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In this study, we developed a loop-mediated isothermal amplification (LAMP) with hydroxynaphtol blue
dye (HNB) for rapid and direct visual detection of porcine circovirus 2 DNA with high sensitivity and
specificity. The LAMP was completed in 40 min at 63°C, and the results of the LAMP can be con-
firmed by naked eye without any detection process. The sensitivity of the LAMP was 10-fold higher
than that of the commercial PCR (cPCR) and real time PCR (rPCR) previously reported. In clinical
application, the PCV2 detection rate of the LAMP was the same on porcine tissue samples (75.0%,
36/48) between porcine blood samples (75.0%, 39/52). The PCV2 detection rate (75.0%) of LAMP was
higher than those of the cPCR and rPCR (67.3%, 35/52) in blood samples. In conclusion, the LAMP
developed in the study could be an useful alternative method for the detection of PCV2 in the swine
disease diagnostic laboratories.

Key words : Porcine circovirus 2 (PCV2), loop-mediated isothermal amplification (LAMP), polymerase
chain reaction (PCR), real time-PCR (rPCR)
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x| A ZHlo] 22 28 (porcine circovirus 2; PCV2)
7o o3t Hx A Avlo]E AW (porcine circovirus
diseae; PCVD)> A A|AA o= F=o] st
7o) mE SOl WAl glon, FEARI 7}
A & galg F= 29 F9 shto|tk(Segalés 5,
2012). PCVD: 7+ s z|ofl 4] thokat olapz=are. o
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E]-(Brunborg = 2004 Chae, 2012; Oprles-
snig 5, 2007; Segalés 5, 2005). PCV2 7+ 9] Zltto|
= HolgL ZeEs, HARZ SN, in situ
hybridization 5 T3k HIHo] o] 85 4= 9lo} =
S Eo|x@} NAEE 7}A]= polymerase chain reaction
(PCR) 9 real time PCR (rPCR)o] =+Ujf - o)A 713
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Wol] o] 8531 QJtiKim &, 2009; Kim %, 2011; La-
rochelle %, 1999; Lyoo %, 2008; Trible} Rowland,
2012). 1y @A 8= Q= PCR 7|8F 2T
S0 B4 Ao Aok BaE st AL A
o Was}s] tie] A ARl o2 UA 9

]

I

o O
RO

weba 5ol WIHETE momA dAl AT
Ao M= Al ZHHSH TS 4 Q=
7ol @F+E AL Gtk

S22 H(loop-mediated isothermal amplification;
LAMP)Z Hbg- 2o W3lE Ffojof = 7]

PCR 7|0 kst oo dA7E &= 204 4
A48 22T 5 Y AR P9 A% Auhe
2 nEe] Bolwel NGRS AAUAE A%
A Hx FAAE SFS 5 vk (Notomi 5, 2000).
=5 B22A0 4 Mgo] o] Fol x| LAMPE] E4
A AR LETL fARE G Qs A
7} 7hsa) wol ke B4 AU ARIEo)
Q= A QA MgkAolt g4k AROAE gols)
A o8-8 4 AUck. oleig 44 o] A LAMP
L AR 9 EEe) o 1l An] Wel 2he
F]321 QlctH(Dhama 5, 2014; Mori 5, 2009).

LAMPY] Zil 32428 A7) d5ste] B4
o At E mape] FEAES SISAL FBA
2o g Z4ske] B 4 9om, SYBR green
I & DNA @Hog ojgsfo] Hhgo] Tyt 52
AEE @ustel #EY S SthMori 5, 2009
Notomi -5, 2000). ~1

A7F A 4= gle
AR g T=0] e F7 IS s ol
Aoz A E o] Yrh(Zhang -5, 2014). 2| o]
gk EARE A7) flste] S5 A1AIQ] hydroxy-
naphthol blue dye (HNB)E ©|-8-3}o] LAMP A5 o
Sok= o] 7 E ek(Goto -5, 2009). ©] H
HNBE F30|4 9] whg-dof Zotstn, Hhg-F&
NestAl e WAt ghelo] 7Hssty
of Wkg Fof FAAE HrslaojoF sk Tt
Aol Hlsl A PS WA 5 Q= Aol
o] o A= PCVDE] QIAI¢l PCV2E 4l
Al At 4= glen], HNBE 2-8sto] M=ol ¥
7] Yol ¥ AE Setow viE IlY 4
+ LAMP ZehfZ 7idsto] 7|9 PCR 9 real
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oFA] Hfo|E AL PCV2 U H2]Z2(PCK0201)

AVEAFZ(PK-15)0]) v eFate] ARE-513C.m(Park
2004), &4 iR PCV2 3A4do] ElE A
PA|Z(PK-15)F AHE-SFATE ©F2] A&+ PCVD7}
A= =49 HASERE 22(Hz4) 487
HolH) 29 Aske] Aol AgeheA
1= 3,000 rpmof| A 1027F HAE st A
AFE ok, —20°Co) Eysie Ao A8t
A1, ZAA|B= A& E}o] phosphate buffer saline (PBS,
pH 7.2)2 10% FANS TH= ohs, 224 7|(Bertin
technologies, France)2 AFg3dlo] wh2f3}d 1L, 3,000 x
gol A 1087 €4 Belstel AEole A ohe
~20°Co) w9}ol Algloll A-s1%Ic LAMP 2 PCR
S g S 22 AF P B WY 2 244
B2EE A|H WA F2Z7])E(Inclone biotech, Korea)
£ o]&3lo] DNAE &3t & A Al Algstaict.
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LAMPE IOl &

LAMPE 9|3t primer> PCV2b 33 of| sidsh=
MN-NP162 Hpo]2] 2320 {242} 7] A H(GenBank
accession number EF452353)2 #3092 314 2005~
20144 A}olo] GenBankol| 52% ®mE PCVIZ}F PCV2
open reading frame (ORF) 1 ¥ 2 A=} g7|4F A
12 3} 3lo] DNASTAR®Lasergene (DNASTAR Inc.,
USA) ZeIdlo® HwgAsto] 7paf eHg 2l £
& AL o5, LAMPE primer A7 219l
Primer-Explorer V3 software (http://primerexplorer.jp/e/in-
dex.html; Eiken Chemical Co. Ltd, Japan)E& ©]-&3}%
259 Y& primer [forward inner primer (FIP)2} back-
ward inner primer(BIP)], 2%2] 2] primer (F32} B3)
9l 239] loop primer [F loop primer (LF)2} B loop
primer (LB)}E 4175} cHTable 1, Fig. 1). 473t pri-
mer set+= primer A|Z QA (Bioneer Co, Korea)ol| &JZ|
stel gAfstact
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Table 1, Primers and probe for the loop-mediated isothermal amplification (LAMP), polymerase chain reaction (PCR) and real time PCR

(rPCR) in this study

Method Name of primer Sequence (5'-3") Reference
LAMP PCV2-F3 GGGAGTCTGGTGACCGTT This study
PCV2-B3 CCATCCCACCACTTGTTTCT
PCV2-LF TTCAAAAGTTCAGCCAGCCC
PCV2-LB TGGGTGTGGTAAAAGCAAATGG
PCV2-FIP (F1ct+F2) ACGCTTCTGCATTTTCCCGCTC- AGCAGCACCCTGTAACGT
PCV2-BIP (B1+B2c) CACGTCATTGTGGGGCCACC- TTCCAGTATGTGGTTTCCGG
PCR Forward CACGGATATTGTAGTCCTGGTCG Ouardani et al. (1999)
Reverse CGCACCTTCGGATATACTG
rPCR PCV-tF AGGAGGGCGTTCTGACTGTG Kim et al. (2009)
PCV-tR ACCGCTACCGTTGGAGAAGG
PCV-tProbe FAM-TCTTCAACACCCGCCTCTCCCGCAC-TAMRA

PCV2-F3

PCV2-F2

438— agachGGAGTCTGGTGACCGT:I'gcagAGCAGCACCCTGTAACG:ITtgtca

PCV2-LF

PCV2-Flc

gaaatttccch‘f GGCTGGCTGAACTTTTGAAath:AGCGGGAAAATGCAGA

PCV2-B1

PCV2-LB

AGCGTgattggaa,gaccaatgtaCACGTCATTGTGGGGCCAC'CTGGGTGTGEE Fig. 1. Location of loop-mediated

PCV2-B2c isothermal amplification (LAMP)

TAAAAGCAAATGGgctgctaattttgcagacéCGGAAAC CACATACTGGAAa

PCV2-B3

CC&CC@GAAACAAGTGGTGGGATGGttaccatggtg — 664

Conventional PCR (cPCR)

CPCRE: SeZAF R yel A] - & 7pZels| 2
o4l PCV2 Akg o2 =3 ARRSIT Q)= AJT PCV2
ATE7]E (VDx PCV2 ORF2 PCR kit, Median diag-
nostics, Korea)& ©]-g-5}of | £ALS] = RbH of whet
AALSFE T A7) Eo| A AME-SE primer+= Ouardani
5(1999)0] K13t primer®] H7|A B AF HFPS
ZAOF Table 13} Zth FA| A52EE F=35F DNA
5 uLE PCR premix©o]| &7}st t}2, PCR £Z7]|(Bio-
metra, Germany)Z ©]-&3}o] 95°Col|lA SE7F A 2|5}
11, 35 342 PCR }H4(denaturation 95°C, 20%; an-
nealing 55°C, 20%; extension 72°C, 30%)E =343}
aL, 72°Co| A 5EZE XF wEEEkglch PCR S&4AME
2 NEO green G HNEO science, Korea)S #7}5}
o] 1.5% agarose gelol| A7] 53 ths, AL 4Ad=
7](Bio-Rad, USA)Z 493 bpe] Eo] Wl== ata}o]
sl

primers. Locations of primer-bind-
ing sequences are indicated over
the sequence of PCV2 (GenBank
accession number: AF027217).

Real-time PCR (rPCR)

PCRL- Kim (2009)9] HH ol wa} PCV2E A3
3t 4= Q)= primer X probe setS ©]-835}o] A|F Premix
Ex Taq kit (TaKaRa, Japan)E A&s}o] =33}t
(Table 1). =, 12.5 uL9] Premix Ex Taq, 0.4 uM2] Z}
primer ¥ probeE H7}h ¥H-g-H ol FAHE- DNA tem-
plate 5 pLE 713t th3, BdSRFTE T 8=
25 L= 24313k rPCR §H-5-2 AA AN 27
(Applied Biosystems, USA)E ©o|-&3}o] 95°Cof A 30
27+ A28 ar 40 314 2] PCR ¥}%(denaturation 95°C,
20%; annealing 56°C, 12)2 7% th2, CTZko] 379]
st 49 Faom Bt

LAMPO| HISXAH =g

LAMPE 93 W09 £A4S Zhao $(2011)0]
®ig whole] 248 28319} 2, 8 unit] Bst
DNA polymerase (NEW England Biolabs, USA), 0.8 M
betaine (Sigma-Aldrich, USA), 20 mM Tris-HCl (pH
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8.8), 10 mM KCL, 4 mM MgSOs, 10 mM (NH92804,  mycpunsr mztc g

0.1% Triton X-100, 1.6 mM dNTPs, 3 mM HNB (Le-
mongreen, Shanghai, China), FIP2} BIP Z+ 40 pmol, LF
@} LB ZF 20 pmol, 18] 31 F32} B3 ZF 5 pmolE &7}
sto] WEg-HS Axstlon, A3t ¥-gAo HAF
AlZol| Al &3 DNA A= 5 uLs 7Rk o3, 3
WdSFTE HE T2 25 plz 2453t PCV2
AZoll At 23 LAMP 2115 H9st7] 9]5ho]
Hio| A v o = RE &3 DNAS ]85}
HH-3-2 (45~ 68°C)2F HH-GAIZH10~40)S |5t
LAMPE AAJgE thg, 80°CollA] 58%F A&ste] ®F
4 B AAS S jEgol 2 7
BO| uhgHS Seto R Feto] M7z WskE #3t

J £ T=31g o, SA]9 2.0% agarose
gelo| A7 95 AAIRE th3, A& Al 75 7](Bio-Rad,
USA)E ©]&3lo] LAMP Wh-go4] So|2o g et
U Abthe] BFe) S35 42 HEE gelsto] oF

o
2,
=
1o
ol

e LAMPOl £0I1=

7N LAMP ZIeh o] Solw=E 2RIsty] 95t
Table 2] AJA|E PCV2 ujokolal FA| =7 upo]H
2 9 Aot vleF} 0 2 HE Al AT $227] E((Inclone
biotech, Korea)E ©]-§3sfo] A|ALS] Wt = 34k
= 5= o5, NdE LAMPE o]-835to] ShgE =
2 9hg-e AAEIA, A&t WHo 2 PCV2

(o]
AR 22 ong ghelslgr.

do A m
|

o\

1 2 3 4 5
(A)

GG UUUYYS

10min 20min

PCV2 vfjoFol-& PBS (pH 7.2)Z 10 v A 3] A
3l t}&, o]& tjAre & c¢PCR, rPCR ¥ 7f¥ LAMP

o
ZAo] AL GHAE 7 AR 54 200 iLE
dojyjo] Al s#AF F=7] E(Inclone biotech, Korea)
£ ol gslo] Azl WYY SALe HEsto] 50
| 923 5 1 % 5 uLE A5k Al

Hlul

ofg] Amo] Yt A LAMPY] EEAHES BT
7] $13ke] 20159 A B sk 40 A o] AlE o]

Table 2. Virus and bacterial strains used in this study

Pathogen Strain Source™
Porcine circovirus 2 PCK0201 ADIC
Porcine circovirus 1 Field isolate ADIC
PRRS virus, genotype 1 Lelystad virus QIA
PRRS virus, genotype 2 LMY strain QIA

Classical swine fever virus LOM strain Vaccine strain
Swine influenza virus A/Korea/VD01/2009 QIA
Mycoplasma hyopneumoniae  Field isolate ADIC
Pasteurella myitocida Field isolate ADIC
Hemophilus parasuis Field isolate ADIC
Actinobacillus Field isolate ADIC

pleuropneumoniae

30min

*QIA, Animal and Plant Quarantine Agency; ADIC, Animal Disease
Intervention Center, Kyungpook National University.

6 7N M1 2 3 4 5 6 7 NC

Fig. 2. Optimization of loop-
mediated isothermal amplification
(LAMP) condition for amplifica-
tion of the PCV2 DNA with differ-
ent reaction temperatures (A) and
reaction times (B). The best results

A0min

M1 2 3 4 M1 2 3 4

ﬂﬂ.!!u
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M1 2 3 4

M1 2 3 4 of the LAMP were obtained at
63°C and 40 min. (A) Lane M; 100
bp DNA marker. Lane 1~7; dif-
ferent reaction temperature of 45,
50, 55, 60, 63, 65 and 68°C, res-
pectively. (B) Lane M; 100 bp DNA
marker, Lanes 1 to 4, 10-fold serial
dilution of PCV2 DNA.




S0t BE SRETUS 0123 HX| MIH0[HA 28 A% TiokY 149
A4 o)z s o] RIS Qe PCVD o|shieato] TS SolFlor S5 4 Qle= FUSHAHFig. 3).
2 ZAXNR 48A 3 A E NHS Ao T AL

= o SHAJL2 zz =13

o sty SET S, AN LAMPF PCR | Avp PCR @ rPCRO BIZEE HId

]

% IPCRE AAISH] T A W]kl

2% A3}, L 55, 60, 63
9 65°Ce] A A% M(sky bluc)©] HNB B3 b4 M4}
o] FHEglon, W7 YEAoRE 63'Ce) S LE

oA Eg-o) AlttelZ more] pPBET) A4
1A UehidehFig. 24). E3 BSESEE 63°CE
5 The, TA| POV2OA %3 DNAS 108]5:
A\ HE T8, 7 HHAS YACR LAMP ¥
e gl FEALL A AT 40 B
AR W LE RN Y W £
A T GICKFig 2B). wtebd o
AlF e dle ool A]7HS 63°C 2 408
of Aatch.

LAMPY| S0I=

W LAMPO] Bo|m=g F<lsly] 9j3te] PCV29}
PCVIS 3t H2] 98 WA 105 A RoA 35
3 WAL o] g3to] A S AAR 2L ¥
Al PCV2ol A RE S0t Bl A7) g5 o2 A SFA=
o] &olxlo] 7ftE LAMP7} PCV29] ORF2 447}

5 6 7 8 NC

©

M12345678NC

(B) D

NEE LAMPO] RIZT=E ZA45t7] flste] FA]
PCV2 vio]# 2 vfjoFoll-S PBSE 1084 ©HA 3]43t

o, ZF Sl dloA &S S AR Y
LAMP®} cPCR @ rPCRE 44|13t Az}, 22410 ©, 10°°
210 FAul57bA] AEE o] A LAMPYL 71E
o] ¢PCR 2 fPCRET} 108] T w73t Ao 3lolg]
ATHFig. 4). o] AFoA ©]-&3F Kim 5(2009)2] 7
gk rPCRO] HESHA7} 10 copy/uLZ HIilE o] Q1S
S 12E o Jhdk LAMPO] WitE+= oF 1 copy/ul
ol Aeg FAHch

-

veveuvevvVUEYDDY

Fig. 3. Specificity of the loop-mediated isothermal amplification
assay for porcine circovirus 2 DNA. Tube 1: porcine circovirus type 2,
Tube 2: porcine circovirus type 1, Tube 3: porcine reproductive and
respiratory syndrome virus, genotype 1, Tube 4: porcine reproductive
and respiratory syndrome virus, genotype 2, Tube 5: classical swine
fever virus, Tube 6: swine influenza virus, Tube 7: Mycoplasma hy-
opneumoniae, Tube 8: Pasteurella multocida, Tube 9: Haemophilus
parasuis, Tube 10: Actinobacillus pleuropneumoniae, NC: negative
control.

M 1 2 3 45 6 7 8 NC

Fig. 4. Detection limit of the
loop-mediated isothermal amplifi-
cation (A and B), polymerase
chain reaction (PCR) (C) and real
time PCR (D) for amplification of
the porcine circovirus 2 (PCV2)
7 DNA. Lane M; 100 bp DNA mark-
er, Lane 1~8; 10-fold serial dilu-
tion of PCV2 DNA.
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Table 3. Porcine circovirus 2 DNA detection in clinical samples
using the commercial PCR (cPCR) and real time PCR (rPCR) and
LAMP assay

No. of PCV2 DNA positive
(positive rate, %)

Sample  No. of sample

cPCR rPCR LAMP
Tissue 48 36(75.00)  36(75.0)  36(75.0)
Blood 52 35(67.3) 35(673) 39(75.0)
Total 100 71(71.0)  71(71.0)  75(75.0)

OFQIAIZO0 [HEt cPCR, rPCR H

ZERE Hiu

LAMPO] PCV2

ofe] Al=of thste] 7i LAMPS} 7] cPCR 4
PCRE AASlo] et &S vt A3, 24X &
o] 7% 48%] FollA 3% AerolA 58] Y A
2 3640 Aoz Folgo] AGFEL| o7t ¢
=0 A= UTH(Table 3). 12jf EHAR F¢
71Z9] ¢cPCR ¥ 1PCRE 527 oA 35%] 0] ofA o
2 gelEglony, 7d LAMPZ= 7]& cPCR % PCR
oA &AJQ AE F 47 XT3} 39F0] o=
golso] A LAMPS] HEaE&o| o $43 Zlo
2 YepRgti(Table 3).

| Rigtol ool 9]
4 9 auvom, #4) PCRO|L} tPCRT} 2+
PCR 7|5t ek o] B2 o= AREE Il QIrH(Kim

5, 2011; Larochelle 5, 1999; TribleZ} Rowland, 2012).

ZEL} PCR 7]5E Aehe ko] Ag Aol Aok

ez s, Huw qlgo] 230y HE AY
oA o] ThsFEE AN YAB oLt

Ao 2 ALgIolE Adto] o]

PCR 7|8k Awie] Bge S8 4 ole

Z9] sht= Notomi 5(2000)2 =

= THAHAE T2 SloflA

0 rlo rr of o
)
v
(g
oot o
i
)
R
N
—\~
&.

o

ol o mlo

S EET & e LAMP ]S .
LAMP= 7|H2 7]&2] PCR 7|vF koA AR
%]+ Taq DNA polymerase®} E2] &3-FHA}E strand
Ao o8 diE =

1
o |
>
o]
74

displacement

Korean J Vet Serv, 2015, Vol. 38, No. 3

o

_

DNA polymeraseE o| 802K AR FZ8 &
A5 == ¥t ofyet 7]&9] PCR 7|7 X%k
W= ey 2= HIL gle s=2A0A FAA
Zo| o]0l x| ujo] AAAIO] T wul
et gheszol e Azte ulzE whgo] rhis
3}cH(Dhama, 2014; Notomi 5, 2000). ©wh2tA HAE Z
e 17}Q ZH| 2} AloF Bl A Elg o] ghE
2] o2 —4 Aetdoly @4 kg o=
sijd Ao g oASEH) o3t
1ol Tiek A LAMPE AAHCE
¥ Al 71 35 9 vhole sy Aol Ane] W
2] o] 853 ¢)o.m(Dhama 5, 2014; Mori 5, 2009).
FHoAE A ok Hopel o]z AR
LAMP 7S BAA Zgho] §-83F Kz glon
Zz2 AlF4d D9l As(Hwang 5, 2011; Koh 5,
2013), A dlel=(Cho 5, 2013), HA-#Z(Dong =,
2014), FA173 3% A(Park 5, 2015)°] thsto] 2§
of Sith. Hholalaal Aol fslAlE A H(Cho
5, 2005), ¢F5oHtaE (Yoo 5, 2012) X =] <l
=292 (Kim 5, 2015)0] 48 v} et o
PCVDe] Histoll $-85 w7} ik weba of Qi
SlHE PCVD 7958 A%sh w4 o
LAMPE 7jatstel #7) shaold 9e) AHgsa o)
L PCR 9 7|21 PCRI} ADFSLS H| @GO
=A 48 Ao 88 158 B
LAMPE BEG7 471492 87 2918 214
3= 659 primerE ©| 83O RH 1O Eo|o}
AEE 7HARA A& SEE= AHol A
gk @358 A HE FAAS A7IAE WA &
ojFor whgsh= oy Aol primers AASH7] 7t
Zesieh Aol LAMPY 98 WIS Alsiehs o
Ao g Z-23)¢tiDhama, 2014; Gandelman 5, 2011).
o] AFtollA+= < 10d7H2005~2014) GenBanko]|
) PCV1 4 PCV29] &AA} Ao =2 713 oFF
HOE gAsto] LAMPE- primers Adsto] #|
}93\ (Table 1), o]& ©|&3}o] Table 20| AAJE
2 357 U AAA A YIS Ao 2 LAMP
AAEE A3}, PCV2 o] Qjofli= Bhgo] dojutr] ¢
7N primer7} PCV2oRt Eo]& 082 A5dhS

O
T«

O, o

.

g

o JHU

014

_f! M £ 4 o

W LAMPO] RIZE=E 7]&0f B35 cPCR (Ouar-
dani 5, 1999, Median diagnostic, Korea) ¥ rPCR (Kim
oF 2009)4 Hweh a7 LAMPY] HE3 A=
cPCR Y PCRET} 108] o] 9I7st Aoz 3HQlE o
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o]zl PCV2 Zh-§ LAMP 7HA}E0] 7]& PCRE
S5ttt Batel dx|shgl o m(Fig. 2), ¥HSA|
Zhol| QlojAE= 7] EiE LAMPY| 55~60&0] &=
£ 7o) H|ste] JjHE LAMP= 4080 ukgo] ¢+&
%)) tH(Chen £, 2008, Zhao =, 2011, Zhou <, 2011).
o|e} Zro] 7k LAMP= 7] H11%¥ LAMPS} 53t
$29 YUHEE JHAUAE BESAIZEe] ThEEY]
ool YA Aol o agHoR &8s 4= 9l
< ZAoR 7|tdrtk
LAMP?| AME Tgsh= HHo 3l
(2008)7} Zhao S(2011)& A7]9% 9 %
Wste] WE5H9 2 n, Zhou 5(2011)> DN
42l SYBR green dyeS WHS-FHo| H7}ste] ¥
At LAMP BESAHES o7t A Al 77|50
DNA Ml H71E Fsote] elshes 4, s
HE JjEste] FEAES ATshe oA
o8 ZZ% DNAZF AEA S 2HA A
LAMP 1} of|A] sHib @ Hof o]t ¢
5440l &t E3H LAMP REgAHZ 9
o & HHste] TEdh= A
HEAIL et e 7E fUT shsAel EAId
& A A= o] gth(Zhang &, 2014). wehs] o] HA+
o A= Goto 5(2009)0] K%k HNBE Ab&ef ®h-&
Hof| H7lste] WhEANE TEI= WS o835t
Hom, 71 A}, Fig. 29} #ro] &4 ¢] Hepae] u|s}
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