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Abstract

C:rsses between nalathron. fe:-ritrothj-on or tetranethr!n resistan!
strains and sLr$cepti.ble sirain were done. There were no differences bet-
h'een th€ iwc hybriis hrhe'-her nales or fenales wer-e resistant. It mee,ns no

sex I inked i:i.(.ritance cf :-es:s+,a;.c€ tc aa_ath:an, j€r.itr(,.ti.:on e.nc

tetranetLr:-j.l:. !(esults cf f:rs: g€:.1€::aiicri rybr:r re.ea.Lej ri.at:nherj._a:tr:e
of the ir:se:: i:ice res:st-:; c€ rr. :. !:p:e:.s is j:e -_c pj:._::liy, .::n:na::
g*ne(s) , Alsc t.he c:a:'e;ter is a:::cso::al or ee,r:. rjnt:e:.li cc....'.d irduce
r€s:s'!ai1ce t-c ihe i:yb:rd.

C.rncel';:iing tj]e second ce-.8:atl:- oi the r,alati:irr a:3 fenttrothj.o.,
yes:s:an'- s:ral"ns, t)rere was a aefli--_:cr, rn the co:;le:e _: - F lr:-.e

arcunc;51 ki11 thlrs'rt cc:^f:r::s tle resJ:c:,sibi-:""y s.- r:::cja.:.tc:ial ::..
rer i.tance. i{i:il.e in tet!-an€:!"r:-n - resLstant st:-arns il-,e i.s€r,.ei :cse
resFK,r.Se sur;* of th{: pro_ae:ti' cI '_le se:orl qere:dr.::.. ci {lers s_g:.:1i-
cajlti), fror ti:e c"rue which nj-ght De expectei cn r-he r-1a!,:s of nc:ofac!o-
riai inl:eri|,,3ice. Alt;c oefls.tici c.: the L:.ne at abc::I,C.,. ,,.,as iot
rbservei. Ti.',s it l.s ccnci;trec that :etrairetnrin ru=,.,ra-o"" rn c, Ej.gi€:ij:,
nay t.e due t.o mc:"€ tharr one ge:te. the linearity of tte se:.cnd generalio:.
cu:-ve indrcaLes tha! this resistance is polyfactorial.

Observed ani gx5rs:gsd nortal-ity fcr back-c::SS w{::r€ !lcttea , T:e
cie:lection :n these ii;res at abcu: 5Ci <ill rni:,-ate t.l-.e sec:eca: ro:-. ci
grc!i:s of phenotypes ar l: I rati.o tRS : SS) , T.h:s .res.,.iit c,l;iir:ins !1e
gcssi'bi.Lity of :nonogene -::Lerr:ar.ce :c nalathioi ai:c ! eni.t:.o+-iircr:. Ana-
lysis of the cbservec ani expecied responses on ii.e bas€s ol" r-ilcnegene in*
i:e: irance, yre-ded x' rai.res less than that of tabuiat.ec. This l.s ano.-her

r-onf :-rnation that i.nher itance of vesistance to !r,aiath:on a:-,i f eni,troi:hic..
rn c. p,rgiens !s nonof actorial. B.Jt i,n tetrameihrin-r€,slstant strain$ the
observed dose r-erspons€ curve of the progeny of the back-crcss d:ffer.s

Agric Fes, tent., Cent. Agrlc. Lab. pestrc,, Sabahia
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signifieaatty fr.'r the €:{'€cted curve vhich Fight be explained on tl*
besls of nonofactorill inlreritance. The ltnearity of the observed b6ck_
cross curve inCl-eetes that thiE resistance i6 polyfactorlal " ?l:us i.t is
concrudec that tetra:nethrln resistance in !. pipieris nay ba cue to.:nore
than one gene.

Introduction
rnheritance of resistancc to the i.nlecticices in several insects

attracted nany investig.tols. The node of inheritance for futbion, par-
athion and nalathion in c. pipien' vas due to a single gene{Tadanc,Jg693
Dorval and Brown, 19701 ?adano and sato, l97O). App€rson and Georghiou,
r975 found that the inheritanee of resi.stance to parathion, fenitrothion,
fenthion, chJ.o:pyrifos nethyL, and nethyl parathion j.n a strain of cullr<
tarsar.l. wis partialry don!.nant and due to nore tian one gene. priester
and Georghlourl9?9, found that the intreri.tance of resistance to penne-
thrin in t90 strains of the southern house nrosguito is of poryfactoriar
origin. Shaaahan(1979) Euggested th.t diazinon resist.ance in Lucilj,a
cqprini r€siatant larvae was itue to a tnajor gene arrele. The i,nh€ri-
tance of resistance to chlorpyrifos in c. g9_inque-fasciatrle was due to
internediate doninant geni (curtis and pasteur, 1gg1). Also Ecrd.rrgMay,
1982, found that fenitrothion resistance in A.ngg*les atrc)parvus app€ars
to b€ dependent on a singre najor autoloraal, ssiidoninant gene. r{hil,e
ProtDxur resistance in th€ sam€ strainjS dependent on nor€ than one
gene.

The geneticar bases for insecticide resistance is inportant in
understanding th€ feature of insecticides resi,stance develolxnent and th€
reverslon of this character, an &ttempt is concerned uith geneticar type
of nalathionr fenitrothion and tetrdnethrin resistance i,n culex pipi.ens.

llaterials alg !,:€thods

Insectigides gged:

- Fenitrothion t 9r9 - Dimethyl -g- (4- nitro-tti-tol.yi)ph,rsphorotirjoatc.
It vas supplied as technical grade (901)

- llalathion , 9g - Dinethyl S-(1-2-dicarbethcxy€thyl: phosphorodj._
thioate, It was supplie<i as technica.t grade (951)

- Tetrarnethrin : N -(3r41516 tetrahydro phthalimido)_ methyl cis_trans
chrysanthenate. It was supplied as techrj.cal grade(90t)
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Straijrs:

- Susceptible strain of *lex pipiens
- l'talathion resistant stlaj,n ( 12S.2 fold)
- Fenitrothion resiatant etrain (46.3 fold)
- Tetr&rethrin resist.nt strain (71,.67 folat)

Genetical technique:

tonofactoriar inb€ritance oJ resistance can be recognized by chara-
ctrri.tic uendelian segregation in the F, , F2 and also by l:l seg:regation
in appropriate back cross. This te.r,.,iqul naa used to study the oorle of
inheritance for resistance to lialathion, f€nitlothion, and tetra$,e.th'in.
Resistlnc€ I evel,s anC genetic studies $rnre determine,J by the dippi:1g
lnethod (rtilO , 1963.)

Reciprocal cross exgerinents rrere done by crossing fourty fena]es
resistant to nalathion, fenitrothion or t€trarnethrin to iwenty s,.:sc:epti.ble
nales and vice versal fourty susceptible femares were crossed to tlrelrre
resistant maIes.

?hc first generation was i'nbred to give s€cond sene:ration. The back
crosses (BCrslwere carried out as fol.lows;

(R9xsot)rr9rs/
(Rgxsd)F; drsg
(n#x sf ) r.' I r s 5r
(n/xsfrri f,xsf

(Pcl)

(Bc2)

(E3)

(E4)

The 4th lnstar larvae for each Darent hrhether tr rras susceptibl€ (Sli) ornalathion, fenitrothj.on-o! tetra$ethrin-resistant (RR), Fl (RS), !- and
back crosses wele treated by dipping nethod $ith a *ije rirge or jor.o.rrt-
rations- LCuo va)ues wer:e carcur'ated frora regressi,on ,l.ines for rfs l:ybrid
while the complete r,n-P lines were drar' for back ero$ses anc r" progenies.2-

The degree of dominance (D) of resistance h,as determined as des,c:ribed
by Priester and Georghiou (1979).

zLC<^ (RS) _ rc-^(RF.) _
p = ----JY_--________:y-_- ____*ro(*) - rc5c (sst

1.c50 lss)

Where, RR, RS and SS represent the resistant, heterozygote and susce;pti_
ble popuiations resli€ctively. Lc50 values are expressed in terns cf .heit
logarithms, The resu.ting D vajues yill nove on a scaj.e fron -i tver u to+ 1, where -' efreselts conpJ,ele recessiveness. C stands for a!: inter&e_
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diate genetic expression of gene. The span fror S to + L r€fiects rn_
coEPlete {partially) doninance and + I conpLete ici,-inance. ,']he expec,,ed
F2 segregation on the base of sj.ngle factor ilenoelj-an inherritacn€ was
calcuiated (Georghiou arrd GarDer fornrula ,1965):

X tFr) = aI (S) 0.25 + a, (SR) O.S + ar(R) C.25 wherer X (i2) is th€
exp€cted response of F2 to a given dose and uI , "2 ali a. are the obser_
ved response of S, sR (hybrid) ano R pcpuiatlons to tl-.at cose frotn rhej.!
resFective regression l-ines.'The expectei segre?ailon of the back_crcss
{Bc: of the sR to the s popuiation was calcularec far eac}:.ose bv the
f omul.a:

x (Bc) = al isR) 0,5 + a, (s) 0,5
The obse!"ved complet*e LD-p l j"nes for BC ani F^ ptogelires sere testec f rir
s:.gnlfi,cance by Chi sq:a'e m€thoc of statlst:c:l an:.r'sis is iescribei
b:r' Sreseccr anC Cochran (i967).

Rusul:s and D:scussion

1- The fi:st genera:j.on {F-):

--

ccncentratio: seri"es of na-et.h:on, fenitroLnicn ar.d t{:)tranethrin
were applied to the 4th :-nstar of s.:scepti.b.!e s-,rai: ,resis:t:ant sirain anc
the first g€neratlon (F,) cfl-spring (9 S x ,:in and t n * drsl , percenr
mc:-tality si larvae was:.ec,::ied affer ?4 horrs L!,_p i.ines *e:e Flra-ltec.
anC slaii.st:,e a1ly anaJ"yzero :f or conp;ting slcp€ and e :rniiie:,ce l:i:t.s
va:.ues" talle j sho*s tle LC.^, slope , level cf reslstancr ano cegree cf
do)n:na::ae var.r:€s. T'r-re res,ults showec -,hat the cegree cf dc:i:a::le va.!ueE
fcr the firs: generatior. (3p *lP S) ras C.3i5 while jt was C..t9t fsr ljl
* l? n) in marathion resistaDt strain. Arso it ras c.257 and;.1!i rn tne
trro ctosses, respeetivel-y in feriitrothicn resistar:t strain. iq tetraineth_
rln reslsranrt str:ain the degree of dcmi-nance fc:- the first generation (d
t x 8 Sl was i-151, while it was O.?45 tcr (8 s x I n) . Cc,r,Farin-q these
va-1ues witi those of marar'hion and fenitrcthior it rs c:ear tirei higf.er
values were obtained for ihe malathion r-esistanr stiain , Genelarr-y the
inlieritanc€ of nal.athion, fenit'oth'on anc tetra$ethrin resi.stance Has
controlled by pdt]"ally dominant gerre (S). Frotn the reccrded results,
there rere ng diffe;ences between the two hybrids brhether n,r:.es or fene.ies,,
In malathion sesistant att:a:n l€50 val.ues were about equal (6.6 - j.C E1g/

Litre). Arso in fenitrothion resistant strain rlro vaiues were aDout equal
(0.56 - 0.58 ag/Litre). Ttle same tr€nd was observed for tetr::a&et.hrin
resrstant strain, LC5O values rrere about egual (O.S _ O.54 jrg/ Lrtre ,,
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rt Eeans thart no sex linked inherit.ance of resistance to s,aiathion,feni-
trothign and tetranetlrrin. rn otb€r worcs the response ir thi6 case res-
enbleat the resiEt.nt tlrpe indic.ting aurosonal character, Also the strai-
ght Lines character for reciptocal crcsses are wiihn the rines for
ausceptible and resistant stlains.

The result. of first generEtion hybrids revealec that .the inheri.tance
of naiathion, fenitrothion and tetiarrret.hri$ in C..!-ipjgr:: are due to
partjally dorrinant gene (s). ALso the cheraccer :.s aucosoma.l or each
patent can induce resistance to the hybrid. T.he Cegree of dotninance
greatiy vari.ed according to the insecticide gsed and the sp{:cies in .o:l-
cern. s€verar inv€stigat.o's har€ report.ed lhe geneirc resis":ance.Tadano
!,llb9) proved that inherii:an,:e cf resistance io na.,atr:r.oi: ani fenrri:"ri
in a ccl"cny of C. pip.]q:!i pj.llens was nonsf actorial . ?Aese ::.actors u€:..
inc.implerely dci.,inant. i*rjle Dorvai and Erown (1920) found rhar ine i::_
heritance slf fenthion resi.stance in c, pj.pier:s {a!!gar.s was mainl1" iue
,:c a srngLe sliglrtly recessjve g,j;,,j, Tajano a.it Satc i:9tC) concl:ce-:
that- rnheritance of parathioli:-esistance j.n ia:-vae of C, pil,jens pal€E
strdin rdas nqnof stctor-i al ir,conplc"e dcni.nant. A.l,so cochran (I973 ) fcund
that the inheritan:e of pyrethrirls resisiance in BratteLia ge:na:rica (J_.)

:is due to sirnple a,utosonal incc:npiete oominant trait. Apper€:o: ano Geor_
ghlou (is75), fo'nd that ir*eritance of resistance to fenitrothion ,
fe::t-hion, chlorpyrifos methyl. anc pa::athr.on in a strain of c,ulgx tarsaijljr
was partialiy dorninant.Irerath & Davidson(193,)found t!:at Rai.athion resis_
tan{:e !n Anoph€l-es slephensi was due to single interrneiiate cloninant gene.

@:I'
Fourth instar larvae of tbe second generation t ele dipped in diffe-

rent concentretions of malathion, f€nitrothion an<i t€tranethrin. conplete
LD-P lines for F, are shown in Figs 1 6 2, and 3 na straight lines uere
obtained for narathion and fenitrothion resi.stant strains but showed

general tendency for deflection. This indicates that the F2 population
segregates into crasses of phenotype and conseguently that resistance
is due to a najor gene. Steady of perecent kill vatues observed around

25 percent kil1, frorn the well known Mendelian laws, it is a confirnration
for BonofactoriaL inheritance responsibilty for resistance phenonenon .

rn order to lest this possibility, the observed results rere subseguently
analyzed for goodness of fitting to monofactorial inherj,tanr::e by the chi2
eetbod. rt is noticed that the observed rnortalities are general:. in
agreement wi.th the expected value on the bases of a najo= single factor.
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These ftnc:ngs u-onflr1'l lhe mo:.lcfactorral inherttance for malatl,ror. and

fenitrothron, lJowever in tetrasethrln resistant stra!n the observed c:s€
reEponse curve of the progeny of the second generatir)n differs sign:f:-
ciltry from the curve which is expected on r-he basis ot D'nofactorr.a].
inheritance- Also deflection in these rines at about Lc25 was nor ctrse:-
ved. Thus it i-s suggesfed th6t tetranet.hrin resistani:e may be due tc,
niore than cne gene. The linearity of the second gene.ration curve iniiicats
ehat this resistance is expectei as polyfactorial.
3- Back - cross (BC) !

The iarvae frori the different back-crosses were treaied by different
concentref,ioris of nalathion, fenitrothion and !etrE-a.rthrin. The comFrete
!,8-P lines;ere plctted fro$ the cbse:-ved and expec:ed percent,nor'-erities
for back*cruFs iFigs. 4r5 and 6). ln:nalathjo. ani :ilnitro'Lhion resistant
stralns tiie al:servei drawn Lines for ihe BC Aave ccr:;:iete :_r_p .L:nes a:)d
:rot straight 1ires, A"Lso the resul.ts ciearly:,ndicate, a s:eail.state cj
p€::cent k:-ll, arouno 5c for the back-.rosses and silowe,d pi::eaux nrouni 3._,t

liLl, The s-.atistj.:al chi2 r.ethoC of a:aLysis si:owe; rhat, r-here Here no

significe:'rt cifferences between expec.ed and observe: rines. 'r-ris suij:es:-
tr.g th€ possibiLity monogene :.nheritar:ce cf res:ri:ar:e tc na]athion a:,:
f enitvothic:'r. wl-,ite i.n retrametiir!r res:siarr -s 1ra.:.r: r-li€ rbservei dos€
response curve cf the prooeny of the back_crcss C:ffers sjgnificantL],
froar the expected ciirve which $igit be expected on the basis of :irono::a:-
toriai irihe:itance" Conipu+.ation of th€ 95s cc:fidence 1:Ln:rs cenftrms;
the significance ot. difierences betueen the cbser!ec rni expect.ed curves.
The finea::1:i'of tle observed back-crcss curve conf:r,ns aca:n that tli:s
resi6tace is p,trlyfactorial. ?herefc'e , tetraftet,hrin resistance nay r,€

due to mcr€ one ge!.je.

It seems that inher-itaaee of naLaihi.on, fenitroilrion and te..r&n€tnr:.n
:-esrstaile ln Cllex gipj-en6 Larvae is proved to be au,;:os;naL chara3ier or
each par:en! :an rnduce resistance to the hybrtC, u,h:clr is not sex lj-rkei
ir,herj-tance.

Resul.ts of F, hybrids of resjstart strain trn thlsi study revealed
that the inheritance ts due to gene(s) sith degree of donr::ance
fitted wiil rith +-h€ partially doninant effect,

Analysj.s of se,:ond generetj.ons and back_crosses c.c,nfrrmed greatl.y
the $onogene in.reritarce fo! resjstance rn mal.athion and fenitrothror
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and fsnitrothion organop'osSrhorus insecticides. rhese results are inagreetnent rith }|oust.fa et al.r(19g2) who found tlrat autosonal,Binglepartlarly dominant gen€ sas responsibre for the inhe'itance of resistanceto azinphos'{ethyl ard sulgrofos in the Egyptian cotton leafirornr spodo-ptera rittoralis. the data has shor.m arso that inheritance of resistance

::_:::."t*Tin. 
(ryDthetic prrethroids) nay be a polyfactoriar type. rhisresult agreed with tbat of prieste! and

that per'ethiin resistanc" ;;. ;;.;.;xs 
Geolghiou (ts7s), pho concruded

polyfactoriat or'gLn. 
:':' guinguefasciat\:e is of aqtoso&ar

l{any investigators supported the previous reeult*r. Shanahan { 1979 )found that in],eritar,ce of diazinon resistance i. r.,,^rr.--__-:
to a najor alrere- c-,irti6 ar:d pasteur ,;ff"r::ffifrffi::.i;
resistance to chrorpyrifos in c. quinguefasciatus fron different regionswas due to single in!er'€dj.ate o-ominant ge'e. while Beenan and sc!trj.cit{1982} f,ound that i'heritance of resis:ance to rnalathion in pr.o.lia 

'xtr6_punctellir was controlred bv a singre autosomal gene o.r o" .Giili]u6et oJ genes, Hetrringyay {19g2), found that fenitrothiol resis*.ance inAnopheles atroparvu' froa spain appears to be dependent. on a single ua.iorautosomal, senidoni.nant gene. Hhile the propoxur resistance in tire sanepopulltion i6 dependent onrore than one gene. rn housefly shono. et ar.,*gg2) found that reci'ta'ce to lralathion was alrb.t due to compJ.eter,yddninant gene. Georghiou ard saito (].993), fouad that inheritance ofqalathion resistance i" g.3. t.d"*. uas due to monofactorial by aDautosoral gene of partial ds,,.nant effect.
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