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Introduction

It is generally considered that the appearance

of insects showing resistance to a certain insecticide

is due to mutation and selection. There are many

experiments concerning selection for resistance.

but there are few experiments in which special

attention has been paid to the question of mutation

of the resistance gene.

Since 1961, I have engaged in the study of

parathion-resistance, using Drosobhila melano
gaster as the test insect. As I reported in my first

paper", resistance to parathion in D. melanogaster
is caused by a dominant gene at the locus 64.5

of the second chromosome.

It is interesting that a fly having the dominant

gene in homozygous or heterozygous state s~ows

resistance not only to organophosphorus corn

pounds. but also to chlorinated hydrocarbon

insecticides such as DDT and Lindane. and to

carbamate insecticides like Sevin2,3l. However,

as OgitaC,Dl in our laboratory found in 1958•. such

a fly is susceptible to phenylthiourea and its

halogen derivatives, the cross-resistance being

negatively correlated in this respect.

Now. as reported in my second paper'", by

treating males of the Canton'S strain which was

the most susceptible to parathion in our laboratory

with X-rays. a sub-strain named RIB showing

intermediate resistance to parathion was obtained.

Of interest is the fact that the parathion-resistance

gene involved in the RIB sub-strain' was unstable,
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Susceptible~Inte~mediate_~ J:Iigh
aIlele .....- resistance ...... resistance

allele aIlele

and the gene was apt to mutate spontaneously

to an aIlele determining high resistance, or to

the original susceptible one. The process may

be represented as foIlows.

Table 1. Induction of a parathion-susceptible
allele from its resistant one of the Hikone strain
by X-ray treatment (2000R).
en + bw I .
~]*~ arvae were tested by rearing

them in a medium' containing 3mM phenylthio
urea (*RI gene derived from the Hikone strain).

In this schematic representation, however, the

step indicated by a dotted line, i, e., the step from

high resistance to intermediate resistance, has

not yet been examined. Namely, the question

remains whether an allele for high resistance

mutates to a susceptible one via an intermediate

resistance allele, or mutates directly to a sus

ceptible one in one step. In order to examine this

point, the foIlowing experiments have been

performed.

I
Concentration of parathion (ppm)

0.0 0.5 1.0 2.0 3.0
Strain

a 63 71 54 21 9
b 70 63 30 6 0

No.1 c 89 70 59 1 0
d 66 52 32 6 0
e 84 77 73 5 0

a 74 0 0 0 0
b 67 61 34 14 4

No.2 c 85 0 0 0 0
d 73 59 35 23 9
e 78 48 41 46 32

Hikone I 70 60 72 65 56

Canton-S I 70 0 0 0 0

(100 larvae were used in each test).

Table 2. Percent survival of adult flies to
parathion in the sub-strains established from
the offspring of 2 of the survivors shown in
Table 1.

homozygous for a certain gene, it is more ad

vantageous to use males than females, because no

crossing over takes place in males. Unfortunately,

since eligible males were not obtained in this
experiment, only females could be used for such

a purpose. The 7 females obtained were first

mated to the en bw parathion-susceptible males

respectively. But among them, 2 died before

laying eggs. From the progeny of the remaining

5 females, only wild type males were selected

and they were mated individually to en Cy/Pm

females. 'From the F I adults in each vial, Cy

phenotype flies were taken and crossed among

themselves. From their progeny, wild type flies

were selected and sib-matings were performed.
Thus, 5 sub-strains which were assumed to be

homozygous for the second chromosome of the

Hikone strain were established from each original

5 surviving females.

These sub-strains were tested for parathion

resistance level with the original Hikone strain

and with the Canton-S strain. As the experimental

results, it was found that the sub-strains derived

from 3 original females showed resistance nearly

same as the original Hikone strain. Probably, the

3 original females from which these sub-strains

were derived, had survived in the medium con-

7(~7, (0)

Survivors

5510

Larvae tested

Experimental Results

The material employed consisted of males of

the Hikone strain which, showed the highest

resistance to parathion in our laboratory. They

were treated with X-ray (2000R), and were mated

to virgin parathion-susceptible females carrying

two recessive visible markers, cinnabar (en, 2

57.5) and brown (bw, 2-104.5) on the second

chromosome. The F I first ins tar larvae were

reared in a medium containing3mM phenylthiourea

by the procedure described in my first paper!',

If a mutation from a high resistance gene in the

Hikone strain to a susceptible allele had been

induced by the X-ray treatment, the fly carrying

such a susceptible aIlele would be able to survive

even in the medium containing 3mM phenyl

thiourea, because of the negatively correlated

effect. In this way, 7 adult females were obtained

from 5510 larvae tested (Table 1).

In Drosophila, in order to establish a strain
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Table 3. Experiments to obtain more resistant
or susceptible alleles from intermediate ones
(No. i-e and No.2-b).

taining 3mM phenylthiourea by accident and not

because of changes of their genotypes. However,

the sub-strains derived from the remaining 2

original females did show intermediate resistance

(table 2).

As seen in this table, all 5 sub-strains derived

from the original female No.1 showed intermediate

resistance to parathion, while among the 5 sub

strains derived from the female No.2, two sub

strains (No.2-a and No.2-c) showed complete

susceptibility.

There is a possibility that these two susceptible

sub-strains of No.2 had been derived from the

incorporation of a susceptible gene which was

involved in the second chromosome carrying

cinnabar and brown mutant markers by double

crossing over between cn-Rl" and RJ+-bw regions,
I

when the original female was mated to the en

bwmale. However, the theoretical frequency with

which such a double crossing over should take

place between these regions is only 2?6. As shown

later, it is more plausible to assume that the 2

susceptible sub-strains might have been derived

frbm successive or stepwised mutation via an

intermediate resistance allele to a susceptible one

during the course of establishing the homozygous

sub-strains.

In order to examine this point more minutely,

the following experiments were carried out with

the sub-strains No.l-d and No.2-b, both having

intermediate resistance alleles. Males of these

sub-strains were mated to females ofthe parathion

susceptible strain carrying cinnabar and brown

markers. From the F 1 progenY,looo first instar

larvae were reared in a medium containing 3ppm

parathion, and other 1000in a medium containing

5mM phenylthiourea. The results are shown in

Table 3.

Table 4. Levels of parathion-resistance of
the established sub-strains derived from the'
surviving males in Table 3.

As seen in this table, no survivor was obtained

in the medium containing 3 ppm parathion in the

experiment of en bwxNo. I-d, while 8 survivors

appeared in the experiment of en bwxNo. 2-b.
In the phenylthiourea medium, on the other hand,

a considerable number of survivors was obtained

in both experiments. Out of the 8 survivors in

o

25

o

38

o

64

65

77Hikone

(100 larvae were used in each test).

Canton-S

Strain Concentration ofSub-strains derived
from 2 males obtained in parathion (ppm)
the medium containing 0 1 2 33 ppm parathion

No.2-b-A-l 59 52 6 4
No.2-b-A-2 66 33 39 1
NC'.2-b-A-3 61 58 1 0.
No.2-b-B-l 63 56 45 4
No.2-b-B-2 66 22 8 2
No.2-b-B-3 52 51 15 17

--_-.-_-2·~== .

Sub-strains derived Concentration offrom 3 males obtained in
the medium containing parathion (ppm)
5mM phenylthiourea

0 1 2 3

No.l-d-A-l 72 0 0 0
No.l-d-A-2 67 0 0 0
No.l-d-A-3 69 0 0 0

No.l-d-B-l 63 0 0 0
No.l-d-B-2 45 0 0 0
No.l-d-B-3 66 0 0 0

No.l-d-C-l 79 0 0 0
No.l-d-C-2 75 0 0 0
No.l-d-C-3 51 0 0 0

No.2-b-A-l 73 0 0 0
No.2-b-A-2 46 0 0 0
No.2-b-A-3 57 0 0 0

No. 2-b-B-l . 78 0 0 0
No.2-b-B-2 87 0 0 0
No.2-b-B-3 59 0 0 0

xe.z-s-c-r 72 0 0 0
No.2-b-C-2 70 0 0 0
No.2-b-C-3 75 0 0 0

1000 25(!j!16,09)

1000 15(!j! 7, 08)

5 mM phenylthiourea

Larvae S .
tested urvivors

1

3 Ppm parathion
Source Larvae Survivors

tested

en bwx 1000 0
No.l-d

en bwx
No.2-b 1000 8(!j!5,0 3)
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the.rparathion-experlment of en, bwxNo. 2-b, 3

males were. mated )ndiyidl,lally to en, Cy/Pm

females, and '3 sub-strains homozygous for the

second .chromosome, .in question were established

from 2 original males by the procedure described

before, forI..original male failed to mate to the

female; .Dn one hand, 3 males which survived in

the phenyIthiourea medi urn were chosen arbltrarily

in ~c?t1i.~xP~~i~~~is, and 3 sub-strains homozygous

for the second chromosome in question were

established by the same way as before. These

sub-strains were then tested for their levels of

parathion-resistance (Table 4).

It is seen that the sub-strains which were derived

from the males that had survived in the medium

containing 3 ppm parathion showed in:term~diate

resistance' to pa:~athion as before. ou' i'he other

hand, all" the sub-strains derived from the males

which had survived in the medium' containing

5mM phenylthiourea showed completesuscepti

bility to parathion. These results suggest that

mutation from the intermediate resistance allele

to the susceptible allele had occurred more

frequently than to the high resistance one. This

conclusion" would account for the appearance of

the completely susceptible sub-strains in Table 2

(No. 2-a and No. 2-c~, and also for the fact that

there was a greater number of survivors in the

medium containing phenylthiourea' than that

containing parathion (Table 3).

Discussion

As shown in these experiments, it was as

certained that the mutation from a parathion

resistance gene to its susceptible allele actually

takes place, and that the mutation seems to occur

via an unstable allele showing intermediate

resistance. Thus the" following scheme will be

obtained.

Susceptible _~Inte~mediate~ I:Iigh
allele ~ resistance ....-------'reslstance

, allele allele

The reason why the intermediate resistance

allele is unstable remains at present unknown,

though several ,assu~ptjons are proposed by

Auerbach" and Alexander? etc.

From all the results reported in my three papers,

the following .irnplications similar to those de-
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scribed in my second paperv may be derived.

( 1) There are many instances where various

degrees of resistance to a certain insecticide are

existent in natural population of insects. Most

investigators assume that this phenomenon is due

to the existence of polygenic factors, and in fact

som~ cases may be completely explained by this

assumption. However, it may also be possible to

assume that there are some multiple alleles which

show different degrees of resistance in the popu

lation. If one or more of these alleles are unstable

and tend to mutate to alleles for higher resistance

or for lower susceptibility as was found in

Drosophila, the resistance level in that popu

lation will change from generation to generation

depending on the environmental conditions. Thus

the variations in resistance levels in natural popu

lation of insects may be still explained by a single

gene hypothesis.

( 2) As I reported in my first paper!', all

parathion-resistant strains of Drosophila collected

from various countries such as Japan, Sweden,

U. S. A. and Korea, were determined by a dominant

resistance gene at the locus 64.5 on the second

chromosome. In my opinion, such resistance genes

in the different population might have been caused

independently by separate mutations from their

susceptible alleles, since our experiments have

shown that mutations to resistance alleles and

vice versa actually do take place just as those for

visible characters. However, in a limited region,

it is also possible to assume that flies with certain

resistance genes would have migrated and con
quered susceptible flies in that region, in case

where the resistant flies have factors with a

greater advantage than susceptible ones.

( 3) It has been demonstrated that various

pleiotropic phenomena associated with the para-'

thion-resistance gene, e.g., cross-resistance to

chlorinated hydrocarbon insecticides and car

bamate insecticides and enhanced susceptibility

to phenylthiourea, are caused by the mutation of

a single gene.

Summary

'.Treatment. of males of a highly parathion

resistant Hikone strain with X-ray(2000R) resulted

in a few offspring which produced sub-strains of
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intermediate parathion-resistance.

The intermediate resistance gene involved in

these sub-strains was apparently unstable, since

evidence was obtained for the tendency of mutating

to the susceptible allele. Thus, combining with

experimental results shown in my second paper",

the following scheme will be obtained.

Susceptible~Inte~mediate~ High
allele ~ resistance ~reslstance

allele allele

Certain questions concerning resistant and

susceptible alleles can be understood with light

of these results. Most important is the demon

stration that insecticide-resistant or susceptible

genes are produced by mutation in the same way

as other mutant genes for visible characters.
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