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Abstract: Soybean mosaic virus(SMV )is a widely distributed and highly destructive plant virus worldwide. Infection by SMV
usually results in severe yield losses and seed quality reduction. SMV infected disease has caused a huge economic losses in
many countries. There fore ,reverse-transcription loop-mediated isothermal amplification( RT-LAMP) ,a method to achieve rap-
id , sensitive and accurate detection of SMV in soybean leaves and seeds was established. Using SMV coat protein gene se-
quences from GenBank database,the RT-LAMP primers sets were designed and the best primers set was selected. Then they
were used for the optimization of the RT-LAMP parameters. The sensitivity of the RT-LAMP was 10-100 times higher than the
conventional RT-PCR. When crude RNA was integrated in this assay,the developed one-step RT-LAMP could rapidly and sen-
sitively detect SMV in soybean leaves. The reaction product could be directly visualized in tube by adding the fluorescent dye
SYBR I. The developed RT-LAMP could also successfully detect SMV in soybean seeds. This is the first report of the applica-
tion of the RT-LAMP assay to detect SMV in soybean leaves and seeds. The rapid,sensitive and specific RT-LAMP assay de-

veloped in this study can be applied widely in laboratories and the field detection of SMV.
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1.1 RIe#r#t

RGACH 5 75 th A S2 50 % 8 1138-2 KRG 5 b
LYTEARATE H R SELER Y SMV (R G0 R i il
ARSI % RAETFORAE , #5 SMV 1R G+ h g o
Pl KA KGR T ik, (B AL i 5 ( Tobacco
mosaic virus , TMV ) } 3% JKAE M B ( Cucumber mosa-
ic virus,CMV) I AR SLIG P B4 7%, RT-LAMP 5|4
H IR LR MR ARG . Bst DNA A i
El New England Biolabs /A &), AMV i %% 5% i W H
Promega /\ 7] , RNA #2 BRI & B TianGen Bio-
tech /2 A), SYBR Green I ) H Life Technologies 2
H],MgSO, g H TOYOBO 7 &), & 35 ( Betaine ) 14

FI Sigma 2], dNTPs iy [ [ g4 TAEW) 20 A, HAl
12 g [ 7 o B 4

1.2 R H*

1.2.1 314p%it MR GenBank FTEBFH KT
FEMHRFE 19 b7 2 R R 97 ( GenBank J¥ 418 53¢
5 :HM590055. 1) >R 4] BLAST £ J3 # 17 [A) J5 ¥4 Lo
BAEFF I RAY IX A HF Primer Explorer V4 (ht-
tp ://primerexplorer , jp/elamp4. 0. 0/index. html) , %
4 51, g 4 ZEI(ER D),

1.2.2 % RNA I MR #E TianGen 227 RNA #h
S a5 A9 O 0k 2 Tl 6 At B S g R S AT
&L RNA B Hl 2, IF K42 Ry 5 RNA 7338, /A7 T
=T70°CUkAE , R o

&1 RT-LAMP X EHEMHEHSI¥A

Table 1 RT-LAMP primer sets for SMV detection
ElE7E:| 514 gl
Primer sets Primer Sequence
I 1 F3-1 GCCATTAGCATCTGGAGAT
Primer set B3-I CTTGCTTGAGTACAAACCTAA
FIP-I ACGATGAGCAGATGGGTGTGTACCATTGTCAATGCACCATA
BIP-I TCTTTAACTGCATTGTACCACGCGGTTGATTTATTCAACACTCGA
EEYERI! F3-11 AGATGTAAATGTTGGATC
Primer set 11 B3-II TCATCATCAAGCTCATATT
FIP-II ATCTTCCCTTCAACCATTGGAAGAAGGTGGTTCCGCGTTTGCAGAAG
BIP-II CCTAATCAGGTTGATTTATTCAAATCTTTAACTGCATTGTACCACGC
5144 111 F3-111 TTGGATCAAAAGGAAAGGTG
Primer set 111 B3-1II TCATCATCAAGCTCATATTCATC
FIP-II1 ATRATCTTCCCTTCAACCATTGGAAGGCGTTTGCAGAAGATTACAAG
BIP-III TTGCTTGAGTATAAGCCTAATCAGGAACTGCATTGTACCAYGC
G141V F3-1V GCAGCAGAAGCTTACATTGA
Primer set IV B3-1V TTCCCATCAAGTCCAAACA
FIP-IV GCTCTCTATCTCTCAAATTCCTCAGGATGAGAAATTCTGAAAGTCCG
BIP-IV ATGAGGTTACTTCCAAAACACCAATTGTTGTTAACTCCCGAAAG

1.2.3 B E &AL Mg BTk EEIUAb 3% S 1A
FZMRUIIN 25 mmol - L' [y MgSO, - ffi H: 2 4k JiF
WM 2,3,4,5,6 57 mmol-L~"; & 32 Blik B Ak 4
FL R BRI S mol - L' A FHZERR - 20 BEAR IR
$70.4,0.6,0.8,1.0,1.2 5 1.4 mol-L";dNTP ¥
FESEAT Ak, e S E R ZAK YCER A 10 mmol - L
dNTP . &3k FEk Y 0.4,0.6,0.8,1.0,1.2 5 1.4
mmol - L ™" s Bt J5 , XN 4h5 4 (FIP + BIP. F3 + B3) ¥
BE HeHEAT Ak, F2 SR AR Z AR R A R T e 5 1
(FIP 5 BIP) . &4k #4354 0.4,0.6,0.8,1.0,1.2
5 1.4 wmol - L' Bt 4M514 (F3 5 B3) #4/ 0.2
pL, R 0.2 pumol - L1 SZIG v, B 46) A 4%
JInfe AR ) it £ B RNA, BHAE XT BE A7 47 SMV-
CP (ks , A Ak 0 SO0 45 i in$ B A 47 SMV K &L
FE A AG B RNA

1.2.4 Z#HEFHFFHEN RHABH RI-

LAMP #1 RT-PCR J7 35 #EAT 9™ 5 R AU LB S 5
AR BT (9 SMV RNA Bt 24T 10 B0 B, 15
#1100 ~0.001 ng i BT TE RNA Kl , R 5141
11, Xt AN ) e B2 A A AR i A7 RT-LAMP OBz, B2 L
UG L RE TR 1% B9 BIR B B b vk [l
SR XN A RNA A, B3-11 O e % 51 9y, Z
AMV S e 55 B W AT B %6 il cDNA 55—
PLRT & 1 cDNA SH#AL, L F3-1T 5 B3-11 S 5]
Yyt 47 PCR 4" 1, i ]I % M RT-PCR 2 I 1A
UM B2 WL PR AR TR 1% BOBRIE BRI
S ER/ @8

RT-LAMP 45 S MG 0 i, 459 S A 08 2 26 -
7 TMV  BUTAEM 3 CMV R TZAEMHREE SMV [
T 20 E 4T . RNA B33, 4 3 RNA 4351
BT WL AR RS, SRS | 02 1L, AT S S R A 4G
0, U E 1275 0 AT LURS S A 1) SMV



424

K g #

L
&

334

F2 RT-LAMP fRiLIERE R
Table 2 RT-LAMP optimized reaction system

4y (&4 ) Component

BAMERL (4510 pL ZREHER) Adding volume/ L.

K B 4li7K
10 x ThermoPol Z& #{1# ( New England Biolabs)

25 mmol-L =" MgS0, (5 mmol-L~") (TAKARA)
10 mmol L ™" dNTP’ s (0. 8 mmol-L ") (TAKARA)
20 pmol -1.=! FIP(0.8 pmol-L.~") (Invitrogen)
20 wmol - L~ BIP(0.8 wmol-L~") (Invitrogen)

10 wmol +L =" F3(0.2 pmol-L ") (Invitrogen)

10 pmol +I.7! B3(0.2 wmol-L~") (Invitrogen)

5 mol - L ™' H3%#8 (0. 8 mol-L~") (Sigma)

8 U-pL™ Bst DNA 245 (0.32 U-wl. ™) (New England Biolabs)
10 U-pL!t AMV 30i%% 3585 (0. 05 U-pL~") (Promega)
RNA 20

1.95
1.00
2.00
0.80
0.40
0.40
0.20
0.20
1.60
0.40
0.05
1.00

S rp, B S RS i R AR B T B Y
RNA, FHPE X R 7t A SMV-CP Tk .
1.2.5 —3 % RT-LAMP #n X & vt 5 k9
EE XTE A SMV K G EAT RNA A48
WL, F74 2 L 100 mg M, A 400 L 0.5 mol - L~
NaOH , fJe s if 5 | I B0 fi PO B 10 wL B3E T
490 wL ) 100 mmol - L' Tris-C1( pHS. 0) I ¥ ], 1R
SR o 538 2 BLdl RT-LAMP J2 07 i« DAL SO g
AFL10 WL A ] AR R 3 DL A 5 A0 5N & i AAH
Jug ) gt AR 3R R 1 S N A v A A R AR BT S RNA
FEESTW . W ECU ) RT-LAMP S T 65°C 1)
JNE i FE TR AT RO, IO s [E] 2 60 min, 80°C #E4 T
5 min G5 N, ZJEAE 1% W NEMHEE IS I FL ik
1.2.6 RT-LAMP #n) & 8] £ 56 & 45 R 6 7T AL
w RS — 25 RT-LAMP A5 vk X AS [A] SR 48
Hi A FH B SEALLHT SMV AR S b4 A, RR43550 %
FESUETT RNA B BEEC, A Z RT-LAMP J2 [ i)
F1,65°C [z if 60 min,85°C #£47 5 min L&} Jw b, &
XN = AT G F AT B2 wL TG R T
2% TBE 3y i %E B v B vk, R B 1) PCR 45 Hohim A
SYBR Green I1(1:1000) " |1 ~5 min J5 W45 M
it SYBR Green I 1 i (0 5 B, BHAE Y $4 7= ¥y 2 ok
A RE e, B S Iy 38 7 I R G R A £
1.2.7 RT-LAMP #ml X 2.4FF 44 SMV K405
JAgE A 43301 K AR 4l KR 0 1 h, K #R 4liK
A FH A BESURR F 24 150 WL, 2 9 3 49 ) o
FHAE LA RNA J AR & 1T RNA B4,
SRJE T RT-LAMP (ke I, 6 i 15 09 7= 1) 43 ) 7E
1% B i Ee e L oE4 T H ok Rl

HRE5M

2.1 RT-LAMP &l SMV 35| 448 B 1 i
R IR BE R TR X SMV 1 4 2 RT-LAMP 5|
Prxpb, B M2 10 m] LA 14 B S Y LAMP

2

RT-LAMP e P4 (1), Hifth 3 HESTCiE Y
Sk, 8 M BB A5 A3 42, TR I ik E
Y 11N e S5 T 5 14

1 2 3 4 5 6 7

8 9 100 11 12 M

1~3: 51441 ;4 ~6. 5194 11;7 ~ 9. 3941 11;10 ~ 12 5]
B4 1V ; Hodh . M Sl DL2000 Plus Marker, 1.4 .7 (10 Sy B4 i 1R
(EREARTZM T #2HU RNA) ,2.5 .8 (11 Sy SMV CP J Bty e
PEBUR XS IR ,3.6.9 .12 4 SMV K2R 143 B S HUR AL RNA,
1-3 : Primer set 1;4-6; Primer set 11;7-9; The primer set I11;10-12;
The primer set IV; M is DL2000 Plus Marker,1,4,7,10: Negative
control (RNA from healthy soybean leaves) ;2,5,8,11 ; Plasmid posi-
tive control ,3,6,9,12 ; Positive RNA controls.
B 1 SMV RT-LAMP 3|4 4H i) i i
Fig.1 Screening for the SMV RT-LAMP primer set
2.2 RT-LAMP Jz [ & 404
XF RT-LAMP S 25 A #5477 — R A8k,
W 2 fi7s  BEBS FAE 5 ~ 7 mmol - L™ Y BERF, A"
PR SAT , H Mg B AW EEAE 5 mmol - L7 B, 5%
A B T 5 I 2 T S v J3E A 1, riL Pk 2Rl S 2
R BT , J RS ASRY , S8 AE 0. 8 mol - L7y
FRE G R s A ANTP # 2 A 36 n , H bk 2% SE i
W I, SR TH AR, TSGR I AN SR AR T M, TR
VREEH 0.8 mmol « ™" i, H Uk £ f5c 175 T 5 7E 4151
e BE— 52 W, B A5 | ) e 88 8 T 1, P DK 2%
WSS, NS N 0.8 pmol - L™ i, LAMP
SRR U
X S R A AR e BE AT HLBUR AR HH A S8
VeSS B B R <5 mmol -L™" MgS0, ,0. 8 mmol -L ™"
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M:DI2000 Plus Marker; 1 : 14X B (R it 42 iy RNA) ;8BRS IR (il SMV CP 5 Be i Bk ) o (A) Mg B85 F ik B2 1R
fh,2 ~7 WRFERIR N 2,3,4,5,6 5 7 mmol-L~" Mg”* 5 (B) BB BEALAL, 2 ~ 7 KUK 9 0.4,0.6,0.8,1.0,1.2,1.4
mol - L~ FHZEH; (C) ANTP e Ak ,2 ~ 7 . A K Y J9 0.4,0.6,0.8,1.0,1.2,1.4 mmol -L~"dNTP; (D) AN ¥k J¥E LA AL,
2~7:NEIAHSE0.4,0.6,0.8,1.0,1.2 5 1.4 pmol-L~"  SM5Hy e BE AT 0.2 pmol - L™", YA B M BE HEARIR Sy 201,301 421
5:1.6:1 57:1,

M:DL2000 Plus Marker; 1 : Negative control ( RNA from healthy soybean leaves) ;8 : Positive control ( plasmid). ( A) Optimization of Mg>*

concentration. 2-7 : Mg? * final concentration of 2,3,4,5,6 and 7 mmol-L ™' ; ( B) Optimization of the betaine concentration. 2-7 ; Betaine final
concentrations were 0.4,0.6,0.8,1.0,1.2 and 1.4 mol-L~"; (C) Optimization of dNTP concentrations. 2-7 dNTP final concentration were
0.4,0.6,0.8,1.0,1.2 and 1.4 mmol-L~'; (D) Inside and outside the primer concentration ratio optimization. 2-7 ; The inner primer con-
centration were 0.4,0.6,0.8,1.0,1.2 and 1.4 wmol+L ", the concentration of outer primers 0.2 pwmol -1 7", the ratio of the outer and inner
primers are as follows:2:1,3:1,4:1,5:1,6:1 and 7:1.
E 2 RT-LAMP R S# AWK
Fig.2 Optimization of RT-LAMP reaction parameters
2 3 4 s 6 7

(A)RT-LAMP Kl SMV ) 2,2 ~7 Hy ] 100 ~0.001 ng 52 10 7" £536 3l 4 BH 1 RNA B4R, 1 - B4 %ok L 8 . B 0ot B (B)
RT-PCR K SMV 1) R 2 ~7 H9 ML 100 ~ 0. 001 ng 5 10~ F556 1Y B RNA 9 REHR 1Y RT-PCR 255, 1 B XT i (C) RT-
LAMP Kl SMV (R 524400 %E , M 29 DL2000 Plus Marker, 1 BA¥EXS S, 2 .47 TMV B4 ,3 270 CMV B A 42707 SMV RS

(A)RT-LAMP detection. 2-7 ; For the positive RNA template descending from 100 to 0. 001 ng was 10 =", 1 ; Negative control ,8 ; Positive
plasmid control; (B) RT-PCR detection. 2-7 ; For the positive RNA template descending from 100 to 0. 001 ng was 10 ="' for RT-PCR results,
1:Negative control; (C) The detection of specific RT-LAMP. M is a DL.2000 Plus Marker, 1 ; Negative control,2 ; Samples with TMV 3 ; Sam-
ples with CMV ,4 samples with SMV.

E 3 RT-LAMP 5 RT-PCR #&il] SMV KR8 B b3 & RT-LAMP &l SMV B4 244 E

E.3 Comparison of the sensitivity of RT-LAMP with RT-PCR and specificity of RT-LAMP in the detection of SMV
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dNTP,0. 8 mol - L™ "6 5 2: 1 A5G4 (FIP +
BIP) :(F3 +B3) L (K2),
2.3 RT-LAMP &l SMV p) R g E s 24
%} RT-LAMP £ RT-PCR By REUE AT T A,
#5218 TianGen 23wl 5 & HR IO i K G AERE I BB
RNA | 52 ¥ B )5, % RNA %% B b 100 ~ 0. 001
“ Bl EAT RT-LAMP K RT-PCR A&, M &
SA LU, 2 ~ 5 FLERY 3G 1V by H B AL (Y RT-
LAMP Z%4f , % B RT-LAMP [ ) 22 S Az £ 0. 1
ng [1Y) RNA Az &, MM XF T RT-PCR 1 46 I 45
(Bl 3B) Ml RIS 2 B 458, RT-PCR H AN 3] 1
ng- L~ RNA BpR &, i 5408 &8 i ss .l
T, RT-LAMP R % )k RT-PCR () 10 ~ 100 %
WM RT-LAMP Kl SMV (4 St 4T 7

B) 1

ng-L

(D)
Daylisht

D, e FEAR S P2 U A TMV [ CMV 5 SMV A i
) RNA, FIHC AL S R AR R (R 2) , i
THRES TR, 25 3R 2B, RT-LAMP H 3 3 1
SMV ARfERZIN#] TMV K CMV (& 3C) , Kb iz ik
FAYE] T R SR RI K
2.4 —#i% RT-LAMP #iU# S s E SMV
S T R E A I Y Y SRECH $E RNA 75‘7%

5 RT-LAMP J5 k284, RPHLER a7 SMV K
9 RNA R e v 4, iF — 20 g 57 — 2 1 RT-
LAMP KA i K GAE MR B . 45 SR 2 A 4R
BUHP R 2 RNA BB 1S H e S Pk 2%y, T DA fi
KT EHLEEBCR RNA & 25 (4 %F BR¥) 6 & 7
(E4A),

Ay ii

Ty

(A)—253& RT-LAMP K5 SMV 1 : BEAEXS BECAR INASEAR ) , 2 4t B K 5 AR B2 RNA BE 5 32 350 K 2 A0 HL B RNA #
&5 (B) RT-LAMP #6300 5 FH [A]RE & 5 (C) 24T RT-LAMP (1 AT SALAG I, B4R A8 HA SYBR Green 1 '8 T4 4MT T
PCR ¥ # /= 446 ; (D) FUBUT T RT-LAMP (o] 9 AEAG , B SR i A SYBR Green 1 F [ 4UXT T PCR 973 =4
SRR, 1 MR B O IINBIAR) |2 AR & Ao 32 RNA BE 5,3 SMV CP FHEFURL, 4 A1 SMV HE MR 2 RNA,

5~ 8 [HEBERIAH SMV AR RNA BEb

(A)One-step RT-LAMP. 1 ; Negative control without template,2 ; Crude extract RNA from known healthy samples 3 ; Crude RNA

extract from known positive samples; ( B) RT-LAMP detection of field soybean samples; ( C) In-tube visualization of RT-LAMP results

under ultraviolet light. The addition of SYBR Green I turn the PCR amplification product to green; (D) In-tube visualization of RT-

LAMP results under daylight irradiation. The addition of SYBR Green I turn the PCR amplification product light green. 1: Negative

control without template,2 : Crude RNA extract from healthy soybean leaves,3 : Positive plasmids,4 ; Crude extract RNA from SMV in-
fected plants,5-8 ; Field suspected with SMV plant bold RNA of samples.
B 4 —% ik RT-LAMP il H 84 f & RT-LAMP 38 =) 75 f2 B & B9 AT AR 4L 46
Fig.4 One-step RT-LAMP detection of field samples and in-tube visualization of

RT-LAMP amplification products using fluorescent dyes

2.5 —#%3% RT-LAMP X H 8k S £ S8 #& i
FIHC ST () —2 1% RT-LAMP Jy 74 X H [a]

s EAT TR FEAGIN TS (2R A AS TR L IX ) K R

MR . AR T R R AT 1R 2 AN

XFHR, — A g AN IAEAT RNA Ak B 20, 32008 B ml 4
TRECIE A Z N TET5 B, 7 — X BE Ry T A {g B R &
LRI RNA (X6 B S2060 BREPT8f 5 127 B T X0 (g
FEABL R AN 2 1 3 LAMP 2% o T ) AR ot Az 0 24 23
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W, % 7 vk 0T A b AR T ) FE & P g SMV
(El14B),
2.6 RT-LAMP #ill SMV BRI #14L

¥ SYBR Green 1 % 63BN A £ 5 58 K 1
PCR & 6 52 0y 48 B T 540 (B 4C) 5 H Ok
YT (E 4D) UigR, 45 5% ,SYBR Green 1 1] H 2
FE SIS FPOURER B P 25 51, o L 0 25 51 5 H vk
LER AR, K L, il A SYBR Green 1 4k} ffi RT-
LAMP {60 45 55 5 Jin 200
2.7 RT-LAMP &KX EFFHE SMV

KA 7 2 E B A AR AR B, I i — 2
SRR A 95 2 a3 0 7 B U X HE RNA
PEATRIAR S, SR )5 P64 T RT-LAMP A0, {H 23X —
AN BE NSl 1 RT-LAMP £ ] 1] 55 75 SMV, ¥
AT RESE AL R A5 B A RNA KD, Rt 223t
Xof R TR R B 4l Ak i 5 i B 4T RNA 4
P 4i 5 4k, SR I5 24T RT-LAMP #3045 3R &
78 RT-LAMP 7] DLAG I 21 K 5 R 7 oh #5717 19 SMV,
TR 2 1 Y78 RNA $2EUK Y RT-LAMP H
TREAR B (F5) o

M 3 DL2000 Plus Marker; 1: ANJilt RNA B 4 B PR AR 52 2
RN T2y RNA ;3 - #547 SMV Al 74l i) RNA,

M :DI2000 Plus Marker;1: Negative control without RNA tem-
plate ;2. Purified RNA from healthy seeds ;3. Purified RNA from SMV

infected seeds.
E5 RT-LAMP #&ill X E#FF i) SMV
Fig.5 RT-LAMP detection of SMV in soybean seeds

Vg — T 25 J F A I 7 12, LAMP JEA Pl |
R R AEE 20, I I% T 1 7 W N T
TREERGI . FEAS TN, S0 LAMP 738 (4 PF % 145
Jo N EE, 7E LAMP (K Z i LAMP (R %, 35
oy ANTP ¥k Mg 8 T-H i B SRR 2 L N Ah5 1 9
WP LG | S I IR ) % S O R L MR Wed 261

RT-LAMP #5032 5 32 B I % 7% ( Bean pod mottle vi-
rus ,BPMV ) B 755 , R 3CE € 65°C K i 1 h S J
WA o PEA SR AR AR K B, NTP 3K FE7E 0. 8
55 1.0 mmol - L™" W] 4" 1 Hh ¥ B 4 e o X F 9 4h5
Y E LU € , BARBEAE N5 1 B R 3, A5
g, (R LAMP 2535 815 A IR, e
WEENIN Iy 2 21, X T Mg 1 5~8
mmol - L™ ' #R AT 1 45t , IF HL% B8] Mg B 5%
M RE S, T LA SRS 5 mmol » L™ A A0 Bt ) foff P v
JE o TSR B B i R R IR T I AR R
B 0.8 mol-L~" (kL 52 R £ A 58 4 3K S
SMV K,

AH LG58 i RT-PCR A 77 1%, RT-LAMP £l
N S s S AZIRY 1 ) i AT, T ELR AR IR 1
D718, AR £ T SR sk rg s ), S48 5 T AR
YOI E I ] . ASBESEHS RNA MRS RT-LAMP
4G, B L TRIRIR I ], HFEERY 1 1 h
ZeAr MK 0.5 h (AT 2 1.5 h 24y, fnke
HLUK IR, A K SYBR Green T A B B4 1, B
PGSR . 7RI RT-LAMP 7= ¥y 46 I 77 1% i,
PEE SYBR Green 1 J&[H %y Mori 21" 531 ) LAMP
P 0 T T A DN ok 0 e et A, AR AT LS
P T AL WS, {H A SYBR Green T &) fiff (1R
3, 1M H SYBR Green I 5 M yk 45 58—, 45
CUCIE

KT RT-LAMP () RAKFE W5, Zhang 11 H
RT-LAMP J5 32 46 1) /)y 22 25 4% 955 5% ( Wheat yellow
mosaic virus, WYMV) FZH, RT-LAMP J5 12 9 U &
[t RT-PCR & H 100 %, i B AEHEFT 30 ~45 min
LIS, BB &8 I o0 e vh B T LU DU 205 2 2012
4, Zhou 45 I RT-LAMP £ 0l 1 7 7K 86 2 4 6 4
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