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Development of 23-plex Y-SNPs Typing Method Based on Single-base Extension
and Capillary Electrophoresis Technology and Its Application in Forensic Science
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Abstract; [ Objective] To develope a robust single nucleotide polymorphism (SNPs) typing assay with co-amplification and
to type 23 human Y chromosome SNPs using SNaPshot kit. [Methods] Markers were drawn from the phylogenetic tree of Y
chromosome ; P164,P203,P148,P145 ,M89,P151,M216,P128,P157,P149,P131,P199,P123 ,P191,P201 ,M111,M9,P132,P200,
P197,M119,P136,and M134. All 23 Y-SNPs in one reaction were amplified; the pooled PCR products were purified. The
minisequencing reactions were performed simultaneously for all 23 Y-SNPs with fluorescein-labeled dideoxynucleotides. A total of
290 male Chinese in Guangdong were genotyped by capillary electrophoresis and multicolour fluorescence detection. [Results] A
23-plex Y-SNPs co-amplification system was developed. All of the Y-SNPs are polymorphic in Chinese. The gene diversity of the
Y-SNPs ranged from 0.013 7-0.491 2. A total of 143 haplotypes were found, the haplotype diversity was calculated to be 0.990 7.
[Conclusion] The 23-plex Y-SNPs system developed is efficient, high-throughput and appears to be suitable for forensic science
and anthroponomy.
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1.1 ELZFFRF
L1l AU % 480 Y 1Y (Hema 23 7] ) ,9700
A PCR §"#9{ (AB AH]),3130x1 %4 DNA 4> H 3
WAL AL (AB A7), 7500 A% PCR X (AB
NEIDIS
1.12 43X #]  SNaPshot i 7l & (AB A #] ).
ExoSAP-IT (USB Z2A#]) | MFAs 1 iR il SAP(1 U/
pl, Fermentas, MBI), Amp FL STR Profiler
Yfiler™ i35 & (AB A H]) . Quantifiler human DNA
quantification 1] & (AB 23 F] ) (dNTPs i &
(Fermentas , MBI /A H))
1.2 ##1 % DNA $2E

iR ML AR (22T IE 5558 ot ) s P
ARIAE 290 3K [ A IX (656 B AR R A TS
421, F TECAN H Zhib TARR, R HT 1Q B BRik+%
M Promega /2 A DNA 1Q™ R4 ANEFTES ]
EAEFMHEST DNA $2HL,
1.3 Y-SNP E&¥ BEFRHIIEL
1.3.1 Y-SNP /% &edit s MRIG Y Jetafidr st
%>(The Y Chromosome Consortium) [ 7EZL b 75
PEFCBA BT LU PCR 54600 1) 599 > Y-SNPs
A7 5 B LA A 311 AR RE A S G B 45 A
dbSNP Bz )% L Iz Y-SNPs {55 B EZL [ 3 snp y

reference database (http://www.snp-y.org/) , 5%
PR A SRR 35 7 S P AR Hh 22 2 8 v 11 P
1R BE T2 %k Y Y-SNPs i 5 23 4> . P164 . P203 .
P148 .P145 M89 .P151 M216 P128 P157 .P149 .

P131 ,P199 _P123 P191 ,P201 M111 M9 P132

P200.P197 M119 P136 M134, Hrfr M111 & 2 bp
BRJe M199 & 1 bp 1A ,M134 J2 1 bp HAEFAE
LA a5 320 R I P e ol A4S

1.3.2 314kt Bavie LIRS R v iy o7 s %
BRI 51 AR, FIH Primer Premier 5.0 Z0f%:
HATEH 519, 3T Oligo 6.0 HEAT M4k, 5
IR . 45457 45 6 PCR 5190 Tm #1222 ~ 5 °C,
WS iE] K514 A B TR AR K e 45 F R T
B, IR E— B R 15 ~ 30 MR ,G + C
TR 40% ~ 60% 2 [], AL FEHL A1, 93
I B BETE 50 ~ 150 bp 2247, 5140 E i Sk
(blast LX), 23 XF51 ¥ B4y TRA RS
B, HPLC 2lifk, 5197503k 1,

&1 234 Y-SNP fi=H) PCR ¥ 15|41/ 5!
Table 1 Primers for 23-plex Y-SNPs Markers

Markers  Forward PCR primer (5'—3") Reverse PCR primer (5'—3")

P164 TCTTTAGCATTTTGGTCCC CATTCATCCTCTTTATCCCTC
P203 AAATGGTTGGCTATTGAGTT GTAGTTTAAGTATGGTAGGCAGA
148 CCCTGTGAGGATGGTTTCT TCATCTGTATCCATGTTGCA
P145 AAAACAAAGCCACTCTTACA CTGGGTTGAGACACTGAAA

M89 CAGCTCTCTTCCTAAGGTTAT ACAGAGTATCAGGAGAGGCT
P151 ACAGAGTATCAGGAGAGGCT GGTTTTGACCTCAGGCTAC

M216 TAATCACTTTTATATCCTCAACC  TCTGAATTCTGACACTGCTAG
P128 CCTCCACTGACTGTAAAATG AAGAGGGAGAAACAGACCTA
P157 CGATGTGTAATTCATTTGATATG ~ TAATCTTTGCCCTCAGGAT

P149 TTCCAAGTCTACCTCTACAATAT  CACTAGAAGCAAGGCTGAA

P131 ATAGTCCCCTTCCACTTAGTA TGTAGAGAATTACATGTTGATCAT

P199 CAATCAGAAATGGGAAGACT CTGTGAGAAAAAAAATGGC
P123 GTATTCCTATGTGGCTGGTC CCTTACAGATTTATCTTTACTGTC
P191 CGCAAATAGTAGCAGAAACC ACCATCCACCTACTCATTGT
P201 GCTGTCCAAGTTGTGTGAT AATGAAGGTAGAAGGGTGAG
MI11 CTTGTTTTGTGTGAAAGGTAA ACAATGCAGATCTTCGTAATA
M9 CCCTGAAATACAGAACTGC AGACATTGAAGGTTTGAACA

P132 GTGATAGGGTCAGAAGAAAGC  GAATAAATACTAAAGGCTGCAAT
P200 TTGATGAATCTGTTTAATCGC CCTTGACTGTTGAATGGAGA
P197 TTTCTATCCGTGACCAACC GCAGAAGCGTAATAACCTTT
MI119 GATGTAGAAAAATGTTATGGGT — TGTGTTTATTTGGGGAGAC

P136 GGGTATAAATCTGAACGCAA AAGTGGTGGGAACAATGG

M134 GATACTTTTGATCCCCACCA TTTCCCCACAACCAGACA
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1.33 #45.5 PCR 3 DL 1 1% DNA HEA
EEE, A Fid 23 4~ Y-SNPs 437 155 ¥ %t i
TR 3 PR A IS4 | 7 RIS T ik
47 SNP v f5() PCR ¥ 38{AR R . feJm , % PCR
RNRZRH 25 pL, HAEE 1 x PCR buffer (A
& Mg?*), 1.5 mmol/L MgCl,, %:F ANTP 4% 200
pwmol/L,0.4 wmol/L I FiiF5147,2.5 U AmpliTaq
Gold DNA B4 ,0.4 ~ 1 ng DNA #i#z . PCR J
N 25444295 °C 11 min, 95 °C30 s,55 °C 30 s,
72 °C 30 s, JE¥ 35 WK, e JE & 72 °C 10 min,
1.3.4 #1455 PCR 473§ =469 m B2 pl
PCR /¥ 5 1.5 wL 10 x FREZ IR &5 LRET
6% AR R NI TRILEERE (C =6%,T =3.3%)",
450 V HLK 3 h AR (4,

135 A4 PRy ¥hzuys HHAEQ
T 234> Y-SNPs (i i SR R AT E B9 1, )R
MR 25 pLAKZR &S 0.4 ~ 1 ng DNA BEHT, 1
x PCR buffer (AB 2~ w), 32 [E ), 8 mmol/L. MgCl,
(AB A 1)), 4FF ANTP 4% 600 pmol/L,PCR 5|4
WEAE 0.006 8 ~ 0.067 6 wmol/L,2.5 U AmpliTaq
Gold DNA AT (AB AF]), BAVHIIETRS
M :95 °C 11 min, 95 °C 30 s, 55 C 40 s, 65 °C
45 s, ¥ 35 K, et 65 °C 10 min,
1.3.6 PCR = # 844t NP5 IEZ 4519 A
dNTPs XJ J5 22 1) BR B K& 4 {1 2 W (single base
extension, SBE)G|¥J) 520, 7£ SBE Z Hij FH 41k
FI B Z AR 51 WA ANTPs ™ AR E 5 wL
PCR =¥ Hiin A 2 L ExoSAP-IT 37 CH; & 15
min, 80 °C 15 min K{f , X} PCR f=#yit1r4lifk,
1.3.7 @Al dy T AR 2 54
[ 3K Uiy s, T SNPs A8 S 5 i —A~ 4k, H
TR A A/ 58 AR 11 BRI ZE A 5| 4 1 37 iy
D FA A /BRI I B — SR EE AL | 5455
P9 Aot ) 55— S B R R R i 7 R 2 AR
SR RUAT b 2 PR e e, S R i s
ANTAH B Y BB SR SE AR 5 |4 % 23 A S AT
XA, SIZERKERBED 4 ~ 6 ML, i
LRGN B P BV R TE 20 ~ 85 MZATIRZ 8],
4 SNP A3/ s LB S 1B [P UL 3R 2,

1.3.8 Fam st Ab R p (SBE) & =Mt KA
SNaPshot Il & HEFEM R N AA R . gt/ 2 &
PCR /=% 2 pL, #WMIF 5 9IR &% 2 uL,
SNaPshot mix 4 L, 287K 2 pL JEA S5 5K

x2 BUABWEELEMSY
Table 2 The SBE primers of 23 Y-SNPs

Markers ~ Extension Primer with Poly T Tail for Spacing (5'—3')  Strand Length(nt)
P164  GCATTTTGGTCCCATCTTTT F 20

P203  TCTCTGGCTATTGAGTTAGCATAATCA F 27
P14§  AATCTATAGTTCACAGGACCATGTATT F 27
P145  TCTCTCTAAGCCACTCTTACAGAAAGAAGT F 30
M89  CTGACAATTCCTAAGGTTATGTACAAAAATCT F R
PI5I  (TC); GACCTCAGGCTACACATTTCC R 35
M216  (TC)s TAAAATTCCTTTATTAAAGAAATGTAA F 37
P128  (TC), CAAAGAGGGAGAAACAGACCTA R 40
PI57  (CT), CATTTTAAGGTACATGGCTTTA F 42
P149  (CT), ATCGCAATCCAATTTATGAGA F 45
P13l (TC), AATCATTCTTTGTTATCTGTGTGA F 47
P199  (CT), CATCAGAAATGGGAAGACTTCA F 50
P123  (TC); TTATGTGGCTGGTCTGTTGTCT F 2
PI91  (TC); AGAAAGGTATAGTGTTCAAAATGTA F 55
P201  (TC); TAACTGACTAAACTAGGCTTGGTTAA F 57
GTCATTTGATCTCAG
MIIL  (TC)y TGGTAAATTTTGGGGAGAAAAC F 62
M9 (CT)s CGGCCTAAGATGGTTGAAT F 69
P132  (CT), AAACTCCTGAATTATCACTCCCAAG F 73
P200  (TC)y TAACTGACTAATTTAATCGCTCACCTTTTCTCT — F 75
P197  (CT)y CAGAAGGGTAATAACCTTTCAAG R 71
MI119  (CT)y TCCAATTCAGCATACAGGC F 79
P136  (CT)y TGGTGGGAACAATGGITTC R 81
M134  (TC)y ACTTTTGATCCCCACCAAT F 85

Subscript numbers mean the repeated base numbers

FEAELERY control 1Y N 2514 —2: 96 C 10 s,
50 °C 5 5,60 °C 30 s,JE¥F 25K, 7E SBE W Z
S T ERRREAEAR S N A T wL SAP(1 U/pL),
37 CH%H 15 min, 80 °C 15 min FEAT4{LANFE 2
BrZ A5 1 dANTPs,,

1.3.9 £mEd ks hn  4ifbf5i SBE =
Y2 AB 3130xl 38 4% 43 B AT HL kRS I, B 1
pL SBE Zlifk = #yiin A 10 plL Hi-Di B Bt | A
A IA 0.3 wL GeneScan™ Size Standards LIZ-120
(AB 25 EDVER AR, PERERFTE] A 10 s, B 15 kV,
POP-4 #E/%8,36 cm B4, HLUK 30 min, HLIKZ5 R
J& ,#IH Genemapper 1D V3.2 F{4E1 7455347 .
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Fig.1 The electrophoretogram of 23-plex Y-SNPs from
one male

RFU: relative fluorescence unit

1,23 M A BIRCE B, Yol gAY &
ALY eI, AR IR A R — 2
22 EEFSHMITE

A7 3o RS R R LA AR STUR ) e Rk &
11, FE R ZREE: (gene diversity, GD) S B Z2 ¢
P (haplotype diversity, HD) #8330 h = n(1 - 3x%)
/(n = 1)FHED 23 A Y-SNPs {37 S5 78] MU GEREAR
I EAA 28N, SN I 2R N
0.013 7 ~0.491 2,7 290 44 5 P HLAG I F] 143 Fp
PAARTRD | BRI ZAEE N 0.990 7, ARYE Y etk
S A4 RN S 12 Fhoe R SRR RE
0.840 1, M7 S RIRHA B L2285 L2 3,
23 EEEFNA
23.1 RHUE KHEER 200 ng/pL SR DNA
(AB 7 Al Quantifiler human DNA quantification i
FIEHPRE DNA) TS LLARRE, 20l T2 &
PCR R4 SBE i, 4 25 uL EA1KFR 1 DNA
FHTE 0.1 ~ 50 ng HHARREAS BT 1 4 B 25 1
(B2),

Fig.2 Electrophoretogram of 23-plex Y-SNPs from 0.1
ng template (male) DNA

RFU: relative fluorescence unit

232 FrBAFFE XTHEERRE GG M L L
FOKRER KR A\ F a4 5 610 fR F
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Fig.3 The electrophoretogram of 23-plex Y-SNPs from
pig DNA

RFU: relative fluorescence unit
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&3 234 Y-SNPs (i miy i & R BHAEEZHAR
Table 3 A Nomenclature of the 23-plex Y-SNPs and its data of population genetics

Markers Haplogroup SNP(Ancestral/Derived) Counts Frequency (%) Gene diversity
P164 03a3b2 [A/G] 192/98 66.2/33.8 0.4490
P203 Olal [A/G] 2/288 0.7/99.3 0.0137
P148 F-R [C/T] 23/267 7.9/92.1 0.1465
pP145 F-R [A/G] 227/63 78.3/21.7 0.3413
M89 F-R [C/T] 31/259 10.7/89.3 0.1916
P151 F-R [C/T] 4/286 1.4/98.6 0.0273
M216 C [C/T] 282/8 97.2/2.8 0.0538
P128 K-R [C/T] 41/249 14.1/85.9 0.2436
P157 F-R [C/T] 281/9 96.9/3.1 0.0604
P149 F-R [A/G] 2/288 0.7/99.3 0.0137
P131 K-R [C/T] 15/275 5.2/94.8 0.0984
P199 03a [A/G] 92/198 31.7/68.3 0.4347
P123 1] [C/T] 2/288 0.7/99.3 0.0137
P191 0 [A/G] 24/266 83/91.7 0.1523
P201 03a3 [C/T] 166/124 57.2/42.8 0.4912
Mi11 02al 2bp(TT)del [A/T] 267/23 92.1/7.9 0.1465
M9 K-R [C/G] 9/281 3.1/96.9 0.0604
P132 K-R [A/C] 287/3 99/1 0.0205
P200 03a [G/T] 186/104 64.1/35.9 0.4616
P197 03a [G/T] 168/122 57.9/42.1 0.4891
M119 Ola [A/C] 124/166 42.8/57.2 0.4912
P136 F-R [G/T] 179/111 61.7/38.3 0.4741
M134 03a3c 1bp(G)del [G/T] 223/67 76.9/23.1 0.3565

AWML JE MR a5 ) R
H1Q L2 H DNA, ] yfiler® PCR Amplification
Kit(AB 23 &), 5 E) KM A Y-STR, [R] s 23-plex
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The Y-STR typing result of one unknown corpse

RFU: relative fluorescence unit

5000 10 20 30 40 ;(:49 60 70 80 9% bp % 4 m éjﬁﬁlﬁﬁ(ia ddNTPS
;EZE 1T b | 199 Table 4 Four ddNTPs with different fluorescences
2000 | P 200
1002 Gﬁ\,,‘\ ,};151 J\ } Em 7’1\9 A ddNTP Dye Label
B @ CR:] B ] A dR6G Green
RFU0 10 20 30 40 50 60 70 80 90 bp
i zgg C dTAMRA™ Black
800 P 145 P12 Min G dR110 Blue
600 I
400 H T4 \ ‘}\ T dROX™ Red
200 I i | rk
0 A fa S\ o | J ‘;_7
}R:ng 10 20 30 40 50 60 70 80 90 bp ﬁ)ﬁﬂ’}ﬁ%%’éﬂ,U&ﬂlﬁfﬁﬁi‘@ﬂl&o ZIKYFJTEEKE"J
T3] | L, FRIETE €52 400 RFU, 46405 200 RFU, # 4 141
i B k 4 {4 100 RFU, [RTF bl hZei, Xt 30
¢ d o A A g ok
REU 10 20 30 ng90 50 P13160 70 20 90 100 bp g Mgﬂi: {91' HATIET?W:T{E k}JL l:jE T}Li
| r B PR RRE A LS T HE,
1600 P 148
,‘“& J\ ﬁ (\\ 32 Y-SNPs E 5K RHE AN
b AN n U AN REEEAY A PCR 51490 Tm 7£ 55 °C
L RE =) =) - N
B 5 7%k DNA 7K 23-plex Y-SNPs F2 ik E ik ZA(£2 ), PCR SR 225 A 2

Fig.5 23-plex Y-SNPs CE result of the DNA samlpe

from the corpse

RFU: relative fluorescence unit
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WEIEFE 23 A Y-SNPs {7 5 AR 48 B L2 S 2k
RUGEATICRS, AT LA RIS 4 B2 ) L 5 4
AFE | 4[] B AR P S s A PR AP 2 25 B 3
FEARGI /N T 60 Bk FE)E 24 HPLC 4lifk, KT
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