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M E. BY MSAEARNIRE REFE SR HEABEIFH Y-STR R R4, St LT EES
BREAE, ik AR ABEXEFCELESY KA EFD 6 24 A~ Y-STR A B #7465 JFdid
ELWARFHRENG 139X -FHASERFTEFESFIFE, SR UAAREE1B9AM AKX L
EARAEA T A R 176 AFAE AR, A B § A (gene diversity, GD) 4 A £ 0.083 7 (DY S645)~0.966 9
(DYS385a/b) ., iBit 24 A Y-STR £ B & /£ 139 & ARL A “R 78090 & ik B MK £ AR P a4 139 #
RAER AEFELERAAZ BN, Z0EER %A M (haplotype diversity, HD)& 4 1,42 %] 48 71 (discrimi-
native capacity, DC){L# 1, 24 A~ Y-STR A B &, £ 139 st X -F A AWK S k—FRE, FHREEH
0.0015,95% % 1 X 19 %4 (0.0005,0.0035), 45t 24 A~ Y-STR A& H AR 125 A% RFHAFT
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Abstract: Objective To select a Y-STR marker system with strong haplotype identification ability, ap-
propriate mutation rate and high compatibility and to assess its forensic application. Methods The 24
Y-STR loci were tested by self-built fluorescent multiplex system, and the forensic assessment was con-
ducted by 139 pairs of father—son samples collected in Jinan, Shandong province. Results Totally 176
alleles were identified among the 24 Y-STR loci in the sample of 139 unrelated individuals labeled
with father, and the gene diversity (GD) distributed between 0.083 7 (DYS645)-0.9669 (DYS385a/b).
According to the 24 Y-STR loci, 139 different haplotypes were detected from 139 unrelated male indi-
viduals labeled with father in Han population of Shandong province and with no shared haplotype ob-
served. The overall haplotype diversity (HD) was 1 and the discrimination capacity (DC) was 1. A total
of 5 one-step mutations events were observed among the 24 Y-STR loci in 139 pairs of father—son.
The average mutation rate was 0.0015 [95% CI (0.000 5, 0.003 5)]. Conclusion The system of 24 Y-
STR loci shows a strong individual recognition ability and low mutation rate in the population in Jinan,
Shandong province, and it has good application value in forensic science.
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A EEBE I H ST T 24 A4 Y-STR 3 [H J3 (DY S426 .
DY S434 .DYS531 .DYS439 DYS19 .DYS392 DY S643
DYS391 DYS570 DY S635 DY S448 DY S593 DY S645 .
DYS393 .DYS389 1 .DYS390.DYS389 1 .DYS59 .
DYS576 .DYS458 DY S481 .DYS385a/b DY S443) #4 1,
) B AR ) ) i AR A v FE AR R ATY Y -
STR B /Y W R4, AWEFTHE i 11 AR 5% g DU B P
TCRARFEAR XS B 38 2 58 471k B 2 v FHPPAG , DA
WA R R G T E AR Y-STR frid R it =%

1 MRS Ik

1.1 ¥

ARWFFE I FF ARG T 139 XA F AU I IR FEAR
FIT AT A S ok LU AR T B DU R L FEAS R A 1 3
A6 A7 [v) 2 D )
1.2 X 51

DNA FRifE % 9948 2 9947A (3£ E Promega /A )
A Hi-Di™ B L% (35 F AB A ), 9700 & PCR 1%
(£ AB 22w ) A1 3130x0 7 3L K 40 Hr A (26 H AB
UNESIDIS
1.3 i =15 BA

WG VEAG 19 24 A~ Y-STR FE K JBE A DY S426 .
DYS434 DYS531 .DYS439 DYS19 DYS392 DYS643 .
DYS391 .DYS570 DY S635 DY S448 DY S593 DY S645 .
DYS393 DYS389 1 .DYS390 .DYS389 1l .DYS596 .
DYS576 DY S458 DYS481 .DYS385a/b Fl DYS443, H:
H,DYSI9 DYSI9 DYS385a/b DYS389 1 .DYS3891I .
DYS390 .DYS391 DYS392 DYS393 DY S439 DY S448.,
DY S458 .DYS635 3t 14 A~ F K 5 T RKI YHRD
(http:/fwww.yhrd.org) #EF7 1 17 A>5& (K3 (B DY S437
DYS438 DY S456 Y -GATA-H4 A1) o M4l A i 15 21 iy
B 5T ORI SCRROHIRTE , b 14 4> 3R PR REAE 1L 2 B A
Z AN R AP ARG T IF B LA AL G R T T
BREOR, 7 LU BIE R GE AN, HIERIA RS
At i AR B A e A AT B T /N PR Y
(minimal haplotype, MHT) 2% 9 MZ.OBEH B (DY S19,
DYS385a/b .DYS389 1 .DYS38911 .DYS390 .DYS391 .
DYS392 1 DYS393), TEM AR I A8 T F L AR A
U0 o5 e JHE 2% A8 0 AT R AR RN B 4% 8L IX 43 fig )
SRR SR A S R TS N T DY S443 A 11 AN K
PURE2H A T 24 4 Y-STR (& &P ik &, Hip,
DY S426 DY S643 DY S434 DY S443 DY S531 .DYS593 .
DYS596 1 DY S645 ¥4 i HW AF 5% 7 5 A8 SR AR 1)
D75 LUEF A Y-STR MEFT R Z HE#

-237-

1.4 PCR # 18F01 4538

AR5 2R R ZEL 19 A7 R A ) 0 5 A i A
F X 24 A Y-STR JE[H EHEATZ 491, §7 4R
10 wL R F, 4% 6.0 pl 258 17K 2.0 uL. 5xPCR
J B BRIV (2.0 pl. 5x24Y 51 ¥R & % f H %
1.2mm W IMIRFEA (FTA K)o §734 544 :95°C 2 min;
94°C 55,60 °C 1min, (30£1)E ¥ ;60 C 10 min;
15 CARMRPRAF 47 35 07 [] B 352 8 B 1A 0 [ 4 o i 3
51 DNA 5 i 9948 H1 9947A . 734 2 1 T 9700
B PCR AXAE MAX #EN S8 iUm , Sz BV 9734 7= ) it
17 B4 TR I ARG R L 1 L T
9wl b FEH (Hi-Di™ H ke 5 P b ORG-500 19 17:1
IRAW) T, % 95°C 3min 5 VKA 3 min, 8 B0 )5 1E
3130 B HE A 3 B AN b AT 6 404 L TR I SR A 15
B4 5s, R 3kV, HUk45 R i@ i GeneMapper®
ID v3.2.1 ¥4 (£ 1H Thermo Fisher Scientific 2\ )
HEAT STR PR 43 8 | FFAR 8 1 B ik 2 353 1% 1 2% (the
International Society for Forensic Genetics,ISFG) it
BELE PR RS T 45 Y-STR S LR B 44 .

R T ORAE IR A 1) A B CR N AE R M R H 9948
007 ,2800M A7 1 & FLAK 139 5% A2 % v B AL 41k B 1)
3 BIFEAR S AmpFESTR™ Yfiler™ B4 a5 & (52 [
Thermo Fisher Scientific 23 &) ) AT 3474 .
1.5 it F40E

PR R RS4RI R oy RO A A A
FETT RN 3 A 1) 58 748 536 T H: 959 A7 IX 1] (http://
statpages.org/confint.html)™, 5 [H ZFEPE (gene diver-
sity, GD ) Fl ELA% 2 Z2 4% 1k (haplotype diversity , HD ) 2
P Nei 192200 HE A /Y

GD=n(1-XP?)/(n-1), (1)

HD=n(1-XP?)/(n-1), (2)

Ao, PO G AR DY (B ) A AR
n SRR RE AR B, A% TR R G R (discriminative
capacity, DC) (315242 h

DC=Ng/N, (3)
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2.1 HBIGER

S EE R WOR S HEARTE 24 4~ Y-STR &[4 )3 35
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22 EMERMERMEREZHFME
24 4~ Y-STR K[ BEAE 139 44 Fric <27 i) L
IR U B DU TG 5 55 P A A v ) A5 A B RUR a3k 1

0.0072~0.1007.,
24 4~ Y-STR M JEE ) GD L3 2, 24 4~ Y-STR
LA GD {H M 0.083 7~0.966 9, Hidr 21 4> HE A A

Fi7N o 24 4~ Y-STR JE R JETE 139 44 11 4 5% pd I TG 1 GD HI KT 0.5, bl &3k 87.5% , 78 11 AR UG A HE
K B PEA R IR gL 3] 176 N2 BL A L BdE DL STR R B R 2 S 28 DL IR 8 DY S385a/b YA

%ﬂﬁ%%@%ﬂﬁ%m@ﬁ&Wn%m%&z
¥ 01 STR 2 [H . DY S385a/b 1 5k R 8 it 2 35 [l Hy

e i GD {H (0.9669) , & kit H 5 i) J& 5L K E DY S570
(0.8247), KEHJE DYS645 19 GD {H #:1% (0.0837) .

F 1 ILWRFEMRINET XA 24 A~ Y-STR £ F EE 1) & G0 B B 53 7 S 2

(n=139)
DYS426 DYS643 DYS593 DYS38911 DY S385a/b

154k R I Fis A H I 15 KR BiES 15 KR IR E154k R bES
9 0.0072 7 0.0072 15 0.3237 27 0.0719 9,15 0.0072
11 0.9281 8 0.0216 16 0.4604 28 0.3165 9,19 0.0072
12 0.0647 9 0.1367 17 0.208 6 29 0.2590 10,18 0.0072
DYS434 10 0.3022 18 0.0072 30 0.2518 10,19 0.0072
AR SiES 11 0.3813 DYS645 31 0.0719 10,24 0.0072
8 0.1583 12 0.1367 | 454 H BiES 32 0.0216 11 0.0072
9 0.669 1 13 0.014 4 7 0.0072 33 0.0072 11,12 0.0647
10 0.0504 DYS391 8 0.956 8 DYS596 11,123 0.0072
11 0.1223 | 454 R ES 9 0.0360 || #1424 R IR 11,13 0.0288
DYS531 6 0.0072 DYS393 13 0.0072 11,14 0.0144
£154 R IR 7 0.0072 | H454H BIES 14 0.3885 11,15 0.0072
9 0.0072 9 0.0647 12 0.474 8 15 0.4892 11,16 0.0216
10 0.2014 10 0.7194 13 0.2302 16 0.0935 11,17 0.0576
11 0.5827 11 0.1942 14 0.2014 17 0.0144 11,18 0.0360
11.1 0.028 8 12 0.0072 15 0.0863 18 0.0072 11,19 0.0288
12 0.1655 DYS570 16 0.0072 DYS576 11,20 0.0072
13 0.0144 | 454 R ES DYS389 1 FHEEAR pIES 12 0.0144
DY S439 14 0.0144 | H454H I F 15 0.0216 12,13 0.028 8
154k R biES 15 0.0360 12 0.4460 16 0.0935 12,14 0.0072
10 0.0647 16 0.1439 13 0.3022 17 0.1223 12,16 0.0288
11 0.4317 17 0.2230 14 0.2518 18 0.3813 12,16.1  0.0072
12 0.3885 18 0.2014 DYS390 19 0.2158 12,17 0.1007
13 0.1007 19 02446 | FA4i%H I F 20 0.1295 12,18 0.0576
14 0.0144 20 0.0504 21 0.0216 21 0.0288 12,19 0.0432
DYSI19 21 0.079 1 22 0.0576 22 0.0072 12,20 0.0432
154k R biES 22 0.0072 23 04101 DYS481 12,23 0.0072
13 0.0504 24 0.3453 | 454 H LS 13 0.0504
14 0.2878 25 0.1583 20 0.0072 13,14 0.028 8
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= 1(&)
DYSI9 DYS635 DYS390 DYS481 DYS385a/b
FEAR SIS FA AR ES AR LS FAR ES FA AR VIS
15 0.3669 19 0.079 1 26 0.0072 21 0.0719 13,15 0.0072
16 0.2374 20 0.2518 DYS458 22 0.1583 13,16 0.0144
17 0.0576 21 04101 || 1A R ES 23 0.3165 13,17 0.0144
DYS392 22 0.1511 14 0.0504 24 0.1942 13,18 0.0432
154k RA IR 23 0.1079 14.1 0.0144 25 0.1367 13,19 0.0360
10 0.0072 DY S448 15 0.1367 26 0.0791 13,20 0.0216
11 02014 | 454 R IR 5 16 0.2086 27 0.0216 13,24 0.0072
12 0.1295 17 0.0072 17 0.2590 28 0.0144 14,15 0.0072
13 0.3309 18 0.1511 18 0.2158 DYS443 14,17 0.0144
14 0.2590 19 0.3453 18.2 0.0072 || 154 R I 14,18 0.0216
15 0.0647 20 0.3022 19 0.0719 12 0.0432 14,19 0.0216
16 0.0072 21 0.1727 20 0.0288 13 0.3597 15,16 0.0072
22 0.0144 21 0.0072 14 0.3022 15,20 0.0072
Hek 0.0072 15 0.2086 15,21 0.0072
16 0.0791 15,23 0.0144
17 0.0072 16 0.0072
16,20 0.0072
17,18 0.0072

xR 2 WHRFEMXINET XA 24 A~ Y-STR EEE GD & . #x 4 f DNA 9948 538 EMEEEE

(n=139)
AmE oD T ’f{gggg%g wphHAE | ARE DA T ’?52%9948 AR
DY S426 0.1354 12 9~12 DYS645 0.0837 8 7~9
DY S434 0.5135 8 8~11 DYS393 0.6783 13 12~16
DYS531 0.5957 11 9~13 DYS3891 0.6510 13 12~14
DY S439 0.6529 12 10~14 DYS390 0.6887 24 21~26
DYSI19 0.7256 14 13~17 DYS38911 0.7639 31 27~33
DYS392 0.7673 13 10~16 DYS596 0.6050 16 13~18
DYS643 0.7305 11 7~13 DYS576 0.7718 16 15~22
DYS391 0.4435 10 6~12 DY S458 0.8212 18 14~21
DYS570 0.8247 18 14~22 DY S481 0.8120 24 20~28
DYS635 0.7330 23 19~23 DYS385a/b 0.9669 11,14 9~24
DY S448 0.7418 19 17~22 DYS443 0.7329 14 12~17
DYS593 0.6442 15 15~18

23 BERSHEMN Y-STR 3 [H Ji (1) °F- £ 5 48 %k 0.001 5,95% & 15 X

W45 R Bor 24 > Y-STR ¥4 R4 1E 139 %4 [8]°4 (0.0005,0.0035) , AHF5E7E YHRD Hi #7358 R 82 DA
L AR DU 55 P TG e A R e SRS I Y 139 A B Y G A 11 S S H 8 b (DY S426 DY S481 DY S570.

R R BB, R4H HD DCEY N 1, DYS576 DYS643 DYS434 DYS443 DYS531 .DYS593 .
2.4 RITLRTME DYS596 Fl DY S645) ) -4 2 48 # 3 0.000 7,95% &

W 3 FR,24 A~ Y-STR ZEHJETE 139 X+ & X 18] 2 (0.000 0,0.003 6) , H 76 B AT 7 it A 12851
[ () 3336 YRIEE /2 LA 8 5 Ik — B R AE oy &R LK DY S426 DY S434 DY S443 DY S531 .
R DYS390 HE K JBE 1 R DYS458 A JE 1 ¥k . DYS593.DYS596 F1 DY S645 W27 %4 0.0010,
DY S385a/b FEIRJE 2 R FI DY S443 FEPRFE 1 1K, 24 4~ 95% A5 X 4] 4 (0.0000,0.0057)
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x3 WERFEHXINE 139 M FI7E 24 4 Y-STR ZEEEHRETERL
AR TERR g MR EAK RS REAK —FREAK SFREAK RXE OSUEBEM
DYS426 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS434 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS531 139 0 0 0 0 0 0.0000 0.0000,0.0262
DY S439 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYSI9 139 0 0 0 0 0 0.0000 0.0000,0.0262
DY S392 139 0 0 0 0 0 0.0000 0.0000,0.0262
DY S643 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS391 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS570 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS635 139 0 0 0 0 0 0.0000 0.0000,0.0262
DY S448 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS593 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS645 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS393 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS389 1 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS390 139 1 0 1 1 0 0.0072 0.0002,0.0394
DYS38911 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS596 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS576 139 0 0 0 0 0 0.0000 0.0000,0.0262
DY S458 139 1 1 0 1 0 0.0072 0.0002,0.0394
DYS481 139 0 0 0 0 0 0.0000 0.0000,0.0262
DYS385a/b 278 2 1 1 2 0 0.0072 0.0009,0.0257
DYS443 139 1 1 0 1 0 0.0072 0.0002,0.0394
&3t 3336 5 3 2 5 0 0.0015 0.0005,0.0035
3 B ©® E 5 5ITE 99.97%'7~99.99% "1 76.14%!"~98.66%!",

AMFFT ) 24 A~ Y-STR FE[H B A 21 A~ K 8
1) GD HII KT 0.5, Ll = ik 87.5% , AR SCHKIS
R, LA H BT 2 89 AmpFESTR™ Yfiler™ PCR #™
Wk 7 & (32 B Thermo Fisher Scientific 23 &) A il |
H GD H¥ KT 0.5 0y JE LB 7E 82.4%~88.2%,
L AT 5T 24 4~ Y-STR JE R E A B R L2
P, AWFSELEYHRD HEFESE DA A DAAME S i 11 38
JEHA 94 GD{E KT 0.5, Htf DYS434 DYS443 .
DYS531 .DYS593 Fl DY S596 1 HLA i b ALl 751 & v fif
B, HI, ARBFFE ) 24 4~ Y-STR R4 A{H AT LIk
SEE A T ELRT DA R b AR S e AR T

T Y-STR M85 %, BAR % 585 5L R g GD
X T 5 R e 1 i i EL AT — o B S (ELfRT S GD A
o 1 B PR AR 2 5 A5 BN I RGN AR BT B
= 1 HD A1 DC, BV R 06 A S5 i 1 A PR U3 RE T
I, PPAE Y-STR R 4t i = 27 g i 55 1 TR 5 M 48
& HD 1 DC, A#F5E 0 24 4~ Y-STR K& R 4, 1%
139 24 W1 AR DU 55 1 TG S A b o 0 %3¢ 31) k=2 B
R L HD EHM DCEY R 1, BHE Z MM
AmpF¢STR™ Yfiler™ PCR ¥ 3 i 7 & HD {H Al DC

FWIZ FR g BA R 1Y SR R U Be 7 R A Y ik
= 2 o H AT 5
AHEFEN 24 > Y-STR FEHJEELE 139 X452+ (B 11
3336 I E R W AR B 5 IR AR IR AR
7 0.0015,95% % 15 X [H] 27 (0.000 5,0.003 5) . H e
24 ASHEH A R YHRD 752 36 PR g8 LA BTG 1 11 4>
BE X )i (DY S426 DY S481 DY S570 DY S576 DY S643
DYS434 [ DYS443 . DYS531 . DYS593 . DYS596 i
DY S645) (1) ¥4 28 45 #4 0.000 7 ,95% & {7 X [H]
(0.0000,0.0036) , M 7EHA R dn A0 & b A B
f{) DY S426 DY S434 DY S443 DY S531 DY S593 DY S596
F1 DY S645 F K 1345848 2% 8 0.001 0,95% A7 X
[&] 4 (0.0000,0.0057), HHi] Z A H# AmpF¢STR™
Yfiler™ PCR §7 3 7 & AmpF¢STR™ Yfiler™ Plus
PCR ¥ 34 i 77 & F1 PowerPlex® Y23 System i | £
([E Promega /A F) ) 48R 4350 0.21%"~0.27%
0.4421~0.46% 1 0.37%>'~0.38%, NIt , AR HF 5T
W () ZR G0 0] LAAE — 58 A B L BRI PR 2 A8 77 ok 1) TR A
S TEAE Ry HA 350 6 b A AT AT D4 AR >
A R (R VA
AHEFEAE YHRD HEF# B PR 38 LS B HE 1 DY S426
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H DY S645 Z MR, %5 183 LI AR R AR FE AL,
W HARBAEA R G FRATHAE LR B RFEAR AT 5%
it HE AT %5, Y-STR 2 48 00 FHAUR £ 52 31 9t
K NAERZ 0 R, AR BIF 9 T 5 3 R, LI AR BB
PEABER S HREA G BB 1E 1 24 4> Y-STR JE
JEVEAT T2 45 R R X RGN H B A ik
14 LA DU i L 28 A8 3638 v, I FL7E 5 AR
S EA — s A 0 [R) I 38 AT AR O RG24l
R B AR B AR T2 L 25 B R AR WIS, A
TV 14 FR G0 78 oA DU R h B R 4 1 i
F AT R PR AR g | H 2 e A RCRAT 250 i 52 B A AR B
PEAS . A Bl i X HZ R G IR A PR MR RE A
A H X AT EARER) Y-STR FRic R GedR 42 % 50

SE WK
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