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SUMMARY

Ihave determined the9･8kb genomic nucleotide sequence ofthe

tyrosinasegeneandits5'upstreamregionfromateleost,medakafish(0り′Zias

lat*es),andshownthatthecodingregioniscomposedoffiveexonsandfour

introns,SPannlng4･7kb･Whilethenumberandsizesoftheexonswerefbund

tobesimilartothoseofmammaliantyrosinasegenes,however,thetotalsize

ofthecodingregion(4.7kb)wasdemonstratedtobelessthanonetenththose

ofmouse(ca.70kb)andhuman(>70kb)genes･Primerextensionanalysis

revealedthatthetranscrlPtlOninitiationsitestartswithalonguntranslated

leadersequence(340nucleotidelong)from theAUG start codon･A

characteristicCATGTG sequenceknownas aputativeregulatory motifin

melanocyte-SPeCincgeneswaspresentinthe131thbaseupstreamfromthe

initiationsite,WhileothertypICalregulatoryelementssuchastheTATA-box

or M-box common to terrestrialvertebrates werelacking.Transgenic

experimentswerecarriedoutbymicrolnJeCtlngtWOkindsofplasmidclones

into fertilizedeggsofthealbinoilmutant;OneCOnSistlngOfthegenomic

tyrosinasegenewiththelOkb5-upstreamreglOn,andtheotherthetyrosinase

cDNAwiththe3kb5-upstreamreg10n･Theresultsshowedthat53and450f

l14andl18transgenic eggs,reSPeCtively,developed normallybeyond
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hatchingand15andlOexhibitedamosaicpatternofpigmentation･Despite

theabsenceoftypICalregulatory elementslikeaTATA-boxinbothcases

correctmelaninplgmentationwasobtainedwithoutectopICeXPreSSion･Thus,

transgenicexpressionrescuedfromthealbino-ilmutation,andtheilocusof

themedakagenomecanbeconcludedtoencodethetyrosinasegene･
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INTRODUCTION

Medaka丘shisasmallegg-1aylngfreshwaterteleostthatiswidelyusedas

alaboratory animal(SeeMedakqfish
HomepageontheInternet;URLis

ht申:〟わio11.bio.nagoya-u･aC･h:800の･Oneofthebestexplored areasisthe

genetics ofthebodycolorvariants,andmore than40mutantshavebeen

isolatedandmaintained(Tomita,1993).Amongthem,amutant Whichhas

beenintensively studiedisanalbino-ilhavlng amelanotic redeyesand

colorlessmelanophoresintheskin･Therecessivealbinophenotypehasbeen

showntobegovernedbyasingleautosomallocus(Yamamoto,1969),andin

vivotyrosinaseactivityisabsentinil/ilfish(Tomita,1975)･

Toclarifythemolecularbasisofmelaninplgmentation,Ihaverecently

isolatedauthenticDNAprobesspeci丘cfbrthetyrosinasegene,anddetermined

thenucleotide sequence ofthe tyrosinase cDNA(Inagakietal･,1994)･

Fo1lowlngthisline,Weanalyzedthestructure ofthetyrosinasegeneinthe

albino-ilandrevealedthatinsertionofatransposon,deslgnatedTb11-tyr,in

exonlisresponsibleforthealbinomutation(Kogaetal･,1995;Kogaand

Hori,1997).

Inthepresentstudy,Ifirstdeterminedthegenomicnucleotidesequence

ofthewild-tyPe tyrOSinase gene andits5-upstream reglOn;SeCOndly
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performed prlmer eXtenSion analysIS Oftyrosinase mRNA toidentify the

expressionmechanismsofthegene･IalsoreportherephenotypICreSCueOf

theilmutationintransgenic medaka bymeans ofmicrolnjeCtion ofthe

authentictyrosinasegeneintoalbino-ileggs･
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MATERIALS AND METHODS

Fish Strains

Wild-tyPeSPeCimensofJapanesemedaka(0′γZiaslatipes,TaxonomyID

8090inNCBItaxonomydatabase)werecollectedinIchinomiyanearNagoya,

CentralJapan･Thealbino-il,havlngredeyesandwhitishskin,WaSOrlglnally

obtained fromDrs.Tomita andWakamatsu,LaboratoryofFreshwaterFish

Stocks,BioscienceCenter,NagoyaUniverslty･These fishwereraised and

maintainedinourlaboratoryunderstandardconditions(Hyodo-Taguchiand

Egami,1985)･

Clonlng andSequenclng OftheTyrosinase Gene

IsolationofgenomicDNAandconstructionofthegenomiclibrarywere

performedusingthemethodspreviouslydescribed(Kogaetal･,1995)･To

isolateagenomiccloneofthetyrosinasegene,about200,000phageplaquesof

a wild-tyPelibrary werescreened with aradio-1abe11edtyrosinase-SPeCific

probe,7)rG(Inagakietal･,1994)andoneofpositivecloneswassubcloned

intothepBluescriptIIplasmidvector(STRATAGENE)･Severalrestriction

endonucleases wereusedforfurther subclonlng,andbothstrandsofthese

subclonesweresequencedbythedideoxychainterminationmethod･
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Primer Extension AnalysIS

Primer extensionanalysISWaS Performed uslng a Standardmethod

(Sambrooketal.,1989).Briefly,aPrimer5.-AGTACACAGACAATGAAAA

ATCCC-3･,anantisenseoligonucleotidecorrespondingtopositions92-115in

exonlofthemedakatyrosinasegene,WaSSynthesizedandusedasanextension

prlmer･About5pgofmRNAisolatedffomwild-tyPe
fishasdescribed

earlier(Inagakietal.,1994)washybridizedwiththeend-labe11edprimerat20

0Cfor16hinhybridizationbuffer(80%fbrmamide;40mMPIPES,PH6･4;

1mMEDTA;0.4MNaCl),andthenreversetranscribedwithSuperscriptII

reverse-tranSCriptase(GIBCOBRL)at420Cfbr45minfbllowedbyat500C

for15min.AfterRNaseAtreatment,SlnglestrandDNAswerefractionated

on7%polyacrylamide/7MureagelwiththesequenclngreaCtionproduct

uslngthesameprlmer･

Plasmids

Formicroirtjection,P7)r-genOmeandp7)r-CDNAconstruCtS(SeeFig･7)

wereused.p7)r-genOmeCOntains anauthentic medaka tyrosinase gene

consistlngOfaboutlOkb5-upstreamsequence,5kbcodingreglOnand2kb3.

downstreamsequenceclonedinto3kbofapBluescrlPtIIplasmidvector･The

totalsizeisabout19kb.p7)r-CDMisamedakaminlgeneCOnSistingof3･0
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kb5-upstream andtyrosinasecDNAsequencesclonedintothesamevector･

Thisclonewasconstructedbyfusingthe3kb5-upstreamsequencefromthe

tyrosinasegenome(WIclone,Seebelow)withthecompletecodingregionof

thecDNAcloneisolatedpreviously(Inagakietal･,1994)･Thesecloneswere

provided fortransgeniclnJeCtioninthe circular form orafterlinear

COnVerS10n.

MicrolnJeCtion

Plasmid DNA forlPJeCtion was extracted uslng Standardmethods

(Sambrooketal.,1989).Digestedorundigestedplasmidswerethenpurified

byQIAGEN(QIAGEN),dilutedtoannalconcentrationoflmg/mlinlOmM

TrisHCl(PH7.0)bufftrandlOto20pIwereinjectedintoilfertilizedeggsat

theone-Cellstagefbllowinganestablishedprotocol(Ozatoetal･,1989)･

Analyses ofNucleotide andAmino AcidSequences

TheDNASISprogram(HitachiSoftwareEngineering,Tokyo)wasused

tocompilesequencedata,tOSearChreadingframesandtranscrlPt10nalcontroI

slgnals,andtoobtainaG+Ccontentprofileofthenucleotidesequence･For

alignmentofaminoacidsequences,Ifirstsearchedtheconservedreg10nSby

meansofthepackageprograminDNASIS,andthenmanua11yobtainedthe

=bestmatchalignmentり,WithminimalgaplnSertions･Usingthealigned
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sequence,Icalculatedevolutionarydistance(Kaa;number
ofaminoacid

substitutionspersite)inapairwisemanner(ZuckerkandlandPauling,1965)･

AphylogenetictreewasconstructedbytheneighborJoiningmethod(Saitou

andNei,1987)usingthepackageprogramClustalWversionl･4(Thompson

etal.,1994).ThebootstrapmethodintheClustalWpackagewasalsousedto

accessthedegreeofsupportforinternalbranchesofthephylogenetictree･A

similaritysearchofthesequencewasperformedbymeansoftheBLAST

programoftheNationalCenterfbrBiotechnologyInfbrmation,aVailableon

theInternetnetwork(http://www.ncbi･nlm･nih･gOV/)･
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RESULTS

Isolation oftheMedaka Tyrosinase Gene

Iscreenedabout200,000plaquesofthewild-tyPegenOmiclibrarywith

theprobe乃′rGforthetyrosinasegene,Where9positiveslgnalswereisolated･

Fromoneoftheclones,designatedWl,theinsertfragmentofabout17kbwas

subclonedintothepBluescrlPtIIplasmid･AnalysesuslngSeVeralrestriction

endonucleasesshowedWltobeatyrosinaseclone･UsingtheWIplasmid,

p7)r-genOmeandthe5▼halfofp7)r-CD〃Awereconstructed･AboutlOkb

fragmentoftheWIclone(WIHS9･8)wassequencedandregisteredinthe

DNA databank(GSDB/DDBJ/EMBL/NCBIDNA database accessionNo･

ABOlOlOl).Notehere thatmedakaisthefirst vertebrate forwhichthe

genomicsequencefbrtyrosinasehasbeencompletelydetermined･

Organization oftheTyrosinase Gene

Comparing thetyrosinase genomic DNA sequence withthecDNA

sequencedescribedpreviously(Inagakietal･,1994),Iestimatedtheexon-

intronstructureofthegene･Ourresultindicatesthatthemedakatyrosinase

geneiscomposedof5exonswithatotallengthof4･7kb(Fig･lA)･The

genomesizesformouseandhumanareca･70kb(Ruppertetal･,1988)and
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A
ー3 -2 -1

0 1 2 3 4 5 6 kb

exon1 2 3 45

0 1 2 3 4 5 6 7 8 9kb

repeatl TCCATC--ATGAGAAAAAGGCATCAAAAACAGGTTAAAAA--CA--GCAA 2244

111111‖llltllll川tll==lllll
repeat2 TCTATTTTATCAGAAAATGCCA-CAGGÅACATGTAAAAAAATCATTGGAA

8654

repeatl-A"--=-AACCC-AATTTTCCTCGT"AGTGGGTGTTTAATGATAACT
2283

1 1111=l=川Illll=‖lll
repeat2 TAGGTCTTTAAGCCGAATTA-CCTCGTTTACTGA-T-TTTAAAAAAAAGG

8701

Figurel･Genomicorganizationofthemedakatyrosinasegene･

(A)Exon-intronstructure.Codingregionsofthetyrosinasegeneareshownby

closedboxes,andnon-COdingexonreglOnSbyopenboxes･The5一-and3一-flanking

reg10nSandintronsareshownbystraightlines･Theopentrianglerepresentsthe

insertionpointofthe7b11transposoninthegenefromthealbino-ilmutant(Kogaet

al.,1995).(B)Thepositionofrepetitivesequences･Theopencircleisamermaid

sequence(Shimodaetal･,1996)andthetwoshadedboxesindicateanunknown

repetitivesequence血out50nucleotidesinlength･Abbreviations:H,HindIIIsite;

Xb,XbaIsite;Ev,EcoRVsite.(C)G+Ccontents(%)ofthetyrosinasegene･Bold

linesindicate the coding regions.(D)Novelrepeat sequences foundin the

tyrosinasegene･Repeatsland2correspondtothoseinFig･1B･
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>70kb(Ponnazhaganetal.,1994),reSPeCtively,Withsimilarnumbersand

sizes oftheexons asthe medaka.However,themedakacodingreglOnWaS

fbundtobeonly4.7kb,1essthanonetenththoseofmammals(Fig･2)･

Thoughnucleotidesequencesofhumanandmousegenomictyrosinase

geneshavenotyetbeendetermined,SequenCeSfbrexon/intronboundariesare

available･Fig･3showsboundary sequences ofthetyrosinasegenesfrom

medaka.AllofthespliceJunCtionsmatchthehumanandmouseconsensus

sequences(Mdlleretal･,1988;Giebeletal･,1991),andareidenticalamong

vertebrates.Exceptionalisthecaseofascidiantyrosinasegene(Satoetal･,

1997),Whichcontainsonlyoneintronofabout▲100bpinthesequence

encodingthepredictedcytoplasmictailoftheprotein,andtheinsertionsiteof

theintrondoesnotcorrespondtothoseofvertebrates･

Fig･1Cshows aprofile ofthe G+Ccontentsofthetyrosinasegene･

AverageG+C%valuesfbrthecodingreg10nS,intronreglOnSandwhole9･8

kbsequencewere52･8%,33･9%and39･2%,reSPeCtively･

Repetitive Sequences

In themedakaintronreglOnS,SeVeralrepetitive sequenceswerefound

(Fig.1B).Inintron2,tWOkindsoftetranucleotiderepeats,(GTTG)7and

(ATTG)26arePreSent.Usingtheserepeatsasaprobe,IcarriedoutSouthern
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blottlnganalysISOfthegenomic DNA･Manyhybridizing bandslgnalsat

differentpositionsbecameapparent,indicatingthattherepeatsareonekindof

microsatellitesequencespreadthroughoutthemedakagenome(manuscriptin

preparation)･Suchmicrosatellitesareveryusefulforgenomemappingand

fbrelucidation oftheevolutionofeukaryotic genomes(Nadiretal･,1996)･

AnotherunlquerePetitivesequencewasalsofbundin5-upstreamand3'down

streamregions(Fig.1D).Furthermore,aBLASTsearchofthegeneagainst

GenBankDNAdatabaserevealedamermaidcopy,OneOftheSINEsequences

foundinfishandhuman(Shimodaetal.,1996),inthe5.upstreamregion

(Fig.1B)･

Phylogeny oftheTyrosinase Gene

Itiswellestablishedthattyrosinase,tyrOSinaserelatedproteinl(TRPl)

and tyrosinase related protein2(TRP2)diverged
by gene duplication,

constitutingatyrosinasegenefamily(Jacksonetal･,1992)･Ialignedthe

amino acidsequence ofthemedaka tyrosinase with thosefrom other

vertebrates andtheascidian,aSWellasmouse TRPlandTRP2(datanot

shown).Onthebasisofthealignment,427unambiguouslyalignedsites(gaps

notincluded)wereselectedandusedfbrcomparison･Thealignmentrequired

insertionofmanygapsinsomereglOnS,i･e･,thereglOn fbrslgnalpeptides

(COrreSPOnding toresiduesl-19in medakatyrosinase),tranSmembrane
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medakalM｢
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Figure2･Comparisonofthegenomicorganizationofvertebratetyrosinasegenes･

Closedandopenboxesrepresentcodingandnon-COdingexons,reSPeCtively･The

sizeofhumanintron2hasnotbeenreported･
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Exon-=ntron boundary sequence

intron sequence

3,Splice

工nヒron

N0. Size 5,Splice

SerTrpLys276

TCATGGAAG

ValI｣euGlu348

TCTTAGAGG

工1eAspSer398

CATTGACAG

LeuAspPr0458

TGGACCCAG

1 439 bp

2 1859 bp

3 306 bp

4 87 bp

g亡aaga.‥

.‥CaCtaaagCttttgtgggCCaaaCaCatgat

taaaaヒtggtgtatttttgtttttataCCtCtag■

g亡agac‥.

‥.tagCCttgttttgCtgttaヒC亡tcrattgaaa

CtgtaaCttCttCaCCtgCttCttttCtttgtag

g亡aaca.‥

.‥亡亡亡g亡ヒ亡aa亡亡亡亡亡亡a亡Cヒヒa亡C亡taac亡亡亡

CatCttgCatatttgtttCttaCatCatttCtag

g亡Ca亡ヒ.‥

...gccctctqatctgcaaaagacgtgaatatct

gttcagacacccatatccactctgttCCaCaCag

GTAATCTGC

Val工1eCys

GTTTTGCCA

GlyPheAla

CÅTCTTTGA

工1ePheGll.

GTCAGAGGT

GlyGlnArg

Figure3･Exon-intronboundariesofthemedakatyrosinasegene･

The numbersin the first and second columns are theintron number and total

nucleotidelengths,reSPeCtively･Thenumberofeachaminoacidrepresentsthe

positionfromtheamino-terminaloftheprematuretyrosinasepeptide･Theconsensus

branchpointsequenceYNYTRAY(Ruskinetal･,1984)ofeachintronisunderlined･

Nucleotidesofexonsandintronsareshowninupperandlowercases,reSPeCtively･
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regionsandcytoplasmicdomains(453-540)･Rbavalueswerecalculatedina

palrWisemanner,andaphylogenetictreewasconstructedbytheneighbor-

JOlnlngmethod･Thetreeindicatedseparationoffish
first,thenamphibians,

birds andmammalswithhighbootstrap values(Fig･4)･This orderisin

accordancewiththeclassicalviewofvertebratephylogeny･

It maybeprematuretoestimatethephylogeneticorlglnSOftyrosinase

familygenesatthepresenttime･However,thetreeshowninFig･4doescast

somelightonthisproblem･Itisprobablethattyrosinase,TRPlandTRP2

divergedfromanancestralgeneofthetyrosinasefamilybefbretheascidian

divergedfromthevertebrates･FurthersequencedataonTRPlandTRP2

fromlower vertebrates are highly desirable tohelp understandthe early

evolutionofthetyrosinasegenefamily･

Primer Extension

To determine thetranscrlPt10ninitiationsite,Icarried outtheprlmer

extensionanalysis.Theresultofeye mRNAshowedthat(Fig･5AandB,

column E),although severalminor signals were seen,tWO majorbands,

deslgnatedsiteSlforthestrongestbandandsiteS2fbrthesecondstrongest

band,WerePredictedastheinitiation sitesofthemedakatyrosinasegene,

respectivelypositioned331bpand340bpupstream
fromtheAUG start

codon.Thesetwobandswere notdetectedatthecorresponding siteofthe
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Figure4･PhylogenetictreeoftyrosinasefamilyinChordata･

PhylogenetictreewasconstruCtedbymeansoftheneighborJoiningmethod(Saitou

andNei,1987),uSinganalignmentoftheaminoacidsequencesoftyrosinases

knowntodate.Inthealignment,427unambiguouslyalignedsites(SeeteXt)were

usedfortreeconstruction･ThedeepestrootofthetreewasdeterminedwithTRPl

andTRP2sequencesasanoutgroup.Numbersa句acenttoeachnoderepresent
bootstrapvaluesofl,000times･Abbreviation:Kaaistheevolutionarydistance

estimatedbythestandardmethod(ZuckerkandlandPauling,1965)･Aminoacid

sequenceswereobtainedfromtheSWISS-PROTdatabase･Accessionnumbersof

thetyrosinasesequencesfromhuman,mOuSe,ChickenandfrogareP14679,Pl1344,

P55024andQO404,reSPeCtively.Theascidian sequencewasfromSatoetal･

(1997).ThoseformouseTRPlandTRP2arePO7147andP29812,reSPeCtively･
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GAT｡J肇電
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Figure5･Primerextensionanalysisofthe5'reg10nOfthetyrosinasegene･

Opentriangles(SlandS2)indicatetheprimaryandsecondarymqiorlranSCrip-

tionalinitiationsites,reSPeCtively.(A)Autoradiographofasequencing gel

withtheprimerextensioncolumns.(B)EnlargedpartofA･Abbreviation:G;

guaninecolumn,A;adeninecolumn,T;thyminecolumn,C;CytOSinecolumn,

E;eXtenSionanalysISCOlumnofeyemRNA,L;eXtenSionanalysiscolumnof

livermRNA.
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extension product fromlivermRNA(column L)･Furthermore,uSinga

differentprlmerand/ordifferentmRNAisolatedfromtheorange-redmutant

(genotype bh,i+^+inbandiloci),Iperformed other primerextension

analyses,andcon丘rmedthesetwosites(datanotshown).Previously,basedon

thecDNAsequence,Icouldestimatethe5一-endsiteofthemRNA(Inagakiet

al･,1994)･From theseresults,SlandS2arepositionedllbpand20bp

upstreamfromthe5-endofthecDNA,reSPeCtively･

Promoter Region oftheMedaka Tyrosinase Gene

Fig･6showsanalignmentofthesequencesaround thetranscrlPtlOn

initiationsitesofvertebratetyrosinasegenesestablishedtodate.SlandS2are

alsoindicatedinthealignment･Itiswellknownthatacharacteristicmotif,

CATGTG,issharedbyalltyrosinasegenesfromvertebrateswhichmightplay

animportantroleintheexpressionofmelanocytespecificgenes(SeeFerguson

andKidson,1997)･Ihthemedakasequence,OnlyoneCATGTGmotifexists,

atposition-131.

TheM-boxisaputativecontrolelementofthetyrosinasegenefbundin

mammaliansequences(Lowingsetal･,1992;Yamamotoetal･,1992),having

CATGTGasacoremotif(Fig･6)･Notonlymammals,buttheturtle,quail

andchickenhavebeenshowntohavetheM-boxmotifintheirsequences.This

boxisabindingsitefbrbasichelix-loop-helixleucinezIPPerPrOteins,anda
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human CCm

mse CA皿

軸

d止cken CCm

qlail CC孤

TG職A---Gm
-65

職CIG
-63
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鎚ⅥT餌場且Ⅰ▼Ⅰ▼Ⅰ▼ⅠてⅩ汀黒Ⅰ鼠郎虻qXコーIC

frog 岬--m

ⅠⅥedalくa G(狐A〔鼠C(エ鼠

A-Tm

潤一185

∝G鱒過ぷ拡

｣s2ゝsl

mse A!

dog m

h∬m 肌--A-G姐

rrmse GA℡CTAAAGGA-GAA-

dog 弧払〔芙払恕詔娼虹払A

d止cl《迂1 聞GA-

qla土1 描コ吐逆血

亡urヒ1e

Figure6･Alignmentofthe5-upstreamnucleotidesequencesofvertebratetyrosinase

geneS･

The shadedareaindicatestheM-box motif,andtheboxesinthe firstand second

COlumnsencloseCATGTGmotifs(SeeteXt).NoM-box-1ikesequencewasfbundin
the medaka andfrog genes･Arrowsin the middle andlower columns show

transcrlPtlOninitiationsitesfbrthehumanandmedakaspecies,reSPeCtively･The

underlinedsequencecorrespondstothatshowninFig･5･Numbersshowlngthe

nucleotidepositionsinthehumansequencearecountedfromtheputativetranscrlPtlOn

initiationsitesfbrthesesequences(Ponnazhaganetal.,1994;Ruppertetal.,1988;

Yamamotoetal･,1989),andthose shownforthemedakasequencearefromthe

initiationsiteSldeterminedinthisstudy･Nucleotidesequencesfromhuman,mOuSe,

dog,quail,SnaPPlngturtleandfrogarecitedfromaccessionnos.X16073,DOO439,

U42219,S56788,S56789andD37779intheGenBankdatabase,reSPeCtively･
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CandidatebindingproteinMITFhasbeenidenti丘ed(SeeFergusonandKidson,

1997)･However,inthealignment(Fig･6),theregionfromthecorresponding

medaka sequenceshows no similarity to themammalian M-box sequence･

Thus,medakalackstheM-box,1ikethefrog,WhichhasonlyoneCATGTG

motif and noM-box-1ike sequenceinits51proximalregion(Miura etal.,

1995).

Tyrosinase Gene ExpressioninTransgenic Fish

We have shown that theilocus mutant,albino-il,has aninsertional

mutationin exonl(Kogaetal.,1995).To confirm whethertheilocusof

medakaencodesthetyrosinasegeneor not,Idemonstratedtherescueofthe

albinophenotypeoftheilmutantbyintroduclngthewild-tyPetyrOSinasegene

intoileggs･PTyr-genOmeisa19kbplasmidcontainlnglOkb5'upstream

SequenCe,thecoding reg10n Ofthe tyrosinase gene,and2kbdownstream

SequenCe(Fig.7).Linear orcircular fbrms wereintroducedintofertilized

eggsoftheilmutant.Tablelsummarizestheresults.About30%ofthe

embryosshowedblackmelanin-COntainlngCellsineye and skin･Whenthe

SameaSSayWaSPerformeduslngtheplasmidp7)r-CDNA,Whichhasonly3kb

5T-uPStreamreglOnandtyrosinasecDNAsequence,equalphenotyperecovery

WaS

Observed(Tablel)･Asacontrol,eggSinjected withnoplasmids or

Plasmidswithouttyrosinasegenedidnotshowphenotyperecovery･Fig･8

22



illustratesonesuchembryo,inwhichmelanin-COntainlngCe11swerelimitedto

theeyeandskin.
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Figure7･Thetyrosinasegeneexpressionvectorconstruct.

P7)r-genOmeandpTyr-CD〃Aplasmids(SeeteXt)wereused.LinearplasmidswithXhoI

digestforp7)r-genOmeandSalIdigestfbrp7)r-CDMorcircularplasmidswithout

digestionweremicroIIt)eCtedintoalbino-ileggs･
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Tablel･SurvivalofembryosandnumberofpigmentedFoembryos

afterp7yr-genOmeandpIyr-CDMirjectionintoalbino-ileggs

PTyr-genOme PTyr-genOme

linear circular

No.(%) No.(%)

PTyr-CDNA pBluescrlPt

linear linear

No.(%) No.(%)

a･No･OffbrtilizedeggslnJeCted

b.No.ofembryossurvivlngtO5thday

C･No･Ofembryosplgmented

114(100)(〟a) 51(100)

53(46)(b/a) 21(41)

15(28)(c/b) 1(5)

118(100) 138(100)

45(38) 60(43)

10(22) 0(0)
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FigtLre 8･TranSgenic albino medaka embryos exhibiting mosaic melanin

plgmentation･

(A)ControIwild-typeembryo,(B)albinoi]embryo,and(C)irtjected(FO)embryo,

eachatthehatchingstage,8daysafterspawnlng･Theiqectedembryoexhibits

SCattered heavily melanized melanOphoresinthe dorsalhead skinand mosaic

melanizationovertheeyecaps.
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DISCUSSION

TranscriptionInitiation Sites

ThepresentstudydemonstratedthatthemaJOrSiteoftranscrlPt10n,at+l

ofthe medakasequencein Fig･6,StartS With alonger untranslatedleader

SequenCe(340nucleotideslong)fromtheAUGstartcodonthanmammals(80

ntinhuman).Inapreviousstudy(Inagakietal･,1994),IperhrmedNorthern

analysIS Ofmedaka tyrosinase mRNA,and showed expression ofan

approximately2･2kbmRNAineye andskinofwild-tyPe medaka･This

includesthel.6kbofthecodingreg10n,0.1kbof31UTR+POlyA signaland

340basesofthe5'1eader sequence,indicatingalong5'reglOn.Thus,itis

ClearthatthetranscrlPtlOninitiationsiteinmedakaispositionedat+1sitein

themedakasequenceandisapparentlydifftrentfromthemammalianwhose

initiationsiteisclosetothemotifcloselyassociatedwiththegeneexpression･

Severalexperimentsinmice have shown that2to12kbin the5'

upstreamreglOnOfthetyrosinasegeneconfertissuespecificitylneXPreSSion,

butnotthewild-tyPelevelofmelaninproduction(Shibataetal･,1992;Ganss

et al.,1994).A YAC vector whichcontains250kb region ofthe mouse

tyrosinasegenegeneratesfu11melanizationintransgenicmice(Schedletal･,

1993).Thesedatasuggestthatthemouseand/orhumantyrosinasegenesmust
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have otherimportant regulatory elementsinthe far upstream/downstream

reglOnS.Whetherornotthisisthecasefbrthemedakatyrosinasegene,the

transgenicexperimentinthepresentstudyclearlyshowedthataslittleas3kb

Ofthe5-upstreamreglOnissufncientfbrtissuespecificexpression.

The MedakaiLocusistheTyrosinase Gene

In thepresent study,Iused thealbino-ilmutanttoperformanalbino

rescue experiment,andconfirmedmelaninplgmentationintransgeniceggs.

Sincetheilmutantisduetotransposoninsertioninthetyrosinasegene(See

KogaandHori,1997),thereisapossibilitythatthealbinophenotypecould

revert tothewild-tyPePhenotypeduetoprecisetransposonexcision(Kogaet

al.,1996).Totestthispoint,athousandileggswereexaminedbutnonegave

rise to embryoswithmelaninproduction.ControlinJeCtion oftheplasmid

Withoutthetyrosinase gene alsorevealed norecovery(Tablel).Hyodo-

Taguchietal.(1997)alsoanalyzedapproximately2,000albinoilembryos,

andobservedthatnotaslngleoneshowedaplgmentedphenotype.

Albino Rescue Experiments

Ihavedescribedherethatintroductionofthetyrosinasegeneintoalbino-

ilfish resultsin melanin plgmentationin the eye and skin.No ectopIC

expressionwasobserved･Themosaicpatternofplgmentationhasalsobeen
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Seeninallotherstabletransgenic experimentsperformedwithmedakasofar

(Ozatoetal･,1989;Kinoshitaetal･,1996).Recently,Hyodo-Taguchietal.

(1997)performed asimilartransgenicexperimentemployingamockgene,

i･e･,mOuSe tyrOSinase cDNA plasmidpm7サr4,and albino-ilas recIPlent.

TransientphenotypICreSCue,WithmosaicexpressionJuStlikeinthepresent

CaSe,WaSShown.

Matsumoto
etal･(1992)introduced anothermousetyrosinase cDNA

Plasmid,mg-7)r-J,into theeggs oftheorange-red mutant(genotypebh;

i+/i+),and described rescue from the orange-COlored phenotype,With

recognizablemelanindepositionintheskin.Furthermore,Onoetal.(1997)

recentlyconfirmedpreviousresultsuslnganelectroporationmethodinorder

toproducelargenumbers oftransgenicfishandaspecificmousetyrosinase

antibodytoassessproteinexpression.

In acomparable attempt torescue thebh mutantphenotype,Hyodo-

Taguchietal･(1997)carriedoutanexperiment,uSingpm7)r4andanorange-

mutantofmedakainbredstrain,HO4C(genotypebh,i+^+).Contrarytothe

resultsofMatsumotoetal.(1992)andOnoetal.(1997),theydidnotobserve

any phenotypIC effects･This might have been expected,however,aSthe

Orange-red variety ofmedakais due to amutation that does notaffect

tyrosinasemRNA(Inagakietal.,1994)orproteinlevels(Hishidaetal.,1961;

HiroseandMatsumoto,1993).Theilocushasbeenestablishedtobenonallelic
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With the b
seriesalleles(Yamamoto,1969)andrecentlinkagemapanalysis

indicated positionsindifferentlinkage groups,i.e.,1inkage group2forb

(Wadaetal.,1995)and18fbril(Naruseetal.,PerSOnalcommunication).

ThecontradictoryresultsofHyodo-Taguchietal.(1997)andMatsumoto

etal.(1992)mightbeexplainedbydiffbrencesinthesizesofthe5'upstream

reglOnSOfthetwomouseminlgenePlasmidspm7)r4andmg-7)r-J･Thusthe

transcrlPtfrommg-7)r-Jmightcomplement ablocusmutationnotcovered

bypm7)r4.Itcanbeexpectedthatafu1landstablerescueofthebn,mutation

inmedakawouldbeachievediftheauthenticmedakatyrosinasesequencessuch

asthep7)r-genOmeCOnStruCtuSedinthisstudyareusedfbrgenetransfer.It

isprobablethatclonlngandsequenclngOfthemedakablocusgenewillresoIve

thisquestion.
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