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Plant Disease Caused by Cucumber Mosaic Cucumovirus
- Potential Role of Genes Associated with Symptom -

Jang Kyung Choi* and Hye Ja Kim
Division of Biological Environment, Kangwon National University, Chunchon 200-701, Korea

Cucumber mosaic cucumovirus (CMV) is an isometric plant virus with functionally divided genomic
RNAs and a broad host range. RNA 1 and RNA 2 each encode one protein, both of which are essen-
tial for replication. RNA 3 encodes the viral coat protein and an additional protein thought to be
involved in potentiating the cell-to-cell movement of the virus. Functions of the RNAs have been con-
firmed using a pseudorecombinant virus constructed with infectious cDNA-derived transcripts of the
RNAs. Generally, CMV produces different symptoms in various host plants depending on the virus
strains. In this mini-review, we describe the potential role of the genes associated with symptom expres-

sion of CMV RNAs.
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Q0] Exzlolzl vlo]2(cucumber mosaic cucumovirus;
CMV)= Bromoviridae 2] Cucumovirus <i(genus)ol| £3}9, o]
IF9] thEuko]22o]tMurphy, 1995). Hlo)2A Y= &
73 30 nm9] F&(isometric) 22, 3F9] £2H i Ax
RNAC(single strand RNA; ssRNA)®} 129 4B A5 RNAE
7FA 2 31tHPedens} Symons, 1973). CMVE 5&E A¥3
7IAF AFgez AwE®, [R/A1IL+1.20° +0.8(+0.3)/L":
S/S:S/IC, Vel Ap]®] ZYPEIHE ZH=tHVan Regenmortel,
1989).

CMV+= 19169 Doolittle, 18] 7 712 &) Jaggerol] <) £

ol} HAIWENN A BUHTE IF o] nlolgie
AAHLE de] B3y, 7P W 7IFE8E 7R 9
< T8 vl AR UHAA HIYoH, AEutelgaF 7P
Bol A7HI e wpolg 2] shelrh w3 dAHoR
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2 Age & Falg F A
CMVE ghellA g8 Hhe} o] W 7|FHAIE 7T 9l
ot Wellman(1935)0] 23t CMV 2] 715E 912, 11 % 1966
W 191, I8 1969300 470F 0.2 Z71E0ch 718 F
o 7158 CMV ] 715 el A3 =Foll= 853 3654 775
Fo A&l gstx UrkDouine 5, 1979). o|# T 715E
Hol CMVE oz 800F 149 HEES 71FHIE 7}
AL ATk AZHEek o9 o] Al g Exss
CMVE B2 AT B FeFE0] A, o8 F&2
FAolL} 71FHsle] zholo] JsiN FRHT Yk Ty
CMVE 2383 {9387, vlojgix guudey He=
map Z AlE9 hybridization analysis ol oJsiA] MEIE
o] AL 1o v(Devergne® Cardin, 1973; Gonda%}
Symons, 1978; Piazolla %, 1979), d2lel] walx g8 7}
A2 B o]F MEIOFS WAL < subgroup I 2 sub-
group 12 TFHIT = 7o) Pt ojtOwen} Palukaitis,
1988).
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PAHoE BHEeh mEA vlolE A Al BAE + gl
= o2 71 ZIjEo| Hleleie] 71EA RS wEl=)
o851 913, CMVIM X RNA-RNA hybridization(Piazolla
5, 1979; Owen3} Palukaitis, 1988)0|v} 7+ M Z2EHE] 3
A vlo)lE A Al B3l double strand RNA(dsRNA)E
AEs= WPEEo] &89 tKMorris2t Dodds, 1979). %3t
CMV AEE9 3% 97|14¥EE o] 43k reverse transcription-
polymerase chain reaction(RT-PCR) 7] ] 7/|¢2 CMV e} &
Ae v WEY JEsA AHT F Ae FHOZ Yol o]
£53 glor, o] RI-PCR AHE-S o] 43k Ajghas Aoy
& "ol A AFZE BAE 4A B8 F2 ltkSingh
5> 1995; Choi 5, 1998). 3t Al RNA7ZE £250] Q=
CMVe] 73§ B8-S gelske AlB 7 72 RNAS pseudore-
combinationo] g-o|5t7] @i, Z wpolgAs} 7EA I Sl
FA7e] e 54 sMsied 2HAA 9T FU
t{Mossop} Francki, 1977, Rao®} Francki, 1982; Lakshman
7} Gonsalves, 1985).

A2 BAREHA F1ge) wh Hol Holgla An
o g 4 AIso] gol BRI H k. CMVe) §loiA
T g2 AEEd U A QNG AsFEot Wiz
(Daves$} Symons, 1988; Nitta =, 1988; Rizzo$} Palukaitis,
1988; Palukaitis 3, 1992), o|&{g A#}E2 vpolalA 4%
7158 Aoy NFAEHY FSAAE BAFTA o]
siat=t F28 9 5 ok CMVY] 74 RNALF
RNA2+= dpolzis RNAS] EAlo] 23 #3tsl, RNA3d
FEHY e 3a @ g omghalgo] njojgiie] AE
ZA7F oo HAdThE Zlo] HEATHGould$t Symons,
1978; Daves$} Symons, 1988; Nitta =, 1988).

ulolg{ o) o]t A E0) W HARHO 2 A, ol
AEe] HALRL vpolg) 9] fAASY AES] FHA A
3o s Aujgck =3 HAUGE] AHE vlo|Hx
A2 AR A B0 2 dojuls o] Yty
ojt}. o] FAHNME CMV Y 7|34 & tldt WATd T
WY AEE A7) BER 22 fARY 715E &
Netrt s,

CMVO|| 2fgt Aol QU™ EM. CMV Y 2ol w2
Ao WAL BE AN BAjol2s) 91%E osle A
o] WiHolA7, ZA%o] Weble SAE AATAAATE
FHAZHA |27174A] wl-$- theksiAl vERdeh Eg ofE
CMVAE(dE €8 M-CMVUY Y-CMV )& tiiEe] 7]
F2] &) chlorosisE FE3l=t] WA, od AZES dut
<l EA}olHA(green mosaic)THe 5AF o2 ARV E o
THKaper2} Waterworth, 1981). 8 CMV Y] HA L satellite

RNA9] -7 wetME FA Wsle 297 Jehs (Francki,
1985), CMV &] @5 gol M wll-¢- &5t Balo] I & st
| Zlo] g vlolg| i) A ZHPOEA A% EAjo]a
2 Wk g5 2HE(severe synergy)s do7l= AL Utk
(Francki &, 1979).

AB7HA] BE CMVAIEEAA 71F0¢] Loy ¥A
< AAs= 1471 Als RNAS] pseudorecombination 4
FE Bt ZAHA o8 AFEY A= CMVY A
% RNAZ 3t 7] o]/49] RNAZF 5938 HAYHS 5
A2A ZAedE S YR FckPalukaitis 5, 1992).
Iy BaAdY fxel lojA B4 RNAVE 3R &
AFE, 540 HAS fFEshe CMVY dE71MES 4
=t oXe A FAVE HAE ¥tk dF 9 M-
CMVel 9a)A Fmxl= Pufol A el AXF chlorosisi= RNA3
o] EA A7IME YA FEHETRE ARl WEHAAIR
RNA2E #9437 Qe Ao 2 dAH IrkRizzo, 1989).

CMVe| HEMH FAA} siMES et AEH Hid. CMV
o] AlFZ 3%9 RNAR #3850 girt. g vlo]ziX A%}
ERY F2¥ RNAS & 415 RNA7E EAJ3ict. o] RNA4
+ RNA3LZ2RH fe#=e AEAE RNAZ vlo]zA9 7+
Ao gloir= B2 &kA] ¢riPedens} Symons, 1973). RNAI
I RNA2&= 747 T2 QAo E0] 91.em, RNA3T} RNA4
= e Gl A EAg olE 359 CMV YA
1A HEoldt FARE] s AF oA AE T
=7l AsiXE FHolt) olE 4% RNAE BEF (+)7td
o2 Z}7} sy e gl d S FE8 4 9l mRNAC|th ©]
S EE RNAE 3 goke] viggdgel o 2009719 3%
A7IMEE 7 JeH, 5 Tl Ft(capped struc-
ture)E | &K Symons, 1979). o9} 72 CMV 7lE RNAY
B8 o)l g8 2N 7 AT A et 7)1584-E 4
stod AFZk vpol2]2:9] Al RNAE w88 <= 31+ pseudore-
combination®] 7F=3}c} o)) 3t A 8-S E&le] X ZF7kx] CMV
7b 7R Qe 718490 43 Bl #yEHAtE £
CMV 2] 7} RNA9| th3} full-length cDNAE A &3} in vitro
oAl RNAZ AHAMAZ 4= 9= in vitro transcription system©)
MEECZA AlE RNAS 54 G714 g4 gt 75 )
T+ FAHCE HNE F de AVIZE HA AF7H Z
A U= Fny-CMVLE Y-CMV 59] f-321814-2 o]
Al2~E)E o]L-3l AalEo]tRizzo9} Palukaitis, 1990; Suzuki
=, 1991).

CMV RNA3T} ZI24S! AlZo| HX| M-CMV o] 7t
HERS o, 7 5 A<Q1 A2 chlorosisE Y071tk o] M-
CMV RNA33} Fny-CMV (el A dit8Ql Exjo]35
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Fig. 1. Recombinant constructs between the cDNA clones of Fny-
CMV RNA3 and Mf-CMV RNA3. Symbols: 5 = 5" end, N = Nkel,
S = Sall, H = Hindlll, X = Xhol, 3 = 3"end, O = Fny-CMV RNA3
c¢DNA, B = Mf-CMV RNA3 cDNA.

H3l= A1%) RNA3Y cDNAZE0 25E A7 chimeric
cloneoll A AAFE RNA3S M-CMV &) 2t chlorosis
g f#%dl= domaine] YrkE Aol HE A rhShintaku s}
Palukaitis, 1990). M-CMV RNA3¢] cDNAZES o]0
site-directed mutagenesisE Yo Z & w), Jughde] 129
A ofm’cite] chlorosis®t #HAATE Ao AFHJT
(Shintaku, 1990; Suzuki £, 1995). & M-CMVE 12994
leucine(Len)S E3%sly U=l WA, Fnyt 7+e 9]x|4))
proline(Pro)S- ¥ 33t} T3k chlorosisE 23k 452 CMV

ASE(FC-, M-, P6-, Y-CMV)3} ‘?—J‘?_Vj.?l Exo|ZE oy
he 4%9] CMVE(C-, D-, Fny-, O-CMV)9] &j3thilj o
3 GNMEH ov| A EE viws] BH, 12995 o

Table 1. Symptoms on Nicotiana tobacum cv. Burley21 10 days after
inoculation with pseudorecombinant RNAs

Reconstituted RNAs" Symptoms
FFF green mosaic
MMM chlorosis
FMF green mosaic
FMM chlorosis
FFM chlorosis
MFM chlorosis
MFF green mosaic
MMF green mosaic

"Reconstructed RNAs are indicated as follows: FMM indicates RNA1
from Fny-CMV, RNA2 from Mf-CMV, and RNA3 from Mf-CMV.

Other pseudorecombinants follow similar designations.

LAko] HAR= leucine BEE serine (Ser)?lH] HlalA, TAl=
.E'_l:,— prolines ¥3}3}7 9t} Proline thAlol leucine FE+ ser-
ne WME3H7] YsiAE prolineE ¥ I+ il OE 4
7159 32 Ewkety ek o]$t 7] chlorosise &3
W] Wl oA dojdtis Ao] EHAL Urk 18
3} chlorosis ¥A 9] L& Wit A] 1290 o} -4t
A3k AL ofl, 23]7 12994 ZA 9 ofH|imAd
Fofl 93 uide] 33 127} B Fasithe AR
o] ﬁ% A A2 UkSuzuki 5, 1995).

! e ez el ZP-FLXH(Melandryum firmum)o| A E2] g Mf-
CMV(ChOl . 1998)= gl Burley21d] HE3H S o, HF
Aredol| chlorosis(X 27k R27H Y-CMVY M-CMV e &3]
3] chlorosis i TH= A= chlorosis) S YEFOZAM TRE A
E9 C(MVEF itk I2u Burley2l ©]9]d T 5
o] gl HEIAE dolle Yl BAlelaE s
ThE CMVAIRES A PEEA Feth o] ol
Burley219|41¢] chlorosis B30l #aidl= F-2AE B43}7]
2)3}e] Fny-CMV ¢} pseudorecombination & ¢cDNAE- 0]-4-gt
chimeric clone-g 28} in vitro transcription®]] £]3t chloro-
sis BA7 BEE A2 gBasig) (Choi S, "R 2}
). MECMV S} Fny-CMV ] 7+ 73 RNAS A% 28171
pseudorecombination A¥-S %3}4] chlorosisi= Mf-CMV 9]
RNA3e] Aujgitl= 2345 dUtkTable 1). & 7l RNA
E FoA MF-CMVe] RNA3o| Eo|7F ZF2 Burley219]
chlorosis7} &= gtk o] Ao ZHE Mf-CMV RNA39]
chlorosisell Trefahs @714 @] FAH domaing 13}
7] $13ted Fny-CMV RNA3 2} cDNA(Rizzo 9} Palukaitis, 1990)

o2
gto] &

Table 2. Symptoms induced by infectious transcripts of recombinant
c¢DNA clones of CMV

Transcripts Symptomsa

FIF2F3 (parental)’

F1F2M3 (pseudorecombination)
FIF2F3-M(5N)Y°
F1F2F3-M(NS)

green mosaic
chlorosis

green mosaic
green mosaic

F1F2F3-M(S3) chlorosis
F1F2F3-M(SH) green mosaic
FIF2F3-M(HX) chlorosis

aSymptoms were checked on Nicotiana tobacum cv. Burley21 10 days
gfter inoculation with transcripts.

F1F2F3 and F1F2M3 indicate RNA transcripts synthesized from non-
recombinant constructs.

“Recombinants were constructed between cDNA clones of Fny-CMVR-
NA3 and Mf-CMV RNA3. Recombination occurred at the specified
restriction enzyme sites. Symbols: 5 = 5 end, N = Nhel, S = Sall,
H = Hindlll, X = Xhol, 3 = 3" end.
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hyATGGACAAAYCTGAAYQAAOCAGTGCTGGTCGTAACCGTCGACGT

CGTCCGCGTCGTGGTTCCCGCTCCGCCCCCTCCTCCGCGGATGCT
__________________________ T

AACTTTAGAGTCTTGTCGCAGCAGCTTTCGCGACTTAATAAGACG

AGTGAACGCTGTAGACCTGGGTACACGTTCACATCTATTACCCTA

____________________ A e 25

AAGCCACCAAAAATAGACCGTGGGTCTTATTACGGTAAAAGGTTG 270
____________________ Cm e

TTACTACCTGATTCAGTCACGGAATATGATAAGAAGCTTGTTTCG 315

360

405

Ala
GTTGCCGCCATCTCTGCTATGTTCGCGGACGGAGCCTCACCGGTA

e A i

450

Thr
CTGGTTTATCAGTATGCCGCATCTGGAGTCCAAGCCAACAACAAA
___________________________________ T

495

CTGFTTGTATGATCTTTCGGCGATGCGCGCTGATATAGGTGACATG 540

585
Ue

ACGGACGAGCTAGTACTTCATGYTGACATCGAGCACCAACGCATT
630
_________ T _6_ _ e G

Val

CCCACATCTGGAGTGCTCCCAGTCTGA657
_____ G- ——G-————————————— —

Fig. 2. Alignment of the nucleotide sequences of the coat protein
genes of Fny-CMV and Mf-CMV. Nucleotides identical to the Fny-
CMV coat protein gene sequence are indicated by dashes. The box
is Hindlll-Xhol fragment associated with chlorosis expression. The
different amino acids between Fny-CMV and Mf-CMV are indicat-
ed by underline.

9} MF-CMV RNA39| tj3t cDNAZ o] &5ka] 7]} RNA3
& AA3A(Fig. 1), ol& AZF 7lvlgl RNA3S] cDNAS
Fny-CMV RNA1 % RNA2¢] cDNAZ-E0 22§E] T7 RNA
ZZFAE 0|23} in vitro transcriptsE TS Burley21ol 3
23590k 7 A3} Table 20]419} 7o) MECMV ] RNA3 &
oA QA f-Azte] tiFio] XFEJS o chlorosis
7 BEE T ME-CMV Y] el A5x4 F714 el
A 13971, otu] A Foll A 224717} Fny-CMV 9 zto] & v
ERATHFig. 2). 18 RE7FK] CMV 9] chiorosis$} HHE
domain® & B 7 ¥ oju|childe] 12044 o}r] AL Pro —
Leu(== Ser)¢) Wol7t 244814 &3, Mf-CMV+= Fny-CMV
9} m}R7 A E prolineS E$81 AT WA ME-CMV 9
e FAHAE FU AEAZ AZS 71v2 cDNAE
7237 o] WEHATHFg 1 2 Fig 3). 11 23 Mf-
CMV RNA3¢) HX fragment(Hindlll - Xhol site)S E el
71 al RNA3o] Z&H F3Hol|A] chlorosis7} ZEHFE T, ]
fragmentol] = Fny-CMV 9} Mf-CMV  Ajelo]] 13784 ofpr]
2} alanine — threonine (Ala — Thr)&] X]gko] ZA 33} ©]

Fig. 3. Symptoms on tobacco plants (Nicotiana tabacum cv. Burley21)
induced by Fny-CMV, Mf-CMV and in vitro transcripts from the
chimeric cDNA clone. The photo was taken 10 days after inocula-
tion.

28k A2 HE CMV ] chlorosis 2H 3} #A=| 0] AF7HA]
A A 12994 o)Ak o] @)el) B T2 domainol| ©] gt chloro-
sise] 2L AALEIITE ol9h 22 Aike v e A 129
Walo} 7+ B4 oju|iike] wWo| A7 AFHOE HA
o] FAH7| BTk, ofn)icAke] X|go] ME g
A a7} 68 FREAE T2} AAE Suzuki 5(1995)
12007 2 ¢ HEL o) eh A e] VA Zo) 4] B-sheet
o] SrAAe] BAE Uod shsAel EAlGTE Ag B
=g

CMV RNA20| 2|5} Bi2lA] 9! HHZEIo] 5l CMV RNA2
= RNALS 3 EAl @48 FEshs ARtk deu B
2 AFEL RNA2Z} 713489 HYgdE Aodttes A
BalZ3 gk o]d Ax: CMVe| ofg Al57E RNA
<] pseudorecombinantE ©]4-3+ A S ZHE gl vt
& B9 K-CMV(E550] Agse A% U-CMV(E
F HZAGAB)Z o83 AZTAPLE K-CMVY] S50
o] HeiAo] K-CMV RNA29| 9jsA] Aujdth= AMdS B
a2 9JtRao9} Francki, 1982). 3l B2 AE-2] CMV
QlojA ZhdEo) Bl oy ANAEA(RTF CMVE
FEAFNE o] uto]# 2] RNA2ZL FH gtk Zof &
olEl ¥ gtk B3] A uE| RNA29) 3" Udol| 2a 47}
9} overlap® o] ZA 3= 2b FARHF 680-690371)<] 715
o] upo)&) 2] AEAY long-distance mov;mentﬁl} Sl WA
o] AEE FoFE JTL 3} vke Ao] HAPoEA
(Ding 5, 1994), CMVe] BA43} A8 F34 7158 2o
FAck

CMV RNA10|| ojat WAIHlS], Fny-CMV 9} Sny-CMVE
914 Z9KCucurbita pepo)sI A HALEL &9k HA 2
ZAeE A2 gdElske A4EE 7Y Aok & Fay-CMVE

L rlo N

o M
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d 9 £59 #AE FARE £4317] 9% pseudorecom-
bination 2&e] A3+ Fny-CMV 2] RNAlo] F71UolA]<]
7 s BE 220 Belsty gtk RS UE 291
t} (Roossinck ¢} Palukaitis, 1990).

Satellite RNAZ} ZH46k= CMV2| B4Z!. Satellite RNA(sat
RNA)= E-A| 9} encapsidation-g helper virusel] $H413] o3}
+ 22 RNAE ROt} zHAAIdA B2HE o CMV Al
=52 332-3869712] sat RNAES ¥ F3}7 9om, 0|5 sat
RNA<:= helper virusQl CMVe] #Aluks -8 7H4 $Hcl(Francki,
1985). ¢l 5 ErLE A9 necrosis$} chlorosis, Bl A
©] chlorosist= sat RNA®] 54 A7]xgell 2sia Aujgct
= Aol 4&#A ArkKuwata 5, 1991; Sleat =, 1994). Sat
RNAE gafix] F 8 AL 54 7159 F2 4 satel-
litee] F71XY 2 CMV RNA2 & 3717 249] A5 2120
oA AuEl= 2] YubHolcKSleat F, 1994). o9} 7
W45 BUE CMV RNASSH 7 9.00) 45480 2t
B % pseudorecombination AlFHolU MEZ FAHL 1=
cDNA ZEEE ol§#2 24 7ia3lith 53] gy} Ente
o|A12] chlorosis2] B8 helper virusel] £4)31= E4 d7)
AL} sat RNAC] ER3l= 54 H71NG9) Aazrgo 9
&3}, Chlorosis®] ¥H-S 2 3h= sat RNA2] mape En}
Eol|A chlorosisE €27)= Y-sat RNA(Kuwata S, 1991)$}
o A chlorosisE Y0 7)= BS5-sat RNAo|A] Ry 59}
(Zhang 5, 1994). o]& &5 chlorosis®] Z4 Q7|4 gL H)
=T AR EAL =& 454 S YERdTh Bssat RNA
2] 3%, cDNAZES o435 49 A= 14994 G717}
EntEL} gulolA] chlorosisE 13 7|FE0|A S ZH3h=
Q1A}Z, 1534 G717} chlorosis § & ZAsI= AR 2}
2310 24 sat RNAS] 148-1719 7] <] chlorosis domain
FHE olF T AR BIEHTE 0|23 sat RNAS WA#
& domain2 Y-sat RNAS X 1= G-A18 A 3}-E B o] FriKuwata
5, 1991).

CMVel 9% AFAZe) wRRdon) Beas 71 4
W02 ey fAAE RNA3S Salggold,. Teh
ez {7z} o]9)o| i X E RNAVE | 7HH 08 7)Fd
o WA BRPo RN CMVe okt WALHRL f=
sk Ao UehtA ot o]gd AdEd ofF7kx] 23
A7 CMVIA W H AFAEEA, 59 A3 Fd o}
2= TS FA 2 HAAE A Fl4o] o]FF A
o= AAEY, dAHoE CMVHe) thisk 7159 e #

d FARE gAstet ol g 223 AeEA 88
2 202 Zigdnh d& £9 AL Y-CMV7} Arabidopsisol
A1 hypersensitive response(HR)E 90 7|= A3} BESA Y-
CMV 2Jujild §2219] 12994 oln]-Alo)) €5 HR ®F
53 ololl th-23l= Arabidopsis®] SARFAIL FHAENT
(Takahashi 5, 1994), Y-CMV ¢] RNA27} SXo)A HR HhS
= AA8= FAAZ 2431 gene-for-gene hypothesis7}
SHETE 4F 59 Bt ooR 1 3tk (Karasawa &,
1997). o]59] A5 BHY wlojgire] o)z WAy} 3
HE F2AA49] domaine] ThE WA T HUAHE AHE
T SUEE FHE Ho|X itk

T2t JellME AFe ve} o] A F7ER) CMVellA Bt
3 B e g SHE fAe) ZAETE 6
AL T3] AR AR ¢7) Yo, ¥ B CMV AEE
I o HAEHY A5 AA FAR 50 S o
ofgt CMVe] Zgell tigh 7]59] Sgo] gds)d + 9L
Ao Z A7Fgr.

CMV 2| oA L Alx RNAE HE3hk= 7|#3<] 7)
T2 7KL itk IYUME 3 ough e v
2 T, ZAxA A SAE vlolg2e] 97 olF
o] K Taliansky ¢} Garcia-Arenal, 1995) 2151E w7} A}(Mossop
3} Francki, 1977) So|E 23 932 &1 g} o83t
kA teFet 7152 ¥lg CMV #rlo] olz}
Tobamovirusi} Potyvirus SolAx W& 2|3 Qlo], ¢ko = )
olgiA S e 7w AHE BAAYESA 4L )
ol aHe] WHAIE {8 $23 AVIE HEolE: £ Ut
5 Aeid FA2E =UAZ AR 2B v}
ol AN 712 s, E nol 9] WAA B
d Faze AEAY U3 fazle] B4 siHe AAREe
Hho|H o] ek A3y 85 252 de] 882 5 9
< Ao et

rek
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