
,r.F r5l+-tt= -, .!Ui

\fvt 1y-7i.: r\ .rL-r .t0 J+

J.,-J-I, e..i-ii r-r-1.r4 tt ;i;):it#)l 3 ;,i-))3y u,-li'
& t* f ,6jl (cM9 rt; &3tYr,s,ty-s

Studlcs otr Blologlcal, Serologlcel ood Moleculer Chorecterstics of lsolatcd of

Cucurtrber Mosalc Cucumovlrus (CMV) causing 5hoe6-strlog sod mild mo6eic of

totlrato Dlaots itr lroo.

s--f V.* t nna:b t}.r'r''r" ruL' gf ,te rrLEi Otry-

t OLai-l, '-' .L(.::1, 6i;eL5.-r-Al;l: 1,1- c.ai 'ti;';b ,51r1L5 "r5-ll:

'JS..sb-,tL* 'r ':''Ui c,ti"i-' r-y
.r5?

.SS *.$ t',i'.); '.(;t'rt- ,.,-)t' t (GMv) -1L; JJlj.r o,"tt-t \-tr. t'
$s : J!-j.J:r- !1,.J jl(cMv-LN) uf: j ,+f a6t J$ .F } , (c'Mv-Ll)

;.tyj y.t-;J ,t; u,-V. tly ,S-1J5;.sL^.r.-l.r r*, OJtt,,Stt>\ JtS;Jv
CMV-LI r, .' CMV-LN {,-h+ .Jq.:: c,^:,-,slr, f4 r]d:l n } t t''' t 1*) ) t r
cMvs fr, eJ ,tt;- ,t rS.,ll-.lr rl J;.'a' 'rl-r'-lcMv-rxy 1- ;i ;f,L;" rr

ut;;-lL u$; *s.fl1 66 u-11 t: .-t'-:F..r.rt5 ,.:Sli di'-- $ ;*3):r':f )

.1 YYr. . e1'j r, CMV-LN .1 CMV-LI g;b e,.l-q JFy ;t)t ,.r',l J'-SI ;). J) ,l

:,JFy i:.i.r.b.F, J<: }H;l ;ruu r;f++ js t-,f 6*,0!b Y0' ' '
s,:Six) +l ifJ l& q .+i Li .c-:ls rgl +-1.+ ;r 5Jl5v14-2 .5b'411 rl's'

J F:- b)t : c4:):t' ';*-':| x cll=' t'"- 2r d'rjlJ r"-l't-7 1r .lr r:--l'1

;J taza t4t a;36t^,1.:l5iJ--, r-l.1:.r,-L ! r'-l'ra 3: ,-Llv, ;;3121 .9t^'ul-l

gb

.r;U- ,rS alr- rr-t )l 6- et ;\r &.b t (clvfv) )V S)lit' ot'tJ-t

Oi6! O!-;a r^tJ.jJ'l \ . . . jl ,-i i,Ft- J ,J":!. ,:it- J1{+ lli; r5llr rfc'-l''t':

;i-f i.i .p 6O*artoo and christie, 1986); (Palukaltis .t at, 192) c.-l '! .4LL'!
..r,-rJ r"rrj ,it^L( J-L J ,ji:y,*f 6t;',-fE}; Ct^.rJ+l -qy ,.tt:.r.t tt-l

Lir ' r.: - .(jlj.r il F;'+t'.r' cuv Jr* r'-* {Palukaitis et oL' 1992) i-l
c-l Lirl lStroe-string) eFg,)r-, irJ l-J )..:t-. ,l.l-.: ..i-.11 i jl 5 .t'.'t-!

(Francki e, al, 1979;Smilh, 1974 Gibbs aDd Harrison, 1970)



.lftl) \:-l .r-., .,iLl .., rL+ 61\-r ests rJt; 4;r.r.:. ,F_jr-ht 6t-.rt,

.(IGp€r & waterwoth, l98l) \fvf dJr r\ftf ,-J*Lr.r q r<Jt s\lvd ol_.:-j
J-jl.r-!.<.(.ii Co r DTL (TORS ;fl-3)tr-,);,-. rCMV .5t_rr,,-t.r_7

,.#n #::-,,JL.J+| 31 6tltr-'..:ii I t L.l {Deryergne & crrdin, tq73)

3r e, rJE .:.,y .gtul, il .<.:lti r-l o.rJ*i .t,- i+ J (Eduards & consatves, l9B3)

(owens & patukitis, 1986) n4r,J s,.sit ,)_* ,5J
JjJLErtjl .rl ;-..t I ,..- .tai.,_jdtj,ri._,_t CMV._Jt-Ji,

.rlr r,5_lrl L Ji (Immuogenicity) jtl .r.-,-t Otr;6raDcki & Haua, lgBO)

L,JL;, c}U> .rlJl-L. rr -i:ij f"_yi .:-. ,Jbrtjj r(i-t ! r-; r 
I

t,i/ jl J @odds,lsS2) ,.- ^ rrti:-l r.,.y. JB .(jtjy .r-.1y_1 (Crcs-pror€ctioD)

ol-'r;.' '6lvj \ ,r-ta-s u*, r.*sl .tJ -:. irj ilyj ;tirl r.;,:-l .rlJG. rr ,).r?
3: r-1ti,;,-lyli (Beachy et oL, 1990).- t.:1j:8"-l ,tst-s )2y|, u*L. c...1Li.

.r, r.rtJ, rL OJUf ,gtr e> ;t cMv .:9rt J !i^A ,g

C).t .it)
&)l3y ae1-1 o-l4 yr (\tvA rrrlzl(-r 3 J#) rrtt_t,rL.rt i3 

"L.-t.tJr, lctr.tv-U; 6_ S 
'&l ,.ljt ..r., U> cMv 6t,r r,_l.u ;t .grt_u; 0t=. jt .,t -

! Ldr !-s i,r., ,;; .!l,jt-r rr (cMv-LN) .gri_r f -i-i; S)bt ;Jf q-S
..r;-r-: r:iJr6r, ,.;;r ;r,-l-).,1 ,;tijl (\_t J,S.r) r,J+. e.,t

B

\.' - l Lyopnicon esculcnitm C.V. Red cloud ,LJ,.s...-.-_ !,:slJ:\_l J<-:
B:CMV-LN J ACMV-LI

Fig. l.l- Systemic re action ol Lycopersicon escnlantdm CV. Red cloud to A: (:MV-LI
B: CMV.LN
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;U;l ;.r r- 3 rJl- 6)jtt tA )l ,ttL ; )til, ;l ,).rb ,;yr L b r,-l.r- ;l .(,- ,,r
.fr; &tLN. lobafllm crt. white burley JN, ruslico tNitotiana labatum s,t. Havana

..r;.r.rf,.:i' 1 .g;L ,."J1- (Francki et aL, tytg)

:cMv 6b.F, c---:- -y
.rti:-f L 3 <;61.r-- , ,L ,iSL +_14 5; uAl- .-.i dtr.,51 JF[-r ;t ,r-;

..r,.rJ.grl.rtli; ,L; 0r* .q4 r Grancki & Hatta, l9t{0) J- c-.:- rjJLt'rS jl
:;:,.5Jl .a_$-tf*,,1r rr-l c-j .gtr .rSr, ..ietl -l

tt t ui. ,9,;i s;r#!Jl d.)k-ljl .rl:- .t L ,jsj- .gtr r,-t-r- ,.r- c--:- .5lr .ri
-ils.. 6l,r jLj.r !.f6.st+-rL:.r c.,[ii gruJ*j ,*1. ;tfJr af-sf*

)bS )tj ..."-t , , rrrt i... rrr.
CMV-U r CMV-LN 6)j:rc,ey; r_,-E._t

{,-h+ Jr (Native) .J.5 c"iJ'J (Frxed) .r., c^.+ ,St",f* 6)!tr crt?.r..a,

;l--4 9 n) y;-J 
"f--jj1- ,-)t )t ,'l-)t-t I : CMV-LI r CMV-LN

cMv-FNY y Ltt 6Vr ,-ll Lll tt ):6 J't ct.t.tt ryan Regenmonel, t982)

(9r 7r5-) CMV-S (O*€ns & Palukailis, l98S) s(.<,- \.:--tJ-)
.JiJ jt ,--lL .t ,r-;7. :.ss. (tuzntla et al, tg79)

CMV-LI r CMV-LN r,_lr.- ri u-:-j, t$:-e JFJy A:1t--W 1u-;1_6
r t,l--{t,), 61.:-i,.o 6t4l 651 t ;;F::a bf ;r;.s{t si.:1 j ; &. 6,-t ,3tr,

-.=-,1,- )l ,jss g'-l y.J-.i.rl ;' .l (l-aemcli, I97O) J* ,_;:r;J
SDS u--id;L f--:- .<,_ jl I Ler.1rS)l t- bti....e {-.r Ot-->G-r--r6r1-

..1-rJ.rt ; I Jj 2r (c.,,Lil3-.f=-r.1r9,-.r-)

l+ J) a_il Jj.r<,_ {--}l) orl.,ii F.r<,_ t -l'tr y qji pH 6 o:t. .t;ss. 6ej
J-U L Jjf .tLr,_Y\J) 6,f-_:3,y xl,r gipH ;:t.r=..f53 L Jj JFI .t.,, Gxj

:rjlJk-l 6t6^!'jy )l ,-rt1-s ,9V i,; t .tp ic_tr t/l pH s.*.5
Bovine plasma albumio, ovalbumin, carbonic anhydrase bovin rabbit myosir,
B-galactqsidase, phosphorylase B

c-sa py'l: /.Jr.o .\ \t .lv/t .tt .fo .yl !r-.ri, JF:,;:): lr .--i f
.r-i o.rl!:,| - r - r r: -l-12 6g3y ,5lu.t>\ )F:. bb l.,_b..3 r.,-[L

:l.. S:S.r rr-ri-t !riL. jrt J 6;Ll4 -?
.-_W t ar..s j.9ll Geoen & symons, t9i3) L-i ,s-l t\t sist j! Ar;i O-t
t-_p c*- J CMV-LI J CMV-LN <,-lt+ s: u/r)* s |l t,: Ct, SjlSiJ,"-)t-t
'- Er: r, 1r(i..13 r. ;|il ;.,y1$)t,G*; .2t V nj; );.ei5r$l .J,-)J.rl:- -l cl,.Fl



&J.r,-Lir1 ;y-.r,:,-l L.rr- lr.r.1,. Jj.bnt;1;tfJl )l n.cjJft?Jl r.,r.' \/0

,.(Ja' ..gtr .<jtfjy-r Jlnl clf c.:ri3 Uv. Trasillumimtor .6--r .(.Jt I .9;..i
.-u-:f u'-li. 5 u-1a,-t 3

q=: J €"ii

t-t-b 1gs21\,*r,- li:r,Jl.l', r.;r,.5b qh",r<,-jr# d,,t..e 1a; gta-\
r ,Ll.ji1 .;1s.. .,1 sar t u!r^. u'.t;1r .(^, ,3t^$.5.1r 1 r.JtL r-;.y ,5be'-l"t';

.# f,* y-j.r,..'r.! 1(cMv'U) .! U+ a Ltt i)* U-i+ (\rvO O!K^'

r (\-\) .;tr.!.3 6r1 (cMv-LN) r,-l.q I Ltr Fl +.F c6t ;l,tt,).r.}
.-\:.J ai J,-J, (\-r)

t-I I Y-\ ;$.!.;r r51$t r:.r131f1. nr;lJlr l'^.* ci# 'djL u.Jt' -I
,-ry,[L ..r:rr JV ,L-t LrrtJ-t ,$a ,:i -l :t tr..rQ or.2 uAt; 5.1 ..rrU' ,
gr-12;Jrr.e 1 .:-l ,ret<5-t ji 6jL ,J."JB it t 6-3!:. 63L ulV sis: bty.

.r{., 61.r,;1 3 $-r, ;: uaa j J,tt orli, aJ-l+ r) r .9h..,S"1 6.ur,r" i,t lj lKJ
..LlJj

:a1-lt)sr c''l''r'- ' lti. e-l:-r
!- ..113i 2r ri.1.L 3r cJ ,jJr q !,.1q 5t uf.-lt):r.)lrr,1.4i .-,.!.i' J,

.i- 7-,-Jf q Ly.-r lr il 12lt. rt 9r ,)i ,r,-l.r- .1r rr-llj c.;|-.e ./t- .St"-&
CMV-LN r,.l.q 1 e: 'y. c.,5lb gf-Jlt - J;tJ jl (cMv-FNv) tt; S!\y oot-s
c.+r ,r.JtJ.st^..& Jr .rb.f55 J;4. \ .;.r'.r.r, \ Lly lr ,ji lzlt tt

o-st2 ;rp1 ij 1r j v )y 9,,.141r rr r.r^l c.=":'- .9tr'* #t I -r "-u
'(r J'<'!) JjJli ot':j

#ti J jtJ- ii.t,u#:l:t$t,i*o"L!:.j.:lf, +-t s ocsu):yt:S)l-1

-J,, 
q rzl.r;t-:-l .gLr OJr-'l tr r-,-tir .;r CMV-LI J CMV'LN +'-l'q jr 

"-Ll.y..l-rJ r-l^, ,)y'L Y0. . . r ItY' '
:r!-L;i rly .9b ,ri y JFy b)t *U-

€-i lJ-. jl t^.ii d..eu c. , : 1l .rr :' I L c.--;; lr +-l.q JFr. ai., -t-, c+:
bjr f.-.rL(J ;l 1l rrLi;l l-r .r".t-- !i c-.r 1$i nrl lJ- ')l e Jttit,tJ i".v I

..r,-rJe-t-" te.;; JF.r irjr tr RF.r rrlsU-ldh Op4 JUy
.r-f rl.r*; : JFy bl 2: 

"71Ud 
rJ3-. .J.rl-, O .p-:1r ri-jJJr;L-.e

.(i]s;.q1r U - g;V.J-h+ rr y' Jaii j.r,-rp ,ub Cii,St.r '3=Js;v'-1
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rr cMv-LI rjJlrL-r6Li.rj €rjj r (rrr(1"-U;iy./t- Ct .*,:r_\ J<.:
..r.rl-". Yxl \.... (,,t-i.f .#!.rt c,u-t ! 5;-i3;r;t a, itS\toiS-r$*

Fig 1.2 Tbc purified and glutaradehyde fxed particles of CMV-LN after staining with

uranil acetare (2x I 10000)
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r) CMV-LN +JJl)tr-Jt ti .r.! r-r:s r (J.t<.!-l_.ji)./t- Ab.F* :y-y Jl<.3
.$L". Yxl \ . . . .t-dr:r .#tr-lt crE-r L ,si 3:: )t ,-*, i:fJ g.fu:-$*

Ftg. ZL Tlrc purified aDd gutaraldebyde fqed panicles of CMV-LN after staioing with

uranil acetate (2x91000).
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r cMv-LI .r.3U c.i:j,'r (!r.r<5-t ji) ./t- .st^.A ;*-)):r r--ti' -r .[i
:-16i-1r rirlo 1r ej .r.lr q CMV'N

cMv-Lt ar".jtr-r- A:f* t. l\ r GMV'FNY fr ;i t)tfi t' 'l
cMv-LN ar=iq-f ,rF., \ .:Y

cMv-LliJ,.ilr-r ,rtsi, \ .:\ .cMv's fu- ;i ,rtsi' \ ' '3

cMv-LN oJ?*jlr-.7 ;J.ef.. t . :r

Fig. 3- Serological c.mParison of purified (l-aboralory) and noD'puritied particles of

CMV-LI and CMV-I by means of agar diffusion method:

A lq, CMV-FNY antis€rum., l: lqd cMv-LI susPensioo

2 lqrl CMV-LN susPnsion

B: lqgl Clvfv-s antiserum, l0Pl Cmv-LI susPension

2 tqPl CMV-LN susPension

..r1.7 c.,tJi:_;l-...rrL! O u$r-l.r fr.:. ; ttL.6 7 g:V rl,.J:'J.r'ij
.C\g ,f y'; C\,RNA ,.:-aiU .1

C.:.t

.p 15.t-i ..rrLl,. rj;6i 2r ri,! 9 eJ gi31 2r r,-1.r.7 1r ;r,-l ,i-i)5t- <-'-li' st

c,,3t,b (CMV-FNY) \ !-.,'JJ,- y, Ltt lr i rtv ,' ctt'w-t-I .l CMV-W +'.1'u

9r rf-rrrr",.rl.5 7;,,"1";r,-l .*-$; r!15 e3lii 6.,-l t"-,{ c";5;l ..4 ,11 '$2b

..L:.J oru:. (tei J.t, it-i e d:!a-il'! !H 1l r'-l'q
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ECB

2'5 KD

I16 KD
97 KD

F. 66 KD

r 45 KD

JJ-) cMv-LN r (B Jj-) cMv-LI lr (A J.;.) ,rt.r;t -t ,5tg-iyy c,_ti, _r .fii
st *4 'tt &_ r, b:*V:- )t l)rJ<-, o-\o ;),S rrir;3lt..i,_,J jt (c

*Jt -r:t t .5;,i J3, .r .ut.r,.frg{rJ3
rjt.!E-t,gl+.:1r, J F.r b)s _ E

Fit. 4. Comparison of standard proreins (CotumD A) with CMV-LI (Coloumo B) aod

CMV-LN (Coloumn C) via electrophoresis of 5-lspl of their suspensioD otr

polyscryhmide before shning with bromophenol blue.

E- Molecular u/eight of standard proleins.
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BA

RNA,I
RNA.I

RNA.2 RNA.2

RNA-:I RNA.l

J.-,; {A ,:;-1 c:l"fV'U 5 (A ri.;-) CMV-N .r.r.,j .5Lr RNA r-,-E.. -0 .}*
3;: t )t6 J3 cs: +,ldi,.i-, os-.-Vr'tt -):.5* \o-r ' 0,, jrlirJsJl

.t+:tt-y-.t\ei
Fig. 5- Comparison of CMV-LN (colomn A) genomic RNA witb that of cMv-Lt

(Colomtr B) Via electroPhorcsis of l5'20p1 of their susPension oo agaroEc before

slaining with etidium bromide



JFy $: r3.l-rrJ rai--.-. r-_l.r_;1r ,-# y, t1t4$t.r_ r..-,-tjr;r
,>1.-.",,-; ,t.:r.rb.r-lrl.1.- lcMv-u jl ;+ CMV-LN -:.!J' ge5ly,4;b.ul3
.i+ i g-, o3t4 clr,tt J51r. i:j3;r j)tsl3 -i * &-ttVt 6-jjtr
Vi 6*toi.ra..r-5.r5,i3.eut;isi Jri 6 gL 4 7)-trg;r, ,-r p-,
+$ se y;-.;:2.;t,.rb$.9.y1 y tgi.:., 5ec, uf,-3 j 2 .$i1 C ..r t:r .-r c,.rti-
L-,5.- o.*t ir.3 tt lU c.r,- eeti,- y-trfr;.5/ra=:6;3 at.+.,.ti:, t &t

.(Owens & patukastis, l 8; Shinhku, tqgti yie c, dL, 1992) ,*b. +-ll> I g
irLs Pscudorecombbatioo, inviro recombioarioo !-g f .S-r+ .:,Lli^,- k-! 6,-l _p

s[.;il st ,i.2-,.--l-r.+ .r, y' L_ .t_ RNA4 rdJ J.r J #y, o-i:ag-[ af _r,rr"f
dzuer & consatves, l99l; euemada et oL, tg$g) d t- c_\rji s<,-jr,:

RNA LJi ,-, 3;LS J': ,sss .-,. llJ T ir ,51-r RNA ):!t{Jl ,,
Jg JFy 0j, .ElJ jt j.r!i; ri.r,-:J..uL:.. u4j.-:. ENA-I,RNA_2,RNA-3)
.c-l r,:,.il-U r.6j r,_lJ+ 3: ,.,_){.c 1:.ri1,. tyj t ulWl RNA .jJ<+r O,_lrL! .JjrlI
r,-l.q 3r ,i-!y ;..F:t t Jl-3)tr ,6il* c;lar,-;rt c.,jti,- .r .. +f j
Ct li3L-,r.$ -JbRNA (,JjJ.l'i 61r..;2.j,)r j)t:;tr.ry CMV-LI .CMV.LN
y c.,Qir..,- 1.r..r,-L lr.).2;) U-l crJW o- {pi'trzolla et cI, 1979).- lUi(subgenome)

t tS )l-t g:t,.ty \jtS ,.l3 : u,,;5 
"gh 

RNA ;r) .1.'lti J.rt ,)rr5.r,-r..r +,_g

! + j \.n; )lj.;tiil r.,y,.5.r- c,uu, 1:.1 .r.t on,c"lb.rt +-/ti
rrlJ:". .r.-iJ.,,li dtL. 4s., ;j* ;r,-t ,r r'CMV-LI . CMV-LN qU. J, Ji e.>t-

. la(r+ .-,ti.i* fla"t.,<.. .*:tl l. ht:"
cJLi- .:.,Ut L^ 1r ,-ri ;t gt.;--. (Mo/-U) Jjj dy, t ..-" t F_j *i.rl jt

.(Dodds 1982) JJ , ..rt:_, I , (Cross_protection) .rJti,-

.r)-. jst .Jlrai ,rst c-tj 6j;11,5.-rS.lJb rrl&i otr;r- rr.q, :ij6JjJg:j jlj
5 :lr- 6z7l> ljr.u-., ,5r .,jtai.."t ,:.-.a .Bi-Str .6.1r3l,.1f..r5i.it, . ulii,ri
,:-t jy.r." .,.reLJ Cb-.,Lt r c,Ui .rLii*,- +-y ,g-f t.)t u,;;a

.Jtr{j 11t10_ l tot


