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Abstract Twobodycolormutants(cmanddm)
Werefoundandestablishedinthemedaka(0り/Zias
iatipes).Thecmanddmgenesareautosomaland
recessive.TheBcmRfishhadconcentratedmelano-

phores,andthebodycolorwasblond.Thedm
genecauseddispersedmelanophoresandleuco-
phores.TheBdmRfishwasdarkbrowninbody
color.Thecmanddmgenesdidnotlinkwithother
genesusedintestcrosses.Somegeneanalyses
weredone.

Introduction

Therearemelanophores,xanthophoresand
leucophoresaschromatophores,andiridocytesas
pigmentcellsinthemedaka(OTTZiaslatipes).
Chromatophoresareeffectorcellsandshowphysi-
ologicalcolorchanges.Twomutants(cmanddm)
concerningtheexpressionofmelanophoresand
leucophores-werefoundandestablished.Thecm
mutantcausedconcentratedmelanophoresandthe
dmmutantmadedispersedmelanophoresand
leucophores･Thesemutantsdidnotshowclear
physiologicalcolorchanges.
Thispaperdealswithgeneanalysesandpheno-
typICexpressionofthesemutants.

Materialsandmethods

Acmfemale(blondcolor)wasfoundinpaddy
fieldsatIdaka,Nagoyaat1961･MostmelanoI
phoresexceptthoseonfinswereconcentratedand
didnotdisperseontheblackbackground,while
wildfishbecameblackcolorasmelanophores
dispersed.Melanophoreson丘nsweresmallerthan
onesofwildfishandshowednormalcolor

changes.
Admfemale(darkbrowncolor)wasfoundin

paddyfieldsatTsuktlde,Minamishidara,Aichiin
1962.Thedmfishwasdarkbrownonthewhite

background,aswildfishbecamepalecolor.The
processesofmelanophoresweremoreslenderthan
onesofwildfish.

ThefollowinggenesWereusedforgeneanal-
yses(cfTomital975,1982,1984,1985).Ther
allelesaresex-linkedandtheotherallelesareauto-

somal.TheDageneisincompletedominantand
theothergenesarerecessive.

b:Theballeles(B>b)controlthemelanin
formation.TheBgeneproducesblackmelanoI
phoresandthebgenemakescolorlessmelano-
pbores.
r:Theralleles(R>r)govemthedepositionof
orange-redpigmentinxanthophores･TheRgene
makesorange-redxanthophores,andthergene
producescolorlessxanthophores.Thebodycolor
ofBRisbrown (wildtype).ThebRandbrare
orange十redandwhiteinbodycolor,respectively.
(Aida1921)
co:Thecogenemakesconcentratedxantho-
phores.
Da:TheDafishhasananalfinintheplaceof
thedorsalfin.Ithasanalfinsatbothdorsumand

ventrum.TheDaheterozygotehasalargedorsal
finhaving7-14finrays.Thewildfishhasadorsal
finhaving6finrays.
de:Thedegenedecreasesthenumberof
melanophores.
di:thedigeneinducesdispersedxantho-
phores.
dx-1:Thedx-1genedilutesorange-redcolorin
xanthophores.
dx-2:Thedx-2genehassimilareffectson
xan仙ophorestothoseofthe血Jgene･
ji:Thejigenemakesasmallnumberofleuco-
phores.
fs:Thefsgenecausessmallanalanddorsal
finsbecatlSeOffusionsofsomeinterhemaland

intemeuralsplneS.
if:Thelfgenemakesnovisibleleuco-
phores.
mm:Themmgenemakespunctuatemelano-
phoresandletlCOPhoresinpalecolorregionsOf
vanegation.
rs:ThersgenecatlSeSSmallscaleshaving
irregularshapes.
rs-3:Thers-3genecausesthelackofscales
exceptforafewlargeones,
sm:Thesmgenemakesmelanophoresslowly
respondinglnColorchanges.
vc:Thevcgenemakesvanegationcausedby
thelocalabsenceofmelanophoresandleuco-
phores.
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Results

Thefollowlnggeneanalysesweremade.
1)Crossesbetweenblond(BcmR)andbrown

(BR)
ABcmRfemalewasmatedwithaBRmale.

TheFIProgenyWereallBR(147fish)･TheF2
progenywereBR(早66fish,855fish)andBcmR
(苧23fish,820fish)inaratioof3:1(x2=1.01,

p=0.5-0.25).Thesexratioofthemwasl:1(x2=
1.18,p=O.51).25).Thecmgeneisrecessiveand
autosomal.

2)Crossesbetweenblond(BcmR)andorange-
red(bR)
ABcmRfemalewasbredwithabRmale.The

FIProgenyWereallBR(114fish)･TheF2Proge-
nyconsistedofBR(199fish),BcmR(64fish)and
bR(79fish)inaratioof9:3:4(x2=0.72,p=

0.75-0.50).TheF2bRincludedbothbRandbcmR,
becausethebcmRwasorange-redinbodycolor
andwasnotdistingtlishedfromthebR,Fromthe
x2testforsegregation,therewasnoslgnificant
deviationfromexpectation.Thecmallelesdidnot
linkwiththeballeles.

3)Crossesbetweenblond(BcmR)andreddish

brown(BcoR)
TheBcoRfishhadconcentratedxanthophores
andthebodyColorwasreddishbrown･ABcmR
femalewasmatedwithaBcoRmale.TheFI

progenywereallBR(81fish)･TheF2Progeny
dividedtoBR(101fish),BcmR(35fish),BcoR
(32fish)andBcmcoR(9fish)inaratioof

9:3:3:1(x2-0.37,p=0.91),75).Thecmalleles
didnotlinkwiththecoalleles.TheBcmcoRfish

hadconcentratedmelanophoresandxanthophores
andthebodycolorwasreddishblond.
4)Crossesbetweenblond(BcmR)andbrown

havingdoubleanalfins(BDaR).
ABcmRfemalewasmatedwithaBDaRmale.

TheFlprogenyWereBR(18fish)･TheFIBRwas
heterozygousforDaandtheyhadlargedorsalfin
having7-14finrays.TheF2ProgenyCOnSistedof
BR(154fish),BcmR(52fish),BDaR(48fish)and
BcmDaR(8fish)inaratioof9:3:3:1(x2=4.37,

p=0.25-0.1).Thecmalle主esareindependentofthe
Daalleles.

5jCrossesbetweenoflange-reddishbrown(BdeR)
andblond(BcmR)
TheBdeRfishhadadecreasednumberof

melanophores,andredcolorwasremarkableat
headandcaudalfinreglOnS.ABdeRfemalewas
matedwithaBcmRmale.TheFiprogenyWereall
BR(63fish).TheF2ProgenyWereBR(71fish),
BcmR(32fish),BdeR(27fish)andBcmdeR(7

fish)inaratioof9:3:3:1(x2=2.38,p=0.5J).25),
Thecmallelesdidnotlinkwiththedealleles.The

BcmdeRfishhadaslnallnumberofmelanophores
smallinsizeexceptonfins,andthebodycolor
wasorange-redexceptdarkcoloredfins.
6)Crossesbetweenblond(BcmR)andyellowish

orange-red(bdiR)

ThebdiRfishhaddispersedxanthophores
whichshowednophysiologlCalcolorchange.A
BcmRfemalewasbredwithabdiRmale.TheFI
progenywereallBR(84fish).TheF2Progeny
weresegregatedtoBR(108fish),BcmR(35fish),
BdiR(31fish),bR(36fish),BcmdiR(7fish)and
bdiR(9fish)inaratioof27:9:9:12:3:4(x2=

6.47,p=0･ト0.05).TheF2bRincltldedbRand
bcmR,andtheF2bdiRcontainedbdiRand
bcmdiR.Thecmallelesareindependentofthedi
alleles.

7)Crossesbetweenblond(BcmR)andbluish
brown(Bdx-1R)

TheBdxl1Rfishhaddiluteorange-redxantho-
phoresandwerebluishbrowninbodycolor.
ABcmRfemalewasmatedwithaBdx-1Rmale.

TheFIProgenyWereallBR(61fish).TheF2
progenyconsistedofBR(73fish),BcmR(21fish),
Bdx-1R(30fish)andBcmdx-1R(4fish)inaratio
of9･.3:3:1(X2-3.81,p=0.5J).25).Thecmalleles
areindependentofthedx-1aueles.TheBcmdx-1R
fishwasbluishblond.

8)Crossesbetweenblond(BcmR)andbrown

havingsmallanaljin(BfsR)

TheBfsRfishhadsmallanalanddorsalfins
becausesomeinterhemalandinterneuralsplnS
werefusedandthebasesoffinswereshort.A

BcmRfemalewasbredwithaBfsRmale.TheFI
progenywereallBR(34fish)･TheF2Progeny
weredividedtoBR(125fish),BcmR(42fish),
BjTsR(38fish)andBcmfsR(12fish)inaratioof
9:3:3:1(x2=0.36,p=0.95-0.9).Thecmalleles
didnotlinkwiththefsalleles.TheBcmfsRfish
wereblondinbodycolorandhadsmallanaland
dorsalfins.

9)Crossesbetweenvariegatedbrown(BmmR)
andblond(BcmR)

TheBmmRfishshoweddarkandpalecolor
variegation.Therewerenon-dendriticmelano-
phoresandleucophoresinpalereglOnS･ABmmR
femalewasbredwithaBcmRmale.TheFI
progenywereallBR(53fish).TheF2Progeny
weredividedtoBR(63fish),BcmR(26fish),and
BmmR(16fish)inaratioof9:4:3緩2=0.96,

p=0.9-0.75).TheF2BcmRincludedBcmRand
BcmmmR.
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10),Crossesbetweenblond(BcmR)andbrown

havingsmallirregularscales(BRrs)
ABcmRfemalewasmatedwithaBRrsmale.

TheFIProgenyWereallBR(80fish)･TheF2
progenyweresegregatedtoBR(164fish),
BcmR(55fish),BRrs(45fish)andBcmRrs(15

fish)inaratioof9:3:3:1(x2=1.74,p=0.9-
0.75).Thec〝lallelesdidnotlinkwithther∫
alleles.

.ll)Crossesbetweenbrownhavingslowresponse
melanophores(BRsm)andblond(BcmR)

TheBRsmfishwerebrowninbodycolorand
theirmelanophoresconcentratedslowlylnthe
whitebackground.ABRsmfemalewasbredwith
aBcmRmale.TheFIProgenyWereallBR(45
fish).TheF2ProgenyWeredividedtoBR(165
fish),BcmR(53fish),BRsm(52fish)andBcmRsm

(15fish)inaratioof9:3:3:1(x2=0.60,p=0.9-
0.75).Thecmallelesareindependentofthesm
alleles.

12)Crossesbetweenbrown(BR)anddarkbrown
(BdmR)
ABRfemalewasmatedwithaBdmRmale.

TheFIProgenyWereallBR(57fish)･TheF2
progenywereBR(189fish)andBdmR(61fish)in

aratioof3:1(x2=0.04,p=0.9-0.75).Thedmgene
lSreCeSSIVe.

13)Crossesbetweendarkbrown(BdmR)and

orange-red(bR)
TheBdmRfemalewasmatedwiththebRmale.

TheFIProgenyWereBR(?95fish,881fish).
TheF2ProgenyWereSegregatedtoBR(?58fish,
852fish),BdmR(早17fish,822fish),bR(早19
fish,;23fish)andbdmR(95fish,;7fish)ina
ratioof9･.3:3･.1(x2=0.30,p=0.9510.9).Thesex
ratiowas1:1(x2=0.12,p-0.75-0.5).Thedm
allelesareindependentoftheballelesandare
autosomal･ThebdmRfishhaddispersedleuco-
phores.
14)Crossesbetweenblond(BcmR)anddark
brown(BdmR)
ABcmRfemalewasbredwithaBdmRmale.

TheFIProgenyWereallBR(52fish)･TheF2
progenywereBR(192fish),BcmR(62fish),
BdmR(50fish)andBcmdmR(22fish)inaratioof
9:3:3:1(x2=1.97,p=0.75-0.5).Thedmalleles
areindependentofthecmalleles.TheBcmdmR

fishhadintermediatemelanophoresinformand
sizebetweenonesofBcmRandBdmR.Their

leucophoresweredispersed(dmtype).
15)Crossesbetweenreddishbrown(BcoR)and
darkbrown(BdmR)
ABcoRfemalewasbredwithaBdmRmale.
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TheFIProgenyWereBR(66fish).TheF2Progeny
wereBR(188fish),BcoR(58fish),BdmR(62
fish)andBcodmR(llfish)inaratioof9:3:3:1

(x2=3.75,p=0.5-0.25).Thedmallelesdidnotlink

withthecoalleles･TheBcodmRfishhaddispersed
melanophoresandleucophoresandconcentrated

xanthophores.
16)Crossesbetweendarkbrown(BdmR)and

brownhavingdoubleanaljins(BDaR)
ABdmRfemalewasbredwithaBDaRmale.

TheFIProgenyWereBR(71fish).TheFIBRfish
hadlargedorsalfinhaving7114finrays,asthe
Dagenewasheterozygous･TheF2Progenycon-
sistedofBR(158fish),BDaR(41fish),BdmR(53
fish)andBDadmR(7fish)inaratioof9:3:3:1

(x2=7.58,p=0.1-0.05).Thedmallelesdidnotlink
withtheDaalleles.

17)Crossesbetweendarkbrown(BdmR)and

orange-reddishbrown(BdeR)
ABdmRfemalewasmatedwithaBdeRmale.

TheFIProgenyWereBR(71fish).TheF2Proge-
nyconsistedofBR(83fish),BdeR(30fish),
BdmR(26fish)andBdedmR(7fish)inaratioof

9:3:3:1(x2=0.81,p=0.9-0.75).Thedmallelesare
independentofthedealleles.
18)Crossesbetweendarkbrown(BdmR)and

yellowishorange-red(bdiR)
ABdmRfemalewasbredwithabdiRmale.

TheFIProgenyWereBR(92fish).TheF2Progeny
weredividedtoBR(84fish),BdiR(29fish),
BdmR(29fish),bR(31fish),bdiR(12fish)and
BdidmR(7fish)inaratioof27:9:9:12:4:3

(x2=1.48,p=0.75-0.5).Thedmallelesdidnotlink

withthedialleles.TheFlbRincludedbRand
bdmR,andbdiRdidbdiRandbdidmR.The

BdidmRfishhaddispersedmelanophores,xantho-
phoresandleucophores.
19)Crossesbetweendarkbrown(BdmR)and
bluishbrown(Bdx-1R)
ABdmRfemalewasmatedwithaBdxllR

male･TheFIProgenyWereBR(49fish)･TheF2
progenywereBR(168fish),BdmR(61fish),Bdx-
1R(46fish)andBdmdx-1R(14fish)inaratioof

9:3:3:1(X2-3.02,p=0.510.25).Thedmalleles
didnotlinkwiththedx-1alleles.

20)Crossesbetweenbluishbrown(Bdxl2R)and
darkbrown(BdmR)
ABdx-2RfemalewasmatedwithaBdmR

male･TheFIProgenyWereBR(91fish).TheF2
progenyconsistedofBR(51fish),BdmR(17fish),
Bdx-2R(14fish)andBdmdx-2R(5fish)inaratio

of9:3:3:1(x2=0.80,p=0.9-0.75).Thedmalleles
areindependentofthedx12alleles.
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21)CrossesbetweenbrownhavingajTewieuco-

phores(BjlR)anddarkbrown(BdmR)
ABjiRfemalewasbredwithaBdmRmale･The
FIProgenyWereBR(57fish).TheF2Progeny
wereBR(211fish),BdmR(82fish),BjiR(70fish)
andBdmjiR(30fish)inaratioof9:3:3:1(x2=

2.67,p=0.5-0.25).Thedmallelesdidnotlinkwith
thedx-2alleles.

22)Crossesbetweenbrownhavingsmallanaljin
(BfsR)anddarkbrown(BdmR)
ABfsRfemalewasbredwithaBdmRmale･
TheFIProgenyWereBR(36fish)･TheF2Progeny
wereBR(98fish),BdmR(28fish),BfsR(38fish)
andBdmfsR(9fish)inaratioof9:3:3:1(x2=
1.95,p=0.75-0.5).Thedmallelesdidnotlinkwith
thefsalleles.
23)Crossesbetweendarkbrown((BdmR)a･nd

brownlackingieucophoiTeS(BljiW
TheBlfRfishhadnovisibleleucophores
throughoutlife.ABdmRfemalewasbredwitha
BljRmale.TheFlprogenyWereBR(57fish)I
TheF2ProgenyWereSegregatedtoBR(96fish),
BdmR(26fish),BljR(31fish)andBdmljR(ll
fish)inaratioof9:3:3:1(x2=0.54,p=0.9-
0.75).Thedmalleleswereindependentoftheif
alleles.

24)Crossesbetweenvariegatedbrown(BmmRj
anddarkb和Wn(BdmR)
ABmmRfemalewasmatedwithaBdmRmale.

TheFIProgenyWereBR(65fish)ITheF2progeny
weredividedtoBR(105fish),BdmR(34fish),
BlrtmlH35fish)andBdltlfTtmR(lOfish)inaratio

of9:3:3:l(x2=l.65,p-0.7510.5).Thedmalleles
wereindependentofthemmalleles.
25)Crossesbetweendarkbrown(BdmR)and
brownhavingsmallirregularscales(BRrs)
ABdmRfemalewasbredwithaBRrsmale.

TheFIProgenyWereBR(39fish)･TheF2Progeny
wereBR(132fish),BdmR(38fish),BRZTS(34fish)
andBdmRrs(13fish)inaratioof9:3:3:1(x2=

2.08,p=0･75-0.5)･Thedmallelesdidnotlinkwith
thersalleles.

26)Crossesbetweendarkbrown(BdmR)and
brownhavingafewscales(BRrs-3j
TheBRrs-3fishhadafewlargescalesalong
thebasesofdorsal,analandcaudalfins,andmost
scaleswereabsent.ABdmRfemalewasmated

withaBRrs-3male.TheFIProgenyWereBR(46
fish).TheF2ProgenyWereSegregatedtoBR(68
fish).BdmR(20fish),BRrs-3(18fish)and
BdmRrs-3(3fish)inaratioof9:3:3:1(x2=3.27,

p=0.51).25).Thedmallelesareindependentofthe
rsl3alleles.

27)Crossesbetweenbrownhavingslowresponse
melanophores(Blhm)anddarkbrown(BdmR)
ABRsmfemalewasbredwithaBdmRmale.

TheFIProgenyWereallBR(57fish).TheF2Were
BR(83fish),BdmR(30fish),andBRsm(25fish)

inaratioof9:4:3探2=0.22,p=0.9-0.75),Thedm
allelesdidnotlinkwiththesmalleles.

28)Crossesbetweendarkbrown(BdmR)and
variegatedbrown(BRvc)
TheBRvcfishwerevariegatedbrowncaused
bythelocalabsenceofmelanophoresandleuco-
phores.ABdmRfemalewasmatedwithaBRvc
male･TheFIProgenyWereBR(42fish)･TheF2
progenyconsistedofBR(50fish),BdmR(17fish),
BRvc(20fish)andBdmRvc(6fish)inaratioof

9:3:3:1(x2=0.50,p=0.9-0.75).Thedmalleles
areindependentofthevcalleles.

Discussion

Whenthewildmedaka(BR)rearedinthewhite

background,thebodycolorbecomespalebrown
duetotheconcentrationmelanophores.Inthe
blackbackground,thebodycolorchangestodark
brownsincemelanophoresdispersestoassumea
dendriticform.Melanophoresinisolatedskins
dispersein1/7･5M NaClandconcentratein
li7.5M KCl.Onthecontrary,leucophorescon-
centratein1/7.5MNaClanddispersein1/7.5M
KCl.

TheBcmRfishexhibitednochangeofthebody
colorinthewhiteandblackbackgrounds,butthe
coloroffinsLChangedtopaleanddarkaccordingto
thebackgrounds.Inisolatedskins,mostmelano-
phoresremainedinapunctateformin1/7.5M
NaCl.Xanthophoresandleucophoresshowed
nomalcolorchanges.
MelanophoresandleucophoresoftheBdmR
fishdispersedinthewhiteandblackbackgrounds.
Afterlongadaptationtothewhitebackground(for
afewdays),theformofmelanophoresbecame
slightlystellatebutdidnotconcentratetoapunc-
tuateform.Inisolatedskins,melanophoresdidnot
concentratein1/7.5MKCl.Xanthophoresshowed
normalcolorchanges.Atembryonicandlarval
stages,melanophoresweredispersedandinertin
colorchange.Leucophoresexhibitednormal
response.Atabout10mmbodylength,inert
leucophoresappearedondorsumamongnormal
ones.Inertleucophoresincreasedinnumberand
graduallyreplacednomalones･
Indoublerecessive,BcmdmR,melanophores
exhibitedanintermediatecharacterbetweenBcmR

andBdmR.Melanophoresweresmallerinsize



Medakamutantscmanddm

thanonesoftheBdmRfish,andlargerthanones
oftheBcmR.Theywereincompletelydispersed
(stellate),butdidnotconcentratecompletely･
LeucophoresweredispersedlikeintheBdmRfish･
MelanophoresofBcmdmRweremadebyinter-
actionofthegenescmanddm.
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