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Decapentaplegic(Dpp)proteinactsasamorphogen
thatissecretedintotheextracellularregionandspecifies
cellfateinaconcentration-dependentmanner.Inthe
earlyembryonicstageofDrosophilamelanogaster,Dpp
proteinplaysanimportantroleinestablishmentofthe
dorso-ventralaxis.Dppproteinformsacomplexwith
Twistedgastrulation(Tsg)andShortgastrulation(Sog)
proteinsandistransportedoverarelativelylongdistance
(O’Connoretal.,２００６).Suchmolecularmechanismisalso
involvedduringwingveinformationatthepupalstagein
Drosophila.Dppproteinisexpressedinlongitudinalvein
cellsandtransportedbyformingacomplexwith
Crossveinless(Cv;ahomologousproteinofTsg)andSog
proteinstoparticularcellsoftheinterveinregion,and
finallydifferentiatesthesecellsintocrossveincells
(Shimmietal.,２００５;O’Connoretal.,２００６).

Functionofthedppgeneintheearlyembryonic
stagehasalsobeeninvestigatedincertainotherinsect
species(Sanchez-Salazaretal.,１９９６;Yamamotoetal.,
２００４;AngeliniandKaufman,２００５;Zeeetal.,２００６).The
findingssuggestthatasimilarregulatorymechanism
involvingtheDppproteininestablishingtheembryonic
dorso-ventralaxisisprobablyconservedininsects.
However,conservationofthismechanisminwingvein
formationremainslargelyunknownininsectsotherthan
Drosophila.Thesawfly,AthaliarosaeruficornisJakovlev
isasuitablespeciestoaddressquestionsaboutthe
relationshipbetweenmorphologicaldiversityofwing
veins and molecular mechanisms ofwing vein
development,becausegenefunctionalanalysesinlarval-
pupalandpupal-adulttransitionsarefeasibleinthis
speciesbygeneknockdownusingRNAinterference
(RNAi)byintroducingdouble-strandedRNA(dsRNA).In
addition,thecomplicatedveinpatternsofA.rosae

ruficornis compared to those ofDrosophila and
differencesin venation between theforewingand
hindwing are favorable features for investigating
interspecific and intraspecific modification ofthe
mechanisms.Asthefirststep,weanalyzedthefunction
ofdppandtsggenesusingRNAimethod.
First,weinjecteda２５２-bp-longdsRNAtargeting

thedppgeneanda４４０-bp-longdsRNAtargetingthetsg
genetothelastinstarlarvaeinwhichwingveinsarenot
yetformed,andobservedtheirphenotypesinthewing
primordiaatthelateprepupalstage,whenwingvein
patternsareestablished.InjectionofeachdsRNAtothe
lastinstarlarvaeresultedinfailureoftheproper
developmentofwingveins.Afterinjecting３µgofdpp
dsRNA,wingveinswerecompletelylost(n＝１０,９
survivedandexamined).Threemicro-gramsoftsg
dsRNA injection resulted in a relatively milder
phenotypeinwhichpartsofwingveinsresidually
developed(n＝９,６survivedandexamined).Whendoses
rangingfrom３０ngto６µgoftsgdsRNAwereinjected,
thephenotypesappearedsimilartothoseafter３µg-
injection.Thesefindingsindicatethatdppandtsggenes
areinvolvedinwingveinformationofA.rosaeruficornis.
InDrosophila,Dppproteinsynthesizedinthelongitudinal
veinsistransferredbyCvandSogproteinstointervein
cellsnearbyandcontributeslatertotheformationof
crossveins(Shimmietal.,２００５;O’Connoretal.,２００６).
ToseeifthesimilarmolecularregulationworksinA.
rosaeruficornis,weinjectedthesedsRNAsatlater
stages:earlyprepupalstagewhenwingprimordiajust
startformingsomeveins,oratthemidprepupalstage
whentheirwingveinsareformedtosomedegrees.
InjectionofdppdsRNAtoearlyprepupaeresultedin
defectivewingveinformationinbothlongitudinaland
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crossveins,whiletsgdsRNAinjectiontoearlyprepupae
onlyslightlyaffectedthephenotypeofwingveinsthose
were formed nearly normally.Aftermid-prepupal
injectionofdppdsRNAandtsgdsRNA,normalwing
veinswere formed and there were no apparent
knockdowneffectsontheirphenotypes.Thesefindings
suggestthatthetsggeneactsatearlierstagestoform
longitudinalveinsinA.rosaeruficornis.Involvementof
thedppandtsggenesinwingveinformationis
conserved,althoughthedetailedmolecularinteractions
seemtodifferslightlybetweenA.rosaeruficornisand
Drosophila.
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