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Ribotyping of EntomopathogenicVerticillium lecanii in
Japan

Midori Sugimoto,
�����
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��� �
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�

To estimatethegeneticdiversityin 30 isolatesof Verticillium lecanii from aphids,whiteflies,
mite andblackpinein Japan,includingtwo commercializedstrains(Mycotal andVertalec),
DNA polymorphismsin ribosomalDNA of thoseisolateswereanalyzedusingpolymerase
chain reaction(PCR). The internal transcribedspacer(ITS) and intergenic spacer(IGS)
regionsof the nuclearribosomalRNA geneof eachisolatewereanalyzedby PCR-RFLP
(restrictionfragmentlengthpolymorphism).Thesizeof thePCRproductfrom theITS region
was � 580 bp in 27 of the isolates. A 600 bp ITS productwas detectedin Mycotal and
Vertalec. OneJapaneseisolateproducedboth the 580bp and600 bp products.Enzymatic
digestionof the ITS region with Sau3A I, Msp I, Hae III and Rsa I revealedRFLPsthat
consistedof eight haplotypes.Mycotal andVertalecwerespecifichaplotypesthat differed
from otherisolates.TheJapaneseisolateshada complex relationshipwith theoriginal host,
but we identifiedseveral specifichaplotypescommonto an aphidorigin. Ten distinct IGS
haplotypesweredetectedin the IGS region, someof which wereassociatedwith aphidand
whitefly origins. Theseresultssuggestthat the haplotypeof rDNA RFLP analysiscanbe
usedfor studyinggeneticdiversityin V. lecanii.
KEY WORDS:Verticillium lecanii; rDNA; PCR-RFLP.

INTRODUCTION

Verticillium lecanii Zinn. Viégasis an entomopathogenicfungusprimarily of aphids
andscales.The high virulenceandepizooticefficiency of someV. lecanii strainstoward
certaininsectshavebeenusedto developbiocontrolagents(4,6,22).For instance,Mycotal
andVertalechave beenusedfor productionof commercialpreparationsagainstwhitefly
andaphid,respectively (5). Althoughtheaphiddensitywascontrolledin Japanat 10–13
h at 	 97%r.h. usingVertalec,it took during severaldaysbeforethe effect wasfelt, and
did not result in a lack of damage(19). Selectionfrom a native strain that wasadapted
for Japaneseglasshouseconditionswouldbenecessary. Identificationof thecharacteristics
responsiblefor virulenceand,moresignificantly, epizooticefficiency towardspecifictarget
pests,would facilitatetheselectionof functionalisolatesfrom thewild.

Severalmoleculartechniqueshave beenemployedin anattemptto understandgenetic
diversitywithin Verticillium spp.UsingRFLPanalysis,Typaset al. (21)studiedmolecular
variation in mitochondriaDNA and ribosomalRNA (rDNA) amongseven speciesof
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Verticillium. Theinternaltranscribedspacer(ITS) regioncontainstwo variablenon-coding
regions, termedITS1 and ITS2, which are nestedwithin the rDNA repeatbetweenthe
highly conserved small subunit 5.8Sand the large subunit rDNA. Sequenceanalysisof
rDNA of diverseoriginshasindicatedtheexistenceof highly conservedrRNAs andstriking
variability in the ITS regions (3,12,17). Recently, Zare et al. (24) analyzedthe DNA
sequencesof theITS1andITS2regionsof V. lecanii andrelatedspecies.Thepresentpaper
describesRFLPanalysisof theITS regionof V. lecanii isolatesobtainedin Japan.

Intergenicspacer(IGS) regionsbetweennuclearrDNA regionsaremorevariablein
length and nucleotidesequencethan adjacentgenes. This variation, the occurrenceof
hundredsof rDNA repeatsin eachhaploid genome,and the easewith which adjacent
conservedregionswithin thegenescanbeusedasprimingsitesfor PCRamplification,have
favoredtheuseof RFLPandDNA sequenceanalysisof IGS regionsto resolve inter- and
intraspecificrelationshipsamongfungi (2) suchasVerticillium albo-atrum andVerticillium
dahliae (13). However, theIGSregionof V. lecanii hasnotbeenanalyzedyetby molecular
techniques.

Thepurposeof thepresentstudywastodeterminethegeneticdiversityamongV. lecanii
isolatesthatoriginatedfrom varioushostsin Japan.TheIGS,ITS1 andITS2 regionswere
usedto devisea rapidPCRprocedurewith which to assignisolatesto RFLPgroups.

MATERIALS AND METHODS

Fungal isolatesand DNA extraction The 28 isolatesof V. lecanii studiedand their
original hostsarelisted in Table1 (8). Commercialpreparationsof Mycotal andVertalec
from KoppertUK Ltd. (Wadhurst,EastSussex, UK) werealsoincluded.

Myceliumwasgrown in potatosucrosebrothfor 7 daysatroomtemperaturein thedark
without shaking.Excessliquid wasthenremoved,andthemyceliumwasgroundto a fine
powder in liquid nitrogen. Mycelium DNA waspurified usinga NucleonPhytoPurekit
(AmershamInternationalplc, Little Chaffont, Bucks.,andScotlabLtd., Strathelyde,UK),
accordingto themanufacturer’s instructions.TheDNA pelletswerethendissolvedin 100
 l of TE (10mM Tris-HCl [pH 8.0], 0.1mM EDTA [pH 8.0]).

DNA amplification The ITS region of rDNA wasamplifiedusing the oligonucleotide
primersITS4(5’-TCCTCCGCTTATTGATATGC-3’)andITS5(5’-GGAAGTAAAA GTCG
TAACAAGG-3’) (22). PCRamplificationproceededin a GeneAmp PCRSystem2400
thermal cycler (Perkin Elmer, Wellesley, MA, USA). The reaction mixtures (25 
 l)
contained1.75unitsof Taqpolymerase,2.5 
 l of 10 � buffer (15mM MgCl2,20mM Tris-
HCl [pH 7.5], 100mM KCl, 1 mM DTT, 0.1 mM EDTA, 50%glycerol,0.5%Tween20,
0.5%Nonidet[v/v]) (ExpandLongTemplatePCRSystem,BoehringerMannheimGmbH,
Germany [now Roche]),0.2 mM of eachdNTP (Toyobo Inc., Osaka,Japan),100 pM of
eachprimer and � 10 ng of templateDNA. Thefinal volumewasadjustedto 25 
 l with
sterilewater.

Thereactionmixturesinitially weredenaturedin thethermalcycler at 94� C for 3 min,
thenprocessedby 35 cyclesof denaturationat 94� C for 1 min, annealingat 55� C for 1
min andextensionat 72� C for 1 min. The final elongationwasachieved at 72� C for 5
min. Negativecontrols(no DNA template)in eachexperimenttestedfor contaminationof
reagentsandreactionmixturesby DNA.

TheprimersCNL12(5’-CTGAACGCCTCTAAGTCAG-3’) andCNS1(5’-GAGACAA
GCATATGACTACTG-3’) amplifiedthe IGS region (1). The compositionof the reaction
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mixtures(25 
 l) was as describedabove. Amplification proceededin a thermalcycler
programmedasfollows: 2 min at 94� C, followedby 35 cyclesof 94� C for 1 min, 55� C
for 1 min, 72� C for 2 min; thefinal extensioncyclewas5 min at 72� C. ThePCRproducts
wereseparatedby electrophoresison 2%agarosegelsandvisualizedby ethidiumbromide
staining.

RFLP analysisof PCR products In orderto generatetheITS andIGSregions,thePCR
products(5 
 l; 100–200ng/
 g of DNA) weredigestedaccordingto the manufacturer’s
instructionswith the following restrictionenzymes:Sau3A I, Msp I, Hae III and Rsa I
(TakaraInc., Kyoto, Japan/RocheMolecularBiochemicals,Mannheim,Germany). The
restrictionproductswerethenseparatedby electrophoresisin 3% to 4% agarosegelsand
visualizedasdescribedabove.

RESULTS

RFLP analysisof the ITS regionof rDNA Thesizeof thePCRamplificationproductof
theITS regionfrom 27of the30V. lecanii isolateswas � 580bp(Table1). TheITS product
of MycotalandVertalecwas600bp. Theproductsof oneJapaneseisolate,MAFF235698,
includedboth580bpand600bpfragments.Eachuniquefragmentpattern(i.e., haplotype)
producedby an endonucleasewas designatedby a letter (A-J)(Table1). Sincethe two
bands(580 bp and600 bp) weredetectedaroundMAFF235698,restrictiondigestswere
performedaroundeachband.For theenzymesSau 3A I andHae III, five distinctpatterns
were recognized,for Msp I therewere seven, and for Rsa I therewere two (Fig. 1).
RFLP analysesindicateda total of eight haplotypes.Exceptfor the Sau3A I digestsof
theITS region,bothrestrictionpatternsof Mycotal andVertalecwereidentified,although
thepatternsweredifferentfrom thoseof Japaneseisolates.TheITS haplotypeAAAA was
mostabundant(14/28). Theseisolatesoriginatedfrom M. persicae (7), A. gossypii (3),
Trialeurodes vaporariorum (2) andBrevicorynebrassicae (2).

RFLP analysis of the IGS region of rDNA ThreePCR amplificationproductswere
detectedin theIGS region for all 30 isolations,with sizesrangingfrom ca 2.3 to 4.0 kbp
(Table1). Therewereonly six Japaneseisolatesof 4.0 kbp. Two bandsweredetectedin
Vertalec(ca 2.3 and3.0 kbp). TheseamplifiedDNA fragmentswerenot relatedin any
way to theoriginalhost.Enzymaticdigestionof theIGSregionrevealedRFLPs,reflecting
intraspecificvariationin this region of the rDNA. For the enzymeSau3A I, five distinct
bandingpatternswererecognized,for Msp I therewereeight,for Hae III ten,andfor Rsa
I six (Fig. 2). The digestionproductscould be classifiedinto ten haplotypes.Mycotal
andVertaleceachhada specifichaplotype,CEGC andDFHD, respectively, differing in
haplotypecomparedwith Japaneseisolates.OnerDNA haplotype(EGIE) wasidentified
amongfour of the five isolateswith a 4.0 kbp IGS region PCR amplificationproduct;
the exceptionfor this wasMAFF235693(FHJF). Theseisolatesoriginatedfrom Myzus
persicae andAphis gossypii. All isolatesthatwereisolatedoriginally from T. vaporariorum
had the unique IGS haplotype(AAAA). The haplotypeof two isolatesthat originated
from Tetranychus urticae and Pinus thunbergii was the sameas that of isolatesfrom T.
vaporariorum. Isolatesfrom Brevicoryne brassicae consistedof two haplotypes(seven
wereBDDB, onewasACCG). Thus,isolatesfrom B. brassicae weredistinct from all the
otherisolates.However, theisolatesfrom M. persicae andA. gossypii wereincludedin the
variousIGS haplotypes.

4 M. Sugimotoet al.



Fig. 1. RFLPpatternof amplifiedDNA in theITS region with restrictionenzymeSau3A I (a), Msp
I (b), Hae III andRsa I (c). Thelettersin italics representtheRFLPtype. LaneM is a 100bpDNA
laddermolecularweightmarker. RFLPtypeG andE digestedwith Msp I andHae III arenotshown.
The fragmentsof RFLP typeG digestedwith Msp I wereca 140,240and290bp in size;thoseof
RFLP-E digestedwith Hae III wereca 150,220and290bp.

Phytoparasitica 29:5,2001 5



Fig. 2. RFLPpatternof the IGS region with enzymeSau3A I andMsp I (a), Hae III andRsa I (b).
Thelettersin italicsrepresenttheRFLPtype.LaneM is 100bpDNA laddermolecularweightmaker.
RFLPtypeH digestedwith Msp I andRFLPtypeF or G digestedwith Hae III arenot shown. The
fragmentsof RFLP type H digestedwith Msp I were ca 300, 630, 680 and800 bp in size; those
of RFLP-F digestedwith Hae III wereca 120, 160, 230, 270, 280, 420 and850 bp; andthoseof
RFLP-G wereca 250,270,390,420and490bp.

DISCUSSION

EucaryoticgenesencodingribosomalRNA containtwo interveningtranscribedspac-
ers, ITS1 and ITS2, which separatethe threematureribosomalRNA sequences.When
Nazaret al. (15) examinedITS regions in V. dahliae and V. albo-atrum from alfalfa,
only fivenucleotidedifferencesin thetwo ITS regionswereobservedbetweenthespecies.

6 M. Sugimotoet al.



Morton et al. (12) determinedthe sequencesof the ITS regionsof Verticillium spp. and
wereableto distinguishamongisolatesfrom alfalfaandotherhostsof V. albo-atrum. They
foundamaximumof only threenucleotidedifferencesamongany of theisolates.Seventeen
basedifferenceswere identified when V. dahliae was comparedwith V. tricorpus and
therewerealso12 basechangesbetweenV. albo-atrum andV. tricorpus (14). Therefore,
plant pathogenicVerticillium speciesshowed relatively little variation in the ITS region
comparedwith otherfungalspecies(10,16). On theotherhand,the PCRproductsof the
ITS region of V. lecanii differedamongthe Japaneseandcommercialisolates(Mycotal
andVertalec)despitebeingfrom thesamespecies.The20 bp differencein thesizeof the
PCR amplificationproductappearedto be relatedto an insertionor deletionof the ITS
region. Zareet al. (24) sequencedthe ITS1 andITS2 regionsof V. lecanii isolatesand
foundinsertionsor deletionsin thecenterof theITS1 region.

DNA polymorphismsfor most of the enzymeswere recognizedby PCR-RFLPand
visualized.Mycotal andVertalecwereeachspecificanddifferentfrom theotherisolates.
The Japaneseisolatesmight have originatedindependently, sincethe haplotypesof their
ITS or IGS regions were distinguishedfrom thoseof Mycotal and Vertalec. The ITS
regionof theJapaneseisolateshadacomplex relationshipwith thehost,but onehaplotype
appearedto be correlatedwith a M. persicae origin, basedon RFLP analysis. This ITS
haplotypealsopartly includedoriginsin otheraphidsandthewhitefly. Anotherhaplotype
of T. vaporariorum, CDCD, wasalsofoundin isolatesfrom otheraphids,mitesandblack
pine. TheIGS region of all isolatesthatoriginatedfrom T. vaporariorum consistedof one
IGS haplotypethat alsowasfound in five isolatesoriginatingfrom aphids,a mite anda
blackpine. Thehaplotypeof the isolatesfrom B. brassicae wasIGS BDDB andcouldbe
distinguishedfrom thatof all theotherisolates.

A partial correlationcouldbeestablishedbetweenthehaplotypesof the ITS andIGS
regionsof V. lecanii isolatesandtheoriginal host. Enzymaticdigestionof the ITS region
could be placedinto eight haplotypesand the IGS region into ten haplotypes. When
resultsfrom RFLPandenzymaticdigestionarecombined,the30 V. lecanii isolatescanbe
classifiedinto 17 distinctgroups.Typaset al. (20,21)showedthatVerticillium spp.could
beeasilydifferentiatedandidentifiedby mtDNA RFLPs. Our resultsalsocanbeusedto
identify a specificisolateandcanprovide a powerful tool for themolecularfingerprinting
of individual isolatesof V. lecanii.

In the absenceof a known sexual stagein certainfungi (7), heterokaryosismay be
usedasanalternative meansof determininggeneticrelatednessamongisolatesof diverse
species. Vegetative compatibility groups(VCGs) are definedas subspecificgroupings
within thesamefungalspeciesfrom which isolatescanfusehyphaeto form heterokaryons,
and thusexchangegeneticinformation(18). Basedon RAPD analysis,Mor et al. (11)
suggestedthat threeof the most virulent isolatesof V. lecanii were obtainedfrom two
aphidsin Israelandweregroupedin the samecluster. Subsequently, two of thesethree
isolateswereidentifiedasbeingvegetatively compatible(9). Furtherstudiesarerequired
to clarify whetherthereis anassociationbetweenDNA polymorphismsincludingmtDNA,
VCG andpathogenicity.
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