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Thebasicbodyplanofinsectscomprisessix
thoraciclegs,fourwingsandanabdomenlacking
appendages.Theunderlyingmolecularmechanism of
theevolutionoflimb-lessabdomenofinsectsisbelieved
tobetheacquisitionofthelimb-suppressingfunctionof
Ultrabithorax(Ubx)andabdominal-A(abd-A)whichare
expressedintheabdominalsegments(Vachonetal.,
１９９２;PalopoliandPatel,１９９８).Thelarvaeoftheorder
LepidopteraandsuborderSymphytaofHymenoptera
oftenbareabdominalappendagescalledprolegs.In
lepidopteranlarvae,prolegstypicallyoccuronthefour
abdominalsegmentsfromthethirdtosixth.Warrenetal.
(１９９４)suggested thatcircularclearingsofabd-A
expressionatthetipoftheprolegprimordiaduring
embryogenesisofabutterflyleadtothepermissive
expressionofDistal-less(Dll)whichresultsinthe
developmentofprolegsonthesegmentsinquestion.

Sincealargenumberofmutantstocksareavailable,
thesilkworm,Bombyxmorihaslongbeenusedas
anexperimentalanimalfordevelopmentalgenetics
(Tazima,１９６４).Thereareatleast３０differentmutants
thatbelongtopseudoallelegroupE(Uenoetal.,１９９５),
whichcoversthegenomicregionofbithoraxcomplex
(Yasukochietal.,２００４)andmanyofthemutationsinthis
regionshowanomaliesinprolegdevelopment.Using
oneofsuchmutantlines,EMu,wehaveshownthatproleg
developmentoccursinsegmentswhereabd-Aexpresses
andAbdominal-B(Abd-B)doesnotexpress.Furthermo-
re,embryonicRNAiexperimentsstronglysuggested
thatAbd-B isaprolegsuppressorintheposterior
abdomenofBombyx(TomitaandKikuchi,２００９).

Theknockdownofabd-Aresultedinthetotallossof
prolegs.InthesamelineECamutantthatlacksgenomic
abd-Aregionalsoshowssimilarphenotype(Uenoetal.,
１９９２).Theseresultsstronglysuggestthatabd-Aplaysa
maintenance,ratherthanasuppressiveroleinproleg
developmentinBombyx.Tofurtherinvestigatetherole
ofabd-A,weinjectedbothdsRNAsforabd-AandAbd-B
toknock-downbothgenessimultaneously.Thedouble-
knockdownembryosshowedalmostthesamepheno-

typetotheabd-Adepletedembryos.Theseembryoslost
theirprolegsandsmallremnantsoflegprimordiaare
oftenobservedinA１–１０.Sincetheseremnantsare
neverfoundinA８–１０ofabd-ARNAiembryos,these
additionaloccurrencesmaybeduetothelackofAbd-Bin
thesesegments.Thisresultsuggeststhattheextra
prolegsobservedinA７–９inEMuandA７–１０inAbd-B
RNAiembryos developed by the ectopic abd-A
expressionintherelevantsegmentsunderthemutant
backgroundorRNAieffect,thatsupportsthehypothesis
thatabd-Apromotesandisindispensabletotheproper
prolegdevelopment.
Weinvestigateddetailedexpressionpatternof

Abd-Aproteinatandaroundtheprolegprimordiaby
immunocytochemistry.Through stages１８–２２proleg
primordiaappearandpruneinthesegmentsthatlack
prolegsinlarvalstages.Intheprolegbaringsegments,
legprimordiaareestablishedandbeginoutgrowth.
Duringthisperiodtherewerebasicallynodetectable
differencesinAbd-Aexpressionbetweenprolegbaring
(A３,A４)andproleglacking(A２)segments.Abd-A
expressionwasalwayspresentinthecellsattheverytip
oftheprimordiaandnoclearanceoftheexpressionwas
observed.TheexpressionofDllatstage１９wasassessed
byinsituhybridizationandweakbutdistinctexpression
wasdetectedatthetipsoftheprolegprimordia.

Theseresultsraisethepossibilitythatabd-Adoes
notsuppressDllexpressionandthesetwogenes
cooperatetogetherinprolegdevelopmentinBombyx
embryo.TheabdominalsegmentsexpressingUbx(A１
andA２)orAbd-B(A７–１０)donotdevelopprolegsand
onlythesegmentsinbetweenhaveprolegs.ENmutant
which lacksboth Ubxandabd-A genomicregion
developsthoracicleg-likeappendagesinA１–６(Uenoet
al.,１９９２)suggestingabd-Aspecifiestheappendagesas
prolegsandplaysinstructiveroleinprolegdevelopment.
Thismayprovokethenextquestion:whenandhowthis
regulatorysystem evolved?Sincecaterpillarslose
prolegsduringpupalmetamorphosis,thebasicbody
plan,limb-lessabdomen,isconservedinLepidoptera.
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Thusthemolecularmechanismsunderlyingthedevelop-
mentofprolegsshouldbesmallmodificationsonthe
limb-suppressingsystem.Consideringthefactthatthe
prolegdevelopmentinsawflydoesnotdependonDll
expression(Yamamotoetal.,２００４)andhemimetabolous
insectsdon’tdevelopprolegs,thishypotheticalmodifica-
tionshouldbespecifictolepidopteranlinage.

References
Palopoli,M.F.andN.H.Patel(１９９８)EvolutionoftheinteractionbetweenHox

genesandadownstreamtarget.CurrentBiology,８,５８７–５９０.
Tazima,Y.(１９６４)E-groupasatoolofDevelopmentalGenetics.InY.Tazima

(ed.),TheGeneticsoftheSilkworm.pp.６０–７５.LogosPress,London.
Tomita,S.andA.Kikuchi(２００９)Abd-Bsuppresseslepidopteranproleg
developmentinposteriorabdomen.DevelopmentalBiology,３２８,４０３–４０９.

Ueno,K.,C.C.Hui,M.FukutaandY.Suzuki(１９９２)Molecularanalysisofthe
deletionmutantsintheEhomeoticcomplexofthesilkwormBombyx
mori.Development,１１４,５５５–５６３.

Ueno,K.,T.Nagata,andY.Suzuki(１９９５)Rolesofhomeoticgenesinthe
Bombyxbodyplan.InM.R.GoldSmithandA.S.Wilkins(eds.),Molecular
ModelSystemsintheLepidoptera.pp.１６５–１８０.CambridgeUniversity
Press,Cambridge.

Vachon,G.,B.Cohen,C.Pfeifle,M.E.McGuffin,J.BotasandS.M.Cohen
(１９９２)Homeoticgenesofthe Bithorax complex represslimb
developmentintheabdomenoftheDrosophilaembryothroughthe
targetgeneDistal-less.Cell,７１,４３７–４５０.

Warren,R.W.,L.Nagy,J.Selegue,J.GatesandS.Carroll(１９９４)Evolutionof
homeoticgeneregulationandfunctioninfliesandbutterflies.Nature,
３７２,４５８–４６１.

Yamamoto,D.S.,M.Sumitani,K.Tojo,J.M.LeeandM.Hatakeyama(２００４)
Cloningofadecapentaplegicorthologuefromthesawfly,Athaliarosae
(Hymenoptera),anditsexpressionintheembryonicappendages.
DevelopmentGenesandEvolution,２１４,１２８–１３３.

Yasukochi,Y.,L.A.Ashakumary,C.Wu,A.Yoshido,J.Nohata,K.MitaandK.
Sahara(２００４)OrganizationoftheHoxgeneclusterofthesilkworm,
Bombyxmori:asplitoftheHoxclusterinanon-Drosophilainsect.
DevelopmentGenesandEvolution,２１４,６０６–６１４.

３０


