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Abstract: [ Objective] To investigate the genetic polymorphism, linkage disequilibrium and mutation rate of 31 X-
STR loci in the Northern Han Chinese.[ Methods] A total of 209 family samples of healthy volunteers in the Northern Han
Chinese were selected. All samples were detected by AGCU X19 and Microreader™ 19X fluorescence detection kits and
the mutation rate of loci was counted. The mothers (n=207) and the fathers (n=207) in the families were selected, respec-
tively, to form the group of unrelated male and female individuals for genetic polymorphism studies and linkage disequilib-
rium test. [ Resulis] A total of 344 alleles were detected with gene frequencies ranging from 0.001 6 to 0.810 0. The locus

with the most abundant polymorphism information content (PIC) was DXS10135 (PIC=0.912 4). Discrimination power
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(DP) was 0.330 5-0.918 1 and 0.534 0-0.987 6 in male and female groups respectively. The cumulative discrimination

power was 1-4.566 4x10™"”and 1-1.578 4x10™' in male and female groups respectively. Mean exclusion chance (MEC)
was 0.312 7-0.912 4 and 0.193 5-0.844 6 in trios and duos. The cumulative mean exclusion chance was 1-2.281 9x107"
and 1-2.509 0x10™" in trios and duos respectively. After analysis, one pair of loci (DXS10103-DXS10101) had obvious

linkage disequilibrium. Mutations at 19 X—STR loci were observed in 414 meiotic divisions, with an average mutation rate

of 0.002 3. DXS10135 had the highest mutation rate of 0.012 1.[ Conclusion] The obtained 31 X-STR genetic data provid-

ed basic data for forensic identification. DXS10103-DXS10101 shows linkage disequilibrium, so haplotype frequency

could be counted in application. Care should be taken when using loci with high mutation, and don’t rule out some kind of

kinship only because individual loci do not conform to the laws of inheritance.

Key words: X chromosome; short tandem repeats; Northern Han; genetic polymorphisms; mutation
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Table 1 Denovo mutations at the X—STR loci

Mutations
Mutations
Unknown with
Number of Paternal  Maternal with reduced mutation
Locus mutation increased Binominal 95% CI
mutations mutation mutation number of rates
direction number of
steps
steps
DXS7132 2 2 2 0.0048 (6.00x107™*, 1.73x107)
DXS10164 1 1 1 0.0024 (1.00x107*, 1.34x107)
HPRTB 3 3 1 1 0.0072 (1.50%x107°, 2.10x107?)
DXS10159 2 2 2 0.004 8 (6.00x10™, 1.73%107)
DXS9907 1 1 1 0.0024 (1.00x10™, 1.34x107)
DXS981 2 1 1 1 1 0.004 8 (6.00x10™, 1.73x107)
DXS10162 2 2 2 0.004 8 (6.00x10™, 1.73x107)
DXS10079 1 1 1 0.0024 (1.00x107™*, 1.34x107?)
DXS7424 1 1 1 0.0024 (1.00x10™, 1.34%x107?)
DXS6789 1 1 1 0.0024 (1.00x10™, 1.34%x107?)
DXS10075 1 1 0.0024 (1.00x10™, 1.34x107)
GATA172D05 1 1 1 0.0024 (1.00x10™, 1.34x107)
DXS10135 5 5 2 3 0.0121 (3.90x107, 2.80x107)
DXS9902 1 1 1 0.0024 (1.00x107™, 1.34x107)
DXS6810 1 1 1 0.0024 (1.00x107*, 1.34x107)
DXS10101 1 1 1 0.0024 (1.00x10™, 1.34x107
DXS10148 1 1 1 0.0024 (1.00x10™, 1.34%x107)
DXS10103 1 1 1 0.0024 (1.00x10™, 1.34x107)
GATA165B12 1 1 1 0.0024 (1.00x10™, 1.34x107)

mutation rate = number of mutation cases/number of meiosis (M), M=414.



514 HlR AR 2 (R A2 ) 5 43%

22 31N X-STREEEMEESZSME

207 Bl L PEREAS ) 31 4> X=STR & [A] i J [A] 784
g3 A PAE YK T 0.05, 475 & Hardy—Weinberg -
5, 4145 JC KA 314> X=STR HE A s HAG )
T 344 R B AT L o X B BRSO g
PR3 A AR EA T M 25 5o T Je 1 PAE TR T
0.05, £ W] 311> X-STR S IR MY &

P BEAR R AR B 3 22 5, IR o MRS &
Hardy—Weinberg *V-fiif , MO 201 B PEREA G IF1F
AR R Y S LR, K280 T A
LB S A v~ 3PS Pk S Y v 9GS B IR 8
7£0.001 6-0.810 0 Z [H] , H:H DXS6800 (14 554 J [H]
16 4515 1 , 24 0.810 0.

R2 314 X-STRE R EETE F E L 75 R B P Y S B E SR

Table 2 Allele frequencies of 31 X—STR loci in Northern Han of Chinese (n=414)
Loci Loci Loci Loci

DXS101 DXS981 DXS6789 DXS6795

A F A F A F A F

18 0.001 6 10 0.001 6 14 0.003 2 9 0.0515
19 0.003 2 11 0.001 6 15 0.148 1 10 0.159 4
21 0.008 1 12 0.030 6 16 0.256 0 11 0.278 6
22 0.037 0 12.3 0.074 1 17 0.046 7 12 0.0419
23 0.1159 13 0.138 5 18 0.004 8 13 04332
24 0.301 1 133 0.177 1 19 0.030 6 14 0.030 6
25 0.2126 14 0.309 2 20 0.236 7 15 0.004 8
26 0.198 1 14.2 0.001 6 21 0.1852 DXS6809

27 0.083 7 14.3 0.067 6 22 0.074 1 A F
28 0.0193 15 0.140 1 23 0.0113 29 0.009 7
29 0.008 1 15.3 0.017 7 24 0.001 6 30 0.017 7
30 0.006 4 16 0.0370 25 0.001 6 31 0.159 4
31 0.003 2 17 0.003 2 DXS6807 32 0.190 0
32 0.001 6 DXS6803 A F 33 0.286 6
DXS6800 A F 10.3 0.003 2 34 0.2029
A F 10 0.003 2 11 0.394 5 35 0.090 2
14 0.001 6 10.3 0.001 6 12 0.016 1 36 0.033 8
15 0.001 6 11 0.1385 13 0.0322 37 0.006 4
16 0.8100 11.3 0.1337 133 0.004 8 38 0.003 2
18 0.0113 12 0.106 3 14 0.336 6 DXS7423

19 0.101 4 12.3 0.473 4 14.3 0.001 6 A F
20 0.001 6 13 0.027 4 15 0.183 6 13 0.003 2
21 0.0193 13.3 0.107 9 15.3 0.001 6 14 0.277 0
22 0.0515 14.3 0.008 1 16 0.025 8 15 0.655 4
23 0.001 6 DXS7132 DXS7133 16 0.061 2
DXS6810 A F A F 17 0.003 2
A F 11 0.0113 6 0.008 1 DXS9907

15 0.001 6 12 0.082 1 8 0.004 8 A F

16 0.0113 13 0.2222 9 0.750 4 9 0.006 4
17 0.157 8 14 0.349 4 10 0.190 0 10 0.001 6
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18 0.5459 15 0.256 0 11 0.043 5 11 0.038 6
19 0.273 8 16 0.061 2 12 0.003 2 12 0.396 1
20 0.009 7 17 0.014 5 DXS9902 13 0.471 8
DXS7424 18 0.003 2 A F 14 0.074 1
A F DXS8378 7 0.003 2 15 0.0113
11 0.004 8 A F 9 0.020 9 DXS10101
12 0.003 2 9 0.025 8 9.3 0.001 6 A F
13 0.058 0 10 0.5459 10 0.447 7 26 0.004 8
14 0.143 3 11 0.2850 11 0.339 8 26.2 0.001 6
15 0.320 5 12 0.1337 12 0.177 1 27 0.008 1
16 0.3543 13 0.009 7 12.1 0.001 6 27.2 0.001 6
17 0.103 1 DXS10075 13 0.008 1 27.3 0.001 6
18 0.0129 A F DXS10079 28 0.0177
DXS10074 13 0.001 6 A F 28.2 0.029 0
A F 14 0.001 6 15 0.006 4 29 0.038 6
7 0.001 6 15 0.009 7 16 0.0129 29.2 0.041 9
12 0.001 6 16 0.220 6 17 0.054 8 30 0.090 2
13 0.003 2 16.2 0.020 9 18 0.093 4 30.2 0.069 2
14 0.019 3 17 0.4138 18.2 0.001 6 31 0.2142
15 0.058 0 17.2 0.0419 19 0.228 7 31.1 0.001 6
16 0.188 4 18 0.2351 20 0.2899 31.2 0.091 8
17 0.3398 18.2 0.006 4 21 0.190 0 32 0.148 1
18 0.256 0 19 0.040 3 21.2 0.001 6 32.2 0.064 4
18.2 0.001 6 20 0.008 1 22 0.078 9 323 0.001 6
18.3 0.003 2 DXS10134 23 0.033 8 33 0.096 6
19 0.103 1 A F 24 0.004 8 332 0.038 6
20 0.022 5 25 0.001 6 25 0.001 6 34 0.033 8
21 0.001 6 27.3 0.001 6 26 0.001 6 342 0.001 6
DXS10103 30 0.003 2 DXS10135 35 0.003 2
A F 30.2 0.001 6 A F DXS10148
14 0.001 6 31 0.003 2 15 0.003 2 A F
15 0.014 5 32 0.030 6 16 0.001 6 18 0.120 8
16 0.307 6 33 0.030 6 17 0.009 7 19 0.030 6
17 0.1417 33.2 0.001 6 18 0.0419 20 0.024 2
18 0.186 8 34 0.083 7 19 0.096 6 20.1 0.003 2
18.2 0.001 6 35 0.198 1 20 0.104 7 21 0.004 8
19 0.264 1 352 0.001 6 21 0.148 1 21.1 0.008 1
20 0.070 9 353 0.008 1 22 0.1127 22.1 0.066 0
21 0.009 7 36 0.188 4 23 0.083 7 23 0.001 6
22 0.001 6 36.3 0.001 6 24 0.0757 23.1 0.067 6
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DXS10159 37 0.191 6 25 0.054 8 24.1 0.101 4
A F 37.3 0.0419 26 0.0515 242 0.001 6
21 0.003 2 38 0.1192 26.1 0.001 6 25.1 0.127 2
22 0.0113 38.3 0.009 7 27 0.048 3 26 0.003 2
23 0.0515 39 0.040 3 28 0.040 3 26.1 0.146 5
24 0.301 1 39.3 0.003 2 29 0.029 0 27.1 0.112 7
25 0.254 4 40 0.006 4 29.2 0.001 6 27.2 0.004 8
26 0.202 9 40.3 0.003 2 30 0.033 8 28.1 0.072 5
27 0.117 6 41 0.001 6 31 0.014 5 28.2 0.003 2
28 0.046 7 413 0.004 8 32 0.017 7 29.1 0.064 4
29 0.009 7 433 0.004 8 322 0.001 6 29.2 0.001 6
30 0.001 6 DXS10162 33 0.0129 30.1 0.0209
GATA172D05 A F 34 0.004 8 30.2 0.001 6
A F 13 0.003 2 35 0.001 6 31.1 0.008 1
5 0.003 2 15 0.008 1 36 0.003 2 322 0.001 6
6 0.041 9 16 0.0419 38 0.004 8 33.1 0.001 6
7 0.006 4 17 0.191 6 DXS10164 GATA165B12
8 0.1353 17.2 0.006 4 A F A F
9 0.1127 18 0.304 3 8 0.037 0 9 0.2335
10 0.418 7 18.2 0.001 6 9 0.017 7 10 0.563 6
11 0.233 5 18.3 0.001 6 10 0.565 2 11 0.1852
12 0.048 3 19 0.278 6 11 0.235 1 12 0.016 1
GATA31E08 20 0.1159 12 0.101 4 13 0.001 6
A F 21 0.0370 13 0.022 5 HPRTB
5 0.001 6 22 0.008 1 14 0.0129 A F
6 0.001 6 23 0.001 6 15 0.008 1 10 0.001 6
7 0.070 9 11 0.049 9
8 0.022 5 12 0.3205
9 0.175 5 13 0.394 5
10 0.238 3 14 0.183 6
11 0.376 8 15 0.045 1
12 0.101 4 16 0.004 8
13 0.008 1
14 0.003 2

A = allele, F= frequency.

R I E DU 314~ X=STRIEA A7k a2
ZROLFE3, 314 X-STR KK 1Y PIC 7 0.312 7-
0.91242J8),DP,7£0.330 5-0.918 1 Z[a],DP,{£0.534
0-0.987 6 Z [] ,MEC_Desmarais £ 0.312 7-0.912 4,
MEC_Desmarais_duo ££ 0.193 5-0.844 6 Z [A] . R

ChrX—=STR.org 2.0 %)% (http: //www.chrx—str.org/) /1
A, 31 X-STR AL PERE IR R AU
N 1-1.578 4x107" B AEREA R ABOIBER A 1-
4.566 4x10™°. R T HSCALHEBRAE R, =K 1A

A 1-2.2819x107"7, “HRA A 1-2.509 0x107",
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Table 3 Forensic parameters of 31 X—STR loci in Northern Han of Chinese

s NoAL N H. GD PIC DP, pp,  NHECDes MEC Des-
el d TG R
DXS8378 5 06232 05953 06031 05396 06021 07791 05395 03925
DXS7423 5 04783 04959 04907 04202 04900 0.6701 04202 02829
DXS10148 25 09034 09055 09057 0.8964 09043 09830 08964 08193
DXS10159 10 07874 07808 07858 07524 07845 09215 07524 06231
DXS10134 25 08454 08683 08625 08462 08611 09658 08462 07462
DXS7424 8 07536 07393 07382 06947 07370 08885  0.6947 05557
DXS10164 8 05804 06029 06136 05677 06126 08050 05677 04198
DXS10162 13 07971 07816 07776 07424 07763 09161 07424 06112
DXS7132 8 07633 07567 07534 07125 07522 08989 07125 05755
DXS10079 14 08406 08102 08095 07827 08082 09377 07827  0.661 1
DXS6789 12 08068 08108 08147 07877 08134 09395 07877  0.6670
DXS101 14 08116 08097 08038 07756 08025 09340 07756  0.6519
DXS10103 10 07681 07707 07766 07403 07753 09145 07403  0.6079
DXS10101 22 08696 08919 08916 0.8810 08902 09788 08810  0.7968
HPRTB 7 07198 07013 07045 06513 07034 08600  0.6513 05075
DXS6809 10 08068 08058 0.8067 07781 08054 09348 07781 0.654 5
DXS10075 11 07198 07167 07220 06776 07208 08789 06776 05364
DXS10074 13 08213 07639 07698 07341 07686 09119 07341 0.601 2
DXS10135 26 09130 09220 09196 09124 09181 09876 09124 08446
DXS6795 7 07053 07040 07051 06582 07039 08666  0.6582 05151
DXS6803 9 07246 07153 07162 06850 07151 08888 06850 05437
DXS6807 10 07198 07047 06965 06407 06954 08529 06407 04965
DXS9907 7 06425 06288 06143 05381 06134 07752  0.538 1 0.394 3
GATA172D05 8 07246 07453 07362 06990 07350 08938  0.6990 05603
DX$9902 8 06232 06509 06533 05857 06522 08126 05858 04390
DXS7133 6 04396 04202 03995 03558 03988 05955 03558 02271
DXS6810 6 05652 05969 06029 05385 06019 07781 05384 03909
GATA31E08 10 08213 07614 07557 07187 07545 09040 07187 05829
DXS6800 9 03333 03352 03310 03127 03305 05340 03127  0.1935
DXS981 13 07923 08261 08228 08006 08215 09472 08006  0.6844
GATA165B12 5 05797 05806 05942 05329 05933 07742 05329 03847
2.3 BN X-STREEEREH N FEEHEIHER e DAL JAE o, — e 30 X6 35 PRI 8 3 B AN T A A 56 P<

TE 31 4~ X=STR £ [A] 8 Bic %) 20 1% 1 465 A~ Bie %o 0.05, UL 3 4. % Bonferroni £ 1F (0.05/465=0.000
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Table 4 Locus pairs with P value less than 0.05 in linkage disequilibrium test

Pairs of loci P Pairs of loci P

DXS8378-DXS9907 0.003 2 DXS7132-DXS6809 0.022 1
DXS8378-GATA165B12 0.002 2 DXS7132-DXS6803 0.046 4
DXS7423-DXS10162 0.003 4 DXS7132-GATA172D05 0.008 5
DXS7423-DXS10103 0.040 8 DXS101-HPRTB 0.009 3
DXS7423-DXS981 0.035 1 DXS101-DXS6800 0.004 6
DXS10148-DXS9907 0.0359 DXS10103-DXS10101 0.000 0
DXS10148-GATA172D05 0.006 8 DXS10103-HPRTB 0.018 0
DXS10159-GATA172D05 0.002 7 HPRTB-GATA172D05 0.0410
DXS7424-DXS7132 0.049 2 DXS10075-DXS10074 0.043 8
DXS7424-DXS7133 0.031 8 DXS10074-DXS10135 0.042 1
DXS7424-DXS981 0.046 9 DXS10135-DXS6795 0.0450
DXS10164-DXS101 0.035 1 DXS10135-DXS7133 0.039 0
DXS7132-DXS10103 0.002 7 DXS6807-DXS6810 0.038 2
DXS7132-DXS10101 0.043 2 DXS6807-DXS981 0.027 8
DXS9907-DXS6800 0.048 2 DXS9902-GATA165B12 0.008 3

The black bold is after Bonferroni correction, P<0.05/465=0.000 107 526 9.

107 526 9) , 5 A& 1 X % W B (DXS10103-
DXS10101) H A7 4t i1 2% & S, 47 76 3% 8R4 .
DXS10103-DXS10101 FA% AR IA 60 Fir , FLA5% A4
A 0.004 8-0.087 0 Z 8] (% 5), Horp s ff AL 16—
31 AR dz e, o 0.087 0.
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Table 5 Haplotype frequency of DXS10103-DXS10101

Haplotype Number frequency Haplotype Number frequency
15-31 1 0.004 8 19-28 2 0.009 7
15-32 1 0.004 8 19-28.2 4 0.0193
16-29 3 0.014 5 19-29 3 0.014 5
16-30 7 0.033 8 19-29.2 5 0.024 2
16-30.2 1 0.004 8 19-30 3 0.014 5
16-31 18 0.087 0 19-30.2 6 0.0290
16-32 15 0.072 5 19-31 8 0.038 6
16-33 10 0.048 3 19-31.2 12 0.058 0
16-34 4 0.0193 19-32 3 0.014 5
17-28.2 3 0.014 5 19-32.2 6 0.029 0
17-29.2 1 0.004 8 19-33 1 0.004 8
17-30 8 0.038 6 19-33.2 2 0.009 7
17-30.2 1 0.004 8 20-27 1 0.004 8
17-31 9 0.043 5 20-28 1 0.004 8
17-32 4 0.0193 20-28.2 1 0.004 8
17-32.2 1 0.004 8 20-29 1 0.004 8
17-32.3 1 0.004 8 20-29.2 1 0.004 8
17-33 5 0.024 2 20-30 1 0.004 8
17-34 1 0.004 8 20-30.2 1 0.004 8
18-28.2 3 0.014 5 20-31 2 0.009 7
18-29.2 2 0.009 7 20-31.2 1 0.004 8
18-30 3 0.014 5 20-32 2 0.009 7
18-30.2 3 0.014 5 20-32.2 1 0.004 8
18-31 4 0.0193 20-33 1 0.004 8
18-31.1 1 0.004 8 20-33.2 1 0.004 8
18-31.2 3 0.014 5 20-34 2 0.009 7
18-32 6 0.029 0 20-34.2 1 0.004 8
18-32.2 7 0.033 8 21-30.2 1 0.004 8
18-33 3 0.014 5 21-31 2 0.009 7
18-33.2 1 0.004 8 22-29 1 0.004 8

PR BT FCHERHE 22 1-2.281 9x1077, ZBEAK 2R -1

FE 31~ X-STR PR EE 28 A~ 5[] Jis e B
TR Z AN BN PIC>0.5, Z S TER 24 1k
Ji £ DXS7423 . DXS7133, DXS6800, 31 > X-
STR Y 2 PEREIR BRI AR FIHE R A 1-1.578 4x
107, 55 PERE R BB AR B HE R K 1-4.566 4x
107, A LIAE A 5 etk STR A 1 4b 78 3k 16 12 A~
JARMAY TR . 314 X=-STR =BE{A& Z2FRAYE 442

ACKUHE AR R 1-2.500 0x107'2, A] LA %4 3t 4l Bl
YL IR STR #7824 R K RIS E o
AR5 AL T DU Lo MR 31 4> X-STR 3
PR A 11 5 PR 80 285 SR 22 3% AN P G2 5, 7 Bonferro-
ni 1 1F (P<0.05/465=0.000 107 526 9) Jii , 54 1 Xf
KL EE(DXS10103-DXS10101) HAG B2 7 17
FEEMAE AN G . R, AR S0 A I DU
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Table 6 Difference test results of allele frequency distribution of X—STR loci between

northern Han population and other four populations

Locus Germany Japanese Guangdong Han Sichuan Tibetan
DXS101 = 0.884 3 = 0.903 9
DXS981 = 0.0000 = =
DXS6789 0.000 0 0.014 5 = 0.271 3
DXS6800 = 0.046 4 = =
DXS6803 = 0.000 1 = =
DXS6807 = 0.522°8 = =
DXS6809 0.002 1 0.663 7 = 0.4197
DXS7132 0.000 0 0.0309 0.746 3 0.996 2
DXS7133 = 0.017 1 = =
DXS7423 0.000 0 0.3422 0.043 3 0.869 9
DXS7424 = 0.000 0 = 0.7317
DXS8378 0.000 0 = 0.469 4 0.000 0
DXS10074 0.000 0 = 03324 0.066 3
DXS10075 0.006 7
DXS10134 0.000 0 = 0.5383 0.379 1
DXS10079 0.000 0 = 0.943 4 0.036 9
DXS10101 0.000 0 = 0.095 3 0.251 8
DXS10103 0.000 0 = 0.982 6 0.362 1
DXS10135 0.000 0 = 0.364 9 0.768 6
DXS10148 0.000 0 = 0.000 5 0.024 5
DXS10159 = = = 0.194 6
GATA31E08 = 0.222 9 = =
DXS10162 = = = 0.333 1
DXS10164 = = = 0.022 6
GATA165B12 = = = =
HPRTB 0.003 8 0.068 0 0.034 7 0.000 0
GATA172D05 = 0.000 1 =

Significance level a = 0.05. The black bold indicates significant difference.
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