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Rapid detection of ASFV, PDCoV, and SVA in pork and its products by
recombinant enzyme polymerase amplification
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(1. Sichuan Agricultural University Food College, Sichuan Ya’an 625014, China;
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Abstract: Objective
(RPA) of African swine fever virus (ASFV) , Porcine Delta coronavirus (PDCoV) , and Seneca virus type A (SVA).
Methods

To establish a rapid detection method for multiple recombinant enzyme polymerase amplification

RPA detection was carried out using recombinant plasmid as a template, and reaction conditions such as
temperature, time, and primer probe ratio were optimized. Multiple RPA detection methods were established, which were
applied to the detection of actual samples, and the accuracy of the established method was evaluated by comparing with the
results of real-time fluorescence polymerase chain reaction (qPCR). Results Simultaneous detection of the three viruses can
be achieved within 20 min with good specificity. Sensitivity to ASFV, PDCoV, and SVA was 940, 770, and 570 copies/pL,
respectively. The accuracy rates for actual sample detection were 93.33%, 100.00%, and 100.00%, respectively.
Conclusion The established multiple RPA method is fast and convenient, and it is suitable for on-site preliminary
screening of ASFV, PDCoV, and SVA in pork and pork products.

Key words: Recombinant enzyme polymerase amplification technology; African swine fever virus; Seneca virus type

A; Porcine Delta coronavirus
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g W 1 A 40 (World Organization for Animal
Health, WOAH) 51| A 12 52 i 42 3l 1) 9% 9 44 =%, T [
W H B o — s W e, A 2018 4R A LR, 3 3K
B A R 7 7 B o A 3 R R BT et T
WA K A AR PR ASFV SRR
WAL, 51 & S R B G Iz mAT AN RS Y
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x4V T (Exonuclease M, Exo M), 44T 5
YOI B 9 2R A2, Exo TTAE THF £ 55 ¢
il PR AT, AT S BOE O Rk T 5 PR K R AL 73 2, 7 A 2
I RIS /RS Dask 7/ N E e i 1P & I:
RPA HARC W FEEERE" EEEBURE"
FE LA S R S T A . A
WESE HE ST B RPA J5 3% AT F AN [R]99 # 4 7 R
Z UL T B RPA B SE 42 1 2 IR B0 — R AT |
B AR Al AR T O WA I DA S 5

AW 5 B T RPA £ R, 7 Al [R] B R
ASFV .PDCoV K SVA PR AG I 77 3% , LA =
A HE R A Sk 8 o o D 1) 22 FAS DN () P O g D A
D4 B 10 LB

1 MHR5AFZE
1.1 ok
O B =
6 PR Bl LA i SEBRREAS 24 0y (el BB 11 2 56

T 2019 4F 10~12 A #3K) ASFV FITERRRAEA 6
(Pl 4 P Al s 2 BB A R AR AT O 22 19 )1 45 5l ) 9
i B 425 i o oC B IE ) R 9 B (Classical swine sever
virus, CSFV) J& R F 9% 2 1 B (Porcine circovirus-1,
PCV-1) J& R 935 2 U (Porcine circovirus-2, PCV-
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Wi B9 2 B3, A0 45« Primer Free Rehydration buffer
29.5 pL. R W51 (i BE 25 10 nmol/pl) #%
2.1 pL. TwistAMP®exo # £ (¥ £ 4 10 nmol/plL)
0.6 pL #iHz 2 wL.RNase-Free ddH,0 11.2 pL, %
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Figure 1  Diagrammatic sketch of RPA primer screening
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Table 1

Sequence of primer and probe

Z K S RE P

%) FEYKE /bp

F-5"-ACTGGCTTGCCTACACTTGCTGTAGTCG-3'
ASFV R-5"-ATCGTGGTCTTAGTCATCATTATCATCGTTCT-3" 194
P-CTGCTGATCTTGATAAGGATTTATAAACTG[FAM-dT]A[THFJA[BHQ1-dT]CTTCCTCCTCAATAG[C3-spacer]

F-5"-AAGGCTACTCATCCTCAGTTTCGTGGCA-3’

PDCoV

R-5"-GCTCCCGAACCCTTAACCCAAGTAACAC-3’ 242

P-ACTCCGATTCCTCCATCCTTTGCCTTTTAT[CYS5-dT|[THF|[BHQ1-dTJACTGGCACAGGTCCC[C3-spacer]

F-5'-TAGAGGCACAGAGGAGCAACATCCAACC-3'
SVA R-5"-CTCACAGCCATAAAGGGACTAACAGCAT-3' 289
P-CTCACTCATTTACACACAAAAACTGTGTTG[HEX-dT]A[THF]C[BHQ1-dT]JACAAGATTTGGCCCT[C3-spacer]

H:FAM-dT . CY5-dT \HEX-dT .BQH-dT . THF FI C3-spacer ¥ 7 #5416 i £ A1
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Table 2 Calculation of plasmid concentration and copy number

SRR E /bp ORI E /(ng/pL) # DKL/ (copies/pL)
ASFV 194 203.0 9.4x10"
PDCoV 242 205.2 7.7x10"
SVA 289 199.4 5.7x10"

2.3 ZH RPA RN AL
A 36 SIS I I il B K B R A C HE 2 AT 2
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it
=
B 1200
£
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400

H RPA N AL, B 400 € ] W AR &« Primer Free
Rehydration buffer 29. 5 pL, ASFV,PDCoV.SVA |
TSI 4 1.5 pL W E % 0.5 pL, B4 2 pL
(ASFV . PDCoV.SVA Jit ki #% R £ B W) # B 2
107, ¥ DU %0 4 9 o 9.4x10°, 7.7x10°, 5.7x
loscopies/ML) , MgOAc 2.5 pL, RNase-Free ddH,0
AR 50 whs RN AR Y B AR SRR 120 1, B i
Jy 39 °C, WA 4 20 min, B 60 S5 R

FE MR 24 R, ASFV . PDCoV \SVA § 14 il £&
AR, C A AH 22BN, DO B IR ACH Y W 2
SEHFFEE RPA RN 75 3K (Bl 2),

4
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TEIEL
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Figure 2 Multiple real-time fluorescence RPA results under optimal reaction conditions
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2.3 N ST . 45 BN 3 Rl E AR R
B A AR A R R B, R O R T
] B A& 1 ASFV, PDCoV.SVA H A B 4 19 55 =
PH(E 3),
2.5 REUE KR

Z FEIHHEIE RPA J5 kil ASFV . PDCoV .SVA
R LS RANE 4, £ ASFV JFORL e K B B0k
1078 Bf M B0 LAY g B S6E I AG: L BR S 940 copies/pL
(FE da) ; [FIAERER TN 2] 10 F5F5 BEAY PDCoV i A B
i (CHEBE A 770 copies/w L), 5 40, B BEREHCH 107 1
TE4S 44 DMEF (13 min, 20 s) B4 38 (5 5 8 46 3 (H
Homf ] b 4 B 92 0 5 AR, AR LA Y 48 8T O B
PE, B LLZ T A PDCoV R EUE N 770 copies/plL
(& 4b) ;24 SVA JURCAE 50 A BEAEECh 107 B, 28k
5B AN e {H B AT AL 1 i 2, R 2 RPA U7 ik

T SVA REUE N 570 copies/ WLl 4¢) o 45
3 UK I B 3R 3, SF RE(CV%) N 1.19%~
6.27% , % iz T ik e M R AF .
2.6 BRI

Xof S B 5 AR A 1Y) S PR R AS B A IR AR AR, 15 57 B
P B XT IR 2 B R £T 98 06 PCR L SE 56 % i 0] 2 57
f) PR S 56O RPA FITAR 52 06 IF 2 57 £ 1 9
RPA K, DL 56 A% 75 v il g R i, o Aar I 45 2R FH
PR X HECFR B P % B TE R, SERT 2¢O PCR 5 B i 51
28 9t RPA &5 5 — 20, 6 0y 1% B2 BE AR 46 I 45 51 hy
ASFV #%12 BAYE , Bir G A & ¥R K th PDCoV .SVA;
1M 2 & S50 28 Ot RPA K WAL 4 0 2% e FE A 2
ASFV BHYE, i+ i B R K i SVA & PDCoV., £
OS2 9¢ % RPA K] ASFV . PDCoV . SVA f fifi %
350K 93.33% .100% .100% , W55 4.

3 i

ARWFFE ST T A S B R ASFV  PDCoV |
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Figure 3 Multiple real-time fluorescence RPA specificity test
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Figure 4  Sensitivity of multiple real-time fluorescence

RPA method
AR R R B LA ME R RN R IA B
100% , 54 V£ 41 %f PCV2 . PRV Jz PPV Jif # 57 Y
Multiplex real-time RPA 52625 TR, 3 Fii 7% 2 A5
FEY KT 1000 copies/ L, BEAURE i K 2R 34
88% . [AIFE Fl F KU 55 > T W B P VD T T A
200 T 348 A 2 3 R TR R 2 M AT B 2 E RPA PR
6z 5 v 1) RABUE (AR 1. 44%10° CFU/mL) , 5
Pt RPA R 22 R K. BeAbh, L1 A&7 i g 37
M9 E RT-RPA A5 7 2%, FH T4 AT I 15 9 25 0
PDCoV ) R H & N 1x10* copies/wL, ¥ M H 45 ik
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Table 3 Stability of multiplex real-time fluorescence RPA method
I 1 TRz FE S e / (copies/ L) CtfH TR P A 22 SD BRRECV/%
13.38
107 9.4x10° 12.56 13.03 0.42 3.26
13.16
ASFV
26.69
10°* 9.4x10? 23.86 24.89 1.56 6.27
24.13
26.28
107 7.7x10° 25.79 26.37 0.63 2.39
27.04
PDCoV
36.26
107 7.7%x10% 38.51 37.17 1.19 3.19
36.74
19.30
1077 5.7x10° 19.02 19.16 0.23 1.19
SVA 18.85
24.43
107 5.7x10% 25.94 25.58 1.02 3.97
26.36
T4 FEAK I 25 5
Table 4  Test results of samples
ASFV PDCoV SVA
FE WOAHERE AR SCHf ZESEN ARkbRE PRESCR ZESIRT SEoeEk RESeT 2 &SR
WIGPCR  ZJERPA HOLRPA I PCR - %G RPA #OLRPA ZJEPCR - B RPA - FELRPA
R B (1-24) - - _ _ _ _ _ — ~
BRFEA 1 Ct1H :35.79 + - _ _ _ _ _
B EEA 2 Ct1H :30.66 + - - - _ _ _ _
B kEA 3 Ctf :20.19 + + - - - - - -
R 4 Ciff:19.31 + + - - - - - -
WERRFEAR 5 Ctfd:23.23 + + - - - - - -
(AL N Ctff :22.10 + + - - _ _ _ _
o[ 3% 20%(6/30)  20%(6/30) 13.33%(4/30) — — — — — —

H M BEYE - B s WOAH T CHyE <38.0, W) 5 5 K B 5 ASEV PHAE

98t RPA SN AR & 1 7 SR i, 1R 3R b SE 4%
TR At 22 S BUR Y R i AR R S e 4 FE
ST 5 | e B S A 2 s s g B ) S, A R ] Y
I G WK G AR R S Kk AR R G R A
AR 51 ) 5 4 T A AR, AS [ B 22 8] 7 AE AH B
il (1 n] BE

IR 25 H R, Z TSI 996 RPA /&I 5 ik B
& R AR Sk 5 A D R T R A A8 X
2R, H 52 R RS ) ASFV PDCoV . SVA, 7E #137
P b B —E R, R R S T S
TR T AR AR SR A A M R T A R PR S
il B ASFV  PDCoV \SVA K, 45 %% B 15 9
ARG B R AT g, AT P T G 1T R AR K T
Yy W 8 DA v AR AR KRS ) i, Sy A0 oK 5 0 B
B E e AL T AR R

%7 VR AEAE SR B [m) B 1 i — 20 B 52 P Ak, )
T R AR TG 1 S BRI M B TS Y REAS B A U, S
il 249 L & J ) o PR 2R O R Ok U 2 U i Y R 5T A
7 N A D (), SR AT T & RPA

J7 % W O S A, QN AT EAT R O Y S8 A BT, b
IR AT R 5 | A O AT 5 0, AR S 56 AR 4 4 b
s B B AR AN BT T 5 REBIH, OR R DA R i R A
JE B O 0 R, AT 2N A e s AN BT £
& RPA Jy kAN R BR - [7] — H A5 77 51 51 9 1 H 1
o T EAT AN RS F 40 5 1 4 =22 a) 1) 0 1, DA R A %
Az P S N AT BE M O 7E ok 3R Al b AT AR R AR
fb. RPA SV 3 B4R 5E B A fb & MgOAc fi£ &, JC
HR % E MgOAc ¥ X s Ry 3 A B 5% i, R H:
RN AR LR S R R 5y 7 A R G IR 22, 5 S
LR ERE N R . BRAh AR ST DLk A X
£ AT HESE , PDCoV . SVA ) RNA %5 75 , PR Il 76 ik
T RPA 7 B 1 X S BRAEAR T SE AT R 5t | — 4
YRR 24k FERT K, IR RNA B % AT fig
PE AR 28 XI5 Y KU o 55 — 7 Tl LK RPA Bl H ™
Yy 5 A Wy A% A I I B i 4R 45 L CRISPR-Cas i
P R A R T B A A S AT T
Ny T) B PR TIE 52 R R o M, S B AE R T Ak
A2 AL A B TR S5 R E I ST D A A9 B
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