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Lettuce Mosaic Potyvirus is the Causal Agent of a New
Diseasan Bupleurum spp.

J.Cohen! A. Rosnef L. Maslenin! N. Mor,? M. Lampel}
M. Zeidart andA. Gerd*

Mosaicsymptomswvereseenon the ornamentaplantBupleurunfalcatum(Apiaceae)grovn

in acommerciahurseryin Israel. Examinationby electronmicroscojy (EM) of samplegrom

diseasegblantsrevealedelongatedilamentousvirus particles.Herewe provide evidencethat
B. falcatumis analternatehostfor Lettucemosaigpotyvirus(LMV). Severallinesof evidence
indicated that Bupleurum was infected by LMV, including double antibody sandwich
enzyme-linlked immunosabent assay(DAS-ELISA), immunosorient electronmicroscopy,

and sap and aphid transmissionof LMV to lettuce and other host plants. Additionally,

generalprimersderived from a consered region of the 3'-terminusof the potyvirusgenane
wereusedin areversetranscription-ptymerasechainreaction(RT-PCR assayandgave an
expectedamplificationproductof 672 bp. A similar approachwas carriedout to amplify

the correspading fragmentfrom LMV -infectedlettuce. The PCR productwas clonedand
sequecred; it encompssedan open reading frame encoding153 amino acidsand a 3’

untranslatedegion (UTR) of 273 nucledides, very similar to the coatprotein (CP) andthe
3'UTR nucleotidesequene, respectiely, of otherLMV isolates. Analysisof theaminoacid

sequeresof the putative CPof the Bupleurumisolateshaved completeidentity to thelettuce
isolateof LMV. The Bupleurumisolatehadno new nucleotidechangesvhich have notbeen
establishedn otherpublishedLMV strainsequeges.lt is conclucedthatLMV is thecausal
agentof thediseaseén B. falcatumin Israel.

KEY WORDS: Apiaceae; Bupleurum detection; electron microscopy; Lettuce mosaic
potyvirus;sequene.

INTRODUCTION

Bugdeurumfalcatum(Apiaceae)is a herbaceus peremial, native to notthern China,
northern Asia and Euroge, andusedas a filler in bouquetsandfloral arrargementy(7).
The plantwasintrodwedinto Israelin 1997 for cut flower production. During August
1998 plantsof B. falcatumcv. ‘Graffiti’ with mosaicsymptans were collectedfrom
a commecial nursery Electronmicroscoy (EM) examindion of sapfrom infectedB.
falcatumreveded filamentos virus particles. Although B. rotundifolium wasreportel to
be susceptibleo Parsnipmosaicpotyirus (PMV) (12), the virus did not reactwith an
antiserunagainsPMV providedby A. F. Murant (ScottishHorticulture Researclnstitute,
Invergowrie, Duncee, Scotland)in immuncaelectronmicroscog (IEM) decaation tests.
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The presentstudy was initiated to charaterize the causalagentof this new diseaseof
Bupleuum whichwasidentifiedasLettucemosaicpotyvirus (LMV).

MATERIALS AND METHODS

Virus source, transmission and host range Leaf samplesof B. falcatumcv. Graffiti

grovn in a commercial nursery in Israel were examinel for virus particlesusing EM.

Samplescontainirg filamentais particleswere homayenizedin 1% K ;HPQO,, and the
sapwas meclanically inoculatedto a numter of hostplant speciesincluding Capsicum
annwmL., Chenopdiumquinoa, C. amararticolor, CucumissativusL. cv. ‘Bet Alpha’,

Cucurbitapepq Datura stramonium, Gomphenaglobasa, Lactucasativacv. ‘Trocadero,

Lycopersicon esculentuncy. ‘Marmande’, Nicotiana benttamiana N. clevelandi, N.

glutinosa, N. rustica N. sylvestris N. tabacum Samsun,N. tabaam SamsunNN, N.
tabaawm Xanthi nc, N. tabacun cv. ‘White Burley’, Ocimumbasilicum Petuniahybrida

and Physalisfloridana, all predistedwith carboundum. Plantswere maintaired in the
greetouseandobsened for symptomdevelgpment.

Aphid transmission Norviruliferous apterais Myzuspersicae were rearedon healthy
Japaneseadish (Raplanussativug plants. Aphids were allowed to feedfor 5 min on

systemicallyinfected B. falcatum or N. bentlamianaleaves Five aphids were then
transferedto eachof tenhealthyB. falcatum, lettuce(L. sativg) andN. berthamianaplants.
Aphidswereallowedto feedfor 12 h, afterwhichtheplantswerespraydwith insecticides
andmaintairedin thegreemousefor developmentof sympgoms.

Virus purification and antiserum production The virus was puiified from infected
leaves of N. benthanianaas describe previously (3), with a few modifications. Then
insteadof 0.2M potassiunphosghate,pH 7.6,0.5M potassiunphsphatepH 7, wasused
asextraction buffer. Purified virus preparations(~ 0.1 mg ml 1) were emulsifiedwith
an equalvolume of Freunds incomgete adjunant andinjectedintramusciarly into both
hip musclesof 6-week-old femaleNew Zealandwhite rabhits asdescribegreviously (5).
Serumwascollected2 weeksfollowing the fourth injection. Serumwastestedoy ELISA
(2) andIEM decordion tests(11).

Electron microscopyand serology Crude plant extractsin 0.1 M phaosphatebuffer,
or purified virus preparéions, were negaively stainedwith 20 g | ~! uraryl acetateand
examired for virus in a JEOL 100CX Il electronmicrosc@e (JeolLtd., Tokyo, Japan)
For ultrathinsectionssegmeris (2 x 1 mm) excisedfrom young leavesof N. benthaniana
that shoved mosaicsymptons were fixed in 2.5% glutaraleehycde buffered with 0.1 M
sodiumcacodyate, pH 7, for 2 h. Healthycontrd leaveswere premaredsimilarly. The
samplesverethenrinsedin buffer andpostfixedin 1% OsO;, for 2 h. After awaterrinse,
thesamplesveredehydratedin a gradedacetoneseriesembededin Agar-100resin,and
polymerizedasdescrited by Orion andFrank(14). Sectionedmaterialwas stainedwith
aqueaisuraryl acetatdollowedby leadnitrateandexamired by EM. For identificationof
theserologi@l reactionf thevirus with otherpotyiruses homdogousandheterolgous
decoationreactionsveredeternined usingantigenfrom crude extractsof infectedplants.

Reverse transcription-poly merase chain reacion (RT-PCR) and sequenceanalysis
RT-PCR was carried out with N. benthaniana samplesthat testedpositive for LMV
infection by ELISA. RNA was extractedas describedpreviously (15). Oligonicleotide
primers that pernit the amplification of an ~ 672 bp fragmen of the potyviral CP gene
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and the 3" untranslatedregion (UTR) were used(8). The amyification prodict was
purified anddirectly sequencedAlternatively, DNA fragmentsof the expeded sizewere
excised from agaose gels, puiified (Gen&leanKit, BIO 101, Vista, CA, USA), and
clonedin aT/A pGEM-T Easyvecta accordng to the mandacturers protacol (Promega,
Madison,WI, USA). RecombimntplasmidDNA wasprepredwith the plasmidMidi-Kit
(Qiager Inc., Valencia,CA, USA), andthe nudeotide sequene of the clonedinsertwas
determired. Nucleotidesequening wascarriedout at the Weizmanninstitute of Science,
Rehwot, Israel,by meansof an automaticsequener, usingthe dideaxynucleotidechain
termination method(16), with both forward (T7) andreverse (SP6)primers. Nucledide
andaminoacid sequencanalyseswere perfamedwith the DNAMAN packag, versin
4 (Copyright 19941997 Lynna Biosoft, QuebecCanada)LMV -rdlatedsequeneswere
initially identified with the BLASTN and BLASTX searchprogams of the GenBank
(1). Sequenesof LMV isolatesfrom Bupleuum andlettucewere compaed with those
publistedfor otherisolategnamef theisolatesandtheir accessiomunbersaregivenas
follows: Yar, Z7827;Gr5,27828; Af199; AJ2788%; E, X9770b; O, X977M; Romaine,
U24670; Yuharg, AJ29763).

RESULTS

Fig. 1. Symptomsof Lettuce mosaicvirus (LMV) in naturally infected Bupleurum (A) and
mechanicallyinoculatedlettuce (Lactucasativg (B). Left andright are healthyand symptomatic
leaves,respectiely.

Symptoms and host range Symptans on naturally infected B. falcatun cv. Graffiti
included yellow mottling or mosaicandleaf distortian (Fig. 1A). Crudesapfrom infected
tissuewas mechanially transmittedto various test plants. The virus was consistently
sap-trasmittedfrom B. falcatumto lettuce,N. bentlamiana C. quinaa, C. amaianticolor
andG. globosa Lettuceplantsinocuatedwith sapprepmredfrom B. falcatumn developed
typical LMV symptons, includng mosaicand leaf distortion (Fig. 1B). C. quinoa and
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TABLE 1. Transmissiorof Lettucemosaicpotyvirus(LMV) from Bupleurumto differenthostplants

Inoculation method Sourcespecies Inoculatedspeces  No. of infected/ no. of inoculated
plantg
Sap N. bentamiana Lettuce 19/2¢
N. benthaniana 20/20
Bupleurum 19/20
Aphids® N. benthamiana Bupleurum 10/11
N. benthaniana 10/10
Bupleurum Bupleurum 16/17
Lettuce 9/10

#Resuls represat numberof plants that tested positive for LMV infection basedon ELISA / total numberof
plantsinoculated.

YNumbersrepresentotals for two separae experiments.

zMyzuspersicae wasusedin all aphidinoculation experiments.

C. amananticolor developed chloraic or necrdic lesionson inocuated leaves 4—6 days
post-inculationfollowed by systemicinfection G. globosadevelopedchlordic lesions
which laterbecamenecrdic on inocuatedleaves. The following plantsfailedto develop
symptans wheninoculatedwith crudeextractsof leaves of infectedB. falcatumplants
andtestednegative for LMV by ELISA: C. annuun, C. sativuscv. Bet Alpha, C. pepqg
D. stramonium L. esculentm cv. Marmande, N. clevelardii, N. glutinosa N. rustica,
N. sylvestris N. tabacum SamsunN. tabaaim SamsunNN, N. tabacun Xanthi nc, N.
tabaawm cv. White Burley, O. basilicum P. hybrida and P. floridana. LMV was also
efficiently sap-transmitteérom naturallyinfectedlettuceand mectanically inoculatedN.
benttamianato B. falcatum Infectedplantsdevelopedsymptons similarto thoseobseved
in field samplesincludng yellow chlorosisandleaf distortion

Fig. 2. Electronmicrographof purified Lettuce mosaicvirus (LMV) particlesstainedwith uraryl
acetatg/A), decoraed with specificantiserum(B) andcylindrical inclusionsinducedby LMV in a
thin sectionof NicotianabenthamiangC) (bars= 250nm).

Aphid transmission LMV wasefficiertly transmittecby M. persicaefrom infectedB.
falcatumandN. benthanianato healtty B. falcatum N. benttamianaandlettuce(Table
1). Aphid-inocuated plantsdevelogped symptons similar to thosein plantsinfectedwith
LMV by saptransmissionVirus transmissiomwasalsoascertainety ELISA.
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Electron microscopy EM of negatively stainedsamplef bothpurifiedvirus andcrude
plant sapof B. falcatum revealednumerousflexuous particles750 nm long and 12 nm
wide. Similar particleswereconsistentlyobsered in extractsof leavesfrom mechanially
inocdated N. benttamianaplantsshaving symptons. No othertypesof particleswere
obsenredin plantsapof B. falcatumor N. benttamiana EM of ultrathinsectionof infected
leavesfrom infectedN. benttamianarevealedthe presencef elorgatedrods, resembliig
virus particles,and cytopasmicinclusions in the mesoplgll andthe vascularcytopasm
of parenclgmacells. Theinclusionswerecompsedof small vesicles lipid dropletsand
pinwheel structueswhich corsist of laminatedaggregatesandscrolls (Fig. 2C). Similar
structure have beendescriledfor otherpotyviruseg(4,10).

Virus was purified from mechaircally inocuated N. benttamianaand the puiified
prepaationscortainednunmerouselongaedflexuousrodparticles(Fig. 2A). Theantiserun
prepaed againsthis virus reactedspecificallywith purifiedvirus andextrads of infected
tissues, both in decoratimn (Fig. 2B) and ELISA. All virus particleswere distinctly
decoated whenincubatedwith an LMV antiserumkindly provided by H. Lot (INRA,
Montfavet, France). No othertype of particleswasobsened in IEM that had not been
decoated by an anti-LMV antiserum Extracts from healthyand infectedtissueswere
easily differentiatedby ELISA. Positve reactionswere obtainedwith sapfrom infected
tissuedilutedupto 10~2. ELISA values(OD, ) obtainel for 1:100 diluted leaf extracts
frominfected B. falcatumandmechaically infected N. berthamianawere1.15 0.3 and
1.55 0.45 respectidly. The ELISA reading of the negative healthycontiol were 0.06
and0.09, respectiely.

cDNA cloning and sequencing DNA fragments wereamplifiedfrom LMV -infectedN.

benttamianaand naturdly infectedlettuceleavesby RT-PCR with degereratepotyvirus

primer pairs. No DNA fragmen wasamplifiedfrom unirfectedplants. Fragmets of the

expededsize(672nucledides)weredirectly subjectedo sequeneanalysis Alternatively,

the fragmentswere clored and three selectedrecomiinant plasmidswere sequenced
Deducedamino acid sequenes of the LMV isolatedfrom Bupleurun and lettucewere
competely identical. They were also very similar to those of other LMV isolates.
Nucleotice sequenceomparisonswith pulished sequenesof other LMV strainsalso
reveded a high degreeof similarity. No new nucledide modfication was found in the

Bupleuum LMV isolate,which hadnot beenestablishedn otherpublishal sequencgof

otherstrains(Fig. 3), andthe identity of the testedvirus asLMV wasthus condusively

ascertained

DISCUSSION

The hostrange,serologcal, molecularand cytopathologcal studiesdescribedn this
articleindicatethatthefilamentows virus particlesfoundin Bupleuumbelongto LMV. The
virus hasa relatively wide hostrangethatincludes mary comnon weedsandornamatal
plantssuchasTageteserectal., Eustomeagrandiflorum, OsteospermurfruticosumL. and
Gazaniaspp. (9,13,18. LMV hasa worldwide distribution (6,17). In Israelit hadbeen
repoted previously from lettuce(S. Cohen,persmal communication) but this is the first
repot of LMV in theornamentaB. falcatum

The sympgomsin B. falcatun includedyellow mottling or mosaicandleaf distortion
Sincethe virus is readily transmissibleby aphids, thereis a high risk for lettuceif no
precationsaretakento preventinfection
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Fig. 3. Nucleotidesequene alignmentof the coatproteinand a 3’ untranslatedegion fragment
of Lettuce mosaicvirus (LMV) from Bupleurum(LMV-Bup-IL) and lettuce (LMV-LetIL) with

correspoding regions of other LMV isolates. Nucleotideidentities are indicatedby a dash(-).
Nucleotidemodificationsaremarked by lowercasdetters.
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Several lines of eviderce wereusedto prove that B. falcatum wasinfectedby LMV.
TheMr of 35kDa estimatedn SDS-RAGE for thevirus coatprotein(CP; not shavn) was
similar to thosepublishel for otherLMV isolates(17). In Westernblot (nat shavn) and
particle decoation tests,specificreactiors were obtaired with the polyclonal antibalies
prepaed againstthe puiified virus. In recipracal tests,homdogous cross-ractionswere
obtaina with LMV antiserun. Alignmerts of thededwcedaminoacidsequeneof apartial
fragment of the CP geneshaved a high degree of similarity with publishedsequencgof
the comman isolateof LMV: only a few of the recoraed 672 nucledides were different
amory severd isolatesof LMV thatwereanalyed(Fig. 3).

In view of thewide distributionof LMV in lettucefieldsin Israel,andtheabundanceof
aphid, it appeasslikely thatthevirus hasbeentransmittedrom lettuceto Bupleuwum. This
assumptions suppeotedby thefactthatthe CPand3’ UTR sequenesof the LMV isolate
from Bupleuum areidenticalto thoseof thelettuceisolate.However, the charaterization
of thevirusin Bugeurumspp.providesvaluabie informationto helpgrowersto contrd the
disease.
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