was tested
on 1,037 DNA samples from eight population groups
currently living in Taiwan. Different distributions of the
allelic frequencies in different populations were presented.
DXS8377 and DXS101 were the two most polymorphic
loci in these eight populations, whereas DXS7423 was the

least informative marker in most of the populations studied.
The genetic distances between the populations and the
constructed phylogenetic tree revealed a long genetic
distance between Asian and Caucasian populations as well
as isolation of the Tao population. The phylogenetic tree
grouped populations into clusters compatible with their
ethnogeographic relationships. This 13 X-chromosomal
short tandem repeat multiplex system offers a considerable
number of polymorphic patterns in different populations.
This system can be useful in forensic identification
casework and ethnogeographic research.
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Introduction

Analysis of the human variation of microsatellites of the X
chromosome has become a useful tool in forensic practice
in recent years. The X-chromosome short tandem repeat
(X-STR) markers are particularly valuable in maternity
testing and in detecting father-daughter relationships.
Increasing numbers of X-STRs markers among different
populations have now been published [1–7]. Our group has
described the characterization of a new multiplex system
modified from a report of Gomes et al [5] which allows the
simultaneous analysis of 13 X-STRs and can be applied in
forensic casework [8]. The variation of allelic polymor-
phisms of X-STR in different populations of the world is
still unclear. Establishing an X-STR allelic frequency
database and evaluating the extent of difference of X-
linked markers for forensic and ethnogeographic studies are
important issues. Different allelic frequency distributions of
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STR between different populations can be used to recon-
struct human phylogenies.

The population in Taiwan is heterogeneous and is made
up of two major groups, the indigenous population
(approximately 480,000 persons or 2% of the total
population) and the Han population (about 22,470,000 or
98%) [9]. The indigenous population is comprised of 13
tribes living mainly in the mountainous regions of Taiwan
Island and a specific tribe (Tao) living on Orchid Island.
The Taiwanese Han population includes the descendants of
individuals who migrated from southern China from the
1600s to the early 1900s, and a large-scale migration from
areas throughout mainland China in 1949. There are also
populations from other countries presently working or
living in Taiwan (about 560,000) [10]. For these population
groups, the available data on X chromosomal genetic
diversity and population structure is still limited.

This present work is an analysis of the genotyping
results of 13 X-STR loci of different populations living in
Taiwan. The aim of this study was to present and compare
the distribution of the allelic frequencies of these population
groups and evaluate the genetic distances between them.

Materials and methods

Sample sources and DNA extraction

This retrospective study was approved by the Institute
Review Board. A total of 1,037 DNA samples composed of
258 apparently healthy unrelated Taiwanese Han (Tw; 118
males, 140 females), 165 indigenous Taiwanese living
mainly in the mountainous regions (Ti; 96 males, 69
females), 99 Taos living on Orchid Island (Tao; 51 males,
48 females), 192 mainland Chinese (Cn; 56 males, 136
females), 114 Filipinos (Ph; 50 males, 64 females), 54
Thais (Th; 17 males, 37 females), 122 Vietnamese (Vn;
three males, 119 females), and 33 Caucasians (Cau; 24
males, nine females) were analyzed. The blood samples
and/or buccal swab samples were obtained from volunteer
donors with informed consent between 1993 and 2007.
Standard methods of phenol chloroform isoamyl alcohol
extraction and the QIAamp blood kit (Qiagen, Hilden,
Germany) were used for DNA extraction from peripheral
whole blood samples, whereas the Viogene Blood and
Tissue Genomic DNA extraction Miniprep system (Vio-
gene, Taipei, Taiwan) was used for DNA extraction from
buccal cells.

X chromosome marker typing

One multiplex polymerase chain reaction (PCR) was
performed with the previously described primer sets [8].

The 13 X-STRs DXS6807, DXS8378, DSX9902,
DXS7132, DXS9898, DXS6809, DXS6789, DXS7424,
DXS101, GATA172D05, HPRTB, DXS8377, DXS7423,
and amelogenin were genotyped in one PCR reaction
simultaneously, based on the methodology of Hwa et al [8].

The DNA sample with a missing allele was sequenced
using the ABI Big Dye Terminator version 3.1 Cycle
Sequencing Ready Kit (Applied Biosystems, Foster City,
CA, USA). The product was detected in the ABI PRISM
3100 Genetic Analyzer electrophoresis system and ana-
lyzed with sequencing analysis 3.7 software (Applied
Biosystems).

Statistical analysis

Allelic frequencies, haplotype and gene diversities, the
exact test of population differentiation, population pair-wise
genetic distance FST and RST and analysis of molecular
variance were calculated using the Arlequin version 3.11
software [11]. Linkage disequilibrium analyses by an exact
test were performed using the GENEPOP (version 3.4)
software package [12]. Forensic efficiency parameters of
each locus were calculated following Desmarais et al [13]
using the formula offered at http://www.chrx-str.org/. The
combined power of discrimination of all loci was assessed
according to Poetsch et al [3]. The phylogenetic tree was
constructed using the neighbor-joining methods with the
PHYLIP program [14].

Results and discussion

The 13 X-linked STR markers were successfully amplified
in one single PCR multiplex reaction. Allele nomenclature
used for genotyping for most loci followed the description
by Szibor et al [15]. A single nucleotide polymorphism of
the GATA172D05R primer region was found in one
Caucasian sample. The C→T transition in the primer
region was confirmed by DNA sequencing with a newly
designed primer set GATA172D05Fs and GATA172D05Rs,
as shown in Fig. 1. DNA sequencing of the primer region
has to be performed when a missing allele is noted at a
certain STR locus.

The allele frequencies of the 13 X-STR loci studied in
these eight population groups were analyzed (Table in
ESM 1). The data from part of the Taiwanese Han (221
subjects) has been described in our previous report [8]. In
the DNA samples from the 415 male subjects in this study,
no identical haplotype-like allelic combination of the 13 X-
STRs was found. Only one new allele with 14 repeats at the
DXS9902 locus in one Filipino has not been described
previously. DXS8377 was found to be the most poly-
morphic locus in most of the population groups followed by
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DXS101. These findings are consistent with previous
reports [3, 5]. The least discriminating locus was
DXS7423 in all population groups except the Tao and
Caucasian populations. In the Tao population, DXS9898 is
the least discriminating locus, with only two alleles
revealed. In the Caucasian group, DXS9902 was found to
be the least polymorphic locus, which is consistent with a
previous report from a German population [1].

Because the number of Caucasians in this study is small,
we compared our data of Caucasian group with previous
reports. Compared to the data of Hispanic group described
by Gomes et al., the allele distribution is similar to our data
at eight (DXS8378, DXS7132, DXS9898, DXS6809,
DXS6789, DXS101, GATA172D05, and DXS7423) of ten
X-STR loci. At loci HPRTB, the most frequent allele was
14 repeats in their Hispanic group, whereas the most
frequent allele was 13 repeats in our Caucasian group. At
loci DXS8377, the most frequent allele was 49 repeats in
their Hispanic group, whereas the most frequent allele was
48 repeats in our Caucasian group [5]. Compared to the
data of a German population described by Edelmann, the

allele distribution is similar to our data at 10 (DXS6807,
DXS8378, DXS9902, DXS7132, DXS9898, DXS6789,
DXS7424, DXS101, HPRTB, and DXS8377) of 12 X-STR
loci. However, the most frequent alleles were nine repeats at
loci GATA172D05 and 12 repeats at loci DXS7423 in the
German population, whereas the most frequent alleles were
ten repeats at loci GATA172D05 and 15 repeats at loci
DXS7432 in our Caucasian group [1]. Compared to other
Asian population, the allele distributions of Taiwanese Han
are similar to that of a Korean population at ten (DXS6807,
DXS9902, DXS7132, DXS 9898, DXS6789, DXS101,
GATA172D05, HPRTB, DXS7423, and DXS8377) of 11
loci [15]. At loci DXS8378, the most frequent allele was
nine repeats allele (57.3%) followed by ten repeats allele
(28.1%) in the Korean population [16]. In our study, the
most frequent allele of loci DXS8378 was ten repeats allele
in Taiwanese Han (50.5%) and mainland Chinese (53.1%).
The nine repeats allele was infrequent in both Taiwanese
Han (2.51%) and mainland Chinese (2.13%) in this study.

No evident population-specific allele was found in this
13 X-STR system. However, some differences of distribu-

1                                                  40 

Consensus CTGTATGATC CAGCAATTCT CCTTCTGGGT TTATACCCCA

1110015  ·········· ·········· ·········· ··········

41                                                 80 

Consensus AATAATTGAA AGCCCGGATT CAAAAAGATC TATATCTATA

1110015  ·········· ····T····· ·········· ··········

81                                                120 

Consensus GATATAGGTA TTGATATAGC TCTATCTATC TATCTATCTA

1110015  ·········· ·········· ·········· ··········

121                                               160 

Consensus TCTATCTATC TATCTATCTA TCTATATATC TGTGCAACCA

1110015  ·········· ·········· ·········· ··········

161 

Consensus TCACCACTAT CC 

1110015  ·········· ·· 

Fig. 1 Sequencing results for locus GATA172D05 in consensus cases
with an 11 repeats allele and a case (sample No. 1110015 with an 11
repeats allele) with a single nucleotide polymorphism at the
GATA172D05R primer region

Tw Ti Tao Cn Ph Th Vn Cau

Tw -

Ti 0.01224* -

Tao 0.04588* 0.03795* -

Cn 0.00239* 0.01643* 0.04679* -

Ph 0.00938* 0.01156* 0.04510* 0.01284* -

Th 0.00413 0.00724* 0.04044* 0.00466 0.00664 -

Vn 0.00178 0.01570* 0.04995* 0.00344* 0.00924* 0.00387* -

Cau 0.02359* 0.03548* 0.07049* 0.02096* 0.03257* 0.01978* 0.02643* -

Table 1 Genetic distance ma-
trix among eight population
groups on 13 X-STR loci

*p value of coancestry coeffi-
cient (Fst) <0.05

0.01 

Vn

Tw
Cn

Cau 

Th 

Ph

Ti

Tao

Fig. 2 Phylogenic tree based on genetic distance for the 13 X-STR
system constructed by the neighbor-joining method
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tion of allelic frequencies between population groups were
found. A higher frequency of a specific allele at a certain
locus in some populations, such as 14 repeats of DXS6807,
14 repeats of DXS7424, 25 repeats of DXS101, nine
repeats of GATA172D05, and 16 repeats of DXS7423 in
the Tao, has been noted in this study. For the Caucasians, a
20 repeats allele was the most frequent allele for locus
DXS6789, whereas for the other Asian population groups, a
16 repeats allele was the most frequent allele for the same
locus. This finding is consistent with the high frequency of
16 repeats of DXS6789 in a Korean population and the
high frequency of 20 repeats in a German population
described previously [1, 16]. We found that the allelic
distribution of DXS6789 of Asians was different from that
of Caucasian populations. According to our observation
and previous reports, the frequency of allele 8.3 at loci
DXS9898 in Caucasian is higher than that in Asian
populations [1, 3, 5, 16].

The forensic statistical evaluation parameters were
calculated (Table in ESM 2). There is high genetic diversity
in these eight populations for the 13 X-STRs analyzed.
High values of mean exclusion chances in trios involving
daughters (MECT) in all eight populations support the
potential of this 13 X-STR multiplex system to be a specific
kinship analysis context when father-daughter relationships
are being investigated. As high discrimination power values
were obtained for this X-STR system, it can be used in
forensic identity and paternity testing.

The exact test for linkage disequilibrium for all pairs of
loci did not show consistent evidence of an association
between these 13 X-STRmarkers in these population groups.
A haplotype cluster group with DXS6801, DXS6809, and
DXS6789 and a linkage between DXS7424 and DXS101 has
been described previously [17, 18]. However, linkage
analysis did not confirm the existence of an association
between these haplotype groups in this study. The lack of
association between these X-STR loci increases the power
of discrimination of this multiple X system. Because the
results of linkage disequilibrium analysis depend on sample
size, a larger sample in each population group is necessary
for further linkage disequilibrium studies.

Genetic distance analysis was used to evaluate the
population differentiation of these eight population groups.
(Table 1) The value of the genetic distance represented the
evolutionary distance or the migration route between two
groups. The results showed that the Taiwanese Hans had a
relatively shorter genetic distance from the Vietnamese,
Mainland Chinese, and Thais. The Taiwanese Han popula-
tion is close to the Mainland Chinese population, which is
compatible with the migration history of the Han popula-
tion from mainland China to Taiwan.

Figure 2 illustrates the phylogenetic tree constructed by
the neighbor-joining method of the 13 X-STR loci of these

eight populations. The grouping together of the Taiwanese
Han, Mainland Chinese, and Vietnamese showed the ethno-
geographic relationship between these populations. The
significant difference of the Tao of Orchid Island from other
populations revealed the geographical isolation of this
population. The clustering of indigenous Taiwanese and
Filipinos together is consistent with a previous report of
Asian population migration [19]. The unique branch for the
Caucasians represented the racial difference between
Caucasian and Asian populations.

The neighbor-joining tree in this study is similar to the
dendrogram of the populations established from the genetic
distance matrices of the autosomal forensic STRs and
FUT2 gene reported previously [19, 20]. However, this is
different from the neighbor-joining trees for populations
based on Alu nuclear insertion polymorphisms, or based on
the D-loop or the MTCYB gene of mitochondrial DNA
[21–23]. The patterns of neighbor-joining trees established
from different genetic markers on autosomal chromosome,
sex chromosomes, or mitochondrial DNA may vary [24].

In conclusion, this 13 X-chromosomal STR multiplex
system offers a considerable number of polymorphic
patterns among different populations. The distributions of
the allelic frequencies at certain loci differ between
different population groups. The genetic distance between
populations can be estimated and the phylogenetic tree can
be constructed according to this system. It may be useful
in forensic identification analysis and ethno-geographic
research.
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