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Abstract; [ Objective] To investigate the genetic polymorphisms and mutations of 27 Y-STR loci in Chinese Southern Han
population. [Methods] Blood samples of 885 unrelated male individuals and 911 father-son pairs were collected. DNA was amplified
and genotyped using Yfiler® Plus system. The forensic parameters and mutation rates were calculated.  [Results] 880 different
haplotypes were observed in 885 unrelated male individuals, of which 875 haplotypes were unique, 5 haplotypes occurred twice. The
haplotype diversity (HD) was 0.9999872 with discriminative capacity (DC) 0.9943503. The gene diversity at the 27 Y-STR loci
ranged from 0.4344 (DYS438) to 0.9605 (DYS385a/b). With 24623 allele transfers at 911 father-son pairs, 113 mutation events
were detected, of which 108 mutations were single-repeat mutations, five mutations were two-step mutations. 11 father-son pairs had
mutations at two different loci, while 1 father-son pair was found to have three mutations. The average mutation rate was 4.6 x 107
(95% CI. 3.8x 1073 ~5.5x107?). [Conclusion] 27 Y-STR loci incorporated in Yfiler® Plus system are highly polymorphic in
Chinese Southern Han population. They are of great importance in forensic individual discrimination and paternal lineage testing.
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Table 1 Allele frequencies of 23 single—copy Y—STR loci in Southern Chinese Han population
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13.3
14
14.1
15
15.1
16
16.2
17
17.2
18
18.2
19
19.2
20
21
22
22.2
23
24
25
26
27
28
29
29.2
30
30.2
31
32
33
34
35
36
36.2
37
37.2
38
38.2
39
39.2
40
40.2
41
42
43
44
45
GD

0.001 1

0.013 5

0.091 4

0.191 9

0.343 1

0.222 3

0.1117

0.022 6
0.002 3

0.018 1
0.552'5
0.281 4
0.141 2

0.006 8

0.001 1

0.1119

0.272 3
0.309 6
0.154 8

0.092 7
0.039 5
0.014 7
0.002 3
0.001 1

0.019 2
0.055 4
0.362 7
0.282 5

0.201 1

0.071 2

0.006 8
0.001 1

0.7754 0.5959 0.784 0 0.740 5

0.002 3
0.001 1
0.015 8
0.003 4
0.098 3
0.001 1
0.135 6

0.184 2
0.218 1
0.215 8
0.001 1
0.089 3
0.024 9
0.004 5
0.004 5

0.001 1
0.001 1
0.324 3
0.433 9
0.214 7
0.022 6
0.002 3

0.005 6

0.021 5
0.004 5
0.161 6
0.001 1
0.160 5

0.227 1

0.224 9
0.001 1
0.126 6

0.053 1
0.006 8
0.005 6

0.001 1
0.040 7

0.2215

0.457 6

0.215 8

0.062 1

0.001 1

0.002 3
0.070 1
0.2859
0.575 1
0.059 9

0.005 6

0.001 1

0.001 1

0.003 4

0.015 8

0.324 3
0.003 4
0.291 5
0.002 3
0.279 1
0.067 8
0.009 0

0.002 3

0.001 1

0.0350
0.698 3
0.255 4
0.009 0
0.001 1

0.8359 0.6607 0.8275 0.6902 0.5796 0.7278 0.446 4

0.002 3

0.001 1

0.018 1

0.151 4

0.574 0

0.150 3

0.090 4

0.011 3

0.001 1

0.617 1
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Table 1 Allele frequencies of 23 single—copy Y-STR loci in Southern Chinese Han population (n =885)
Allele DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS
390 438 392 518 570 437 449 393 439 481 533

6
7
8 0.002 3
9 0.0090 0.001 1 0.002 3
10 0.7073  0.004 5 0.0011 0.027 1 0.148 0
11 0.2554 0.0814 0.0023 0.313 8 0.5559
12 0.0215 0.0915 0.4707 0.443 6 0.253 1
13 0.006 8 0.394 4 0.0011 0.004 5 0.3025 0.176 1 0.027 1
13.3 0.001 1
14 0.398 9 0.003 4 0.598 9 0.196 4 0.038 4 0.011 3
14.1
15 0.026 0 0.0203 0.380 8 0.0248 0.001 1
15.1
16 0.001 1 0.1580 0.0158 0.002 3
16.2
17 0.001 1 0.258 5
17.2
18 0.266 4
18.2
19 0.194 1
19.2 0.003 4
20 0.066 6
21 0.002 3 0.026 0 0.003 4
22 0.053 1 0.004 5 0.001 1 0.021 5
22.2 0.136 7
23 0.359 3
24 0.334 5 0.001 1 0.323 2
25 0.230 5 0.009 0 0.180 8
26 0.020 3 0.062 1 0.159 3
27 0.054 2 0.083 6
28 0.049 7 0.049 7
29 0.093 8 0.027 1
29.2 0.002 3 0.007 9
30 0.139 0
30.2 0.001 1 0.002 3
31 0.167 2
32 0.003 4 0.1559 0.001 1
33 0.021 5 0.134 5
34 0.045 2 0.078 0
35 0.107 3 0.0350
36 0.106 2 0.010 2
36.2 0.002 3
37 0.158 2 0.003 4
37.2 0.006 8
38 0.177 4 0.002 3
38.2 0.002 3
39 0.134 5
39.2 0.002 3
40 0.093 8
40.2 0.001 1
41 0.073 4
42 0.036 2
43 0.022 6
44 0.004 5
45 0.001 1
GD 0.7034 0.4344 0.6705 0.8850 0.7949 04966 0.8857 0.6485 0.6723 0.809 0 0.604 8
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Table 2 Haplotype frequencies of DYS385a/b in Southern Chinese Han population (n =885)
Haplotype f Haplotype f Haplotype f Haplotype f Haplotype f Haplotype f
9,19 0.001 1 11,20 0.005 6 12,21 0.0102 13,18,20 0.003 4 14,21 0.005 6 16,17 0.003 4
10,12 0.002 3 11,21 0.001 1 12,22 0.001 1 13,19 0.064 4 14,22 0.007 9 16,18 0.002 3
10,17 0.003 4 12,12 0.020 3 12,23 0.001 1 13,20  0.0407 14,25 0.001 1 16,19 0.003 4
10,19 0.001 1 12,122 0.001 1 13,13 0.108 5 13,21 0.0226 15,15 0.004 5 16,20 0.002 3
10,20 0.001 1 12,13 0.0192 13,14 0.040 7 13,22 0.0169 15,16 0.003 4 16,21 0.002 3
11,11 0.0169 12,13,20,21 0.001 1  13,14,18 0.001 1 13,23 0.0011 15,16,19  0.001 1 17,17 0.003 4
11,12 0.0316 12,14 0.0113 13,14,19,20 0.002 3 14,14 0.0023 15,17 0.009 0 17,18 0.004 5
11,13 0.005 6 12,15 0.002 3 13,15 0.009 0 14,15 0.003 4 15,18 0.0136 17,19 0.001 1
11,14 0.003 4 12,16 0.0328 13,16 0.007 9 14,16 0.004 5 15,19 0.0102 18,18 0.002 3
11,16 0.013 6 12,17 0.027 1 13,17 0.056 5 14,17 0.0090 15,20 0.007 9 19,19 0.001 1
11,17 0.009 0 12,18 0.0418 13,17,18 0.002 3 14,18  0.0452 15,21 0.005 6 19,22 0.001 1
11,18 0.013 6 12,19 0.042 9 13,18 0.0712 14,19  0.0158 15,22 0.002 3
11,19 0.012 4 12,20 0.0226 13,18,19  0.001 1 14,20 0.0124 15,23 0.001 1
GD = 0.9605
The underlined indicates multi-allelic pattern.
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Table 3 Haplotype frequencies of DYF387S1 in Southern Chinese Han population (n=885)

Haplotype f Haplotype f Haplotype  f Haplotype  f Haplotype  f Haplotype f

32,38 0.0023 34,39 0.007 9 35,40 0.0282 36,41 0.0192 37,41 0.006 8 39,40,41 0.0023

33,33 0.001 1 34,40 0.0023 35,41 0.0034 36,42 0.001 1 37,42 0.001 1 39,41 0.004 5

33,38 0.001 1 35,35 0.001 1 35,42 0.0023 37,37 0.0463 38,38 0.0655 40,40 0.016 9

33,39  0.0011 35,36 0.004 5 36,36 0.0362 37.3,37.3 0.0079 38,38.1 0.0011 40,41 0.004 5

33,40 0.0023 35,36,38 0.0011 36,37 0.0610 37,38 0.070 1 38,39 0.0418 41,41 0.001 1

34,34 0.0056 35,37 0.0328 36,38 0.0689  37,38,39 0.001 1 38,40 0.039 5

34,35  0.0011 35,37,38 0.0011 36,38,39 0.0023 37,39 0.0689 38,41 0.007 9

34,37 0.0056 35,38 0.0825 36,39 0.066 7 37,40 0.0271 39,39 0.022 6

34,38 0.0079 35,39 0.054 2 36,40 0.0429  37,40,41 0.001 1 39,40 0.013 6

GD=0.951 4

The underlined indicates multi-allelic pattern.
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Table 4 Mutation rates of 27 Y-STR loci in Southern Chinese Han population
Y-STR Number of ~ Number of Number of single-=  Number of multi — Number of ~ Number of Mutation rates Binomial 95%
Locus allele transfers  mutations repeat mutations  repeat mutations  gains losses /107 C1/10°
DYS576 912 16 16 0 8 8 17.5 10.1-28.3
DYS518 911 12 12 0 8 4 13.2 6.8-22.9
DYS627 911 10 8 2 2 8 11.3 5.4-20.7
DYS458 911 7 7 0 4 3 7.7 3.1-15.8
DYS570 912 6 4 2 2 4 6.6 24-143
DYS449 911 6 6 0 2 4 6.6 24-143
DYS460 911 5 5 0 2 3 5.5 1.8-12.8
DYS390 911 5 5 0 1 4 5.5 1.8-12.8
DYS481 911 5 5 0 4 1 5.5 1.8-12.8
DYS635 911 4 4 0 0 4 4.4 1.2-11.2
DYS456 911 4 4 0 4 0 4.4 1.2-11.2
DYF38751 1830 8 8 0 5 3 4.4 1.9-8.6
DYS385a/b 1836 7 7 0 5 2 3.8 1.5-7.8
DYS38911 911 3 2 1 2 1 33 0.7-9.6
DYS391 911 3 3 0 2 1 33 0.7-9.6
DYS533 911 3 3 0 1 2 33 0.7-9.6
DYS19 911 2 2 0 1 1 22 0.3-7.9
DYS437 911 2 2 0 0 2 22 0.3-7.9
DYS439 912 2 2 0 1 1 22 0.3-7.9
DYS3891 911 1 1 0 0 1 1.1 0-6.1
GATA_H4 911 1 1 0 0 1 1.1 0-6.1
DYS448 911 1 1 0 0 1 1.1 0-6.1
DYS438 911 0 0 0 0 0 0.0 0-4.0
DYS392 911 0 0 0 0 0 0.0 0-4.0
DYS393 912 0 0 0 0 0 0.0 0-4.0
Total 24 623 113 108 5 54 59 4.6 3.8-5.5
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