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Three isolates of Cucumber mosaic virus (CMV) were isolated from weed hosts showing typical mosaic symp-
toms, and some properties of the viruses were investigated. CMYV isolates, designated as Is-CMYV, Jd-CMV
and Pla-CMYV from Isodon inflexus, Jeffersonia dubia and Phryma leptostachya var. asiatica, respectively, were
identified and characterized by biological reaction in several host plants, serological property, dSRNA analysis,
reverse transcription-polymerase chain reaction (RT-PCR), restriction fragment-length polymorphism
(RFLP). All isolates systemically infected in Nicotiana benthamiana, Cucurbita pepo cv. Black beauty and
Cucumis sativus, and did not reveal any differences in these host plants between the isolates. However,
remarkable difference in the symptoms was found between the CMVs in Capsicum annuum. 1s-CMV induced
an asymptomatic symptoms, while Jd-CMYV and Pla-CMYV produced severe mosaic symptoms in C. annuum
plants. In dsRNA analysis, all isolates revealed four major bands with estimated molecular size ot 3.4, 3.2, 2.1
and 1.0 kbp. The ¢DNAs of coat protein gene of the isolates were amplified by RT-PCR using a genus-specific
single pair primers that designed to amplify a DNA fragment of approximately ranging from 938 to 966 bp.
By restriction mapping analysis using RFLP of the RT-PCR products as well as by serological properties of
gel diffusion test, the CMYV isolates belong to a typical members of CMV subgroup 1A. This is the first report
on the occurrence of CMYV in the three weed hosts.
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A AARe R de] BX3= Cucumber mosaic virus
(CMV)= B2 F7e] A2 Aaig FiL o, 53
Aeft sl FollAE M Fad npolalawe] Wl
% 3slvto] tHTomlinson, 1987). CMVE  Bromoviridae-
Cucumovirus®l £8P, AlmS B242] =£7]9) w2} RNAI,
RNA2 % RNA3S®E Ed= 359 (+)9]715 RNA(ssRNA)
2 FAEe] glth T3 RNA3SL 3 Ao @l Al
H7% RNARNA4)Y} Z85]0] ITk(Palukaitis 5, 1992).
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SR B MV AlFEC] BAHE, ofF A
2o 37 71Fukeat FA 84 A (Kaper®t Waterworth,
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1981), <l¥chul o] sEj =2 =9} ELISA(enzyme-linked
immunosorbent assay) 2 (Edwards?} Gonsalves, 1983),
RNase protections ©]4-3+ heterogeneity 2] (Owen}
Palukaitis, 1988) % RT-PCR(reverse transcription-polymerase
chain reaction)S |83 et d {-dxpe] AgtEs
A= B4 (Rizos 5, 1992) -9 Wl 2lair 251
AU o9} Fe ATFAAEL V|EE FA CMV
o A5-L AA MEIF B IR 255 22 (Owen
7} Palukaitis, 1988), ZZoll&= RNA32] 5 It v g
Ao gk A7IME BHAAE BEdE MEIE I A
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Ha% JA 2 IBE A3t thRoossinck &, 1999).

2007 &, AEE FHA &A =49
EF A Abukél(Isodon inflexus Kudo)y ¥ 737 o]l &
(Jeffersonia dubia Benth)o|lA EX}o]= F2go] YERD o]
Wt et v 2ol A AR 9] E(Phryma
leptostachya var. asiatica Hara)ol| A A5 3 mAjlola &
o] o|HF2HE nlolg{AE BElg Ax, CMVY A
BE2 WEHAL olE 3% FEEHE CMV7E £
H AL HFolH, o] =R e FxoAA &g CMV
AFE teliA AE7HA & X CMVAISES Y
B85k, 1 §4E 71Esanh

FH=FL

l=J

XL

nlolej 2o B, AUrFd7|edd Lol
iﬂz‘ gk 3% 22 RE HApo|A F4F9] oWl (Fig. 1)
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%3l CMV-specific Z&}o]H(Choi 5, 1999)& o] &3
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Z9-& 0]83 RLPCR AN = 228 A7}t vehyt
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cv. Xanthi nc, N. glutinosa, Capsicum annuum cv. Chungyang,

C. amaranticolor, Vigna unguiculata cv. Kurotanesanzaku,

Cucumis sativus 2 Cucubita pepo cv. Black beautyE ¥

AlEte Is-CMV, Jd-CMV 28] Pla-CMV] 7|5 9]¢}
HA AL 77 2AEKIT FEL 0.0IM S
3 AP o] 83 FAFFTHORE Ao, 35
Fo cMV 2 TR E o] &3t Fny-CMVE FE3 AR

AEE 25-30°Ce] 240 35 ol Fi, HEYU R HH
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Soto g AA3S wf B LAHA FUL 75l
e e HEE gl thsiA CMV-specific ZEHe]
£ 0]&3 RT.PCRE A5t 7HA/-F5 A siTH
npolg 22 B, FxolA B CMVEY Algs &
Asl7] 9k, ZIAEZZHEE double stranded RNA
(IsRNA)2) 72, 83384 =4 %A}, RT-PCR A& ©]

g3 dmend sdde ABERAT B4 5ol P

=1 O]Q‘O]'oi‘:} DsRNAS AES A 7" 7+ F=x9
Az} Galwuky] & 7} BelEE HES N benthamiana
o] 7+ o ZRE] Morris®t Dodds(1979)2] WS- o] &

st FEHith. &3 72 vhol2] 29 dsRNAE 6%
polyacrylamide gel*lA 1XTAE €& 9(40mM Tris,
40 mM acetic acid, 2mM EDTA, pH 7.8)2.2 719 %
3k F, ethidium bromide® @A 3te] UVOlX E2te] &
72 arne fEsch ¢4 7 emvEese 949
;(4 /ﬂ 703 ;z}\].g],ﬂ _ﬂg].oq Fny_CMV(/\-]Hj_E_ IA)_Q] fs}
S o] 8-3 s AolFEA R (Kaper2t Waterworth, 1981)
£ o] gttt SEHAL 1% agaroseE 0.15M NaClg E
el 0.01IM QA=A (PBS)el o A3t ol
o] Fny-CMV, Is-CMV, Jd-CMV, Pla-CMV %
Er-PSVoll 9% N. benthamiana®] %S PBS &%
< mlo]ARFEH YA 12,000 rpmol A
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Fig. 1. Mosaic symptoms on Isodon inflexus (A), Jeffersonia dubia (B) and Phryma leptostachya var. asiatica (C) used as sources of

weed host for isolation of Cucumber mosaic virus in this study.



Aol B3 35 Cucumber mosaic virus® 33 EX4 17

benthamiana®l ¥-& AF 34 Choi 5(1998)8] WHoZ
total RNAE 27} &30, o]§ AFE-3to] RI-PCRS 4
Al &tA TF RT-PCRS CMV-specific Z2ko]m & o] &3t
- RNA3S] ol d 4218 sk 3 949, oF 950 bp
o dsir] AABIATE o]ZA Aol PCR A& tlz
Z 0|83 Fny-CMV(EZE 1A), As-CMV(AE2E IB),
LS-CMV(AE2E 1) @ ER-PSVY] PCR AHE3} 34| A
StE 4 EcoRl, Hindlll, Mspl, Sall 2 Xhol® 2 &3k
X, 1.2% agarose gelollA 71953t A|haAH
€l (restriction fragment-length polymorphism; RFLP)S ¥
Aste] 7 CMVE MEIFE A3

A% 0&

715Hke 2 WASA. Is-CMV, Jd-CMV ¥ Pla-CMV
AFEA R BEFRS A8 BAe) BE A9AT
Table 19 Blstth FzolAM &3 359 cmv
X N. benthamiana, N. tabacum cv. Xanthi nc, N.
glutinosa, C. pepodllX&= HAZH = o] A Ealola
WAS BA9wW, C amaranticolor, V. unguiculata®| =
=5 Apgto] AT, 28 C annuum®] 7,

A e o

Fny-CMV

Is-CMV |

Jd-CMV

Pla-CMV ¢

N. benthamiana

C. sativus

Table 1. Reaction of indicator plants by mechanical inoculation
of the CMV isolates

Is- Jd- Pla- Fny-
CMV CMV CMV CMV
Nicotiana benthamiana M -M -M -M
-/ChM -M -/ChM -M
-/ChM -/ChM -M -M
Capsicum annuum cv. Chungyang  -/- -M  -m M

Host tested

N. tabacum cv. Xanthi nc
N. glutinosa

Chenopodium amaranticolor L/- L- L/- L/-
Vigna unguiculata L/- L/- L/- L/-
Cucumis sativus -/CSM-ICSM-/CSM -M
Cucurbita pepo cv. Black beauty  -/CSM-/CSM-/CSM -M

Inoculated leaves/upper leaves, M: Mosaic, m: mild mosaic, Ch:
Chlorosis, Cs: Chlorotic spot, L: necrotic local lesions, -: symptom-
less or not infected.

Jd-CMV$} Pla-CMV+E S
CMVE AHZ3 335 Ao §UL2e AFHA &
rthFig. 2). ©l9h o] wWA LA FAHA &L Is-
CMVE &3 2130 J3HH el dsid= CMV-
speCIﬁc sZglo]HE ©]-&3F RLPCRES A& A, 44
-85 UEPd 024 Blolej o] FRA) ZFY o] Sl
Ack o)y e PH Fg CMVY 7 |

C. annuum

C. pepo

Fig. 2. Systemic symptoms on Nicotiana benthamiana, Cucumis sativus, Cucurbita pepo cv. Black beauty and Capsicum annuum cv.
Chungyang inoculated with Fny-CMV, Is-CMV, Jd-CMV and Pla-CMV, respectively.
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F-se 2348 AR Hs o, FxEAYH s
339 CMVEEF F9 A Jd-CMVS Pla-CMVE &
CMVE o] 23 Fny-CMVS 222 4E2 EA9 CMV
Aoz FAEATt ¢ IFEFT F WP SolH
A 719e 5ol Is-CMVE] A%, =33, Tl 4
, T2 F59] a3 FES daolA

fFAAke] 548 Wu A=
DsRNA ¥4 9 d33h4 A4, MorrlsQ} Dodds(1979)
o] WPH S o] &3l [s-CMV, Jd-CMV 2 Pla-CMVel| 7+
AE N. benthamiona=5-8 F23+ dsRNAE 217]Q&
A}, BE BIFE xE 0|83 Fny-CMVe}l vzt
A2 °F 34,32 2.1 ¥ 1.0kbpe] BAENE zH= 4%
dsRNAﬂ AEHIKFig. 3). o2} 22 A= dsRNA
=S Bolo] oA el 359 vlolelvt CMV
lio}a}t AL 7HAEA AEJAE = A 53]
A A2 CMVS o] EEAES 7H ntele

Bt Eﬂrﬂoi Azd 4 JE S HoE B
(Dodds, 1993)Z w50 & ®, CMVE 2AAAAA #-2]
ke 1330l FHo g #go] 7ted o R AYZE A
S Fny-CMVe] 838 o]-8-3t skl d o]z, 9
A3 At 3% CMvEEFe] 39U Fny-CMVe] &8

r

_4LU_L_,__4_1
Q-_\LL

or

39l oA @ ol Fsle 9dE G,
Fry-CMVe) Zele) eja)n G449 2704 §%s

THFig. 4). L1} ER-PSVl 394
benthamiana®] &= 740l fﬁ*é A7) ek ol#

RNA4—

Fig. 3. Polyacrylamide gel electrophoresis of dsRNA isolated
from Nicotiana benthamiana infected with Fny-CMV (lane 1),
Is-CMV (lane 2), JA-CMV (lane 3) and Pla-CMV (lane 4). Ali-
quots of dsSRNA purified by CF-11 cellulose were electrophoresed
in 6% polyacrylamide gel and stained with ethidium bromide.

Fig. 4. Agar gel immunodiffusion test using an antiserum to Fny-
CMYV (Ab). The peripheral wells contain the crude sap from
Nicotiana benthamiana infected with Fny-CMV (Fny), Is-CMV
(Is), Jd-CMV (Id), Pla-CMV (Pla), ER-PSV (ER) and healthy
plant (H), respectively.

3 A= [s-CMV, Jd-CMV 2 Pla-CMV7E &4 82 o
7 ABIF 19 &8 Fny-CMVeE 22 CMV A5°]
2= A& AAFERSITh

RT-PCR ¥ AGFELEXE. CMV-specific Z&o|HE
o]8-3te] RNA3S] Sjsjehildfxiats sk 3' 99
o] thét RT-PCRS A& A7}, 1s-CMV, Jd-CMV % Pla-
CMVel 7298 N benthamiana®\*] 523 RNAZH-E
= F 950 bp 7]9] cDNAZF FZH QI tkFig. 5). olu
22 A3 Fny-CMV(AHEI2E 1A), As-CMV(AH1
% IB), LS-CMV(X 22F 1) ¥ ER-PSVY] RI-PCR %t
B3 &7 ASE A EcoRl, Hindlll, Mspl, Sall ¥ Xhol
o2 A3 3, agarose gelolA F71PEst Agdar
Auiel S BAsan 2 A3 FAS 3% CMVEEF
o] cDNAXE EcoRICE HataS mols 2% Ads
A ¢kerom  Hindll, Mspl, Sall 2 XhoIO] A=
z} 2/l HHOE AYEE B4 B A HFig. 5). o]
7re Ax= AEIOE IBY ol £3l= CMVe dot

=
HEl B b3 o okAe nolo g FAIF 3%9]

% CMVE 2% A B8 [Ad &3k vlo]# =2 &)
A9k, T3 RNA3S 3 G thegt Hindlll, Sal %
Xhol®] A W€ (Choi T, 1999)°]-} 2| Tk G o]
&t Mspl#t EcoRIS ©]-&8 #lstas A eshH(Singh
= 1995)0] CMVe] MEIE-S AA = WS f8st
o= By oly AxslE AdE UJepg oz, o] 9
o] t)&F RELP 340] CMVY] MEIOFS AAst= £
o ARE 48 F U8 AR AdE

é.\%.ﬁ

L

FzERe Fod omvel A7 22 AG7HA A
o 7+dd FExEHEE CMVE #8 543 BRis gid
3] BrhehEer AL, 1955; Tomlinson &, 1970; Duffus,
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Pla-CMV

Fig. 5. (A) Agarose gel clectrophoresis of amplitied PCR products obtained by the RT-PCR using the CPTALL primers. Lane M,
100 kb DNA ladder; Lane 1, Fny-CMV: Lane 2, As-CMV; Lane 3. LS-CMV; Lane 4, Is-CMV; Lane 5, Jd-CMV; Lane 6, Pla-CMV;,
Lane 7, ER-PSV, respectively. (B) RFLP analysis of ¢cDNAs obtained from Fig. 5A. Digested restriction fragments were separated on a
1.2% agarose gel and stained with ethidium bromide. Lane M, 100 kb DNA ladder; Lane 1, EcoRI; Lane 2, HindIll; Lane 3, Mspl; Lane

4, Sall; and Lane 5, Xhol, respectively.

1971; Bruckart®} Lorbeer, 1976; Choi %, 1990; Kwon =,
2000; Choi %, 2004). °]& thEE L T}E nlo|gf o] H]
& 7151 917F w9 B2 CMV7E 2R 9] wlole A A
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Bat7] A At F=/E olF doh. 23 AF7t
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W8 (Isodon inflexus)S] 1s-CMV, 7378 01 Z(Jeffersonia
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mosaic virus(CMV)E FA18t, 71808 A3, dsRNA
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N. benthamiana®] Y& FUOZ 0|83} Fny-CMVE]
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