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論 文 内 容 要 旨

Introduction

Theconservationofgeneticvariationisacomponentofmanyspecies

managementprograms.Tomanageanybiologicalresourceeffectively,

researchersmustidentifythelevelofgeneticvariationwithinandamong

populations.Ingeneral,severalconditionsareneededforconstantgene

frequenciesandgeneticvariabilityinapopulation:randommating,large

populationsize,nomigration,nomutation,naturalselectionshouldnotaffect
locusunderconsideration.However,alwaystherearesomeprocesseswhich

changethegenefrequenciesinthepopulation.Forthedetailedinvestigations

ofcauseswhichleadtothegeneticchangesinthepopulations,cultured

populationsshouldbeused.Comparisonofthegeneticvariabilityand

differentiationbetweenculturedandnaturalpopulationsofthesamespecies

couldprovidevaluableopportunitiestoexploretheinfluenceofartificial

selectiononapopulation.Lassofgeneticvariabilityandincreaseofgenetic

differenceswereobservedinthecomparisonofculturedstockswiththenatural

populationsincutthroattrout,masusalmon,blackrockfish,rainbowtroutand
Pacificherring.Ineachcase,thegeneticdriftand/orfoundereffectwere

assumedasacauseofthechangesandbecausetheinitialstocksizeandthe

numberofindividualsinvolvedinreproductionineachstockwereusually

smallcomparedwiththatofthenaturalpopulations.

Theguppy,Poeciliareticcelata,isoneoftheusefulmodelforstudyof

geneticsbecauseofitsshortlifecycle,largereproductivecapacity,andeaseof

breedingasanaquariumfish.Theguppyisnativetothecoastalstreamsand

riversofVenezuela,Guyana,Surinam,Barbados,Trinidad,Tobagoandparts

ofBrazil.Ithasbeenthefocusofmuchevolutionaryinterestandasmodelsof

theoreticalinterest.Byaquaristsmanyvarietiesoftheguppywerecreated,

differinginbodycolorpatterns,inshapeandcoloroffinsandtailinadult

guppymales.Now,manyculturedvarietiesarecreatedandcultivatedinJapan
andalsointroducedfromforeigncountriesintoJapan.Furthermore,some

guppiesadaptedtothevariousnaturallocationsinJapan,suchasstreamsand

pondsinthetropicalzoneornearofhotsprings.Thevarieties,whichwere
createdbasedonmorphologicaldifferences,alsohavegeneticdifferences

detectedbybiochemicalgeneticmarkersandsomephysiologicaltraits.Forthe

populationgeneticanalysistheenzymesdetectedbyelectrophoresisshouldbe
selectedasmarkers.Allozymeelectrophoresispermitquantitativeestimatesof

theamountanddistributionsofgeneticvariationbetweenandamong

populations.
Theaimofthisworkistheanalysisofgeneticchangesandtheirmaincauses

duringthestrainpreservationintheguppy,Poeciliareticulata,asafishmodel,

byallozymeelectrophoresis.Aninvestigationofthechangesitshouldbedone
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becausethestrainsarethegeneticresourcesbythemselvesandmaintainingof

thevariabilityofthestrainisanimportanttaskforthesuccessfulmanagement

program.Forthispurpose,theinvestigationwasdividedintofiveparts.

LThemodeofi曲e通tanceofisozymegenesintheg叩py。

Themodeofinheritanceofenzymegenes,whichwereusedforthestudy

wasinvestigated.Itwasdoneinordertoselecttheenzymes,whichcouldbe

easilyusedasmarkersforthestudyofgeneticfeaturesoftheguppy.Usingthe

enzymeloci,whichlocatedonthesexchromosomes,linkedlociorlociwhich

havenullallelemakesthecalculationmorecomplicatedandcouldalsoleadto

theincorrectresults.Severalculturedstrainsoftheguppy,maintainedas

closedcoloniesinourlaboratory,wereusedfortheexperiment.The16

enzymeswereusedandvariationwasobservedin70utof16enzymes.Total

of3210ciscoredpolymorphismwasobservedatthe810ci,namelyAat-1,Ak-

2,Ck-1,Gpi-2,Mdh-4,Pgm-1,Pgm-2andSod-2(Table1).Itwasconfirmed

againthattheMDHenzymevariationisduetoanullalleleattheMdh-410cus

anditwasassumedthattheAKenzymevariationisalsoduetoanullalleleat

theAk-210cus.Itwassuggesteddonotusetheseenzymesforthefuture

research.Theresultsofcrossexperimentsagreedwithexpectednumbersatthe

Aat-1,Ck-1,Gpi-2,Pgm-1,Pgm-2andSod-210ci,whichsuggestedthatthese

lociareundertheMendel'slaw.Sameresultswereobservedinreciprocal

crossesattheseloci,whichsuggestedthemtobelocatedonautosomes.Itwas

alsoindicatedthatinheritanceofthesepolymorphiclociisindependentofeach

other.The6polymorphicloci(Aat-1,Ck-1,Gpi-2,Pgm-1,Pgm-2andSod-2)
and24monomorphiclociwerethelociwhichwereselectedasamarkersfor

theinvestigation.

2.Geneticvariabilityandgeneticdifferentiationintheculturedstrains

incomparisonwithnaturallypropagatedpopulationsoftheguppy.

TheaimofthisChapterwastocharacterizegenetically,intermofgenetic

variabilityandgeneticdifferentiation,basedonenzymepolymorphismcultured

strainsoftheguppyincomparisonwithnaturallypropagatedpopulationsofthe

guppyofJapan.Thiscomparisoncouldbeusefulforanunderstandingofthe

influenceofartificialselectiononthestraincreatingandpreservation.Outof

3010ci,5polymorphiclociwereobservedinthe13culturedstrainsand6

polymorphiclociwereobservedinthe10naturallypropagatedpopulations.In
spiteofthefactthatrangesofvariabilityestimationsintheculturedstrainsand

inthenaturallypropagatedpopulationsshowedoverlapping,allaverage

estimationsofgeneticvariabilityinthe13culturedstrainswerelowerthan

thoseinthe10naturallypropagatedpopulations(Table2).Itwassuggested

一185一



thatthechangeswerebecauseofthefoundereffectand/orbottleneck,which

occurduringthestraincreating.VariabilityoftheTrinidadianwildpopulations

oftheguppywasatthesimilarlevelwiththatinthenaturallypropagated

populations(Table2).Theresultsofthisstudyshowedthattheculturedstrains

(GSTwasO.263)weremorediversifiedthanthenaturallypropagated

populations(GSTwasO.146)andthedegreeofthegeneticdifferentiationin

thewild'T'rinidadianpopulations(GSTwasO.400)alsowassignificantlymore

thanthatinthenaturallypropagatedpopulations,usedinthisstudy(Table3).

Theremarkabledlfferencesbetweenthenaturallypropagatedpopulat沁nsand

culturedstrains,andbetweenthewildandnaturallypropagatedpopulationsare

consideredtobetheresultsoftheinfluenceofthedifferentselectiontypesand

theintroductionsfromthedifferentorigins.

3.Geneticchangesoccurredduringthepreservationofthestrainsofthe

guppy・

ThisChapterconcernedwithgeneticchangesoccurredduringthestrain

preservationoftheguppy.Investigationwhetherthedecreaseofgenetic

variabilityandincreaseofgeneticdifferentiationintheculturedstrains

comparewiththoseinthenaturalpopulationscausedbyfoundereffectand/or

itwasbecauseofthelongmaintenanceinthelaboratory,geneticfeaturesof

theculturedstrainswereinvestigatedintermoftimeofstrainpreservation.

Thecomparisonofthegeneticvariabilityandgeneticdifferentiationinthe6

01dculturedstrains(collectionwasmadein1993,whenthesestrainshave

beenmaintainedinourlaboratoryforabouttenyears),withthoseinthe7new
culturedstrains(whichhavebeenmaintainedinourlaboratoryfortwotothree

yearswhencollectionwasmade)couldanswerthequestiondidthegenetic
featuresofculturedstrainschangeduringthemaintenanceorthepresentlevel

ofthegeneticvariabilityanddifferentiationwasthesamewiththatatthepoint

ofstrainintroduction.Inspiteofthefactthatrangesofestimationsof

variabilityinthe601dculturedstrainsandinthe7newculturedstrainsshowed

overlapping,allaverageestimationsofgeneticvariabilityinthenewcultured

strainswerehigherthanthoseintheoldculturedstrains,howeverwerelowex

thanthoseinthenaturallypropagatedpopulations(Table4).Comparingofthe

geneticvariabilityforthe601dculturedstrains(collectiondataof1993),with

thatforthesame601dculturedstrains(collectiondataof1987),whichhave

beenmaintainedinourlaboratoryfortwoyearswhencollectionwasmade

(datawasrecalculatedonthebasesofallelefrequenciesatthe2210ci)showed

lowerestimationsforthe601dculturedstrains,collectiondataof1993(Table

4).Negativecorrelationbetweenheterozygosityandtimeofmaintenance(r=一
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0.546,n=13,P<0.10),wasfoundbyusingdataoftheoldculturedstrainsand.

newculturedstrains,collectiondataof1993(Figure1).Thisindicatesthat
duringthelongstrainpreservation,geneticvariabilitywillbedecrease,if

duringthemaintenanceithasbeendonenothingtoincreasethegenetic

variability.Itcouldbeexplainedbygeneticdrift,whichwascausedby

decreasingofeffectivepopulationsize,W111Choccurduringthelong

maintenanceofthesestrainsinthelaboratory.TheCJSTestimationforthe6

01dculturedwashigher(GSTwasO.310)thanthatforthe7newcultured

strains(GSTwasO.122)('T'ableS).InspiteofthefactthatGSAestimationsfor

the601dcultured,collectiondataof1987(GSTwasO.328)andforthe601d

culturedstrains,collectiondataof1993(GSTwasO.325)didnotchange

duringmaintenance(Table5),theincreasingofgeneticdifferentiationfor
severalculturedstrainsduringthelongpreservationwasfound(r=0.866,n=6)

(Figure2).

4.Geneticvariabilityinthellsnb-strainsoriginatedfromtheone

culturedstrainoftheguppy.
'Theinformationaboutinitialnumberofindividualsusedforthestrain

creationandgeneticchangesoccurredatthebeginningofthisprocesscouldbe

veryusefulforthebreedingmanagementandprogramofgeneticconservation.

Inourlaboratorythesub-divisionofthellsub-strainsfromtheonecultured

strainoftheguppywasmadeexperimentallybyartificialselection.Theaimof

thisChapterwastoanalyzethegeneticvariabilityinthellsub-strains

originatedfromtheoneculturedstrainoftheguppy.Itwasfoundthatinthell

sub-strains,atthethreepolymorphicloci,theallelefrequenciesoftheeach

sub-strainfluctuatedwidely.However,therewerenosignificantdifferences

betweentheallelefrequencyoftheoriginalstrainandthemeanallele

frequencyofsub-strainsateachlocus(Table6).Theaverageheterozygosities
ofeachsub-strainfluctuatedandwerelessorthesamelevelthanthatofthe

originalstrain(Table6}.Nocorrelationwasobservedbetweenthetimeafter

subdivisionanddecreaseofthegeneticvariability(Figure3).Itwasshownthat

theestablishmentoftheguppysub-strainbysmallnumberofparentsleadsto

thestrongfoundereffect,whichaffectsonthechangesoftheallelefrequencies

atthepolymorphiclociofthissub-strain.

5.Geneξicdi鞭rentiationint㎞ellsub・strai賑sorig隻natedfromtbeo聡e

culturedstraanｮftheguppy.

Informationaboutthelevelofthegeneticdifferentiationinthepopulations

whichweremadefromthesameorigincouldbeusefulforthebreeding
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managementandprogramofgeneticconservation.InthisChapterthegenetic

differentiationinsub-strainsoriginatedfromtheoneculturedstrainofthe

guppyandcauses,whichleadtothegeneticchangesinculturedstrainswere
analyzed.GSTbetweentheS3strainandthemeanofllsub-strainswasO.083

andestimationamongthellsub-strainsestimationwasO.171(Table7).The

HTvaluefortheS3strainandthemeanofllsub-strainswasthesamelevel

withthatforthellsub-strains,howevertheIISvalueforthellsub-strains

waslower,whichleadtothelargerCASTvalue.Thisphenomenonindicates

thatthegeneticconstitutionofthemeanofthellsub-strainswasnotdifferent

fromthatoftheoriginalstrain,however,genefrequenciesineachsub-strain

werewidelyfluctuated.GSTamongthellsub-strainswasthesamelevelwith

theestimationforthenewculturedstrains(Table5).Theestablishmentofthe

guppystrainbysmallnumberofparentsleadstothestrongfoundereffect,

whichaffectsonthechangesoftheallelefrequenciesatthepolymorphicloci

ofthisstrain.Inthecaseofestablishmentoftheguppystrainbythelarge

numberofparents,duringmaintenanceofthisstrainbygeneticdriftthe

changesoftheallelefrequenciesatthepolymorphiclociinthestrainwill

occur.

Conclusion

Atthepresentstudyitwassuggestedthatacreatingofthestrainbyalarge

numberofparentsleadstothefoundereffect,whichinfluenceonthegenetic

featuresofthestrainwouldbesmallerthanthatofthegeneticdriftduring

maintenance.Ontheotherhand,itwasshownthatacreatingofthestrainbya

smallnumberofparentsleadstothestrongfoundereffect,whichinfluenceon

thegeneticfeaturesofthestrainwassuggestedtobegreaterthanthatofthe

geneticdriftwhichcouldoccurduringthepreservationofthestrain(Figure4).
Stockenhancementprogramscanuseprinciplesofpopulationgeneticsand

animalhusbandrytomanageresourcesandmaintaingeneticvariation,while

conservationprogramscanusetheprinciplestoevaluateandmaintaingenetic

diversityofwildstocks.Itisoftendifficulttoacquirealargenumberof
individualstofoundanewhatcherypopulation,buttoignoretheexpected

reductioningeneticvariationduetosmallpopulationsizeistoincreasethe

probabilitythatthehatcheryprogramwillfailtoachieveitsobjectives.
Restrictionofpopulationsizeandgeneticdriftresultinlossofgeneticdiversity
andfixationofundesirablegeneswithinstocks,leadingtoincreasedinbreeding

levels.'Foimprovethegenepoolandminimizetheundesirableeffectsof

inbreeding,fishfarmersmustunderstandtheimportanceofpracticinggenetic

broodstockmanagement.
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Table1.Fullnames,abbreviation,E.C.numbersandgeneticvariationofenzymes

usedasmarkersinthestudy.

Enzymes AbbreviationE.C.number Loci Variation

Aspartate

Aminotransferase

AdenylateKinase

CreatineKinase

Fumarase

α一Glycerophosphate

Dehydrogenase

Glucosephosphate

Isomerase

Isocitrate

Dehydrogenase

LactateDehydrogenase

MalateDehydrogenase

MalicEnzyme

Mannosephosphate

Isomerase

OctanolDehydrogenase

6-Phosphogluconate

Dehydrogenase

Phosphoglucomutase

SorbitolDehydrogenase

SuperoxideDismutase

(AAT)

(AK)

(CK)

(FH)

(aGPD)

(GPI)

(IDH)

(LDH)

(MDH)

(ME)

(MPI)

(ODH)

(6PGD)

(PGM)

(SDH)

(SOD)

2.6.1.1.

2.7.4.3.

2.7.3.2.

4.2.1.2.

1.1.1.8.

5.3.1.9.

1.1.1.42.

1.1.1.27.

1.1.1.37.

1.1.1.40.

5.3.1.8.

1.1.1.73.

1.1.1.44.

5.4.2.2.

1.1.1.14.

!.15.1.1.

Aat-1

Acrl-2,Aat-3

A丸 一1

Aん 一2

Cた 一1

Cん 一2

勘

αGμ4

αG餌 一2

Gpi-1

Gpi-2

1励 一1

、19乃一2

L融 一1

L4乃 一2,L4乃 一3

一ルノ4乃一1,ル ∫4乃一2

M励 一3

ルf盈 一4

Me

吻'

04乃 一1,04乃 一2

6Pgd

Pgm-!

P9朋 一2

5'4乃一1,54乃 一2

Sod-1

Sod-2

P

M

M

群

P

M

M

M

M

M

P

M

M

M

M

M

M

F

M

M

M

M

P

P

M

M

P

*Locuswasnotusedforthestudy
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Table2. Geneticvariabilityinculturedstrains,naturallypropagatedandwildpopulationsoftheguppy .

Group

Nロmber

ofNo.

strainsof

orfoci

locations

P V P+V 肌 H

Japan Cultured

strains

Naturally

propagated

populations

13

io

30

30

0.082

(0.033-0.100)

0.133

(0.067-0.200)

o.oos

(0-0.033)

o.oio

(0-0.033)

0.090

(0.067-0.133)

0.143

(0.100-0.200)

1.玉0

(1.07-1.13)

1.16

(1.10-1.23)

0.029

(0.006-0.043)

0.041

(0.022-0.059)

Trinidad* Wild

populations

11 24 0.12ユ

(0.042-0.167)

0.038

(0一α083)

0.159

(0.083-0.208)

1.23

(1.13-1.33)

o.oas

(0.018-0.083)

*DatafromCarvalhoetal.(1991).Shawetal.(1991)andShawetal.(1992).
Rangeisenclosedin().

Table3. Geneticdifferentiationinculturedstrains
,

oftheguppy.

naturallypropagatedandwildpopulations

Group

Number

of

strains

or

locations

No.of

loci HT HS GSで*

Japan

Cultured

strains

13 30 0.038 0.028 0.263

Naturally

propagated

populations

10 30 o.oas 0.041 0.146

Trinidad*

Wild

populations

11 24 0.080 0.048 0.400

*DatafromCarvalhoetal.(1991),Shawetal.(1991)andShawetal.(1992).
**GgT=(HT-HS)/HTwhereHTrepresentsthegeneticdiversityinthetotalpopulation

andHSrepresentstheaveragegenediversitywithinpopulations.
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Table4.Geneticvariabilityinculturedstrainsandnaturallypropagatedpopulationsoftheguppy.

Group

Collection

date

Number

ofNo.

strainsof

orloci

locations

P v P+V A/L H

Oldcultured

strains

Newcultured

strains

1993

1993

1987*

1993,1997

6

∠
U

r
D

7

0

り乙

2

0

3

2

2

3

0.067

(0.033-0.100)

0.091

(0.045-0.136)

0.106

(0.091-0.181)

0.095

(0.067-0.100)

0.006

(0-0.033)

0.008

(0-0.045)

o.oos

(0-0.045)

0.009

(0-0.033)

0.03

(0.067-0.100)

0.099

(0.091-0.136)

0.114

(0.091-0.181)

aios

(0.067-0.133)

1.08

(1、07-1.10)

1.09

(1.09-1ユ1)

1.13

(1.09-1.23)

1.11

(1.07-1.13)

o.oao

(0.006-0.035)

o.oa7

(0.008-0.048)

0.043

(0.033-0.061)

0.036

(0.023-0.043)

Naturally

propagated

populations

1993,1996

1997

10 30 0.133

(α067-0200)

o.oio

(0-0.033)

0.143

(0.100-0.200)

1.16

(1.10-1.23)

0.041

(0.022-0.059)

*DatafromMacaranasandFujio(1990) .
Rangeisenclosedin().

Table5.Geneticdifferentiationinculturedstrainsandnaturallypropagatedpopulationsof

theguppy.

Group

Collection

date

Number

of

strains

or

locations

No.of

loci HT Hg G忌T**

Oldcultured

strains

Newcultured

strains

1993

1993

1987*

1993,1997

6

〆0

〆◎

7

0

2

2

0

つ
⊃

(∠

2

弓」

0.029

0.040

0.064

0.041

o.ozc

O.027

0.043

0.036

0.310

0.32

0.328

0.ia2

Naturally

propagated

populations

1993,1996

1997

10 30 0.048 0.041 0.146

*DatafromMacaranasandFujio(1990) .
**GST=(HT-HS)/HT

,whereHTrepresentsthegeneticdiversityimhetotalpopu!ationandHS
representstheaveragegenediversitywithinpopulations.
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Table7.Geneticdifferentiationinllsub-strainsoriginatedfrom

theoneculturedstrainintheguppy.

Group

Number

of

strains

orsub-

strains

HT HS GST*

S3strain

andllsub-

strains

2 0.036 0.033 0.083

11sub-

strains

produced

fromS3

strain

11 0.035 0.029 Q.171

*GST=(HT-HS)/HT
,whereHTrepresentsthegeneticdiversity

inthetotalpopulationandHSrepresentstheaveragegenediversity

withinpopulations.
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Conclusion:

Decreaseofgeneticvariabilityandincreaseofgeneticdifferentiationduring

thelongpreservationwerefoundforculturedstrainsoftheguppy.

Geneticchangesoccurredduringthepreservationofculturedstrainswere

suggestedtobecausedbyfoundereffectand/orgeneticdrift.

Straincreating

Largenumber

ofparents

〆

Foundereffect

＼
顔

＼ Smallnumber

ofparents

Foundereffect

Strainmaintenance

＼

/

Geneticdrift

Foundereffect

Geneticdrift

/ 謬 Geneticdrift

Foundereffect

v

Geneticdrift

Fig.4.Conclusionofthestudiesongeneticchangesoccurredduring

preservationofstrainsintheguppy,Poeciliareticcclata.
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論 文 審 査 結 果 要 旨

現在,様 々な魚介類が養殖化され,生 涯を人為管理下におかれるものも存在するようになった。人為

管理下では再生産に用いる親魚数が減少するため遺伝的多様性が低下する事が指摘されているが,実 験

集団を用いての遺伝的変化 とその要因を実証する試みはなされていない。本研究は,魚 介類養殖におけ

る継代飼育にともなう遺伝的多様性低下現象を念頭において,グ ッピーをモデル魚 としてそれらの系統

維持過程での遺伝的変化とその要因を明 らかにすることを目的としている。

第一章では,本 研究で遺伝マーカーとして用いる,ア イソザイムの遣伝様式の検証を試みている。グッ

ピーの16酵 素を支配する30遺伝子座のうちの多型的6遺 伝子座に関 して交配実験を行い,い ずれの遺伝

子座 もメンデルの法則から期待 さ乳 る期待値と観察値は一致 してお り,集 団遺伝学的分析 を行 う上で有

効マーカーであることを確認 している。

第二章では,グ ッピーの継代飼育系統 と自然繁殖集団の遺伝的多様性の比較研究を行 っている。継代

飼育系統の遣伝的変異性は平均ヘテロ接合体率,多 型遺伝子座の割合などでみるかぎり,自 然繁殖集団

よりも低い値を示 した。系統問および採集地問での遺伝的分化を比較すると継代飼育系統問の遺伝的分

化の方が自然繁殖集団間よりも大 きな値を示 した。

第三章では,グ ッピーの継代飼育に伴 う遣伝的変化 を追跡研究 している。研究室に導入された品種を

クローズ ドコロニーとして継代飼育 したところ,ク ローズ ドコロニーとして維持されている期間と遺伝

的変異性 との間には弱い負の相関が観察され,維 持 されている期間が長いほど遺伝的変異性が低下する

傾向が見 られ,系 統間の遺伝的分化は分割 されてからの時間が長いほど大 きかった。

第四章ではグッピーの系統作成に伴 う遺伝的変異性の低下を追跡研究 している。一つの系統を起源と

して11の 副次系統を作成 し,遺 伝的変異性の変化を調べ,そ れぞれの遺伝子頻度が元系統の遺伝子頻度

を中心としてぱらついていること,さ らに,元 集団 と有意に異なる対立遺伝子頻度 を持つ遺伝子座が観

察された。しか し,全 ての副次系統の遺伝子頻度を平均すると元系統の遺伝子頻度 とほぼ同 じ値 となる

ことが判明した。また,平 均ヘテロ接合体率は全ての副次系統が元系統よりも低い値 を示す とともに,

創始者効果も観察された。

第五章では,'グ ッピーの系統作成における遺伝的分化の要因について解析 している。一系統を起源と

して副次系統を作成 したところ,副 次系統問の遺伝的距離は地方品種 レベルの分化程度を示すケースが

見 られた。作成 されてからの時間と副次系統問の遺伝的距離との関係を調べたところ有意な相関は観察

されず,こ こでも創始者効果が確認 された。

継代飼育に際 して,親 魚数が少ない場合創始者効果が大 きく影響 し,時 間とは無関係に大きな遺伝的

変化が生 じること,多 くの親魚を用いる場合は時間の経過に伴いゆっくりとした変化が生じることが解

明 された。

以上の研究結果は,水 産遺伝 ・育種学分野の学問的向上に寄与するだけでなく,水 産増養殖における

再生産に関する遺伝的管理技術の改善において極めて有用な情報 を提供することは明らかである。よっ

て,審 査委員一同は本論文の著者を博士(農学)の学位を授与するに値するものと判定 した。
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