W B 224 Chinese Journal of Applied Entomology 2013,50(4) ;1013 —1019. DOI.10.7679/j. issn. 2095 - 1353.2013. 140

AT &

m ] 18 $ K (LAMP ) 3R 58 e 1 2

ﬁ*ﬁﬁ!%ﬁﬂkﬁaﬁ‘]ﬁﬁﬁ

EXH% wEx BRA

1

B BB O OB AXRT

(AR P ERE R R ERITT 5 661101)

=

R B L MK EE (Bombyx mori nucleopoyhedrosis virus, BmNPV ) {2t K & Bombyx mori 5| ) 5K

TR Z ARG (LR ) 7 37 fie A7 v R AR B ol A 7 s B R B 22 B A0 R o AR S T PR

HEA R R A

SR P B H R (loop-mediated isothermal amplification, LAMP) F F 3 # l BmNPV |, Jy 72V A= 7= 42

LT — A RGN BmNPV I 4T '?'jﬁ%%ﬁ%&?ﬁb %7 B R BmNPV [ pe38 BRI Y 6 A~ X B st ity 6 4551

Wy TG AG I, A I A IR S 63°C T

T 25 min, 75 77 R UKk AT AL A I (] SYBR Green 1 %t

). RN, LAMP Kl Jy 1 i REUE = %"ﬂ PCR 77 1% 19 100 4% , BEAS I 49 i Bl O 21 495 01, 5341, )1 4. 86

x 10* OBs/mL J& 4L 4
h J5 BIFE & S

i 3B A, 4 AL b B DNA S 845, PCR 7R /8% 36 h J5 A6 i 5 DNA, LAMP 3 BEAG I &2 12

XER FEEMZAURE, BN FFRY KB, YIS, &L

Prompt diagnosis of the Bombyx mori nucleopolyhedrosis

virus by loop-mediated isothermal amplification

TANG Fen-Fen YANG Wei-Ke

YANG Hai

SHAO Yu-Lan

XIE Dao-Yan LIAO Peng-Fei

BAI Xing-Rong ™

(Institute of Sericulture and Apiculture, Yunnan Academy of Agricultural Sciences, Mengzi 661101, China)

Abstract Bombyx mori nucleopolyhedrosis virus ( BmNPV) is a disease of silkworms that causes significant economic

losses in sericulture. In this study, a robust and simple loop-mediated isothermal amplification ( LAMP) assay for rapid

detection of BmNPV was developed; the first suitable for potential diagnosis and for helping to monitor BmNPV infections

in sericulture. A set of six specific primers were designed to recognize the six distinct genomic sequences of pe38 from

BmNPV. The entire assay duration was 25 min under isothermal conditions at 63°C . The amplified products were analyzed

by electrophoresis and visual judgment following SYBR Green I dyeing. The results show that the LAMP assay is 100-fold

more sensitive than the routine PCR assay, with a detection limit of 21 copies per reaction. The amount of viral DNA in

haemolymph sampled from larvae at different times after infection was also invested by PCR and LAMP.
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i A 2 B fF PrimerExplorer V4 (Chup:// WI(F3), Keqa Sh0 5145 (B3 ), 1E ] I 51 4
primerexplorer. jp/e/) it . B NCBI E (& 3 (FIP) ,Abhmy il 51 4 ( BIP) L K 5 25 4R 51 9
7O :NC_001962. 1) R F & M Z Mk i (LF,LB) . S1H /P50 KA B E 1 M2 1 Bk,
I pe38 J7 31, Bt 1y — R 5 51 W) 4L 45 1E 1) S 5 [ IF, ] F3 F B3 12 PCR 9744514

1 ATGOCAAGGG ACACCAACAN TOGOOGOOGC CACCGGTCLA (GOCATATGY .\(‘[.;K*'[—\(U CTIGAAGATC TCCACAGACA GTTGGAAGAC

F3 ¥2
TACGGTTOOC TGTGGTTGIT AGOGGOGGG GTGGCCAGAT GOGGTATACT TGCAGGATGC GAACTICTAG AGGIGTCTGT CAACCTICTG

a1 GUTTIGGAGA GGOGCTATCA AATGOGTAGA AGGCAGOGTC AAACCGGCT (COGCACCATA CAATAAAC AGCAGOGAAT GATGGOGGAA

(GAACCTCT COGOGATAGT TTACGCATCT TOOGTOGCAG TTTTGGOCGA GGOGTGGTAT GTTIATTTIG TOGTCGCTTA CTACCGCCTT
Flc

181 TTAAAGAAAG AGCOGGTAAT| TAATTTTAAA TTTGAGTGCA GTGTGTGTTT CGAAACATAT TCTCAACAAT (TAACGATAC TTGTCCTTTI
AATTTTCTTTC TOGGCCATTA ATPAAAATTT AAACTCACGT CACACACAAA GCTTTGTATA AGAGTTGTTA GATTGCTATG AAMCAGGAAAL
PshBI

271 TTGATTCOGA (TACGTOGA CCACGGTTIT TGITTCAAMT GOGTCATOGA TCTGCAAAGC AACGOGATGA ATATTCCACA TTCANTTGTG
Blc
AACTAAGGCT GATGCAGCT GGTGOCAAAL ACAAGTTIA (GCAGTAGCT AGACGTTTCG TTGOGCTACT TATAAGGTGT .&-\Gl'[«u.(ﬁ

361 TGCTGTCCAT TGTGCAATAC CCAGGTAAAA ATGTGGOGTT CTTTAAAACC TAACGCTGTT GTGACGTGTA AGTTTTACAA GAAAACTCAA

ACGACAGGTA ACACGITATG GGTCCATTTT TACACUGCAL GAATTTIGG ATTGOGACAA (‘_-\('H%L‘_-\(.'_-\T TCAAAATGTT CTTTTGAGIT
B2 B3

B 1 F-F LAMP 5|4igit B8R E pe3s B 7 K& 5 5!

Fig.1 The nucleic acid sequences of pe38 used for primer design
B HITHERR

The positions are marked by box.

&®1 LAMP 5 PCR K354
Table 1  Primer sets of LAMP and PCR

EIEZERN SIYFA(S=3")
Name of primers Sequences
IE AN G
Forward outer primer, F3 CTACGCTTGAAGATCTCCAC
B s 51
Backward outer primers, B3 GTCACAACAGCGTTAGGT

1E ) A | 4
Forward inner primers,FIP(Flc + F2)
S ) A | 4
Backward inner primers,BIP(Blc + B2)

TCCGCCATCATTCGCTGCGACAGTTGGAAGACGCTT

TTGATTCCGACTACGTGCGACGCACAATGGACAGCACAC

NALEZRINFIE
TTGACGCTGCCTTCTACG
Loop primer (LF)
K ARG
AATGCGTCATCGATCTGC

Loop primer (LB)
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LAMP 78 ( Je B 2640 63°C, 1 ho) T 3508 it o5 i
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B Ry B M 45 B (Parid et al. ,2006; Ren et al. ,
2010;Xie et al. ,2010) o Jz v r=¥ vf 8 i N 1) il
PshB 1 [ U1 7 77 9 )5 51 2 75 I8, PshB 1 1)
frsdn 1 En, MY LAMP 97, LS wl,
2.5% (w/v) BB dEAT R

1.8 LAMP x5 &4k

LI BmNPV [y DNA A A, X LAMP Jz [ 5%
PEFEAT AL o TEAS W] B2 6 B2 (61 .63 .65 .67°C ),
& ) 3 U, AR e A [) S B (8] (30,45 .60
75 min) , 7E a0 R R RO, O 3 R A R
NEFE] . LAJE LAMP Jzny ¥ AR AL & 1 617 o

1.9 LAMP } PCR R XK
LA F3,B3 51 91 9 5 1 7 4 v e ) pMD ©

18-T, ¥4 8 i) 5 20 J5i K pMD® 18-pe38, Jf il J %
L NE R bR HERE S SR, LLO10 5 B R B
(107',107%,10 77,10 7*,107°,10 °, 10 *7) 4E R #i
Mz, T LAMP 5 PCR R M, Xt T PCR Jz
L, S 25 A2 94°C T min 30 M E AL 4E 94°C 30
$.53C 15 s \72C30 s, G F N 72C 10 s,
LAMP F1 PCR [z . (7 ) I 2. 5% (w/v ) B fig A
HEAT R I . [ B, 78 LAMP 2 A5 P U i e k)
SYBR Green T FH P AR X %% 23 €71 28 £6 ) 5 25 2

2 BRSO

2.1 LAMP = Hl5EE

FE 63°CF J R 1 h J , 2547 Bl i W 58 JC P K
R, &5 R AP 2 (A) B, B AR 573 Al WK/ A
— B RRIR 26T, BT IR U B2 AT 4%l B, TR]
il U1 7 1 /I v Be 5 1 230 bp Al 326 bp A W)
o M, B E S B =W o3 A, i A B A
DIV NG kL SYBR Green 1, WL %% Bl (525 4k, , i 22 FH
PEYHE P 2(B) fros .

B

B2 FAEK(A)MAHRE(B)ET LAMP =4
Fig.2 LAMP products detected by electrophoresis analysis (A) and by visual observation (B)
M: DNA 53 FArifl; 1. f Pk kil DL BmNPV fili$2 19 DNA g BiAy 34 i LAMP =47 2. M4 B 3. JH A YIiG
PshB 1 fiU1 45 LAMP =45 45 1. @04 SYBR Green IRl RLIEAGIN B 2 5 4 5 2. BIMERN.
M. DL2000 molecular marker; lane 1. electrophoretic analysis of LAMP products using DNAs exacted from BmNPV; lane

2: negative control reaction; lane 3 : LAMP products digestion with PshBI; tube 1: positive reaction visualized by adding

SYBR Green 1; tube 2 negative reaction.

2.2 LAMP R &EH®HWK
TEAN [A) I B BB (61,63 .65 .67°C) T, 47
LAMP Jz i 1 h, g5 R 61 .63 65°C ¥ A MH B 48

f,67°C T 45 R0 g 22 — s, MRS, e L
63 °C 0 fie {5 N iR, 25 min Ay e A SO0 N 18]

2.3 LAMP 5 PCR 5= REE LI
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K3 2 LA bR i BORL 10 1586 B2 i B M BEARE . PRI P b o BORE AR RS AR , LAMP S ARG AG ) 7K -
1 LAMP FI PCR Jz 7 () 7= Py e g i 9k 11 o 11 3 o N T fg(MHTF 21 A~$01) . PCR §7 3§77 4 DNA
LAMP 5749 I 35 JI 8 058 JB¢ L DK A I iy &5 SR A mT 9 2R ORIy 370 bp, s Uk 45 2R 7% PCR AEAS NI
PRGN 25 SR — B, BRI B AR BORL 10 R RE 10 R BRI, B R 0.7 pgo

LAMP-A

I BN BN BN BN AR
B wwe=-_______
250
3 LAMP 5 PCR H# R EK N
Fig.3 Sensitivity of LAMP and PCR assay
M:DNA G5 FA5ife ;1 ~ 7 bR R JEE 10 ARG BE (101,102,107 ,10 74,10 77,10 7° 10 7 ) ;8 : B ¢ 3 B s LAMP-
A To W BB R PRSI LAMP 224 38 19 10 A5 B0 B2 70 ¢ B AR AL s LAMP-B . ] 5 B30 SYBR Green T 3}
Y LAMP 2 49 R U PCR - SIS WE BEAC At VR I PCR 47 38 B9 10 A5 B8 JBE 70 B A AR VE AR ot
M :DL2000 molecular marker; lanes 1-7 ; diluted pMD18-T-(10",107°%,107%,107*,1077,10°°,10 77 ) ; lane 8 :
negative control; LAMP-A : agarose gel electrophoresis demonstrating the sensitivity of the LAMP assay using 10-fold
serial dilutions of pMD18-T-BT17; LAMP-B . colorimetric analysis using SYBR Green | demonstrating the sensitivity of
the LAMP assay; PCR: agarose gel electrophoresis demonstrating the sensitivity of the PCR assay using 10-fold serial
dilutions of pMD18-T-BT17.

2.4 EFHELKN PCR ¥4, Z5 R & 4 s, ol W, LAMP /) R

JH4.86 x10° OBs/mL ¥ J¥ i) BmNPV £ i {& JE I PCR 4 & LR &5, PCR 7E 355 36 h J5 w46
G IR R AT 4 IS4l H, AR 12 h BORE— Wk, T LT LAMP RS I0 £ 385 12 h 5 R & o
HA% Hsf ] ) 3k H ot 98k 2 e B2 1 DA D 85 Al 30 £ 7

bp
500 PCR
250
LAMP

4 BUREH 4.86 x10° OBs/mL ) BmNPV Z AR EERE 4 B4 HMKE L LAMP #1 PCR ¥ 184 8
Fig.4 LAMP and PCR amplifications with hemolymph from silkworm 4th instar larvae infected with
BmNPV at 4.86 x10° OBs/mL
M:DNA 53 FArifl s 1 BIME XS B8 52 ~ 8. 4585 /5 12.24 .36 .48 .60 .72 .84 h, HUIfil itk il $2 19 DNA Sy bR
M :DL2000 molecular marke; lane 1:negative control; lanes 2-8 : hemolymph were sampled DNA at the following
different time after the larvae infected ; 12,24 ,36,48,60,72,84 h.



-1018 -

W B B 223 Chinese Journal of Applied Entomology 50 &

3 i

% 2 (14 100 Y Y T s, J2: 1 9 J /R ——BmNPV
Jr R ) — i A% ek A g, B AL G R, K 2
R L PG T A RO R R PR, M R K
PRI DR R BOAT A4 1 i it AT R B 4 R O
2o LAMP 15y — g (0 8 B 7 39 B3R B T
Ji ) PR A 0 £ T AR B9 A 58 (Thau et al.
2004 ; 2R JE#$ 45,2008 ; Nimitphak et al. ,2010 ; Wang
et al. ,2011;Liu et al. ,2012) , AR T LAMP
e A I BmNPV 9 48 #4 e HC W T #Y Al BE 1
TEABESE A, PCR K2 I 55 2 h A2 47, T LAMP &
AEN T b AT ] P B 5 Y, LAMP 3
FR 7 T L3 S S Gk T PR IR A S R PR s
ARIUES R, 3K — A5 HAE A 77 v i i T 4Rt 1 AT
REPE : 73 81, LAMP J7 ik 1 8, 25 3R 5 T4 &, BT M
FIHY AL AR LEA PCR X B 5y 84 , SE R BL T &
S A o [RI I, 0 5 4 G 2 A2 M R 32 )5, LIS
LET e 0 A B A N S B A2 2N = A | 3 A ]
ABIESE LA G i H il bk B B2 HCAY DNA S AR, 1
PCR J7 i REAG I 2 42 7 36 h J5 A AE A, LAMP fiE
KB HeRE 12 h J5 ARG, DLW LAMP J7 2 19 R
BEORE AR R, T AN T T 58 v 1 A2 8, Ay R
e S W10 e A D A% G U ( BmNPV) |, KRR
FBCRE >4 117 4 W7 1) 15O, 92 S 2% 1) B K, R ol AR
PR TR

R S B DAL A 9 28 X T RO B ) LAMP
B AR SR e B 2 BT LR $E pe38 L
JEEN W 7 T S 5 T, pe38 Kk A J& T 7 A A
AW B, JF 2 5 0 28 5L R 1y R0k 5 AR
DT, pe38 Jk IR AT R o 25 A 5. 9] 5 [4] ( Krappa
and Knebel-Morsdorf, 1991 ; Carstens et al. ,2002;
Milks et al. ,2003) ;55 — J5 M, pe38 F& A H 7F /b4
JUFP S 5 B Hh AE7E (72 NCBI th 22 48 5] 16 Fh |
B S A R ) |, HLAE R RO 2 PO 8 A
PER 5 (W NCBI A9 BLAST HEXF) o 53X A4
FUE pe38 AT RE MM AR UF MO FE B A d ik =z o th T
LAMP 3508 , ixX il 5 52 295 G i ™ A= fi BH
PSR SRR e R A . EAR SRR T
DNA fl1$2 , LAMP J Ji ¥ Bic # , LAMP 7 ) £ i) )
SE AR S; X HEAT Ab 3k A 5 B P TR LA
RN Va7 DRCE I

LAMP fij 50 PRl | R 805 e 100 5 2 9l 58 0

UESE . ARSLE S 1) LAMP £ Il BmNPV (H0R
FEF A T A2 W 36 7 e 1
Ak 75 AT I £ R I
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