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lntroduCtion

Duringembryonicdevelopmentofvertebrates,
plurlpOtentStem Cellsareallocatedtoseparate
lineagesandeachcelllineagepursuesalimited
andstereotypedcellfate.Eventually,dividing
cellscanautonomouslymaintaincommitments*

(fordefinition,seefootnote)totheirlineages.The
questionsastowhenandhowembryoniccells
receivepositionalcuesandbecomecommittedto
thereglOn-SPeCificfatearestilloneofthemajor
concernsofdevelopmentalbiologlStS.Toaddress
thesequestions,itwouldbeidealtohaveaslngle
specieswithwhichcellular,molecularandgenetic
analysescouldbeca汀iedoutonindividuallyiden-
tifiedcells.ThezebrafishDaniorerio(Fig.I)has
thepotentialtobesuchaspecies.Recently,agreat
advancehasbeenmadeinthezebrafishmutant

searchbythegroupsofC.Ndsslein-Volhard
(T臼bingen,Germany)andW.Driever(Boston,
USA).Theysucceededinalarge-scalesaturation
mutagenesiswhichhadproducedabouttwo
thousanddevelopmentalmutantsbyApril,1994
(MullinsandNtisslein-Volhard,1993;Drieveret

al.,1994).Togetherwiththegeneticlinkagemap
beingconstructedbyseveralgroups(Postlethwait
etal.,1994),thoseisolatedmutantswillmakea

greatcontributiontothefieldoflifescience･

Fig.1.Adultmalezebrafish(Daniorerio).Zebrafishandsmall

(314cmlong)tropicalfreshwaterfishthatoriginatefromIndia･
Theyreachsexualmaturltyataboutthreemonths.Onefemale

laysabouttwohundredeggsweekly,afeaturethatgreatly

facilitatesgeneticanalysts.

Inadditiontothemutationalanalysts,the
zebrafishembryohaslongbeenregardedasan
excellentmaterialforcellularstudiesofearly

embryogenesisbecauseitiseasytomanlpulate
andopticallyclear(reviewedbyKimmel,1989)･
Thesefavorablepropertiesarealsosharedwiththe

embryosofrelatedteleostspecies,suchasthe
medaka,OryzlaSlatipes.Becauseoftheseprop-

erties,anumberofexperimentshavebeenca汀ied
outsofartoanalyzethecellmovement,cell
lineage,fatemapandcellcommitment.Inthis
article,Wewillsurveynormaldevelopmentand
thefatemapofthezebrafish,anddescribecellular
commitmenteventsandunderlyingmolecular
mechanismsexaminedinthezebrafishembryo

withmorerecentlypublisheddataandour
unpublishedresults.

Normaldevelopment

Thedevelopmentofthezebrafishduringthe
firstembryonicday(at28.5oC)isshowninFig.2･
Embryonicdevelopmentisveryrapid;about12
hoursfrom thetimeoffertilizationonecan

visualizetheestablishmentofabodyplanthatis

typicallyvertebrate･Inzebrafish,astructurecalled
amicropylerestrictssperm entrytotheanimal

poleoftheegg(WolenskiandHart,1987)･After
fertilization,yolk-freecytoplasm segregates

towardstheanimalpole.Theembryoundergoes
thefirstcleavageabout40minafterfertilization.

Thefirstfivecleavagesarepartialor'meroblastic'
andareverticalwithrespecttotheanimaトvegetal
axisandalternate900fromoneanother.Thesixth

cleavageishorizontalandyieldsanuppersetof

blastomerescompletelyseparatedfrom neigh-
boringblastomereswhilethelowersetof
blastomeresretainsaconnectionwiththeyolk･

Cleavagescontinuesynchronouslyevery15min,
resultinglnadenselypackedcapofcells,blasto-
derm,attheanimalpoleoftheuncleavedyolk･

CorrespondenceshouldbeaddressedtoH.T.

*Here,̀commitment'isdefinedastheirreversible,autonomousandheritablerestrictionofthepotentialofacellsuchthatit

expressesonlyonefate(Stent,1985).
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Fig･2･Developmentofthezebrafishduringthefirstdayofembryogenesis(h=hoursofdevelopmentat28.5oC).LateraIviewsof
dechoriOnatedembryosareshownandtheanimalpoleisatthetoplneVery苧mbryo･Eggsarefertilizedexternallyanddevelop
rathersynchronously.As thebulkoftheoocyteistakenoverbytheyolk,celldivisionislimitedtoasmalldiskofyolk-free
cytoplasmatoptheyolk･AHheshieldstage(50%-epiboly),cellsaroundthemarginhavefirstinvolutedaroundthemargintoform
thegermrlng･Tnthisandfollowlngfigures,thedorsalsideoftheembryoistotheright.Thebodyplanofthefishisalmost
completeandthemajorOrgansareClearlyvisibleby20-24h.HatchingusLtallyoccursat36-48h.

Withinthreehours,theearlyblastulastageis hypoblast.Atthesametimebothinvolutedand

reached.Thezebrafishhasaf1-0g-likemidblastula

transitionatthelothcleavage,duringwhich

cleavagecellcyclesbecomelongerandasyn-
chronous,WithassociatedincreasesinRNA

synthesisandcellmotility(KaneandKimmel,

1993).Bythistime,threetypesofblastoderm

cellsarepresent:amonolayeroftheenveloplng

layer(EVL),ayolksyncytiallayer(YSL),anda

largemassofdeeplayercells(DEL)whichliein

betweenEVLandDEL(Fig.3).Theblastodem

startstospreadevenlyovertheyolkintheprocess

ofepibolyattheendoftheblastulastage･As

epibolymovementbringthemarglnOfthe

blastodermtotheequatoroftheyolk(i･e･,50%-

epiboly),themorphogeneticmovementsof

gastrulationbegin.GastrulationoccursasDEL

cellsaroundtheblastoderm marglninvoluteand

migratetowardstheanimalpoleglVlngrisetothe

non-involutedDELcellsconvergetothedorsal

sideoftheembryotofom theembryonicshield

Fig.3.Schematiccrosssectionthroughazebrafishatlate-
blastulastage,showingthevariouscel一types.Forabbrevia-
tions,seetext.
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Fig･4･Earlymorphogenesisofthezebrafishembryo･Duringgastrulation,theprocessesofepiboly,1nVOlution,convergenceand

extensionoccursimultaneously,producingtheextendedbodyaxisvisibleatthedorsalsideoftheembryo･

(fishorganizer)･Ascellsentertheshield,theyalso
intercalatebetweenothercellsleadingtothe
lengtheningor̀extension'oftheembryonicaxis
intheanterioトpOSterior(A-P)direction.

Ultimately,thesemovementsresultinayolk
completelycoveredbytheblastodem withthe
futurebodyaxisvisibleasdistinctthickeningon
thedorsalsideoftheembryo(Fig.4).A氏erthe
completionofepiboly,somitogenesisandneurula-
tionproceed(2-3somitesfわrmedperhour).By24
hpf(hourspostfertilization),mostoftheorgans
arevisibleandearlyorganogenesisisnearly
complete.

AP

VP

zebrafish

Thezebrafishfatemap

Beforetheonsetofgastrulation,themovements
ofindividualcellsaresomewhatrandom and

unpredictable.KimmelandWarga(1986)have
demonstratedthatanearlyzebrafishblastomere
contributesprogenytomanydiversetissuesofthe
embryo･Therefore,theearlylineagesofthezebra-
fishareindeterminatewithrespecttothefuture
fatesofcells.Becauseofthis,itisnotpossibleto
constructanaccuratefatemapuntiltheonsetof
gastrulation.However,duringgastrulation,the
morphogeneticmovementsoftheblastoderm cells

becomemorerestrictedandpredictable,although
theprocess'esofepiboly,involution,convergence

AP

VP

Xenopus

Fig･51Fatemapsforthezebrafishatthebeginningofgastrulation(Kimmeletal.,1990)andXenopusatthe321Cellstage(Daleand
Slack,1987)･ThezebrafishmapresemblesthatofXenopus.Thezebrafishembryoisorganizedsimilarlytothefrog,butwithits
vegetalpoleopenedupandtheyolkcellinsertedatthislocation･Abbreviations:AP;animalpole,VP;vegetalpole,V;γentral,D;
dorsal.
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andextensionareoccurringsimultaneously(Fig.
4).Bycataloguingthepositionsoffluorescently

labeledcellsatthegastrulastageandidentifying
thetypesofprogenycellsthattheyeventually
produced,Kimmeletal.(1990)wereableto

constructthefatemapforthezebrafishgastrula
(approximately8000cells)(Fig.5).Thisisthe
firststageinzebrafishdevelopmentinwhichthe
fatesofindividualcellsbecometissue-restricted.

AscomparedwiththeXenopusembryoinwhich
lineagerestrictionscanbedescribedasearlyasthe
32-cellstage(DaleandSlack,1987),lineage
restrictionsinthezebrafishembryooccurlater,as
inmammals.Moreimportantlyform acom-
parativepolntOfview,theoverallorganizationof
thezebrafishfatemapverycloselyresembles
similarmapsdevisedforotherchordateembryos
suchasascidians(Nishida,1987)andamphibians
(Fig.5).

Commitmentofcellfate

lnmanyorganisms,theearliestprecursorcells

arethoughttobepluripotent,thatis,develop-
mentallyundefinedandcapableofexpressinga
largenumberofpossiblephenotypes.Eventually,
individualcellsbecomecommittedtoexpresslnga
particularfate.Thecharacterizationofthecellular
changesthataccompanyandproduceadeve1-

0pmentallycommittedstatehasbeenattractlng
manydevelopmentalbiologlStS.However,thereis
stillmuchthatremainstobestudiedorreexam-

inedusingmoderntechniques.

Asalreadydescribedabove,lineagetraclng
experimentshaverevealedthatthefuture,tissue
-Specificidentitiesofembryoniccellscanbe
predictedinitiallyattheonsetofgastrulatiomThis

suggeststhattheembryoniccellsinzebrafishpos-
sesspluripotencyuntiltheblastulastageandthat
thecommitmentofcellfateoccursduring

gastrulation.However,thecellularcommitmentto

aparticularfatecannotbeinferredthrough
Observationsofnormaldevelopmentorfromthe

fatemap;itcanonlybedeterminedthrough

experimentalmanlpulationofembryos.Thetrans-

plantationofcellsfromoneareaoftheembryos
intoanotherisoneofthebestmethodswithwhich

tostudycommitmentevents.Ifthetransplanted
cellexpressesafateappropriatetOitsnewposi-
tion,thenitwasstillplurlpOtentanduncommitted;
ifitretainsthefateofitsoldposition,itwas

committedtoexpl-eSSlngItsOrlglnalfateatthe
timeoftransplantation.

Toanalyzecommitmenteventsinearlyzebra-
fishembryos,weperformedcell-transplantation

experimentsatvariousstagesofdevelopment
betweenvariousreglOnS･Intheseexperiments,a
mixtureofrhodamine-and/orbiotin-dextranwas

Injectedintotheyolkofdonorembryosatthe2-8-
cellstage･The叫ecteddyespreadthroughinter-
cellularcytoplasmicconnectionstoallcellsofthe

blastoderm･Donorcellstakenfromanapproprlate
reglOnataCertainstageweretransplantedtoa
newpositioninanunlabeledhostembryo,and
fatesoftransplanteddonorcellsinthehostwere
examined.

Wefirstexaminedpluripotencyoftheearly
embryoniccells.Cells(about50to100cells)atthe

blastulastage(100014000cells,3-4hpf)were
transplantedtov∬iouspositionsinhostblastulae,
andthehostembryoswereallowedtodevelopup
to20-24hpf(Fig.6A-C).Sincethezebrafish
embryoisradiallysymmetricaroundtheanimal
-vegetalaxisjustbefわregastrulation(Fig.2),the
relationshipbetweentheirorlglnalandnew

positionscouldnotbedeterminedpreciselyinthe
experiments.However,theresultsobtaineddidnot
varymuchamongtheexperiments;thedonorcells

werewidelydistributedinthehostembryo,and
theycontributedtomanyorganswhichwere
derivedfromallgermlayers(endodem,mesoderm
andectoderm)(Fig.6D-F).Thedonorcells

expressedfatesappropriatefortheirnewposition
(Fig･6G),showingthattheywerepluripotentatthe
timeoftransplantation,theblastulastage.The
resultsareconsistentwiththoseobtainedby

lineagetracinganalysis(KimmelandWarga,
1986)showingthatthecellsattheblastulastage
areundeterminedintheircellfate.ThoseplurlPO-
tentcells,whentransplantedintohostembryos,
Cancontributetohostorgansuntiladulthood.Lin
etal.(1992)Producedgerm-linechimerasof

zebrafishbyintroducingasmallnumberofcells
fromgeneticallyplgmentedintoalbinoembryosat
midblastulastage.Furthermore,worktowards
establishingazebl.afishembryonalstem(ES)cell

line血.omplurlpOtentblastomeresisunderwayln
severallaboratories.Infact,murineEScells,which

∬enowpowerfultoolsfわrdevelopmentalgenetics,
arederivedfrommousepluripotentcelllineage,
i.e.,theinnercellmass.
Whenandhowuncommittedcellslosetheir

plurlpOtenCyisthenextquestionFromtheresults
offatemapplng,thestageofgastrulationwas
thoughttobeanimportantperiodforcellular
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Fig.6.Cell-transplantationexperimentsattheblastulastageandthefatesoftransplanteddonorcells.(A)-(C)Theprocessofcell

transplantation.Allcellsofadonorembryoarelabeledwithrhodamine-dextranandbiotin-dextramDonorcellsaredrawndirectly

fromlabeleddonorembryosintothecapillarythroughbackpressure.Thecapillaryistheninsertedintoanunlabeledhostembryo,

andthelabeleddonorcellsaregentlyexpelled.Inthisseriesoffigures,cellsfromtheanimalpoleregionaretransplantedintothe
marginalregionofthehost.Thetransplantedcellscanbedetectedunderanuorescentmicroscope(a汀OWheadinC).(D)and(E)

Thehostembryowasallowedtodevelopupto24hpf,fixedandprocessedforavidin-peroxidasestalnlngtOVisualizethe

biotinylateddonorcellsinthehost(thedonorcellsarestainedbrownbutappearblackintheseB/Wphotographs).Thecellsinthe

animal-polereglOnarenormallydistributedintheanteriorreglOnOfa24-hembryo;however,thosecellstransplantedtothe

marginalregionaredistributedwidelyalongthebodyaxis.Alateralview(D)andadorsalview(E)ofsuchahostembryoare

shown.Theembryosareorientedwiththeanteriorendtotheleft.(F)Frozensectionthroughthetrunkregionofthestainedhost

embryoinD.Thestained(donor)cellscontributedtothesomite(S)andtheneuraltube(NT).Theasteriskindicatesthenotochord.

(G)ThesamesectionofEstainedwithanti-myosinantibody(immunonuorescentanalysis)indicatesthatthedonorcellsdistributed

inthesomitedoexpressamolecularmarkerformuscledifferentiation.
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Fig.7.Localizationofparlb]transcriptsbyinsituhybridizationofwhole-mountembryosatdifferentdevelopmentalstages.Dorsal
viewsareshown.Theembryosareorientedwiththeanteriorendtotothetop.Paxlb]expressionisfirstdetectedat9-10hof
development(loo鞄-epiboly)astwotransversebandsatthepresumptivehindbrain一midbrainboundaryoftheneuroepithelium.As
neuraHubeformationproceeds,thetwotransversebandsjoinatthemidline.Inlaterdevelopment,thetranscnptsarealsodetected
intheoticplacodeandopticStalk.Abbreviations:m,midbrain-hindbrainboundary;os,optlCStalk;ov,oticvesicle.

commitment･CellsatornearthemarglnOfthe

blastoderminvoluteduringgastrulationtobecome

thehypoblastlayer,whichgivesrisetomesoderm

andendodermalorgans.Conversely,cellsinthe

reglOnSneartheanimalpoledonotinvoluteand

alwaysremainsuperficialtothehypoblast･These

cellsformtheepiblastlayer,whichgivesriseto
ectodermaltissuessuchasthecentralnervous

system(CNS)andepidemis.
HoandKimmel(1993)examinedacommit一

mentstateoftheinvolutedhypoblasticcellsbya

slngle-celltransplantationtechnique.Theyfound

thatthehypoblasticcellsremainpluripotent

throughoutthelate-blastulaandshieldstages,and

thattheybecomecommittedtoahypoblast

-derivedfateduringgastrulation(6.5-8hpf).At

theonsetofgastrulation,slnglecells丘.om the

mal.glnalreg10nOflabeleddonorembryoswere

tl'anSPlantedintotheanimal-polereg10nOf

unlabeledhostembryos.Mostofthetransplanted

cells,whichnormallywouldhaveexpressed

hypoblast-layerfates,gaverisetoprogenytypical

oftheepiblast,suchasneuronsorretinacellsin

the24-hto48-hhostembryos.Whensimilar

transplantationswereperformedinearlygastrula

(6.5h)ormidgastrula(8h)embryos,aboutone-

third(6.5h)toloo鞄 (8h)ofthetransplanted

hypoblastcellsretainedthehypoblastfate,form-

1ngderivativessuchasmuscleandendothelial

cells.Furthermore,itwasrevealedbytime-lapse

photographicanalyststhatcommittedhypoblast

cells,whentransplantedtonew positions,Can

mlgratealongatyplCalpathwaytoreposition

themselveswithinamoreco汀eCtenvironment;

theycanmlgrateacrosstheepiblast-hypoblast

boundaryandentertheirorlglnalgermlayer.This

suggeststhat,asapartofthetransitiontothecom一

mittedstate,acellmayacqulrenew,layer-Specific
adhesivemoleculesonitssurface.

Whataboutthecommitmentoftheepiblast

cells?Wehavebeenexamlnlngthepotencyofthe

epiblastcellsintheneuroepithelialreglOn,Witha

specialinterestinreglOnalizationofCNSalong

theAIPaxis(Miyagawaetal.,1994).Toaddress
this,WeuseaspecialreglOnalmarkerintheneu-

roectoderm,thepaxlb]gene,whichcontainsa

pairedboxandishomologoustothemurinepax

-2,-5,and-8genes(Noll,1993).As ShowninFig.

7,itisunlquelyexpressedatthemidbrain-

hindbrainboundarylntheearlyneuroectoderm

andisoneoftheearliest(late-gastrulastage)

amongthegenesexpressedinCNS(Kraussetal.,
1991).Toascertainwhenposteriormidbraincells

becomecommitted,cellsfrom thepresumptlVe

midbrainoflabeleddonorembryosweretrans-

plantedanteriorlytoanewposition(presumptive

forebrainregion)ofunlabeledhostembryosatthe

samedevelopmentalstage･Thereafter,thecell-

autonomousexpressionofthepaxlb]genein

labeleddonorcellswasexaminedbyinsitu

hybridizationwithantisensepaxlb]probe,fol-

lowedbyavidin-peroxidasestalnlngtOVisualize

thebiotinylateddonorcellsinthehost(Fig.8)･

Thisstudyrevealedthatthecommitmentofpos-

teriormidbraincellsoccu汀edasearlyasat55%

-epiboly(6.5h),atleast3hoursbefわretheonset



CellcommitmentinZebrafish

CeHtransplantationatlOO%-epiboJy
(10h;earlyneurula)

Host(unlabeJed) Donor(labeled)

† †
24h lOh

39

paxlb]expression

Fig･8･Resultsoftransplantationexpenmentsofneuroepithelialcellsat100%-epiboly･Atthisstage,epibolyisJustcompletedand

thepaxlb]geneexpressionisfirstdetectedinthepresumptivemidbrain-hindbrainregion.Thelabeled(biotinylated)cellsfromthe

presumptivePOSteriormidbrainreglOnWeretransplantedanteriorlylotheforebrainreg10nOftheunlabeledhostembryoatthesame

developmentalstage.Afterovernightincubation,thehostembryowasprocessedforinsituhybridizationwithantisenseprobefor

paxlb1.As indicatedbyanarrowhead,ectopicexpressionofparlb]isobservedinthehostembryo.Avidin-peroxidasestainingof

thesameembryoconfirmedthattheectopICexpressionwasconfinedtothedonorcells.Therefore,themidbraincellsarealready

committedtoparlb]expressionwhenthegeneisactivated.Thedonorembryowasalsoprocessedforinsituhybridization.The

arrowheadinthedonorembryoindicatesareductioninsizeofthepaxlb]expressiondomain,whichconfirmsthatthedonorcells

weretakenfromthepaxlb]-Positiveregionandweretransplantedintothehostembryoshownattheleft.Thedarkstippledareain

thedrawingofthedonorembryorepresentsthepaxlb]-positiveareafromwhichthedonorcellswereaspirated.
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ofpaxlb]expression(100%-epiboly)innormal
development;whenthecelltransplantationwas

performedat55%-epiboly,thetransplantedcells
wereefficientlyIncorporatedintothehostneural

tubeandsomeofthedonorcellswerepositivefわr

thepaxlb]transcl-ipts(Fig.9A).Atthisstage,

morphologlCalspecificationandspecificgene
expressionintheneuroectoderm arenotyet
detectable.Wealsofoundthattheepiblastcells
stillretainpluripotencyattheonsetofgastrulation
(50%-epibolyorshieldstage),30minearlierthan
55%-epiboly.Thosecells,whentransplantedto
theanteriorreglOnOftheneuroectodem,didnot

show expressionofpaxlb].,instead,they

differentiatedintomanytypesoforgansincluding
neuraltube,epidermis,andeye(Fig.9B).This
indicatesthatthepresumptlVeneurOeCtOdermal

cellsattheshieldstagearenotyetcommittedtoa
neuronalfate.Thus,theneuroepithelialcells
acqulrereglOnalspecificityalonetheA-Paxis

almostsimultaneouslywiththelossofpluripo-
tencylntheepiblast.Probably,neuralinduction
andA-PpatternlngOCCuratthesametimeina
veryshortperiodofearlygastrulation.
Takentogether,itcanbesaidthatmanyearly
commitmenteventsinbothepiblastandhypoblast
proceedsimultaneouslyduringearlygastrulation
inthezebrafishembryo.Thesefindingsagain

remindusofthefamouswordsofLewisWolpert,
"Itisnotbirth,mamage,Ordeath,butgastrula-
tion,whichistrulythemostimportanttimein
yourlife."

Molecularanalys]sofearlyceHcommitmentin
zebrafish

Commitmenteventscoulddependonthe
activltyOfrelativelyfewspecificregulatorygenes.

However,mostofthevertebrateregulatory
pl.Oteinsisolatedsofar,suchasthosecontalnlng

homeobox,pairedboxandhelix-loop-helix
structures,areexpressedintheembryosaftergas-
tl.ulation,atwhichstagecellfatesa1-ealready
determined.Thus,themolecularmechanismofthe

maintenanceofplurlpOtenCyandearlycellular
commitmentisnotfullyunderstoodatpresent.
Inoursearchforzebrafishregulatorygenes
involvedinearlycellcommitmentevents,wehave
focusedonthePOU-domaingenefamily.POU

-domainproteinsarealargefamilyoftranscrlPtlOn
regulatoryproteins,manyofwhichareimplicated
inthecontrolofgeneexpressionduringearly

development.Thisfamilycontainsadiverged
homeodomainaspartofastructurereferredtoasa
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POUdomain(reviewedbyRosenfeld,1991).The

POUdomainconsistsofaPOUISPeCificdomain
andaPOU homeodomain,bothofwhichare

requiredfわrhigh-amnitybindingtotheoctamer

motif.SeveralPOU-domaingeneshavebeeniden-

tifiedasmaternaltranscrlPtSandtheirexpression
isdown十regulatedduringgastrulation.Fromtheir
expressionpatterns,itispostulatedthatoneofthe
possiblerolesofPOU-domaingenesmaybeto
maintaincellsinanundeterminedstatein

preparationforfuturedevelopmentalslgnals
(reviewedbyVerrijzerandVanderVliet,1993).
UsingthereversetranscrlptaSe-PCR method
followedbyscreenlngOfaCDNA libraryof
zebrafish,wehaveisolatedseveralPOU-domain

genes(Matsuzakietal.,1992).Zebrafishpou2
identifiedinthiswaylSanovelPOU-domaingene
whichisrelatedtothemurineOct-3(Okamotoet
al.,1990;Rosneretal.,1990;Sch61eretal.,

1990).Inadditiontothestructuralsimilarityto
Oct-3,theexpressionpatternofthepou2gene
resemblesthatofOctl3duringmousedevel-
opment(Fig.10).Initially,Oct-3transcriptsare
uniformlydistributedinmouseoocytesandearly
blastocysts.Oct-3expressionsubsequently
declinesintrophectoderm-derivedcellsand
becomesprogressivelyrestrictedfirsttotheinner
cellmassandthentotheprlmitiveectoderm.By

dayll,Oct-3transcriptsarePresentOnlyin
primordialgermcellsandtheOct-3expressionin
theadultisrestrictedtogonadalcells.Similarly,
pou2ismaternallyexpressedandthetranscripts
arepresentfromtheone-cellstagetothegastrula
stage.hsituhybridizationanalysesrevealedthat
thetranscrlptSarepresentinallblastomeresuntil
themidblastulastage,andthereaftertheexpres-
sionbecomesrestricted.BoththeYSLandthe

EVLcellsfirstlosetheexpression.As described
above,earlyembryonicblastomeresinzebrafish

embryosareplurlpOtent,andtheYSLandEVL
cells,characterizedas èxtraembryonic',first
becometissue-restl'ictedlineage(Ho,1992).Thus,
thedecreaseinpou2expressionseemstobe

co汀elatedwiththelossofpluripotency.
Whengastrulationstarts,theexpressionpattern
ofpou2isdl-amaticallychanged.Whilepou2
expressionbecomeshighintheepiblast,the
hypoblasticcellsshowarapiddecreaseinpou2
expressionsoonaftertheirinvolution(Fig.ll).
Probably,thedown-regulationofpou2expression
isprerequisitefordifferentiationofthehypoblast
cells.Thisnotionissupportedbyresultsof
overexpressionexperimentsdescribedbelow.The
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zebrafishpou2

hectoderm

Primitive
endoderm

Ectoderm

Mesendoderm

Mesoderm

Endoderm
(?)
Primordial
ermcel一

- positiveforthetranscripts

Ectoderm

Fig･lotComparisonofexpressionpatternofmurineOctl3(Sch61er,1991)andzebrafishpou2mRNAsduringdevelopment.The
shadedboxesindicatethosestagesorcelltypesthatshowexpressionorthetranscnpts.Theunshadedboxesindicatethosethatshow
littleornoexpressionorthetranscnpts.

pou2expressionintheepiblastfinallydisappears

andthetranscrlptSareundetectableinany

embryonictissuesafter16hofdevelopment.The

germ-celllineageofzebrafishhasnotyetbeen

described,andtheexpressionofpou2inthis

lineageisunknownatthemoment.Intheadult,

pou2isexpressedintheovarybutnotinthetestis.

WefわundthatalternativelysplicedtranscrlptS,

t-pou2RNAs,arealsoexpressedintheembryos

(upto20%ofthepou2RNAs).Incontrasttothe

Pou2product(472aminoacids),thet-Pou2

product(399aminoacids)lacksDNA-binding

actlVltybecauseofitsincompletePOU-domain
structure.ToexaminetherolesofthePou2and

t-Pou2products,Weincreasedtheirexpressionin

theembryobymicrolnJeCtionofsyntheticpou2

andt-pou2RNAsintothefertilizedeggsatthe

one-cellsstage.Mostembryosthatdeveloped

from theeggsInjectedwithpou2RNA didnot

show anyobviousdevelopmentaldefects.In

contrast,overexpressionofthet-Pou2product

greatlyaffectedtheembryonicdevelopment.The

defectwascharacterizedbyadisturbanceinhypo-

blastfbmationwhichresultedinincompleted

gastrulation･Inthoseaffectedembryos,expression

ofthezebrafishT(ntl)gene,whichisnormally

expressedinthehypoblastcellsattheblastodem

margin,wasgreatlyreduced(Fig.12),confirming

thattheectoplCexpressionofトPou2caused

inhibitoryeffectsondifferentiationofthehypO-

blastcells.Probably,t-Pou2,whichisanon-DNA

-bindingrprotein,Couldexertitseffectthrough

heteromericinteractionswithothertranscrlptlOn

factors.Thetemporalandspatialexpression

patternsandresultsofoverexpressionexperiments

areconsistentwiththeideathatthepou2gene
productsareinvolvedinearlydevelopmentof

zebrafishembryos,suchasintheproliferationof
blastomeresintheundeterminedstateatthe

blastulastageand/Ortheearlycellcommitment

eventatthegastrulastage(Takedaetal.,1994).

StudiesofmurineOct-3andzebrafishpou2

suggesttheinvolvementofPOU-domaingenesin

earlycommitmenteventsofthevertebrate.At
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Fig.1I.Down-regulationofthezebrafishpou2geneduringgastrulation.Thephotographontherightshowsafrozensectionof

blastoderm marginfrom awhole-mountinsituhybridizationsampleat100%-600% epiboly.ThelinedrawlngSOntheleft

showschematiccrosssectionoftheblastodermmarglnatthisstage.As showninthephotograph,pou2expressionrapidlydecreases

intheinvolutedcells(asterisk),whileitremainshigh intheepiblast･TheI,oIL2-positivecellsappeargraytoblackinthisB/W
photograph.

present,Wehavelimitedknowledgeofthegenes
whichareinvolvedinthecommitmentprocess.
AnalystsOfthecommitmentofembryonicblast0-
meresatamolecularlevelhasjustbegun.

Futureprospects

Thefishembryohaslongbeenafavorite
system forexperimentalembryology.As

describedinthisarticle,detailedknowledgeofcell
movementsandthestateofcellcommitment

duringearlydevelopmenthasbeenaccumulated.
However,themolecularanalysisoftheseearly

eventshasJustStarted.A growlngnumberof
investlgatOrSarebeginnlngtOStudythezebrafish
embryo,andmolecularcharacterizationofgenes

involedinembryogenesisisnow underway･
Resultsofthesestudiesseemtoindicatethatthe

embryonicorganizationoftheoverallbodyplanof
allvertebratesisverysimilar,ascanbeseenfrom
thefatemapsandthestructuresandexpression
patternsofhomologousgenesinfish,frogsand
mice.Furthermore,therecentestablishmentof

geneticmethodsinzebrafishwillpermitsystem-

aticisolationandanalysisofmutantsdefectivein
earlydevelopment.Inthenearfuture,many
mutantsshowlngdefectsinearlyembryogenesis
suchasadefectingastrulationwillbeisolatedand

characterized.Theaccessibilityofthezebrafish
embryofわrobservationsandmanlpulations,great
similaritiesbetweenitsdevelopmentandthatof
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Fig.12.Phenotypecausedbyinjectionoft-pou2RNA.The

RNAs (0.15pg/Ill,300pl/embryo)wereinjectedintoembryos

attheone-cellstage,andtheinjectedembryoswereallowedto

developuntilthemidgastrulastage.(Aanda)Whole-mountin

situhybridizationofzebrafishntl(T,BranchyuTy)ofthe

embryowhichwasinjectedwithpoli2RNA(A)ort-pou2

RNA(B).A汀OWheadsindicatetheblastoderm margin.The

expressionofntlinthei-pou2-injectedembryowasgreatly

reducedascomparedwiththepou2-injectedembryo.Inmice

andzebrafish,mutationsintheTgenehavephenotypiceffects
upontheaxialmesoderm (Herrmannetal.,1990;Schulte-
Merkeretal.,1994).(CandD)Histologyoftheblastoderm
marginoftheembryowhichwasinjectedwithpou2RNA(C)

ori-pou2RNA (D).Asterisksindicatethenewlyformed

hypoblasticlayer.Notethathypoblastformationisgreatly

disturbedinthei-pou2-injectedembryo(D).Allscalebars=

loo〃m.

othervertebrates,andtheavailabilityofmutants
willcontinuetomakeitanattractivespeciesfol.

Studyingthemechanismsunderlyingearlyverte-
bratedevelopment･
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