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Bk PE B R BOX R ARE 17 4> Y-STR
BREZSMELRERADN

BAE, BAEY, AA, KK
LA ARTRFMRER, 5% 7100165 2. W4 il #.0, % 710061

W OE A VO e X DU AA 17 AN Y-STR FER R 1) 2 2451, PRI SRRt 4% 2% J vk = 2 N
fHo N H Y-Afiler 5OUHRIC B G ARG, XF 413 45 B VU B H X BOB TGO Y3 PEAS R 17 /> Y-STR [
FEEATEAY W, ] ABI3130 itk 73 AT CHAT KRR 40 2, S SR R R B AR 22 2 4, IR A T
22 AR LA 10 ASTEAA AT WY 56 DR s 1) o0 R0 R, 20 AT 25 EAA ) )AL B 2 . 413 44 B P4V 1 U A
PRILH Y 405 Rl e, Horp 397 A RO EE 1 IR, FAfE A 2 REEIL 0.9999, JEN ZFEME (GD) 4
0.4130(DYS391)~0.9734(DYS385a/b), £t GD {Ey 0.9999, A& B/ Mrtas, Bty i B 5 3L 7l
TRz A% IR 25 3R/ (0.00110), 575 I 1 4% B B 8 K (0.22333), £5 LRI, 17 A Y-STR &K A 7
B VG T B DO PR AT S L 2 SRR m A S HEBR B8 T, VR IR S RN IR B L 2 5
A EEMNE.

KA Y-STR; AL itk 2N, Bifkibey: W

FREGEN S Q987; SLEAFRIRES @ A; SLELRS : 1000-3193(2014)02-0230-07

J1ER I E P41 (short tandem repeat, STR) I A P41, BEE KL 2-6bp [ 5
IPH, ENRERA Az, WHLEG 2 ML, fn%, HLEHEESER A, B
2B e B R AR . Y Gt B TR, B AR AR R
BAESERHIE, (R 24 AN S T e AR R A T, QAR Y-STR JE R DURS e 1) B A5 4
BRBLE TR, RIS LIRA . 28 BIEIRA A KRR R (17515 24 N A Bk
(RSN 7 (H Y-STR FE[R B8 22 A5 PR, BoAN B L3 DR R 1) 45 5 g 1 A, DALk
e N 22> Y-STR K& DA 8 LB s MR I 00356 0 ARSCRIR ) Lt 9 Rl BeoAR, & 17
AN Y-STR K| 3 (1) AmpFISTR Y-filer 5244 070 &, KO e vt mig th DX DO HE A4 413
TR FVE 17 A Y-STR LRI 2250, O HARVE B S MR U R SRR 58 DA S N st
245 TH PRI RN AT WD T 9

1 MRS A

1.1 #ARR % DNA $2E
413 43 B VG R 3t DU 55 1 T8 5% PR LA 2R A BR VG 45 2 22 WIVE 3 5E 0 DNA K

JfE E O 2013-09-02; # A5 H #: 2013-12-09
EHE A B (1975-), B, TREEN, TEANFXENIEFEEALFH%E, E-mail: hyfelp@163.com
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UKEBERE: BRVETE B HLIX DU AME 17 A Y-STR JE[R J8E 2 A5k Jastl KR I i +231

JEREHLAM L, R FHRAERE S DNA o G i 23 IR 2 s RIWCAR 698 | L a0 W s
TR . L ZRDUGE . R I T Y INDU% . % A T E AR SE 10 A4S
EAATA 17 A Y-STR 2507 56 DR B35 7R 030 M A o b Bl B2
1.2 FERE R

4 B TAE & (248 2 7] ); GeneAmp PCR System 9700 (ABI A #] );
3130x! Genetic Analyzer (ABI A 7] ); #4 2k 77 DNA $#2 BURK A & (KA Ay A+ );
AmpFLSTR® Y-filer® PCR Amplification Kit (ABI A ] ).
1.3 Y-STR EHENY 15558

KH] AmpFLSTR® Y filer® PCR Amplification ¢ JtAnid B &9 A7 &, & Ui 5
BeEBR, BL10uL WA R 7E GeneAmp 9700 PCR X EREATH 1. HU 1uL 7 H™HrmA
10uL Hi-Di™ formamide 1 0.3uL GeneScan™ 500 LIZ® Size Standard, 7i ABI-3130x1 %E[A|
M EEAT B Hibk . K] Data Collection v3.0 A1 GeneMapper ID 3.2 A4 Wi 8 5 415
FERHAT IR 73 2
1.4 RN IB S Gt oA

5 B DR s 1R A5 A e DR 2 By B R R ] L B vH BOA T B, R 2 R (gene
diversity, GD) M FLf5%5 % £ ¥ 7 (haplotype diversity, HD) 4% /8 2\, h=n(1-YPi2)/(n-1) 1%L, n
REAIEL, Pi SRR . SR Arlequin 3.5 FATHEAT AMOVA 7347, tF SEHEAAH]
AT EE 2 Rst HiPE . AR A% B 2 ] Megad. 1 BOPFR A 11 AN REARAH €034 4 (Neighbour-
Joining tree, NJ) R4 K A4 o

2 45 R

413 53 B P ¥ R b X PO 55 M TG AR LR LAt 405 FOAS [ (1) s Y, v 397 Fip
FE RO I 1T IR, 8 PR BRI T 2 Ik, PRSI 2 FEMEIA 0.99998, B AARIRINAEA
HER e S FIAMR IR A GE J7 . PR BE DY'S385a/b LLAMES 15 /> Y-STR 3k [A] Jag A4y Hy 98 4
SEATREDN, ST LRI A AE 0.0024~0.7385 2 Ji] (£ 1); DYS385a/b FLKIJAE 48 H 63 Ff
SRS, S BYR 3A AE 0.0024~0.0508 2 1] (3 2). #% 3k IR )R (1) JE R 2 #E 1 (GD) 76
Bl 43 A1 7 0.4130 (DY S391)~0.9734 (DYS385a/b) 2 i), [ DYS391 LAk, H: 4% 3 H e g
2 AEPERIRT 0.5, 2l GD 4 09999, Z59L IR, 17 4> Y-STR F [K )86 7E Bk 757 w1
BN BB R e 2380, 18 TR 25 MR BB E

17 ANJEBRRE R B0 1 SR R . DYS19 15/17, 4 A 247 5L . DYS385b
163 F1 17.3, Ak, EEBSE IR WS RIAT “off-ladder” L5, & DYS389 T DAk
AR B 9, DYS391 KILAEAIJL 6, DYS635 KILAEAIFLK 19, Y-GATA-H4 J Hj2%
Fr3EDH 14, DYS448 KIS IEIN 16, [ py Scik b i A7 28 i "™ ', % W] Y-STR #
FE BB 3 A AEAN R DX . FiGAFAE 22 e, DRI 7 i T ST AN XA RO P 857 ik R A3
IIATERE, I X AT O R IR 40 B R B 2 B FH AR A A A

K HI Arlequin 3.5 3 {1 I 5 Bk 74 3§ B9 L %K B 14 DYS456. DYS3891. DYS390.
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&1 BREERNIEARE 15 4 Y-SR BEEFMVERFRSHERRZSMN
Tab.1 Allele frequencies and gene diversity values of 15 Y-STR loci detected in the Weinan
Han population of Shaanxi (n=413)

HE R SR LS LIES B )an AR 115 e
DYS456 13 6 0.0145 DYS391 6 3 0.0073
GD=0.6097 14 68 0.1646 GD=0.4130 9 19 0.0460
15 236 0.5714 10 305 0.7385
16 77 0.1864 11 83 0.2010

17 23 0.0557 12 3 0.0073
18 3 0.0073 DYS439 10 29 0.0702
DYS389 | 9 1 0.0024 GD=0.6830 11 163 0.3947
GD=0.6389 11 3 0.0073 12 151 0.3656
12 191 0.4625 13 64 0.1550

13 141 0.3414 14 6 0.0145
14 74 0.1792 DYS635 19 40 0.0969
15 3 0.0073 GD=0.7651 20 101 0.2446
DYS390 20 2 0.0048 21 148 0.3584
GD=0.7059 21 5 0.0121 22 72 0.1743
22 30 0.0726 23 36 0.0872
23 161 0.3898 24 14 0.0339
24 135 0.3269 25 2 0.0048

25 73 0.1768 DYS392 7 5 0.0121

26 7 0.0169 GD=0.7743 10 6 0.0145

DYS389 11 26 2 0.0048 11 72 0.1743
GD=0.7511 27 26 0.0630 12 61 0.1477
28 133 0.3220 13 130 0.3148
29 131 0.3172 14 111 0.2688

30 79 0.1913 15 25 0.0605

31 28 0.0678 16 3 0.0073

32 14 0.0339 Y-GATA-H4 10 35 0.0847

DYS458 14 11 0.0266 GD=0.6282 11 134 0.3245
GD=0.8132 15 44 0.1065 12 208 0.5036
16 83 0.2010 13 35 0.0847

17 109 0.2639 14 1 0.0024

18 82 0.1985 DYS437 13 5 0.0121

19 65 0.1574 GD=0.5157 14 237 0.5738

20 19 0.0460 15 163 0.3947

DYS19 11 1 0.0024 16 8 0.0194
GD=0.7131 13 25 0.0605 DYS438 8 1 0.0024
14 98 0.2373 GD=0.5063 9 12 0.0291

15 176 0.4262 10 271 0.6562

16 83 0.2010 11 101 0.2446

17 28 0.0678 12 25 0.0605

18 1 0.0024 13 3 0.0073

15/17 1 0.0024 DYS448 16 1 0.0024

DYS393 11 1 0.0024 GD=0.7053 17 9 0.0218
GD=0.6178 12 224 0.5424 18 54 0.1308
13 105 0.2542 19 166 0.4019

14 62 0.1501 20 133 0.3220

15 20 0.0484 21 48 0.1162

16 1 0.0024 22 2 0.0048
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B G 38 i b DX O A E 17 AN Y-STR S5 DA ik 22 25 P S 3 A% 56 & 43 M

°233 .

& 2 BEPESERNEARE DYS3850/b [ [ & fi5 B4R
Tab.2 Allele frequencies of DYS385a/b loci detected in the Weinan Han population of Shaanxi (n=413)

A HE A % SIES AT LT Lk SIES AT LA (1 SIES
9-11 1 0.0024 12-14 7 0.0169 14-14 1 0.0024
9-12 1 0.0024 12-15 4 0.0097 14-15 1 0.0024
9-18 1 0.0024 12-16 16 0.0387 14-16 6 0.0145
10-12 2 0.0048 12-17 21 0.0508 14-17 7 0.0169
10-13 1 0.0024 12-18 18 0.0436 14-17.3 1 0.0024
10-18 3 0.0073 12-19 15 0.0363 14-18 10 0.0242
11-11 20 0.0484 12-20 9 0.0218 14-19 6 0.0145
11-12 17 0.0412 12-21 5 0.0121 14-20 7 0.0169
11-13 5 0.0121 12-22 2 0.0048 14-23 1 0.0024
11-14 10 0.0242 12-23 1 0.0024 15-15 2 0.0048
11-15 4 0.0097 13-13 13 0.0315 15-16 3 0.0073
11-16 4 0.0097 13-14 7 0.0169 15-17 4 0.0097

11-16.3 1 0.0024 13-15 3 0.0073 15-18 2 0.0048
11-17 8 0.0194 13-16 6 0.0145 15-19 5 0.0121
11-18 10 0.0242 13-17 19 0.0460 15-21 7 0.0169
11-19 13 0.0315 13-17.3 2 0.0048 15-22 1 0.0024
11-20 2 0.0048 13-18 18 0.0436 16-16 4 0.0097
11-21 2 0.0048 13-19 21 0.0508 16-17 2 0.0048
11-22 1 0.0024 13-20 9 0.0218 16-19 1 0.0024
12-12 14 0.0339 13-21 10 0.0242 16-20 3 0.0073
12-13 11 0.0266 13-22 1 0.0024 16-21 1 0.0024

i GD=0.9734
&3 JBRINERSHEHM 10 EHA RST AR EEE AR
Tab. 3 Genetic distance between Weinan and ten other populations
b . iy WL b 7R ] LT Y b THE
DU DU DU JERTR DU AR S DB s B}
TH DU - 0.00000  0.00000 0.01802 0.00000 0.00000 0.00000 0.22523  0.00000 0.00000 0.00000
B 0.01939 - 0.00000 0.06306 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
PGS 0.00949  0.04030 - 0.05405 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
WL 0.02091  0.01436  0.01440 - 0.00000 0.02703  0.00000 0.02703 0.00000 0.00901 0.03604
TR 0.22333  0.28793  0.19430  0.04092 - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
IR PU%  0.14728  0.20650  0.09179  0.02324  0.28918 - 0.00000  0.00000 0.00000 0.00000 0.00000
JUPRILE  0.08284  0.14116  0.04986  0.02304  0.18142  0.08670 - 0.00000  0.00000 0.00000 0.00000
Wl 0.00110  0.01265  0.01498  0.01211  0.19574  0.14192  0.08456 - 0.00000  0.00000  0.00000
PINIPUE 0.06736  0.06959  0.06040 0.03576  0.28201 0.22570  0.15204  0.06039 - 0.00000  0.00000
TR 0.08755  0.14041 006211  0.02042  0.12664 0.19118  0.11034 0.07195  0.16463 - 0.00000
THEEE  0.03311  0.08398  0.02663  0.01648 0.12605  0.14602  0.06485 0.03077 0.09803 0.01927 -

VE: At ARAE T2 RSTAE, *#k4k 2 M ey P {4 (P values are shown above, RST values below the diagonal)
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Taiwan
0.0
H LZ-Han
LN-Man
WN-Han
SX-Han
ZJ-Han
——————— SD-Han
— GX-Zhuang
NX-Hui
QH-Zang o)
Gt %
L— QH-Salar %
11T DEHAR R STE 2 11 DEHE NI R R AR
Fig.1 Cluster analysis of 11 different populations Fig.2 Unrooted NJ tree of 11 different populations

DYS38911, DYS458. DYS19, DYS393, DYS391, DYS439., DYS635. DYS392. Y-GATA-H4,
DYS437. DYS438 F1 DYS448 %5 15 AN il 5 [H Py SoAth 10 A4k RST 8t A& HiBE, Horp
DYS389II [ 5 52 Ik ik 2 DYS3891 [ HE A ik E . 45 AR W, BRIV M DU 10 7 15 1
B VG Vi R T 5 T I e () (A BE B 45 /) (0.00110),  HL G 5 Ll PE UG 2 8] 1 1t A%
PH 25 (0.00949), L5 i 2 ) (1 15 A% B 25 5 K (0.22333)( 5K 3).

H Neighbour-Joining 234 & [ FF 44 [F] SRS 3 17 BRI R 40 AR 4 AR — B (KT T,
B 2)o MWPASEIRTLUE H, BRI R BOR. (hD0R. TR & IR Ay NBU%
B3, Horp Bk U e DU 3L T I A L P DU A EE B, 5 B VE TR I
R AR B B A o WL DU . WARDUBES ) PRI I —32, L5 BRI e UG 15 A% B 2 4
o TEME. B AN T HEEGR 7 — MOy 3, 5 BRPEE pE DU E A R B R .

31 B

RPN« SIS SR €7 i < I /8 v L W R N T ST PP (P S NS
DX, 200 5%, DASRUR Qetatk ity sistdte, B R T LU E RS AREAL, 20y
95%, FEJRE >N LM R OARA R AT, LR R R s SRR 4 L, B
Figf U TIOR8 A 2 2, Y-STR mJ LA Ju s G ¢4k STR JCiA i w1 i) 78,
WG 24 NG FEARII & RO E - Y-STR fERE ) I e h AN K B
M, FPHNRSCE B RAEG R, WFFEANFRR . ROBAIAN ] k2 7] Y-STR 15 4% 2 &4,
ST T RNSSIRR . 3TH LA TR A 52 AR HEA ) S0 58 T A 7 A R s

S REXT 413 4% Bk 04 I R 3 DD B R TR AR A HEAT 17 4> Y-STR 3k [A JBE 4 462 »
Sokerthh 405 PR fr Y, Jhrp 397 FORAERIOCHBL 1K, 8 ML T 2 Ik, AR
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KBS BRVEIHE B D DU ARE 17 4> Y-STR JE[R JiE 22 A5V S st KR I i +235

FEPEIE 0.99998., DYS385a/b Jik [AJRE A5 H 63 B fi5 Y, JEPH 2 FEME e (0.9734); BRIEIA
JE DYS385a/b LAAMP) 15 /> Y-STR KL [A Jae 2L A t 98 ANEA7 JEPE],  DYS391 A [Al Ja (1) Kk K]
ZREPERAR (0.4130), 23+ GD Hik 0.9999. W51 B Yhiler il £ FT 0 &1 17 4 Y-STR
LR AR T B P4 ¥ i DX DO EAR T AT s A% 2 A MERIAMA TN BE ), 3E A A
PR S SR 5 . AR RIS AT T R DYS391, DYS437 5 DYS438 KL s [ 5L i 2 4
PERA, 8 AP B U A, HA SR A Z R 1 Y-filer 1) £ HH 3 4
(3 B 2 I TR AR R A R 45 Y-STR JE PR s AN AL i 7 1) 2% g 1),
M7 Y-STR 3 PR JAE S5 A7 35 D] (R 0036 43 A1 AN PR DR 0 6 0 2 IR BE RO IR ifa A 25 520 DAL S
S A B ) TP AN (AR A B3 TR R, e S A b AR R IR 88 B AHIF AR
SRAF B VUV P Hu DX DB T 17 A Y-STR 3 K] Ja8 85437 Jik PRI %6 R B35 R AT oy A Bl 6
F2 w7 AR RO Y-STR Hdls 1 45 45 1 255

T3 A SCHRIROE A BEAR Y-STR %4 E4T AMOVA AL 5 25 43 M7, Bk 75 7 w9 DU
530 i G 2 R SR BE 2 d s, L0 5 1LV 2 RIS AR PR B0, 5 B v A
PG WITEBO%R (L ZRDUBERN T Vi 2 (Rl P S A ie, = S Ml T i i i
UG WA T Ao T P T HB AR BR PG A8 AR50, AR S5 v TR A, S B X
AR B PY T A K PG G WA M o SR R I R X DU AT T RKIE L R ISR, T
WA PN Z 10 D) I FE R A8 S Y, 6 A v S5t DX T A K P b R R e 3, BT LAY R I
W 53 T AL B T . W S L P A BT, S S0 UK 5 1L S BUR 2 (A
TERR R IS R AS L, 3] e Bk P VH e UG 55 LU P Ui 2 ) st A% R B IR B BT o L i)
W, FIFH Y-STR 43 BOECH EAT TEAAR ) 152 4% L ASE 20 A1 T ASRAG BRAR R BEAR X 20, FEAN AR
JERBEARIR I R LA LG R I i A B .

CERPTIAR, BTV R M X SOEREAA 17 A Y-STR 35 Rl A 25 07 J5 PRI By B3 00 A %64y
A0 ST BR VGG Y-STR HU4 A7 4G B S, I SUBUSS 8 FIAN A R 4 (R SR At o )
= AR RO G BT N IR AT o JLHEA T BRI AR BE B A, 4
Ja B BOR IR RO A A5 22N AUk 1R P S A1 1 L 2%
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Genetic Polymorphisms of the 17 Y-STR Loci in the Han

Population in Weinan, Shaanxi Province

HE Yongfeng', CHEN Liping’, ZHAO Jie', SONG Zhen'

1. Department of Criminal Investigation of Shaanxi Provincial Public Security Bureau, Xi’an 710016;
2. Shaanxi Blood Center, Xi'an 710061

Abstract: The purpose of this work was to investigate the polymorphisms of the 17
Y-chromosomal short tandem repeats (STR) loci in the Han population in Weinan, Shaanxi
Province, and to evaluate their forensic values and genetic relationships with 10 other
populations of China. The 17 Y-STR loci in 413 unrelated Weinan Han males in Shaanxi were
amplified with the Y-filer system, and the PCR products were analyzed by the 3130 Genetic
Analyzer. The allele frequencies and haplotype diversity were calculated for analyzed loci.
The Y-STR data of 10 other populations were collected from publications. Cluster analysis and
phylogenic trees were applied to show the genetic distance between the populations. A total of
405 different haplotypes were observed in these 413 unrelated individuals, of which 397 were
unique. The haplotype diversity value was 0.9999. The gene diversity values (GD) for each locus
ranged from 0.4130 (DYS391) to 0.9734 (DYS385a/b). Compared with the 10 populations, the
genetic distance between the Weinan Han and Liaoning Manchu population was the smallest
(0.00110), while the genetic distance between the Weinan Han and Qinghai Tibet population was
the largest (0.22333). The 17 Y-STR loci displayed high genetic polymorphisms in the Weinan
Han population, indicating that these 17 loci are useful genetic markers for forensic personal
identification and paternity testing, and have the potential for application in forensic medicine

and population genetics.

Key words: Y-STR; Haplotype; Genetic polymorphism; Genetic distance; Weinan



