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Development of reverse transcription loop-mediated isothermal amplification
for the detection of Mulberry vein banding-associated virus
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Abstract Mulberry vein banding-associated virus (MVBaV) is one of the main pathogenic viruses infecting mul-
berry in Guangxi. Five sets of specific primers were designed based on MVBaV nucleocapsid protein (N) gene for
reverse transcription loop-mediated isothermal amplification (RT-LAMP) assay, and one feasible set of primers
was selected. The RT-LAMP method was developed for the detection of MVBaV from mulberry. In the RT-
LAMP method, MVBaV genomic RNA could be amplified under isothermal conditions (63C) within 1 h, and
was 10 times more sensitive than RT-PCR. Consistent results of six mulberry samples from the field were obtained
by the RT-LAMP and RT-PCR assay, suggesting the reliability of RT-LAMP in MVBaV detection. The results
were validated by the measurement or observation of the color of the reaction mixture after adding SYBR Green [
without gel electrophoresis or special equipments. This RT-LAMP method enabled sensitive, rapid and specific de-
tection of MVBaV and could be applied for the rapid diagnosis and surveillance of MVBaV in the field.
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(enzyme-linked immunosorbent assay, ELISA) .
PCR AR /N RNA B DL R R4 S 2 1
i A (loop-mediated isothermal amplification, LAMP)
S ELISA Gl 5 22 ) £ i 5 Ak 95 7 10055 »
FLAG IR RAUEART 5 PCR FAR RS/ RNA
TR I P 45 FLA R m A P AR T 2 S
LIRS , B3 & 5. LAMP HoR W o] DUE IR
AT AR PR AT 1Y SN2 RS A Y
R AT LR 3 45 R FLA ARG N P R B e G
T AR I . RT-LAMP A& 7¢ LAMP
G Py S b A B e s3I A () — T RE R AR T 52
PR 5k KR 2 B0 R ) e 2
RNA 57 RT-LAMP © 8 )" 2 1 i F 4 4 95 75
2 T S R I AW S ARl MVBaV
SR A N HE Ry 90, BTt i k% B RT-
LAMP 0 14 22 19 45 5 51 9 . PEAl HRR S5 1 e R
TR S IR AT R ot A D 12 T s DA IB Sy 38 okt i
BEJA S8 T | o000 41 B iy 428 phe SR S5 S ARy i
PSRRI AR

1 HESHE

L1 #F#

FLA Y T SR 00 SR TR AR R B T
IRV R 2o L T A R LN 3 I P 2
MVBaV JREHUAE i S At Bl i FE R AR BP9 R #
Z b B MRS BE £57F Tomato zonate spot virus
(TZSV) 25 B M B i 2R H ™ P55 P A LR T
2T AR 4R BE% 7 Hippeastrum chlorotic ringspot vi-
rus (HCRV){Z 4L /K A R AT PU R ALk, DA
RS20t RT-PCR R I 35 HE , B T —80 C vkAf
TRAF. i N IR ORL S-XCSY-1-7 fiy il i 4
A=y % PR 5 A R ] 5 AR S = A
TRAED

Loopamp it S8 A% A% IR 4™ 4512050 & A% Az IR
PN &0 B RO Y R Ch ED A R AW .
Bst DNA polymerase, Hi 246 i New England Bio-
labs 4 W) 4277 s AMV Wi %% 5l Hl Promega 24 ] 5
RNA F2BOAG0 & W B RARAEARHL (JED A RS
7]3SYBR Green [ (10 000 X) [ F#REFA
YR A R Al s — 223 RT-PCR Kit 1 3 1l 5
VIR BR A

1.2 Hi&
1.2.1 5|4t

HE MVBaV i N 2 [H F51) (KMS19701. D!,
FFH LAMP 72451 Wi% 1t M 7 Primer Explorer V4
(http: // primerexplorer. jp/elamp4. 0. 0/index. html),
Wit 5 A LAMP 514y, [alif 35— X5 514 MVBaV-
N-F Fl MVBaV-N-R 4554748 N 3L H, T MVBaV
RT-PCR A, 25 19 H i v BeR/N Ry 800 bp. FiF A1
IR 1, AU R A Y6
1.2.2 % RNA B3

Z B RARA AR AL ED A BR S AlE RNA $2H
TR U 15 40 ) 4 B A AR DR B 1) S RNA, 43
BT MVBaV 1§ RT-PCR #3551 RT-LAMP £,
1.2.3 MVBaV # RT-PCR #

Z: s MERE A DB A IR A w1 — 287k RT-
PCRAF G UL W] BT84, RWAKR 50. 0 pL,
HIIMA 2 X One Step Mix 25. 0 pl., One Step En-
zyme Mix 2. 5 1L, MVBaV-N-F . MVBaV-N-R 4% 1. 0 L.
(M FE R 10. 0 pmol/L) W BEAR S RNA 1.0 pL, ik
£ 50.0 pl, B A4 :50 C e 5% 30 min; 94°C
AR PE 3 min; 94 CASME 30 5,56 CiR 2k 30 s,72°CHE
155 5,35 PDFEIR; 72 CALEA 7 min, B 1.0 pl
FEPIEAT 1 V0B AR M e T ARG
1.2.4 MVaBV & LAMP % RT-LAMP & i (& %

LAMP Jz W AR £ 8 25. 0 pll: 2 X 1 2% i ik
(RM) 12. 5 pL, B ¥ % (EM) 1. 0 L, FIP, BIP 4%
2.0 pLQHRJEH 20. 0 pmol/L) ,F3.B3 % 0. 5 L
J¥ 4 20. 0 pmol/L) , JFikE DNA B (ks S-XCSY-
1-7, W 10 ng/pl) 1. 0 pl, 2B T/KEME 25,0 pl.
63°C W 60 min,80C 5 min, KM ZEHR 1. 0 ul
FEIREAT 2 Y0 B B F kA . LAMP S 7 A
Z Tk LAMP #3005 |14 .

RT-LAMP Jz W& R 25. 0 pl.: Bst DNA polymer-
ase 1.0 pL, 10 X Bst Buffer 2. 5 plL, MgSO, 1. 5 pL,
Betaine 1. 0 pLL(1. 0 mol/L), AMV 1. 0 uL., RNase
Inhibitor 1.0 L FIP.BIP 4% 2. 0 LG 20. 0 parol /1),
F3.B3 4% 0. 5 pL (¥ JE A 20. 0 pmol/L), dNTPs
3.5 pL.(10 mmol/L), & RNA #ifjit, il RNase Free
H,O % 25.0 pL, 785MRE 2], 63 C R 60 min,80C
K 5 min, MWZEHLECL 0 pl P2HpiE1T 203508
BHEEIE HL UK » [a] i) [a] RT-LAMP 7= #1rhfinA 2. 0 pl
SYBR Green [ (Fik 10 %), HH ML, g6 4
PE A B
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Table 1 Primer sequences used for RT-LAMP and RT-PCR assay of MVBaV
ElE7E GIE/ BN 19751 (5'-3") SIYhE
Primer set Primer Sequence Primer location

MVBaV- F3 AGCAAGAGGGAAAACAATTGG 2 709—2 729

LAMP-T B3 AGATGATCCGGATGGTCGA 2 920—2 902
FIP(Flc+F2) CTTGTGCATTGAGGCTGATGCTAT-GCTTTGAAGCTGGATAGAAGAGAC 2 800—2 777,2 737—2 760
BIP(Ble+B2) AGGTGGGGCATTTAGACCATAAGCA-AGCAAGCAACGAATCCAAAT 2 811—2 835,2 895—2 876

MVBaV- F3 GGATTGCTCTCGCTCAACAT 2 545—2 564

LAMP-] B3 GTCTCTTCTATCCAGCTTCAAAG 2 760—2 738
FIP(Flc+F2) GGCTAAAGTTCTTTCAGCTGCTCAA-CTTAACTGCTTCTTCAAAGAGAGTC 2 637—2 613,2 565—2 589
BIP(Ble+B2) ACACCTGCTCATAAGTGGAGAAGTT-CCAATTGTTTTCCCTCTTGCTTAC 2 645—2 669,2 729—2 706

MVBaV- F3 GAGACTTCTTCTTAGAATTCTCACC 2 426—2 450

LAMP-I[ B3 GTGCAAAGTGGCTAAAGTTCT 2 646—2 626
FIP(Flet+F2) CGCTGAAGAAGTATGATGAGCAAGT-CATCCACAACAAGTGAAGAGCT 2 524—2 500,2 456—2 477
BIP(Blet+B2) GCTGGCAGTTCCTGGATTGCT-TTGACTTTCAGGGAGACTTCAAGA 2 532—2552,2 611—2 588

MVBaV- F3 CGCTCAACATCTTAACTGCTTC 2 555—2 576

LAMP-IV B3 GTCTCTTCTATCCAGCTTCAAAG 2 760—2 738
FIP(Flet+F2) GCAAAGTGGCTAAAGTTCTTTCAGC-CAAAGAGAGTCTTGAAGTCTCCCT 2 644—2 620,2 579—2 602
BIP(Blct+B2) ACACCTGCTCATAAGTGGAGAAGTT-CCAATTGTTTTCCCTCTTGCTTAC 2 645—2 669,2 729—2 706

MVBaV- F3 AGAGACAGAGGTCCTCCAATG 2 755—2 1775

LAMP-V B3 CAATGCCGGGATTGATGATTG 2 976—2 956
FIP(Flet+F2) CCTTTGGTGTCTGCTTATGGTCTA-TAGCATCAGCCTCAATGCACAA 2 846—2 823,2 778—2 799
BIP(Blct+B2) ATTTGGATTCGTTGCTTGCTGC-ACTGAGGCACTCATCAGAGTT 2 876—2 897,2 942—2 922

MVBaV-N-F ATGTCTACCGTCCGTCAGCTG 3 227—3 207

MVBaV-N-R ACTTCTATAGAATTAGAAGTGCTTGG 2 398—2 423

1.2.5 RT-LAMP ¥ 5 fr Z 8% 0 =

FEHL TZSV A HCRV BRYERE 5 A9 5 RNAL ]
AFFETRE RIS RT-LAMP 5 |35 B851. 2. 47/ SO
{RZ T RT-LAMP K500 A5 10 54 S U
St H O 4 WA M) SRIFE&E RNA, K
SURNA #1710 A5 86 B B, L1 10. 0 ng/pl,
1.0 ng/p1..100. 0 pg/pl. 10. 0 pg/pl 1. 0 pg/pl..
100. 0 fg/pl 1 10. 0 fg/pl $t 7 ASBEEE 43 542 1R
“1. 2. 3747 RT-PCR fa il #11. 2. 4747 RT-LAMP
FGE I 388 3 b 2050 R e R AR ) S PP A R R
1.2.6 MVDBaV 5 #k By #

PEHUH [ R A2 MVBaV bk 55 58 R Ak 19 5
RNA, 735142 81, 2. 3747 RT-PCR A&l Fi11. 2. 47
17 RT-LAMP #5:0 .

2 ER5SH

2.1 S|40Fi% R RT-LAMP K R #9i#L

AT BTG 5 k5 |4l (& D, DLy
MVBaV-N 3 [K # 20 i ki SXCSY-1-7 2y #5 #e. 7
63 CHHIEL AT LAMP [ i, LAMP =44 2. 0%
B AR A Fh ARSI L 45 SR R L 5 V AL B I AL
o774 A L BTE (4 LAMP S5z BBtk 2 T 1

~ N L5120 B R 7= P B T — L6 58 U Al DNA
2507 A AT DL BB AR 25 (&1 1D R85
VA5 AT T —H 1 RT-LAMP £,

S LAY MVBaV (1) F 0 K fdt i S (334
i RT-PCR J5¥ERADO A RNA it . A FHES V4
14, 63 CHaE i 25 F T #4T RT-LAMP J )i 1 h,
80 CALHH 5 min & [k, [n] RT-LAMP J i iig H
JIMA SYBR Green [, FHPERE AR BUER L  BIERE &
R 2),

500 bp

M: Gene Ruler 1 kb plus Ladder; 1~5: 141 [ ~V 5|44
M: Gene Ruler 1 kb plus Ladder; 1-5: Primer sets in table 1

1 7A[E LAMP 5| #48Y 1E 45 REy ik o 4
Fig. 1 Electrophoresis analysis of amplified products

using different primer sets
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M VBaV i Z2; 2: fat R s
: Mulberry infected by MVBaV; 2: Healthy mulberry

2 MVBaV #J—#3% RT-LAMP ®[ {1 {L 44
Fig. 2 One-step RT-LAMP assay of MVBaV by addition of

SYBR Green I stain for visual inspection

2.2 RT-LAMP #&iUFA £ SR

LA MVBaV FHYERE i A XT B, X TZSV , HCRV
FHE R 8 2517 RT-LAMP #, g5 R BR, R
MVBaV FHPERE A, R 2k, TZSV 5 HCRV BHPERE &
St (& 3), RT-LAMP (Al 44 H Ax MVBaV, A
RERS M 4 TZSV Fi1 HCRV, 28] MVBaV (1) RT-
LAMP 5| ) 5A B8R )R 5k

1 2 3

1: MV BaV i &0 (BT HR); 20 G TZS VIR 3: JEHLHCRV ik A
1: MVBaV-infected mulberry as a positive control; 2: TZSV-infected tobacco; 3: HCRV-
infected Hymenocallis littoralis

3 MVBaV #J—# % RT-LAMP #2440
Fig. 3 Specificity of one-step RT-LAMP for the
detection of MVBaV

2.3 RT-LAMP 85 AN REE
FEHL MVBaV 5L (1 S0 20 21 5 RNA, i ]

i A e T L %EF FEHe IR 10 4% Ho 451177 %

i 7 ASBREE, 4y W4T RT-LAMP #:i #1 RT-
PCR £l , m%ﬁim,ﬁ;ﬁﬁ RT-LAMP J7 i # i,
MR LN 100 fg B, SN S 2 0 (BHPE SO
FL VK ) 2540 355 I 71T O, (] 4a~b) 5 ffi i RT-PCR J5
PR, SR 126 1 B W R M PR VK RS RT-PCR
PIGY) HEAR & 1 pg I 4RGSR s 2
MRk 100 fg B, ELJGHA I A AT IR 2671 (& 4o)
RT-LAMP #5377 ¥ b RT-PCR ¥ 75 5 1) 52 3
5 10 £,

500 bp

800 bp

a: RT-LAMPJz M.4¥; b: HLYKAMIRT-LAMPF=4); c: kA RT-PCR =
#J. M: Gene Ruler 1 kb plus Ladder; 1: 10 ng; 2: 1 ng; 3: 100 pg; 4: 10 pg;
5: 1 pg; 6: 100 fg; 7: 10 fg; 8: RS HR

a: Reaction tubes of RT-LAMP; b: Electrophoresis of RT-LAMP products; c:
Electrophoresis of RT-PCR products. M: Gene Ruler 1 kb plus Ladder; 1: 10 ng;
2: 1 ng; 3: 100 pg; 4: 10 pg; 5: 1 pg; 6: 100 fg; 7: 10 fg; 8: Negative control

E 4 MVBaV —#3i% RT-LAMP &Il 5 RT-PCR il
REEWRN
Fig. 4 Detection sensitivity of MVBaV by one-step
RT-LAMP and RT-PCR

800 bp

M: Gene Ruler 1 kb plus Ladder; N: %} H8; P: RHH:XT R 1~6: Fx i Rdh
FIFFIAE i

M: Gene Ruler 1 kb plus Ladder; N: Negative control; P: Positive control; 1-6:
Six mulberry samples from the field

E 5 6 RRHEmA MVBaV RT-LAMP #67 (a) F1
RT-PCR #ifll (b)
Fig. 5 MVBaV detection in six mulberry samples by
one-step RT-LAMP (a) and RT-PCR (b)
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HEFTISTE 25 B R 1.3.5.6 SR T 1t &
800 bp MHESEE 2T (B 5b), 2.4 SRR TE AT I 4%
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