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Stablegermlinetransformationutilizingtransposon-
derivedvectorshasbeenachievedinmorethan２０
insectspeciesacrossfourorders,Diptera,Coleoptera,
LepidopteraandHymenoptera(review:Kramer,２００４).
Functionalanalysisofagenebyitsconditionallyinduced
misexpressionhasbecomemucheasierwithtransgenic
techniquesininsectsotherthanexperimentalmodel
speciessuchasthefruitfly,Drosophilamelanogaster.The
sawfly,AthaliarosaeruficornisJakovlevisoneofthenon-
modelspeciesinwhichgermlinetransformationis
feasible(Sumitanietal.,２００３).Wehavebeenstudying
theunderlyingmolecularmechanismsofeggmaturation,
eggactivation,fertilization,earlyembryonicdevelop-
mentandsex-determinationinA.rosae(review:Oishiet
al.,１９９５,１９９８).Atechniqueforthetargetedexpression
oftransgenesisthekeytounravelinggenefunctions,
especiallyifthegeneofinterestaffectsviability.
However,thereistheissueofthescarcityofknown
promotersthatdrivespatiotemporalgeneexpressionin
A.rosaeaswellasinothernon-modelspecies.Herewe
demonstratethatasystemfortargetedgeneexpression
basedonabacterialtetracycline-resistanceoperonis
applicabletoA.rosae.

Thesystemexaminedistheonethatisbasedonthe
tetracycline-controlled transactivator (tTA)and its
responseelement(TRE).ThetTA activatesgene
expressionbybindingtoaTREplacedupstreamofa
targettransgene.Theadvantageofthissystemisthat
thetargetedgeneexpressionisnegativelycontrolledby
tetracycline(Tet-Offsystem).TetracyclineboundtotTA
formsacomplexandinterfereswiththebindingoftTAto
TRE,resultinginsilencingofthetargetgene.The
effectivenessofthissystemwasshowninsomedipteran
species(review:McGuireetal.,２００４).Tetracyclinecan

beappliedasafoodsupplement(Belloetal.,１９９８).
TwotypesoftransgenicstrainsofA.rosaewere

established:oneboretheDrosophilaheatshockprotein
７０(hsp７０)genepromoter-driventTAmarkedwiththe
enhancedcyanfluorescentprotein(ECFP)genewith
eye-specificexpression(tTAstrain),andtheotherbore
theenhancedgreenfluorescentprotein(EGFP)geneas
areportergeneplaceddownstream oftheTREand
markedwiththeredfluorescentprotein(DsRed)gene
(TRE-EGFPstrain).Bothstrainswereviableandquite
normalinfecundity.Individualsbearingbothtransgenes
(tTA;TRE-EGFP)wereproducedbycrossingthetwo
strains and screening forthe progeny with eye
fluorescence.EGFPwasdetectedinembryosbearing
bothtransgenes(tTA;TRE-EGFP),butnotinembryos
bearingeitheroneofthetransgenes(tTA;+and+;TRE-
EGFP)regardlessofheat-shocktreatment.EGFPwas
expressedevenwhentTA;TRE-EGFPembryoswere
reared atlow temperature (２０̊C;usualrearing
temperatureis２５̊C).Theresultsindicatedthatthis
system workedtoinducetargetedgeneexpression,
whiletheDrosophilahsp７０genepromoterwasnotable
toregulategeneexpressionstrictlyinatemperature-
dependentmannerinA.rosae.
Suppressionofthetargetedgenewasexaminedby

supplementingtetracyclinetothediet.Tetracyclinewas
dissolvedindilutedhoneyatafinalconcentrationof
１００µg/mlandgiventoparentalfemales.Oralapplication
oftetracyclinedidnotaffecttheirviabilityandfertility.
EGFP expression was completely suppressed in
alltTA;TRE-EGFP embryosproducedbycrossing
tetracycline-fedfemalesofonestrainandtetracycline-
unfedmalesoftheotherstrain.Weconcludedthat
theTet-Offsystem wasapplicabletoA.rosaeasan
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effectivetooltoregulatetheexpressionoftransgenes
independentofpromoters.
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