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Abstract Therearetworeproductivefbmsin
cruciancarp,Carassiusauratuslangsdo7Jii.The
bisexualform producesfemalesandmalesina
ratioof1:1,whereastheunisexualfbm isrepro-
ducedgynogenetically･Amutantwithtransparent
scales(ne3)wasfoundinthebisexualform,which
belongedtothenealleles(+>ne3>ne).Intheuni-
Sexualform,fourtransparent-scaledfemales
resemblingtheneandne3mutantswerefoundin
thefield,butgeneticanalysistoconfirmtheirrela-
tionshiptothesegeneswasnotpossiblebecause
oftheirgynogeneticnature.Theirprogenieswere
transparent-scaledfemales.Insomecases,two
variantswithasimilarscaletransparencybutdif-
feringinthedistributionpattemofthetransparent

scalesamongthewholescalepopulationwere
segregatedintheprogenies.

Introduction

Naturalpopulationsofcmciancarpconsistof
bisexualandunisexualforms(Cherfas,1972;

YamamotoandKajishima,1984).Unisexual
femalesareinseminatedbymales,butthemale
characteristicsarenotinherited.Ⅰnthebisexual

form,thenacreous-liketransparent-scaledmutant
(ne)hasbeenanalyzed(Yamamoto,1977)･Onlya
smallamountofguanineisdepositediniridocytes
ofscalesandoftheeyereflectivelayerinthis
mutant.Thenegeneexertsnoeffectsonmelano-
phoresandxanthophores.

Ipurchasedinapetshopabisexualvariantof
thecruciancarpresemblingnebutdefinitelydif-
ferentfromit,andgeneticanalysesprovedthatthis
mutantne3belongedtothenealleles･Transparent-
scaledfishoftheunisexualformresemblingne

andne3Werealsopurchasedorcollectedfromthe

field,butgeneticanalysistodefinetheirrelation-
shiptoneandne3wasnotpossiblebecauseof
theirgynogeneticnature.Thispaperdescribesthe
resultsofgeneticanalysesandphenotyplC

expressionofthene3geneandotherne-andne3-
1ikegenes･Thesemutantgeneshavepreviously

beenlistedbyTomita(1992).

Materia一s

In1979,atransparent-scaledfemalewascol-
lectedfromthewestemsuburbsofNagoya.This
fishhadaconsiderablenumberofcompletely
transparentscalesamongstnomalscales.This
transparent-scaledcharacteristicwasdifferent
fromthenephenotype.Almostallscalesofthene
mutanthaveanattenuatedamountofguanine,
exhibitingnacreous-liketransparentappearance,
andnomal,metallicscalesarealmostabsent.

In1985,atransparenトsCaledmalewhichwas
verysimilarinappearancetothe1979femalewas
purchasedfromapetshopinNagoya.Thepropn-
etorofthisshoptoldthatthisfishhadbeencaught
inLakeBiwa.

In1988,atransparent-scaledfemalewasagain
collectedfromthewestemsuburbsofNagoya.
In1989,anacreous-liketransparent-scaled
female(ne-like)wasfoundinthewestemsuburbs

ofNagoya.
In 1992,a transparent-scaled female was
collected.

In1992,atransparenトscaledmalewaspur-
chasedfromapetshopinNagoya.Thisfishhad
beencaughtinShonaigawa(Shonairiver)in
Nagoya.

Altogether,onene-likefemalefishandthree
femaleandtwomalefishresemblingnebutdiffer-
1nginhavingsomecompletelytransparentscales
amongstnomalscaleswerethusobtained,and

theyweresubjectedtogeneticanalysis･

Results

Toassessthereproductivefbm,atransparenト
scaledfemaleinquestionwasmatedwithadom-

inanttransparent-scaledgoldfishmale(T/t)･Ifthe
femaleisbisexual,theprogenyshouldbesegre-
gatedintofishwithno-alscalesandthosewith
dominanttransparentscalesinaratioof1:1and
thesexratioshouldbe1:1.Ifthefemaleisunisex-

ual,theprogenyshouldbealltransparenトscaled
females.

A wild-typefemalewasmatedwiththe

transparent-scaledmale(ne3)purchasedin1985.
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TheFIProgenieswere12wildtype(female5,
male7).FourpairsoftheFlprogenieswereused

forthetestcrosses.TheF2Progeniesfromthefirst

palrWere18wildtypeand4ne3･ThesecondF2

progenieswere22wildtypeand2ne･ThethirdF2
progenieswere10wildtypeand3ne3･Thefourth

F2Progenieswerellwildtypeand3ne3･The
resultsindicatedthattheparentne3malewasthe
heterozygoteofneandanovelmutantgeneallelic
tonethatIdesignatedne3･
Twocrossesweremadebetweenthene3females
andne3malesthatwereobtainedintheabove

experiment.Inonecross,theprogenieswere23
ne3･Intheothercross,theprogenieswere14ne3
and4ne.Inthiscase,theparentfishwere

thereforetheheterozygotesofne3andne･Thene3
andnegenesarethealleles,andthene3geneis
dominantoverthenegene(+>ne3>ne).
Annefemalederivedfromthenemutantthat

wasestablishedbyYamamoto(1977)wasmated

withanne3maleproducedinthefirstexperiment･
Theprogenieswere9ne3and8neinaratioof

1:1･Theparentne3malewasthereforeheterozy-
gous(ne/ne3).
Thene3-likefemalecollectedin1979was

matedwitha71ggoldfishmale.Theprogenies
were16transparent-scaledfemales･Thene3-like

femalewasthereforegynogenetic･
Thene3-likefemalecollectedin1988was

matedwithaT/tgoldfishmale.Theprogenies
were14ne3-likefemalesand2(ne3-like)'females.
The(ne3-like)'femalesweredistinctfromthene3-
1ikefemalesinthatthemajOrltyOfscaleswere

transparentandonlyafewnomal,metallicscales
werepresent,contrastingwiththene3-likefemales
whichhadmanytransparentscalesbutthemaJOr-

1tyOfscaleswerenomal,amongstwhichthe

transparentscaleswerelocallydistributed.Oneof
thetwone3-likefemalesobtainedabovewas

matedwithaT/tgoldfishmale.Theprogenies
wereallne3-likefemales(36fish).

Theparentne3-likefemaleusedinthepreced-

1ngexperimentwasagainmatedwithanotherT/t

goldfishmale･Theprogenieswere65ne3-like
femalesandone(ne3-like)'female.Thene3-like

femalesproducedmostlythene311ikefemalesand
afew(ne3-like)'females.Thus,the1988ne3-like

femalereproducedgynogeneticallyandthepro-

geniesweresegregatedintotwoslightlydifferent

types･

Thenacreous-liketransparent-scaledfemale
(ne-like)collectedin1989wasmatedwithaT/(

goldfishmale.Theprogenieswere42ne-like

females,indicatlngthatthene-likemotherwasa

gynogeneticform.Thesene-likefemaleshadoften
afewmetallicscalesamongstthenacreous-like
transparentscales.
Thene3-likefemalecollectedfromthefieldin

1992wasmatedwithaT/tgoldfishmale.The

progenieswere60ne311ikefish(Thesexeswere

notdiscemedbecausethefishwerestilljuvenile
whenthispaperisbeingprepared).Thene3-like
motherwastherefわremostprobablygynogenetic.

Discussion

Twotypesoftransparenトscaledmutantshave
previouslybeendescribed,i.ら.,theincomplete
dominantrinthegoldfish(Chen,1928)andthe

recessivenacreous-liketransparenトscaledinthe
goldfish(n:Matsui,1993;g:Kajishima,1977)and
inthecruciancarp(ne:Yamamoto,1977).TheT
geneaffectstheexpressionofmelanophores,xan-
thophoresandiridocytes.TheThomozygote(T/I)
oftenlacksiridocytes,melanophoresandxantho-

phores,andshowstraIISparent,colorlessbody.The

rgeneexertsapleiotroplCactionontheplgment
cells.

ThenmutantofMatsui(1933)waslost.The
mutantgestablishedbyKajishima(1977)was
similartonofMatsui.Thegandnegeneshave

beeninferredtobethesamegene(Kajishima,
personalcommunication).
Ⅰnthepresentstudy,Ihavedescribedanovel
mutantgenene30fthecruciancarp,whichis
allelictone.Fourmoremutantswhichareappar-
entlyne-likeorne3-likewerefound,butwhether

theyareallelictoneorne3wasnotconfirmed
becauseoftheirgynogeneticnature.
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