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The purpose of this study was to apply a nested-polymerase chain reaction (nPCR) assay to detect and
differentiate PCV 2a and PCV 2b. The compared with nPCR and one-step PCR and nPCR showed
more sensitive in the detection of PCV-2 from tissue and blood samples. The total of 52 tissue sam-
ples was collected from postweanning pigs from 2006 to 2010. All tissue samples showed positive for
PCV-2 in one-step PCR and nPCR, followed by the nPCR in order to identify the genotypes of
PCV-2. 2 samples (3.8%) showed positive for PCV 2a, and 35 samples were positive for PCV 2b
(67.3%), 15 samples (28.9%) were positive the dual genotypes. In addition, 42 blood samples which
were collected from the 5 different swine farms were compared figure out the detection rates of nPCR
and one-step PCR. The PCV 2 was positive by one-step PCR in 21 samples (50.0%) and nPCR was
positive in 37 samples (88.1%). The PCV 2 genotypes in blood samples and 32 samples (76.2%) were
positive for PCV 2b and none were positive for PCV 2a, 5 samples (11.9%) were positive for dual
genotypes. These results suggest that the nPCR is very efficient for genotyping blood samples and dif-
ferentiating the genotypes of PCV-2 from field samples.
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Porcine circovirus (PCV)+x= Circoviridae2 Circovirus
2 envelope7} {1+ single-stranded DNA H[}-0] | 20]
t}. PCVE type 13} 282 EEEH PCV-1-2 porcine
kidney (PK)-15 cellofl Al 22| B} glom A2

3t} PCV-2+= porcine circovirus-associated disease]|
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: Porcine circovirus 2 (PCV-2), One-step polymerase chain reaction (PCR), Nested-

A AEEC] HYAY IAEHE Aor IRl
(Straw 5, 2006; Allan¥} Ellis, 2000).

PCV-2+ postweaning multisystemic wasting syndrome
(PMWS), porcine dermatitis and nephropathy syndrome
(PDNS), porcine respiratory disease complex and re-
productive disorders (PRDC)e} A =w] PCV-22}
A%+ Z"-S porcine circovirus disease (PCVD)2tal
F35FL QK Opriessing 5, 2004; 2006).
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PMWS+= 1996 ZHufctoll Al HaE % uj=t, -7,
olAJo} EofA] BRI Qlow oA 19981
o EIEQlc 7] AL 2~47HEH A=A

AFa, EEEE AN 9 FE 52 Holw 35
me] Fof, Fobsa 1k, AY L 7HaA ¥

oA AAA &4 4o
o 9 vpolE| A Awa} E3k3t
w54 W Ao wHds) ujZol AAA szt
A3t

PCV-2+= 1.767~1.768 nucleotides (nt)= 671} 2] open
reading frames (ORFs)= JLAJE o] glom o]= PCV
9 ML= ORF1, ORF2, ORF3¥} A =}l ORF1-&
945 baseZ 27]9] replicase protein (Rep, Rep) S = H}
o] 29 EAel BA EH ORF2&= 702base= capsid
proteine +ASFaL A|3Z9] heparin sulfate receptor?}
whgstel Wol PAE fEsts o BAR 15y
HAsA 0 & 2 Q3lth ORF3+= PK-15 cells &4
Yoot opl WA BelEE Ao
A5tal QJtH(Hesse 5, 2008).

PCV-29] §-7A} £4& B3 Aol A] genotypes-
subgroups¥} subtypes= FLEET, FQ subtypes
PCV 2a, PCV 2bo]iL PCV-2 group 22} PCV-2 group
12% dA o, A= 95% 44 7t
A k. E3E OFR29] 27l19] genotypes %ol =}
o7} 12™ nucleotide®} peptide sequence= TH=F
90%°] A4S 7421 9ItHCheung S, 2007).

PCV-29] genome> A|H& 07 2}o]7} Q1o] American-
like strain (PCV 2a)@} European-like strain(PCV 2b)S.
2 FEE Itk $HLE PCV 2a2} PCV 2b7} FA
o ZA 5} njato] A= PCV 2agto] BAEL= Ao
2 d8A Al 18y 20059 ~20061 vk AH
Litho| A PCVD7} tie Wy ske] PCV 2b7} A& &
2| =gl PCV 2a2} PCV 2b9] FA] THAl HAE
o] #il, =it {3 PCV 269 ;A FUAHLS
99.5%%1 Aoz e TtHHamel 5 1998; Gagnon 5,
2007).

PCV-2 HE&HozL:
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9] HiZdEE= B3|t} 2|2 real-time PCR, nested PCR
(nPCR) % genotype-specific PCR¥} ¥7] 4 &4 &
B AR Fol olgEm ik 4k geno-
types EAHIH O E = viral genomic sequence, re-
striction fragment length polymorphism (RFLP) analysis
Sol gle.

oo & QoA PCVDR HtHe o] §AE 3
9] 22 9 FHof| A one-step PCR¥} nPCRO] 7
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SAl M=

HER o] oF=Ao A 200611 5E 2010E714] A A
Ab oJ=)E 40~609 o] AHE 7heH 15 28 Bl
As7Hrel 5252 w H=A B AR 223} 20101 9
g Ty =4 27149 18F 9 oF=A 37]40] 245

of BolollA] WBLE Hefsto] Aol AHgaHALE

DNA F&

DNA #%&
buffer saline (PBS)S 1

HFNe Al At @
tube©]] lymphocyte 8-

3 ml& g0 2,000 rpmofl A 1027 A4 Ze|sko]
FL2G Ho] & YEste] Ao AHEaI3ith DNA
+ Bioneer ExiPrep 16 automated nucleic acid extraction
AE51e] Viral DNA/RNA - kit (Bioneer,
Korea)E ©o]-85F91 0 & % NanoQuant Infinite M
200 (Tecan, Switzerland)©.2 =& &Qls5t3Th

leucosep

F 29

system=r

One-step PCR and nPCR Z At

One-step PCR HAM= Kim 5(2009)3 FLst
PCV-29] ORF 2 geneol| A t]&}21gt primerE A|Z}s}
o] AFE-3}9ich Primer:= Capl 5-ATGACGTATCCA-
AGGAGGCG-3' (1735~1716)2} Cap2 5-GGGTTTAA-
GTGGGGGGTCT-3' (1037~1055)5 ZF 1 pl® PCR
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premix (Maxime PCR Premix i-StarTaq, iNtRON)oj| %
7¥sto] 94°Coll A S, 94°Cell 1& 50°Col 12 9
72°Ce]] 284 303] WHE BRSAIZ] & X|F 72°Cof|A]
= BEgsto] PCV2 & S ERlskart

ERL nPCRE| 282 Lyoo 5(2008)¥} U7k ™
O 2 primerE AZ}sto] A5 Primer= VF-2
(foward) 5-GAAGAATGGAAGAAGCGG-3'7} nest-R
(reverse) 5'-ACAGTCAGAACGCCCTCCT-3'2 Z} pri-
mer 1 ul& PCR premix(Maxime PCR Premix i- StarTag,
iNtRON)ol| Z7}5}Fo] 94°Cof| 4] 58, 94°Col| 30z 54°C
of 30z % 72°Coll 40%4 303] ¥hE REGAIZ] & X
Z 72°Coll A 7E wr2alelth 12} PCR AFHES primer
2a-F (fpward) 5'-AACAATCCACGGAGGAAGG-3'¢?} 2a-R
(reverse) 5'-GGGACCAACAAAATCTCY-3', 2b-F (foward)
5-CTGTTTTCGAACGCAGTG-3'?} 2b-R(reverse) 5'-CT-
CAAACCCCCGCTCTG-3'2 A|&ste] Z} primer 1 pl
£ PCR premix(Maxime PCR Premix i-StarTagq,
iNtRON)ol| Z7}5}Fo] 94°Cof| 4] 58, 94°Col| 30z 57°C
of 30z % 72°Coll 3024 303 BhE REEAIZ] & X
T 72°CollA 7 ¥hgSAIth PCR ORES ARES
MuiltiNA (SHIMADZU Bio, Japan) A}54 7|95 A%
£ 0]&3to] S bandE QIS5

AN

Table 1, Detection of PCV-2 genes in tissue samples

2 o

Z Ao 4] one-step PCR FAMAT} FAJ o2 2lE
525F9] 5Y A|RE nPCRE FHARSIo] HE AR A
FEe 25t e PCV-2 genotypes HARRE At
AA 52% 2= PCV 2a:= 27(3.8%), PCV 2b= 357
(67.3%), PCV 2a9} 2b2] E317Fed o 1571(28.9%) 0.2
SRRIF T HA 238 d=ERE AEEE 20109
157 A|& 3 PCV 2a= 271(13.3%), PCV 2b:= 107
(66.7)°0191aL, PCV 2a9} 2b2o] E3h7red-2 371(20.0%)
© & yERyTh E3h 2009 o A 20061 2] Al E o] A]
PCV 2a= IE ] 9kotom PCV 2b9| wh=2 it
PCV 2a%} 2b2o] E-3h7+ad2 2009W 1073(71.4%)7} 4
7(28.6%), 20082 671(75.0%)3 271(25.0%), 2007
W 47(57.2%)9} 37(42.8%), 200692 57(62.5%)<t
374(37.5%) 0.2 Q1= rkTable 1, Fig. 1). =3k %
Z)of| A primer PCV 2a9} 2bE AF83to] 24 PCRS
ARgERe] HARSE A3} 527 5 5074(96.1%)0] FAd o]
Qom o]& PCV 2a: 17(1.9%), PCV 2b: 397
(75.0%), PCV 2a9} 2b E317+de 107(19.2%) 0.2
Hel=| Sl

PCV-29] & 570 40] w4 4270 EAofA HA

PCV2 genotypes (%)

Years No. of tested nPCR
PCV2a PCV2b PCV2a+PCV2b
2006 8 8 0 5 (62.5) 3 (37.5)
2007 7 7 0 4 (57.1) 3 (42.9)
2008 8 8 0 6 (75.0) 2 (25.0)
2009 14 14 0 10 (71.4) 4 (28.6)
2010 15 15 2 (13.3) 10 (66.7) 3 (20.0)
Total 52 52 (100) 2 (3.8) 35 (67.3) 15 (28.9)
1078 — — [ ) I O I R E e B e O N e e
£03 ___E"Eb 135% [ ! I I R — 1%53
7 p - EEBbp o — I — — — —
144 24 184 JE0bp
18 194 118
i 72 72
(0 2 R I T N 1 al @l 8] 7 ilzlalals |67
W - B [ (U N
A C

Fig. 1. Detection of PCV-2 by Automatic Microchip Electrophoresis System. (A) One-step polymerase chain reaction (PCR). (B) Nested
PCR of PCV 2a. (C) Nested PCR of PCV 2b. M: 1000-DNA marker, lane 1: negative, lane 2~7: positive samples in tissue.



16 £3%
Table 2, Detection of PCV-2 genes in blood samples
PCV2 genotypes (%)
Farms No. of tested PCR (%) nPCR (%)
PCV2a PCV2b PCV2a+PCV2b
A 10 5 (50.0) 8 (80.0) 0 8 (100) 0
B 8 5(62.5) 5(62.5) 0 3(37.5) 2(25.0)
C 8 3(37.5) 8 (100) 0 7(87.5) 1(12.5)
D 8 2(25.0) 8 (100) 0 8 (100) 0
E 8 6 (75.0) 8 (100) 0 6 (75.0) 2(25.0)
Total 42 21 (50.0) 37(88.1) 0 32(76.2) 5(11.9)
3t 23} one-step PCROJIA] 2171(50.0%), nPCROIA 37 Awe] @ej7h ojel-& Algo|thRovira 5, 2002).
A@8.1%)70] FAollen olF F=RHA, B) 271 o] +Ak= PMWS 2J4] 5ol A PCV-25 ZAlSto] Hf
Aol ol 187 = onestep PCROJA 1071(55.6%), I 71(2004)S 95.0%= =& FAHES TSI,
nPCROIA 137(722%)700] A2 166% B ¥4 7 SQI04HE 68.1%2] B Byon ALe
o H=H Ut I genotype HANAM AFTE=HS HE B 45y uuhe 28.6%= 12~185% 88.1%
nPCR g 871 & PCV 2bvho] SRRIE QY BE=4 2 2APFAIL 5 5(2008)> 915 oAk 98.3% =
2 PCV 2b7} 37A(37.5%), PCV 2a%} 2b9] Ea-7tH 2 = g i B804 98.3%, TE] H=ofA] 89.2%
2705.0%°1 Tk, FEJCE) B 24%e] PCV2 2 &S FYES BTG B3 3 520062
2 AA| A= one-step PCR-E 1171(45.8%)°], nPCR =54 S5k "2 A 55%= AR U 9
oA 2470(100%)0] FHOR BRIEl0] 542% T F  EROIAE ol fAE Witk ofliet BE 9 8o
dol A==k E3E genotype HAROIA PCV 2a= A =8 FY FEE] FE s W Biol2{£9
HEEA U9k PCV 267 2AET%), POV 209k 23 W A Ao 24T 4 gk
ub 5(2004) 9 7] 5(2003) PCRE o] &5lo] of

2b E S 31(12.5%)01 ek EE AAE
S AlEd CYEAS PCV 2b: 77(87.5%),
PCV2a2} 2b9] EHG Yol 17(12.5%), DY=4=
PCV 2b7to] 87(100%), EF=42 PCV 2b= 674
(75.0%), PCV 2a%} 2b9] B3Iz o] 274(25.0%)0] %
. & dHo|xe HAEAIE EHW PCV-2 e
one-step PCRE T} nPCRO|A] 38.1% SFA o] o AEE
= A5 FeIsHtH(Table 2).

ER

oAl =2 Aol A B PMWSTE
19989 A2 HIlE o|% AA7A| o] FA=S] Fa
Aoz ZEEly ¢)th, PCV-2= PMWSS] 8 ¢
A= =2 Hot = %] ok vjo] 2] A (porcine par-
vovirus, PPV), H#| AX7|TE7|E5L

productive and respiratory virus, PRRS), -53§AIH =

porcine  re-

(enzootic pneumonia-mycoplasmal), AF&dl2}-7}4Z(sal-
monellosis) 9 R4 A& 2Zali= 87 alol} o
E BEAY =51 wedo] e Ao® HilEo

g Ap=olA PCV-2E £33, 3 5(2009)°]
PCR} real-time PCROJ A PCV29] &} AESEZS H|
13}e] PCR 47.2%, TagMan probe real-time PCR-2
68.8%°] Y= skl en PCR HAF 24¢1 Al
FO| Al real-time PCRZ ZHALSlo] 40.8%7) Ao =
ZALE o] HAPER O e HEIAY ZolE el
&}l t}. Real- time PCRE PCRE T} AA} A 7Fo] ZHA|
29 HY FHENFS AATEe R Sld 4= 3l
Aol et Aule} Alofo] Avjol T S Wzkaol
AP W Aol g W 2A) Bad Aew
RS

22 povao] gt d714 Y BAS B0
2 AF=2 73} 3H2009)2 PCVDE ATy o]
o 4] PCV 2a2} 2b genotypeS 573141l =2 domi-
nant genotype> PCV 2bo]w UXE PCV 2a% &3t
thal Buskqith 2 sljoll A ZA17F Eli= PCV-2

L.
g ;g—

L Soleh gRol WS Helfeh wyat vl
Aol glekin FAEu ol M genotypeo] e
UG AT} o] F1 AT QLKA 5, 2007; Kim 5

2009; Chae®} Choi: 2008, 2010). 3}, Hesse 5(2008)
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2 PCVY| genotypeS AASIS] PCV 2a:= 43.4%=,
PCV 2b:= 31.9%=, PCV 2a%} 2b 3-8 24.7%
2 RISt = 7HA] genotype| HHH A FES}
31, Cortey 5(2010)-2 A1|212] PCV-2 genotypeS
4% A1t 1990 o= PCV 2a9] HHgo] ghqatar
PMWS HHJo] Z7}8k= 2000 thol] PCV 2b dHAjo]
F7heteal Hugivy & AR A = nPCRYS A&
ako] 2006104 2010 7HA] o= H o] f-AFE A
&0l A PCV 2a9} 2b9] EdAS lsHla,
PCV 2b9] gl XA oA 673%L; FHofA
76.2%= T AJAAYE FQlFd 4 dsleh o]AE
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(o]

Kim 5(2010)0] =it PMWS ZF ¢ S0l A 20001 o] 5
PCV 2a°| A PCV 2b2 9] 2} o]g< 2Igt A}
o} dxskgct. 12]al PCV-2 310 HEE HlaLo|
A 222 one-step PCRY} nPCROJA 100%=2 FAAE
9] Zpol= ¢l o™ genotype= PCV 2a%} PCV 2b9]
240 Belo] 7bsahgich. ek Beol A one-step
PCRZ 50.0%, nPCR2 88.1%9%] FAES B AAF
WMol WE AZES] ol HUBYUTL, onestep
PCROA ©4%2] 1657} nPCRo|A] GF4o.2 BHal
=3l FAEEE nPCRO|A| 38.1% A UER AR
of W2 Pabe] dEsl Was Ao shelEgith
PCV-29] Ayt o 2 20061978 vl= 9 3ol
A WAle] ApEle] RE 9 ol fAlEe] MBS
A Fakeo] Hdasto] Aabde FAfsheE =l
Eoow FuUjo Ak 2007dRE o] FAES S
2 Z7to A Adeh= A7 B ediqlo] g o]
Aol Wale vha gasiglont WA Anaay
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A Wavolziae) ey ST fAREL
ZAVSH] $5he] 200604 2010 71A]  one-step
PCR HA} g 52712 A S &2 nPCRZ ©|-8-3F gen-
otype A4 PCV 2a= 271(3.8%), PCV 2b= 3571
(67.3%), PCV 2a9} 2b H37AL 1571(28.9%)0] 2
t}. E3E XA o) tisf] PCV 2a%} 2b2] primers ©]-&
st A3 PCR HARE AAIRE B, 52741 5 50
(96.1%)0] SFAo|glom], 1 Z PCV 2a= 171(1.9%),
PCV 2b+= 387(75.0%), PCV 2a%} 2b2o] E37rg-e
1074(19.2%) 0.2 1=t

Folo| 4 PCV-2 AEEL vels] 918 54 42
A& AR A9 =749 A 187 F one-step
PCRO|A]  1071(55.6%)0], nPCRO|| A= 1371(72.2%)0]
oFAJ o]t genotype> PCV2b 1174(61.1%), PCV 2a
o} 2b9] HFFZ 24(11.1%)°] . F=d9] &
oW 247 = one-step PCROJA] 1174(50.0%)¢], nPCR-2
247(100%)°] <FAolitk o] PCV 2b= 74
(87.5%)0], PCV 2as} 2b9] EF7FAL 17(12.5%)0]
Fdoldtt. & d 427 F one-step PCROJA] 2171
(50.0%)°], nPCROJ| A= 377A(88.1%)0] WO =2 XA}
o] dolofA PCV-2 nPCRo| 38.1% T =
< Zow gRlE ot

= o
HEES
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