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susceptible direction.

The thomosome, the locus and the property
of this resistance gene were in accordance with
the ones which were found in various resistant
strains of the world. This fact suggests strongly
that the majority of resistant strains may be due
to polyphyletic origins.

Lastly it was pointed out that the phenomenon
of cross.resistance to various insecticides and a
negatively correlated effect fotj PTU, might be
due to pleiotropic expressions of a single gene.
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Introduction

Within the past few years, carbamate insecti-
cides have become widely used for the control
of vectors such as mosquitoes and body lice.
Recent work suggests the possibility of a nega-
tively correlated effect between carbamate
insecticides and chlorinated hydrocarbons!.®.

Such a negatively correlated effect was found

by Ascher and his coworkers®® in Musca dom-

estica, viz., some drugs such a cetylbromoacetate
were more effective to DDT-resistant flies than

to susceptible ones. Subsequently, Ogita®® found.
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in Drosophila melanogaster tﬁat. ﬁhenyfthidt_x_rea
and its halogeri derivatives were moré effective
to DDT-resxstant larvae than to susceptlblc ongs,

A review concernmg thlS phenomenon has been
Since there seems no
available datum as to the resistance to carbamate

reported by Brown?.:

insecticides in D. melanogaster, a genetic_study
was undertaken in connection with the problem
of - a . negatively correlated effect mentioned
above. . . '

) Materials and hleth(;ds- } ’

. As a carbamate insecticide, Sevin(l-naphthyl-
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methyl carbamate) supplied from the Nihon
Agricultural Drug Company Inc.,, was used. It
was dissolved in 99%
tration of 10,000 p. p. m. and was mixed with a

ethylalcohol in a concen-

medium to the desired consistency.

The test method was the same as that employed
in my previous paper®., A certain number of
first instar larvae of D. melanogaster were placed
on a medium composed of 295 agar, 495 sucrose,
39 yeast powder and a known concentration of
Sevin, and the rate of emergence of adult flies
was examined.

The Hikone strain which had been selected by
increasing concentrations of Sevin for ten
generations was used as a Sevin.resistant strain.
As susceptible lines, three strains with the
following visible markers were used: the first
was homozygous for brown (bw; 2-104.5); scarlet
(st ; 3-44.0) ; shaven.naked (sv7; 4-0.04), the
second for cinnabar (¢n ; 2-57.5); spineless (ss ;
3-58.5); grooveless (gvl ; 4-0.0+), and the third
for cinnabar (e¢n ; 2-57.5) vestigial (vg ; 2-67.0)
brown (bw ; 2-104.5).

Experimental Results .

Rates of emergence of these strains in probits
are shown in Figure 1. The LDs, of Hikone is
about 80 p.p. m., whereas that of the ¢n; ss; govl
strain and of the cn vg bw strain is slightly less

than 10 p.p.m. The LDy, of the bw ; st ; sv” strain
seems to be very low, viz. it is about 1'p.p. m.

In order to examine whether the resistance
to Sevin is dominant or not, and also whether
it is sex-linked or not, the following matings
were made. The results are shown in Tables 1
and 2. .

From these results, it may be concluded that
the resistance to Sevin is dominant to the
susceptibility, and that the major gene or genes
responsible for the resistance to Sevin, seem to
be not sex-linked. However, in a high concen-
tration of Sevin as 100p.p.m. the level of
resistance in the resistant x susceptible matings,
is nearly half that of the homozygous resistant
strain (Hikone). This result suggests that the
resistance gene or genes are not completely domi-
nant. Furthermore, the fact that the number of
males in the mating of resistant 9 X susceptible
o is always larger than that in the reciprocal
mating, suggests that there may be involved a
minor resistance gene or genes on the X.chromo.
some of the Hikone strain. However, thisproblem
has not yet been analyzed thoroughly.

Next, in order to determine the chromosome
to which the major resistance gene belong, the
Hikone strain was mated to the bw; st; sv™;
Sevin.susceptible strain, and its F, males were
back.crossed to tha multi.chromosomal mutant
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Levels of resistance to Sevm in resistant and susceptible strains of D. melanogaster
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Table 1. Matings of Hikone (H) (resistant) and c¢n ; ss; gvl (susceptlble) strains.
250 larvae were used for each test. .
Concentratioﬁ
Cross of Sevin (p.p.m.) ? I°s Total
S0 91 86 17
HYXHS 50 57 56 113
V 100 59 66 125
0 110 1103 213
HQ xcen; ss; gl . . 50 71 102 173
100 13 55 68
) 0 95 126 221
en;ss; gul xH 50 54 60 114
100 41 17 58
cniss; gul x 0 81 108 189
cn; ss; guls 50 Y 1 1
100 0 0 0
Table 2. Matings of Hikone (H) (resistant) and bw ; st; sv‘ (susceptible) strains.
200 larvae were used for each test.
Concentration
Cross of Sevin (p.p.m.) ? g Total
0 60 77 137
He xHs 50 86 78 ‘ 164
’ 100 77 86 163
0 77 87 164
HSR xXbw; st; svra 50 80 83 163
' 100 41 57 98
. 0 82 76 158
bw ; st sv? @ XHN 50 64 : 66 - 130
100 53 23 76
bw; st s x 0 55 ~ - 59 114
bw ; st; svha? 50 5 13 18
100 0 0 0

strain. The first instar larvae derived from the
back-cross were raised on media with or without
Sevin. The result is shown in Table 3.

As shown in this Table, under the selection
of Sevin, the frequency with which the:brown
character appears is considerably less than the -
frequency of the control. - This fact indicates
clearly that the major gene or genes responsible .
for the
chromosome.

Sevin.resistance are on-the second
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A similar experiment was carried out by using
another Sevin-susceptible multi-chromosomal
mutant strain, viz., the ¢n ; ss; gl strain. The
result is shown in .Table 4.

In this experiment, strange to say, the fre-
quency with which each mutant character appears
in the offspring is considerably less than the
expected frequency (50%), even in the control
series. Although the reason for this is not clear,
it is assumed that sublethal genes' might be
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Table 3. bw; st; sv*  xbw/H; stx/H;
son/lls". Scelected with 100 p, p. m. Sevin.
Phenotype Contro! |Experiment
bwi 4+ 3 + 38 8
bw; st ; + 31 4
bw; + ;s 27 2
bw ; st ; sv? 28 2
+ s st + 49 27
+ 3 st sv® 37 21
T+ 5 son 46 22
+ o5+ 52 38
Total : 308 124
Larvae tested 500 1800
Rate of emergence " 60.2% 6.9%

Frequency of appzarance of each mutant
character (%)

bw : 40.3 12.9
st 47.1 43.5
so? 4.8 37.9
Table 4. ¢n;ss; gvl 9 xen/H ; ss/H
gul/HS. Selected with 100p. p.m. Sevin.
Phenotype Control Experiment
eny + 5 + 76 1
cn;ss ; + 39 0
cny + 5 gvl 72 2
en; ss ; gol 45 0
485+ 51 13
+ 5 ss ; gol 81 21
+ 4+ ; gul 111 65
+i+ 5+ 334 128
Total 809 230
Larvae tested 1100 1300
Rate of emergence 73.5% 17.7%

Frequency of appearance of each mutant
character (%)

T 28.7 1.3.
ss 26.7 14.8
38.3

gvl : 30.2

involved in each chromosome of the cn ; ss; gvl
flies used in this experiment. :

In spite of abnormal segregations in the control
series, the very low frequency of appearance of
the c¢n character in the ‘experime‘ntal series
indicates that the major resistance gene: or genes
must be on the second chromosome.

In order to determine ths locus (loci) of the
Sevin-‘resistanée gene  (genes) ‘on the second

chromosome, the Hikone strain was mated to
the cn vg biv Savin-susceptible strain, ‘and the
F, females were back-crossed to the ¢n vg bw
males. - The first instar larvae derived from the

" back-cross were raised on media with or without

Szvin. The result is shown in Table 5.

Table 5. cnvgbw/H @ xcnvgbws'. Selected
with 100 p. p. m. Sevin,
Phenotype Control |Experiment
o vg bw 245 (0*) 4 (,2%
+ + + " 364 (0D 304 (0
e+ + 42 (D 23 (1)
"+ vg  bw 35 (1) 5 (2)
n vg + 152 (2 12 (1,2,3)
+ + bw 152 (2) 92 (3)
n + b 7Q,2) 2,3
+ vg + 81,2 3(23)
Total ‘ 1005 445
Larvae tested 1450 3350
Rate of emergence 69.3% 13.3%
"Recombination value
en-vg: 9.2 cn-RI** ¢ 9.2
- vg-bw: 317 Rl.vg : 5.4
vgbw: - 24.5

* Showing crossover region,
*%  RI: Resistance gene for Sevin,
Locus of RI:61.6-66.7

As seen in- this Table, it is concluded that
the major resistance gene (RI-Sevin or RI) is
located near the vg gene, although the result
seems to be slightly disturbed by some surviving
susceptible (non-RI.Sevin) individuals. If the
locus of the RI.Sevin gene is computed by a
proportional scale, the gene will ‘be located at
63.5. This locus is well in accordance with
that of the parathion- or DDT-resistance gene
(2-64.5), reported previously®. ’

Discussion

As shown in the preceding section, -the major
gene responsible for Savin-resistance in D. mela-
nogaster behaves like the parathion. or the DDT-
resistance gene. This fact implies- that . the
dominant gene located at 64.5 on the second
chromosome shows cross-resistance not ohly for
chlorinated hydrocarbon insecticides like DDT
and organophosphorus insecticides like parathion,
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but also for carbamate insecticides like Sevin.
This conclusion is supported further by the fact
that the parathion.resistance gene induced by
the X.ray treatment is also resistant to Sevin®,
Thus no negatively corrglated effect has been
found between DDT- and Sevin.resistance in
D. melanogaster. In this respect, ihe mechanism
of resistance to various insecticides in Drosophila
seems to be different from that in mosquitoes
i

or body lice.

'

Summary

The resistance to Sevin in D.melanogaster is.

mainly controlled by a dominant gene located
near 64.5 on thé second chromosome, which is
also résponsible for the resistance to DDT and
parathion. No negatively correlated effect has
been found between DDT- and Sevin.reistance.
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