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キイロショウジョウバエを用いてPTUおよびその対応敢系化合物である PUlに対する抵抗性の研

究中,PTU の殺虫作用が DDT のそれに対して負の連関性を有し,PtJの殺虫作用は DDT の

それた対して正の迎関関係に あ や という興味ある現象を見出した･ す なわち DDT 抵抗性の系

統は必ず PTU に対 して非抵抗性であり, PTU 丑宝抗性のものは DDT に封して非出抗性で硫酸

ニコチンに対 して抵抗性を示した･ そして PU 抵抗性のものは DDT, 硫徴ニコチン両者に対し

て抵抗性であることを見出した.さらにこれらの殺虫作用の問のより探い関係を知るために,PTU

および PU に対する抵抗性の逝伝学的研究がなされた.その結果,PTU 抵抗性は,性染色体上の

不完全優性の変更囚子と,鰐Ⅱ鞄色体上 vg(67)附近の劣性迫伝子と欝Ⅱ染色体上 50土 附近の優

性退伝子の二つの主要道伝子との,少くとも3つの退伝子に支配されている polygel)icな形質であ

る事を見出した.鰐Ⅰ熟色体上 vg(67)附近の劣性迫伝子は DDT,BHC, パラチオンに対する

抵抗性を支配する優性の迫伝子とその位置が一致する. この劉 まDDT抵抗性の近伝子が PTUに

対 して井出抗性を支配する優性の氾伝子として働く郡を暗示しているように思える. さらに第Ⅱ染

色体上 50土 附近の優性迫伝子は硫酸ニコチン抵抗性を支配する迫伝子き全く一致した. PU 丑王抗

性に関しては,節I染色体上の vg(67)附近の DDT抵抗性を支配する優性迅伝子と第甘染色体上

の 50土 附近の硫酸ニコ≠ン抵抗性を支配する優性迫伝子によって支配される polygenicな形Tfで

･ある'. これらの紡栗から ｢第4染色体上の DDT 丑抗 性迫伝子の存在は PU に対する抵抗性と

PTU に対する異常な非抵抗性を与え, 茄甘艶色体上の硫懲ニコチン抵抗佐近伝子は PTU および

PU に対す､る抵抗性'%与える･｣という仮説を投出した･ そしてDDT,BHC やパラチオンなどに

PTU を況合佐用する執 こよって抵抗性を符せしめる事なく, さらに,種々の殺虫剤抵抗性の幼虫

をも効果的に殺滅し得る可能性を暗示した.

Forsometimetheall.thorIlaSbeenconducting

biocllemicalstlldies olltlie taste･blindness to

PTU終show71byhumanbeiD,gS,aSdiscoveredby

Fox2).

Recentlyinordertostudy血ebiochemiCalleffect

ofPTU and Put,meaSurementSWere made

ofthepercentageやmergenceofadultDl･OSOPhili

melanogaslerfrom adryyeastmeditm contaip.irlg

PTU orPU idvariotl.らCOD.CentratioJ19.Itーwal

follD.d7)thatstrainscharacterized byresistance

･toDDT,BHC,parathionaD.aotherinsecticides

weresusceptibletoPTU, whereasontheother

hand the majority ofDDT･susceptiblestrains

wereresistanttoPTU.PU,whichistheoxygen

compoun'dcorrespondingto PTU,behaveslike

★ phenylth王ourea,alsodescribedasphenyl-

thiocarbam王de(PVC)byFox9.

+ phenylurea:

1_熊

DDTandotheriD.SeCticidesintheresistanceofD.

melanogask r.Geneticalstudiesoftheresistat】ce

toDDT,BHC,parathioD.,_etC.,inD.,melano･

gL7SterhavebeenmadebyTsukamoto,Ogakiand

Kikkawal-.･13㌧ andOshimagJ.

PTU iswell-knownnotoD.1yasanidlibitorof

melanin formation, bllt a一so as a substance

capableofdiv王dir.gpeDpleip.totastersat)anon-

tasters.ThefirstmeD.tiop.ofPTU aSan王nsecti-

cidewasthe report of Minaff and WrightC)

that2% solutionsof thioureaorPTU were

effective against'the webbipg Clothe3 mOthこ

ThioureawasreponLedaSahotlSef7ylarvicideby

McGovratl& PiqlユettSJ,andBrownetal.)),and

asflylaTVicideswIlicllOfferedpromiseror止e

controlofresistantpopulationslS).AIso,itstoxi･

citytoD.melal10gaJLerlarvaewasreportedby

q9745mith andHamly-''wh?foundaverysreqt
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vai･iationbetweendifferentstrains,no｡_eofwllich

howeverwereknowntobeDDT-resl'stant.

Thepropertyofir･JlibitiD.gthedeve一opmentof

I)I)T-resistantstrainsbutofallowingthcsurviva一

ofDDT-susceptib一estrainssecmitobecharac-

teristic oE PTU. Knowledge ofthe genetic

mechanism ofthisinterestiDg.Phenomenon is

importantforthesettlementolcertainprob一ems

ofinsecticide-resistance.Therefore,previotuto

biocllemicalstudy,investigationsWeremadeof

the genetical relation between resistatlCe･tO

insecticidesingeneralatldthattoPTU andPU,
andthesearethesubjectofthcpresentpaper.

AlaterialSAndMethods

(1) Materials:ThesamplesofPTU andPU

employed weresynthesizedzmdpurifiedbythe

author.･PTUandPU havethefollowing che-

micalconstitutions;

e /-NH-C-NH2 くヨ ーNH- -NfI空目 =ヽ′ TJ
S 0 .

Phenylthiourea(PTU) PheD.yhlrea(PU)

TユニeStrainsofD.melanogasterwereobtained

from thelaboratorystocksofOsakn UP.iversity.

The･resistantstrainsusedwereasfollows;

HL'kone･R: resistant notonly to DDT,but

alsotovariousinsecticidessllCha;BHC,para-

thion,nicotinesulfate,e上c.

Hiko〟e-R3】: derivedfrom theHikorI.e･R strain

bysingle-pairmating;thestrainmainlyusedin

thissttldy.

WMB30,and WMD7_3S.'developedby Tsuka-

notointhelaboratoryfrom amixedpopulation

of14wildstrainsbyrearingthem onamedium

containingDDT,and･feSistanttoDDT,BHC,

parathion.?ndnicotinesulfate･
cnA bw/aD.acnR vgbw= strainswith an

originalTy susceptiblebackgroundbutwith thC

2ndchromosomeandthe3rdchromosomeres-

pectivelyderivedfrom theHL'kcne･Rstrain.

bw;III〟- e-R･ andbw;IIÎ･S-R: .nicotine-
resiStantStrainsWiththe3rdchromosomederived

from theHikone･RandNS-Rstrainsrespectively

againsttheiroriginallysusceptiblebackgrotmd.

bw;sLHR ss: multichromosomal nicotine-

TeSistantmutantstraininwhichthe2ndand3rd
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chTOmOSOnearemarkedwith -recessivemorpho･

logicalm也atlons.Thesl(scarlet)aD.ass(spine･

less)geneslocatedrespectivelyontllelPftand

rightarmsofthe3rdchromosome,andtheregion

o【血espindle-fibre8ttaCIlmentbetweenthemare

derivcdfromtheHL'ko7Ze-R._strain;theremainder

derivesfrom anorJlgina17ysやSCePtiblebackgr血nd･

StlSCePtiblestrains凹edwere･asfollows;

CaTZtOn･S,OregoTZ-R(I),OT･egOn.･ all wild･

typestrains.

y･OregoかR(I),vl0'･cgon-R(I),y,yw/ V,

e上c.:strainswith mutantgenesontheX-chro-

mosome.

CTZbw,cnvgbw.･ stral'nSemployed mainly

asPU-st娼CePtibleandPTU･resistanttypesfor

thegeneanallnSisonthe2ndchromosome.

bw;sL;svガ,cTl;bLZr-3;gりl= multichromosomal

mlltantStrainsinwhicllthe2nd,3rdand4th

chromosomearemarkedwith recessivemorpho･

･logicalmutations.

bto; sLrs:strain employed main一y as the

su.sceptibitttypeforthegeneana一ysisozHhe3rd

cllrOmOSOme.

(2) Methods: Themethodfollowedinthis

studyisthesameasthatdescribedasthe'adult

test̀byTsl血 motoandOgakill).Fivemale~at)a

fivefema一eflies,atleast3daysafteremergence,

wereputintoasmallglassvial containing15cc

ofdryyeastmedium(agar2g,dryyeastpowder

3g,sugar4g,waterorthemi1imolarsolution*

100cc)for4-5daystO7aytheireggsoJlthis

medium with orwi血outaddedinsecticide.Then

therateofemergenceofthesllCCeedinggeI⊃eration

couldbecalculatedbycompar王ngthentmberof

LfliesfromthePTU-orPU-containiD.gmediawith

thatfrom theuntreateddryyeastmedia.

Altematively,larvaeinstead ofadults were

モrat).sferredtonormalandPTU･orPU･coIltaining

media,and~山erateofemergencewasdetermined.

Inthis′larvaltest',50larvaewereplltintoeach

vialoftreatedorlmtreatedmedium_All●testS

wereperformedata temperatureapprOXimating

250.

A5mM PTU and100mM PUISOlutionswere

preparedasstocksolutions,andthissolutions

weredilutedtoeまChmi1imolarsolutionwith

distilledーwater.

189



ー防 虫 科 学 屈 .23 巻一打

Tab一el･̀Percentageeme-rgenceatvariotはCOnCentrations(mM)ofPTU.a_tldPUby22strainsbf
D.melanogastel･.(adulttestmethod).

て PTU
. Strain

1.0 2.0 3.0 5.0 10.0 20二0 30.0 50.0100.

Resistance

toDDT

.y (A3)

ywf _
W

C_A;bar-3;gvI
CanゎTl-S(A3)

Oregon

Oregorz･R(I)

y-Oregon-R(I)

V-Orego71-R(I)
'bd;St;svn
rHikoTte･R'._

HikoAe-R3I

WMB3O

WMD7_38 I

cnRbw

CIZRvgbw
CIZbw .

C TEVgbw .

bw;slss

bw;stHRss

bw;LIZHikone-R,

bw;tlINS-R

87.2 72.3 33.1 18.5

96.3 79.5.31.7 17.6

84.3 82.0 33.9~14.5

53.1 39.4 36.1 12.1

60.8 35.5 14.7 2.0

88.0 33.3 00
84.6I7.0 0 0

ユ7.6 .3.4 00
15.8 000
･5:9 boへ0

23.0 2,9 0 1 0

118.0 4.2 ･0 0

51.2 3.4- 00
32･0 4･4 0-.0
ll.9 ト rO .0 0

4.6 000
69.3 54.9.16.8 ･6.6

59.1 50.0 17.2 7.3

65.9 000
_ 75.7 59.6 53.2

丁 85.0 70.2 64.0

- 97.0 83.5 74.8

106.3 82.5 17.3 00
.64.0 45.3 000
71.6 41.1 8.2 00
82.5 69.1 12.7

111.1 70.3 23.6

96.0 93.1 50.0 0 0

8&6 53.4 31.3

98.2 43.2 21.0

101.5 37.8 16.8 00
127.3 47.5 11.8 00
155.1133.6119.6102.846.7

149.1128.5112.4 66.524.9

176.2113.7 98.5 58.3.7.8

180.0131.7102.1-31.2 6.3

116.0109.0 74.0 55.7 7.6

108.2 98.3 80.3 62.110.2

71.6 41.6 8.2 00
_91.3 74.3 40.6 00
98.5 15.0 0 【0 0
77.0 50.3 31.3 00
100.7 59.0 40.6 00
134.0 73.3 44.3 ･0 0

s

s

s

s

s
ps
js

s

s

s

R

R

R

R

R

R

s

s

s

s

s

s

Resistanceto
nicotinesulfate

p･p.m.

R

R
･
R

R

R

s

s

s

s

s

R

R

R

R

R
′R

氏

R

s

R

R

R

to 400

to 400

oo

oo

oo

oo
･･Oo

oo

oo

oo

oo

oo

oo

oo

oo

00
Oo

oo

oo

o0

00

00

4
-
4
･4

4

4

4
･4

4

10

10

4

4

8

8

4

4

4

8

0

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

t

▲L
･■L
t

▲J
t

▲t

t

t

▲L

t

･●1
t

t

▲L
▲一

t

▲L
t

▲一

R=resistant, S:susceptible

Table2.PercentageemergenceatiarioIT3COnCentLation50fPTU,PU,andDDT byllstrains
ofD.melanogaster(larvaltestmethod).I

畠train.I(Ay,1了 吋 cnS,fgbvalr-CnbwICsaJiZ,n; oRre(gI3n･-y-RO箭on-驚 ne-HiAon?~-TMB30讐 D
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ExperimentalllesultS

(1),LevelsofresistancetoPTUar.aPU

ID.S.eCticide-resistatlt.atldsusceptiblestrainswere

testedfortheir.resistancetoPTU atldPU by
meユnSOfthetadtllttestratldJJarvaltest..Some

oftheresultsareshowninTables1and2.

Itisse4_AthattheemergenceofDDT･suscepti-

blestrains(slエChasy,yw/,ctZbw,CTZt･gbw,

CII;barl3;gvZ.aD.dCanLoTZ-S)couldoccureven

afterreユriD.gin5mM PTU,whi一eDDT-resistant

strains(stlChasHikone-R,Hl'kotZe･R3】,lV〃B30.

WMD7ー3SandcnRbw), andDDT-3tBCeptible.

strains(suchasOregon,Oregor8-R(I),y10regn-

R(I),V-Oregon-R(I)and bw;Sちsvn)were

markedlyaffectedby concentrationsof2.0-3.0

mM PTUinthedryyeastmedim

TlmswhereastwotypesofPTU･susceptible

strainswerepresent,.oneDDT-resistantandthe

otherDDT-susceptible,allPTU-resistantstrains

wereSuCePtible･toDDT.

ⅠnthetestSwith PU,theonlyfliestOemerge

frommediacontaininglOOmM PU wereDDT･

resistant,-whiletheeIムergenc'eofDDT-st旭CeP'tible

strainsWasinhibitedremarkab一yby50hM PU

inthedryyeastmeditlm. ,

Tl:eI)DT-susceptiblestrainsWhich hadbeen

rearedoI】mediacontaining3mM PTU formore

thn 3generationswereused as the PTU-

resistatltStraininthepresentStlldy.Likewise

DDT_resistantstrainswhichhadbeenre'aredon

mediacontaining lOOmM PU formorethat12

generaI王onswereusedas血ePU･resistantstrains･

(2) GeneticalanalysisofPTU･resistaJICe,

TheemergenceFateOfFlflle3Obtained frclrn

thereciprocalcrossesbetwee】laPTU-resistant

atldthetwotypes0fPTU-sllSCePtiblestraizIWas

testedbythe'adulttestHmethodtoascertai丘the

relationbetweentheresistallC占andcytoplasmicor

sex･1inked.factors.The results are given in

hbles3,4,5,and6. I

a) Rec王procal cross between PTU-resistant

strainandDDT-resistantPTU･susceptib7estrain:

TheemergenceTalesOf血e下lgenerationfrom血e

reciprocalcrossbetween PTU･resistantstrains

Table3.NumbersofFlfliesfrom rec王procal crosSeSbetweenPTU-resistantstrainand DDT･

resistantPTU･susceptiblestrainwhichemergedfromuzltreatedandPTU･treatedmedia.

Cross Control 2mM PTU 3mM ⅠITU

9 8_ 9/8 早 -- 8 9./8 9 8

HL'konc-R31♀JXy(A3)8 577 - 506r 1.14 98 88 . .1.ll 00
y(A3)♀ XHikone-由1.串 .498J_ 488 1.02 102 99 1｣03 0 0'

Hikone-R,l壷×ywf8 142 128 1.10 30 27 1..ll 00
ywf♀ XHikone-R3,8 130 121 1.07 31 /36 0.86 00
Hikone-R319 X C11;bar-3;gvl8 347 336 1.03 61__ 58 1.05 0 0
cn;bar-3;gvl平XHikone-R318 139 129 1.OT 29 -24 :1.21 0 一0

HI'kolle.R319X_1cnvgbw8 . 179 164L .1.09 21 17 1.写生 00
cnvgbw♀ ×Hiko11e-R318 123 124 0.99 23 :,28 0.82 0-0
WMB309 Xy(A3)8 188 154 1.22 20 17 1.17 00
γ(A3)?~X WMB308 156 148 1.05 19 ､ 23- .0.83■■0■0
cnRbw? Xy(A3)8 164 135 1.21 0 0. 0＼0

y(A3)♀ XcnR bw8 104 124 0.82 0 0■ 00
cnRbwP X Ca〃lon-S(A3)8 128. 141 0.91 0~0 00

cnbw? xHikone-R318 ･114 110 1.04 64 0_ oD 00..
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(such-ascn;bar-3;gvl,cnvgbw;Iy,andCanLolI-

S)甲dPTU-_sllSC_eptiblestrains(stlCIlaSHiko12e-

R,Hikone･R3),WMB30,WMD7I33 andctZRbw

whichllaVe･theDDT-resistantgeneon the2Z]d

chromosome)weregreatlydecreasedatthC2.0

and3･OmM PTU levels.ascomparedwith the

PTU一丁esistant parent (Table 3). TlleSe Fl

progeny did notemergeatall3mM PTU-

cozICentralions.-According一y, media containing

3mM PTU were employed in 山e genetical-

analysisforPTU-resistance.

ThisdemonstratesthatPTU-resistanceisalmost

comp一etely recessiveto the PTU-stzsceptibility

wilicIIDDT-resistantstrainshave,andthatexcept

thecaseofreciprocalcrosscTlbwxHiko71e･R31

甲atelrnalorcytoplasmiceffectsseemtobealmost

negl王gib7e.h the三eCrOSSeSthesex ratiointhe

F)f】王esemergiIlgfrom PTU-containingmedia

wasnormal･Furtherm9re,thesexratioin the

F2generationfrom themlltualcrossbetweenFl

ma一esandfemalesfromthecrossofyxHz'kone-

R3lWasa一sonormaltuT.der､thePTU pressure

(Tab一e4).

Inthecaseofthe rec.lPrOCalcrosscnbw x

Hikotze-R3】,re31ユIt占obtai益edwithmediacontain･

hg1.512.5mM PTU seem toshowthatanin暮

completelydominatltfactorispresentozlthesex-

chromosomeinHikone-R37.Theserest17tsindicate

thattheresistaD.CeShowssex-一inkage(Table5).∫

蔚 23巻-RT

b) Reciprocal cross between PTU･res王stant

strain aTT.a DDT-susceptible PTU･suSCePtible

strain.TIleemergenceratesOftIleFlgeneration

from thereciprocalcrossbetweenPTU-resistant

ar･.aPTU-susceptiblestrains(SllCIlaSbw;sL;svn

Orego7Z,OregoTZ･R(I),y-Oregon･R(t)and v-

oregotZ･R(I)wh王cl;havetheDDT-suSCeplible

gep.eonthe2D.dchromosome)wereidenticalwith

bachotherandwith thePTU-resistantParent

(Table6). TIle On一y exception was tIle Fl
geD,eration from bw;sE;svn♀ Xy8 0n media

containing3mM PTU.

. This/demonst,a‡esthat血ePTU-resistanceis

almostcomp一etelydomimntoverPTU･susceptibi-

1itywhen the'PTU-susceptibleparentisalso

DDT-stuceptible.Moreoverthematemalorcyto･

plasmiceffectsareslightora一mostnegligible.In

thesecrossesthesexratiointheFlmeSemerging

from PTU･containingmediawasnormal.

IC) Reciprocal crossbetween DDT-resistant

PTU･susceptible strain and I)DT-susceptible

PTU-susceptiblestrain:Theemergencerateof

the F1-generation from the reciproca一 cross

betweentheDDT･resistantPTU-susceptiblestrain

andtheI)DT-susceptiblePTU･sllSCeptiblestraizI

wasidenticalwi血･血atof血eDDT-su5Ceptib】e

pTU･slBCePtibleparenta去dTessthantllatOfthe

I)DT-resistantPTU･susceptibleparent(Table6).

Table4.Se7(ratioofF2fliesfrom themlltlnlbackcro3SbetweenFlmalesandfemalesfrom the

crossyxHt'koJZe-R31,WhicIlemergedfrom tmtreatedandPTU-treatedmedia.

2mM PTU

y +
9 8 9 8 9 8

8899 0 00.89

●594740′650.84

0 0 6 23.0

9 8 9 89/8

4462･0 00.71

02823 00.82

264134320.82

0 0 0 0 -

y +

110100 0 01.10

-0139116 00.83
102111116941.ll

0 56110541.0

Cross

y(A3)?×Fl(y(A3)?xHikone-血 8)8

ylA3)?XF】(Hiko7Ze-R3)早Xy(A3)8)8

F)b(A3)?×HL'kone-R3]8)早Xy(43)8

Fl(y:A3)早XHikoJW-R318)?×Hikone･R318

Table5･Se:IratioofF.fliesfrom reciprocalcrossesbetwe?n cnbw aLndmkol.e･R3.･Which
emergedfrom tntreatedandPTU-treatedmedia.

I-:三 二三iS :: 9 8 9/89 8 9/8 ･8 88/8 ♀ 89/8

cnbw?.×
ーHihone-R318

Hikone二R3)? X
cnbw8

192

:47;:≡ ::≡f≡ 1≡ 三.';I;…7: ≡二ヨ; 4; :7:Il.31:ミ
0 0 -0 0 - 0 0 ･･-

0 0 -
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Table6･NumbersofFlfliesfrom-rleciprocalcrossesbetween PTU-resistantstrainSandDDT-

susceptiblePTUIS竺cePtiblestrains(1)and DDT-resistantPTU･susceptiblestrainsand DDT-
susceptiblePTU-slユSCePtiblestrains(2)whichemergedfrom llntreatedandPTU-treまtCdmedia.･

2.OmM PTU

9 8 9/8 早 / 8 A 9/8

3.OmM PTU

y(A3)? X bw;sL;svn8

bw;sL;svn?×CantoIZIS(A3)8

CanEoll･S(A3)?×bw;sE;;vn8

V･Oregon-R(I)? ×y(A3)8

y(A3)?×vl0regon･R(I)8

V-01･egO71-Rq)9×Ht'koIZe･R318

Hikone-R31守×V -Oregoll･R(I)8

556 533 1.04

640 644 0.99

-187 190 0.98

169 156 1.08

114 111 L02

160 140 1.14

163 -142 1.15

127 116 1.09

2 Oregon-R(I)♀ ×lVMD7_3古8 113 116 0.97 00 - OlO_-
oregon-R(I)? X HL'kone-R31岳 126 131 0.96 00 - 00 -
Hikolle-R319 X Oregon-R(I)8 130 126 .1.03 oo 二一 0' 0 -

bw..sE;svn? X HL'kolZe-R31,8 ､121'132 0.92 o o 一二_ o : 0 -i

JTheresultsshowninTable6indicatethatthe

PTU-susceptibleparent(such'asorigon･R(t),

V -Oregon･R(I)andbw;sl;svn)hasafactorwhich

decreasestheresistantleielsinF]progeny.

d) ChroniosomaHocationofPTU-resistance:

In orderto determinewhich chromosome is

reSPOnSibleforthePTU･resistance,thefo一lowing

backcrosseswere.carriedoutusingDDT-resistant

PTU-susceptiblestrains(sucIlaSHz'kone･R31,

TVMB30 and'wMD7_.qS),the D工?T･susceptible

PTU-st娼Ceptiblestrainbw;st;svn,andtheDDT-

stuceptiblePTtJ･resistantstrainscn;bar-3;got,

yandCanlolZISA3,ThllSbw;sL;svn,cn;bar-3;

gvlaremultichromosomalmlltatltStrainsinwhich

each2nd,3rdand4th chromosomeismarked

wi山 aknownrecessivemutant.

Backcros≦

(1)clZ;barl3;gvl?

×Fl(H,'kotJe-R3】?Xcn;bal･･3;go18)8

(2)cn;bar-3;gut?

×Fl(C･-;bar･13;gut? ×Hikojle-R318)8

(3)bw;sE;svn?

×Fl(y?Xbw;sL;sun8)8

(4)bw;sL;svn早

X FJ(bw;sL;svn9×ya)a;

.ヽ
ヽヽ

(5)bw;sL;svn?

_ XFl(CaTllon-SA39×bw;sL;svn8)8

Tllerelationbetweenthephenotypesandthe

numberofsurvivingfliesemergingfrom PTUI

containiE)g Or PU･containing media was in･

ve3tigatedbythe 'adulttest"method･inwhich

20Flmateand20femalefliesofthePTU-

resistantmultichromosomalstraiIIWerePutinto

g一assvialsofeither90ccor180cccapacityc011-

taining20or40ccof･treated orutltreated･dry

yeastmeditm.

Fromth esebackcrosses,theexpectedproportion

ofthe8phenotypesintheF2generatiollemerged

from thetntreatedmedia;the.relationbetween

thephenotypeandthep.llmberofstユrViviD.gflies

e■mergitlgfrom treatedmediaisshowninTab一es

7and8.

Sinceitis_knownthatFlhybridfliesfromthe

reciprocalcrosses'betweenHikolZe-R31andcn;

bar･3;gvlca.nnotemergefrom mediacontaining

3mM PTU,itisinfoご皿ativetoascertainthe

PercentageSllrVivalatthiscoIICentrationshown

byF空Offspringofthebackcrosses･ofthis･Fl

hybridwithc′Z;baTl-3;gvlfemales.Ifthey are

193



防 虫 科 学 茄 23 巻-Zr＼

Table7.NtmbcrsofphenotypesofstlrViving progeny in backcross1,CIZ;bLZr-3;gvl? x

Fl(Hikone-R319Xcn;bar-3;gv18).8andbackcross2,clI;bム1･-3;gvZ?XFl(GIL;bar-3;gvl? ×

Hikone･R318)8,whichemergedfrom untreated,atldPTU-一andPU-treatedmedia.

Backcross

No.ofexperiment

Sortofmedium

3 】 2

C.ntroI J3mM PTU I c.ntr.1 f3mM PTU'l50mM PU

Sex l 9 8 1 ?･8 I9 8 1 9 8 I♀ 8

Totalno.ofF2flies l226 204 f 73 77

Table8･Numbersofphenotype56fsurvivi甲 PrOgenyinbackcross3,bw;sl;svn9×Fl(y甲

Xbw;sL;sv,8)8,backcross4,bw;st;sv叩 X Fl(bw;sL;svn宇Xy8)8,aidbackcross､5,bw;

sL;st'n♀′×Fl(Canton-SA39×bw;sE;svn8) 8, whlch とnierged from llntreatedandpTU･

andPU-treatedmedia.

BackcroSS 1 3 I 4

No.ofexperiment l 3 1 1

Sortofmeditlm IControlJ3mMPTUIControl13mMPTUE50mMPU Control12mMPTU

Sex E 9 8I 9 8 E 9 81 ♀ 8 1 9 8 E 9 8J 9 8

Totalno.ofF2flies
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Lomo zygotB for the part王clllar chromosome

respo?sibleforthePTU･re3istadceofthecT1.,bal･-

3;gvlstrain,theywouldbeexpected tosurvive

andemergefrom the PTUICOntainlng media.

However,iftheycarrythesLiSCePtiblechromosome

from.Hikone-R3)StraininheterozygouSCOndition,

theywotddnotbeabletoemerge.

A-As sho甲 inTable7,F2larvaeofthestrains

CIJ;bar-3;gvl,cn;barl3,C71;gVl,andctZ,inwhich

the2ndchromsonesareboth derived from the

PTU-resistantmutantstrain,Wereabletosurvive

azldemergefrom mediacontaining3mM PTU_

Moreover,F2Progeniesinwllicllthe3rdor4th

chromosomesarederivedfrom theDDT･resistant

PTU-susceptiblestrainwerescarcelyselectedby

themediacontaining3mMPTU.Besides,there

arenosignificantdifferenceinF2fliesbetween

thetwoCrosses_･

TLe5edataevidentlyindicatedthatthedominant

genetic factor for PTU-susceptibility in the

Hl'koTかR31Strainislinkedwiththe2ndcllrOmO-

som e_h otherwords,itnaybeconcllldedthat

thefactorforPTU-resistanceonthe2ndchromoI

someis almost completely recessive to the

factorforPTUISuSCePtibilitywhichcharacterizes

theDDT-resistantstrains.

h backcrosses3,4,and5,PTU･susceptiblebw;

sL;sonflieswerecrossedwithPTU-resistantflies

suchasyand CanLoかS,andtheresultingFl

maleswerebackcrQSSedtobw;sE;svnfemales.

EightpllenOtyPeSmightbeexpectedin theF2

generation.Ifcertainofthem areeliminatedby

PTU,itwouldsuggestthattheparticularchromo-

somewas･concemedwithtilePTtJ-susceptibility.

Table8givesthenllInberofsurvivingF2flies

ofeachpllenOtyPeObtainedfrom thebackcrosses

3.4,and5･Thesedataappar.entlysuggestthat

theseflies,whose 3rdchromosomes arenot

derivedEroP theresistantparent(suchasbw;
sE_;sv",bw;sE,SL;svn,andsl), areSeverely

selectcdbyPTU,whilemostofthefliesbeloiging

too血erpllenOtypeSCanemergeevenIonmedia
containizlg3mM PTU.

Consequently･王tmチybe concluded thatthe
PTU-resllStaZICeisconnectedwiththe3rdchromo_

somein thePTU-resistantstrainssuc】laSy

and Canto,zIS･ As Showp above･th'eSedata

evidently indicate that PTU-resistance is a

polygenicchractermain一ycontrolledzlOtOnly

bytherecessivefactoronthe2ndchromoso血e,

bu'ta一soby thedominant factoron the 3rd

chromosome. .

e) ReciprocalcrムsS bet'ween.DIiT-resista.lt

PU-resistant.strain and DDT-susceptib一e PU-

stuceptiblestrain:AltllOughtlletoxicityofPtJ

isfarlessthanthatof■pTU,theemergence-of

DDT-sIBCePtiblestrairISWasinhibited markedly

inmediacontaining50mM PU(Tables1And2).

DDT-resistantstrainsontheotherhand could
4-

emergefrom mediacontain池glOOmM PU.

TheemergencerateofFlfliesfrom'reciprocal

crossesbetwetenPU-resistantandPU-susceptibleノ

strainsissllOWn in Table9.TIle reciprocal

crosses between the.resistantstrainssucll甲

HL'koTZe･R3]and WMD7_38,andthesusceptible

straiIISSuchasc12;bE71･-3;gut,ctZVgbw,azldy,

Table9･NumbersofF.fliesfrom reciprocalcrossesbetw?enDDT-resistantPU-resistantstra;也I

andDDT-susceptiblePU-stBCePtiblestrainswhichemergedfrom untreatedandPU二treatedmedia.

Sortof血edium 20mMPU 1 30mMPU 1 50mMPU 100mMPU

9 8 9/8

Ht'kone-R319XCTIVgbw8

cnI,gbw?XHikoIW-R318

WMD7ー389 X cnVgbw8

cnvgbw? ×ll′MD7_398

Hikone-R3)?XcTZ;bar･3;gv18

cn;barl3;gt;I早xHikoIZe･R318

y(A3)早Xmkone二R3)8

Hikone･R319 Xy(A3)8,

1121061.05

112 971.15

69 760.91

85 811.05

991140.87

1181031.45

1301081.20

116■981.18

9 8 9/8l 9 8 ♀/8J､9 8 9/8

96 951;01

91 891.02

83 760.92

51 501.02

82 920.89

66 830.79

103 781.32

73 531.37

61 541.13

46 411.-12

40 450.88

72 541.33

58 810.72

50 44ユ.13

55 590.93

28 470.60

56 531.05

62 581.06

47 361.30

59 521.13

早.8 9/8

22 161.39

26 290.89

9 42.25

12 150.80

35 380.92

28 361.77

9 170.53

35 380.92
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weremadeinordertodiscoverthegeneticnature

ofthePU･resistanceofDDT-resistantstrains.

TIlellybridsofthesecrosseswerefotmdtobeas

resistantastheparentalPU-resistantstrainsused･

T王lereSllltsmakeitclearthatPU-resistance is

almostcompletelydominantoverPU-susceptibility

●aridmatemalor､cytoplasmiceffectsarenegligible･

f) Chromosomailocation ofPU-resistance:

Backcrosse320fsectionawerecarriedoutwith

PU-susceptiblemultichromoso甲almutantstrain

cn;bal･-3;gvl.TIl占relationbetweenthephenotype

andthenlユmberoffliescmerging from media

containing50mM PU isshowninTable7.

IftlleOffspringare】leterOZygOuSforthepar･

ticularchromosomefrom theHL'kone-R31Strain

responsib一eforPU-resistance,theywouldbeexI

FeCtedtosurviveandemergefrom mediacoD･tain-

iD.g50mMPU.If.tlleyCarrythesusceptiblechromo･

somewith the mutantmarkerin homo2:ygOuS
I
cop.dition,they,wouldnotbeabletoemerge･

As showninTable7,evidentlytheF2flies

havingtherecessivemutantmarker,andinwhich

both thC2ndchromosomeswerederivedfromthe

susceptiblestrain,arestronglyse一ected byPU･

Thecn,･+,･+ individuals,wi1icllarehomozygous

forthe2nd chroI坤 ome'whlch hasthePUI

suceptiblegeneandareheterofygousforthe3rd

aD.a4th chromosomeiromthePU-resistantstra.in,

show aslightabilitytosurviveandemergefrom

mediacontaining50mM PU.Ontheotherhユnd,

the +;+;+, +;+;galindivid血Iswhicllare

hetero2=ygOuSforthe2D.d chromosomeandStd

chromosomefro,m thePU-resistantstrain,are

scarcelyselected atall.In contrast, +;bar-3;

gvl,十;bar13;+i且dividuals,whicllCarrythe2nd

ch-romospmein lleterOZygOllSCOnditionandare

homoヱygOllSforthe3rd chromosomewith the

PU-susceptiblefactor, are able to sI10W･only

slightsur'vivalonthetreatedmedia.

Theeffect.ofthe 4th chromosomeson the

resistanceshouldnotbeentirelyneglected;itwas

foundthattheperccntagcsllrViv左lofphenotypes

ofthe4thchromosomalmutantisratherlower

onthePU-treatedmediathan in thecontrols.

･However,thismaynotbeofmajorlmportance

inresistance,evenifitshowssomeeffectasa

modifyingfactor. Tllemostimporlanf-effecton
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resistancemayI)eduetothe2ndand3rdcllrOmO･

some3.Tile dataevidently indicate thatthe

mainlydominantgenesforresistancetoPU are

locatedonthe2ndand3rdcIITOmOSOmeS.

(3) An alysisofthelocusLforPTtT-resistant

gene land PU-resistantgene on the second

chromosome

ltisconfirmedilltheabove-mentionede耳peri一

meltsthatthePTU-resistanceofD.mehznogasEer

isdじetOtllepOlygenicsystem wllicllaremani-

feste-abytherecessivefactoronthe2ndchromo-

sor=e and tlle dominant factor on/the 3rd

chromosome. Onthecontrary,PU-resistanceof

D.melon-gasterisduetothepolygenicsystenl

whicllaremanifestedbythedominantfactoron

the2ndchromosomeandthedominantfactoron

the 3rd cIlrOmOSOme,aS Wellas t王le PTU-

resistantfactoron,the3rdchr.omosome.～

.Inordertodeterminethepreciselocusforthe

PTU-resistantfactorandthePU･iesistantfactor

onthe2ndchromosome,severalcrossingexperi-

mentsweremade'in order to ascertain the

crossoverratebetweentlleresistantfactorsand

certain knownmarkergenes.

For･thispurpose,two mutantPTU-resistant

PUISuSCePtiblestrains,namelycnbw,andcnでg

bw,werecrossedtocertainPU-resistantPTU-

sllSCePtiblestrains,suchasHikolle･R,HlkoneJ･

R31endWMD7_38;theTeSultingF】femaleswere

backcrossedwithmutantmales･ofoneofthePTU-

resistantPU･susceptiblestrains.

ThecrossingprocedllreSWereaSfollows;

Backcross

(8)Fl(cnbw?×m kone-R318)?xcnbw8

(9)Fl(Hikone-R3】?Xcnbwa)9-×lcnbw8

(10)Fl(cJ7VgbwgXHiko'ze･R'318)?

×cnvgbw81-

(ll)Fl(Hikone-R31台×cnvgbw8)?

Xcnvgbw8

(12)Fl(crlVgbw ?×WMD7_388)?

xcnvgbw8

1n these Crossing procedures, the relation

bctween the pllenOtyPeS and the number of

survivingfliesでasdeterminedbythe"adulttest'

inwllicl120F】femaleand20ma一eflies､oftile

mlltantStrainwereputintoglassvialscontaining

treatedoruntreateddryyeastmedia.

TIICCrOSSiJlgOverinFlfemalesinbackcros$8

＼
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Fig.1.TheconstitutionofpheD.Otype50nthesecondchrふmo;oneofFeflielserr_ergedfrom tre左ted
media.

PhenotypeSOfF2fliesemergedfrom
PTU-treatedmedia

PhenotypesofFe
fliesemergedfrom
PU･treatedmedia

Single-ciossover

Doub一e-Crossover

Tr王ple･crossover

cn妻 ivg ; bw
●-:-●-'-●- ;- ●-
4-:-●-:-●- :- ●-
+ ★ + +

cll + + +

+ vg bw

cn + +

十 十 t･g bw

cIZ tTg +
･-● ● ● ●-

+ + + bw

cn + t･g bw-● 三 ● ●･-･･
-● ● ●●･.･.･一
十 十+
cTL + +bw

-4 + 4+-
-● e t●一一･
十 γg+
cn +-bw

-● ● e-●-
+ +vg+

cn 暮vg +
.-● ● ● - ●-
-●- ●- ●- ●･-
+ + bw

cn vg bw

+ t.g bw

cIJ+ +

cn vg +,

+ vg +

cn + bw

+ + bw

+ ★ 十 +

cn * + +

+ * vg bw

+ * +bw

cn ･ vg bw

cn.･ +bw

+ ● Vg +

cn tvg +

■:DDT･res王stantgene

TablelO･NumbersofFefliesofeachplleZlOtypeObtainedfrom thebackcross8,.Fl(cllbw? ×

Hikク〝e･R318)?×cn'bw 8atldbackcroSS9,F)(HJ'koJZe-R319×Cnbw8)?×cnbwSWh.1(h
emergedfrom untreated,andPTU-alldPU-treatedmedia.

Backcross

Totalno.ofF2flies 1 631 296 1 209 1 256 1 67 1 72
PercentageoftotalC〝

Percentageoftotalbw

十;wildqllelcfrqmPTU-susceptiblePU･rCSistqqtstraiqqEDDT-r与Sist叩Ce,C･R･‥crossoverregion

lp7
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叫d･9 shouldproduce4-pIICndtypesilltheF2

_generation･_i･占･･wild-typeandcnbw (non-

crossover'cldss),andc'zandbw (crossoverclass).

Although thecnbw,cnandbwmutanトtypeflies,

hswell甲 thetFild-type･Can emergefrom the

untreatedmedia･ーOnlywiId･typefliesarese一ected

･on'mediacontaining.3mM PTU.Thismeansthat

thenon･crossovercnbw flies,andthecrossover

cnrand,bw flie胃homozy･gousfortheparticular

pTU･resistant chromosome from the PTU-

re'S王stantstrain,wouldbeable-to surviveatld

emergefrom mediacontaining3mM PTU･On

theotherhandthenon-crossover.wi1d･type'flies,

andthecrossover cnandbw fliesheterozygous

forthepaTticularPTUIStWCePtiblechromosome

from theI)DT-resistantstrain (videresults.in

Table3),wouldnotbeabletosurviveandemerge

from mediacontaining3mM PTU.

In the case ofPU-containing media,many

第 23 巻--Ⅳ

wild･typefliesandafew-mutantfliescan-sllN_ire

at50mM concentration.Tムismeans血attIle

Don-crossovercn bw flies, and some oflthe

crossovercnandbw flieヲ,WereSelectedbyPU･

TIleCOnStitlltionofgenotypeswitIlrespecttO

the2ndchromosomeisschematicallyreprPSented

<inFig.1.

a) PositionofPTU-resi申antgeneOnthe2nd

chromosome:AsshownlnTable10,Ron-cros5-

0vercnbw flies,andcrossovercnandbw flies

homozygous for th-eTIChromosome witll t∫le

PTU･res王stantfactor,can emerge from_PTU･

containing media,while only wi1d-rype flies

heterozygous for the chromosome with the

DDT-resistantfactorca-,otsurvivefrom media

containing3mM PTU.

Thesecrossoverdatasuggestthatthedominant

PTU･susceptiblefactoroftheHL'kone'･R31Strain

is一ocatedon血erightarmofthe2mdcIlrOmOSOme.

Tablell.NumbersofF望fliesofeachphenotypeobtainedfrom thebackcross10,Fl(cnvgbw

早×mko,,e･R.,18)9Xcnvgbw8,backcrossll,.FI(Hikone-R319 X c7"gbw8)? Xcnvg

bw 8 and backcross12,FJ(cnvgbw?XWMD7_388)宇Xcnvgbw8whichemerged from

unt,eated,atldPTU-ar･.aPU･tr占atedmedial.

Sor【̀ofmedillm Control 3rii~MPTU 50mMPU Contro一 3mMPTU 50pmUM contro1 ■3mM-PTU
~町 m ｢｢ C.R. 己哀丁｢~ C.R. C.R.l C.氏. C.A.I

登p0d-q)ー弓 .P,I cTl-Vg■:-bw 0227 OL 286･1;2 _6 0 190 0-1671,2,1｣ 0116 0123

CTZ + + 1 64 2 13 1 28･.1 51 2 10 I一一 1 34 2. 12

+ vg 'bw .44 ~1 39 2 15 40 1 21T l- 6 22 -1 31

･+ +､bw 2231,2,3 0 3 167 1761,_2,3 03 71 119I,2,3 0
cn + bw 1,2 122,3 ■21,3 _ll1,2 ll2,3 ､1亘 ｢ 1,2 3-2,3 0

Totalno.oEF2flies 11022E551
483 1846i334十214-532 1 276

1_閃
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Table･12.Percentfrequencyofthe3mutaJltmarkertypes王ntheF2flieswllich emerged from

.PTU･treatedandPU-treatedmedia.

Sortofmeditm 3mM PTU 50mM PU

MutatLtmarker clZ Vg bw cn vg bw

Backcross 10

Backcross 11

Average

89.7 97.3 59.3

90.1 96.7 56.6

89.9 97.0 57.9

7

9

3

7

8

8

0

RU
9

2

9

0

1

1▲

toPTU-andPU-resistantgenes 10.1 3.0 42.1

Therefore,itappearsthata gene forPTU-

resJistanceisinvolved,whichislocatedsligh(ly

totheleftofthecentreofthereg王onbetweencn

azldb叫;th上isthePTU-resistantgezleSeemstO

benearertocnthanto.bw.

h ordertodeleminetheprecise70cusforthe

PTU-resistantgene,the CIZVg bw strainwas

emp一oyed. h this strain thepositionsofthe

mutantmarkers are 81dtable for the precise

･determ王nationofstlCIlageneOnthe2ndchromo･

some.TlleCrossing experimentwasperformed

bythesameprocedureasabove,andresu一tsare

EelOlltinTab一ell.

ItisseenthatthoseF空flieSWhich carrythe

mutantmarkervgemergedfro.mPTU-containing

mediaingreaternumbersthan tllOSewith the

othermarkers(seecrosses10,ll,12). These

resultsindicatedthatthePTU･resistantgeneis

locatedontherightarm ofthe2ndchrorhosome

near'thevg(Ⅰ1167)gene,sincethelinkageis

veryclose.ThecrossoverratesbetweenthePTU-

resistantgeneandtIlemlltalltmarkermaybe

calculatedfromTable12,inwhichtheJpercentages

oftotalflieswith themutantmarkerscn,vgor

bwsurvivingPTU treatmentarepresented.

The loctlS for the PTU･resistantgene is

calcu一atedfromthelaveragepercentagesasfo一lows:

Mapdistancefrom mutantmarker

toPTU-resistantgene

cn-1･-◆tt-rl,I" :100-89.9-10.1(%)

II･1lpt,̀一一→ Vg:100-97.0-3.0(%)

tt-1･pl..･-1･.･bw:100157.9-喝.1(%)

ThelocusforthePTU･res王stantgenemaybe

･Sraphicallyrepreseqtedthtui

cn(57.5)
∴ ●-

H･rph̀ (64.8土)

ivg(67..)

ミ十･- ･･-10.

bw(105.0)
ii- チ-

Here the PTU-resista.nt gene on thC 2nd

cllrOmOSOmeisdes;gnatedas〟-r〃".

Consequently,theestimatedtrueposition of

thisresistantgeneliesbetweell64 and67onthe

2ndchroThosomenearvg'(II67);Le.thelocus

forthe recessive gene-for PTU･resistance is

slightlytotheleftofthet,g loctlS.In other

wordsthelocusforthedominantgeneforPTU-

susceptibility in the DDT-resistant strain iS

sl王女htlytotheleftofthet,glocus.

Itisveryinteresting thatthislocus closely

agrees'withthelocus forresistanceto DDT{

BHCandparathionde'terminedbyTsukam oto&

ogaki,andbyKikkawal2,13),andespec王allywiththe

locusー(ⅠⅠ-64.5)forresist&cetoparathiondeter･

minedwithth占samestraincnvgbwbyKikkawa4).

As shown in Table ll, when the strain

WMD7_3BistlSedinsteadoftheHikone･R31aS/
theDDT･resistantPTUIStuCeptiblestraiD.,the

TeSllltsindicated山at血edominantgeneforPTU-

siisceptibility Ilad the samelocus,despite王ts

differentorigin.

b) PositionofPU-resistantgeneon 血e2nd

cllrOmOSOme:Thelocusfortile PU-resistant

geneonthe2ndchromosomewasdeterminedby

asimilarprocedure.As showninTable10,the

cn,bw,andcnbw,flieswhich could emerge

fromI'U-Containingmediaseem tobecarrying,

inheterozygotlSCOndition,theresistantgeneon

theirchromosomesacquiredbycrossingover.

Th号Sedataprovideevidencethattheiesistant

･i99
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geneiscloserI.ocntllantObw･

Thedetailsoftheseexperim_entalzresultsare

setoutin Table ll . The frequenciesofthe

3mutanttypesintheF2generationrearedonPU-

containing mediaareexpressed'aspercentages

inTable12.AsShown in Tablell,F2flies

havingthemutantmarkervgweremoreheavily

selectedbyPU thanflieswitlltheothermarkers.

The主eresultsindicatethatthePU'-resistantfacto芋

isldcatedontheriglltarrhofthe2ndcllrOmOSOme

nearthevg(ⅠⅠ-67)g甲e･一

Therateofemergehceofsingle･CrossoverF空

fliesfrom PU-containing media is somewllat

higherthanthatofthevalueexpectedtrom the

triple･crossover class (morphologically single-

crossoverclasscnt,g+).Thusitappearsthatthe

non･resistantflieslュave not Sufficient一y been

selected.

Tlle一ocusfor'pu-resist血tgeneiscalculated

from theaveragepercentageas､fo一lows:

Map distance from mutantmarker

to ▲PU･resistantgene､

cn一一-→tIIRpu:lュo.9(%)

71-Rpq ---+vg: 813(%)

ZI-Rpu････→bw-:40.5(,oi)

Thelocusforthe′PU-resistantgenemay･b9

graphicallyrepresentedthus:

17-Rpu(64土)

--'L:=∵ 十 二 二 ∴ i-=L一二
;- 8.3-:- ;!

｣ - 10.9+ .:

:A-- 40･5丁一･･･.･.･--･

HeretllePU-resistantgeneontlle2ndcIlrOmO-

someisdesignatedastt-RtV.

Consequently,theestimatedtrue.position of

thisresistatlt_geneSeemstOliebetween64and

67onthe2ndchromosomenearthegenevg(ⅠⅠ-

67).TIlislocusapp品rstoagreecloselywith the

locusofthegeneforresistancetoDDT,BHC

andpara血ion.

However,theloctlSaSCalculatedfrom thevg

･fliesisslightlydifferentfrom thelocusascalctl-

latedfrom thecnandbw Llies.Thisdifference

mayderivefromth占factthatthesusceptibleflies

werenotcompleteyselectedataconcentrationof

50mM PU.Further e=iPeriments shou一d tqe

卯

h'gherconcentrations.

AIso,ifthisdifferenceisduetopleiotropic

effectsofothergenescontriblユtivetoPU-.resistance,

tilePreciselocusforthe resistantgeneitselfI
nlaybedeterminedonlybyeliminatingtheeffect

ofothergenes.Forthispurpose,Specialstrains

arebeingnowsynthesi2;ed.

(4)~An alysisofthelocllSforthePT.U-resistant

andPU･reslstantgeneonthe3rdchromosome/

a)･Position-ofPTU-resistantgeneonthe3rd
chromosome:SincePTU･stlSCePtibilityandPU･

resistancemaybemutuallypleiotropicexpression

ofDDT-resistantgeneonthe2ndchromosome,

asmeIユー1.Onedabove,theprecisedeterminatioll0f

theloctl_SforthefactoroTlthe3rd chromosome

forresistancetoPTU ontheonehaTl.aandto

PU ontheo'JlerWasdeterminedbya,procedure

inwhich thep】eiotro.pie effectbetween the3e

geneswaseliminated･

h ordertodeterminethepreciselocusforthe

domiI⊃alltPTU-andPU-resistantfactoron the

3rd chromosome,certain PTU-resistatlt Strains

sllCIlaSbw;HIITLkuneJE,andbw;ttINS_TE･Were

used.Thesetwostrains王laVethe3rdchromosome

derivedfrom theHikoTLe-R andNS-R strains

TeSpeCtivelyin血eiroriginallyDDT-SllSCeptible

baCkgrollnd･ As the typicalPTU- and PU-

susceptiblestraillbw;stsswasrnainlyused･By

theoITeOf these special'strains in crossing

experiments with the susceptible strain,､the

differencesmayb,erestriĉLedtothe3rdchTOmO-

S〇mewithotl_tinterferep.ce by factors on the

otherchromosorne･

Ⅰnordertodeterminethe･preciselocusforthe

pTU･resistap.tfactoro】ユthe-3rd chromosome,

thefollowiDgbackcr6sEeSWereCarriedollt.

Backcross

(13)Fl(bw;sls号9×bw;IIImkoHne一点8)?
･xbw;sEss8

(14)Fl(bw;sEss?Xbw;ZLtNS_だ8)?

xbw;slss8

From thecrossoverdatainTab一e13,the】oCus

forthePTU･resistantgeneonthe3rdchronioI

someco111dbedetermked.

Itwascalculated byassuming thattheger.e

waslocated･between gf(ⅠⅠⅠ･44.0)and∫∫(ⅠⅠト

58.5).Atwhatpointalongthismapdistanceof

14･5 th与reSistant宇ene Was一ocated could bC
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Txa:1:;1I3il:i;～?_e:ヲ80E,F;LiiebSwO;fsTsc,h8P,heannodtEaeckO:慧 I oFm.Tbew?asClk:sroPSSx13b'wFII;IE:Rf器
Xbw;slss8,which emergedfrom tntreated,andPTU-andPU-tr由ted叩edia.I

Totalno.ofF望flies 2589 1990 1 285 1 1024

determinedfrom therateofthesEaTldssF2

flieswhichemergedfrom themediacontaining

PTU. ､

Inthecaseofbackcross13, thelocusforthe

resistatlt.geP.e On the 3rd cllrOmOSOme Was

calculatedfrom thecrossoverdata(Table'13)as

follows:

sE- IIt-RpTq 44･0･葦 許 ×100-49･8

Ht･RpTU- sS 58･5-竃 宗 ×100-49･4

Withasimilarprocedure,thelocllSforthe

resistantgenewascalculatedfrom thecrossover

dataofl⊃ackcross14(Table13)asfollows:

sE- Ill-RpTU 44･0+昔 ×100-49･0

111-Rpru - ss 58･5--篭 ㌻ ×100-49･9

Thustheresllltsofbo血 croSSeSindicatethat

thePTU二reSistantgeD.eOnthe3rd chromosome

derivedfrom theHikoTZe-RandNS･Rstrainsis

一ocatedapproximatelyatIll-50土 oD.thelinkage

map,i･?･ontherightarmofthe3rdchromosome

s一ightly to the rigllt Of the spindle-fibre

attachment.

IItisvery iD.tereStingthatthelocL..Sforthe

dominantPTU-resistantgeneonthe3rdchromo-

somecloSelyagreeswith thatforthenicotine-

reSistantgetle reported by Tsukamoto and

HiroyoshilO,14)

･Here. the PTU-resistantgeneon the 3rd

.chromosomeisーdes王gnatedas_1It･RpTq.

b).PositionofPU-resistalltgene Onthe3rd

chromosom占:Ⅰnordertodetem王nethelocusfor

thePU-resista.lt等eneOZlth与3rdchr叩 OSOm与,

the oEfsprit)g ofbackcross13were reared oq

mediacontaining30mM PU.

Thisbackcrosswassllitablefordeterminlhg

thelocus.ofthePTU-resistantgenebecauseboth

thestrainsinvolvedlladthePTU-resistantgene

onthe2ndchromosome.However,theseback･

crosseswerenotsuitab一efordeterininingthelocus

ofthePU-resistaTltgeneOnthC2D.achromosome,

becallSethesestra王r･.5lackedthePU-resistantgep.8

onthe2ndchromosome. Consequently,acon-

centration of30mM PU wasemployed,S王nc8

50mM PUexerted toostrongaselective effect

for血eseparationofpllenOtypeS.

Butbackcross13provedtnsuitablefordeter-

miningthelocusofthePU-resistantgeneonthe

3rld chromosomebecausethe emergencerateof

thenon-CrQSSOVerF2fliesfromPU-treatedmedia

wassomewIlatll王gllerthantheamoじnteXt:eCted

from 血edoll.bュe-crossloverclass(bw;sEss).This

maybedlletOtheinsufficientselectiveeffect.of

30mM PU fortheRon-resistantflies.Therefore

preliminaryestimationswerebased on otllythe

nllmbersofthemutantF空pllenOtyPeSin the

single-crossover class and the map distance

betweenthemarkergeneswasdividedinpro-

portiontotlleemergencerateOf血esephenotyp甲
from thePU･treatedmedia. Thelocusforthe

PU-resistantgeneonthe3rdchromosomenay

becalclllatedbydividingtllemap distance14.5

betweensL(ⅠⅠⅠ･44.0)andss(ⅠⅠⅠ･58.5)on the

basisofthe′emergencerateofthestandssflies_

asfollows:

st- IH-Rru 44,0十14･5×意 -49･3

201
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LH-Rpq - ss58･5-14;5× 右 -49･3

ThusitmaybeaSSu甲edthatthePtJ･resistant

geneonthe3rdchrふm6someislocatedatapproxi一

matelythesamepositionasthegeneforPTU-

resistanceonthischromosome.

Djsct18SionandConclusion

ltisnoteworthythattheresultsobtainedbythe

dadulttest'a!reedsocloselywith theseobtained

bythe'tarvaltestx･Thiswワuldindicatethatthe

presence'oftheche血ical(PTUorPU)in＼血e

medium hadlittleeffectonthe oyiposition rate

in the乍oncentrationsused･Thereforein this

iIIVeStigationthedatawerelobtained almostex-

clus王velybymeansofthedadulttest′.㌔

Theg印eticrelalioTZbetween resistanceto

iTLSeCLicidesingeneralandthatLoPTULZndPU.

Both theDDT-resistantzlicotine-resistantstrains

(e..g.Hikone･R, Hikone･Rs】, WMB30 and

tWMD7_38)and the DDTISuSCePtible dcotine･

sllSCePtible strains(e.g.bw;st;svnandbw;st

･ss)werealikeLiltheirsusc,eptibilitytoPTU･On
the otherhand, strong resistancetoPTU is

.shownbystrainswhichareDDT･susceptiblebut

resistanttonicotine(e.ど.bw;IUDLkoね,_a,bw;

nT_vs_払 bw;sIHRss).Moderatetoleranceof

PTUisalsoshownbysprainssllChasy,ywf,

CaTIEon-S,cn;baT･-3;gut, andcnbw whichare

DDT-susceptible but cap tolerate 400p･p･m･
nicotines111fate.whereasthec元R bw strain

hadacquired I)DT･resistatlCe-Whllと acquiriIlg

81lSeeptibletoPTU,by introductionof血e2nd

chromosomeof Hikone･R into_the originally

DDT･susceptiblePTU･resistantcnbwbackgrotmd,
bycozltraStthebw;sEHRssstrah acquired

PTU-resistancealonewiththenicotineresistance

introducedonthe3rdchromosomeofHikone-R.

PTU･res王stancewasshowninhigh-degreeby

strainsthatーWerelsimllltaneouslyDDT-susceptib一e

andzlicotine-resistant,butnotshown atallby

;trainsthatweresusceptibleboth toDDT and

nicotineno'rbystrains血atwereresistaJltboth

toDDT andnicotine.Henceitmaybyconclllded

thatallPTU-resistantstrainsare stlSCePtibleto

DDTandresistanttonicotinesulfate,whilethe

PTU･susceptiblestrainsaredivided.twotypes,

oneresistantand.the othersusceptib1号 both !?

蔓喝

DDTandton王cotlne(Table1).

Tlle resultsofreciprocalcrossesShown in

Tables3,4.5,and6sllggeSttIlatPTU-resistance

maybecontrolled.bytllreegenesatleast;i.e.

twomaingenesandonemodifier. Ofthemain

genes,oneisrecessiveandtheotherisdominant,

whiletllemodifyinggeneisincompletelydominazlt

andlocatedonthe･sexcllrOmOSOme.

Res'istancetoPU,acompotihdfarlessinsecti-

cidalthanPTU,issI10WnbytheDDT･resistant

HikoTZe･R31, WMB30 and WMD7138 Strains.

CompletesusceptibilitytoPU athalfthe'dosage

thatfailtokillthe.zLeSistantsis8hown bythe

DDT-susceptiblestrains.

Therelationship between PTU-and PU･

resistanceandthechromoso_mes･As Imentioned

above, thereissomeevidence(Table5)that

PTU-tolerancemaybepartial]yenhancedbya

factoronthesexchromosomLeWhichisincompletO-

lydominantoversllSCeptibility.Also',asshownin

thereciprocalcrossesbetweenPTU-resistantand

DDT･susceptiblePTU-sllSCeptiblestrains(Table

6)icytoplasmicormatemaleffectsmayhaveLa

s一ighteffectontheresistanceofFIProgeny.More

detailed experiments a一erequired before an≠

conclusionmaybedrawnon血esepoints,wllidl

areofsecondaryimportanceincontrollingPTU･

resistance.

Forthisreason, an autosome am7ys王s for

resistancewascarriedout.Tllisconsisted of

backcrosseSbetweentheDDT･susceptit!lePTU-

resistantc'2;bar-3;gvlstrain and 'the I)DT-

res王stant PTU-susceptible HL'kone･R31 Strain

(backcrosses1&2),andbetweentheDDT-sllS･

ceptiblePTU-susceptiblebw;st;svnstr去inandthe

I)DT-susceptiblePTU-resistantyand CaTZlon-S

strains(backcrosses3,4& 5).

The results ofba占kcrossesland2(Table7)

iIldicate 血attIlerecessivePTU･res王stantgene

possess占d by the PTU-resistant stra王ns 王S

locatedon the2nd chromosome. Theresults

ofbackcrosses3,4and5 (Table,8)'indicate

thatthedominantPTU-resistantgenepossessed

rわy tlle ､PTU-resistant strains-is located on

the 3rd chromosome.TlleSereSultstherもfore

izldicatethatPTU-resistaLnCeiscontrollednotonly

by 叫ere与eSS享ve 写e甲 Oq t11㌢ 2相 -chromq-
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so血e-but云IsobyJthe domiha血 genとon.the

3rd-chrohiosome.

･PU-resistance, as reciprocal crosses show

(Table9),isalmostcompletelydominantover

PU･susceptibil王ty.Moreoverherecytoplasmicor

matemaleffectsseem tobealmostnegligible,the

sex ratio 王n the FlfliesbeingzlOrmaltmder

PU pressure.TheseresultsitldicatethatPU-

resistatlCeiscontrolledbyadominantfactor.Tile

results ofbackcrossesbetween PU-stwceptible

markerstrainswith theDDT-susceptiblegene,
atld a PU-resistant'strain with the DDT_

res王staLntgene(Table7)indicatethatthisfactor

derivesmainly from dominantgenesforPU-

resistancelocatedon血e2ndand3rdchromosomes.

ThelocusforEkePTU-and●pU･resisLa,zLgenes

OTZthe2ndchromosome.This滋asestimatedfrom

theresultsofthebackcrossesreportedinTables

10andll.Theyindicate血att王lerecessivePTU-

resistantgeneislocatedontherightarm ofthe

2ndchromosomenear'thevg(ⅠⅠ-67)gene,and

tllatthedominantPU-resistantgeneisalsolocated

nearthetノggen占onthe2ndchromosome. This

locllSfortIlePTU-andPU･resistantgenes

closely agreeswith the locusdetermined for

I)DT-and BHC-resistanceby Tsukamotoand

Ogaki12),andalsowiththatreportedforparathion･

resistancebyKikkawal).

.Therefore,itmay beassumedthatthePU-

resistatltgeneOnthe2ndchromoso!neoccupies

thesamelocusasthegenecontrollingageneral

resistancetoDDT,BHC atldparathion.There

isthepossibility,blltnOdirectevidencethatthese

genesarepsetldoalleleeachother.Moreoverthe

DDT-resistantgenemigIltactpIlenOtypicallyas

thePU-resistantgeneillthepresenceofPU,at

least in the DDT-resistaTlt Strains sllCh as

Hikone･R3),TVMB30,TVMD7_38,atldcnRbw_

ISimilarly,血e PTU･IeSistantgene evidently

occt】piesthesamelocus-onthe2ndchromosome

as the genecontrolling generalresistaTICe tO

insecticides.

ButwhereastliePU･resistantgeneisdominant

overthesusceptible allele, 血e PTU-resistant

geneisrecessivetothesuslceptibleallele.Hence

itisveryinteresting■tllat血epresenceofPTU一

癖 stqntsezleOZlthe2zldchrop?somやapparently
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confersasus'ceptibility'toDDT,BHC/Parathion

atldPU.Viceversd,tllePresenceOfthe~pTU･

susceptiblegeneonthe2md chromosomemeans

toconferaresistatlCetODDT,BHC,parathion

atldPU.

Itistherefore possibl占 -thatthe gene-for

TeSislancetoDDT (andtoPU,BHCandpaTa-

thion)andthePTU-susceptiblegeneareeither

pselldoallelesorcloselylinked genes;/butis

preferable to concludethatPTU･Susceptibility

resultsfrom tIlepleiotropic expression oftIle

DDT-resistantgene.Ifthisisso,theinvesti一

gationofPTUIStlSCePtibilitymaybeusefulfor

the study of cross-resistant mechanism, atld

DrosoPhL'lawhicharegenerallyresistanttoDDT,

BHCandparatllionmaybecontrolledbyselection

pressurefrom PTU.

ThelocLLSforPTU･aTldPU-resistantgeneson

the3,achromosome･Tlliswasestimatedfrorp
theresultsofthebackcrossesshowninTable13_

TIleyindicatetllat血edominantPTU･resistant

geneislocatedslightlytotherightofthelspindle･

fibreattaclm ent(ⅠⅠⅠ･47)onthe3rdchrom?some;
i.e.thelocusII1-50士 calculatedforthePTU･

resistantgeneofthebw;ZIIHikune_IEStraizlfrom

tiledataofbackCrOSS13closelycoincideswi血

theva一ueII1-49.0calculatedforthebw;ZLINS_tZ

strain.

An assumedlocusofIII･50土 forthisPTU･

resistantgenecloselyagreeswith thelocusofale

･genefornicotine-resistancereportedbyTsul(amoto

landHiroyoshlll). Thusitmaybeassumed that

thePU･resistantgeneonthe3rdchromosomeis

locatedapproximatelybetween tIlegfand ∫∫,

atldthatthedominantgeneforPTU･aLd PU-

resistanceoccupiesthesamelocuson tlle3rd

cIlrOmOSOmeaSthedominantnicotine-resistantgene.

Thefollowinghypothesismaybedrawn-from

dleresu一tsmentionedabove.Thedominantgene

atII･64-66which confersresistanceto DDT,

BHCatldparathionalsoconfers_resistancetoPU

(phenylurea), and abnormalsusceptibility'to

PTU (phenylthi?urea)･ T∫ledominantgene at

III-50土whichconfersresistancetodcotine,also

confersresistancetoPTU as･WellastoPU.

A logicalolltCOmeOfthisreasoningistocon-

siderthatPTU pressur与COuld restore DDT一

細
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stneeptibilit5'totIleStlrViving straitl,butinso

doingitcouldassemblethenicotine-resistantgene

onthe3rdchromosome.Therefore,ifnicotine･

resistantgeneonthe3rdchromosomedoesnot

appearthe lliglllやvelasDDT･toleraD.Ce,this

assumption sllggeStS the possibility 血 t 血e

mixture ofDDT,I･BHC orparatllion with a

substance correlated negatively to thesecom-

potmds,suchasPTU,mighthaveaneffective

insecticidalaction声nd mightnotproduceflies

resistanttothesemixttlreSevenafterthecontinllOtu

use.Ontheotherhand,PUpiessurecouldrestore

･DDT･resistanceand'nicotine-resistanceinafew

generations.Severalexperimentsareinprogress

ontheeffectsofse一ectionpressllrewithPTUand

PU/andwillberreportedinasubsequentpaper.

Theauthorisgreat一y indebtedtoProf.H.

KikkawaandMr.M.Tsukamoto fortheircom-

mentsduring the courseofthestudyandfor

stlPplyingtheinsecticide-resistantstrains,_andto

Dr.A.W.A.BrownofW.H.0.andI)I.J.F.

Crow oftheUniversityofWisconsin fortheir

kind左ssistanceinthepreparationoftheEnglish

manuscript.I

Sutnmary

(1) Thelevelsofr占sistance＼toPTU (phenyl-
thiollrea)atldPU (phen女lurea)weredetemi1ned

forstrainsofD.melanogastel･SOmeOfwhich

wereresista'nttoDDT,BHC,parafhionandothers

ofwhich weresusceptibletotheseinsecticides.

ItwasfoundthattheresistantHikone-R,WMB30,

WMD7_33andcnRbwstrainswerelessresistant

toPTU thanthe susceptibleCanEon･S,azbw,

etc.strains.Incontrast,theresistantstrainswere

moteresistanttoPUthanthesusceptiblestrains.

.(2) All血ePTU･resistantstrainswereSus-

ceptibletoDDT,blltthePTU･suscepdblestrains

wereoftwo types,oneDDT-resistantand也e

o山erDDT-suceptible.

(3) GeneticalanalysisindicatedthatthePTU･

resistancewasmainly､controlledbyarecessive
geneonthe2ndchomosomeandadominantgene
onthe3rdcllrOmOSOmeWitha(5ontributionfrom

an incompletely dominantfactor o? the.sex
chomosome. On thb other had, the PU-1
resistanceismainlycontrolledbytwodominant.

genesrespectivelyonthe2ndand3rdchromos9m.e等.

糾
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(4) The2ndchromosomalrecessivegenefor

PTU-resistancewas一ocatedontherightarm of

the2nddlrOmOSOmenearthevg(ⅠⅠ･67)gene,

whilethedominantgeTeforPU-resistancewas
alsotracetothesamelocusonthe2ndchromo-

some.This locus(i.e.ⅠⅠ-64-66)for PTU-

aJldPU･resistancecloselyagreeswith thelocus

alreadyestablishedforresistancetoDDT,BHC

andparathion･Itmaythereforebeasspmedthat

PTU･susceptibilityandPU･resistanceresultfrom

thepleiotropicexpressionofthedominqrntgene
forresistancetotlleSeOtherinsecticides.

(5) The3rdchromosomaldominantgenefor

PTU-resistancewa;tracedt｡thesam elodus(ⅠⅠⅠ･

50土)asthedominantg.enealreadyrdiscribedfor
nicotine-resistance.The3rdcllrOmOSOmaldomi･

nantgeneforPU･resistancealsoseemstooccupy

thesamelocusaSthenicotine-resistantdominanト

gene,although aprecisedeterminationcouldnot
bemade.

(6) Fromtheseresults,thefollowinghypothesis

wasintroduced;thatis,'thedomir･Antgene(ⅠⅠ･

64-66)onthe2nd chromosomewhich 90nfers

resis払nCe tO DDT, BHC and para山王On also

confersresistancetoJPUandabnormalsuscepti･

bilitytoPTU･T事Iedominantgene(ⅠⅠⅠ-50土)on

the3rddlrOmOSOmeWllichconfersresistancもto

nicotinesulfate,alsoconfersresistancetoPTUas

wellasPU.

(7) Itwassuggestedthattherewasthep6ssi-

bilityofnew typeofinsecticides'whlch might

havealleffectiveinsecticidalactiontoinsecticide･

resistantstrains and mightnotproduLc占 flies

･resistanttothenewtypeofinsecticidesevenafter

thecontinuoustはe.
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36･モルモ ット脳の呼吸に及ぼすE)チ/-ンおよびその誘導体の影響 深見項- (東武大学

n学部 事由学研究室)･古沢長次郎 (凸林省虫等技術研究所) 33･9･26 受理

ロチノーンは昆虫体内で神経および筋肉の細胞呼吸を抑制し, 死に至らしめるが,その細胞呼吸抑

制の一部はグルタミン懲脱水素酵素の抑制によるものであが). しかし昆虫におけるグルタミン敢

脱水素酵素の細胞呼吸における役割は不明である. そこで筆者らはグルタミン酸脱水素即諾…の役割

･が細胞呼吸においてかなり理解されているモルモットの脳を使用してロチノーンの彫哲を検討した.

モルモット脳ホモジエネー トおよびミトコンFl)アに基質無添加, コハク酸およびグルタミン散を

添加した場合の酸黙消祭に対するロチノーンおよび その誘導体の彫蟹を調べたところ,その阻苔の

岱庇は昆虫の場合と同じ偵向を示した.

Theauthorshaveconcluded in･theprevi0113

reportsthatrotenoneinhibitstherespiration oi

nerveandmllSCleininsects,andtheinhibition

oftherespiratorymetabolism ispart一yduetothe

inhibitionoftheglutamicdehydrogenaseactlvi-

tyl,5'･Itwasalsofound in rotenone and its

derivativesthataclosecorre一ationexistsbetween

theE'IVfvotoxicityagainstinsectsandthedegree

oftheinhibition ofgllltamicdehydrogenasein

insectmuscle6).

Although theroleofglutamicdehydrogenase

incellularrespirationisnotknownininsects,it

ismorefully demonstrated in.the brain of

mammals. The present study &as therefore

tmdertaken with the purpose of determining

whetherTOtenOneanditsderivativesinhibitedthe

homogenat占respiradonwithorwitholltSuCCinate

andthegltltamicdehydrogenaSeactivityfromthe

brainofthegtdneapig.

Theauthorswishto thankAssist.Prof.T.

YamasakiandMr.T.NarahashioftheFaculty

ofAgriculture,University ofTokyo fortheir

guidanceduringthecourseofthiswork.

AhtcrialSandAIcthodS

Allanimalstuedweremaleguineapigsweigh-

ingapproximately250g.

Measurementofoxygenconsumption ofbrain

･homogenate:Experimentswerecarriedoutusing

theWarburgmanometersat370C.TIleanimals

.werekilledbydecapitation.Abrain(1.5g)which

containedcerebrtm,cerebellum andmedullaob-

】ongatawasllOmOgenizedwith fivetimes甲 mtlCh

asvoltmeofphosphatebuffer(1/15M,pH7.4)

asthebrainandfiltered through gauze.These

procedureswerecarriedoutatlOOC.Flaskcontents

wereasfollows:1/15M phosphatebuffer(pH

7.4)1.2ml,sl血strate0.4ml(finalconcentration,

0.033M),hohogenate 1.SDI, distilled water

O.7mlordistilled water0.3ml.plusi血ibitof

O.4ml.

MeasurementofoxygezICOnSumptionby the
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