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ABSTRACT KEYWORDS
To develop anew molecular biological method for the quick detection of Rabbit hemorrhagic disease
rabbit hemorrhagic diseasevirus (RHDV), aset of 7 primerswere designed virus,;
according to the conserved sequence of the capsid proteinV P60gene of RT-LAMP,
RHDV published in GenBank, and thereverse transcriptase | oop-mediated VP60 gene;
isothermal amplification (RT-LAMP) assay was established through Detection;
preparation of target gene fragments, optimization of reaction conditions, RT-PCR.

sengitivity and specificity tests. Results showed the RT-LAMP method for
the RHDV detection had a ladder-like pattern of amplication bands from
about 213 bp incubation at 64°C for 45min by using agarose gel
electrophoresis,and with good sensitivity and specificity,the detection limit
could reach about 5 copies of cloned viral genomic fragments, which was
more sensitve than that of traditional RT-PCR, and no amplifications for
gene fragment of European brown hare syndrome virus, Pasteurella
multocida, E.coli and Salmonella from rabbitsdetection by thisRT-LAMP
approach. © 2013 Trade Sciencelnc. - INDIA

INSTRUCTION ter infection),and high mortdity rate of 60-100%3. Since

RHD wasfirst described in Chinain 1984, it hasbeen

Rabbit hemorrhagic disease (RHD), animportant
OIE Listed disease, isahighly contagious and rapidly
fatal viral disease of both domestic and wild
rabbits(Oryctolagus cuniculus)Y. It was caused by rabhbit
hemorrhagic diseasevirus (RHDV), whichisanon-
enveloped RNA viruswith adiameter of about 36-40
nm, and the genome consistsof apositive-sensesingle-
stranded RNA moleculeof 7437ntinsize. Thedisease
ischaracterized withthetypical pathologica lesonsin-
cluding necrotic hepatitis, hemorrhaging and edemaof
lungsandtrachea, short incubation period (24-48 h &f -

reported in many countriessuccess vely throughout the
world®, and hasresulted in the deaths of nearly aquar-
ter billionfree-living and domestic rabbitsand gener-
ated signify- cant lossesto rabbit farming industriesand
trade. RHD is still endemicin someareas sometimes,
sudiesontherapidly diagnosisand prevention of RHD
are still important and should be paid
attention®. Although there were many common RHD
detection methodswere reported such asvirusisola-
tion, ELISA® and RT-PCR®, but these techniques
might del ay diseasediagnosisfor thelimitsof sengtiv-
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ity, or requirementsof laboratory facilities, etc.

Asanovd nuclecacid amplificationmethod, which
wasreported recently!”, the RT-LAM Passay hasbeen
used for the detection of many pathogens because of
advantagesof rapidity, sengtivity, and non-requirements
of any expensive specia equipment such asathermal
cycler. Inthis paper, based on the sequence analysis
and alignment of the capsid protein(V P60) gene of
RHDV publishedin GenBank, 2 primerswere designed
for the preparation of target genefragmentsby RT-PCR
and aset of 5 primerswere designed for the RT-LAMP,
and anew molecular biologica methodfor RHDV de-
tection was described and assessed.

EXPERIMENTAL

Reagentsand sample

TIANprep Mini Plasmid Kit(DP103)and 2xTaq
PCR Master Mix were provided by TIANgen
Biotech(Beijing) Co.,Ltd., Betaine(Z0041-1) waspro-
vided by Shanghai Kayon Biotechnology Co.,Ltd.,
DNA Maker DL 2000(D501A), Primerscript RT re-

agent Kit (BK1901), TaKaRarTagTM (DROOLAM),
Tag| (D1051A) and RNAIso Pluswere provided by
TaKaRaBiotechnology (Dalian) Co.,Ltd., Bst poly-
merase (M0275) was provided by Beijing New En-
gland Biolabs Co.,Ltd., RHDV-Sch01, genefragments
of European brown hare syndrome virus (pGM-T-
EBHSV), Pasteurella multoc -ida, E.coli and Sal-
monellafromrabbitswere provided by theanima quar-
antineLab of SichuanAgriculturd University; RHDV
positive sampleswhich collected from the experimen-
taly infected rabbitswith the RHDV-SchOlwere stored
at -70 °C.

Primer preparation.

Based on the sequence analysisof RHDV VP60
gene published in GenBank(accession number: NC
001543), 2 primers(PL/P2)for RT-PCR and 5 primers
for RT-LAMP(ligted intable 1)were carefully designed
using DNAStar and Primer Explorer V4 software (http:/
/primerexplorer.jp/ef),respectively. All these primers
were prepared by TaKaRa Biotechnology (Dalian)
Co.,Ltd.

TABLE 1: Primersused inthisstudy

Primer name Sequence (5-3%) Products Size(bp)  Reference Sequence
RT- PCR NC 001543

P1 GGCAATGACAACAGGTGGAA (754-773) 749

P2 CTGAGCGAAAGCCCAATTGT (1502-1483)

RT- LAMP

RF3 : GGTTTTCCACGTGCAACAG (827-809) 213

RB3 : AATGACATGTCAGGGAAGCC (1022-1003)

RFIP : GATGGTCAATGTCGGCAAACCGCTGGAACCTGAACGGCAG

RBIP : TGGGAACAACTCCACCAACGTGCAACCTGGGAGATAGGGT

RBLP : TTTGGTACGCTAATGCTGGGT

Preparation of tar get genefragments
* |solation of RHDV RNA and RT reaction:

RHDV RNA were extracted from the positive
samplesof experimentdly infected rabbitswith RHDV-
Sch01 usngthetota RNA isolationreagent kit(RNAIso
Plus reagent,Cat.N0.BK 1501, TaKaRa Biotechn-
ology (Dalian) Co.,Ltd.,China) and stored at -70°C. A
total reaction volume of 10 uL, containing 2 pL of
5xPrimerscript buffer, 0.5uL of Primerscript RT En-
zyme Mix, 0.5uL of Oligo dT Primer(50 pmol/L),

0.5uLof Random 6 mers(100 pmol/L), 2.5uL of total
RNA extracted above, 4.0uL of RNase-free ddH,0,
was used for reverse transcription reaction following
themanufac-turer’s instructions of Primerscript RT re-
agent Kit(BK1901), and carried out at 37°Cfor15 min,
and 85°C for 5s, then the RT products (cDNA)were
collected for further study.

¢ PCRreaction

PCR was carried out in atotal volume of 50 pL,
containing 3 pul of RT products (cDNA), 1.0 uL of
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each primer(P1 and P2, 10 umol/L), 25 uL of 2xTaq
PCR Master Mix, and 20 uL of RNase-free ddH,,O,
and performed at the following reaction conditions,
denaturation at 95 °C for 5 min followed by 30 cycles
at 94 °Cfor40 s, a gradient of annealing degree
from55°Cfor 45s, and 72 °Cfor 60 s, and terminated
by anextension at 72 °C for 8 min.5uL of PCR prod-
uctswereanalyzed in 1.0% agarosein TAE buffer gel
containing 0.5 mg/mL greenview using el ectrophore-
sed and photographed under aUV imaging system(Bio-
Rad).

» Construction of recombinant plasmids:

ThePCR productswere separated and purified ac-
cording to theinstructionsof TIANgd Midi Purifica
tionKit(DP209), directly cloned into pM D-19T Vec-
tor to construct recombinant plasmid, and trans- formed
into the DH5a competent cells, then the recombinant
plasmidswereidentified using agarose e ectrophores's,
PCR and sequencing®.

Basic RT-LAMPreaction.

The RT-LAMPreaction mixture (25 uL) contained
2.5uL of 10xThermoPol buffer, 1uL (8 units) of
BstDNA polymerase, 3ulL of MgC12(25mM),3uL of
betaine (8 mM),6uL of ANTP(2.5 mM),1uL of each
primers (RF3 (5uM),RB3(5uM), RFIP(50uM),
RBIP(50 uM),and RBLP(25uM)), 1uL of
templ ate(therecombinant plasmids) and 3.5 uL ddH,O.
Thereaction mixturewasincubated at 65 °C for 1 h
then heated at 80 °C for 2 min in a laboratory water
bath (DSY 21-8, China), and the amplified products
wereandyzedin 15¢g/L agarosein TAE buffer gd. The
resultscould aso bevisuaized directly with thenaked
eye according to thewhite precipitate of magnesium
pyrophosphate generated in the reaction or the green
color changed under 254 nm UV light by the addition
of diluted SuperSY BR (61201-50, TIANDZ,Chian).
To confirmthespecificaty of amplification products, 20ul
of thereaction mixturewas digested with Taq | at 65
°C for 2 h.

Optimization of reaction conditions

Intheoptimum conditionsassay, theRT-LAMPre-
action mixture as described above wereused, and the
reaction conditionsweredetermined to beasfollows. a
gradient of incubation degreefrom60°C to65°C for 30
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min45minand 1 h, repectively, andterminated at 80°C
for 2min. Inal, 5 uL of RT-LAMP products were
analyzed using 15g/L agarosegel eectrophoresis.

Specificity of RHDV RT-LAMP.

The specificity of the RT-LAM Pwas assessed by
comparing RHDV withEBHSV (recombinant plasmids
constructed pGM-T- EBHSV),Pasteurdllamultocida,
E.coli and Salmonellafrom rabbits. The DNA extrac-
tion of Pasteurella multocida, E.coli and Salmonella
from rabbits by the common method according to the
reported literaturé®. Then amplificaionsof theRHDV,
pGM-T-EBHSV (constructed), Pas- teurella
multocida, E.coli and Salmonella from rabbitswere
performed us ng the optimum reaction system and con-
ditionsfor RT-LAMPdetermined aboveinthisstudy.

Sensitivity of RHDV RT- LAMP.

To assessthe sensitivity of RHDV RT-LAMP, the
recombinant plasmids containing the RT-PCR product
of RHDV (constructed above) were estimated by ND-
1000 ultraviolet spectrophotometer (Nano Drop
Co.,Ltd,USA) andamplifiedinaserid of 10-fold dilu-
tion by using the optimum reaction system and condi-
tionsfor RT-LAM Pdetermined above, and compared
withthe RHDV RT-PCR detection method established
inreported literature.

Primary application of RHDV RT-LAMP

Toevauatetherdliability of RHDV RT-LAMP, 5
RHDV experimentdly infected samplesand 30 clinical
samples collected from markets were detected by us-
ingtheRT-LAMPwith RT-PCR established in reported
literatureinparald.

RESULTS

Construction of recombinant plasmids

In order to develop the RT-LAMPfor RHDV de-
tection, a749 bp length target DNA fragment of VP60
gene of RHDV was synthesized using RT-PCR
method(see Figure 1(A)), and directly cloned into
pMD-19T Vector to construct recombinant plasmid
named pMD-19T-RHDV, then therecom- binant plas-
midswereidentified using agarosee ectrophoresis, PCR
and sequencing as described in thisstudy(see Figure
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1(B)), Theresultsshowed thetarget DNA fragment of
VP60 geneof RHDV (asshownin Figure 1) weresuc-
cessfully synthesi zed, which had 100% homol ogy with
the reference sequence published in GenBank, and
pMD-19T- RHDV was extracted and stored at -20
°C for the template used in this study.

(A)hpM 1 (3)23 45Mm
3441 bp

2000 2692bp i
100 749y 149 750
50 500
5 250
i 100

M: DNA marker DL 2000; 1: RT-PCR products of RHDV-Sch01
RNA; 2: RT-PCR productsof pM D -19T vector; 3: RT-PCR prod-
uctsof pMD-19T- RHDV; 4: pM D-19T vector ;5: pMD-19T-RHDV

Figurel: Agarosegd eectrophoresisresultsof target DNA
fragment of VP60 geneof RHDV (A) RT- PCR result of VP60
geneof RHDV/(B) I denti- fication resultsof recombinant plas-
mids

Basic RT-LAMPreaction

TheRHDV basic RT-LAMPwas carried out using
pMD-19T-RHDV (constructed) astemplateandincu-
bated at 65 °C for 1 h, then the amplification products
wereanadyzed by usngagarose gel eectrophoresis, en-
zyme- digestion and visual inspection asdescribedin
the method section above. The results (as shown in
Fig.2)showed thetarget template pMD-19T-RHDV
wasamplified at 65 °C with a ladder-like pattern bands
fromabout 213bponthegd (Figure2(A) lanel), which
specificity wereconformed by thetwo smaller diges-
tion prodcutsfrom 100 bp to 213 bpwith Taq‘!(Figure
2(A) lane2). The positive reaction could also be
visudised dearly by thewnhite precipitate of mag- nesum
pyrophosphate(Figure 2(B) tube3) and thegreen color
produced after the addition of diluted Supper
SYBR(Figure 2(C) tube5), whilethe ddH,O or pMD-
19T vector template control reactionshad no amplifi-
cationsand visua inspection changes (Figure 2 tube4
and 6).

Optimization of reaction conditions
The RT-LAM Preaction conditionswere optimized

e, FyurL PAPER

by different amplification temper-atures and reaction
time. Theresults (as shown in Figure 3) showed that
lane3, laned, laneb, laneb, lane7, lane8 and laned had
moreclearer |adder-likereaction bands. Thenthe opti-
mal temperature and reactiontimesfor the RT-LAMP
were selected at 64 °C for 45 min for the specificity
and amplification efficiency, and the 25 L reaction
volume as described inthe method section abovewas
determined, and the optimum RT reactionvolumecom-
ponents and conditionswere the sameastheinstruc-
tionsof Primerscript RT reagent Kit.

bp ™M 1 =2

A

(A)Agarose gel electrophoresis; (B) Visual inspec- tion by tur-
bidity; (C) visual inspection by adding Supper SYBR;M: DNA
marker DL 2000;1,3,5: RT-L AM Preaction productsof pM D-19T-
RHDV ; 2:The positive RT-LAMP products digested with
Taqg‘!.4,6:Negative control (pMD-19T vector);

Figure2: Resultsof RHDV bascRT-LAMP

bp M 1 Z 3 4 5 6 7 8 9

2000

1000
750

500

250

#-213 b
100 B

M: DNA marker DL 2000; 1:60°C 1h; 2:61°C 1h; 3: 62°C 1h; 4:
63°C 1h; 5: 64°C 1h; 6: 65°C 1h; 7: 64°C 30min; 8: 64°C 45
min;9:64°C 1h

Figure3: Theresultsof optimization of reaction conditions
Specificity and sensitivity of RHDV RT-LAMP

Thespecificity and sengtivity of RHDV RT-LAMP
s BioTechnology
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were assessed in thetests as described in the method
section above. Therewas aclear ladder-like pattern of
€l ectrophoretic bandsfrom about 213 bp observed only
for the pMD-19T-RHDV and RHDV detection(see
Figure4, lanel and lane3), and no specific amplifica-
tion productswere obtained for the detection of pGM-
T-EBHSV, Pasteurella multocida, E.coli and Salmo-
nella (see Figure4).For the sensitivity, the expected
size of amplification bands of 192 bp(see Figure5(B)
laned, 50copies) or ladder-like pattern from about 213
bp (seeFigure5 (A)lane5,5 copies) could be observed
whenthepMD-19T-RHDV at different concentra- tions
weretested(asshownin Figure5), and thisresultsindi-
cated the sensitivity of detection limit by RT-LAMP
could reach aout 5 copiesof clonedvird genomicfrag-
ments, whichishigher thanthat of RT-PCR established.

hle 2

3 4 5 6 7

2000

1000
750

500

250
213 bp

100

M: DNA marker DL 2000; 1: pM D-19T-RHDV control; 2: ddH,O
3: RHDV; 4: pGM-T-EBHSV ;5: E.coli; 6: Pasteurellamultocida;
7 : Salmonella

Figured: Thespecificity assay resultsof RHDV RT-LAMP
on agar osegel electrophoresis

Primary application of RHDV RT-LAMP

TheRHDV RT-LAMPwascarried out by usng 5
RHDV experimentdly infected samplesand 30 clinical
sampleswith RT-PCR established inparald. All of the
5RHDV experimentally infected samplesproved to be
positive by thetwo methods, and therewere not any
amplificationfor the30 clinica samplesdetection. The
resultsindicated the good correlation between RHDV
RT-LAMPand RT-PCR.

BioTechnology —
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M: DNA marker DL 2000;P:positive control of RT-PCR,;
N:negativecontral;1-6: thecopiesnumber of pM D-19T-RHDV
wasabout 5x10% 5x103, 5x10? 50,5 and 0.5,respectively.

Figure5: Thesendtivity assay resultsof RHDV RT-LAMP
on agarosegd electrophoresis(A) Theresult obtained by RT-
LAM Passay (B) Theresult accordingto RT-PCR assay by
Wang et al.(2011)

DISCUSSIONAND CONCLUSION

LAMP assay wasregard asapowerful molecular
tool for the DNA amplification and used widely inthe
many fiel dsbecause of itsadvantagesof rapidity, high
sensitivity, high specificity and easy mani pul ation®12,
but the requirements of the four based specially de-
sgned primersfor thetarget amplification sequence may
limit itsgpplicationinthedetectinfor al the pathogens.
Yuan et d (2013) had reported aone-step RT-LAMP
method for the detection of RHDV using a set of 4
basic primersand detected 7 field RHDV isolatesin
Chinasuccessfully*¥, In thispaper, anew RT-LAMP
method for RHDV detection was devel oped accord-
ing to the VP60 gene segment using 4 basic special
primers and 1 loop primer to improve the
sengitivity,compared with the LAM Preported by Yuan
et a. We al know European brown hare syndrome
virus(EBHSV) and RHDV are boththetwo important
membersof genusLagovirusinthefamily Cdliciviridee,
which had been con- formed by nucleotide and de-
duced amino acid sequence comparisonsinthe VP60
generegion, but many studiesdescribed recently about
RHDV detection methodswerefew referredto EBHSV
sinceit hasnot occurred in Chinauntil now, andthisis
thefirst report using a DNA fragment of 359 bp of
EBHSV VP60 gene (synthesized) for the specificity
evauation of RHDV RT-LAMPin Chian.

Inconclusion, theRT-LAMPassaysdescribed here
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which performed at 64°C for 45min in a laboratory water
bath and visudized theresultsdirectly with the naked
eye have good sensitivity and specificity, asfew as5
copiestarget gene could be detected, and the primary
application of RHDV RT- LAMP showed the good
correlation with RT-PCR established. ThereforethisRT-
LAMPmethod supply anew convenient and useful tech-
nology for thedetectionof RHDV inlabandfield prac-
ticein China
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