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Molecular detection and control of cucumber green mottle mosaic
virus in Cucurbitaceae crop plants

Ki-Hyun Ryu - Mae-Hee Chiang - Hye-Won Park - Byung-Eun Min -
So-Young Chung - Sun-Hee Choi
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HAago g AbgEnE AFAL 2079 sucrose
cushiong ©]4-3ted Beckman SW4OTI roter2 100,000
Xg& A7 Bt 2AEYNFYE den. Id
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EDTA)O] ¢l F 8500xgol A 20870 94525}
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A AzEUnt 13 WAL &93 Fruend's
complete aduvants 1:1(v/v)Z2 42 8948 E7]9

slithe] 25l 28] FARE AAAL 109 2HEe

Fig. 1. CGMMV-infected watermelons (a), leaf systemic symptoms on watermelons (b, d),
fruit symptom (c), leaf systemic symptoms on gourds (e, f).
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vlo]g} 2~ Eo) & primers AMHE-3hE AL THA 37ColAM 3087 LA EATE o] Efdde PCI
2 AurS W (RT-PCR) S 7frate] CGMMVe 4 (Phenol:chloroform isoamyl alcohol=25:24:1) & 112
f3ich 2 oAl o “}013111?] CGMMV 5o] 4 H7bete] 23] sty d4dFeEd te AFTdl
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PCR "o 2 Atkaigich o H7ket -T0ColAM 2087 WA sk o] 9
Hg 15000xgR 1587 AR oy A
) mpole 2 Eo] A sjA|HH ] Al 4 1 Eb pellet2 vacuum dryerol A 1A17F 59F 7AZA|
CGMMV el &k 9471ME& EUZE vpolgi A & 71 3 32F Aol o] AEE AT &she

> <" ‘
59 CP 39

> -=
CGMPS CGMP3 v
CGMMYV
¥ RT-PCR product

Fig. 2. Design of CGMMV-specific two sets of primes for detection of CGMMV by RT-PCR.
Abbreviations used ; MP: movement protein, CP: coat protein.

Table 1. Nucleotide sequences of CGMMV-specific primers

Primer name Nucleotide sequence (5 -3") GenBank Accession
CGMP5S TAAGTTTGCTAGGTGTGATC AJ250104
CGMP3 ACATAGATGTCTCTAAGTAAG AJ250105
CGCP3 ACCCTCGAAACTAAGCTTTC AJ243351

CGCPS GAAGAGTCCAGTTCTGTTTC AJ243352
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SH 971MdSs B primers A 238aL(Fig. 2),

CP ¥ MP f4%4E RT-PCRZ ZFEHAZHTH RT-

PCRS o] 8ale] ahA¥l cDNAE 1% agarose gel A
71ede 5 H3S gelsl & pGEM-T Easy vector

(Promega) & AH&ale] F2YS A8t RT-
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o 2o Qe oold WEAA saAAo, waE AUl AAY & A WA 59 TP A
dolel~ Qe AREnACE A AT A0x  HAT sl A9 £ U wEel I54H 2
l8nm 719 A& Aol tobamovirus YAE FHHT Aol o]dl ZwolA] B ouf e o x| ek o]
2= 9l TH Fig. 3). CGMMV ] Al&d HA S 2|5k wogbx)e) 7hAF 2gE Hhyelgty ke Aol

A B

Fig. 3. Electron micrographs of CGMMV particles. A: dip method from infected leaf (bar represents 300
nm), B: purified virions of CGMMV (bar represents 150 nm)

Fig. 4. Application of rapid immunopaper assay to detect CGMMV from infected leaf sample. Lane 1: (-)
control, healthy, 2: 2-4, 3: 2-5, 4: 2-6, 5. 2-7, 6: 2-8, 7: 2-9, 8: 2-10. 9: 2-11, 10- 2-12 (w/v).
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Virus HE RNAE #2]8lo] RT-PCR
WO 2 cDNAE A3t th pGEM-T Easy vector
Z o] &3l CGMMV fr#p5ol 4] CPe} MPE &
24 ’SPO‘I Agdah AR 9@ 2AZ 7‘5-1.
Eol LEF vloje)Aete] apolE HlwEGiT
CGMMV-NSIZ CGMMV-Y 2] 30kDa ©

FA%el GINL obulyt HAL B4

1

/loﬂ olo =

oL‘
/ ‘r"
N

A3} product®] :

ool Xk AL 7] ¢}

EdZ W ysl Y, tE tobamovirusete] A S

CGMMV-Yo| A B% (8kbe] =2 dolgk 4= g
Atk Fig. 5). MgClh =% AAAME 20mM, 25
mM. 50mM, 75mM. 100mMol A product®] ol 2
Zpol 5 HolA] QottHFig. 5). 3l nlolg AE 34

stod ARIAE ZAte & A 10742 84 st

w=odpolg] o] HAo] 7had AoR yelth(Fig.
6). cDNA7F A9 % vectorE 459 #8t& A EcoR I,

Hincll, Nci I, Tag 1.2 A3} EcoR [. Hinc

[ Z2]3. Nai [& 2cut 2HOZ HAEA O™ Taqg

12 2cut Az lHpr ojgte] A2 HAUORE ey

AcHFig. 7). o] A2 CGMMV-NS13} CGMMV-Y

| Agtas ALE A A3 FdAM Fed
}

F COMMV A5 F48 AE Yepfi it

Aghet

e}

Fig. 5. Electrophoretic pattern of RT-PCR products in different MgCl. concentrations.

Lane M :

size marker DNA, 1: 2.0 mM, 2: 2.5 mM, 3: 5.0 mM, 4: 7.5 mM, 5: 10.0 mM.

Fig. 6. Detection limit of CGMMV by RT-PCR. Lane M: size marker DNA, 1:1, 2:10-1, 3: 10-2, 4: 10-3,

5: 10-4, 6: 10-5, 7: 10-6,8: 10-7.
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CGMMV-NS13 CGMMV-Y 2] 971Ad 4l ofu] T 9 kAo A & A A FEl S Fe 2] St
A MEE AAst CGMMV-SHEE CGMMV-W ¥ 2}o] A4 upo] & A (cucumber green mottle mosaic
o] 30kDa o]l A fHAe] A7 E} ofn At virus: CGMMV) 9] 2143617 A8t 542 A3t
MEg wwe Axh A7IMES 2 99899k 984% Ay e Slth, CGMMV S A% (CGMMV-Y,
¢] homologyE H Ao, ofu]init MY 996% ¢ CGMMV-NSI)& o¥ A =H=ZzFH A=dxos
98299 w9 =2 homologvE FstEl skl o, o] 5 7| Eoll HEsle] vlo] g
ol T FWAEESL o=tol A é Nt SAA17 AEAEANZEEH 94E
3 wlwsk Az CP9F MP 44 5% 9327% 2 PEG HdHE At vlo]lH 2 partided
1000%°9] F& A7IME Heds Ko FAkFig =4 AAE o, ol fdz A 4 Tor}’"*.'(]' %’]:
8, Table 2). ¥ A= b2 tobamovirusell A ¢] ZF Al M8y 2ARAEAEe Q5 E o8kt 3
ZH) W o} FAFS g Kol 9lom, WA A B} 34| 'f':"if-:‘v’-ﬁ"l CGMMV & 214 A 831 }“,ET'&'}”
A3 A ] BeAlER ol ’H-’e:—?’; F44 9]ste] o Ao M= RT-PCRHS ARE3lo] ufo]
EMo] 7129 CGMMV S} FAFsA AR Sl e fAa ks sk fFHa dde

CGMMV 714498 AAste] CGMMV 2| 3]t
N. A= 4 (coat protein: CP)#} o] & thul & (movemen
protein: MP) F#& ApE-&to] zbzk gb %9] primer

B oojqe)] BHo Sul & U guby v = AAsii o, A2E primere] W E v=3 o

910 M

-

Fig. 7. Restriction mapping analysis of RT-PCR products of CGMMV isolates (photo A), recombinants
molecules after cloned into plasmids (photo B). Photo A; Lane M: size marker DNA, 1: EcoRl, 2
HinCll, 3: uncut, 4: Ncil, 5: Taql. Photo B; Lane M: size marker DNA, |, 6: EcoRl, 2, 7: HinCll,
3, 8: Hindlll, 4, 9. Hpall, 5, 10: Taql.
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29] databased] S2S AAFYUTHTable 1 #%). oFd £42 CGMMV-Y % CGMMV-NSL F A
A2 pimerS AFEH] COMMVE $87 Awkd  § apojejael fA4 9714ES Abgstel A3
As 10fg SEAAE woljze Aol JhsEd Atk olF F AWASSE =M Bid o
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A wizbely JEEA CCMMVE A9d 4 2
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i3

o
e
2
=

l=| et

1= ~1000%0) B MG AEAES Ho FUoh &
COMMVE] B44Ean A%  Azs o2 tobamoviusl Aol zH AEH Tl fAL
35

MAYNP | TPSKL | AFSASYVPVRTLLNFLVASQGTA
MTYNP | TPSKL | AFSASYVPVRTLLNFLVASQGTA
MAYNP | TPSKL | AFSASYVPVRTLLNFLVASQGTA
MAYNP | TPSKL | AFSASYVPVRTLLNFLVASQGTA
70
FQTQAGRDSFRESLSALPSSVVD I NSRFPDAGFYA
FQTQAGRDSFRESLSALPSSVVD I NSRFPDAGFYA
FQTQAGRDSFRESLSALPSSVVD I NSRFPDAGFYA
FQTQAGRDSFRESLSALPSSVVD INSRFPDAGFYA
105
FLNGPVLRP I FVSLLSSTDTRNRV IEVVDPSNPTT
FLNGPVLRP | FVSLLSSTDTRNRV | EVVDPSNPTT
FLNGPVLRP IFVSLLSSTDTRNRV I EVVDPSNPTT
FLNGPVLRP IFVSLLSSTDTRNRV I EVVDPSNPTT
140
AESLNAVKRTDDASTAARAE | DNL | ES | SKGFDVY
AESLNAVKRTDDASTAARVE I DNL | ES | SKGFDVY
AESLNAVKRTDDASTAARAE I DNL | ES | SKGFDVY
AESLNAVKRTDDASTAARAE I DNL | ES | SKGFDVY
161
DRASFEAAFSVVWSEATTSKA
DRASFEAAFSVVWSEATTSKA
DRASFEAAF SVVWSEATTSKA
DRASFEAAFSVVWSEATTSKA

Fig. 8. Multiple alignment of amino acid sequence of CP gene

in this study.

Table 2. Percentage

of sequence homologies of CP and MP

CGMMV strains at the nucleotide and amino acid level

CGMMV-NS1
CGMMV-Y
CGMMV-W
CGMMV-SH

CGMMV-NS1
CGMMV-Y
CGMMV-W
CGMMV-SH

CGMMV-NS1
CGMMV-Y
CGMMV-W
CGMMV-SH

CGMMV-NS1
CGMMV-Y
CGMMV-W
CGMMV-SH

CGMMV-NS1
CGMMV-Y

CGMMV-W
CGMMV-SH

of CGMMV. NS1 and Y was determined

genes between CGMMV-NS1 and other

Virus

CGMMV-Y
CGMMV-SH
CGMMV-W

MP

nucleotide amino acid

100 100
99.8 9496

984 93.2

nucleotide amino acid

99.6 93.9
99.6 100

989 100
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54
MSLSKVSVENSLKPEKFVK I SWWDKLLPNYFSILKYLS I TDFSVVKAQSYESLV
MSLSKVSVENSLKPEKFVK I SWVDKLLPNYFSILKYLS I TDFSVVKAQSYESLV
MSLSKVSVENSLKPEKFVK I SWWDKLLPNYFSILKYLS I TDFSVVKAQSYESLV
MSLSKVSVENSLKPEKFVK I SWWDKLLPNYFSILKYLS I TDFSVVKAQSYESLV

108
PVKLLRGVDLTKHLYVTLLGVVVSGVWNVPESCRGGATVALVDTRMHSVAEGT |
PVKLLRGVDLTKHLYVTLLGVVVSGVWNVPESCRGGATVALVDTRMHSVAEGT |
PVKLLRGVDLTKHLYVTLLGVVVSGVWNVPESCRGGATVALVDTRMHSVAEGT |
PVKLLRGVDLTKHLYVTLLGVVVSGVWNVPESCRGGATVALVDTRMHSVAEGT |

162
CKFSAPATVREFSVRF | PNYSVVAADALRDPWSLFVRLSNVG | KDGFHPLTLEV
CKFSAPATVREFSVRF I PNYSVVAADALRDPWSLFVRLSNVG IKDGFHPLTLEV
CKFSAPATVREF SVRF I PNYSVVAADALRDPWSLFVRLSNVG I KDGFHPLTLEV
CKFSAPATVREFSVRF | PNYPVVAADALRDPWSLFVRLSNVG | KDGFHPLTLEV

216
ACLVATTNS| IKKGLRASVVESVVSSDQS | VLDSLSEKVEPFFDKVP | SAAVMA
ACLVATTNS| IKKGLRASVVESVVSSDQS | VLDSLSEKVEPFFDKVP | SAAVMA
ACLVATTNS | IKKGLRASVVESVVSSDQS | VLDSLSEKVEPFFDKVP | SAAVMA
ACLVATTNS| IKKGLRASVVESVVSSDQS | VLDSLSEKVEPFFDKVP | SAAVMA

264
RDPSYRSRSQSVGGRGKRHSKPPNRRLDSASEESSSVSFEDGLQSDHT
RDPSYRSRSQSVGGRGKRHSKPPNRRLDSASEESSSVSFEDGLQSDHT
RDPSYRSRSQSVSGRGKRHSKPPNRRLDSASEESSSVSFDDGLQSDHT
RDPSYRSRSQSVGGRGKRHSKPPNRRLDSASEESSSVSFEDGLQSDHT

CGMMV-NS1
CGMMV-Y
CGMMV-W
CGMMV-SH

CGMMV-NS1
CGMMV-Y
CGMMV-W
CGMMV-SH

CGMMV-NST
CGMMV-Y
CGMMV-W
CGMMV-SH

CGMMV-NS1
CGMMV-Y
CGMMV-W
CGMMV-SH

CGMMV-NST1
CGMMV-Y
CGMMV-W
CGMMV-SH

Fig. 9. Multiple alignment of amino acid sequence of MP gene of CGMMV. NS1 and Y was determined

in this study.
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