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Establishment and initial application of multiplex PCR
assay for detecting PCV-2,PPV and PRV infection

CHEN Guang-da, XU Xin-gang, TONG De-wen

(College of Veterinary Medicine , Northwest A&F University ,Yangling , Shaanzi 712100, China)

Abstract: [Objective] A multiplex polymerase chain reaction assay was developed for the clinical de-
tection of porcine circovirus type 2, porcine pseudorabies virus and porcine parvovirus infection of swine.
[Method) According to the highly conserved genome sequence of PCV-2, PPV and PRV, three pairs of
primers targeting PCV-2 ORF2,PPV NSI1 and PRV gB were synthetized. The multiplex PCR reaction con-
dition was optimized and the multiplex PCR for simultaneous detecting PCV-2,PPV and PRV was estab-
lished. The specificity, sensitivity and repeatability of the multiplex PCR were detected and the multiplex
PCR method was applied to clinical sample detection. [Result] All target fragments were well amplified,
when the primers concentrations were 1. 0 pmol/L and the annealing temperature was 57. 2 C; The speci-

ficity test showed that a fragment of 353,265 and 198 bp was amplified from the genomic DNA of PCV-2,
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PPV and PRV respectively. Three fragments were amplified from the mixed DNA sample of PCV-2,PPV
and PRV simultaneously,and no amplification was achieved from other negative control groups. The sensi-
tivity test showed that the multiplex PCR of PCV-2,PPV and PRV DNA could be detected as 26. 88,25. 34

and 24. 9 pg/ul; The results of 3 replication test for each sample at different time were consistent indica-

ting that multiplex PCR had good repeatability. The initial application test showed that the 39 clinical sam-

ples were subjected to multiplex PCR. Among these samples, PCV-2 positive percentage was 53. 84 % ,PPV

positive percentage 17. 95% and PRV positive percentage 5. 13% ,co-infection of PCV-2 and PPV percent-
age 15.38% , co-infection of PCV-2,PPV and PRV percentage 2. 57 %. [Conclusion) These results indicated

that multiplex PCR had specificity,sensitivity,and repetitive characteristics and multiplex PCR had poten-

tial values for detecting of PCV-2, PPV and PRV co-infection in pigs.

Key words: PCV-2;PPV; PRV ;multiplex PCR
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BEJE LY, X0 S W WA 2 R R e 4R G AR
(PMWS) J# ¢ & 5 5 i 5 & Ak (PDNS) A7 4% 56 R
MEE B I SEA/NE B (PPV) 2 58 %0
i i 11 L5 D L i 2 R AR b R 24 Ak 3R A L S
Wr & J'& . PPV R JL R Wr & SE - K, 3 AL 1 E I &
TR ™ . Ellis %0 B 58 & B, PCV-2 f1 PPV 1t
W SR A3 5 B0 T W e i) PMWS Stk . 5 Ih AT
R e (PRV) R Z Fh K & VB AR S W T 5l &
DR G B B S TR G R B A 5 )
H™8, PCV-2.PPV fil PRV ¥\ K 2 5| £ 5%
TR AP I R RS AT e
PEIR 12 T — PR 103 T 125 6 7 AR IAL 9 27 T 7
{FL 3K 26 7 I A AR 4R AR 02 2% L B i 2 07 BRI A 2 4
Bl A R IR A T TR SRR 22 g D) L 1 B
J7 3 A LA A7 B PR A TR K 2 k. 2
PCR £ AR J&7E [l — PCR [ b A& & o A 2 X5 5]
Wy T S B 224~ H B 38 R )i kAT 3 48 00 O 3
EA P R RS AT 1 AR I 22 A o S
PRI A AR 35, T3 FH T 22 i D A VR 5 SR L )12 L 7
S o UL K A N R N N 2 S 0 R =
i A X% PCV-2,PPV.PRV £ & PCR il 5 % (1)
WRREIFAZ . M, ALK PCV-2, PPV
Fl PRV (57 X EEHF 51, 2 2% 6 N AR G SCHR i
B WEE RO RS SIS SV S RN iy iRl
PCV-2.PPV #1 PRV 3 f DNA 5 &R A4 UM £
1 PCR il 5 v I 08 i PR A % 5 s 5 92 5 BE 181
BEEAT 70 K0, PR 45 SR ARGE IR
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1.1 # #
1.1.1 mAEFfmtk PCV-2 Shaanxi t.PPV

Shaanxi #F1 PRRSV Shaanxi # , i 7§ It & kBB
K7 5 B g B2 L6 5 3 S S IR OR AT AR T Ak
55 75 5 B CAR IR L W A eIl B AT BR A D
H A 2, %I 4 9% 8 (JEV) U 85 7% % 1 (SA14-14-2
B+ R BCER A W A 58 T AR 5 0 D AE K B 5
BT (Bartha-K16 #) . 4 A 55 & o 4 {7 filt 5 A BR
AN IRE TR PK-15 20 iy 75 Jb e kR 3L K
2 B ) IR 2 1 IR e B 2 S0 AR

1.1.2 F#mA 39 fRERUgkyf: PCV-2, PPV
PRV 95 585 119 7 JUE L G L s JFE 0 3 £ 245 45 2 2 (g
KRS FALUR GG ER 1 3k, 2010-06 —
2011-01 R [ BEVE 4 A A b X 1 3245 5

1.1.3 23X #% Tag DNA 4. INTP &
PCR X7 ¥4 [ Promega 23 7 ; HoAt IR 71 44 o [ 7=
AT AL

.2/ i

1.2.1 3lapegikit 54 M4 GenBank Hlitsk iy
PCV-2.PPV il PRV 23K 551, -2 % SCHk[8-9 ], F
A Primer 5. 0 514537 544 53+ 3 X554, 0 5 F
P-4 PCV-2 ORF2 3L . PPV NS1 L1 PRV gB %
PRI ORSE X . 51 H e o 4 30 e A2 ) TR IR R
L LT B A G B B LR 1

1.2.2 Jm4 DNA 694230 U 5 40 i 3% 55 4 (5
MBI mL,12 000 r/min B0 15 min, B -
W 437. 5 pl, M A 12,5 uL FEHBEE K (20
pg/mL)H1 100 g/L SDS 50 ;1,37 C /KA 30 min,
MAERBR AWV E) = VOED) : VRIK
B) =25+ 24+ Dh$E 2 Wa B EHW. A 1/10
R NaAC (2 mol/L) 1 2 R T JC K & B s
F—20 CHTWILIE,12 000 r/min B.L> 10 min, H
R 750 CBEVR U 2 KR O R )R . i
KB W ZE KB DNA 3T —20 CH-AE.
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Table 1 Special primer pairs sequences for multiplex PCR in this research
519 ¥ (5" >3 P14 R Bk B2 /bp L% /bp RS
Primer Primer sequence(5'—>3") Product length Location GenBank accession No.
PCV-2-P1 AAGGGCTGGGTTATGGTATG 353 12751 628 NC_005148
PCV-2-P2 CGCTGGAGAAGGAAAAATGG
PPV-P3 AGTTAGAATAGATGCGAGGAA 265 1761~2 026 NC_001718
PPV-P4 AGAGTCTGTTGGTGTATTTATTGG
PRV-P5 GGGGTTGGACAGGAAGGACACCA 198 17 20517 403 NC 006151
PRV-P6 AACCAGCTGCACGCGCTCAA

1.2.3 33 PCR 4w 5 kahk s 435k PCV-
2. PPV 1 PRV () DNA Sy BAz . HIAH L 8 519773 53
P47 PCR §" 3, PCR [V £ 25 pL 4R & bk 47
10 X PCR buffer 2. 5 pL.,25 mmol/L MgCl, 2 L,
2.5 mmol/L dNTPs 2 pL. b, F %5 % (20
pmol/pl) 4 0.5 uL.DNA 2 ul, Tag DNA B4
(1 U) 0.2 puL, K AHKK 15.3 pL. PCR ] I 4
.94 CHIASPE 5 min; 94 °C 30 5,56 °C 30 s,72
C 45 5,35 NMEF s B 5 72 ‘CHEA 10 min, Jy TR
AN ] 31 ki B X PCR B 8 5% el 43R i B i
EH 52.4,54.4,56 F157.2 °C 4 KRB, LUK E B
T PCR iz vy 9 fe AR 1R KO EE

1.2.4 % & PCR ¥ ¥ &4 a4 W $2 By
PCV-2.PPV #1 PRV f§ DNA J&i & ¥ ff (PCV-2 2}
84.1 ng/pL, PPV 2y 79. 2 ng/uL. PRV Jy 77.8
ng/pl) 5 R BER 50 ng/pl, IR SIE R .
Z & PCR W 7E 30 pL f& & i 17: 10 X PCR
buffer 3 pL, 25 mmol/L MgClL, 2. 4 uL, 2. 5
mmol/L dNTPs 2.4 pL,PCV-2,PPV fl PRV 4 I
THEBI4 (20 pmol/pl) % 0.8 L. PCV-2,PPV HI
PRV 3£ [H 4 DNA % 2 L, Tag DNA &M (1 U)
0.4 pL, KE WK 11 pL, X £ PCR g8 k
JRJE(52.4,54.4,56,57.2 F1 58 °C) .45 5| ¥y % & e
BEZH A (2404 v PCV-2.PPV 1 PRV (5] 4 % 28 9
BEA R 0.5,0.5,0.550.5,1.0,0.5;0.5,1.0,
1.031.0,0.5,0.551.0,1.0,1. 0 pmol/L) % J7 Iij 4%
PEVEFT AL 0 2 ) £ 8 PCR ¥ 38 1 f5c 1 2 W 4%
.

1 2 3 4

M
500 bp 500 bp

e - e o

250 bp 3535P 550 bp

100 bp [a| 100 bp

1.2.5 %% PCR &4 3% FRHMIKERY
A K #R )y fE 2 8 PCR AR & k5l im A PCV-
2.PPV PRV .PCV-2+ PPV + PRV, PK-15 4 il f1
E. coli ) DNA #i#y & CSFV, PRRSV,JEV ¥
RNA S 55 7= YIRS, [5] B 152 2K B U 7K AR by [ 4
Xf B #4728 PCR U .

1.2.6 % & PCR e 4R % XTHRIUNY 3 Flk
B DNA [ BT i Wk B 43 B 647 51 ~ 57 A% LU s B %
i B A5 HOM 7] /) DNA S5 R BUR A )5 1E 8 PCR
NS R I OLAR IS 9 2 8 PCR 934 45 1F 17 I
N LRGN 22 B PCR A4 A0

1.2.7 %% PCRwyATMHRXE HEIWEZE
PCR 7 . 4% WM B PCV-2, PPV, PRV, PCV-2 +
PPV-+ PRV DNA ¥t § 1 CSFV,PRRSV.JEV ¥
RNA % SERE B & X A2 2 B R
il 3 Y%L B UE £ # PCR R Ay fa 2 M .

1.2.8 s RAmagnl  FREUR SRR 2
100 mg, IV 2 36 43 BF B8 I e A AL 8L 5] 3 2% i,
A 10 mmol/L PBS(pH 7.2)1 mL #4453, T
—80 CIR A rfh 3 WA MANMIE .12 000 r/min B
5 min, BU LU AR O 3 DNAL #2372
PCR J5¥& 47 U

2 AR5

2.1 PCV-2.PPV #1 PRV W8I PCR § &R K
RAGREMIEE
PCV-2.PPV fil PRV ) 51351 PCR ¥ 3% iR ‘k
T B O R Y 25 R LI 1

K 1 PCV-2.PPV #l PRV 335 PCR ¥ 14 K 3B kiR B 1 07 10k 4%
a. PCV-2;b. PPV:c. PRV; M. DL2000 DNA 43~ 51 gt b 1 5 1~ 4. 3R JCH B 439024 52. 4,54, 4,56 F157.2 °C

Fig.1 Optimization for annealing temperature of single PCR and results of single PCR for detecting PCV-2,PPV and PRV

a. PCV-2;b. PPV;c. PRV; M. DL.2000 DNA Marker;1—4. Annealing temperature was 52. 4,54, 4,56 and 57. 2 °C ,respectively
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& 1 8] W, L PCV-2,PPV HIl PRV ¥ DNA
RN L 2 B3 PCR &3, 3 545 8] T 353,
265 A1 198 bp WY& . ¥ 5 UMW A LA AT . RHIA
W] )38 kil B 347 PCR e g 25 5% (1) 87w, 78
56 ‘CHF 3 A~ H i F Be ¥ s B 4 s 4 3, By DL s i
PCR J i i 38 K I B € o 56 °C .

2.2 PCV-2,PPV #1 PRV £E PCR B M BERMKL

PRI [A] 3R KR EE (52, 4~58 CHEfT £ &

1 2 3 4 5

500 bp

353 bp
265 bp
198 bp

250 bp

100 bp

Kl 2 PCV-2,PPV fl PRV £ PCR iE kiR ¥ ##i &
M. DL2000 DNA 537 Bt b s 1~5. 3 Kl BE
Sk 52.4,54.4,56,57.2 F1 58 °C
Fig. 2 Determination of optimal annealing temperature in
multiplex PCR for detecting PCV-2,PPV and PRV
M. DL2000 DNA Marker; 1 —5. Annealing temperature
was 52.4,54.4,56,57. 2 and 58 °C ,respectively

2.4 HFUSEPCRHUHERERNE R

PCV-2.PPV 1 PRV fli ft. £ & PCR 1Y% 5 P
o 5 R UL 4, B4 KW, DL PCV-2, PPV I
PRVDNA J HAR G W) A, ¥ el 4731 R = 0 H
1) F B 1 LA CSFV L. JEV,PRRSV RNA fz # 5 7=
W K E. coli \PK-15 40 Jfii DNA g #5547 i 2 K 3 184
HH W &, ddH. O B M Rt R 9738 B Y 5%
W R ST L2 H PCR kMR MR,

M 1 2 3 4 5 6 7 8 9 10
500 bp

353 bp

265 bp
198 bp

250 bp

100 bp

& 4 PCV-2.PPV #l PRV ik 2 & PCR A9 45 5 0 A6 )
M. DL2000 DNA 4} F i f #R i ; 1 ~4. PRV PPV PCV-2
DNA K HIB AW ;5~7. CSFV.JEV,PRRSV RNA #5779 ;
8~9. E. coli \PK-15 4l g DNA;10. F#Exf BB ddH, 0O
Fig.4 Specificity test of multiplex PCR for
detecting PCV-2,PPV and PRV
M. DL2000 DNA Marker;1—4. DNA of PRV,PPV,PCV-2,
PRV+PPV+PCV-2;5—7. cDNA of CSFV,JEV,PRRSV;
8—9. DNA of E. coli ,PK-15 cell line;10. Negative control ddH,O

PCR J i » By g 4 68 g i Dk 45 1L (181 2) R W], 2 8
PCR 7 57. 2 “C ¥ 14 880U R BT Wi 2 fe 418 JOR
Bk 57.2 °C,
2.3 PCV-2,PPV #1 PRV % E PCR 3| ¥R E®
T
WORTR MR BE /) 51 ) 41 4 #6472 8 PCR U, 45
RRYL3 Rl W FE 2 1.0 pmol /L I () £ &
PCR 384 24 R e by (1 3)

M 1 2 3 4 5

500 bp

353 bp

265 bp

250 bp
198 bp

100 bp

Kl 3 PCV-2.PPV #il PRV £ PCR 5| ¥ ¥ J¥ 1 5
M. DL2000 DNA 43F it b5 s 1~5. PCV-2,
PPV PRV 5| #%f 284 BE 4394 0.5,0.5,0.550.5,1. 0,
0.5;0.5,1.0,1.0;1.0,0.5,0.5;1.0,1.0,1.0 pmol/L
Fig. 3 Determination of optimal primer concentration used

in multiplex PCR for detecting PCV-2,PPV and PRV
M. DL2000 DNA Marker;1—5. Primers concentration

for PCV-2, PPV and PRV were 0.5,0.5,0.5;0.5,1.0,0.5;

0.5,1.0,1.0;1.0,0.5,0.5;1.0,1.0,1. 0 pmol/L, respectively

2.5 1% E PCR HE BRI 4 2

F AL i £ & PCR 9734 & 00 Sk 4 145 1
s Bg i) PCV-2 PPV f1 PRV DNA, 45 R iR, £ &
PCR %I PCV-2, PPV, PRV DNA i & % & Ml & 4
WK 26.88,25. 34 F1 24. 9 pg/pL(K 5), AL
T PCR 1 55 A% A6 0 & 43 31 2k 5. 38, 5. 10 Fl 4. 98
pg/pL. LA A1, Z2 8 PCR K I 5 03 {2 5
Tt PCR 9 1/5 7247 .

M 1 2 3 4 5 6 7
500 bp ™3

353 bp

265 bp
198 bp

PCV-2 PPV Fil PRV {f:ft £ & PCR 1y
R e el
M. DL2000 DNA 4} B bRl s 1~ 7. 4Ky
51 ~57 f5 L B # DNA 19374 7 1)
Sensitivity test of the multiplex PCR for
detecting PCV-2,PPV and PRV
M. DL2000 DNA Marker;1—7. Different dilutions

Fig. 5

of template from 5! to 57
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2.6 fit£EPCRBEMIKIEER
FESL 2 8 PCR J7 ¥ 76 [ I} [0 %) 45 473 #
ah FL ARG 3 U, AR RT3 YA A I 4 R — 2L
Y2 A R ry A .
2.7 fhH%£EPCRWIGRLEHA
S R Z2 8 PCR J7 4 39 43l R g kL #E 1T
K, S5 LR 6 FIk 2. 3R 2 a7 39 Rk

M 1 2 3 4
500 bp

250 bp

100 bp

o LR Y PCV-2 194 21 iy, B4l Y PPV 1
H 7y paiE Y PRV WA 2 47 IR A &Y PCV-2
5 PPV A 6 1, [Faf iy 3 B & m0A 1 14,
WA 2 1 Rk Y K &5 SR O B . PCV-2. PPV,
PRV [ BIPE R 4> 5k 53, 84%,17. 95% #15.13% .,
PCV-2 5 PPV IR A YL 1 BH 1 % k15, 38 % ., PCV-
2.PPV PRV IR BRI BT R A 2.57 %,

5 6 7 8 9

353 bp

265 bp
198 bp

Bl 6 fift e PCR XA B0 B i 2000 5 5 41 ZUI PRBE b b PCV-2 PPV Il PRV f 46 T 45
M. DL2000 DNA 43 it biifli 5 1~ 8. I PRAE & 9. B PE X R
Fig. 6 Detecting result of the clinical samples by multiplex PCR assay for PCV-2,PPV and PRV
M. DL2000 DNA Marker;1—38. 8 clinical samples;9. Negative control
K2 VHNEFEERBSUEEARBRELAARBAPHSEPCRENER
Table 2 Results of 39 clinical samples detected by multiplex PCR assay

niH S 1 A i 2 BT i e/ %

Ttem No. of positive sample Rate
A& PCV-2 PCV-2 infection 21 53. 84(21/39)
HAEERY PPV PPV infection 7 17.95(7/39)
Pali gt PRV PRV infection 2 5.13(2/39)
R4 Y PCV-2+PPV _
Coinfection with PCV-2 and PPV 6 15.38(6/39)
A PCV-2+ PPV+ PRV o
Corinfection with PCV-2,PPV and PRV 1 2.57(1/39)
Ak 1 No infection 2 5.13(2/39)

3 i i

PCV-2 PPV .PRV ¥ a[ & Ye B4 (i 2 & £ %
B 5 A AELJER L 5 i R LA X 43 LA AR TR A IR 1Y)
ATRE . H AT AR 3 R RE 1) 322y vA A R R
O3 M R) B2 B R B0 | T IBC i % W A it 6
U, B TR F I AN R e L PCR Ky 12
DA HE R BB VR o S R S AR L T R I 0 TR
95 B 9 DRG0 4 48K, 4G PCV-2 PRV PPV 1% #1
PCR 753k B 2 JF 1 o7 F 11 R s gk, (Rl
PCV-2.PRV PPV &GI8 Gy 15 000 4 7™ 5, [ ot ot
5 PR AT 2R 50k 65 ) 22 s 1 A D T B R A E
HE, ZF PCR FIE AR E T % M PCR Pk
FCR R IR T R I 22 A i R A 1Y
P38 Xl PRIR A B G 1 28 5002 Wi L i A 40

AWESE 3 F PCV-2,. PPV, PRV K {if 5F M 3
BT 3 xRS Y. N 3 FIR AR R ELT
RGN DNA, iz 1] 2 # PCR £ AR B0 § 1
TRKE MM 353 bp(PCV-2),265 bp(PPV) #1198

bp(PRV) (i 4¢ 5% Bt . g7 £ # PCR £l 77
T A5 ]I L] 3R IR B A PR3 0 2
UREMEE R . NI SN £ T PCR MR %
PR tA . IS5 R W], 3 Fhg | Mk B4 1.0
pmol/L iR ki R 57. 2 “C iy, £ 8 PCR B9 4
BORBAS . F R 45 R R L ik i £ & PCR
T3 ¥R AR UL %) s BE ARSI 25 SR 34 Sy 34 L R
BT R RE S, USRI 25 R R ik
Z# PCR )7 % PCV-2, PPV, PRV DNA #y &%
o 0 43 5 ik 5 26. 88,25, 34 il 24. 9 pg/pl, BIR
T RAEAR TR PCRLHE ML 1% %2>
5 % L ELISA K I 2 ) RAEE L 56 42 ] LA 2
e PR A 000 71 75 22
ARBFIE i AL i £ 8 PCR J7 ¥k /il T 39
13 KB A BB o B 9 05 o e %) 2L 0 Ot U L B B 9k
B &8 26 5 B, 45 SR R W, PCV-2 [k e PH M R Ny
53. 842, PPV (YL BHM:H Hy 17. 9520, PRV iy &%
YA R 5.13% , PCV-2 5 PPV 18 4 8% 4% i I
P 15, 3806, 3 Bl 5 TR G 8% g 0 BH M R



6 (Rl i N N e o TG e 2

%039 &

2.57% o 45043 BHERE 5 (1 PCR =9 2% A 76 0t &
g A= ) U RRAT BRA B HEAT 0 )5 45 AR S, 4
B H B PCV-2 ORF2 K4, PPV NS1 3t A i
PRV gB BN, i LARZE R AT LLE H, PCV-2 By
BRI E IR PCV-2 JER L E = T IRfAEHE PPV
F1 PRV {4y , R B PCV-2 52 o ok 4 s W D K¢
B ¥ 9 A5

MZ AR # A £ 8 PCR Jr ik ag g I T
PCV-2.PPV PRV [ H.afi Jik 4y FiR G B g kil , B
A% G ) s T A I T VA T Ry R TR L. AR
5 A I PR I A A B T — Y B R AL
B HIZ 5 15 I8 AN 68 T DX 4395 1 4 92 R0l o J e
BRI 45 SR R REAE — o R B b R S R IE L
DAL I S 6 I PR I FH ik B2 0 A LAt 5 vk R AR R AT
ZRGFIWT . T A 5| A B A P e 1 s I il
A AR B S R N Tz i 2 PCR K R 0K
s Ak TAER H A
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