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Rapid detection and quantification of porcine circovirus
type 2 (PCV 2) DNA in Real-time PCR
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Assay for the detection and quantification of porcine circovirus type 2 (PCV 2) with the real-time PCR
were developed. TagMan probe real-time using a set of primer/probe was developed for detection of PCV
2. In this study we applied real-time PCR assay to 320 samples, collected from pig farms. In 151 of 320
samples, PCV 2 DNA was detected by conventional PCR assay. All samples positive for PCV 2 DNA in
conventional PCR assay were also positive in Real-time PCR assay, but 69 of 169 samples that tested
negative for PCV 2 DNA in conventional assay were tested positive in TagMan probe real-time PCR assay.
The test of TagMan probe real-time PCR resulted in detection and quantification limits of 101 copies per
sample. TagMan probe real-time PCR assay increased the number of samples in which PCV 2 was detected
by 21%. TagMan probe real-time PCR assay is very efficient method in contrast to the conventinal PCR,
becoming increasingly important method for gene analysis.
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Porcine circovirus type 2 (PCV 2)+= Circoviridae©]|
S3kn) Aol 17om =2 4L U9 single-
stranded DNA H}o]gjA o]tk PCV 2+ 1990t &+t
o o] A=A A A M A ZZ J(postweaning multisy-
stemic wasting syndrome, PMWS) A4S Hol= %]

AN ZEH AHHLR A= 9o 7o AA
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AEATE, AAld e e 257 54 & UEd=
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Ao R HAE I QIek(Straw 5, 1999).
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PCV 2% 1982 =] Al A4 E2(PK-15, ATCC-
CCL 33)o)|4] E2]%=l PCVl(porcine circovirus type 1)
W= T2 75 =, PCVIZF PCV 2= A& 3
Kol The B ohet fAHKY) G7HDNNE 2 A
o7} Q&S Bl 4 9k F vholg Ak WA Ao
2 AR PAE AT glont AR SRR
choret 2jol7} Atk PCVIS] 98 PRFAAE 1)
1,75971 2] nucleotide @ 5KDa ©]A}o] vl 2o A A3}
4= Q= 7709 open reading frame (ORF)©] ¢131 PCV
2= 1,767~1,7687112] nucleotide 2 LA =0 Q1o 6
7| T 117]2] ORF7} ZA3kc} PCVIZ} PCV 29
AR FAAE 71 D2 68~T76% 2] xg%xgg._ 7}A]
E3| 9 Gzl ol capsid protein®] ZAd o] A
3}+= open reading frame 2 (ORF2)2] 7% 65~67%§
Ul SR APEAS UL glo] SRk
W ol 83 POV 29] ghradlste] 485 BT
Aok 7, 2004; B9 3, 20045 7 5, 2003; A 5
2004a; 71 5, 2004b; 71 =, 2005; Choi %, 2000;
Hamel 5, 2000; Liu &, 2000; Nawagitgui 5, 2002;
Fenaux 5, 2002; Fenaux 5, 2003; Mankertz 5, 2004;
Cheung, 2004; Grieson -5-, 2004).

T ol A= o] FAREAHAI ARSI o2k A}
=4l PCR HAE F3dto] PCV 25 +#
= 2259 A4 SA4S AR A3 A
g 9 e 259 9% el 7
A sde verdiglen 29Ql, 5
T ek 97% 2o s YEY
2, T BYTE 4% 22 AEde
oz WustokElg 7], 2004; BF =, 2004:
2003; 7 5, 2004a; 71 5, 2004b; 71 %, 2005).

2| real-time PCR 7‘:4,/\]-340 T9¢ - HaEal glo
] o] HIH-2 thermal cycler®} #3333 =AE LA
3} A17) AAIZE BH] PCR %2 Hg3 ARl
7] PCR GAPH-S End pointof| A FZEAMES A7) 9
S A= A s}=t)| v]3)], real-time PCR 7
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TagMan probe~ 0]9— Sl "ol ATfE o] it
SYBR Green real-time PCR HAFH-E SYBR Green©]

gt= FYEHS PCR W3 o H7}sto] PCR RHS-

20| 34 ¥ = double-stranded DNA Y 2] minor
groove®] SYBR Green< Z$HA|7]1L, o] 235 SYBR
Green?| FIA YL E F7|H o2 Bx|sto] TA 5=
HH o]t} TagMan probe real-time PCRS &33-5%2 4
AA=AS FE Bof F2slo] PCRE AAIFe =,
TagMan probe”} target £-9]o] &3 (hybridization)%l
Arefj ol A F2EHE-S-0] Z Y& a1, double strand DNA
extension ‘ﬂv Zof &A% exonuclease®] g0
templateo]] B % o] Q& TaqMan probe7} E3j %™
4], TagMan probeo] H-2tw|o] Qe FFEZlo] oA
Aie Beit 2% H YR P )7
o2 gxste] AE WS PAbolthBrunborg
5> 2004; Olvera 5, 2004; Chung -5, 2005; Yang &,
2007).

o] ATOINE WA A POV 2 2 el
sfetalr] glatol HAS AR Qe 480%571E %
HOR 7)1 PCRE 0|83 e] 548 P4 25}
9. thgo 71 POR A3 8 3 35719
o IAE 35% 70| A 3 7l 4554 E 3205
o tjgt A|&E 7]= PCR, SYBR Green real-time PCR
4 TagMan probe real-time PCRo|| #-83}o] A
of W& NAE FET ASTAE HwsHATh

R

SAU=

2006AFE 2007 A7MA] =W 48057l A H
A doyzAE Aoz 9v) Aol 9=E 1,900
oo ML AR R ALl on I 2 HAAPYE o
w2 A P ZAS ko] 32052 A|RE A}
&5keleh

DNA =

PCRS $J3t Template DNAX= QIAamp DNA mini
kit (QIAGEN)E ©]-§-3lo] %3131 on, %3 DNA
= B335 A|(Nanodrop ND-1000)ZE ©]-835F0] 0D,y
oA F=E S5

PCR primersQ} probe

Primers®} probe+= GenBank accession number

AF0272171} 2ol A 28] Bi1% th49] porcine
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circovirus type2 (PCV 2) 4=} G711 ES A5}
714 Aslst ORF2 £9& AEi519ith Conventional
PCRE 9%t primers+= ¥F o] ZTd&o= AAGH
sequenceE 485141, SYBR Green real-time PCR2
&It Primers+= IDT Scitools (Integrated DNA Techno-
logies) 2 A5t} ()Awelol A 22 AZHslo] Ab
23}9t}t. TagMan probe real-time PCR2 9|3t Pri-
mers®} probe+= Beacon Designer Software (PRE-MIER
Biosoft International) 2 A7 3}o] (FF)Hlo] 2 Yolo] 9]
Z|5to] A|&sEY 21, Probe2] 5'0]l= Fluore-scein¢]
FAM=Z, 718]31 3'9l= Quencher?] BHQE H2F5}%
THTable 1).

Conventional PCR

Conventional PCR-& $]3}¢] DW 6.5ul, Taq master
mix 12.5ul(Promega M7122), forward primer 20pmol
0.5ul, reverse primer 20pmol 0.5ul 12|31 DNA tem-
plate 5ulE PCR tubeof Y2 & Z3lolS thermal
cycler (Biometra T-gradient) ol A &Z3}% o, 34|
2702 WFERAE O8HAT FHYzToR
PCV 2 DNA(10°~ 107 copies)Z ©]-8-3}9]th.

PCR W3- AL 95°Cof|A] 1087} predenaturation
AlZl &, 94°Col| 4] 30% denaturation, 55°Cof|A] 30%
annealing, 72°Col|A] 40z ‘52t extension2 353 HHE-
AAIZE 3 mpA]Ek extension2 72°Cof| A 1027 AA]
shgict.

PCR ZZAHE DNA 912 ZZAHE 10ul, loading
buffer (0.03% bromophenol blue, 30% glycerol, 30mM
EDTA, 0.03% xylene cyanol) 2uli} £33 & 0.002%
ethidium bromide & # 73t 1% agarose gelo] loading
sto] 90V ollA 1AI7EE?E A7) F5= HAIRE o3 UV
light = ZAF5}o] 501bp = &holalgic}.

Table 1. Description of primers and probe used in this study

SYBR Green real-time PCR

SYBR Green real-time PCRS $]8}¢] 2 X Brilliant 11
SYBR Green QPCR Master Mix 10ul, dH,O 4ul, sense
primer 10pmol 0.5ul, antisense primer 10pmol 0.5ul,
DNA template Sul 2 Total 20ulES PCR tubeo]] ¥ =
& 3lolS Real-time thermal cycler STRATAGENE
Mx3000P)oll Al FZstglon SAdETFoR Hits
222 0] 83197 PAYRILOZ PCV 2 DNA (10°
~ 107 copies) & ©|-§-3}ch.

SYBR Green real-time PCR BFS X712 95°Col A
1037} predenaturation A]71 3, 95°Co}| 4] 30% denua-
turation, 60°CoJ| 4] 302 annealing, 72°Cof| 4] 30% 52t
extensionS 403 HhHE A A8t T}, npA]eto 2 95°C
of| A 30% denuaturation, 60°CJ| 4] 30% annealing, 95°C
oA 30% =9t denuaturation2 13| AA|5}H O,
extensionS AAIE wjolch EA| % target £9] 157bp
Yol 7]o]E o] 7+ SYBR Green fluorescence S 2|5}
1 A €A]H cycles(Ct)+= amplification plots 2 3E
354t oju ©XE fluorescence+= primer?t2]
dimer §42 &13}7] 3l melting temperature S £

A5} dissociation curve & =3}

TaqMan probe real-time PCR

TagMan probe real-time PCR-2 $]5}¢] 2 X Brilliant
II QPCR Master Mix 10ul, dH,O 5.5ul, sense primer
10pmol 0.5ul, antisense primer 10pmol 0.5ul, probe
10pmol 0.5ul, DNA template 3ul2 Total 20ulE PCR
tubeo]] €2 &, Z3lol-S Real-time thermal cycler
(STRATAGENE Mx3000P)of| 4] &3} o 24t
2PoR BRFERSE ol 8L FHELon
PCV 2 DNA(10°~ 107 copies)Z ©]-&-3}9th.

TagMan probe real-time PCR W3- 2718 95°Cof A

Name Sequences (5'—3") Position Amplified size (bp)
Conventio pPCKF2 CATGGTTACACGGATATTG 1085-1103 o1
-nal PCR  pPCKR2 CGCACCTTCGGATATACTG1085-1103 1567-1585
zYBR PCV-sF GGAGTCAAGAACAGGTTTGGGTGT 1229-1252 157
reen PCV-sR AGTGGGCTCCACTGCTGTTATTCT 1362-1385
RT PCR
TagMan ~ PCV-tF AGGAGGGCGTTCTGACTGTG 1537-1556
probe PCV-R ACCGCTACCGTTGGAGAAGG 1616-1635 99
RTPCR  PCV-tProbe FAM-TCTTCAACACCCGCCTCTCCCGCAC- BHQ* 1581-1605

*The probe is 5'labeled with FAM whereas 3' labeled with BHQ
**The amplified size is 99bp with primers and probe covering 65bp
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1027} predenaturation A]71 &, 95°Cof| A 20% denua-
turation, 56°Col|A] 15 annealingS 403] HHE A A8}
11, annealing BF3 Zof Quencher2F-E EZ %
fluorescein FAM©o] &A13} € wjujct fluorescence=
2513l &2 X% cycle 4(Ct)+= amplification
plots®2 333}t Tagman probe real-time PCR A}
&2 BEAE F3EA4NES A7]7F 99bpolw o] F 65bp=
o] AdlofA A|2tE o] 4§ primer?} probe”} 24|
ShA| Ert.

Y
i

Conventional PCR &1}

Ao AR FHHAE 52.6% 5T 25 FE 5
A2 et AR 2] = A @ 57te] PCV 27
e vk A o ¢ Atk 7 eSS
PR AS FEEE H WS wf 50057 o4& AR
Sl OF=x7F= 38057} 7F-d) 1795 7H47.1%), 500
T S ARSShe 57k 100571 7HH| 565
7H56.0%) | A HZuto] e 271 I ek BAH 5
FAHES A719% sko] 501bpe] So] FAAE 53
T ddlen SANETES B Ao R IR
th(Fig. 1).

AAMHE HEAE vlashy| 91ske] 7]& PCR
1} SYBR Green real-time PCR % TagMan probe
real-time PCRo|| tfj3}lo] FANZF PCV 2 DNAE
10°~107 copies 2 3|4 3}o] AA}S Ax} 7]& PCR &
Aol 7S 10° copies 0|42 FEZIA| = FAHoR
T =]l o, 10 copies o3t A= 501bpe] Eo]
AAE 2l & o glSlth(Fig. 2).

SYBR Green real-time PCR 2}

SYBR Green real-time PCR HF-2-0]| 4] PCV 2 E0]4k
E& EA|8l= 1 cyclentt} SYBR Green fluorescence
5 "X|5192M 40 cycle2 HHE3E A3} amplification
plotsE 2213 4= 1At} 18|31 A H fluorescence

7} E0]3%t melting temperature 2 0| F}H=4] disso-
ciation curve 2 FET 4 Qo SAYRALS
T 2H0% AAEYT FAYERTS PCV 2 DNA
10* copies ©]49] smoflA] Ao T =] QI rhFig.
3, 4).

Taqman probe real-time PCR Z 1}

TagMan probe real-time PCR ¥F-2-0]| 4] PCV 2 E0]
AMES EA5H= 1 cyclentt} Quencher 2K E] He]E
fluorescein FAMS %319 0™ 40 cycleS w23}
A7} amplification plotsE &Q18F 4=~ gl o 24|

[e]

Fte BF FAACR BAEUN FAHELS PCV

4 501

Fig. 1. DNA amplified from ORF2 gene of PCV 2 by conven-
tional PCR. [M: 1kb plus DNA ladder(Invitrogen), Lane 1,
2: positive sample, Lane 3, 4: negative sample, C: positive
control (NVRQS)].

LB N @501

AN ]
CULRELE e

Fig. 2. DNA products obtained by conventional PCR with a serial
dilution of positive control. [M: 1kb plus DNA ladder,
Lane 1, 2, 3, 4, 5, 6, 7: PCV2 DNA containing 107copies,
10%opies, 10°copies, 10*copies, 10°copies, 107 copies,
10'copies, respectively. Lane 8: Negative control].
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2 DNA 10" copies ©|A4F2] L o)Al oFA o2 T x| 9l
thFig. 5).

e

Faoresosnon (o8]

Fig. 3. Amplification plots of SYBR Green real-time PCR
products obtained following 40 cycles of amplification.

- -

Fig. 4. Dissociation curves subjected the DNA of SYBR Green
real-time PCR assay.

Fig. 5. Amplification plots of Tagman probe real-time PCR pro-
ducts obtained following 40 cycles of amplification.

AL 3557 oA 3F 71 4~554 & 32050 of
S+ A|ZE 7|& PCR, SYBR Green real-time PCR ¥
TagMan probe real-time PCRof| 2-8-5}o] Ao
e A FHRS ARG AT 7|E PCRS
47.2%, SYBR Green real-time PCR-2 59.1%, TagMan
probe real-time PCR2 68.8% %] &S Rt

A4 A3tE e vlaste] Wu 7]E PCR B
Aol A9 AlR 3207 F 15170l|A PCV 27} A=
Egleon 7]&E PCROJA o= AR 1514 257
SYBR Green real-time PCR & TagMan probe real-time
PCROJ A F/dolglet. 18| 7]& PCRoA] S0 &
T4 E 1694 7124 SYBR Green real-time PCR o] 4]

38%, TagMan probe real-time PCRoJ| A= 6957}
Hoz BAE AEAS vTal] gato] o
% PCV 2 DNAZS 10°~ 107 copies® 3] 4 5}0]
AFSES wf 7]& PCR B4 2] 7% 10° copies ©]
Aol =w71x] oA o2 #IAE 9 SYBR Green
real-time PCR2] 7% 10% copies |4t Hw71A] o
oz HAE SR o™ TagMan probe real-time PCR ]|
A= 10" copies 714 oFAJ 0 2 A &9l = TagMan
probe real-time PCR EA41¥2 7]Z PCR 41} 1]
wsto] PCV 2 A& AlR2TE 21%7HA] S7HA1K1 A
2 Ve tHTable 2).

Eﬁi ox o2 r

3
bSKel
PMWSE 2oy|= 2
AchHER} 7, 2004; Y] )
2004a; 7] 5, 2004b; 7] 5, 2005). &
2 ¥K2004)-& conventional PCR 7
O] FAHEH A AT F-F<toll o|3hE A= 4] PCV 2
E 25k, Uiol A Ee2E PCV 29 tiste] -4
AA7| XS BT A B 7he] dr|Ade] A
A0 2 99.5% o)Ak AR E= Ao W u} glo
o, PCV 13} PCV 29] 7FEAHS 915+ PCR 74/\].1:14_9_
AA st A7 7| we) WARA gk
A=

o] dAFoAE PCV 2 ZFAAEE Thofstr] |3
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Table 2. Comparison of Real-time PCR and Conventional PCR by detecting of PCV 2 in swine bloods

PCR for PCV type 2
Methods

Total number of samples Number of positive samples Positive rate (%) Detection limits
Conventional PCR 320 151 47.2 10? copies
SYBR Green RT PCR 320 189 59.1 10? copies
Tagman probe RT PCR 320 220 68.8 10! copies
conventional PCRQ] primers2 817} 71(2004)0] AJA] 3t AlRE QFHs| = v|wE] 7HESEAL, E=3E Aofg)
3t sequenceS A]-8-3l0] HAE LS ARG L gz A= HLd 4 Qe Folo] HAsIy K
& 48057} 1 2355710l Azefolel st siel sl

0] 49.0%] FAE-S Lreh gt

AP Q] A F=d g o= 20059 109 A= 5
FAE2 52.6%=2 HI5}9T, 7 =(2003, 2004a)
FEE7ISEAI 2l BT o=E HA
AFo 2 PCV 29] 714 oFARS ZAVSHe] 2003 6
B 12€71%] 9J2= 10559 SHX]7HEE 21059
o] PCRHOZ ZAANE A3} 143504 PCV 27}
o7 HBAE o 7HJ<ﬂtﬂ oFA-8-0] 68.1%, 2004 10

N

il
o2

oM.

S e o2 & ople wn rlo o
ol o qx

°1]*1L AAFER ol e A Fe=
ek 3 048] A 5ol Agore
HES PCR% 47.2%, SYBR Green real-time PCR-&
59.1%, TagMan probe real-time PCR-2 68.8% 2] %A
€5 H3on, 7]& PCROA 34202 TAH 1694
7}-5 SYBR Green real-time PCROJ| A+ 38%, Tag-
Man probe real-time PCRO| A= 69F7} Fdo 2 &
HE AL o 2= 9o} =
PCR H-4
REES

St J_]—_‘:_

TagMan probe real-time

7]Z PCR B4} v)wsle] PCV 2 H
1%7HA] Z7kA7] Aoz Uehgon o]
b A= AR whek DNA HE3HA17F th=
7] g&el Aoz At =g PCV 2 DNA
10°~107 copies= 3]|4lsto] AZIAS vlw sl
= o 7]& PCR 41 9] A -f-ol= A= 9] DNA 5
T 7} 10° copies ©]AH¢l 7 9-of|ut target H ¢S Z2 3
4= 919l 21} TagMan probe real-time PCRoJ| A= 10!
copies FE=71A| 5%0] 7F55to] PCV 2 DNA &5

F

HO 7
o
=2

mlm N e

ol uf$ Hojt Aoz FAHL}

Brunborg 5(2004)-& uj-$- A3t PMWS QAEARS
e L Sl s Aol A &t AHhat F@,Eg Z2AS
A& & TagMan probe real-time PCR-& Al A]5}o], & ol

Imleg, 183 2E %3] 500ng & PCV 27} 107 copies
oo & HFTE AL, PCV 2 Y PMWSE ZHs7] €]

Chung 5(2005)-2 SYBR Green real-time PCRZ 9|
Boto] Al aE =A oA PRRSV & PCV 2E& %l
3t Ay AAgdEE =HHA A Iml F PRRSVE
10411~ 10%% copies® HAZE I PCV 2= 104%~
10*% copies2 AZE|Qom HIFEAH 0] 7153t real-
time PCR ZAPH-& 2 Hof 4 ofj2} g4kl 2
Sl glolA= -85 WHlel Aow wusigrh

Yang 5(2007)& PMWS o]2h 5)%] 40%0] 4] 73]
St 22 A& t3}e] SYBR Green real-time PCR2
A A8 A3t 500ng & PCV 27} 10° copies o]0 2
AEE o 7]& PCROJA SR AHAEIYH =
Al A&7} real-time PCRoJ A= oFA] 0 & THA & o] 7]
Z PCRET} real-time PCRoJ A &FA-&-0] 15% =7}35}
Aty B35l c} E3F real-time PCR AAM]-S PCV
2 DNA©| tiato] 10°~10""copies ¥ $Joll Al Hold 3
=95 7M1 7]& PCR Eth PCV 25 Xs}= T
910 TS -8 el Ao B,

Real-time PCR-& ZE7 ¢]1 PCRo] v|3l A]7to]| ZHA
A2]al 47 DNA ¥£+= RNAE H& & 5= %lor 5
Ejﬂfﬁ Eo} __,%_;(4 QJ: 5_-.5/\].5 ‘/\]7]'Oi fz]_o]z‘sL
2= 9o} QAR ez da] ==l ¢l E3 real-
time PCR- A& 1]9] DNAS] 2Fo] ZZx5 PCR AHZ:
o] AF AEE = Ct S 7|22 AT & et Al
29 DNAZZ ojn] &2 o1l Q= EFAIRE AAE
A&} 7+o] real-time PCRO]| &39S o] EFEA|R
9] Ct gholl diu|ste] 4AFE3 4= 9lo] Al& W2 DNA
$78 WA 4 918 % ohfel DNA SEAH B
o wpolat 4 glof et Aske AA A
52 H7lE 1 tk(Brunborg 5, 2004; Olvera 5,
2004; Chung -5, 2005; Wang -5-, 2006).

o] ool A &= TagMan probe real-time PCR-& A1 A
7o vleke] DNAS Alalr] AZelAT AR )
of DNA %=7H4) shelat 4 leirk. oleiah ks
real-time PCRo| ©&3] vlo|yAE Bg|dlg 11X

N
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Real-time PCRS o] 83}o] wjz|%sutola] s 7t
Zol that EPE S SISt POV type 2 71414
301507 sfed A etol A1 Aok
L 480%57HE 402 71E POR AAREE olgstol
S PHEE AT A3 F 48057} e 235
7l 4 PCV 27} hlElo] 49.0%0) FA&S et
Wolch Aol T A AR 2AR 2
I} 7]= PCR-E 47.2%, SYBR Green real-time PCR-&
59.1%, TagMan probe real-time PCR-2 68.8%] 31T}
7]Z PCR A9 0] Ao A A= 3207 = 1517
oAl PCV 27} HEH o 7]& PCROJA Y=
A= 15174 25 SYBR Green Real-time PCR 2!
TagMan probe Real-time PCROJ| 4] 9FAJo] itk 18y
71 PCROM /o= #gH 1697 7kt SYBR
Green real-time PCRoJ|4]+&= 38%, TagMan probe real-
time PCRO|| A= 69577} oFA4d o= wHg = it

AaeAE viash] skl YRR POV 2
DNAZ 10'~ 10" copies & 3]4]5lo] AARIAS of 7]

Z PCR 24 2] Z2 10° copies ©]AH9] 5‘—577}?(] oF
Ao 2 T4 %937 SYBR Green real-time PCR2] 7
10° copies o]4F2] FE7t2] oz THAE oW
TagMan probe real-time PCRoJ| 4= 10" copies 7}A] &F
o7 T{AE S tE TagMan probe real-time PCR-2
PCV 2 A& 9 Aol mi$ a2l Hapes
ey,

30 & o

O{N

fr

o}{‘o

_4

73], A, 11871, o], Qlir, 741, 2004, HA| A2
Hlo]e] 2ol o sk LE/_:T%_J?{ R U L I e e
2)8}+3]#] 44(2): -268.
294, A Zz , BRIs], =AY, AF
S H 1] el|A] o] F-F A AR A ST 2 porcine
circovirus type 29] 7141 o 7591483 A
27(2): 139-146.
gk, 299, A, ukls), 71743) 2005. AEAY =A<
fkefotell Al PCV 2 7195 AL tﬂ'}ﬂ’:ﬁ“ﬂ Aes] 7]
28(3): 267-273.

S I~ 2~=) 2
AAE, =, EdF

, 1933l 2ol 57371, 2003, = o)

Ap=2] A sintole A il o5k o] frF A AR TS
. OS2l 58] 2] 43(3): 463-469.

B, 3R 2004, oS ARSI o8 A=A
o] njole]AA Q1A A U porcine circovirus 2 2]
4. g2l 8te]A] 44(4): 561-569.

vkx]4f, 0]77], 7184~ 2004. porcine circovirus 2 =] -85
o] f-AA EA. tgt2]ska] %] 44(4): 571-579.
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