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FEMIEEFRERALE PCR (ddPCR) A RYIE L K N F
ek HES KRB OARE BER Byt om’
WEED mEES Ent

(1. bR s BEsBe shrfaescsm=s )il #  611130)

(2. UNAEBEEEERE 1)1 #  610066)
(3. MU KA ShRems 5 A MEFE )14 E AL E Uil s#E 611130)
(4. VO AR SR RE ) R e e R R Hue )il B#ER 610041)

(5. R AVH ARG AR KH: 300381)

# Z=. [86]) FEn R %5 (African swinefever virus, ASFV)AE-FE A SHLT %, MMk
REEOZRFMA. A, E1 PR, SRANGIERG%, QR FERQIT W7 E ARG
IR EAA S, B % ASF EAKE., AL EZ S —FHA M &R HEH ASFV i
#F PCR (Droplet digital PCR, ddPCR)#&l 7 i%. [ %] 4+ ASFV K205R & B % i — s 4%
S5 A TagMan 48 4T, i i R Ak, 5 7 ASFV 5B % &% & PCR (QPCR)#= ddPCR
KoM Ty ik, AT AAT R AR A REUH . F A ST T 945, AR 269 ASFV
Ko sk 2t 163 4y B A Fe it 69 40 SRR R B TE AR K BHATAR M, o EAE K2 B St ASFV
ELISA XA &5 4, 6 RRE Fiktem g ReyfFeFE, [£R] 2 14) ASFV gPCR #= ddPCR
o 77 ik o % 2 4545 (RP>0.998), ddPCR &4 KA M PR *T 12 5] 0.36 # M, f£ 20 pl KR4k
B eh 104 MR R, R 4% 2 gPCR # 10 45. ASFV ddPCR 4 7 i B4 1% & 49 4% 5+
MhEIH, RNEEMET LRSELAERIRE., [(£4) ZF5 52855, ik, T4
H—FA B G F AW F 7 kR ASFV, A Bk iZ s AR B AR ASFV 49 52 B U5 n) 42 4%
F gAML, FIHATEE ddPCR Z AR A K E 49 L B AR A .

XKHEIF: MASF PCR, £ % AT E PCR, EMBEERKE, LHAE
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A novel high-sensitivity droplet digital PCR (ddPCR) for detection of

African swinefever virus

WU Xu-Long” XIAOLu** SONGYong® LINHua® CHEN Shi-Jie*
YANG Miao®* AN Wei* YAO Xue-Ping"® YANG Ze-Xiao™® WANG Yin™*

(1. College of Veterinary Medicine, Sichuan Agricultural University, Chengdu, Sichuan 611130, China)
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(5. Tianjin Ringpu Bio-technology Co., Ltd, Tianjin 300381, China)

Abstract: [Objective] African swine fever virus (ASFV) can cause high mortality in swine and lead
to huge economic losses. Therefore to establish a strict and efficient control system, including the
sensitive and accurate diagnosis methods, effective warning mechanism, which avoid the spread of
ASF in China. The aim of this study was to develop a novel and high-sensitive droplet digital PCR
(ddPCR) method to detect African swine fever virus (ASFV). [Methods] The methods of ASFV
real-time quantitative PCR (gPCR) and ddPCR were established and optimal reaction conditions
were confirmed based on K205R gene of ASFV. Each method was evaluated for linearity, limit of
detection and specificity. The methods were tested in 163 specimens which were collected from
domestic or imported clinical sample or serum samples. [Results] The results indicated that the method
both had a high degree of linearity (R>>0.998). The detection limit of ddPCR reached 0.36 copies and
was approximately 10 copies/reaction, which was approximately a 10-fold greater sensitivity than
gPCR. The cross-reaction was performed with other porcine pathogens, and negative amplification of
the cross-reaction assay demonstrated the high specificity of this method. [Conclusion] This high
sensitivity and specificity method could be used as an efficient molecular biology tool to diagnose
ASFV, which is a reserve technique and very important for prevention of the spread of diseases
across borders, and it promotes the development of ddPCR in China.

Keywords: Droplet digital PCR, Real-time quantitative PCR, African swine fever virus, Diagnostic
investigation

2017, Vol .44, No.12

AEMRE I (African swine fever, ASF)ZHi-IEPH
FEIRR B2 (African swine fever virus, ASFV)5 EE 1Y
—Rhzbk . EEEEE YT ASPV JEIEME R
i FHAsfarviridag), J& R EEME—Y) DNA ¥
H2, FEEILINLIK 2 170-190 kb, %% 150-200 Fif
B, AEHREERA SR ALK B 22 07 T AL R 41
7 38-47 kb, A7 13-22 kb [ AI A5 X gk, ok ly
AP IX P 1921 AEZAGTE 1 e 1 Yl & Bl
B 7EAE N 22 50 5 . UM A i S DA 4 3 A i
A7, ¥ R R AR . B AR ASFV
AR AR AR 1S F RIS, BN AT 7E AR
FROEAAAE, TGN | B FOR S i 55 3

35 55 WP A PR B O ERALAR T L ASF Il AR A B
AR SRHEARARIE, B R R P& L A
ELgh . B, BIAEEE R, RERERY AR
W, FETTRES 100%9) . i TR R AR T
WaEE A 2k, FLJCA SRR TR, B
A Bh) 11 4F 2H2H (Office international des epizooties,
OIE)F fy LIl # () B e, TN A h—2k
et FE RIS R, RIS, AL
FIBFE R 50, 38R, HERRISIT Tk s
PR FEHLHILE, LUk ASF 4 AFRE

HARTRE HETA B A AR i aE , 1
Bt I PR32 o AR 0 H 2302, i A TR E 1R
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LBl K . R W R S & ASF T, o
BEMTARIZ I X TR A U — 2P K, i —H
AR, JE AR, RSy —Fh R A
FESE ASFV R Jr ik AT S22 . T T
PCR (Droplet digital PCR, ddPCR)2 453k X4 1
— PR AE N EEOR , JE AR A BRI S |
B3, SR 5 28 A1 PCR FRIIARA S A58
R G SR M T R YT 4 X A
RGOS ST o W T HATGZE A bRl 2,
PRV B A R I At A R R SR ORI A b o)
FEFR ¥ DUBGHA T4 % 5 i, (1153 ddPCR AR5 5]
] ANk 22 1 e RN, HA BT R S
B, AT ST ASFV ddPCR Kl vk, F7)
FHAZ 7 B0 3R 1 1A G Sh ke it S B N 3l
FEMDEF TR, R 3R EXT ASFV B SER W 4RIt
a2, Wy IR E P50 8 1048 AR HIEEOR
i 95 o
1 MR5TE
11 fmE. HRER

ASFV K205R 4JL[H 741 (GenBank %55 :
K P055815) H 3 4 4 5 (Invitrogen™) A T4 . 1%
I BE(CSFV) M B0 5 I 2R B 75 (PRRSV) |
HAZ B 5 8 (JEV) . &R 2 BI(PCV-2) .,
FEPPERIFEE(PRV) . HEREE % (FMDV) 34 h g1
ANy KA BRI S T ORAT o I RASINAE: i g
163 {73, KT 2016-2017 4F, HiA{ush 28 [
BRSSO I MG FEAS . BPREZEMEREAS,
TR PR AFRL2E B ZE A BT T i 5 62 £ I
FHEF IR IS REAS, FR D)1 SRR oA =)
R IAS T F A O B8 5 73 43 N IS SR 5 %
LA S IER L SUREAS, 1Rk K2 5l
YIRS 2 AR AT
12 FERFIFLF

Bk N AR & . BRI EE DNA/RNA
FEIGA £ (Magnetic Viral DNA/RNA Kit), b5k
MRAARHA R w5 0% A G (ddPCR - droplet

generation oil), Bio-Rad A+,

38 PCR 1Y . ¥U7 PCR &4t QX100. 96 fLik
HHL PX1., 70EE = PCR 1L CFX96, Bio-Rad 7Y
H); MR EE T NanoDrop 2000, 4 H shit%
FREEHUY, Thermo A H].

1.3 5|4¥git

218 NCBI h GenBank %55 i1 ASFV 423 [H
H1(F 1), it DNAMAN B4t 16 G EE 1) 4 5L
RIZH 78017 X, 1545 K205R LR A PR~F IX 5,
#IM Oligo A Primer Premier k4, Bit -5 e
PESI P TagMan 20 aR%E, H EIE5IY) F.
5-CAGGCAAAACAAGTGAAACA-3 ; T iifsl ¥
R:5-GCAAACTGCTCATCCAATAT-3'; %41 Probe:
5-FAM-TGTTCTTCACGCGTAGCGAATGGGC-
BHQ-3', #4AY Sumbric FAM 2G5 3EA, 3
URFRIC A K FEH BHQL, 54 g4t 14
Invitrogen™ /A F) 4 .

14 ASFV XREHEE qPCR KLY

N T A RH ASFV BURAE AR IS T gPCR 2
N, AR E1 . PRER IR DL e S AR KR A T
k. AR ZR F(20 ul): 2xPremix ExTag 10 uL,
AR M LR EE SN 250 nmol/L, TagMan
YREF e By 200 nmol/L, #ikz 1 ul, ddH,O #b
fE 20l AN 95°C 3min; 95°C 15,
60°C30s, 40 MG, FEMPEFIEF TGS REE
1.5 ASFV ddPCR [

5 oPCR [ AHFI 51 AR s 21T ASFV
ddPCR S, O BRA0HE : AR R ECH L foi Az B
YIRS ST 4 B HM. RIS s
£, ddPCR WA % : 2xSupermix for probes (without
dUTP) 10 uL, . TS I44H A 900 nmol/L,
BRETF LM N 250 nmol/L, #ifi 1 ul, ddH,0 b2
20 pLo 20 pL SWVIBEIMASGH AL R DG8 Hrl]
—HE, PR 70 pL G0 AE B A DG8 iy Jie—E,
ST AR T Rl A N A S WA o) s S WA €[ N5 0
1, AR N RGK . FERGHAE RS S, A
A R B —HEER 40 pbL A AT, A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2842 A8 4% Microbiol. China 2017, Vol .44, No.12

F1 ASFVY EHEE

Tablel Information of ASFV strains

AR H X e BRS I B] (4F)
Strains Location Host Accession No. Time (year)
BA71 PEHES Spain B4 Susscrofa KP055815 1971
Benin97/1 D15 Benin 3% Domesticpigs AM712239 1997
OURTS88/3 Hi% 7 Portugal I Tick AM712240 1988
E75 PUPESE Spain Z ¥ Domesticpig FN557520 1975
Georgia2007/1 #4575 . Georgia Z ¥ Domesticpig FR682468 2007
Kenyal950 5B Kenya F X Domesticpig AY 261360 1950
Malawil.il20/1 ik Malawi I Tick AY 261361 1983
Mkuzi HHE-2% Zululand I Tick AY 261362 1979
Pretorisuskop/96/4 Ak SouthAfrica I Tick AY 261363 1996
Tengani62 IhRr4E Malawi K% Domesticpig AY 261364 1962
Warmbaths ik SouthAfrica I Tick AY 261365 1987
Warthog K ELAE. Namibia 5% Warthog AY 261366 1980
Ken05/Tk1 el Kenya I Tick KM111294 2005
Ken06.Bus e Kenya % Domesticpig KM111295 2006
L60 Hi%5 2F Portugal %4 Domesticpig KM262844 1960
NHV Hi%5 2 Portugal %4 Domesticpig KM 262845 1968

96 FLEIWARIN, FHTRETHY PXL S SO LA Tt
[, BHEGETTRLE A 180 °C 10 s, IS 96 FLik
A PCRASGHA T3, W& : 95 °C 10 min;
95°C15s, 60°C1min, 40 ~§¥; 98°C 10 min.
PIGZE RIS, 96 FLARCE ARGH AR 5
SRR, I Quanta soft V1.3.2.0 73 A S5
Bl AT LS I
1.6 REMHIRIE

MPERE ASFV gPCR Al ddPCR 886 (256
. REPEMYIECE, AR OO
NanoDrop 2000 il ASFV Bk i, 3%l
HURUEAT 251 10 f5H6 R FR(10°-10° copies/uL),
B Y5 B AR AR AR, T ) ASFV
gPCR F ddPCR il i Wl Jy 32 i e AR R PR, 222
AR RN I A TN ST
17 HFMHRIE

A3 HIEEL CSFV . PRRSV ., JEV. PCV-2, PRV,
FMDV JE[NZ# B RNA/DNA, RAN JZ#% 5% A

cDNA, E#7 A ASFV ddPCR J5 43 I Hip A 7
R, )RS BT R, DA B R
1.8 FEEMIRE

PL & 5 10 % #6 B2 W B 19 T KL Ry AR
H2(10°-10" copies/uL)#4T ddPCR S )i, 4N EEs
3E 3FLER, [FIRE RO S 4 kA T 3 Uik
TR LR L) e AR S R, WA O
A
19 IR

FHE 27 ) ASFV ddPCR #i1 qPCR 6 J7 43
SXF 163 i ARFE S UEF TR, Xt ASFV BRYL i T
SERT WSS RAT o AR R A S ASFV
ELISA Kit #1758, B ORASINES R A HERR I
2 GRGHE
2.1 ASFV ddPCR #1 qPCR 75k H93E 3L

MR IO P HEAF ] 25 ddPCR SRR , %t
IR ORI TIAE, B T ASFV ddPCR il 7
o F L L A] 53R R EE Ry 50-60 °C Hisf H47 ) )
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PEIAF T, 7E 58-60 °C B M i fie K, #E4% 60 °C
R SOWAR KL

WL 10 fERERIRAY ASFV JBoRAE A
i, LN A ddPCR FiI gPCR J77 ik 233l % HtEA 7l
€, AR HE- L (8 2). 4528 7R, ASFV ddPCR
il QPCR £ 22 R>0.998, KWIBiMh ikt B
BHIFIERME R R

B KIRTE Annealing temperature (°C)

10 000
9000 |-
8000 L,
L]
S 7000 § Y
2 6000 H 5
oo «
= o
[=®
2
g
R D
Z

1 2 3 4 5 6 7 8
Event number (x<10%)

1 ASFV ddPCR iR KB E #Ifi1k

Figure 1  The assay was optimized with different
annealing temperatures

¥ 1-7: 60.0, 59.2, 58.0, 56.1, 53.8, 51.0, 50.0°C; 8: [A
PN HE.

Note: 1-7: 60.0, 59.2, 58.0, 56.1, 538, 51.0 and 50.0 °C,
respectively; 8: Negative control.

A 1.0E+06

1.0E+05 y=—1.043 4x+6.100 8

R*=0.998

4=
036F

.0E+00
OEiOI T T

Log (copies/ul)

,,
oo |db

4 5 6 7
Log staring quantity

2 ASFV ddPCR (A)#0 qPCR (B)tr/E #i 2%
Figure 2 The standard curves of ASFV ddPCR (A) and
gPCR (B)

22 REYMHAELLER

ME ASFV BRIk, 1250 10 f5H0 B R
(10°-10° copies/uL) i BRI AE A AT, I E ASFV
ddPCR 71 qPCR Al R A 45 R R , #r i) ASFV
ddPCR J7 1 R ARAGIAR BR G244 110 #% 1, ASFV
QPCR J7 LRGN R AL R 1x10° P2 11 (35 2).
FH] ASFV ddPCR Lt qPCR 6 1 J e ELAT 1 25 1 4
M REE, H ddPCR TEATT ZARE S RS2 1 [H
I, RESCPIREAC HAZ IR & FE (M 2 0 o o
2.3 ASFV ddPCR #5418 4

B BRI 4519 CSFV . PRRSV, JEV. PRV,
PCV-2, FMDV J&H 41 # R cDNA/DNA fEfsAR , T
N ) ASFV ddPCR st 45 R R, &40
oA A, OB R T 13 000 (51 3A),
TR EAE TS, 4507 1 HAUE ASFV £
WL PERHE R , CSFV . PRRSV . JEV, PCV-2,
PRV f FMDV BIAFAES XY, X 6 Fi ik
B ALY ARA B B PP RO 155 (B 3B). FRITEE 1Y
ASFV ddPCR #0772 HLAT B i (A e S 1k
24 ddPCR EEMiRIELE

DL AR EERSFE () ASFV R AR T T P
B, BMRERE 3P ER AL, 3L ETTHA
HARS 240, R 3 A, SUREERIE . 11545 N
BUES ddPCR AT EUEIEAYI &, dNFIZHE]
AR 2B HITE 2.84%-5.16%. 3.68%5.14%27 ],
WEBA R EEST ) ASFV ddPCR A6:i Jy 72 8 4 Mk R A
For I 25 ST 5

% 2 ASFV ddPCR #1 qPCR #&i R 81 ELi

Table2 Comparative detection limit of the ASFV
ddPCR and gqPCR assays

. . ddPCR

R Wik GPCR

PIaSIﬂldlnlltld Detected Cq i

concentration .

(copiesfyL) cor_lcentratl _on Cqg value
(copies/reaction)

1x10° 105 800.0 24.86
1x10* 10 060.0 28.25
1x10° 1164.0 31.94
1x10? 80.0 34.24
1x10" 7.2 37.93 (k)
1x10° - -
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A 1.OE+06
I Total
I Positive

13511 15748 16503 18055 157011429317920 3 535

14 253
1.0E+04 |
1.OE+03 |
1.0E+02 |
1.0E+01 t
1.0E+00
1 2 3 4 5 6 7 8

B 5000

1.0E+05

i %iE Number of droplets

4000+

("8}

=]

[=]

=
T

5 Amplitude

2000+

=

f

1000+

1 2 3 4 5 6
& 3 ASFV ddPCR #5418
Figure3 Specificity assay of ASFV ddPCR assay
T A PRVERGR S AR LS B: ddPCR 2€EHRIF. 1-7: CSFV. PRRSV. JEV. PCV-2, PRV, FMDV. ASFV; 8: [HIEXIHE.
Note: A: The ratio of positive events to total partitions; B: The fluorescence amplitude of ASFV amplification. 1-7: CSFV, PRRSV, JEV,
PCV-2, PRV, FMDV, ASFV; 8: Negative control.

%= 3 ASFV ddPCR ZE&#iX18

Table3 Repeatability and reproducibility of ASFV ddPCR

HNIRE 2H )3
Dﬁ\ﬁmg Intra-assay variation Inter-assay variation
C(‘;';;?gi‘[‘)’” FEE{E Mean WEE | BRAK THfE Mean bl 5 R
(copies/reaction) SD CV (%) (copies/reaction) SD CV (%)
10* 10 680.0 448,56 4.20 9880.0 363.58 3.68
10° 1164.0 33.06 2.84 1.006.0 51.71 5.14
10? 81.0 418 5.16 72.0 3.63 5.04
10 9.9 0.41 4.14 8.4 0.36 4.29
25 AR MZER—F, UESTRIMNZS a5 R, Rt

R AT 7 9 ASFV qPCR Fil ddPCR &I FEXT I A ASPV 65 5 44k 1y S5 It v R e B
JrEAMHING EIRIETS 163 VRERE S TSI, Hoh ASFV YR
MEFEA R R A RDL AL ASFV ELISA Kk A& 3 Wil
WATERK ., 4R E/R, ASFV qPCR FI1 ddPCR #:il] ASE & FEUE SR 30 E A ASE
ZEIRBIIME , MISFES ELISA ZAGZE I Simets e IOIGE, AR ASFV ZEARU | I SF X 5E,
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MR E A PR ARk, RN E
H 2540 2 52 oy 1ok, Je IR ML A ASF I— AN 70
SHEFEMMRE R ZE ., K2 S5REREEK, W
3% 1T N ASF S22 15 AN T 1L, -t ™ E b 3k
HEEHIX A4 . ASF — HAE TR, @ Xt
TR A B K AT, HRITICAT 501 ASFV 2
OB A TR , IR 1 d 2 Rt A
Ko, RIS, —Fh ASFV Z 850 R S B RG I 5 i
BAACAEE, HAT, ERNX ASFV RN iEr
WF5T 2L DA G i 25 45 F4 B 1111 p72., p54 S5 5L A
Sy PO K205R BFSEAHXTE L . ASFV K205R
FERFHEHER RS, WF5E R s 7E B 40
4 hJ5, K205R SE7EANNE N AT 5 dee s
{615 K205R JE K 2 i 32 2] [ N AMBOR B 22 /Y 567,
TCAE ASFV JERGHILIAR R RIS 25 1, ]
Y B AR 3 DR R G S B B i, Sk o ST R B A
ASFV JriERE T I AE, X4 s ASFV A
A& T Rk HA EE T TR

IR ECT PCR (ddPCR) &L 4R 24 E 1Y —Fogh
L X e AR, AR B A RSB Y Ay
TP 4G, SRIGFIFH PCR RN i 5 AR
JR AR . ddPCR J24k 58 PCR F1 gPCR ZJ5 1Y
8= PCR AR, fERNV RS, RNVIRA Wb
4315 10 000-20 000 /™M, AT XS —4~
M7 BB ROV BT, HbR DNA gk FiHLAL A 2]
TSz R, i PCR Y1, A4 A ke
()7 2% — g BRI 43T, T IS AS AR A
AR YT, EUARTE BLRRUE iR e 52 BLL X
o FEEZHEARMAWILRE, ddPCR E.44) 12 M
FITRFIESE, W52 Y | SR e s k124
T ST PR HAT B i o TR 5o 5 s
PG ER PCR M, ddPCR A B & AAG: I 3R 4
FE, HICTAPRES:, WA A2, RAZ
AU PCR {5 SO MAMKIS T CAE, REAT S0k
PCR 52, J— P s i AR ) 7 7 LR
SRS FFIAZE 2 2 BT R %

ABFFEET AT ASFV Y K205R JLIR 815 1 5

PSP TagMan %, @577 ASFV gPCR I
ddPCR il 753k, FXF PRFR I 2 o der I R B | 2k
PERRPEAT AN A0 M . IRBG RS 1Y ASFV
gPCR il ddPCR #5ill ik R 8. R, iR, g
IPRHEM 2B APPSR, AN dEAE &
RES/NT 6%, BEEMHELF, ddPCR A ALA I
BREE N 0.36 4201, 290 10 ¥ 0L /R, HATHE Y
R R AR, FEAUAMRS G 5 5 1t A 7 R v £
G IZ W T ER . 20 S HAE H WL R
ANEAEZ TN, P as, fef S0 ATk R
FESRTIN o 1207k ST R R T ASFV 1Y
RAMET A IR AR, [FIB A  1 E i
R T — o S

2 % x o
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