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Reverse Transcription Loop-Mediated Isothermal Amplification
Assay for Rapid Detection of Soybean yellow mottle mosaic virus
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Soybean yellow mottle mosaic virus (SYMMV) is a new emerging plant virus detected in soybean
(Glycine max) in Korea. Reverse transcription loop-mediated isothermal amplification (RT-LAMP) assay
for rapid detection of SYMMV has been developed. In this study, we have designed primers (SYMM-F3/
B3/FIP/BIP) specific to sequences from the coat protein gene of SYMMV genome. Sensitivity analysis
showed that RT-LAMP was 10 to 100 times more sensitive than reverse transcription polymerase chain
reaction (RT-PCR). The optimal reaction condition of RT-LAMP was determined at 65°C for 50 minutes.
The result indicates that RT-LAMP assay does not require special equipment and long time for SYMMV
detection. Therefore, it can be an alternative detection method of RT-PCR in laboratory.
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M E 20|t} SYMMVY Al SA-=4 27F RNA (positive

sense single stranded RNA) B}9] E]ii oA e g =

F(Glycine max)2 A=/ WA 3PS Z FAZHOZ  E(open reading frame)Z} H]®H & & & (untranslated region) 2
8% 2= F stuolth A AR &2 46F 9] viol|s = FAEH o] QUthNam 5, 2009). SYMMVE= &, &3-(Glycine

7l Fofl 4EEE Ao 2 B E G S H(TolinZ} Lacy, 2004), soja), M (Vigna angularis var. nipponensis), & 7| & (Trifolium
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@71 7|5he 2 SHe ek o] ekl HEA 5
2= Z H(loop-mediated isothermal amplification, LAMP)©]
¢+ 91 tHNotomi 5, 2000). LAMP B2 52 % 7 o] A
671<] 4714 B HS 914 5H= 47} ] ko] w9t strand
displacement activity7} -2 Bst B A E AHE-sto] 7He
Sha wEs BH @749 FEAUTh LAMP FH S
7|HtO 2 3t I A AL 525 (reverse transcription loop-
mediated isothermal amplification, RT-LAMP)-2 Japanese yam
mosaic virus, Tomato chlorosis virus, Tomato yellow leaf curl virus,
Wheat yellow mosaic virus 5 2.2 oF7] ¥ v o] It gl vlo]
290 A &A S| = AL 51 ¢l th(Fukuta 5, 2003a, 2003b;
Zhang -5, 2011; Zhao 5, 2015).
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st & 5o A A vpol B & FAS
A3t ot =3 gk A] &+ easy-spin RNA extraction kit (iNtRON
Biotechnology, Seongnam, Korea)E ©]-&5}o] A 2ALS] A¢
W of whek AA RNAE FE35t e, ol & =W Foll 24
B do] A 6F(SMV, SYMMV, SYCMV, Peanut stunt virus
[PSV], Bean common mosaic virus [BCMV], Peanut mottle virus
[PeMoV])ol| i3t Eo] 4 Zzto]mE o]-§3} reverse
transcription polymerase chain reaction (RT-PCR) 2 & 4~}
319 tHLee 5, 2013). RT-PCR Ak A3+E ET 2 SYMMVo]
4=z dgE AR ot 2 A7 FAANEE AL
sHith

F % RT-PCR ZIEh,

= 20144, o
=
[¢]

1 oA
Hol=F d=

RT-LAMP primer HM|Z, = Eo]Zx zalojm A+
13l National Center for Biotechnology Information GenBank
o Z25 0] gl sYMMVY] E71AE ARE 54519
th. 3" 4714 ¥ %X = DNAMAN software version 7.0
(Lynnon Corporation, Vandreuil, QB, Canada)& ©]-4-3}¢] ] 1L
A% S Quidii g o 7|4 E JHE 0|85t LAMP
zzlo|HE A A G} Zelo] &= PrimerExplorer (http://
primerexplorer.jp/elamp4.0.0/index.html) & AF-&-3} o A 2}5}
% tH(Table 1).

RT-LAMP & % Z=4. RT-LAMP+ Loopamp RNA
Amplification Kit (Eiken Chemical Co,, Ltd., Tokyo, Japan)& At

L3} HF-2-& 4383} 4t} Total RNA 2 pl2} 50 pmol inner
primer (FIP, BIP), 5 pmol outer primer (F3, B3), 1 pyl Enzyme
mix. (Bst DNA polymerase, AMV reverse transcriptase), 12.5
pl Reaction mix. (40 mM Tris-HCI, 20 mM KCl, 16 mM MgSO,,
20 mM (NH,),SO,, 0.2% Tween 20, 1.6 M betaine, 2.8 mM
deoxynucleoside triphosphate), 5.5 pl distilled watergS &35}
of 2 F 25l WS 245k

z}o] 0}7] Ho}oc] 25}.24_-3«45 -69.5°C, A| 7+ 2712 10-60
Ho= A:dﬁ 5] Hh-g-& N3t oh Hh-g Fofl = 80°Cell A
587 BaE HEAIA F RS SRS
HtSLtge| &l 7F whgo] Bl BhSAE2 2%
agarose gel’dol| A A 7] %952 A AR ¥, ethidium bromide

(EtBn = H A3l 3913} F th. T3 SYBR Green | (Lonza,
Rockland, ME, USA)& 283} -,‘?- <& Mol M3l ® = vt
FH5 ol v o B E SO 2 EI5 it A o) WD}
= dHE 3 UV transilluminator (Sage Creation Science Co, Ltd.,
Beijing, China) | 4] ¥F-3- o 75 =<1 35} it

Table 1.The sequences of primers used for RT-LAMP assay for Soybean yellow mottle mosaic virus (SYMMV) in this study

Length

Primer name (nucleotides) Genome position* Sequence (5'-3')
SYMM-F3 20 620-639 TGGTTGCAGCATATGGACAG
SYMM-B3 18 799-816 ATTGCTGGATGTGGTGGC
SYMM-FIP 42 640-659,681-102 GAGCAGCTGGAGCGTGTATGAA-AAGCTTCAACAACCCCCTT
SYMM-BIP 42 770-789,720-741 AACTATGGTGCAACGACTCGGG-GTACGCAAGGTTGCGTAAG

RT-LAMP, reverse transcription loop-mediated isothermal amplification.

*Genome position according to the coat protein sequence of SYMMV (GeneBank accession No. FJ494882).
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o, A3 ol AL-g-H Y| 7] ¢] Zato] m S(FIP, BIP, F3, B3]l T 3t
1S S0l = gelsty] lsAl vl 7l 9] Zefo|m o A] stk
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China), &2 (Daihan LabTech Co,, Ltd,, Namyangju, Korea),
99 E-E(FINEPCR Co,, Ltd.,, Gunpo, Korea)& ©]-8-3}o A& A
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RT-LAMPO] 2] A gh-g 2 &= 271& 13t A1} 62.8°C o] 4
ofl Al Bh-g-o] A2t E = A& FAT 4 UL, 695°Coll A=

A&
©3]8 Hh2o] A E AL 2ol 51 G thFig. 1). 62.8°C-69.5°C

Fig. 1. Optimal reaction temperature of reverse transcription-
loop mediated isothermal amplification (RT-LAMP). RT-LAMP was
performed under range of 45°C to 69.5°C. Lane M, 100 bp DNA
ladder (Solgent, Daejeon, Korea); lanes 1-9 (45°C, 48.5°C, 49.8°C,
51.9°C, 54.8°C, 58.5°C, 62.8°C, 66.6°C, and 69.5°C, respectively).
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2004). A AA 2 AS AYT T HE S 5002 A
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<

Fig. 2. Optimal reaction time of reverse transcription-loop me-
diated isothermal amplification (RT-LAMP). RT-LAMP was per-
formed under range of 10 to 60 minutes. Lane M, 100 bp DNA
ladder; lanes 1-6 (10, 20, 30, 40, 50, and 60 minutes, respectively).
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Hh10-10080 9] FIA =5 7HA 3L Ql= AL = I E Sk
(Fig. 5). RT-LAMP$} RT-PCRQ] RIZ+ =5 H| 2 32 w| RT-LAMP
£ A&3tvtolg A FEH F Uitk vlo] Ao i
3}od RT-PCR ®H¥ ¥ o} w1zt 7} =9k th(Fukuta 5, 20033;
Zhang 5, 2011; Zhao 5, 2015).

RT-LAMP= RT-PCRI} 2 2] G204 FF0] 7H538taL A
e @58 5 e A 7HA AL glow, o) 9f e A

& 0]8-35t9] H G @A ol RFLAMP B2 2-8-517] 98 Af

Fig. 3. Specific reaction of primers for target virus. Lane M, 100
bp DNA ladder; lane 1, Soybean yellow mottle mosaic virus; lane
2, Soybean mosaic virus; lane 3, Soybean yellow common mosaic
virus; lane 4, Peanut stunt virus; lane 5, Bean common mosaic virus;
lane 6, Peanut mottle virus.

Fig. 4. Reverse transcription-loop mediated isothermal amplifica-
tion (RT-LAMP) primer set requirements for Soybean yellow mottle
mosaic virus detection. Lane M, 100 bp DNA ladder; lane 1, nega-
tive control; lane 2, B+C+D; lane 3, A+C+D; lane 4, C+D; lane 5,
A+B; lane 6, A+B+C+D. A, FIP; B, BIP; C, F3; D, B3.
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Fig. 5. Sensitivity comparison of reverse transcription-loop medi-
ated isothermal amplification (RT-LAMP) and RT-PCR for detect-
ing Soybean yellow mottle mosaic virus (SYMMV). (A) Sensitivity
analysis of RT-LAMP for the detection of SYMMV by agarose gel
electrophoresis. (B) Sensitivity analysis of RT-PCR for the detection
of SYMMV by agarose gel electrophoresis. Lane M, 100 bp DNA
ladder; lanes 1-9, 10-fold dilution of total RNA (2.6x10% to 2.6x10°,
respectively).

Fig. 6. PCR test of reverse transcription-loop mediated isothermal
amplification (RT-LAMP) on various thermostatic equipments.
Lane M, 100 bp DNA ladder; lanes 1 and 2, positive and nega-
tive control in thermocycler machine; lanes 3 and 4, positive and
negative control in heating block; lanes 5 and 6, positive and
negative control in water bath.
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Fig. 7. Visual detection for reverse tran-
scription-loop mediated isothermal ampli-
fication (RT-LAMP) product with fluores-
cent dye. (A) Positive (luminescence, left)
and negative (matte, right) fluorescent
detection under UV transilluminator. (B)
Positive (luminescence, left) and negative
(matte, right) fluorescent detection under
ultraviolet light. (C) Positive (yellow, left)
@ and negative (orange, right) naked-eye
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