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Abstract In the present study, we investigated the diver-
sity distributions of allelic frequencies of 15 short tandem
repeats (STRs) loci in a sample of Chinese Hui ethnic group
in the Ningxia Hui Autonomous Region. The allelic fre-
quencies of the 15 STR loci (D8S1179, D21S11, D7S820,
CSF1PO, D3S1358, THO1, D13S317, D16S539, D2S1338,
D19S433, vWA, TPOX, D18S51, D5S818 and FGA) were
obtained from 2975 unrelated healthy Hui individuals. The
STR genotyping data of all the samples were generated by
DNA extraction, multiple amplification, GeneScan and
genotype analysis. The genetic distances among different
populations were calculated by using Nei’s method and a
phylogenetic tree was constructed based on the allelic fre-
quencies of the same 15 STR loci using the neighbor-
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joining method. A total of 185 alleles were observed in the
Hui population, with the corresponding allelic frequencies
ranging from 0.0002 to 0.5322. Chi-Square tests showed
that all STR loci were in Hardy—Weinberg equilibrium. The
forensic statistical parameters of all the loci showed high
values. The population data in this study were compared
with the previously published population data from other
ethnics or areas. The Hui population showed significant
differences from the Minnan Han, Uigur, Ewenki, Yi,
Tibetan, Maonan and Malay ethnic minority groups in some
loci, and from the South Morocco population and the
Moroccan population in all the loci. Our results are valuable
for human individual identification and paternity testing in
the Chinese Hui population and are expected to enrich the
genetic information resources of Chinese populations.

Keywords Short tandem repeats - Chinese Hui ethnic
group - Genetic distance - Phylogenetic tree

Introduction

The Hui ethnic group with a sizable population of over
9.81 million is the most widely distributed ethnic minority
in China. The Hui ethnic group, typically distinguished by
their practice of Islam, is one of the largest ethnic minor-
ities in the country. Most of the Huis inhabit in the Ningxia
Hui Autonomous Region, Gansu, Qinghai, Henan, Hebei,
Shandong and Yunnan provinces and the Xinjiang Uygur
Autonomous Region. The Huis speak Mandarin Chinese
and write in Chinese characters although a number of
Arabic and Persian words have remained in their daily
interactions and religious activities. The Hui people living
in the border areas of China often use the language of local
ethnic minorities [1, 2].
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The majority of the Hui people believe in Islamic reli-
gion, which has a deep influence on their daily life (http://
www.china.org.cn/english/null/139573.htm). Usually a
mosque is built and becomes the symbol of architecture in
large Hui communities. The habitation of the Hui people is
characterized by small scale concentration and wide dis-
tribution with mosques as the center of their social activi-
ties (http://www.chinahighlights.com/travelguide/nationality/
hui.htm). Hui men usually wear Hui style hats, which are
small black-colored and white-colored hats without brims.
Most Hui men like wearing white hats while some do not
wear hats and instead they wrap their heads with white
towels or cloth. Women usually wear white round-edged
hats and veils on their heads. Under the influence of
Islamism, the Huis consume a large amount of beef and
mutton in their diet and the meat of pig, dog, horse, don-
key, mule and beasts of prey is forbidden [3, 4].

Qinghai province, where the samples for this study were
collected, is located in the northeastern part of the Tibetan
Plateau. The Yellow River originates in the middle of the
province, while the Yangtze and Mekong have their sources
in the southwestern part of the province. Qinghai is a multi-
ethnic province inhabited by 44 ethnic groups, including the
Han people (the China’s majority) and the Tibetan, Hui, Tu,
Salar, Bonan, Yugur, Dongxiang, and Mongol ethnic
groups. Minority people account for 44% of the total pop-
ulation in the province (http://www.china.org.cn/e-xibu/2J1/
3J1/qinghai/qing-ban.htm).

Short tandem repeats (STRs) are the most ideal genetic
markers because of their numerous allelic genes, their
power for human identification, and their stable heredity
in the human genome [5, 6]. STR typing is also suitable
for analyzing degraded or outmoded human DNA and
minute amounts of human DNA [7, 8]. Recent advances
in study on polymorphic STRs as genetic markers have
led to their wide application to population genetics,
establishment of forensic DNA database, human individ-
ual identification, paternity testing, genetic mapping, dis-
ease linkage analysis, archaeology and potential inference
of the ethnic origin of an individual. Previously published
population data have shown that the allelic distributions
of STR loci differ from one population to another or
between the members of the same population living in
different geographic areas [9—12]. In the present study, we
investigated the distributions of the allelic frequencies and
forensic statistical parameters of 15 STR loci in the
Chinese Hui ethnic group living in Qinghai province of
China, established a forensic DNA database and com-
pared the study population with other neighboring popu-
lations. In addition, a phylogenic tree was constructed to
illustrate the inter-population relationships based on alle-
lic frequencies of 15 STR loci using neighbor-joining
method.
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Materials and methods
Sample collection and DNA extraction

After informed consent, bloodstain samples were obtained
from 2,975 unrelated, healthy individuals from the Chinese
Hui ethnic group living in Qinghai province of China.
Donors were randomly chosen among the Hui individuals
whose ancestors had lived in the region for at least three
generations. Genomic DNA was extracted using the Che-
lex-100 protocol as described by Walsh et al. [13].

PCR amplification and DNA typing

PCR for 15 autosomal STRs was performed in a multiplex
reaction using AmpF/STR Identifiler kit. 0.9 pl (2 ng/pl)
genomic DNA samples were amplified in a total reaction
volume of 10 pl consisting of 2.9 pl deionized water, 4 pl
dNTP, 0.2 pl AmpliTaqGold DNA polymerase and 2.0 pl
primer set. Thermal cycling was conducted under the fol-
lowing conditions: 95°C for 11 min; 28 cycles of 94°C for
60 s, 59°C for 60 s, 72°C for 60 s; a final extension of
60°C for 45 min. Detection and genotyping of all STR
PCR products were carried out using ABI3130XL DNA
Genetic Analyzer (Applied Biosystem, Foster City, CA,
USA). Allele designations were determined by comparison
of the sample PCR fragments with those of allelic ladders
provided with the kit using Genemapper 3.2 (Applied
Biosystem, Foster City, CA, USA). The alleles of all STR
loci were named according to the number of repeat units
present, as recommended by the DNA Commission of the
International Society for Forensic Haemogenetics [14].

Quality control

All experimental steps were performed according to the
laboratory internal control standards and kit controls.

Statistical and phylogenetic analysis

Allelic and genotypic frequencies were estimated by the
direct counting method. The observed heterozygosity
(HO), expected heterozygosity (HE), power of discrimi-
nation (DP), probability of paternity exclusion (EPP),
polymorphism information content (PIC), probability val-
ues of exact tests of Hardy—Weinberg disequilibrium were
calculated as previously reported [15, 16]. R x C contin-
gency test was employed for pairwise interpopulation
comparisons [17]. Our present data were compared with
previously published data for the same 15 STR loci in
samples from the Chinese Yi ethnic minority group living
in Yunnan province [9], from the Chinese Dongxiang [10],
Salar [10], Tu [11] and Tibetan [12] ethnic minority groups
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Table 3 Genetic distances between the Hui population and the previously published ethnic groups

Populations 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 0.000 0.246 0.119 0.148 0298 0.119 0.185 0.050 0.622 0394 0535 0.176 0.827 0.324
2 0.246  0.000 0280 0.317 0496 0214 0399 0.188 0.358 0.572 0.542 0356 0.544 0.615
3 0.119 0.280 0.000 0.119 0334 0.118 0229 0.073 0.636 0427 0550 0.179 0.890 0414
4 0.148 0317 0.119 0.000 0292 0.173 0251 0.081 0.736 0460 0599 0.186 0965 0.387
5 0298 049 0334 0292 0000 0323 0377 0253 0.894 0537 0525 0255 1.070 0421
6 0.119 0214 0.118 0.173 0323 0.000 0259 0.079 0464 0436 0506 0.221 0.665 0.432
7 0.185 0.399 0229 0251 0377 0259 0.000 0.150 0.732 0472 0.506 0229 0913 0335
8 0.050 0.188 0.073 0.081 0253 0.079 0.150 0.000 0.543 0356 0494 0.115 0.746 0.329
9 0.622 0.358 0.636 0.736 0894 0464 0.732 0543 0.000 0933 0.732 0.748 0.183 0.852
10 0394 0572 0427 0460 0537 0436 0472 0356 0933 0.000 0.624 0472 1.128 0.697
11 0.535 0542 0550 0599 0525 0506 0506 0494 0.732  0.624 0.000 0.614 0964 0.649
12 0.176 0356  0.179 0.186 0.255 0.221 0229 0.115 0.748 0472 0.614 0.000 0954 0.360
13 0.827 0544 0890 0965 1.070 0.665 0913 0.746 0.183 1.128 0964 0954 0.000 1.044
14 0324 0.615 0414 0387 0421 0432 0335 0329 0852 0.697 0.649 0360 1.044 0.000

Note: I Tu; 2 Uigur; 3 Dongxiang; 4 Ewenki; 5 Guangdong Han; 6 Salar; 7 Yi; 8 Hui; 9 South morocco; /0 Tibetan; // Malay; /2 Minnan Han;

13 Moroccan; /4 Maonan

(P < 0.001) and FGA (P < 0.001) loci, the Malay ethnic
group [24] at THO1 (P < 0.001), CSF1PO (P < 0.001),
D3S1358 (P < 0.001), D2S1338 (P < 0.001), D7S820
(P = 0.012), D18S51 (P < 0.001), D5S818 (P < 0.001),
D8S1179 (P = 0.027), D19S433 (P = 0.001), D21S11
(P =0.018) and FGA (P < 0.001) loci, and the South
morocco population [23] and the Moroccan population [25]
at all loci.

The genetic distances between the Hui population and
the previously published populations are shown in Table 3.
Short genetic distances were found between the Hui pop-
ulation and the Tu ethnic minority (0.050), the Dongxiang
ethnic minority (0.073), the Salar ethnic minority (0.079)
and the Ewenki ethnic group (0.081), but further distances
were found between the Hui population and the Minnan
Han population (0.115), the Yi ethnic minority group
(0.150), the Uigur ethnic group (0.188), the Han population
in Guangdong (0.253), the Maonan ethnic group (0.329),
the Tibetan ethnic minority group (0.356), the Malay ethnic
group (0.535), the southern Morocco population (0.622)
and the Moroccan population (0.827). The results show that
the genetic distances between the Hui population and the
other populations living in the same area (in Qinghai
province of China) was the nearest, much smaller than its
distances to the Chinese populations living in other prov-
inces. More genetic diversity existed between the Hui
population and the foreign populations in other countries.
A neighbor-joining phylogenetic tree (Fig. 1) was con-
structed based on the allelic frequencies of the 15 STR loci
in the Hui population and other 13 populations [9-12, 18—
25]. Cluster analysis shows that two main clusters existed
within the 14 populations: the first-level cluster consisted

@ Springer
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Fig. 1 A phylogenetic tree constructed by the neighbor-joining
method based on the allelic frequencies of all 15 STR loci. The tree
shows the relationships between the Hui population and other 13
populations (/ Tu; 2 Uigur; 3 Dongxiang; 4 Ewenki; 5 Guangdong

Han; 6 Salar; 7 Yi; 8 Hui; 9 South morocco; /0 Tibetan; /1 Malay; 12
Minnan Han; /3 Moroccan; /4 Maonan)

of all the populations living in China, and the second-level
cluster consisted of the foreign populations only (the Malay
ethnic group, the southern Morocco population and
Moroccan population). The Hui population clustered with
the Tu, Dongxiang and Salar ethnic minority groups at
the first level, followed in descending order by Ewenki,
Minnan Han, Yi, Uigur, Guangdong Han, Maonan, and
Tibetan. The results of the cluster analysis were consistent
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Fig. 2 A map showing the
locations of the Hui ethnic
group and other populations

in China (I Tu; 2 Uigur; 3
Dongxiang; 4 Ewenki; 5
Guangdong Han; 6 Salar; 7 Yi;
8 Hui; 9 Tibetan; /0 Minnan
Han; /1 Maonan)

with those of the genetic distance analysis. The best
explanation for the first-level clustering and the short
genetic distances of the Hui and other ethnic groups in
Qinghai province may be that there have been strong gene
flows among these populations since they lived in the same
area. Living together for a long time may help promote the
gene communion and amalgamation between the Hui
population and the other populations in the same area.
Locations of the Hui ethnic group and other populations in
China are shown in Fig. 2.

In summary, our results are valuable for human identi-
fication and paternity testing of the Chinese Hui population
in Qinghai province of China. The study is expected to
enrich Chinese population genetic information resources
and provide biological evidence for the origin of the Hui
population.
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