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wildpopulation.Themutantgenedx-1,which
modifiesthegeneactionofRandreducesthe
carotenoidcontentinthexanthophoreina
homozygouscondition,isrecessiveandauto-
somal.Thedx-1allLelesareindependentof
theb,ciandralleles.

INTRODUCTION

Anumberofmutantgeneshavebeenfound
inthemedaka,07つぼiaslatipes(seeTomita
1975).Inthisfish,threetypesofchromatO-
phores,melanophores, Xanthophores and
leucophoresareobservableintheskin.The
heritablecolorvarietieshavebeenphenoty-
picallyclassifiedintobrown(BR),blue(Br),

orange-red(bR),white(br),variegatedorange-
red(B'R)andvariegatedwhite(B'r)byAida
(1921).Thecolorinterferergene(ci),which
makesthebodycolorpaleinahomozygous
condition,isrecessive,autosomalandindepen-
dentofthe∂andγalleles(Aidaunpublished).
Thecigeneinahomozygousconditioncauses
thereductionofdepositionofcarotenoid,
whilethenumberofleucophoresincreases
threetofourtimesthatofnormalfish(Take-
uchi1969).
Anewmutantofbluishbrowncolorwas

foundinthewildpopulation.Itsxanthophores
exhibitedextremelydiluteorange-redcolor.
Theresultsofgeneanalysesofthisnew
mutantwillbedealtwithinthispaper.

MATERIALSANDMETHODS

Afemaleofthemutanト Withbluishbrown

colorwasfoundinapaddyfieldonSugashima
Island,MiePrefecturein1958. Another

mutantfish ofa similarphenotypewas
collectedagalninthesameplacein1960.To

studythedistributionofthismutantinthe
population,thirdandfourthcollectionswere
carriedoutintheautumnof1961and1962.

Inthepresentstudy,thenewmutantfish
werematedwithhomozygousfishofthe
followingcolortypes･.brown(BBRR),orange-
red(bbRR),white(bbrr),andgray(BBciciRR).

Themethodsofcareforkeeplngandbreeding
thefishfollowedYamamoto(1967).Asthe

newmutantgenewasrecessive,itwasdesig･
nateddx-1(dilutexanthophore).
Xanthophoresofthemutantcontainedless

orange-redpigment(Carotenoid)thanthoseof
thewild(brown)type. Themutantwith
slightly colored xanthophoreswaseasily
distinguishedfromtheblue(Br)typeunderthe
microscope.
Toestimatethecarotenoidcontent,whole

skinsweretornoffandimmersedin 50

volumesof100%acetone,untilthecarotenoid
dissolved.Theextinctionofsupernatantwas
measuredwithabluefilter(430mp)andthe
carotenoidconcentrationwascalculatedfrom

astandardcurveofβ-carotene.Thefishused

were30to35mmintotallength.Fivefish
wereusedtoestimatethecarotenoidcontent

intheorange-redtypeandtenfishofother
colortypes.Ineachseriesofexperiments,
thefishwererearedtoadulthoodoutdoorsin
thesamecontainer.

RESULTS

1. Geneanalyses

a.Crossesbetweenbluishbrown(Bdx.llR)
andbrown(BBRR)

Thebluishbrown(Bdx-1R)femalewa-smated
withthebrown(BBRR)male.TheFlprogeny
wereallbrown(BR)inaphenotype(25fish).
ThecharactersoftheF2progenyWerebrown
(BR)(64femalesand52males)andbluish
brown(Bdx-1R)inphenotypes(14femalesand
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15males)inaratioof3:i(x(21)-1.93,p-0.1-

0.25)andthesexratiowas1:1ineachcolor

type (x'23,-3.27,p-0.2510.5). Reciprocal
matingwasalsotested.Theprogenywere

allbrown(BR)inaphenotype(47fish).The
charactersoftheF2ProgenyWerebrown(BR)

(48femalesand41males)andbluishbrown
(Bdx-1R)in phenotypes(13femalesand14
males)inaratioof3:1(x21)-0.17,p-0.51

0.75).Whenthebluishbrown(Bdx-1R)Were
inbred,theprogenywereallbluishbrown
(Bdx-1R)inaphenotype.Soitisconcluded
thatthedx-1genei'srecessiveandautosomal.
TheFlbrown(heterozygousfordx-1)female

wasmatedwiththebluishbrown(Bdx-1R)

male.Theprogenywerebrown(BR)(111fish)

andbluishbrown(Bdx-1R)inphenotypes(118
fish)inaratioof1:1(xf1)-0.21,p-0.5-0.75).
Reciprocalmatingalsogavethesameresult
(brown(BR)98fishandbluishbrown(Bdx-1R)

106fish)(x '21)-0.31,p-0.5-0.75).
b.Crossesbetweenbluishbrown(Bdp-1R)

andorange-red(bbRR)

Thebluishbrown (Bdx-1R)femalewas
matedwiththeorange-red(bbRR)male.The
progenywereallbrown(BR)inaphenotype
(72fish).ThecharactersoftheF2progeny
weredividedintofourtypes,brown(BR)(gl

fish),bluishbrown(Bdx-1R)(27fish),orange-
red(bR)(24fish)andnewtypeinphenotypes
(8fish)inaratioof9:3:3:1(x(23)-1.37,
p-0.5-0.75).Thenewtypeshowedadilute
orange-redcolor.Whenthenewtypewas
matedwiththebluishbrown(Bdx-llu the
progenywereallbluishbrown(Bdx-1R)ina
phenotype.Theywerebdx-1Rinaphenotype･

Therefore,thedx-1allelesareindependent
ofthe∂alleles.

C.Crossesbetweenorange-red(bbRR)and
diluteorange-red(bdx-1R)

Theorange-red(bbRR)femalewasmated
withthediluteorange-red(bdx-1R)male.The
FIProgenyWereallorange-red(bR)ina
phenotype(97fish).ThecharactersoftheF2
progenyweresegregatedintoorange-red(bR)

(67fish),anddiluteorange-red(bdx-1R)in
phenotypes(21fish)inaratioof3:1(x?1)-

0.09,p=0.75-0.9).TheFIOrange-red(hetero-
zygousfordx-i)malewasmatedwiththe

diluteorange-red(bdx-1R)female.Theproge-

nywereorange-red(bR)(78fish)anddilute
orange-red(bdx-1R)inphenotypes(72fish)in
aratioof1.･1(x(21)-0.3,p-0.510.75).
d.Crossesbetweenwhite(bbrr)andbluish
brown(Bdr-1R)

Thebluishbrown(Bdx-1R)malelwasmated

withthewhite(bbrr)female.TheFIProgeny
wereallbrown(BR)(63fish).TheF2Off-
springconsistedofbrown(BR)(231fish),blue
(BrandBdx-1r)(91fish),bluishbrown(Bdx-

1R)(73fish),orange-red(bR)(80fish),dilute
orange-red(bdx-1R)(23fish)andwhite(brand
bdx-1r)inphenotypes(28fish)inaratioof
27:12:9.･9.･3.･4(x(25)-2.05,p-0.7510.9).
C.Crossesbetweenwhite(bbrr)anddilute
orange-red(bdx-1R)

Thewhite(bbrr)femalewasmatedwith
thediluteorange-red(bdx-1R)male.Thepro-
genywereallorange-red(bR)inaphenotype
(72fish).ThecharactersoftheF2progeny
weresegregatedinorange-red(bR)(54fish),
diluteorange-red(bdxJR)(lgfish)andwhite
(brandbdx-1r)inphenotypes(23fish)ina
ratioofb:3:4(x(22)-0.09,p-0.75-0.9).
f.Crossesbetweengray (BBciciRR)and
bluishbrown(Bdx-1R)

Thegray (BBciciRR)femalewasmated
withthebluishbrown(Bdx-1R)male.The
progenywereallbrown(BR)inaphenotype
(43fish).ThecharactersoftheF2progeny
werebrown(BR)(139fish),.gray(BciR)(39

fish),bluishbrown(Bdx-1R)(42fish)andnew
typeinphenotypes(10fish)inaratioof
g:3:3.･1(x(23)-2.65,p-0.25-0.5).Thenew
typehadmelanophoresandleucophoressim-
ilartothoseofthegray(BciR),buttheir
xanthophoreswereextremelydiluteincolor.
Whenthenewtypewasmatedwiththebluish
brown(Bdx-1R)andgray(BciR),theoffspring
wereallbluishbrown(Bdx-1R)intheformer
andallgray(BciR)inthelatter.Thenew
typewaspaleblue(Bcidx-1R)inaphenotype.
Therefore,thedx-1allelesmustbeindepend-
entofthecialleles.

2.Carotenoidcontent

Ascarotenoidcontentinxanthophoreswas
affectedtosomeextentbyenvironmental
factors,suchasfoodandbackgroundcolor.

Theorange-red(bR)andthediluteorange-red



3

(bdx-1R)typeswererearedtoadultinacon-
taineroutdoors. Thebrown(BR)andthe
bluishbrown(Bdx-1R)werealsorearedina
containeroutdoors.Theresultsareshownin

Table i. Thedx-1geneunderthehomoI

zygousconditionreducesthecarotenoidcon-

tentapproximatelyoneeighthtoonethird.

Table1Carotenoidcontentofdifferentstrainsofthemedaka.Thefishwererearedinacontaineroutdoors
fromthelarvalstagetoadult.Thebodylengthwas30to35mm.Tenfish(BdxllR,BRandbdx-1R)
or5fish(bR)wereusedineachexperiment.

Series Phenotype Sex
No.of

experiment

β -carotene(〟g)

skindryweight(mg)

female(3)
male(4)

female(4)
male(3)

1.83±0.18
1.81±0.12
4.41±0.17
3.75±0.26

female(3)
male(3)

female(4)
male(2)

1.57±0.08

1.30±0.17
4.25±0.16
3.75±0.10

female(2)
male(2)

female(2)
male(2)

1.54±0.10
1.39±0.05
12.65±0.35

12.68±0.40

female(3)

male(3)
female(3)
male(5)

2.12±0.29

2.28±0.12
8.00±0.35
8.03±0.18

3.Distributionofmutantsinfields
Thedistributionandthefrequencyofthe

mutantintherlaturalpopulationwerestudied.
PaddyfieldsinSugashimawerelocatedas
stepsinnarrow spacesisolatedfromreach
other.Thewildmedakawasfoundinfour

paddyfieldsseparatedbylowhills.Inone
place,nocollectionwasperformedbecause
therewereonlyafewfish.In1961,790fish
werecollectedatsite1,751fishatsite2

and532fishatsite3.In1962,498fishwere
collectedatsite1,72fishatsite2andnone

atsite3,wherepaddyfieldsweredriedout.

Onlyatsite1werebluish-brown (Bdx-1R)

found 4fish(1maleand3females)in1961
and3fish(1femaleand2males)in1962.

DISCUSSION

Infish,thecarotenoidoriginatesinfood,
sinceitcannotbesynthesized.Althoughthe
carotenoidcontentinxanthophoresistosome
extentaffectedbyenvironmentalfactors,itis

prlmarilycontrolledbygeneticfactors.The

white(br)medakadoesnotdepositcarotenoid
initsxanthophoresevenifthissubstanceis
presentinfoods.Theedgesofthecaudalfin

turnanintenseredcolorinthebrown(BR)

andorange-red (bR)types. Inthebluish

brown(Bdx-1R)anddiluteorange-red(bdx-1R)

types,thisfeaturewasgenerallylackingand
thexanthophoresontheedgesofcaudalfin
contained lesspigmentthanthoseofthe

brown(BR)andorange-red(bR)types.Inthe
preliminarytests,thenumbersofmelano-

phores,Xanthophores and leucophores in
O･05mm20fdorsalpartnumbered17,44and
2inthebrown(BR)typeand18,44and2in
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thebluishbrown(Bdx-1R)type,respectively.
Thedx-1allelesdonotaffectthenumbers

ofmelanophores,xanthophoresandleuco-
phores.

Thecontentofcarotenoidinxanthophores

ofthebrown(BR)andorange-red(bR)types
werethreetoeighttimesmorethanthoseof
thebluishbrown(Bdx-1R)anddiluteorange-
red(bdxllR)types.Thedilutionoforange-
redcolorinthebluishbrown(Bdx-1R)and
diluteorange-red(bdx-1R)inphenotypesmay
dependonthedecreaseofpigmentcontent
ineachxanthophores.
Thecarotenoidinxanthophoresmaybe

rDainlysuppliedasfoodfromgreenalgaein
culturewater. Thecarotenoidcontentof

fishinaphenotypemaybevariableindif-
ferentcontainersinwhichgreenalgaegrows
indifferentdegrees.Thedepositionofcarote-
noidinxanthophoresmaybecontrolledby
manyprocesses,includingtheabsorptionof
plgmentinthedigestiveorgan,thestabili-
zationofpigmentinthebodyfluid,changes

inpermeabilityatthesurfaceofxantho-
phores,thereceptionofpigmentinxantho-

phoresandsoon･Itisnotclearwhatpro-
cessescontrolthedx-1alleles.

Themutantfishwererarelyfoundinthe

wildpopulation.Thefrequencyofbluish
brown(BdxllR)wasaboutp.56% inthewild
medakacollectedfromsite1.Iffieldcondi-

tionsareconstantandmatingoccursatran-
dom,thedx-1genefrequencyis0.75%.
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Plate1 Brown(wildtype,BR)male(above)andbluishbrown(BdxllR)male(below).


