
ENTOMOLOGY S.UedaandJ.K. Brown (2006)Phytoparasitica34(4):405-411

First Report of the Q Biotype of Bemisiatabaciin Japanby
Mitochondrial CytochromeOxidaseI SequenceAnalysis

S.Ueda1;2;� andJ.K.Brown2

Nucleotidesequencesreportedareavailablein the DDBJ/EMBL/GenBankdatabases
under accessionnumbersAB204577, AB204578, AB204579, AB204580, AB204581,
AB204582,AB204583,AB204584,AB204585,AB204586,AB204587andAB204588.

The recentupsurgenceof Bemisiatabaci (Genn.) asan importantinsectpestandvectorof
Tomatoyellowleaf curl virus (TYLCV) is directly linkedto seriousdamageto tomatocrops
grown throughoutJapan.Themoleculargeneticidenti�cation andphylogeneticrelationships
of 12B. tabacipopulationscollectedfrom representative locationsin Japanweredetermined
basedon themitochondrialcytochromeoxidaseI (mtCOI) sequence.Phylogeneticanalysis
of thewhite�y mtCOIsequenceindicatedthatboththeinvasive B andQ biotypesnow occur
in Japan.The Q biotypewasfound at four locations:Mihara in Hiroshima,Nishigoshiin
Kumamoto,MiyanojoandOkuchiin Kagoshimaprefectures;theremainingeightcollections
wereidenti�ed astheB biotype. This is the �rst reportof the introductionof Q biotypein
Japan.
KEY WORDS: Aleyrodidae; invasive species;sweet potato white�y; vegetablecrops;
white�y pest;white�y vector.

INTRODUCTION

The white�y Bemisiatabaci (Gennadius)complex colonizesa wide rangeof eudicot
plant species. It is a devastatingpestin vegetable,�ber andornamentalcrops,and the
most importantvector of plant virusesto vegetablecropsworldwide. It is distributed
throughoutthe tropics and subtropicsbut its geographicrangealso extendsto regions
thatenjoy mild wintersor a Mediterraneanclimateand,thus,protectedagriculturalcrops
grown in temperatezones.Recentunprecedentedpopulationupsurgeshave drawn much
attentionto theworldwideimportanceof B. tabaciowing to its invasivenature,thefeeding
damageit causesto plants,andits ability to transmitplant-infectingbegomoviruses(Family
Geminiviridae),whichhaveratherrecentlybecomerecognizedasemergentviral pathogens
(1,2,3).

Morphologicalcharactersof B. tabacipupaearenotsuf�ciently stable(16)or usefulfor
differentiatingbehavorially distinctvariants,includingspeci�c andwell-studiedbiotypes,
of B. tabaci (4,11,23),and thereforethe taxonomicstatusof the B. tabaci complex has
long beenunclear. B. tabaciis consideredby mostto comprisea speciesgroupcontaining
a numberof biotypesandgeneticvariants(haplotypes),which canbe differentiatedonly
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by employing molecularmarkers (2,4,7). Several approacheshave beendevelopedfor
classifyingB. tabacihaplotypesandbiotypesusingmolecularsequencedata(6,8,10).The
mt cytochromeoxidaseI (mtCOI) sequencehas beenshown to be one of informative
markersavailablefor resolvingpopulationsclassi�edin theB. tabacicomplex (2,9).

A lesswell-studiedpopulationuntil quite recentlyis the Q biotype,which hasbeen
recognizedas the principal polyphagousB. tabaci in the IberianPeninsula(12). It was
characterizedas a unique biotype basedon unique esteraseand RAPDs pro�les, and
a mtCOI sequencethat is divergent from the B biotype and relatives from the region
(2,12,19). Also, the application of neonicotinoidesor pyriproxyfen has been found
capableof positively selectingfor theQ biotype,whichexhibitsgreaterresistanceto these
insecticidesthanthe B biotype(13,19). This is causefor concernbecausethe Q biotype
alsohasrecentlybeenreportedin China(25)andtheUnitedStates(5).

In Japan,B. tabaci hasbeenknown for sometime asthe white�y vectorof Tobacco
leaf curl Japanvirus, which is known to causeyield-limiting diseasesof tomato(yellow
stunt) and tobacco(leaf curl) (21). Prior to that time B. tabaci was not of particular
concernin Japanasa pestor virus vector, probablybecauseindigenouspopulationswere
not particularly aggressive, or that naturalenemies,or other sustainablepractices,held
themin check. The �rst reportof the introductionandestablishmentof the B biotypein
Japanwas in approximately1989,associatedwith importedpoinsettiaplants(20). Few
de�niti ve studiesare available regardingthe distribution of the B biotype in Japan,and
thepresumedhaplotypesnativeto Japanor theirparticularattributeshavenotbeenstudied
in any detail. Also, since1996,the Tomatoyellow leaf curl virus (TYLCV) hasbecome
widely distributedandhasspreadto westernJapan(15,24).

Recently, insecticideresistancehasbeenreportedfor B. tabaci populationsin green-
house-grown vegetablecropsin Japan(personalcommunication).Consequently, it was
suspectedthat either the Q biotype might have beenintroduced,or that native and/or
introducedB biotypeshaddevelopedresistance.Until now, the insecticidesin usehave
beenconsideredeffective for controllingtheB biotype.

To addressthesehypotheses,we determinedthe partial mtCOI sequencefor 12 B.
tabaci populationsthat were collected from a number of different plant hosts from
representativegeographiclocationsthroughoutJapan.ThemtCOI sequencewasobtained
for eachand usedin comparative sequenceanalysiswith previously studiedreference
populationsandbiotypesto identify populationsfrom Japan.

To thebestof ourknowledge,thisis the�rst reportdemonstratingthecoexistenceof the
Q andB biotypesin Japan,andof the introductionof theQ biotypein vegetablegrowing
regionsof thecountry. This couldbeparticularlysigni�cant becauseuntil now producers
have relied uponneonicotinoidsand pyriproxyfen for effective control of B. tabaci and
TYLCV disease.

MATERIALS AND METHODS

White�y collections Bemisiatabaci populationswerecollectedfrom 11 regions(eight
prefectures)of Japanduring2004,with theexceptionof onepopulationthatwascollected
in 1991. The 1991 populationwas establishedin culture and maintainedon cabbage,
Brassica oleracea L. (Brassicaceae),at KumamotoPrefecturalAgricultural Research
Center. Thegeographicorigin, hostplant,andyearof collectionaresummarizedin Table
1 andFigure1.
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DNA extraction and mtCOI analysis Individual adultwhite�ies from eachpopulation
weregroundin 30� l of extractionbuffer (50mM Tris-HCl, pH 7.0,100mM NaCl,10mM
EDTA, 1% SDS).The extractionbuffer (170 � l) wasaddedto the crudeextract solution
with 100 � l of TE-saturatedphenoland 100 � l of chloroform: isoamyl alcohol (24:1)
solutionsand vortexed for 3 min. After microcentrifugation(12,000rpm, 3 min), the
supernatant(180 � l) wasmixedwith 18 � l (0.1 volume)of 3 M sodiumacetate(pH 5.2)
and540 � l (3 volumes)of ethanol.Thenucleicacidswereprecipitatedby centrifugation
(14,000rpm,10min) at4� C, afteranincubationfor 20min at–80� C. Pelletswerewashed
in 80%ethanolanddissolvedin 30 � l of distilledwater.

mtCOI sequenceampli�cation and phylogenetic analysis The partial mtCOI se-
quencewas obtainedby polymerasechain reaction(PCR) ampli�cation using primers
MTD-10 (5'-TTGATTTTTTGGTCATCCAGAAGT-3') and MTD-12 (5'- TCCAATG-
CACTAATCTGCCATATTA –3') (10). PCR was performedusing 1 � l of template
DNA extracted and ampli�ed using the protocol of Brown (2), except that Ex Taq
polymerase(Takara,Kyoto, Japan)was used insteadof Taq polymerase. PCR prod-
ucts were cloned into a pGEMT-Easy vector (Promega, Fitchburg Center, WI, USA).
The DNA sequencewas determinedfor cloned insertsfrom at least three independent
plasmidsusing the BIGDYE terminatorcycle sequencingkit v3.1 (Applied Biosystems,
Foster City, CA, USA) and resolving on the ABI PRISM 3100-Avant Genetic Ana-
lyzer (Applied Biosystems). Sequenceswere assembledand analyzedusing DNASIS
(HitachiSoft,Tokyo, Japan)andBioEdit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html)
softwares.SequenceswerealignedusingCLUSTAL W (http://www.ebi.ac.uk/clustalw/#)
andCLUSTAL X (14),andphylogeneticrelationshipsweredeterminedusingtheneighbor-
joining (NJ) andmaximum-parsimony (MP) algorithmsavailable in MEGA2.1 software
(http://www.megasoftware.net/).

RESULTS AND DISCUSSION

The partial mtCOI nucleotide(nt) sequence(� 800 bases)wasdeterminedfor 12 B.
tabaci populationsfrom Japan,and the sequenceshave beensubmittedto the DDBJ/
EMBL/GenBankdatabasesastheaccessionnumbersAB204577to AB204588(Table1).
Sequencealignmentfollowedby phylogeneticanalysisyieldedNJandMP treesthatwere
in relativetopologicalagreement,andthereforeonly theNJtreeis presentedhere(Fig. 2).

Eight populationsfrom Japangroupedwith referencesequencesfor B biotypepopula-
tions from locations,worldwide,with which they shared98–100%nt identity, unequivo-
cally identifying themastheB biotype,whichwasalreadyknown to bewidely distributed
in Japan(17).

Four additionalpopulations,namely, JPMIH, JPNSG,JPMYJ andJPOKC grouped
referencesequencesfor theQ biotypefrom Spainandelsewhere,andarehereinidenti�ed
astheQ biotypeor a very closerelative, giventhat they shared99–100%nt identity. The
major nodeseparatingthe respective subcladescontainingB andQ biotypepopulations,
which clusteredin relation to the other referencemtCOI sequences,in the large North
African–Mediterraneanclade,hada bootstrapvalueof 88 (Fig. 2). Between-cladeshared
nt identity indicatedthat thesegroupssharedonly 94%, ashasbeenreportedpreviously
(2).

The four Q biotype populationswere distributed in locationswithin Japanthat are
geographicallyisolatedfrom oneanother, suggestingthatmorethanoneintroductionmay
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Fig. 1. Map showing thegeographiclocationsin Japanfrom whereBemisiatabacipopulations,and
therespective biotypesidenti�ed herein,werecollected.

have occurredthereandpossiblyquite recentlyowing to their high sharednt identity for
individualsexaminedhere. Namely, theJPMIH werecollectedin Hiroshimaprefecture,
whereastheJPNSG werefrom theKumamotoprefecture,andthe JPMYJ andJPOKC
populationswerecollectedin Kagoshimaprefecture(Table1; Fig. 1). Prior to this study,
Q biotypehadnotbeenreportedin Japan.

Behavioral differenceshave been reported for the B and Q biotypes, including
thosewith respectto host-plantadaptation,fecundity, habitatpreference,andinsecticide
resistance.In addition,theB biotypehasbeenfoundto out-competetheQ biotypeunder
laboratoryconditions(18,22). In the southwesternUSA, the B biotype displacedthe
indigenousA biotypein the �eld within several yearsafter its introduction(6), possibly
owing to differencesin susceptibilityto insecticidesimplementedfor white�y control at
the time. Thus, in Japan,it is of concernthat the Q biotypemay displacethe B biotype
underthe presentconditionsin which neonicotinoidsand pyriproxyfen are the primary
choicesof insecticidesfor controlof B. tabaciin greenhouses(13,19).
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Fig. 2. Neighbor-joining phylogenetictree reconstructedusing the white�y mitochondrial cy-
tochromeoxidaseI (mtCOI) sequenceas a molecularmarker. The numbersplacedat eachnode
indicatethebootstrapsupportfor values> 50. Thehorizontalbranchlengthis drawn to scale,andthe
bar indicates0.02nt replacementspersite. Two Trialeurodesvaporariorum mtCOI sequenceswere
includedasoutgroupsequences.The populationsfrom Japanareunderlinedin the tree; all other
populationsaresourcesof referencesequencesusedin theanalysis.
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TABLE 1. Geographicorigin, host plant and collection time of Bemisia tabaci populations
investigatedin this study, andbiotypefor mitochondrialcytochromeoxidaseI sequences

Abbreviation Collection Identi�cation
(Biotype)

DDBJ/EMBL/
GenBank
Acces-
sionno.

Geographicorigin Hostplant Year
JPAIN Ainan,Ehime Tomato 2004 B AB204577
JPKOS91z Koshi,Kumamoto Cucurbita

spp.
1991 B AB204578

JPNSG Nishigoshi,
Kumamoto

Pumpkin 2004 Q AB204579

JPKAK Kagoshima,
Kagoshima

Tomato 2004 B AB204580

JPHAR Haruno,Kochi Melon 2004 B AB204581
JPMAT Matsudo,Chiba Mild pepper 2004 B AB204582
JPASA Asaba,Shizuoka Eggplant 2004 B AB204583
JPKUR Kurashiki,Okayama Tomato 2004 B AB204584
JPTOS Tosa,Kochi Melon 2004 B AB204585
JPMYJ Miyanojo,

Kagoshima
Melon 2004 Q AB204586

JPOKC Okuchi,Kagoshima Tomato 2004 Q AB204587
JPMIH Mihara,Hiroshima Tomato 2004 Q AB204588

z JP KOS91 line of Bemisiatabaci hasbeenmaintainedon cabbageplantssince �eld collection in 1991 at
KumamotoAgricultural ResearchCenter.

It is not clear by which speci�c routesthe B or Q biotypeshave beenintroduced
into Japan,but an associationbetweenornamentalcrops and their apparentlyseparate
introductionscan likely be made. Likewise, the precisetiming and location(s)of the
introductionsin relationto thedomesticdispersionof TYLCV have not beendetermined
(24). In any case,it hasonly recentlybecomedif�cult to managewhite�y populationsin
greenhousecrops,andto controlthespreadof TYLC diseasein greenhouse-grown tomato
plantingsin which B. tabaci populationshave developedresistanceto the insecticides
employed. This hasbecomea particularly severeproblemin westernJapan. It is now
essentialfor controlof B. tabacipopulationsthat they be identi�ed accuratelyto biotype,
andthatinsecticideuseor avoidancebedictatedbasedonaccuratebiotypeidenti�cation to
avoid additionalintroductionsandfurtherdispersalof resistantpopulations.
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