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ﬁacm in Sﬁu’fhern Afnca has been found o exhlbit three forms u* !aaf \.url

. (class 1, fand: 1) based on symptomolagy Class 1 tobacoo leafcurl is andlsorder

' of unkriown stiology, appearing as bent or twisted leaves exhtbr{mg ity

- enations {leaty cutgrowths) along tna midri and secondary veins of severely

. stunted tobacco plants. The disease was in the past thought to be stitibuted o~

a a omnplex of mrus stfairas mcludmg a gern;mwirus Iransmitted by tha w‘ulteﬂy, C -

o Bem;ma fabacf However all attempts to punfy v:rus or wrm~hke parttclea fmm :

" symptométic leaves have been unsuccessful. Research. gamﬂd ot mote .

o 'recently has revealed the mnsistent detection of at least ‘téh doubly-stranded s

" RNA species (c'i 1t 4 8 kdbbase pa:rs) in leai‘ axtracts nf tobaces p!arats R

B j-‘e;daiérﬁng class | leaf curl symptoms. Also of unknown etiology, though feported

' fobeassooiated with two dsRNA speciss 42 and 4.6 kilobase pairs), is the

: o - silverleaf syndrome of squash (Cuwrbtta PePO) which i is indur:ed by the feedmg

" of nymphs of the whitefly, Bemisia fabaci, Biotype B. In both nﬁsnrdéi*s theron-

- endagenous nature of the cietected dsRNA spemes has !ed tc the spaculatmﬁ

o _' that the ceusal agm nay be a wrus or a wrushka SQant, ea&her aarriad by or m

© the whiteﬁy ‘The aims of this research were to furth@r\chav actaﬂwe he dsRNA

- spacies in class 1{obaceo, to ascertain if these dsFNAs are assocaated only with

- class | leaf ourl. etiology and lf thera isa ra!atlonsh:p beiween suspected

co whateﬂy«induaed tobacco leaf curl and srl’verlsaf eﬂoiogy Th:s study. oonf‘ rmed .

_-the preserice and doubie-stranded nature of the RNA spec:es prasent in partlaliy

e punfied preparaﬁnns of class | tobacco leaf curi and whtteﬂy in contrast no

- dsRNA species wera observed in class Il and class 1l tobacco leaf curl.or
- salvarleaf squiash’ extracts, Atthough dsRNA Specias were detected i two

cultivars of healihy squash, these were thought to be eﬂhar ceilular dsRNA of -
unknown origln or dsRNA of a cryptzc virus or Iaient wruslike agent Usmg an
iigo(de trappmg methnd itwas estabhshed that the dsRNA Spec;esf‘isulated

- fmm the class Habac:co Ieaf curl do not have a poly(A) 1aal and ihus are not o




| pmbes smm mdeiemable tevels afse&qum hemo&agy beiween dlass | taai‘: -
curi and w;iwr _'RNA sg;ecues (c.4 S and 4, 6~kbph reparied to be assmated __;{' E
 with sﬂveﬁeafwmeﬂy and mtaﬂy-induced squash siiverleat. Almeugrrtw ciéss.
3 l dsRNA prubas (‘m— and a.a-kbg) hybndized waakly to craas il anci class m&
-ftohaccn foaf curl axtrar;&sa ftwas suspected that a Tw-uoniamiﬂahm of both
PR _pme and piant matenaf hava been respansnble W‘ih m&a exceptron of dsRNA«Q
SR ;Rbp probe cmsmm g e dsRNA, Aibp baﬁd,‘tha dsRNA bands did
oot hybndizb mnth each mhér nor with haalthy to‘hacw, he”qlthy sqyash, squash S
' silverleaf or. whitefly. exiracls. t would "dppear thersfore thet the deRNA "~
_ oiecu]es ara umqua sequenaes of a multipamte genumé Thé :s$h1kiﬁg- .
RO rfsmlant;aaf between class] tobacco ieaf cqu symptems and dsRNii pattarn with
L -l‘plantqnfacﬁing rwwrusas wamant ﬁ.lrthtr mves gatlnn S




B daclam that thls dsssertatmn ls my uwn‘ unanded work, it is being submlttad m
pamal fulfilment of the requlraments for the degres of Wiaster of Science in iha_ |
_--‘-Umverslw af tha Wilwaiarsmnd Jchannesburg 13 has noi* haan aubmlttacf hefare '
ik for any dagrae or m@mmatm in any othér iinivﬁrssty o
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Compaﬂson hfeiween iha m!aﬁve rnatecular wefghis nf ciass I
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- '. o %H& Bra @fﬂistory i

o f'i.‘Leaf curl was ﬁrst noted in 1912 by Patera and SChWﬂﬂZ "’1 the . -
A Nether!ands ’East l.:chas howeever accardmg to Lucas (Hill, 1968). a _' '_ - *
R dlsease tentaiwely ldentlf' ed ds Iea’t curi was rePOﬂEd from South Africa. R 2

© by Lounsbury in 1802, Later, two independent workers, Story taanin

. Tanganikaand Thung (1982) i Java, almost simultaneously announced

~ thet the disease was induced by the tobacco leaf Ul Viis'(TLCV)

R '.:transmittad by the whitefly, Bemisia tabaci (Luces, 1975). The Wa*j R

pariiclastrucumand wmposrttanwareevemuallvohammed in Japan s

. byOsakiand Inouye in 1978 (Osaki and Inouye, 1931}e but their ﬂndings T
."fhavenaverbeancanﬁnned byotherwurkers R R

R . .___,.

e sl e
e LA

R

A e T

Lo -?..Tobacco leaf cur' ocours mamly in tmpical and sub—h'opfcal caunmes but L
.. . hasbeen reported in-temperate regions such %S Japan and pats of -
| . Euopeand USA (CMUAAB, 1981). it was, at one time, oansideredane_-_:'_'_;J__i I
o ofthemostd&stmctwe iobacm dtseases in EastAfnea anbabwe {then
'Rhodasia} and the Transvaal (Lucas, 1975) Aithaugh less prevalent?" o
| lodayesa Tesult of effective control measuma leaf curl still ocours in. T 1
* many parts of the world, especially in Venezuela (Gooding, 1991) and . 7 I
India (Valand and Muniyappa, 1982), _naus_lng substantial yie_ld ias&e_s . i

)




1 1 3 u.mf cua-a Symmms

ONumemus mrkers have classmed,me dafferent fanns c:f 1aaf curl basdd
@;g_ fha clescnpﬁ&ﬁ af symptams dxs;:!ayed by tha mfacted }obacco pla“nt
| 'cﬁ‘ai nd Tandon, 193? Wolf etal, 1949 Osaki and inouys, 1981; and
., Walend ef al 162). Fivs forms of South African leaf cirt were originally
: mmgnized by Msclean in 13»‘*0 smre ieaf cuﬂ mild strams A B and G

anﬂ Iaient !aaf curi Thasa fmms differed fmm each other ln thelr ablhty

ta indur:e matmns and!ar v»am th'ckemngs and m iha swarw and /f
Tha classrficatmn ,/

mtansaty of the symptams t‘hey producad :ﬁ ’m_
used i ihss study is basad on work camed out by Paxlmadis (1995), wha

S
se

reclassmad teaf, clrt symptoms. by placlng tham into thrée classes o

acwrdiﬁg tcr tha range of symptoms they dis;:layed and posslbla causai

agent (s)

TN U :

. _.“_‘ L L . . i - . _'n, . {,J‘ :

Thns c!ass em:biis the most dwaracteﬁshc fea&areaﬁf sgvem leaf cuﬂ wz

tw:stad daformed and %tunted leaves (Fig 1‘ A )y wnich have & thid( _ S

leathery texture and develnp praminent ’laa’fy or "uup-hke“ nutgrowﬁhs S

(anatlcns) slong the veins on the lowsr surface (Fig.1.2)/ velrithickenings

" 2nd puckering on the ventral surface (Fig.1.3). Plaht height is reducett
with the uppannost Ieavas of the plant bemg more severely affected' Y N

(Flg 1 4)




Fig.1.1 N. fabacum cv TL. 33 exhibiting typical class | leaf cur! symptoms vz, downward curling of
the margins of twisted, deformed and stunted leaves and the development of leafy
anations (arrow) along the veins an the lower surface.

Fig. 1.2 "Cup-like" leafy outgrowths (snations) on the midrib veln and dark vein thickening {arrow)
on the under surface of a tobacco leaf collected from N.febacum cv TL, 33,

:=Ic,' -
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Fig.1.3 Ventral surface of Alfabacum cv TL 33 showing dark green vein thickening and puciesring
of the leaf margin.

Fig. 1.4 infected N.fabacum cv TL 33 piant. Uppermost ieaves appearing more severely
deformed and fwisted.
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Fig:a s Nfabaﬂﬁm cv mammath 10 exmb:ung typicat class n symptoms wz.' the npwam cgrling
' m’r*tha marg!ns afthe laaf and numaroué lenfy enaﬁon&al-ong‘lha mldrlb and émndd 1




Wm ngha/} Wm fm‘“ smal! iht@kenings on ihe vains arﬁd mnid ' B
| puckaﬁng (F’ gﬁl .6} tc tha downwam’ curl af the antira [saf wnth irragu!ar - LT
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e .f Alﬂ'tnugh it has baen repnrted that & virus was 1rwolvad in the aﬁoiogy of"_ o
RPN ieaf cur! sympimﬁﬁ thene has been only one suwessful srirus extrantmn e ,__' '
o todate (Osaid and Inouye, 1981). Geminate particles 7z 18x 30 amin =~

_ o s;za) cﬁnsustmg oftwn mcamp!ate T=1 Jcosahadral stm;:tures wzth cne_a -
~* " shared subunit, were detocted in pertially purified preparations of TLCD- 1

© . infected tobacco plants. Eleciron micrascopy of the virus nucleic acid
- revesled small glrcularma!ecules suggesting that the virus particles, like
o thosa af same other gemm]wmses, mntam cm:ular DNA molecules T

o Wﬁ’act and maractenze mms pamcles fmm tobacco class i Ieaf curll{:-_ L
A plants, thesa, oo, wera uns.um@eamt {Thatcharl 1976 Fnrster, :1990 S
" Duiyver, 1990; and Paximadis, 1995) This fed to the initial conclusion that SRR
e the causai agent (s} must be present in: Iow‘mncentm“tiun's orare . °
. o unstab!a in mtro Hawavar research aan'ied out by Paﬁmadls ( " 995} _ %
. showed that not aflforms of lesf cur are, in fact caused by vituses. Class
i -'Iieafcurl diaeasewasfound nat\aabaassaciatad with agemmmrus and o
- although a potyvirus (potato virus Y sirainj wes detected in @ large
RN *‘number of tobacco plantse:d’nibatmg class!!eaf ourl, it was shawn to be._ﬁ-_'_-'_ S
' alatent infection ot contributing to class I leaf. curt sympfom& The . .
o consistent presence, however, of at least ten dsRNA bands from class | DN
: teaf exiracts raised the questlon of whisther these dsRNA specleswers
~in some way associated with class 1 leaf curl symptamatalogy Class Il o
o leaf curl was found 1o be assomated wnth neither -4 gaminmms nor
_.potwims mfectxan 1’ eppearad ﬂ‘!&t r:lass jU !eaf curl symptcmg Werg o :
-_tmnsmnttedmmugh sead; and maybe assocratedmth a seed ransmitted ._ 5 :
3 ~ agent or8 geneticdisardar bftobacco orce dmb@db?&ﬂcmean as .
R amﬂy—leaf* an-inherited pecuhanty of tobacm (Mcﬂlsan 1940). class Iil R
- leafcurlwas positively assoclatedwrthawhﬁeﬁy-transmﬁtad geminivirus R
o o mfectrcn Symptom variatmn absewed in this c!aas may he aﬁnbuted o

JET




o tha presence of more than ane gammwlrus stram but thns 15 s’ull to be '_ __ B

- unequwocally demonstratad

-
F.
Lo

N
=
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| It IS well estabhshed that the whlmﬂy Bem:sfa tabacf (Gaﬂnadlus) e
" transmits anumberofbmna; fungal and virel plent disesses, affecting - "
S ."_-_-a mde ranganf acomnieally important crops (costa 1976; Bharathan
e ;-___'-'etaf 1980; Jiménez ef al., 1995). Itis also the only krmhneﬂy
' : .vector ofthe: gemxmwrus whsch is resmnsnbia for class Hf tobacco leaf " |
'__----'..-'_curl ({Brown, et al., 1992' Pammad:s 1995] Althaugh ithasnatbeen.j_‘
- Unequivocally established that & virus i not responsibie for class | leaf
- gurl efiology, an investigation of the rolé of whitefly as'a disesse-or
E _' symptom-mdncmg agent is warrantad aspecially since bmtyps B of the = L
genus B.labaci, has been reported fo have the ab:hty to praﬂuoe a e
7 vsilverleat” syndrome- of squash plants after eprsure fo the whsteﬂy-"f_' o
s . feeding {Brown et al., 1992) and since two sizés of dSRNA (c.4. 6:and
_ . 4.2- kbp) ware aons:stently observed in leaf extracts of wh:teﬂy—mfestad .
 symptomatic tobacco plants (Bharathan et al., 1990). Squash silverieaf
S (88L) symptomatology includes an initial veinal chiorosig of leaves, .~ {
N "followed by tha progresswe s:[vering nf the intarvenal tsssue whltﬂ‘i' R
C ) appears only in new leaves that devalop foliowmg whrteﬂy :rrfestatwn o
" When the whitsfly ingects are ‘removed, affected leaves retain thair R
e sulvenng, but riew growth returns ta normal. Thus lead tomespeculatmn ! E
- that SSL was caused by a translocated tomoogenm factor assomated with )
o ._whlteﬂyfeedmg (Yokomleta! 1990) S E




SRS The purparted 'ﬁndmg of dsRNAs ((' 46-and 4 2 kbp) arad mcreaseé
RNA—depandent RNA pahrmerase activity in !eaf extracts from infected Lo
- silverlesf squash plants ied Bharathan et al. {1990) to siggest thatthe -
o causai agent was a wrus or wrusl:ka agent eati?ar carried or transmiﬂed . o
R by *the \mteﬂy smca no dsRMA sp-cues wera fcund m asymptumatuc R
e T feaves of squash p!ants Yakomr et al. (1 990) cnnﬁrmed the presence of
o ':-j these dsRNA spactesfmm nymph—mfeé‘ted !ea\res ofSSL—aﬁected plan’ts

 Babaci The reiataonshlp beiweeﬁ the whlteﬂy and ssa. suggastad that
e iomaogemc fastar- assamaied with riymphal feeding may be causmg
- 8SLTheroleof the dsRNAin SEL. eliclagy is not yet understood. Hops
' .-__'--recently, JlméHQZBfa] {1995} presented avudenca tha’i whltezﬁy-mducéda
" SSL is @ hostspecific response to the silvedeaf whitefy. | SSL S
o symptomata!ugy was aecampanied by‘an a!taratian inthe pmducﬂon of
R protems “Two new intercvallular fluid pr&teina were mduced in s:l\rerleaf

7 '_ --t:ssue and the wnsﬂluh‘ve expmssron of annther prnteln was suppressed
“ . fthes, therefors, been suggested that the indliction of these interesliular -
o "'_”__ﬂuid pmtems arein rasponse to insect attack. however the possnbihty of _

- _'"a translocated wh:teﬂy~barne [loxin or virus cannﬁt, &t present, be *
L D pmciuded While it is wall remgmzed that wh:teﬂy-medlated squash -
;7 siverlestis induced by the feedmg ﬁfnymphs ofthe silverleaf whitefly, - o
. themachanism involved in symptom expression is unknown, Yokomi et |
. 7'al {1 995) tested several plant bwchemncal regu!atms to deten‘nme R
| : _._--wﬁathar thay cnuld mltagate expmssmn o squash sﬂverleaf i Cpepa | o
Applicatron of a g1bbarellic ac[d buosynmesas mhlb;tort such as . .
- 3 _chlonnequai chloride, mduc:ed leaf s:lvénng symptams snrnuar to those
L mduced by the snlverleaf whnteﬂy in squash p!ants Aﬁhaugh
P phenotypicaily srrmlar plant bicregulator-induced and wh,;eﬂy—mduosd
' SRR . leaf s:lvenng were accompanied by dnﬁ'erent physiologs gi resmnses
o _.Chlormequai ch!mde did not produce detectable dsRNAs & changes in
o intercellular fiuid pm* ams. whemas whiteﬂy-medlated squagh sﬂverléaf
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_’ o exhacts vrere found to pnssess twc mduﬁed ercallular leaf pmteins RN
S Althoughthe dsRNA specles pravinus!w repnriad by bothYakomxg‘iQQG)'-_: "*—7:_’:: CE

- and Bharathan (1990, 1992), were detecled in siiverieaf whitsfly extracts, - |

o dsRNASs were detected in whitefly-induced salvered fissue free of
, :.j::_. ___nymphnradult wmteﬂy Ths findmg that bioreguiatars could indtm ieaf.{ SR
N ) siwermg Wlthbut dsRNAs led these investigators to Spemlﬂfe that 193'?5:@.;.._:?? -'

: siivermg may be. tha resnlt af harmonaltwnediated alteraﬂons Tn the :
e " :plant's physm!agy n addlimn, hormonal mhiblt:on was thought to be: a’i'_" e
" general component of whitefly phytotoxicity since silverleaf Wh'ieﬂy a"s"z AR

o .:quuoes d:scofuuratuon disordera in prants other than squash T

B&.E@TMNE@R%- ENPL&NTS : o

s cﬂﬁmnwanwyﬂm E e

: "; :._Healﬁw p]ants gmmfmm seec are genera[ly fres of datactable ambunts f -'. E Co
o of endogenous htgh mnlecular werghi usRNA Howavsr, the PDSSIblE P
presence of cryplic viruses of fatent virusiike engaﬂts in apparently healthy - A

- plants must be cunsidered as thege cause ‘mild or no visible symptoms.

. They are ransmited effciently in polien and seed but are not transrmitted
- -memanicallynrbyvedtors (Jurdanetai 1983) Aﬁhough ’the y ocour in i
- _._j..veryluw concentrations in :nfected piants oryptic viruses have mulecular
_ A =chamctenstncs ﬂ'aatmightbe expsuted of dnsease—pmducmg vn‘uses The " -
. genoms of crypic Viruses consists of 2-5 dsRNA segments which have *- -
. been translated in vitro. (Matthews, 1891). Other than unc[asslﬁed c:yptm_'_" B
o _w‘uses, the only other Kind of dsRNA which' may ba encountered m__':'_ S ik
S healthy plants is cell’t:uar dsRN& of urknown nrigm Thasa are nonviral .~ -
S | 'and are usually pm%’ant in specaf‘ ¢ aultlvars aﬂalant speues but nnt_' R

&




g

o .'.'_"detected in nthers (Jardan etaf 19@3 Valverde ef al, 1966) ‘rhe_"_
" presencs of cellular dSRNA in healthy plants can led to misinferpretafions
'nﬁ} results, which emphasrzes the lmpartance of appmpnabe heaithy ' L
.  controls (same plant or cultiver speczes) to show that andogsnous'

e -;':dsRNA which hae-been found in tissues of certsin plant species not
g “infected with RNA viruses, is not present in tissuas fram heaithy plants, S

.. Thefunctional role and s:gmﬂcance‘nf dsRN&épgcres inhealthy plants

o ____'f'i? Is targely unknown, though it has been pmw,éedmamgmam systoms
. may be involvad. Thers have been numerous reports concerning the

obiologlcal control of activities ?fuch as the down—ragulation and - SR

e:qaressian of c%uﬂ‘arant genes Qy naturaily aecuring anti-sense Rnas |

_(Slmmons 1988; van der Krol of al., 1988). Through Watson and crick

_bas&pamng, annp-sense RNﬂ«s bind t6 thair t;omplemanm gargat_f T N

e mRNAs thus - aunh‘d?lmg their function: and expressian The
R 5 consequences dfanﬂ—sense RNA hmdmg may mvo!ve the mh;bxtion of e
 ribmsome bmdmg, resuiting in a message not being translatecf efﬁciently o

- © Such biolr.sgmal controls may be exerted &t many fevels, ﬂavmg both

- .+ direct and Iﬂngeranga affects Although 1n mast documentad csases, the'__. o

- anti-gense RNA exerts negative,control, it is’ plausubia that anti-sensea o
S bindmg could i inerease tﬁmﬂa&functmn and!ar express;an ERVEEET

KA .
AL s L
= 4 X 1
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. Th& ’most commnn "klﬂd odeRNAdete(ﬁed n infﬁct@ﬂ f,'ﬁaﬁt 66"8 i$ the o

* approximately 90% of all known plant viruses. This form of dsRNA is the

 replicative form (RF) of single-stranded RNA viruses which composs

- intermadiate’ preduct praduced durlng raplmatiaﬁ and is aonsistent!y s
S datected when a plant is mfacted with an ssRNA virus, regaraisss ofthe .
) | host Rsphcativa mtermediate {RI) fﬂms canaistmg of dsRNA that ara E |




o 'parhally single—stranﬁed may also ba prodwced hmnfever these are mbra B

. st.lsceptlb[e to RNasa degradailcn (\falvarde, 199@} R&plzcahva i:isRNA e
- hasslsobeen identified for satellites associated with RNA plant viruses . - o

o and may aven accur in greater can@entratioﬁs than the mms~specﬁ"c ": L

* RNA tself (Schrieider et al., 1977). The only other characterized dsRNA

~~ form found in infetted plant tissue belangs to the genera F}lwms and ' o -

"hyforaowrusofme famuy Remfnaae (santlun'! as) B

p:)

Co4a3

a1 vt

plintReoviruses

o s B :
. -.-_)_ . s . -

'; f‘ Members af the Reovfndaé famlly are d:smbuted thmughaut hwng - e
| 'o:ganisms Amang their natural hosts are veﬂebrates. insects and plants. T
| They differ widely in lha \iirulence that thay exhibit in theae hosts Tha‘_' L
o _.ﬁrsfdiscovared mamma!lan reuvirus literaily is, as the name sigmﬂea, L
o "respiratory enteric urphan“ meaning a virs unassociated with diseasés, .
. However, more recenﬂy dmwered mmhers of this famlly, the ratawms, S
| 'was fauhd to cavise infanfile gastmententls one of tha mt;st lmpcartant- R
“causes of death in infants under he agé of fwo year in less developed - *
~ countries (Steale, 1990). In the early 1960s, Gomatos and co-workers
showed that the nucleic acid in- raqvlrus particles is deRNA, thus o
~providing the first demonstration of the occurrencs of dsRNA in nafgre
| (Francku et al, 1983), Although dsRNﬁs was being investigated as the
- replicatwefonn of viral gennmas conslstmg of smgle-stranﬁed RNA this L
discnvery idantiﬁed the source of the dsRNA Equaily impartant was the_ L
o ﬁndmg that tha reovirus genome conslsts 6f 10 or 12 discrete segments, .
- each with its specific saquence content and each transcribad Info its own
messengar Ri\m Slnce than, a number of vnrusaswere shown ta possasa :

e

Ry

irte i e 40 e Wi
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e By Ll




- muihsegmented dsRNA g@nm and have bean classiﬁad as membars
 of the Reoviridae famuy The ganera and host rangea are Ilsted In tahle
- 14 (Jukllk 1983)

 Tabie1d - Hostranges of members of the family Reoviridas

. o Vertebrates S
fommius | Verebratesinsects |

: ﬁhyﬂo;e&awms

Fﬁwﬁu&

. Presarﬂlat unasslgned vlruses

S ’e\:\l&') o

K B {Framkl gt ai., 1983)

- t-_f o

] ;._-mamberaoflm Pﬂa_m:_mvwfﬁe:ég‘?fﬁi-- e e

B
,_"_.Plams.msects |

1 Planty, inseots
f.!nsem,ﬁshnyﬁters

- -Plant-fnfectmg reoviruses mntqm genmmea mmsnst!ng\ofﬁ :th_ar ‘!D or 12 - |
; dlstmct‘segments of dsRNA and are tmmsrmﬁed by al*f(her iéaftgﬁpper or |
a plmihapper vectors. These two criteria form the prinary basls for dividing R
- . this group of viruses into two genera, Phytoreoviruses and £ ﬂwms The -
- genome of Phyioreoviruses consists of 12 daRNﬁbsagmams which ere
e iransmntted by leafhoppers {Cicadsllidde, dassoidea) and Infact 4 variety. o
o “of m‘*sts mcludnng dicgt- and monowtyladons. Fijivinises, hmmaver have
- a genhome consisting of 10° dsRNA segments, are plant hopper-
* trensmitted (Delphacidae, Fulguraidea) and infect only monoeotyledons
R (Gmmineaa) in which they mduae nenptashc gmwths ihat have been
o _mfamad oas vein swe!lmgs, galls or enatians by uarious authnm Tabla- o
~ 1.2+ists soma of the the membars of tha Reamdae that infact plants'. o

e
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v inv mmnhms oﬁhe plant ranhrlrusaa paﬂinent tathe tmxt am !tsted

(Marﬂeﬂ frprn The Raﬁvlﬂdae Francm R l B and Boccaado. 6, 1983)
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Sev:aral of the leaihoppar— and planthopper—borna dlseasas, naw: '

- known to be eaused by viruses that belong to ReoWﬂdaa, wera studied EEN
| _faﬁnawf years wnthout their etioicgical agents being rscogmzed lt was L .
'fonly aﬂer the develapment t:f suitable punﬁcatmn tachmques that, thefi-'-:_' .
| _.viruses were isolated and characterized. The ﬁrst two plant recwiruaes ce
S o be puriﬂed and sfud:ed were waund tumur virus (W‘N) m America '
%, (1954) and rice dwarf virus (RDV) in Japan. (1958). ‘Subsequent
" studies have shown that several, othar plant vfruses, sur:h a8 maize
mugh dwarf vifus (MRDV) and’ Fljl dlsaaae mrua {EDV), possess . e
. reavirusllke particies and dsRNA" (Franckt ot al, 1933) Hnwever,
"{’_lreseargh progress on the plant. reavirusas has been generaily slow, S
- mainly due to teshmcal difficulties’ assuclated with atudias of. thesa C __
o7 vifuges, s they usuaﬂy only replicate in vascular or neoplastic ﬂssue L
~* and they cannot be transmitted by mechanioal inoculation. In addiion,
their transmission: s dependent on: insect vectors, In ‘which they ... -
muitlpiy Althnugn atha vlruses multiply in. thair vectnrs, na. neoplastie B
-_-”growths Iike thme i plants ‘are prﬁducad However, cytopathaingieai | "
. eﬁecta simi!ar ta those induced in plants cal!s have been abserved in B
orgarcs of vancus hasts Al plant reowruses hava a similar appeara\\ce o
g | in thin sectlon of infeotsad r.:el!s Reovims parﬂctea are large, about 7’3_-"'_- = j:
R nm in d:amatet and characterlsﬁc enough to ba datected ang'} .-.mpfad- -
T | | in intented cells by elect - k| mmroscopv Thdy have cfouble sgells of:”_':_ = j-:;, o
- lcosahadrul symmetry. with densely stammg inner ¢ores dug tothe =
o presence of dsRNA. Except for FDV, some of ‘ttme ‘?G—nm vnrua partieles"__ a
R may be found anclc.\sed m fong tuhules of unknown arigin ard functinn. S
‘ N However, the majority of these particles are ‘usually scattared in tha | S
o : cytoplasm or aggfegated into crystal!ine inclusians. Althuugh slightly-
. _ smaller particlas (c. 60 nm) have been reported !kegaml and - c.o- | B
workers have shown that certain puriﬂcation 1reatments cause partmles- L s
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B .'1-.-3-_.-3;34 | claiésiﬁcaﬁanl Préaiéms‘j'fﬁ_- T

e
tu bse their outer pmtein sheﬂs (Ekegami ai, 1974) Thi% IS.. ;
o especzally nutinaﬁle wlth Fqi d:sease mrus (FD in whlch all Intact :
, N particies (!Ps} ‘about’ 7’5 nin m diametar, aﬁar axtrantron and_'{_'
| 'sedimentaticn, are convarted to cores or subwral part:cles (SVPs),__-rf"- B
RS about: 55 nm in diameter {Hatta of al., 1977) C‘ansequg nﬂy, must
. purified preparafions of fyruses studied consist mainly or entirely of .
S 8Vps, n deva!upmg mf*us»puriﬁcatiun pmcedures, the difﬁc:ulty of:_ B
e '-_:_'nbtaining suﬂicient virus has been the most serious 1imitation V:rus'_._.f_-_?{
. particles are restricted! to the neoplastm ﬂsaues of plants infected by * .
-"mf»‘st of the piant Reovmdae, herice obtgl,nmg large quantities. of piant:;_.__ et
oL _-_tissues cqntaimng i?rus as startmg matenal far puﬁf‘catlan is. usually__._.:.:.__
o diffioult. This is parncularly true of ﬁjiviruses, fesuiting in thls genus rot’ RV
o being. lmreatigated as extensmely a8 ‘the’ phytoreowruses, whose . |
E . ganomlc bmlcgmai propemgs melude the lack, of aff nity for nbasames .
L _-..;"‘-_:and MRNA ativity, as would be expected of dsR'l_;‘_'L._"';»,ﬁi unigue feature:_: N
L F’--I ._of ihls group of plant v!. uses is that gach dnubl&strapdec, gen nme has:_:'_'_}_: '-::l
S beeﬂ transcnbed ity me to give @ MRNA that produced a singie protein B
- product which- hydridized selectively o ons. genome segment, The -
_’ : f_resolution of these MRNA transcripts into discreta spames has hesped IR !
o “establish fhe mlat:onship bet\m-zen the viral genome segments and thg o :__ -
~ transeripts which- they encode. Such informataon may’ be useful in
 developing ar undarstandiag of gene expressaon in the yectqrs and o
'.",-?I_:___planthoats (Nusa etai 19&1) ' o ' |

o i. T LA number qf plant viruses mth isametric partlsles and multisegmented | -
. dsRNA gencmes have been assignad to the faraily Reoviridee '
"accurding to the acoepted. oriteria, however, there are snme newly

- desoribed viruges, whose viruslike particie structure and dsRNA o
N .genama suggest that they belang to the Reowndae. but are dlfﬁcult to N




- 1 Hosts

| -I Outer shell

-_"m- VieiProteing. ~ - 4 7. f; 6(?)
o Gytopathnlogsf i R N

'3 at:cammudate wrthin th& ex:stlng genera fl‘abie '1 3) According tu :tha _
e acnepted cnteria the taxonsmic pasiticn of such mmsas is not cléar, An
an example af & ~mrirus whrch does not. fit inta any n‘f tﬂ:jment!yﬁ“
b ":_:-recognized genera s fics raggef{/ stunt virus (RRSV} It infects. nmaz_fi S |
o g 'Ir".plants produ::mg symptcms Simllar to thase of Gramlnae infented with f.
| 'fjwiruses and is vectored by the planthappar Nifapawafa Iugens. '_ _'
. f.-_: However, the genome of the vims cantains unly 8 dsRNA segments,',;
S .:f-thus preciuding fts assignment to the genus Fifmms ar tn any other_3f
:{._' cunenﬂy acceptedgenem‘_ G S h |

&

: "':-._::"fabiei 3 Blcfoglcal Stru@tural and Gytbpathulogical Pmpedies of F'Jant o

Rawmdae Bl o

Genus

b4 g - : b T

Propemes :' Phytoraavlms Fijivirus o

Dfmqe'ie‘"(ﬂm) oo e
coreoraubvizal particles R IR

Si!ikes A T P AR T
RNAsegments - 12 o o 10

Vlmplasms

R S

'(Adéptedf:ﬁrarium’. R.i.Band Boocardo, G. 1989, v The Reovirida) . . |

Vergebpafe : : 1 - 0N IR o

Plam _ - | r4- '_ _- j‘: R T I S
Particlesuuatura S U '

Tubules ﬁ+ +
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o Smt;e notable dnﬁerenees in malogncal charactenstics axast wiﬂ"un :aac.h N L
| gams. efforﬂs to understand plant renvnrus biolagy in mnlacniar tarms has R
ralied on malecular ch:mng, sequanoas analysisand in vitrm;epresswn L

. studies, Already, mmplete nucleotide sequanc:es have been datarmined

s Smce healthy plants do ot aontam raadily defactable anmunis of' __ .

-;uaa;g;m mmw wﬁ@w@ﬂ@@&f e

. for genomic sagments belonging to seversl members of the genus © . |
. Phytoreovirus (Anzola f al, 1989; Nakeshima ef al, 1980 and Susukiet [

- al, 1990). Marzachi ef al, (1991) hava succesded in clon!ng and pattially - "
R 'maractenzmg the MRDV genome, a membar ofiha genus Fj:vims The
o information obtained from such sequence ‘analyses can, when compared non T
S -'-'-wnth an- anpmpnata database pmwda insight mto evolutianary: S
e relationships whnch may haip clarlfy currant classiﬂrsation prabiems. _' N

B

o »endcgenous segments of high ma!ecular weight dsRNA {» 0.4 x "0"). e

e R dragnastrc tests based on. tha detecttt;n and :dentrﬁcatian of Spemﬁc}“ _ '_ SR
 dsRNA species have been useful in the analysis of previously |
" unrecogrized virus or viruslike infections (Dodds sf of, 1984; Falketal, . -
1984, Haber, 1992). In many instances, the analysis and characterization . .’

straina (Dala at al 1936, Smith ot al R

of these dsRNA spacies have heiped fo qé’etennme the eﬂolagy of viruq_

The uniqueness of a prof ile is based ;m the numbers and malgﬁ@L

L weights of the dsRNA segments A virus whase gename consists of one
L ssRNA shauld produce one major clsRNA of approximataly ivme tha |
_ molecular mmghwftha ssRm Mpractlca howwer nthar minor or Iess " 7
o prominent dsRNAS of lawar molacular wa:gh% are datec.ted Some of

S &3" Lukéics, 1934). anferent.- R
o groups of piant viruses have Charactenst dsRMA pattems or profiles.
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dsﬁms 'ara the RFs of :subgen ‘

4 u: Ri%s der’ vad ﬁ'om tﬁe"

S xn addzhon, Qﬁndmgs should be mnﬁnnad by means cof‘ mar d@tantmnjf._

L ‘.=_-3techniques sucnas samlugtcal detemnan using sper:iﬁc mbmﬁonal ar -

: '_pslyc!cmal antisar.a and dfst Jmmuncassay {M'amburu ot aﬁ ‘1991} .




The general nhjec%we af the prq;ect,ts ta :mresugata the natuw r:f tha' SO

.+ dsRNA spacies isolated from fobaicco class  leaf curl and theirpossible
- invalement in the eiioiagy of c!asslleaf r;url symptoms ‘The successful SRR
-"'charactenzatmn of these dsRi‘s!A ‘species may ountribuﬁa o' an R &
- undarstandmg of tha mmplax interactzons that give nse to tobam feaf__'- [,

. cuﬂ syndmme

o 3a, To determine whethar tobaoeo leaf nuﬂ and squasn ?silvarieaf y ._ N
. _\1.'._- . mem& bﬂth SUSPGM Whlteﬁ%iﬂducﬂd @tiOiOgles' am re[ﬁtﬁ d \T = : ..

" by using selected dsRINA speciés extracted from class | teafourl, |
in prmhybndization studiesw%a snlveﬁeaf squash and whntaﬂy SRR

O

Tn acﬁieye the pnmary arm the follmﬂg spaclf' .3 051@0“"93 Wi" R
g ..:._._pmpnm R D

U'

e Taopumze asﬂmmwon pmcaﬁureformmamm enas

e '.._-'.'._'Tc mnfirm tha daubleﬁranded natura and ---f" _m °f the RNA T
LR : spediss and to ascertain wha{hertha dsams have a poly(ﬂ) ¢ tﬂ*' - S
= 'This nnfnnnaticn may be useml in datermmmg whethar thes dsRNA: .
o ' Spemes may be mcdiﬂed messenger RNA (such as B physwiﬂgica' :" L i
. response of the plant induced by the feeting acticnafwhiteﬂy mr: L
., o afnxm associatead wnth whiteﬂy feedmﬁ) t:r vrral dsRNAs B

| nucleic&cid extrac!s, R

3 Ta dztm. ne whathar the dsRNAs are nan«hamaiagous separata
S Spe::ias by croas—hybndlzmg them w:th aar.:h ather S

&

R
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DsRNA and totel RNA extrachéﬁs m camed out o on me fuﬂowmg

P 3 *a meﬂ' mTERm '- e '_

‘fresh plant material, from infectsd tobiacco plants exhibiting i :3?-'*' R

- (M. tabacum ov. TL 33) or class 1) (N.fabacum ov. memmotn 10)

- symptoms ‘which were ungmauy milacted from tobacco fieldsin C
o the Eastem ‘I‘ransvaal and Brits area, nr aupphed by the: Tobao%m_'

@

R I

| seedlmgs B x\

sy ptants exhlbltmg silver!eaf ssmptcms (ﬂgs. 31 and 3 2}_ re L
* induced by whitefly feeding Heafthy squash plants (Cpspocv. = '
B : Long Graan Eush), grown from seed, were mimducedto co{omas”-_'-":f R
" of whitefly (B.tabac), maintained in sureen ::ages in growth T
o __:--:..cnamhersatameantempamtmof:tzﬁ“c o o

. 'f-_j.and Coﬁon Raseamh !nstitute near Rustenburg {:Iasg‘ i (N- 3
0 tabacum cv.HG) plants wers collected in Zimbabwe, Leafmeterial -

" was coltected from these infected plants and stared mzen at -: e

anc Llﬂi'![ amm ata!aterdate | B

hsaa!thy” inbacm {N fabacum oV, TL 33) and squash plants-".- RS
. (Cuurbits pepo ov. Long Green Bush and Rolet), grown from -
' sesd and maintained In growth chambers under controlled
_ ""'f'_'mndltinns a’ta mean iemperatureof 25°C ¢2°0 Thasesdlmgsf' L
o were watered tn aatufatnm three times a week and proviﬂed \mth .
| "',-“-"-'_nutnants anaweakly basns S '

:_'asymptomatuc tubaccn (N tabacum oy, Ts. 33) gmwn fmm seeds-' o  _ -
; collected from plants swereiy affecied wzth oldss | tubacco leaf S
' Same growth condltmnm healthy tobacoa and squash o







" iy Flg.s z 3quash aﬂverleaf tnduced by whtteﬂy feading, shawing veinal chlornsm and
pmgressiva sllvaring of leafﬁsaua -

i "' | )
sy 32 -_fwﬁ?ﬁ?wmn-wnes_ -
Colaniaa/ of whitaﬂy Ware maintained in sereen cagas in a gmwth

. _;';;'; - chamber (mean tamperatura 25‘(3) on & vana’ty of hnat plants including .

3 T | _squash (C pepacv Long Green Bush) and tubaooa (. fabacumcv TL
o c3s), Thsw.l, afvm:teﬂywaaobtainad fmm Jotal pnpalatians mfesting
W boinsettias. Judy Bmwn (Departmtentanlant and Bmlagicai Sctences,

J\'\‘
_“" L o T

"




" University of Tuscon, Arizona), biotyped the whitefly colony and

- confirmed that it was analogous tﬁ"s‘ils:erlias’uf'whiteﬂi%es that have been
described as B.tabaci biotype B (Jiménez ef al, 1995). Except for non-

~ viral silverieaf on squash, o other symptoms were noted on plants ot
o whlchﬂmsawhmﬂy colonies were mainained. For doubla«stranded and___' o

- total RNA extractions approzamataly 100 whlterﬂieswere aspirated into a .

o glass tube, anacthetized with & smali volume of chioroform and

¢ nomogenized with exiraction buffer. The method for the isolation and
- puriication of whitsfly dsRNA and total RNA is the same as that for plant

. R tissus; which differentially alutes dsRNA atapartmlar conosrﬁraﬂan of

b o - R ethanol-ﬁfreebuffer SR

R T

33 DSRWAEXTRACTION

o 35.3.1.- :ueitmdus&a@n -

' dsRNA axtractlohs, pravnousiy dascribed by Morris and Dndda’ (1 9?9}.
were ca:ﬁad out on fobacco plants exhibitmg the three diffevent leaf curl
 class symptoms, squash plants shawing silvering of leavas and on
whntaﬂy cultures, DsRMNA extmcﬂans were glso’ performed on
| asymptomatic tobacon grown fro.n seeds collected from class | leaf curt
plants, and on healthy tabacm and ﬁsalthy squash plﬁnts as mntmls .
Unless otherwise stated, atiempts ware not madé to remove ather nuclegic
 acids (DNA, single-stranded RNA) which did not interfere with dsRNA
wsu_afizatnon A list of stippliars and the reagents usid in the exfraction -
are listed in Appendix 6.1 and 6.2 respectively: A slightly modifisd
* method was used for Iargawsﬂa!a extraction and purification of dSRAA, ..
 The extraction procedure involres the homogenization of plant tissues in.
 the presencs of an exiractant designed to denaturs proteins ard release |
 undsgraded nucleic acids. The xtraction bufter, at an elevated pH (6.8)
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'ar@ mnderataf {©. ZM) salt centent o mduea rrbanucleasa activi!y. I |
__ o eontains an addmva bsntomte which raduces nuclease activity and & -
e detergem sodium. dadecyl sulfate (SDS), to ensure denaturaiion of

proieins and the release of the nuclazc acid In addrtiﬁn, memaptaethanol E

o prwents the mddainm arld brawning caf plant tissus axtracts wh:ls the |
use of phenolichloroform, as the. orgamc: profein denaturant component, .
© ensures good separation of the phases after centn‘fugatmn and provides
' more complete ramwal afprutems fromtha aqueous phase Punﬁcatian- . o
C o the nuclaic 2cids is basad on the diﬁewntsal binding of amgle—
B deubl&siranded ﬁNA and DNA nudeic acids to celluiose in the presanca_ |
_ . of yarious uonaentrations of ethanol, DNA and ssRNA fractions sluts In- o - |
~ buffer containing 16-18% ethanc, while dsRNA remains bound, Tha R
baund dsRNA 15mtmn eiuted fh 2 sman volum of eihanalwfree buffer -

L

o _3-"3»2;_- smn sﬁamm mmﬁm S

L Plant materaal (0 5 g}, usually symptomatla: Ieavas, was greund toa fne? o
| pawder in liqu:d mtmgen uging & mortar and pest!a The i’rozan pmmder- ] |
was extracted with 1.3 ml of double-strength STE buffer, % SDS, 25
. mgiiml Bentonits, and 0.5% B-mercaptoethanol, The exiractwas shaken

for 20 ri, &t room temparatuve, with an equal volume, of STE-saturated '-

- phenol and chloreform: Isoamy} aloohol (24:1). The resulting emulsion
- was centrifuged at 4 500 tom for 15 min at 4°C in & Beckman J2@1
. -e&ﬁtrm.sge using & Backman A4 mmr i:elluimer cmumms We:;a |
 propared by equilibrating 2.5 g of Whatinan: GF-11- veliuldse powder”
o with 50 wl of STE ethanal (16 59 viv} 1-mi fraat{nns uf the well mixed o
sy were trasfered fo sterfls microfups tibes s nanin‘:ugad at4°C . -
- "fanmm Unless otherwise stated, al cantrrﬁzgatronw(emmrﬁad outfor - g
 5min at4°C irva Hager riicrofugs, The supemataint frofh gech cellulose
colurin was discarded and apprammataly 1.1ml fractions & the pheniok
-@mmad iaquqsnus phaaa transfened to thev celiulase cclumns 'J‘ha ﬁnal o
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min. The celluloss, with bmuﬁd dsRNA. was then washed with swaraf

volumes of STE:ethanol (16.5%) to remove unbaund impurities. After the
- fmal wash, the ceiluiose miumns were resuspendad ina small vo!wne- - o
(100;:1) of 1 x STE to slute the DA and SsRNA fractions. The dsRNA
- wes finally eluted nE00 4l 1 X STE, concentrated by adding 0.1 vol. 3M -
| sodium acetate, pH 5.5 and-2.5 vol. 100% ethanol and inwbaﬂng *he-__'
"-' snlutmn at-20°0 for4 h or!ongarto precipitate the dsRNA Ths samp !aq S
. were eenﬁ'iﬁ.lged for 10 min, the ethanol discc—:rded and tha peiiets dried
under vacuum using a Savant Speedwac Cmoamrator or :ncuba&&d ot o
" 37°C{or 510 min. The pellets were resuspended 1054/ TE bufferand.
~ stored st 4°C. Enzymaﬂctreatmammmeﬁnal sample viag notnecessary
‘a8 dsRNA obtained by titeans.of this pronedura is usrdally free 'tram B
-aeteciahie host DNA ahd RNA waaverda, 1990) C s

35 :mme'smmaém_wmns 3

-Whalman BF‘-‘I‘I puwder (2 5 g) was mmad m 30 rn! STE ethannl (16 5%) o
_ in a larga plastic centnfuge hottle. The batﬂa was centrafugad for 1520
. win at 8 500 rpm and the superatant dtacardad Fresh or fmzen plant . P o
. material {7-10 g) wass ground In fiquid nitroggh using & sterite morterand -
~pestle. The powder waé transferrsd ts'a Iargamsﬂc centrifuge hotte to -
L wh:ch was adc}ed 14 n;n,Lix STE(2x STEmayalso baused),ﬂ mi10% = .
. spy; mm water-p/ 1 k STE-saturated phend| and 16 mg fractionated
» B ﬁentumta The bottle was shaken for 20-30 min and then contrit 1ged for L
. t6min at 8500 rpm. The top aqueous phiase was ransferred io a dlear |, -
- cenirifuge tube and the volume adjusted to 20 ml with 1 x STE, Twenty-
one ul 100 % ethanol per 1004 aqusous solution was added to obtain
& ﬂnal cnnaantration of 16 5% ethanul. The ccntents of the tube were -

Ty
) . :

L ethannl mmentraﬂonwaa adjusted tﬂ 16 5% (VN), anﬂ aﬁer a ihumughﬁ_. B
- mixing, the colurins wers allowed to stand at room temperature for 15-20
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R mived well and the salutuan was transferred tcs tha large plastlc centnfuga R
- ‘botties uoni;ammg the' celluiosa column. The mixum was shaken' C ‘
-thcroughiy and aliowed to- stend at room temperature for 20 min, Nl o R
future steps Wwere carried ouit at room temperaiure unless indicated. The.
'__"_bntua was eanh'rfugad at 8 500 rpm for 15 min. The supsmatani was =
' discarded and 30mi 1 x STE:ethanol (16.5%) was added to the cellulose. -
 The bottle was well shaken for 510 min and then centrifuged et 8500
 tpmfor 15mins,Thnsstepwasrepsatedmf;$mnre Afterthe final wash
the dsRINAwas eluted by adding 3 x 10 mi sliquots of 1 X STE buffer. The .
" supematant was collected affer each waish and precipitated by adding 2.5
* volumes 100% ethanol and 0.1 volume 3 M sodiurm sostats, pH 5.5, The
- solution was stored overnight at -20°C. After incubation, the'tube was
_ cenirfuged for 30 min at & 500 rpm and the pellet resuspended in 500u1 < -
o 70% ethanol, Thstubawasﬂ'lm cartrifuged for 15 min at 8 500 rpm and o
" supefhatant discarded. The pellet was ellowed to airdry and finally
e resuspendad in 5&% TE buffar The resuspended peﬁet was 3toreci at
LT '

g -mm. nwx Exmmn -

a:m ammsumm AR

“To obtain good ﬁm’parationé"‘nftotal RINA, it was hfaﬁfB?SSary td'miﬁirﬁize'- o
- the'activily of RNases by taking the following precautions. Al glasswere "
~ was treried by baking at 180°C for & hours or Mors; plasticware and .-
 electrophorefic tmys were sosked ovemight in 1M NeOH and'rinsed
. several times with sterile water traa\\rdd with 0. 1%ﬂiethyl pymcarbanate g
- (DEPG). All solutions and reagents were treated with 0.1% DEPC forat -

o Ieast ‘12 haurs at 3?"(: and than autoc:laved far 15 mm at 15 \’bisq

ooooooo
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o Diaposalﬂe glmves were worn ﬁunng the preparation nf reagents and
. .-durtng a![ mampulatluns mvaivmg RNA b T

. _.“ . .

- The pracedure is & moduﬁcation oﬂhe method dascribed by Sadﬁwmok et
ol (1989) for the extraction of RNA using guanidine Hel and orgénic .
- solvents. The 'same method was used for both plant and whitefly total -
~ RNA extractions. Scﬂutions ari reagents are listed in Appendix 6.3, Plant
mat&rtal {0.2 ) was ground ina steﬂle Eppendorf iniml guan idine HOI
C :homugenizahon buffer using & sterile pestle, Fifty i of 10% sodium
" Tauroyl sarcosinate was added and the fube centrifuged st 10,000 fpm fcr
|, Bmin;at 4°C. Unlsss oiherwise stated, all centrifugetions were carfied
" omtinaHeger mic:mfuga The top aqueous phase was iransfan*ed ogd
C - fresh eppendurf tube and an ‘equal volume of chforofonh mamyl alwhol B - -
B (CHClg iAA)-&aturatad phenol was added. The tube was shaken well and
o oantnfugadat 10 000 rpmforﬁmms at 4°C. The top aqueous layerwas_ S
. fransferred to & fresh eppendorf tube and an squal volume of BM lithium .
- chioride was added. The mixiure wes vortexed vigorously and allowsdto
- © stand for at least 2 haurs at “ O--C Af‘::er mcusbatmn, iha tube was .
" centrifuged at 10 000 sprm for 15 min. et 4°C. The gupematant was
B transferred to a frésh: appendorf and ethami precipltaied by addingQ1 ~
_ 'volume SM sodlum aeatate rH 5 5 and 2.5 vomme 100% athanol “The . : '_ o
pllet was resuspended in 500 ui DEPC-treatad water nd the 8M iithium -~
* chioride step repeated. One tenthyolume SM sodkum acetats, pH5.5and
~ 25 volume 100% sthancl were added to the aupetnatant vortexéd as R
above and incubated ovemight at -20°C. After incubation, the tubes were
- centnfuged at 10 000 rpm for 15 min at 4°C and the aupernatant o
discarded. The pellet was washed in 5004 70% DEPC-treated ethangl -
. and the tubes centnfuged at 10°0Q0 ypm - for 1 B mm at 4°C. The |
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| j_'eueemetentweeremoved and the peuete dnedaimam temperature The
- pellets were resuspended in- DEPC—traated water or DEPG&reatad TE ._ o

: buﬁ’er and stared at »70"8

eeeeeee ee eu;eeeeeeeeeeee_ o

% yifal detection end anlysis of dsRNA punf‘ed from plam materislwas Ny,
o achiwad by the electrophoratic separation of the species in-agarose
- horizontal gels (0.5mm thick, 10cm long and 8om wide). A 1% agarose o

“gel was prepared by adding 0.4 g agamse to 40ml 1 x TBE buﬂ‘er S

- Agemse in solutmn was heated ina microwave ovan o makt the egar | L
" The sclution was allowed to cool before adding 1 4 sthidium bromide
 (10mg/ml) and then poured into the electrophoretic tray. The combwas
. "positaoned and the gel aliowed to solidﬁfy Dnce set, the mmb was . o

. removed and tho ge! placed in the electmphoretic tarik. TBE bufferwas
* added o each tank and allowed to cover the ge} by appmmmaie!y fmm

‘Ethidium bromide (14t per 30m{ TBE) was then added to the TBEbUffer
- In the electrophuretic tanks. Tracking dye (sm dye per 61 sample) was

. mddedtoeach sample andappmximataly 2&-30;;1 of sample was loaded

" into the wells, Electrophoresis was conducled at S0V at room temparature -
for 1%<2 hr or untll adequate band resolition ‘was achieved. Oncs
electrophoresis was compieta the gel wag piaceﬁ on a\@.sltrawalet (W} |
: Ifmnsillwnmator (302 nm) £r examination of the ﬂuarescmg\nuclelc acid

. bands and phutogr:aphed on Polaroid Typa 665 film.'Reagents ars

" describad in .Append:x 64, The molecular wanghts of the dsRNA specnes o
were estimated from gel mnbility of the species, relative to Hrnd m- and R

o Pat l-cut A DNA mnlecular waight merkere {eepeneax 6.5).
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_ B The:ﬁmemod far tha recovery and rsolatian of salected dsﬂm bancls is ei
“ _modified phanol—bassd method descnbed by Falson {1992) Resldual |

N o pheur.-l and agamse ars nentrrfugally separated ﬁﬁm tha dsRNA saluﬁm
** In the presence of salt following phenol extraction and prior o ethanol

a preaipﬁahan Raagents and soluhans &re descnbed in Appandix 6 6

'.':.;’:3

NI

: Tobacco ciass la:drachm sampleswere run ln a0. 9% LMT a‘gamse gei
. containing 3,026, of ethidium bromide (10 mg/mi) per mi TBE buffer, at
S 90V for 1% 2 h at ropm temperature Fallowing eleetraphuresis the

- ‘4sRNA bands of inferest were located by axposing the gelfo UV light
_ (302 nm) on the transllluminator The bands wera excised in the smallest

'pussubie wlum using a sharp scalpsl Each slinaci sagment was -

 transforred to a sterile eppendorf tube and the volume estimated from its
teyad weight, Twa vnlumaa of TE buffar were added and the tuba placed

- InaB5"Cwatstbath for 5ta-10 min. Uhoa the agamsa was fully melted, .

o 1 Wlume of TEv-samf%ted phennl was added arqd the iubs: thumughly
o maxed by ‘imarsion Thm # nhe was then rehaatad t@ 65*3@ far a few min.-
. _and csﬁtﬂfugad ina Hé&ger mmafuge for 3 mzn ot ‘iD ﬂDO rpm Tha
‘agusous phease: was transfé‘rred fo & new stenle eppendnrf tube
~containing 1 volume TE-saturated phenal The tbe was mired by
o mversmn oentnﬁxged and the dqueous phasa transferrad o & fresh
. eppendorf tube containing 1 volume TE-saturated isoamyl aleohol. The .
N tuba was mix”ed by inversion. oentrlfuged at 10 090 rpm for 3 min The
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- Amgniaad faaiwe cofdsRNA ig ibs resistanea m dlgeshgn by pa Q _. o
_ rsbmnuoleasa A in the presama of water or a;nigh salt (g 45%:’3) snlutmn -
B : ‘?’f mﬁgants am:! sofutiané ara dascribaci n Appgnmv

’ nuuble-sﬂmnded RNA samples suspended in ﬁlﬁ'l@l‘ 553@ .ui af 3 x,ssc or

5 '_supen-natant was dlmrded and the ascamyi almhal step mpaa’ted hmcﬁ- '_ N
mare. After the final wash, the boltom phase weas transfefred toafresh
* . sterils eppandorf tubs containing 0.1 volume.of 4 M fithly ~horide. The:_ A
- fubs was mixsd by inversion and pléced on ice for 2 min. The ubewas
. tenspunas abwefm*&mm, The supematamwasiransfewedto B naw’f L

* - tube, leaving & transparent psllet behind, Since most of the phenal and . ., -
o "_;_-_.ag&rosﬂ have been eliminated from fhe samp!a A giyccgen of a'_-f" T
. 20mghmi solution, was adde-'* to itmprove the final yield of reoaver s
CoL . dsRE % Finally, the sampiaf 8 mecupstataﬁ b}.r addmg 25 wlumes af_}'_ S
e o mld 100% ethano! mixed by inversion and laﬂ: for 30 min at 70°C. Tha J\ S
" tubawas spun 3 sbove for 10 mindnd the pellst washed in 5004t cold

o | 70% stharol, Tha dned pellet was resuspenﬂad in 5-1 (M '_I'E buﬁer and

"-‘"*ff’j"f'storedatsxv o S A

RHB@N@@LME A DE@E&T@N

. . . - ..l\-'
- -“. .

ribonuciease A (RNase A): The double-stranded nature of. the Rﬁ!A; . R
apa&les was canfrmed by diqesimn n’f the sampla with DNas&free ' ;

basscon amethod described by Fali and Duftas (1984), meprapa‘&nan o

e g

- o

soo ,ul sterﬂa Hao wam meubated at room temperahara far 15 min w:th

Y
2 . . -

Ja ’ '."ﬂ _. - A N
T
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- DN&W RN&S&M“HQIMD Sampiesmmadjusted to oontain Sﬂglml_ L
of Protemaae K and 0.05% SDS, then mcubated for an addltionaf 10min - R
 tocligest RNass A Uncigested dsRNAS were precipltated in 2.5 volumes
100% ethanol and mcubated ovemllht at - 0*0 ar for 1 hour at-70°C. . Co
- ﬂer mr:ubatlnn, the ‘samples were centﬂfuged for 15 min and the_ ‘e S

E supernatanta d:scarded The pellets were washed four tsmes m 500u1

~ T0% sthanol and finally suspended in 5 TE buffer. RNase stability of
C the R,NAspecies was eva!uated by electrophoreans in a 1 % agarosa gai R

@u@@wm‘wmmw POLY (AYRNA R

o 3 ;g_.;_ '__;Muagﬁoﬁ_‘._ | o

o .Tn ascertain whether the dsRNA spesies cantam a poly (A)“ tau an _' o
o otsgo{dn trappmg methad {Amersham) was used to specifically bind any
o paly(A)* RNA present intheaxiractuon sample Hybnnd—mAP (messenger . S
o affinity paper) isa duazanium-aoﬁvated paper, substntuted oovalently by . | o |
- polyuridylic acidtogweahigh aﬁinrtyforpoly(A) saquances Any mRNA,
: present inthssample, possessing ay -poty(A) tail, w:ll bind Speclfically S _
' tothe Hybond-mAP via hydrogen bonds, Poly(ay RNA is removed from ..

 the sainple by a series of sait washes Following a 70% ethanol wash

- mRNA is released in a saltfres sn!ution by heating the Hybnnd- -
L ijWRNA complex in distilied water to dlsrupt ihe hydrogen bonds.
- $ubsequent gal electropharams of the sample almws the. ldentlf‘ catton 0f
the isolated mRNA species. Tha protmnl descﬁbed is napable of

isolatmg 8412ug poly(A)* RNA per cmﬁ Hybtmd-mAP fram volumes up to

20041, Extreme care was taken o eliminate aontamination by exogenous
fibonuclease. Therefore any glasmwam plastic tips, buffers of reagents
 used were freated with DEPC to Inactivate ainy RNase present, The.
.preparatmn of reagants and solutions are gwsn in Appendix 6.8,
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o ‘fhree pneces of Hybond-mAP wara cut mto squares@pmmmatelyﬂ
| 'lcﬂra2 m SIZP, pre-Wet wnth 0 SM Nacl (~20pllcm’) and énnwed tq a:r'- S
'fdry compie‘tely on clean, sterlie f‘lte' paper. Two control tubes werez. .
~ . prepared by adding 5 Ml (~1ug) of mRNA (positive control) and 5 W
0 telug) of A DNA (negative conrol) to fwo sterile eppendorf tubes < .
B “containing 10yl sterlle DEPC-treated water. ' The ‘controls, together_'- T
L ';__wzth 1ha sampl‘a tube contammg 151.11 (-umg} of dsRNA were heated
. for 5'min at 65°C o denature the RNA. The tubes were immedtate!y SR
| placed tir iee and NaCl added to each tuba ta glve a f nal';__f- ;
nt:entraﬂon of 0 5M The three pieces of drued Hybond—mAP were; g o
'T_:'piacpd on paraﬂlmm (Ameman C:an Gompany) and tha contents of . e
"_l'_-':_zeach tube slowly applied to the Hybond aft‘nity paper (:daally ~'_:_._
o 2O|.f(}cm2) The papers were alfawed to dry for at. laast 5 min. Each o |
S _paper was transferred to a stenla eppendorf tube and washed tvi:ice in o o
. atleast 5 mi 0.5M NaCl for 5 mins. Fresh 0.5M NaCI was used-for .
_ . _'each wash Aﬁer fhe ﬁnal wash tha Hybond-mAP was placed i at B
. least 5 ml 70% (vA) ethenol and genfy shakén for 2 min. The
. HybandnmAF was' transferred to fi Iter paper and ailnwed to alr dry
- _ -completely befora being placed in a stenle eppandnrf tube. The':"_ o
“minimum amount of distilled water required to. cover, tha i:lybond~mAP
- was addad to each tube. The tuhes were then piaced in\a 705C o ;
.waterbath for 5 mln to release the poly(A)* RNA bound to 1 affinity' : - "
" paper. The tubes wers: uortexed briefly and then cent:ifuged w:th the o S
- Hybond-mAp wedged at the top of the tube. The Hybond-mAF‘ papersff' R
| 'L_lwere removed; leaving - the- po!y(A)* RNA in a saltne'

‘i

electmphoresus was carried out fo uisuahze; and 3déntrfy the RMA*__;
o spedies. - '

@, solutior. Gai-l_. T
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HYBRIDIZATIONSTUDIES .

i

- :_ 1 autoradaagraphy ﬂ!m

- 'Selectad class ! dsRNA bands, maasunng ¢ 4 4, 36, 3 % and 2 «4—pr S
i slze (fig. 4.1), were excised separately from a 0.9% LMT agamse gel RS
*and purified & \..évicusly described in Section 3.6 Each dsRNA band -
was ehelied separately The dsRNA to be labelled was diluted 1o a-"

o ':nontaarstr'ahqn of 10 nglpal us. :gthe steﬁ!e water supplied wnth tha EE:L klt

. SeleateddsRNAbands extraciad”and punfadﬁ'ema LMT&gamsagel o S _
 werd labelled using an enhanced chemiluminer: ® (ECL) nuceic agid.
" labellibg technigue (Amershem). The reagenis used in this:kit are
~ protected by the patent holder and thereforé io details conceming the
- chemical compnsmon and concenirations ofihesereagents can be given. .
| o The system involves dlmctly laballmg denatured singla—strandecl pi‘oba R
" RNA with the' enzyme horseradish peroxidase; The addition of
. glutaraldehyde causes the formation of chemical cross-links sothatthe .
. probe becumes covalently labelled with e efizyme, Once laballed:dhe .
.- probe T used in hybridization with target RNA imimobilized on'a |
 inembeans, After hybridizstion, the filters are washed to- remove
. unlabelled probs. Probe/RNA hybrids are detected by the addition of
H ::_”hydrogen pem;dda which acts asa substrate for peroxidase Reduchan__' N .
 of hydrogen peraide by the enzyme Is coupled o a lightproducing  ©
| . resction by another datectzcn reas,ant containing luenindl, Lurninok, upon B
~ . oxidation, produces & blus hght which can then be captured un B
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the tubw- nixed gertly but thoroughly. Equal’ volumes (10 #) o

i

. DIsRNA anid totsl RNA extractions carried out Off i, w&@biﬁﬁ& class N
R § Ieaf curt symptoms, classes 1l anclt, asymptcmaﬁa tnbanca grown fram_.- | o
- serd callected from class { leaf cur, healthy squash, silverieaf squash
- ardwhitelly were elecirophumsed onat% nnndehatunng agarose gal.
 After slectmphoresis the gelwas waked in (X feast 300 ml SOmM Na(f‘/l-r
o :(danatumg buffer) for 30 hin at room temparatura with genhb shak1hg
" “The gel was then neutralized in 300 mi 0,025M sodium phdsphete, pH
6.5 (transfer buffer) for an additional 30 min at room temperature with ~
‘gentle shaking. Reagents and buffers are describet in Apperndix 6.0 A
- piet:e of Whatman SMM filter paper was positioned on top of a support -
ey plaoed ina glass bakina dtsh ‘Tha diah was filled with fransfer buffer -
 until thalevel of the buﬁeralmamam@dﬂaampnfﬂwasuppmm The |
* huffer was allowed to saturate the filter paper and any bubbles were
“removed by rolling a gl_e'_ss pipette acmss_’the f‘l_ter peEper. _Tha j.g;el was

oy The dsRNA sample (10 1) \ﬂ}as denatured by heating the sampze o5 L

C min m gl athng water bath and then: ;mmadiataiy snapmling in an lce-' L i o .

| eMul slurry for & min. After briefly centrifuging to collect the contents. IR
o hishotion of the tubs, 10 4l of DNA Iabelling fogent was addsd and

o '_glutaraldehyde solution was then added, the tube mixad ihb”i‘ﬁi?ghlv ari‘d_' .
- canrifuged bnefly Finally tha tubewasinwbated for 10 min at 37°C, i e
nnt usad immediatew, the tube was hald on.Ics for & short period (1»::»-15 R

then placad (Rl\lﬁ-slda down) on top of the sﬁtﬁratad filter p’apa'r sndthe =

right-hand comer of the gel cut uft o crient tie gel. A piece of nylon
) membrane, cut the same slze a8 the gel, was aoa!ae-d briefly in transfer .
- buﬁer and using a pa!r of faraeps, pasitioned on tap of the gel. Using a
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el assm%ﬁa Tw;: piemsaf Whatman Sﬂﬁaﬂ ﬁlﬁer papgrmmmm sﬁe |
K j-sc}akad bﬂeﬂy in. jtrgnﬁ?er buffer and plamd m i‘np af iha ﬁyhm E
fﬁembr@m. Agalri. any. air bubzrleés iaetwmn iha mambrans and the filter o -
| erg reroved. The edgas nfihg gl wera swroundadmy Saran_ Raer :
RN reve Iimkiframﬂmngdmctlyﬁmiha m ,gérvairm thza pap@r_ SEh
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| Traﬁsfer was’ allnwed ta proceed for 1 818 h Follnwmg ir.ansfer, the .k“f\

| paper towels were removed and the nyloh membrarie riised brigfly in ’
transfer huffer to refmove any places of agivose that may have stué% .

i the membrane. The membrana was placed r.:n steﬂl@ ﬁltar paper and R

_ allowed fo air dry camplelély at raom tgmperature. FL Ary the RN&

was fixed to. the membrana by e;cposmg the membrane. to- UV llght

_' (302 hin) on a transillumlnator for. § min. The" %embfane wa% ‘than

R lla,t:ed hatween twa p;éees of ﬁlter paper, wrapp' d in Saran wrap and
.;a-’ff"' . f ' storéd at 4¢C, To’ assess the aff‘clency of trar,ls of RNA the gel wéis

R AR steined for 45 min’ n a Solution. of ethmlnum roride (fl 5plfml) and.

axa@led urder W l:ght. E

- -._3?:95;45‘-?39& Biqlfg- |

o,

R ‘A separate dot blot was preparaﬂ fcr each labplled dsRNA prahe A _
S small volume of dsRNA (~ 3 pl{/equlvalent to 50 ng),extracted from -
" ‘sach plant species and whiltefly, was denatured by hesting In & rapiu:lly A

bolling watetbath fol /5 min. The saniple was immediately snap&polad

| ~in an lce-alhannl slurry for mln and microfuged bne,ﬂy to cnlle‘ct the_"é—' |

-cqm nts at the ‘bottom z‘lf the tuba The denatured - gample,
_appmximately 1pl at a tlmla was slawly apphed to fha Hy oncl-N__-
membrane. The spot was ;allowed fo-dry hetween each aplllllcatiun L
The, membrane was air dr,lad completely befure fx‘ng undar{uy llghi o

~ (RNA-side down) for 5 i A total RNA'ot, using tofal RNA éxtracted |}
- from &ach plant speciaq; and whiteﬂlh was prepared '“ the safle "

N manner, Each blot was aceul betwetn two places of SMM Whatman | -'
fllter paper, wrapped in ¢ ingwrap and stored at mom temperamre until.-f-__' B

o hybﬂdtzanonwlm a labelﬂPd probe. =
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| 3.9 5 Hybﬁdaza&im amd SMngemy Waahas S

. Each dot blut was placegi ina separate stenla piastic wntainer and- B

o | prehybddizad in hybndlzatton buiffer for 1 h ah42eC w:th gentle agltatucri :
I Fnllowing prehybndizaﬂon L specﬂ“a labelled RNA probe (secthn 3.8, 2) B

L was added tothe hybndizaticn buﬂ'arand incubaﬁion, at 442“0 with gentle S

. agltatinn, was nontmued overnight. Aﬂer incubation, the. blot was

- transferred to apprummately 40 mi primary wash buffer (2~5m1!cm’ of
L mambrane}, preheated to ::5"0 TWO 40 min washes at 55°C were %,
- caried out with gentie shaking Fresh pqmary bufferwas usedforeach
* wash. The blot was men placed in & clean container filed with
__ appmximately 40 ml of#econdary buffer (2-5|*ﬂnilmm2 of membrane). The. .~
" blot was washed for§s. r‘%in with: genﬂe agltation at room temperature A _
 secondwashwas camminutmm fresh secondary buffer. f necessary, .
. _stringericy was contrplied by altermg the-SSC concentration of the =~
: _primary wash buﬂer, 1 x qsc is low stnngency, 0.1 §sC is h:gh_ o
o “sttingericy. Preparatirm ofhybridizatton and wash buffers are descnbad -'
o “-'_I'?.'InAppendixb L R SR

s 35.'9;,%'5‘:.35931&1'! G@q’_na'rattibeif---jm;é’bﬁs%eé_ﬁm'

N Fauowmg the. fna! wash in saonndary wash buffér the blot was

o 'iransferrad ijiwslde uppermost to a e.lean glass contamer Equa[';-
. volumes of detectmn reagert 1 gjnd detection reagent 2 (0, 125mifemeof
i mambrane)wareaduadta the mfatnbrane. Detection reagent‘! decays o .
 hydrogen peroxide, the substrata for peroxidase. Reduction of hydrogen” |1/
o ;f'_pernx:da by the enzyme Is copled to the light producing reaction by /1 -
- datection réagent 2. This cunzh:ns luminol, which on oxidation prnc!uces Vi
 Dlue hght. After mcuba!loﬁ for 1 min at room temparature, excess S




- deteﬁinn raagent was drameﬁ nff and the blut placad in a piashc ﬁlaeva. a\a _
e _'}Dnce tna air pac:kets were mmnvad tha plasiic sleavq was heat-sealed - L
e f _ andtha E?s!at piatﬁsd RN&@ida up, in aﬁlm casseite ‘Tha follnwmg steps"'i_- o
S wers carfied but In the daikraom, uging T red-saie lighits. A shegwf ECL -
e biue—hght sensiﬁge autumdlagraphy flirn. (Hyp@sﬂm"“-’mEGL) was pla::ad Al
Co - ontopofthe biot and the cassette ﬂrmly nlased Eifpoﬁtll‘@ time rangeé'l TR
R :'.-frcm 140 at fﬁbm iemperatura SRS -

e

N

| !!Ehﬁs Thﬁ Wﬁim waa, _ TVEd e and immediatelsr
plsced in a tray contaiing approximata[y sou m! r _ daveloper Thefim -
_._"._-'-was agitateq ganﬂy fm‘ 2—5 minutes. Tﬁa ﬂlm was than fi I_'a_d'briaﬂy o
f '_ m water and.{.___"__; s g
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‘[he CF-H chromatography jractunnaﬁm r.:f tpbacm leaves exhnbltmg
ﬁ!ass l leaf cur.l yieldad 12 visnbla doub!e—sﬂ'anded RNA specia,.z

i Fig 4.1 Elastrophamﬂc prnﬁla, of ds).sm fracﬂanaﬂan from c!sss t tabaecc ?t-:af curl run in a
1% agamse gel uantainlng 0.0260 ethidium bmrnide per ml TB& buffer and
photographed undar ultmlﬁiet radlataen. Reiative pnstﬂons {in ﬁﬂubasa pairs) of A,
DNA Hinddll—digested molecuiar we!ght markers arejndicated on 1ha ieft Mrgration af
12 dsRNA specles Iaballad ds~1-’§>2 ara imileahd s_m tha ﬂght.
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"'-';The dsRNA p;eparatmn was viﬂuany free of DNA smd asRNA

e
-

cuntammatingf prnwded that the calumns wera nut uveﬂuaded in

 excess’ of the binding capacfty and- at least two i X% STE.ethanol“’

B (16 5%) washes were csmed out, Dne oycle.of GF-11 chmmatag:aphy-{f"’, Ly

| :__ was usually enough to fmctionate dsRNA. efﬁc!ently, however when
- necessary, a second cycle was applied under the sama conditions ta_ so
__ ._f..;'racuver addmanal dsRNA Twehra dsRNA bands, rartﬁing fmm _c-? 8- R

 7:8kbp In sizs, were detéctéd after gel ekctroporesis. Sizflg \gn
~ Kiobase pairs) of eéhh dsRNA band was deferrined by comparing. tha
" relative mobility of the band with that of kriown ca—eiecttopharesad
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Fig.4 2 Relattve sizing aﬂ knabasa pa:m) of crass Hiobaceo teaf curi ﬂsRNAs as Tnterpelatad -
' from alectrophoteﬁc_ migratrﬁn of hfnd Hiw and Pst l~ctﬁ L DNA malecu'ﬁr welght oy

B an& ll!~and Psi l-cut x ElNA mnlecular we:ght markers (ﬂg 4. 2) ol o ‘.
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The relatwe maiecular we?ghts of at laast ’i‘O dsRNA band uamparedf-
faveurably wi those reported by Paximadls (1995), hoaner 'iwo | 3
additwnal bands, ¢. 8. 16 x '!tJB and 440 x 10" were obse; .nad (tabie B

- ¥

B

cnmpanso:; batWean the relaiiw mnlemirar we!ghta‘ af class 1
' q' tobacco dsRia bantis obtained in this study anu thosa rapurtacl by
Paximadza(iapsl CL T e e T

o

| BouscULRWEIGHTESTIAT  FasRMABANDS |

:.t_‘_ ."' e

PresentStudy’ - v1T e B Paximatls (1998) .
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" The results of the asm ammcilons camed aut on 12l threﬁ’classas of
tobam Joaf curt threa cultwars afhealthy squash squash siheerleaf ar:d

o whltEﬂyareshcwninﬂg 43 LT ’

PR §

o FigAS - Dutootion of dsRNA 'spacies." agamse gal elea!rupharasls. Lane Psfl
“1 . molecujerwelghtmarker; lane 2, Hind il mn!ewlarwﬂahtmamerianaa, tlass
Ttobaooe leaf curt Tane 4, class ijabacco ledt curl; lans 8, class I iobaccneat R
* otl; lane 8, asyimptomatic tobeon grown from sbed collected frumtub@ccaé BN
' showing glass | leaf curl symploms; ‘lane 7, heaithy squesh (C.popo ov. Table '
Qusen),ianaa hasﬂhyaquash{cmpasm i.ong@mmaush),ianes haalthy .
- . squash {C.pego ov. Ronel; lane 10, sliverioaf squesh; lane 11, whitefly (8. .

i+ febao) Samples wers slectrophoressd in 1% agaross gal containing 0.0254 <

L T eii!ldimnbmmfdeparmlTBEbuﬁaramPhﬁhgmphadunderultra\ﬁal@tradiaﬁon. .

3 o o Pblaﬁvapaﬁ%nsﬁni&ubasapaﬁa)af MJNAHM!II‘deesledmolecu!arm!ght' S
| T markersﬂmindawtednnmeleﬂ. S e

.. _. \1._
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The dsRNA bands datected in c!ass 1 tcbacco leaf curf (Iane 3) were;f}-‘-_ L
'_absarrt in Ie:avas from c!ass - (lane 4), cLass Ilf (lane 5 and _'3::'-:__.' _
o .'asymp"f’matf‘«‘ *Obamﬂ grown from seed collected from class 1 ledf curl.-"-f EE
o tpbacco piants (iane &), ”ha 23 1-kbp fragment ubsewed in most of the o
| | -a:-_ﬁ'ﬁ'Q%F{NA e:dracgs (iaﬁes 3—8 and lanea 10) was shnwn to abef?gennmicﬁ . -
R DNA e demunatrated by its sensitivtty t BNasa treatment (data ot
) f shown). The dSRN}\S isnlatad from iwo of iﬁe thfea healthy"'._ e
o f‘__:_'iasymptomatic cu!hvars x:f squash c,pepa o, g‘abfe Queap, o Laﬁg;_f e
"meen Bu.sh and cv Ranal (lanes ‘?«-9, respecﬁvely) were: dlstmctly«{_-
L different, Beé“ldes the large 23.1-bp band {which’ later provad o.be o
s __:.-__"genomit: DNA). a sécond smaﬂer band- astlmate:d 1d be 2.8, 8 kbp was
T n-:_.;_._observead In lana ?,o reprasentmg Gpepo ;:v Tab[g Qaa%n With the'j:-;'
j":-exception of the 29.1-kbp genormic ONA Hand, & faint slngle dsRNA
- bend was. detected.In C.pepo ov: Long Green Bush (lans 8). The size
ot this beind could not be accurately measured a8 it lles ouiside the
.'l’aﬂge of the mnieclﬂar weight markers, No. dsRNA bands were.
- chserved in extracts fmm D.pepo.v, RaneNlane o). ‘i’he twa*ﬂsRNA;___;_. e
 bands, (64.6- and 4 44‘}13?3) premm\?&ly reparted to\&a associaad with O
o suash si[verleaf (‘ane 10)-and sliveriéaf whitefly (lane 11), were not -
L " detected; A faint, single. dsRNA bam:l {ca. 8~kbp). however, was

iaolated from the whxteﬂy e‘ctrabtion (lane * 1'1} Rtbonuclease A'_- -

| _- p-sens;twiw tasts were carrled nut on the w:: squashonuitivars (cv Table__ o

o Quesn and ov, Lﬂﬂg Green Bush) and whiteﬂy extracts tn cnnﬂrm thra .

i double-stranded nature of the RNA bangls (F‘|g 4 G} DA

. ;\g.:'. . .
". - N o

: '-.The results ohtamaﬁ ’fmm p!ant and whitaﬂy tf:tal RNA‘%xtramzons ara S
shuwrt n ﬁgure 44, Tha t:onsis’tent dﬁtechon of.a sing!e hroaci band
\ rapresant/}mg a htgh mular::ular weight speciea (estlmated ratattv& MW
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| '_--234cbp, as mmated by Hjnd 1 mo!acu}ar weight mamer) suggests ﬁaat
it may renresent the host ugqnnmae nucla:c acids of each plant speeias.

N An addituonal band the sams size {c &B—kbp) as ihat observed in the
| -dsRNA exiractmn, may ba seen in lane ‘1 1, caﬁtammg t

“__.extractad frorn wi‘liteﬂy " B

K Q

8 8 f0.m .

Fig.cs.etl Agamse gel elechnphoms!s resuiting from intul RNA e;dmtmns Lane 1 Psﬂ L
 ynolecular welght marker; kane 2, Hind Tl molewlar weight Taﬂw- lane 3, class
ifobacca leaf outl; lane 4, olass Nl tobaceo leaf curl; lane 5, olass I tobacco feaf
oyl |ana 8, asymptomatic tﬁbacm gmvm frot seed golected from fobaceo.
showirg olass { leaf cud symptoms; ane 7, healthy squash (. péo ov. Teble,

- -Qween),lanea healihysquash GCapa ov. Long Gregn Bush); lane ®, healthy

. “squash (C.pepo ov. Ronel); late 10, siverleal squash; lane 11, whitefly (8. ©
- fabac), Samplea ware slectraphoresed it 1% agarose gel containing 0.02541
3 mdiumhronﬂdawmmeummmmmpm under uitraviolet radiation, .
. Relafva postions (n kiobase pairs) of A DNA Hind llt-digested mblacular weiaht |

markara #te indisatad on iha loft.

W

g ‘TRNA sample
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o o RNase senanhsrlty of the dsRNA Specles e:ﬁracted fram class | tobacco _: B
. | leaf curl, haalthy squash (c\r. Table Quaerf and Lang G‘men Bttsh);

" squash siiverleaf (SSL) aind whitefly (WF), were fested at high salt (8x <

. §SC)and no salt (water only) concentrations. The results of class tleaf

- curl dsRNA sensitivity to RNase A hydralysis are seen In fig.4.5. The .

L dsRNA pneparation was. resistant o RNase A dlgaa%ion in 2 hlgh 5alt?} BT
B ..'snlut*on {0 45?01 NaCI) aﬂer 15 min :nnubatmn (ianes 2 and 5), but was B 3 B f' |

RS = ; _'_}-very susneptible fo degmdaﬁun when incubatad in water only {Ianes 3

W and @), thus confiming doutls-stranded nature of class | leaf curl RNA

" SR ";'specles, Lamhda DNA Hmc ‘-a«cut molecu!ar weught markers are

A represented in lanas 1 gnd 6. | |

-.._-_.-_,..;_,..;.;5..'_....-_9.._3;_.. EN———— e

L th.&,s Ribonucieise (RNasa A) tfgatmntof dsRNA specmfg assoclated vith s | oL
sl T teafour. Lans tand 6, A DNA HIfi - mnlecuﬁf;@aightmamar‘lane E
w7 snds, class I-tobacoo leaf cud deRBA ipecies sfibr 15 min ncubstion In-. "%
5 SN DAEM MOt containlng figfmt RNase A lands3 and 4 class | dSRNA T
S e speciesafer Incbaticn in wateranc}ﬂwgfml RNase A Relative positions (in -
;; S Kiiobase pairs) of 2 DNA and I!ldigested malacular welght markers are R
[ T A datedonthelefl. e e
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R . B Lo

T Flg 4 6 damonsirates tha doubla,-stranded nature of 'ihe RNA spaeies

associated with healthy squash 851, and WF‘ ha hrgh salt solution -
E _(Ianes 2~5) tha RN#. spec:es |solatad from each plant spacies and
- whitefly are resistant to RNasa A digestloh, whereaa in water (énes B-a

. .r§ i ..

R AR

0-‘)-_..

?'_9), the RN& spemes ofa'l axtracts are hydrolysad Ty

Fig.zs.ﬁ Rlbnnu@aase {RNase A) treatment of dsRNA specﬂes assueiated vyith healthy o
: . squash stuash sllveﬂeaf and whiteﬂy. Leme X QNA Hind ileut molecular
._weight marher- !smea 2—5 dsRNA species aﬁar 15 rnfn incuhatlan in G4EM

-, NaGl containing 1uglml RNasa A lang 2 hea!thy squash (ov. ‘mbfa Queen),, o

-~ lana 3, Healthy sqﬂash {ev. Long Grean Bush); Tane 4, squash Sitverteaf; lane_: . o

5 whitefly Lanes 60, dSRNA ‘species after :ncuEauuu in water cuntainlng-. C

- typgimi RNase A Iana B, hﬂthy souzsh {cv. _Tab!a Queen); iana T healthy -
- squash (cv Long Green aush). lane 8, squash iiverieaf; fang. 9‘ whltaﬂy

 Relative positions {in kikibase pairs) of % DNA H!nd m-d:geated mulecular |

- 'wetght markers are lndieated on the Ieft(f

F==}
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o The results nftha oligo(d'l') tmppmg of poly(A)*RNA are shown in ﬂg 4 7.

A known positive mRNA control {10} is represantad in lane 1(bafore P

o _bindmg o massenger aﬂ”mity paper» rmB.P) and !ana 2 (after binding and o o
- elutio 3. Mo toss nf mRNA was daﬁactad class i dsﬁwﬁ Species ere

. represented in lane 3 (before binding) and lane 4 (after binding end

- etetion). Mo dsRNAbands were detected after binding to AP indicating.. -

o £

: " \,, PR S b

T

-

- knbum postive Sontol dontalning. Yug of. MRNA befors binding Yo Hyband

- tapesenger aflinly paper {mAP); fane 2, knawnpoﬁﬁvamwml(mg)a&ar_.-:___ B
* " hinding ta mAP; lane 3, o ﬁmlmm@m samig befora binding; laned,
o _elass 1 dsRNA wﬂ'acti&?mampl» afer kinding 1o mm-"‘ianaﬁ kﬂﬁWﬂ l’lﬁﬂﬂﬂﬂ‘& o

FFM.? Gei siamphnfesis fvlluwing the nllga(dn ﬁ‘appmp of pn}y@)“m Lane 1,". “

- wtontrol, A DNA (1) tefore bhdfns 10 At lane 8, kndwi negam control A -

DNA, aftor binding, Relaive positons gn tdobase paiw) of A DNA Hiod W

.diaeshed molecularmightmamarsaremdics ot «n‘ﬁm e, e

'._,__z" ’

o

- thét the cldss | RNA species do not heve a poly (A)* tell. A iown .~
.. nagative contral, A DNA (1ug), Is represented in lane 5 (bsfere bingung}f o
.and aﬁerb;r*]ing anee} As expscted nes band was detacted in fana 6 @
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| 44 HYBRIDIZATIONSTUDIES
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. .’.fi'.':; DSRN& pl‘éparaﬂons extracted fmm all piant species ar}qi adm‘t whrteﬂy_ R
w0 were. e!ectmphnreseﬂ on a nan—denaﬁmng 1% agamse gel (ﬁg 4,BA) BCNDEE
= _?'-_'-_-'j-Transfer of these ‘RNAs was. made fo Hybond-N membr‘ane as
_._descnbed an Wfatenals and Methods. A prehminary s‘udy was ﬁrat '3;_3;'-__:_1
' ;_carried out using iabéﬂed dsRNA prepared from pooied ciass 1 dsRNA '
bands as probe. Although thé labslled Hind. I DNA probe hybﬂdizedi}:a "
-sﬁecﬁvaly ta the target DNA markcr c«:n‘trol (Iane 2 f‘g 485}, th*euﬁ
?labelled RNA praba failed to hybndlze wﬁh tha target RNA o the blot
-S:milarly, hybr'djzatmn studlesﬁ carﬁed out on, total RNA preparatmns i
e _;';’.éxtrac:ked from aj! plant spécues and whiteﬂy, usmg Iabelled Hao!ed -
T class bdsRNA hands 48 2 probe, Were unsucbessful (data notshown)
ER -?&e the efﬁcuency ::sf hybridrzatlon is largely related o the degree of o
* denaturation of RNA sampled, it is passihle that either the ta?get RNA-
- (which was denatired by an. a!kaln), or the fabefled RNA probe (which ~~ ~ -
:?‘\-:was denatured by heating), | artiaﬂy renature& during subsequenf'-_-3_?:"'{’-.-_-T--"_
- 3sieps, thereby reducing, hxpnﬂ%zatian efficiency. Since transfer of. RNA LR
- from the gal o the: nylon membrane*mntmued overight, It is also -
' 'posslhle thatihe RNA species were degraded and lost dunng this lang”»'_ ST
) :cess Perhaps a ahnrter‘ifansfer time (sg uslng a vacuum transfer. e
SRR tnii:) may lmprove theﬁ efﬁc;ency “of transfer resulfing” in better"_-"'_ R
o _' 3-_-hyhri’c}sza‘tmn behmeen target RNA and Iabglled probe\smce Northern
othng\

was unsuccessful dat—blots were attempta\ Prehmmaty-"".

S expeﬁments\Wera caried out using cantrol mRNA and class | dsRNA-

S _gamples (f‘g. é)g\A and 4. 98). Both Ia’beijed prabes hyhhdlzed{ta thez; o |
N raspectlve RNA tagets, demonstratmg that, () the RNA species were .
© - adequately dematurz--ec?ab\y heating, and (i) the iabelled de“a*”’% RNA
 probe hybridized. effclenﬂ%{@ its eor'tpiﬂmeﬂta'? ma‘ sequence; _ami Tl

- '(li“) the labelling klt wasfunc}naaal

\.;.- )

B
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Flg 4.3 Hybridszaﬁon af RNA extracted fmnmiass I reaf curi to dsRNA preparatinns' -
A Baub‘e-stranded RNA preparaﬂons from all plant spacies and ‘adult e
L -whiteﬁy in ’l% agarose gel stained with eth!dlum bromlde. B, Northem_
- .'bIotting Nuclaic amds were h‘ansferrad by capiila:y e!uuon to & nylan o
' ‘membrane and the blot was hybridized to RNA prabe prepared fom all 10 -
. Visible dsRMA species from dlass | tobacca leaf ourl, Lane 1, Pstlmolecular
. 'weight marlr.e., larid, 2, and . molecular waight marker; iane 3; class |
. tohaces leaf ourl; Jane 4, class 1 tobacco leaf curf; fane &, class Tll tobaceo
- feaf ourk tane 8, asymptomaﬁe tn’aamo grown: from Saeds eo!!acted from
' clads ) leaf curl; lane 7; healthy squash (C.pepo cv; T abfe Queeny; lane 8,
" heaithy squash_ (C.pépo ov..Long Green Bush); lang 9, heaithy squash'
| {Gipepa ov. Ronel); lane: 10, silvarfeaf squash; lane 11, whitsfly (Bemesia
' tabaci) Reiative pOSlﬂOﬂﬁ {in kilobasa pa:rs) of ?«, BMA H!nd !Il—dlgested '
| '--imalet:uiar weight markers ‘ara lndlcawd on tha léft. o
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F!g 49 Dot hlot hybnd!zaﬂon of mRNA and dsRNA. A Lahel!ed mRNA as prcba _

. ; Spot‘i mRNA 50:13: spotz mRNAs ng, smta mRNA 0.8 ng 8. Labalied R
dsRNAas proha Spnt1 dsRNA 150 ng, pol; 2, dsRNA ‘?5 ng -_"-(_‘ R .\-, e

| 44,2 'Db? Blnti-lybndlzatwna R

Results crf dot«-blot hyhndlzatian stuclaes, in which dsRNAs fram each
plant lsolate a‘hd whlteﬂy were pmbad with four separately ECL&-
labe!led dsRNA bands (4.4~ 3 6-5 3. 3- and 2 4—kbp) frbm class l ieaf
oud are shawn in ﬂg 4, 10 '

ci'




E

2 . /abaued dsRNA 2.4-kbpi probe. Spot 12, dsRNA 4.4-kbip banid; spot 1b, dsRNA 3((\ R

&‘r‘ .

Y

. -_ Flg 4 10 DBtEcﬂén of class ] dsRNA hamoiogy by dot hybndlzaﬁan ﬁsing foq; sgparataly ECL- TR

labalaed dBRNA handa‘as prabes A dat bio% hybridlzaticn with: Iaba!!ed dsRNA 44~

"¢ Kbp probe. B, DOvbiot hybridization with lablied dsRNA 3.6-khp prabe: G, Dotblot - .

h}rbridization with labalied dsRNA 33 kbp praba D." Dot bIat hybridizaﬂon wi

f!kbp bind; spot o, dSRNA 3.3k band; spot 10, dsRNA 24-kbp band spot 28,
pooled lower dsRNA bands; spot 2b, cless 1| tqhacco Teaf cur; spot 20, eiass o
7 tabacco leaf curk spot 2d, haalthy squash {ev. Long Grasn Bush), spat Ba, heaithy

Y 'sqqash (qv honel), apot Ak /scfuash silverleak spot 3¢, whitsfly:’ spot 4e;. TRNA -

- extracted from class! feaf curl fpnslhva euntrol), spot 4b TRNA extracted from hsalthy
tobacm grown fmm sead {negati&e corttmt) '

=i': . . b - JJ'::_.




: . ' __"_ _._._;'_'D.Hybndimti’?:n stud:es wﬁh the 'four ﬂsRNA ciass I pmn ag shmafed thht- i :_ _'
. each specfic labelled dsRNA probe hyhndrzad strargly t it g, wetive
o wnpiemeniary terget RNA (Figs.4.10A, spot 18; 4.108, spot 15, 4465, 7
Sl '_'-spot 16; 410D, spot 1d). As expected, none ofthe probes hybndized With LT
o i.-:-_'-;.@-praparataons from héelihy tobacoo p}ants {Fig.4.10A-; spots 4b). This "0
. sstablishes that the &ERNA probes were uncontaminatad by any host- * e | 5
o spadﬁc nuclefc aclds and"that the JsRNAs are riat éinatural mmpanar;iff e
' dihealiny tobadoo. DSRNA 4.4k ’
~+ " toclass It and I tobaooo, however buth dsRNA 3.6-Kop and 3.3-40p
R R e _:pmbas hybndlzed weakly to tobe;fc;;o class i 1eaf eurl daﬂﬁ& (ﬂg4 ‘H)B.’_ﬁ DR
. and4.10C, spot 2b) and to tobaccorolass It isaf.cur dsRNA (igados .
e .}:and!ii 100 spnt zc) T‘hese isolates stui tested pes:twa whén the dat-bloto ’
| pssays wers repsated undsr high stipgency condiions (tata nat shiown) | ( o
R "ffln t.ontrast, ’the twn faint 3pata (f‘g 4 mA Spot 2b and 2{:) wara not \\ ':
.""abserved foliowmg tha sama high smngency ecnq;‘tions and are thus R
':' aonsidered negatave W;th the excepilon nfn dsRNA-a ﬁkbp umbe g
2L gk 108, spot w) whmh‘\mfbridlzad waakiy with the 2 &kbp band‘ thaa &8 L :*
SRR _-.-_i'amermme Isbeied probes did not hybridize wih each ather. n addiion,
B ;all fn_ur dsR'NA pmbes faﬂed fo datect gequenna hamaingy with pao!ad =
;_-_-lower' | c!ass 1 dsRMA bands iﬂg 4 1OA~D apot 2a), mdicatmg the - ES :

SR L umqueness ofiha nuciaotlde saquenaes of the RNA moleculaa Tha two
' ___.'healthy squash culﬁvars. b g G:een 8ush {Flg A, 'wa-n spot Zd) and
- Ronet (ﬁg 4 'IDA-D spot Sa}, squasl'f sﬂverleq (fig 4 1GA~D smt Bb) and

L _;‘f_-_whitetay (Fig 4 wAwD,spat 3::} did nqt crcss—ceact w;th apy pfabes.z_ __

N

p and 24-Hp probes did not hybne%i i

I o

-

.-”.fﬁ’ L

R R

T
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o '_T‘he pnmary abjeetwe of thus p:‘ojeet was to c:haractenze tha dsRNA_..:_i:.:. i b
e ‘species detected in extracts fram'tobacco plants exhibifing class | leaf R
" cul sympioms and to establish whether they play a rola in the efiologyof © .
. leaf curl symptomology. Furthermore the pous ~bmty that the. ﬁsm W
S speclas in class | tobacco show homnlogy with the dsRNAs in v@nt&ﬂy - o ’

arid squash sulwerlaaf symptcmo!cgy was aiso mvgstigated

.. Results presented fmm ’thw/'reseach mnﬁrm the cans:sten’t presence and:.:- . 5 N
. dnubla—stranded nature of at least 10 visible RNA Specles isolated from - ©

: _ class Hobacco Ieaf curl plant matenai Aitiwugh the relatwe moiacular N

| .weights of these 10 dsRNA fragments (Table 4, 1} ccarrelate well with ~ .

~those obtainad by Paxlmadis {1995), two additional dsRNA bands MW

© 6521 and 44 x 10°) were observed. It was later discovered that the three - Ty
L c!asSas of%obacco piants usad in thls smdy‘ had bennme :nadvartent!y- o
. infected with tobicco mosale virus (TMIV) althnugh the symptoms were

inifially mesked. Athough several pepers have been published

cancaming ‘the number uf dsRNA spacias assocsatad with Tﬁﬁv S

. (Palukaltis at af ‘1983)1 these 5RNA spames weré nut always_

R gonsistently. obiamed ‘When the dsRNAs were purif‘ed by cr11.
-~ oellulose chromatography, &dOUblet was often observed atthaposltion_ t

B 'nfds-‘l \MW&S'le‘IO“)andd&Z(MWc 44&%‘10‘) (tahia#‘!) Thus |

o the additional bands observed in tobacco class Heef curl extracts may be -
- atirbuted to this THIV-disRIMA doublet. According to Zeloer et al. (1981),
. _.TMV-mfeeted tobacm plantsx cnntann In eddition to the viral replicatwa O

form of 4 x 10“ WY, ﬂaraa smaller dsRNA species wnth apparent_ o
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molecular we:ghtsof 2(25 1 1 arzd 9 23% 10" Gansequently the top twa' o :
" dsRNA bands, suspected to'be contaminating Y bands, were igriored. .
In’ addition, only dsRMA. bands which comrelated in size with those
 originalty isolated by Paxinadis (1995), were excised from LT agamss .

gai and used for further testing. Despits thess mecautinns, it would

appaar that a W»dsRNA species, hawng an apparent mmgmlar waight* R
of appm’“‘“afem 25 % 10° WY, mey have co-migrated with the class 1
dsRNA dcublsi,’r (2.44 and 234 10° MW), since hybridization studies -
usmg these wo class 1 dsRi\!A species as labelled probes (3% and 3 3
 kbp) showed #iaquence homology with tobaoen class Nland Il lesf curl.

’ seems prolhable that the’ TRAV-HSRINA spec:as hybriduzed with its':-_ -

complemama y target RNA in TMV-infected class ILand ll tobsccoleal ,
 cufi plants. AltHbugh these molecular welght dsRNAs were ngvisibless
_ dlearbepcs °“\‘aga“°53 gols (ianes 4 and 5, fig4.9), It is possiblo that
theyare were pﬁ*psent in low eoncantrations which z::auld be detected by o
sens:tt\(a hybl’idlﬂ@ﬂm methods (fig.4.10B-G, spg-ts gb and Qc) i order.-_"_ - -
 toclaffy the cpsestipn of the3.3- and 3.6-kbp weak hybnduzaﬁan tociass *

It and lll tabacm TM\Hree tabaeao wnuld need ta he tested

Elémpharetfc analysus of tne dsRNA spemes (Flg 4 3’; shows the
prasence oﬁfdsRNA i mfected class | ieal curl but not healthy tobawa
plams suggestmg the ncn—andagenous nefurs’ of the datected dsRNA
spwes In addntmn aswnptomaﬂ;: piants Growm from seed collected W
plants exhibiting severe class | lef curl, do not contain dsRMA (jane é

f‘g 4 3),, md[cating th&t the etlolug:cal agent is noi seed transmlttad
Slmnlarly, ‘the 12 dsRNAs could ot be detected in tebacca p!a..,ts' -
> f e)mubrting tlass I and @!ass i symptams mdncating that the etlology or ; "
_ meshanism involved in'symplorn expression is ot the same for all thres:
~ classes of leaf curl. In fact, it has been demonsirated that class wm o

symptams are due fo a geminivirus gndﬁaa& It :s suSpected {but not. e
vaemto beagenaﬂc disurder (Paximadls 1995) Furthermnre the dnt- B :




- "--mlyadenylated Reowruses have alsa been faund not ta posaess a’

biﬁt resu!tﬁemnnsirate that ciass l dsRNA are umque sequeneest -
s suggasfting that these RNAémolewes compnse a multlpaﬂﬁ@ ganqme -
__'-_:Z-Z-A!though dsRNA—S 6lbp’ probe weakly hybndlzed with class 1 ﬁsRNA
. band 2.4kbp (fig. 4:10B, spt 1d), all other hybridizations between bands-
- were not detected, The rsason for the 3.6- and 2,4-kbp weak cross-

: o hybridizatuon is not known, ht::*m.**r-.wrekrl the. passib’ihty that there ia 3 small
S -_siratch of a.equenaa homulegy batween the iwa class l dsRNA ganeme
e fragments (3 5-and 2 4~kbp) cannotbe ruledodt. %,

a

N F Results of magctd‘l‘) trapplng for R“’A 9053983*"9 a "‘“"VW‘ ta“ show B
o | .f;that tha dsRNA species :saiated from class Ltabaccn leaf curl are not

.m-

T  polya)y tail. A}thcugh most eukawotw mRNAS hava 83 pnly(A)

_satﬁuencas not all p!ant v:ruses* passess such a sequenc& (Bol ef al. o
o e Z__"'f 97’5’} Since m wtm transcrrptlan and translatlon ef dsRNAs of savaral
*members nf ihe genus: Phytoreawms have been suwassful (sectlnn

. 13, 3. 1), itis possib[e that eech ofthe class ! dsRNA segmenta is unique s
S '_"achng as templabe for a smgle mRNA melecule that, in turn, directs the
e 'synmes:safasingla mral palypeptlde Mucraa etal (1978),,}1‘1 an attempt

- to assign cognate RNA ancl palygeptrde spacies, iumed l'a an altemate

g _f=_"supply of . renwrus mesaenger RNA. r‘arnely, fhe ds ganome RN& |

: 3_-aagmants themsoives, Unlike ssRNA spec;es lha dsRNA segmants = "f'-'- '

- <migrate as very-tight bands, enabling all 10 segments of reamrus dsRNA -

o o be- isolated m wrtually pure fmm, thus prnviding a means af - .
ﬁ -_-deté. minmg tha nature of the po!ypephde ancnded by each of the 13
segments of reavnrus dsRNA. - Pwarhap& such &s’ fechnique may be -

'_ _':"i_:{\'_emplwad in furthar ‘studies to ndentiﬁ: vart.’r‘s-sp%circ polypepﬁdas "; : 'f
e -__ancaded by aaah crassmsRNA segment m tcbaooo | L

. RET { S y . 2 N BN . .
A SRR B Lt T - :
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" The results nf hybndizaiion sludles between ihe class l dsRNAa4 4pro&e S

o and dsRNA exiracts from squash silverieaf znd whitefly were of special ER

_inforest for two ressons. Firstly, both Bherathan et al, (1600) and Yokomi -

B er ai (‘1 990) repurted that there is an unequwnm! relatmnshsp hetween o

o -~ the presetics oftwa dsRNAs (4.2 and 4. e—kbp} in aduit whitefly and the{-_ -

o whiteﬂy—medlated sﬂ\(erleaf syndmrre Since Bharathan hypothestzed_' e

o Hiat the dsRNA may be the replzcaﬁva form of 2 virus or mrushke agent |
o causmg the silverleaf syndmme the detectmn of sequence homa]agy S
. between the class | dsRNfM 4kbp probie and either squash silverleafor <

© - whitefty, mey shed sorne light on the etiology of tobacco cluss tleafcurt . °

~ symptomology. The second reason i that this particuler dsRNAbandfies

-‘i_fi-w:thm the cryptic virus RNA siza range. Hawever i thas atudyr no

detectable !evels of sequenca homulogy were. abserved between the - L

L ?.---_.'_class 14, 4-kbppmbeand these two extracts (fig. 4, 10A spot 3b; spot 3¢). Ea
“ lt is srgnrt'::ant to note that Bharathan and mmrkerﬁ rnade no effort to o

remove wh:teﬂy eggs ami nymphs fram Ieaf and plant material prior ia

' dsRNA extraction and it is therefpre likely that the two dsRNA species

o __"-detacied in squash by Bharathan v.are denvad from the sitvarleaf" T

'_.__'mteﬂy._\ SRS

.. "J'

3 ngh molecular wezght dsRNAs were also unexpactadly deteciad in -

| exl:racts from two of the 'threa asytmptomatic. squash cultwars oV, “Table -

- Queen (MW >15.7.x 10° and 6.5 x 10°) and Long Green Bush (MW

157 % 10%) mtended as squash controis, The top band MW >15 7%

B _-'10“), dstasted in both Sultivars, was ldentlf ed as genomic DNA as o
o : demonstra&ed by its sensziwﬂy tu DNAse I(ﬂata not shown) Cv. Tab!e : S
. Queen was subsequanﬂy excluded from the study as the luwer dsRNA o

. band (MW £.6.5 x10% could easiiy be confusad Wlih dsRNA of wral T
~ origin atd thus lead to ermnousmnclusmns This dsRNA spacses may o
 be cellular dsRNA of unknown origin, spemﬁc toa part:cular culhvar or '_
. plant specnes or rnay indicate the pmsenoe of a crypt:c virus or |atent . o




'Z__'-'Alt!'mugh m a\adance has been preaented that canclnsavaly_f’j_"'_ _'
- L .fdemonstra‘tes the et:ology of c!ass I tobamo ieaf curl disease, two A
S _hyputheses hava emergad Suppart far 1he laﬂer t%S 2, 2} is presented ,

i _'."'The ﬁrst hypﬁthesls is basad on' the abxl!ty of whlieﬂy io ’“d"“’a S
= '.physmlagical and Gytaioglcal dlsandars suggestmg that c]assﬂobawo{- |
© leaf curl may be cue to hormonally medisted alterations in the plant's S
- | ifphysmlcsgv :nduoed by whlteﬂy feedmg or by a virus or- mrushke agent-g.". i
- '_'::'catﬁed by the whitsfly, This hypothesis was m:tlally pmpased basedon
 Terature reports (MicClean, 1840) that tobaroo feaf curl was theresultol - -
o whitefly-transmitied geminivirus infection. Whitefiy-medisted squash’
- sliiverleaf was originally thought to be assosiated with two distinclive
© deRNAspacies (c. 4.2- and 4 6-4bp) end incrassed RNA-dependert RNA
_f_*_"paiym arase activity (Bharathan ef af 1?90 and 1992) ‘s'okamr et R
' al{1995), however, comelated the inducion of lesf silvering Vith the * -
 feeding action of silverleaf whitsfly, suggesting rather that atoxicogenic -
~ factor was involveid. These investigators produced further evidenceby
S shuwmg that plant bmhemut:al regulators such as chlonnaquai chlonde_ . ;l
. (a gibbarellzc acid biosynmes:s inhibitor) mduced leaf silvering memms" e

o R o 59
ERTEH v:rus]:ke m The detectmﬂ of these unexpauted dsRNAs emphasizes P

o ‘f_luate haalmy, symptomless seedgmwn contmls and ta-f

-EoL e CLASOMACOO LHRF G

e WHWEFLWﬂmWEDWPT@mL@GY -

- similar to. thosa mduced by salverleaf whiteﬂy on Cucurblta pepca 3.

R Y A




;.'1';.'
Fo-
[

e w;thout any dsRNAs bemg detacied These resufts suggest that piar.ti:,_"‘_'f_*-__
o -'.'bmregulator snivermg and whiieﬂym:nduced leaf silvenng result ftfz:m-7'
L similar hamohe-mediateeﬂ altérations in growin and development and P
. E :.symptom exprassmn is not nenassanly a dtrer:t result of a v:rus or
« . viruslike agent. Howsver, results from this study do fiat support the
S 'honnune-mediated Ii'laory ds the two dsRNA spacnes lsolaiecl ﬁnm }
" siverieaf-assooiated whitefly, were not detected in the whitefly fested in
Ll __jth:s studly. Only & single . 8.8-kbp dsRNA wéls noted lane 14, fig. 43) .

B and no dsRNAs have besn datected m sq 1ash silverleaf mafena! .

| '_"='Furthennore dsRNAs have now been she:wn not tu ba inns{ed to“‘-
o ;.-_I_physinlagml d‘sorders (Jimenezetal 1995} B S

el 522 wm_gmmw SO U

e second hypﬁthems is bassd qn the dete@tmn of e s dsRNA spac:es-‘ '_
' often associgted withldisorders bf unknown, though suspepted viral
L 'i_ - 'etlnlogy, and whose dstectlan has mﬂen beerr used as ev:denoa for wrai' o
.~ eliologywhen viral parficles could not be purifisd (Dale ot al, 1966) This
__ -'approach is based on the premisd that plants, not-infected with RNA
- - _-_\nrusas o wm&-hke agents do not mntam readlly detactable amounts afj' o
endogenous segments of high—mciecular-werghi (=-0 4% 10“) dsRNA |~
 {tkeganti ef &l. 1979; Dodds et al 1934) and that RNA b..3es repncate_' o
. via & double Strarided fntennadrata Acceptung this premise itis
o :suggestedmatmedsRNAaﬁamas, isdiaﬁedﬁnmclasslmuaom leafeur,
© . maybevimlin origin, pnss:blythe repl:f:ative dsRNA of & smgla—siranded:' o
- S -(ss) RNA virus, the genome. af a dsRNA v:rus or.some plasmnd—hke L
e - _maiecule of unknown etmlagy The passrbla prasenma of & cryptfc v:ruréf'_ =
" f '_ o bemg raspans;bie fur the dsRNA spemes detected can be sliminated o
o sincs c;yptuc virusea are presen’r in uaually symptomiess piants in low o

h
oo R




PR '_t:encantratlans and t!o ﬂot cons;stef 1()-12 dsRNA segmlnts ﬂodds ef- e
.8l (1984) report that most of the oryplic virusss studied and
S charactarized tave a dsRNA genome of2-5 segments, with molecular
_ _' welgiﬂs ranglng fmm 0 5—2 6X 10" In add:tmn, crypt:c viruses are seed—-' o

- transmltted and nc dsR-MA specres were detected in asymptomat:c__f _:_ - o

MR ‘_ﬁtabaaca ptants grown from seed derived from saveraiy affected classt

L .__iohamolaaf curl plants (ﬁg#.ﬁ) Failure oftobacm seedlmgs, grmmfrom_f S

. class Ileaf curl sesiis, to produce class | leaf curl symptoms. aisu_f S

o -_-_'_.Q_-:._-_:elimmatas the pass:bllaty that ﬁlaas 1 leaf cur{ :s an mhentad genataa -
| *:'Edlsardemftoham i e

o _durlng certaln stages ofmfection R

'_lt cc:uid ba pastu!ated that ihe dsRNA spacres ISO:&ted ﬁ 3m c!ass I f:" . B
. tobacoolesf curtis th replicative form (RF) of ssRNA Viruses sincedtls .~
"‘I_;fﬂrm Is the rnostoomman klnd ofdsRNA datected in mfected plant cells. -
-Numemus flexugus parhclas rasemb!mg 901'.‘1“""“5&5 (putato virsg Y) n- | o
SR mnmho!ogy and size were detected in ultrastructural studies carriec out S
. -onthin sections prepamdfrom enations of leaves from severely infected
. tobacco plants {Duyver, 1980 and Paximadis, 1995). Howsver, these
' infections were thought to be latent, not contributing to tless Hleaf ourl 4
" etiokogy, since transmussm studses, m\,rolwng potyvirus. purified from . -
- tobacch exhibitirig class | leaf cur symptoms, fauled to induca ssmu!ar].__' .
o ."'symptoms in inoculated indicator plants (Peximadis; 1995} neddtion,
o B pofyvlrt.tses do ot induce vis:ble d‘sRNA species. me@ﬂmmf L
o serological studies carried aut by Paxnmadis (1995} damnnstrated that -
".'ﬁ._"*'-class 1 Ieaf curl tobaceo p!ants falled to cross-react with a varisty of
o "':QEmin:v:ms antisera. Nthough other ¢ ...netive viral part;cles were not'_' U
abserved, this may havebmnthemsult nf madequate 33‘"9"“9: unevan“ .
dnstnbution or mstnctmn o Gartain tlssues or being detectahie 0“13’ B s e



{A stnkmg i'saambtama csf tebatm Ieaf eyrl d:saase w:th sevsral leaﬁandf
I planﬁm;aper-bume diseases, known to be caussd by the plant- anfeamg-'-
e ._._famllx*, Reovindaﬁ, s noted mass 1 iabacco ieaf euﬂ plants possgss:__g
L mam&i} featides which are characteristic for- Sﬁma plant—infeattngf"- I

e

s hGaﬁhV plants by an ingect vertor. *All previous attermpts were fo PUﬂﬁf

i" va ganﬂ?givims or potyvirus from ciass | tobaco leaf curl axtracts, and

< '.fl'-'::'_."f'_reovn'msh*’s ko parricles ggrresponding m tha strucmre and siza (~ 85 nm}

._»'. :

e of the enus, Fiivirus subviral particle {SVP) o tore, may saslly haye™ -

. .»: e

i baenmver}m‘ked Anoﬂ'ler reason which may aaauunt fcar the faﬁufe ta

S aeiega ragmlrus is that mwaruses ‘ﬁjwirusea m parhwlar ara,sengxtma 5

o \.’“‘;‘éaw of physical -and_cherical agents. (W‘i“m wers used, | ’“
S gemimmml

Sl reovigises, SUﬂi’iasﬁwdevelnpmentofmtmsandveznthudwmngsnnf
EETETE R '._--"thelowrteafsurfaces, the Hetaction of at least 10-12 deRNA segments
PITAS. ;,.5‘13?'W’fﬁ@dipi‘@%ratiﬂﬂs;"]aﬁd"trai‘iém’i%ie'ntﬁcm-.infe&edztn o

Jaka pofwims i:uriﬁcatlan} and thersfam mm ‘?.hu ght ta bg? L :
B taken ot io eprsa wws particles tathege raagents dur;ng pufif‘gatmn o -
-and isoletior] pmctasses While possession of ol Jeast 10 deRNA -

- segmeéris was th Infé foeson for suggesting that clags | leaf ourl may -
Lt be asscciateﬁ with plantninfectmg mawruses it waa tha ﬁ'emphmtw B

 banding patfsms that.highiighted the remarkable similadly (g, 515

- Plant-and teaftioppers are endemic to areas in the Eastem “i‘mnsvaal L
. end Zimbabwe. Sinoe the tobacco plants used in this study were

-_-j-onginally mllegted from these areas; it is htghly ﬁmbabla that the plants -

" have Been in contact with these insect vectors, and it is possible that -

‘tmnsm:ssm c:f a ramflrus tc: mbaem may be mspons:hla for ckass l laaf L »
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o

Although ne evidanoe has been presanted that UnEQUincaliy'-:f = "; . B
demonstratesmeahologyofﬁassi tnbawuleafcuﬂ evidencafrmthls_g___";: o
- résearch supports tha hypoﬂ‘xesis thataplant-mfachng remn s may be' o
mvalved in 1he etuolagy Ofciass ltabaom faaf cur! diaease Distlnctive . -::: o
- features oomman tci both class I leaf surl and aertam p!ants mfecfed bj; - |
afawzrusme B T R

a .

-""-':_:f .j ¥ davelopmantaf symptoms suchasnmplastlc tissuas, veln'_-' o

| '_:'-__-'ﬁfv;"_.f".thlckenings and stuntmg, e Sl e g

% detection of 10-12 dsRNA segments m plant extracts
o § e simitar dsRN@Erbandmg pattem B
L e f-""j_dﬁRNA segmente da not passess a palym)* tail

. \";’,\"

*-_*fragmsant

Twa add:tional featuras not camed m Q‘s study, bug r@porte d by':'_ L Lo
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