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(€75 RCE DI v E:E oai v AN T e N
3% TD-1 ddPCR V-5 I+, | H TagMan SR 2%
AT T 5-SNP M5 Y ddPCR G IR 22, MTEERA
PR RE . REJE . RME R i
T AR RE EAT T 3P4, 24T T ddPCR 71k R 2%
G55 ST o FHASCR AR

1 #M#ERFE

11 #r
111 B4

AAHFEATI 70 4 TE A DNAFEA, SRIE T
E R R IR RS At I H (YCZYPT
[2017] 01-3), REZLTE AR (FisSY) H8Fh
ANFEZEFRAL: MR, M2, M. OB
WBFEL A RSP A A R A Offt AT
) ) o 9948 FRifE il DNA W [ 75 M8 i A=
YIRS AT RN A . A B8 i A 2B R4
AL ZE R A (45 2017-001), rfi
S 5HEWEET BEmERES.
112 FEUAFR

T PCRAY (h ERRT R RE R, ()

HIRAF, TD-1); PCRY AL (HiIHBASERF2=AY
TABRATF, A300); RUEZIMMHEOEET (EE
Nano Drop 23], ND-2000c); figinRizas ([
HARDUIRA A, QL-866) 5 ok B AL (7 [
Eppendorf /A F], Centrifuge 5804 R) .,
1.1.3  HEARDNAFZEL

FF QIAamp® DNA Mini M48 7] & (= ,
QIAGEN/AT]) #EUK# DNA, ND-2000c 7355
FETHE R, JFMBER 0.5 ng/L.
1.1.4  SNP{7 &5 M5

VEHCHT I O & 2R SCHk V' EPAST AR | 54
SNP i fi, 0S4, s, FAERER
k1,

Table 1 The information of 5—SNP haplotype of the

EPASI1 gene
s number Chromosome Position/bp Alleles
rs115321619 2 46 567916 G/A
1s73926263 2 46 568 680 A/G
1573926264 2 46 569 017 A/G
1s73926265 2 46 569 770 G/A
155981512 2 46 570 342 G/A
12 FiE

121 SIWHREF B SE M

M Ensemble dbSNP 4 22 5 4% (o7 1 B 1A 21
%1, 435 F Primer Premier 5.0 1 Primer Express
3.0 A1 RS o 45 SNP 7 AT 4507
SRS TagMan #8451, 7351 I FAM AT VIC 7E6hR
0. SRR YA T A TR (L) ik
A RARIE R, SR TG B LR 2,

Table 2 The primer and probe information for 5-SNP used in ddPCR

s number Primer sequences (5'-3") Probe sequences (5'-3") Product size/bp

rs115321619  Forward: CTTTTTGTTGTTTTGCTTTGA FAM-CTGAGCTGAAGTGCAGTGCAG-BHQ! 99
Reverse: CCTTGACCTGGGAGC VIC-CGTAGCTGGAGTGCAGTGACG-BHQI1

1s73926263  Forward: CTATTTCACATGTCTCATTATTTT FAM-CATCTCCCTCTTCCTGTTA-BHQ1 64
Reverse: CACTGTACCAGATGCTATG VIC-CTGTCCTATTAGCCATACAG-BHQ!

1573926264  Forward: TTAAGTGAGGATCAAATGAGACCA FAM-CCCCGGTGCTCAATAA-MGB 112
Reverse: GATGCAAACAGCTATGTCAC VIC-CCCCAGTGCTCAATAA-MGB

1573926265  Forward: CAACCCCTCTGTGTTACTG FAM-ACAGACATCTTGAG-BHQ!1 54
Reverse: CACAGCCTGGAGTGAG VIC-ACAGACATCTTGGG-BHQ!

rs55981512  Forward: TAAGGCCCACAGCACTTAG FAM-TTCCCCCGCCAACC-MGB 64

Reverse: GAACCAGCATCAGAGTTCAG

VIC-TTCTTCCCCCGCCGAC-MGB
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1.2.2  ddPCRIK R FIFEF

ddPCR Jz Ji & %& : 2xddPCR SuperMix (&
UNG) 15 pl, 10 pmol/L | F 51 ¥4 1.5 ul,
10 umol/L /Y FAM 1 VIC #/iC #8445 0.9 ul, DNA
Bt (JEPIZH DNA) 1 pl, 780K RN E 2 AR TR
30 ply Pc B AR FR N0 2 G0 A B0 7K AL, 180 pl
B A I A TR AR FLEEA T RO AR K, SRS iR AT
ddPCR P M4, W #JP 1 E : 95°C 10 min; 94°C
30's, 58°C 1 min, 40MfF¥F; 12°C 5 min, 43
SR, R GO A A A AT AR . SR
Chip Reader B4 A&t , M40 A ik s B2 HUR:
WA 5 FAM AT VIC 38 38 X6 1 BH P AP 215 =
P, 57 A5 FAM F VIC P 3 38 XF 8 AMSI
(absolute mean signal intensities) fE, BG4 55
X7 P 25 5 A 2 B AR 5 3 17

FAM 1 VIC i 1 | Wr B bR 7« a. {7 MR L,
R 5 AMSHE 52007 5525 P RIS (55
PIAEWAE (ratiofH) >1, HEBRMBBHESR 5 ;
b. AMSI > 1 000; c. FHPEGR =4, R 2 1
3ANRART, AV A5 X R 38 T T R B

IPRIBRAE: a. 24T, FAMHIVIC Fii@iE 1y
TR BHMERIWTRRIE s b, 4T, SHOCH —A -
JEBAMEIWThR I
1.2.3  SNaPshotf& il %

3L F SNaPshot £ A (1) 5-SNP 4 A I 37 72
IR ZFIPCRY IEFEF IS ISR [15],
1.2.4  5WHREH S

DR S AL 8L R SlGF BIFREAR 9948 BnifE it Al
102T, S/MSBINAE FIIFEARNY20, 10750
S VAT = PO (i
1.2.5 IARVEREVEAL

a. fERATE . dAPCR K 26 13 4% 19948 #rife
i DNA, [IRFZFCA T A TR (1) Ba
RS FIEAT Sanger Y, FLHEA I, S —E0bE .

b RRUETE. EHIREHEA (45 NY20) X4
PRI 3R, DOUE S RIAE 5K 7 N o8
B, PEASLE [ — 0 F R [RLES A o3 v 43 7 —
HERZOE TR E L, POCEREE LR R
0 (coefficient of variation, CV) <25%ffij& ',

c. REGFE . ¥ 9948 #r ifi il DNA 6 FE A B Ry
0.5. 0.25. 0.125. 0.062 5 f10.031 25 ng, 4 4 Jif
R 3, VA 54 SNP A7 5 4 vE R 23 L Y
AR 2 .

d. EBERAIE N . AR B 7 1 N T R
BRBEMNRM, RALEEAR (45 SY)
PLAY 8 Fl AR R 28 HUKG 44 DNA, i M2h i |
MEE . H T A BRI Mk DR R A fi
PERIAL o A A A 1R S, $ b
Kbt 2 2 FHUSRAR Y, YR T AR A 484K
W, AR I 3 IR S0 .

e. PUIMHIRE ST o i 7 v B 3037 Ko b 1) R Bk
P20 BRI WA M4 2 (hematin) | JEHE
2 (humic acid) FI#E#E (indigo), #%1.2.2H11.2.3
SCE AR M TAG RS o AT R IR R R A 350,
700, 1050, 1 400 umol/L; Ji& FE & ¥ J& 7 Bk 2
150, 200, 250, 300 pg/L; &5k R BE 2 150,
200, 250, 300 mmol/L; #¥kEEH1 nl BRIk R
72518 K o S5 B RE AR 3k B 9948 Fr i & DNA
(0.5 pg/L), REUR SEHKEAS I il 77 44 2R A b o
PHAPEXT R, IR s X R, B EE K
1R

£OREATIR . 4G 70 0y ELAT WA A 3R M B Y
A (3), i} PHASE v2.1.1 & (10 000
interactions, 10-step thinning interval, #1 10 000
burn-ins) MMIEEA T A AT Y G REA
o JLAE I o

Table 3 Information of test population samples

Population Sample Size (n) Altitude/m
Sichuan, China 42 3650
Henan, China 28 73

1.2.6 Zitsrdr

IV SPSS #4 % B s e AT SE i or B, Al
Shapiro-Wilk 6 5 £ 1E 25, FFH ¢ 4656 20 BT 4L
s M P<0.05HF, FonBdEERRAGIHH R
1. F GraphPad Prism Fll Origin 2 {442 4] .

2 FHRE5HM

2.1 S|¥REHERM

K 54~ SNP AV s % 17 (1) 3 Fh B PR 3 U A T
25 PN BRI UE B | R R Stk o &7 5 | e A
B AN L E Ay RURE A = AR B M5 5. 9948
B v S BRSO AN VIC 38 38 A I FHYE (S 5, 102T
FEARBEA 554 FAM GEIE R FHPES 5, NY20 4
A FAM M VIC W E Y B BHYEES (KD, E
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Fig.2 2D ddPCR flourescence signal map of the specificity verification for each SNP
The Y-axis presents FAM signal (blue) and X-axis presents VIC signal (green); the gray dots present double-negative droplets; the orange dots present

double-positive droplets; NTC presents no template control.

2.2 {RRMERETTE ANBELRBY BT 67 70 BRI f BRI bR e, A
221 ifewtE H#100%, 5 Sanger JJFL5 5 — %4 100%.
ddPCR A& Z L3038 27 3 FEAS DNA 34 135
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TREFEA (45 NY20) #0075 3 R & S5
oI SO Bk T 33 389~51 450 2 [] (>30 000>
i), PRUE ddPCR SERR 25 R A A e 1k . 3R 4
BT s, FAMORITVIC 38 38 FHE 615 5(E

10%; A5 i Kzl 7 B R— B, AN 20
To BTLF SRR RRE , WA RTRENE R
HEMERE

Table 4 Repeatability detection of sample NY20 to each SNP

Channel rs number Mean fluorescence signal value of positive droplets Average SD CVI%
Ist 2nd 3rd

FAM rs115321619 2508 2632 2475 2538 82.78 3.26
173926263 7175 7588 7188 7317 234.78 3.21

1s73926264 4241 4107 4439 4262 167.03 3.92

173926265 3342 3168 3044 3185 149.70 4.70

rs55981512 4326 4 860 5084 4757 389.42 8.19

VIC rs115321619 3449 3218 2920 3196 265.21 8.30
1s73926263 8369 8 085 8 086 8 180 163.68 2.00

1573926264 6 246 6112 5996 6118 125.11 2.04

173926265 6075 5998 6066 6046 42.10 0.70

rs55981512 8403 7447 8496 8115 580.66 7.16

The 1st and 2nd were tested in the same chip, while the 3rd test was on another chip.
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Fig. 3 AMSI and ratio data for each SNP at different input of reference DNA 9948 in VIC channel
Asterisks in each chart denote significantly different measurements compared to the 0.5 ng reference DNA 9948 (¥*P<0.01, ***P<0.001).
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Fig.4 AMSI data for each SNP of sample SY in VIC channel

Swab 1 presents bottle mouth swab; Swab 2 presents mobile phone screen swab; asterisks in each chart denote significantly different measurements

compared to blood cards (*P<0.05,**P<0.01).
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Fig.5 Mean fluorescence signal of the positive and negative droplets in VIC channel for reference DNA 9948 spiked with
serial dilutions of the inhibitors for ddPCR detection
NIC presents detecting reference DNA 9948 with no inhibitors control.
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Fig. 6 The number of positive droplets in VIC channel and total droplets for reference DNA 9948 spiked with serial

NIC presents detecting reference DNA 9948 with no inhibitors control; asterisks in each chart denote significantly different measurements compared

dilutions of the inhibitors for ddPCR detection

to no inhibition control (*P<0.05, ** P<0.01).

2.2.6  FEARIL

R OBIEG T B 5-SNP B 8 AGGAA 1F
A2 5y MR M XA A TR N 75%, 7E 28 13 IK

P X BICRALN 1.8%; HAE A GAAGG 78 5 14Kk
H XA A 25%, FEARIEFR I IXFH R N 98.2%., JIF
DI, EPAS1 3 [A [ (9 5-SNP /&5 J& 3& [ 2o % U
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AGGAA E oA T i vk X e, i A I v i X
ORI

Table 6 Haplotype frequencies of S—-SNP in test samples

Population/n AGGAA GAAGG
n Frequency n Frequency
Sichuan, China/42 63 75% 21 25%
Henan, China/28 1 1.8% 55 98. 2%
39 it

SNP gt & bRt 7 i s 24 A0 FH A iR 1
FAVRHE 20 55, 354, nIHEBE LR SNP A Jy
EARE, RELHRE EEENFEART CEN
SNaPshot, &ATH}[H i (MALDI-TOF MS) il
AR ke ik R AR LA e ) R A RS
Wi, HJMEE—E YRR, FlansemF K
TAEREKR, MPRIH. SRS OREISYY) #
AR BRI R AL . R Bs, ARG A 15 A A 5 B
B, IR ELA AL, AGE IR E R, HE
DL 3 2 B R R 5 5K . A4, ddPCR
YER—FB il A, HA s . 54 I Al
SEPLTILRE ST, TEIR AR Y SR A I o Jre B
THREIES, B 2T . MY AR5
G ) H BT R R AR g 2 R
AWEFEAE 7 ddPCR - 5 #4987 5-SNP 43 AU i ]
E, R REMNA L Rt T T o

AWFFEH, ddPCR 78 SNP 43 BUAS i i) £ 4 3=
BUAAE : a. SCURIRAEMIME, RDE B, (U553
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Table 7 Characteristics of commonly forensic used methods for SNP genotyping

Methods Number of SNPs  Operation complexity Detection period Sensitivity Inhibitors tolerance
Sanger sequencing =71 1 Low 12-24 h Low Low
ddPCR 1 Low 2-3h Moderate High
HRM B <10 Low 2-4h High Low
SNaPshot %] <20 Moderate 7-8h High Moderate
pSQ [ <50 Moderate 6-10h Moderate Low
MALDI-TOF MS "] <60 Moderate 5-6h Moderate Low
NGS ] >50 High >24h High Moderate

HRM, high resolution melt; PSQ, pyrosequencing; NGS, next generation sequencing.
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Abstract Objective Current forensic SNP genotyping methods often require imported platforms and are labor-
intensive, time-consuming and costly. Droplet digital PCR (ddPCR) is a new generation of PCR technology that
allows rapid qualification of rare target DNA sequence, and is less susceptible to PCR inhibitors. This study is
intended to establish a SNP genotyping method on domestic ddPCR platform and explore the applicability of
ddPCR in forensics. Methods Genotyping system of the high altitude adaptive EPAS1 haplotype (rs115321619,
1873926263, 1573926264, 1s73926265 and rs55981512) was established by ddPCR. Then we tested the specificity
of primers and probes, evaluated its accuracy, stability, sensitivity and adaptability separately. Meanwhile, ddPCR
and SNaPshot minisequencing technology were compared in terms of inhibitor resistance ability. Finally,
preliminary application in 70 samples were conducted. Results The ddPCR assay only required a total run time
within 2.5 h, and showed high accuracy and repeatability in SNP genotyping. The detection sensitivity was 0.312
5 ng. DAPCR assays also exhibited better tolerance to inhibitors than SNaPshot. The tested individuals showed
good consistence with their background information. Conclusion The SNP genotyping assay based on ddPCR is
accurate, rapid, easily-used and shows great resistance to perturbations by inhibitors, which has strong application

potential in the field of rapid forensic detection, and is suitable for forensic analysis.
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