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Multiple genetic analyses to
investigate the polymorphisms
of Chinese Mongolian
population with an efficient
short tandem repeat panel

Aim To determine allele frequencies and forensic statistics
of 22 autosomal short tandem repeat loci in Chinese Mon-
golian population.

Methods Blood specimens were collected from 134 un-
related healthy Mongolian individuals, and 22 short tan-
dem repeat loci were co-amplified and genotyped. Al-
lele frequencies and forensic parameters were calculated,
and population genetic differences were analyzed among
Mongolian population and other eight Chinese popula-
tions: Northern Han, Guangdong Han, Chengdu Han, Xin-
jiang Hui, Xinjiang Uygur, Hainan Li, Qinghai Tibetan, and
Hainan Han.

Results All the loci were in the Hardy-Weinberg equilib-
rium, and after Bonferroni correction there was no linkage
disequilibrium between them. The allele frequencies of
these 22 loci were between 0.0037 and 0.3657. This panel
had high discriminating power and genetic polymorphism
in the Mongolian population, with combined power of dis-
crimination of 0.999999999999999999999999998399 and
combined probability of exclusion of 0.9999999999566925.
Structure analysis showed no evidence that these nine Chi-
nese populations had different component distribution.
However, genetic distance analysis showed significant dif-
ferences among them (P < 0.05).

Conclusion The combined application of these 22 loci
could be useful for forensic purposes in the Mongolian
population. Mongolian population had smaller genetic
distances from the populations in northern China (North-
ern Han, Xinjiang Uygur, and Xinjiang Hui) than from the
populations in Hainan province (Hainan Han and Hainan
Li populations).
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Xinjiang province is an ethnic autonomous region in
the northwest of China, bordering Russia, Pakistan, In-
dia, Kazakhstan, Tajikistan, Kyrgyzstan, Afghanistan, and
Mongolia. Historically, the province was home to an im-
portant route on the Silk Road, functioning as China’s
gateway to the west. It is inhabited by 47 ethnic groups,
including Mongolians, which mainly inhabit the Bayin-
gol Mongol Autonomous Prefecture, Hoboksar Mongol
Autonomous County, and Bortala Mongol Autonomous
Prefecture. Besides these Chinese regions, Mongolians
also inhabit Mongolia and parts of Russia. They are pre-
dominantly shamanist and speak a language from the
Mongolian group of Altaic family.

A short tandem repeat (STR) is a train of repetitive base
sequences on the DNA strand. STR genetic polymor-
phisms can be analyzed by measuring the exact number
of repeating units on the DNA. The novel panel used in
this study is a STR genotyping system based on capillary
electrophoresis analysis with 5-color fluorescence label-
ing, which encompasses Amelogenin gene and 22 au-
tosomal STR loci: D151656, D251338, D353045, D452366,
D552500, D65477, D753048, D8S1132, 95925, D10S1435,
D1152368, D125391, D13S325, D145608, D155659,
D165S539, D1751290, D185535, D19S253, D20S470,
D2151270, and D22-GATA198B05. The 22 loci are distrib-
uted in 22 pairs of autosomes, and their amplified frag-
ments are less than 450 bp.

This panel was validated by a previous study (1), which
assessed its sensitivity, accuracy, precision, stability, stut-
ter percentage, peak height ratio, and species specificity.
It was used to analyze allelic distribution in Northern Han
(2), Southern Han (3), Chengdu Han (4), Hainan Li (5), Xin-
jiang Hui (6), and Xinjiang Uygur (7). In addition, detailed
sequence information of these 22 loci was studied by
Phillips et al (8). However, it is unknown whether these
22 STR loci are suitable for forensic application in Xinji-
ang Mongolian population. Based on the published find-
ings, we hypothesized that the 22 loci had high genetic
polymorphisms in Xinjiang Mongolian population and
could be applied in this population for individual iden-
tification and paternity testing. To test these hypotheses,
our study determined the allele frequencies of 22 STRs in
Chinese Xinjiang Mongolian population, evaluated the
system effectiveness of these 22 loci for individual iden-
tification and paternity testing in this population, and
compared the findings with other reference popula-
tions.
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MATERIALS AND METHODS
Material

This observational population genetics study was con-
ducted in June 2017 at the Xi'an Jiaotong University. A to-
tal of 134 peripheral blood samples of volunteer unrelated
healthy Mongolian individuals (90 women and 44 men)
were collected from Chinese Xinjiang Uygur Autonomous
Region and saved in the form of a paper blood collection
card. Individuals were considered eligible if they met the
following criteria: (i) there were no blood relationships be-
tween them, (ii) they all lived in Xinjiang Uygur Autonomous
Region for over three generations, (i) and there was no mi-
gration in their family history. Informed consent for study
participation and data presentation was obtained from all
volunteers before sampling. The study was approved by the
Ethics Committee of the Institute for Xi'an Jiaotong Univer-
sity (Approval No. XJTULAC201, Nov 7, 2013).

DNA analysis

After the extraction of genomic DNA using the Chelex-100
method (9), Amelogenin gene locus and 22 STR loci were
co-amplified using the Microreader 23sp ID kit (Suzhou
Microread Genetics, Suzhou, China) on the GeneAmp PCR
9700 thermocycler (Applied Biosystems, Foster City, CA,
USA) with 25 L reaction volume. The amplified products
were isolated and detected by capillary electrophoresis us-
ing the ABI PRISM 3130XL Genetic Analyzer (Applied Bio-
systems) with reference to internal lane standard Org500
(including 14 different length fragments: 50, 75, 100, 139,
150, 160, 200, 300, 340, 350, 400, 450, 490, 500 bp). Capil-
lary electrophoresis results were analyzed using GeneMap-
per ID-X 1.3 software (Applied Biosystems). The 9947A was
used as a positive control and DNA-free deionized water as
a negative control. Our experiments strictly followed the
internal control standards of the laboratory of Southern
Medical University (Guangzhou, Guangdong, China).

Statistical analysis

The Hardy-Weinberg equilibrium (HWE) (10) of the 22 au-
tosomal STR loci was tested by using Modified Powerstats
software v. 1.2 (11), which was also used to compute al-
lele frequencies and forensic parameters of each locus, ie,
power of discrimination (PD), matching probability (MP),
power of exclusion (PE), observed heterozygosity (Ho),
and polymorphic information content (PIC). The expected
heterozygosity (He) for each locus was calculated by Arle-
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quin software v. 3.5 (12), which was applied to determine
whether there was a linkage disequilibrium (LD) (13) be-
tween these loci. The combined power of discrimination
(CPD) and combined probability of exclusion (CPE) were
calculated using the respective formulas:

CPD = 1-(1-DP )(1-DP,)(1-DP,)--(1-DP); CPE=1-(1-PE)
(1-PE,) (1-PE,)---(1-PE)).

In these two formulas, k indicates the number of loci. The
allele frequencies of 22 loci were compared between the
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Mongolian and other reference populations by Arlequin
software v. 3.5 (12). The STRUCTURE analysis was performed
by using the STRUCTURE software v. 2.34 (14). Genetic dis-
tances (D,) and fixation index (Fst) values in Mongolian and
other populations were calculated with DISPAN (15) and
Genepop software v. 4.0 (16), respectively. Heat maps were
drawn by R software v.3.4.3 (17) based on the D, and Fst val-
ues, and phylogeny trees were drawn by MEGA software v.
6.0 (18) and Phylip software v. 3.69 (19-21). Principal compo-
nents analysis (PCA) was performed by using and MVSP soft-
ware V. 3.1 (22). All the used software is freely available.

B MP: Matching Probability
W PD : Power of Discrimination

1 PIC: Polymorphic Information Content
I PE : Power of Exclusion
M Ho : Observed Heterozygosity

‘ B He : Expected Heterozygosity

FIGURE 1. Stacked histogram showing forensic parameters of 22 autosomal short tandem repeat loci in Xinjiang Mongolian popula-

tion (n=134).
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FIGURE 2. Heat map (A) showing the pairwise genetic distances between Xinjiang Mongolian and eight other populations based
on allele frequencies of 16 overlapping loci. Heat map (B) showing pairwise fixation index (Fst) values of Xinjiang Mongolian and six

other populations based on the data of 16 overlapping loci.
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RESULTS

Hardy-Weinberg equilibrium and linkage disequilibrium
tests

The P values of 22 loci were all greater than 0.05, which
meant that none of these loci deviated from the HWE (Ta-
ble 1). When the loci were tested for linkage disequilibri-
um, the P values of 22 out of 231 pairwise loci were less
than 0.05. After applying the Bonferroni correction (23), the
adjusted significance level was 0.0002 (0.05/231), which in-
dicated that there was no linkage disequilibrium between
these loci (Supplementary Table 1). In other words, these
loci were independent from each other.

Allele frequencies and forensic statistical parameters

A total of 227 alleles were detected at these 22 loci (Ta-
ble 1). The highest number of alleles was detected at the
D205S470 locus (16 alleles) and the lowest number at the
D16S539 locus (7 alleles). The highest allele frequency was
0.3657 at two loci and the lowest was 0.0037 at 12 loci.

The MP values ranged between 0.0330 (D251338) t0 0.1016
(D195253). In contrast, the PD values of all loci were great-
er than 0.9, except for D195253 (0.8984); with a CPD value
of 0.999999999999999999999999998399. The Ho values
ranged from 0.7463 (D10S1435) to 0.9179 (D205470) and

@ Xinjiang Mongolian
Xinjiang Uygur
Xinjiang Hui
Qinghai Tibetan
Northern Han
Chengdu Han
Guangdong Han
Hainan Li
Hainan Han
noe

He values from 0.7634 (D10S1435) to 0.8810 (D251338).
The heterozygosity of all the loci was greater than 0.7.
These results indicate that these loci have high discrimina-
tion power in Xinjiang Mongolian population (24,25). The
minimum value of PIC was 0.7252 (D10S1435), indicating
that all these loci were highly polymorphic. The PE values
ranged from 0.5034 (D10S1435) to 0.8321 (D20S470). The
CPE value was 0.9999999999566925, which met the Foren-
sic Science DNA Parentage Test Specification issued by the
Ministry of Public Security of the People’s Republic of China
in 2011 (GAT965-2011) that the CPE of the STR panel used
in the triad paternity test should not be less than 0.9999
(Table 1) (Figure 1).

Population genetic analysis

We assessed the differences between Xinjiang Mongolian
population and six reference populations in the allele fre-
quencies of these 22 loci by using the analysis of molec-
ular variance (Table 2). There were significant differences
at6,8,6,8,9, and 17 loci between Mongolian population
and Northern Han (Hebei, Henan, Shaanxi) (2), Guangdong
Han (3), Chengdu Han (4), Xinjiang Hui (6), Xinjiang Uygur
(7), and Hainan Li (5) populations, respectively. In addition,
we chose 16 loci as overlapping loci (except for D251338,
D95925, D125391, D16S539, D205470, and D2151270) to
compare the studied population with the Qinghai Tibet-
an (26) and Hainan Han (27) populations. Significant dif-

injiang Mongolian
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FIGURE 3. Phylogenetic tree (A) showing the relationships between Xinjiang Mongolian and eight other populations based on the
results of genetic distance analysis. Phylogenetic tree (B) showing the relationships between Xinjiang Mongolian and eight other

populations based on the allele frequencies of 16 overlapping loci.
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TABLE 2.The P values of the locus-by-locus comparisons based on the allele frequencies in Xinjiang Mongolian and other populations

Northern Guangdong Chengdu Xinjiang Xinjiang Hainan Hainan Qinghai

Loci Han Han Han Hui Uygur Li Han Tibetan
D151656 0.6686 0.0968 0.0772 0.8338 0.0029 <0.001 <0.001 04330
D251338 0.0186 0.0264 0.5024 0.0323 0.4565 0.1525 — —
D353045 01173 0.0362 0.0723 0.2092 0.0479 <0.001 0.0010 0.8397
D452366 0.0039 0.1232 0.0127 0.0029 0.1652 <0.001 0.0029 0.0010
D552500 0.5171 0.3118 0.8993 0.5699 0.0968 0.4780 0.1476 0.6256
Des477 0.0978 0.0968 0.1867 0.0254 0.0401 <0.001 0.0244 0.1613
D753048 0.0821 0.3324 0.0313 0.1496 0.0557 <0.001 <0.001 0.0039
D8s1132 <0.001 0.0303 0.0166 0.0039 0.3099 <0.001 <0.001 0.0010
D95925 0.0538 0.0147 0.4291 0.2141 0.0694 0.1417 — =
D1051435 0.4702 0.4555 0.5816 04330 0.1271 0.5562 0.9394 0.5533
D1152368 0.1916 0.0616 0.5748 0.0420 0.0372 0.0274 0.1369 0.1623
D12S391 0.2258 0.0127 0.1193 0.5142 0.0635 0.0098 — —
D135325 0.6061 0.5435 0.7380 0.6334 04311 0.0049 0.1281 0.4096
D145608 0.0284 0.0156 0.0068 0.0205 <0.001 0.0020 <0.001 0.1144
D155659 0.7185 0.0782 0.1183 0.6501 0.2483 <0.001 0.0156 0.2434
D165539 0.0362 0.1017 0.0117 0.0098 0.0010 <0.001 — —
D1751290 0.1271 0.0362 0.0313 0.3558 0.2708 <0.001 0.0010 0.1408
D185S535 0.7322 0.0411 0.8974 0.7175 0.0899 <0.001 <0.001 0.2718
D195253 0.0215 0.1720 0.3157 0.1584 0.3529 0.0606 0.0020 0.6843
D205470 0.0938 0.0547 0.3783 0.0156 0.0284 0.0039 = =
D2151270 0.1105 0.0880 0.3969 0.2297 0.0020 0.0108 — —
D22-GATA198B05 0.1173 0.2669 04282 0.2835 0.0274 <0.001 0.0469 0.1593

TABLE 3.The pairwise genetic distance values based on the allele frequencies of 16 loci in Xinjiang Mongolian and eight reference
populations

Xinjiang Xinjiang Northern Xinjiang Qinghai Chengdu Guangdong Hainan
Populations Mongolian Hui Han Uygur Tibetan Han Han Han
Xinjiang Hui 0.0113
Northern Han 0.0115 0.0035
Xinjiang Uygur 0.0141 0.0105 0.0134
Qinghai Tibetan 0.0163 0.0067 0.0073 0.0160
Chengdu Han 0.0175 0.0077 0.0067 0.0180 0.0107
Guangdong Han 0.0212 0.0116 0.0105 0.0208 0.0155 0.0121
Hainan Han 0.0217 0.0117 0.0096 0.0206 0.0160 0.0099 0.0108
Hainan Li 0.0379 0.0253 0.0242 0.0346 0.0305 0.0205 0.0214 0.0135

TABLE 4.The pairwise fixation index values based on allele frequencies of 16 loci in Xinjiang Mongolian and six reference populations

Xinjiang Xinjiang Northern Xinjiang Guangdong Hainan
Populations Mongolian Hui Han Uygur Han Han
Xinjiang Hui 0.0014
Northern Han 0.0015 0.0002
Xinjiang Uygur 0.0023 0.0031 0.004
Guangdong Han 0.0033 0.0025 0.0015 0.0046
Hainan Han 0.0059 0.0046 0.0036 0.0072 0.0008
Hainan Li 0.0138 0.012 0.0109 0.0133 0.0053 0.0033
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ferences were observed between Mongolian and Qinghai
Tibetan population at 12 loci, and between Mongolian and
Hainan Han population at 3 loci.

The structure analysis of seven populations (Xinjiang Mon-
golian, Northern Han, Guangdong Han, Chengdu Han,
Xinjiang Hui, Xinjiang Uygur, and Hainan Li) offered no
evidence that they had different component distribution.
Next, we used a series of bioinformatics methods to ana-
lyze the genetic relationships between the populations. D,
between the populations were calculated based on allele
frequencies of 16 overlapping loci. Fst values (a measure of
genetic differentiation) between any two of seven popula-
tions (except for Chengdu Han and Qinghai Tibetan) were
obtained to quantify the genetic relationships between
different groups. D, values ranged from 0.0035 to 0.0379
and Fst values from 0.0002 to 0.0138 (Table 3 and Table 4).
Xinjiang Mongolian population had the smallest genet-
ic distances from Xinjiang Hui (D,=0.0113, Fst=0.0014),
Northern Han (D,=0.0115, Fst=0.0015), and Xinjiang
Uygur (D,=0.0141, Fst=0.0023), and the greatest genetic
distance from Hainan Li (D,=0.0379, Fst=0.0138). Overall,

CM)

the relationships among these populations were relatively
close (Figure 2).

Based on D, values and allele frequencies we constructed
two phylogenetic trees (Figure 3). The populations were di-
vided into two sub-branches. Hainan Han and Hainan Li
formed the first sub-branch and other populations formed
the second one. In the second sub-branch, Xinjiang Mon-
golian and Xinjiang Uygur clustered together, followed by
Qinghai Tibetan and Xinjiang Hui, and then clustered with
the Han populations from different regions. PCA analy-
sis also showed the aggregation of populations. Xinjiang
Mongolian and Xinjiang Uygur gathered in the upper
right corner, while Xinjiang Hui, Qinghai Tibetan, Northern
Han, and Chengdu Han gathered in the lower right cor-
ner. In the lower left corner there were Guangdong Han
and Hainan Han, while Hainan Li was far away from other
populations (Figure 4). The results indicate that the genetic
distances between Xinjiang Mongolian and populations
in the northern regions of China (Northern Han, Xinjiang
Uygur, and Xinjiang Hui) were even smaller. On the other
hand, the distances from Hainan Li and Hainan Han popu-
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FIGURE 4. Principal component analysis based on the allele frequencies of 16 short tandem repeat loci of Xinjiang Mongolian and

eight other populations.
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lations were large. This is consistent with the previous re-
sults (28).

DISCUSSION

Xinjiang Mongolians had high polymorphism at these 22
STR loci, which confirmed that the combined application
of these loci was appropriate for individual identification
and paternity testing in this population. In conclusion, our
hypotheses were confirmed. Population genetic analysis
revealed the genetic relationships between Xinjiang Mon-
golian and other eight Chinese populations.

With the advancement of science and technology, several
new technologies and genetic markers, like next-generation
sequencing and single nucleotide polymorphisms, have be-
come widely used. However, due to the lack of databases for
new genetic markers, STR typing is still used in the forensic
practice. The Federal Bureau of Investigation laboratory in
1997 selected 13 autosomal STRs as core loci of Combined
DNA Index System (CODIS) (29), which was in 2017 expand-
ed to 20 STRs (30). Commercially most available STR kits are
based on these core loci (31-33). In recent years, these core
loci have been complemented by more and more new non-
CODIS loci to gain additional genetic information and fur-
ther improve the discriminatory power (8). Among the stud-
ied 22 loci, only four were CODIS loci (D151656, D251338,
D125391, and D165539) (30), which increased DNA marker
coverage in forensic application. Among other 18 loci, as far
as we know, D95925, D20S470, and D2151270 are new loci
adopted only by this system, which are not included in oth-
er commercial kits (8). In fact, newly-adopted STRs should be
cautiously used. To verify whether new STRs are suitable for
forensic application, it is necessary to perform their detailed
genomic characterization and conduct a number of pop-
ulation surveys (8). Detailed studies of the gene sequence
information of these 22 loci, especially the newly adopted
non-CODIS STRs, as well as the validation studies on the sen-
sitivity, accuracy, and species specificity of this new panel
have been performed (1,8). Polymorphisms of these loci in
Han, Li, Hui,and Uygur populations in some regions of China
have also been reported (2-7). On the basis of these stud-
ies, we analyzed the genetic polymorphism of these loci in
Mongolian population in Xinjiang.

The sample size in this study (n=134) was based on pre-
vious studies (34,35). Given that the HWE tests were the
basis of the population genetics study, the post hoc power
analysis of HWE tests was performed by R version 3.6.0
(36) (Supplementary Table 2). The results showed that
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17 out of 22 loci had power greater than 0.8. Although post
hoc power analysis has some limitations in sample size
evaluation (37), it indicated that in future studies we may
need to increase the sample size to obtain more genetic
polymorphism information about the other five loci (espe-
cially D3S3045 and D95925 with power less than 0.5).

Our study confirmed the forensic applicability of these 22
loci in Xinjlang Mongolian population. However, due to
the small number of population data on this new system
(currently only eight populations have available data), the
genetic relationships have to be interpreted in light of cer-
tain limitations. In order to further conduct population re-
search and explain the origin of Mongolians, the genetic
characteristics of these 22 loci should be evaluated in oth-
er populations and genetic characteristics of Mongolians
at other loci should be assessed.
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