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INDUCTIONOFMUTATIONSBYENUINTHEMEDAKA
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YujiIshikawa,YasukoHyodoITaguchi,KazukoAoki,TakakoYasuda,AtsukoMatsumoto,and
MotoeSasanuma

DivisionofBiology,NationalInstituteofRadiologicalSciences,Chiba26318555,Japan.

Here,Wereportamethodforchemicalmuta一

genesisofthemedaka(0り′Ziaslatipes)usingN-
ethyLN-nitrosourea(ENU).

Sincethechorionsandembryonicstructuresare
transparentinthemedakaandzebrafish(Danio

rerio),themorphologicalphenotypescanbe

examinedthroughouttheentireperiodofdevelop一
mentinthesefishes.Thisadvantagehasenabled

investlgatOrStOSuccessfullyperform large-scale
mutagenesisinthezebrafishtostudygenescon-

trolling developmentin vertebrates(Solnica-
Krezeletal.,1994;Mullinsetal.,1994;Haffteret

al.,1996;Drieveretal.,1996).However,nosuch

studieshaveyetbeenperformedinmedaka.
AccordingtoNelson(1994),theteleostscon-
tainfourmajorSubdivisions,theOsteoglossomor-

pha,Elopomorpha,C1upeomorpha,andEuteleostei
(themostrecentlydevelopedteleosts).Bothmedaka
andzebrafishbelongtotheEuteleostei.Themedaka
(anorderoftheBeloniformes)belongstothesuper-

orderAcanthopterygll,themostnumerousand

recently developed group in the Euteleostei
(Nelson,1994;Naruse,1996).Ontheotherhand,

thezebrafish(belongingtotheorderCyprini-
formes)doesnotbelongtothesuperorderAcan-
thopterygiibuttotheOstariophysi,arelatively
"OldHgroup,intheEuteleostei.

Theostariophysanteleostsihcludingzebrafish
belongtothemostderivedgroupofteleostsand

mayhavehadaunlqueandspecificevolutionary
historyamongtheEuteleostei(Northcuttand
Wullimann,1988;StriedterandNorthcutt,1989).

Itiswellknownthatmanyostariophysans,such

asCarassiusauratusandCyprlnuSCaPrio,have
tetraploidicorigins(Ojima,1983;seealsoFujii
andOjima,1983).Postlethwaitetal.(1994)esti-

matedtheentirelengthofthezebrafishgenometo
beapproximately1700Mb,whichcorrespondsto

abouttwicethatofthemedakagenome(Uwaand

lwata,1981;Tanaka,1995).Itisreportedthatthe

zebrafishhassevenHoxgeneclustersprobablyas

aresultofentiregenomeduplication(Amoreset
al.,1998).Ontheotherhand,thepufferfish

(Acanthopterygii)hasfour,asdotypicalterrestrial
vertebrates (Amores etal., 1998;seealso

Wittbrodtetal.,1998).Ifmanydevelopmental
geneshavetwononalleliccopleSthatarefunction-
al,itmaybedifficulttorecoverallclassesof

developmentalmutationsinthezebrafish.
Itisofinteresttodeterminewhatclassesof

developmentalmutationsarerecoveredinthenon-

ostariophysans,suchastheacanthopteryglanS.We
havestudiedgeneticmalformationsinducedby
environmentalmutagensinthemedaka,andstarted

apilotscreenofmedakadevelopmentalmutants
(Ishikawa,1996;1997;IshikawaandHyodo-
Taguchi, 1995;1997;Ishikawaetal.,1997).
AmethodfortheinductionofmutationsbyX-ray

irradiationwasreportedpreviously(Ishikawaand
Hyodo-Taguchi,1997).Here,wereportamuta一

genesismethoduslngENU.Accordingtothis
method,visiblemutationsarerecoveredatthe

frequencyofabout0.82mutationsperslngle
mutagenizedspermatogonia.

Preparation

1.Fishandbreeding.･Amedakainbredstrain,

HO4C(Hyodo-Taguchi,1980,1990;Hyodo-
TaguchiandSakaizumi,1993)isused.This

orange-redvarietystrainhasbeenmaintained

byfullsiblingmatlngfor80generations,and

theprobabilityofhomozygosltyWithinthe
strainisgreaterthan99% (Hyodo-Taguchi,
1980,1990;Hyodo-TaguchiandSakaizumi,
1993).Fisharebredandraisedunderstandard

conditions:about10fisharekeptin3litersof
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stillwaterina64-plasticvessel,andmaintain-
edunderconstantwatertemperature(26-
29oC)andphotoperiod(14-hlight/10-hdark

cycle).Thefisharegivenpowderedfishfood
(Tetra-min,TetraWerkeCo.,Mells,Gemany)

onceaday.Undertheseconditions,thefish

maturesexually3-6monthsafterhatchingand

begintodisplaymatlngbehavioratthebegin-

nlngOfthelightperiod.Severalsingle-palr

crossesarerequiredtobetestedinadvance,
andonlysuccessfulpalrSareusedinthe
experiment.
2.Adissectionmicroscope(forexample,Nikon
SMZ-10).

3.AnisopacbottleofN-ethyトN-nitrosourea(N-
nitroso-N-ethylurea,ENU,Sigma,N3385,1g).

4･Methyleneblue.
5.Distilledwater.

6.A100-mlsyringe(Terumo).

7.Several10-mlsyringes(Terumo).
8.Ten300-mlgrassvessels.
9.A3-4beaker.

10.Afishnet(madeofafinenylonmesh).

11.Six-eplasticvesselsforkeepingfish.
12.Six一cm-diameterpetridishes.
13.Papertowels.

Chemicaltreatment

Allworkshouldbeperfomedinachemical
hoodwithapproprlateprotectiveclothing.After

use,solutionscontainlngENUandtheglassware
usedtoholdENUshouldbeinactivatedbytreat-

mentwith5%sodiumhydroxidesolutionaccord-

1ngtOtheSafetyDataSheetsforCarcinogenic
Substances(SafetyDataSheetsfortheDHEW
GuidelinesfortheLaboratoryUseofChemical

SubstancesPosingaPotentialOccupationalCar-
cinogenicRisk,1979).

1.Injectdistilledwater(looml)intoanENU

bottlewitha100-mlsyrlngeandincubatefor1
hrwithoccasionalshakingtodissolvethe
ENU,

2.Remove2.4mloftheENUsolutionfromthe

sealedbottlewitha10-mlsyrlngeandaddto
97.6mlofdistilledwaterina300-mlglass
vessel.ThefinalconcentrationoftheENUis2

mM,andthesolutionshouldbeusedimmedi-

ately.Typically,10ENU solutionsarepre-
paredinglassvesselsinadvance.
3.Transferamalefishintothe3001mlglassvesI

selcontainlng2mMENUandletitswimfor

2hr.Typically,10fishareindividuallytreated
inthismanner.

4.Attheendofthetreatment,removethemuta一

genizedfishfromthevesselwithafishnet.
5.Washthemutagenizedfishseveraltimeswith
distilledwater.

6.Transferthetreatedfishtowater(14)in6-4
plasticvesselsandletthemswimandrecover

for4hr.Untilthisstepabout25%ofthetreat-
edfishmaydieduetothetoxiceffectsof

ENU.Onlyhealthymalefishareusedfor

three-generationcrosses.

7.Attheendoftheexperiments,pourallsolu-
tionscontainingENUintoconcentratedsodi-

umhydroxidesolutionina3p-beakertoinac-
tivatetheENU.

Three一generationcrosses

Aschematicillustrationofthethree一generation

crossesisshowninFig.1.
I.Pair-mateeachmutagenizedmalefishwithan

untreatedfemalefishtoproduceFleggs.
According to Egamiand Hyodo-Taguchi
(1967),thetreatedstageofspermatogenic

cellsispredictedfrom thenumberofdays
afterENUtreatment.Eggslaidat1-3days,
4-9daysand30-36daysafterENUtreatment
areconsideredtohavebeenfertilizedby

ENU-treatedspem,spermatidsandspermato-
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Figure1.Schematicillustrationofthree-generationcrosses.A

recessivemutation(asterisk)inamalegermcellintheparental

generationisdriventohomozygosltyintheF3generation.

DominantlethalsareindicatedbyD.



Chemicalmutagenesisinthemedaka

gonia,respectively.Ahighmutationrateis
recoveredineggsfertilizedbyENU-treated

spermatogonia･
2.RaisetheFleggstOadultfish.

3.Pair-mateeachFlfishwithanuntreatedpart-

nertoobtainF2eggs.
4.RaisetheF2eggstOadultfish.

5.Perform severalslngle-palrCrossesbetween
siblingsforeachF2progeny.
6.Collecteggs(F3)Seperately.

DetectionofmorphologlCalmutations

1.Rubeggclustersbetweentwosmallpiecesof
papertoweltoisolateslngleeggs.
2.Placeslngleeggsina6-cmpetridishcontainl
lng3mlofdistilledwatersupplementedwith
O.00001%methyleneblue.

3.Observeembryosonceadayunderadissec-
tionmicroscopetoscorethephenotypes,until
normalfryhatchatabout7110daysafterfer-
tilization.

4.A phenotypeisconsideredtorepresenta
recessivemorphologlCalmutationifabout
25%ofallembryosdevelopaconsistentsetof
defectsbeforedeathorexhibitcomparableab-
normalitiesathatching.
5.ThespontaneousmalformationfrequencylS
5.6%(IshikawaandHyodo-Taguchi,1997).
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