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Abstract: To study the genetic polymorphism of nine short tandem repeats (STRs) loci (DXS7130, DXS7132, DXS6804,
DXS7423, DXS7424, DXS6789, DXS6799, DXS8378, and HPRTB) on X chromosome in Chinese Yugur ethnic group. The
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allele and genotype frequency of nine X-STR loci among 120 unrelated individuals (55 female, 65 male) from Yugur ethnic
group were analyzed using PCR and followed by polyacrylamide gel electrophoresis and silver staining. The numbers of
alleles in the nine X-STR loci were 8, 6, 6, 5, 6, 7, 6, 4, and 6, respectively; the numbers of genotypes in the nine loci were
16, 14, 13, 6, 13, 20, 11, 6, and 12, respectively. The genotype frequencies in females were in accordance with
Hardy-Weinberg equilibrium (P>0.05). The nine X-STR loci were relatively abundant in polymorphic information for indi-
vidual identification, paternity testing and population genetics. A total of 15 haplotypes were detected in DXS7/30 and
DXS8378 loci, and 55 haplotypes were detected in DXS6789, DXS6799, DXS7424, and DXS6804 loci. The haplotype diver-
sity reached 0.8212 and 0.9947, respectively. Phylogeny tree and cluster analysis based on X-STR allele frequencies in
genesis showed that Yugur ethnic group share a close relationship with Mongolian ethnic group and Chinese Han, Tibetan

population and far from Hui and Uygur ethnic group, who dwell in the northwest of China.

Keywords: X-chromosome; short tandem repeats; haplotype; genetic polymorphism; cluster analysis; Chinese Yugur
ethnic group
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Table 1 Primer sequences and PCR conditions of 9 X-STR loci

Loci Primer’s sequence(5 %3 T PCR conditions
DXS7130 Forward: CTGCAAGCCATTTGGAATAT 94 45s 57 45s 72 60s
Reverse: TCCTAGGACTGGGAAAGGAC 30 cycles
y
DXS7132 Forward: AGCCCATTTTCATAATAAATCC 94 45s 56 45s 72  60s
Reverse: AATCAGTGCTTTCTGTACTATTGG 32¢ycles
DXS6804 Forward: CCCAGATATTTTGACCACCA 94 45s 62 45s 72  60s
Reverse: GGCATGTGGTTGCTATAACC 30 cycles
y
DXS8378 Forward: CACAGGAGGTTTGACCTGTT 94 30s 61 45s 72  60s
Reverse: AACTGAGATGGTGCCACTGA 30 eveles
y
DXS7424 Forward: CTGCTTGAGTCCAGGAATTCAA 94 45s 57 45s 72 60s
Reverse: GAACACGCACATTTGAGAACATA 30 cycles
DXS7423 Forward: TAGCTTAGCGCCTGGCACATA 94 45s 56 45s 72 60s
Reverse: GTCTTCCTGTCATCTCCCAAC 32 cycles
y
DXS6789 Forward: TTGGTACTTAATAAACCCTCTTTT 94 45s 58 45s 72 60s
Reverse: CTAGAGGGACAGAACCAATAGG 30 eveles
y
DXS6799 Forward: ATGAATTCAGAATTATCCTCATACC 94 45s 62 45s 72  60s
Reverse: GAACCAACCTGCTTTTCTGA 30 cycles
y
HPRTB Forward: ATGCCACAGATAATACACATCCCC 94 30s 61 45s 72  60s
Reverse: CTCTCCAGAATAGTTAGATGTAGG 30 cycles
power of female, PD"), (Discrimina- 3009 ,
tion power of male, PDY), (Polymorphism Hardy-Weinberg (P>0.05)
information content, PIC), (Probability 2.3
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Table 2 Allele frequencies of nine X-STR in Gansu Yugur ethnic group
DXS7130 DXS7132 DXS6804 DXS8378 DXS6799
Allele
Female Male Female Male Female Male Female Male Female Male
8 - - - - 0.0273 0.0462 0.0091 - 0.0091 -
9 - — — - - - - - 0.0273 0.0615
10 - - - - - - 0.5727 0.6154 0.0909 0.0923
11 0.2455 0.1385 - - 0.2364 0.2000 0.3000 0.2000 0.6000 0.6615
12 0.2000 0.1385 0.0364 0.0923 0.3273 0.2000 0.1182 0.1846 0.1818 0.1538
13 0.0273 0.0154 0.2182 0.2615 0.3455 0.3692 — — 0.0909 0.0308
13.3 0.0091 - - - - - — — - —
14 - - 0.2909 0.4462 0.0364 0.1692 - - - -
14.3 0.0545 0.0769 - - - - - — — _
15 - - 0.3727 0.1385 0.0273 0.0154 - - - -
15.3 0.4091 0.5846 - - - - - - - -
16 - - 0.0636 0.0462 - - - — - —
16.3 0.0364 0.0308 - - - - - — - —
17 - - 0.0182 0.0154 - - - - - -
17.3 0.0182 0.0154 - - - - - - - -
DXS7423 DXS7424 DXS6789 HPRTB
Allele
Female Male Female Male Female Male Female Male
12 - - - - - - 0.1182 0.1077
13 0.0091 - - - - - 0.2455 0.3385
14 0.2636 0.2923 0.0818 0.0615 - - 0.4091 0.3231
15 0.6909 0.6462 0.0909 0.0923 - - 0.1909 0.2308
16 0.0273 0.0615 0.3455 0.3385 - - 0.0273 -
17 0.0091 - 0.4091 0.3231 - - 0.0091 -
18 - - 0.0727 0.1692 0.1545 0.0462 - -
19 - - - 0.0154 0.1636 0.2308 - -
20 - - - - 0.0455 0.0308 - -
21 - - - - 0.0273 0.1077 - -
22 - - - - 0.2455 0.2769 - -
23 - - - - 0.2545 0.2000 - -
24 - - - - 0.1091 0.1077 - -
2.6 (Daur) 149 Nei
6  X-STR (DXS7423, DXS8378, ; 8,
DXS7132, DXS6789, DXS6799  DXS6804),
(Yugur) (Xi’an Han) (Hui)
(Tibetan) (Uygur) Nei
(Mongolian) (Ewenki) (Orogen) 1 2
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Table 3 Genotypes of nine X-STR loci in female Yugur group

DXS7130 DXS7132 DXS6804 DXS7424 DXS6789
Genotype No. Genotype No. Genotype No. Genotype No. Genotype No.
11-11 4 12-14 3 8-8 1 14-14 1 18-18 3
11-12 5 12-15 1 8-13 1 14-16 1 18-19 3
11-13 1 13-13 5 11-11 4 14-17 5 18-20 1
11-15.3 11 13-14 5 11-12 11 14-18 1 18-21 1
11-16.3 1 13-15 8 11-13 6 15-15 1 18-22 2
11-17.3 1 13-16 1 11-15 1 15-16 4 18-23 3
12-12 3 14-14 6 12-12 7 15-17 4 18-24 1
12-13 1 14-15 10 12-13 10 16-16 8 19-19 2
12-15.3 10 14-16 1 12-14 1 16-17 15 19-20 2
13.3-15.3 1 14-17 1 13-13 9 16-18 2 19-21 1
13-14.3 1 15-15 10 13-14 2 17-17 9 19-22 5
14.3-15.3 5 15-16 1 13-15 1 17-18 3 19-23 3
15.3-15.3 8 15-17 1 14-15 1 18-18 1 20-20 1
15.3-16.3 1 16-16 2 21-22 1
15.3-17.3 1 22-22 2
16.3-16.3 1 22-23 1

22-24 5

23-23 5

23-24 2

24-24 2

16 55 14 55 13 55 13 55 20 5

Total
P=0.3432 P=0.0919 P=0.0694 P=0.4145 P=0.0642
DXS7423 DXS8378 DXS6799 HPRTB

Genotype No. Genotype No. Genotype No. Genotype No.
13-14 1 8-11 1 8-11 1 12-12 1
14-14 6 10-10 17 9-11 2 12-14 8
14-15 16 11-11 21 9-12 1 12-15 3
15-15 28 10-12 8 10-11 8 13-13 4
15-16 3 11-11 3 10-13 2 13-14 14
15-17 1 11-12 5 11-11 20 13-15 4
11-12 10 13-17 1
11-13 5 14-14 8
12-12 4 14-15 6
12-13 1 14-16 1
13-13 1 15-15 3
15-16 2

6 55 6 55 11 55 12 55
Total

P=0.2417 P=0.5774 P=0.4378 P=0.1624

x4 HRWEREE 9 X-STR EF ERKIRE L B4R
Table 4 Polymorphic parameters of nine X-STR loci in Gansu Yugur ethnic group

Loci H PIC PD" PD" PE (trios) PE (diad)
DXS7130 0.7269 0.6856 0.8841 0.6125 0.6559 0.5120
DXS7132 0.7232 0.6753 0.8755 0.7025 0.6895 0.5492
DXS6804 0.7148 0.6623 0.8662 0.7527 0.6928 0.5529
DXS7423 0.4523 0.3849 0.6326 0.4932 0.3983 0.2642
DXS7424 0.6930 0.6412 0.8539 0.7399 0.6673 0.5254
DXS6789 0.8096 0.7826 0.9368 0.8038 0.7880 0.6670
DXS6799 0.5896 0.5520 0.7940 0.5255 0.5328 0.3838
DXS8378 0.5680 0.4972 0.7426 0.5472 0.4992 0.3531
HPRTB 0.7211 0.6765 0.8776 0.7162 0.6756 0.5330
Combined 0.999879 >0.999999 0.999955 0.999894 0.997871
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Table 5 Haplotype frequencies of the loci DXS7130 and DXS8378 in males of Yugur ethnic group (n=65)

No. Haplotype Frequency No. Haplotype Frequency
1 11/10 0.0769 9 14.3/11 0.0154

2 11/11 0.0308 10 15.3/10 0.3846

3 11/12 0.0308 11 15.3/11 0.1231

4 12/10 0.0923 12 15.3/12 0.0769

5 12/11 0.0154 13 16.3/11 0.0154

6 12/12 0.0308 14 16.3/12 0.0154

7 13/12 0.0154 15 17.3/12 0.0154

8 14.3/10 0.0615

HD: =0.8212

HD: Haplotype diversity=0.8212.

R 6 WHMEKEREM DXS6789. DXS6799, DXS7424 71 DXS6804 2 4 /™ E [F FE B8 (R BY 35 3R (n=65)
Table 6 Haplotype frequencies of the loci DXS6789, DXS6799, DXS7424, and DXS6804 in males of Yugur ethnic group (n=65)

No. Haplotype Frequency No. Haplotype Frequency
1 18/11/15/13 0.0154 29 22/11/15/13 0.0154
2 18/11/17/12 0.0154 30 22/11/16/12 0.0308
3 18/12/14/14 0.0154 31 22/11/16/13 0.0308
4 19/10/17/11 0.0154 32 22/11/16/14 0.0154
5 19/10/17/14 0.0154 33 22/11/17/11 0.0154
6 19/11/15/8 0.0154 34 22/11/17/13 0.0154
7 19/11/16/11 0.0154 35 22/11/19/13 0.0154
8 19/11/16/12 0.0308 36 22/12/16/12 0.0154
9 19/11/16/14 0.0154 37 22/12/16/13 0.0308
10 19/11/17/11 0.0154 38 22/12/18/13 0.0154
11 19/11/17/13 0.0154 39 22/9/14/11 0.0154
12 19/11/18/11 0.0154 40 22/9/17/11 0.0154
13 19/11/18/12 0.0154 41 23/10/16/11 0.0154
14 19/11/18/13 0.0154 42 23/11/15/12 0.0154
15 19/12/14/14 0.0154 43 23/11/16/11 0.0154
16 19/12/16/13 0.0154 44 23/11/16/14 0.0462
17 19/13/17/13 0.0154 45 23/11/17/11 0.0154
18 20/11/17/13 0.0154 46 23/11/17/12 0.0154
19 20/11/18/13 0.0154 47 23/11/18/12 0.0154
20 21/10/18/12 0.0154 48 23/12/15/14 0.0154
21 21/11/15/13 0.0154 49 23/12/16/12 0.0154
22 21/11/16/13 0.0308 50 23/9/17/11 0.0154
23 21/11/17/15 0.0154 51 23/9/17/13 0.0154
24 21/12/16/13 0.0154 52 24/11/17/13 0.0154
25 21/13/17/8 0.0154 53 24/11/17/14 0.0308
26 22/10/17/12 0.0154 54 24/11/18/11 0.0308
27 22/10/17/13 0.0154 55 24/11/18/13 0.0308
28 22/11/14/8 0.0154

HD: =0.9947

HD: Haplotype diversity=0.9947.
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Table 7 The comparison of X-STR heredity with Yugur and other groups

Loci Xi’an Han Mongol Tibetan Lhoba Ewenki Achang
DXS7130 - - 0.103 - - 0
DXS7132 0.336 0.555 0.198 0 0.081 0.228
DXS6804 0.016 0.001 0.085 0.153 0 0
DXS7423 0.515 0.039 0.11 0 0.446 -
DXS7424 0.76 0 0.073 0.058 0 -
DXS6789 0 0 0 0 0 -
DXS6799 0.085 0.047 0.061 0.118 0.01 -
DXS8378 0.682 0.289 0.546 - 0.017 0.282
HPRTB 0 0 — 0 0.002 —

“ X-STR , P<0.05
“~” means there is no X-STR population data at present, P<0.05.
x8 9NEHARYIRIEREE
Table 8 The genetic distance of 9 populations based on 6 X-STR loci
Population Yugur Xi'an han Hui Tibetan Uygur Mongol Ewenki Orogen
Xi’an han 0.0531
Hui 0.2266 0.1027
Tibetan 0.0746 0.0246 0.1357
Uygur 0.2283 0.1349 0.0424 0.1578
Mongol 0.0450 0.0107 0.1387 0.0217 0.1639
Ewenki 0.0988 0.0242 0.0957 0.0588 0.1091 0.0413
Orogen 0.1201 0.0677 0.1663 0.0963 0.2189 0.0716 0.0622
Daur 0.2033 0.1557 0.2788 0.1776 0.3285 0.1549 0.1564 0.0417
P2 X1 an Han
?ﬂ?ﬁ'ﬁMongohun
L VYR Tibetan
SR TR Ewenki
M 5 Y ugur
 — FRIEFHF % Orogen
— L AMYRI%Daur
———— FHEEH
L A E/RIEUygur
0.08 0.06 0.04 0.02 0.00
1 9NMBRBRFH LR
Fig. 1 Phylogeny tree of 9 populations
CA S E 0 5 10 15 20 25
Label Num +--------- Fommmmmmom Fommmmmm - Fommmm o Hommmmmmm +
2 PHZGXi an Han
6 5 i1 Mongolian
4 VYR Tibetan
7 SR TR Ewenki
1 % Yugur
8 ZR{EF i Orogen
3 PR A% Hui
5 BB R Uy gur
9 KR Daur

2 9NBHERHBRES L

Fig.2 Clustering results of 9 populations
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