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measured once a day with an ocular’ micrometer.

The result of anal}"sis of variance showed the
significance in the mean square for the average
curvature. It is considered that the Galnes and
- Campbell’s formula® is more applicable than

'

45 20 -

‘Dyar s formula® to t_éxprcss the relation between
log width of the head capsule y and instar
number X of the present data. The equhtion
computed was »=0.9900-+0.1995¢X~3)—0.0080
(X-3)% S .

Mode of inheritance of resistance to nicotine sulfate in Drosophila meldhogastq.r .
Masuhisa Tsvkamoro (Genetical Laboratory, Faculty of Science, Osaka Univ'ersity).
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Fig. 2. Comparison of resistance in the F;y generation obtained from crosses
between resistant and susceptible strains. :

Table1. The relation between nicotine-
resistance and X-chromosome in Fe-flies
obtained . from .the cross of Muller-59 X
.Hikone—Ra

Nivcotine-containing

Sortof medium  Control 45y pom ™ 440 phm
No. of larvae 1507 . 3500 3500
used. .

(Genotype) (No. of Fs-flies emerged)

" Female: +/M-5 423 376 208
) M-5/M-5 297 203 - . 134
Male : +/Y 422, 246 165
M5/ 314 0 o 113

Total no. of 145 59 90
flies emeérged 1456 1?) 620

percentage of » ) .
+/M-5 & 4-/Y  58.0 58.3 - 60.2
M-5/M-5& M-51Y 42,0 41.7 39.8

: X-chromosome from the resxstant strain,

Hikone-R.
M-5 : X-chromosome from the non-resistant
strain, Muller-5.
Y : Y-chromosome.

A chi square test for homogeneity indicates
that there is no significant difference between
control and nicotine-containing media in the
percentage of Fs-flies of one group (+/M-5

& +/Y)and of the other (M-5/M-5 & M-5/Y).

“x2=0,844, D. F.=2, 0.7>P>0.5
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Bom OB 3 20 B—I
The number of surviving Fs-flies of each phenotype obtained from-
the following backcross
(4) bw;st;svm QxFy (Hlkone-R Q X bw st son 3 ) 5—Fs

(5) bw;st;sur @ xFy (bw;st;son @ x Hikone-R 3 ) 3 —> Fe
- (6) bzb;st;w"QXF_l(bw;st;sv"S?XNS-Ra)a —>Fa

‘Table 2.

o

Crossing no. : g ' @

G ROY

————————

Concent. of

DTHHLENRLGNG,
ADPE L BD GNLDT, TOMMIDNTIdE:

Py 3 : Nicotine . : Nicotine . Nicotine
nicotine  in Control Control Control .
medium (ppm) - (300-40) | (200-320) (B0
No. of larvac 1859 4400 1900 8230 1000 ssoq .
(phenotype) (No. of Fs-flies emerged) -

L 261 188 236 406 132 - 354

+itison 199 109 203 233 % 210

bw; +;+ 248 116 2 .3 142 225

bw; 4550 195 59 201 212 101 - 123

+ogst3+ 197 1 220 1 .o . 2

4 jstzsem Y177 5 178 - 4 T8, .2

bw;st; + 193. 0 29 . 0 - 114 2

bw; st; svr ’ w0 185 0 . 97 0
‘Total no..of : o : -
flies emerged 1645 488 1666 -7 - 800 916
Percentage of 9.3 %9 498 43 62 38.0
percentage of s . e

total <t 45,1 3.3 A1 0 6.0 4.4
tage of 4 ox T ol .
P tal s 5.4 %5 6.0 3.2 1426 30,6

+ Autosome from the re51stant strams in heterozygous condlt;on. -
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Table5. The number of Fe-flies of. each
pPhenotype obtamed from the cross of i@
X Canton-S 8

N icotine-containing

Sort of medium : Coqtrol 320 ppm
No. 1 -
of larvae 500 6000

(Phenotype)  (No. of Fa-flies emerged)
o+ o+ 1145 " 801
+ 4+ H - 130 64
+ Sb 4 10 . 1
+ S H 87 2
Gl + 4+ 113 23
Gl + H 12 - -3
Gl Sb + 121 4
Gl Sb H 1144 38

Total no. of" 9769 - : <1048

flies emerged
+ ¢ Wild _allele from the rcsistqnt strain.
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In previous work it ‘has been reported that
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‘DDT,

- strains preserved in the laboratory.

’ nsxbtancc is almost ncghglblc.

'the resistance to DDT" -and- BHC in Drosoplula

melanogaster is mainly con;x_'qllcd.by a single

dominant gene located. at .60.-on the second

' ch_rbmosome, and the third chromosomal factor,

even if it shows any effect as a modifier géne,

is. not of- major importance for resistance in

. larval test method at least.

Many 1nvest1gat10ns have, hithert6, been done_
on the toxicological and physmloglcal effects of
nicotine to insects, but litfle has been reported
on the genetic aspects of resistance to this
chemical. In the present’ paper, 1nher1t:mce of

* resistance to nicotine sulfate has been analysed..

by using two resistant ' strains of Drosophila
‘Hikone-R and NS-R. AIl test
procedures- for resistance have been done by
lIarval test method as described in a previous
paper,

melanogaster,

and mass matings were employed in

_crossing experiments.

The Hikone-R strain is resistant not only to
BIIC, parathion,’ malathion, etc., but
also'to a botanical insecticide like nicotine éulf;xtg,
and shows the ‘highest degree of resistance to
these: insecticides as compared to other various
Anbther-
NS-R, has been’
qbtained by continuous selection xyith treatment
of the breeding media from a mixture popula-
tion of 14 Japanese wild strains "except the )
Hikone-R strain. Within 'a few. generations
through this selection, the resistance of NS-R

nicotine-resistant' strain,

strain to nicotine has greatly increased to a high
level of resistance as the Hikone-R strain. This
resistant strain is now marked with an eye color
mutant gene, cn®a%) , which occurred sponta-
neously in the px;c_)cess' of selection for. nicotine-
resistance. o o
Differences of level of resistance to nicetine -
among various strains are shown in figure L
The results of crossing experiments (crossmg
no. 1 and 2) between flies of resistant and of .
susceptible strains are given in figure 2, which
demonstrates that nicotihe—rcsista_nce of this
species is incompletely dominant to_susceptible

" and the cytophsmic effect on the inheritance of

No important effect of sex-chromosome on
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the inheritance of nicotine-resistance is recog-

nized from the result of analysis (crossixig’

no. 3) using the Muller-5%) strain as susceptible
and the Hikone-R as resistant strains. This is
illustrated in table 1.

To ascertain whether inheritarice of nicotine-
resistance'is, due to only one autosomal factor

or not, three crossing experiments (crossing

no.. 4, 5 and 6) using the multichromosomal
mutant strain, bw jst;son (2;3;4) *),
made. The numbers of Fs-flies of each phenotype
obtained from -untreated and nicotine-treated
It shows that
pPhenotypically third-chromosomal mutant indi-

were

media are given in table 2.

viduals which carry no third chromosome from
resistant strains, such as s, stjsvm, bw;st,
and bw;st;ﬂ_}", are extremely selected by
feeding on medium poisoned with nicotine
sulfate. However, emerging number of +; +;
+ flies which. carry the 2nd, the 3rd and the
4th chromosomes from resistant strains in hetero-
zygous condition (figure 3, A) is more than

that of bw;.+ ;sv7 flies which have only ore

third chromosome from resistant strains in .

heterozygous condition (figure 3, B). Nicotine=
resistance of the'se'Atwo strains may; therefore,

be controlled by.a third-chromosomal main’
factor and some modifier genes (enhancers) on
other chromosomes.

In order to determine the locus of this main
gene, three crossings using the Hikone-R as
resistant strain and se ss, GI Sb/LVM, Gl Sb
H/Payne, %) and Canton-S ‘as susceptible strains

(crossing no. 7, 8 and 9) were carried out.

From these crossing-over data shown in tables

3, 4 and 5, following location for the main

w20 HB—N..

‘resistant gene on the third chromosomal map
can be calculated after some amendments ¢

Crossing no. Marker mutant cah?xclg:ed
) se—ss . 3-45,
@®) Gl——Sh 49,
() , Gl—Sb C 4,
o GI——H R 48,
Sb—H . 48.

3-47. =

Thé results of these analyses indicate that the
main gene concerned with nicotine-resistance
may be located on the centre region near the spin- '
dle fibre attachment of the third chromosome.

More detailed analyses to determine the exact
locus of this main gene and its modifier genes
on other chromosomes are now being carried-
out, though these are very difficult because of :
incomplete 'domin:mcy and polygenic system of

resistance.

*) enfSa : cinnabar ®a cye, 2-57.5

bw: brown eye, 2-104.5

st : scarlet eye, 3-44.0

sun ; shaven-naked, 4-0+

se : sepia eye, 3-26.0

ss : spineless, 3-58.‘5 v

Gl : Glued eye, 3-41.4

Sb : Stubble bristle, 3-58.2

H : Hairless, 3-69.5

LVM: _Unmarked balancer for the third
chromosome. - ' .

Payne : Unmarked balancer for the third
chromosome. »

Muller-5 : X-chromosomal inversior marked

with several mutant genes.
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