
Patternformationanddifferentiation

centerintheeyediscofD70soφ ぬゴ伽

ヨ

ー

,

YosHIKoUsHIoDA

セ

～

」

磁
㌔

セ

くヒ

運

li辱

Theommatidialpatternformationanddifferentiationcenterduringthe

developmentoftheDzosρ 助 吻compoundeyeisdescribedusingcombined

autoradiographyandtransplahtationmethods.Themitoticwavesforphoto-

receptorformationproducedfromtheposteriortotheanterioroftheeyedisc

duringthethirdinstarlarvae.However,intheeyediscswhichremovedthe

posterioredgedoesnotoccuredsuchamitoticwaves.Thefragmentsofthe

thirdinstareyediscsimplantedintoadultabdomenswithecdysteroid,

moultinghormonewilldifferentiatetoadultstructures.Anteriororposterior

fragmentsfromthethirdinstardiscswereformedommatidialstructures.By

contrast,thefragmentsfromtheear】ythirdinstardiscs,ommatidialforma・

tionwereobservedonlyposteriorones.However,dorsalandventralhalfof

thefragmentsintheearlythirdinstardiscswereformedtheommatidium.

Thesefindingsstronglysuggestthatthedifferentiationcenterexistsatthe

twoparts,thatisdorsalandventralpartoftheposteriorregioninthe60

hourseyediscandproceedfromposteriortoanteriorregion.
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TheDzosρ 帥 吻eyedisciscomposedapproximately7000mmatidiaarrangedin

aprecisehexogonalarray.Eachommatidiumiscomplexlight-sensitiveorgan

composedofphotoreceptorcells(22cellsincluded).Theeyeimaginaldiscisthe

precurseroftheadulteyeandotherheadstructures.Itisattachedanteriorlyto

theantennaldiscandposteriorlytothebrainbytheopticstalk.Theregionof

theundifferentiatedeyediscthatgiverisetotheadulteyeconsistsofamonolayer

ofcolumnarcellsinahexogonalarray.

Thedevelopmentoftheeyediscproceedsthroughaseriesofinductiveevents

whichleadfromanunpatternedepitheliumtothehighlyorganizedadultcom一
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poundeye。Theommatidialassemblyprocessstartsintheeyeimaginaldiscof

thethirdinstarIarvaeasawaveofmorphogenesismarkedbyafurrowinthe

epitheliumadvancesfromposteriortoanterior.Thedevelopmentoftherhab・

domericpatterninthecompoundeyehasbeenstudiedusingvariousmeans

(Readyetal,1976;Campos・OrtegaandGateff,1976;Campos-OrtegaandHof・

bauer,1977;FristromandFristrom,1982;KajiandUshioda,1983;Leboritzand

Ready,1986;TomlinsonandReady,1987;Ushioda,1993).Itwasfoundfrom

theseexperimentsthatthethirdinstarlarvae,apatternfirstbecomesevidentas

aclusteringofcellsattheposteriorendoftheeyedisc.

Tostudytherelationofcelldivisiontoformationofthepattern,hasbeenused

autoradiography.Fromthesestudiesindicatedthatthemitoticwavesforphoto-

receptorformationproceedfromtheposteriortoanteriorofthethirdinstar

larvae(KaliandUshioda,1983:Ushioda,1993).Inthisreportwillbecomformed

that,adifferentiationcenterforpatternformationexistsornotintheeyedisc

duringthelarvaldevelopmentbymeansoftransplantationexperimentsoftheeye

discfragments.

MATERIALANDMETHoDs

IndividualoftheOγ ㎎oη 一Rstrainof.Dγo∫ ρρ乃銘α 〃z6々zη ρ9αs彪 γraisedonstandard

mediumat25℃wereusedasdonorsandhostsforthetransplantationexperi-

ments.

Tη 御 伽 纏oη げ 解 廊6加9〃2θ 鳩

Eye-antennadiscsweredissectedfromlarvaeaged60,70,72,84and96hours

inadropofsterileculturemedium(KajiandUshioda,1980).Atungstenwire

withasharpendedgewasusedtocuttheeyediscs.Discswerefragmenteda

headofthefurrow,eitherparalledorobliquelytoit,butfarenoughaheadto

ensurethatnofurrowtissuehadbeenirlcludedintheprospectivetransplant.

Eachdiscfragmentwastransplantedwithaglassmicropipettetoasterileof

culturemedium.Thesefragmentsoftheeyediscwasimplanttotheadult

abdomen.Thereafter,inlectionofecdysteroid(moultinghormone)wasrepeated

2daysintervalsintothehostfly.Thetotalamontofthehormonewas1.7to2.

0μg/fly.After10daysculture,metamorphosedimplantswasremovedfromthe
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hostfly,andanalysedofitsimaginalcuticularstructures(Fig.1).
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Fig.1.Methodforculturingimaginaleyediscfragments勿 加〃o.

Schematicrepresentationofexperimentalprocedure.Eyediscfragmentwastrans-

plantedintoadulthosthemocoel,after10daysculturemetamorphosedimpiantswas

removedfrornthehostflyandanalyseditscuticularstructure.
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TheeyediscswerelabelledinlmlofculturemediumcontainingO.5μIof3H-

-thymidine(specificactivity10μCi/m1)for40min .Aftertreatmentwith

isotopesthematerialswerefixedbySquashedmethod(Ushioda,1976,1993)and

werethenstainedwithGiemsasolution.
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Theresultsofexperimentsweresimilartothatofthepreviouswork(1993).
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Theeyediscfrom70hoursoldwasdissectedandimplantedintoadultfly.After

3daysculturetheimplantwasremovedfromhostfly,andexposedby3H-

-thymidine〃z読zo .Mitoticwavesweredetectableinthemiddleandanterlor

partoftheeyedisc.Themiddlewaveproducedtoanteriorregionwiththe

developmentandformedommatidialclusterswithintheposteriorregion(Fig.2.

A).However,inthecaseofdeeplyandwidelyremovedthepartoftheoptic
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Fig.2.Autoradiographoftwomaturedeyediscslabelledby3H・thymidine.

70hrs.eyediscs(AarldB)whichhadbeenculturedinadultabdomenfor3days,

andthenpulse-labelledゼ η 碗70with3H・thymidine.A:control,B:removedtheposterior

reglon・

ρ
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Fig.3.Schematicdrawingsofeyedisc.

A:anterior,P:posterior,D:dorsa1,V:ventra1,E:equaterline。

Thedottedline(A-… 一一P),antero-posterioraxisshowtheequater

line.Theeyestalk,attheposterioredgeofeyediscconnectsto

thebrainlobe.Thesolidlines,showingtheguidelineforcutting。
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stalkof70hoursdisc,incorporationcouldnotobserved(Fig.2.B).Theseresults

indicatedthattheposteriorportionoftheeyediscisimportantfieldforthe

developmentofommatidia。
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Basedontheseexperiments,weattemptedtoclarifydifferentiatingabilityof

thespecificregionintheeyediscsduringthe3rdinstarlarvae.Figure3isthe

schemaofeyedisc.Thedottedline(A… 一一一P),antero-posterioraxisshowthe

equatorline.Theeyestalk,attheposterioredgeofeyediscconnectstothe

brainlobe.Thesolidlines,showingtheguidelineforcutting.Weexaminedthe

imaginaldifferentiationofthefragmentsproducedbytransverseandlongitudinal

cuts.
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Table1.Differentiationoftheimplantedeyediscfragmentsfromthetransversecuts.

Ashadedareaindicatetheimplantedfragment.

Ageofeyediscmeansthelarvalstage.

→+welldeveloped,十developed,±incompletedevelopedl-negative.

一93一

●



Patternformationanddifferentiationcenterintheeyediscof1)名osρ 帥 劾

AD批7翻 翅 競 げ'勉 ゴ〃ψ伽 鰯 喫 跳o

加9耀 嬬 加 窺 漉ε拗 ηs泥瑠6鳩

Inthefirstseriesofexperimentsweculturedtheeyediscfragmentsfromthe

transversecutsinthe60,72,84and94hoursages.Theresultsofexperiments

areillustratedinTable1.Thetableshowsthattheparticularstructuresof

differentiatingimplantsofdifferentdevelopmentalstages.

Ashadedareaintheeyediscindicatetheimplantedfragments.Weexamined

thedegreeofthedevelopmentinfacet-formation,ommatidialpigmentationthatis,

drosopterindeposition,cuticlepigmentationandbristleformation.Forexample,

thefragmentswhichremovedtheposteriorregionoftheeyediscfrom60hours

oldlarvae,ommatidialformation,pigmentationandfacetal-bristleformationwere

negative.Thefragmentsfrom70hoursageofdiscsshowasimilarpatternof

differentiationexceptthefacetformation.Inthiscase,incompletefacetforma・

tionwereobserved.However,thefragmentswhichremovedfrom840r96hours

eyediscsareformedommatidialstructure.Onthecontrary,thefragmentsof

posteriorpartoftheeyedisccouldbeobservedthewell-developedommatidial

structuresinallof60to96hourseyediscs.

β.D伽 繊 劒 加(ゾ 漉θ ゴ〃ψ伽 彪4解 跳6

加9〃z6鵤 加 〃¢漉θ ♂oη9ππ4伽16嬬

Inthisseriesofexperimentstheeyediscfragmentsfromthelongitudinalcuts

ofdifferentdevelopmentalstageswereused(Table2).

Thefragmentswhichremovedthedorsalorventralhalfofthe60hoursdiscs

wereformedommatidialstructures.Bycontrast,thefragmentwhichincludethe

equatorIineandposterioredge(narrowpieces),ommatidialformationwere

almostnegativeatthesamestage.While,thesefragmentsinthe84hoursdiscs

werenotdifferenceintheommatidialformation.Inthecaseofthewell・

developedframentsoftheposteriorregionremovedfrom72hoursdisc,diffe-

rentiatedommatidiaandtheirbristleswereobserved,butcouldnotdetectedthe

ommatidialpatterning,untannedthincuticle,hairsandbristleswereformed.

Theaboveresultsofthebothexperimentsaresummerizedschematicallyin

Figure4.AsshowninFig.4,thedifferentiationofimaginalommatidiaderived

fromthefragmentof60to84hourseyediscs.
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Table2.Differentiationoftheimplantedeyediscfragmentsfromthelongitudinalcutts.

Inthetransverseseriesonthelefthand,thefragmentswhichdoesnotcontain

theposteriorregionwerenotdetectedtheommatidialpatterninginthe60hours

eyedisc.Bycontrast,thefragmentofposteriorone'swaswell-formedo-

mmatidialstructureatthesameage.Moreover,theposteriorfragmentwhichcut

offthejointofopticstalkwasalsoformedtheommatidialpatterns.The

fragmentofposterioredgewaslowdegreeofommatidiaformingabilitythanin

thecaseofposteriorregionwhichhaveawiderange.However,thesefragments

wereformedommatidialstructureaccompanyedbytheprogressionofthe

development.

Theseresultsareinterpretedthatthedifferentiationcenteroftheommatidial

formationexsistsattheposteriorregionoftheeyediscandproceedtothe

anteriorregionaccompanyedbydevelopment.

Inthelongitudinalseriesontherighthand,thefragmentsofone-thirdofdorsal

orventralsidewereformedommatidialstructureatthe60houresage.However,

thefragmentsoftheantero-posterioraxiscontainedtheequatorlinewereless
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Fig.4.Differentiationofimmaginalommatidia.

Showedtheabilityofommatidialformationderivedfromthefragmentsof60to84

hourseyedisc.
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ommatidiaformingabilitythantheaboveexperiments.Piecesfromtheupper

halfofdorso・posterialregionandunderhalfofventro。posterialregionofthe60

hourseyediscswereformedommatidia.

Theseresulssuggestthatthedifferentiationcenterisalreadyseparatedand

exsitsthedorsalandventralpartoftheposteriorregionofthe60hourseyedisc。

DISCUSSION

切

PatternformationintheD70∫ ρ助 吻compoundeyebeginsattheposterior

marginoftheeyeimaginaldiscasundifferentiatedce11sassembleintoommatidial

structures.Duringthethirdinstarlarvae,apatternfirstbecomesevidentas

clusteringofcellsattheposteriorendofthediscbymeansofautoradiographic

studies(KajiandUshioda,1983;Ushioda,1993).Similarresultswereobserved

withmonoclonalantibodies(LebovitzandReady,1982;Venkatesh,Zipurskyand

Benzer,1985).Inthesestudies,thefragmentsoftheeyediscswereculturedin

larvaeandremovedfromhostsbeforetheypupated,Ommatidialclustarswere

visualizedusingamonoclonalantibody.Intheseimplants,ommatidialformation

progressedatitwouldhave勿s吻;posteriorregionalwaydifferentiatedbefore

mOreanterlorareaS.

Thepresentexprimentsusedimplantationoftheeyediscfragmentsintoadult

abdomenwithmoultinghormone.Theimplantswasremovedfromthehostfly

after10days勿 加 θocultureandinvestigatedtheirstructures.Theresults

presentedhereindicatedthatthemechanismofpatternformationwerealso

supportedtheauthor'spreviousstudies.Thatis,anteriororposteriorfragments

fromthethirdinstardiscswereformedommatidialstructures.Bycontrast,the

fragmentsfromtheearlythirdinstardiscs,ommatidialformationwereobserved

onlyposteriorones.However,dorsalandventralhalfofthefragmentsfromthe

earlythirdinsterdiscswereformedtheommatidium,

Moreover,thepresentexperimentsdemonstratedthatthedifferentiationcenter

forpatternformationexistsornotintheeyediscusingtheimplantationofthe

eyediscfragmentsintheadultflies.

Itwassuggestedthatthedifferentiationcenterinthedevelopingeyeofthe

mosquito,.4646sσ ㎎ 妙 ガ(White,1963).Hereportedthatadifferentiationcenter

existsattheposterioredgeoftheprospectiveeyeregioninthefirstinstarofthe

一97一
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mosquitolarvae.

Itisconcludedfromthepresentexperimentsthatdirectionofcelldivisionis

mirrorimageduplicationtotheequatorlineandommatidialformingabilityisnot

differentbetweendorsalandventralhalfoftheeyediscs.Thedifferentiation

centerproceededfromposteriortoanteriorregionalongthedirectionofcell

division.

Moreoversofarasthepresenttransplantationexperimentsconcerned,itseems

tobethatthedifferentiationcenterexistsatthetwoparts,thatis,dorsaland

ventralpartoftheposteriorregion(notedge)inthe60hourseyedisc.
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