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WBFNCIESE L RT BT 2 20 O—2 D E U THBADOKLEM (rotation) 3%
Abhs. COYA ratation 2T 05 HERRMECRHEHE LRI LV EHIERING.
B=aFr a7, oS50 MHERBAN T 2 EHHE & FRAIRBEFIIR NS 5 EHidE & DB
L HIRTHICDIE, WHB= 7 EIHEORMRENRNT 225 L Link » TXHERES
WshizUtz,  glzdanzE F4nvavvaynce:ONOREGHER2RT RBFEEDON
W & H O QRO MR IOV T § REL 1.

It has often been suggested that a rotation of

insecticides would be a mean of avoiding or delay- -

ing the development of resistance to insecticides
in 'insects. It is necessary to use two or more
insecticides exhibiting independent and uncorrelat-
ed action to bé rotated. Investigation of the cross-
resistance pattern revealed that, in house flies,
" there were three separate types of resistance within
the insecticides available, namely, DDT-resistance,
BHC-resistance and organophosphate-resistance?,

This classification may be applied in several other
insect species, such as mosquitoes, body lice,
cockroaches?, However, only two types of
resistance exist in Drosophila melanogaster?.
Although many investigators have reported on
resistance to various kind of insecticides in many
insect species, few reports have been published on
resistance to botanical insecticides such as nicotine,
rotenone and pyrethrin, Itis interesting tocompare

the mechanism of resistance to the botanical

* Visiting Research Fellow from Japan Agricultural Chemicals and Insecticides Co., Ltd,
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insecticides with that of synthetic insecticides
such as’ chlorinated hydrocarbons and organo-
phosphates, and to know to which group botanical
resistance belongs, for resistance to the botanical
insecticides seems to have developed only rarely
in spite of their use against a wide variety of insect
species for many years,

The present papear deals with the cross-resistance
pattern of a nicotine sulfate resistant strain in
house flies, and with a genetic analysis of nicotine
sulfate-resistance, Therelations between insecticide
resistance genes in the house fly and Drosophila,
and the homologies of their chromosome elements

are discussed.

Materials and Methods

Insecticide resistant and susceptible strains of
the house fly reared at Osaka University were
used. They included a DDT-resistant strain (K-
3926), a BHC-resistant strain (Hikone-R), a
diazinon-resistant strain (203d), and a susceptible
strain (Lab). Marker strains in which one or
more chromosomes were marked with visible

mutant markers were employed for genetic analysis,

They included ro; ct; em (2;4;5), car (5) and
ar (5) strains, Their characteristics have been
reported®. Two nicotine sulfate-resistant strains
of the house fly, NS-R and NS (ro ; ¢t ; cm), were
established by selection pressure with nicotine
sulfate, Adult flies newly emerged from pupae
were fed with powdered milk and nicotine sulfate
solution for 48 hours. The concentration of
nicotine-sulfate used was 0. 4~2%, which brought
about 50~80% mortality.
reared with untreated food. The selection was
continued through succesive generations, and the
flies used in these experiments were the result of

The survivals were

18~22 generations of selection. The NS-R strain
was obtained from a mixed population of 8 wild
type strains, and the NS (ro; ct ; ¢m) strain was
obtained from the yo; ¢t ; cm (a multichromosomal
mutant strain established by Dr. Hiroyoshi of
Osaka University) strain by selecting them with
nicotine sulfate, .

A 409 solution of nicotine sulfate, technical
grade of DDT, r-BHC, Diazinon and Sevin used
in these experiments were supplied by Japan
Agricultural Chemicals and Insecticides Co., Ltd,

Levels of resistance to insecticides were estim-
ated by two methods. (a) Topical application :
one pl of acetone solution of insecticides was
topically applicd to dorsum of the thorax of ether
anesthetized flies and mortality counts were taken
24 hours later. Moribund flies were couﬁ;ed as
dead. (b) Contact method : filter paper (N_o.' 2,
Toyoroshi Co.) was put into a petri dish, 9cm
in diameter and 2 cm high, and 1 m/ of ;_l%. nli‘c'ot‘ine
sulfate solution was pipetted onto the filter pﬁpér.
Ten flies were confined in the petri dish. ‘Knock
down counts were parformed at appropriate
intervals, For the determination of the linkage
group of nicotine sulfate resistance a croséing
experiment was pzrformed. Males of F, hybrid
obtained from a cross (ro; ct; cmQ XxNS-R3)
were backcrossed to female ro; ¢t ; cm flies. Fyp-
progeny from the backcross were separated into
each phenotype and levels of resistance to nicotine
sulfate were estimated with the contact method.

Results

Several wild and mutant strains which had been
cultured for many years in the laboratory, were
tested for their resistance to nicotine sulfate
(Table1). NS-Rand NS (ro; ct ; cm) strains were
highly resistant, showing no mortality after 24
hours. Though K-3926, Hikone-R and 203d
strains were also highly resistant, they showed a
few knock-down flies after 24 hours, These strains
were assumed to consist of flies mostly resistant
to nicotine sulfate, but some susceptible flies were
included. These.strajns showed only a few flies
knocked down after 24 hours, KT-50 values being
over 24 hours, Lab, ro; ct; cm, car strains were
susceptible, KT-50 being 100~130 minutes with
the contact method, whereas ar strain was
intermediate, As K-3926, Hikone-R, 203d strains
exhibited resistance to nicotine sulfate, it was not
clear to which group (DDT, BHC or organophos-
phate groups) nicotine sulfate-resistance belongs,
or whether it was independent and uncorrelated
from these insecticidal groups. Investigation
of cross-resistance patterns of nicotine sulfate
resistance was performed by comparing NS (ro;
ct ; em) strain with its original unselected ro;
¢t ; cm strain on the levels of resistance to various
insecticides (Table 2). The LD-50 value of NS -
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Table 1. Levels of resistance to nicotine sulfate in several strains of house flies.
No. of Time (min.)—Knock-down (%) KT-50
. s t . / ~ -
Strain tested. 60 90 120 180 300 600 1440 (min.)
‘Lab 31 6.5 42 67.6 839 100 100
car 30 10 23.3 43.3 20 100 130
ar . 30 6.7 20 33.3 43.3  1440¢
NS(ro; ct; cm) 50 0 1440¢
K-3926 50 2 6 1440
Hikone-R ] 50 6 12 18 144
203d 50 0 4 1440¢
ro;ct;em 50 14 42 64 84 100 ' 100
Fi(ro; ct; em@ XNS-RS) 50 2 18 26 1440¢
NS-R 50 0 1440¢
Table 2. Resistance levels of ro;ct;cm strain -
and its nicotine sulfate selected strain, NS '§ 7
(ro;ct;cm), to several insecticides, 2‘
] E.D.—SOI (yg/{_ly)t. Resistance g 6
. y topical application  ratio 5
Insecticide 757 sem NS(rojctiem) _(B) T 5
(A ®) A 3
g
DDT 0.12 0.15 1.25 2y iy
BHC 0.48 0.89 1.85 2 > SR
Diazinon 0.011  0.085 7.64 g 3 * --<g---
Sevi 1.5 4.5 3.0 " n . =
Ne,"":, 30 100 300 1000
sullcfz t‘:f 100 1440 14. L« Time (min.) in log. scale

* Based on KT-50 obtained with the contact
method.

(ro; ct ; cm) strain to Diazinon was about 8 fold
larger than those of ro; ct; cm strain, whereas

Fig. 1.
nicotine sulfate with the contact method against
susceptible and resistant strains of house flies,

Time-Knock down regression lines of

LD-50 for DDT, y-BHC and Sevin were about idtien
1~-3 times as large in NS (ro; ct ; cm) strain than roitiom
in ro; ct; cm strain, These results suggest that +idiom
there may be common factor (s) in nicotine sulfate Fitiom
resistance and Diazinon resistance, and that the roscts 4
slightly larger LD-50 values to DDT, y-BHC and
Sevin might be caused by a vigor tolerance of the ik
NS (ro;ct; cm) strain, Fidit
A crossing experiment was done to determine ik

whether the inheritance of nicotine sulfate resis-
tance was controlled by dominant or recessive
genes, As shown in Fig. 1, it was clear that the
resistance to nicotine sulfate of F, flies emerged
from a cross of susceptible with resistant strains
showed an intermediate level. As female flies of
F,-progeny showed almost the same level of
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Fig. 2. KT-50 of each phenotypic F;-progeny
obtained from a backcross {ro;ct; emQ xXF,
(ro; ct; cmQ XNS-R3$) 8} with nicotine sulfate
treatment, Thirty to 60 flies of each phenotype
were used, HEB ; P, [ ; &
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resistance as males, it is assumed that the co-
dominant gene or genes are not sex-linked. To
analyze which chromosome is responsible for
resistance, a backcross was carried out by using
susceptible multichromosomal mutant strains as
shown in the previous section. From the backcross,
flies of 8 different phenotypes emerged in the Fp-
generation. They were separated into each pheno-
type and tested for insecticidal action of nicotine
sulfate (Fig. 2). From Fig, 2 it is clear that
phenotypes roict;cm,‘ro;+;cm, +:ct;em, and
+3;4; ¢em were more susceptible than ro;ct; +,
ro;+:+, +;c¢t;+, and +; + ; + phenotypes.
This fact shows clearly that the major gene
responsible for the nicotine sulfate-resistance is
linked with the ¢m character located on the 5th
chromosome, However, ro;ct;cm and ro;4;em
flies are slightly more susceptible than + ;ct;em
and + ; + ; cm flies, ro0;¢t; 4+ and ro; + ; + are
also slightly more susceptible than + ; ¢f; 4+ and
+34;+1flies. This fact implies that a minor factor
linked with 7o character (2nd chromosome) is also
involved in nicotine sulfate resistance,

Table 3.
resistance genes,

Discussion

Genetic studies on insecticide-resistance in
Drosophila and house flies have been performed
by many investigators, Tsukamoto and Ogaki?
indicated that DDT-resistance is controlled mainly
by a gene located at 654 on the second chromosome
in Drosophila melanogaster. This gene is also
responsible for the resistance to BHC®, parathion®
and Sevin®, Another gene located at 504 on 3rd
chromosome is responsible for nicotine sulfate-
resistance”, Oshima and Hiroyoshi® studied
resistance to DDT and nicotine sulfate in D, virillis
and indicated that two factors might be responsible
for the resistance to the insecticides, namely, the
factorson the 5th and 2nd chromosomes, which were
assumed to be homologous chromosomal elements
from 2nd and 3rd chromosomes of D. melanogaster.
This fact implies that the mechanism of resistance
to DDT and nicotine sulfate in these two species
of insects may be the same,

However, cross-resistance patterns in house
flies were somewhat different from Drosophila.
Resistance to DDT, BHC and parathion, which

The homology of chromosome elements and the location of insecticide-

Chromosome elements

A B C ) E F G Reference
D. melanogaster X 2L 2R 3L 3R 4

DDT ® O (5)

BHC ° o) (5)

Nicotine-sulfate O o 7

Parathion o O (2)

Sevin ® O (6)
D, virilis X .4 5 3 2 6

DDT ® ] (8)

Nicotine sulfate O @ (8)
M. domestica X 2 3 4 5 6

DDT @) L 1n

BHC o @) (9,10)

Nicotine sulfate @] ®

Diazinon () (9)

Sevin O O @ (10)

The homology of the chromosome elements between Musca and Drosophila was suggested by

Dr. Hiroyoshi,
@ : the major resistance gene,

O : the modifier gene,
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was due to a single gene in D, melanogaster, was
controlled by separate genes in house flies; y-
BHC-resistance was controlled mainly by the factor
on the 2nd chromosome®1®, Major genes for DDT-
resistance and Diazinon-resistance were located
at different loci on the 5th chromosome!V,
Hiroyoshi has compared analogous mutant genes
on each chromosome element in Drosophila and
house flies and he has assumed that these insect
species have the homologies of chromosome
elements as shown in Table 3 (Hiroyoshi, unpu-
blished). Theauthors have provided some evidence
on gene homologies between Drosophila and house
flies. Namgly, genetic studies on esterases showed

that occurrance of esterases is controlled by the-

alleles on the 3rd chromosome in D.melanogaster
(Ogita!® 1961, Wright!® 1963) and on the 5th
chromosome in house flies (Ogita!® 1962, Ogita
and Kasai®1965). Oshima and Hiroyoshi®¥suggested
that genes responsible for the resistance to DDT
or nicotine sulfate in D, virillis and those in
D. melanogaster are assumed to have evolved from
the same original gene. However, as shown in
Table 3, the major gene responsible for resistance
to DDT, or to BHC in house flies are not located
on a homologous chromosome with Drosophila,
whereas the major gene responsible for resistance
to nicotine sulfate is located on the homologous
chromosome, i.e., 3rd chromosome in D, melanog-
aster and 5th chromosome in the house fly.

Thus, the genetic study of insecticide-resistance
might bring about a convenient method for
classification of insecticides as to their cross-
resistance patterns, Classification of the insecti-
cides is useful for the rotation in insect control
program to avoid the devolopment of insecticide-
resistance. As resistance to botanical insecticides
seems to develop rarely, it may be very useful,
if the mechanism or the cross-resistance pattern
of the botanical insecticides are clarified. Further
studies on comparisons between botanical and
synthetic insecticides are now going on from
biochemical and genetic bases.

Summary

In order to classify insecticides as to their cross-
resistance patterns, a genetic study on resistance
to nicotine sulfate in house flies was performed,
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A nicotine sulfate resistant strain showed a
moderate resistance to Diazinon whereas it showed
only very slight resistance to DDT, y-BHC and
Sevin. A genetic analysis indicated that inheritance
of nicotine sulfate resistance is controlled by
codominant and multiple factors, i.e., depending
upon the main gene on the 5th chromosome and
modifiers on other chromosomes., The homology
of chromosome elements was compared between
house flies and Drosophila, and it was assumed
the main resistance gene for nicotine sulfate was
evolved from the same original gene among these
insects,
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