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Loop-mediated isothermal amplification in detection of West Nile virus genome

LI Shu-hua, LU Wen-ying, CAO Guang-wen”
Department of Epidemiology, College of Basic Medical Sciences,Second Military Medical University, Shanghai 200433, China

[Abstract] Objective To establish a loop-mediated isothermal amplification (LAMP) assay for rapid detection of the
West Nile virus (WNV). Methods WNV genome (position nt 1 021 to nt 1 240) was synthesized by a PCR-based gene
synthesis method. The synthetic fragments included 6 pairs of LAMP primer recognizing 8 primer sites of WNV genome. The
LAMP gene amplification was carried out using a real-time PCR system at 63°C for 60 min, then the amplification was
terminated at 80°C after 2 min. The amplification products were observed by agarose gel electrophoresis. The sensitivity and
specificity of LAMP assay were compared with those of conventional PCR. Results The LAMP assay took less than 20 min,
and the amplification product took on a ladder-like electrophoresis pattern. The sensitivity of LAMP assay was 10-fold higher
than that of conventional PCR, and the detection limit of LAMP was 9. 23 copies/pul. The specificity of WNV-specific LAMP
assay was demonstrated by the negative amplification results from dengue virus and Japanese encephalitis virus, both were
closely related members of the Flavivirus family. Conclusion L AMP assay is rapid,cost-effective, highly sensitive and specific
in detecting genes of interest, and is of great significance for WNV surveillance, especially for grass root units and on-sport
surveillance.
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1.1 BRI BREFLABAFRS LR S RARF R
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6 vk i A BRI R DNA BEAR . B Hui% 2
R FR AR AR R O A A O I AT T 2 B i
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1.2 314kt LAMP IR 3 %5193 i A A4
I 1A i, 3 %5194 51 485149 F3 Fil B3
W51Y FIP, BIP #3519 FLP,BLP, H ' FIP H
FIC+TTTT+F2 4 i, BIP i BIC+TTTT+ B2
A, F1C.BIC 43518 F1.B1 MEAMFEH, 2 D3
514 FLP .BLP 43514 F1 A1 F1.B1 #1 B2 2 [a] () 5.
WFH, % T UL L R BRSSOk (7] A R

number:

LAMP 5190, 4 51 9938 B 56 5 P g0 &
KA A nE 1B, 1C fion, 51946 M B EY
T AW FE B,

F3 F2 Fl Bl BLP B2 B3
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F3C F2C FLP FIC BIC B2C B3C
Foward internal primer{FIP) Forward outer Forward loop
FIC F2 primer(F3) primer(FLP)
s It O] 3 s[O3 v ¥
Backward internal primer(BIP) Backward outer Backward
Bl BIC primer (B3) loop primer(BLP)
s T 3 i) 2 s N3y,
F3 E2
1 021 acatggetgy atttgetict cgaagecegac agetecetea clatcatgte taagEacaag]
FLP Fl
I 081 [cctaccaicg aigfgangal galgaatalg gaggeggcea acelggeaga geleegeagt
| 141 tatigctatt tgectacegt cagegatdle tecaccaaag clgegiece gaccalggea
Bl BLP B2
1201 gaageteaca atgacaaacg tgctgaceea getttigtgt
B3 B

F3: TGGATTTGGTTCTCGAAGG
B3: GGTCAGCACGTTITGTCATT
FIP: TTGGOCGOCTCCATATTCATCATTTTCAGCTGOGTGACTATCATGT
BIP: TGCTATTTGGCTACCGTCAGCGTTTTTGAGCTTCTCCCATGGTCG
FLP: CATCGATGGTAGGCTTGTC
BLP: TCTCCACCAAAGCTGCGT [
1 LAMP 5|4i& it R
Fig1  Primer design for loop-mediated
isothermal amplification (LAMP) for detection of
synthetic West Nile virus genome
A Diagram of LAMP primer design; B: Sequence of position 1 021

to 1 240 of West Nile virus genome; C: The primer sequence

1.3 PCR R LUdA B WK T I H pUCS7 FH
PEFUR BN, LA F3 B3 519 #4T PCR #7# 201
bp BB, RWAKRR AR BRI 2 pl, F375I
¥ F3(10 pmol/L)*ﬂ_F%;‘gl% B3 (10 Hmol/L)%
2 uls 10 mmol/L. ANTP (Promega) 1 ul, 10 X
Buffer 5 pl, Taq M 1 pl, il DEPC 482K 2 B R
50 pl, R ZFH:95°C 2 min BUAEME, SR )5 94°C
30 s, 55°C 1 min, 72°C 1 min, 33 30 495 3,
72°CHEAH 10 min, RVEEHRFH 10 ol EHTE EB
JuRH 3 90 B i B B e A UK WL . 43 ) DAAS R A R
JE 04 BH P R R AR e b AR A8 PCR SR L A6 il Js2
N B SRR TR B4 0 DL AORG B L 2 RORE EE Y
cDNA MM, 4% [/ #F 07 ¥ H# PCR i, WLEE 5]
S/ kST

1.4 LAMP R & I A 2 BT 25 pl, USR A A
FEH P A pUC57 liﬂ'fiﬁ*vﬁﬁﬁ,fir“ﬁigzﬂ
B: 1.0 pl 50 pmol/L FIP Al 1. 0 ul 50 pmol/L
BIP, 0.5 pl 10 pmol/L F3 #1 0.5 pl 10 pmol/L B3,
1.0 pl 25 pmol/L FLP A1 1. 0 pul 25 ymol/L BLP,
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3.5 pl 10 mmol/L ANTP (Promega),4 pl 5 mol/L
betaine, 2. 5 pl 10 X Buffer [ 20 mmol/L Tris-HCI
(pH 8.8), 10 mmol/L KCl,10 mmol/L (NH,).SO.,
2 mmol/L MgSO,, 0. 1% Triton X-100], 6 ul 25
mmol/L MgSO;,2 ul (8 U/ul) Bst DNA polymerase
(large fragment. New England Biolabs).2 .l #& # Jit
ki, fEIE 63°C 60 min,80°C 2 min Z 1k, HL 10 pl
LAMP J 455 FRET & EB Ykl AY 3 %0 5 B 5 1k
HLUK RS 3 ) LAAN () s 88 B A9 BH P IO Sy #65 l F
IR RN L AT LAMP SR A R, A DB
FPGE R R A cDNA S BIHR, $5 _ER 7 A
# LAMP [0, W8 LAMP J5 8k 9 HESE

1.5 Real-time quantitative PCR 435l LA [6] # B¢
JEE 04 BE P B 6 B BE | £ M BE Y cDNA 45
B, LA F3.B3 A51%, 4k real-time PCR & I 4%
fF M SRR 20 pl MRV AR R HEF SYBR®
Premix Ex Tag™ (2%, TaKaRa) 10 pl, L5514
F3(10 pmol/L) AN #E51# B3 (10 pmol/L) & 0. 4
pel s AN [) 5 T e 8 BH P R ASEAR 2l 7K 7.2 pl, B
F real-time PCR ¥ (LightCycler480, Roche) , 95°C
10 s, 88 J5 95°C 5 5,60°C 20 s,72°C 10 s 3Lt 35 4~
AP, WAL CAT 5 i B, 9 B 45 o1 5 #47 60~95°C
F18 425 A 1th £ 5317

1.6 Real-time LAMP i T RESCHT WA LAMP
I o [V LA [R) 7 B8 BE 104 BH P kL B8 R 8 L &
9 15 1 cDNA AR % R Jr i gt LAMP Jx
LA FR TR B o) A B AR &R AR B 1l 20 X
SYBR Green [ #)t48t, 63°C 60 min # T real-
time PCR X, & 40 s i 1 ANMEH WA DO0AE 5
SR, PSS AT 60~ 95°C M i il £k o0 B
1.7 LAMP R m#g# B Aty F 5 RHTM
%8 LAMP J (0 B508ME 5 5 e Pk o B iR A iy AR
T 7 B B R AR AR LAMP S R 45 51 4 5 5
PCR [0 #E 47 L%

2 &5 B

2.1 TaMEREAELACH & 38 I IR IE S AT S R R
TR AL 5 91 52 4 5 GenBank 2 A 4 3 X 7 91 — 5,
FR R IAE AR 5 L 48 52 51 43 6O BE T S, Tl A B
PEFURE DNA S 9. 23X 10" copies/pl o #% 10 1
Fo HE AT B R4S 107 ~ 101 B BE 1% BH P 5 kL
DNA 4 , B ie b 53 2% 0 B 32 P M Bk DNA B4R
W R (9. 23X10°~9. 23X10°) copies/ pul,

2.2 PCR %R DIFAMERBOR MR, L F3.B3
Sl T PCR 9734, 25 R & EB Y 419 3% B g bl
B HL kO ZE AT WL 201 bp B B 2), Uk
Rl 45 5 2 W] PCR S0 TG I 2 10 F B B2 1Y Jo
B DNA B4R, BP9, 23X 10" copies/pl FE &, &
PO B L £ Wi B8 R WL (& 3B)

M | 2, i

400 bp ——

B2 #BAEFHRFEERRERBEIK
Fig 2 Agarose gel electrophoresis of WNV gene fragments
M: Marker; 1: PCR product WNV positive plasmid (201 bp); 2:
LAMP product with WNV positive plasmid(ladder DNA); 3. LAMP

without target

2.3 LAMP mom R [ 2 a] W, kel tha] I
BOR/NAZE DNA 537, X 26 551 J2 LAMP [
TR LB 6 ST AR R VR 4T 1 A B A TR AR -
INEERT ) DNA 8, BB Al A5 I 2 10 %
FERE 14 TR DNA BEAR ., /I 9, 23 X 10" copies/pl ¥
i B R BE L I EE R WL (B 3AD

7 8 910 11 12 13

Ao

910 11 12

3 PCR 5 LAMP SR L%
Fig 3 Sensitivity comparison of LAMP and
PCR in detecting WNV positive plasmid
The amplification by LAMP(A) shows a ladder-like pattern, whereas
that by RT-PCR (B) shows a 201 bp amplification product. M:
Marker; 1-10: 10°', 1072, 103,10 *,10°°,10 %, 107, 108,
1079,107 %3 11.: Negative control without target DNA; 12: JEV

control; 13: Dengue control. JEV: Japanese encephalitis virus
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2.4 Real-time #® F3,.B3 N5 %M real-time
PCR #6455 & W1, A 8] $5 DUECRE o 78 52 1 T iR
S5AMEIE AT LMY STEY I £k, 35
NG BRI HEAS 58 LY L A B R C (B S BEAR YR
A B R IE HE, ATR N 2 10 R B Y BH M R
BH AT BR L 20 106 995 B S8 55 RO B A UL BH P 2% ' 1
L AN, It 2 20 B 3R B WNV B P A58 Al 10
B S 2R T 83 ~87°C I A AR KR S 4, 1
BF P 0T BE L 20 B0 s B S8 5 BRI B 1 0 i i 2k 02 —
FARF- o M 4L (K 4B)
AN TR $2 DU BORE § B real-time LAMP 5 il 4%

T AE R IF A2 5 A6 30 )5 ¥ 00 2 BH v 4 1 ith
2R, Mk B R AR BE A AR 30 AR BR S AR 5E LY

/ /,-/
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Fluorescence (450-500)
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B ATRIN E 10T R EE R PR R, BT R L 2
G T S B B BE 34 R UL # P M T il 2k (A
SA) 2R R WNV BH P B 10 4 5 5 i £k
WA T 80~85°C , BAMEXT R | £ Miki s 5 8 5 H 75
) 95 itk T 2 0 — S AT o i it 26 UL (181 5B) .
S5 AUE K SR R A HL 10 ] ST HL KSR, T L
&l 4 AH— B0 HL K 45

2.5 LAMP R ey # B MW A4 F o4 LAMP
IO R P A 3R BT, RS 2 10 A RE EE D
9.23x10" copies/pl ¥ . 5 PCR # Lt . 8 £
10 i, FERPESE R KW, LAMP & W 5 PCR
P B A B 0 e S e B X IR M B 8 B
PO TR WY1 4500 .

0510
04107
0310
0210

0.110

0.010

-(d/dT) Fluorescence (450-500)

66 68 70 7274 76 78 80 82 B4 B6 BR 90 92 94

Temperature &/ T

B4 FARTRIAMRMZER real-time PCR & B 45 1
Fig 4 Real-time PCR results of WNV

A: Amplification plot based on real-time PCR assay in testing a series of diluted DNA positive standard plasmid(10~',107%,10"%,10"*,10°,

107%); B: The high resolution melting curve obtained based on real-time PCR assay

= 79881F A e s E 137171 B
o 71.881F ng S 7T
< 63I8EIf R |
% sssslf g
< 47881 £ N7
2 39881 21
5 3188 |
4 T;;g; _% 3N
2 7881 = umrp
-0.119 2 0283 - - ) . - -
10 20 30 40 50 60 70 80 90 ¥ 65 70 75 80 85 90 95
Cycles Temperature #/°C
5 FARZHEAMRAEE real-time LAMP T 5 45 R
Fig 5 Real-time LAMP results of WNV
A Amplification plot based on real-time LAMP assay in testing of a series of diluted DNA positive standard plasmid(10~!,1072,10*,10*,

107°,107%); B: The high resolution melting curve based on real-time LAMP assay
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H |, X 78 Je 2 9 3 09 K I 7 2 E A RT-
PCR.SYBR Green RT-PCR™ | TagMan real-time
PCR™ |NASBA (nucleic acid sequence-based am-
plification) ™" 4 % KL 5 25 45 B 1L 355 51 BF

S, X LETT IR BORBUR  AHFE IR A B A L I
(FI] PRy AT bR A 00 R K 0 L 5 £ 5 55 A0 i o5 AR 3 i3
AR R EAE SR E B, WNV
4 SRS I A2 ) e

AWFFEH A LAMP Bz 9 st B 15 35 26 18
63°C 60 min, X P4 JE B 2 1Y 5 W H Y & AT 4
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AR LAMP S AR & A7 520 W0 [8] i 5 real-
time %) PCR W #E 17 L8, 45 R R B LAMP 2
MR VLR R A . (1) LAMP 2 b DNA §7 3% i £&
555 PCR ¥ M th & iy 9 8t $ 38 ATl 3k
I YA e AR SE.CtEHSER
FEMR & R IE e, (2) LAMP 20 Bie B 18] 45, 30 4>
TEA LY 20 min RPAT 58 H 3G, (3) ko I f e I
real-time #¢ 9 PCR 19 10 fi5, (4)2 FpJy kv, & il
R I B I TR X B R UL G it £k 0 AR
M2 Hr iy R WARSE 2 4 1 W s v ik R A R
IR PE . (5) LAMP J7 v B 6 ik ith £ 6 45 9
PCR JiEHEAR 2 ~3°C ., BARABZ ¥ 1 201 bp W H
(3R, H T S A B R 0 51 9 AN TRD A
= A TR LAMP R A BAS (6] AR-34 25 44 1)
DNA FIA [/ AH X 43 o2 5 19 40 S 4B A 1) 22 36 7 )
XARERE MM LR E2ZS R, (6)5
PCR AL, LAMP J 1 7 18 i 7K %5 78 9 1 7] 52 B,
AN BRGNS R LI 5 L R S 3 A AR B AR
fi£,

ARSI A VY JE B i RS Wi R U T — o
B, ZEEA BUR R S PR R A AR S R
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B W R AN A L (AR HE T 0 . % I 1 A T X
TG JE B Y TR AS  RE E  AE A
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