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Molecular PhylogeneticAnalysis Revealsat LeastFive
GeneticRacesof Bemisiatabaciin China

Zheng-XiLi?

Phylogeneticanalysisusing ITS1 and CO1 nucleotidesequencesas revealedsix major
racesof Bemisiatabaciin the world, including three major indigenousracesin the Asia—
Paci ¢ region, viz., B. tabaci (Asia), B. tabaci (Bali) and B. tabaci (Australia), but the
statusof a large collection of genotypesin this region remainsunresohed. The ITS1
sequencesf representadie white y samplesollectedfrom aroundChinaweredetermined
in thisstudyThesesequenceandotherhomologousequenceretrievedfrom GenBankwere
thenusedto conducta phylogeneticanalysis. The resultsdemonstratedhat the white ies
collectedin Chinawere split geneticallyinto four groups,whereat least ve geneticraces
were revealed,i.e., B biotype (SDLe, XJEp, XJAt, HNNt, BJlb, GDEp, XJGh, GDHrs,
XJSmandSHEp),Bali group(ZJGh),M biotype (Hainan1),G biotype(GXCm) and Asian
H/K group(FJlb, GDCv), althoughthe Asian H/K groupwith low bootstrapscoreremains
unresoled. Of all geneticraces,the B biotypeis the mostextensiely distributed. In the
dendogramthe Jbiotype,L biotypeandQ biotypeclustertogetherandform a sistercladeto
theB biotype. Thedataindicatethatextensve migrationof B. tabacihastakenplacein Asian
countries ThepopulationsZJGh,FJlb,GDCyv, GXCmandHainanlcollectedin Chinamight
have originatedthere but the possibility thatthey wereintroducedfrom elsevherecannotbe
excludedat this point. UsingPyRfrom IsraelasareferenceQ biotype,therandomampli ed
polymorphic DNA bandingpatternsof SDLe, XJEp, XJAt and HNNt were shovn to be
consistentvith thatof the Q biotype,whichindicatedthatthefour local white y populations
identi ed astheB biotypebasecbn ITS1 sequencewerecloselyrelatedto the Q biotype.
KEY WORDS: Bemisiatabaci internaltranscribedspacerl, ITS1; phylogeneticanalysis;
geneticrace.

INTRODUCTION

Bemisiatabaci(Gennadiushasbecomeoneof the mostdamagingcrop pestsin world
agriculturedueto its ability to utilize differenthost plants(4), contaminationof plant
productswith honeydew, and ability to vector geminviruses(2,4), in particularits B
biotype- which is a devastatingpestof cottonandhorticulturalcrops(12) andcancause
silverlea ng (10). B. tabacihasbeenrecordedrom morethan600 plantspeciesandthere
may be morehostsnot yet formally documented30). Entomologistdhave struggledwith
this speciegroupfor decadeshut the managemenrdtratgiesfor certainpopulationsof B.
tabacimay not be effective for otherpopulationswith differentbiological characteristics.
Therefore,it is very importantto discriminateamongdifferentbiotypesor geneticraces
andunderstandheir dispersamechanisntocally and/orinternationally

Bemisiatabaciwas rst recordedn Chinain 1949(35), but identi cation of white y
biotypes,geneticracesand subracedasnot receved sufcient attentionin China until
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recently when it has becomea very important pestin China as well as elsavhere.
White y geneticraceshave beenidenti ed in differentareasof the world, suggesting
that B. tabacimay be a complex undegoing evolutionarychange(31). Biotype hasbeen
usedto designatepopulationswithin speciesthatlack morphologicaldistinctionbut that
posses®thercharacteristicsvhich sene to separatehem from other populations(7,9).
Unfortunately the characteristicef mary of the previously designatediotypeshave not
beenidenti ed exceptfor DNA sequencesTherefore,De Barroetal. (16) proposedo
usegeneticraceinsteadof biotypein describinggeneticdifferentiationof the B. tabaci
comple. Many methodshave beenusedto elucidatethe relationshipsetweenwhite y
populationscollectedfrom differenthostplantsin differentlocales,including polyacry-
lamidegel electrophoresisf non-speci cesteraséb,12),randomampli ed polymorphic
DNA (RAPD) (12,14,19,32),ampli ed fragmentlength polymorphism(AFLP) (8,34),
18SrRNA genes(6,7), mitochondriall6S rDNA and cytochromeoxidasel (COIl) gene
(18,27,34) the internal transcribedspacerl (ITS1) of nuclearribosomalDNA (13) and
microsatellitemarkers (11,15,33). De Barro et al. (13) constructeda phylogery based
on ITS1 sequencesf 31 B. tabaci populationsfrom aroundthe world, which shoved
a strong biogeographigattern. Horowitz et al. (22) usedRAPD and polyacrylamide
gel electrophoresiof non-speci c esterasdo discriminatethe Israeli Q biotype from
the B biotype, hypothesizingthat the inherentlevels of resistanceo insecticides(e.g.
pyriproxyfen)mightdifferin the Q andB biotypes(22). To date,over 20 differentbiotypes
have beenidenti ed (2,31),enablingcomparatie studiesof B. tabacibiotypesin aworld
perspectie.

A recentphylogeneticstudyusinglTS1 andCO1nucleotidesequencesoncludedhat
thereweresix majorgeneticracesof B. tabaciaroundtheworld: B. tabaci(Asia), B. tabaci
(Bali), B.tabaci(Australia),B. tabaci(Sub-SaharaAfrica), B. tabaci(Mediterranean/Asia
Minor/Africa) andB. tabaci(New World), amongwhichthe rst threeconstitutethemajor
indigenousracesin the Asia—Raci ¢ region. However, thereis still a large collection of
genotypedrom the Asia region with no associatiowith ary of theracesunderthe single
Bemisiatabaci (Gennadiusypeciesname(16). A recentgeneticanalysisof the B. tabaci
comple using 15 microsatelliteloci by De Barro (11) shaved thatthe indigenousAsia—
Paci ¢ genotypescould be split into six geneticpopulationswith little or no gene ow
amongthem. Thelack of gene o w betweergeneticpopulationsndicatesthat somekind
of reproductve isolation has occurred,althoughthe mechanismis still unknovn. The
compositionand distribution of differentracesor biotypesof B. tabaciin the world are
still openissuesandthis is particularlytrue in China. The purposeof this work wasto
analyzethe geneticstructureof B. tabaciin Chinaand determineits relationshipswith
white y groupsfrom otherpartsof theworld, in particularfrom the Asia—Raci ¢ region.

MATERIALS AND METHODS

Insects Fourteenwhite y collectionswere obtainedlocally from differentlocalesand
host plantsin China. The insect sampleswere morphologically identi ed under a
microscopein the Departmentof Entomology China Agricultural University, basedon
the fourth instars(3). Freshinsectsweresoaledin 95% ethanolandat —20 C for future
use. Four otherpopulationsgpreseredin 95% ethanolwere suppliedandidenti ed by A.
R. Horowitz of the Agricultural ResearciOrganizationBet Dagan Israel(Tablel).
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Extraction of genomicDNA Total genomicDNA wasextractedfrom individual white-
ies. The ethanol-preseed sampleswere transferredonto a sterilized lter paperfor
ethanolevaporationprior to homogenization.Eachwhite y washomogenizedn 20 |
of thelysis buffer (10 mM Tris-HCI, pH 8.4,50 mM KCI, 0.45%Tween20,0.45%NP 40
and100 gml ! proteinasé). Thehomogenatevasincubatedat 65 C for 30 min, after
whichthecrudelysatewasboiledfor 10 minto inactivatetheproteinasé<. Two microliters
of thelysatewasusedin PCRampli cation of therDNA-ITS1 andalsofor RAPD-PCR.

PCR ampli cation of rDNA-ITS1, cloning and sequencing The primers used for
ampli cation of ITS1wereforwardprimerTW81f,5'-GTTTCCGTAGGTGAACCTGC-3'
andreverseprimer Bt5.8r, 5-ATCCGCGAGCCGAGTGATCC-3' (13). Ampli cation of
thetargetDNA by PCRwasperformedn atotalreactionvolumeof 25 | containinga2- |
aliquotof theDNA lysate,2.5 |10 PCRbuffer suppliedby the manugcturer(200mM
Tris-HCI, pH 8.4,200mM KCI, 100mM (NH4)>,SOy), and0.4 | Tag DNA polymerase
(Tianwei Biotech, Beijing, China,2.5U per 1), 2.5 | MgCl, (25 mM), 2 | dNTPs
(2.5 mM each),1.8 | dimethyl sulfoxide (DMSOQ), 1 | primer mixture (25 M each)
and12.8 | ddH,O. PCRreactionswerecarriedoutin a MJ thermogcler (MJ Research,
Waltham,MA, USA) (initially 95 C for 5 min followed by 35 cyclesof 94 C for 1 min,
57 Cfor 1 minl15s,72 Cfor 1 min 30s,and nally 72 C for 10 min). Threemicroliters
of the PCR productwas subjectedo electrophoresisn a 1.5% (w/v) agarosegel stained
with ethidium bromidein TAE buffer. The target DNA productswere collectedfrom
the agarosegel and puri ed usingDNA fragmentquick puri cation kit (Qiagen,Hilden,
Germary). An aliquotof the puri ed productwassubjectedo subcloningusingthe pGEM-
T plasmidas cloning vector (FermentasJingmeiBiotech, Beijing, China)following the
manufcturers protocol. The ligated productwas transformednto E. coli DH5 (Life
TechnologiesRockville, MD, USA) by standardoroceduresindthe positive cloneswere
screenedFinally, the positive cloneswerecollectedfor bidirectionalsequencingSangon
BiotechnologyShanghaiChina).

Phylogeneticanalyses Twenty-sixITS1 sequencedeterminedn the presentstudyand
takenfrom our previousreport(25) werealignedwith 42 referencdTS1 sequenceglable
1) (1,13,16)retrieved from GenBankin ClustalW (1.82) (21). The referencesequences
werechoserbecauséhey have beengivenspeci ¢ biotypedesignationgl1,13,31)or their
statushasbeenotherwisedetermined(16) (Table 1). The referencesequencebsave the
broadestepresentationf the B. tabacicomple< in theworld, but the Asia—Raci ¢ Region
wasmoreheaily representethy moresequencebecausehis studyattachesnoreweight
to thearea.Lipaleyrodesatriplex (GenBankaccessiomo. AF213988),a native Australian
white y closelyrelatedto B. tabaci wasusedasoutgroupin theanalysis(13).
Phylogenetianalysesvere performedusing MEGAS3 (24), PHYML v2.4.4(20) and
PHYLIP v3.572c(17). The tree was constructedusing different modelsand different
tree-huilding algorithms,including NeighborJoining (23,29), Maximum Parsimory and
Maximum Likelihood (ML) as describedin De Barro et al. (13,16). In weighted
parsimoly, transitiong(Ti) andtrans\ersiongTv) werealternatelyweightedas2:1and1:0.
Underlikelihood, the HKY85 modelwas usedand both the Ti/TV ratio (DNA models)
and proportionof invariable sites were estimatedby maximizing the likelihood of the
phylogery. A BIONJ distance-basettee was usedas the startingtree. The topology
the branchlengthsandrate parameter¢Ti/Tv ratio, proportionof invariantsites,gamma
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distribution parameterareall optimized.For bothparsimoly andlikelihood,bootstrapping
wasperformedwith the heuristicsearchoptionfor 1000replications.

Random ampli ed polymorphic DNA (RAPD) Two microlitersof the genomicDNA

preparedasdescribedabove wasusedfor RAPD reactionswith a total of 25 | reaction
volumecontaining2.5 |1 10 PCRbuffer suppliedby the manugcturer(200mM Tris-

HCI, pH 8.4, 200 MM KCI, 100 mM (NH4)2SO;) and 0.5 | Tag DNA polymerase
(Tianwei, Beijing, China; 2.5 U per 1), 2.5 | MgCl, (25 mM), 2 | dNTPs (2.5

mM each),1 | randomprimer (25 M) and14.5 | ddH20.Randomprimers used
in RAPD-PCRwere 10-meroligonucleotidesof arbitrary sequencesuppliedby Operon
TechnologiegAlameda,CA, USA),i.e., OPA01-20(19),F andH (12)andOPE01-1(22).

Ampli cations werecarriedoutonaMJthermogcler (initially 94 C for 3 min followedby

45 cyclesof 94 Cfor 30s,40 Cfor 25s,72 Cfor 1 min30sand nally 72 C for 7 min).

Theproductswvereanalyzedy electrophoresisn 1.5%agarosayel andethidiumbromide
stainingin TAE buffer. Tenindividual white ies from eachpopulationwereanalyzed.

RESULTS

Phylogenetic analysesbasedon ITS1 sequences The ITS1 sequencesleterminedn

this study have beenregisteredin GenBank(Table 1). Phylogeneticanalyseshasedon

theseand otherhomologoussequencesising different parsimoly andlikelihood models
yielded similar tree topologies. A strict consensu$iL tree (Fig.1) reconstructedising
the HKY85 modelwasshowvn here(loglk = -2641.77734Proportionof invariant= 0.157;
Transition/transegrsionratio = 3.235,with f(A)= 0.15522 f(C)= 0.36536,f(G)= 0.35797,
f(T)= 0.12145)wheresevenmajorbranchesresupportedy a bootstrapgbts) value> 60,
with six having values> 85. The sevenmajor branchesverenamedassevengroupshere,
viz.,B/(J,L,Q)group(bts 100), Americanor New World group(bts 100), Australiangroup
(bts 100), Asian H/K group (bts 60, unresohed), Bali group (bts 94), Asian G/M group
(bts 85) and Sub-Saharaifrican group (bts 100). Sub-Saharaifrica is separatedrom

all theothers.Theseresultsaregenerallyconsistentvith thoseobtainedby De Barroetal.

(13,16).

TABLE 1. ITS1sequencessedfor phylogenetianalysis

Code Location Hostplant Biotype/Racé AccessiomoY

BJIb Beijing Ipomoeabatatas - AF509592

GXCm Guangxi Cucurbitamosata - AF509593

SDLe Shandong Lycopesiconesculentum — AF509594

FJlb Fujian Ipomoeabatatas - AF509595 AF509596
GDCv Guangdongodiaeunvariegatum - AY764369

GDHrs1-3  Guangdonddibiscusrosasinensis - AY764370-A764372
GDEp Guangdondeuphorbiapulcherrima - AY764373

HNNt Hainan  Nicotianatabacum - AY764374

SHEp Shanghai Euphorbiapulcherrima - AY764375

XJAt1-3 Xinjiang  Abutilon theophasti - AY764376-A764378
XJGh1,2 Xinjiang  Gossypiunherbaceum - AY764379,AY764380
XJSm1,2 Xinjiang  Solanunmelongna - AY764381,AY764382
XJEpl-3 Xinjiang  Euphorbiapulcherrima - AY764383-A'764385
IsraelRe Israel - - AY854056

IsraelPyS Israel Gossypiunherbaceum - AY854058

IsraelPyR Israel Rosadamascena Q AY854059
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Tablel. Continued

Code Location Hostplant Biotype/Racé AccessiomoY
ZJGh Zhejiang Gossypiunherbaceum - AY854060
Israel’ Israel - - AY854061
USAA USA Gossypiunhirsutum A, New World AF216066
AustraliaAN  Australia Emilia sondifolia Australia AF215986
AustraliaB  Australia Hibiscusrosasinensis B AF215991
USAB USA Lycopesiconesculentum AF216069
CostaricaC  Costa Lycopesiconesculentum C, New World AF216012
Rica
BeninE Benin Asystasiggangetica E, Sub-Saharan AF215997
Africa
IndiaG North Citrullus lanata G AF216019
India
IndiaH South Gossypiunhirsutum H AF216022
India
NigeriaJ Nigeria  Vignaunguiculata J AF216042
PakistanK Pakistan ~ Gossypiunhirsutum K AF216046
SudanL Sudan Gossypiunhirsutum L AF216055
TurkeyM Turkey Gossypiunhirsutum M, Asiagroup AF216062
NauruNA Nauru Cleomeviscosa N. AF216035
SpainQ Spain - Q AJ315795
ColombiaR  Colombia Lycopesiconesculentum R, New World AF216011
SpainS Spain Ipomoeasp. S, Sub-Saharan AF216050
Africa
Cab0Bus Kerya Manihotesculenta Sub-SaharaAfrica AJ315808
Cal7Kss Congo AJ315816
CA33Ada Ghana AJ315812
Ca30Nze Guinea AJ315813
Taiwan2 Taiwan - - AF216059
Taiwan7 Taiwan - AF216060
Taiwan9 Taiwan - AF216061
Nepal7 Nepal - AF216040
Korea4 Korea - Asia Group AF216034
Iran5 Iran - B AF216026
Hainanl Hainan - Asia Group AF216018
Banglall Bangladesh - AF215995
Bangla3 Bangladesh AF215996
IndoIN441  Indonesia - Bali DQ367361
IndoIN442  Indonesia DQ367362
IndoIN581  Indonesia - Australia DQ367365
Philip1312  Philippines- B DQ367366
Philip1313  Philippines- DQ367367
Philip321 Philippines- DQ367370
Philip323 Philippines- DQ367371
VnamVN201 Vietnam - - DQ367378
ThaiA0073  Thailand - Asia Group DQ367383
ThaiA0O081 Thailand - DQ367385
SriL10011  Sri - DQ367388
Lanka
Malal2 Malaysia - DQ367392
Jat2 Puerto - New World DQ367380
Rico
Lipaleyrodes Australia: Atriplex rhagodioides Outgroup AF213988
atriplex Renmark

ZThespeci c biotypedesignationgA, B, C,E, G, H, J,K, L, M, NA, Q, R, S) referto the previous publications
(1,13,31)andthe majorraceg(Asiagroup,Bali, Australia,Sub-SaharaAfrica andNew World) referto thelatest
report(16).

¥ Sequencei bold weredeterminedn this study
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Fig. 1. A strict consensusnaximumlikelihood (ML) treewith bootstrapscores> 60%. The taxon
codesarethesameasin Tablel. ThelTS1sequenceweredeterminedn this studyor obtainedfrom
previouspublicationg(1,13,16,31)Lipaleyrodesatriplex, anative Australianwhite y closelyrelated
to Bemisiatabaci wasusedasoutgroupin theanalysig(13).
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Fig. 2. RAPD-PCRbandingpatterngproducecdoy primer OPE-06from eightpopulationsof Bemisia
tabaci PyR,SDLe, XJEp, XJAt, HNNt, XJGh,BJIb andGDHrs. M: molecularweightmarker (100
bpladder).

In the tree, the white ies collectedin Chinawere geneticallysplit into four groups
(Fig.1), viz., B/(J,L,Q) group (SDLe, XJEp, XJAt, HNNt, BJIb, GDEp, XJGh, GDHrs,
XJSmandSHEp),Bali group(ZJGh),AsianG/M Group(Hainan1GXCm)andAsianH/K
group (FJIb, GDCVv), althoughthe Asian H/K grouphasa comparatiely weakbootstrap
support(bts60). Within theB/(J,L,Q)group,theJ/L/Qbiotypesor so-calledMediterranean
raceq16) clustertogetherseparateftomtheB biotypewith arelatively strongsupportbts
86). Similarly, the AsianG/M grouphastwo well-supportecdubgroupsM biotype(bts82)
- representedby Hainan1,and G biotype (bts 100) - representedhy GXCm. Considering
all the datadiscussedbove togethey it is clearthat thereare at least ve geneticraces
existing in China: B biotype (SDLe, XJEp, XJAt, HNNt, BJIb, GDEp, XJGh, GDHrs,
XJSmandSHEp),Bali group(ZJGh),M biotype(Hainan1)G biotype(GXCm)andAsian
H/K group (FJlb, GDCv), althoughthe Asian H/K group having a low bootstrapscore
remainsunresohed.

RAPD analysis Thirty Operonrandomprimersweretried in this studyandthe 10-mer
OPE-06(5'- AAGACCCCTC-3")wasfoundto beusefulin identifying the Q biotype.The
local populationsSDLe, XJEp, XJAt andHNNt sharedconsistenRAPD bandingpatterns
with theQ biotype(Fig. 2). TheRAPD bandingpatternsof otherpopulationsBJlb, GZEp,

XJGh, GDHrs, XJSm, SHEp,FJIb, GDCv andGXCm, weredifferentfrom that of the Q

biotype(datanotshavn).

DISCUSSION

A recentphylogeneticstudyof B. tabaciin the world usinglTS1 andCO1 nucleotide
seguencesvealedsix majorgeneticacesyiz.,B. tabaci(Asia), B. tabaci(Bali), B. tabaci
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(Australia),B. tabaci (Sub-SaharaAfrica), B. tabaci (Mediterranean/AsidMinor/Africa)
andB. tabaci(New World) (16). Theresultsobtainedin the presenstudyclearly support
thisproposalhowever, theotherstudyincludedonly afew white y collectionsfrom China.
Our study constitutedhe rst comprehensie phylogeneticanalysisof the populationsn
theB. tabacicomplex collectedin China.At least ve geneticracesof B. tabacihave been
revealedin China:B biotype,Bali group,M biotype,G biotypeandAsianH/K group.The
justi cation for theclaimthatthereareatleast vegenetiaacesf B.tabaciin Chinais that
four local populations- SDLe, XJEp, XJAt andHNNTt — identi ed asthe B biotypebased
on ITS1 sequencessharedconsistentRAPD bandingpatternswith the Q biotype (Fig.
2). This indicatesthat the four local populationsmight be very closelyrelatedto the Q
biotype,althoughfurtherwork needso be doneto provide additionalevidenceabouttheir
relationshipswith the Q biotype. It shouldbe notedthat the populationPyR originating
from Israelhasbeengenotypedasthe Q biotypebasedn RAPD bandingpattern(22) and
the datagiven thereeven further linked the biotype statusof B. tabaci with the level of
insecticideresistance.

Zhanget al. (34) recently carried out a phylogeneticanalysisusing mtDNA CO1
sequencesind AFLP markers, revealing the presenceof at leastfour different genetic
groupsof B. tabaciin China,i.e., B biotype,Q biotypeandtwo non-B/Qbiotypes. They
proposedhatthe B biotype occupieda nationwidedistribution, while the Q biotypewas
presentonly in Yunnanprovince and Beijing. In the presentstudy however, at leastsix
geneticacesareproposedo bepresentn China,amongwhichthegeneticcacesBali group
(ZJGh),G biotype(GXCm), M biotype(Hainanl)andAsianH/K group(FJIb,GDCv) are
reportedn Chinafor the rst time.

It is importantto keepin mind that identi cation basedon a single techniquehas
inherentrisks, asexempli ed by the fact that someindividualsfrom a silverleaf-causing
populationlacked the B biotype-characteristiesterasepattern(5). As more white y
variantsarediscovered,they shouldbe evaluatedwith consistentriteriain orderto place
them properlyin the speciescomplex. However, it will be a dauntingtaskfor a single
researcheto evaluateall B. tabaci biotypesin a single study althoughcertainstrateies
canbe helpful, suchasusingconsistenterms,asproposedy De Barroetal. (16). In this
work we have tried to usethetermsthathave beenpreviously publishedby otherscientists
sothatthe datacanbeintegratedin a globalor regional studyof the B. tabacicomplex.

Biological characteristics,such as host range, virus transmissioncapability and
silverlea ng, arevery importantin placingary singlewhite y populationinto a particular
group. It hasbeenfoundthatthe developmentandreproductionof the B biotypediffered
signi cantly betweenhost plant strains,as shavn in the caseof Codiaeumvariegatum
(26). Herethe GDCv was collectedfrom C. variegatumandits biological characteristics
areworth adetailedinvestigationin orderto understands invasionmechanism.

ZJGhwascollectedandrearedlocally on cotton. Preliminarystudieson its develop-
ment, survival, silverleaf-causingability, hostsuitability, and reproductve compatibility
with the typical B biotype shaved thatit is a distinct native biotype. However, the data
obtainedheredemonstratedhat ZJGhis closelyrelatedto the Bali group, andtherefore
furtherinvestigationon its origin is very worthwhile. More dataareneededo determine
whetherit is indigenousor exotic to China. Similarly, the origin of GXCm alsodeseres
furtherstudy
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Theoccurrencef theQ biotypein Chinahasjustbeencon rmed (34). Its geographical
distributionandhostrangeareunderinvestigationandthe ndings mayhelpusunderstand
its dispersalmechanism. The Q biotype was found to be even more competitive and
invasie thanthe B biotypeon mary differentweeds(28). Insecticideresistancanay be
an additionalfactorin uencing the dynamicsof the B and Q biotypes. Four populations
collectedfrom distantplacesin China were identi ed as close geneticracesof the Q
biotype by RAPD bandingbut not by ITS1 sequenceswhich implies that it is actually
atricky problemin de ning Q andB biotypes.As a matterof fact, RAPD-PCRandITS1
sequencesiave beenusedto comparethe B. tabaci populationscollectedfrom cassaa
andthosefrom otherhostplantsandthe resultsshavedthatthe cassaa populationsvere
distinct from non-cassaa populationswhich con rmed a stronghost— white y relation
(1). However, the resultsobtainedhereprovided no evidencesupportinghost— white y
relationsor geographicatorrelationsyhichindicateghattheB. tabacispeciexomplexin
Chinamightbeundegoingarapidgeneticdifferentiation.The closerelationshipbetween
Asianwhite y populationshintedthat an extensive migration hastaken placeduring the
pastyearspossiblydueto briskinternationabusinessandpersonakxchangean theregion.

ACKNOWLEDGMENTS

This studyis supportedy the NationalBasicResearcland DevelopmentProgram(GrantNo.2002CB111-
4000),the National ScienceFoundationof China(GrantNo. 30571218)andthe OpenFoundationof the State
Key Laboratoryof IntegratedManagemenbf Insectand RodentPestsin Agriculture (GrantNo. 0403). Our
thanksareexpressedo Dr. A.R. Horowitz, Agricultural ResearclOrganization,The VolcaniCentey Bet Dagan,
Israel,for supplyingwhite y samplesandto Dr. Paul De Barro, CSIRO Entomology Indooroopilly Australia,
for his constructie adviceandsuggestions.

REFERENCES

1. Abdullahi, I., Winter, S., Atiri, G.l. and Thottappilly G. (2003) Molecular characterizatiorof white y,
Bemisiatabaci(Hemiptera:Aleyrodidae)populationsnfestingcasssaa. Bull. Entomol.Res 93:97-106.

2. Bedford,l.D., Markham,P.G.,Brown, J.K.andRosell,R.C.(1994)Geminvirus transmissiorandbiological
characterizationf Bemisiatabaci(Gennadiusjrom differentgeographiaegions.Ann.Appl. Biol. 125:311-
325.

3. Bellows, T.S., Perring, T.M., Gill, R.J.and Headrick, D.H. (1994) Descriptionof a speciesof Bemisia
(HomopteraAleyrodidae)infestingNorth Americanagriculture Ann.Entomol.Soc.Am 87:195-206.

4. Brown, J.K.andBird, J.(1995)Variability within the Bemisiatabacispeciexomple andits relationto new
epidemicausedy Geminvirus. Ceiba36:73-80.

5. Byrne, F.J., Bedford, I.D., Devonshire, A.L. and Markham, P.G. (1995) Esterasevariation and squash
silverleafinductionin B-type Bemisiatabaci(Gennadius)Bull. Entomol.Res 85:175-179.

6. CampbellB.C. (1993)Congruenevolution betweenwhite ies (Homoptera:Alerodidae)andtheir bacterial
endosymbiontbasedn respectie 18Sand16SrDNAS. Curr. Microbiol. 26:129-132.

7. Campbell,B.C., Sefen-CampbellJ.D. and Gill, R.J.(1996) Origin andradiationof white ies: aninitial
molecularphylogeneticassessmenin: Gerling, D. and Mayer, R.T. [Eds.] Bemisia: 1995 Taxonomy
Biology, Damage ControlandManagementinterceptLtd., Andover, Hants,UK. pp.29-51.

8. Cenera,M.T., CabezasJ].A., Simon,B., Martinez-ZapaterJ.M., Beitia, F. andCenis,J.L. (2000) Genetic
relationshipsamongbiotypesof Bemisiatabaci (Hemiptera: Aleyrodidae)basedon AFLP analysis.Bull.
Entomol.Res 90:391-396.

9. Claridge,M.F., Dawah,H.A. andWilson, M.R. (1997)Speciesn insectherbvoresandparasitoids- sibling
specieshostracesandbiotypesin: Claridge,M.F., Davah,H.A. andWilson,M.R. [Eds.] Speciesthe Units
of Biodiversity Chapmar& Hall, London,UK. pp.247-272.

10. Costa,H.S. and Brown, J.K. (1991) Variation in biological characteristicaand esterasepatternsamong
populationsof Bemisiatabaci andthe associatiorof one populationwith silverleaf symptominduction.
Entomol.Exp.Appl. 61:211-219.

11. De Barro, PJ. (2005) Geneticstructureof the white y Bemisiatabaciin the Asia-Faci c region revealed
usingmicrosatellitemarkers.Mol. Ecol. 14:3695-3718.

Phytopaasitica34:5,2006 439



12.
13.

14.

15.
16.
17.

18.

19.
20.

21.

22.
23.
24.

25.

26.

27.

28.
29.
30.

31.
32.

33.

34.

35.

440

De Barro,PJ.andDriver, F. (1997)Useof RAPD-PCRto distinguishthe B biotypefrom otherbiotypesof
Bemisiatabaci(GennadiusfHemiptera:Aleyrodidae).Aust.J. Entomol 36:149-152.

De Barro, PJ., Driver, F., Trueman,J.H. and Curran, J. (2000) Phylogeneticrelationshipsof world
populationsof Bemisiatabaci(Gennadiusysingribosomal TS1. Mol. Phylagenet.Evol. 16:29-36.
DeBarro,P.J.,Liebregts, W. andCaner, M. (1998)Thedistribution andidentity of biotypesof Bemisiatabaci
(GennadiusHemiptera: Aleyrodidae)in membercountriesof the Secretariabf the Paci c Community
Aust.J. Entomol 37:214-218.

DeBarro,PJ.,Scott,K.D., GrahamG.C.,Lange,C.L. andSchutzeM.K. (2003)Isolationandcharacterisa-
tion of microsatelliteloci in Bemisiatabaci Mol. Ecol. Notes3:40-43.

De Barro, PJ., Trueman J.WH. andFrohlich, D.R. (2005) Bemisiaargentifolii is a raceof B. tabact the
moleculargeneticdifferentiationof B. tabacipopulationsaroundtheworld. Bull. Entomol Res.95:193-203.
Felsenstein]. (1993)PHYLIP (Phylogesy InferencePackage)ersion3.5c¢.Distributedby theauthor Dept.
of GeneticsUniversity of WashingtonSeattle WA, USA.

Frohlich,D.R., Torres-Jerez.l., Bedford,D., Markham,P.G.andBrown, J.K. (1999)A phylogeographical
analysisof the Bemisiatabaci speciescomplex basedon mitochondriaDNA markers.Mol. Ecol 8:1683-
1691.

Gawell, N.J.andBartlett,A.C. (1993)Characterizationf differencesetweerwhite ies usingRAPD-PCR.
InsectMol. Biol. 2:33-38.

Guindon,S. and Gascuel 0. (2003) A simple,fastandaccuratemethodto estimatelarge phylogeniesy
maximume-likelihood. SystBiol. 52:696-704.

Higgins,D., Thompson,).,Gibson,T., Thompson,).D.,Higgins,D.G.andGibson,T.J.(1994)CLUSTAL W:
improving the sensitvity of progressie multiple sequencalignmentthroughsequenceveighting, position-
speci ¢ gappenaltiesandweightmatrix choice .NucleicAcidsRes 22:4673-4680.

Horowitz, A.R., Denholm,l., Gorman K., Cenis,J.L., Kontsedalg, S.andlshaaya]. (2003)Biotype Q of
Bemisiatabaciidenti ed in Israel.Phytopagsitica31:94-98.

Kimura, M. (1980) A simple method for estimating evolutionary rate of base substitutionsthrough
comparatie studiesof nucleotidesequencesl. Mol. Evol. 16:111-120.

Kumar S., Tamura,K., Jalobsen,|.B. and Nei, M. (2001) MEGA2: Molecular Evolutionary Genetics
AnalysisSoftware.ArizonaStateUniversity Tempe AZ, USA.

Li, Z.X., Hu, D.X., Song,Y. and Shen,Z.R. (2005) Molecular differentiationof B biotype from other
biotypesof Bemisiatabaci (Homoptera: Aleyrodidae)basedon internally transcribedspacerl sequence.
Eur. J. Entomol 102:293-297.

Lin, L. and Ren, S.X. (2005) The effects of host plant Codiaeumvariegatum on the developmentand
reproductiorof B biotypeof Bemisiatabaci J. S.ChinaAgric. Univ. 26:39-42.

Luo, C,, Yao, Y., Wang, R.J., Yan, EM., Hu, D.X. and Zhang, Z.L. (2002) The use of mitochondrial
cytochromeoxidasgmtCOl) genesequencefor theidenti cation of biotypesof Bemisiatabaci(Gennadius)
in China.ActaEntomol.Sin.45:759-763.

Muniz, M. (2000)Hostsuitability of two biotypesof Bemisiatabacion somecommorweeds Entomol.Exp.
Appl. 95:63-70.

Nei, M. andKumar S. (2000)MolecularEvolution andPhylogeneticsOxford University PressNew York,
NY.

Oliveira, M.V., HenneberryT.J.andAndersonP. (2001)History, currentstatus,andcollaboratve research
projectsfor Bemisiatabaci Crop Prot. 20:709-723.

Perring,T.M. (2001) The Bemisiatabacispeciesomple. Crop Prot. 20:725-737.

Perring, T.M., Cooper A.D., Rodriguez,R.J., Farrar C.A. and Bellows, T.S. (1993) Identi cation of a
white y speciedy genomicandbehaioral studies Science259:74-77.

Tsagkaraku, A. and Roditakis,N. (2003) Isolation and characterizatiorof microsatelliteloci in Bemisia
tabaci(Hemiptera:Aleyrodidae).Mol. Ecol. Notes3:196-198.

Zhang,L.P., Zhang,Y.J.,Zhang,W.J.,Wu, Q.J.,Xu, B.Y. andChu, D. (2005) Analysisof geneticdiversity
amongdifferentgeographicapopulationsanddeterminatiorof biotypesof Bemisiatabaciin China.J. Appl.
Entomol129:121-128.

Zhou,Y. (1949)A checklistof white y in China.Chin.J. Entomol.3:1-18.

Zheng-XiLi



