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MSWRIUNAENISATAALTA Zucchini Yellow Mosaic Virus (ZYMV)
ARELNALA Reverse Transcription-Loop Mediated Isothermal Amplification (RT-LAMP)
Development of Reverse Transcription-Loop Mediated Isothermal Amplification (RT-LAMP)

Technique for the Detection of Zucchini Yellow Mosaic Virus (ZYMV)
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LW@Wmeﬁm?mme‘nﬂ ZYMV aoelmATiA reverse transcr|pt|on loop mediated isothermal amplification (RT-LAMP)
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Abstract

Zucchini yellow mosaic virus (ZYMV) is one of the major viruses that cause disease in cucurbits.
The objective of this study was to develop a reverse transcription-loop mediated isothermal amplification (RT-LAMP)
technique for the detection of ZYMV in infected cucurbits that uses primers that are specific to the nucleotide
sequences of the ZYMV coat protein gene (CP) gene. The RT-LAMP assay took only an hour to detect ZYMV.
The RT-LAMP product of the tested samples was able to be visualized by staining directly in the tube with SYBR
Green |, and no reaction was detected from the tissues of healthy plants and the tissues of the plants that were
infected with Papaya ringspot virus (PRSV). The RT-LAMP products were analyzed by agarose gel electrophoresis,
and ladder-like DNA fragments were observed in various sizes. The specificity of the RT-LAMP assay was assessed
by sequencing of the RT-LAMP products. The result showed that the nucleotide sequences of the RT-LAMP
products were those of the CP gene of ZYMV. The sensitivity of the RT-LAMP assay was higher than that of the
reverse transcription-polymerase chain reaction technique (RT-PCR) by 10 fold serial dilution. The results showed

that the RT-LAMP technique is a simple and accurate diagnostic method for the detection of ZYMV in cucurbits.

Keywords: reverse transcription-loop mediated isothermal amplification (RT-LAMP), Zucchini yellow mosaic virus
(ZYMV), cucurbits
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ﬂi”L%ﬂimﬂLﬂuﬁmamLuﬁmﬁuﬁrﬁ‘m\iﬁLLMQﬁT%%QU?Iﬂﬂﬂ’]ﬂluﬂi“’mﬂLL@“"&N'ﬂfﬂﬂ AN AUIRTIN AL ANNT
WAZdAAINHAT NINATININHAT UATANIANNITANNAATUS e wunsdsaaninaaiugigoedunalutl w.a. 2550 D
T w.A. 2559 a9 6,913.50 Fu ﬂmﬂummmummu 8,0671.64 A1ULN ‘llmyVlﬂ’]?uﬁL‘IﬁL%JCZ\]ﬂWMﬁW‘H’J\‘iﬁLLM\‘i Tud
W.A. 2550 D91l W.A. 2559 Ha1ual 598.50 i ﬂmﬂmqﬂ@mmmmu 920.93 RULM (AN1ANNIIANNAATUT N2,
2559) mma‘imﬁmﬁﬁqﬁmmqLm‘imﬁwfaqﬁmqqﬁl,t,mﬁ@ TanlasafiAnannida Zucchini yellow mosaic virus (ZYMV)
Taneuny ZYMV Wiaaedumansiauaniiamal a.a. 1973 (Lisa et al, 1981) wazwuniadnyinansfiaediung
Tuanuanelszmaialan (Richard et al., 1993) duivlutlszwmalng neznsanemsuazannsallslsznialy Zymv
fudedaiu LﬂmmﬂLﬂum”mgﬁmﬁnﬁumum:iwﬁmﬂjﬁﬁﬂﬁm W.A. 2507 (QLTUT 7) W.A. 2550 (#inacuANATuAs
TAANTNERAT, 2550)

e ZYMV Anotfluana Potyvirus HanwaziduriausnaAnawnm 750 wnlwwms awwnsatiananisalalnedana
WA me'afau (Lisa and Lecoq, 1984) kay ZYMV f9ANNNTDANENAARIUNUNEA LS (Coutts, 2006) SChrunwerkers
et al. (1991) mq@wum@ ZYMV luuan (Cucurbita pepo cv. Black Beauty) 0.3% LL@vWUWU?LQMLﬂ@@ﬂMNLN@mL‘Vl’mu
Yenanis Davis and Mizuki (1986) uaz Tobias et al. (2008) famsanuide ZYMV ARRlFUWEAT 18.9% uay 1.4%
PR 138 ZYMV '1/1mmmawwﬁﬂmqm‘mmuunmeqmmwmmm@r:mm sandeegnNIafiuinanas inli
NaNARLAYNE  70-95% (Coutts, 2006) ﬁﬁlﬂu‘ﬁuﬁ'LWW:U@Jﬂmmmwmmﬂmﬁ WﬂmWTLLmq%an%@”Lf;a*mﬁﬁﬁﬁﬁms
11NN 1 78m Fnllignansauenidelasaannannsfinuuluield

waliaThinan 1 lun1snsaaeide ZYMY fnanamaiia iy WAAFN W fAN N2 mMATA enzyme-linked
immunosorbent assay (ELISA) Tmgl Noda et al. (1993) waz Plapung and Sm|tamana (2014) "memmﬂ ELISA
unHlunnsnsaaide zyMy lutlssndlng usimatia mﬂmqmmmmm@ﬂ 1 HdumenuTidLdan elaen warldinaiuu
Tun1smsaaey (Almasi and Dehabadi, 2013) u@ﬂmnumumﬁuﬂmu‘lﬁm@ﬂ@@mqmme reverse transcription
polymerase chain reaction (RT PCR) mmwhmvmmmm%m Sﬁ\‘m‘ﬂ\imq@zﬁ@mm‘lumaﬂgumma‘u,m
4 pdasdlolennzineTfin gy eEes thermocycler meﬂummmﬁmmummuﬂi “AnEnmlunNsnmadeLielaia
asldminnstmaiia loop mediated isothermal amplification (LAMP) m‘l,m Tmﬂ‘ww}ﬂuﬂ LAMP mﬂuﬁ‘ianuﬂ?uWMHu
Tneldlnses 2 ¢ eenuunldismnzdefuunets 6 fumib faflausinzgs nadapmsiiBueend
vaulasl Bst DNA polymerase mmﬁﬂﬁlﬁﬂqmmﬁmﬁﬂixmm 60-65°C lunsifintBanniAdue wenaniideansnsg
pmadeUAEwendLAnilg lusunewAtn Tmamséﬁ’unmmmnmn@uﬁLﬁm%uuﬁqémgmmiﬁwﬂﬁﬁ?ﬁmiéfﬁqamLﬂ@"}
M lFldadudesldinaiia electrophoresis Tunnsmsaagas (Mori et al., 2001) waNANTNATA LAMP £a811190
Wanniensaenfiduelsaldse Kuan et al. (2014) 1dwmilA reverse transcription-loop mediated isothermal
amphﬁcatlon (RT- LAMP) mmqmmm@ ZYMV Tu squash (Cucurbita pepo L.) uaziNaau (Cucumis melo L.)
Fnululssmaldvdy Feudn wallaianunsonseaauie ZYMY ldetnesnumng mymmvmﬂ@mmmwmmﬂ
wallA RT-PCR nsnaaadiasldinmafia RT-LAMP snaunuastlinl#lunnsnseitiadeida zyMy fidnsinane
Fernedunsiinylutlszmelne

A8NANEN

WWATANIRd T S AuA NS LAS NIRRT TSI G D Zucchini yellow mosaic virus

0 2YMV lelsian Cut6 (GenBank accession MF124605) Auen@eldanndetneunsdufitannislusne o
snavies Wulnwldeud luangy SLuﬁmﬁmﬁmgﬂi'N dulula aanissn@daaduizuouduly anumaailgn
ludmiareuuniufinsaaeslafadaumaiia ELISA thlluandersqnidaeis single lesion isolation Aati s fEanmy
Faluinmas wazpIadazaAuiiaaale induestiuieineynialeda ZYMyV mudEnsaes Tobias et al. (2008)
antislusaeenailinanan dan 1t lunsiaumatianinaaade ZYMV fasmaiia RT- LAMP Iagninanarin
anfiaue laald RAeasy Plant Mini Kit (QIAGEN) Fannududuansenfifueliiadaaaaed Nanodrop 2000™
spectrophotometer (Thermo Fisher Scientific Inc., Waltham, MA, USA) LL@:LﬁUﬁf‘VﬂHWﬁQEuMqﬁ -20°C
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MSWRUINIASIAFALLTE ZYMV AaginaATia RT-LAMP

ynnseenuuLnsimediftel#lunnsnmaite ZYMy ananduianalelnsaes CP gene 19938 ZYMV lalmian
Taiwan wmmmumﬂuﬁmmm NCBI (NC003224.1 waz AF127929.2) daflulalnanfeasuil Kuan et al. (2014)
aenuulndines Wensadaamaiia RT-LAMP uasinduiianalelnsaeade zyMv lelian Cule1 (MF124605)
pneilisungu Primer Explorer V3 (http://primerexplorer.jp-/elamp3.0.0/index.html) Tmﬂ"l,wmmwa@ﬂLLuuvLma‘imu 49qm
Aarsuiiamdlalnsss Table 1

Table 1 RT-LAMP primer sets designed for the detection of ZYMV.

Target GenBank
Set Primer name Sequence (5'-3") .
gene accession
1 ZYMV-FIP-Taiwan ~ CGCGGGCTCTTTCAGGAGTTGAGTTTGGCTCGATACGCT cp NC003224.1
ZYMV-BIP-Taiwan ~ GTTGCGCAGATGAAAGCAGCATAGTGGTGGCAACATTTCCA
ZYMV-F3-Taiwan ~ ACATGCCGAGGTATGGTTTG
ZYMV-B3-Taiwan ~ GTGTGCCGTTCAGTGTCTT
2 ZYMVFIP-Tawan  CGCGGGCTCTTTCAGGAGTTGAGTTTGGCTCGATACGCT cP NC003224.1
ZYMV-BIP-Taiwan  GCTGTTGCGCAGATGAAAGCAAGTGGTGGCAACATTTCCA
ZYMV-F3-Taiwan  ACATGCCGAGGTATGGTTTG
ZYMV-B3-Taiwan  GTGTGCCGTTCAGTGTCTT
3 ZYMV-FIP-Taiwan ~ CCAGCAAATGATCGATATCGAGTATAAGATCACAAAGAAGATGT — CP AF127929.2
CACT
ZYMV-BIP-Taiwan ~ ATAAGCCGGATCAAATTGAGTTGTGTTCTAACTTGATTAAACCA
GGA
ZYMV-F3-Taiwan ~ AAAATTGTGCCGCGTCTT
ZYMV-B3-Taiwan ~ CCCATCTGTTGCTCATTCA
4 ZYMV-FIP-Thailand CTGTGATACTCGATGTTGATCATCTCTCTTGTGTTATACAATTCG — CP MF124605

ZYMV-BIP-Thailand

ZYMV-F3-Thailand
ZYMV-B3-Thailand

ATCT

TGC CTC TGA CTC TAG GTA ACG ACC GTA AAT GCT GGT TCT
CATG

AAG CAA ATT GCT GGT GAG

ACC AGC TAA GAA AGA CAA AGA

AaaeLEelsa ZYMV poenAlia RT- LAMP uqz Visual LAMP ANAAaNTAAALLAIRNN Kuan et al. (2014)
1AeUn cDNA mﬂqﬁﬂwmmm@ ZYMV finnesiiside Papaya ringspot virus (PRSV) LLmV‘\Tﬂwmﬂﬂ@mimm‘Lﬂu
NNIAdaL ‘Emﬂumﬂ@mﬂumamamummu ummﬂivﬂ@umiﬂ%‘Lumiwqﬂgmm et 6.4 UM Primer FIP-ZYMV,
6.4 UM Primer BIP-ZYMV, 0.4 UM Primer F3-ZYMV, 0.4 UM Primer B3-ZYMV, 1x Thermopol Reaction Buffer
(4.5 mM MgSO,, 20 mM Tris-HCI pH 8.8, 10 mM KCI, 10 mM (NH,),SO,, 0.1% Tritron X-100), 4 mM MgSO,,
14 mM dNTPs, waz Bst DNA polymerase (8 unlt/ul) mnuummmm@mﬁﬂuﬂu heating box Wﬂmwﬂum\‘i 7
lovun 7 weamnu 55°C, 60°C waz 65°C iluiaan 60 w1 LL@"MEI@‘]J{]H‘;TEI’W] 80°C 1fl11981 10 17 annTumsIa ALY
1.5% agarose gel electrophoresis Mmumiﬂﬁwmmmqmnﬂ 100 Taasl W 40 W uazdunanasaamilan
TaeiLAnans SYBR® Green | (Invitrogen, USA) (1:10) 1 Funaniailasudaesans SYBR Green | andduiiludizen
Fesuadldlunaeniiio e

Fadaninawesiarguingifvanzan

UNIRIIRAeUANNANNIZEeaLAse RT-LAMP Taenin cDNA
aainnesniime ZYMV Wnnesidi@a PRSV wavinnesiasalsaunldlunimegey Insivinnauilesindetadn
FhatpauANauN IR g 65°C lwnan 60 w7l wazngaUfsangmni 80°C 1luaan 10 W
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paragaLNadan 1.5% agarose gel electrophoresis fufupaugniestesansiugnasuiidann RT-LAMP Tnsids
Anmzfaauilonaleng (First Base Laboratories Sdn. Bhd., Selangor, Malaysia)

miwmmumw% (sensitivity) ﬂumﬂgﬂam LAMP Lﬂ?‘ﬂumﬂmuma‘mwm@mmmﬂum RT-PCR Ingiin
cDNA Tesiinnasiidiide ZYMV Arnansdaduidue3usu 1,065 ng/u mmﬂm\uﬂu 10 Wi pousl 107 auia 107
el iuRSuasuuunlunievig ise RT-LAMP uag RT-PCR TnenmsAsaidedan RT-PCR Asaanistes Tobias
et al. (2008) mﬂ&uammzﬁﬁmﬁfm 1.5% agarose gel electrophoresis

NANNFANBILAZAANTOL

WWAIRNNTaE RIS LA SRS ENFIREN NI RLEE Zucchini yellow mosaic virus

AafLmetns Rt Aunaiugasannisraslzaandandateuuiy woluunelufinansannis (Figure 1A)
slavinnnansaidelasadiamaiia indirect ELISA Taglduauftafnisunizsiaia ZYMV S99y 30 fatns wulde
zyMV luuseluanuau 2 siaeting mmmwwlmamniﬂLLﬂnLﬂm%ia“Lumzwﬁmfm% single lesion isolation
LUNTINAREL Chenopoo’ium amaranticolor mwﬁqLﬁfaﬁ'ummmmwmmuﬂ%ﬁ 3 mﬂ@mﬁuﬂ?mmﬁ@ ZYMV
Tuinnas ummiﬂ@mfmﬂivmm 1 ddeod wuﬁﬂwmmemmimwmm?ﬂ@ﬂlfﬁ@ slensaseuidelisadiemaiia
indirect ELISA Wi 2 Faesingliuaian (Figure 1B) et cDNA Tlassldansetnsluinnesiulsnuay
W Funoude 2yMyv 13 2 lalman A Cu161 wae Cu162 wifiunsunas OP gene AEMATA RT-PCR WLLALALE MG
aumLlszannd 871 bp FageanndeeiUIeNNLIeY Tobias et al. (2008) i cp gene FfuBudld wndnm
AudLUSIa A FUTRATa A Wudn vielelnian Cul61 way Cul62 RAmumileuiuaesanduidonalalnd 99%
wasiilou Beufauiuide zymy ﬁﬁmmm‘mﬁm%w NCBI W91 CP gene 1iaawis 2 lalmiam Sanaimilen CP gene
89 ZYMV Ailineauannilszina@ (AY074808.1) annign A 94% arnviulddsdeyamiuiianalalndesdurariy
wmmw%@ zymV lalaian Cu161 ivlugiudasa GenBank (http:/www.ncbi.nim.nih.gov/Genbank/index.html)
1451 accession number An MF124605 4o utnuazasaagayidluaiaitnan 4 lunnsAnssimunmaiia RT-LAMP

Figure1 Leaf symptoms of ZYMV. A) Symptoms of ZYMV on watermelon leave collected from field in Khon Kaen

province. B) Symptoms of ZYMV after inoculation in pumpkin.

NEWAIUNNNSATIARALLE ZYMV Aaeinafia RT-LAMP

lunanmageuida ZYMV TaaniseanuuyInsiefduan 4 1n anafutiapalalnsues CP gene 18370
zyMmV lalian Taiwan (NC003224.1 uay AF127929.2) a1uau 3 4a (Table 1, set 1-3) uazansuiianalelns CP gene
gade ZYMV lalgian Cu161 (MF124605) a1 1146 (Table 1, set 4) Dawignidnuasuilanalalng CP gene 199
e ZYMV 4 2 lalmian @”ﬁdﬁﬁuﬁf;ﬂﬁi@”lwm’ﬁma”wmﬁqﬁu uilnswefieanuuuananfuianalelnsaes CP gene
90438 ZYMV lalmian Taiwan 1 3 1 VLummmmm%@‘um zYMV lalman Cu161 uaz Cu162 1 ( (Figure 2 A-C)
fiedlns e Feanuunanndduiiaaalelns CP gene 18aida ZYMV lalmian Cul61 AgunsanmmaaeLme ZYMV
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Tolaian Cu161 uaz Cu162 18 (Figure 2D) aniuvinnisasaagauime ZYMV tngldlnsimasman 4 Ngnmniisneiu Ae

55°C, 60°C waz 65°C unan 1 90lue iledugalisanwud igumni 65°C iugnumgiinivanzanlunisniaasy
‘T ZYMV (Figure 3)

Figure 2 Validation of primer sets for RT-LAMP assay of ZYMV. Gel electrophoresis of RT-LAMP products. A)-C)
Using 1%, 2" and 3" primer set (derived from CP gene Taiwan isolates), respectively. D) 4" Primer set
(derived from CP gene ZYMV-Cu161 Thailand isolate). Lane 1: 100 bp DNA ladder (Fermentas, Ontario,
Canada), lane 2: positive control (ZYMV), lane 3: ZYMV-Cu161, lane 4: ZYMV-Cu162 and lane 5-7: healthy
plant, PRSV and water, respectively.

Figure 3 Optimization of RT-LAMP reaction conditions for the detection of ZYMV using CP gene-ZYMV-Cu161
primers. A) The RT-LAMP at 55°C. B) The RT-LAMP at 60°C. C) The RT-LAMP at 65°C. Lane 1: 100 bp
DNA ladder (Fermentas, Ontario, Canada), lane 2: dH,0O, lane 3: ZYMV-Cu161, lane 4: ZYMV-Cu162 and
lane 5: positive control (ZYMV).

¥namageuAnEsnzaeamnaia RT-LAMP Ine 14 nswe s nzsa CP gene I941T0 ZYMV 1isn9a
CDNA annfanteiinnesiifiade ZYMv finveitide PRSV invesdannlsauasinndi anndanimegesmin
fqm”Lwa‘Lmﬁ'@ﬂﬂLmummmmq@L%ﬂ ZYMV "Loﬁ‘luﬂﬂwmﬁtﬂuﬁqmmmu@umﬂ LL@ﬂﬁJLﬁﬂﬂﬁﬁ?‘ﬂﬁuﬁﬂwmﬁ
Fnita PRSV Wﬂmmﬂ@@mimLmzﬁmﬁ’uﬁLﬂuﬁq@mmu@mumnmmﬁLﬂmw’ RT-LAMP product AaeinAtia
gel electrophoresis woRSuedn ezt T laluieg sTinuEe ZYMViasinnesiiTide ZYMy (Figure 4A) uay
ilaiAnans SYBR Green | luviannfisl LAMP product AvnUNN I euaediTenfianansodanmldgaaniian (Figure 4B)
Tmﬁm?mm@mum%\i 2 33 NaTidenAdastl annisinsisnsuTanalelng Lﬁ@ﬁuﬁummmﬁﬂwm RT-LAMP
product y99i38 ZYMV ”Laimam Cu161 Wudn Adweildannnaiia RT-LAMP fiannuadandsessiduiinnaleins
N 91% uaz 90% m_um@ ZYMV mmwuﬁmwﬂuﬂ?”mmu (AY074808.1 uaz AF513552.1) anaisu Leaeluny
AuwiautuiuEde  PRSV mmamm’miuﬁmmmgm NCBI muﬂwaﬁmmﬁ;mummmmmmﬁ:ﬁm’%@ ZYMV
fignsnnanmagey Tasanunsansaaeulsaiiinannide ZYMy finuludssmalngldosnausuenuas s dnanm
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Figure 4 Specificity of RT-LAMP for ZYMV detection based on amplification of CP gene. A) RT-LAMP product
analysis, using 1.5% agarose gel electrophoresis. B) Visual inspection by SYBR Green I. Lane 1: 100 bp
DNA ladder (Fermentas, Ontario, Canada), lane 2: positive control (ZYMV), lane 3: ZYMV-12 Cu161,
lane 4: ZYMV-Cu162, lane 5: water, lane 6: healthy plants and lane 7: PRSV.

nsmsaaauANloredlfisen LAMP lunnsmsaatde zyMy Tnel4FEuessduRizinnudud 1,065 ng/Wl
udrthundeanadu 10 wih nmasesastiinudnmeide RT-LAVP mmmLﬁmﬂﬁﬁ?ﬂﬂﬁﬁmmﬂﬁmw 10* sited
A duTesA B uetsznn 0106 ng/wl Twnan 1 dale uardamnsIATIARBLEAARLINATA agarose gel
electrophoresis (Figure 5A) wavmagaulasnenilal wasannifingnsisesuds SYBR Green | (Figure 5B)
ThtnanmadeLnmia 2 33 Winafidenadesiu 49 RT-PCR aunsnifalfienldterinindeasesd dued 10°
u?‘@ﬁmmlfimi’uﬁmm 106 ng/ul fan 2 alua (Figure 5C) @8AAARNALINNTINENNUIRY Kuan et al. (2014)
Fe9meedmaiia RT-LAMP fronlalunsfinUfisensnnndnmaiia RT-PCR 9 10 win

Figure 5 Sensitivity comparison of RT-LAMP and RT-PCR for the detection of ZYMV. A) RT-LAMP assay result by
agarose gel electrophoresis. B) Visual inspection by SYBR Green |. C). RT-PCR assay result. Lane 1: 100 bp
DNA ladder, lane 2: positive control (ZYMV), lane 3-8: 1.0, 10™", 107, 10°, 10 and 10° pg, respectively
and lane 9-11: negative control (healthy plant, PRSV and water, respectively).
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WAlA RT-LAMP @1unsnmsaadauida ZYMV  laesdneamnzianzas lngldlwsimeseanuuuainaisu
fardalelng cP gene e zYMV laloam Cu161 (MF124605) Auenlsannuselnludandnueunin waslnsuesl
ldgnunsonsadelada PRSV 1o dadu Potyvirus Mdvinanaumamienty uwasienFauiiaulsz@nsninaes
N13MIATE ZYMV 35UINNATRA RT-PCR AU RT-LAMP Iagwudnmaia RT-LAMP fdsz@ninnlunisnmaiie
ZYMV A Bunadalasalsasndimaiia RT-PCR D4 10 Wi maia RT-LAMP Wwmaliaiaiunsasinunldlun1smea
aa o r-ﬂy U ] o a 1 =3 a jv o dlsz = o v o
Aaduide  zYMV  ldatsamnzuaziipoinloge  atnlsfinnumaiiatigeandunsdesdnisimunliaisisn
dszgnaldluniaaun wieluwlasilgnasansnnaive ldnsaie zymv lulssmalneldaznanuazsmia

AnanssuisznA
Aseilidudauniieedasimsmaimuinaiauasiliunsmsaalselufieadung Usysidoutlszanm 2555
ﬁié’?ummﬁum&umnquﬁmmTu’I@ﬁ%mwmwm wwangnaunwasAgns  uazAudanududasumalulad
T winems SnRaTRaANEuwazidtsuInemaasuazmalulat A1unuANENIINNIINIIgANANTE
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