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ABSTRACT KEYWORDS
To develop quick methodsfor Porcine circovirustype2(PCV 2) detection. Porcine circovirus type2;
4 specific loop-mediated isothermal amplification (LAMP) primerswere LAMP;
designed and synthesized acc- ording to the conserved sequences of Detection.

ORF2 gene of porcine circovirustype 2(PCV 2) publish- ed in GenBank,
and the LAMP assay was established and evaluated by the preparation
of tar- get gene fragments, opti mization of reaction conditions, sensitivity
and specificity tests. Then 6 strains PCV 2 were detected usingthe LAMP.
Results show that the LAM P method for the PCV 2 detection hasaladder-
like pattern of amplification bandsfrom about 134 bp performed at 64°C for
45min by using agarose gel electrophoresis, and with good sensitivity
and specifi- city, the detection limitation reaches 10 copy of target genomic
fragments, and no amplifica- tion for PCV 1, PRV, PPV, HCV and PRRV
detection, and all of the 6 strains PCV 2 proveto be positive by the LAMP
method. This LAMP method established here provides a new useful,
rapid, sensitive, reliable way to detect PCV 2.
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INTRODUCTION

Porcine circovirus (PCV) isanon-envel -oped,
small spherical single-stranded DNA virusinthesize
about 17 nm, whichwasfound inlate 20th century!,
PCV isdivided into two distinct genotypes according
to path -ogenicity, antigenicity and DNA sequence,
PCV 1 and PCV 2, the genome of themis1759bp and
1768bp (or 1767bp) respectively, and the homology
of the nucleotide sequen- ce is no more than 80%.
PCV 1 was always considered non-patho- genic and
exist wide- ly, whilethe PCV 2 was considered to be
closdly related with postweaning multisyste- mic wast-

ing syndrome (PMWY), porcinedermatitisand nephr-
opathy syndrome (PD NS), reproductivefalure, PRDS
and CT-A2, which area so called porcinecircorvirus
associated diseases (PCVAD) . Since PM-WSwas
first reported in Canadain 1991, it has caused severe
economic losses to the pig industry worldwide®s.
PCV2wasfirg de- tected in the sick samplesof swine
high fev- er syndromein Chinain 2002¢, Zhou X. et
a.(2007) reported that the mean detection pogtiverate
of PCV2 infection from 2000 to 2005 reached
55.04%, and PCV 2 infection had become one of im-
portant di seasesthrea-ted the hed thy devel opment of
pig-breedin -gindustry in Chind™.



838

FULL PAPER o

Primary development of lamp method for porcine circovirus type2 detection

BTAIJ, 8(6) 2013

At the present, the quarantine and dete- ction of
PCV2isasignificant measureto control the disease.
Several good methods have been described for the
detection of thePCV 2, such asPCRY, multiple PCR®,
nested PCRI¥, RTF-PCR*%and ELISA™, but these
techniques might delay disease diagnosisfor thelimits
of sengitivity, or requirementsof laboratory facilities,
etc. Theselimitationsaffect their applicationsto certain
environments. Loop-mediated i so- thermal amplifica
tion (LAMP), which wasreported originaly by Notomi
et al in 2000, has been used for the detection of many
pathogens because of advantagesof rapidity, sensitiv-
ity, and non-requirements of any exp -ensive special
equipment2, In this paper, based on the sequence
anaysisand aignme- nt of the ORF2 gene of PCV 2
published, 4 LAMP primersweredesigned, and anew
molecular biological method for PCV 2 dete- ction,
PCV2 LAMP, was described and assessed.

EXPERIMENTAL

Reagentsand sample

TIANprep Mini Plasmid Kit(DP103), TIANgel
Midi PurificationKit DP209 and 2xTaq PCR Master
Mix wereprovid ed by TIANgen Biotech(Beijing) Co.,
Ltd., Betaine (Z0041-1) was provided by Shang hal
Kayon Biotechnology Co., Ltd., pMD- 19T
Vector(D102A), dANTPMixture(RR0O0 2A), Hind 11
(D1060A), EcoR | (D1040A), DNA Maker DL
2000(D501A), Primerscript RT reagent KityBK 1901
§ and RNAis0 Plus Reagent wereprovided by TaKaRa
Biotechnology (Dalian) Co., Ltd., Bst polymerase
(M0275) wasprovided by Beijing New England Biolabs
Co., Ltd., PPV (WH-1) and PRRVS, TIM-F92, were
provided by Sichuan Minsheng Pharmaceutical Co.,
Ltd., PCV1(strainSch09), PRV, HCV, PCV 2Strains
(sch2010, sch20121, sch20122, ch20131, sch20132,
sch20133, sch20134), and DH50 were provided by

theanimal quarantineLab of SichuanAgriculturd Uni-
versty.

Primer preparation.

Based on the sequenceandysisof PCV 2 genepub-
lished in GenBank(accession No.: AF465221), 4 prim-
ersfor LAMP(listedinTABLE 1), were carefully de-
signed using DNA Star and Primer Explorer V4 soft-
ware (http://primerexplorer.jp/e/), with Hind 111 and
EcoR | enzymecutting Stesinunderlined parts. All these
primers were prepared by TaKaRa Biotechnology
(Ddian) Co., Ltd.

Prepar ation of tar get genefragments
DNA Extraction

PCV2 DNA waswere extracted from 500 pL of
cell samplesinfected PCV 2 strain sch2010 by thecom-
mon method according to thereported literature® and
stored at -70 °C.

Construction of recombinant plasmids:

UsingP1(5’-TGACGTATCCAAGGAG-3") and
P2(5’-CATGCCCTGAATTCC-3)1*3 asprimers, the
ORF2 gene of PCV 2 was amplified by PCR, which
wascarried out inatotal volumeof 50 uL, containing 2
uL of DNA extracted above, 1.0 uL of each primer(10
umol/L), 25 uL of 2xTaq PCR Master Mix, and 21
uL of ddH,0, and performed at thefollowing reaction
condi- tions, denaturation at 95°C for 5minfollow -
ed by 30 cyclesat 94 °C for 45 s, annealing degree
56°C for 45s, and 72°C for 50 s, and terminated by
anextensionat 72°C for 10 min.5uL of PCR prod-
uctswereanayzedin 1.0% agarosein TAE buffer gel
containing 0.5 mg/mL greenview using el ectrophore-
sed and photographed under aUV imaging system(Bio-
Rad).

Followingthemanufacturer’s instruction of TIANgel
Midi Purification Kit(DP209), the PCR productswere
separated and purified, directly cloned into pMD-19T

TABLE 1: TheLAMPprimersfor PCV2 detection

Prima NO. Prime ssquence (5~3) Primer location ~ Praduct length
F3 CTCACCTATGACCCCTATG 1330-1312 250

B3 ACATACATGGTTACACGGATA 1080-1100

FiP GGAGTGGTAGGAGAAGGGAATTCTACTCCTCCCGCCATAC 1279-1262 134

Bip TCCAACCAAACAACAAAAGAAATCAAGCTTCCTGGTCGTA 1191-1215

TATACTGTT
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Vector to construct recombinant plasmid, and trans-
formed into the DH50. competent cells, then there-
combinant plasmidswereextracted using TIANprep
Mini Plasmid Kit(DP103) andidentified usng PCR (us-
ing pM D-19T Vector universal primers), dou -bleen-
zyme-digestion(with Hind 11l and EcoR 1) and se-
quencing™, then named the recombinant plasmid as
pMD19-T-ORF2.

BasicPCV2LAMPreaction

Using therecombinant plasmid constr- ucted above
astemplate, the PCV2 LAMP basic reaction was per-
formedinatotal 25 pL volumeof mixture contained
2.5uL of 10xThermoPol buffer, 1uL (8 units) of Bst
DNA polymerase, 3uL of MgCl(25mM), 3uL of be-
taine (8 mM), 6uL of dNTP(2.5 mM), 1uL of each
primers (RF3 (5uM), RB3(5uM), RFIP(50uM)
andRBIP(50 uM), 1uL of template, and 4.5 uL ddH, 0.
Thereaction mixturewasincubated at 65 °C for 1 h
then heated at 80 °C for 2 minin alaboratory water
bath (DSY 21-8, China), and the amplified products
were analyzed in 15¢/L agarose in TAE buffer gel.
Meanwhileto observeresultsvisuaized directly with
the naked eyeaccording to thewhite precipitate of mag-
nesium pyrophosphate generated inthereaction or the
green color changed under 254 nm UV light by the
addition of diluted SuperSY BR (61201-50, TIANDZ,
Chian). To confirm thespecificity of amplification prod-
ucts, 20uL of the reaction mixture was digested with
Hind 111 and EcoR | at 37°C for 3 h, then 5uL of en-
zyme-digestion productswere analyzed.

Optimization of reaction conditions

Inthe optimum conditions assay, theLAMPreac-
tion mixture as described above were used, and the
reaction conditionsweredetermined to beasfollows. a
gradient of incubation degreefrom 60°C to 65°C for
30min, 45minand 1 h, respectively, and terminated at
80°C for 2 min. In all, 5 uL. of LAMP productswere
analyzed using 15g/L agarosegel dectrophoresis.

Sensitivity of PCV2LAMP

To assessthe sensitivity of PCV2 LAMP, there-
combinant plasmids(constructed above) containing the
ORF2 gene of PCV 2 were determined by ND-1000
ultraviol et spectrophotometer (Nano Drop Co., Ltd,
USA) and amplifiedin aseria of 10-fold dilution by

using the optimum reaction system and conditionsfor
LAMP determined above.

Specificity of PCV2LAMP

The specificity of the LAMP was assess- ed by
comparing PCV2withHCV, PRRSV, PPV, PRVand
PCV 1. The DNA extraction of PPV, PRVand PCV 1
using the method as described above, Thetotal RNA
of HCVand PRRSV wereisolated usingthe RNAiso
Plusreagent kit (BK1501), and used for reversetran-
scription reactionto synthesize cDNAsfollowing the
manufacturer’s instructions of Primerscript RT reagent
Kit(BK1901), Then LAMP amplifications of
HCV (cDNA), PRRSV(cDNA), PPV, PRVand
PCV 1were performed using the optimum reaction sys-
tem and conditions determined above.

Primary application of PCV2LAMP

To evauatetherdiability of thismethod, 6 PCV 2
strainswere detected by using the LAMP established
inthisstudy.

RESULTS

Cloning and identification of PCV2 ORF2

To providethe standard templatefor PCV2LAMP
detection, a 774 bp length target DNA fragment in-
cluding of ORF2 gene of PCV2 was amplified (see
Figure 1lanel), and cloned into pMD-19T Vector to
construct recombinant plasmid named pMD-19T-
ORF2, then therecom- binant plasmidswerewasex-
tracted and identified using PCR, double enzyme-di-
gestion and sequencing, there’re a about 930 bp length
DNA fragment wasamplifiedin pMD-19T-ORF2 us-
ing M13F and M13R asprimers(seeFigure 1 lane2),
andthreedifferent fragmentsyabout 2629 bp, 500 bpand
310 bp, respectively) as pMD-19T-ORF2 were di-
gested by Hind 111 and EcoR | (see Figure 1 lane3),
Theresultsare cons stent with the sequence character-
isticsof pMD-19T-ORF2, and sequencing result show
it had 99% homol ogy with thereference sequence such
asKC153106.1, GU325763.1 published in GenBank.

The basic PCV2 LAMP was carried out using
pMD-19T-PCV 2 astemplate and incubated at 65 °C
for 1 h, thentheamplifi -cation productswereandyzed
by using agarose gel electrophoresis, enzyme-diges-
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M :DL 2000 DNA marker;1: product fromPCV2 ORF2 PCR, 2:
product from pMD19-T-ORF2 PCR identification, 3:product
from pMD19-T-ORF2 digested by Hind 111 and EcoR |

Figurel: Cloning and identification of PCV2 ORF2(A)PCR
result of ORF2 gene of PCV2 (B)PCR identification of
recombinant plasmids (C)ldentification of recombinant
plasmidswith restrictionsendonuclease

tion and visual inspection as described in the method
section above. Theresults (asshown in Figure 2)show
thetarget templatepM D-19T- ORF2 wasamplified at
65 °C with a ladder- like pattern bands from about
134 bponthegel (Figure2(A) lanel), which specific-
ity were conformed by the two smaller digestion
prodcuts from 100 bp to 250 bp with Hind Il and
EcoR1 (Figure2(A) lane3). Thepositivereaction could
also bevisualised clearly by the white precipitate of
magnesi um pyropho- sphate(see Figure 2(B) tubel,
Figure 2(C) tubel) and the green color produced after
the addition of diluted SYBR Green | (Figure2(D)
tubel), whilethe ddH,O or pMD-19T vector negative
controlsreactions had no amplifica- tionsand visual

bp . .,

2000

1000 B
THo

500

250
100

A

M :DL 2000 DNA marker;1: pM D19-T-ORF2 L AM P products, 2:
ddH,O Negative Control products; 3: product from pMD19-T-
ORF2LAMP productsdigested by Hind I 11 and EcoR |

Figure 2 : Results of PCV2 basic LAMP(A)Agarose gel
electrophoresis; (B) Visual inspection by turbidity; (C)
M agnesium pyrophaosphatepr ecip- itation detection(D)Visual
ingpection by adding SYBR Green |

ingpection changes (Figure 2 lane3, tube?).
Reaction conditionsoptimization

The RT-LAMPreaction conditionswere optimized
by different amplification temperatures and reaction
time. Theresults(asshownin Figure 3) show that [ane3,
laned, and laneb, lane7and lane8 had moreclearer |ad-
der-likereaction bands. Thenthe optimal temperature
and reaction timesfor the LAMP were selected at 64
°C 45 min, 80°C 2 min for the specificity and amplifi-
cation efficiency, and the 25 uL reaction volume asde-
scribed in the method section above was determined.

bp M 1 2 3 4 5 M 6 7 8

2000

1000
750
500

250

100

M: DL2000 DNA marker; 1:61°C 1h; 2:62°C 1h; 3:63°C 1h;
4:64°C 1h; 5: 65°C 1h; 6: 64°C 30min; 7: 64°C 45 min; 8:64°C
1h

Figure3: Theoptimization of LAM Preaction condi- tions
for PCV2detection

Specificity and sensitivity of PCV2LAMP:

The specificity and sensitivity of RHDV RT-LAMP
were assessed in thetests as described in the method
section above. In cross-reactivity test(see Figure 4),
therewasaclear ladder-like pattern of el ectrophoretic
bandsfrom about 134 bp observed only for thepMD-
19T-ORF2 (see Figure 4, laneland tubel), and no
specificamplification prod- uctswereobtained for the
detection of PCV1, PRV, PPV, HCV, PRRSV and
negative control. For the sengitivity, theexpected size
of ladder-like pattern amplification bands from about
134 bp(see Figure 5(A) lane6, 10copies) could be
observed when the pM D-19T-ORF2 at different con-
centrationsweretested(asshowninFigure5), and this
resultsindicated the sensitivity of detection limit by
LAMP could reach about 10 copies of cloned vird
genomicfragments.

Primary application of PCV2LAMP:
6 strainsof PCV 2 collected were detected using
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A
M :DL 2000 DNA marker; 1:pM D19-T-ORF2; 2:PCV1,; 3:PRV,;
4:PPV; 5:HCV; 6:PRRSV; 7:Negative Control

Figure4: Specificity test of the PCV2 LAMP(A) Agarose
gel electrophoresis; (B) Visual inspection by turbidity;

bp M 1 2 3 4 5 6 7
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A

M : DL 2000 DNA marker; 1: 10° copy; 2: 10° copy; 3: 10* copy;
4: 10° copy; 5: 102 copy;6: 10copy; 7:Negative Control

Figure5: Sensitivity test of the PCV2LAMP, (A)Agarose
gel electrophoresis, (B) Visual inspection by turbidity;

the PCV 2 LAM P method esteblished here, resultsshow
positiverate was 100%, all of them were detected to
bepositive.

DISCUSSIONAND CONCLUSION

Asanovd nudecacidamplificaionmethod, LAMP
wasregard asapowerful molecular tool for the DNA
amplification and used widdly for itsqualities of high
sen- Sitivity and specificity, but dsosmplicity, efficiency,
low equi pment-requirements, ea-sy manipulation and
determined*?, itwill possibly replace PCRinthefield
of detec- tion. Theoreticaly, LAMPshowshigher s- -
pecificity than ordinary PCR, thismost probably be-
causethere are 6/8 independent sequencesregionsto
berecognized by 4/6 specific primers(F3, B3, Fipand
Bip) dur-inginthe LAMPreections, but only two prim-
ers needed in the PCR reactions. What’ s more, the
Bst DNA polymeraseused in LAMP hasan activity of

e, FyLL PAPER

strand displace- ment, whichworkswe | withinan hour
under isothermal conditions about 60-65°C. On the
other hand, the high specific require- mentsof the 4/6
designed primersfor thetarget amplification sequence
may limititsapplication for all the pathogensdetectin.
So appropriate primer pairswill not be select- ed by
the Primer Explorer V4 software only use default pa-
rametersfor some pathogens.

Inthisstudy, 4 primers(TABLE 1) used for PCV 2
LAMP were generated and sel e- cted after modifying
the primer design parametersin Primer Explorer V4
software, and two common enzyme cuitting Stes(Hindb
[11 and EcoR I)were added intheinter primersto fa-
cilitatetheidentification of LAMP reaction products.
Taketogether, the LAM P assays described herewhich
per- formed at 64°C for 45min hashigher sen- Sitivity,
and simpler equipment require- ments, asfew as 10
copiestarget gene could be detected, and no cross-
reaction with related pathogens such asPCV1, PRV,
PPV, HCV and PRRSV, and more, the LAMPresults
can be determined in afew waysincluding thewhite
precipitate of magn- esium pyrophosphate and green
color produced from SY BR Green | with the naked
eye. Thereforethis LAM P assay supplysanother spe-
cific, senditive, conven- ient and useful method for the
detection of PCV2inlabandfield practice.
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