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A Cucumber mosaic virus (named CMV-Tr1) isolated from the white clover (Trifolium repens) showing
mosaic and malformation that found in a pepper field. Cucumber mosaic virus was identified through
confirmation with PT-PCR, PCR-restriction fragment length polymorphism, and sequence analysis
of coat protein (CP) gene. CMV-Tr1 mosaic symptom on the upper leaves of five tobacco species
including Nicotiana benthamiana, Cucumis sativus, Physalis angulata, and Solanum lycopersicon. In
Chenopodium quinoa and Vigna unguiculata the isolate showed local lesions in inoculated leaves. CMV-
Tr1 compared with CMV-As in the sequence identity of CP gene. CMV-Tr1 showed 98.9% and 99.5%
homologies at nucleotide and amino acid levels, respectively. Phylogenetic analysis of the CP gene
indicated that CMV-Tr1 belongs to the CMV subgroup IB base on the CP. To our knowledge, this is the
first report of CMV in T. repens in Korea.
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Cucumber mosaic virus (CMV)+= 200X {22 BT
%15 1 (Doolittle, 1916; Jagger, 1916), 857l Z}(family) 1,000

F(species) 2] "~ W2 7|5 HHE 7HA I Q= Blol &
o] tH(Choi 5, 1990; Flasinski -5, 1995; Kim -5, 1981; Palukaitis
5, 1992). CMV= 3719 Al 270 & A EA =S 7HAH
(Palukaitis 5, 1992), Tt &t Al Eo A YA == T3 A%
T = #2 F(isolate) Fol| &= 4 4 T/ o] ZTHOwen}
Palukaitis, 1988). CMV+= @34 FATA 9L G714 d 9
z1o] o] wa} subgroup 17} subgroup 12 -5 %] ™ (Owen}
Palukaitis, 1988), subgroup | 1 E-2] CMVY] A% 18 Y+
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A& F7|A G2l zlo]of ulg} subgroup 1AL} subgroup IBZ
Al £3}8}7] &= gHehRoossinck &, 1999). = U 2] 7 -$- 2007
HE 201MW7HA] 57 F&4E vpo| A A4 H&S
A A M7 =& HABES YEHY o] E 7l 1
7)Ao EﬂE]O*E} Kim <, 2012).

E 7| & (Trifolium repens)2 -] U2t A A o] 2 A AAY 3=
o] Faf|ato] Fut A B2 SHekA 2 o] 7| & 3ttt E 7| S0
£ OMVE et chaFt vl g A7t g sk A0R BT
5] o (Flasinski 5, 1995), $-2] Uhghof =

Peanut stunt virus (PSV), Alfalfa mosaic virus, White clover mosaic

Bean yellow mosaic virus,

virus, Red clover vein mosaic virus, Red clover mosaic virus 2 Clover
yellow vein virus7} X311 %] o] 9] t}(Jung -5, 2008; Park 5, 2014;
Ryu -, 1986). & Ao A= 2 &4 Zuo Y5 1+
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JFAE WS, vholgie] FE AoR FHHE
E7E9 o|¥HFE A A 5HS Nicotiana benthamiana2} N.
tabacum cv. Xanthi ncoll L5t AF & S-S
Fof AAZEe Ao 2 FE= N. tabacum cv. Xanthi nc
o] AH-S A 33t 5 H(Vigna unguiculata)oll A T ¥y Ht
S 223} ) N. benthamiana £ 3% 2] EHl(N. tabacum cv.
Xanthi nc, N. glutinosa 2 N. rustica)2} 2-©](Cucumis sativus cv.
Baekdadagi), E U} E (Solanum lycopersicun cv. Prime Alexander)
2 52 So] 45T A3} o] o Ao mAto]2 WA
e, el AN CMvel B4l 59 3
A} wb o] 22 SlehTable 1), 0] A€ 71 & 0] £7]E ] A
2 E Y b2 Hhol g Ao A tehA) b WA
2 CucumovirusE 2] T2 vlo] g Al pSVe] EAYE LH
Hewe gt AFo s AU
RT-PCR ¥ HMIStSAX|E, 7]|F4E 9IS af
E7E A ET volH A7 MV Y AT o E FAH
of CMVY| Q| uj Tl g S A A st= o] Zeto]lH(CMV
CP-5: 5'-ATGGACAAATCTGAATCAACC-3;, CMV CP-3: 5'-TCA—
GACTGGGAGCACTCCAGA-3)E o] -§-3to] 2T 2 A& o]
Hpo] & A28 of| A EoFuk-2 CMV subgroup IA (CMV-Fny) 2}

Table 1. Symptomatic reactions of indicator plants to CMV-Tr1

Symptom*

Indicator plant

Tr-CMV ~ Fny-CMV  As-CMV
Chenopodium quinoa L/- L/- L/-
Nicotiana benthamiana -/M -/M -/M
N. glutinosa -/M -/M -/M
N. rustica -/M -/M -/M
N. tabacum cv. Xanthi nc -/M -/M -/mM
Cucumis sativus cv. Baekdadagi -/M -/M -/M
Physalis angulata -/sM -/M -/sM
Solanum lycopersicun cv. Prime -/M -/M -/M

Alexander

Vigna unguiculata L/- L/- L/-
CMV, Cucumber mosaic virus.
*Inoculated leaves/upper leaves; L, necrotic local lesion; -, symp-

tomless or not infected; M, mosaic; mM, mild mosaic; sM, severe
mosaic.

subgroup IB (CMV-As)2} 37 RT-PCRES 4333} 41
PCR AH=2 1.2% agarose geloﬂ A A7IdE0 = 3
2T 2 AHEE CMV-Fny 9 CMV-As®] ZZAHE3} 57]7}
FARES EelE 4= QU ThHFig. 1). °] & B3l E7|E2 R
E2 g Hto] Y A7FCMVE] B AlF O = FI E o] CMV-Tr &
= B35t olst d¥S At AMV-Tr €} S 2t A
Z BA 93} EcoR|, Hindll, Sacl 5 37} A] A3t A A S AH-8-3} o]
AFELA = F4E A THFig. 2). 71 B3 CMV-Tr12
EcoRIO| A PCR AFE o] AThE = A& gelstgl o, oA
£ CMV subgroup B A& 2] vlo]Z A5 0] 2= EA T U3
3= Ao 2 o) 232 CMV-Fny2t CMV-AsS 53] &Holsh 4=
AT

HI7IME U AHE 2AM. CMV-Tr1 9] RNA3| EA|31+=
9] ] e A (coat protein) o] &7 A1 E& 28] Al F&A
(MEGAG; Arizona State University, Tempe, AZ, USA)S A A gt A
3} subgroup 1B Al £ 2] vlo] & A9} 7} GAFSE EA S U E

656 —»

Fig. 1. Agarose gel electrophoresis analysis of RT-PCR products of
CMV-Tr1. M, 100 bp size marker; lane 1, CMV-Tr1; lane 2, CMV-Fny;
lane 3, CMV-As; H, healthy control. CMV, Cucumber mosaic virus.

656 —»

Fig. 2. Agarose gel electrophoresis analysis of and RT-PCR -restric-
tion fragment length polymorphism of CMV-Tr1. M, 100 bp DNA
ladder as a size marker; lane 1, uncut; lane 2, 5, and 8, CMV-Tr1;
lane 3, 6, and 9, CMV-Fny; lane 4, 7, and 10, CMV-As; lane 2-4, Eco-
Rl; lane 5-7, Hindlll; lane 8-10, Sacl. CMV, Cucumber mosaic virus.
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Fig. 3. Phylogenetic trees for amino acid sequences of coat
protein of many Cucumber mosaic virus (CMV) strains. Peanut
stunt virus (PSV-ER) was used as an outgroup. Sequence sources
are as follows: CMV-Fny (D10538), CMV-Mf (AJ276481), CMV-
As (AF013291), CMV-SD (AB008777), CMV-Ly (AF198103), CMV-
LS (AF127976), and PSV-ER (U15730.1). Phylogenetic trees were
bootstrapped using 1,000 replications. Also they were performed
employing the maximum likehood method packaged in the
MEGAG6 software.

W chFig. 3).

£715) ZGsHE vho| A obg 7k Fjel i B
AEA GUE MVTN S| £ 5 T8l SHol® E7]E&0
CMV7} 28t 98-8 Shal B 4 9l ik E 3t of B ko]
Z9] BE7|E A cmve} A 2 CucumovirusZ: 2] PSV7}
A Fgom A% A5IF UL Y AOR A4HY
tH(Jung 5, 2008; Mink 5, 1969). w4 E7]Z A £ &
CMVTN = B2 o 2] A =0l tigt 7|5 A d= AAlsko o
I Aol Az Ao EAS EAT Zart it

2 o

R CELEER L B R RS
Zof| A CMVE E2|5}o] CMV-TH 0.2 B El gt E71 &8
FLE] RT-PCR, PCR-restriction fragment length polymorphism 2
ojmerala gARe] 47149 BA4E Fo) WS A
Atk 7154 & vH-S-ZA T} N. benthamianaE 33 559 &
v o} @ o], me| 9 EntE O] AP oA HApol HAS U
EF AL, Fotel FRAA = HE Gl 5 7 YA Rk
LreF T CMV-Tr & ©f o el 23 CMV-As @} B] L 3t 2 7}
99.5%2] AAFAlS HH o, AFEA 23} CMV subgroup
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