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HIIR B TR B iR FE H R 46 58 M ESIRIm i & 2

EEY BRI FRBE R RTHEARTREE S BwE

ATEIR R KR B G RE WA RRA
B 6B RERE SR

BT 2% — MMk 9m F (porcine circovirus type 25 PCV2) & — H A& 17 K
(nm)> T EHE - ZEARRIEKRDNA ZRmF BAASE CERBIRE
RAmFEERAL— c BAHFZARBEXETRAIERIEBZE (loop-mediated
isothermal amplification 5 LAMP) & BA &3k % ~ ek o E @2 B 7k o
FIR — R =2 5] T3 TR Bk e A MBER - KoFR 2%t =
R ARG Wk 5] T # > BIRA PP AR R 4 oAl @ R A R R =AY
B AL c A TR FHIHRM 2R E 9RBE AR REEZRK
FEtk 6 REE S — MRk A& (porcine circovirus type 1; PCV1) Jm34k ~ 3
PRARMEIE R 95 % A4k (pseudorabies virus 5 PRV ) ~ 7 #hFE A FH PRI 4T
s ## (porcine reproductive and respiratory virus : PRRSV) A& 3 ¥ 5 J8 J% =
# (classical swine fever virus 5 CSFV) Am AR o iR & R 5] T 4% 4 5%
AR ARAFERLA RN AR ERLEZH BRI IRME - £5] THEK
ReMERIR A & 0 5] FH AR T i 10 copy number/reaction ° _E it 45 R A8 =3
NEBIEWRETIEL —HE - BB RBROBE _ABRRRFTE 7k -

RIS - J6F _HIRMWE ~ IRIVIRGENEL « 1524 ~ 8T

4

(proliferative and necrotising pneumonia ; PNP ) ~
HE 2 EIPMRRARERIE E ZBEmalRzlPCv2
2EE2 123 19] -

PCV2 SMNUAIE—+EEE - BIEH 17 nm»
E - 384 1.76 kb BUEBRIRIREY/N\EY DNA R/ -
PCV2 #HERIB 11 {BFI5EE (open reading frame ;
ORF )- E.db ORF1 Gl#&:EH Y 36 kDa g9 Rep protein

(replication associated protein) AR SORE:EEMN R
#5140 19 kDa #9 Rep’ protein » Rep protein £2 Rep’
protein #ERIEDRSEHBRIS 7] - ORF2 TEKER
REMEFIIURQLOINEZEL— 28 kDa BI&8
B R/PCV2 REZZIEHEED (capsid protein) -

AEFR - FE_RIRINRE (porcine circovirus
type 2+ DANEEREPCV2) RARAEZEM ~ BUMNFDZ2M
RAREEZERSIER @ WSHEXRFHEZIE
&K[2 12 3 19] - BRIMBEAERSIEL - PCV2EREER
BRI BEFEMIRSIEE (postweaning multisystemic
wasting syndrome ; PMWS) -~ BEREABRIE
{&8% (porcine dermatitis nephropathy syndrome ;
PDNS) ~ X488 (congenital tremors; CT )~
¥ TR &7 & i ( porcine respiratory disease
complex ; PRDC ) ~ 18 5E 1 K = 3¢ M il £

“HENAREVEE
TEREEESERBEEHRAN
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BESIRBIELEZE —RSPHIMNERTIEZND
[13 14] - KiBEHAB 247 - PCV2 g4/ PCV2a
Bl PCV2b ZIEERR[9] - —UHHRBSEL - =&
ZEHRBECSNNIREEMER © BEXIRIE
DT E— S DR RG] -

BN IE R 181855 (Loop-mediated isothermal
amplification » LA NESFBLAMP ) #Z;ZfEFRRERRES
BT - IEIRRIRMERSE—14 « S8R « BIBITRIMN
REBFEEERR1 4] SEMAREFSMEY (18
RERRSEE) 2@ (1 4 15 17] - HRE
EBRELNDRERAKDIAE - —H=H
LAMP3S|3E2Bst DNA polymerasei2&# @ IRIER

(B0°CEB5°CrE) BIE—/INFRITITER @ ALt
LAMP&IREFGEZRSAEB 16 17] - AXE
EBEHY - EAFEPCV2 ZLAMPEET M » WHSHEE
FATERRRSZENER DA -

MRIEREEA

RS LB

FHTHEIZE 19 ¥R PCV2 JRSHk 6 K5 — 1Y
58I=ANRE (porcine circovirus type 1 5 PCV1) ¥&
HHK 3 B RMEIENRMEBIR(pseudorabies virus ;
PRV)~ 7 #R5&EEERITIREFRSIERSIK (porcine
reproductive and respiratory virus ; PRRSV) DA
3 HRFEERE1K( classical swine fever virus; CSFV)
DOLURIE - BEIRSXELZEEVS T £ A Roche AT
R MagNA Pure LC RIRKETERSHME
ER - fEFA 25 E & Roche /AE#AY Total Nucleic Acid
Isolation Kit - B35S PRRSV E2 CSFV B} RNA /s
Rt FEEIT2IRES cONA 2% - BRI PRRSV cDNA
RERTEESETE 2008 F2HE M PRRSV
ORF5 7 target gene #fT PRRSV cDNA &%k
[18] - 55F# CSFV CDNA 8349 + Bl RBEAFFEEHR
FHREEIE LT - £ CSFV LPCstrain Z E2 B
target gene 1T CSFV cDNA &8k -

S| %2885t (Designs of primer)
PA PCV2 &2 EErR (GENBANK accession
number: AF364094) BIER © HE(T3IF 2T -

SRETENEEIR A E A Eken RIFEEZ LAMP Primer
Explorer V4 5| 3-5%51ENEE - HF%I40 Table 1 -

RIAMWEEIERE ( Loop mediated
isothermal amplification ; LAMP)

il BIMSaRSELBTREY 2 ul - @60
AFIP (20 uM/uL) SIFMKR BIP (20 uM/ul)
5lF&2u F3 (10uM/uL) 515 B3 (10
UM/uL) 51F& 0.5 uL~ 125 uL 2 2 {Zi%ER
LAMP reaction buffer (Eiken ATFrRHE) 1 ul
Bst DNA polymerase (Eiken ASFTI2{E) = Eiken
NIFEREZ LAMP REEA « REIDA DDW HER
B878 25 ul - REBREEMA Eken RIBELZ
LA320 RENEFREEIFSRBERET LAMP &
& - MAUUE (cut-off value) BIKIBSXERZIRIF
REAZTA 0.1 BE (Turbidity ) » & LAMP RFEET
5 - RIEER LAMP EY)ZiREZEES 0.1 BER
LA320 BUENEFREEEZSEBEHE AR - QF
e 6 MWEFTE LAMP EMRE—X - MBS
LAMP EiRE 28 - REMFHWT 1 5500 60°C
1T 60 D@2 LAMP K& Bl 84 CHfT 7 piE
PATR 1R Bst DNA polymerase » RFETEERHEN 10 ulL
LAMP E¥IRR 2% agarose ETEX DT » EXTER
278 ethidium bromide  (EtBr) F& & MHRERIMR
TEERRE -

RE 8B KE (polymerase chain
reaction ; PCR)

SIS 2 RS ES L PCR 5341818 PCV2 &
' S| FEHFAAN LAMP 58512 F3/B3 5|34 -
—EitE PCV2 ERZFEIEEE 279 bp 2
PCR E# - L5itimi3ah DNA BRE 6 uL B8R
BEREREBREY 0.65 ml BEMEP(primer 20 uM
05 uL~1.25 uMdNTP 8 uL ~ 10X Taq buffer 5
uL ~ 2.5 U Tag DNA polymerase ) tiJ0A DDW #ZE
8818 50 ulL BEMAREZEHIBAT PCR RFE -
RIEGEEUTN - 55 A 94 CHST 1 D8 BLL 94°C
1 DE - 57C~1 DiE> 72C~ 1 DiE - HHET
42 @1ElR ; REBLL 72°CHE1T 10 min - BUfES
BIEGIEY 10 uL 1R 2% agarose E{TEIXDH
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TIXTE% DB ethidium bromide  (EtBr) %6 - ifi
REIMFNERRIBG - LT LAMP S|3#24F
4 (specificity ) °

SHERZEE

18 E5tigEFem 2 PCR E¥FE1TIA QIAGEN 2
TE R 2 PCR products purification Kit J0LAfE{L - 28
#1& Invitrogen ‘AEEER 2 PCRI-TOPO plasmid Z 48
B fi{tz PCR EMIIMRE @ REBRE 10 o
# - B0 A Invitrogen XS HFE Z Top10F°
Escherichia coli » §8 4 CHRREE 1 /\BF - Rk 42°C
BE 1.5 D88 - B 4°CIRBE 5 D8 » SREIIA
REBMERZ LBIBER IR 37 CRAYEED 1 N5
PREBEBERIRE Ampicilin :ER MUK X-gal Z LB agar
E 1R 37CRERIBE - REYCE@EIEERINER
ZBe&EEMN QAGEN AT QlAperp Spin Miniprep
Kit ETEHBRCEZN USRS TREEER
RO - ERERCER - TEERHAME
MR NI B TET -

RIVNRIBIER B BRE D

iEERFEIICEHRBREL GE RIREL
UV/visible spectrophotometer RETEEIRE @ WS
HiZE 8% A 10° copies/reaction - SA#&1G EHHE S
L 10 13&ERRE - 2BEMB 10° copies/reaction
& 1 copy/reaction * —H & O ERER - ISAEIR
EEHREBRMN it LAMP BRLESRE TR LT
B LAMP 5|3 28=%% (sensitivity) »

LAMP E2 PCR #BIATERAME 2 DI
HY O7 ([BEBEwM (EZRERK - HIRER LT
TEARZ B RFEEMEFSBUER ) - 28I LAMP Ed
PCR HEAEETRA - —ERABRIEEN
(Percentage of observed agreement ) - 4858 HU%
4 (Relative sensitivity) ~ fBE34SE M (Relative
specificity ) DURIERIER < —E% (kappa value)
ZETE AIZEEER 2009 F(M1OIFIERZHE -

SR

SlFRIFRMEDT

£ LAMP SIFBENERNLE - EBEMN
PCV2 + PCV1 ~ PRV 2 DNA I CSFV » PRRSV 2
CDNA ZRIEITIRA - (Fig.1 ) FERERER PCV2 2
DNA TIBUEA#H LAMP Z35|31885 - B L EIBE
MRBRRXREZITREE -

SIFBBEDW
£ LAMP S|FzsREAloE - 8 (Fig.2)

IERIARIERRRER 10 copies/ reaction - %
AEREZEHEEE LAMP il % A ERE
SHEEAUE (cut-off value) FIEHEEEE
NIAEE - HARMEER 2 RE R r° = 0.99 (Fig.3) »
£ PCRIGAINE * BABRE <EHEREE PCRIE
Az B (Figd) ZIERIAMNKEZWRER 100
copies/ reaction °

LAMP £2 PCR #RAIIZ= 2 1ERAMEERET

1& 97 {@#k &I PCV2-LAMP Ed PCV2-PCR 2
BUSEITIRAI » #EREFIR 67 BN ZBIRNGER
ARG - 27 [ERGN BRI ERAIIRE
% -1 @GR LAMP BRI2BE14 R &M PCR &8
SEMRE 2 BERA LAMP &8I2E M REMm
PCR IBRIZZ MR IE - @RI A2 RAER2E
BEAR 969% » HMBM K E 4 ( Relative
specificity) & 97.1% - Ei8R828=%% (Relative
sensitivity ) 7 96.4% - 3—A @ ' LAMP £ PCR
RIFE R — B - #E5tE H kappa value /5 0.969¢

I
LAMP EBRSIRVERSEE - N0 L RAAEISRIE—/NET -
Rit®EH 2 PCR 5EREF - LI - ARNERRE
2 LAMP S| ZthE R HBE RN FZHTER
ERZHER2KE © HI0 PCV1 §1 PRRSV 19K 4
BRI - RA S EBES B R BRIREZ A -
EARARED 18182 LAMP EYRET AT
SRS RBEIERINUDHT - LT LR
(realtime) ERIZAT T B LAMP EY)ISIE 265
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BHELRE - SR E B IE S TR SIRRIBE
BER - ICHBIE2 Office Excel YEERIRIAD
7 M tEEAREEEREEEER ISR MR

R OMlE—STREAIRRRBRE © ZJE
SZMR -

EAEH PCR HEMSE (FINNER) - BIRHE
BERERONRREBEUERAEREAL - EME
FREZEN E 1B - ARXBREATRETZ LAMP 5|37 E 8l
SR (sensitivity ) » I B UGRIF EE LK G
AfE PCV2 DNA - Rt ELBR4 (sensitivity) 48
X PCR /& UERKRZ D B R RN
—RIBZETTH -

1% LAMP E2 PCR 7£ 97 {BERR G2 AR

Table 1

MOBALE® - BT 8838 — ERERIE R 2 18R sk %
(Relative Sensitivity ) 18R £ ( Relative
Specificity) B2 thDBlA 97.1%AKk 96.4% » 58
T LAMP E2 PCR 2B RIFSREVIBRAFE M A SR
MHEES - M_ZTEARNBERIEERERR
96.9% - —HIEDHE © IR Kappa value #fist2
M2 DHEELLE([1 0] LAMP Ed PCR 2 Kappa value
7 0.969 HAERIMEET LAMP £ PCR 2 &Rl
REBRSZ—HE -
iRE LA ZRHER - BfIPiASEEZ LAMPREAIR
WS RIMERPCV2 - iEER LR IRERRER G2
R EERESE BRI EN - AEA
B e RERRZETA R ITIRBHRZA -

Oligonucleotide primer sets used for the PCV2 LAMP assay

Target Primer Sequence (5°-3”)
PCV2 F3 GCC CACTCC CCTTGT CAC
B3 CAT CTT CAACACCCGCCTC
FIP TCT GTG CCC TTT GAA TTT TTT GGG AGC
AGGGCCAGAA
BIP GGG GGA GGA CCC CCT TTT TTT TCC CGC
ACCTTC GGAT
Table 2
Correlation of the relative sensitivity and relative specificity of LAMP and
PCR results
PCR assay
LAMP assay positive Negative Total
positive 67 1 68
Negative 2 27 29
Total 69 28 97

96.9%.

Percentage of observed agreement: (67 +27) /97 x 100% =
Relative sensitivity: (67/69) x 100% = 97.1%.

Relative specificity: (27/28) x 100% = 96.4%.

Kappa value = 0.969 (very good )
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M 1 2 3 <

Fig.1 Specificity of the LAMP assay was analyzed by using agarose gel
electrophoresis. Lane M: 1000-100 bp ladder marker (Portec, Taipei,
Taiwan); Lanes 1-5: extracted DNA of PCV2, PCV1 and PRV ; cDNA of
PRRSV and CSFV, respectively.
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Fig.2 Sensitivity of the PCV2 LAMP assay was evaluated by real-time assays
with 10 fold serial dilutions of recombination plasmids (10 copies to 1

copy per reaction), respectively.
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Fig.3 The plot of the mean threshold time against the log of the input PCV2

recombination plasmids fit a linear function was shown.

M 1 2 3 4 5 6 7 38

500 bp
400 bp

300 bp
200 bp

100 bp

Fig.4 Sensitivity of PCR for detection of PCV2 was analyzed. Lane M:
1000-100 bp ladder marker ; Lanes 1-8: with 10 fold serial dilutions of

recombination plasmids(10® copies to 10" copy per reaction), respectively.
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Differential and Real-time Detection of Two Genotypes Porcine
Circovirus Type 2 (PCV2) by Loop-Mediated Isothermal
Amplification Assay (LAMP)

C Wangl‘z*, CRJ engz, TS Huangl, VF Pangz, WM Changl, SS Laiz, SH Hsiao®

' Animal Health Research Institute, Council of Agriculture, Executive Yuan
*Graduate Institute of Veterinary Medicine, National Taiwan University

Abstract PCV2 causes on infection in pigs is one of most clinically important swine viral
diseases throughout the world. Studies indicate that loop-mediated isothermal amplification
(LAMP) is a specific, efficiency, and easy method for the detection the nucleic acids of various
microorganisms in field samples through the use of 2 or 3 sets of LAMP primers. In this study, we
designed 2 sets of primers for use in a real-time PCV2 LAMP system to detect PCV2 in field
samples. To determine the diagnostic specificity of the PCV2 LAMP assay, a total of 19 PCV2
isolates, 6 porcine circovirus type 1 (PCV1) isolates, 3 pseudorabies virus (PRV) isolates, 7 porcine
reproductive and respiratory virus (PRRSV) isolates, and 3 classical swine fever virus (CSFV)
isolates were tested. The results showed that only the PCV2 isolates were detected by PCV2
LAMP, without cross-reaction with other tested viruses. The sensitivity of LAMP for the PCV2
was tested to be 10 copy numbers / reaction for positive recombinant plasmid. These results
showed that the PCV2 can be detected and distinguished accurately by using PCV2 LAMP assay
with real-time monitoring. The PCV2 LAMP is a specific, sensitive, and quick diagnostic method
for the detection of PCV2.

Keywords: Porcine circovirus type 2, Loop-mediated isothermal amplification, Specificity,Sensitivity
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