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A rapid and sensitive fluorescence quantitative PCR method for detection of African swine fever virus
HE Jiu-xiang', DING Xiao-yan', ZHOU Xiao-yang', ZHOU Yu-xin', QUAN Wen-xuan®, ZHAO
Jing® ,LIN Zhi-hua®, LI Jin-tao' (1. Department of Military Biosafety »College of Basic Medicine s Army Medi-
cal University sChongging 400038 ,China ;2. School of Pharmacy and Bioengineering s Chongqing University of Tech-

nology)

Objective To establish an economical.rapid,accurate and sensitive TB Green fluorescence quantitative pol-
ymerase chain reaction (qPCR)quantitative PCR method for detection of the detection of African swine fever virus (AS-
FV),the TB Green fluorescence quantitative polymerase chain reaction (qPCR) technique was developed. = Methods

The conserved regions of P72 gene from thirty ASFV strains were analyzed with MegAlign software and In this study,
two pairs of specific primers were designed from the conserved regions of P72 gene from thirty ASFV strains by multiple
sequence alignment. The target fragment containing the conserved region of ASFV P72 gene was inserted into PUC57
vector to construct the recombinant standard plasmid PUC57-P72. Using PUC57-P72 as a template, the fluorescent dye
TB Green qPCR method was used to establish the standard curve and screen out the best primer pairs. By optimizing the
reaction system and conditions, the sensitivity of the best primer pairs was further improved and the repeatability was car-
ried out. The nucleic acids of common swine viruses such as swine influenza virus HIN1, porcine circovirus type 2
(PCV2) ,porcine parvovirus (PPV), porcine pseudorabies virus (PRV) and ASFV standard plasmids were used as tem-
plates for specificity test. ASFV positive reference sample DNA was used to evaluate the detection compliance rate. Two
pairs of specific primers were designed from this regionse conserved regions of for gqPCR P72 gene from thirty ASFV
strains by multiple sequence alignment and P72 gene was amplified. PPlasmid containingPUC57-P72 containing the target
fragment of ASFV P72 gene conserved region was construct and used as standard template to establish TB Green qPCR
method. Then,In addition, the optimal primer pairs which showed lower limit of detection and better linear relationship

were screened out by according to the TB Green qPCR using standard templatestandard curve and detection limit. By opti-
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mizing the reaction system and conditions, the sensitivity of the best primer pairs was improved by optimizing the reaction

system and conditions. Furthermore,and the repeatability of the method was carried out. The nucleic acids of common

swine viruses such as swine influenza virus HIN1, porcine circovirus type 2 (PCV2).porcine parvovirus (PPV) . porcine

pseudorabies virus (PRV) and ASFV standard plasmids were selected as templates select to verify the specificity of the

methodspecificity test. The coincidence rate was assessed by testing known ASFV positive and negative reference sam-

ples. Results The optimized primer pairs and reaction system based on P72 gene could effectively amplify ASFV P72

standard plasmid of 1.0—1. 0>X10° copies/puL,the standard curve R2 could reach 0. 9954 ,and the minimum amplification

sensitivity was 1 copies/pL,which was similar to that of SYBR Green I and better than that of TagMan probe. The ampli-

fication reaction of the detection method was completed by two steps,and the detection time was shortened within 1 h.

Repeatability test showed that the coefficient of variation within a batch was less than 1% ,and the coefficient of variation

between batches was less than 2%. This method has strong specificity for ASFV amplification and does not cross-react

with other four common pig pathogens. The method was used to detect four randomly selected reference samples of AS-

FV inactivation,and the detection rate was 100%. The optimized primer pairs and reaction system based on P72 gene

could amplify ASFV P72 standard template plasmid ranging from 1. 0> 10° to 1. 0X 10° copies/pL,and the standard curve

s wereas linear with R? the standard curve R” reached to=0.9954. The TB Green qPCR method showed awas shown to

be highlyer sensitivity than TagMan probe method . with a detection limit of 1 copy/pL,which was better than TagMan

probe method. In addition.the detection time of this methodof this two-step amplification method was less than one hour

as it was a two-step amplification,and the intra-assay coefficient of variation (0. 33,0. 31 and 0. 26) and inter-assay coeffi-

cient of variation (0. 99,1. 22 and 1. 76) were less than 2%.

This method wasis highly specific amplification of ASFV,and

had no cross-reactionsspecific with other important porcine virus selected. without any cross-reactions with other impor-

tant porcine viruses selected,Only the positive sample was detected with a Ct value of 20. 84. The results of eight refer-

ence samples were randomly selected for validating the method. The results showed that reference samples were consist-

ent with the results of clinical diagnosis,with four positive ASFV inactivated samples (with a Ct value of 14. 46,16. 04,

16.97 and 21.7) were positive and four SPF panamax porcine tissue negative ASFV samples(with a Ct value more than

35.42) were accurate detection(the positive samples with Ct values less than 21. 7 and the negative samples with Ct values

more than 35.42) negative.indicating the coincidence rate was 1 which were consistent with the results of clinical diagno-

sis,indicating the coincidence rate was 100%.

Conclusion The TB Green qPCR method established in this study is eco-

nomical, rapid, sensitive and specific, and is a more economical and effective method for molecular diagnosis of ASF.

These results demonstrated that Tthe TB Green qPCR method established in this study wasis economical,rapid,sensitive

and specific, which cancould be used applied for molecular diagnosis of ASF.

QAT B African swine fever virus; TB Green; qPCRreal-time PCR; molecular diagnositic
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Pynpik 10026 . )@ T3 — K3 P e h . ASF fie it T
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L1 AL AE HREOESE HIND R K65
CTT B $8 DR I o 2 KT 82 1, 44 [ B i 2 AU
I BRI A /N B T 2 v I aQDURE R AR )
A BRA Al s %345 ASFV P72 JE R 4R <1 X8 ) J5kL
PUCS7-P72 15 15 I 5 i SR AE W 4 R A R W
SERCCH B R BER B 506 bp. 284K B K 3 135 bp) .
1.2 ZZRXMNE5ME  Mini BEST Viral RNA/
DNA Extraction Kit Ver. 5. 0,PrimeScript™ RT rea-
gent Kit with gDNA Eraser fill Real Time PCR %¢ %
Je ik #) TB Green® Premix Ex Taq™ II (Tl
RNaseH Plus) ¥y B TaKaRa( H 4X) 2 ] 5 ik DNA
PP & A R E YA R A A, S 52t E
PCR {% (LightCycler 96) 4 F %+ Roche 24 Al ,

2 A&

2.1 JAAFEHBRA R A DNA 9 # B R Mini
BEST Viral RNA/DNA Extraction Kit Ver. 5. 0 435
PRIPUR RGN R HINL B 350 25 2 B8 (PCV2) B
AN (PPVD HE D R K A i 2 (PRV) B9 A% 2 . 15
VLB EAE ., R BOGLR 43 SR 200 pL KO
. A 200 pL buffer VGB,20 pL Proteinase K #1 1
pL Carrier RNA, T 56 ‘C/KYE IR 10 min, SRJ5 17
ZLHWBTINA 200 pL JooK W FEAMRE) . PR R
# %= Spin Column #, Spin Column £ #/i% & T Col-
lection Tube F,13 000 g B.0> 2 min, FIEW . A
500 puL buffer RWA % Spin Column H1,13 000 g &
> 1 min, FFPEW . MA 700 pL buffer RWB £ Spin
Column #,13 000 g B.0> 1 min, FIEWBEH 2 K. ¥
Spin Column % & T Collection Tube F,13 000 g &
O 2 min, KRR B WA . ¥ Spin Column L& T
1.5 mL RNase free EP % ,7E Spin Column 1 Yt JiiT A
30 pl. RNase free dH, O, Z R & 5 min, 13 000 g &
0> 2 min P DNA/RNA,-20 CHRAF, B RNA
] PrimeScript™ RT reagent Kit with gDNA Erase
HEAT 100 5 45 R UL 54 SR cDNA,

2.2 Alpeyait 5 & B SCERL 14 30T 5 5
Y75 PL.IFAE NCBI L3 £ I T 30 43R P4 0
TR P72 RN 2 K F 4, 8 i MegAlign #AF iif &
I PR A AR S DX, FF 4 NCBI W 35 [ Primer desig-
ning tool £ A BT X FE S 514 P2 Al P35 ¥ )7
FIILER 1, AR R EE AT BR 2 Rl 5 .

F1 BEFrn2ZERAHRMEY A ASFV 514
Table 1 ASFV primer sequence based on P72 gene specific
amplification

GIE7/ I R S BT A)(5'-3") FFAE AL 1
Primer Name Sequence Site

P1 P72F-W GATTGGCACAAGTTCGGAC 1456-1474

P72R-W GGTTGGTATTCCTCCCGTG 1763-1781

P2 P72F-0O ACCTACCTGGAACATCTCCGA 1413-1433

P72R-O ACTTGTGCCAATCTCGGTGT 1449-1468

P3 P72F-02 GTTAACGCCATTATGCAG 1480-1497

P72R-02 ACATGCGTCTGGAAGAGC 1540-1557

2.3 TB Green qPCR % £ 2% PCR R B 4K & = R
AR A bR U DUBOR HiE T R T A U
FE H% U1 Ccopies/ (L) = (ng/(L) X 107 X 6. 02 X
107/ (bp X 660)., ¥ A8 PUCS7-P72 Jii B b5
AR 10 f5 A5 OSBRSS 1X 10 ~ 1 X
10" copies/pL, RV AKFR A 10 pl, 7R AK & 5
FIMAGI Bt P1.P2 1 P3, i H& W EE M 0.3 pmol/
L. N4 :1)95 CHAEME 30 s52)95 CAEME 5 5,60
C 30 s, 4 40 E IR 5 3) B ik il £ N L 5 0 T Il A
95 C . HHEAS I iy 4 18 il 2 1) R0 NI A it 2 1Y)
R SR Ve B AR Y B S 1 . SR X O 2ok 4 51 4 %o sk
TR 2R B 5 Ak s )RR R %4 10 pL 5 20
pLo SUVEARZ Hoin A P35 4%t il 28 vk B 43 00 N
0.2.,0.4.,0.6 pmol/L,

2.4 oMK EIRIHELEDN ¥ 1X10° cop-
les/p L JBORIARIE S 2 10 F5 65 LU AR B8 L MR B 40 0 e 1
X 10°~ 1X10° copies/pL, 54> He B Bf FF fig 3 &
52, UL ddH, O Sy xt BE DARE B S 1) J0RE Sk 455 e IR 2.
3k & 34T TB Green qPCR K, LIS 2 Ay
Ct (H R Gh A b5, P72 35 PR 45 DLEI X 550 R A8 A Bk 22 7l
B o 1 2R O WS LR O 3R . AR AR ) 1 4 344 oty 2k 3k
15 T ARG Hh 48 DLEL

2.5 HFWAE g 49D AE R B
KA PEW RG220 0 W AN/ 7 KT
SETH 19 DNA FIRE it S8 7 HINT S A9 K 36 92 1 (T
BB cDNA R . LA 1. 0X 10° copies/p L AR5
i A BEAE X HR L L ddH, O S B X B8 52 18 2. 3 1k
1) BN S AR HEAT 5 1 I R S A I . 43 S BB B 1. 0 X<
10" .1.0X10° 1. 0X 10" copies/puL HBIHT, #E1T 3 W
b P9 AT ) E M L UHE P At ) Ce (AR 7 &R
BOTAR ik B,

2.6 WARMSEN DI F B E R b E
ST JE 2 R ST BRI 0 4 003 Bl HLFh B Y 2R e ASFV
B R R DNA Sy BH M2 2% 0 5, BE DL A IR 4 7 2
EEM DNA S Xf AR &, 3 8 2. 3 R4k )5 /Y 0
R BEATR
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1 TB Green qPCR 5| #1HJi% it

Z: 7% SCHRL14 1B G B BE A S 7 1 HE DR I
P72 FBW 519 PLCE 1A X e OIE #E#£ /9 PCR
S W% SR RS SRR RS DUV B BT, AR e NC-
BI ISR A AE 5 5 35 P72 L& 5L %) 30 4ok
BT AR BRI P72 BE Y34 J5 217 2 & )7 51 LT,
e P72 L % 57 X 88 ] F§ NCBI Primer designing
tool # it %5 b Wi xf £ F P72 45 5F X 51 % P2 F1 P3
(B 1B fE 10 . 45 R 8o A PL 2L, B3t wixs 5]
WIAEAS TR) B3 A v B2 DR ST

A B c

WA R SCERARGE (S X PL AL S “BYRI“CY S P2 F1 P35
PyxF B AL L RN AR R B B8 S . 5 L B T R R HE SR R

Bl 1 30 % ASFV P72 B E 5T 4R FF 51 #Y bk 3t % 514 B 4=

FIlefE

Notes:“A”Locations of the target sequences of the P1 primer that
reported before;“B”and“C” Locations of the target sequences of the P2
and P3 primer;Dots (.) indicate identical bases. The primer-bin)” ding
sequences are framed with a dotted line.

Fig. 1 Alignment of 30 ASFV P72 gene complete coding sequences
and the locations of the primer target sequences

2 TB Green qPCR # il & 4£ 5| 49 % i 1% & & KL &
ik

¥ PUCS7-P72 FORAR #E 4% 10 £5 1% HO s B (e
LY JE A 110" ~ 1 X 10" copies/pl) J7 #E4F TB
Green qPCR, % il #r o il 2 R0 ff il 2 . 245 2R R,
P1 519X 51 W — R A B 51 1 3 FOR AR, br
M Ze 40 56 R E R 0. 9932; 9 6 Y B TB Green qPCR
i R BR 10" copies/pL. R A (A 2A)., P2 5]
YR ICT ) R AR, b o it S AH DG R B 0. 9953, K
MF R 10 copies/pl, 7 R 4 & H 6 f# it 26 A
U B S22 (K 2B) . P3 BIY JE 514 — AR, b
A 2C R E0CN 0. 9972, K T BR 10 copies/ul, R
JEE R v 0 A T 2R TR A AT R S R (] 2C) . B
Wi P3 51X kel ASFV 5194,

it — 243 AT P3 519 0 R I R A xF P35
Py xT A P e BE B S AR FR AT AL, AT 5 AR
~sFET P72 19 TB Green qPCR B A S AR &R N .
10 pLL 2X TB Green Premix Ex Taq II(TIli RNaseH
Plus),0.8 pL P3 5[#%F (10 pmol/L) 2 pL bRifE kL
A, TCH R B A ddH, O #6535 E 20 pl, W &4
195 CHIA M 30 552)95 CAEME: 5 5.60°C 30 5,3k 40

ANEER 5 3045 fife i & B0, B R 95 °C . LAAS I
1) Ct B R AR B A 1 TR 48 DU X6 550k 185 Ak b 222
AR o 4, AL L Il 0 U7 By =-3. 01482 +
35.497 MR AZB R =0. 9954, &L R B4, FIH
P3 51 Wy XF LAk 1 B I AR 2R 47 3 S5 AR AT A 00 S Al v B
A 1 copyies/pL(E 2D, R R L. LI ddH,O K
P Xof FECRS W 4 Ct B F 35. 4240, 64, 5K Ct {8
KT 35. 42 A E A HIE .

A PLEIWREIAR B P2ilRpith®R C P33I¥RMAE
D AW P3SIR AR,

B 2 TB Green %3t EE PCR il 77 ik By 4 15 i 2% (IS % B 2%

TR i 22

A Pl primers B P2 primer C P3 primer D Optimization
of P3 primer reaction system

Fig.2 Amplification curve, melting curve and standard curve detected

by TB Green qPCR method
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ASFV JE& Y i K 1 5 2H 20RE & 35 BRI S R I B 45 & 3R
7 100% .,

R 2 TBGreen WEEE PCRATEMNES M
Table 2 Repeatability of TB Green fluorescent quantitative PCR assay

o o R ok L HHEL 0] 7 A2

(copies/pL) Intra-assay Inter-assay

Standard plasmid —
Ctiti(x+s) ZERAK
CV(¥%)

Ctfli(x+s) ZBHRE
CV%)

concentration

(copies/pL) Ct value Ct value

1.0X10" 32.814+0.11  0.33 32.3340.32  0.99
1.0X10° 26.45+0.08  0.31 27.01+0.33  1.22
1.0X10° 19.2140.05  0.26 20.4040.36  1.76

% 3 TB Green % EE PCR MG K RLER
Table 3 Result of clinical sample test

FEA Ct FHH £
Sample Ct mean
SHFE 1 14. 46
SRS 2 16. 04
BERER 3 16. 97
E R ! 21.70

Xf BERE A 1 —
Xf HERE i 2 —
Xf HEAE 3 —
Xof BEAE 4 —

VE 7 R KNG R B
Wi

ASFV & 3E Y S50 T AT 10 B0 5 B A S — Fl 5
A ALY DNA G 3, 0 1% 0% 2 8% e 19 7 309 K
JehEE, OIE #E# K ASFV 1Y 73 £5 47 PCR,
POt E i PCRIVELISA 55, 4 2% J5 b kil f 44 ]
LT it ASFV B kA R iy e 7 B hiik HA 7E
PR R —E R A A S B, B ELISA S0k
0 5 35 A7 HE — 5 B R R R BR M . PCR S5 2¢
J6E i PCR 4800 T4 W) BORTERE G ASFV 1y .
309 B R AG I 356 T AR L A ASFV A SRR I o
LA, TR R RS R O R A
ok AR A2 F T ASEV &I, 296 E
i PCR A Jr v, £24 SYBR Green 1 4Lk
TaqMan #REFEPI R, ML M 5. SYBR Green 3¢
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Green YeRlvESF, ASFV 1Y B6461L 3 P 4 i = S A 5%
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ASFV YL H5 1M 80 bR I 21 i 3 Z PR L R T kR
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T P72 WG B TaqMan R 5 1 9¢ 6 &
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Y1 R AL B =25 A o A R B
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