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An isolate of Cucumber mosaic cucumovirus (CMYV) was isolated from Hydrangea macrophylla for. otaksa (Sieb.
et Zuce.) Wils. showing mosaic symptoms, and designated as Hm-CMVY. Hm-CMYV was characterized by the
tests of host range, physical properties, serological properties, RNA and coat protein compositions, and reverse
transcription and polymerase chain reaction (RT-PCR) analysis. Twelve species in 4 families were used in the
host range test of Hm-CMV and could be differentiated from Y-CMV used as a control CMV by the ringspot
and line pattern on inoculated leaves of several tobacco plants. The virus produced local lesions on inoculated
leaves of Chenopodium amaranticolor, C. quinoa and Vigna unguiculata. The physical properties of the virus
were as follows; thermal inactivation point (TIP) was 60°C, dilution end point (DEP) was 10”, and longevity in
vitre (LIP) was 3~4 days. Hm-CMYV was serologically identical to Y-CMYV. SDS-polyaciylamide gel electrophore-
sis (SDS-PAGE) showed one major protein band of about 28 kDa. In RNA or dsRNA analysis, Hm-CMY con-
sisted of four RNA or dsRNA species, but satellite RNA was not detected. In RT-PCR using CMV-common
primer and CMV subgroup I-specific primer, both amplified expected size of about 490 bp and 200 bp DNA
fragments from Hm-CMY, respectively. Restriction enzyme analysis of the 490 bp RT-PCR products using EcoR
I and Msp 1 showed that Hm-CMYV helonged to CMV subgroup 1. However, Hm-CMYV could be differentiated
from other CMV subgroup I isolates by RNA fingerprinting by arbitrarily primed polymerase chain reaction
(RAP-PCR).
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Cucumber mosaic cucumovirus(CMV)YE® 3% 2 As
RNA(RNAL 2 2 3)9 1559] A BA % RNARNAHZ
A8 27 30nme] 73 vpe]B el Cucumoviruss 2l
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ChHFig. 1). 225 vlelg|29] &£4iels oYy
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948 whozyy GUTPUNS BAHTL oS
Ntcorrana glutinosa®ll F3l FAAHLeH, HE 7~10
4 F AAREE o8 Aol TAEET o] AN
double strand RNA(dsRNA) Ba 2 HAnks Fof ofy
AEGS 319 o] vleo]y &7t CMVE HghsE]o} ©)F Hm-
cMmvEr E19E T, th: CMVEA] Y. Takanamid (2
E Kyushu EHEFE A TS subgroup 12] Y-CMV
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2P Palukaitis (NS Comellt] SHhE R E Hobure
subgronp 119] LS-CMVE A3ttt

AFAE HAQ. wolel2E FHEsd FAAI N
glutinosa®] 92 0.01 M <13kt (pH 7.0)901A] Ph(w/
v= 1108 3, of F4-2 carborundum(600 mesh)E A&
s} 12789] CMV7H“4%% FABH FAHEE A4
&tk o] @ Y-CMVE djzblo]#22 ALS-sho] WA
el 5A4S Blastirh

23 A dielgld o FA £F HAAL
Noordam(1973)2] #P el wlebs] HGA, W4y o
HEA L ZAEAT Hm-CMVE AEE1T 7-109 §9]
N. glutinosa ©|¥E24S 001 M Q4359 (pH 7.0)90
A ok FH(wiv = 1:10yS o] &3l C amaranticolor
of RFEHLE 33 whE ZALSHGAT

]*"]?H" A, CMVAA= Takanami®] WH(1981)S

Fale] ARSI & FAHES N glutinosas 10

‘Qw—c’ﬂ AH e 0.1% thloglycohc acid 2 10 mM EDTA
£ FXEsl= 05M sodium citrate buffer(pH 6.5)9
chloroform2 1:1.5:1(w/v/v) H]& = 937 o3k £, 9,000
rpmell A [03-7F ARG e, o A4FAE 28,000
pmell A 15087 dadEEEk. of7]dM de FHE

1% Triton X-100 & 2 mM EDTAZ} % 001 M &
2rgE (pH 7.0)9] Hetale 40CoA A7k kg ¥
9,000 rpmellAl 1027 A4 ste ASel-g 33k

Fig. 1. Mosaic symptoms on leaves of Hydrangea macrophylia for. otaksa naturally infected with Cucumer mosaic cucumovirus

{(Hm-CMV).
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7&%."?:‘5:1343}04 Sl 5]*"%39;031 & 2719 A
£ g A E 13 N5t nlejE2E YA e}
Atk AA|upe]# 2= 2% phosphotungstic acid(PTA, pH
T)E PAsted Ao w 3
o] g-abe] A kst ).

FEA A4, vpolpLte FHYH JAL FhyAdo]
Z 22 (Ouchterlony, 1962)°)] &3l om, AL 0.75%
agarose, 0.01 M phosphate buffer(pH 7.0), 10 mM EDTA,
0.85% Nacl ¥ 0.02% NaN.2] 2452 A5l CMV
o FIHL y-eMve] FEAE ARSI

o] o). dpo] A flmriulAlo] EA1L Maizel
& BPR(197D)l me} SDS-polyacrylamide gel #7149 %
(SDS-PAGE)S.2 3 tgict, oo ¢h)d & A A|uje) i
Sul(30 ng)E Laemmli sample buffer(62.5 mM Tris-HC],
pH 6.8, 25% glycerol, 2% SDS, 0.01% bromophenol
blue, 5% 2-mercaptoethanol) 10 ploll E&ste] 100°Coli+]
1027+ AzElele = ztstglon, 795 S HE geld
3% polyacrylamide(75 mM Tris-HCl, pH 6.7, 0.1% SDS)
2] stacking gel™ 7.5% polyacrylamide(0.25 M Tris-HCI,
pH 8.9, 0.1% SDS)2| separation gel2 #|2tstgth. 77
Q&< 25mM Tris base, 0.2 M glycine & 0.1% SDS2
oA 125 VE 44 7F s e, ojnf chalg £
A markere SDS-PAGE Standard(BIO-RAD)E A}&-6}
“, 9L Silver Stain Plus Kit(BIO-RAD)E ©| 83}
ict.

Hle| 222 RNA®] &, d¥lej#]X RNAS F&&
Phenol/SDS % (Peden 5, 1973)2 o]-&, Rézﬂ Blo] A2
FE RNAZ FE6I50. RNAS 71952 1.75% agarose
gelol* 50 VE 70%8-7F HA)1819.2M, ethidium bromide
2 gasle) Bastg.

DsRNAS| $F. AEFFLZRE Hio]2{22] dsRNA
o] F2& Moris 5(1983)9) WS #d st L2 3lg
o &, 7o d2F 7S dAEAAZ ol 0L, 2
XSTE(0.2M NaCl, 0.1 M Tris base, 2 mM EDTA), 10%
SDS 3! phenols F7}ste] oA 30E-F kst
F, 8,000 rpmol|l Al 2087 YA Rt AEdE B3
A}, o] AF A2 ZHE] 16.5% ethanol/l X STEZ CF-11
cellulose column(Whatman)l] &2HA17] o}-2, | XSTES
o8-8t dsRNAE &3k A4 dsRNAS #7495
£ 6% polyacrylamide gelollA 120 VE 2A4]7) 3027 &
Alglden, @2 Silver Stain Plus Kit(BIO-RAD)E ©]
B3t}

Fotelal, FFATE

RT-PCR 74. PCR 77%-& CMV subgroup I} subgroup
12] F% primer= Lee 5(1996)0] B3 sje} zlo] CMV-
RNA3S| ool f-datel 3 wrhe] HiHAY o] &
AstE FEFH7IMLEE ol &t AMASATHPI B P2
Primer). 8, CMV subgroup I7HE So[# 22 7353l7]
#&ted Y-CMV RNA3S] Ha|ehd A f37k2] 1635~1654
A Q7MY 5-CGTAAAGTTTCTGCCTCCTC-3(SP1)2}
1814~1835817 F71A4E 5-CGTCTTTTGAATACACGAGG
-3(SP2y& primer® ¥4 3% th RT-PCRY] Z72 Lee §
(1996)2] W& wlzic}, PCRAMEZ 2% agarose geloll A
H7)gFale] £43519Th

Hm-CMV#] subgroupg 278871 95t RT-PCREE
AHEL AR EcoR [ ¥ Msp I(Promega) o] &5
435190 (Rizos 5, 1992; Singh &, 1995). &3k, subgroup
el A57E TH2 93 RAP-PCR(RNA fingerprinting
by arbitrarily primed PCR)Z Michael 5(1995)4] ol
Fatod AASIE & CMV AE 2 RE 29
total RNA® 2X Ist-strand ¥F&-$29(100 mM Tris-HC],
pH 83, 100mM KCl, 8 mM MgCl;, 20mM DTT,
02 mM dNTPs) ¥ 20units AMV reverse transcriptase
(Promega)?} P2 primer 100 pM2 F7FeF 20 ul wH2-o4 8-
37°CeiA 15E-Et AAA) g AAT oS, 94°Ce]
A 28 3057 HEe & 0z YA, o] Hkg-d
o 20 u12] 2x?2nd-strand BH5-$51(10 mM Tris-HCI, pH
8.3, 25 mM KCI, 2 mM MgCly), 100 pM P2 primer, 10 M
random hexamer(Promega) 2 2 units Tag DNA polymerase
(Promega)E A7}sle] PCR 8H22 AA3IH T PCR %
UL 95°ColA 2252t WM F, 94°ColA 1], 42°C
oA & & 72°0Cel A 587 18] ¥h-SAIZl F, 94oCel A
LE, 60°CollA 18 & 72°CelA] 1327k 353] AA sl
vhe AHEE 2% agarose gelo|l A AT

4

AFWLS §4. FAY 1239) AHAE e Ho
CMve| BAEH £4& YCMVS ¥sl S th(Table 1).
Hm-CMV<= Vigna unguiculata, C. quinoa, C. amaranticolor
e FRIAHUE SAdEe] YCMVSY e veo
YetRITh $VAH, N. rustica, N. benthamiana, N. glutinosa,
N. clevelandii B N. tabacum cv. Burley 2194z 2Ajo]
A 4% yelWen 53], N mbacwn Xanthi-ne, N.
tabacum Samsunol| A = 2FgE RAte| A FAtat HE Yol
A& line patterns, Petunia hybridaAs Bapo]a ZF4F

% HEGAA ringspotF o] DA, F3lrAte)z =
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Table 1. Symptoms on indicator plants of Cucumber mosaic
cucumovirus isolated from Hydrangea macrophyila for. otaksa
{Hm-CMV)

Symptom®
Host
Hm-CMV Y-CMV

Chenopodium amaranticolor L/- /-

C. quinoa Lt L/
Vigna unguiculata Ls- L/
Cucumis sativus -V -M
Petunia hybrida -M,R -YM
Nicotiana glutinosa -M -lYM
N. clevelandii -M -YM
N. rustica -M -YM
N. benthamiana -M -YM
N. tabacum cv. Xanthi-nc LP/M -YM
N. tabacum cv. Samsun Lp/M -YM
N. tabacumn cv. Burley 21 -M -YM

* inoculated leaffupper leaf: M ; mosaic, L ; Jocal lesion, YM ; yel-
towing mosaie, R ; ringspot, LP ; line pattem.

e vehliE Y-emvehs FEE T

olWZalo]l Eo 2 A Hm-CMVel ZEE N
glutinosa 92} EAAY AL C amaranticolor) X &
AFat thTable 2). 2 23 Hm-CMVE W24 o] 60°C,
W&ol 104, WEEAC] 34U R YR, YCMVY
vlglo] YgdAlo] e 54§ Hirh

gy 44 A FIPIoE E4 T Hm-
CMVE] 39 Y-CMV 83 diste F8ig 159
AZANE FAsE e, Y-CMV 9] A7} A2

Fig. 2. Serological reaction of Cucumer mosaic cucumovirus in
agar get double diffusion test. The center well contains Y-CMV
antiserum (A). The peripheral wells contain crude sap from M.
glutinosa leaves infected with Y-CMV (Y}, Hm-CMV (Hm) and
LS-CMV (LS). and healthy leaf sap (H), respectively:

L - olEs) - HA - olug:

Table 2. Crude sap properties of Cucumber mosaic cucumovirus
isolated from Hydrangea macrophylla for. otaksa (Hm-CMV)*

Property Hm-CMV Y-CMV
Thermal inactivation point (°C) 60 70
Dilution end point (w/v) 107 104
Longevity in vitro {(days) 34 3-4
*agsay host | Chenopodium amaranticolor.
S8} 3, Ls-cMVe] g 3E spurE AAAG

(Fig. 2).

ulghaA ) 24 HA|ulojg 22 RE &% Hm-
CMVe] flujghilas. SPS-PAGER 24§ A3, Y-CMV
9} 7re f]ol| oF 28kDad] BAHS e 159 W=
2 A&sArhFg. 3).

Al RNA 4 dsRNAS] #£4. FHAulole] L2 5H
SDS 2 phenol Aol 23] Hm-CMV2] RNAE FZ3}
o 1.75% agarose gelolA A719 53 A=, y-CMVe} 1}
7R 2 722 A4 3] Al RNARNAL 2 2 3)
9} 129] MEA = RNARNASZF BRI UCHFig. 4-A).
Y-CMVel Mt @28 94 RNAY WEs AEEHA &
ker. B Fte] oW EH O RFE FHE dsRNAE
6% polyacrylamide gel A7|GE5 o2 FA5 A, Al
RNA®S] %8} vpariA 2 Y-CMVeF T3 1o 4
Z9] dsRNAZ} 2Rl = AchHFig. 4-B).

RT-PCRell ©J3F Hm-CMVe] E4. Hm-CMVel
2 N glutinosa| 4 F%% total RNAZS-E CMV-RNA3
o] 2% primer ¥ subgroup 19 5°|3 primerg ©]-&st

{KDa}

116 —
974 7

66 -

n —

15— -4 28

145 —

Fig. 3. SDS-PAGE analysis of viral coat protein isolated from
Hm-CMV. Lane 1, marker protein; lane 2, coat protein of Y-CMV;
lane 3, coat protein of Hm-CMV.
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RINA 1
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RNA 3 « i~ RNA 4
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Fig. 4. Electrophoretic profiles of the genomic RNA and dsRNA.
A 1 1.75% agarose gel electrophoresis of viral RNA. Lane 1, Y-
CMYV, lane 2, Hm-CMYV. B : 6% PAGE of dsRNA extracted from
Nicotiana glutinosa infected with Y-CMV (lane 2), Hvdrangea
macrophylla for. oraksa with Hm-CMV (lane 3), respectively. M,
dsRNA of rice dwarf virus (RDV) as a size marker.

o] Z}7} RT-PCRE 4A| 514 th CMV subgroup I 2 112
3% primer?] P13} P2E o] 8.5l RT.PCRS 4 ,q gk A
7, Hn-CMV 7} ojel v.CMV 2 LS-CMV 2% 3
Z DNA 2HEo] HEEQthFig. 5-A). 2%E DNA %J&
9] =712 Hm-CMV7} 2 490 bp 2 Y-CMVEJ A &
e, LS-CMVE ofF & 2242 eyt 34, CMV
subgroup 1o Eo[& ¢l primerE ©]-83l9 REPCRS 4
Al3tEE 79, Hm-CMVEZHRE = Y.CMVe nbaizbx] 9]
°F 200bp2] DNA ©¥e] FE-FH o LS-CMVeAM &
ZEAE o] AZHA] galthFig. 5-B).

Fig. 5. RT-PCR assay of coat protein genes of CMV-RNA3. (A)
RT-PCR using a pair of CMV-commen primer. (B} RT-PCR assay
by subgroup CMV-specific primer. Amplified DNA fragment of
Y-CMYV (lane 1), Ls-CMV (lane 2) and Hm-CMV (lane 3). M,
100 bp DNA ladder.

Fig. 6. Restriction enzyme maps of RT-PCR products of CMV
isolates. (A) EcoR restriction analysis of RT-PCR products. (B)
Msp restriction analysis of RT-PCR products. DNA fragments of
Y-CMV (lane 1), L§-CMV (lane 2) and Hm-CMV {(lane 3). M,
100 bp DNA ladder.

AGdEL o) 23 Hm-CMVE £%. RT-PCRE
ZE9 490~500 bp2] DNA 422 A &hE 4 EcoR [02
e A3, Hm-CMVE Y-CMV$} rlzl7A 2 Aty
A gol, EcoR 12] 47917} SA8HA] ggo] s
Ao}, LS-CMV 329bpst 173bpe] T 72 DNA
dHo| A&xo], §F 29 EcoR 1427} 43S &
T UATHFiE. 6-A). Msp 18] AE] 23}, Hm-CMVE Y-
CMV$e} 5 atA] 342 bpet 148 bpoll sFsle
DNA @Ho] HEE0], 3322 Msp I U244
& LS-CMvel HE s cHFig. 6-B).

RAP-PCRel 213 Hm-CMVe] $<34 24 RT-
PCR AFZ9] AR 4 mapel] 2[814] Hm-CMVE Y-CMV
2} 7ol subgroup 1o £3lE HOE HAEY oL, o
Al RNAZS] 454 gd 4+ 9ok oets Hm-
CMVE} FAElo|2 A7 SIS BA9817] $isled RNA3
< e RAP-PCRE HAEE L} 2 A, Hm-CMV
© 800bp 2 600bpd] 2% major band?} FEF whA
o Y-CMVE ©]& 2% o|9]e] 320bp2] DNALE ZEE
Ron, 1 9e] FAIE CMV AEE(Choi 5, 1998)3%

— Z=206
T o
A7 £A4st

Hm  Mf Ph Lec Gs

M Y LS

Fig. 7. RAP-PCR of CMV RNA3 using random hexamer primer.
Lanes 1 to 7, amplified DNA fragments from RNA3 Y-, LS-, Hm-
and other Korean isolates (Mf, Ph, Le, Gs), respectively. M, 100
bp DNA ladder.
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FHEAeHFig. 7). g 3te] QA R-2E 7413 I+ subgroup 19 5488 X
, ol W

I &
malolAgA e 302 RE 223 Hm-CMVS] 715
ve- EML C amaranticolor 5 5748 &M= o
=3 ‘3}01?'—1—’—‘ Y-CMVs} Ze| 7t e, ANZE 4
o A H -CMVE 58 §-& BAo|2E4E ¢
ﬁﬁ}t JdL sgeny, E3 N mbacum Xanthi-nc, M.

tabacum Samsunoﬂfﬂ HZHel line pattern} P. hybridacl

A ringspots H438l, o|F &M FzkEAfela F

Ae Jehlle Y-CMVe) Ael7b AR E AT a8y
o|g} 72 7|FukS A A= 7|E0 K" CMV
o ASEF EAH o2 FEEE Hm-CMV 501375
= AAERA fsivt 37, o|HAE Fa Z8H 4
A Hm-CMVe) 84S 60°CE WERY, A|F71A 9
A cMV EEFE UEAY 70~-75Cohe & Aol E
HZFgtk ol¢) A% Hm-CMVE AEH H2L F
% AEgdes YR A)

Habili®} Francki(1974)= Y-CMV &|ajge Ao} Bxla
L ol B2 RE] 26000 dalton, SDS-PAGES] 2
343 24,500 dalton®. & B 731920, Nitta 5(1988)
Y-CMV-RNA32] @7|MEidozRy duphiae] 3
ZFEFL 24004 dalton P EEGATH g ¥ S(1990)
& SDS-PAGE®] 2}3ted Y-CMV 2deiae] Baag
oF 25000 dalton® & ¥ 3}glch 3H o] AolM SDS-
PAGE®)) ¢]ste Hm-CMVe] 9| achia-g F-A%5) 2
Y-CMVe] glzghmaiz) 7o fajo| A |Fe] Tliao]
Az 9oy, o] o] B oF 28,000 daltonl E 7|
2ks)e], Bxgke] ghe BAubd ) Al et zle]
=2 thebd 4 Q= slez Az

REPCRE ule] 9] Aol UI7tsl Hojxoz o
2% F Q7 WFel AF7A cMvel AF {8
BA 2o @Wol o] 897 9ch{Nishiguchi 5, 1995; Rizos
= 1992; Roberson 5, 1991). =3 Rizos “E(1989)3%
Singh $(1991} CMV subgroup 13} H7He] RNA3S] 9
e d fHAgE B7IMEY SAE o &3t PCR
ZZAES A|TEA FeoR 1 Msp 122 A Ele], &
B30 wg} subgroup EREHLH, o] Axe ¥
284 subgroups} YA BT At o)e} e Ay o
=(1996) 2 FH 519985 vt A BaE CMVE

FZo| FAZ FHo o3} o] d¥A S Hm-
CMVE subgroup 121 Y-CMVS} PRE7EA R EcoR Iof of
3 Q1R 918 AT YA Wskeu, Mip 1o sl

e CMVe] AR FERES #AE
. %M, ey A fEste] @] EE CMV
subgroup 18] £AZ et G711 DL primer® A &eta] RT-
PCRS 2413 A3}, Hm-CMVS Y-CMVE 2& 2719
DNA ©H¥eo] ZFH%) 21}, subgroup HY! LS-CMVellA
= SENE] A5 ¢sivh wid AFEAE ol F
12 2 CMV subgroup 1 5914 primerE o] 4% 73
S Z2¥slA subgroup S T3 WH SR o] &% 4 3l
L Zloz AZEAG EF o] AYoA &7 RAP-
PCRE subgroup 1 CMV AlFES A2 & A= W
o2 888 ¢ 3g Aoz AZHrt

32
32 R
I

.—4 r_oll-‘

[
—— 0

r?i

2 o

199813 = el AR AFFHLN BRpo|= BHA
£ Vel e FF(Hydrangea macrophylla for. otaksa) 2
ZHRE CMVE 2a)8l7, Hm-CMVE} Bdsiact. 715
AE, Beld A, 8484 A4E, RNAS coat protein?]
14, RTEPCR ¥ RAP-PCR 242 £3l9 Hm-CMV2
E*éé B4 oP‘ﬁC} 12%2 CMV N H A EA HAE
NFeAEe] 2, A7 Laid CMVAIEES W
23 B2 alel= AdAFA AUt Hm-CMVE] &
23 4L ygAoN 60°CE B 71E CMVE EH
vhobth, BA A o2 Hm-CMVE Y-CMVSE 38k
subgroup I CMVE 245 %{t}. SDS-PAGEZH-E%] Hm-
cMVe] 2aeelAle 28 kDad] band/t HlEHFoH, 4
Z9] Ay RNAE Y-CMVSE} 7+ 82138 Yelont,
94 RNAYE £45A] %ottt =9 oFYJaiq &=
3t dsRNAZ] ¥4 ZA3e Y.CMVSE 22 dEE Bt
Hm-CMVe] sl g fdzbel gk RT-PCR £4 2
3}, o AE BAEr]e] DNASZo] QA H o™, PCR
ARE-S- o83 EcoR 12 Msp [2 A5 == subgroup
1 cMve] 48 vehith 21, RAP-PCRS| A3,
Hm-CMVE subgroup T} 0}2 AFE7 FEAUT

et

Bos, L. and Maat, D. Z. 1974. A strain of cucumber mosaic virus
seed-transmitted in beans. Neth. J. Plant Pathol. 80: 113.
Choi, J. K., Kim, H. J., Hong, J. S., Kim, D. W. and Lee, S. Y.

1998. Identification and differentiation of cucumber mosaic
virus isolates in Korea. Korean J. Plant Pathol 14: 7-12.
Francki, R. 1. B. 1985. The Plant Viruses, Vol. 1, Polvhedral Vir-

ions with Tripatite Genomes. Plenum, New York and London.



el B8 Cucumber mosaic virus2] 544 7

Francki, R. I. B., Mossop D. W. and Hatta. T. 1979, Cucumber
mosaic virus. CMI/AAB Descriptions of Plant Viruses, No
213. Kew Surrey, England.

Gould, A. R., Palukaitis, P,, Symons, R, H. and Mossop, D). W.
1978. Characterization of a satellite RNA associated with
cucumber mosaic virus. Virology 84: 443-455.

Habili, N. and Francki, R. 1. B. 1974. Comparative studies on
tomato aspermy and cucumber mosaic viruses. Physical and
chemical properties. Firology 57. 392-401.

Hayakawa, T., Mizukami, Nakajima, M. and Suzuki, M, 1980.
Complete nucleotide sequence of RNA 3 from cucumber
mosaic virus (CMV) strain Q : Comparative study of nucle-
otide sequence and amino acid sequences among CMYV strain
0, Q,Dand Y. J Gen Virol 70 499-504.

Lee, . T, Lee, K. W, Park, J. E., Park, K. 8. 1982. Studies on
Virus Diseases of Medicinal Plants in Korea. Research
Review of Kyungpook National Univ. 34: 505-515.

Lee, S. Y., Hong, J. S, Lee, J. S. and Che, J. K. 1996. Detection
of CMV by RT-PCR using a simple and rapid crude sap
extraction method. Korean J. Plant Pathol 12: 432-436.

Maizel, J. V. 1971. Polyacrylamide gel electrophoresis of viral
protein, In: Methods in Virology V, pp.179-246.

Michael, A. L., David, H. G. and Jhon, J. §. 1995, RNA fin-
gerprinting by arbitrarily primed PCR. In: PCR Stirategies, pp.
259-267. Academic Press, Inc., New York.

Morris, T. J., Dodds, J. A., Hiliman, B., Jorden, R. L., Lommel, 8.
A., and Tamaki, S. J. 1983. Viral specific dsRNA: Diagnostic
value for plant virus disease identification. Plamt Mol Biol.
Rep. 1: 27-30.

Nitta, M., Masuta, C., Kuwata, S. and Takanami, Y. 1988, Com-
parative studies on the nucleotide sequence of cucumber
mosaic virus RNA3J between Y strain and Q strain. Ann. Phy-
ropathol. Soc. Japan 54: 516-522.

Nishiguchi, M., Mori, M., Suzuki, F., Nagata, R., Morishita, T,
Sakai, )., Hanada, K. and Usugi, T. 1995. Specific detection of
a severe strain of sweet potato feathery mottle virus (SPFMV-
S) by reverse transcription and polymerase chain reaction (RT-

PCR). Ann. Phytopathol. Soc. Japan 54: 516-522.

Noordam, D. 1973. Identification of Plant Viruses. Methods and
Experiments. Centre for Agricultural Publishing and Docu-
mentation (Pudoc) Wageningen.

Normand, R. A. and Pirone, T. P. 1968. Differential transmission
of strains of cucumber mosaic virus by aphids. Vrology 36:
538.

Ouchterlony, O. 1962. Diffusion-in-gel methods for immunolog-
ical analysis in: Allergy, Vol. Vi, ed. by P. Kallos and B. H.
Waksman, pp. 30-154. Kaser. Basel.

Owen, J., Shintaku, M., Aeschleman, P, Tahar, S. B. and Palu-
kaitis, P. 1990. Nucleotide sequence and evolutionships of
cucumber mosaic virus (CMV) strains: CMV RNA3. J Gen.
Viral. 71: 2243-2249,

Palukaitis, P., Roossinck, M. J., Dietzgen, R. G. and Francki, R. L.
B. 1992, Cuctmber mosaic virus. Adv. Virus Res. 41: 281-348.

Park, W, M., Ryu, K. H. and Choi, }. K. 1990. Properties and puri-
fication of cucumber mosaic virus As strain. Korean J. Plant
Pathol. 6: 393-401.

Peden, K. W. C. and Symon, R. H. 1973, Cucumber mosaic virus
contains a functionally divided genome. Virology 53: 487-492.

Rizos, H., Gunn, L. V., Pares, R. D. and Gillings, M. R. 1992, Dif-
ferentiation of cucumber mosaic virus isolates using poly-
merase chain reaction. J. Gen. Virel 73: 2099-2103.

Roberson, N. L., French, R. and Gray, S. M. 1991. Use of group
specific primers and polymerase chain reaction for the detec-
tion and identification of luteoviruses, J. Gen. Virol. 72; 1473-
1477.

Singh, Z., Jones, R. A. C. and Jones, M. G. K. 1995. [dentification
of cucumber mosaic virus subgroup isolates from banana
plants affected by infectious chlorosis disease using RT-PCR.
Plant Dis. 79: 713-716.

Takanami, Y. 1981. Striking change in symptoms on cucumber
mosaic virus infected plants induced by a satellite RNA. Firol-
ogy 109: 120-126.



