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Yni:5acco in Southern Africa has been found to exhibit three forms O,~leaf curl
(c!ass II II and iii) based on symptomology. Class I tobacco leafcurl is 3!;disotder

of unl",own etioiogy, appearing as bent or ~visted leaves exhibi:ting frilly

enations (Ieaf\) outgrowths) along the midrib and secondary vains of severely

stunted tobacco plants. The disease was in the past thought to ,be atlributed to

a complex of virus strail'ils, including a gemimvirus transmitted by the v,:hitef!Y1
Bemisia t?b81Ci. However all attempts to purify virus or virl,.js-Hke particleI';) from;'

symptomatic leaves have been unsucqessful. Research ($arrled olJt mot's
. ;1 .

recently has revealed the consistent detection of at least' te'h dOl.lbl~~$tranded

RNA specles (c.1.1 to 4.8 ·i<ilObasepairs) in leaf extracts of tobacco p!~nts'
"1

8Xl'1ibitingclass J feaf curl symptoms, Also of unl<nowO;,etiology, though reported

to be associated with two dsRNA. species (c. 4.2 and 4.6 kiiobase pairs), is the

silverleaf syndrome of squash (Cucurbita papa) which is induced by ittS feeding

of nymphs of the whiteflY, Betnisk~ tabaci, Biotype B. In bofh ~isordek~, the non-

endogenous nature of the detected dsRNA species has led to the specLllatiOfl

that the causal agent 1ilay be a virus or a vjruslil<e'~gent, either carried by or in

the whitefly. The aims of this research were to furth®r:phEJiact.eri:!~ ihe dsRNA

species in class I tobacco, to ascertain if these dsRNAs are associated only with

class I leaf curl etiology and jf there is a relationship between suspected

whitefly-induced tobacco leaf curl and silverleaf et.iology. This study confirmed

the presence and double-stranded nature of the RNA species present in partially

purified preparations of class I tobacco leaf curl and whitefly. In contrast, no

dsRNA specles were observed in class II and class m tobacco feaf curl or

silverleaf squash" extracts. Although dsRNA species were detected in two

cultlvars of helSllthysquash, these were thought to be either cellular dsRNA of

unknown origin or dsRNA of a cryptiC virus or lalent viruslike agent. Using an

oligo(dT) trapping method, it was established that the dsRi\V\ specieSiisolated

from the class' tobacco leaf curl do not have a poly(At tail, and .thus are not
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considered to be inactivated mRNAs possibly assooiateq with modified proteins
'; ,... " ' ".,' 6' ;;,

induced b~fwhitefly feeding. Results obtained from "hybridlfZatil:m studies, using

"specificfabelled deRMA bands, isolated from tobacco Class •.~Jeaf curl'exiracts as "

probes, showed n~ldeie~table levels of sequence homology betWeen class J leaT
curl and th{(tw~'6sRNA species (p.4.2 ..ancl4.EH<bppreportad to be associate~

1",'<- " . ,J? ',' _ _ ',', '" '" .,', '_ u

with $i1v~rleaf Whitefly .ahd whltef1y~induced. squash silverlea1. Although"t)j'JO Class
c

d$RNA probes (3.6~ and (3:a..f<bl1)hybrtdi;ted weakly to class U and cla;;s iii'
,;J

'tobacco leaf curl extra\<;ts~.It.\l\1assuspected that a TMVwcontarnination of bot~ ('" "
probe and plant material have been responsible. With the exception of dsRNA .. ii_(

s;,'j-J>p probe crosg..reacting~j_th tbe d$Ri~';2..4I<bp baI1d,\,the dsRNA bends did
\i ...,.\ '._.... ".... "\' ',c, ~.\~.. .." .. .. .. .. ;

not hybridize with each othe~! nor with .healthy tobacco,. he~lthy sqtl~sh,squash
silverleaf .Of" whitefly·. extrapts. It would "~ppear therefore .that .the" dsRNA" .. ,', "...... --.. .. _' ""',' ;, .. .. .

0'

molecules are unique sequences .of a mUltipartite genome. The. $triking

$irnilaritie~f between cla:ssJ t()baO~oleafcur[ symptoms and dSRNApatt~r~.With
plant ..infecting reoviruses warrant furtherinvestigatipn.
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N. tabacum cv TL33 e)(hiblUngtypiC'al cless I leaf curl.symp\oms

viz. downward curling of the margins of tV\lfsted, deformed and stunted
leaves and ih!f deve(opmant of leafY enatfons (arrow) along Ute veins

o

on the lower surface \
........ ,,' ""II' .:1' .•• ,. •. '",,._ " ,. :..• '_~ ••. "' .. :.~..)I":;I U •• io ,,; .. io. " 'iI .. 1>' •• 1O." ••.•. " •• .oiI

, to,

;'Cup-likeu leafy outgrowths (en€liions) on the midrib vein and darl"vein
thickening' (arrow) on th~ under surface o'fa tobacco leaf coll~t;:tf;!d 0

from N.tab;;icum C\f TL 33 , ,.... :3

Ventral surface of N.tabacUl1l. ev rL~3$showing dark green vein

thieken3ng and puct<erinQ, of leaf margin 4

Infected N. tabst:um cv Tl, 33 plant. Uppermost leaves appearing more

severely deformed and tWisted 4,t -. 10; , .•.• t:" , .• "' .. 'of" •.... " ",;oli: :.',. 'III" :-, .. '.J ", .• , .. a .. ~.,

N. tabaclim cv Mammoth 10 exhibiting typical claslUleaf curl symptoms
v

viz. the upward curling of the margins of tha leaf and numerous leafy

enations along the Jllidrib and secondary veins 5

Fig. ].® ;:'fu.tabacum tV HG exhibiting mild cla~"1II1~af curl symptoms: Slightly
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the Tidnb and secondery veins " '" " .. • ~lIt
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"

Squash Silv~~t~afinduced by whitefly YGeding, shQwing vemal,
//

chlorosis and progressive silvering of leaf ti$sue
"

Capillary tran'Sfl$rof RNA from an agarose gel to a nylon membrane •• 37
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Leef .curl was first noted in 1912 by Peters and Schwartz in the
Netherlands East. 'ndie~,however according to Lucas (Hill, 1968), a
disease tel1tafively identified as lear curl was reported from South Afrfca
by lounsbury in 1902. Later, two independent workersjStory (+931) in

., "

Tanganika antJThung (1932) in Java, almost simultaneously announced
that the disease was induced by the tobacco leaf curl virus '(TlCV)

" .:.' . ';

transmitted by the whitefly, Bern/Sis !abaoi (Lucas, 1'975), The viral
')

particle structure and composition were eventually characterized in Japan
by Osekl and Inouye in 1978 (Osaki and lnouye, 1981), but their findings
have never'bean confirmed by other workers.

T()bacco leaf curl occurs mainly in tropical and sub...tropical countries but
has been reported in.temperate regions such<~s Japan a,nd parts of
Europe and USA (eMfiMBr 1981). It was, at one time, considered one
of the most dest"UCiive tobacco diseases in East Africa, limbabwe (then

\:~ -, -_ ,::'.;'-

Rhodesia) and the Transvaal (Lucas, 1975). Although less prevalent
today as a result of effective control measures, lE:')afcurl 'still occurs in
many parts of the worfd, especially in Venezuela (Gooding, 1991) and
India (VaJand and Muniyappa, 1992), causing substantial yield losses;
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°Numerous workers have classiifed"the different forms of leaf curl bas~d
§V) the descriptl6i1 o(symptoms displayed by the infectedJobaceo plant

'i, (~f and Tandoo; 1937; Wolf at 1.3/., 1949; Osafd and Ino~ya~1981; and

, "j' ~~klandet al. 1992). Five forms of South African leaf curl were originally
.;.c:,-'

recognized by McC,fean in 191:'0: severe leaf curl',mild strains A. a and OJ

and latent leaf cutt "rhealS forms differed from each other in their Slb1lity
to induce enatlons andlor vein thicl<enings aDd in th~f severity and d

,"":l. __. _ . .: -::~"_. .. ,;

intensity of the symptom~ they produced h'no~pco .•Ihe c'as~lfication (~

;,

..')
used in this study isbassd 'on work carried out Dll Ps}dmadis (19S5)~ 'who

reclassified leaf curl symptoms by placing them into three classes

according to the range ofsympt0n1S1hey displayed and possible causal

agent (s).

1:ll.3:11 CI$~s D (N.tabacum cv Tl33)

I
11
II

I
I
t

This class exhibits the most characteristic featur~$ '1)f s~vere leaf cu~l, viz.

tWisted, deformed and .stunted leaves (Fig.i.i) Which have la thick, .

leathery te>cture and develop prominent leal){ or "cup-like" putgrm~h$

(enations) along the veins on the lower surface (Fig.1.2); vein thickenings
and pucl<ering on the ventral :surfaceJFig.1.3). Plal'lt height is reduced

with the uppermost leaves of the .plant being more severely affected

(Fig. 1.4).
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fig.1.1 N. tabacum cvTL33 exhibitingtypical class fleaf cur! symptoms viz. downward curling of

the margins of twisted, deformed and stunted leaves and the development of leafy

enations (arrow) along the veins on the lower surface. o

\

Fig. 1.2 "Cup-like" leafy outgrowths (enations) on the midrib vein and dark vein thickening (arrow)

on the under surface of a tobacco leaf collected from N.tabacum cv TL 33.
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4

'~ Fig. i.3 Ventral surface of N.tabacum CN TL 33 showing dark green vein thickening and puckering
of the leaf margin.

'0

\

\

Fig. 1.4 Infected N.tabacum cv TL 33 plant. Uppermost leaves appearing more severely

deformed and twisted.



. (
;S L

e,
'1

I

o

•• " __ e" ,,~, ,,.~,'"' _',. ~,

"to 0o " '';:

(1

0'"
\)

I) " o ,\!" \C

Tha margins of leaves of plants exhibiting class.U symptQrris rQU upward
with~he tips 6ecS~i9naUy.curling Of iwisting,. PromiQent en~,ionsappear,.; 0

. . ~\ w
en the mfdriQ,s and secondallY veins, giving the., leaf;:~"velvet-liken

appearance. l~aves are also slightly puckered on i~leir dorsal su~~ce
, ,,,0 " \\

(Fig. 1.5). '. 0 ••
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0

( (I
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{iCI

!Fi~:~.tlN.tabaafim cv mammoth 10 exhibiting typical class II symptoms viz. the upward ourlirtl
II ;/ '~'J ' .::; ,(;' '.} CJ=the mar~!ns of the Jeaf and numerous' leafy enations along the midrib and seconda,},

veins.
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CISl~lSIIi plants vary in' their garl~ralappearance, l.eaves dM~rln the,_, .'

severity of ~n~ijsymptoms from (s~,all thi~kenings on the veins 2fl
D
dmild

pucl<eting(FiQ/1.6)to the downward curl of the entire leaf, with irregular
I~afmargins.

., o

c

.-:_;.

~Rg.1.6N.tabacum ov HG exhibiting mild classoJIIleafcurl symptoms: slightly wrinlded and
pU(lkeredleaf margins an~ absence of enations along the midrib and secondary veins.
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Although it has f?p.j9rl reported thai a virus was invoh/~din the etiology of

feaf curf symptoms',' there has been only one successful virus extraction

to date (Osaki and Inouye, 1981). Geminate particles!;;" 1a x 30 nm in

size). consisting of two inoomplate.T=1 Icosahedral structures, Witr1one

shared subunit" vv.eredetected in perUally purified preparations of TLPO-

jnfected tDbacco plants. Electron microscopy of the virus nucleic acid

revealed small pirculsr molecules, suggesting that the virus particles, JiI{e

those qf some other geminjvinJses, contain. circular' DNA molecules.

Despite numerousattempt~by manydifferen~ workers in South Africa to

extract and characterize virus particles from tobacco class I leaf curl

plants, these, too, were um~ucc~~«Jful(Thatcher, 1976; Forster, 1990;

Ouyver1 j990; and PS}cimadis, 1995). This led to 1he initial conclusion that

the causal agent (S)I must be present in·low'conoentratiotfs or are

unstable in vitro. However, research carried OUt-by Pax~~aciis (1995)

showed that not all forms of leaf curl are, in fact, caused by viruses. Class
:~:.;' -,--<

I. leaf Curl disease was found not~tJ be associated with a geminlvirus, anti

although a potyvirus (potafo virus Y strain) was detected in a large

number of t(Jbacco plants' exhibiting class (leaf curl, itwas shown to be

a latent infection not contributing to class J leaf curl symptoms" The

consistent presence, however,. of at least ten dsRNA bands from class I

~eafextracts raised the question of whether these dsRNA species were

in some way associated with class I leaf curl symptomatology. Class Ii
leaf curl was found to be associated with neithE~Ja geminivirus nor

potyvirus infection. It appeared that· class II leaf curl symptoms were

transmitted through seed, and may be associated with a seed-transmitted

agent or a genetic disorder of tobacco, once described by McClean as

"curly-leaf', en inherited peculiarity of tobacco (McClean, 1940). Class iii
leaf curl was positively aS$ociatedwith a whitefly-transmitieol.geminivirus

infection. Symptom Variation Observed in this class may be aUributed to
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the presence of more than Ohe gemi'rlivirus strain, but this is still to be

unequivocally demonstrated,

It is wen established that the whitefly Bemisia tabaci (Gennadius)

transmits a number of bart~rial, fungal and viral plant diseases, affecting

a wide range of ecornonically important crops (Costa, 1976; Bharathan

'~t ,al.) 1990; Jimenez at el, 1995). It is also the only knJJwn-'Vvhitsfty
(i, ' _~

vector oHhe geminivirus which is responsible for class III tObacco leaf
curl ({BroWn, et el., 1992; Paximadis, 1995). Although ithas not been
unequivocally established that a virus is not responsible for class I leaf

curl etiology, an investigation of the role of whitefly as' a disease- or

symptom~inducing agent is Wtlrranted, especially since biotype B of the

genus B.tabaci, has been. reported to have the ability to produce a
usilverleaf' .syndrome of squash plants after e}(pbsure to the whitefly

feeding (Brown et al., 1992) and since twa sizes of ~sRNA (0.4.6':' and

4,2~ l<bPJwere conSistently observed in leaf extracts of whitefly~infested,

symptomatic tobacco plants (Bharathan at al., 1990). Squash silvertesf

(SSL.) symptomatology includes an initial veinal chlorosis of leaves,

followed by the progressive sHvering of the intervene I tissue which

appears only in new leaves that develop following vmitefly infestation.

When the whitefly insects are removed, .affected leaves retain their

silvering, but new growth returns to normal. This lead to the speculation

that SSL was caused by a translocated toxicogenic factor associated with

whiteflyfeedirtg (Yokomi et a/., 1990).
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The purported finding of clsRNAs (c. 4.6- ~nd 4.2 ...kbp) arnd increased

RNA-dependent RNA polymerase activity in leaf extracts from infected

sHverleaf squash plents led Bharathan at al. t~1990) to suggest that the

causal agent was a virus or viruslil<e agent, either carried or transmitted
by the whitefly since no clsRNA species were found in asymptomatic

leaves of squash plants. YoJ{omi at al. (1990) confirmed the presence of

these dsRNA species from nymph-infeSted leaves of SSt-affected plants,
Identical size dsRNA.bands were detected from both nymph··and aCfult

B.tabaci. The relationship between the v;Jhitefly and SSt suggested that

a toxicogenic factor associa~eci with nymphar feeding may be cSI.ising

SSt. The role of the dsRNAln stL etiology is not yet understood. Mot~<

recently, Jimenf>z at al. (1995) presented evidence that whitefly:'incjuc~d) . ':
i:..)

SSt is a host-specific. response to the sllverleaf ..whitefly. SSL

symptomatology was accompanied by'an alteration io.the production of

proteins ..oTwo new jnter~Uular fluid proteins were induced. in silverieaf

tissue and the constitutive expression of another protein was suppressed,
Itpss, therefore, been suggestedJhat the induction of the$~ intercell~lar

fluid proteins are in responseto insect attack; however, the possibility of
11

a transJocaied wniiefly ..boroe \~oxin or virus cannot, at present, be

precluded. While it is well recognized that whitefIY"mediat~d squash

silverle~l is induced by the feeding of nymphs of the silverleaf whitefly,

the mechanism involved in symptom expression is unknown. YoRomi ..et

al. ·(1995) tested several plant biochemical. regulators to determine

whether they could mitigate expression·· 'f $q~a$h siiverl(;'sf in C,p~po.

Application of a gibberellic acid biosynthe~is inhibitorr such as

chlormequat chloride, induced .Ieaf silvering symptoms sImilar to those

induced by the silverleaf whitefly 'In squash plants. Although

phenotypically simi.lar, pl~nt biofegulator··induced and wh;ftefly ..lnduosd
leaf silvering were accompanied by different· phY$iologi~hl responses.

, '. : . .. . : I_.: ',. \\

Chlormequat chloride did not produce detectable dsRNA.s ri~tf;hange$ in
infercellular fluid pra. sins, whereas whitefly~mediafed squa~~ silveit$af

'\' .!
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extracts were found to possess tw( Jnduced int~.fcelh.,lIarl~af proteins,
Althoughthe dsRNA species, previously reported by both Yokom,Q1990)

\.,'

and Bharathan (1$190,1992), were detected in $il\ferlea~~hiteflY e)dracts,

'no dsRNAs were·'detected in whiteflY-induced silvered tissue. free of
nymph or adult wh~tErfiy.The finding that biotegulators could induce Jeaf

silvering without dsRNAs led these investigators to speculate that leaf
silvering may be the result of hormonally-mediated ~Iterationsllin the
plant's physiology. In addition, hormonal inhibition was thought 1:0 be a
general component of whitefly phytoto)(jcity since silverieaf whitefly also
i~llduce$discolowration disorders, in plants other then squash.

Healthy plants grown from seat: are generally free of detectabl.s arrlbunt$
of endogenous high molecular weight (JsRNA .However, the possible

presence of cryptic viruses or latent virus!U<eagents in apparsQtly healthy
plants must be oonsidered as these cause mild or no visible symptoms,

They are transmitted efficiently in pollen ana seed but are not transmitted

mechan1caUyoi by vec)~ors(Jordan ~tal., 1983). Although they occur in
very low concentrations in infected plants, cryptic viruses have nio!ecular
characteristics that might be expected of disease:'produoing viruses. Th~.

genome of cryptic viruses consists of 2-5 dsRNA segme,hts which have
been translated in vItro. (Matthews, 1991). Other than undlassified cryptic
viruses, the only other kind of dsRNA which may be'encountered in
healthy plants is cellular dsRNA of unlmown Origin. TheSe are nonvirai
and are usually pre~ib(lt in specific cultivar~~rot:pJanf: species but not
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qetected in others (Jordan at 21/., 1983; Valverde et aI., 'leaS). The
presence of caUulardsRNA in healthy plants (;ShIed to misinterpretations
Qf\ results, which emphasizes the importance of appropriate healthy

\l,

"controls (same pfaantor cultivar species) to show that endogenous
dsRNlA, which h~e,been found in tissues of certain plant species not

illfected with RNA viruses, is not present in tisS~r$from healthy plants,
The functional role and significanc~:nf dsR!\'~/sp~cjes in healthy plants

.. /'

is largely unr<nowo, though 'it has been prop~~ed that a regulatory system
may be involved. Th~re have been numerous reports concerning the
obioiogic/Ell control of activitie~ ~ucl1 as the down-regulation and
expression of different genes l{V naturally occurring anti-sense' RNAs
(Simmons, 1988; van dar Krol et ei, 1988). Through Wati?on and Crio~<
Iqase..pairing, ant,~-$ense RNAs bind to their compiementary target

mRNAs, thus ,contrdtling their function, and expression, The
consequences (if' anti-sense RNA binding ,may involve the inhibition of
ri179some binding, resulting in a message not being translated efficiently.
Such biological controls may be eXerted at many levelS, having both

\..~'

direct and longerange effects. Although in most documei1tpd cases, the
anti ...sense RNA exerts negative"controlr it is"plsusible that anti"seose
binding could in('reas~ target function and/or expression.

',~""t>"

The most common kind of dsRNA detected in infectetJ [)Iant cells is the
replicative form (RF) of sinQlleHdrarlded RNA viruses which compose
approximately 9.0%of all known plant viruses, This form ~f dsRNA is the
inter~diate product produceclduring replicatiort and is, consistently

detected when a plant is infected with an seRNA virus, regarcu$$$ of the
host. Replicative intermediate (RI) forms consisting of dsRNA that are
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partially single-stranded may also be produced,. however thes~ are more.
stlsceptible to ,RNase degradation (Valverde, 1990), Replicative dsRNA
has also been identified for ssteilit(,)ls associated with RNA plant viruses
and may even occur in greater concentrations than the virus-specific
RNA itself (Schneider at al., 1977). The only other characterized dsRNA
form found in infected plant tissue 0910n95 to the genera Fijivirus and
R?hyioreovirus of the family Re1;wiridae (section 1.3.3).

Members of the Reoviridae femUy' are distributed throughout living
oJ")9anisms.Among their natural hosts'are vertebrates, insects and plants.

, L'

They differ widely in the virulence that they exhibit .in these hosts, The
firs{discovered mammaUan reovlrus literally is, as the name signifies, a
"respiratory enteric orphan''. meaning a virus unsssQciated with disease.
However, more recently discovered members. of this farnily~ the rotavinJs,
was fdLl~dto cause infan~ile gastroenteritis, one of the most important
causes of death in infants under me age rJf two year in less developed
countnes (Steele, 1990). In the early 1960s, Gbmatos and co··workers
showed thai the nucleic acid in reovirus particles is dsRNA, thus
providing the first demonstration of the occurrence of dsRNA in natqre
(Francki at al., 1963). Although dsRNAwas being investigated as ihe
replicative form of viral genomes consisting of sin9Ie ..strande~ RNA, this

i
lr
I
i
L

l".:pI~
~

"

discovery identified the source of the dsRNA. Equally important was the
'I

finding that the reovirus genome consists of 10 or 12 discrete segments,
each with its specifio sequence content and each transcribed into its own
messenger RNA. Since then, a number of viruses were shown to possess
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a multisegmented dsRi\lA g~nome and have been classified as members
of the Reoviridae family. The genera and host r910gesare listed in table
1.1 (Jol<lil<l 1983).

Genus 0

OrlllOreovirus

OmMrns
Rctavfrus
pypovirus

-,-~-;q
Vertebrates

Vertebrates, insects
Mammals
tnsecw

Phyforet»virtls Plants, insects
Fijivirus Pl.en~.insects
Presantlyunassignedviruses In$ec~ fish,oYt;'ters

,

~
f

t

Piant]infecting reoviruses cont~ingenomes, cOnsjsting\t')([!)~ither 10 or 12
i '. ',. :,':\ ,':~jJ'" >'c:c'

distinot'ssgments of d$P:~A and are transmitted by eith~rleafl1,Clpperor
planthopper vectors. lhasa two criteriaform the prtrilary basis for dMding
this group of viruses into two gener~, Phytoreoviruses and Fljivirus. The
genome of Phytoreoviruses consists of 12 dsRNA'seg'rnents, which are
transmitted by leafhopp~rs (Cicadallidae, Jassoidea) ar1(~infect a variety

,I (~.'

o

of ~~t$ including dicqt ..and monocotyledons; Fijivirus$s, hoWever, have
a genome consisting of 10 dsRNA segments, ~re plant hopper ..
transmitted (Delphacidae, Fulguroidea)'and infect only monocotyi~don$
(Gramineae), in which they induce neoplastic growthslhat have been
referred to as vein sweUings, galls, pr enations by various authors. Tabla
1.2 lists some of the the members of the Reoviridae that infect plants
(Franclti at aI" '1983),

o

b
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2. • 19ose le~fcurl di$eas,$ Trifolium pratense
(RLCO)

Gtanus Pht~of/sovlro$
1. Wound Tumor (WTV)

.. "". .." '. . .~',n
trifolIUm lm;amatum
Melilotus afria
M.ofiiQfriafis

(,

OIYZEi sativa

2. Riee Dwarf (ROV). Om~$ativa
I__,",~ "

3. cRleegall Dwarf (RGDV)

ci~'
Ge~Ul!:>F.iJitlfftrUs
1. fiji'tiisease (FO\l)

2. MalZ~roughdwarf
(MROV)

ZesmaY$
()i!Jita~ sangu!nalis

3. Lalfumenation (LEV)

U\lil(;bllS$ij1i~d

t, ~itle raggedstunt
, ()

(RRSV)
Onpsspp.

o

leafhoppers
Agellis cOf1sfficta

A. quadripuncfata
Agafliopsfs nOl./~l!a

I)

N~phbtettix clnctl~ePi' ;.
N. spica/is

NephQtettix nigropictu$
N, c/flcticeps

Iii'

c 14

I
·1. ).
,.

, ;

Pianthopp~rs
Per/{in$iella saccha"tJr" I;

"
P. vf1statr/x·
P.viifens(s

LaoaslpMx .'1t:rlateflu$
Oelph~code$proplnqua

j'

Javese!ld 'pe/ILlac/da

Nileparvafa IlJgens

Ausfroagtil(fla torrida

# Oply members oUha plant Nli(JVlrusespertinent to the teltt ate lIated.
(Adapted frpm The ReoviridS'Je. Franc!d; R.I.B and Soccardo, G. 1983).
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'1.3.3.3 Pwoperiies of PI.9lnt Reov&ltluses

Several of ~he leafhopper- and planthopper ...borne diseases, now

known tQ be caused by viruses that belong to Reovirldae, were studied,
!

f9fh1an'; years without their etiological agents being reoognized. It was
"only after the development of suitable purifioation techniques that the

"viruses were isolated and characterized. The first two plant reovlruses
to '~e purified and sfudled were wOlfnd tumor virus (wry) in America
(1951) and rice dwarf virus (RDV) in Jap~l'l"(1;959). Subsequent
studies have shown that several other plant vt~uses,such as rnalze

C'>~ " - •

rough dwarf virus (MRDV) and Fiji disease- virus (F.DV), possess

i '

(1 .:' ()

recMruslike particles. and dsRNA (Francki et aI, 1983). Howeveft
research progress on the plant reovlrusas has been generally slow,

" . ... .. .. () _. .' c..'

mainly due to technioal diffioulties associated with studies of. these
o

viruses, as they usually only replicate in vascular or neoplastlc'tissua
and they cannot be transmitted by mechanlcal lnoculatlon, in addition,
their transmission is dependent on insect vectors, in which they
multiply. Although .the viruses multiply in their vectors, no neoplastic

growths like those in plants are produced, However, cytopathologic~1
i ))

effects similar to those induced in plants calls have been observed in
or9a~s of various hosts. All plant reoviruses h~we a similar apJ1eEml~ce "

in thin section of infected cells. Reovirus particles are large, about 70
",

nm in diameter, and characteristic. enough to be detected Emrlld~r\~~ified

In In~ected cells by elect - '1 microscopy. Th.JY have double sv;eils of
leosshedrll symmetry, with densely staining inner cores due to the

presence of dsRNA. Except for F,oV. some of tl~1170..nm virus particles
may be found enclosed in fong tubules of unknown origin')and function.
However, the majority of these particles are usually scattered in the
cytoplasm or ast"egated into crystalline inclusions. Although slightly
smaller particles (0. 60 nm) have been reported! lI{egami and co-
workers have shown that certain purification.treatmentscause particles
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to lose their outer protein. shells (lkegaml @! a/., 1974). rhi~ is

especially notiC!;lt)le with Fiji disease' virus (FO~), ,n which all intapt
particles (iP~) about 75 nm in diameter, after e)(~raction and

$edilTlen*~tion, are converted to cores or subviral particles (SVPs),

about 55 nm in diameter (Batta at a/., 1977). Consequently, most

purified preparations of 1lJlll1ruse$ studied conf?istmainly or entirely of

SVPs. In developing virus..purification procedures, the difficLllty of
obtaining sufficient virus 'has been the most serious limitation. Virus
;~)I

particles are restricted to the neoplastic tissues of plants infected by

most of the plant Reovlridae, hence obt§llping large quantities of plant

tissues containing ,Virus as starting mat~rial for purlfldation is. usually

difficult. This is particularly true of fijivirllses, resulting in this g~nus not

being investigated as e~ensively as the phytoreoviruses, whose

genomic biological properti~s include the tacit of affl.t1iry for ribosomes
.,' (>

and mRNA activity,. as would be expected of dsRNA;~jA unique feature

of this group of plant vIa-usesis that each double"sire,pded genome has
,i " ~

t..

been transcribed in vitro to give a mRNA that produced a single protein

product Which hydridized selectively to one .genome segment. The

resolution of these mRNA transcripts into discrete species has helped

establish t;le relationship between the viraLgenome s~gments and th~

transeripts which they encode, Such information meW be useful in

developing an understanding of gene expresslon In the vectors and
(;,

plant hosts (Nuss et ei; 1981).

I

f

I
e)
i"i

. A number of plant viruses with isometric particles and multisegmented

dsRNA genomes have been assigned to the family Reoviridae
according to the accepted criteria, however, there ~re some newly /)

described viruses, whose viruslil<e particle structure and dsRNA

genome suggest that they belong to the Reoviridae, but are difficult ~o
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accommodate within the existing genera (Table 1.3) ..According to, the

accepted criteria the taxonomic position. of such viruses is not clear, An
\,

example of ,(l virus which does not fit into any of tC:JUrr~ntly

recognized ganera is rice ragge/stunt virus (RRSV). It 'infec~$ rice 'co

"plants, producing symptoms 'similar to those of Graminae infected with

fijivirllses and is vectored" by the planthopper Nifaparvata lugems.

However, the genome of the virus contains only S' dsRNA segments,

thus precluding its a.ssignment to the genus FUiV;fUS or to any other

currently accepted genera.

Reoviridae
Biological, Structural and Cytopathologiesl properties of Plant

o
Table 1.3

o Hosts

+

Phytoreovirus FijlvirusProperties

Vertebrate
Insects
Plants

Particle Structure
Ojcllr~eter{nm}
Intaot particles
Core or subviral particles

Outer shell
Spil<es A

6

+ +
+ +

73

59
o7~70
55

+ +

+

RNA segments
L~ Viral Proteins

Cytopathology
VI(oplasms
Tubules
Matrix pattern

12
7

10
6(?)

+ +
+

I

II
r i

1:0

(Adapted: Francki, R.i.a,and Boccardo, G. 1985.ln: The. Reoviridae)
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Since notable differenees ll1 biological characteristics existwithin each
genU§l, efforts to understand plant reovirus biology in molec',Ilar terms has
relied on molecular cloning, sequences analysis and in vitroDe~cpression
studies, Already, complete nucleotide sequences have been determined
for genomic segments belonging to several members of.·the genus
Phyloreovirus (Anzola etal., 1989; Nakashima at af., 1.990and Su~uldet n
al., 1990). Marzachi at a/. (1991) have succeeded in cloning and partially
Characterizing the MRDV genome, a member of the genus Fijivirus. The
information obtained from such sequence analyses can, When compared
with an appropriate database, provide insight into evolutionarY
relationships which may help clarify current classification problems.

Since healthy plants do not contain readily det.ectable amounts of
endogenous segments of high molecular weight dsRNA (?>, 0.1 x 10G)1

diagnostic tests based on the (ietectiQn and identification of specific
dsRNA species have been us~f,lI[ in the analysis of previously
.unrecognit!ed virus or ViruS!il,9 infections (Dodds at a!., 1984; Fall('et ai,
1984, Haber, 1.992). in many instances~the an{;llysis and characterization
of these dsRNA species have helped to ~/eterminethe etiology of v;ru~
strains (Dale at af., 1986; Smith at al,,1\~~1;lukacs, 1994)..Different
groups of plant viruseS have cnarscteristtc dsRNA patterns or profiles.
The uniqueness of a profile is based.on the numbers ~ndmol~~t~t.,

-~~"::,<

weights of the ds.RNA segments, A virus whose genome consists of one
ssRNA should produce one major dsRNA of appro)dmately twic~ the
molecular weight of the ssRNA. Inpractice, howl~verlother minor or less
prominent dsRNAs of lower molecular weight SIre detected. Some of
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these dsRNAs are the RFs of subgenomio RMAs·derjw~d from the
genomic RNA, vvhile the origin of otbers is not known (Valverde etal"
i986) «.Evalllati6h,pf results shouldbeJll~de in con~ultationwith ·llteratura•.
regarding described dsRNA profiles for members of different \fira.1sr9uPs.
In addition, ICfindings should be contirme~ b~1means of p~her detection
techniques. such· as serological detection using specific mbnc.u;.lonal or

~ Q

polyclonal antisera and dot immunoassay (Aramburu et8l;'~1991).

C.,()

-0

11

i
I
f·
r



20

The general .oble~ive of the prOject is to investigate the nature:.of th~
dsRNA sp$cias isolawd from ~abaccoclass I leaf curl and thelr pO$sible

involvementin ·theetiology of class! leaf .~url.symptorns.The saccessful
characterization of these dsRNA species may contr.ibute to an
under~tSJnding of the complex inte.ractions that give rlse to .tobacco feaf

:)

o r- curl syndrome.

To acfHeye the primary .aim, the following specific objectives were
proposed;

1. To optimize dsRNA extraction procedures for e)(perimst1tatkin ;

2. To confirm the double~stranded nature anq pattern of the RNA

speCies and to ascertain whether the dsR~~s have a poly(A) 01- ~aiL
\\

This information may be useful in determining whether the dsRNA

species may be modified messenger RNA (such as til physiological

respOnseof the plant induced by the fee~ing ·acfion of whitefly or
a toxin associated with whitefly feeding) or viral. dsRNAs.

3a. To determine whether tobacco leaf. curl and sql.r!6'lshsUverteaf
syrnptoMs, both suspected whitefly ..jnduced etiologiesl are related.".
by using selected dsRNA specie~ emtracted from class I leaf curl,

(/

in prO$s~hybridizationstudies with sUverieaf squash and whitefly

nucleic s.cid extracts;

3b. To dcteliit:ne wheU1er the dsRNAs are non ..homologous separate .I
species by cross-hybridizing them with e.Slch other;

~
I
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:So. To determine whether these tlsRNA sp~cie$ are exclusivel¥
associated with the etiological agent of ela~s i leaf curf by

hybridization with RNA e?drac!a from tobacco .exhibiting clsssli
and class Hi symptoms,
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OeRNA and total RNA extract~s were.C?lrried out On the (oHowing :

freshplantmaterial~ from infected to~,.accoplants exhibiting class

1(N. tabacum cv. 11..,33) or class II (N.tabacum cv. mammoth 10)

symptoms,. which were. uriginally collected from. tobacco fields in

the Eastern Transvaal and Brits area, or supplied by the Tobalc~o
and Cotton R~sef.lI·ch Institute near Rustenburg. Class m (N.
takJacufl'l cv.HGl .plant$were COllected In Zimbabyve. Leaf material

~ ,was .collected from these infected plants and stored frOzen at -

20°C until extraction at a later date.

(d) squash plants exhibiting silverleaf symptoms (figs. 3.1 and 3.2)

induced by whitefly feeding. Healthy squash p!3nts (C.pepo ev;
LongGreen Bush), grown from seed, were introduced to colonies
of whitefly (B.tabaoi), maintained in sureen cages in_growth~,:.~",- . .. . ;,

I .

(c)

IdA

I

(a)

(b) healthy' tobacco (N.tabact.ln1 CV. TL 33) and 'squash plants

(CuclJrbita .pepo cv. Long Green Bush and Relet), grown from
seed alld maintained in growth ohaolbers under ..controlled
conditions at a mean temperature of 25QC ± 2QC.Jhe seedlings
were watered 10 saturation three times a week and .provided with
nutrients on a wee!dy basis.

II
asymptomatic tobacco (N.t{!ibaoum cv.TL 33) grown from seeds
conected from plants s~)'v:~reiyaffected with class I tobacco leaf

.CU·, I Same grovvthcondlti;;~~"'~$h~~lthy tobacco and squash
",!

sesdlings.

chambers at a mean temperature of ±25()C.
1'./
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(Jteaves d~veloping $i[verleaf symptoms (figs.3.1 and ~.2) were

harvesJec:i, 4St~allyafter 3 weeks' exposure to whitefly feeding, and
pupal eases, if present, wefS removed prior to emtraption. c.

c

I
h.
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fig~3.1 Squash plant (CucUrbita pepd cv, 1able 'Queen) showing the diff'?,rentstages of '
<) :i ' '- " II ' If

sUver!eaf d9velopmimt. ,! -
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fng.3.2 Squash sllvefleaf induced by whitefly feeding, showing veinal chlorosis and
progressive silvering ofleaftissue

//

Coloniew of whitefly were maintained in screen cages in a growth
chamber (mean temperature 25°0) on a variety of host plants, including

" ()

squash (C.pepo cv, Long Green Bush) and tobacco (N.tsbacurn cv. TL
33). The COi,' ''''1 .)f whitefly wa&obtained from local populations infesting
poinsettias ..Judy Brown (Department of Plant and Biological Sciences,
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University of Tuscon, Arizona), biotyped the whitefly colony and

confirmed that it was analogous to silverleaf whiteflies that have been

described as B.tabaci biotype B (Jimenez at al'l 1995). Except for non-

viral silverlaaf on squash, no other symptoms ware noted on plants 011

which these \'l/nitefly colonies were mainalned. For doubl~,.strandeq and

total RNA, extractions approximately 100 whiteflies were t:1lspi:"$!tedinto a
glass tube, anaethetized wUh a smali volume of chloroform and

homogenized with e>d:ractionbuffer. The method for the isolation and
purification of whitefly dsRNA and total RNA is the same as that for plaQt

tissue. which differentially elutes dsRNA at a particular concentration of

ethanot ..free buffer.

o

o ,J.'

dsRNA extractions, previously described by MorriS and Dodds (1979).
were carried out on tobacco plants e)thibiting the three different leaf curl
class symptoms, squash plants showing silvering of Isavas and on
whitefly cu'turas. DsRNA e)ltractions were also .perforrned on
asymptomatic tobacco grown fro.n seeds collected from class I leaf curl
plants, and on healthy tobacco and healthy squash plants SIS controls,

Unless otherwise stated, attempts were not made to remove ather nucleic
acids (DNA, $Ingle~sttanded RNA) which did not interfere with dsRNA

visualization. A list of suppliers and the reagents u~ed in the e>draction

are listed in Appendix S,1 and 6.~ respectivallh A slightly mOdified
method was used for large ..scale e)(traction and purifl~tion of dsRNA.
The e;<rtraction prooedurti) invor'/ss the homogenization of plant tissues in
ihe preaenos of an s>draotant designed to denature proteins and release
urldsgradad nucleiC acids. The extraotion buffer, at an elevated pH (6.S)

I).

o

o

o

, 0
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and moderate (O.2M) salt content tb reduce ribonuclease activity,
contains an additive, bsntonite, which reduces nucll$Else activity and a
detergentl sodium dodecyl sulfate (SOS), to ensure denaturatir.!tl'\of
proieins and ths release of the nucleic acid. !n additionr· marcaptoethanol
prevents the o)ddatiq-n and browning of plant tissue extracts, while the
use of phenOl/chloroform, as the organic protein denaturant component,
ensure$ good separation of ttw phases after centrifugation and provides
nlora complete removal of proteins from the aqueous phase. Purification,·
of the nucleic acids is based on the differential binding of slngle- and
double;.strandad RNA anel DNA nucleic acids to cellulose in the presence
of v~rious concentrations of ethanol. DNA.and saRNA fraotiOns elute in
buffer containing 15·18% ethanol, while dsRNA remains bound. The
bound dsRNA is4hen alwted 1'1'1 a smafi volume of eth~nol.,.fre$ buffer.

PISl'lt matl$riai (0.59), usually symptornat[c leaves, was ground toa fine
powder in liquid nitrogen using If.! mortar and pestle. The frozen pow(h~l'"
was e)draCied with 1~3011of dl.)uble-$irength STE buffer, 3%' SOS, 25
mg/ml Bentonite, and 0.5% f3"mercaptoethanol. The extrac~/was shaken
for 20 min, at room temperature, with an equal volum~,of SlE..saiurated
phenol and chloroform: isoamyl alcohol (24: 'I). The resulting' emulsion
was oentrifuged at 4- 500 rpm for 15 min at4(1C in a Becl<maffJ2..:.~·t
centrifuge, using a Beck:man JA..14 retor. CeUulos~; ®iumns we~~
prepare(j by eqlJilibrating 2.5 9 of ~\ih~ttnali>.9F..1t ~elful6se.pO\fVd~r.
with 50 ,fur of STE,:eti1anor ('16.5% v/v)~. ,1rrd'fractIons of the wen mixed

II

slurry were ifan.$ferte~Uo st$rn~microfu:,e tubes t.!~~ centr~~tged ~t4Qe
for 5min. UnIsslS otherwise ~tated, all centrifugations W~fGcarried out for
5 min at 4°C i:'la Hagar rrlicrofuge. The supernatant frotlteach cellulose
oolumn was discarded and apprO)dmately 1,tml fractions Of the phenol ..
extracted SqulStlU\S phase transferred to the cellulose COlumns: the final

26
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ethanol concentration was adjusted to 16.5% (v/v), and, after a thorough

mixing, the columns werl? allowed to stand at room temperature for 15 ..20
min. The cellulose, with bound dsRNA, was than washed with severa!
volumes of STE:ethanol (16.5%) to remove unbound impurities. After the

final waSh, the cellulose columns were resuspended in a small volume

(100pl) of 1 x sre t<> elute the DNA.and saRNA fractions. The dsRNA
was finally eluted jo',500pi t x STE, concentrated by adding 0.1 vol, 3M
sodium acetate, pH 5.5 and,2.5 \lot 100% ethanol and incubating tJ'le
solution at -20°0 for 4- h or longer to preCipitate the dsRNA. The sam~las
were centrifuged for 10 min, the ethanol discarded and the pellets dried

under vacuum using a Savant Speedyvao Concentrator or inoubated at
3'7.~Cfor 5~10 min. The pellets were resuspencled in 5/,11 TE buff~r am:!

..stored at 4,°C. Enzymatic treatment of the final sample was not necessary

as QsRNJ.\ obtained by means of this prooedure Is u$t~allyfree from

detectable host DNA and RNA (Valverljel 1990). 'c "

Whatman CF ..11 powder (:~.5 g) was mixed in 30 ml STE: ethanol (16.5%)

in a large plastiC centrifuge boUle. The bottle was centrifuged for 15..20
min at a 600 rpm and the supernatant disPardect Fresh or fro:lsn plant
material ft-10 g) wa$ ground 1n liquid nitro9~h U$1n9a sterHemortar and
pestle. Th~ powd0r Wa~tranSferred toa I~rgePI$,l$tic~ritrifuge pl!)ttl~to
which was a~~ed:14 9}t-tl x srs (2 x STS,!111ay ~ISO be used);,-2 mi 10%

aps; 1a mlwater ..p{!1 .I~STE~saturated phenol anoia mg fractionated
bentonite. Ths boUle was shaken for 20-30 min ancj then cantrif' ~ged for

15 min at a 500 rpm. The {PI) aqueous phase was ttansferf0~ to a clear

centrifuge tube and the volume adjw~tedto 20 ml with 1 x S1'E. Twenty .." ..... ..'

onlij .ul 100 % ethapoiller tOO"tI aquaous solution was added to obtain

a. final concentration of 16.5% ethanOl, The contents of the tube were
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mb(edwell and the solutionwas transferred to the large plastic centrifuge
bottles containing the cellulose column. The mixture was shaken
thoroughly and allowed to stand at room temperature· for 20 min. /,\11

future steps were carried out at room temperature unless indicated. The
boUlewas centrifuged at 8 500 rpm for 15 min. The supernatant was
discarded and 30ml1 x STE:ethanol (16.5%) was added to the cellulose.
The,bottle was weil shaken Tor 5-10 min and then centrifuged at a 500
rpm for 15 mins, This step was repeated twice more. Afief the final wash
lhe dsRNA was eluted byadding 3 xi 0 mlaliquots of 1 x arE buffer. The
sopematantwas collected after each wash and precipitated by .adding 2.5
volumes 100% ethanol and 0.1 volume 3 M sodium acetate, pH 5.5, The
solution was stored overnight at ..20°0. After incubation, theOtube was
centrifuged for 30 min at a 500 rpm and the pellet resuspended in 500J;tl
'70%ethanol. The tube was th~n centrifuged for 15 minat 850P rpm and
superhatant .dis~rded. The pellet was allowed to air-dry and finally

resu$pended in 500j.i1TE buffer. 'The resuspended pellet wa~ stored at
4°C.

28
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To obtain good preparations 'of total RNA: it was netJessary to minimize
the activity.of RNasas by taking the following pr~cauUons. An glassware
was tref~~"~?,lb}1 baking ~t 1SQoC for S hours or more; plastic.ware and
electrophorefic trays were soaked overnight in 1M NaOH ariel' rinsed
several time.swith sterile water trea~ad with 0.1%'diethyi PYl"Ocarbonate
(OEPe). All so.lutions and reagents ware treate.d wi~h 0.1% OEPe for at
least 12 hours at 37QC and then autoolt:lved for 15 min. at 15 Ib/sq.

c
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Disposable gloves were worn during the preparation of reagents and

during all manipulations involving RNA.

-. ~
The procedure is a modification ofli'le method described by Saril'brool< at
cal.(i989) for the extraction of RNA using guanidine Hel and organic
solvents. The same method was used for both plant and whitefly total

.RNAextractions, Solutions and reagents are listed in Appendb< a.a. Plant
rnat~rial (0.2 9) was groundin a sterile eppendorf in 1ml guanidine Hel
homogentzatioo buffer using a sterUe- pestle. Fifty J..LI of 10% sodium

lauroyl sarcoslnate was added and the tube centrifuged at i0 000 rpm for

S~minrat 4°C. Unless otherwise stated, all centrifugations Were carried

out in a H~gei mic(ofuge. The tOP.l';lqu~ous I'ha$e was tranSferred to ~(-

fresh eppeodorHube and an equal volume of chioroform:isoamyl ~Icohol
(CHCI3:IAA)"saturated phenol wssadded. The tube was shaken well and

centrifuged at 10 000 rpm for 5 mins at 4° C. The top aqueous layer was
transferred to a fresh eppendort tube and an equal volume of aM lithium

chloride was added. The mbdure was vortexed vigorously and allowed to

stand for at least 2 hours at -2QoO. Aft~r incubation, the tube was
centrifuged -at 10 0,00 ·rpm"for 1~ min. el~4.0'0. The $Mpernatant "'(fl$

tran$f~rred to a fresh~eppendorf and eth.anol precipjtaiet~ QYadding 0.1
volume 3M sodium acetate, -pHS.S and 2.5 vOj~~;ne1(jO% ethanol. The

pelletwas resuspended In 500 luf OEPC...treated wat~r and the eM ll~hium

chloride ·step repea~~d: 90e tenth Volume 3M~odium acetatej pH 5.5 and
2.5 volume 100% ethanol were aqded to the $uperoatant, vorte)(~d as

abo,,£' and incubated overnight at ..20ClC. Aftefincubationt the tubes were

qentrifuged at 10 000 rpm for 15 min at 4°0 and the supernatant

discarded. The pellet was washed in 500;1170% CEpe-treated ethanpl

and the tubes centrifuged at 10 OQOrpm for 15 min. at 4°0. The

f)
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supernatant was removed and the pellets dried at room temperature. The
pellets were resuspended in DEPC-treated wat~r or DEPC~treated TE
buffer and stored at ...70°C.

Ii:

lnitial detection and analysis of dsRNA purified from plant material was

f"chie~ed by the electrophor~1tic separation of. the species in agarose
horizontal gels (0.5mm thick) 10cm long and 89m wide). A 1% agaross
gel was prepared by adding 1),49 agarose to 40ml 1 x TBE buffer.
Agarose in solution was heated in Eli microwave oven to melt. the agar.
ThC)solution was allowed to cool before adding 1 J.lf ethidium bromide
(10mglml) ~Oclthen poured into the electrophoretiq tray. The comb was
P9sitioned and the gel allowed to soUC1fy. Once set, the comb was

remo\led and tho gel placed in the electrophoretic tanK TSE buffer was
added to each tanl< and allowed to covet thl';}gal by approximately 1mm,
Ethidium bromide (1f,lliper 30mt TaE) was then added to the TSE buffer
in the electrophvretic tank$, Tracl<ing dye (3J.l: dya per 6f.l1 sample) was
added to each salnple and appro)di'O~tely20 ..30/,'" of sample was loaded
ill!O the wells. Electrophoresis was conduct~ at SOYat room temperature
for 1%...2 hr or until adequate band resolution 'was achieved. Once
electrophoresis was complete the gal wa.~ placed on S\ultraviolet (UV)
transilluminatqr (302 nm) f:pr examination anne f1uorescil"l~':'QlJclaicacid
bands ana photogr~phed on Polaroid Type 665 film. 'Reagents are

described in Appandb{ 6.4. Tha molecular weights of the deRNA species
war~ estimated from gel mobility of the species, relative to Hind m..and
Pst i..cut A DNA moleoul er weight mart{ets (tAppendix6.5).

30
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Ths::;r~thod for the recovery and isolation of selected dsRNA bands is a
I;

modified phenol-ba~ed method described by Faison (1992). Residual
phenol and agarose are centrifugally separated from the dsRNA solution
in the presence of salt following phenol e:;«raction and prior to ethanol
prec~pitation. Reagents and solutions are described in Appendix O.S.

\

'~

Tobacco class I extraction samples were run In at 0.9% lM't algarose gel,
containing ~1025.u1of ett1idium bromide (10 mgfml) per mf TBE buffer, at.
90 V for 1% ...:2 h at room temperature. Following electrophoresis the
dsRNA banols!,()f il1terest were located by exposing the geUo UV light
(302 nm) on the transilluminator. The bands were excised in the smallest

c

possible volume using Sl sharp scalpe1. Each sliced segment was
transferred to a sterile eppendo(f tube and the 'Vo!ume.esthnated from it$

tared weight. Two volumes of TE buffer were addad and the tUb.s placed
in a ~5~Cwat$rb&thfor 5 to 'I0 min. dhoe'\the agarose was fully melt$d,
1 volume of TE...saiufated phenol was added a~d ihe .tub& thoroughly
mixed b),,'iovsrsion.l·hr> tqhe was then reheated to 65\)0 for 'a few min,"
and cat~tfifuged in a Hager microfugs for 3 mi!) at i0 000 rpm. The
aqueous phase was transferred to a new starile eppendorf tube
containing 1 volume TE..saturated phenol. The tube was mb(ed by

Inversion, centrifuged and the aqueous phase transferred to a fresh
eppendori\' tuba containing 1 volume TE--saturated isoamyl aloohol. "fhe
tube was mixed by inverSion. oentrifuged at 10 000 rpm for 3 min. The

o

o

o

o
I:)
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supernatant was discarded and ihe isoamyl alcohol stap repe~ledtwiCf:l'
more. After the final wash, the' boUom phase was transferred to a fresh

sterile ~pp~ndorf tube containing 0.1 volume, of 4 M Hthia.r ...hloride. The
'I

tube was mixed by inversion and placed on ice for 2 min. The tube was
I;

then spun as aoovefcr 3 min, Jhe supernatant was transferred to a new
tubs, leaving a tranSpSlrent pallet behind. Since most 01 the phenol and

agarose have been eliminated fmm the sample! ipl glycogen of a

20mg/mJ solution, was add~~ to improve the final l{ield of recovereel
" -~

dS,R~'.'\.FinallYl the sample; o1tt3S precipitaied by adding 2.5 volumes of
o ~

cold 100% ethanol, mixed by inversion and ,left for SOmin at ..709C. The

tube was spun as above for 10 min.'an~the pellet washed in 500{.tf cold

70% ethanol. The dried pellet was resuspended in 5..10,ulJE buffer and
1~ 0 :~ , ~

sioredat4°G, o

() .'
o ~..,H

_\ (I ,\
"

A recognized feature of dsRNA i~its resistance to digestion by pancreatic
ribonuclease A (RNase A). The double~stranded nature of the RNA

SpeCies..was confirmed by dlg_,estion of the semple with DNase~free
rib~>nuclease A in ~he presen:ce of water or sbbigh salt (0.45M) solution

c

,based\on a method desoribed by FalR~nd O~n~ (1984). Tl19,prepaf'ation
of reag~nts·~nd solutions ~~etda,scl'ibed in APP$hdbcJ:3:7 ," '~' ,"

\' '-' ':> -i- 'Ii '(\
Z

()

Double-stranded RNA samples, sLispended in .either 500 /-If·of 3 )~:sse or~ ,

'\1
L
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DNa$e~free RNase A (1j49/ml). Samples were adjusted to contain 5/Ag/mi

of Proteinase K and 0.05% 80S, then incubated for an additional 10 min

to digest RNase A. Undigested dsRNAs wers precipitated in 2.5 volumes

100% ethanol and incubated overnight at ..20"C or for 1 hour at ..70De.
After incubation, the samples were centrifuged for 15 min and th,e

supernatants discarded. The pellets were washed four times in 500#1

70% ethanol end fi!1cllly suspended in 5141TE buffer. RNase stability of

the RNA species was evaluated by electrophoresis in a 1% agaross gel.

To ascertain whether the dsRNA species contain a poly (A)+ tail) an

oligo(dT) trapping method (Amersham) was used to specifically bind any

poly(A)+ RNA present in the extraction sample. Hybond ..mAP (messenger

affinity paper) is a diazoniumwactivated paper, substituted covalently by

polyuridylic acid to give a high affinity 'for poly(A) sequences. Any mRNA,

present in the sample, possessing a ::"'-poly(A) tail, will bind specifically

to the Hybond ..mAP via hydrogen bonds. Pbly(A)" RNA is removed from

the sample by a series of selt washes. Following a 70% ethanol waSh,

mRNA is released in a salt-free solution by heating the Hybond-

mAP/RNA complex in distilled water to disrupt the hydrogen bonds.

Subsequent gel electrophoresis of the sample allows the .identifiC3tic'm of
the isolated mRNA species. The protocol described is capable of

isolating 8-12149 poly(At RNA per om2 Hybond-mJ\P from volumes up to

200pl.. Extreme care was tal<en to eliminate contamination by exogenous

ribonuclease. Therefore any glas~ware, plastio tips, buffers or reagents
u$!6d were treated with DE PO to inactivate any RNase present. The

preparation cif reagents arId solutions are given in Appendix 6.S.

o
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Three pieces of Hybond~mAP were cut into squares,c:~Qproximately

1cm2 in size, pre-wet with O.5M NaCI (Ai201J1/cm2)and allowed t(,'_ air

dry completely on clean, sterile filter paper. Two control tubes were

prepared by adding 5 1.11 (-1 JJ9) of mRNA (positive control) and 5 1-11
c'

(""1fJ9) of 'A- DNA (negative control) to two sterile eppendorf tubes

contaIning 10fJ1 sterile DEPe-treated ·Mater. The controls, together

with the sample tube containing 15iJi (-11-19)of dsRNA, were heated

for 5 min at 656C to denature the RNA. The tubes were immediately

placed on ice and NaCl added to eaqh tube to give a final

concentration of O.5M. The three pieces of dried Hybond-mAP were
"

plac~d on, parafilm1M (American Can Company)· and the contents of

each tube slowly "apPlied to the "Hybond affi'nity paper (ideally ,...

20!lUcm2). The papers were allowed to dry for at least 5 min. Each

paper was transferred to a sterile eppendorf tube and washed tWice .ln

at least 5 ml O.6M NaCI for 5 mins. Fresh O.5M NaCI was used for

each wash. After the final wash, the Hybond-mAP was placed in at

least 5 ml 70% (v/v) ethanol and gently shaJ<i:ln for 2 min. The
r,

Hybond-mAP wastransterred to filter paper and allowed to air drl
completely before being placed in a sterile eppendOrf tube. The

"

. ,

minimum amount of distilled water required to coverJh.:) !:;ly.bond-rnAP
" .~:~

was added to each tube. The tubes were then placed ;o\))a 70~C

waterbath for 5 min to release the poly(At RNA bound to th~ affinity

paper. the tubes were vortexed briefly and then centrifuged with the

Hybond-mAP wedged at the top of the tube, The Hybond~mAP papers .'

were removed. leaving the puIY(A)'" HNA in a salt·4rf3e,:solution. GE>i
( ..!,:-:. _ _ ' , 'j .'.~:\(\ ..; <~~\ 1/

electrophoresis Was carried out to visualize and identify the RNA

species.

II;

1\

~ . l\

C)

1 }



35

\1

Q

Selected dsRNA bands, extractecfand purified from a tM1 agarQse gel,
wer~ labelled using an enhanced chemiluminer' e (Eel) nucleic acid

;.'

labemhg technique (Amersha:m). The rea~ents used in this kit are
protected by cthe patent holder and therefore no details concerning the

chemical composition and concentrations of these reagent~ can be giver.
The system involves directly lab<;1lllingdenatured, singre~$tranded probe

," ,

RNA with the· enzyme horseradish permddase. The addition of

glutaraldehyde causes th(;.'formation of chemical cross-links so that ihe
prope becomes covalently labelled with Jhe erizyma. Once labalied,cthe
probe is used in hybridization wit", target RNA immobilized on a
membrsne. After hybridization, the filters are washed to remove
unlabelled probe. Probe/RNA hybrids are deteoted by the addition of

hydrogen pero)dd~,which acts as a substrate for peroxidase. Reduction
of hydrogen peroxide by the enzYl'oe Is coupled to a light-prOducing

reaction by another detectictl rea6ent, containing rumina!. luminoll upon
oxidation, produces a blue light which can then be captured '.Ill
autoradio~raphy film.

)

"

Selected class r dsRNA bands, measuring c. 4.4"" 3.6~13.3..and 2.4~i.bp
in siz.e (fig ,4.1), were excised separately from·$ 0.9% LMT agarose gel,

D.
and .purified as }..,sviously described in 'section 3.S. Each dsRNA band
was 1abeUed.ssparately. The dsRMA to b~ labelled was diluted to 111

conoorjtr.~tionof 10 ngfJ.l1us j~lthe sterile water supplied with the Eel kit.

o
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rh~ dsRNA sample (1(I ,ul)'t/as denatured by heating the sample nor 5

~tlin h1 ~ lJjilil'1g w'lter bath and then itl1medlately sriap ...cooling in an Ice-

eth~~OI$Iurry for 5 min. After br.iefly centrifuging to coit~ct the contents

atU~~\1Pttorriof the tuba, "0 fJl of DNA IQfoaJling r~~gent V(~S added and
the tclb,~ tHtxed gentl~lbut thoroughly. Equar:' volumes {10 pQ of

glutaraldehyde solution was then added, the tuba mii<ed thoroughly ~~d
cel~trjflJged briefly. Finally the tube was incubated for '10 min at 37"'\~. If

not used immediately, the tube was held 011 ice fol" a short period (10..15
min).

OsRNA and total RNA extractions c~rried out .~~..tl,;twa, .-d)<hJbitir,gclass- \;

I leaf curl symptoms, classes nand lll, ~symptomatic tobacco grown from
seed collected from class ( Isafcurl,"healthy squssh, silverleaf squash
and whitefly Were electrophoresed 9n at 1% npn ...denaturing a9aros~ g~t
After electrophoresis, the gel was ~oal<edin ~·Ieast 300 .rnl 50rnM N~<7)H

, )1

(denaturiP1gbuffer) for 301~in at room temper~ture with Qehti~shakfhg.
The gel was then neutralf~ed In 300 mf O,Q25Msodium phd#)hat~,pH
6.5 (transfer bufff'r) for an additional. 30 min at room ~mperature with

gentle shaldng. Reagents and buffers sre desoribed in Appanclix 6 ..9. A
piece of V\fhatrnan 3MM filter paper was posltlonsd on top of $a support
tray placed in a glass baldhaJ dish. The dish was fillecj with transfer buffer
until tha level of the buffer almost reached the tap of the support tt'ay. The
buffer was allowed to saturate the filter paper and any bubbles were
removed by rolling a gl~~~ pipette across the filter paper. ~fhe gel was

then placed (RNA·skia down) on top of the saturated filter paper and the

right ..hand corner oUhe ger cot I)ff to orient the gel. A piece of nylon
membrane, cut the same size as the gel, waa soal(ed briefly in tt"ansfer
buffer and, using a pair of forceps, positioned on top of the gel. Using a
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~harp $c.atpelblade'ljtn~~ri9hi:h~nd corner of the membrsr:ts was cut ~o G

:-;.-,-\~t"':,J_ -.'. _ " ., ',' ,_ 'l, _', __ '>~. _ "
, rnat~hthe Ofienieiior') ,~fthe 9':)1.Air t)lJbbJ~$.were sMoothed out uSing)a

/' " (-) - 0

t .91SS plpetti@.Two pisO$$of Whatman 3MM fil~er pap<=;r were cut to si~e,
. - - .) i 0 ,

r s6a.k~d briefly ill_tr~n~rerbuffer and p(ac~d on top of' the nylon
_, ....' :.__ '" '., I)

membtem~.Ag~in, artY~iibut'bl~$between the membrane and the filter
'), _ ,- - (\ _~) _ '~'., " -: _ _ <;

papers wer~~removed. The edge'll of th~ gal were surroundectby Si?lran
o ~laP IOP~~liqtl~ from flowing <lireclly Jrom lh~.~erfNc!r ~ ihG PI!Poef
tQ~ers staCI{e~ on 'top of gel. ~,~taef~9f p~per ikwels (5-8cm high) c

W$lS placed pr1\the filter papers, ~n,d a glass plate and a 500~ weight

were added to the ~tac!'<in 'ord@f to weigh it down (Fig. 3.3) ....
1\ '\\ . ~. . . . . ,i (;

- ,:,.\\ (,-;..-;:;%' 0

o

v
papertow~~s

Whaiman 3MM paper

nY19~membra;'a·
" gel

transfer buffer
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Tratlsfer was allowed tb proceed for 16w18 h. Followi~g transfer, the

paper towels were removed and. the nylon membrane rinsed bri~t1y in II

traMsrer buffe:r to remove any pieces of a9~to$e that may have $tu6~!tt)
\) ":_,)

the membrane. The membrane was placed on steril~ filter paper and

allowed to air dry completaly at room t~n1perature.'ljC,;:'d~rythe RN)~'

was fjxe:d to the membrane by 81Cposing the membrane to UV light

(39,~nm) on a transilluminator for 5 min. ,The ,lrJ~edtbr~neW~~ "than '
~l~cedbetween two pi~ces of filter paper, wrapp~d in Saran wrap and

f! co' ,

stored at 490. To assess-the efficiency of transf~/r of RNA, the gel V\I~'s
stained for 45 min':'in SI solution, of ethidi~rn wr-Cn1ide(o.5pl(ml) 'and~

~, ~xa~~inedunder J,J)v, light. ,i f ,i ' ,,"
'_ f

If
J

i
/,
/; -;

I
I
I

I
A separate dot blot was prepared for eaoh la~~lfed dsRNA probe. A

small volume of dsRNA (....3 f..Il/equ!valent to 50 ng), 'extracted from
each plant species and wnitefly/ws$ •denatured by heating in a rapidlly
boiling w'.\terbath foil 6, min. The sample was immediately snap~C!)Ole\d

in an ';ce..ethanol slurry for 5 rhin and l11ic:rofuged brj~fly to collect the
'/

CO,t1l nts at the bottom ~f the tube. The denatured ~~mple,
/! if

approximately 11J1at a tim;e, was slowly applied to the H¥bondMN
/

membrane, The spot was :Iallowed to,'dry bePNeen each apr>Ucation.
Themembrane was air df/,ied completely before fixing under/ilJV light

,/
J' :i

(RNA.,side down)' for 5min. A total RNA blot, using total RNA ~~xtracted
;'!

from each plant specie~i and whitefly, wtars prepared if, the ssn1e
manner. Each blot was ~Iaced betweGn two pieces of 3MM Whatman

tlIter paper, wr~pped in cl/ingwrap and stored at roorn.temperature until
hybridization with a labelll~d probe.

I

o

o "
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Each dot' blot was pJace~ in a separate sterile plastic container and

prehybrldizefj in hybridization buffer for 1 h et42°C with gentle agitation.
Following prehybridization1 a spacific labelled RNA. probe (sectiQo 3.9.2)

was added to the •hybridization buffer and incubation" at ~;20C with 9611tle

agitation, was continued" overnight. After: incubation, the" blot was
II

transferred to approximately 40 ml primary wash bllffer (2-5mllcm2 of
membrane)" preheated to 55()C., Two 10 min washes at 55C1C were

carried out with gentle sh:aldng. Fresh primary. buffer was used for each
wash. The blot was t~lenplaced in a clean container filled with

/'

apprQ)dmately 40 ml of ~econdary buffei' (2~5mllcm2 of membrane). The..
. ji ;,

blot was washed for 5 thin with gentleJ agitation at room temperature. A

seccndw8sh was carri4.d out using fresh secondary buffer. lf neC~S$ary,
stringency was contr/blled by'altering the sse concentration of the

". ,',

primary wash buft',er; 1 x sse is lo~y stringenC)'1 0.1 $SC is high
stringency. Preparatkm of hybridization and wash buffers 'are de$~ribed

in Appendix 6.10.

Following the final wash in secondary .wash b\Jff~rl the blot was
tran$fem;.:~dl R~~A~$ideuppermost, to a elean glass container. Equal

r II

volumes of det~ctiol1 reagent 1 ~)nddeN~('ition reagent 2 (0. 125ml/cm2 of
:1

membrane) were adtied to the mf~mbrane"DE'iection reagent 1 decs,Ys to

hydrogen peroxidej' the SUbstrate for peroxidase. Reduction of hydrogen

per-oxide by the enzyme is c9lqJ{ed to the light prodljc~ng reaction by
detection reagent 2. Thi~ contlains luminol, which on oxidation produces

blue light. After incubE.\lioi1 f<>r 1 min .at room temperature, excess

o
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detection reagsnt was drained off end the blot placed in til plastic sleeve.
'.) ,

"

Once tile air pocltets were removed, the plastic $fe,~V~wa~ heat~$eafed
and th~ b,lotplaced, RJ\!A..side up! in a film cassette, The follov~4ngsteps

"were. carried out in the dartmJom, H~ingreq-safe lights. A she~~ of Eel
blue~lightsensiii,[Sl auloradiographyfilm (HyperfilmrM ..EC~)was placed

on top of the blot and the cassette fimdy closed, e"pOSllr(#l time rangea
" . ':,:::-.

/!

c
3.~.1 fiDm iOJ$v®u@pmellil~

1\ II

The follClwing procedure was carried put in the dar1<room, using red, safe
lights. The e){p~sed film W'd~remo\Jed from the ca$~tte and immediatei~

placed in a tray containing apprO~imateiy 500 ml fit~hdeveloper." The film
" . 0

"was agitatecj gently for 2..5mirlut~s.T~f) film W~$then' rr·' sed briefly in

. :Fster and transf~rred to a ~rfilYc~ntai~ingSO~;~i fbcsttvt. Tt,lS ~ilmw.~s..
'ia~itatad .~i1t1yfor ~ppro)drn~~~I~\2mln., r.jrt~,ad?rie~; in water and
·aliow~~dto ~ireli)'. . \. 0 ..~
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The CF~11 chromatography JraotionatiC)i1 oi~tobacco leaves exhibiting

cJass" I leaf curl yielded 12 visible double~stral1ded RNA specieJ
I) "

(fig)t1). ~,

.\)

.~

I)'"

1:

• ' \ J

( II

,.p

~~
,_,~

J.l'
.)

o
U \1

-, tj

o

fig.4:1 ~Iectrophoretic profile.:of ci~~NAfractionationfl'om class I tobacco 'l~;af curl run in a
1% agarose gal containing 0.0251-11 eihidium bromide per ml Tae buifer and
'phOtographed under ultraviolet I'$Idiatfon. Relative positions (in kilobase pairs) of "-

,J i\ I' ,;,

DNA Hind,Ill-digested molecular weight rnarkers ate Jndicated on 'the left Migration of
_ 0
'12dsRNA species, labelleg ds...1"f2, are indicated on the right.
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The dsRNA preparation was. virtually free of DNA ang saRNA
contarninatio~ provided that the columns were not overloaded in

_, ~,

excess" of the binding capacity and at least iwo'1 x STE:etharlol
(16.5%) washeswera carried out. One oycle.of CF·11 chromatography

',I

was usually enough' to fractionate dsRNA. efficiently. however when
.. ,. 0

necessary, a second cycle was applied under the same conditions to
'recoveradditional dsRNA. Twelve dsRNA bands, ranging from o. :~a-
7.6kbp in size. w~e. detected .after gel efeotrophoresis, .Slzl?' \,1"1

~~\.,~ ......;}.. '. .... , ,', , ", ,,'_ ,,' " _ 0

Idlobase pairs) of ea""h .dsRNA band was de,~erlJlin~dby comparing the
relative mobility of the band with that of known co-electrcpnoresed
Hind) m~and~~j l-out '),..[:)NAmolecular weight markers (fig.4.2).

(J Distanco from ()rIglrt (em)

Fi~.4.2 Relative sizing (i;! I<ilobase pairs) of class I"tobacco leaf curl ds8NAs as interpol~Jed
from electrophoretic migratiOn OT hind II!:- and Pst I..cdt 'A. DNA molecU''7lf weight

I.i
markera,

\;. 1./

o

o

,. \i
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The relative molecular'welghts of at (east fO dSRNA 'band comparecl'

fav~Ur~bIY w~ those reported by Paxlmadls (1995), however, ttl\10

additional bands, c, 5.16 'x 106 and 4.40 x .106, w~re obae, ifAct ~(tabie

4.1).

Tabr~4.1 Comparisoo between the relafivl,i molecular weights of class I
o ,'. ~l

toba~o dsRr~Abands obt~ined in this study and those reported by
Paximadis(1~95). (;~

3.26)( 10°
,

4800

39000$-4
11----;-,......; ,~----t~----+"-

i; 3300 2.34 )(,10$ 3500ds-5

os-a 1700
-":,,,-+----,.,..;-
ds'~9 1500 1.02)( 101;1 400 9.52 X 105

,

,

1480ds-8

j ;.e
1I ~~-- __~~_- ~~_~_+~------4-------~1

I ds-i0

ds-10 12,00

ds-11 1 000 0.80 x 10$ 1400 9.p" 10s

1100 .: 7.4 x 10(1



The results oUhe dsRNA ~xtraction$carried oyt on aU threetcfasses of

tobaacp lear curl, three ctlltlvafs of healthy squash, squash silverleaf and
whitefly are shown in fig. 4.3.

I ' , Il \\ "
'i \\ ,_

O",tecticm of dsRNA sp~cies o\r agarose get eleetrophoresls. L~n~~i, Pst I

moleculll4rweight markel'; lane 2, \Hincllll mOI~~UI~rweight mamer; lanaa, class .
I tobac~oleaf curl; 'fane 4, class II co leaf curl; lane 5, olees III iobac;(loJeEl¥
curl; lena 6, asymptomatic tobac\1ogrown from seed collected from tQb~cco(~\~...-
shoWing class I leaf curl symptoms: lana 1, healthy $qul~$~(C.pepo avo Table
Queen); lane 8j healthy squash (e.pepo 011. Long Green BUsh); lane 9, healthy
squash (C.pepc all. RoneQ; Jane 10, .snverl~af squash; lanl9 '11, whitefly (8.

I,. c

~'".~~
.--r::.' ()

()

tabsCl). Samples wers aJe~~ophOfe$ed in 1% ag~uo$ggel cont[;lining O.025MI
ethldium bl'omlde per ml TBSe.bufferand photographed under uitravlol~4 radiation.- . ., .. '. \ ..

rif;lddve posllions (in kllobase pairs) of A ONA Hind Ui.-dtgesblo molecular weight
markers ~re indiat~ted on the left.

44
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o
The dsRNA bands detected in class J tobacco leaf curl (lane 3) were
absent in leavea from class II (lane 4); class III' (lane 5») and
asymptomatic tobacco grown from seed collected from class "feCif ourl

!\ .c." ,

tobacco plants. (lane 6).":'he 23.1 ..I<bpfragment observed in most of the
c q~R.~Ae'{tract~ (lai1es,,3 ..e and lanes .10) was $ho~n. to beogenomic

DNA ae demonstrated by ..its sensitivity to QNase,treatment (data not

'Shown). the dsRNAs isolated" from two of the· three healthy,

asymptomatic cultivars of squash , C,pepo cv, Jable .Queen, cv. LOl~g
Gt.een Bush and cv. Rom~1 (lanes 7..9., respectively) Were distrhctly
different. ~esides the large 23,1:-I<bp band (whlch'l~ter proved to ..be
genomiQ DNA), a second smaller b~nd "estimated .to be 0.9.6 kbp was
observed In lane 7l representing C.pepc/ov. Table QuEfaf]..With the

exception of the 23.i ..kbp genomic DNA b'ano, a faint single dsRNA

bandwas det~ctedJn C.pepo cv. Lgng Green Bush (Iam~S). The size
:) o

9f ttlis•ba~d could not be accurately measured as it lies outside the
o

range of the m()leotil~r,;weight markers. No; ,dsRNA band~ Wel'e
Observed in extracts from O.pepcJ\pv. Ronet(lane $2:). The two j:fsRNA

o \. ~

bands, (0.4.6 .. and 4.4 ..kbp) previously reported to b;~ associated with

squash silverleaf (iane '10) and. silverleaf whitefly (larie 11), were not
detected. A faint, single dsRNA band (. G.8.S...kbp), however, was

isolated from the whitefly extraction (lane fi 11). iR!,bonUClease A

sEinsitMty tests were carried out on the;~o squashccultivars (cv, Table
Queen and CV, Long Green Bush) and whitefly extracts to confirm th6

"(._'") v:

double-stranded nature of the RNA bands (FigA.6), ,

.\

o

G

4.1.2 rota; RNA E~'~ra©tROn$

The results obtained from plant and whitefly total. RNA\xtractions are
"

"shown in tigtlre 4.4, The consistent Q~tection of·a Single broad band,
1\ \1

'\ representing a high. molecular weight speelee (e'stimated relative MW
j ,

0"
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·234<bp,as indicated by Hlnd HImoJec!"!,lar weight marl<er), suggests that

it may represent the host"g~nDmic nucleic acids of each plant speoieS.
An addUlona! band, the same size (c. 8.B"l(bp) as that observed in the '.

dsRNAemraction, '~naybe seen in lane 11, containing tn~TRNIl\ sample
emracted from vvhitefly. . ) .,."'?;

f.i

,\

fig"4.4~ Agarose gel electrophoresis resulting from t,Qull RNA e~ctractions.Lane 1, Pst I
molecular ws~h~melliter; lane 2, Hind IIImOler.:ular weight ~unker;lane 3, class
I tobacco ·Iaafourl; lane 4, cl~ss II tobacco leaf curl; lane 5, class III tobacco leaf
cur]; lane 6, asymptomatic tpbacco gn:>Wl1 from seed colleoted from tobacco
showing .class I leaf cud symptoms; lane 7, healthy squash (e.pepo av. T(;lbl~

Quaen); lane 8, healfuY$quash (C.papo cv. Long Gresn Bush); lane 9, healthy
'squash (C,pepo av. FJonel); lome 10, slh,erleaf squash; lane ii, whitefly (B.

tabaCl). Sample;; ware electrophoresed in 1% agarose gel contaIning O.025J,t1
ethidium bromide ~r ml TEIe buffer and photographed under ultraviolet radiation.
Relative positions Un [dIabase p~iI'S)of A DNA Hind lII'-diges~edmolecular weight
mariters are indicated on the left.

I
/

, Jl
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RNase sensitivicy' of the dsRNA species extracted from class I tobacco

leaf curl, healthy squash (cv, Table Queen and Long Green Bush)!
squash silverleaf (SSl) and whitefly (WF),"Were tested at high salt (3 x

SSe) and no salt (water only) concentrations. The results of class I leaf
curl dsRNA sensitivity to RNase A hydrolysis are seen in fig.4.5. The
dsRNA preparation 0was resistant to RNase A digestion In a high salt,

o

solution (0.45M NaCI) after 15 min incubation (lanes .2 and 5).,but was
c

~,

very susceptible to degradatlon When incqbated in water. only (lanes 3

and 4), thus confirming doub'(i;=$tranded nature of oless Ile~fcuriRNA
a

species. l"ambda DNA tJinc 'ij4.<;,..t molecular weight markers are
represented in lanes·1 ~nd.6.

,',

o

(J

Flg'~IS Ribonuclease(RNase A) tr~atmentof 9~RNA $pecl~~\as$ociatedwith class I
leaf curl. Lane tand 6. A. DNA Hin~lIi~'mtmOlecul~~l;weightmarker; lane 2

1..':

and 5, class I'tobacco leaf curl ds~~A~~P~Q1.~$l;3~r 15 .min incubation in
O.45M NaGI containing 1~g/ml RN,aseA; lari~'\~t ando4, .class ! dsRNA
speCies after incubation in water ancld P9/ml RN!:ise\. Relative positions (in
Idlobase) pairs) of i\ DNA Hind lII~dige$ted moleculer weight· markers are

')

indicated on the left.
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F'ig.4.a demonstn:ites the do'Uble~strandednature of the RNA species
associated with healthy'squash, SSL and WF! in a high salt solution

C'

(lanes 2Mo) the RNA species' isolated from each plant species ~nd,
t. c~ .. . o.

whitefly are resistant to RNase A digestiof., whereas In water (I~ne$6..
9);' the RNA species of a!! extracts are hydrolysed.

o

I!c_) ,;

o

Fig.4.6 Ribonu&esse (RNase A) treatment of dsRNA species associated v1(ithhealthy
squash. squash silverleaf and whitefly. Lane 1.! i\: DNA Hind iII..cut .molecular
walght marker; laneS 2..0, cisRNA species after 15 min Incubation in O.46M
NaGl containing 1pg/ml 'RNase <A:lana 2, healthy squash (av. 7'able Queen); .

F .'. 0
lane 3, healthy squash (cv. Long Green Bush); lane 4, squash $Uverleaf; lane

,j <:> _. >.. .. ..... ... . u:

5. whiteflv Lanes 6~9;d~~NA $,peclesafter Jnoub~t.tYll :n water containing
V'. ..\ . ~. . t;_.. '"

1pg/0l1RNase A; lana e, h~~thY .squash (ov. rab/~;Queen); lane i,' healthy
squash (tv: Long Green BLIsh): lane S, squash iiverleaf; lana 9, ;~hiteny.

i:'r . .. . . .. ..... •.. -....... ... . ..... '.-
Relative positions (in ldldbase pairs) of Ai DNA Hind UI-digested molecular
weight marl<ers are indicated on the left:3

o
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'the reslJlt$ of the oligo(dT) trapping of poly(AtRNA are shown in fig 4.7.

A lmown positive mRNA control (1p9) is represented in lane 1(bafore

binding to messenger affinity paper ...mAP) and lane 2 (after binding and

elut!(n). No loss nf mRNA was detected. Class i dsRNA species ~re
repr~sel1ted in 'lfllni9 3 (before binding) snd lane <4 (after binding and

/'

efetion). 'No dsRNA bands wer!J detected after binding to mAP indic~ting
t~~at the class I RNA species do not have a poly (At tail, A l<riown
negativecontrall.A. DNA (1~g), is represented in lEloe 5 (befol"a bin~ing)

rr .. " ,',", ,,' "", r' __ ,' , " - : ,-_.-;, •.1
and after bir1ing '(lane 5J. As expeoted, no band was det~,ct(3c1in fane 6.

f"~,4.i Gel electrophoresis 1ollo\1Jing the 01190(01)' irappiflfll ~f potYt.\>+RNA. lane 1,
<;

I<nown positive control dontaining ~14~o~.mRNA b~for~ binding'to I-Iy~~:nd
metsenger affinil.y paper {mAP): lana 2, kM,,"m po~.ifuJl;~,rnRNAcQntrol(1,ug) aitl$f
binding to mAP; lane 3, alfl4lSI dsRNf\:®nuaci,1'l sam"l~ before billdlng; lanG4,

,. /-

" slass I dsRNA ®~ttractionlampla after ~lldil1g to mAP;'1an~'5, kt!pwl1 negative
.control, It. ONA (1,ug) ~fore bind/fig to rnA.-; lane 6, ~nown l"Iegafurll control, A~ - ,\ '

DNA. after binding. Relative positions (ill f<iloba~e pQjI'$) if{ J\ DNA Hind 1Ii~
"diiJ6sted molt;1lcular waloht markers are indicl? c" ,11 th~ 11tlfl:.

. q

II

/1
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DsRNA pr~parations e)ttracted f~om all. plant species an~ ad\alt whitefly

were electrophoresed on a non~denaturing 1% agaro$~ gel. (flgA.8A).

Transfer at .these RNAs .was made to Hybond ..N membrane as
described c in Materials and Methods. 1\ f)reliminary study was first

carried out .using 'Iabelled dsRNA.prepared from pooled class I dsRNA
~

bands as .probe. "'Ithough th~; labelled Hind.UI DNA ~robe hybtidiz~d

effectively to the target DNA marker control (lane 2,. fig.4.8B), the
11 '.1

labeJled. R!'lA probe failed to hybridize with the target RNA on the blot.

Similarly, hybrkUzation studies ..carried out on. total RNA preparations
, 1:1

" "extracted strom 81,11 p'lant species and. whitefly, u~ing labelled ~aoled
l\ . ." • , '

class I,dsRNA bands as a probe, were unsud6essful, (data not Shown),"

S~cethe 'efficiency of hybridization' is largely related to the c!egree of
'l

denaturation of RNA samplev, it is' possible that either the target RNA

i :
I

,',)

(which was denatured by an alkali), or the labelled RNA probe (which
"

was denatured by heating), partially renatured during subsequent

steps, thereby reducing bxpridization efficiency. Sin,ce transfer ot RNA
from the gel to the nylon membrane' continued overnig~tt it is also

possible that'1:he RNA species were degraded and lost during this long

I Jcsse. Perhaps a shorter.'l:f·~til~fer time (e9. using a vacuum transfei'

I,pit) may improve the, efficiency 'of transfer, re§)ulting in better

hybrld!f~tionbetween target RNA and labt?lIed probe\$'ince Northern
~. .. . I'·· ~

blotting ';'was unsuecesstul, dot-blots were attempted~.. Preliminary
"\ ,,' " "',.'\

experiments<were carried out using control'mRNA and Cla~,? I dsRNA,
, , ' \'

samples (fig. 4::QA and 4.9B). Both le1bel,ledprobes hybridized.,to their
\\ . .' .!,

respective RNA t~t~etsldemonstrating tR~t,(i) the RNA spec)~s were

adequately d~Jnaturea:~bYheating! and (ii) th'e labelled denatu,:~~ RNA~ .. ~
probe hybridIzed, effiCientl~.\to its complementary target sequence; and

(iii) the labelling kit was functiqnal.
.I, ~,,,

,.;>:~"
'~<,,"

Q
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Fig.4o.S Hybridization of RNA extracted from-clase I leaf curl to dsRNA preparations.

A, Double-stranded RNA preparations from all pla~,t species and adult-

whitefly in ~% agarose gel stained v!llth ethidium bromide. la, Northern

blotting. Nucleic acids were transferred by capillary elution to a nylon

membrane and the blot was hybridized to RNA probe prepared from all 10

visible dsRNA species from clase I tobacco leaf curl·; Lane 1, Pst I molecular

weight maro;erj llane 2, Hind III molecular weight marker; lane 3, class I

tobacco leaf curl; lane 4, class II tobacco leaf curl; lane 5, class HI tobacco

leaf curl; lane 6, asymptomatic tobacco grown from seeds collected from

class J leaf curl; lane 7, healthy squash (C.P'iJpo cv; Table Queen); lane 8,

healthy squash (C.pepo av. Long Green Bush); lane 9, healthy squash

(e.papa av. Rone!); k:me 10, silverleaf. squash; lane 11, whitefly (Bemesia

tabac/). Relative positions (in kllobase pairs) of 'A. DNA Hind III-digested

rnolecular weight markers are indicated on the I~ft.

---~ -------_. __ ._-------_. _~---_-----~_
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A, Using control mRNA as probe
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Using pooled Class I dsRNA bands as probe
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Fig.4.9 Dot blot hybridi;zatlon of mRNA and dsRNA. A. labelled I'nRNAas probe,
Spot 1, t,nRNA50 ng; spot 2, mRNA 5 ng; spot 3, mRNA 0.5 ng. a. Labelled
dsRNAas probe. Spot 1, dsRNA 150 ng: $pot 21 dsRNA 75 ng.

Results of dot·blot hybridization studies, in which dsRNAs from, each
plant isolate .Qftl!j whitefly were probed with four separately I;CL..
labelled dsR.NA bands (4.4"" 3.6·, 3.3.. and 2,4:'I<bp). from class I leaf

,. ,,'. _,

curl, are shown in fig. 4. 'IO.

.'
_________ ~. ._~ '-------_.;~__.......o.__-'--_'___.>.O._
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d

(t

('1,

fig 4.10 petectl6.n of class I dsRNA homology by dot hybrldl~ation using f(luJ $,~parately EeL ..
Jabelied dsRNA bands,";ss probes. ,A. dot blot hybridization with labeJ!eddsRNA4.4-
kbp probe, .a. t:)6\"bl~t hybridization with labelled dsRNA 3.6-I~bp probe. Cc; D~t blot

hybridization with labelled dsRNA 3.3-kbp probe. D. ".Dot blot hybridization with
o.~/JabeU$ddsRNA 2.4 ..!<!:>pprobe..Spot ta, dsRNA 4.4~kbp band~ spot 11:>, dsRNA 3.<~\

if ',_ \ "

i/ kbp b~'ndi,$pot 10, dsRNA 3.3-~bP band; spot to, d~RNA 2.4-kbp band; spot 2a:-'
" pooled lower daRNA bands; spot 20, class II tQbacco leaf curl; sppt 20, class III
tobacco leaf curl; spot 2d, healthy squash (¢v Long Gr~-:.n,:Bush); spot Sa, healthy
squ,i;lsh (qv Rone~; spot ~~;:::s~~ash' sUverleaf; spot Sc, whitefly: spot 4a, rRNA
'.'

extracted from class I feaf curl ,positive control); spot 4b,TRNA extracted from healthy
tobacco grown from seed (negative cOl1trol).
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" HybridiZGtion studies with the four osRNA class I pr(:)bes shuwed that
each specific labelled dsRNA probe hybridized $trOE"gl~t~ its ,(jctiv~ ,.

tomplementarytarget RNA (Figs.4.1'OA, spot ia; 4.10B, spot tb; 4.1r;'~"
ape){ 10; 4.100, spot 1q). As expected, nOO$ oHMe prObe~hybridizectwifh

c.

'·pr~paration$ from healthy tobacco pl~nts. (Fig.4.10A"O; spots 4b) .•This
establishes that Jhe ,c¥~RNAprobes were uncontaminated by any h05t- ",

sp,6cific nucleic t;icids'and'lfhat the cisRNAs ~re not SLqatural ~ompol1ent
of healthy tobacco. DsRNA4.4-kbp ,and 2.4-~Dpprobes did not'hybricl,~ze[; .'. ' ' , , , , " :~(

to class II and. HI tobacco, however b\>JIi dsRNA 3.6..f(bp and 3.3~r~bP
> ' ' - "\ '\; , ' , , ,

probes hybridized wealdy totob~gpo cl~ss n lem curJdsRNA(fi9,4.10B~

anp 4.100, spot2~) and to tobaccccless HIleafcurl dsRNA(fig.4.1,OB
-', .. 1,\." "C, " . ,a I;

and 4.100, spot 20). These isolates still tested positive whan the dot-blot,
',:~ -. ' _',', " ,'_,", '. :" ',' , " "i!_, ':'_ _ ,.'," : "" , '. \.)_, ~ , , <~,

assays were_reRsated und~t'high striogenc.~' conditions (data not shown).
,< ._ . . . c ,~

In contrast, Jhe tyvo}aint spats ,(rigA.iOA, svot 2b ~nd 2c) were not
- (>

\' observed following the same high stringency eonqit~<msand are. thus
;'1

considered neg~tlve. With the axception of. dsRNA ....S.6kbp probe /)
Ii .~ c

(flg.4.10B,.Spot 1d) which'i\pybridizedweakly with the 2.4~kbpbanclJ the"
other three labelled probes did not f:)Ybridiz~ with each other. 10addit!pn~~
aU f(.ur dsRNA probes failed Jo detect t1~quertpe homology with pooled

::::1'':.;

lower class I ds~NA bands' (fig.4.10A.,O, C ~pot 2a)., jndic~ting,tha

uniqueness of the nucleotide sequences of the RNA molecules .:The tWo

healthy squash cultlvars, ~)g Gre$n Bush (Fig,4, 1OA..D, spot 2d) and
c

Ronel (fig.4.1 OA~O,spot 313), squasH silverle~f (fig.4.1 OA..D, spot3b) ~nd
~,

o

ro)!

(>

1\
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The primary objective of this project was to oharacterize the dsRNA
-'\,-:,_!i

species detected in e)dracis from tobacco plants exhibitinQ. class I leaf

curl symptoms and to establish vllhether they playa role in the etiolo~y of

leaf curl symptomology. Furthermore the pocslbility that the dsRNA

species in class itobacco show homology with the dsRNAs in \\klitefJy
.,,' "'>,

andsquash silverleaf sympfomology w~salso inv(?stigated. ' '

Results presented from thi~res.eachconfirm the consistent presehce and

double-stranded nature of at least 10 viSible RNA species isolated from

class i tobacco I~af curl plant material. Although the relative ,.moi(f)cular

weights of these 10 dsRNA fragments (Table 4,1)' correlate well with
0'

those obtained by Paximadis (1995), two additional dsRNA bands (MW

c. 5.1 and 4.4 x 19~ were observed. Itwas later discovered that theJhree

classes of tobacco plants used in this study, had become inadvertently

infected with tobacco mosaic virus (TM\!) although the symptoms were

initially masked Although several papers have been ip,ublished

concerning the number of d~RNA species associated with TMV

(PahJkaitis et al., 1983), these ;sRNA species were not always

gonsistently obtained. When the dsRNAs were purified bY CF;11

cellulose chromatography, a doublet was often observed at the Position

of ds.,1 (MW c. 5.1.6x 106) and ds-2 (MW c. 4.40 x 106) (table 4.1). ~hus,

the .additional bands observed in tobacco class Ilel:lF curl extracts may be
attributed to this TMV-dsRNA doublet. According to lelcar at al. (1981),
TMV.,infecfed tobacco p'ant~icontain, in ~dcmionto fhe viral replicative

form of <4 x 106 MW1 threl~ smaller dsRNA species with apparent

-.----.-- -- -- -~--,---
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moiecularweights'nf2l25, 1.1, and 0.23 x 10s. Consequently the top two
dsRNA bands, suspected to be contaminating tMV bands, were ~gnor!f?ld.
ln addition, only dsRNA, bands which .correlated in slze with those

, .

origil1alfy isolated by P~){imadis (1995)1' were excised ~fom,lMTagarose
gel and used for further testing. Despit~ these precaution~f It would

appear,that a T~K!sRNA species, having an apparent n~?lecular weight
c.' i" '. "'; ".

of ~pproxirr.atelyi2.25 x 106 MW, may ha've co-migrated'wlth the class I

dsRNA double#(2.44 and'2.34 x 106 MW), since hybridization studies
, . ~

using lhese tw,P class ,I dsRNA speCies as labelled probes (3.~ and 3.3

kbp) showed ~iequence homology with tobacco class Il and Hi leaf curl.
it seems pro,~able thatthEf TM\!'~SRNA'j$pecieS hybtidize~with i~$

complementa~(~targetRNA in TMV...infecte«;j class U,and III tobacco"feaf
Cl.\~ plants. Ali~PU9h these molecular welgh11dsRNAs were nQ+,\fisiblE7-p's

~._ ..,}:" .. .. .' . \, I _,_'

clear ba~ds, on\\agaroS3 gels (lanes 4and,5, rig.4.3)r it is possible that
-;~:-- . '-:\ -_', , . :.' .' \:
"they are were p~~sent in low concentrations which .oould be detected by
sensitive hybridiz~tion methods (fig.4.1 08 ..0, spots 2b and 20). in order

to cla,\~fythe ques~i9n of the,S.S..and ~;.6~kbPweak hybridization to class
1I_~ndIII tobacco, l'MV ...free tobacco would need to be tested.

Eletiltrophorafic" analysis of the dsRNA species (Fig. 4.3) shows the

;presence ot1idsRNA in infected class I leaf curl but not healthy tobacco
\ '

"'plants, suggesting the non-endogenous nature of the detected dsRNA',

species. In addition I asymptomatic plal"lts grown from seed collected fron,?:"

plants exhibiting severe class I leaf curl, do not contain dsRNA (lane 6,
fig. 4.3)~ indicating that the etiological agent is not seed transmitted.

Similarly, the 12 dsRNAs could not be detected in tobacco pl".'its

exhibiting class II and class HI symptoms indicating that the etiology or

mttchanism involved irrsymptom expression is not the same for aU threl':J
classes of leaf curl. In fact, it has been demonstrated that class m
symptoms are due to a geminMrus ~nd ,clasS Il is suspected (but not

proven, to be a genptic disorder (Paximadis, 1995). Furthermofet the dot-
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blot re$ults~emonstrate that class ,. d$(~NA are unique .:sequences,

suggesting that these RNA"n1olecufes comprise a mwltipartita genQl)1e.
Although dsRNA-3.6kbp probe weakly hybridized with class I (lsRNA

band 2.4kbp (fig. 4.108, sppt 1d), .aUother hybriciizatiom~ betwee,?,bands"
,.) .. ,

Were not detected, The reason for the 3.61'"and 2.4 ..kbp weak cross-,

hybridization is not {mown, howeverl' the possibmty that there is a small
streich of $equence homology between the two class idsRNA genome

fragments (3.6- and 2.4 ..kbp) cannot be ruled out.

Re$I~lt$ of otigo(dTJ trapping for R~\l}\'possessing a poly{A)+ tail show
\,

that.the dsRNA species isolated from class l.tobacco Iserourl are 09t

PQ!yadenylated. Reoviruses have also been round. not to pOSlSeS$ a

poly(A)'*' tail. Although most eukaryotic mRNAs .have a 3' POIY,(A)
sequences, not all plant viruses' possess eucha sequence, (801 at ~/.,. {:. . .. _

1975). Since in vitro transcription end-translation ofdsRNAs o(several

members of the genus Phytoreovirus. have been. successful (section

'1.3.3.1), it ispossible that ea~hof the class ( dsRNA segment$ is unique,
acting as template for a single mRNA molecule that, in tum, ,directs. the
synthesis of a singleviral polypeptide. McCrae etal. (1978),Jn an ~ttempt

to assign cognate RNA and pOlyp~ptidespecies, i4med to an alternate
)/

supply of reovirus messenger j:1NA, r:am~ly, the ds genome RNA
! . ,'I

segments them~elves. Urllike ssRNA speqies, the dsRNA segments
,emigrate as very tight banos, enabling all 10 segm~nts of teovirus dSRNA

to be isolated in virtuaUy pure form, th!,.ls providing a means of

det13l'mining thf? na~lJreof the polyp~ptide 'encgded by ~ach of the 10
... . )\ "

segments of reovirus dsRNA Perhaps such as.' technit1ue may be

employed in further 'studies to identiry virue-specific pplypeptidss
!~)

encoded by each crass I dsRNj\ segment in tobacco.
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the results of hybridization studies between the class idsRNA-4.4.probe

and dsRN,(\ $)<i:ractsfrom squa$h sUverleaf and whJtefly were of special

interest for two r(:\tasans.FirstlYl both Bharathsn at al. (1990) and Yokoml
et at. (1990) reported that there is an unequivocal relationship be~veen

the presence of tvlfO dsRNAs (4.2 and 4.6~kbp) in adult 'Jvhitefly and the

whitefly-mediated sUverJeaf syndrome. Since Bharathan hypothesized
that the dsRNA may be the replicative form of a vlrus or viruslike agent

causing the sUverleaf syndrome, the detection of sequence homology

between the class idsRNA-4ARbp pro~e and either squash silVerlear or

\lIfhitefty,may shed some light on the etiol.ogy ottobacco class! leaf curl
symptomology. The second reason i~'that this particular dsRNA band lies

C ,within the cryptic virus RNA siz'3 range. HowevlSr, in this ;studY1 no
, J . .. , ;:..~

detectable levels of sequence homology were observed between the

class 14.4~kbpprobe and these two extracts (fig. 4.1OAspot 3b; spot 3c).

It is significant to note that Bharathan and co-workers made no effort to

remove whitefly eggs 'and nymphs from leaf.and plant material prior to

dsRNA extraction and it is therefore likely that the two dsRNA species

detected in squash. by Bharatnan .vv ere derived from the. silvetleaf

whitefly.

High molecular weight dsRNAs were also unexpectedly detected in

extracts fromJ:wo of the three asymptomatic squash cultivars, CV. Table

Queen (MW >15.1. x 1Oaand c.6.S x 106) and Long Green BuslUMW

>15.7 x 106) intended as squash controls, The top band (MVV >15.7' x
10sh detected in both cultivars, was identified as genomic ONA as

demonstrated by its sensitivity to DNAse I (data not shown). Cv. Table
Queen was subsequently excluded from the study as the lower dsRNA

band (MW p.6.5 x 10°) could easUybe confused with dsRNA of viral

Qrigin ar"d thus lead to errcncus.concluslcna This dsRNA ~pecies may

be cellular dsRNA of un~mown originl speCific to a particular cultivar or

plant species, or may indicate the presence of a cryptic virus or latent
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viruslilte agent The detection of the$s unexpected dsRNA$ emphasizes

,the n~ecH~'evaluate healthy, symptomless seed ..grown controls and to
\i

select only those cultivars Which lack dsRNA speeles.

Althougfl no evidence "has been presented that conclHsively
qemonstrates the etiology of. class I tobacco 'feaf curl disease, two
hypotheses have emerged. Support for the latter ('5.2.2) 'IS presented.

The first hypothesis is based 011 the· ability of whitefly to induce

physiological and ~yt0logical disorders, soggesting that class I tOba~o
leaf curl may be due to hormonally mediated alterations in the plaI1tl~;

physiology induced by whitefly feeding or by a virus or virusUke agent

carried by the whitefly, This hypothesiS was·initiaily proposed based on

literature reports (McClean, 1940) thaHobaC'co leaf curl was the result of

a whitefly-transmitted geminivirus infection. Whitefly ..mectl~~tedsquash'

silverleaf was originally thought to be associated 'with h'llo distinctive

dsRNA species (c. 4.2...and 4.6-ltbp) arid ilicrs~$ed .RNA-dependent RNA
polymerase activity (Bharathan at al. 1~90 and 1992). YoRomi at
aL(1995)1 however! correlated the induct~on of leaf .silvering with the

feeding action ·of sHverleaf whitefly, suggesting rather that a toxiOQgenic

factor was involved. These investigators produced further evidenc~ by
shOwing that plant biochemical regulators such as chlormequat chloride

(a .gibberellic acid biosynthesis inhibitor) induced leaf silVering symptoms
similar to those irlduced by silverleaf whitefl~' on Cuourbita pepQ L.
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without any deRNAs being detected. "fhese results suggest that plaM

bioregulator silvering and whifefiy ..induced leaf silvering result. from
Similar hormone-m~diated alterations in growth and developm~,nt·· and

symptom expression is not necessarily a direct result of a virus or

viruslike agent, However, results from this study IDi@ flll@~ support the

hormone-mediated theorY as the two dsRNA species, iSOlated from
\' '

silverlear-associated whitefly, were not detected in the whitefly tested in

this study. Only a Single c. S.8~kbpdaRNA. was noted (lane 11i~fig. 4.3)
and no dsRNAs have been detected' in S('flash silverleaf material.

,Furthermore dsRNAs have now been shown not to be linked to
physiological disorders (Jimen~z et a/., 1995):

The second hypothesis is based dIn the detection of the dsRNA species

often a$soci~ted witH "disorders ;\)1I..Inknown~though suspapted Viral

etiology, and Villose detection has t)ften been used as evidence for viral
"

etiology when viral particles could n~)tbe purified (Dale et al., 1986). This

approach is based on the premis~\ that plants, not, infected with RNA

viruses or virus~like agents, do not cQ1ntain readily detectable amounts of

endogenoLls segments of hiQh-mol'ecular-weight (>0. ~ 't. 106) dsRNA
(U<egami et ai, 1979; DoddS at al. 1~84)'and that RNA \I .....Jea replicate

via a double strarlded intermedh~~:e. Accepting this premise, it is

suggested that the dsRNA ~~cie$, isolated from class I tobacco leaf curl,

may be viral in origin, possibly the replibaiive cisRNA of a $ingle,"sfranded

(SS) RNA virus, the genome of a doRNA virus, or some plasmid-liRe

molecule of unl<nown etiology. The possible presence of a cryptfc viru's

being responsib~e.for the dsRNA species detected can be eliminated

since cryptiC viruses are present In tlsLlally symptomless plants in low
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concentrations and do l10t consist of 10~1.2deRNA segments. Dodds at
at (1984) report that most of the cryptic viruses studied and

characterized .liave a dsRNA genome of 2~5 segmentsj with molecular
weights ranging from 0.5-2.6 x 106. ~nadditiof'l, cryptic viruses are seed-

transmitted and no csRNA species were detected in asymptomatic

tobacco plants grown from seed derived from severely affected ·class I

toPscoo·,leaf curl plants (iig.4.3). failure Of tobacoo seedlings, grown from
class I I~)af,curl seeds, •to produce class I fear curl symptoms also

eliminates the possibility that class I leaf curl is an inherited, genetic

disorder oftobacco.

It COUld be postulated '> that the dsRNA species isolated fl, ~m class I

tobacco leaf curl.iS thP replicative form (R,'F) of ssRNA viruses since"thi.$
Ii

form is the most common kind of dsRNA detected in il1i'scted plant cells.
'i

Numero~s flexuous particles resembling potyviruses (potato viru~i Y) in

morphology .~nd size Were detected in ultrastructural studies carrieG out

on thin sections prepared from enatlons of leaveS from severely infected
tobacco plants (Duyver, 1990 and PSidmadis, 1995). Howev~r, these
infections wers thought to be latent, not contribl..liing to class I leaf curl

etiology, since transmission studies, involving potyVirys purified from

tobacco exhibiting class I leaf curl symptoms, failed to induee similar

symptoms in inoculated lndicator plants (Psximadis; 1995). In !:.Iddiiioni

potyviruses do not induce visible, dsRNA species, Furthermore,

serolr"gical studies carried out by Prudmadis (1995) demonstrated that

class ! f'Saf curl tobacco plants failed to cress-react with a variety of
geminivirus antiser~. Although other (I • ndive viral particles were not

observed, this may have been the result of inadequate sampling, uneven

distribution or restriction to certain tissues, or being detectable only

during certain stages of infection.
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A siriking tese.mbfal100 0. f tobaCCQ. leaf <:url disease with sevefalle~-tlnd
(', __ . 0

plarithoppet~bom(=;diseases, 1<l1own to be caused by tha plant ...infecthlg
'1

famUlf, Re()vlrid~e,.is noted. Class ! tobaccc leaf curl p,lants possess
'/.i ,,_., . i'

i'tlany. 'featl,A,~es which are charaoteristic for some planHnfeoting
i"~.' c _ -<!t " I,'

reovigf.J'Ses, such fas the development of enations ~navein thickenings. on ,,~;

the lo\M$r leaf surfaces, t~e 'detection of at leaSi 10..12 dsRNA segments
\'

in PS\~lalIY purified pr~parationS, and transmis~ion from infected to
'/- . . )

healtl1i~rr:ipi~ntsby an in~ect \lenior. All previous aUampts were ~opU,my
a garrUflNtrus or polyvirus from eass ! tobacco teaf c~r! e~dract~and .\
reovirrtAsti~~eparticles corresponding to the structure and size (,..,55 nm)
of th~ge~:USlFijivirus subviral particle. (SVP) or cors, may e~$nyh~~?l "
peeri",qve~rp(\'{ed..Another reason which may accuunt 'for the failure to

\. '_'. . . . . H

06te9t ar~~ivirus i.s·that n:loviruses,,"fijivirusss in particulat\ are ,sen~itive. "
(\ -·~t~I,,-, " " J • _ " _ ' .. ' ..... _ c: '. . .' •• ' - _. _: :.: - - '. . . C\ ,fl

to Os \.7~~a\vof physical:o~nd chemioal.~gents', (wIG}C~,"~~r~use~ in "
gemini"iru§!~nd pofryvirus purification), and therefore Cate'lQught to b~'

i') . .•. . . i'... ... '
taken not to. expose. virus particles to the~e r~agents dur~ng purification

.. and isC)latiori processes. While pO$$e$$i~t'l,.of at~leSlst, 10 dsRNh.

segm~ht$ was the initial reason for suggesting that cfa~$ileafcur! m$Y
._ ., . 0

be a$$ociat~d with plant-infecting reovirus\9s, itwas the $lectrophQr~tio

banding patterns thathighHghtsd the remarkable simila~ity (fig .. 5.!),
Plant ..mod leafhoppers are endemiC to areas in the Eastern Transvaal

and Zimbabwe, Since the tobacco plants 'used in "thiS study were

originally colle~ted from {hesr areas;' it i15highly probable that the plants

have been in contact with these insect vectors, and it is possible that
.:~
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(Adapted: Francki, R.t.a flIfld aoecsrdo, G. 1983. tn: ihe Reoviridae)

fRg,S.1DiagramaUc repre~ntation of the relati\f~sizes of class1tobacco leaf cUl'l and
two"members o1lhe genus Pti$tOreovirIJs
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Although no evidence has been presented t~at unequivocally
demonstrates the etiology of class I tobacco ·Ieafcurl, evidence from this
research suppo,rts the hypotho~is th~t a Plant-infecting reovirus may be
invol'!sd in iha etiology of oiass I tobacco leaf curl disease. Distinctive

') features common to both class I leaf curl and certain plants infectecl by
a reovirus are:

W

m

~ '*

*
*'
'iii

(.

development of symptoms such as neoplastic tissues, vein
thickenings and stunting;
detection of 10-12 dsRNA segments in plant extracts;

:" . ,',
similar dsRN~l(bandjng pattern;

..
dsRNA segmerlts do not possess a poiy(At' tail;
each dsRNA segment hyb~fclize«seleclivel¥ to one Qsnome
fragment \'-~ ..

,. ~.

not carried in J,s study, but reporte(f byTwo ~dditiQnaffeatures,

P~imadi$(1995) are: /,/

1: - 'f~!1smissfot'{dependent on insect ventors;
not seed ...transmitted

These observations emphasize the need'.for further research rn;-~hisarea
.;" .., \

as there appears to be a number of plant diseases that, at one time or
>:.._:- ":.-' .:.;

anothei\ hava been claimed to be caused by, or associsted with reoli~e
.. viruses but the etiology of which remains obscure.

\" "
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A '10x stock solution was pref'ar~d by adding61g Trls base, 5J3gNaCl- o
" . .-

.and 3.79 EDTA to aOOml distilled water,' The pH was adjusted .to 6.8

using conceritrated ~CI and then made up to 1 ()litre .with distilled!

water.

)). '0

IS'2~2

-:

$..te..e~hatn(/Jl!(1l~)5%)
o

~, '.' . .. - . - - " . " ." ..;;. . ', .. ,' . . . . '.' '.' . -' . \'-\
100m! of 'lOx STE extraction buffer was added to 174mI1.00% ethanol

and made up to 1 litr~ with distilled water,

()

6.2.3 J:EB~ff~r (,lmMiris-Hel, Q.1mMEDTA)

I'

A 10xstock solution WaS prepared by ad~Hng12.19 Tris H(11and 3.79
n" ',' .',' " _,_.' .' I!}

EOTA to 'aOOml distill~d water. The pH was adjusted .tb 8,0 with

concentrated Hel ~Md then diluted to 1 litre VII1th9t$tilledwater.
\. '1\

))



o

i_\ a8 '

AU manipulations involving DEPC were carried out in the fume

cupJt~arcL Gloves WerEr worn 'when handling. such solutions and O,EPC-

contaminated waste Was regarded as extremely toxic and dispoRed of
\)c.accordingly. All sto6k solutions' prepare~ 't,erow WEira m~~e up in c,

" DEPC··treated water, inctlPated overnight at 3ioC and then autoclaved

for 20 min. at .15Ib/sq. \Norking solutions were 'prep~red from stock
"

sQlutions and, made. up to volume using' DEPC ..treated water,
';R!

previously incubated and autoclaved,

A 0.1 % solution was prepared by adding 1 ml DEPC to 999"ml sterile
water, The. solutiol1 was -incubated overnight at 37°C and then

autoclaved for.20 min. at 15lb/sq.

6.3.2 GU2l'ddine HOI ~«omQ~eriiiatioUlBu~~r

(8M guanidine HC! in 1QmM OTT)

<

18 rnl of aM guanidine Hel was added to 2 ml- of a O.1M DTT stock

solution prepared in OEPC ..treated water.

3.09 9 of orr was; dissolved in 20 ml of 0,01 M , .,dhJrn ~cetate (pH

, 5.2). The solutiol1 Was filter~sterilized and dispensed in 1rnl allquots

and stored at ..::woC.
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3.39 9 lithium chlorkl~"was aclded to 1.0 ml: DEPC..treated wflte~\
incubated at 31°C overnight and then autoclaved for 15..20 min at 15"

tl ,',. " .. ' .. ' o·~

'b/$q~

"'11
Ii
\1
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6.4~1',llrj$' lSor~i~ lEorA' (1SlE~Btnij®r ('

(o.oBeM ttis, O.08f)~)bo~c'acid, oi6o~~lr~pTA)
" ~(i.',jil~;!

A 10 x TaE stocl(>soIGtjorrwa~ prepared'by adding {O.8gOfJ[i(~.b~se:l

56g of borlo ac~~tand,0 mt O.5MEDr~(pH alto 8~Om! steril~dlsth~ed
water. The pH' was adju~ted to 8:3 ·wlth 'acetio .acId and the. 591uXIOh

~ade\lUP to '1litreWi:h sterne~~$tiiledwater, To pr~pa~e!: )cTBEbuffer;"
10,0mf of stock solutIon was aaded to 900 ml sterile dl~tllledwater.
I '" (," ~,s-

, . ] Q

11.4.2tra~ki~1llDye i
2% bromopfi~nol "blue ~~s dissolvoed ina 40% RNa$e~freesucrose
prepared in sterlle 're buffer: c

o
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o(®.~ WJOlEC~t~~<W1!nGH'f fj~A~tre'~S" " Q

-:i

Oc.J
Q

®.5.1 ,\Pr®p~lt<ifl~a(o)alJ@'if h!fJWM~ri(~~
0' h

To prepare lambanout molecui.ar "IVei~.t 'markers, d~;UI,.Q,fthe selsctea

restriction enzyme W~$ aad~d to 15.41 Jv.ONA, ;2 ttl of'the approp,rr~te
:!.'. . _, .' :"'. ,_ ' .. ~" "\'~' .' .'. _, ,_ ', ..' -:"_:." _ . . . _ ,,: . 0 '. . ' .. '....•..., ,I)

marker buffer and 2fli of filtered, ~uiocl;aveQ SABAX W91terin a st9rile
',:: ".. . .. ' . ' .. .. : ,' .,,\)~) ;--,~,. ", ,,: .. .,..... e, Qt.... '

eppendorHube. The tube was incuba;te~ fOr $ h'at37(lCwith ihoroug~r
q ~, .. . '_ ,"~ , .' . _: . '." '.. .' '" ; co' - _' " ". . '; _,'. ,-0.

mbdnQ every 30 min. After incubation,' 20;,.d of filter$d, autooliWlved SABA}(
o 0 Q

water~";vas addedto'tne.tube which was then em'let kept af 41>C. for;

.15' immeqiata use ac stored ~t~20¢C.
o

Cl c

;.>

«
o . "

~ft5.~'",.p$~ n M@~(f)tMlar W~i®h~MallrG{~r(Boehringer Mannhelm)
<..' ..'c \\ . . '. .' \) :.~,

(J
\'- "

Fragmentlengths (base pairs): '11497; 5971; 4147; 4507; 2,838;
2560; 2459; 2443; 2140; 1986; )

,g

t 100; 115$; 1093; 805; 514.
o



72
o

~.e.i PIr®~alG'~~8~ifuc(~~tl%l~JrrGl~a
'1~(.~~:'1:'~'I

The Rr0toco! for the preparation for e 0,9% gel' is essentially the SGlOJeas
Ct . . .' .' . ~ . . /I. . . :, "

already described in section"3.5, except0.45g of low melting temperature,
fl\9rafoSe (SeaPlaque) was. added to·.50ml 1)(TB~ buffer. The agarqse

,.!\,' . _ N~,_ _) \')

was heated in ell microwave oven and once cool, 1 ttl ethidium bromide~. ' - -- - _. - - .' -- _. - - - - - - -~

,(flOmg/ml) was adtled and the gel poure(~:intothe electrophoretiqtray ~n'cj
) ,; - 0 - - - - - .' - - -_ _. - - - , •.

allOWed to solidify.

6:6.2 4M tutMUJJm\.Ch~({!DiI'ijd®, Q

u '.~

A 4MJithium"qhloride soiut!on.was prepared by adding. 1.69 9 of lithium
chloride to '10O1tstarile distilled wa,lar.

o
CJ
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$~1.1 sse tSUlif1(I\11U' (O.15M NaCf"O.015M sodium citrate, pH 7.0)

A 20.x stock solution of sse was. prepared by dissolving 175:4 9 of
, NaCI and 88.2 9 sodiuiT1.citrate in 800 ml sterile distilled water. the pH

was.acijusted to 7.0 with a'few dropG of iON Hel' and the volume made

added to 8,5 ml sterile distilled water to prepare a 3 x sse solution.
! -'~ ". .' '. . . -', '" . -'; .

up to i litre with sterile distilled water. 1.5mt of this stock sol!J.t,iOI1'\fll·~~
" . /", ,'" "'~

--:~-"::::;,

"
6.1.2 ONax$~-f!!'~eRNase A

A. stock $~Iution of 10 mg/ml was prepared by dissolving pancreatic

RNase (R~la~~ A) "rn 10 mM Trls Hel (pH 7.5) and '15mM Nae!. The

solution was heated to 1oe-c' for 15 min and then allowed to cool

'slowly to rOOI11 temperature. The stock so!uti~~I~asdispensed iDt~.1

Iill aliquots and stored at-20°C.

A stock solution of200IJg/ml was prepared by filter-sterilizing 13.6 blfof

Proteinase K (14.7rng/ml) in 1 ml sterile disti!!ed water. 12.5 111of the.
stock solution was added to 500 IJI of sample to obtain a final

concentration of 5j..1g/ml.



· 0
A stock §jolu~o.nof Q.5% 80S was pr~pared by add,jrlg 0.5 9 SOS to

i00 ml sterile distilled wa~er.To prepare a 0.05% sol~tion,1 ml of

stock was added to 9 ml sterile distilled water.'-\. ',:' " "" . . .... ,..... . ',,:. ...... ' . . .:0 '. . .. ".~

()

n

o

(),21

n

IJ
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6.S R2AGENtSU$~D f~~.OUGO.(dT~T~~PiNG
• G o

(I

r:'

All glassware VIlas autQcla"~d and ~ak&ldov~ni9ht~f1$OOe; pi~stic G,', , ", 0

tips, eleotrophoretic ttays'and eppendorfs were~soa~erJ overnight irt 1M
NaOHo and .rinsed several times with autoqlaved, sterile OEpe-treated

\lltater. PlastlP tips and eppendoITs were Jhen ,~utoolaved for 20 min t:Jt~,
15lb/sq. 0 )

il
o [(

S.a~2~~MNaCB
I','

Ai\.:\ iiI NaCl stocl<:solution wa§ prepared by. adding' 11.8 '9 of NaC~ t(j

10b rh'. $terile 0.1 % DEPC ..treated water. The stock splution was thEm

autoclav~cf fpr 20 'min at ,15,lb/SQ{ky>fore preparing wor!dng solutions.
"_" ';;. _I";' , _ '" >,; ::~~\ <;:::'''' __ o-,,~,\.j) (, _ _• "', ",' ',',', :~~

To prepare a O.5M)NaOl solution, 10 rnl of stocl( solution was added to
C? .'" ", _ r • ,':_",., __ _' {)

30 '1'01 strrils PEPC ..treated w~ter,.To adjust the samples tq, contain ~
~, 1 ' .. " t, t;:~::;::'rI~atiOI\ofo.SMNati pIpl!l MlNaCI wa~add;d to1(~1

, '£.1 ,0'
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6.~.1 O®Ul~~~riU1~a~ff®n" (SOmM NaOH)
"''':, .

A"stock solution of 500mM NaOH was prepared by.adding 10 9 t>.laQH
-.'.)

to500 ml o~pe..treated water. To prepare a working solution. of £OmM
G !l

NaOH, .50 ml of stock solution was Eldded ·to:450 ml UEPCwtreated

water.

o
A stock solution of O.25M sodium phosphafe was prepared bl' adding

13. 9 to 400 ml OEPCwtr,eated water and the phi adjusted it> a;S·with
He!. Volume was then made up to SOOml,with OEPC ...treated water. To ';'.
pre~are a working solu~')::m'of O.025M, 50· ml of stocK solution was",

("E: if .:2

added to, 4gjO rnl DEPC'~i.reated water. ,>!,

ij

I)
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;')

16.10.1 Hybridite~tiotnl Suff®t)(SuppUed by Amersham)

Sodium chloride was added to the hybridization buffer (O;125ml/cm2) toc~:;
Qbtai!i' a final concentration of Q,SM.1fhe blocking agcilit was then
added to a finf;lI concentration of 5% (w/v). The buffer was imrrediately

c:

thoroughly mixed fcrt h at room temperature on a ma~etic :stirrer,

then.heated tq42.°C for 0.5 ..1 h with occassiQnal mb(ing.

((:;'/
()

'.::-1

6.1~.2 lQWS{rHrpg~n.~·WPb"im~lfYWash Buffer" (0.4% SOS, 1xssc)
i(' \\)(' '. ' c,
),'

('./!

Low strin~ency primary wash buffer was prepared by addin,9 4~g SQS
"'", :, _ ' ' ' .' ,< "',,, __ ",', , __ ' ,,' , " ": '\) : .: \1

in 800 mi OEPC..treated water and 50 Illi of a 20 x sse stock solution
" \'i

to 800 11'11D5PC ..~reated wa't¢r. The, buffer was made up to 1 Iitr~ and
<,

kept at 4°(;.

High ~tr'lhgency primary wash buffer was prepared by addiug 4 9 SDS

in 800 ml DEPC~treated water and 5 ml of a 20 x sse stock solution tq,
" ' " \\ ".,'

800 IiII DEPC..treated water. The buffet. was maqe up to 1 litre ard
kept at 4°C.



,~

II 18

"'.

Secondary w.~sh puffer was prepared by adding .25 m! of 20 x sse
. . -s . . -'~. . .~ . G

tt stacKsolution to 97~ ml O'EPC..treated watsr. The buffer was stored at.'. "'\:.: .:.' .' ·.·.,c'-,. . ,,,·.V
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