Y. Antignusetal. (2002)Phytopaasitica30(5):XXX-XXX

A New Diseaseof Greenhouselomatoesin Israel Caused
by a Distinct Strain of TomatoApical Stunt Viroid (TASVd)

Y. Antignus, O.LachmanM. PearlsmanR. GofmanandM. Bar-Joseph

Using the sequentialPAGE methodfor detectionof small circular RNA moleculeswe
isolateda viroid from greenhouse-gmn tomatoplantsexhibiting severe stuntingin Israel.
The viroid wastransmittedto tomatoandto several other solanaceouplantsby graft and
mechanicalnoculation,but only tomatoplantsshaved symptomsof disease.Cloning and
sequencingevealedthatthe viroid RNA is composedf 363 nucleotideshas92% identity
with the type strain (Ivory Coaststrain) of Tomatoapical stuntviroid (TASVd) and 99%
identity with the Indonesiarstrainof this viroid. The experimentahostrangeof TASVd-Is
differs signi cantly from that of the type strainof TASVd. The possibleepidemiological
consequencdsadingto TASVd spreadn geographicallydistantareasarediscussed.
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INTRODUCTION

Viroids arethe smallesknowvn agentof infectiousdiseasesf plants.Thegenomesize
of mostviroids rangesrom 246to 399 nucleotidegnts) andconsistsof highly structured
single-strandedircularRNA moleculeghatlackacapsidproteinanddetectablenessenger
RNA activity. Taxonomically viroids aregroupedn two families,the largeroneof which
is Pospviroidae. This family includesseveral viroids thatwerefoundto causediseasén
eld- andglasshouse-cultatedtomatoplants(5). However, only Tomatoplanta mado
viroid (TPMVd) (6,7), Tomatoapical stuntviroid (TASVd) (9,24), Potato spindletuber
viroid (PSTVd) (19) and a strain of Citrus exocortisviroid (CEVd) (12) were reported
to infect tomatoesnaturally Host reactionsof all theseviroid diseasesre similar and
include stunting,apicalproliferation,apicalleaf narraving andyellowing, leaf crinkling,
brittlenesof leaftissueandleaf necrosis.

The biological and molecularcharacteristicof tomato-infectingviroids have been
documentedh the past. The TPMVd diseaséhasbeenrecordednly in Mexico, whereits
spreads limited to regionswith meantemperatureabove 22 C. Theviroid wasisolated
andits nucleotidesequencevasfoundto have 75% identity with the sequencef TASVd
(9). A distinct strain of CEVd designatedCEVd-t is reportedto causethe buncly top
diseaseof tomatoesin India (12). TASVd was found and biologically characterizedn
thelvory Coast,but no dataon its epidemiologyor economicdamageaverereported(24).
Its nucleotidesequencavas determinedand basedon that informationit was classi ed
as a speciesof the family Pospviroidae (9). An Indonesianstrain of TASVd eliciting
severesymptomsin tomatoeswvas sequencedy Candressetal. (3) andfoundto share
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91.5% identity with the Ivory Coaststrain of TASVd; however, no information on its
biological characteristicandeconomicaimportancehasbeenpresentedA third distinct
strainof TASVd wasisolatedfrom theornamentaplantSolanunpseudocapsicurndwas
found to have 92.1% sequenceadentity with TASVd-lvory Coast. Although this viroid
(designated’ASVd-S)is consideredh strainof TASVd, it wasnot found on tomatoesn
nature;however, tomatoplantscanbe infectedexperimentallyby mechanicalnoculation
(22).

In this paperwe reporton the biologicalandmolecularcharacterizatioof a variantof
TASVd- Indonesighathascausedsererelosseqo greenhouse-gren tomatoplantsin the
coastakegion of Israelsince1999.

MATERIALS AND METHODS

Viroid source and culture maintenance Infectedtomato plantswere collectedfrom

two differentgrowing areasin the coastalregion of Israel. The diseasevastransmitted
to tomatoplants (Lycopesicon esculentuncy. "Marmande')by grafting or mechanical
inoculationandtheseplantssenedasviroid propagtionhosts.All plantswerekeptin an

insect-proofgreenhousandtreatedregularly with insecticides.

Isolation of the viroid Leaf andyoungstemtissuesfrom infectedtomatoplantswere
usedfor viroid isolationaccordingto Semanciket al. (21), with minor modi cations (2).
Theviroid nucleicacid preparatiorwasfurtherseparatethy sequentiaPAGE accordingo
Rivera-Bustamentetal. (17). Visualizationof theviroid bandwasdoneby silver staining
(8). For determinatiorof infectivity, unstainedyel sliceswerehomogenizedn waterand
rubbedgentlyover carburundum-dustetbmatoleaves.

Molecular cloning Theviroid RNA senedasatemplatefor thesynthesiof cDNA after
its denaturatiorby incubationin 10 mM methyl mercurichydroxideat roomtemperature
for 7 min. First strandc-DNA synthesisvascarriedoutin the presencef “expandreverse
transcriptase(BoehringeMannheimMannheim,Germary) anda primeroligonucleotide
complementaryo the publishedsequencef CEVd: 5’CGGGGATCCCTGAAGGACTT
3' (positions78-97in CEVd). Thereactionwasincubatedat42 C for 45min. Polymerase
chainreaction(PCR)ampli cation of the full-length viroid cDNA wascarriedoutdirectly
onthe rst strandcDNA templatein the presencef the abose mentioneccomplementary
primer and the senseprimer 5 GGGAAACCTGGAGGAAGTCG 3' (positions98-117
in CEVd). TheresultingPCR productwasclonedbetweerthe "A' terminiof pPCR 2.1
(Invitrogen,De SchelptheNetherlands)An EcoRIfragmenicontainingtheviroid genome
wassubclonedn pBluescriptK S+ (Promega, Madison WI, USA). Thecloningof asecond
viroid isolatewasdonesimilarly but the cloning stepwascarriedoutin pGemTinsteadof
pCR 2.1.

Sequencingand alignment analysis Threedifferentclonesof eachof the two Israeli
geographicalsolateswere taken for sequencing.Both orientationsof eachclone were
sequencedy an automaticsequencelHitachi ABI Prisma3700 DNA Analyzer PE
Biosystems FosterCity, CA, USA) using universalprimers(M13 Reverse,and T7 for
pCR 2.1andT7,andSP6for pGemT).Sequencingvasdoneatthe Sequencingenter
of the Weizmanninstituteof Science Rehaovot, Israel. Alignmentanalysisvascarriedout
by meansf BLASTN 2.0.13(http://wwwncbi.nlm.nih.ge/gorf/wblast.cgi).
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Preparation of a radiolabeledribopr obe Viroid clonesin pGemTwerelinearizedwith
Sall (for T7 transcription)or with Ncol (for SP6transcription). Usually a T7 transcript
of the plasmidsened for the riboprobepreparation. In vitro transcriptionwas carried
out in 200 mM Tris-HCI containing30 mM MgCl 10 mM spermidine,50 mM NacCl
andin the presenceof [ - P] UTP 3000 Ci /mmole (AmershamPharmaciaBiotech,
BuckinghamshireUK). rNTPswere usedat a nal concentratiorof 0.5 mM (100 M
UTP).

Hybridization Northernblotting of the viroid nucleic acid was carried out after frac-
tionating the nucleic acid on denaturingagarosegels (19). Transferto nitrocellulose
membranegSchleicher& Schuell, Dassel,Germary) was carried out overnightin the
presencef 10 SSChby capillarytransfer

Denaturingof the puri ed viroid RNA for hybridization was done by mixing equal
volumesof the nucleic acid preparationand a denaturingbuffer (10% formaldelyde in
8 SSC)followedby 15 minincubationat65 C.

Detectionof TASVd in crude sap Spothybridizationwith crudeplantsapwascarried
out by grinding ve 8-mm-diamleaf discsfrom eachplantin the presenceof 0.5 ml of
10 mM NaOH. The resultinghomogenatesvere centrifugedfor 5 min in an Eppendorf
microfugeand10-40 | of the supernatantvas spottedonto a nylon membrangGelman
SciencesAnn Arbor, MI, USA). Volumedargerthan10 | wereprocessedsingavacuum
manifold. Pretybridization and hybridization were performedas describedbefore (1).
Signalswere recordedby membranesxposurein a Bio-Imaging Analyzer Bas 1500 P
Readel(Fuji Im, Tokyo, Japan).

RESULTS

Diseasesymptoms, epidemiology and host range Tomato plantsexhibiting stunting,
leaf deformation, yellowing and brittlenesswere found in a few commercial plastic
greenhousest different locationsin the coastalregion of Israel during the spring and

summerof 1999 and 2000. The shortenednternodesresultedin a ‘compact' bunchy

appearancef infectedplants(Fig. 1). Thefruits from infectedplantswere considerably
reducedin sizeandhad a palered discoloration. In all caseshe rate of diseasespread
wasfast,resultingin a diseaséncidenceof nearly100%andheavy yield loss. The spatial
patternof diseasespreadwas not sporadic,almostalways progressingalong plant rows.

Under experimentalconditionsthe causalagentof the diseasewas readily transmitted
from infectedto healtly tomatoplantseither by grafting or by mechanicainoculation.
Symptomsappeare@bout? weekspost-inoculation.

Thefollowing indicatorhostswereinoculatednechanicallyandfoundto besusceptible
to the viroid isolatedfrom greenhouse-gmen tomatoes:L. esculentuncv. Marmande,
Nicotiana benthamiana Nicotiana sylvestris,Nicotiana rustica, Nicotianatabacumcv.
SamsunNicotianatabacumcv. White Burley, Physalis oridana. All of the plantsexcept
tomatoweresymptomlessarriersof thediseaseThetestplantsimmuneto infectionby the
viroid were: Chenopodiumamarmanticolor, Cucumismelocv. Galia, Citrullus lanatuscv.
Mallali, Cucumissativuscv. Beit Alpha, Cucurbitapepocv. Beiruti, Datura stramonium,
Petuniahybrida, Nicotianaglutinosa,Nicotianaclevelandii, Capsicumannuumcv. Maor,
Gomphenaglobosa, Vigna sinensis,Ocimumbasilicum. In eachcasesusceptibilityor
immunity wascon rmed by reinoculationto tomatotestplantsandby spothybridization.
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Fig. 1. Symptomsof thelsraelistrainof Tomatoapical stuntviroid (TASVd-Is) ontheapicalpartof
a greenhouse-gwen tomato,Lycopesiconesculentuncv. 870 (R). The apicalpartof anuninfected
tomatoplant(L).
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Fig. 2. Fractionationof partially puri ed nucleicacid preparationf the Israeli strain of Tomato
apical stuntviroid (TASVd-Is) by sequentiapolyacrylamidegel electrophoresi¢sFAGE) (lanes1,
2). Thenucleicacidsof CEVd, 371nt; CBLVd, 318nt; HSVd, 297 nt; andCVd IV, 284 nt, sened
assizemarkers(lane3).
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Fig. 3: NucleotidesequencéGenbankaccessioNo. AY062121)and presumedsecondanstructureof the Israeli strain of Tomatoapical stuntviroid

(TASVd-Is). Nuclectidedifferencesascomparedvith the Indonesiarstrainof TASVd (Embl accessioNo. X06390)areindicatedby boxes, while the

singledifferencen thesequencef thetwo Israeligeographicaisolatess markedby averticalarron. Theputative functionaldomainsandtheirboundaries
areindicatedabove the sequence.



Isolation of the viroid nucleic acid Fractionationof the viroid nucleicacid by PAGE
shaved the presenceof a distinct bandin the puri ed preparation. The mobility of this
bandwas slightly fasterthanthe mobility of the bandfrom RNA isolate#225of CEVd
(Fig. 2). Inoculationof excisedbandsto tomatotestplantsresultedin symptomsdentical
to thoseobsenedin naturallyinfectedplants(not shawvn).

Sequencealetermination Theviroid genomeconsistof 363nts(GenBankaccessiomo.
AY062121)(Fig. 3). Therewas99.7%identity betweeriwo differentgeographicaisolates
of theviroid understudy(Fig. 3). Alignmentanalysisof the TASVd-Is sequenceevealed
61% identity with CEVd, 70% identity with PSTVd,and72% identity with TPMVd (not
shavn). However, therewas 92% identity with the Ivory Coaststrain of TASVd, 87%
identity with TASVd-S and 99% identity with the Indonesianstrain of TASVd. The
TASVd-Is differs from this strainby a deletionof one G at position 100 (C domain)and
oneextraU atposition187 (T2 domain)(Fig. 3).

Detectionin crude sap A riboprobepreparedrom theclonedviroid nucleicacidreacted
with puri ed TASVd-Is but not RNA from healtly plantsfollowing Northernblot analysis.
A very faint signalwasobtainedwhenhybridizedwith CEVd, which is 70% identicalto
TASVd (Fig. 4a). The sensitvity of the probewas determinedusinga seriesof twofold
dilutionsof a predetermine@mountof the puri ed viroid. Detectionthresholdn dot-spot
hybridizationwas2.8 ng (Fig. 4b).

Spotting of crude sap obtainedby homogenizatiorof leaf discsin 10 mM sodium
hydroxidealloweda speci ¢ detectionof theviroid in infectedplants(Fig. 5).

Fig. 4. The speci city (a) and sensitvity (b) of a riboprobefor detectionof the Israeli strain of

Tomatoapical stuntviroid (TASVd-Is). (a) Northernblot of TASVd-Is (lanes2, 3), Citrus exocortis
viroid (CEVd) (lane 4) and a nucleic acid preparationextractedfrom healtly tomatoplants(lane
1). Nucleic acidswere separate@n a 3% denaturingagarosegel and hybridized with a riboprobe
preparedrom clonedTASVd-Is cDNA. (b) To testthe sensitvity of theprobe,3 | aliquotsfrom a
seriesof two-fold dilutions of denatureguri ed TASVd-Is werespottedontoa nylon membranedn

triplicatefor hybridizationanalysisdetectionthresholdby this procedurevas2.8ng.
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Fig. 5. Detectionof the Israeli strain of Tomato apical stunt viroid (TASVd-Is) in crude sap
preparationsfrom different host plants: (1) Healtty Lycopesicon esculentum,(2) infected L.
esculentum(3) healtly Nicotianabenthamiana(4) infectedN. benthamiana(5) healtty Nicotiana
sylvestris (6) infectedN. sylvestris.100 mg leaf tissueof the testedplantswashomogenizedn 200

| 10 mM NaOHand10- | samplef eachwerespottedmanuallyonto a membranen triplicate.
Dot spothybridizationwascarriedoutwith a  P-labelediboprobepreparedrom theclonedviroid
cDNA.

DISCUSSION

TASVd was rst foundin thelvory Coastin open eld plots(24). However, thepresent
work is the rst reporton the spreadof this diseasein greenhouseand its devastating
effects on commercialtomato cultivars. Basedon biological propertiesand sequence
analysis(Fig. 3), the viroid that wasisolatedin Israelfrom greenhouse-gren tomatoes
is astrainof TASVd, whichwe have designatedASVd-Is.

The experimentalhost range and symptomatologyof TASVd-Is differ signi cantly
from thoseof thetypestrainof TASVd. Only tomatoeseactedwvith symptomdo infection
by TASVd-Is. N. benthamianal. tabacuncv. SamsurandP. oridana weresymptomless
carriersof TASVd-Is, but develop symptomswvheninfectedwith the Ivory Coaststrainof
TASVd (24). TheplantsP. hybridaandN. glutinosashavedsymptom=f TASVd (24), but
wereimmuneto TASVd-Is.

TASVd-Is spreadn greenhouseleganfrom someinitial foci of unknavn origin. The
rapid secondaryspreadalong the rows can be explained by plant-to-plantcontactand
handlingof tools. It cannotberuled outthat TASVd may have beenspreadby pollinating
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bumble beeswhich wereactive in thesegreenhousesPSTVdwasreportedpreviously to
be highly pollen-transmissiblé4), althoughno evidencefor this type of transmissiorwas
reportedfor TASVd.

The 363 nucleotidesequenceof TASVd-Is differs considerablyfrom the 360 nts
sequencef thelvory Coasttypestrain(9,22),althoughit is very similar to the Indonesian
strain of TASVd. Its secondarystructureis similar to those of other Pospviroidae,
consistingof short base-pairedegions interspersedvith small internal loops (Fig. 3).
Sequencdifferencesfound betweenthe Ivory Coaststrain of TASVd and TASVd-Is
strengtherthe conceptthat the pathogenicityand variabledomainsare the mostvariable
partsin theRNA genomeasfoundfor strainsof PSTVd(14,16).Thesigni cant sequence
differencedoundin the pathogenicitydomainof TASVd (Ivory Coaststrain)and TASVd-
Is (8 nucleotidechanges¥eento becloselycorrelatedvith thesigni cant differencefound
in thesymptomatologyndhostrangeof thesetwo viroid strains.They areconsistentvith
the suggestiorthatthe pathogenicitydomainmodulatessymptomexpressionasfoundfor
PSTVdandCEVd (20,23).

The reasondfor the close similarity betweenthe Indonesianand Israeli isolatesof
TASVd areunknavn. However, the possibility cannotbe ruled out thatin both countries
the tomatoplantsbecaménfectedfrom a vegetatizely infectedhostplantwhich occurred
independentlyin the two locations. Seedtransmissiorwas reportedfor someviroids in
tomato(10) but not for TASVd. However, this type of spreadmay also accountfor the
spreadbf TASVd to differentgeographicahreas.

The potentialeconomidmpactof viroid disease®n agriculturalproductionled to the
developmentof indexing procedureglirectedto eliminatecontaminategblant material. A
rangeof diagnosticprocedurespasedmostly on nucleic acid hybridization and reverse
transcriptiorcoupledwith thepolymerasehainreaction(RT-PCR),becamepopularfor the
practicaldiagnosisof viroid disease$13,15). The sampleextractionis the mostlaborious
andtime-consumingstepin nucleicacid-basedliagnosticandcontaminatiorwith various
plant compoundsoften affects the speci city of the hybridizationtests. Few alternatve
procedureswvere applied previously to overcometheselimitations. Levy et al. (11)
describeda simplemethodof nucleicacid extractionusinga commerciakit andrecently
Nakaharaet al. (13) reportedextractionafterthe immersionof tissuein potassiumethyl
xanthogenateln an effort to simplify sampleprocessinganimprint-hybridizationbased
on tissueblotting techniquesvasdeveloped(18). In the presenttommunicatiorwe have
describeda simple andrapid procedureto detectTASVd in crude preparationobtained
by tissuehomogenizatiorin 10 MM NaOH. This proceduresnabledspeci ¢ detectionof
TASVd-Isin tissuedrom bothsymptomatiandsymptomles$osts.
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