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Soybean mosaic virus (SMV) is a prevalent pathogen that causes significant yield reduction in soybean pro-
duction worldwide. SMV belongs to potyvirus and causes typical symptoms such as mild mosaic, mosaic and
necrosis. SMV is seed-borne and also transmitted by aphid. Eleven SMV strains, G1 to G7, G5H, G6H, G7H, and
G7a were reported in soybean varieties in Korea. A reverse transcription loop-mediated isothermal amplifica-
tion (RT-LAMP) method allowed one-step detection of gene amplification by simple procedure and needed
only a simple incubator for isothermal template. This RT-LAMP method allowed direct detection of RNA from
virus-infected plants without thermal cycling and gel electrophoresis. In this study, we designed RT-LAMP
primers named SML-F3/B3/FIP/BIP from coat protein gene sequence of SMV. After the reaction of RT-LAMP,
products were identified by electrophoresis and with the detective fluorescent dye, SYBR Green | under day-
light and UV light. Optimal reaction condition was at 58°C for 60 min and the primers of RT-LAMP showed the
specificity for nine SMV strains tested in this study.
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Hannealing), 417d(extention) Al 7}A] ©AE A WA &%=
o] ¥3L= Fofof 3h= BhH, AAT 2= oA ot E Alo]
7}Fs8lth= E4 o] QJthBlomstrom 5, 2008; Nagamine 5,
2002). RNA BRo| & 25 HE5}7] flaliAl = o AAL 2H7g o] 4=t
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RT-LAMP primer HM|&, F Eo|& primer A& ¢J5}t
6] NCBI GeneBankol] =% SMVE] 117]] A= G1(Accession
no. FJ640977), G2(S42280), G3(FJ640978), G4(FJ640979),
G5(AY294044), G6(FJ640980), G7(AY216010), G5H(FJ376388),
G6H(FJ640981), G7A(FJ640982), G7H(AY294045)2} n]=toj|
A E2]E SMV A% TNP(HQ845735)2] f- AR d7|d
2 DNASTAR(DNASTAR, Inc., USA) AZ E o] & 0]-8-5}9]
Hl 3 24 Hlek 71 wol 7t A2 ojulehud 9714 A A
HE 0]83}o] LAMP primer designing software?l Primer
Explorer(http://primerexplorer.jp/e/index.html) & ©]-8-3}o]
RT-LAMP-& primerS< A|Z51 it 47HA] & o] F o]z SMV
RT-LAMP-g- primer=-9]| 4] SML-FIP2} SML-BIP+= loopE- & A5}
L 7|4 g BB TTIT spacersS XZ&6}0] 2FzF 42 nt2 A A &
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3= 212} 18 nt, 19 nt= A A5} tHTable 1). A A= primer
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A1 X9} RT-LAMP kite] AF-2- A 2Ak2] ol whe) 4]
AlBATE Hhg-ol 2742 vlo] 2] 2of ZH Y E A= 2] total RNA
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Table 1. Specially designed set of four target-specific primers (F3, B3, FIP and BIP)

Virus (NCBI No.) Primers Length Sequence (5'—3)
SML-F3 18 GACGATGAACAGATGGGC
SMV SML-B3 19 TCTCAGAGTTGGTTTTGCA
(HQ845735) SML-FIP 42 GCATCTGGAGATGTGCTTTTGTGGTTATGAATGGTTTCATGG

SML-BIP 42

GCGTGTGGGTGATGATGGAT CGACAATGGGTTTCAGC




Research in Plant Disease Vol.21 No. 4 317

ThermoPol Reaction Buffer [20 mM Tris-HCl, 10 mM KCl, 10 mM
(NH,),SO,, 2 mM MgSQ,, 0.1% Triton X-100, New England Biolabs,
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TP o= st Y1 EE 215} IT). DNA clone 3ol o]-&-
= primer= SM_LN2(5'-GTA CAA TGC AGT TAA AGA TGA ATA-
33 SM_LC2 (5’-TCT CAA ATT CCT CAGTAG TCC ATA-3")o]t}.
o] DNA clone& F3 02 1x10°5E 1 x 1077} @A A o2
5] 4{5}o] RT-LAMPS} RT-PCRS Saalo] gt S ulit 2l
aksich.

71710f| w2 xS #el. 52 74171 7153k Thermocycler
(Applied Biosystems, USA), 32> (EYELA, Japan)2} heating
block(Seoulin Bio, Korea)o]| 4] HH-2-2] A& AJ-2- Fo15}9i T}
OIS0l SYBR Green I(Lonza, USA)E- o]-8-5}o] vt
Yol A Ao] Wsle Bef 2E o] RE gekoz B9lskgr).
Af o] H3l= 2913, portable UV light(Spectronic, U
transilluminator(Corebiosystem, Korea)oj| 4| HF-8- o] L& 5}2]

stk

RT-LAMPS] 22| 225 2helsl/] 9l5te] g2 =5 48—

Reaction temperature (°C)

48 51 54 57 60 63 66 N.c

Fig. 1. Optimal reaction temperature of RT-LAMP. LAMP was performed
under range of 48 to 66°C. Lane M, 100 bp DNA ladder (Solgent, Korea);
lanes 1-7 (48,51, 54, 57,60, 63 and 66°C, respectively); lane 8, negative
control.

Reaction time (min)
30 40 50 60

10 20 90 120 N.c

Fig. 2. Optimal reaction time of RT-LAMP. LAMP was performed under
range of 10 to 120 min. Lane M, 100 bp DNA ladder; lanes 1-8 (10, 20,
30, 40, 50, 60, 90 and 120 min, respectively); lane 9, negative control.
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50, 60, 90, 12050 2 3}o] ZZ o B2 3}o|51IT) 2|4 305
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ol A 9o whg-3 Uet= A 0 &2 21 At Fig. 2). ©]
Fof] X% K= Hhg A7 602 0 = AA| =] Gt

Primer52] & 50|/ &3S flste] oA HA¥st= =8
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Hh-g-o] 22l1%] o] SMVE] RT-LAMP ZIcto] £-0]2 <] primer=
2 ZRIE| U tHFig. 3). T3 H1- 521 SMVe] 9455 G1, G2, G3,
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tHFig. 4). o1 A3 o)A o]-&-% primers 9] 7-5- SMVE] €]
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Specific reaction
BCMV PeMoV N.c

SMV SYMMV SYCMV PSV

Fig. 3. Specific reaction of primers for target virus. Lane M, 100 bp
DNA ladder; lane 1, SMV; lane 2, SYMMV; lane 3, SYCMV; lane 4, PSV;
lane 5, BCMV; lane 6, PeMoV; lane 7, negative control.

SMV strains
G5 G5H G6 G6H G7 G7H N.c

Gl G2 G3

Fig. 4. Specific reaction of primers for nine Soybean mosaic virus
strains. Lane M, 100 bp DNA ladder; lanes 1-9 (SMV strain G1, G2, G3,
G5, G5H, G6, G6H, G7 and G7H, respectively); lane 10, negative
control.
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Fig. 5. Requirements for four LAMP primers. Lane M, 100 bp DNA
ladder; lane 1, negative control; lane 2, B+C+D; lane 3, A+C+D; lane 4,
A+B+C+D lane 5, C+D; lane 6, A+B(A: FIP, B: BIP, C: F3, D: B3).

Sensitivities
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(A)
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Fig. 6. Sensitivities of (A) RT-LAMP and (B) RT-PCR for detection of
Soybean mosaic virus. LAMP was performed under 58°C and 60 min.
Lane M, 100 bp DNA ladder; lanes 1-8 (1x10°% 1x10", 1x107,1x10°?,
1x10%,1x107, 1x10°and 1x10”, respectively).
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Thermocycler Water Bath Heating Block

Fig. 7. Specific reaction of primers depends on using machine. The
total RNA from infected plant by SMV and healthy plant were used as
a positive and negative control, respectively. Lane M, 100 bp DNA
ladder; lanes 1-2 (positive and negative control in Thermocycler
machine); lanes 3—4 (positive and negative control in water bath);
lanes 5—6 (positive and negative control in heating block).

Fig. 8. Fluorescent dye mediated visual detection for RT-LAMP. The
total RNA from infected plant by SMV and healthy plant were used as
a positive and negative control, respectively. A: Fluorescent detection
from positive (white, left) and negative (colorless, right) under UV
transilluminator; B: Fluorescent detection from positive (green, left)
and negative (colorless, right) under portable UV light; C: Naked-eye
detection from positive (green, left) and negative (yellow, right) under
normal light.
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scription loop-mediated isothermal amplification(RT-LAMP)
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o| e AF i} H35Q1 SMVE] 9 Al Fof| A ZL Sol4dS 2l
t}. 71 A3} SMVo]| tf 3t RT-LAMP primers-2] & Eo] A o] &2l
E]9Lon, SMVS] Al ESol tlal A= 280 753t Ao w 3
Q1] 9lr}. 384229} heating blocke} 22 7HHE 5-& 4]
ol A &AL 5Helst7] 913l Thermocycler 7] 7|2} H| 1. 5}od
22 o5 BRIF Al wh8-0] Aol UrER| gkl RT-
LAMP QFS- o] %, 355 %71@54 SYBR Green & 0|83}
o1 ALY OVl 33 ol0E SIsf 1 8 0

, A1, portable UV Ilgth} UV transilluminatorof 4] &2
= t&%Ol skl glet.
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