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First Report of the Q Biotype of Bemisiatabaciin Japan by
Mitochondrial Cytochrome Oxidasel SequenceAnalysis

S.Ueda'? andJ.K.Brown?

Nucleotidesequenceseportedare availablein the DDBJ/EMBL/GenBankdatabases
under accessiomumbersAB204577, AB204578, AB204579, AB204580, AB204581,
AB204582,AB204583,AB204584,AB204585,AB204586,AB204587andAB204588.

The recentupsugenceof Bemisiatabaci (Genn.) asanimportantinsectpestandvector of
Tomatoyellowleaf curl virus (TYLCV) is directly linkedto seriousdamageo tomatocrops
grown throughoutlapan Themoleculargeneticdenti cation andphylogenetiaelationships
of 12 B. tabacipopulationscollectedfrom representate locationsin Japanweredetermined
basedon the mitochondrialcytochromeoxidasel (mtCOl) sequencePhylogeneti@analysis
of thewhite y mtCOI sequencéndicatedthatboththeinvasive B andQ biotypesnow occur
in Japan.The Q biotypewasfound at four locations: Miharain Hiroshima,Nishigoshiin
KumamotoMiyanojoandOkuchiin Kagoshimaprefecturestheremainingeightcollections
wereidenti ed asthe B 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 (Gennadiusfomplex colonizesa wide rangeof eudicot
plant species. It is a devastatingpestin vegetable, ber and ornamentakrops,andthe
most importantvector of plant virusesto vegetablecropsworldwide. It is distributed
throughoutthe tropics and subtropicsbut its geographicrangealso extendsto regions
thatenjoy mild wintersor a Mediterranearclimateand,thus, protectedagriculturalcrops
grown in temperatezones. Recentunprecedentedopulationupsugeshave dravn much
attentionto theworldwideimportanceof B. tabaciowing to its invasive nature thefeeding
damaget causeso plants,andits ability to transmitplant-infectingoegomovirusegFamily
Geminviridae),whichhaveratherecentlypecomaecognizechisemegentviral pathogens
1,2,3).

Morphologicalcharactersf B. tabacipupaearenotsufciently stable(16)or usefulfor
differentiatingbehaorially distinctvariants,including speci ¢ andwell-studiedbiotypes,
of B. tabaci (4,11,23),and thereforethe taxonomicstatusof the B. tabaci complex has
long beenunclear B. tabaciis consideredy mostto comprisea specieggroupcontaining
a numberof biotypesandgeneticvariants(haplotypes)which canbe differentiatedonly
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by emplgying molecularmarkers (2,4,7). Several approache$iave beendevelopedfor
classifyingB. tabacihaplotypesandbiotypesusingmolecularsequencelata(6,8,10).The
mt cytochromeoxidasel (mtCOIl) sequencéhas beenshovn to be one of informative
markersavailablefor resolvingpopulationsclassi edin the B. tabacicomple (2,9).

A lesswell-studiedpopulationuntil quite recentlyis the Q biotype, which hasbeen
recognizedasthe principal polyphagousB. tabaciin the Iberian Peninsula(12). It was
characterizedas a unique biotype basedon unique esteraseand RAPDs pro les, and
a mtCOlI sequenceahat is divergent from the B biotype and relatives from the region
(2,12,19). Also, the application of neonicotinoidesor pyriproxyfen has beenfound
capableof positively selectingfor the Q biotype,which exhibits greateresistanceo these
insecticideghanthe B biotype (13,19). This is causefor concernbecausehe Q biotype
alsohasrecentlybeenreportedn China(25) andthe United State5).

In Japan B. tabaci hasbeenknown for sometime asthe white y vectorof Tobacco
leaf curl Japanvirus, which is known to causeyield-limiting disease®f tomato(yellow
stunt) and tobacco(leaf curl) (21). Prior to that time B. tabaci was not of particular
concernin Japarasa pestor virus vector, probablybecausendigenouspopulationsvere
not particularly aggressie, or that naturalenemies,or other sustainablgractices,held
themin check. The rst reportof the introductionand establishmenof the B biotypein
Japanwasin approximatelyl989, associatedvith importedpoinsettiaplants(20). Few
de niti ve studiesare available regardingthe distribution of the B biotypein Japan,and
thepresumedhaplotypeshative to Japaror their particularattributeshave not beenstudied
in ary detail. Also, since1996,the Tomatoyellow leaf curl virus (TYLCV) hasbecome
widely distributedandhasspreado westernlapan(15,24).

Recently insecticideresistancéhasbeenreportedfor B. tabaci populationsin green-
house-gravn vegetablecropsin Japan(personalcommunication). Consequentlyit was
suspectedhat either the Q biotype might have beenintroduced,or that native and/or
introducedB biotypeshaddevelopedresistance.Until now, the insecticidesn usehave
beenconsiderecffective for controllingthe B biotype.

To addresghesehypothesesywe determinedthe partial mtCOIl sequencdor 12 B.
tabaci populationsthat were collected from a number of different plant hosts from
representatie geographidocationsthroughoutlapan. The mtCOIl sequencevasobtained
for eachand usedin comparatie sequenceanalysiswith previously studiedreference
populationsandbiotypesto identify populationgrom Japan.

Tothebestof ourknowledge thisis the rst reportdemonstratinghe coexistenceof the
Q andB biotypesin Japanandof theintroductionof the Q biotypein vegetablegrowing
regionsof the country This could be particularlysigni cant becauseuntil now producers
have relied upon neonicotinoidsand pyriproxyfen for effective control of B. tabaci and
TYLCV disease.

MATERIALS AND METHODS

White y collections Bemisiatabaci populationswere collectedfrom 11 regions(eight

prefecturespf Japarduring 2004, with the exceptionof onepopulationthatwascollected

in 1991. The 1991 populationwas establishedn culture and maintainedon cabbage,
Brassicaoleracea L. (Brassicaceae)at Kumamoto Prefectural Agricultural Research
Center The geographicrigin, hostplant,andyearof collectionaresummarizedn Table

1 andFigurel.
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DNA extraction and mtCOI analysis Individual adultwhite ies from eachpopulation
weregroundin 30 | of extractionbuffer (50 mM Tris-HCI, pH 7.0,100mM NaCl,10mM

EDTA, 1% SDS).The extractionbuffer (170 [) wasaddedto the crudeextractsolution
with 100 | of TE-saturatecpbhenoland 100 | of chloroform: isoamylalcohol (24:1)
solutionsand vortexed for 3 min. After microcentrifugation(12,000rpm, 3 min), the
supernatanl80 [) wasmixedwith 18 | (0.1volume)of 3 M sodiumacetatg(pH 5.2)
and540 [ (3 volumes)of ethanol. The nucleicacidswere precipitatedby centrifugation
(14,000rpm,10min) at4 C, afteranincubationfor 20 min at—80 C. Pelletswerewashed
in 80%ethanolanddissohedin 30 | of distilled water

mtCOIl sequenceampli cation and phylogenetic analysis The partial mtCOI se-

guencewas obtainedby polymerasechain reaction (PCR) ampli cation using primers
MTD-10 (5-TTGATTTTTTGGTCATCCAGAAGT-3") and MTD-12 (5'- TCCAATG-

CACTAATCTGCCAIATTA -3") (10). PCR was performedusing 1 | of template
DNA extracted and ampli ed using the protocol of Brown (2), except that Ex Taq

polymerase(Takara, Kyoto, Japan)was usedinsteadof Tag polymerase. PCR prod-

ucts were clonedinto a pGEMT-Easy vector (Promeja, Fitchlurg Center WI, USA).

The DNA sequencewas determinedfor clonedinsertsfrom at leastthree independent
plasmidsusingthe BIGDYE terminatorcycle sequencingit v3.1 (Applied Biosystems,
Foster City, CA, USA) and resolving on the ABI PRISM 3100-Avant Genetic Ana-

lyzer (Applied Biosystems). Sequencesvere assembledand analyzedusing DNASIS

(HitachiSoft, Tokyo, JapanandBioEdit (http://www.mbio.ncsu.edu/BioBtbioedt.html)

softwares.SequencewerealignedusingCLUSTAL W (http://www.ebi.ac.uk/clusta/#)

andCLUSTAL X (14),andphylogeneticelationshipsveredeterminedisingtheneighbor

joining (NJ) and maximum-parsimoyn (MP) algorithmsavailablein MEGAZ2.1 software

(http://lwww.megasoftvare.net/).

RESULTS AND DISCUSSION

The partial mtCOI nucleotide(nt) sequencéd 800 bases)wvas determinedfor 12 B.
tabaci populationsfrom Japan,and the sequencehave beensubmittedto the DDBJ/
EMBL/GenBankdatabaseasthe accessiomumbersAB204577to AB204588(Table 1).
Sequencealignmentfollowedby phylogenetianalysisyieldedNJ andMP treesthatwere
in relative topologicalagreementandthereforeonly the NJ treeis presentedhere(Fig. 2).

Eight populationsfrom Japangroupedwith referencesequencefor B biotypepopula-
tions from locations,worldwide, with which they shared98—-100%nt identity, unequvo-
cally identifyingthemasthe B biotype,which wasalreadyknown to bewidely distributed
in Japan(17).

Four additionalpopulationspamely JPMIH, JPNSG,JPMYJ andJPOKC grouped
referencesequencefor the Q biotypefrom Spainandelsavhere,andarehereinidenti ed
asthe Q biotypeor avery closerelative, giventhatthey shared9-100%nt identity. The
major nodeseparatinghe respectie subcladesontainingB and Q biotype populations,
which clusteredin relationto the other referencemtCOI sequencesin the large North
African—Mediterraneartlade ,hada bootstrapvalueof 88 (Fig. 2). Between-cladshared
nt identity indicatedthat thesegroupssharedonly 94%, ashasbeenreportedpreviously
(2).

The four Q biotype populationswere distributed in locationswithin Japanthat are
geographicallysolatedfrom oneanotheysuggestinghatmorethanoneintroductionmay
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KagoshimaKagoshima

Fig. 1. Map shaving the geographidocationsin Japarfrom whereBemisiatabacipopulationsand
therespectie biotypesidenti ed herein,werecollected.

have occurredthereandpossiblyquite recentlyowing to their high sharednt identity for

individualsexaminedhere. Namely the JPMIH werecollectedin Hiroshimaprefecture,
whereaghe JP NSG werefrom the Kumamotoprefectureandthe JPMYJ andJP OKC

populationswerecollectedin Kagoshimgprefecturg(Tablel; Fig. 1). Prior to this study

Q biotypehadnotbeenreportedn Japan.

Behaioral differenceshave been reportedfor the B and Q biotypes, including
thosewith respectto host-plantadaptationfecundity habitatpreferenceandinsecticide
resistanceln addition,the B biotypehasbeenfoundto out-competehe Q biotypeunder
laboratory conditions(18,22). In the southwesternJSA, the B biotype displacedthe
indigenousA biotypein the eld within several yearsafter its introduction(6), possibly
owing to differencesn susceptibilityto insecticidesmplementedor white y control at
thetime. Thus,in Japanit is of concernthatthe Q biotype may displacethe B biotype
underthe presentconditionsin which neonicotinoidsand pyriproxyfen are the primary
choicesof insecticidedor controlof B. tabaciin greenhouse&l3,19).
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TABLE 1. Geographicorigin, host plant and collection time of Bemisiatabaci populations
investigatedn this study andbiotypefor mitochondrialcytochromeoxidasel sequences

Abbreviation Collection Identi cation = DDBJ/EMBL/
(Biotype) GenBank
Acces-
sionno.

Geographiorigin Hostplant Year

JPAIN Ainan, Ehime Tomato 2004 B AB204577

JPKOS9F Koshi,Kumamoto Cucurbita 1991 B AB204578

spp.

JPNSG Nishigoshi, Pumpkin 2004 Q AB204579
Kumamoto

JPKAK Kagoshima, Tomato 2004 B AB204580
Kagoshima

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, Melon 2004 Q AB204586
Kagoshima

JPOKC Okuchi,Kagoshima Tomato 2004 Q AB204587

JPMIH Mihara,Hiroshima Tomato 2004 Q AB204588

2JP KOS91line of Bemisiatabaci hasbeenmaintainedon cabbageplantssince eld collectionin 1991 at
KumamotoAgricultural ResearciCenter

It is not clear by which speci ¢ 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 the domesticdispersionof TYLCV have not beendetermined
(24). In ary case,it hasonly recentlybecomedif cult to managewhite y populationsn
greenhouserops,andto controlthespreadf TYLC diseasén greenhouse-gken tomato
plantingsin which B. tabaci populationshave developedresistanceto the insecticides
employed. This hasbecomea particularly severe problemin westernJapan. It is now
essentiafor control of B. tabaci populationghatthey be identi ed accuratelyto biotype,
andthatinsecticideuseor avoidancebedictatedbasedn accuratédiotypeidenti cation to
avoid additionalintroductionsandfurtherdispersabf resistanpopulations.
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