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AbstractThemedaka,0り7ZlaSlatipes,hasbeen

widelyusedasanexperimentalanimalinJapan,
becauseofitsrelativelyshortlifecycle(2to3
months),high fecundity(layingover10eggs

daily)andsmallsize(savingspaceforlarge-scale
breeding).Inthisreview,Wewilldescribethe
developmentofthemedakaasanexperimental
animalbasedonitscharacteristics,availabilityof
severalexperimentalmethodologies,mutantand
inbredstrains,andavailabilityofotherspeciesof

thegenusO′γzfd∫andrelatedgenera･Wealso
describeadvantagesanddisadvantagesofthe
medakacomparedwithothersmallfreshwaterfish
suchaszebrafish,platyfishandswordtail.

1.Characteristicsofthemedakaasanexperi-
mentalanimal

1)Essentialcharacteristicsofthemedakaasan
experimentalanimal
Becausethemedakaisaninhabitantofstagnant
waterintheTemperateZone,aerationandthermo-
Stabilityarenotnecessaryforthebreedingof
medaka,andrelativelylargenumbersoffishcan

bekeptinsmalトscalefacilities.Themedakacan
surviveatlowtemperature(4oC)inwinter.This
differsfrom thecasesofothersmalltropical
freshwaterfishsuchaszebrafishandplatyfish.
Malesandfemalescanbeeasilydistinguishedby

externalmorphology.ThemedakaisovlparOuS

andfemaleslayabout10eggseverydayunder

temperature-andlight-controlledconditions
(RobinsonandRugh,1943;Egami,1954).

Embryoshatcharound7daysafterfertilizationat

25oC.Newlyhatchedfrygrowstoadultsizein3

monthsandthenextgenerationcanbeobtained.
Theeggchorionistransparent,Sowecanobserve
allstagesofembryonicdevelopmentundera

binocularmicroscope.Artificialinseminationcan
becarriedoutundertheisotonicconditions

(Yamamoto,1933,1944).Usingthismethod,We

canobtainsynchronouslydeveloplngembryos.
Sexualityofnewlyhatchedfryiscommittedbut
notdetermined(Yamamoto,1953,1958),such
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thatthesexoftheoffsprlngCanbecontrolledeven
afterhatching.
Thegenomesize(1.7pg)ofthemedakais
aboutone-thirdthatofmice.Thechromosome

numberfわradiploidindividualis48,anexception
beingthefishfrom theChina-WestKorean
population,whereitis2n-46asaresultof
Robertsoniancentricfusion(Uwaetal.,1988).
FourteenspeciesofthegenusOfyZlaShavebeen
reportedtodateand12outof14speciesare
maintainedinJapan(Naruseetal･,1993;
Iwamatsuetal.,1993).Allspeciesaretropical
exceptOryzlaSlatipes.Xenopoecilussaracinorum,
whichisarelativeofthegenusO77Zias,isalso
maintainedatShinshuUniverslty.Allthese

speciesarepotentialcandidatesforadditional
experimentalmodels･

2)Experimentalmethodsandchwacteristicsof
medakastrains

Severalunlquemethodsandstrainshavebeen
establisheduslngthecharacteristicsdescribed
above.Severalinbredstrainshavebeenestab-

lishedbybrother-sistermating(Hyodo-Taguchi

andEgami,1985).Over60visiblemutantstrains
wereisolatedandaremaintainedattheBioscience

CenterofNagoyaUniversity(Tomita,1992)･
Methodsforproducingtransgenicfish(Ozatoet
al.,1986)orchimericfishwereestablishedusing

artificialinseminationandmanipulationof

embryos.Chromosomemanlpulationmethods

uslngartificialinseminationwithUV-irradiated

spermandapplicationofheatshockorhydrostatic

pressuretoembryoshavealsobeenestablished
(Naruseetal.,1985;NaruseandShima,1989).

Wecancontrolthesexualitybyadministerlng
steroidhormonesviafishfood(Yamamo+LO,1953,

1958,1975)Orbydippingfertilizedeggsin
steroidhormone-contalnlngSOlution.Usingthe
artificialcontrolofsex,Wecanseparatetheeffects

ofgeneticsexfromthethoseofphenotypICSex.
Hybridfemalefishobtainedbycrossing0.latipes
and0.cunn'notuslaydiploideggs,nothaploid
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eggs.Inaddition,alleggsfromonesuchfemale

weregeneticallyidentical(Sakaizumietal.,1993).

Thespecific-locusmethodhasalsobeenestab-
lisheduslngthemedakaandwecaninduce

mutationsbygamma｣一aySOrENU (Shimaand

Shimada,1988,1991).Inducedorspontaneous
mutantscouldbeisolatedbygynogenesisorF2

inbreeding(ShimadaandShima,inpreparation).

Furthermore,theAPIPCRfingerprlntlngmethod

hasbeensuccessfullycombinedwiththemedaka

specific-locusmethod,yieldinganew model

systemfわrdetectlngmutationsonaDNAbasis
(Kubotaetal.,1992,1994).

2.Medakastrainsandtheiruse

1)Visiblemutantstrains

Thegenotypesofover60visiblemutantstrains

ofmedaka(Tomita,1992)Canbeeasilyidentified

uslngabinocularmicroscope.Forexample,ther

gene(Aida,1921)andthelfgene(Wadaetal.,
submitted)∬elinkedtothesexdetermination

locus.Usingthesesex-linkedgenes,wecan

identifythesexwithabinocularmicroscopeat3

dayspost-fertilization(Yamamoto,1975;Wadaet
〟,,submitted).Allvisiblemutantsisolatedtodate

areautosomalrecessiveexceptthosedueto
mutationsatther,lfVa,Da,andSiloci.Four

linkagegroupsofvisiblemutantlocihavebeen

reported(YamamotoandOikawa,1973;Tomita,

1985);however,recentsuccessinapplicationof

theAP-PCRfingerprintingmethod(Kubotaetal.,

1992,1994)yielded28linkagegroups(Wadaet
〟.,submitted).Allthevisiblemutantstrainswere

derivedfrom spontaneousmutantsoccurrlngln

wildpopulationsorculturestocks.Thesestrains
aremaintainedattheBioscienceCenterofNagoya

Universlty.Severalradiation-Orchemicaトinduced
mutantstrainsarealsobeingmaintainedatthe

LaboratoryofRadiationBiology,Schoolof
Science,TheUniversityofTokyo(Shimaand

Shimada,inpreparation).

2)Wildstocksandinbredlines

Geneticdifferencesinthewildpopulationof
themedakahavebeenstudiedextensively
(Sakaizumietal.,1983;Sakaizumi,1985,1986;

Matsudaetal.,1993).Wildstocksofthemedaka

havebeenpreservedattheLaboratoryofRadia-
tionBiology,SchoolofScience,TheUniversltyOf
Kyoto,asageneticresourceundersubsidyfrom

theMinistryofEducation,ScienceandCulture,

Japan(Shimaetal.,1985a,b).Analysisofprotein

polymorphism showedthatwildpopulationsof

OfγZiaslatipesaredividedinto4groups:Southern

population,Northernpopulation,EasトKorean
populationandChina-WestKoreanpopulation.
Thesefourpopulationsarecharacterizedby

population-specificallozymicvariationsand
differencesinmitochondrialDNA.TheNorthern

populationwhichisdistributedalongthecoastof

theSeaofJapan,isgeneticallyhomogeneous;

Veryfew geneticvariationsofproteinsand
mitochondrialsequenceshavebeenobserved

(Sakaizumi,1986;Matsudaetal.,1993).One
inbredstrain,HNI,hasbeenestablishedfromthe

Northernpopulation.TheSouthernpopulationis

distributedalongthePacificcoastextendingto

IwatePrefectureandisgeneticallyqulteVariable･
WithintheSouthernpopulationwedetected

l'eg10n-specificgeneticvariationsinbothproteins

andmitochondrialsequences.Allinbredstrains

exceptHNIbelongtotheSouthem population

(Table1).TheEasトKoreanpopulationextends

fromtheSeaofJapansideofKoreatothesouth-
ernpartoftheKoreanpeninsula(Sakaizumiand

Jeon,1987).TheChina-WestKoreanpopulationis

widelydistributed,rangingfrom Yunnantothe
westerncoastoftheKoreanpeninsula(Sakaizumi

andJeon,1987',Uwaetal.,1988).Althoughthese
fourpopulationshavelargesequencedifferences

intheirmitochondrialDNA,theycouldbefreely
interbred.

Nucleotidedivergenceofthemitochondrial

cytochromebsequenceisaboutlo啄betweenthe

NorthernandSouthernpopulations(Matsudaet

al.,1993).Thislargegeneticdifferencecanbe

advantageousingenomemapplngStudies.When

werandomlyselected1kbpslngle-Copygenomic
DNA fragmentsfrom themedakagenomeand
analyzedtheRFLPswith10restrictionendonu-

cleasesuslngthemasprobes,wealwaysdetected
RFLPsbetweenHNIandotherinbredstrains

(Kuriharaetal.,1992).Ageneticlinkagemap

comprisedof170lociandspannlngOVer2480

contlguOuSCentimorganshasbeenestablishedby

PCR-basedDNAfingerprlntlng,allozymeanalysis

andobservationofcolorationpatternuslngHNI
andotherinbredstrainsderivedfromtheSouthern

population(Wadaetal･,submitted)･

3)ThegenusOfyZiasandrelatives

FourteenspeciesofthegenusOfyZlaShave
beenidentifiedtodate.Twelveoutof14aremain-

tainedatseverallaboratoriesinJapan(Table2)
(Yamamoto,1975;Naruseetal.,1993;Iwamatsu

etal.,1993).Karyologicalanalysisrevealedthat
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Tablel･Straindistributionofpolymorphicvariants
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genes
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Acp,acidphosphatase;Adh,alcoholdehydrogenase;Idd/l,Liditoldehydrogenase;Odh,octanoldehydrogenase;Pgm,
phosphoglucomutase;Sod,superoxidedismutase;Ldh-A,lactatedehydrogenase-A.

thegenusOfγZiascanbedividedintothree

groups,themono-armedchromosomegroup,the

bi-armedchromosomegroupandthefused

chromosomegroup (Uwa,1986).0.latipes

belongstothebi-armedchromosomegroup.Three

otherspecies(0.curvinotus,0.luzonensisand0.

mekongensis)alsobelongtothisbi-armedchro-

mosomegroup.ThemonophylyofthisgrouplS

supportedbyphylogeneticanalysessulngboththe

mitochondrial12sribosomalRNAgenesequences

andthebi-armedchromosomegroup-specific

repetitivesequences(Naruseetal.,1992;Kusama

etal.,1993;Matsudaetal.,1993).Hybridmales

obtainedbycrosslng0.latipesand0.cufVinotus

aresterile,although suchhybridfemalesare

fertile.Thesehybridfemalesspawndiploideggs,

asaresultoffailingtoundergomeiosis.Alleggs

from onefemalehaveidenticalgenotypes

(Sakaizumietal.,1993).Usingchromosome

manipulationandtakingadvantageofthis

phenomenon,trlgenOmicallo-triploidsoramphi-

diploidshavebeenproduced(Kuritaetall,1992,
1993).Theseexperimentsindicatethepotential

usefulnessoftherelatedspecies.

Themono-armedchromosomegroupconsists

of0.melastigma,0.javanicusandO･minutillus･

ThisgrouplSWidelydistributedoverPakistan,

India,theMalayslanPeninsula,Borneo,Java,

Table2･ListofspeciesofthesuborderAdrianichthyoideimaintainedinJapanandtheirchromosome
numbers

Groupname Species Chromosomenumbers

Mono-armedchromosomegroup OfγZlaSmelastlgma

O.javalu'cus
O.mifuttE'llus

Bi一打medchromosomegroup

Fusedchromosomegroup

Unclassified

0.mekongellSis

0.latipes
0.curvitWtuS

0.luzonensis

0.celebensis

0.m'grlmaS
0.marmol･atuS

0.matanensis

0.projTundicola

Xenopoect'lLLSSaraCill0f･LLm
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48
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48
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LombokandthesouthempartofSulawesi.The
fusedchromosomegroup(0.nigrimas,0.
matanensis,0.marmoratus,and0.celebensis)is

foundonlyinSulawesi(Uwa,1986;Naruseetal.,
1993).MostspeciesofthegenusOfyZiasin
Sulawesiareendemictoindividuallakeslocated

incentralorsouthSulawesi.Phylogeneticanalysts
ofthecytochmmebgenesequenceindicatesthat
thesespeciesaremonophyletic(Naruseetal.,
1993).Inaddition,phylogeneticanalysisusingthe
12sribosomalRNAgenesequenceshowedthat
twospeciesofthegenusXenopoecilusarerelated

tothefusedchromosomegroup(Naruseetal.,in
preparation).Theseresultssuggestthatreconsider-
ationontheerectionofthetwogenera,0り7ZlaS
andXenopoecilus,mightbenecessary.

3.Themedakaandotherfreshwaterfishused

asmodeJsystems
Thereareseveralfreshwaterfishwhichhave

beenusedasmodelsystems.Platyfish,X.
maculatus,andswordtail,X.helleri,havebeen

usedforstudyinggeneticcarcinogenesis.Inthis
system,melanomawasinducedinhybridfish
obtainedbycrosslngPlatyfishandswordtail.The
melanoma-inducinglocus(Tu)wasrevealedtobe
sex-linked,andtheTugenehasalreadybeen

isolatedandcharacterizedasencodingthetyrosine
kinasereceptor(Wittbrodtetal.,1989).Linkage
relationshipsofenzymelociarealsowellstudied
usinginterspecifichybrids(Morizot,1990).Varia-
tionsormodifiergenesofthesex-determination

system inthegenusXiphophorushavebeen
reported(Kallman,1984).Fishofthegenus
XiphophorusareovovivIParOuS.Withregardto
thispolnt,fishesofthegenusXiphophorusdiffer
slgnificantlyfromthemedaka.Itisnotpossibleto
reareggsfromovovIVIParOuSfishinvitroandthe

analysュsOfearlyembryonicdevelopmentis
thereforedifficult.Wespeculatethatitwouldbe

verydifficulttoproducetransgenicfishor
chimericfishuslngthisspecies.
Thezebrafish,Daniorerio,isoviparousand
belongstothefamilyCyprinidae.Itsgeneration
timeissimilartothatofthemedaka,although

embryonicdevelopmentisfasterthanthatofthe

medaka,withembryoshatchingbetween2to3
daysposトfertilizationat28oC.Chorionsof
zebrafishembryosaresoft,andblastomeresat
earlycleavagestagesarelargerthanthoseofthe

medaka.Therefわre,themanlpulationofembryos
iseasier(Westerfield,1993).Manymutantstrains

havebeenproducedusinggamma-irradiationor
chemicalsasmutagens(Westerfield,1993;

Solnica-Kretzeletal･,1994)･Manydevelopmental
analysesuslngmutantsand/orembryomanip-

ulationshavebeenreported(Kimmeletal.,1990;
WargaandKimmel,1990;Hattaetal.,1991).
Chromosomemanipulationmethodsarealso
established(Streisingeretal"1981).Ontheother

hand,geneticanalysesofthewildpopulationand

domesticatedstockorphylogeneticanalysesof
relatedspecieshavebeenratherpoor.However,
recently,theDarjeelingstrainwascollectedfrom
thewildpopulationofzebrafish.Thisstraindiffers

geneticallyfromthedomesticatedstockssuchas
OregonAB strain(Johnsonetal.,1994).A
geneticlinkagemaphasbeenestablishedusingthe

DarjeelingandOregonAB strains.Thismap
consistsof401RAPDsand13simplesequence
repeatsspacedatanaverageintervalof5.8cM

(Postlethwaitetall,1994),andwillbeapowerful
aidforposition-basedclonlngOfgenes.Zebrafish
researchershavebeenmostgenerousinsharing
theirfindings,techniques,strainsandinsights,and
thisknowledgehasbeencompiledintheZebrafish
Book(Westerfield,1993)andwelトorganized
networkamongresearchers.

4.Concludingremarks

Whenwecomparethemedakawithother
experimentalmodelsystems,knowledgeabout
genomestructureispoor･Althoughmanyvisible
mutantstrainshavebeenreported,thereareonlya
fewstudiesaboutthesemutantsonthemolecular

level･Constructionofadetailedlinkagemapof
themedakagenomemustbeachievedassoonas
possible.MoreCDNAandgenesofinterestmust
becloned･Establishmentofinsertionalmutagene-
sisandgenetargetlngSystemsisrequired.There

areseveralreportsonthepresenceofretroposons
(Naruseetal.,1992;Kidoetal.,1991)orTcl-like
elementinthefishgenome(Radiceetal"1994).

Theseelementsseemtobegoodcandidatesfわr
establishingatransposontagglngSystem.The
establishmentofembryonicstem celllinesand
celltransplantationmethodsshouldalsoaccelerate
thedevelopmentalstudyofthemedaka.This

mightbeanapproprlatetimeformedaka

researcherstoorganizeourresearchefforts,
emulatlngthesuccessfulandwelトorganized
networkachievedbyourcolleaguesresearching
zebrafish.
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