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8. キイロショウジョウバエにおけるパラチオン抵抗性の迫伝学的研究.ⅠⅠ.感受性遺伝子

より抵抗性遺伝子の誘発 古川禿yj(大阪大学床学部氾伝学%krl,:)39.7.16受理

節1報でのべたようにキイロショウジョウバエにおけるパラチオン班抗性は第 2染僧 休の 6415の

位置に存在する優性退伝子によってひきおこされるI.この磁性迫伝-7･をホモまたはへテロの_状態にも

つ個体は DDT,BHC,ディル ドt)ン,マラチオン等に対し交差抵抗作を示す.しかしフェニールチ

オ尿素およびそのハロゲン誘導体に対しては却って感受性である.

著者はかような特性を示す パラチオン抵抗性迫伝子が果して突然変州にJ:って娼fql牲氾伝子から

誘発されるか石かを調べるT:め, 現在最 も感受性と思われる Canton･Sの系統に Ⅹ 紙を冊射して

その子孫を調正した.･その気ti汎 一つの申田鹿の拭抗性を示す系統をtlrJろことができた. この系統

!こついてinに-T･分析を行っT=ところ.これまでに見山されたパラチオン舵抗性の系統と同じく耶2染

色体の 64.5の化班にある感受性氾伝子が突貫烏変只をおこして舵抗性になった'ものであることを椛め

T=.

この系統からは自然的にもっと強い抵抗性を示す系統 も生じたが,反対にもとの Canton･Sと同

和皮の感受性を示す系統に復帰することもあった.つまり感受性の迫伝子が払い拭抗仕出にIT･に変わ

る場合,一段階ではおこらず非常に不安定な中程度のものをへておころことがわかった.

以上の結果のほか,A.この買験から推零されることとして前にのべた交差拡抗性を示しT=りPTUに
却って感受性という現象も一つの退伝子の変化によってひきおこされること,ま1=tI_r非のJh地にみら

れるパラチオン抵抗性の系統は大部分各地方で独立に砥抗性の突然変只がおこって/Jiじ1=ものであ

ろうということが推論さ.れた.

IntroductioTt

As reported in my previous paperl),the

resistancetoparathion in D.metanogasLeris

mainlycontrolledbyadominantgenelocated

at64.50nthesecondchromosome.Aflycarrying

thisdominantgeneinahomozygousorina

heterozygousstateshowscross-resistancetoDDT,

BHC,Dieldrin.Malathionetc.Ofgreatinterest

isthefactthatsucharesistantflyissusceptible

tophenylthiourFaanditshalogenderivatives2･8).

lTowever,thereisstillnodatum astothe

originoftheresistancegeneitself. Thisled

metodothefollowingexperiment.

MzLteri818ATtdMethods

Sinceitwasthemostsusceptiblestrainto

parathion,theCanton･Sstrainwasusedasthe

material Otherappropriatestrainswerealso

usedastheoccasiondemanded.Thetestmethod

wasthesameasthatusedinmypreviouspaperl).

ExperimeTttAIre別llt息

AdultmalesoftheCanton.Sstrainweretreated

withX･raysof2000rand3000rrespectively,then

matedtonon･treatedvirginfemalesofthesame

strain.TheFlfirstinstarlarvaewereraised

onamedium containing0.5p.p.m.parathion.

TlleresultisshowninTable1.

'Tablel･ Inductionofparathion･resistance
genebyX･raytreatment.(Selectedwith
O.5p.p.m.parathion).

Source lLarvaetested Survivors

Control

2000r

3000r

25,000 0_

12,500 2(♀1,♂1)

16,000 2(♀1,♂1)

Asshowninthistable,fouradultfliessurvived

intheexperimentalseries.Amongthesesurvivors.

onefemalederivedfrom the3000rtreatment

wasdeadbeforelayingeggs.Theotherthree
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flieswerematedtocn(cinnabar,2-57.5)RI'

.(parilthion･susceptible,2-64･5)bw (brown,一̀2:

104.5). TheFlmalesofeachmatingshould

havethegenotypicconstitutionofeithercn+

bLL･/+++,LorCn+bw/+RI+,in.thecasewhere

arcistancegene(RI)wasactuallyit!ducedfrom

itsSusceptiblealleleoftheCanton･Sstrain･

Theneachmalederivedfromthethreesurvivors

wasmatedtoavirgincn(cinnabar,2-57.5)Cy

(Curly,.2)/Tft(Tuft,2)parathion･susceptible

female･Amongthet)rogeny,onlyCyphenotypic

flieswereselected,andtheywerecrossedinter

sc.Fromtheprogeny,onlywildtypeflieswere

selected,andbrother･sistermatingswereper-

formed.ThuseightstrainsofeitherRI'/RI'or

RI/RIwereestablishedfrom eachsurvivor,so

thattwenty･fourstrainswereobtainedinall.

Itwasexepectedthathalfofthemwouldbe

resistant.whiletheremaininghalfsusceptible.

Contrary tothisexpectation,themajorityof

them weresusceptibleornearlyso.andonly

onestrainderivedfromthemalesurvivorofthe

2000rtreatmentshowedresistancetoparathion.

Atthattime.therewasnoclearexplanationas

tothiscuriousphenomenon.Theresistantstrain

wasnamed "R18り.and propertiestovarious

insecticideswereexaminedincomparisonwith

thoseoftheHikonestrain(themostresistant

straintoparathion)andoftheoriginalCanton･S

strain.TheresultsarerepresentedinTables2

and3.,

Table2. Degreesofresistancetovarious

･insecticides.(Percentageofsurvivors).

strain iHikone RI8 Canton･S

0.0p.p.m.

0.25p.p.m.

Parathion-0.5p.p.m.

1.0p.p.m.

1:5p.p.m.

96.5 84.0 90.0

93.0 62.5 ･0.0

91.0 68.5ー 0.0

85.5 57.0 0.0

87.5 51.5 0.0~

BIiC 10p.p.m.175 41 3

pTU★ ` 3mM lo l1 -54

200larvaewereusedforeachtestofparathion

experiments.
1001aravewereusedforeachtestofBHCA

andPTUexperiments.

★PTU-pbenylthiourea
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Table3. Degreesofresistancetovarious

insecticides.(Percentageofsurvivors).

strain- FHikone RI8 Canton･S

0.0p.p.m.

1.0p.p.m.

Parathion2.0p.p.m.

･3.0p.p.m.

4.0.p.p.m.

83

0

0

0
′0

81

57

1

0

0

2

2

9

6
9

9

9

5

1

Nicotine- 400p.p.帆
sulfate 800p.p.m.

ー PTU

M
tM
､M

M

m

m
･
m

m

2
.3

4

5

2

8

0

3

4

3

3

3

1

9

2

5

2

1

3

0
nV0

100larvaewereusedforeachtest.

Asshowninthesetables,resporLSeStOVarious

insecticideswerenearlyintermediate●between

thoseoftheHikoheandoftheoriginalCanton.S

strain.

Inordertoanalyzethegeneorgenesrespon-

sibleforparathion-resistanceintheRI8strain,

thefollowingexperimentswereperformed.Males

oftheRI8stra.inwerematedtothebw(brown,
2･104.5);sL(scarlet,3･44.0);SVTJ(shaven･naked.

4-0.0土)parathion･susceptiblefemalesand the

Table4. LinkageanalysisofRIBgene.

bztl;St.,SZJ:-辛×bw/+;st/十･,sz).'/+♂ ･

Phenotype斗 control i(oT5P,pea･r,p:F.こ)

Tota1 406 287

Larvaetested =500 750

Rateofemergence 81.2% 38.3%

Frequencyofappearanceofeachmutant･
char左cter(形)

bw: 44.8 1.7

st: 50.7 49.8
svll: 42.4 44.9
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Flmaleswereback･crossedtothesw;at;SUIZ

females.Thefirstinstarlarvaefromthisback.

crosswereraisedon mediawithorwithout

parathion.InTable4isshowntheresult.

Fromthistable,itiseasilyconcludedthattlle

parathion･resistancegeneinvolvedintheRI8

strainislocatedonthesecondchromosome.

Next,tofindthelocusoftheresistancegene

onthesecondchromosome,malesoftlleRI8

strainwerematedtothecnRI'vg(vestigial,

2-67.0)bw females,andtheFlfemaleswere

back･crossedtothecnRI'vgblt･males. The

Table5. LocusanalysisofRIBgene.

cn+ vg bw
+ RI8+ .+ ♀ X cn+vgwb♂

Tota1 423 281
Larvaetested 500L 750

Rateofemergence81.6% 37.5%
Recombinationvalue

c〃-tJg: 4.7 cn-RIB: 6.8
vg-bw:27.9 RI8-vg: 1.4

vg-blLJ: 17.I
★Showingcrossoverregion.
LocusofRI8:64.3-65.6

firstinstarlarvaeproducedfrom thismating

wereraisedonmediawithorwithoutparathion.

Table5representstheresult.

lFromtheresultofTab一e5,itwasascertained

thattheresistancegeneinvolvedintheRI8

strainwaslocatedatthesamelocusastheRIgene

(2-64.5)whichwasinvolvedinallparathion-

resistantstrainst).Thisresultsuggestedthata

resistancegene.althoughitwasnotsostrong

in resistance,wasactually inducedfrom its

susceptibleallele∴

Next,~in~ordertoexaminewhetheramore

resistantallelecouldbeobtainedspontaneously

from tlleRI8gene,theRI8stl･ainwasmated

tothecnRI'bwstrain.andtheFlfirstinstar

larvaewereraisedonthemedium containing

2.5p.p･m.parathion･Table6showstheresult･

Table6.Attempttoobtainhighresistance･
genesfrom RI8strain.

A.RI8♀×C〃+blU♂

B.cn+bw♀×RI8♂

Selectionwith2.5p.p.m.
parathion
Larvaetested SurvivorsI

4,000 22(早ll.♂ll)

4.000 1JI(♀5.♂ 9)

Total 1 8.000 36(早16,♂20)

Assl10Wninthistable.thirty･sixsurvivors

wereobtainedfromthetotal8.000larvaetested.

Amongthesesurvivors.tenmaleswel･echosen

arbitrarily,andtheywerematedtothecnCy/T/i

females,respectively.Amongtheprogenyof

eachvial,onlyCyflieswereselected･andthey

werecrossed∫ntersc.Thus,homozygousresistant

Table7.-Degreesofresistancetoparathioninsomeresistantstrainsderivedfrom theRI8･

Concentrationofparathion(p.p.m.)
0.0 0.5 1.0 ･ 2.0 3.0

RI8.A

k78.B

RI8.D

RIB.E

RIB.F

RI8.G

RI8.H

RI8.I

RI8･J

67★ 41

76 73

65 65

85 63

83 33

糾 '0

85● 78

66 43

78 25

I- * Numberofsurvivors.100larvaewere

0

2

5

5

0

0

1

3

5

4

8

5

3

4

5

4

7

4
2

2
8

0

1

2
0

4

2
2

3

1

usedforeachtest.

l

1

0

0

0

0

人U

0

0

?
'
E

0

0

0

1

0

0

0

0

0
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Table8. Propertiesofsomeresistantandsusceptiblestrains.

Strain 1 Hikone RI8-ち RI8_H RI8-0★ RI8-G Canton.S

0.0p.p.m.

0.5p.p.m.

Parathion 1.0p.p.m.

2.0p.p.m.

3.0p.p.m.

4.0p.p.m.

3

0

1

6

7

2

8

8

.J

6

3

8

7

8

6

4

1

7

円J

6

3

9

9

3

1

2

0

7

7

5

3

2

1

6

2

0

0

8

3

2

3
0
0
0
0
0

9
89

0

0

0

0

0

PTU 3mM

DDT 4000p.p.m.

0 2 8

69 66 44

* Original R18
… Numberofsurvivors.100larvaewereusedforeachtest.

Strainswereestablishedbythesameprocedures

describedbefore.TheyweredesignatedasRI8･

A-J.respectively.lIowever,sinceoneofthe

tenRI8males(RI8･C)usedatthestartcontained

arecessivelethalgeneonthesecondchromosome,

itwasimpossibletogetahomozygousresistant

strain. Theremainingninestrainswerekept

withoutanyfurtherselection,andthedegree

ofresistanceofeachstrainwasexaminedfrom

timetotime.

StranlIetOSay,degreesofresistanceofthese

strainswereveryvariable. Forinstance.the

resultsforlarvaeofthetwenty.firstgeneration

wereasfollows(Table7).

Asseeninthistable,somestrainssuchas

RI8･BandRI8･H showedhighresistancetopal

rathion,whiletheRI8･Gstrainwassusceptible

to thisinsecticide.PropertleSOfthesethree

strainswerecomparedwiththoseoftheoriglnal

R18(RI8･0)andCanton･S,andalsooftheHikone

strain.InTable8isshowntheresult.

Asseeninthistable,bothRI8･BandRIBlH

strainsshowedhighresistance to parathion,

althoughtheywere.Stillweakerinresistance

thantheHikonestrain.Ononehand,tlleRI8･G

strainshowedacompletesusceptibilitywhich

wasnearlyequaltotheorlglnalCanton･Sstrain.

Thefactthatthedegreeofresistanceinthe

RI8･Ostrainwasslightly.weakerthanthatshown

inTables2and3,mightbeduetoback･mutation

oftheresistance･geneinvolved'intheRI8･O

strain.

Ofgreatinterestobtainedfrom theseexperi･

meれtsisthefactthatthestrainswhich show
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resistancetoparathionarealsoresistanttoDDT,

butsusceptibletoPTU,andvicevcrsa(Table8)･

ThisfactindicatesclearlythatthesepleiotroplC

phenomenaarecausedbythemutationofa

singlegene.

Anotherimportantpointdeduced from these

experimentsisthattheintermediate･resistance

genesuchasRI8-0 seemstobeunstable,and

tendstomutatetoeitherasusceptibleoramore

resistantdirection.

h ordertoelucidatethispoint.the RI8･O

strainwasmatedtothec〃RI'bwstrain,and

theFlfirstinstarlarvaewereraisedonnledia

withorwithoutPTU.Table9showstheresult.

Table9. Attempttoobtainback mutants
from theRI8.0strain.

Selectionwithl}TU
0.OmM 3nlM

A.R1810早×cn+bltl♂

B.cn+bw♀XRI8･0♂

5mM

76.6★ 47.0 33.0

77.2 35.6 26.9

* PercentageoEsurvivors.

IneitherAorBseries.500larvaewcrcused

asthecontrol.and1000larvaewereusedfor

eachexperimentofPTU.AsshowninTable9.

moresurviviorsthanexpectedwereobtained

eveninthemedium of5mM PTU.Amongthe

survivorsintheexpert,mentOf5mM PTU･ten

maleswerechosenarbitrarily,andthehomozy･

gousstrainswereestablishedbytheprocedure

describedbefore.Ofthem,ninestrainsshowed

aweakresistancetoparathion,whilethere･

maimingoneshowedacompletesusceptibilityto
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Table10. Propertiesofsomeresistantandsusceptib一estrains.

Strain l Hikone RI8･B

PTU 3mM 0 0
DDT 4000p.p.m. 1 63 50

Sevin loop.p.m. 1 67 22 0
★ Numberofsurvivors.100larvaewereusedforeachtest.

** Fliesofdyingstate.

parathion.Thissusceptiblestrainwasnamed

HRI8･RV"(revertant).PropertiesoftheRI8･RV

strainareshowninTable10.togetherwithdata

forotherrelatedstrains.

Asshowninthistable,bothRI8･GandRI8･RV

strainsshowedacompletesusceptibilitynotonly

toparathion,butalsotoDDTandSevin.However,

theywereresistanttoPTU.Thesefactsconfirm

again theassumption thattl一epleiotroplCre･

sponsestovariousdrugsarecausedbythemuta･

tionofasinglegene.

Disct)SSion

Asshown in aseriesofexperiments.the

parathion-susceptiblegene(RI')whichwaslo･

catedat64.50mthesecondchromosomewasable

tomutatetoaresistancegeneartificiallyor

spontaneously. However, in this case, the

mutationdidnottakeplaceinasinglestep,

butitoccurredthroughanintermediatestate.

Thisintermediatetypeseemstobeunstable,
andtendstomutatetoeitheramoreresistant

orasusceptibledirection.Theprocessmaybe

representedasfollows:

susceptible二 王:…Esrt?necdfte=丁二 ,?浩 ance

Suchaphenomenonhasalreadybeenreported

byAllerbachO,andbyDemerecS),Withsome

plausibleexplanations.Iam nowperformingan

experimenttodeterminewhetheralligh-resista-

ncegenemutatestoasusceptibleonez,iaan

intermediatestateornot.Afterthisexperiment

hasbeendone.theproblem willbediscussed

thoroughly.

Itisapttobeconsideredthattheestab一ishment

ofahighlyresistantstrain〝Jαintermediatestates

istheresultofaccumulationofpolygenesfor

resistance through selection by insecticide

pressure.However.itisalsoplausibletllatan

intermediateandunstab一eresistancegenewhich

waspresentinthepopulationmutatedtoamore

resistantstateduringselection. In thiscase,

theestablishmentofresistantstrainistobe

attributedtosuccessivemutationsofasingle

gene.

Anotherimportantpointderived from the

resultsoftheseexperimentsisademonstration

thataresistancegenewasactuallyinducedfrom

itssusceptibleatlete. Itshouldalsobenoted

thattheresistancegeneisthesameastheone

whichisfoundinotherresistantstrainsofthe

world.Thisfactseemstoindicatethatthesame

mutation takesplaceindependentlyin many

strains.asinthecaseofgene･mutationofa

visiblemarker.Inotherwords,themajorityof

resistantstrainsfoundinvariousreglOnSOfthe

worldmaybeduetopolyphyleticorlglnS.

Lastly,ithasbeenshownthatthephenomenon

ofcross.resistancetovariousinsecticidesanda

negativelycorrelatedeffectforPTU,mightbe

duetopleiotroplCexpressionsofasinglegene

(RI.2-64.5).

SummzLry

InD.metanogaster,aparathion-resistancegene

wasderivedfrom itssusceptibleallelebothby

X-raytreatmentandspontaneously. However,

sucharesistancegenewasobtained zJfa an

intermediatestatewhichwasunstableandwas

liabletomutatetoeitheramoreresistantora
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susceptibledirectiop･･

Thechromosome,thelocusandtheproperty

oEthisrcsi;tancegenewereinaccordancewith

theoneswhichwerefoundinvariousresistant

slraiIISOftheworld.Thisfactsuggestsstrongly

thatthemajorityofresistantstrainsmaybedue

topolyphyleticorigins.

Lastlyitwaspointedoutthatthephenomenon

ofcross.resistancetovariousinsecticidesanda

negativelycorrelatedeffectforPTU,mightbe

duetopleiotropicexpressionsofasinglegene.
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9. キイE)ショウジョウバエにおけるセビン抵抗性に駒する遺伝学的研究 ~吉川秀W (大阪

大学以学部氾仏学教rii)39.7.16受理

放近セビン,ピt]ラン等のカ-バメート系殺虫剤がカやシラミの駆除に広 く用いられるようになっ

た.舛妹のあることはカやシラミではカーバメー ト系湖山刑とDDT等のFnIIこ逆相鵬の効凪 すなわ

ちDDTに払いものはnってカーバメート系殺虫剤に弱いという現象があるらしいといわれている.

キイロショウジョウバエでは まだカーバメー ト系殺虫剤の紙抗性についての桝兜がないと思われ
)

るので, 上記の逆相関の現象と約びつけて尖畝を行った. カーバメニ ト系殺虫剤としてはセビンを

用いたが,実験の結果キイロショウジョウバエのセビン抵抗性はDDTやパラチオン抵抗性と向じく ▲

郡2敗色休の 64.5の柁掛 こある一つの似仕迫伝子によってひきおこされることがわかった.つまI)

シコウジコウバエでは｣っの氾伝子の変化に作って駄菜摘 ,tll一機燐系おきぴカ--′ヾメー ト系のどの松

山剤に対しても交差抵抗性のおこることが見山されたこ従ってカやシラミに見山されたようなDDT･

とカーバメー ト系殺虫剤との逆相関の関係は存在しないものと思われる.

'Introduction

Withinthepastfewyears,carbamateinsecti･

Cideshavebecomewidelyusedforthecontrol

ofvectorssuchasmosquitoesandbodylice.

Recentworksuggeststhepossibilityofan,ega･f
tively correlated effect between carbamate

insecticidesand chlorinated hydrocarbonsl･!).

Suchanegativelycorrelatedeffectwasfound

byAscherandhiscoworkers3J4)inMuscadom-

esLl'ca,VIE..Somedrugssuchacetylbromoacetate

weremoreeffectivetoDDT-resistantfliesthan

tosusceptibleones.Subsequently,Ogita8J6)found
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inDyosophiLamelanogasteythat.phenylthiourea

anditshalogenderivativesweremoreefieclive

toDDT-resistantlarvaethantosusceptibleoncs.

Areviewconcerningthisphenomendnhasbccn

reported by Brown7). Since there secnlSnO

availabledatumastotheresistancetocarblamat,e

insecticidesinD.metanogaster.agenetic_Study

wasundertakeninconnectionwiththeproblem

ofa.negatively correlated effectmentioned

above二

AhteriA]8AndAtethod8
1

Asacarbamateinsecticide,Sevin(トnapbthyl-


