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Abstract: [Objective] To establish a five—color fluorescence Y—chromosome short tandem repeats (Y-STRs) multi-
plex amplification system and investigate the genetic polymorphisms and paternal family mutations in the Chinese Northern

Han population.[ Methods] A total of twenty—one highly and rapidly mutating Y=STR loci were selected according to previ-
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ous studies to establish a five—color fluorescence Y—STR multiplex amplification system. Genetic diversity and mutation
rate were analyzed in 500 unrelated male individuals or 500 paternal (father and son) pairs separately in the Chinese
Northern Han population. [ Results] A multiplex amplification system containing 21 Y=STR loci was successfully estab-
lished. The genetic diversity of each Y=STR ranged from 0.402 3 to 0.990 4, and no identical haplotypes were found in the
500 unrelated individuals. The mutation rate was 0.268, and one hundred and thirty—four mutations were observed in the
21 Y-STR loci among the 500 paternal pairs, of which the highest mutation rate was 7.40x107 at DYF399S1. The muta-
tion rate of the loci, including DYS612, DYS547, DYS627, DYS526b, DYS576, DYS630, DYS449, DYF404S1,
DYS390, DYS570 and DYS518, was > 1.00x107. Further, the mutation rate of DYS626, DYS458 and DYS439 loci was >
4.00x107. A total of ninety—seven father and son pairs were one locus mutation, sixteen pairs had two loci mutations, and
only one pair had three loci mutations at the same time. A total of one hundred and twenty—seven cases were one—step muta-
tions and seven cases were two—step mutations, which were consistent with the stepwise mutation pattern. [ Conclusion]

The rapidly mutating Y=STRs could effectively distinguish male individuals with paternal kinship and could be used as a

complement to the Combined DNA Index System (CODIS) autosomal STRs and general Y-STRs.

Key words: Y chromosome; short tandem repeats; multiplex amplification; haplotype; mutation
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Table 1 Selected Y-STR loci and their basic information

Locus Core repeat motif Position
DYS390 ((TCTG)8(TCTA)9-14(TCTG)1(TCTA )4 Yql1.221
DYS391 (TCTA)6-14 Yqll1.21
DYF399S1 (GAAA)3N7-8(GAAA)10-23 Yql1.23
DYF404S1 (TTTC)10-20N42(TTTC)3 Yql1.23
DYS439 (GATA)3N32(GATA)5-19 Yql1.21
DYS449 (TTCT)13-19N22(TTCT)3N12 (TTCT)13-19 Ypll.2
DYS456 (AGAT)13-18 Ypll1.2
DYS458 (GAAA)11-24 Ypll.2
DYS460 (TAGA)8-13 Yql1.222
DYS481 (CTT)22-32 Ypl1.2
DYS318 (AAAG)3(GAAG)1(AAAG)14-22 (GGAG)1 (AAAG)4NG6 (AAAG)11-19N27(AAGG)4 Yql1.221
DYS526b (CCCT)3N20(CTTT)11-17(CCTT)6-10N113 (CCTT)10-17 Ypll.2
DYS547 (CCTT)9-13T(CTTC)4-5N56(TTTC) 10-22N10 Yql1.221
(CCTT)4(TCTC)1(TTTC)9-16N14 (TTTC)3

DYS549 (GATA)9-15 Yq11.222
DYS552 (TCTA)3(TCTG)1(TCTA)11-16N40 (TCTA)7-12 Yqll.21
DYS570 (TTTC)14-24 Ypll.2
DYS576 (AAAG)13-22 Ypll1.2
DYS612 (CCT)5(CTT)1(TCT)4(CCT)1 (TCT)19-31 Yql1.21
DYS626 (GAAA)14-23N24 (GAAA)3N6 (GAAA)S(AAA)1(GAAA)2-3 (GAAG)1(GAAA)3 Yq11.223
DYS627 (AGAA)3N16(AGAG)3 (AAAG)12-24N82 (AAGG)3 Ypll.2
DYS630 (AAAG)4(AGAG)3N18 (AAAG)12-21 Yql1.222

The bold type loci were from 13 RM Y-STR loci.
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Fig.1 A genotyping of a sample with 21 Y-STR Optimized amplification system
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Table 2 Gene diversity and mutation rates of 21 Y-STRs in Han population of Northern China

Number

Y-STRLo - Gene Di- Allele trans- Number Number Rumber of two Mutation

of muta- of losses/ Binominal 95% CI”
cus versity mission ol of gains/n ) steps mu-  rates/%

tation/n

DYS391 0.4023 500 0 0 (0 ~7.4x107)
DYS456 0.6753 500 0 0 (0 ~17.4x107)
DYS460 0.6760 500 1 1 2.00x107  (1.00x107° ~ 1.10x107)
DYS481 0.8047 500 1 1 2.00x10°  (1.00x107° ~ 1.10x107)
DYS549 0.6118 500 1 1 2.00x10°  (1.00x107° ~ 1.10x107)
DYS552 0.7052 500 1 1 2.00x107  (1.00x107° ~ 1.10x107?)
DYS439 0.6586 500 3 3 6.00x107  (1.20x107° ~ 1.74x107?)
DYS458 0.8215 500 3 1 2 6.00x107  (1.20x107° ~ 1.74x107)
DYS626 0.8352 500 4 4 8.00x107  (2.20x107 ~2.04x107)
DYS518 0.8695 500 5 2 3 1.00x107  (3.30x107° ~ 2.32x107)
DYS570 0.8158 500 5 3 2 1 1.00x107  (3.30x107 ~ 2.32x107)
DYS390 0.6845 500 5 2 3 1.00x10™  (3.30x107 ~ 2.32x107%)
DYF404S1 0.9101 500 5 5 1 1.00x107  (3.30x107° ~ 2.32x107?)
DYS449 0.8819 500 6 5 1 1.20x107  (4.40x107° ~ 2.59x107)
DYS630 0.8035 500 7 2 5 1 1.40x107  (5.60x107° ~ 2.86x107)
DYS576 0.7713 500 8 3 5 1.60x107  (6.90x107° ~ 3.13x107)
DYS526b 0.8265 500 9 6 3 1.80x107  (8.30x107 ~ 3.39x107)
DYS627 0.8412 500 10 5 5 1 2.00x107  (9.60x107 ~ 3.65%107)
DYS547 0.8697 500 11 8 3 2.20x107  (9.60x107 ~ 3.65x107)
DYS612 0.8532 500 12 7 5 2 2.40x1072  (1.25%107% ~ 4.15%107?)
DYF399S1 0.9904 500 37 14 23 1 7.40x107  (5.26x107 ~ 10.06x107)
Total == 134 67 67 7 2.68x10™"  (2.30x10™" ~ 3.09x10™)

DBinomial Exact, calculate exact confidence intervals

CCTTAGCTAATCATGATTCTTTACCTTCTGGTGAACTGATCCAAACCTTTACTTATTTTCTT

CCTTTTTTCCTCTCTCCTRCEETCCETCCCTCTTTCTTCCTTTCTTTCTTCERTICTITCTTT
CTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTITCTTTCCTTCCTTCCTTCCTTCCTTCCTT

CCTTCCTTCCTTCTTTCCTTCTTTCCTTCATTTCTTCTTTCTTTCTCTTTACCTTCTGGGAAA
CTGATCCAAACCTTTACTTACTTTCTATTTTTCTCTATTTTTCTTTCTCTATTTTTTTCTCTEE
T e EETIECTIECTTCEITCEITCETI CERICEITCEITEEITGERICTCTTTACC
TTCTGGCGAAGTAACCCAAACGTTTACTTTCTTTCTCTTTT

DYS526a: (CCTT) 10-17
DYS526b:  (CCCT) 3N20 (CTTT) 11-17(CCTT) 6-10N113 (CCTT) 10-17

Ballantyne et al."*) published that the primer leading chain (highlighted in yellow) could bind to two regions, but there were two base mismatches
in the second binding region (see the underline ). The green highlight is the primer—binding region of the system.
2 DYS526a/b EE R
Fig.2 DYS526a/b Locus sequence
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DYF404S1 5 [A i I- 3 30 =47 3L ] 14 1 (K1 3)
DYF399S1 & [R Js H 31 U 4540 5 R 10 7] (5] 4) Fi A
R 2B (K S), HA 5 M REARTE X B A~ 26
JAE L [ R A 4 DURR S R A A B S
225 N1 3L DNA 23 BUER /R 7 TR A B 5 1 22 1
i, X T e A B H e S AR AR R E, TR S A L
N SL hEsE S oS o T

170 210

3 DYF404S1 FH I =& EF 4 E
Fig. 3 Distinctive tri—allelic pattern in DYF404S1

250 290

El4 DYSF399S1 b Bl PU {2 F 5 B
Fig. 4 Distinctive tetra—allelic pattern in DYSF399S1

250 290

5 DYSF399S1 b H I AEMEFE 5 E
Fig. 5 Distinctive five—allelic pattern in DYSF399S1
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230 DNA G B 52 41 1 B8 B L2, A YR BiE 5 v
AT XIS 1] AR 7 81K B KT 30 bp A9 3k B s
A 9 4~ (DYF404S1. DYS439, DYS449, DYS518.
DYS526b . DYS547 . DYS552, DYS626 #l DYS627) ,
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