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R AR O G B AE W FF (WSSY) R & v VP28 R RS F#, A M Primer Explorer
vA.O BRI T 4 &5 M BT aRESMEREFRN P FRY HRELNF %, A KN E
BA R PLn FEE%AAT T R, Pl 2ty LAMP 3l O sk 5 & X PCR #4677 b i
o &REZN,LAMP & # K fif 64 CHEE 44 60 min i 525K, Bk 2 AM B 54 K
Rtk R Fm SYBR Green [ % b3 B, @ Wi H 4 XA B KA TH#€ Wl 4 K, LAMP
W R (AR B R 100 5 1/ pL, R K % E A PCR % 100 4, 7 B LAMP 3% L h W
ArEAN RENE DFA RS, ARTHEEREZL ML R, HE LK LAMP 77 k3l
BB F G AR HAT T AW, AR W LAMP JF i 3 43t F o BE 4% A A0 A o 3L

ﬁ#ﬁ?@] a

KB AP0 ARELERRE; RARFRT M, fkiu

B3 %S:5945. 4

ST HF H BE &% S 1k ( white spot syndrome) F
1992 FFER R THEEE, 1993 4 5 -8 BTE
HESEHTE N L SR R R, R T T
FEWN G, 8T AR5 15 B3 A 1206
iR, AR FE VN EER
#1995 4R, HER 9% R (OIE) (B4 BBk
HA(FAO) L BT KM R K F= 3R 7 B B W 4%
{0 (NACA)Y ¥ HF| o R S K A B i B i
iR Z —. MIFHREL A% F ( white spot
syndrome virus, WSSV ) 88 5t i 4 75 54 %) 4F 7
0, BRI EO IR R B IR R LT, B
TEREFALS RSB RLHIUE3~10d
HH100% ", H T EREH RN RER
77, FEXRHAR FE R AL P A2 I f WSSV AT RN B
BHAEE, BREHASCEREFERT
WSSV BT (U5 B A MR (PCR) 7%
JEfi PCR'T MR 4T 2 =% | Wk 40 0% R it
Wiz gom & PCR™ &, (H R X s kK
AR T 8 2 B, R B K, IR A
=, R R AR ERERE R R,

5 B /A :2009-12-15 {& 5] B #1:2010-01-05

MEEARIRES A

AfET B B R A TR

HAh-FHB I I (loop-mediated isothermal
amplification, LAMP) & — 0 £ 2 59 B e 4 1 1%
AR EREEL T SR BRI T QIR E 8y
BRI T A . BT LAMP ¥ #5e
FRARHRBISEF 5 6 3h o K3, RO i e e AR
R, BERY Wl B 2EERAN T T, EE
KRR fa S PR Y B s BET 2 R EESR,
il A K KRR 5 B 0 T2 B — & 3 A Al 28
INEEFH DNA 74, W] LA B 7k . SYBR Green
Lgefs TS LAY, AN 250
PR W A 5 R H BT B R R R R
WA, LHE B RGN E, FRAETELE
58 B A TR R W B RN

AL TR ARG A ERE N R, 2
TR I pReF AR I T vk, 35X S YR B T 5 B s TR
LSERHT 7O, AR T LAMP $ORMR B P
RIATER R, SEEL T R ARR R BT L SRR R
PR B, RS A4 X WF 2= R A A
B R .

BTENE B - WL AR TR B (2005C33053) 5 7 W AT AL B BOR T H (2008C10041 ) s FREERE 5L EME L TWA (7 -3)
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1 RSk

L1 #EFntH

NN RS HE ( Litopenaeus vannamer ) JHER B
HIVLOLA BT AT R 4%, 64K 3 ~5 cm, Bst
DNA PoLymerase ( M0275V) g § 4 3548 ( NEB)
A ME AR (JLIR) A FR 24 A ; Betaine (B2629) 4
Sigma 2y ;8YBR Green 1 51k & EA YA
AR TR AT HE 20 %% ; DNA $2 5050 & . pMD-
18 T-Vector }% 7 m#F B e A7 40 Mg TM109 g B
KEEEWAA,
1.2 DNA 2H

B 200 mg B3R AR S, % DNA 48
Bt 3] £ A BH 4R I DNA, l{EH 3 PCR K

LAMP 45
1.3 XiF WSSV PHIEE R AT IA

1.2 AR, SR CER (4] M
RN ORGSR HIT R PCR &3, 5%
$i5%, PCR P4t/ 70 -5 5% He 047, BRI 8 19
forilift i WSSV PHE S, #5177 LAMP £ i A
BIBEST . LA DLZE K {8 B A 55 1 %o 350 4 4
DNA fE 5 HEXT R .
1.4 LAMP 3|#pi%it

% GenBank [ BE%: A1E W T (WSSV) 5
JEEH VP28 EFEFF (AF369029)™, F] F
Primer Explorer 4. 0 ¥4, % iF—3 LAMP 5|47,
P AN E| ¥ (FIP,BIP) F #4405 ¥ (B, ;)
(FFIREL)

&1 ARESEFRERT IERTHENS WF
Tab.1 Primers used for LAMP of envelope protein gene of WSSV

S E R 71
primer name sequences
FIP 5'-CTGCAACCTCAAAAATAGCCTCTGTTTTGGCAGTTTCTTCCGTTCTTTTGT -3/
BIP 5'-GCCAGCAAGGCAATTTCAGCTTITCAAATCCAAGAGGCACTCCAAAT-3’
F; 5'-CTCCTGCGATAAAGGGATGTC3’
B, 5'-AGTTGCATGGATTGAGGCGT-3’

1.5 LAMP 5 &4

FHEBWH N 25 pL MR B R, K+ a
& : MgSO, | betaine , dNTPs., 4 5| #7. 4b 51 7.1 x
ThermoPol Buffer [} X i &/ DNA #4185,
37 TR 10 min, 2 )5 94 €T 5 min, kK FE&H)5
A Bst DNA B4 65 CHE 60 min,80 T
K& 2 min; P=WF 2. 0% BEARSEEERL B Ik 24T o
1.6 LAMP RR{ERE RN EFRL

B[] % BE 4% FE ) Mg” " NTPs  betaine |
AR BE LB A1 [ 4, B IO ISR, TR
TERAR IR,

AR K2 N B[R] R 43 A 4T LAMP 52,
Mk WY R e R R N &
1.7 RYPESHREAR

#4% GenBank ' WSSV BB | VP 28 &
FERF) (AF369029) ™ @& LAMP &
B3 i _ T iR H 95| ¥ PE D Pr, PE.5'-
CGATTTCCTCCCCCGTCTT-3, Pr. 5'-
AGCCAACCAAGCACCCGT-3"; HIF 1. 2 Hil &
() WSSV Rl S0, ¥ -8 BAr)5 3 LT #F
ERAFF, B EFF) (625 bp) HEZFE T Bk

(pMD-18 T-Vector) b, & &H BIRIFFIWE
LAk pMDWSSV; 2248 43 36 36 A ) ke
Ay TRICEE R, RIS R T BITE R R,
B EA R R 10 5 RIHBR 107 ~ 10°
EN/uL, 5 A BRE—HEBHRTER 2 pL EXA
PERCIMASAR, th 3 LAMP f18 =K PCR A9f ] A
.,

FIEEST ) LAMP [ R 46 38 2 0 46 00 3 A7 4%
Pefk BT K3k il 443 FE IR & (infectious
hypodermal and hematopoietic necrosis virus,
IIIINV) ., 5 9F Bk 55 955 3 (taura syndrome virus,
TSV) K S .M B ( Aeromonas hydrophila) V5
I E ( Vibrio alginolyticus ) | Bl ¥ M 3L & ( V.
parahaemolytious ) . F B B ( Escherichia coli) , %
TE. LAMP 36 ) 775k 045 54 o
1.8 izt

VAL 2 v ifil] & B & AR AR, 4 3 AT
LAMP -3 fZ )i, dTTP #. 1 dATP. dCTP.
dGTP. dTTP, A fii dUTP; dTTP/dUTP 4H. fi
dATP. dCTP. dGTP, dTTP/dUTP & 50% ; dUTP
#{.hn dATP,dCTP, dGTP,dUTP, A1 dTTP, 3
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4 hBg ANTP R[S, HE Barfy HA4HE .
B WA T R s R L 3R
FoimEd b EE N LR F 0 LAMP 3 8= 1
wL, H4rh dTTP/dUTP 41 S R ol 4 5F. id5 s
AT HUT TR #5555 I UNG
BF 0.5 U, % 1.6 BUERRRTEFHTT LAMP i
Vit

L7 hiilf R A BRLR R 10 15 A5 7%
B R IEAR 43 dTTP 41 .dTTP/dUTP 4] .dUTP
MptfT LAMP ¥ R, th B R B4 R A
dUTP 3} LAMP R SRR .
L9 FNFAMSSIERSE LAMP £l 5 %

ST AT T 3 3 - FR 3k 60 475 5E
B BB A R W X AR A 2 B A B =
PCR & LAMP JFrikiftf7aill, s s bRl 2
5,

2 HiE

2.1 MIFEMSAMERE LAMP 2GS EE
R BT ) — B T X WSSV JERE
H]RE VP 28 3B #AT LAMP 3 3 (1H 1-A),
WSSV LB G =k B R, DU K R
B 26 X AT SRR 25 DNA FF A U 4R B BT 4
AR R B0 I A SR Y6 He Bl SYBR Green
L), PRV S BRGNSt S
BE(R1-B), 5R%RH,LAMP 5| ¥8Bi#7H 3¢
U H WSSV JiE& ) VP28 B,
2.2 REHRERRERHRMRL

PR SO R A SR 25 pL RF g
FH5 % FIP 71 BIP 2 pmel/L, 533 F, 1 B, 0. 25
winol/L, dUTP {1 dTTF 0. 5 mmol/L, dATP. dCTP
H AGTP 1.0 mmol /L, Tris-HCL 20 mmol /L, KCI 10
mmol/L,{ NII, 1,50, 10 mmol/L ,MeSO, % mmol/
L, Triton X-100 0. 1% ,Betaine 0. 8 mol/L,

TEA W B A RS T 5 BT LAMP
¥4, {E2,E3),7E 58 ~68 TEIH 18,64 Tt
Rgif, 64 CoHEZ 15 min AIFES 14,30 min £
kAR 2,60 min AP R
2.3 LAMP ®AIRFE SRR

10 5 2R 5 W B AR 2 A 4T LAMP 71
S35 PCR 153 ( B 4) ,LAMP 57 3646 FR 2 100
F0/ul, TSR PCR AR A 10 000 £ 01/
wL, BF LAMP feil (R LB = PCR 4 100 £

M1 2 3

EH1 WSSVHRISSRFERENENSER
IRAEHEM R % (A) B SYBR Green [ (B)
M DNA $r8E; 1 BIERT R OREEK) 5 2: B EERT B (fEuR el
M) 3, ARG FACRE.

Fig.1 Result of detection of WSSV by LAMP
2% agarose gel electrophoresis ( A) and visual
observation using SYBR Green I (B)

M. DI2000 DNA Ladder; 1;Negative control( Water bidistilled) ;

2 . Negative control({ Healthy shrimp tissue) ; 3 W58V,

M2 BEX LAMP ¥ 8880

Fig.2 [Effect of temperatures on LAMP amplification
M.2 —log DNA Ladder; 1.58 C; 2.60 T;3.62 C; 4.63 T;
5.64 C; 6:65 T; 7.66 T; 8,67 ¥;9,68C

k] i 2 ] 4 ] [

3 EfEM LAMP #34r7 %00
Fig.3 Effect of time on LAMP amplification
M;DL2000 DNA Ladder; 1:0 min;2;15 min; 330 min;
4:45 min; 5:60 min; 6:75 min
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A}

e
B4 LAMP &% PCR 3 WSSV DNA
K Ry LR

(A) LAMP1; (B) —2 PCRIM; (C) 4 PCR &,
M. DNA $7#E;1 ~ 8 HARR 10 FRFIHEAENER,
107 ~10° copies/pL.

Fig.4 Sensitivity of WSSV-DNA detection by

LAMP and nested PCR

{A) LAMP products; (B) one-step PCR products;
{C) two-step PCR products.
M.2-log DNA Ladder; 1 —8. Amplification products
using 10-fold diluted plasmid carried WSSV-DNA as template,
107 - 10° copies/plL., respectively.

FEE B LAMP 2 f 4 74 0 XT 445 etk
B R B i 21 AR IRSEAR T L ORhL AN TS L K S U
VAP SR B BN L AT o, S R R
LA LAMP (KR S G WSSV (g 4R 4690 2 1
e, TR AR A 2 S B, TR R, 5
WS R E, RA RN R
2.4 BSHAR

HE ITTP AP BIHL TS R AR LT Be
LAMP Fz R 35 4 PH: , 383 2L F M 1R s dTTR/
dUTP £ hdids 34 % LAMP 2 RN BRI, TR 4
5 Be R P44 JUTP 5075 e R IR LT e 4
LAMP R HIAM:, HENERPIIA—ER
dUTP b, LAMP 4 38 3 %2 fl R s Ji Fe %, 4
dTTP/dUTP &5 50% &7, R 8 % 10 £ (&
5), Sk &b R dUTP i dTTP &, LA
R A A
2.5 MMARSSMERS LAMP &N A %K
s

Xt 60 Hy1F SE I WSSV BYBg 36 H AR AR
TR, Hoh 3K PCR K th PHAE AR AR 41 40,
LAMP £ i PHAERE G 45 47, FRE L PCR KL EA
T LAMP & 04 BH 14 B 33 55 6 3 2% Xie

M 123 45678 M1 2 345678

Hs dUTE 3 LAMP BB Ee
M, DA BRI L ~ 8 B 10 FRAMRE SRR,
107 ~ 10" copies/uL. A.dTTP;B.dTTP/dUTP
Fig.5 Effect of dUTF on sensitivity of LAMP
M:DL 2000 Ladder;1 —8 . Amplification products using
10-fold diluted plasmid carried WSSV-DNA as template,
107 - 10" copies/uL, respectively.

Uy Irek B BOR TR, 25 M0 I8 A AT 4
A HE R T B SR BT ( Procambarus clarkil) #EF7 AT
f&YL, 5~6 d URMA TS T ME, &8l PCR
K LAMP i35 g PR

3 it

FAr PR 4 (LAMP) £ R 2 Firbk |
RGN T, BB ERAET L b pyxigt
¥ DNA H#E47 10° 5 3™ 1 w4 b iR
RS i, ASCE T RS SRR
% (WSSV) BB VP28 38, | B Primer
Explorer v4. 0 A T RERSESIM, &5 T T
XTHF B A i T LAMP Bt i 77 ik, )2 B
B, AR MR ARAER 6 CAET
1 h Ein AT Ft4eH SYBR Green I Bl i) B
MRRZESE R, i HAG T R AU R 4% PCR HkH)
100 4%

BRiE WA RLE A e e i A R
ERBANEE RN (PCR) ™ {H PCR K 705
A RBE B R T A S H Y 1%, 95
THRAEETE LA D FHEREF N TR R
T a0 LAMP &5 7E 8 4 ¢ T T,
AFEEFTGE DNA DiaEfReE, &5 T DNA Hilk
TR, AT RN, 546, E PCR K
HT-4 45 8 5 11 PCR {3#H L, LAMP 5 R 27548
WRFE T AT, Bl A R T A R e B
B L SRR L, A AT B
BRI, B R B LAMP 73k B4R 4 100
#01/pL, F#E S PCR o748 M FR 7 10 000 # 01/
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4%

wL, LAMP F#: 3l R 1L 825 PCR 1% 100 4%, BP
LAMP & Z 8 L85 PCR B ME S, T
B THHE PCR AL PCR, SEH 3o 1 SE ik e
A BELEA T 5 B 1 L 99 S IR S R AR I 285 S )
n, 82K PCR &4 BB 44 &, LAMP SR EE R
HERTHERA PCR,

H1 T LAMP 4 5784 2 @8 iR R DNA 37
Be B R B Y T RS AR ) R R A
255, SEI R A dUTP A1 UNG BEfT Jhuim gt
I RO &, A T R LAMP 3R o i 5 8t
TR )8, sEEeh, dTTP i A dTTP,
Fhm dUTP, Hiis B4 MARHL 5 B4l LAMP 5
Wy B, 3R JLR A ), BB UNG BBl
FEf-5 dTTP (i LAMP 337 dTTP/dUTP 4
HFEIMA T —ER R dUTP, 315 44 LAMP &
7 A BH: , JEHE 15 He4l o PR, (AR UNG Mgk it
P B dUTP ) LAMP § 3874, B R
A dUTP JE4 18 2 3 AR I R 2 15, 2
A&+ HF dUTP T dTTP &, JLPRA B E
AP R . RATAR A EGRY KNP HE
A~ dUTP B A, BLEER; UNG 8 IR 5 - HEA7 , (2 bt
& dUTP 8143 Ind H3 2 09 8 R A%, X IR 78
s i ERR R, KR TEH M dNTP (dATP,
dCTP dGTP .dTTP){B-& 41 in AE & dUTP (4
T dTTP/dUTP &1 25% % 50% ) #EAEE BI3L
ERMER

HBELAER T LAMP BRI Tk g
Ko it AR VB R R R T B IS R R
PR (R ) RS, B T BIFR SR AT, ]
AR H S AF B A 1E A0 R S n bt R e B
FRE IR P SR B AR S, T
SRR AT R R, AR A R AR R
AR WSSV AT, A R E MBI
WIS R T B A E A KR
25,
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Development of rapid detection for white spot syndrome virus by
loop-mediated isothermal amplification

HE Lin', XU Hai-sheng'* , WANG Mei-zhen®, RONG Hua-nan®
(1. College of Animal Science, Zhejiang University, Hangzhou 310029, China;
2. Spreading Center of Technology in Aquatic Science of Cixi City, Zhefiang Province, Cixi 315300, China)

Abstract; A rapid, sensitive and simple method for white spot syndrome virus ( WSSV) detection was
established. Loop-mediated isothermal amplification ( LAMP) assay is a novel method of gene amplification
with high specificity, sensitivity and rapidity, which can be applied for disease diagnosis in shrimp
aquaculture. The method is performed under isothermal conditions with a set of four specially designed
primers that recognize six distinet sequences of the target. In the present study, a set of four specific primers
were designed based on the conservative sequence of envelope protein gene VP28 using Primer Explorer v4
software, and a rapid detection of WSSV was established by using LAMP assay. The parameters of reaction
time and temperature were optimized, and its specificity and sensitivity were assessed. The reactions were
carried out at 58,60,62,63,64,65,66,67,68 T for different time (15 —75 min). A plasmid pMDWSSV
carrying target sequence of LAMP detection was constructed. Ten-fold diluted pMDWSSV (107 — 10°
copies/wL) was used as templaic for LAMP assay to investigate the detection limit. To determine the
specificity, LAMP assays were carried out with DNA templates from other pathogens ( Infectious
Hypodermal and Hematopoietic Necrosis Virus IHINV, Taura Syndrome Virus TSV, A. hydrophila, V.
alginolyticus, V. parahaemolytious, E. coli). The results showed the optimum LAMP assay for the rapid
detection of WSSV was performed at 64 C for 60 min. The LAMP assay had an unequivocal detection limit
of 100 copies/pL, and it was 100 times lower than that of the nested PCR. The nucleic acids of other
pathogens were not amplified by this LAMP system with the specific primers, which showed a good
specificity. The resulting amplicons were detected using visual observation after the addition of SYBR Green
I and gel electrophoresis. We investigated the efficacy of uracil-N-glycosylase ( UNG) in preventing
contamination in the LAMP assay procedure and explored its effect on the amplification efficiency. Products
of LAMP with dUTP adding could be lysed by UNG. UNG could prevent LAMP products contamination
effectively, but its effect on amplification efficiency was visible. The LAMP assay could be finished within
an hour, requiring only a regular laboratory water bath or heat block for reaction and the result could easily
be detected using visual observation. Clinical suspected WSSV-infected diseased shrimp samples were
detected by both LAMP and PCR assay, which indicated LAMP could be more sensitive for WSSV
detection.

Key words ; shrimp ; white spot syndrome virus ; loop-mediated isothermal amplification ; rapid detection
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