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Abstract

Project Code: RSA/06/2538

Project Title: Molecular genetic studies of tephritid fruit fly
through heat shock gene family

Investigator: Sujinda Thanaphum
Department of Biotechnology,
Faculty of Science, Mahidol University

E-mail Address: Testn@mahidol.ac.th

Project Period: September 1%, 1996 to August 31%, 1999

A new molecular marker has been developed to clarify the status
and systematic relationships of forms within the Bactrocera tau
(Walker) taxon. The B. tau taxon has recently been subdivided
into forms A4, B, C, D, E, F, G and I based on host-plant
preferences, cytological differences and external morphologies.
This new molecular marker is derived from the sequence of the
heat shock protein 70 cognate gene Bthscl. Fragments of this gene
were analyzed from B. tau individuals representing each of the
different forms. Patterns of sequence variation revealed that the
average genetic distance measurement within the B. tau form 4 is
significantly smaller compared to the other B. tau forms. UPGMA
and neighbor joining analyses both indicated that B. fau form A4
individuals derived from various geographical populations may be
reliably separated from other forms B, C, D, E, F, G and I. Our
results also show that the Bthsc]l marker may successfully resolve
other relationships among these forms.

Keywords: species complex, fruit flies, Bactrocera tau, heat shock
protein 70 cognate gene, molecular systematics, molecular marker
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wnasTunaldluide Bactrocera wnasfiailuuuasdaziniassgioluglimelsids
& v o ' ] ¢ e ' i
axYusaniaslé uszBactrocera rau (Walker) filludratnsnitsvasuuslungudnaniil
msnszawszLne lna (Hardy 1973) lasGunssaasudoidoldion disom wazgaw
L = o = vd‘. = = e o & = A = o
ndneduasiusandoslaftsznelng, anady, Boewn, AdUDus, uszdulafivie
11fs aziusenlnaiu léwiu ustraulduastiszine@u (White and Elson-Harris 1992)
o a e w < @
uwngd B. tau Anaznslilunalinmeriialeamldusranduisluasgauas
. Er o oA AV o
(cucuritaceous) AfiaudAyMaAsEgiona uan, vy, uasly, Wnnes AL
Lo o ) A‘ ' ] [ = d [ b
anudmagmMaassgiaiulinmei gluth adelsimuluGeueunsuimumsiadwanl

a )  Faen a = = .
'ﬁﬂl,fmm’ﬂENLLNﬂdﬂQNLﬂﬂ'mtlﬂ&l‘l@‘l’%’ﬂﬂ’liwwu’]aJ’ILiJuL’aa’m’lu'v‘la‘\EJ‘lJ (Whlte and Elson-
Harris 1992)
P ' g a aa o w A w W PR
Luﬂluu’]uu’lu udﬂuﬁﬂﬂﬂuﬁﬂd“ﬂﬂﬁﬁumENFI‘WJ'\LLJJENI B. tau ﬂqaﬂiznﬂﬂﬂjﬂﬂl"ﬁﬂ

FuFeunmuriiafifidaidoariu (Baimai et al. 2000) waznszatwegetsfizluuy doynile
ﬁaaaﬂ%ﬁsfx’uoﬁ’auﬁmmmﬁmﬁ'umsmuqmmmﬁ'ﬂEﬁﬂnamamn Tudumsudmsianys
m‘umJumaa‘tfumnLuumi‘mmnﬁﬁmuﬂ*‘l&iﬁauﬂﬁuﬁufﬁuﬁn*ﬁ aindunyainuazrilaaia
tuIfa biological species concept wnamausiairdsintadwissamaansudasria
lumsasstuthumnuuasneasud giiladuauazsiiamnuanauiusiuwladsnd ms
muguuesdlanmsfimfzmunnuguuusmmstesaluwion giuld
lwilududlefinsdistiddfudaninininmantezedog fnwncdmgumeuan
vialaslulmanfunangmuatinadenfidne: hinafissua fivsasswefiatiafadidddn s o ld
uanmni{ﬁaﬁmwu‘ls&uﬁuaulummammwuﬁ’uﬁ'ufmaﬁ’uﬁnssm pIuNAITHnLREY
wunduFeniiny um‘nmmaﬂsmmtmmﬂuﬂmaamm’mﬂ'urrs'mlm'mmwmn'ﬁw
Fwanaeithe (systematics) LWﬂlﬁmﬂﬁaUﬂQﬂMﬂﬂﬂﬂ’JN‘uu (Hillis et al. 1996)
mmummaU'Lumul,l,ummwavl,uunﬁmmeﬂuﬂat&m'mﬂ'm'mwm DNA
LA30INNIIEY microsatellite DNA, uaz fiundos DNA nanpriieuniiuniomunn
mnLwia‘.‘ia"lﬂﬁn’rsﬁnmizﬁmhzmnsﬁuqmam%ﬁl*ﬁ?mmnsﬁaﬂ%ﬁfffuﬁau (He and
Haymer 1997, Bonizzoni et al. 2000, Yu et al. 2001) fiasiawnafindsnsilsivsid
FugeuazwuinlimannlSusnuzalfdsudenldituile McPheron and Han (1997) 1%
W& mitochondrial 16 IDNA JiemzRnsdialiqsuseousas Rhagoletis pomunella liwy
%ia DNA flazlfifudnwastidTatifdens glussundudonls’ il Morrow et al. (2000) .
\¥5a DNA BnfusnainsednsiiatSddudaunas B. ryoni lewuudnnuuysduyes



¥ [ "] ' [y o = 9 = d a ] ] “: ‘;
shaRugnssui lfanudunzauriievsuuasent iwRoamisdumiarig uanaini
Murajin us: Nakahara (2001) §awuiniwa mt tDNA anansousnuseailiqans qlasvalyl
vosunasTunalildmnudlimaunsalilungunsdlalidadudoun B. dorsalis 1o
J ) Qs L QO & o n q'd L
lwaneiinguallfddudan B. au lagniadmandasuvuinnatiueduld 8
= e L= o ) 1 = A
Wosufie 4, B, C, D, E, F, G uaz I lapandpansmemsdinaingtusiauasRohuuss
{1 g ] G & Qa [ 8 +
wisniilanela (host preferences) aniUsNLTRIRUTFNEAT (karyotypes) Lm.,mulumg:d
Wesutnaweiuues B. fau sxiningansacnussBoanpuansuuunLRmRaSIM
) [] ) 1:; = i e L [) -« -
fuen WiarwauasglivuenaadhuSaEmunaTUFTVeEurias (Tigavattananont
- . A bl Lo [] L bt Qo
1986, Meksongsee et al. 1991, Baimai et al. 2000) TIRNBFUTAINENIFIOARINUAN RIS
mitotic karyotypes @inmlae Baimai uszamue (2000) atinglsAimudnmacanan lidaw
a o w A Ay A e o & a o 'y
wariushezlfifessuilgwimsuenuezailiaiellgmanuduwusvasuuasiuna liwedy
fna9ler
F-1 » as A‘ [ Qs o
lunsdifinwrusangualiidtudon B. rau isdndudaswauiszuy DNA
ﬂ. J‘ [} F‘ s s [
wdsdnunslivan lninenamunsauenuszanudutauy oalBduazanansativan
anufuRREMIRRgnIsvYasRlsREFaunaiidan lunuiseiuiiStunsideue:
a e v o P
Waiwy DNA wsaswinenndudadensita Heat shock protein 70 (Hsp70) tNaYanuszasd
%3 ] A :‘ L. | al L% J LYY & Qe [ Y ")
@Ine1 DNA ieSeswinunldmaiu Satanimusaliiinnsdamuiuduiniiugnau
a Fory o o ] . o A ) P |
vosRsliFIaluszavaunaimung glunapngudalitia wunuidenvlens Gupta us:
Golding (1993), Graser et al. (1996), Borchiellini et al. (1998) waz Budin and Philippe
' a - a ™ o o yet o
(1998) ssnslsimudnaniwues DNA wSasmunuinndudeteniialiliflonasevld
A w A el e g Pl w A e a @ e g ™ o an
iNaunilywinsdiallisdudauniauiigmailidnlenusuiuimatugnssunlndaun
VeI
AEnaany
-
Ot 1 s B e v o v.d £ s » [ 3 1]
aradnonnasiuaalal Madsunas s lifiludunuvasnguunasiuvesusig
ar a o o g a A o & 1 ar
(@anngluamd 1) ldgndedwanlassnsucfshunssafudns gl wsednwue
s B e = C‘ i
TOUTRARUTANENT UBTANBILNWFUTIWINEIMBUBNUIUSEMsmuiinsAns Linaw
Y . . . P
uialu (Tigavattananont 1986, Meksongsee et al. 1991, Baimai et al. 2000} tHu
Fo) P - s '
piienaniluzuf 1 usassmufiivdstsuuasdlulsanalng uusg B. tau Wosu 4 lu
A o (=) L L2 - = =)
wafumiudagAniessghemagmmeneliluna i isdwanosiia (polyphagous)
swdfimsnssnalunnisaginmalutszneing sawwasTunalsd B. au lunefudug
Qe B = - d -] [ 1 o =5 o
fnazfinnuddglunamegiateniissnnazidennslylunsvesfr bR iado,

|A o - - =] ¥ =9 e
winlifinfianfia (oligophagous w3 monophagous) uananfazwuluniiaouanizailu



wufifudulng Wesu B F. G Lﬂuwm‘wﬁagﬂua:ﬁaaﬁuanﬂu monophagous #1uWa3y
D, E uaz ] a:wulmm‘lmmfuuaztﬂu oligophagous (Baimai 2000)

wuasuna laivasy 4 a:gnLﬁnmaﬂﬂaaznﬁaﬁ‘amnﬂswmﬂu 10 pilitlssinauuas
Tunasiun JaznnLivan arj'tm:%ﬁaﬁ"ﬂugﬁﬂs:mﬁem s udstilazlFmde iy
boostrap maaﬁﬁsﬁaﬁmmﬁm‘émmnﬁmmwaaiagamﬂ:a‘hmuﬁmzmﬁau (Iﬂ‘a‘ﬂﬂﬁ
mMaTIERIRE DNA)

mysina DNA Lmm’;‘um'l,ﬁ‘a:gnmmﬁ'ﬂﬁﬁuﬁaﬂ'luTmmummﬁauﬁm:gﬂm
\aara DNA Tae38uss Lifton anufildeuielilunuves Haymer uaznmie (1992)
NTUNZNON genomic DNA ﬁmna:gna:mﬁluﬁﬂnﬁuﬁﬂ’nmﬂ’uiu 10 ng/ ul.

Ufji3e1 Polymerase Chain Reaction Amplification nnyvenpifSanm DNA
Wi miiniadanazl$in3es GenAmp Polymerase Chain Reaction (PCR) system 2400
thermal cycler { Applied Biosystems [ Thailand] Limited, Bangkok) 1utSanassw 50 ul
Tael§A%en PCR dsznaudan 10 ng 189 genomic DNA, 1X TagDNA polymerase buffer
(Perkin Elmer, Branchburg, NJ), 200 uM 183 dNTP wdazwiia (Gibeo, Gaithersburg,
MD), 20 pmol 384 primer Lwiﬂ:‘if'lmaz'ﬁﬂdgﬁmlad TagDNA polymerase (Perkin Elmer)
msiwuagunnlues PCR vas primer I uaz 11 (Ilsaqludunamnasas)iie Suf 94
B3¢ (°c) twamaeswfi, audan 29 seutes: 94 aaen witaunfl, 44 asmn witaunf, uas
72 8970 FOIUN

ms PCR % primer HST I was HSTII (Tﬂsagﬁwamswﬂaaa) 13 Fwndauns
PCR ﬁnein‘li’iwuuumi’uqmﬂgﬁvm: annealing 11w 61 asen primer gliﬁgn'l&'ﬂum's
PCR iU genomic DNA template 37né3ath susiaavianuatasmiddniaasnngluansaf
wits uanandl primer HST [ waz HST II fild&wiuunsw DNA wasfiudesan
Bdorhsc nn3luaasunasiunaliziia B. dorsalis 35161404 nguoutgrouplunis
Tz ia DNA uwuu unweighted pair-group method with arithmetic aveerage. Primer
Ansrsitsduldsunsimmeieanuuulaglflysunsy OLIGO (Pychik and Pychik 1989)

nmslaanuaznaatid DNA nania DNA 2nnszuauns PCR fild primer I usz
1T azpnlaaulu DNA winz pCR2.1 lasld TA cloning kit (Invitrogen, San Diego, CA)
aadtuushvenSem S unande DNA 9annssuaunts PCR L% primer HST I uas
HST I azgniiensaenduladdedimne EcoRI newfiesinlusiadiu DNA wine pUCI9 uis
transform ¥\ Escherichia coli suwus DHS alpha antiu laaufill recombinant
plasmid azgnidanlaslfazuufun/Fiiiuuaslaladl nysaria recombinant plasmid DNA
azlasdB boiling preparation 483 Maniatis uazanie (1982) sws DNA 2a3nania PCR



ﬁiﬂﬂ%‘lﬁﬂ:gﬂ sequence lasszuy automated DNA sequencer (model 377, ABI PRISM,
Foster City, CA) DNA ma"lf:a:gnn gasEwIwRilin S sssmepsnunsdiinisam
sWadenuihmduezinmnaasiagen

midaneriaia DNA 598 DNA fildannisa aasRRluthaduszgnihaifiny
Fusdourulaslisunsy CLUSTAL W (Thomson et al. 1994) aamisiusanisiiadsing
N3 transition WAT tranversion a:gnﬁ1muﬁa:ejn.ﬁawawﬁ'a DNA anaa8eing B. tau
vawuaussiv B. dorsalis MiusliEd Outgroup @ ssuzvan RN RIeloys
thaduazgndmaulaslisunsu DNADIST lulisunsu PHYLIP package version 3.5¢
(Felsenstein 1993) la UI‘ETNma’szﬁ:ﬁ’mﬂ’mﬁui;ﬂssmjad Kimura’s two parameter (Iﬂﬂlﬁ'
{ifin default 384 transversion ¢ia transversioniu 2.0) Fuununi dendrogram Usa4
mwm.l'uaﬁ:ﬂ:ﬁumaﬁuﬁqnﬁ&mmuuaa B. tau Wasuena e]gnﬁ'm'[ﬂmﬁ an unweighted
pair-group method with arithmetic average 11w algorithm option nllsunsy
NEIGHBOR lu PHILIP package

phylogenetic tree Bia Neighbor-Joining (NJ) fifmue 50% majority rule viu
concensus 'le'fgnm"m"‘irm'[ﬂﬂﬁm'mn’mjué”mr;i’mlﬁﬂlumsm: bootstrap SaaaA 100
lagl3lusunsu SEQBOOT 1w PHYLIP package aya100 qﬂ'?i‘lﬁmnm:mums
bootstrap ﬁl:gnﬁwﬂ"ﬁ’uﬁﬂ matrix YasELzHIINIIARENTIUEIUIU 100 matrix
Tagly K2P Tanasanlusunsy DNADIST uwunil phylogentic filennnisinmswinadu
azgnnauunlidl scale Taolusunsu TREEVIEW (Page 1996) Gs9zuanafi bootstrap 11
Uszdusiaz node

HanINA[ag

nrInmmiinnslaansia DNA vasiiu Heat Shock Protein 70 Cognate

PINuNRIINHG L3 B, tau

sWa DNA v838% Hsp 70 cognate gene-like ldgnuan ﬂﬂnnﬂaﬂlﬁ'ﬂ;‘;aﬁuﬁm
WunnBuiddnsmciwiioutufa Ceriscl 1udluavasuuasiunsldniio Medfly, Ceratitis
capitata (Wiedemann) fapdinulen (Thanaphum uaz Haymer 1998) (31l 2A) fiu
Cerhscl §i open reading frame #laifiswa codon MeABEATINAN fanuen 1,962 DIk
AANINAMUIUANENIVBINTT translation uaEETHE amino acid Fiuaesing Tusdulaaud
anufiusnnly (conserve domain) agjdu N terminus fa ATPase lawauu uazeu C
terminus i@ peptide binding domain 1WITHR N FoNLS I MABILSI MY BIBY Cerhscl fig
VS mARsIRUAUMIS amino acidfl 138 uax 591 elfiudugulunisaanuuy primer I
waz primer II WUV nondegenerate AILANILUUTIVOTII8
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Primer I 5°-TTA CCA ACG CCG TCA TCA CTG-3’

Primer I 5°-CTA ACC AGT TGG CTG AGA AGG AGC-3°

(#1814 primer I nag primer II Tunms PCR flez ldnanfia PCR Alivuia 1.3 kb 91n
¥ ¥ s L d %
FTunvesuuasYuna’lld B. rau MnendanTamssysal 93ds¥a DNA duili Brhsel uauile
illosastia DNA sz 1ddeyadn Brasel finmen 1,356 guiauasiiemiouis oaiu Cerhscl

d e P o . |
fnnunilawfisig DNA 84 93.50% uazliaiueitil auyo95We amino acid Anaalend
97.18% (¥ ldurasioyalumeoau)

3% DNA 984 Brhscl ypauuna B. rau Wodu 4 Snaesdaetreimnnnsznnsangd
szma (lAunsndiniaguasmiluazfaniaimg 1 dgnimsidsmsfiouSswesswa
DNA w1 Bihscl famuiaetauns iy Cerhscl nnzmsmouisshuss#usia amino acid
F10lQuaaeiifudieda DNA vSnwdiasefusia amino acid # 236 uaz 570 Hdnyaisd
conserve M ¥ aunsoeenuLY degenerate PCR primer ﬁ‘fa HST I uag HST Il Asuaad

tunssnadisais
HST I 5-TCT CGT CAC CCATTT CGT TCA (A/G)G-3°

HST II 5’-ATG GA(A/G) GTG CGG TCA GA(C/T) TCA GA-3’

@ - = o & o v A
siaiiang To'lndluruduninedsdwnisi degenerate

wanda PCR nindesisiamuasanaas 3 lums niinit 18inannsid PCR primer
HST I uaz HST I wadu Tavilaammen 1,001 giua (Tilsagzl 2B) wanda PCR %&nnnnﬂ
#r0619zEl duimis EcoRI i conserve afaosdumisisiu 664 ﬁim; (Tisag31 2C)
YBUDNA Y11a 664 HUIAAINGTINAIB61NAS B. fau NoTu 4 yoafanda mwsysai ldgn
141fhu DNA probe dw¥u n1331r5129 uvy Southern blot 1 restriction digests genomic
DNA vesedramunsiuna'ls B. rau o 4 nanwa # stringency ga9uazilsingrad
‘IR ey 90 DNA probe danan 1¥edudu niluwanlunngdaedie @ouadndiilg
LD
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msfisuSeestia DNA 189 Briscl a1ndtaedaisnsaveaunsYunalsl B, rau luynqrada

YoynvesHad DNAINYeU EcoRI 9u1a 664 guuadisdu snyndsaransnsu
a5 reimits S lduenmsduasums PCR, ARtumzdao EcoRl, Taau, uazasesva lagn
imndisuSeadasTilsunss CLUSTAL W nazuaasazdTumseficeanmzdmmisfiiaa
and1 msfouiseiinnudede ldguiiosnn hiimmsniufivsfefiseshuiiomouses
g wuitdl 55 durmisinndTe ndfimasranmaanaenrmIYeHR 664 gua
(Uszanet 8.3%) Awmisiiinammmianawdnnglufavazaszewlaaeanwsves
DNA ta3oemuio gumisDNA ﬁﬂmnumﬂfhuﬂlﬂm'lﬂuﬁmmia synonymous substitution
(46 AwnlanIollszanm 83%) uasA MUY synonymous mdﬁﬁmhm:uﬁ'a%mﬂuﬁumu’a
fiandTe nafid iy codon (44 dwmvis 910 46 Awmie)

Tumswfioesszitu 1@ molundurlesn 4 Srefueassiidumiseg 16 dumied
uaasnnulsfanzieg ddumisTu 16 dumisdnaniitinanimilsfeiefifinouns
FudIaTT (polymorphic positions) wndnwnamuilsiulunguresy B 847 sxwu
Sruudmmiaidsfu (variable sites) fnnitfe 41 dmmishudmuiing 23 duomiei
polymorphic ieforsan@umiiadi 222 e adenine 93 fixluvedu B fa 7 luvmzfidumia
Foamuiiludedu 4 nadresiaes hilsiua adenine

szt nucleotide substitution 11 transversion Tavua 15 duMliaz
transition oA 40 dummiadenFoudoudunnisdanaiy concensus sequence Y94
Bthscl ﬁﬂﬁfhmﬁwm transition/transversion ratio fi® 2.17 + 0.17 (N=17) maluresu 4
920A 1M transition (13 #59 81%) 110071 transversion (3 M358 19%) dAaI1UY4
transversion il:mm'fuu‘ja?ms1:ﬁ1uﬂﬁ:niwinﬂa§u B 03/ (12 n50 28%) naz
transversion a3utvajvziiu synonymous substitition uﬁzﬂdﬁﬁumﬁﬁmﬂuﬁﬁ'ﬂ codon

aniudmmuan 85

sTpTH N NN ITuazmsalfsudauanawiiouyss Brascl

nmsnffsudeusda DNA sindietafinzg lnaaselasnisiaszesviianewugnssu Tasha
1IANTIAA nucleotide substitution 91019 AA WA NRABVLIS MM nucleotide Fuandaly
uanzgifiovvesmeluresn 4 fie 4.2 + 1.5 unsilaundvvesszozviemeiugassu (19

Kimura’s two parameter model fi 0.0063 + 0.002 (N =45 luiaesrunia)
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dianlSsumsualuiana13veesWa DNA nszvin fesu 4 89 7 luanseghn 4 0218
] . ] ar e -, [ S A J [ = [
AundsvemNIIAnAvRsIHaiad To Inanmuaudiu 16 + 5.98 AuRauuIISITH NN
o i ﬂ' J : T H
wuqnisuﬁmwmﬂu 0.0247 + 0.009 (N=28 Tutivaresnunan)
PNNMITNATIERANG -test (2-tailed) for equality of means fNLaRBYBITTHZHIIN
a ' [ a o ] o \ as
wugnyumalungunesy 4 diuesiasnidnadvzpsivmaiugnasayeans
wsuifisuszwineledy 4 D9 7 ednlinedmaa (¢=-10.276; df =29.04; P< 0.001).
' o o - . a '
maisuifisudiaisvashuinieileindnaeiuluuuunelunguvesu 4 us:
) . L =Y - A [ et L
luuuusznireedn 4 69 7 fldnsaeansainssanuluGesssuzvinimeiugnasutnadu
= =X - - o r=9 =) A
Ao NIMIIATARDS r-test (2-tailed) for equality of means vasdmwiniianalalnan
) o ] 'y o L y o =3 o [ 4 ] A ]
uﬂnmamaﬂmﬂlumguwam A wdisnteanidwaniiangle Induandisadnszninianaiu
A B3 Teaensfiskdeiny (= -10.32; df =29.125; P<0.001)

m‘ﬁl.ﬂﬂzﬁuﬂugﬁ dendrogram g% Unweighted Pair-Group Method with
Arithmetic average gazmIINTIEH phylogenetic tree uuu Neighbor Joining
i’fﬂgmﬂ‘%’Uuaﬁﬂmw:ﬁwmaﬁuqﬂiimlﬂﬁﬁﬁ DNA Bthscl mnmiuﬁmmmzﬁgﬂ
inldifudeyaiinsevingu (cluster analysis) Taveza?1aurugii dendrogram (fesandu
AIBHNUNIIANAI N T UAUN IR UENI 51 nwﬂ%’mmuqﬁ‘ludmﬁy‘l%‘i‘ﬁ' Unweighted Pair-
Group Method with Arithmetic average (UPGMA) Nﬁﬁ‘lﬁuﬁﬂﬂugﬂ‘ﬁﬁmﬁa nuod B tau
Woiu 4 Wadudetinngimanalszmanoszgniunduiegusneensindaeireesudug
YA (sagslfiam) nquiledu B, £, G argniauoniunduiindrefunagenngy
Wil3 (Bt-Fhsc, Bt-Ghsc and Br-Bhsc vzoglundudaniu) Saaasianamlndfadumnni
Wugpssy iazaquiesy C uaz 7 AvzegilunduianesnliBangamits upnmnf‘zynfjmmnﬁu
wa'lsfwiin B. dorsalis (Bdorhsc) Suilufiess outgroup ﬁil:‘wmfNaaﬂ‘lﬂqﬂmnﬁmﬂumﬂ
MTIATIAAI phylogenetic tree wuudildndn 50% majority rule {lu consensus
tree 9135 neighbor-joining Fadeonl¥ Kimura’s two parameter A u,ﬂm‘]'ﬁuzﬂﬁ 4
31l phylogenetic tree i node wnnond lilsmn node fuansdnannindedeqandt 50 %
NI phylogenetic tree fronSeszvmiousunsins e cluster Tu dendrogram ve4
31lii 3 uesrunndendudetraumniB. rax dedu 4 Hedudednnnginaintsemang

wgniunjuineguaneanyindledialoiuduqeddud Tasliarnindede 76% (nyaing
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1) nqnﬂa%’u B F G ﬂzi_]nammmﬂuﬂquﬁﬂﬁwnumngﬁ'nnqmm (Bt-Fhsc, Bt-Ghsc
L 1 ar & = o o 1 § 5 3
and Bt-Bhsc szaglungudioniu) Fuaasteniuindaduuinmaiugnssufinannivyeded

L] L r " A 3 1] ;
88% wax 95% naznguilesy C uaz I ezegilunguneneanlinnguuildfinanniviede
100%

L= t
mieisnl
. =1 9 ot
A1seenuYL PCR primer 31n8u heat shock cognate 1&uaasnamsnanssliimu’ld
T o - J L] Ll H s o L] T
Hemnsoti primer HuiFauldedniniede laoannovnesia Brascl 91nA881d 199
ypsnuasiunn I lulszmalne lResasumziowsdlugngiinmvesilszmalne iifesen
14 ¥
primer ma1iieanIuL9INLTNUTA conserve a1nTunquuuasiura'll B. rau,
B.dorsalis, uaz C. capitata manda PCR ' ldansoléiilu DNA wieamnaieldlun
L4 *
TinsimsiadmanuazdsruudgnuSesnnuduiuimatugassuvsanunsiuna lild

mlfaniwnszsicludelefudnafinehidaouluefia (Hardy 1997, White and Elson-
Harris 1992, Baimai et al. 2000)

ms e duiufussuasTusa lresud e 18145 Wa DNA vesriou
EcoRI v 664 gruaiiny 1davelunuasuna T8iluuS gy heat shock cognate Tag
ghouuy PCR simfuiiorins o DNA dptaanuaundiou ssoswuidiswovduoniaii
miaiiand To nAunnda (vairable site) Husmausan 55 dumia msdfousoedradu il
Fosievessiiaiiand To TudiiiasinnssuIuns deletion 13e addition usneIniinamlsiy
vossHaiinale Indeznszaieihtuanenniuiem 664 qiua audnsmzyes DNA nieanine
ﬁﬁ'uwuﬁwﬁuuaﬁqinn’ﬁm heat shock protein 70 cognate 9213 conserve MINMINLAIA
PwmmmaenmelulFinmdidon 18y DNA m?muuwmmgm*ﬁii‘tm‘h’fﬁ’uadn
IInSHaIeAI8E1IT Y Morrow tazam (2000) wudrildmaudwmisiinswaiinalelnad
nARAS WAL 33 Aumisensusiaiiond Telndinua 373 dumnisludu orb n'luTa
ABuIASY iz aiina To Tnduana1as1uou 25 dumissindmausiaiingle mavimus
316 dwmisludu colr nnlulaneumssuiuiiedmsieiaasiuna Tunguaildd
Fudeusu

dield9ia Brhscl uiinsesinimduiuinaiusnssnlaol 433 unweighted pair-
group method with arithmetic average (Felsenstein 1993) naz3% Neighbor Joining

(Saitou naz Nei 1987) léwudnguunasdinss B. tau Wosu 4 sudhsaunilunguidoamen
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1 L3 3
senvinuuasTuma ll Hesuduaanuadisainiudedentsada 76% (Neighbor Joining
. a - & d
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fufedanguesy 4 usaesnuid1ivIn A1t avuAunAsved nucleotide substitution Ny

ool

v v oo Qs J - v 5 = o
Turlesu 4 serfeeniiedninisdigmuadatususfovessenin desudu nslns e
] o o v o A = 1 4 4 af A e =y o
srozinugAsTunuiudeslidundeiitesninilefosaufloumaludes 4
=, Y @ = ° [ a [] ¥ o o
mnlasedsia DNA luszAuaziBoafinzdumussz nudumisuanaeoinvaindu
(different) nansnludesn 4 drofuea (fix) wudwmisii 222 afiusie adenine #i
» Ed
aummsiiluvesu B, C D, E, F. G, naz I vinualudesu 4 wa 10 dednziiumua
¥ » »
cytosine aniundmmsiiluresu 4 sxfidnyme synapomorphy
o = 5 ] ar { 1 a o
mmbwanrinreinannsiundnguduug 184 uuasiuwald B. 1au vesu 4
o 4 L] L 1’ ar é d‘ ; L] Ll
linugnssuiineneemilunquartamndiosresrisdunila szazfinoniide A3 mesu 4 fiaous
1 4
FueilFduuy phylogenetic ¥e3dss (Cracraft 1983) dnnmzusnilneandesnudoya
iesdunnansdnyazdumzvesTas Tulonluesy 4 (Baimai 2000) ad1elsfimmdledie
'] g ] -} as - 9 ’
uuass uaINYUIEHIsiuduauuAg a8
= 4 . ar ] v A e
M5 A3 1M phylogeneitciisuug i B. rau Woiu B, Fuaz G dlunguduiuinmn
s 1 -] T é T ‘.y r 3 :5 - td
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a o - o ] P iog v
dnuazmaiinginourileuduferzidionne lluiwieanilaaildd (monophagous) fililewy
¥
aszpasawarde 18I nwaslunqudesdlii lAiduilawmrassygioudediala
iWlefinsandmwissdailng Te Indveswaslunduiiszwuiludmmiah 48, 85, 87, uaz
a o . - A 4 | g o4
216 uan¥my synapomorphic m's'wmmﬂqmmmmﬂﬂuuww’m lajgn ATLNALANFUUIL
aiuayuauudgunnisnlaou host plant vewmwastiumumd i Iduuasiusald 8.
1) -
tau wazinaa una Biriiaduq Wenimanuonnistusnssu Bush 1994) nuasiuwn Tl
g r v [ U -& L=y . . e . T
Wesu C naz 1 Minziunqudesdnngunilseinnisiinszsituy neighbor-joining 8d1¢13h
oy o o 1 = [} = o = LTI
AN UATIEHAIBIWHLAUNNIT T IO GO TIIAadsdu 14
Tagag1l Bu heat shock cognate Hi5¥Wa DNA flernsatiunlfiilu DNA nSeevue
< o ] o 5
TunsdnynsdiallFddudon 13 Tns ldrimsdnumesuarueauasunald B. tau 1iield
1) o .
DNA nseanane Brhscl 1 IdlszauaiwdiuSoTaensudilgm lusennududouvesaildd
e ’ o ' - 3 i
Tuunstesulddninnadedy wuiinanindede Wgeinlesu 4 sxdludssufnlanuonmie

L3

Py i ar v [
AugnssueanvInWesudy anruzveleiudun (B ) deliinivueunazauyselins izl
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[ o el = o ¥ o v a - ] o &
nquatlianiinimlndgaiunined B. tau Mesuaraigmileuezmunansutlannonves
= J-: = Ly 1 = oar g/ = 1
atlFdu Tarmimisdeauidolunaed m uensndeyamed i Twanaudamamanan
TuseamgAnssunts funus, lufesnsfadendnyazvesunaugazing, i5oemsilasufiveg
NI o 1 A @ o o A e ' d’
adeftianuiuiludesnudr e luSesmmduiuive sunnsatlFddudoumaril
' g L ar 1 - i L 3
qamoiiiiesnsavestudadeniinisaeinu 13 uszduigs DNA primer finanniu
wnhezih lidlss Tem{lunivediadesfidmivumasiuma 1ol douq Tu family
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tﬁ' s 1 4’ ar 1 or L)
Mm9anl. aveuNals Bactrocerg tau wag ¥93Nda Bthsc Y8UAnTNIDENN

Species Locations Host plants Sequence code
(Provinces) Genus (GenBank accession #)
(Family)
Bactrocera tau (Walker)
B. tau form A Ubon Ratchatani Trichosanthes spp. Bt-Aubhsc
(Cucurbitaceae) (AF 474944)
B. tau form A Phetchabun Trichosanthes spp. Bt-Apethsc
(Cucurbitaceace) (AF 474945)
B. tau form A Mae Hong Son Luffa ssp. Bt-Amshsc
(Cucurbitaceae) (AF 474946)
B. tau form A Phetchaburi Momordica spp. Bt-Aphhsc
(Cucurbitaceae) (AF 474947)
B. tau form A Ranong Trichosanthes spp. Bt-Arnhsc
(Cucurbitaceae) (AF 474948)
B. tau form A Ratchaburi Trichosanthes spp. Bt-Arbhsc
(Cucurbitaceae) (AF 474949)
B. tau form A Chiang Mai Trichosanthes spp. Bt-Acmhsc
(Cucurbitaceae) o (AF 474950)
B. tau form A Nan Trichosanthes spp. Bt-Ananhsc
(Cucurbitaceae) (AF 474951)
B. tau form A Tak Trichosanthes spp. Br-Atkhsc

(Cucurbitaceae)

(AF 474952)
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Species Locations Host plants Sequence code
(Provinces) Genus (GenBank accession #)
(Family)
B. tau form A Kanchanaburi Trichosanthes spp.  Bt-kbhsc
(Cucurbitaceae) (AF 474953)
B. tau form B Saraburi Siphonodon spp. Bt-Bhsc
(Celastraceae) (AF 474956)
B. tau form C Kanchanaburi Momordica spp. Bt-Chsc
{Cucurbitaceae) (AF 474958)
B. tau form D Ranong Trichosanthes spp.  Bt-Dhsc
(Cucurbitaceae) (AF 474960)
B. tau form E Ranong Strychnos spp. Bt-Ehsc
(Strychnaceae) (AF474957)
B. tau form F Ranong Hydnocarpus spp. Bit-Fhsc
(Flacourtiaceae) (AF 474954) B.
tau form G Kanchanaburi Hydnocarpus spp. Bt-Ghsc
(Flacourtiaceae) (AF 474955)
B. tau form 1 Puttani Trichosanthes spp.  Bt-Ihsc
{Cucurbitaceae) (AF 474959)
Bactrocera dorsalis (Hendel) (outgroup) -
B. dorsalis Bangkok Terminalias spp. Bdorhsc

(AF 474961)
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M39n2 (i 18 84 23) ueasiwmissvaiinile ndiisuSaslnai@enamenidsingn s

unNe 93T HI1NG 0813849 Brascl fhag

o 1 ol < o 1 A i
munaasadhumnaevdnmnisvessiadiong Telndmelurieu EcoRI 11 664 GG RTLR
1 o " 4 1 J - . "
Bthscl; unaitdiiludumialu codon; 1n2#91ie% transitional (ts) w38 transversional (tv)
u’l ) 5 \d (-] 1 ar L A far]
uieNnnesrila (B)ilsimavidazd mmusiusia Bthsclconcensus; UDINUAMITARIFUANTS
A any = i ar
unuinile'na (S) Ao synonymous a2 (R) A8 nonsynonymous; iﬂm&‘]uﬂﬂ\‘lﬁﬂiﬂﬁ
-~ £ oed | as o w a o o oa o ol <
indleInanmiloususWa Behsclconcensus; @aRuisHaiing Te lnafinumunvda

1 o) o = =
tv @IUAINUNSNAN YD ts
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Table 2.

Sequence position 000000000000000000000
Sequence position 12333445566606778889929
Sequence position 84039581403695856701 89
Codon position 3333333333333331233113
Transition or transversion Iststvivistvistvists tsistviststvis tv is t5 s

Synosymousornon-synonymous 5 S S S S S S S S SSSSSSRRSSSS
Haplotypes

Bi-Ananhse

Bt-dpethsc

Bt-Aubhsc

Br-Amshsc C .
Br-Aphhsc

Bi-Arnhsc

Bt-Arbhsc

Be-Acmhsc

Br-Atkhsc

Br-Akbhsce

Bthsc 1(form 4 ) concensus

Bi-Fhse VAL DT L0 L. L LAAG .
Bt-Ghsc AL L LT L 000 LAAG .
Bt-Bhsc T - Y
Bt-Ehse CALVA L L L Lo T AL
Bi-Chse

Bt-lhsc A

Bt-Dhsc

Bthsc 1 (all samples) concensus TGGCCTCATGCCTGCCGTGCC

Bdorhsc (outgroup) .T.TATTCAT .AAT. .AATT



Sequence position
Sequence position
Sequence position

Codon position
Transition or transversion
Synonymous or non-syRonymous
Haplotypes

Bi-Ananhsc

Br-Apeihsc

Bi-Aubhsc

Bt-Amshsc

Bt-Aphhsc

Bt-Arnhsc

Bt-Arbhse

Bt-Acmhse

Bt-Atkhsc

Bt-Akbhsc

Bthsc 1(form A ) concensus
Bt-Fhse

Bt-Ghsc

Bt-Bhsc

Bt-Fhsc

Bt-Chsc

Bt-Thse

Bt-Dhsc
Brhse 1 (all samples) concensus

Bdorhsc (outgroup)

20

22
33

222
456
01
23

051
333
S tv ts ts tv

RSSSS

. T
. T

Ir1tr1rtir11v11222222
02355688999012222
2390350625 85¢671247358
3313333333313321313
t5ts ts ts s ts t5 ts ts 15 15 {5 ts tv t5 (5 (S
SSRSSSSSSSSRSSRSS

.G .

. T .

C .G . A

DA AL L L0 L TA .
.TA . . A .
.TA . . A.
AL L L L L AL LA

A

AL DAL
C . .C.. . ... AL, AA.

.G C

TCGTCTGGTTGACCAGGCGTAA

. T .

CT.

AACC. . . A .

.TCGT
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Sequence position 23333333333 4444444444
Sequence position 70124578899 123345525¢68
Sequence position 665817214364658203950
Codon position 333123333333333133333
Transition or transversion tviststs tstvis ts ts v tv ts tv ts t5 1S tv (s tv tv (s

Synonymous ornon-synonymous S S S SRS S S S SSSSSSS8SSS8SSS
Haplotypes

Bt-Ananhsc

Bt-Apethsc

Bt-Aubhsc

Br-Amshsc

Bi-Aphhsc T .

Br-Arnhsc

Bt-Arbhsc T €

Bt-Acmhse

Brt-Atkhsc e
Bt-Akbhsc

Bihsc 1(form A ) concensus

Bi-Fhse G

Bt-Ghsc e AL G

Bt-Bhsc e € T L
Bt-Ehsc G

Bt-Chse e O € N ¢ T Y
Br-Thsc e . .GLo o000, .G6GG. .. LA
Bt-Dhsc ...T.cAa. . . .C.G.

Bthsc 1 (all samples) concensus AGCCAGGTCTTTAAACGCTCT

Bdorhsc (outgroup) .ATT. .. .TGA.CG. .T.
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Sequence position 44455555535555566¢6066F6 6
Sequence position 8990134445667 70223445
Sequence position 925377569214383199528]1
Codon Position 33321323133 33233233133
Transition or transversion tvtstststvivis Btvitvistststs ts B ts B ts ts t3

SSRSSRSESSS

|- -

Synonymous or non-synonymons S S S RR SR SR S
Haplotypes

Bt-Ananhsc

Bi-Apethse ¥
Bt-Aubhsc

Bt-Amshse

Bi-Aphhsc

Bt-Arnhsc G .
Bt-Arbhsc G .

O 0 0 0o o
o

Br-Acmhsc
Bt-Atkhsc e
Bt-Akbhsc

Bthsc 1(form 4 ) concensus
Bt-Fhsc .Y
Bt-Ghsc T

Bt-Bhsc Y
Br-Ehsc e e e e e . G

Bt-Chse ... o000 .CLo ... .C T
Bt-Thsc .r.oo .00 .Co . .G. C LT .
Bt-Dhsc e e . .. AT, L. .. .CGT .
Bihsc 1 (all samples) concensus T ¢ TGCCCCAATCCCAGATACG

Bdorhsc (outgroup) . CAGATT....TT.A.G.T.



Sequence position
Sequence position
Sequence position

Codon pesition
Transition or transversion
Synonymous or non-synonymous
Haplotypes

Bt-Ananhsc

Bi-Apethsc

Bt-Aubhsc

Bt-Amshsc

Br-Aphhsc

Bt-Arnhsc

Bit-Arbhsc

Bt-Acmhse

Br-Atkhse

Bt-Akbhsc

Bthse 1(fbrm A ) concensus
Bt-Fhse

Bt-Ghsc

Bt-Bhsc

Br-Ehse

Bi-Chsc

Bi-Thsc

Bt-Dhsc
Bthsc 1 (all samples) concensus

Bdorhsc {outgroup)

TA
cT

23
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MR 3 mednuanatzasameaTugn I s (Bumsuseynats) uas uaasd uawiing le nafiuane e (dautfinsussynun) vesaia Bekscl fi1g

wienlToudieumoly B.tau odn 4

BrAubhsc Be-Apethsc Bt-Amshse Be-Aphhsc Bt-Arthsc Be-Arbhsc Br-dcmhsc Bit-Ananhsc Br-Atkhsc Br-Akbhse
Y

Br-Aubhsc 1 4 3 5 5 3 3 4 5
Br-Apethse 0.0015 3 4 4 4 2 2 3 4
Bt-Amshsc 0.0060 0.0045 3 5 5 3 5 6 5
Br-Aphhse 0.0076 0.0060 0.0045 4 6 2 4 5 I3
Br-Arnhsc 0.0076 6.0061 0.0076 0.0061 4 2 4 5 6
Bt-Arbhsc 0.0076 0.0060 0.0076 0.0091 0.0060 4 6 7 8
Bt-Acmhsc 0.0045 0.0030 0.0045 0.0030 0.0030 0.0060 2 3 4
Br-Ananhsc 0.0045 0.0030 0.0076 0.0060 0.0061 0.0091 0.0030 3 4
Be-Atkhsc 0.0060 0.0045 0.0091 0.0076 0.0076 0.0106 0.0045 0.0045 5
Be-Akbhse 0.0076 0.0060 0.0106 0.0091 0.0091 0.0121 0.0060 0.0060 0.0076
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mnefi 4 wndnuonsszar et (Hamzussgias) woe s nsauilndle atiuands (dawdinzunapnig vesnta Brhsc)

: d
mapitani3rudsusznine B.tan vedusisg

Bt-Ahsc Bt-Bhsc Bt-Chsc Bt-Dhsc Bt-Ehsc Br-Fhsc Br-Ghse Br-Thsc

Br-Ahsc 10 no 18 12 14 15 12
Br-Bhse 0.0152 17 20 14 6 5 18
Bt-Chsc 0.0168 0.0261 20 17 21 22 5
Br-Dhsc 0.0276 0.0308 0.0307 21 26 23 21
Br-Ehse 00183 0.0214 0.0261 0.0323 16 17 20
Br-Fhae 0.0214 0.0091 0.0324 0.0403 0.0246 5 22
Br-Ghsc 0.0230 0.0076 0.0340 0.0356 0.0261 0.0076 23
Bt-Ihsc 0.0183 0.0276 0.0076 0.0323 0.0307 0.0339 0.0355

. 2 . A e A a
MuNBIMg Bt-Ahsc fin T2 Bthsc1 concensus 104 8. tau Wadu A VamuadwSoswodunsaiiuluaiwnis 1
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L 4

Mae Hong 5 A
ae °ﬂl—¢d

ChisngMai N
Northarn

North eastern

7 L wnididlsemeinoura sdunnisgiilssmanidiiinvesiiedumawaz swatindlend

Bthscl saqlumidinaevinsdinil¥ddudeusss Bactrocera tau
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A)
ATPase Domain Peptide Binding Domain
I
(1™ (654™)
NH;-terminai COOH-terminal
Heat shock protein 70 cognate of C. capitata (1,962bp = 654 amino acids)
(B) (236™)
HST 1 l“*
= HSTI
(570"
Bthscl sequence (1,001bp = 334 amino acids)
(C)

1 | ]
| | |

EcoRI EcoR}

A 664bp EcoRI fragment of Bthsclsequence

1M1 2 wwuiamaaseiv Cerhscl lamainulyinsanneihmisio e Brascl;

3V 2A waraalilau Tanuaesvfioufio ATPase Trunuigu N-termimf (dszum 44
kDa; @aufi'lailsien uazdau peptide binding Tamnfgm C-terminus (1l32110.27 kDa;
ey (Lindquist wes Craig 1988)au coding region a4 Cerhselfiom 1,962 §
s

11l 2B uaasdmveeaia Brhscl fignuewlae3s PCR 110 primer HST I uag HST 11 a2
Faung 18318 wmisues amino acid HnmnnsiiingleIndsmdiuves ATPase Tamu
uagd e peptide binding Tanm 13830 185z ydwmianizves primers 14&2uda0vi
Tinantia PCR fivum 1,001 guua (fn 334 amino acids)

gﬂﬁ' 2C unnsdumlsves EcoRl assdumisfiogvai 664 giudnolunanin PCR

Bthsclfiiviuin 1,001 giua
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Br-Aubhsc

Br-Apethsc
Bt-Ananhsc
Bt-Atkhsc
Bt-Amshsc

Bt-Aphhsc

suonejndod y wio} noy g

Bt-Aemhsc
— Bt-Arnhsc
Br-Akbhsc

Bt-Arbhsc

Bt-Ehsc
— Br-Fhsc

L BI-Ghsc

——— Bt-Bhsc

—— BI-Chsc

e Bi-ThSC
Bt-Dhsc

IPUR'D W 7' D ‘g swioy no1 g

Bdorhsc
,_.
0,001
U7 3 gl UPGMA dendrogram vesszuzvsmswugnysuszwiasia Briscl a1
Wefzmyuanuduiuivesesuanlszynsawe ; Sandnaih 0.001 iz

YBITLITH RN NWYNTTY
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Bt-Apethsc Bt-Aubhsc

Bt-Atkhsc
Bt-Arbhsc Bt-Akbhsc
B-Arnhsc Bt-Ananhsc
51
Bt-Acmhsc 37 78
30 62
20
t-Amshsc 76 b 28
it-Aphhsc
76
34
49 48
95 Bt-Dhsc
Bdorhsc
Bt-Ehsc
Bt-Bhsc 100
88
'Bt-lhsc
h Bt-Chsc
Bt-F.
s Bt-Ghsc

3‘1]17'; 4 unvgd phylogenetic tree Uy neighbor-joining 715A1 bootstrap (141 100 A5%)

ifusgudas node; hilimszesvienaiugnssulundazig
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Relationships of Forms within the Bactrocera tau
(Walker) (Diptera: Tephritidae) Taxon Based on
Heat Shock Protein 70 Cognate Sequences
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Rajdhavec, Bangkok 10400, Thailand

Ann. Entomol. Soc. Am. 96(1): 44-53 (2003)

ABSTRACT A new molecular marker has been developed to clarify the status and systematic
relationships of forms within the Bactrocera tau {Walker) taxon. The B. tau taxon, previously deseribed
us a widely distributed species, has recently been subdivided into forms A, B, C, D. E, F, (G, and  based
on host-plant preferences. cytological differences and external morphologies. This new molecular
marker is derived from the sequence of the heat shock protein 70 cognate gene Bthscl. Fragments of
this gene were analyzed from B. tau individuals representing each of the different forms. Patterns of
sequence variation revealed that the average genetic distance measurement within the B. fau form A
is significantly smaller compared with the other B. tau forms. Unweighted pair-group method with
arithmetic average and neighbor joining analyses both indicated that B. tau form A individuals derived
from various geographical populations may be reliably separated from other forms B, C, D, E, F, G,
and I Our results also show that the Bthscl marker may successfully resolve other relationships among
these forms. For example the B. tau forms B, F, and (G, which are monophagous on rclated host plants,

also cluster together as a closely related group.

KEY WORDS
molecular systematics, molecular marker

species complex, fruit flies, Bactrocera tau, heat shock protein 70 cognate gene,

A NOMBER OF SPECIES of tephritid fruit fies are impor-
tunt pests of crops in Southeast Asia. One such species,
Buctrocera  tau  (Walker), is widely distributed
throughout this region (Hardy 1973). The distribution
of this species extends from South Asian countries
such as Sri Lanka and Bhutan to the Southeast Asian
countries of Thailand, Malaysia, Vietnam, Philippines,
and Indonesia and toward the Far East Asian region
including Taiwan and South China (White and Elson-
Harris 1992). B. tau infests a wide range of hosts,
generally cucurbits such as the commercially impor-
tant crops of cucumber, luffa, and melons (Drew and
Roming 1997). They have been discovered both in the
endemic wild (forest) cucurbitaceous fruits such as
Trichosanthes spp. as well as in cultivated areas. How-
ever, questions regarding the taxonomic status of spec-
imens described as B. tau have persisted for many
vears {White and Elson-Harris 1992).

Recent work on B. fau has suggested that this taxon
actually represent a complex of widely distributed
species (Baimai et al. 2000). The existence of a com-
plex of species has 2 number of potentially important
implications for pest species in particular. From a pest
management perspective, the presence of several dis-
tinct species, in particular those that are reprodue-

' E-mnail: testn@mahidol.ac.th,

tively isolated as defined by the classical biological
species concept (Mayr 1963), implies that control pro-
grams may need to be tailored to the specifics of each
case. If. however, the defined forms {or groups) do not
represent distinct species, it may be possible to design
effective control progsams that can have an impact on
several (or all) of the forms simultaneously.

In the case of species complexes many traditional
characters, such as those based on morphological dif-
ferences, are often unable to provide adequate reso-
lution to determine the status of species and their
systematic relationships. Recently, the incorporation
of molecular techniques in the analysis of systematic
relationships within and between species has provided
2 new framework for augmenting these traditional
approaches (Hillis et al. 1996).

For Tephritid species, a number of DNA-based
markers such as microsatellites and various nuclear
DNA sequences are available from systematic studies
focused at the level of population relationships (He
and Haymer 1997, Bonizzoni et al, 2000, Yu et al. 2001 ).
However, for the situation where a species complex
exists, the extent to which these markers might be
useful for delineating systematic relationships is not
well established. McPheron and Han (1997) used mi-
tochondrial 165 rIDNA sequence data to analyze the
Rhagoletis pomonella species complex, but did not

O013-8746/ 03/ 0044-0053$04.00/0 © 2003 Entomological Society of Anerica
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Table 1. B, tau samples and their correspunding Bifise seqnences
Species Locations Host plants Sequence code
o ) (provinces) genus (family) (GenBank accession #)
B. tau (Walker)
B tau form A Ubon Ratchatani Trichusanthes spp. {Cucurbitaceae) Bt-Aubhsc (AF 474944)

B

tau form A

Phetchabun

B tar forin A Mae Hong Son
8 tau forn A Phetchaburn
B tau form A Hanong

B tau form A Ratchaburi

B tan form A Chiunyg Mai
B. tau form A Nan

B. tau form A Tak

B tau form A Kanchaaburi
B tau form B Saraburi

B tau form C Kanchanaburi
B tau form D Ranong

B tan form £ Ranong

B tau form F Ranong

B tan form © Kuanchanaburi
B tau form ! Puttani

B dorsalis Bangkok

Trichosanthes spp. (Cucurbitaceae)
Laffa spp. {Cucurhitaccae)
Mowmordica spp. {Cucurbitaceae)
Trichosanthes spp. { Cucurbitaceue)
Trichusanthes spp. (Cucwrbitaceae)
Trichosanthes spp. (Cucurbitaceac)
Trichosanthes spp. { Cucurbitacese}
Trichosanthes spp. (Cucurhitaceae)
Trichosanthes spp. (Cucurbitaceae}
Siphonodon spp. (Celastraceae)
Momordica spp. {Cucurbitaceae)
Trichvsanthes spp. (Cucurbitaceae)
Strychnos spp. (Strychnaceae)
Hydnocarpus spp. (Flacourtisceae)
Hydnocarpus spp. (Flacourtiaceae)
Trichosanthes spp. (Cucurbitaceae)

B. dorsalis {Hendel) {outgroup)

Terminalias spp.

Br-Apethse (AF 474945)
Bt-Asnshse (AF 474946)
Br-Aphlue {AF 4749140
Br-Armbse (AF 4749458)
Bt-Arblise (AF 174919)
Bt-Acmbhse (AF 474950)
Bt-Auanhsc (AF 474931
Bt-Atkhse (AF 474952)
Bi-kbhse (AF 474953)
Br-Blisc (AF 474936)
Bi-Chsc (AF 474958)
Bt-Dhsc (AT 474960)
Bi-Ehse (AF 474957)
Bt-Fhee {AF 474934)
Bt-Ghsc (AF 474955)
Bi-Mise (AF 474959)

Bdorhse (AT 474961}

identify diagnostic differences among the members.
Morrow et al. (2000} used four markers to study ge-
netic differentiation of the B. siyoni complex. They
identified a high level of shared polymorphic variation
but only minor fixed differences in one marker. Mi-
tochondrial rDNA sequences have recently been de-
veloped to resolve phylogenetic relationships among
fruit flies in the genus Bactrocera. However, these mt
rDNA sequences cannot reliably resolve closely re-
lated species in the B, dorsalis complex (Muraji and
Nakahara 2001),

The B. tair complex has been temporarily system-
atized into eight forms designated A, B, C, D, E, F, C,
and I based on studies of host-plant preferences, cy-
tological differences and external morphologies ( Tiga-
vattananont 1986, Meksongsee et al. 1991, Baimai et al.
2000). Within the complex. members show morpho-
logical differences in the yellow stripes on the thorax
and the size and shape of dark bands on the dorsal and
lateral abdomen (Baimai et al. 2000). These identifi-
cations were further analyzed by comparing differ-
ences in mitotic karyotypes (Baimai et al. 2000). How-
ever to date no characteristics appear adequate to
completely resolve questions about the species status
and systematic relationships of all these forms.

For the case of B. tau, the use of a molecular genetic
character may help to clarify relationships within this
complex. In this study we have examined the potential
of a genetic marker based on Heat shock protein 70
{Hsp70) gene sequences to be used for this purpose.
This marker has been successtully used to study phy-
logenetic relalionships at several higher taxonic levels,
in part because it is a highly conserved gene (Gupta
and Golding 1993, Graser et al. 1996, Borchiellini et al.
1998, Budin and Philppe 1998). However the potential
for this marker to resolve close genetic relationships,
such as forms within a species or within a complex of
closely related species, has not yet been established.

Materials and Methods

Fruit Fly Specimens. Specimens representing dif-
ferent forms (Table 1) were classified based on host-
plant preferences, cytological differences and externul
morphologies as previously described (Tigavattan-
anont 1986, Meksongsee et al. 1991, Baimai et al. 2000).
A geographical map showing the collection locations
is shown in Fig. 1. B. tau form A is polvphagous and is
widely distributed in all regions of Thailand (Fig, 1).
The other forms are relatively rare. The B. tan {orms
B, F, and C are allopatric and monophagous. The B. tau
forms C, D, E, and I are oligophagous and are found
only in the Southern region, except form C (Fig. 1:
Baimai et al. 2000).

For form A, each sample was a single individual from
each of 10 different geographical localities. All other
forms were sampled uging single individuals from in-
dividual geographical localities. We used a bootstrap
statistical analysis in an attempt to alleviate sampling
bias (see DNA sequence analysis}.

DNA Isolation. Before genomic DNA extraction,
fruit fly samples were frozen in liquid nitrogen. DNA
from individual flies was extracted by using the Lifton
method as described by Haymer et al. (1992).
Genomic DNA was resuspended in sterile water at a
concentration of 10 ng/ul.

Polymerase Chain Reaction Amplifications. Ampli-
fications were performed on a GenAmp Polymerase
Chain Reaction (PCR) system 2400 thermal cycler
(Applied Biosystems [Thailand] Limited, Bangkok)
in a total volume of 50 pl. Amplification reactions
contained 10 ng of genomic DNA, 1x TagDNA poly-
merase buffer (Perkin Elmer, Branchburg, NJ). 200
uM each ANTP mixed (Gibco, Gaithersburg, MD), 20
pmol of each primer, and 1U of TagDNA polymerase
(Perkin Elmer). The following cycling profile was
used for primers I and I (see results): An initial de-
naturation at 94°C for 2min, followed by 29 cycles of
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Fig. 1. Map of Thailand showing locations of samples
used in the Bthsel sequences analysis of the B. tau species
complex. The scale bar of 1 cm is equal to a distance of 100

ki,

denaturation at 94°C for lmin, primer annealing at
44°C for 1 min and extension at 72°C for 2min.

PCR amplifications using primers HST L and HST Ii
{see Results) were carried out as described ahove
except that primer annealing was done at 61°C for 1
min and an extension at 72°C for 2 min was used. These
primers and conditions were used for amplification of
the genomic DNA templates from all the samples
listed in Table 1. The HST I and II primers were also
used to isolate a sequence designated Bdorfisc from B.
dorsalis using for use as an outgroup in the unweighted
pair-group method with arithmetic average analysis.
In all cases, primers were designed using the QLICO
primer analysis software (Pychlik and Pychlik 1989).

Cloning and Sequencing. PCR products generated
using primers I and II were cloned into the vector
pCR2.1 using the TA cloning kit (Invitrogen, San Di-
ego, CA) according to the manufacturer’s instruction.
PCR products generated using the HST Y and HST I
primers were first digested with EcoRIL The resulting
product was then ligated into the pUCI19 vector for
transformation into the DH5a strain of Escherichia
coli. Insert-bearing plasmids were selected by blue/
white screening. Plasmids were isolated using a plas-
mid hoiling preparation method (Maniatis et al. 1982),

Vol. 96, no. 1

Nucleotide sequences were obtained using an auto-
mated DNA sequencer (model 377, ABI PRISM, Fos-
ter City, CA). Each plasmid was sequenced once from
both directions unless sequencing interpretation
problems were encountered.

Sequence Analyses. Sequences from the cloned
fragments were aligned using the CLUSTAL W pro-
gram (Thompson et al. 1994). Transition/transversion
(ti/tv) ratios were calculated from pairwise compar-
isons between the sequences obtained from all B. tau
samples and the B. dorsalis outgroup. Genetic dis-
tances were calculated by using the DNADIST pro-
gram in the PHYLIP package version 3.5¢ {Felsenstein
1993) with the Kimura's two parameter {K2P) model
option (with a default value of ti/tv of 2.0). A den-
drogram of the genetic relationships of the B. tau forms
A, B, C, D, E F, G, and I was constructed using the
unweighted pair-group method with arithmetic aver-
age (Unweighted Pair Group Method with Arithmetic
mean) algorithm option in the NEIGHBOR program
in the PHYLIP package.

Neighbor-Joining (NJ) trees based on a 30% ma-
jority rule consensus were constructed. For this anal-
ysis, the sequence data set wus resampled with 100
replications using a bootstrap method by SEQBOOT
program in the PHYLIP package. The 100 hoot-
strapped data sets were used to generate 100 genetic
distance matrices based on a K2P model using the
DNADIST program. The 50% majority rule consensus
tree was draw as a nonscaled tree with the TREE-
VIEW program (Page 1996) with a bootstrap value on
each node.

Results

Cloning of the Heat Shock Protein 70 Cognate Se-
quences from B. tan. Hsp 70 cognate gene-like se-
quences from B. tau were first obtained using infor-
mation from a similar gene {Cerfiscl) from Ceratitis
capitata (Wiedemann} (Thanaphum and Haymer
1998) (Fig. 2A). TherCerliscl gene has an uninter-
rupted open reading frame 1962bp long. Conceptual
translation of this open reading frame revealed two
conserved domains within the protein, the N-terminal
ATPase domains and the C-terminal peptide hinding
domain. Two regions of the Cerhscl sequence. begin-
ning at amine acid positions 138 and 391, were selected
for the design of nondegenerate primers {designated
I and II}. The sequences of these primers are:

Primer I 5'-TTA CCA ACG CCG TCA TCA CTG-3'
Primer II 5'-CTA ACC AGT TGG CTG AGA AGG
AGC-3".

Using these primers, a 1.3-kb band was amplified
from genomic DNA of an individual representing B.
tau form A from Phetchabun. The amplification prod-
uct, designated as Bthscl, was cloned and sequenced.
The resultant 1,356bp of sequence from Bthscl was
aligned with the corresponding Cerhscl sequence
from C capitata. These sequences showed 93.50%
identity at the DNA and 97.18% identity at the amino
acid level (data not shown).
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Bthscl sequence (1,001bp = 334 amine acids)

<)
L1 | |
I'1 I | 1
EcoRl EeoRl

A 664bp EcoR] fragment of Bthsclsequence

Fig, 2.

Schentatic representation of the Cerhscl gene in corresponding to the Bthsel sequences. (A) The heat shoek

protein 70 domains are generally of two major parts; the ATPase domain at the N-terminus (=44 kDa; opened wea) and the
peplide binding domain at the C-terminus (=27 kDa; elosed area) (Lindquist and Craig 1988). This coding region of the
Cerlisel geneis 1962bp. (B) Part of the Bthsel sequences that are amplified by primers HST Land HST I and its corresponding
conceptual wnino acid may partiadly include the ATPase domain and the peptide-binding domain, The primer binding sites
are indicated. The PCR produet is F001bp in length (334 amino acids). {C) The Bthsel/1,001bp PCR fraginent has two EeoR]

internal restriction sites generating a 664bp EcoRI fragments.

Two additional sequences representing form A in-
dividuals from other geographical populations (Ubon
Ratchatani and Nan) were also obtained. A multiple
sequence alignment of all three Bthsel sequences and
the Cerhiscl sequence, both at the level of DNA and
conceptual amino acid translation, revealed two con-
served regions around amino acid positions 236 and
570 of the Cerhscl (data not shown). Degenerate
primers were designed from these conserved regions
and designated as follows:

HST 1 5'-TCT CCT CAC CCA TTT CGT TCA (A/
GYG-3

HSTII5'-ATG GA(A/G) GTG CGG TCA GA(C/T)
TCA GA-3'

The nucleotides in parentheses indicate variable sites.

PCR amplification from specimens representing all
the B. tau forms listed in Table | using the primers HST
Iand HST II produced amplification products 1,001bp
in length (Fig. 2B). All of these products were found
to contain two conserved EcoRI sites, 664bp apart
(Fig. 2C). The 664bp EcoRI fragment from B. tau form
A from Phetchabun was used as a probe for Southern
blot analysis of samples of all the B. tau form A pop-
ulutions. At high stringency, only a single band was
seen (data not shown) in each case. Similar analyses
of genomic DNAs from form A populations digested
with either Xbal or HindIll also showed only one band
(data not shown),

Alignments ol Bthscl Sequences from All B. tau
Forms. The 664bp EcoRI fragments obtuined from the
different specimens were cloned and sequenced. A
summary of the variation revealed by the CLUSTAL
alignment of these sequences is shown in Table 2. No
gaps are required to maximize these alignments. There
are 55 variable nucleotide positions out of 664 nucle-
otide positions (or 8.9%}, and these appear to be ran-
domly distributed throughout this region. Most of the
variable positions are synonymous substitution (6
sites or 83%). Of these, almost all are the third codon
position (44 sites out of 46 sites).

Table 2 also shows that within the form A samples
there are 16 variable sites. Four of these polvmor-
phisms are shared by more than one of the form A
samples. Likewise, within the form B to I samples there
are 41 variable sites. Of these, 23 occur in more than
one of these samples. The A in position 222 appears to
be fixed in forms B to [ while completely absent from
the form A samples.

Overall, 15 transversion and 40 transition changes
were found when all samples were compared with the
Bthscl concensus sequence. The average ti/tv ratio
was found to be 2.17 = 0.17 (N = 17). Within form A.
there were more transitions (13 or =81%) than trans-
versions (three or =19%). A higher proportion of
transversions was seen in the Bto I forms (12 or 28%),
The transversion substitutions are almost all synony-
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Table 2.

Sorted nucleotide sequence variable sites of the Behise sequences
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Sequence position
Sequence position
Sequence position
Codon position
Transition or transversion
SYNONYHIOUS oF NONSYROnYmous
Haplotvpes
Bt-Ananlise
Bt-Apetse
Bt-Aublisc
Bi-Amshse
Bi-Aphlese
Bt -Arndise
Bt-Arbhse
Br-Acwhse
Bi-Atkfese
Br-Akbhse
Bthse | (form A) concensus
Bt-Ithse
Bt-Chse
Bt-Bhsce
Bt-Ehse
Br-Chse
Bt-Ihse
Bt-Dhse
Bthse 1 (all samples) concensus
Bdorhsr {outgroup)
Sequence position
Sequence position
Sequence position
Cudon position
Transition or transversion
S)'llo[])‘"l(]ll.‘; or ll[l“sy"o“y"]uuﬂ
Haplotypes
Bt-Ananhsc
Br-Apethse
Bt-Aublse
Bt Amshese.
Bt-Apldise
Bt-Arnhse
Bt-Arbhse
Bi-Acmbhise
Bi-Atkhsc
Bt-Akhlue
Bthse 1 {form A) consensus
Bi-Fhse
Bt-Chse
Bt-Bhse
Bt-Elise
Bt-Chse
Bt-Thse
Bt-Dhsc
Brhse 1 {ull sarmples) consensus
Bdorhise (outgroup)
Sequence position
Sequence position
Sequence position
Caodon pasition
Transition or transversion
SyYIonyvivous or nonsynonymous
Haplotypes
Br-Ananhse
Bt-Apethsc
Bt-Aubhse
Bt-Amshse
Bt-Aphhsc
Bt-Arnhsc
Bi-Arbhsc
Bt-Aemhise
Bt-Atkhise
Bt-Akbhse
Bthsc 1 (form A) concensus
Bt-Fhse
Bt-Ghsc
Bt-Bhse
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Table 2. Continued

Bi-Ehse

Bt-Chse

Bi-Hse

Bt-Dhae

Bthse 1 {al sumples) concensus

Bdorhse {outgroup)
Sequence position
Sequence position
Sequence posilion
Codon Posilion
Transition or transversion
Synonvinous or pONSYRonymous
Haplotypes

Bi-Auanhse

Bt-Apcthse

Bi-Aublese

Bi-Amshese

Bt-Aphilsc

Bt-Arnhsce

Bt-Arbhsec

Bi-Acihse

Be-Atkhse

Bt-Akbhe

Bthse 1 (form A) concensus

Bi-Fhse

Bt-Chse

Bt-Bhsr

Bi-Eli

Br-Chse

Bt-thse

Bt-Dhse

Btlise 1 (all smnples) concensus

Bddorhse (outgroup)
Sequence position
Sequence posilion
Sequence position
Cadon position
Transilion nr snsversion
SYNONYmMous 6r nONsynonymous
Fuplotypes

Bt-Ananlse

Bi-Apethse

Bt-Aubhise

Bt-Amschise

Br-Aphhse

BE-Amlise

Bl-Arbhse

Bi-Acinhse

Bit-Atkhse

Bt-Akbhse

Bthse 1 (form A) coneensus

Bt-Fhse

Bt-Chise

Bt-Bhse

Bt-Elise

Bt-Chse

Bi-Thse

Bt-Dhse

Bthise 1 (all samples) concensus

Bdorhse (outgroup)

. G . T . C
. C G G I A
. G . . ¢ G 4
. . T C . . . [ G . .
A G C C A G G T € T T T A A A ¢ C T C T
. A T T . . . . T C A . ¢ G . . T . . . .
4 4 4 5 5 5 3 5 3 3 A 3 3 3 5} 6 G G [§] [§] i1
8 9 9 0 1 3 04 4 4 B 6 G 7 T 0 2 2 3 i 43
9 2 5 3 7 7 35 6 9 2 1 4 3 8 3 1 9 9 3 8§ 1
3 3 3 2 1 3 2 3 3 3 3 3 3 2 3 3 2 3 03 3 3
tv ts s ts v tv s B v tv ts s ts ts ts B ts B ts oty s
S $ &8 R R § R 8§ R § 8§ § S R S8 s R § § § 8§
A
. A
o} . A
C G
G C C .
G C A
C .
T
C .
A
T A
. A
. G . .
T C C T
T . C C C T
. . A T cC G T
T ¢ T ¢ € ¢ ¢ € A A T C € C A G A T A C (
. C A G oA T R | I A G T
i} G
3 3
2 4
1 3
s tv
S R
-
T A
c 7T

The top three rows indicated the positions of the nucleotide residues within the 664bp Fco RI fragment. The fourth row indicates the position
of the change within the codon. The fifth row indicates a transitional (ts) ar transversional {tv) or both (B) comparing each change with the
Bthse 1 consensus sequence. The sixth row indicates whether the substitutions result in synonymous (8) or nonsynonymous {R) changes. Dots
represent nucleotides that are identical to the Bthsc 1 overall consensus sequence. Normal tvped and bolded typed nucleotides are ts and tv.

respectively.

mous and at the codon third position, except the lated based on the number of nucleotide substitutions.

change at position 85,

From Table 3, the average number of nucleotide dif-

Genetic Distance and Similarity Comparisons. Pair-  ferences between form A individuals is 4.2 = 1.5, and
wise comparisons of the variation in Bthscl sequences  the average genetic distance based on Kimura's two
were also investigated. Genetic distances were calen-  Parameter (K2P) model is 0.0063 + 0.002 (N = 43 in
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Table 3.
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Genetie distanee matrix (helow diagonal) and nucleolide differences (above dingonal) of the Bthsel sequences hetween B

Bt-Aublse  Bt-Apethse  Bt-Amshse  Bt-Aphhse  Bt-Armhse  Bt-Arvbhse  Bt-Acnihse  Bt-Ananhse  Bt-Atklue  Bt-Akbhse

Bt-Aubhse 1 4 5 5 5 3 3 4 3
Bl-Apetise 0L.00L5 3 4 4 4 2 3 +
Bt-Amshse 0.0060 0.0045 3 5 5 3 5 6 n
Bi-Aphhse 0.0076 0.0060 00045 4 6 2 4 5 6
Bt-Armhse 0.0076 0.0061 0.0076 0.0061 4 2 4 5 6
Bi-Arblusc 0.0076 0.0060 0.0076 0.0001 0.0060 1 6 7 8
Bi-Aembise 0.0045 0.0030 G.0045 0.0030 0.0030 0.0060 2 3 4
Bt-Ananhse 0.0045 0.6030 0.0076 0.0060 0.0061 0.0091 0.0030 3 |
Bt-Atklisc 0.0060 0.0045 00091 0.0076 0.0076 0.0106 0.0045 0.0045 5
Bt-Akblise 0.0076 0.0660 0.0106 0.0001 0.0091 0.0121 0.0060 (.0060 0.0076

both cases). Table 4 shows the results for all of the
different B. tau forms. Here, the average number of
nucleotide differences was found to be 16 * 5.98 and
the average genetic distance was calculated 1o be
0.0247 = 0.009 (N = 28 in both cases).

From u t-test (2-tuiled) for equality of means, the
average genetic distance within the form A individuals
is significantly smaller compared with the average
genetic distances among all of the different forms (t =
~10.276; df = 29.04; P < 0.001 ). Comparisons based on
the average number of nucleotide differences are con-
sistent with the results of the genetic distance esti-
mates. Here, the t-test for equality of means (2-tailed)
shows that the average number of nucleotide differ-
cnces within form A is significantly smaller than the
average number of nucleotide differences among the
different forms (t = —10.32; df = 29.125; P < 0.001).

Unweighted Pair-Group Method with Arithmetic
Average Dendrogram and Neighbor Joining Phyloge-
netic Analyses. The pairwise genetic distance data
malrix for all of the Btliscl comparisons {Tables 3 and
4 combined)} was also used as input for a cluster anal-
ysis, The dendrogram resulting from the unweighted
pair-group method with arithmetic average analysis
groups all of the 10 form A individuals from various
populations into one clade (Fig. 3}, inferring a genetic
separation of this form. The Bt-Fhsc, Bt-Ghsc, and Bt-
Bhsc individuals are also grouped into a distinct clade
that may reflect a genetic relationship among these
forms. The Bt-Chsc and Bt-Ihsc individuals also group
together. The outgroup Bdorhsc is the most distant
from all the Bthscl forms,

A 50% majority-rule consensus phylogenetic tree
generated by the neighbor-joining method based on

Table 4.
different B e forms

the Kimura’s two parameters (K2P) model is shown in
Fig. 4. In this tree many (but not all) of the nodes were
supported by bootstrap analyses with relatively high
confidence levels (higher than 50%). The NJ tree ulso
groups all of the 10 form A individuals from various
populations into one clade (Fig. 4) and infers 1 genetic
separation of the A form from other forms with con-
fidence level 76%. The Bt-Fhsc, Bt-Ghsc, and Bt-Bhsc
sequences are grouped into another distinct clade
with bootstrap confidence limits of 88% and 95%. The
Bi-Chse and Bi-Ihsc sequences also formed a distinct
group with a confidence level of 100%. Here, B. dor-
salis is grouped with form D although the confidence
level is below 50%. The NJ result is mostly congruent
with the unweighted pair-group method with arith-
metic average analysis.

Discussion

Primers designed from the DNA sequence of a heat
shock cognate gene have been shown to reliably am-
plify sequences from B. fau individuals representing
different forms found throughout Thailand. These
primers were designed from coding regions of this
gene that are conserved between B, tau, B. dorsalis,
and C. capitata. The heat shock cognate gene ampli-
fication products obtaiffed here from the different B.
tau specimens provided markers for a molecular sys-
tematic approach to the analysis of relationships of
these different forms. Previously, the taxonomic status
and systematic relationships of the different forms of
B. tau described have been the source of much con-
fusion in the literature (Hardy 1973, White and Elson-
Harris 1992, Baimai et al. 2000).

Genctic distance malirix {below dingonal) and nucleotide differences (above diagonal} of the Bthsel scquences belween

Bt-Ahse Bt-Bhsc Bt-Chsc Bt-Dhsc Bt-Ehsc Bt-Fhse Bt-Ghsc Bt-lhsc

Bt-Ahsc 10 11 18 12 14 15 12
Bt-Bhsc 0.0152 17 20 14 6 5 15
Bt-Chse 0.0163 0.0261 20 17 21 22 5
Bt-Dhse: 0.0276 0.0308 0.0307 21 26 23 2(
Bt-Ehse 0.0183 0.0214 0.0261 0.0323 16 17 20
Bi-Fhse: 0.0214 0.0091 0.0324 0.0403 0.0246 5 22
Bt-Chse 0.0230 0.007G 0.0340 0.0356 0.0261 0.0076 23
Bi-thse 0.01583 0.0276 0.0076 0.0323 0.0307 0.0339 0.0355

Bt-Ahsc is a Bthsel concensus sequences of all B tau form A sequences. The other sequences are as indicated in Table 1.
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Bt-Aubhsc

Bit-Apethsc

Bt-Ananhsc

e

Bt-Atkhse

Br-Amshsc

¥ ULIoj £i0p g

~ Br-Aphhsc

Bi-Acmhsc

Bt-Arnhsc

Bt-Akbhsc

Br-Arbhsc

Bt-Ehsc

Bt-Fhse

Bt-Ghse

Bt-Bhsc

Bt-Chse

fPUR D W ' 'g D 'gsutoynoy g

Bt-Thse
Bt-Dhsc

Fig. 3.

Bdorhsc

Unweighted pair-group method with arithmetic average dendrogram of genetic distances from various Bthscl

sequences Lo infer relationships of forms and populations. The seale bar indicates 2 0.001 U of genelic distance from Kimura's

two-parameter model,

To analyze these relationships, nucleotide se-
quences were determined for a 664bp EcoR1 fragment
found 10 be present within the heat shock cognate
gene amplification product obtained for all individuals
sampled. Alignment of these sequences revealed that
55 of the sites were variable between the different
forms. No gaps were needed for these alignments, and
the variable sites identified appeared to be distributed
throughout the fragment. These results show that al-
though the heat shock protein 70 cognate gene is con-
served. it can provide a level of polymorphism com-
parable to other established marker systems. For
example, Morrow etal. (2000} found 33 out of 373 and
25 out of 316 sites, respectively, to be variable in the
cytlh and COII genes they used as markers for a similar
analysis of other closely related Tephritid species.

Using these sequences, phylogenetic analyses based
on the unweighted pair-group method with arithmetic
average (Felsenstein 1993) and Neighbor Joining
(Saitou and Nei 1987} methods were carried out. Both
of these analyses grouped all the samples of form A
into one clade with relatively high statistical confi-
dence (76% from New Jersey analysis). Other analyses

comparing the genetic makeup of form A individuals
as a group to the otheT forms of B. tau vielded similar
results. For example, the average number of substitu-
tions found within form A was significantly lower than
the level of variation among all the forms. A similar
result was obtained from an analysis of genetic dis-
tances within form A individuals compared with the
other forms.

At the level of direct sequence comparison, there is
also a fixed difference between these forms at position
222 which may be a synapomorphy. At this position, an
A nucleotide is shared between all of the individuals
representing forms B, C, D, E, F, G, and I. All of the
form A individuals, in contrast, have a C nucleotide at
this position.

Taken together, these results suggest that the B. tau
form A is isolated to some extent from the other B. tau
forms. The extent of the isolation suggests that this
form may have phylogenetic species status as defined
by Cracraft (1983). Congruent with this, Baimai et al.
(2000) had previously shown a unique chromesomal
karyotype for the B. tau form A. However, more sam-
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8t-Arbhsc
Bt-Arnhsc

Bt-Acmhsc

Bt-Amshsc

Bt-Aphhsc

Bt-Bhsc

Bt-Fhsc
Bt-Ghsc

Fig. 4.
wodde. There is no genetic distance on each branch.

ples of all of B. tan forms represented here need to be
analyzed to confirm this hypothesis.

The phylogenetic analyses also suggest that the B.
tau forms B, F, and G may form another subgroup.
Although they are allopatric and each is monopha-
gous, they infest closely related hosts that are distinct
frown the cucubitaceous hosts used by forms A, C, D,
und I (Baimai et al. 2000). Also with the forms B, F, and
(i there are four fixed differences at positions 48, 85,
87, and 216G that could be synapomorphic. The exis-
tence of this subgroup may support a hypothesis that
host shifting plays a crucial role for divergence within
B. taur {and other Tephritids) as it has in other systems
(Bush 1994). The forms € and I may be another sub-
group as suggested by the neighbor-joining analysis.
However, here again more samples of these forms
would be required to test the validity of these ideas.

In conclusion, heat shock cognate gene sequences
have been used here as a new molecular marker for the
analysis of closely related forms of B. tau. The se-
quences used here successfully resolved some rela-
tionships within the B. tau complex better than others.
We provide evidence that the B. tau form A group may
be reliably isolated from the other B. fau forms. The
status of the forms B to I cannot be completely clar-
ified, in part because only one sample of each was
included in the study. However, our results suggest
relationships among these forms that are congruent
with host preferences and karyotype differences de-
seribed by others.

From an evolutionary perspective, the analysis of
phvlogenetic relationships of closely related forms (or
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Bt-Aubhsc

Bt-Akbhsc , Bt-Atkhsc

Bt-Ananfisc

Bt-Dhsc

Bdorhsc
Bt-Ehsc

Bt-thsc
Bt-Chse

A 50% ajority-rule concensus ucighbor-joining phylogenetic tree with bootstrap values (100 replicates) on cach

groups} such as B. tau that appear to have undergone
recent expansion presents many challenges. In addi-
tion to the types of molecular data developed here.
differences in mating behaviors, sexual selection, host
preference shifts, and phenotypic traits important for
reproductive isolation as described by Iwahushi
(1999) and Morrow et al. (2000} for Tephritid species
must also be taken into consideration to achieve a
thorough understanding of-such relationships.

Finally, because the goding regions of heat shock
genes tend to be conserved across taxa (Borchiellini et
al. 1998), it may alsa be possible to use these primers
to amplify similar sequences from other Bactrocera
species and other genera within the family Tephriti-
dae. The use of this gene may help reduce the possi-
bility of ambiguity in multiple sequence alignments as
seen in the analysis of nineteen Buctrocera species
using mitochondrial rDNA sequences (Muraji and Na-
kahara 2001},
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