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Abstract Thecolormutant(lf)wasfoundand
establishedinthemedaka(Oryziaslatipes).

Visibleleucophoresdidnotappearthroughout
lifeinthismutant.Thelfgeneisautosomaland
recessive.Thelfallelesdidnotlinkwithother
allelesusedinthisexperiment.Intestcrosses,
thelfgenewasepistaticforothergenesconcern-
1ngtheexpressionofleucophores.

Jntroductjon

Themedaka(07TZiaslatipes)havemelano-
phores,Xanthophoresandleucophoresaschr0-
matophoresandiridocytes.Thecolorofleuco-
phoresisorangetowhiteinareflectedlightand
browninatransparentlight.Themutant(BljR)
hadblackmelanophores,orange十redxan血ophores
andmetalliccolorediridocytesasinthewildfish
(BR),buthadnovisibleleucophores.

Inthispaper,geneanalysesofthismutantwere
dealtwithspecialattentiontogeneinteraction･

Materialsandmethods

Amalemutant(BljR)wassegregatedin1970in
theprogenyofwildmedakacollectedat
Toyokawa,Aichi.TheadultBljRfishwerebrown
inbodycolor.Thecolordifferencebetweenwild
(BR)andBljRwasdifficulttodetectbynaked
eyes.TheBljRfishhadnovisibleleucophores
throughouttheembryotoadult.Thelfcharacter
wascheckedbymicroscoplCObseⅣationofleuco-
phores.Asthefirstleucophoresappearedunderthe
brainatembryonicstage(beginningofheartbeat),
thelfmutantwasabletodetectatthisearlystage.

Thegenesusedwereb,ci,co,Da,df-1,df-2,di,

dm,drl1,dx-2,jl,ful6,i,i-3,ml-3,randvc.These
genesareexplainedbrieflyasfollows.Theyhave
beendescribedinsomedetail(Tomita1975,1982,
1984,1985).Therallelesaresex-linkedandthe
otherallelesareautosomal.TheDageneisincom-
pletedominantandtheothergenesarerecessive.

b:Theballeles(B>b)controlthemelanin

formation･TheBgenemakesblackmelanophores.
Thebgeneproducescolorlessmelanophores
(Aida1921).

ci:Theclgenedecreasesthenumberofxan-
血ophoresandmakeswelldevelopedleucophores

(Takeuchi,1969).
co:Thecogeneproducesconcentratedxantho-

phores.
pd:Theかαhomozygotehasananalfinin

placeofthedorsalfin.TheDaheterozygotehasa
largedorsalfin(7-14finrays).

df-1:Thedf-1genemakesbrokenmembrane
finsatembryonicandlarvalstage.Adultfishhave
nomalfins.

df-2:Thedf-2Charactersaresimilartothedfl
OneS.

dm ･.Thedmgenemakesdispersedmelano-
phoresandleucophores.

dxl2:Thedx-2genecausesdiluteorange-red
xanthophores.
j7:Thejlgenecausesafewleucophores･
fu-6:Thefu-6genemakesnotochordbent

wavilyatembryonicstages.Itmakesfusedverte-
braeandshortbodyinadultfish.

f:The～genemakesalbino.
i-3:Theil3genealsomakesalbino･
ml-3:Themll3geneincreasesleucophores

threetimesinnumberondorsumatembryonic
andlaⅣalstages･

r:Theralleles(R>r)controldepositionof
orange-redpigmentinxanthophores･TheRgene
makesorange-redxanthophores.Thergenemakes
colorlessxanthophores･TheBRfishisbrown
(wildtype)inbodycolor.ThebRandbrfishare
orange-redandwhiteinbodycolor(Aida1921)･

vc:Thevcgeneproducesvarlegationcaused
by山elocalabsenceofmelanophoresandleuco-
phores･

Results

1)Crossesbetweenbrown(BR)andbrownlack-

ingleucophores(BljR)
ABRfemalewasbredwithaBljRmale.TheFI

progenywereBR(?41fish,占48fish).TheF2
progenyweresegregatedtoBR(早57fish,849
fish)andBljR(宇17fish,815fish)inaratioof
3:1(x2=0.24,p=0.75-0.5).Thesexratiowas1:1
(x2=0.72,p=0.75-0.5).Inthex2testforsegre-
gation,therewasnoslgnificantdeviationfrom
expectation.Thelfgenewasrecessiveandauto-
somal.
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2)Crossesbetweenbrownlackingieucophores

(BljR)andorange-red(bR)

ABijRfemalewasmatedwithabRmale.The

FIProgenyWereBR(49fish).TheF2Progeny
wereBR(92fish),BljR(32fish),bR(30fish)and
B押 (13fish)inaratioof9:3:3:1(x2=0.73,p=
0.9-0.75).Thelfalleleswereindependentoftheb
alleles.ThebijRfishwasorange-redinbodycolor
andhadnovisibleleucophores.
3)Crossesbetweengray(BciR)andbrownlack-

ingleucophores(BljR)
TheBciRfishwasgrayinbodycolor.Ithad

welldevelopedleucophoresanddilutecolored
xanthophores.ABciRfemalewasmatedwitha
Bljiemale･TheFIProgenyWereBR(46fish).The
F2ProgenyWeredividedtoBR(113fish),BciR
(40fish),BljR(34fish)andBciljR(12fish)ina
ratioof9:3:3:日x2=0.73,p=0.9-0.75).Thelf

alleleswereindependentofthec～alleles.The
BciijRfishwasbluishgraycolor.
4)Crossesbetweenbrownlackingleucophores

(BljR)andreddishbrown(BcoR)

TheBcoRfishhadconcentratedxanthophores
andbodycolorwasreddishbrown.ABljKfemale

wasmatedwithaBcoRmale.TheFIProgeny
wereBR(63fish).TheF2ProgenyCOnSistedofBR
(82fish),BcoR(35fish),BijR(30fish)andBco搾
(8fish)inaratioof9:3:3‥1(x2=1.87,p=0.75-
0.5).Thelfalielesdidnotlinkwiththecoalleles.
5)Crossesbetweenbrownhavingdoubleanal

jins(BDaR)andbrownlackingleucophores(BljZU
TheBDaRfishhadananalfininplaceofdor-

salfinandithadanalfinsatdorsumandventrum.

ABDaRfemalewasmatedwithaBijiemale.The
FIProgenyWereBR(61fish)AAstheFIProgeny
wereheterozygousfortheDagene,theyhada
largedorsalfinhaving7-14finrays,Thewildfish
havethedorsalfinhaving6finrays.TheF2
progenyconsistedofBR(143fish),BDaR(36

fish),BljR(43fish)andBDaljR(llfish)inaratio
of9:3:3‥i(x2=3.87,p=0.5-0.25).Thelfalleles
didnotlinkwiththeDaalleles.

6)Crossesbetweenbrownlackingleucophores

(BijR)andbrown(Bdf-1Rj

IntheBdfl1Rfish,adultfinswerenormalin
shape,butthemembranestructureofthejuvenile
finsatembryonicandlarvalstageswerebrokenin
variousregions.Thedf-1Characterwasableto
detectonlyasthedeformityinfinmembrane
whenfishwereimmature.Therefore,theF2
Segregationratiowasmeasuredathatchingstage.
ABlfRfemalewasmatedwithaBdf-1Rmale.
TheFIProgenyWereBR(64fish)･TheF2Progeny

weredividedtoBR(138fish),Bdf-1R(45fish),
BljR(39fish)andBdflljR(8fish)inaratioof
9:3:3:1(x2=4.01,p=0.5-0.25).Theifalleles
wereindependentofthedflalleles.
7)Crossesbetweenbrownlackingleucophores

(B押jandbrown(Bdf-2Rj

Thedf-2genegaveasimilareffecttothedfl

gene暮ABifRfemalewasmatedwithaBdf-2R

male･TheFIProgenyWereBR(64fish).TheF2
progenywereBR(67fish),Bdf-2R(21fish),Bij2e
(18fish)andBdf-2lfR(llfish)inaratioof
9:3:3:1(x2=4.36,p=0.25-0.I).Thelfalleles
wereindependentofthedf-2alleles.
8)Crossesbetweenyellowishorange-red(bdiR)

andorange-redlackingieucophores(bijX)

ThebdiRfishhaddispersedxanthophoresand
thebodycolorwasyellowishorange-red.AbdiR

femalewasmatedwithaBljHmale.TheFIProge-
nywerebR(67fish).TheF2ProgenyWerebR(94

fish),bdiR(27fish),bijX(26fish)andbdiijR (8

fish)inaratioof9:3:3:1(x2=1.22,p=0.75-0.5).
Thelfallelesdidnotlinkwiththedialleles.
9)Crossesbetweendilutebrown(BdlR)and

brownlackingleucophores(Bljie)

theBdlRfishhaddilutebrownmelanophores.
ABdlRfemalewasmatedwithaBljRmale.The
FIProgenyWereBR(57fish)ITheF2Progeny
wereB月(135fish),BdlR(45fish),BljR(39fish)
andBdlljR(8fish)inaratioof9:3:3:1(x2=3.63,
p=0･5-0･25)･Thelfalleleswereindependentof
thedlalleles,

10)Crossesbetweendarkbrown(BdmR)and

brownlackingleucophores(BljR)
TheBdmRfishhaddispersedmelanophoresand

leucophoresandthebodycolorwasdarkbrown.A

BdmRfemalewasmatedwithaBljRmale.TheFI

progenywereBR(57fish).TheF2ProgenyWere
segregatedtoBR(96fish),BdmR(26fish),BljR
(31fish)andBdmifR(llfish)inaratioof
9:3‥3:l(x2=0.54,p=0.9-0.75).Thelfallelesdid
notlinkwiththedmalleles.

ll)Crossesbetweenbluishbrown(Bdx-2R)and

brownlackingleucophores(BljR)
TheBdx-2Rfishhaddiluteorange-redxantho-

phores.ABdx-2RfemalewasbredwithaBljR
male･TheFIProgenyWereBR(74fish).TheF2
progenyweredividedtoBR(31fish),Bdx-2R(I1
fish),Bljle(14fish)andBdx-2ljR(4fish)inaratio
of9:3:3:1(x2=0.95,p=0.9-0.75).Thelfalleles
didnotlinkwiththedx-2alleles.

12)Crossesbetweenorange-redlackingieuco-

phores(bljR)andorange-redhavingafewleuco-
phores(bjiR)
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AbljRfemalewasmatedwithabjlRmale.The

FIProgenyWerebR(52fish).TheF2Progeny
werebR(221fish),bjlR(63fish),andbljR(85

fish)inaratioof9:3:4(x2=1.57,p=0.75-0.5).
Thelfallelesdidnotlinkwiththejlalleles.TheF2
bljRincludedbljRandbjlljR

13)Crossesbetweenbrownlackingleucophores
(BljR)andbrownhavingfusedvertebrae(Bful6R)

Thebl-6genecausedanotochordbentwavily
atembryonicstages,andadultfishhadfused
vertebraeandshortbody.ThescoreofF2progeny
werecountedathatchingstagebecausesevere
defomi tycausedlowviability.ABljRfemalewas
matedwithaBful6Rmale.TheFIProgenyWere
BR(63fish).TheF2ProgenyWereBR(128fish),
Bfu-6R(34fish),B押 (48fish)andBfu-6ljR(9
fish)inaratioof9:3:3:1(x2=3.86,p=0.5-0.25).
Thelfalleleswereindependentoftheルー6alleles.
14)Crossesbetweenorange-redlackingleucoI
phores(bljR)andalbino(biR)

AbljRfemalewasmatedwithabiRmale.The

FIProgenyWerebR(73fish).TheF2Progeny
consistedofbR(133fish),biR(43fish),bljR(44
fish)andbiljR(13fish)inaratioof9:3:3:1
(x2=0.63,p=0.910.75).Thelfallelesdidnotlink
withtheialleles.

15)Crossesbetweenbrownlackingleucophore
(BljR)andalbino(Bi-3R)

ABljRfemalewasmatedwithaBi-3Rmale.
TheFIProgenyWereBR(48fish)･TheF2Progeny
weresegregatedtoBR(107fish),Bi-3R(33fish),
BljR(37fish)andBi-3ljR(12fisl/1)inaratioof
9:3:3:1(x2=0.41,p=0.95-0.9).Thelfalleles
wereindependentofthei-3alleles.
16)Crossesbetweenbrownlackingleucophores
(BljR)andorange-redhavingmanyleucophores
(bml-3R)

Thebml-3Rfishhadleucophoresaboutthree
timesasmanyasthoseofthewildfishatembryos
andlavae.ABljRfemalewasmatedwithabml-

3Rmale.TheFIProgenyWereBR(36fish).The
F2ProgenyWeredividedtoBR(66fish),BljR(22

fish),Bmll3R(12fish),bR(17fish),bljR(7fish)
andbmll3R(3fish)inaratioof27:12:9:9:4:3

(x2=7.51,p=0.2510.1).Thelfallelesdidnotlink
withtheml-3alleles･TheF2BljRincludedBljR

andBlfml-3R.TheF2blfRcontainedblfRand
blPnl-3R.
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17)Crossesbetweenvariegatedbrown(BRvc)
andbrownlackingleucophores(BljR)

TheBRvcfishwerevariegatedbrowncaused
bythelocalabsenceofmelanophoresandleuco-
phores.ABRvcfemalewasmatedwithaBljR
male･TheFIProgenyWereBR(59fish)･TheF2
progenywereBR(104fish),BljR(40fish),BRvc
(33fish)andBIJRvc(llfish)inaratioof9:3:3:1
(x2=0.87,p=0.9-0.75).Thelfalleleswereinde-
pendentofthevcalleles.

Discussion

Melanophores,Xanthophoresandiridocytes
(iridophores)arecommoninmanyfishes,but
leucophoresarerare.

TheBlfRfishhadnovisibleleucophores
throughoutlife.Wh etherleucophoresareabsentor
leucophoresarepresentbuttheyhavenoplgment
granules(orcontaincolorlessgranules)isnot
blown.

Ⅰnthebreedingseason,adultmaleshadmany
leucophoresontheedgesofcaudal,dorsaland
analfinsasasecondarysexcharacter.These
leucophoresdisappearedinnonbreedingseason.
Thelfmutantmalesdidnotshowthissecondary
sexcharacter.

Inthisexpedment,16mutantgeneswereused
fortestbreeding,and6genesareconcludedtobe
mostprobablyrelatedtotheexpressionof
leucophores.Whenthelfgenewashomozygous,
anyhybridbetweenlfandothergeneshadno
visibleleucophores.Thelfgenewasepistaticfor
othergenesin血eexpressionofleucophores.The
lfgenemayhaveimportantrolesinmanifestation
ofleucophores.
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