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Abstract

Crosses between malathion, fenitrothion or tetramethrin resistant
strains and susceptible strain were done., There were no differences bet-
ween the twc hvbrids whether males or females were resistart. It means no
sex linked inheritance of resistance to malathion, fenitrothion and
tetramethrin, Fesults of first generation hybril revealed that inheritance

of the insecticide resistance irn C.

gene(s), Alsc the character is auvosoral

resistance to the hybrid,

Concerrning the second generzt:c~ of the malathion and fenitrothicrn

N

resistant stirains, there was & ceflectieon in the complete .2 - F lire
arcund 25% kill thus it confirms the responsibility of moncfactorial ain-
neritance. While in tetramethrin - resistant strains the stserved -cse

respense curve of the progeny of the second gereration differs signifi-

cantly from the ciurve which might be expected orn the pasis of menofacto-

may Le due to more than one gene, The linearity of the second generation

curve indicates that this resistarce is polyfactorial.

Observed and expected mortality for back-cross were picttes , The
deflection in these lines at about 50% xill indicate the segregation of
groups of phenotypes at 1:! ratic (RS : SS), This result confirms the
pessibility of monogene inheritarnce te malathion and fenitrothicn. Ana-

.ses ¢l monogene im-

o

lysis of the observed and expected responses on thre b
Lo . 2 | . . . .

reritance, yielded x° values less than that of tabulated, This is another
confirmation that inheritance of resistance to malathion ani fenitrothicn

in C. pipient is monofactorial, But in tetramethrin-resistart strains the

observed dose response curve of the progeny of the back-crcss differs

*
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siqnificpntly from the expected curve which might be explained on the
basis of monofactorial inheritance. The linearity of the observed back-
¢ross curve indicates that this resistance is polyfactorial. Thus it is
conclvuded that tetramethrin resistance in C. pipiens may be due to.more
than one gene,

Introduction

Inheritance of resistance to the insecticides in several insects
attracted many investigators, The mode of inkeritance for fenthion, par-
athion and malathion in C. pipiens was due to a single gene({Tadanc,1969;
Dorval and Brown, 1970; Tadano and sato, 1970). Apperson and Georghiou,
1975 found that the inheritance of resistance to parathion, fenitrothion,
fenthion, chlorpyrifos methyl, and methyl parathion in a strain of Culex
tarsalis was partially dominant and due to more than one gene, Priester
and Georghiou,1979, found that the inheritance of resistance to perme~
thrin in two strains of the southern house mosquito is of polyfactorial
origin, Shanahan(1979) suggested that diazinon resistance in Lucilia
curprina resistant larvae was due to a major gene allele, The inheri-

tance of resistance to chlorpyrifos in C. quinque-fasciatus was due to

intermediate dominant gene (Curtis and Pasteur, 1981). Also Wemingway,

1982, found that fenitrothion resistance in Anopheles atroparvus appears

to be dependent on a single najor autosomal, semidominant gene, While
Propoxur resistance in the same strainis dependent on more than one

gene,

The genetical bases for insecticide resistance is important in
understanding the feature of insecticides resistance development and the
reversion of this character, an attempt is concerned with genetical type

of malathion, fenitrothion and tetramethrin resistance in Culex pipiens.

Materials and Methods

Insecticides used:

- Fenitrothion : 0,0 - Dimethyl =0~ (4- nitxo-g:tolyl)phosphorothioate.
It was supplied as technicz! grade (90%)

- Malathion ¢ 0,0 - Dimethyl S-(1-2-dicarbethcxyethyl! phiosphorodi-

thiocate, It was supplied as technical grade (95%)

-~ Tetramethrin :+ N -(3,4,5,6 tetrahydro phthalimido) - methyl cis~trans

chrysanthemate, It was supplied as technical grade(20%)
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Strains:

= Susceptible strain of _Cgil_ei(_ pipiens

- Malathion resistant strain ( 128,2 fold)

- Fenitrothion resistant strain (46,3 fold)
= Tetramethrin resistant strain (71.67 fold)

Genetical technigue:

Monofactorial inheritance of resistance can be recogrnized by chara-
ctaristic Mendelian segregation in the Fl . F2 and also by 1:1 segregation
in appropriate back cross. This technique was used to study the mode of
inheritance for resistance to malathion, fenjtrothion, and tetramethrin,
Resistance evels and genetic studies wnre determined by the Sipping

method (WHO , 1963.)

Reciprocal cross experiments were done by crossing fourty females
resistant to malathion, fenitrothion or tetramethrin to twenty susceptible
rnales and vice versa; fourty susceptible females were crossed to twenty

resistant males.

The first generation was inbred to give second generation., The back

cresses (BCrS)were carried out as follows:

(RS x sa’) Fj + x5 i (Bcl)

(R x sd) P o’x s ¥ (BCZ)

®"'x 8% ) r $xs & (5,

(Rd'x 59 ) F,dxs? (B )
The 4th instar larvae for each parent whether it was susceptible (S5) or
malathion, fenitrothion-or tetramethrin-resistant (RR), F (RS), 2 and

back crosses were treated by dipping method with a wide range of concent-
rations- LCSO values were calculated from regression lines for Fls hybrid

while the complete 'N-P lines were drawn for back crosses and F2 progenies,

The degree of dominance (D) of resistance was determined as described

by Priester and Georghiou (1979),

Where, RR, RS and SS represent the resistant, heterozygote and suscepti-
ble populations respectively, LC50 values are expressed in terms of theix
logarithms, The resu’ting D values will move or & scale from -i cver y to

+ 1, where - ‘erresents compiete recessiveness. O stands for ar interme-
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diate genetic expression of gene, The span fror % tc + ! reflects in=-
complete {partially) dominance and + 1 complete dominance. The expected
F2 segregation on the base of single factor Mendelian inheritacnhe was

calculated (Georghiou and Garber formula ,1965) :

X (Fz) =a, (S) 0.25 + a, (SR) 0.5 + aB(R) C.25 where X (F)) is the

expected response of F2 to a givén dose and a a, and a, are the obser-

1772

ved response of S, SR (hybrid) ang R populations to that cdose from their
respective regression lines, The expected segregation of the back-cross
(BC! of the SR to the § population was calculated for each dose by the

formula:
X (BC) = a, {SR) 0.5 + a, (8) 0.5
The observed complete LD-P lines for BC and F_ progenies were tested for
<
significarce by Chi sgiare method of statistical anal

by 8redeccr and Cochran (1967).

Rusults and Discussion

1~ The first gereration (F.):

Cencentraticn series of maiathion, fenitrothion and tetramethrin
were applied to the 4th instar of susceptible strair ,resis
the first generation (F,) ofispring (9 Sx #Rand ¥ R x & s!, Percent
mertality of larvae was recorded after 24 hours LZ-P lines were plotted
and statistically analyzed for computing slope and eonficernce limits

values, Table ! shows the Lo, ., slope , level of resistance and degree of
2 s

dominance values, The results showed that the cegree of dorinance values
for the first generatiorn (8 F x¥ §) was 0,315 while it was 0.395 for {5&
x ¥ R} in malathion resistant strain, Alsc it was 0.257 ang T.303 in the
two crosses, respectively in fenitrothion resistant strain. In tetrameth-
rin resistant strain the degree of dominance for the first generation (d'
Fx ¢ S! was 0.151, while it was 0,245 for (&8 x § R). Comparing these
values with those of malathion and fenitrothion it is clear that higher
values were obtained for the malathion resistant strain . Generally the
inheritance of malathion, fenitrothion ané tetramethrin resistance was
controlled by partially dominant gene (S)., From the reccrded results,

es or females.

there were no differences between the two hybrids whether m
In malathion resistant straain LCSO values were about equal (6.6 - 7.C mg/

Litre). Also in fenitrothion resistant strain LC__ values were about equal

50
(0.56 - 0.58 mg/Litre). The same trend was cbserved for tetramethrin

resistant strain, LC50 values were about egual (0.5 - 0,54 ng/ Litre °,
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Table (1) Resistance svel and degree of dominance for malathion, fenitrothion and tetrawuethrin

resistant strains and F generation of C, pipiens,
= plpiens,

1
Strain Confidence limits Degree level
) L . of of Slope
Insacticides or rh:o of bn.o Values dominance resistance
e CrOUS e e e e e
Malathion Susceptinto 0,078 0,074 0,082 -—— ——— 5.26
Resgistant 19.00 9,600 10.40 ——— 128.2 7.30
F (@R x P5) 6.60 6.34 6.87 0.315% 84.6 7.08 o~
L
wwaw R x % S) 7,00 6.73 7.28 0,395 89.7 7.29
Fenitrothion Suscept ihi¢ 0.019 0.018 0.020 ——— — 4.19
Resistant 0.88 0.84 0,92 - 46 .3 6.57
mimw x ¥ 5 0.56 0.53 0.59 0,257 29,47 5.46
F) Fhxds 0.58 0.55 0.61 0.303 30,53 5.34
Tetramethrin M:mnmvn::m 0.012 0,011 0,013 — — 3.73
Resistant 0.86 0.81 0.91 ——— 71,67 5.47
wim Rx % s) 0,50 0.467 0,534 0,151 41,57 4,28

W~Aww x ” S ) 0,54 0.503 0.579 0,245 45,00 4.55
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It means that no sex linked inheritance of resistance to malathion, feni-

trothion and tetramethrin, In other words the response in this case res-

embled the resistant type indicating autosomal character. Alsc the strai-
ght lines character for reciprocal crosses are withr the lines for

susceptible and resistant strains,

The results of first generation hybrids revealed that the inheritance
of malathion, fenitrothion and tetramethkrin in C. pipiens are due to
partially dominant gene (s), Alsc the character is autosomal or each
parent can induce resistance to the hybrid, The degree of dominance
greatly varied according to the insecticide used and the species in zon-
cern, Several investigators have reported the genetic resistance,Tadano
{1%£9) proved that inheritance cof resistance to ma.iathion and fenthion
in & ccliony of E. Eigiens pallens was monofactorial. These “actors wers
incomplerely dominant, While Dorval and Brown (1870) found that the in-

heritancs of fenthion resistance in C, pipiens fatigans was mainly due

te a single slightly recessive gene, Tadano and Sate {1970} concluded
that inheritance of parathion resistance in larvae of C, pipiens paliensg
strain was monofactorial irvcomplete dominant, Also Cochran (1973) found

that the inheritance of pyrethrins resistance in Blattella germanica (L.}

is due to simple autrosomal incomplete dominant trait, Apperson and Geor-
ghiou (19275}, found that inheritance of resistance to fenitrothion ,
fenthion, chlorpyrifos methyl and parathion in a strain of Sglsi tarsalis
was partially dominant,Herath & Davidson(1951) found that malathion resis-

tance in Anopheles stephensi was due to single intermediate domirant gene,

2~ The second generation (FZL;

Fourth instar larvae of the second generation were dipped in diffe<
rent concentrations of malathion, fenitrothion and tetramethrin. Complete
LD-P lines for F2 are shown in Figs 1 & 2, and 3 no straight lines were
obtained for malathicn and fenitrothion resistant strains but showed
general tendency for deflection, This indicates that the F2 population
segregates into classes of phenotype and consequently that resistance
is due to a major gene, Steady of perecent kill values observed around
25 percent kill, from the well known Mendelian laws, it is a confirmation
for monofactorial inheritance responsibilty for resistance phenomenon .,
In order to lest this possibility, the observed results were subseguently
analyzed for goodness of fitting to monofactorial inheritance by the chi2
method, It is noticed that the observed mortalities are generall. in

agreement with the expected value on the bases of a major single factor.
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These findings confirm the monofactorial inheritance for malathior and
fenitrothion, However in tetramethrin resistant strain the observed dose
response curve of the progeny of the second generation differs sigrnif:-
cantly from the curve which is expected on the basis of monofactorial
inheritance, Also deflection in these lines at about chs was not obser-
ved, Thus it is suggested that tetramethrin resistance may be due to

more than one gene, Trne linearity of the second generation curve indicats
that this resistance is expected as polyfactorial,

3- Back ~ cross (BC):

The larvae from the different back-crosses were treated by different
concentrations of malathion, fenitrothion and tetramethrin. The complete
LO~P lines were plotted from the chserved and expected percent mortalities
for back-cress (Figs, 4,5 and 6). In malathior and fenitrothion resistant
strains the observed drawn lines for the BC gave conpliete LD-P lines and
not straight lines, Also the results clearly indicate a steady state cf
percent k11l around 350 for the back-crosses and showed plateaux around 50%
kill, The statistical chi2 method of analysis showed that, there were ro
significant differences between expected and observed lines, Thus suggest-
ing the possibility monogene inheritance of resistar-e to malathion and
feritrothicn, While in tetramethrin res:istant strair the observed dose
response curve of the progeny of the back-cross differs significantly
from the expected curve whick might be expected on the basis of monofac-

torial inheritance. Computation of the 85% confidence limits confirms

the significance of differences between the chserved and expected curves,
The linearity of the observed back-cross curve confirms acgain that this
resistace is pclyfactorial., Therefore s tetramethrin resistance may be

due to more one gerie,

It seems that inheritance of malathion, Fenitrcthion and tetramethnrin
resistarce in Culex pipiens larvae is proved to be autosmal character or
each parent can induce resistance to the hybrid, which is not sex linked

inheritance,

Results of Fl hybrids of resistant strain in this study revealed
that the inheritance is due to gene(s) with degree of dominance

fitred will with the partially dominant effect,

Analysis of second generations and back-crosses confirmed greatly

the morogene inherizance for resistance *r malathion and fenitrothiorn
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and fenitrothion organophosphorus insecticides, 'Thesé fééults are in
agreement with Moustafa et al.,(1982) who found ‘that autosomal single
partially dominant gene was responsible for the inheritance of resistance
to azinphos—methyl and sulprofos in the Egyptian cotton leafworm Spodo~-
ptera littoralis, The data has shown also that inheritance of resistance

to tetramethrin {synthetic pyrethroids) may be a polyfactorial type, This

-
result agreed with that of Priester and Georghiou (1979), who concluded

that permethrin resistance in’the C.P. guinguefasciatue is of autosomal

polyfactorial origin,

Many investigators Ssupported the previous results, Shanahan { 1979 )
found that interitance of diazinon resistance in Lucilia cuprina is due
’ —_—s2 fHErina
to a major allele. Curtis and pasteur (1981) found that inheritance of
resistance to chlorpyrifos in C, gquinguefasciatus from different regions
was due to single intermediate dominant gene, While Beeman and Schmigt
(1982} found that inheritance of resistance to malathion in Plodia intre-
—_— I
punctella, was controlled by a single autesomal gene or by closely linked
bl ohal

set cf genes, Hemingway {1982), found that fenitrothion resistance in

Anopheles atroparvus from Spain éppears to be dependent on a single major
autosomal, semidominant gene, ifhile the propoxur resistance in the same
population is dependent on more than one gene., In housefly Sheno, et al.,
(1982) found that resistance to malathion was almost due to completely
dominant gene, Georghion and Sajto (1983), found that inheritance of
malathion resistance in c.p, fitii’;‘.ni was due to monofactorial by an

autosomal gene of Partial dominang effect,
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