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[Abstract] Objective: Evaluate the function of comprehensive analysis of Y-STRs and Y-SNPs, and apply network analysis in
paternal lineage identification. Methods: Samples of 180 males from two pedigrees with different surnames were collected. Haplotypes
at 26 Y -STRs loci were genotyped with Yfiler™ Plus Kit. The genotypes of 42 Y-SNPs in 36 males selected from 180 males were
obtained by mini-sequencing. The haplotypes were analyzed using direct counting method and network to discuss the variations of Y-
STRs haplotypes within pedigree and the distribution of Y-SNPs haplogroups. Results: Eighteen Y-STRs haplotypes were found in 63
individuals of the P1 pedigree, and the 17 individuals selected all belonged to the N-M231 haplogroup; 35 haplotypes were found in
117 samples of the P2 pedigree, and the 19 individuals selected all belonged to Olalalal-F78 haplogroup. The network results showed
that the P1 pedigree had a central tendency, while the P2 pedigree had two centers. Step-by-step mutation among Y-STR haplotypes
within pedigree visually and clearly showed in the network. Conclusion: The Y-SNPs information and the network method integrated
with the Y -STRs during pedigree investigation can largely broaden the scale in pedigree investigation, get more reliable paternal
pedigree structure and increase the accuracy of paternal lineage identification.
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Table 1 The information of Y-STRs haplotype in two pedigrees
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¥ & K ZZECiZZiii:c 3G i iEEii 08
B s L E e eiisEies el EEESERELEYE T
- H ‘Lt_ S L S 8] % PSS E SO T 3 & ® S © & 3 o S = s
Pl H1> 27 \ 16 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 11 28 17 21 37 19 22 37 12
H2 7 1 16 14 23 30 16 15 11 13 13 9 11 21 14 12 14 11 19 11 28 17 21 37 19 22 37 12
H3 5 2 16 14 23 30 16 14 11 13 13 9 11 22 14 12 14 11 19 11 28 17 22 37 19 22 37 12
H4 4 1 16 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 11 28 17 21 37 18 22 37 12
H5 3 2 16 14 23 30 16 14 11 13 13 9 11 21 14 13 14 11 19 11 28 17 21 37 18 22 37 12
H6 31 16 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 11 29 17 21 37 19 22 37 12
H7 2 1 17 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 11 28 17 21 37 19 22 37 12
H8 2 1 16 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 12 28 17 21 37 19 22 37 12
H9 1 1 16 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 11 28 17 22 37 19 22 37 12
H10 1 2 16 14 23 30 16 14 11 13 13 9 12 21 14 12 14 11 19 11 28 17 21 37 18 22 37 12
H11 1 1 16 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 11 28 17 21 37 19 22 37 13
HI12 1 1 16 14 23 30 16 14 11 13 14 9 11 21 14 12 14 11 19 11 28 17 21 37 19 22 37 12
H13 1 2 15 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 11 28 17 21 37 18 22 37 12
H14 1 1 16 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 11 28 17 21 37 20 22 37 12
H15 1 2 16 14 23 30 16 15 11 13 13 9 11 21 14 12 14 11 19 11 28 17 21 38 19 22 37 12
H16 1 1 16 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 11 28 16 21 37 19 22 37 12
H17 1 1 16 14 23 30 16 14 11 13 13 9 11 21 14 12 14 11 19 11 28 17 21 38 19 22 37 12
H18 1 1 16 14 23 30 16 14 11 13 13 9 11 21 14 13 14 11 19 11 28 17 21 37 19 22 37 12
P2 HI> 27 \ 17 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 18 26 38 11
H2 26 1 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 18 26 38 11
H3 6 1 17 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 19 26 38 11
H4 4 1 17 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 30 18 22 39 18 26 38 11
H5 4 2 16 12 23 28 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 18 26 38 11
H6 4 1 17 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 23 39 18 26 38 11
H7 3 2 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 38 18 26 38 11
H8 31 17 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 18 26 39 11
H9 3 2 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 18 26 38 12
H10 2 2 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 18 26 37 11
H11 2 2 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 21 39 18 26 38 11
HI12 2 3 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 20 39 18 26 38 11
H13 2 3 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 8 18 10 31 18 22 39 18 26 38 11
H14 2 3 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 19 10 31 17 22 39 18 26 38 11
HI15 2 1 17 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 17 22 39 18 26 38 11
H16 2 3 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 18 25 37 11
H17 2 1 17 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 17 26 38 11
H18 2 3 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 41 18 26 38 11
H19 2 1 17 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 40 18 26 38 11
H20 2 3 16 12 23 29 15 15 12 13 13 10 11 19 14 12 14 10 18 10 31 19 22 39 18 26 38 11
H21 1 2 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 23 39 18 26 38 11
H22 1 2 16 12 23 29 15 15 12 13 13 10 11 19 14 12 14 10 18 10 31 18 22 39 18 26 38 11
H23 1 3 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 40 18 25 38 11
H24 1 2 16 12 23 29 15 15 12 13 13 11 11 20 14 12 14 10 18 10 31 18 22 39 18 26 38 11
H25 1 1 17 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 21 39 18 26 38 11
H26 1 3 16 12 23 29 15 15 12 13 13 11 11 20 14 12 14 10 18 10 31 18 22 39 19 26 38 11
H27 1 4 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 19 39 18 26 38 11
H28 1 2 16 12 23 29 15 16 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 18 26 38 11
H29 1 1 17 12 23 29 15 15 12 13 13 12 11 19 14 12 14 10 18 10 31 18 22 39 18 26 38 11
H30 1 2 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 17 22 39 18 26 38 11
H31 1 2 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 11 31 18 22 39 18 26 38 11
H32 1 3 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 23 39 18 26 39 11
H33 1 1 17 12 23 30 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 18 22 39 18 26 38 11
H34 1 3 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 19 22 38 18 26 38 11
H35 1 2 16 12 23 29 15 15 12 13 13 11 11 19 14 12 14 10 18 10 31 19 22 39 18 26 38 11
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18->17 32 DYS518: 40->41
18->19 33 DYS570: 18->17
20->19 34 DYS570: 18->19
21->22 35 DYS570: 19->18
21->20 36 DYS570: 19->20
22->21 37 DYS481: 26—>25
22->23 38 DYF387S1_1: 38->37
37->38 39 DYF387S1_1: 38->39
39->38 40 DYS533: 11->12

1 DYS456: 16->15 11 DYS439: 11->12 21 DYS576:
2 DYS456: 16->17 12 DYS635: 19->20 22 DYS576:
3 DYS456: 17->16 13 DYS635: 21->22 23 DYS576:
4 DYS3891l: 29->28 14 GATA-H4: 12->13 24 DYS627:
5 DYS3891l: 29->30 15 DYS438: 10->8 25 DYS627:
6 DYSI9: 14->15 16 DYS448: 18->19 26 DYS627:
7 DYSI9: 15->16 17 DYS460: 10->11 27 DYS627:
8 DYS393: 13->14 18 DYS460: 11->12 28 DYS627:
9 DYS391: 11->10 19 DYS449:  28->29 29 DYSSIS8:
10 DYS391: 11->12 20 DYS449: 31->30 30 DYS5IS8:
E1

Figure 1

®2 Y-SNPs B{EEM ST
Table 2 The distribution of Y-SNPs haplogroup

KE  Y-STRIAHR  FEARE  Y-SNPHfEHE

P1 H1 5 N-M231
H2 3 N-M231
H3 3 N-M231
H4 3 N-M231
H6 3 N-M231

P2 H2 5 Olalalal-F78
H5 3 Olalalal-F78
H7 3 Olalalal-F78
H13 2 Olalalal-F78
H14 1 Olalalal-F78
H18 2 Olalalal-F78
H26 1 Olalalal-F78
H27 1 Olalalal-F78
H32 1 Olalalal-F78
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