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Lettuce MosaicPotyvirus is the CausalAgent of a New
Diseasein Bupleurum spp.
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Mosaicsymptomswereseenon theornamentalplantBupleurumfalcatum(Apiaceae)grown
in acommercialnurseryin Israel.Examinationby electronmicroscopy (EM) of samplesfrom
diseasedplantsrevealedelongatedfilamentousvirusparticles.Hereweprovideevidencethat
B. falcatumisanalternatehostfor Lettucemosaicpotyvirus(LMV). Severallinesof evidence
indicated that Bupleurum was infected by LMV, including double antibody sandwich
enzyme-linked immunosorbent assay(DAS-ELISA), immunosorbent electronmicroscopy,
and sap and aphid transmissionof LMV to lettuce and other host plants. Additionally,
generalprimersderivedfrom a conservedregion of the3’-terminusof thepotyvirusgenome
wereusedin a reversetranscription-polymerasechainreaction(RT-PCR) assayandgave an
expectedamplificationproductof 672 bp. A similar approachwascarriedout to amplify
the corresponding fragmentfrom LMV-infectedlettuce. The PCRproductwasclonedand
sequenced; it encompassedan open reading frame encoding153 amino acids and a 3’
untranslatedregion (UTR) of 273 nucleotides,very similar to the coatprotein(CP)andthe
3`UTRnucleotidesequence,respectively, of otherLMV isolates.Analysisof theaminoacid
sequencesof theputativeCPof theBupleurumisolateshowedcompleteidentity to thelettuce
isolateof LMV. TheBupleurumisolatehadno new nucleotidechangeswhich have not been
establishedin otherpublishedLMV strainsequences.It is concludedthatLMV is thecausal
agentof thediseasein B. falcatumin Israel.
KEY WORDS: Apiaceae; Bupleurum; detection; electron microscopy; Lettuce mosaic
potyvirus;sequence.

INTRODUCTION

Bupleurumfalcatum(Apiaceae)is a herbaceousperennial, native to northernChina,
northern Asia andEurope, andusedas a filler in bouquetsandfloral arrangements(7).
The plant was introduced into Israel in 1997 for cut flower production. During August
1998, plantsof B. falcatumcv. ‘Graffiti’ with mosaicsymptoms were collectedfrom
a commercial nursery. Electronmicroscopy (EM) examination of sapfrom infectedB.
falcatumrevealed filamentous virus particles.Although B. rotundifolium wasreported to
be susceptibleto Parsnipmosaicpotyvirus (PMV) (12), the virus did not reactwith an
antiserumagainstPMV providedby A. F. Murant (ScottishHorticultureResearchInstitute,
Invergowrie, Dundee, Scotland)in immunoelectronmicroscope (IEM) decoration tests.
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The presentstudy was initiated to characterize the causalagentof this new diseaseof
Bupleurum whichwasidentifiedasLettucemosaicpotyvirus(LMV).

MATERIALS AND METHODS

Virus source, transmission and host range Leaf samplesof B. falcatumcv. Graffiti
grown in a commercial nursery in Israel were examined for virus particlesusing EM.
Samplescontaining filamentous particleswere homogenizedin 1% K 	 HPO
 , and the
sapwasmechanically inoculatedto a number of hostplant speciesincluding Capsicum
annuumL., Chenopodiumquinoa, C. amaranticolor, CucumissativusL. cv. ‘Bet Alpha’,
Cucurbitapepo, Datura stramonium,Gomphrenaglobosa, Lactucasativacv. ‘Trocadero’,
Lycopersicon esculentumcv. ‘Marmande’, Nicotiana benthamiana, N. clevelandii , N.
glutinosa, N. rustica, N. sylvestris, N. tabacum Samsun,N. tabacum SamsunNN, N.
tabacumXanthi nc, N. tabacum cv. ‘White Burley’, Ocimumbasilicum, Petuniahybrida
andPhysalisfloridana, all predustedwith carborundum. Plantsweremaintained in the
greenhouseandobserved for symptomdevelopment.

Aphid transmission Nonviruliferous apterous Myzuspersicaewere rearedon healthy
Japaneseradish(Raphanussativus) plants. Aphids were allowed to feed for 5 min on
systemicallyinfected B. falcatum or N. benthamiana leaves. Five aphids were then
transferredto eachof tenhealthyB. falcatum, lettuce(L. sativa) andN.benthamianaplants.
Aphidswereallowedto feedfor 12h, afterwhichtheplantsweresprayedwith insecticides
andmaintainedin thegreenhousefor developmentof symptoms.

Virus purification and antiserum production The virus was purified from infected
leavesof N. benthamianaas described previously (3), with a few modifications. Then,
insteadof 0.2M potassiumphosphate,pH 7.6,0.5M potassiumphosphate,pH 7, wasused
asextraction buffer. Purifiedvirus preparations( � 0.1 mg ml � 
 ) wereemulsifiedwith
an equalvolumeof Freund’s incomplete adjuvant andinjectedintramuscularly into both
hip musclesof 6-week-old femaleNew Zealandwhite rabbits asdescribedpreviously (5).
Serumwascollected2 weeksfollowing thefourth injection. Serumwastestedby ELISA
(2) andIEM decoration tests(11).

Electron microscopyand serology Crude plant extracts in 0.1 M phosphatebuffer,
or purified virus preparations, werenegatively stainedwith 20 g l � 
 uranyl acetateand
examined for virus in a JEOL 100CX II electronmicroscope (JeolLtd., Tokyo, Japan).
For ultrathinsections,segments (2 x 1 mm) excisedfrom young leavesof N. benthamiana
that showed mosaicsymptoms were fixed in 2.5% glutaraldehyde buffered with 0.1 M
sodiumcacodylate, pH 7, for 2 h. Healthycontrol leaveswerepreparedsimilarly. The
sampleswerethenrinsedin buffer andpostfixedin 1% OsO
 for 2 h. After a waterrinse,
thesamplesweredehydratedin a gradedacetoneseries,embeddedin Agar-100resin,and
polymerizedasdescribed by Orion andFrank(14). Sectionedmaterialwasstainedwith
aqueousuranyl acetatefollowedby leadnitrateandexaminedby EM. For identificationof
theserological reactionsof theviruswith otherpotyviruses,homologousandheterologous
decorationreactionsweredeterminedusingantigenfrom crude extractsof infectedplants.

Reverse transcription-poly merase chain reaction (RT-PCR) and sequenceanalysis
RT-PCR was carried out with N. benthamiana samplesthat testedpositive for LMV
infection by ELISA. RNA was extractedas describedpreviously (15). Oligonucleotide
primers that permit the amplification of an � 672 bp fragment of the potyviral CP gene

2 J.Cohenetal.



and the 3` untranslatedregion (UTR) were used(8). The amplification product was
purifiedanddirectly sequenced. Alternatively, DNA fragmentsof theexpectedsizewere
excised from agarose gels, purified (GeneClean Kit, BlO 101, Vista, CA, USA), and
clonedin aT/A pGEM-T Easyvector according to themanufacturer’s protocol (Promega,
Madison,WI, USA). RecombinantplasmidDNA waspreparedwith theplasmidMidi-Kit
(Qiagene Inc., Valencia,CA, USA), andthenucleotidesequenceof theclonedinsertwas
determined. Nucleotidesequencing wascarriedout at theWeizmannInstituteof Science,
Rehovot, Israel,by meansof an automaticsequencer, usingthe dideoxynucleotidechain
termination method(16), with both forward (T7) andreverse(SP6)primers. Nucleotide
andaminoacidsequenceanalyseswereperformedwith theDNAMAN package, version
4 (Copyright 1994-1997, Lynnon Biosoft,Quebec,Canada).LMV-relatedsequenceswere
initially identified with the BLASTN and BLASTX searchprograms of the GenBank
(1). Sequencesof LMV isolatesfrom Bupleurum andlettucewerecompared with those
publishedfor otherisolates(namesof theisolatesandtheiraccessionnumbersaregivenas
follows: Yar, Z78227;Gr5,Z78228;Af199; AJ278854; E, X97705; O, X97704; Romaine,
U24670;Yuhang, AJ297630).

RESULTS

Fig. 1. Symptomsof Lettuce mosaic virus (LMV) in naturally infected Bupleurum (A) and
mechanicallyinoculatedlettuce(Lactucasativa) (B). Left and right arehealthyand symptomatic
leaves,respectively.

Symptoms and host range Symptoms on naturally infectedB. falcatum cv. Graffiti
included yellow mottling or mosaicandleaf distortion (Fig. 1A). Crudesapfrom infected
tissuewas mechanically transmittedto various test plants. The virus was consistently
sap-transmittedfrom B. falcatumto lettuce,N. benthamiana, C. quinoa, C. amaranticolor
andG. globosa. Lettuceplantsinoculatedwith sappreparedfrom B. falcatum developed
typical LMV symptoms, including mosaicand leaf distortion (Fig. 1B). C. quinoa and
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TABLE 1. Transmissionof Lettucemosaicpotyvirus(LMV) from Bupleurum to differenthostplants

Inoculationmethod Sourcespecies Inoculatedspecies No. of infected/ no. of inoculated
plants�

Sap N. benthamiana Lettuce 19/20�
N. benthamiana 20/20
Bupleurum 19/20

Aphids� N. benthamiana Bupleurum 10/11
N. benthamiana 10/10

Bupleurum Bupleurum 16/17
Lettuce 9/10

� Results represent numberof plants that tested positive for LMV infection basedon ELISA / total numberof
plants inoculated.
� Numbersrepresent totals for two separate experiments.
� Myzuspersicaewasusedin all aphidinoculation experiments.

C. amaranticolor developedchlorotic or necrotic lesionson inoculated leaves4–6 days
post-inoculationfollowed by systemicinfection. G. globosadevelopedchlorotic lesions
which laterbecamenecrotic on inoculatedleaves. Thefollowing plantsfailed to develop
symptoms when inoculatedwith crudeextractsof leaves of infectedB. falcatumplants
andtestednegative for LMV by ELISA: C. annuum, C. sativuscv. Bet Alpha, C. pepo,
D. stramonium, L. esculentum cv. Marmande, N. clevelandii, N. glutinosa, N. rustica,
N. sylvestris, N. tabacum Samsun,N. tabacum SamsunNN, N. tabacum Xanthi nc, N.
tabacum cv. White Burley, O. basilicum, P. hybrida and P. floridana. LMV was also
efficiently sap-transmittedfrom naturallyinfectedlettuceandmechanically inoculatedN.
benthamianato B. falcatum. Infectedplantsdevelopedsymptomssimilar to thoseobserved
in field samples,including yellow chlorosisandleafdistortion.

Fig. 2. Electronmicrographof purified Lettucemosaicvirus (LMV) particlesstainedwith uranyl
acetate(A), decorated with specificantiserum(B) andcylindrical inclusionsinducedby LMV in a
thin sectionof Nicotianabenthamiana(C) (bars= 250nm).

Aphid transmission LMV wasefficiently transmittedby M. persicaefrom infectedB.
falcatumandN. benthamiana to healthy B. falcatum, N. benthamianaandlettuce(Table
1). Aphid-inoculatedplantsdevelopedsymptoms similar to thosein plantsinfectedwith
LMV by saptransmission.Virus transmissionwasalsoascertainedby ELISA.
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Electron microscopy EM of negatively stainedsamplesof bothpurifiedvirusandcrude
plant sapof B. falcatum revealednumerousflexuous particles750 nm long and 12 nm
wide. Similarparticleswereconsistentlyobserved in extractsof leavesfrom mechanically
inoculatedN. benthamianaplantsshowing symptoms. No other typesof particleswere
observedin plantsapof B. falcatumorN.benthamiana. EM of ultrathinsectionsof infected
leavesfrom infectedN. benthamianarevealedthepresenceof elongatedrods, resembling
virus particles,andcytoplasmic inclusions in the mesophyll and the vascularcytoplasm
of parenchymacells. The inclusionswerecomposedof small vesicles,lipid dropletsand
pinwheel structureswhich consist of laminatedaggregatesandscrolls(Fig. 2C). Similar
structures havebeendescribedfor otherpotyviruses(4,10).

Virus was purified from mechanically inoculated N. benthamiana and the purified
preparationscontainednumerouselongatedflexuousrodparticles(Fig. 2A). Theantiserum
preparedagainstthis virus reactedspecificallywith purifiedvirus andextracts of infected
tissues,both in decoration (Fig. 2B) and ELISA. All virus particleswere distinctly
decoratedwhen incubatedwith an LMV antiserumkindly provided by H. Lot (INRA,
Montfavet, France). No other type of particleswasobserved in IEM that hadnot been
decoratedby an anti-LMV antiserum. Extracts from healthyand infectedtissueswere
easilydifferentiatedby ELISA. Positive reactionswereobtainedwith sapfrom infected
tissuesdilutedup to 10 � 	 . ELISA values(OD
���� ) obtained for 1:100 dilutedleaf extracts
from infected B. falcatumandmechanically infected N. benthamianawere1.15� 0.35 and
1.55� 0.45, respectively. The ELISA readings of the negative healthycontrol were0.06
and0.09, respectively.

cDNA cloning and sequencing DNA fragmentswereamplifiedfrom LMV-infectedN.
benthamianaandnaturally infectedlettuceleavesby RT-PCRwith degeneratepotyvirus
primerpairs. No DNA fragment wasamplifiedfrom uninfectedplants.Fragments of the
expectedsize(672nucleotides)weredirectlysubjectedto sequenceanalysis.Alternatively,
the fragmentswere cloned and three selectedrecombinant plasmidswere sequenced.
Deducedaminoacid sequences of the LMV isolatedfrom Bupleurum and lettucewere
completely identical. They were also very similar to those of other LMV isolates.
Nucleotide sequencecomparisonswith published sequencesof other LMV strainsalso
revealed a high degreeof similarity. No new nucleotide modification was found in the
Bupleurum LMV isolate,which hadnot beenestablishedin otherpublished sequences of
otherstrains(Fig. 3), andthe identity of the testedvirus asLMV wasthusconclusively
ascertained.

DISCUSSION

The hostrange,serological, molecularandcytopathological studiesdescribedin this
articleindicatethatthefilamentousvirusparticlesfoundin Bupleurumbelongto LMV. The
virus hasa relatively wide hostrangethat includes many common weedsandornamental
plantssuchasTageteserectaL., Eustomagrandiflorum, OsteospermumfruticosumL. and
Gazaniaspp. (9,13,18). LMV hasa worldwide distribution (6,17). In Israelit hadbeen
reportedpreviously from lettuce(S. Cohen,personal communication), but this is thefirst
report of LMV in theornamentalB. falcatum.

Thesymptomsin B. falcatum includedyellow mottling or mosaicandleaf distortion.
Sincethe virus is readily transmissibleby aphids, thereis a high risk for lettuceif no
precautionsaretakento preventinfection.
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Fig. 3. Nucleotidesequence alignmentof the coat protein and a 3’ untranslatedregion fragment
of Lettucemosaicvirus (LMV) from Bupleurum(LMV-Bup-IL) and lettuce (LMV-Let.IL) with
corresponding regions of other LMV isolates. Nucleotideidentitiesare indicatedby a dash(–).
Nucleotidemodificationsaremarkedby lowercaseletters.
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Several lines of evidence wereusedto prove that B. falcatum wasinfectedby LMV.
TheMr of 35kDa estimatedin SDS-PAGE for thevirus coatprotein(CP;notshown) was
similar to thosepublished for otherLMV isolates(17). In Westernblot (not shown) and
particledecoration tests,specificreactions wereobtained with the polyclonal antibodies
prepared againstthe purified virus. In reciprocal tests,homologous cross-reactionswere
obtained with LMV antiserum. Alignmentsof thededucedaminoacidsequenceof apartial
fragmentof theCPgeneshoweda high degreeof similarity with publishedsequences of
the common isolateof LMV: only a few of the recorded 672 nucleotidesweredifferent
among several isolatesof LMV thatwereanalyzed(Fig. 3).

In view of thewidedistributionof LMV in lettucefieldsin Israel,andtheabundanceof
aphids,it appears likely thatthevirushasbeentransmittedfrom lettuceto Bupleurum. This
assumptionis supportedby thefactthattheCPand3’ UTR sequencesof theLMV isolate
from Bupleurum areidenticalto thoseof thelettuceisolate.However, thecharacterization
of thevirus in Bupleurumspp.providesvaluable informationto helpgrowers to control the
disease.
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