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Abstract
We analyzed Chinese Miao population samples (n = 268) from Guizhou province, Southwest China, with 19 X-chromosomal
short tandem repeats (STRs) included in the AGCU X19 amplification kit. The combined PE is 0.999999922 and the combined
PDs in males and females are 0.9999999999999999999994 and 0.9999999999998, respectively. The mean paternity exclusion
change values are larger than 0.99999996. The HDs in seven linkage groups vary from 0.9324 to 0.9968. Subsequently,
comparison among different Chinese populations shows that the substructures of Chinese were significantly influenced by
ethno-linguistic rather than geographical boundaries, including most prominently Turkic-speaking and Tibeto-Burman-
speaking populations.
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X-chromosomal short tandem repeats (STRs) with the advan-
tages of both autosomal and uni-parental biomarkers have
been widely used in the forensic deficiency cases and other
complex kinship identification [1]. Chinese Miao (also called
Hmong) is the fourth largest minority ethnic group officially

recognized by the government of the People’s Republic of
China. The population size of Chinese Miao is approximately
12 million over the world and around 9 million in China.
Chinese Miao live primarily in remote Southwest China’s
mountains, in the provinces of Guizhou, Yunnan, Sichuan,
Hubei, Hunan, Guangxi, Guangdong, and Hainan. The Miao
language belongs to the Hmong-Mien linguistic family.
Historically, contemporary Miao is the descendants of the
Jiuli tribe led by Chiyou and has experienced five large-
scale migrations. Archeological evidence from the Daxi
Culture (5300–6000 years ago) led to the hypothesis that
Miao was the first people to settle in present-day China. The
language formations and changes of present-day Miao ethnic-
ity have genetic assimilation of neighboring ethnically diverse
populations [2].

In the presented study, we used the AGCU X19 kit to
genotype the 19 X-STRs belonging to seven linkage groups
[3–5] (DXS10074-DXS10075-DXS10079-DXS7132,
DXS101-DXS7424, DXS10101-DXS10103-HPRTB,
DXS10134-DXS7423, DXS10135-DXS10148-DXS8378,
DXS10159-DXS10162-DXS10164, and DXS6789-
DXS6809) in 268 volunteers (117 females and 151 males)
who self-identified themselves as Miaos and compared the
genetic relationship with 12 reference populations. All periph-
eral blood samples reported were obtained from Zunyi City in
Guizhou Province (Southwest China) under the protocols
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approved by Ethnics Committee in the Zunyi Medical
University. Human DNA was isolated using the salt-outing
method [6] and genotyped using the AGCU X19 STR
Fluorescent Detection Kit on a Mastercycler Pro® Thermal
Cycler (Eppendorf, Germany) on the basis of the manufac-
turer’s instruction. Separation and detection of amplification
products were carried out on the Applied Biosystems 3130
Genetic Analyzer (Applied Biosystems), and allele allocation
and nomenclature were analyzed by GeneMapper ID V3.2
software.

We calculated allele frequency distributions using the mod-
ified PowerState V1.2 spreadsheet and forensic parameters
(Polymorphism Information Content, PIC; Probability of
Exclusion, PE; Paternity Index, PI; Probability of
Discrimination, PD, and Mean Paternity Exclusion Change,
MEC) via online tool implemented in ChrX-STR.org 2.0
(http://www.chrx-str.org). Arlequin v3.513 [7] was used to
estimate the p values of Hardy-Weinberg equilibrium
(HWE) and linkage disequilibrium (LD), as well as the ob-
served heterozygosity (Ho) and expected heterozygosity (He)
in females. The frequencies of seven linkage male haplotypes
were calculated using the direct counting method based on the
observed genotypes. Haplotype diversity (HD) and match
probability (MP) were obtained respectively using the follow-
ing formula: HD ¼ N

N−1 1−∑Pi2
� �

and MP = ∑ Pi2, where n
denotes the population size and Pi means the haplotype fre-
quency. Discrimination capability was calculated as the ratio
of haplotype number to sample size. We compared the genetic
differentiation between Guizhou Chinese Miao and other 12
reference Chinese populations defined by ethnic/linguistic
boundaries and administrative divisions. The pairwise Nei’s
genetic distances were calculated with the Gendist program in
the Phylip3.695 packages. Principal component analysis
(PCA) based on allele frequency distributions of 19 X-STRs
was carried out using the MVSP software. Multidimensional
scaling plots (MDS) and neighboring-joining (N-J) tree were
constructed respectively using SPSS software and Mega 7.0
[8] on the basis of Nei’s genetic matrix.

All 19 X-STRs are consistent with the HWE in our investi-
gated GuizhouMiao ethnicity (Table S1). Among 171 pairwise
comparisons, ten pairs are identified with linkage inheritance
after Bonferroni correction (Table S2). A total of 217 alleles
are discovered with the allele frequencies ranging from 0.0026
to 0.5870 (Table S3). As shown in Table S1, the Ho and He
respectively vary from 0.5471 (DXS7423) to 0.9145
(DXS10135), and 0.5171 (DXS7423) to 0.9288 (DXS10135).
The PIC varies from 0.4283 to 0.9151 and PI varies from 0.0397
to 0.2394. The combined PE is 0.999999922. The combined
PDs in male and female are 0.9999999999999999999994 and
0.9999999999998 respectively. Besides, the MECs based on
previously published algorithms of Krüger, Kishida,
Desmarais, and Desmarais (in Duos) are 0.999999963638,

0.999999999997, 0.999999999997, and 0.999999993459, re-
spectively. Seven linkage groups can be clustered among 19
markers based on physical localizations and previous studies
[3–5]. The haplotype data and corresponding forensic parame-
ters in males are presented in Table S4. There are 124, 37, 86,
27, 119, 46, and 71 distinct haplotypes in LG1-LG7, respective-
ly. The MP values range from 0.0089 (in the linkage group of
DXS10135-DXS10148-DXS8378) to 0.0738 (in the linkage
group of DXS10134-DXS7423). The DC and HD vary from
0.1788 (DXS10134-DXS7423) to 0.8212 (DXS10074-
DXS10075-DXS10079-DXS7132), and from 0.9324
(DXS10134-DXS7423) to 0.9968 (DXS10135-DXS10148-
DXS8378). Our results show that the 19 X-STR loci and seven
linkage groups are highly informative and polymorphic in
Chinese Miao population.

To better understand the genetic background of Chinese
Miao, we merged our allele frequency distribution data of 19
X-STRs with previously published data and constructed a new
dataset consisting of 13 populations from eight Chinese ethnic
groups belonging to three language families (Sino-Tibetan,
Turkic, and Hmong-Mien language families). The pairwise
Nei’s genetic distances between Chinese Miao and the other
12 reference populations are listed in Table S5. A distant
genetic relationship is identified between Guizhou Chinese
Miao and Xinjiang Uyghur population (0.0460), and the inti-
mate genetic relationship is observed between Chinese Miao
and Guanzhong Han Chinese (0.0108). A total of 49.067%
genetic variance can be explained by the first two principal
components. PCA1 (29.889%) shows a clear separation be-
tween three Turkic-speaking populations and others, and
PCA2 (19.178%) can distinguish four Tibeto-Burman-
speaking populations from the rests, especially for Tibetan
populations (Fig. S1A). Furthermore, MDS constructed ac-
cording to the Nei’s genetic distance matrix is used to explore
the genetic homogeneity and heterogeneity among the 13 pop-
ulations. As shown in Fig. S2B, three Tibetan populations and
the Liangshan Yi Chinese population are clustered together
and located in the upper right quadrant. Two Xinjiang
Uyghur populations and Xinjiang Kazakh populations are al-
located in the left (second and third) quadrant. Our focus,
Guizhou Miao population, keeps a genetic affinity with
XinjiangXibo population and is located in the lower left quad-
rant and cannot be distinguished from Sinitic-speaking popu-
lations. Finally, an N-J tree is constructed to further dissect the
genetic differentiation among 13 populations along ethnic and
linguistic boundaries (Fig. S1C). Three genetic clusters are
observed: an Altaic-speaking cluster consisting of three
Turkic-speaking populations and one Tungusic-speaking pop-
ulation of Xinjiang Kazakh; a Tibeto-Burman-speaking clus-
ter comprising three Tibetan groups and Liangshan Yi; a
Sinitic-speaking and Hmong-Mien speaking admixture clus-
ter consisting of three Han populations, one Hui population
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and our focus population, the Guizhou Chinese Miao popula-
tion. The Guizhou Chinese Miao is identified to be most close
to the Sichuan Han population and then to Guanzhong Han
population.

Our study provided the first batch of X-chromosomal STR
data from Miao ethnicity, thus enriches the Chinese ethnic
genetic information. The 19 X-STRs and seven linkage groups
are informative and powerful markers to distinguish individ-
uals and complex testing kinship. Comprehensive population
comparisons on the genetic variations of 19X-STRs through
the MDS, PCA and N-J tree indicate that as a representative
Hmong-Miao-speaking population the Guizhou Miao has a
close genetic relationship with surrounding Sinitic-speaking
populations, especially with Sichuan andGuanzhongHan pop-
ulations. In a summary, genetic differentiations exist among
linguistic diverse populations and genetic affinity exists among
populations within the same language family.
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