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. The Genetical Relation between Resistance to Insect‘icides* in General and That fo
Phenylthiourea (PTU) and Phenylurea (PU) in Dro‘s‘ophila melanogaster. Zcrichi OGITA
" (Genetical Laboratory, Facu]ty of Medicine, Osaka Uruversnty, Osaka Japan) Received Sep.

' 26, 1958. Botyu- Kagaku 23, 188, 1958.
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For some time the avthor has been conducting
biochemical studies "on the taste-blindness to

PTU* shown by human beings, as discovered by _

Fox?. - '
Recently in order to study the biochemical ‘effect
of PTU and PUY*, measurements were made

of the pgfcentage emergence of adult Drosophila -

melanogaster from a dry yeast medium contairing
PTU or PU in various concentrations.
" found” that strains characterized by resistance
" to DDT, BHC, parathion and other insecticides
were éusceptible to PTU, whereas on the other
hand the majofity of DDT-susceptible strains
" were resistant to PTU. PU, which is the oxygen
‘compound corresponding to PTU,' behaves like

* phenylthiourea, also described as phenyl-
- thiocarbamide (PTC) by Fox?.
+ phenylurea
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DDT and other insecticides in the resistance of D.

melanogaster. Genetical studies of the. resistance
to DDT BHC, pérathxon, etc., in D.. melano-
gaster have been made by Tsukamoto, Ogaki and
kakawa”"s’ and Oshxma

PTU is well-known not only as an inhibitor of
melanjn formation, but 'alsg as a -substance
capable of dividing people into tasters and non-
tasters. The first mention of PTU as an insecti-
cids was the report of Minaff and anht“’ '
that 2 2 solutions of thiourea or PTU were
effective against the webbing clothes . moth)’
Thiourea was reporied as a housefly larvicide by
McGovran & Piquett®, and Brown et al.P,. and
as fly»]arvicides which offered promise for the
control of resistant populations'®. Also, its toxi-
city to D. melanogaster larvae was reported by
Goldsmith and Harnly” who found a very great
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variation between different strains, none of which
however were known to be DDT-resistant.

The property of inhibiting the development of
‘DDT-resistant strains but of allowing the survival

of DDT-susceptible strains seems to be charac-

teristic of PTU. Knowledge of the genetic
mechanism of this interesting phenomenon is
important for the settlement of certain problems
of insecticide-resistance. Therefore, previous to
biochemiqal study, investigations were made of
the genetical relation between resistance -to
insecticides in general and that to PTU and PU,

and these are the subject of the present paper.’
Materials and Methods

(1) Materials: The samples of PTU and PU
employed were synthesized and purified by the
author. .PTU and PU have the following che-
mical constitutions; V

OfNH~C'l:~NHz O—NH—%—NH:

S o .

Phenylthiourea(PTU) Phenylurea(PU)

" Tke strains of D. melanogaster were obtained
from the laboratory stocks of Osaka University.
The resistant strains used were as follows;
Hikone-R :
also to various insecticides such as BHC, para-

resistant not only to DDT, but

thion, nicotine sulfate, etc.

Hikone-Rsy;: derived from the Hikone-R strain
by single-pair mating ; the strain mainly used in
this study. .

WMBs, and WMD;_3s: developed by Tsuka-
moto in the laboratory from a mixed population
of 14 wild strains by rearing them on a medium
containing DDT, and -resistant to DDT, BHC,
parathion, and nicotine sulfate. )

cn R bw;-an.d cn R vg bw : strains with an
originally susceptible background but with the
" 2nd chromosome and the 3rd chromosome.res-
pectively derived from the Hikcne-R strain.

bw ;III 1ikyne-r, and bw;IIxs.p: nicotine-
resistant strains with the 3rd chrOmosoxﬁe derived

" -from the Hikone-R and NS-R strains respectively

against their originally susceptible background.
bw ;st HR ss: multichromosomal nicotine-
resistant mutant strain in which the 2nd and 3rd

chromosome are marked with ‘recessive morpho-
logical mutations. The st (scarlet) and ss (spine-
less) genes located _tespectively on the left and
right arms of the 3rd chromosome, and vthe region
of the spindle-fibre attachment between them are
derived from the Hikone-R strain; the remainder
derives from an originally susceptible background,
Susceptible strains used were ‘as follows;

Canton-S, Oregon-R(I), Oregon: all wild-
type strains.

¥-Oregon-R(I), v-Oregon-R(I), y, ywf v,
etc, : strains with mutant genes on the X-chro-
mosome. .
en bw, cn vg bw: strains employed mainly
as PU-susceptible and PTU-resistant types for

" . the gene analysis on the 2nd chromosome.

bw; st; svn, cn; bar-3; gul : multichromosomal
mutant strains in which the 2nd, 3rd and 4th
chromosome are marked with recessive morpho-
logical mutations. )

bw; st ss: strain employed mainly as the
su.scéptib'le" type'for the gene analysis on the 3rd
chromosome. : ‘

(2) Methods : The method followed in this
study is the same as that described as the “adult
test* by Tsukamoto and. Ogaki'P. Five male -and
five female flies, at least 3 days after emergence,
were put into a small glass vial containing 15cc
of dry yeast medium (agar 2g, dry yeast powder
3g, sugar 4g, water or the milimolar solution*
100cc) for 4—5 days to lay their eggs on this
medium with or without added insecticide. Then
the rate of emergence of the succeeding generation
could be calculated by coxﬁparing the number of

.flies from the PTU- or PU-containing media with

that from the untreated dry yeast media.

- Alternatively, larvae instead of adults were
transferred to normal and PTU- or PU-containing
media, and the rate of emergence was determined.
In this “larval test”, 50 larvae were put into each
vial of treated or untreated medium. All :tests"
were performed at a temperature app}oximating
25°, . ’

% 5mM PTU and 100 mM PU-solutions were
prepared as stock solutions, and this solutions

were diluted to each milimolar solution with

' distilled water.
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Table 1. ‘Percentege emergence at various concentrations (mM) of PTU-and PU by 22 strains of -
. D. melanogaster (adult test. method). .

<

_ Strain S I ' UP : 'Re51stance fiisoitsitlii:c:ultfgfe
L 1.0 20 3.0 50 | 10.0 20.0 30.0° 50.0 100.0, to DDT Coopm.
v (a4) . | 82 723 33.1 185 [1063 825 1723 0 0| S. | R ‘to 400
ywf . . | 9.3 79.5.31.7 17.6 |.62.0 453 0 0 0| S. .| R to 400
“w - 7 | 843 82.0 33.9 145 | 71.6 4.1 82 O 0| S R to 400 .
cn; bar-3; gul 53:1 39.4 36.1 12.1 | 82.5 60.1 12.7 0o o| s ‘R to ?100 '
Canton-S (As) | 60.8 855 14.7 2.0 [1111 70.3 236 0 0|- S . | R to 400 .
Oregon 88.0 33.3 0 -0 | 9.0 93.1 500 0 0| S | 'S to 40
Oregon-R(I) | 8.6 7.0 0 0 | 8.6 53.4.3L3 0 0 s S to 7400
'9-Oregon-R(I) | 17.6 .34 0 .0 | 98.2 43.2 2.0 0 0| 'S °| S ‘to 400
v-Oregon-R(I)| 158 0 0 0 |10L5 37.8 6.8 0 0 S 'S to 400"
“bupystysom. | B9 070 00 ]127.3 47.5 11.8 0 O S .S to 400
“Hikone-R".." {23029 0 : 0 |155.1133.6 119.6 102.8 46.7| R R to 1000
Hikone-Ry "18.0 . 4.2- 0. . 0 [149.1128.5 112.4 66.5249| - R. ‘R “to 1000
WMBx - .| 542 '3.4- 0 - 0 |176.2113.7 98.5 58.3 7.8| R R - to~: 400
WMDrg - | 320 44. 0 - 0 [180.0131.7102.1 3.2 6.3| . R ‘R to '400.~
on R bw - 1.9-- 0 0 0 [116.0109.0 740 55.7 7.6| R R to. 800 -
en R vg bw. 46 0 .0 .0 |1082 983 8.3 62.110.2] R R to 800
cnbw .- | 69.3 54.9.16.8 ‘6.6 | 7.6 4.6 . 8.2 - 0 O| S R to 400
envgbw - -| 59.1 50.0 17.2 7.3 | 91.3 74.3 40.6 0O 0| S R to 400
bw;stss | 69 0 0 095150 0 0 0] S | S to 400
bw;st HRss. | . — 75.7 59.6 53.2 | 77.0 50.3 31.3 0 ©O| 'S R to 800
bw; IIT Hikone-R, |.. — 85.0 70.2 64.0 |100.7 59.0 40.6 0 0| S R -to- 1000
. bw; III NS-R . ,— 97.0 8.5 748 1340 73.3 443 - -0 .0| S R to 1000

R resistant, S: susceptxble

Table 2.- Percentage emergence at various concentrations of PTU, PU and DD'I‘ by 11 strains
*of D. .melanogaster (larval test method).’ -
¥y ywf cn;bar- cnbw Canton- Oregon- y- Oregon- Hikone- szone- lVMBso WMD

- Strain - |2 > gol S(Ad R(Y: "RI) _ Rw R 7o
g © 10|96 72 8 92 87 76 54 79" 86 coe 42
E| 20|88 70 8 8 .74 . 1w 1 54 . 10 17 6
1. 25{— 68 74 72 46 - -~ - 0 0 0
2| sofes a2 s 80 3 1 o o 0 -0 - o0°
Ml 50|90 38 40 419 o 0 0. 0 -0 .0
G| 0.0/ 92 -9% . 8 - 92 94 83 -. 100 100 . 96 ‘98
"E.[..200/8 8 70 .72 68 - 61 58 . 82 100 100- . .9
.51 250|600 76 5 .5 5 48 32 86 100 %9 98
&l 5000 0 o0 0o 0 o0 0 89 92 % . o1
i~ B0.0(84 79—~  — . 2 - — = - - - -
'E| 100.0(48 41 48 - 38 . 0 65. 4 . - - - -

Gl 20.0(2¢ 18 32 28 0 40. 48 — - - =
~ | 250010 4 2 0 0 21, 28 .- - . 9 —
S 5000 0 0 0 o0 0 5 4 93 100 . 93 78
‘A'[10000f 0 0 0 o .0 0 .0 84 96 % . 70

2000.0{ 0 0 0 0 0 ) "0 69 84 8 .78
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Experunentnl Results

(1) Leve]s of resxstance to PTU ard PU

Insectxcxde -resistant and susceptible strains were
tested for their resistance to PTU and PU by
means of the “adelt test” and “larval test”. Some
of the results are shown in Tables 1 and 2.

It is sesn that the emergence of DDT-suscepti-
ble strains (such as y, ywf, ¢n bw, en vg bw,
cn; b;zr-3; gvl and Canton-S) could occur even
after rearing in 5mM PTU, while DDT-resistant
strains (such as Hikone-R, Hikone-Rsi, WMBs,,
WMD;_ss and cn R bw), and DDT-susceptible .
strains (such as Oregon, Oregon-R(I), y-Oreg n-
R(I), v-Oregon-R (I) and bw; st svn) were
markedly. affected by concentrations of 2.0-—3.0
mM PTU in the dry yeast medium.,

Thus whereas two types of PTU- suscepnble '
strains were present, one DDT-resistant and the
other DDT-susceptible, all PTU-resistant strains
were suceptible-to DDT.

In the tests with PU, the only flies to emerge
from media containing 100 mM PU were DDT-

resistant, while the emergence of DDT- susceptible
strains was inhibited rémarkably by 50mM PU
in the dry yeast medium. ;

The DDT-susceptible strains which had been
reared on media contaixﬁng 3mM PTU for more
than 3 generations were used as- the -PTU-
resistant strain in the pre~ent study. ‘Likewise
DDT-resistant strains which had be°n reared on
media containing 100 mM PU for more than 2

generations were used as the PU-resistant strains.

(2) Genstical analysis of PTU-resistancq"': ’

The emergence rate of Fy -flies obtained from
the reciprocai crosses betwéen a PTU-resistant
and the two types of PTU-susceptible strain was
tested by the “adult test” méthod to ascertain the
relation between the resistance and cytoplasmic or
sex-linked factors. The results are given in
Tables 3, 4, 5, and 6. )

a) Reciprocal cross betweex; PTU-resistémt“
strain and DDT-resistant PTU-susceptiB]g strain:
The emergence rates of the Fj generation .frorn the

reciprocal cross between PTU-resistant strains

, Tab1e 3. Numbers of F, flies from reciprocal crosses between PTU-resistant strain and DDT-
. resistant PTU-susceptible strain which emerged from untreated and PTU-treated media.

Control 2mM PTU 3mM PTU
Cross - - —|-

9 F °/s | ¢ & 2/s ? 5.
Hikone-Ru % X y(As)s . 577 . 506 1.14 98 88 111 0 o0
¥(As) 9 x Hikone-Ru 8 - | 498 488 102 102 99 1.03 0 o
" Hikone-Ru® Xywfs 142 128 110 3 2 L1 | o0 o0
- ywfe x Hikone-Ra1 3 130 121 1.07 31 36 0.86 0 0
. Hikone-R31 @ X cm; bar-3;gvl & 347 336 1.03 61 58 1.05 0 0
cn;bar-3; gul @ X Hikone-Ry 3 139 129 1.07 29 24 121 0 -0
Hikone-Ry @ X ¢cn vg bws 179 164 1.09 21 17 1.24 0 0
cn vg bw X Hikone-Ru1 & 123 124 0.9 23 .28 0.82 0 -0
- WMByn? x y(4s)s 188 154 1.22 20 17 1.17 0 o
y(As)? X WMBwn 3 . 156 148 1.05 19 23 083 ] 0 -0
cn R bwe X y(As)s 164 135 1.21 0 0 — )
y(A3)2 Xcen R bws 104 124 0.82 0 0 - 0 0
en R bwg x Canton-S(As)s | 128 141 0.91 0 0 — 0 0
Canton-S(A3)® Xen R bw s 104 . 98 1.06 0 0 — ‘0 0
cn bw @ x Hikone-Ry1 8 114 110 1.04 64 0 © 0o o0
Hikone-Ru1® X cn bw 3 229 221 1.03 3 25 0.12 0 0
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(such as cn; bar-3;gvl, cn-vg bw; y, and Canton- -
S) zg;nd PTU-susceptible strains (such as Hikone-
R, Hikone-Ry, WMBsz, WMDy. 55 and ¢n R bw
which have the DDT-resistant .gene on the 2nd
chromosome) were greatly decreased at the 2.0
‘and 3.0mM PTU levels as compared with the
PTU-resistant parent (Table 3). These Fy
progeny did not emerge‘ at all 3mM PTU-
concentrations. -Accordingly, . media containiﬁg
3mM PTU were employed in r.he genetical
analysis for PTU-resistance.

This demonstrates that PTU-resistance is a]m’ost '
completely recessive to the PTU-sﬁsceptibility‘
which DDT-resistant strains have, and that except
the case of r_ecfprocal cross cnbw X Hikone-Ra
‘_mé.férnal or cytoplasmic effects seem to be almost
negligible. In these crosses the sex ratio in the
Fy flies emerging from PTU-éontaining media
was normal. Furthermore, . the sex ratio in the
‘Fz generation from the mutual cross between Fjy

males and females from the cross of ¥ X Hikone-
Rs; was also norma) under the PTU pressure
. (Table 4). o
In the case of the reciprocal cross cn bw X
Hikone- R, resﬁlyé obtained with media contain-
ing 1.5-2.5 mM PTU seem to show that an in+
completely dominant factor is present on ﬂxe' sex-
chromosome in Hikone-Rs;. These results indicate
that the resistarce shows sex-linkage (Table 5). |

*(Table 6).

b) Reciprocal cross between PTU-resistant
strain’ and DDT-susceptible PTU-susceptible

strain, The emergence rates of the F; generation

from the reciprocal cross between PTU-resistant

and PTU-susceptible strains (such as bw; st; son
Oregon, Oregon-R D, y-Orggon-R (I) and »-
Oregon-R(I) which have ‘the DDT-susceptible

- gere on the 2nd chromosome) were identical wiﬂi

each other ‘and with the PTU-resistant parent
The only exception was the Fy
gereration from bw;stsv”? Xy3 on media

contammg 3mM PTU.

.- Thxs demonstrates .that the PTU-resistance 1s

almost completely dominant over PTU-susceptibi-
lity -when the ‘PTU-susceptible parent is -also
DDT-susceptible. Moreover the maternal or cyto-
plasmic effects are slight or almost pegligible. In
these crosses the sex ratio in the F; flies emerging
from PTU-containing media was normal.

" . ¢) Reciprocal cross. between DDT-resistant

PTU-susceptible strain- and DDT-susceptible
PTU-susceptib]e strain : The emergence rate of
the Fy generation' from the reciprocal cross
betweenthe DD T-resistant PTU-susceptible strain

- and the DDT-susceptible PTU-susceptibie strain’ -

was idemicali with ' that of the DDT-susceptible _
PTU-susceptible parent and less than that of the
DDT-resistant PTU-susceptible parent (Table 6).

. Table 4. Sex ratio of Fa flies from the mutual backeross between F; males and females from the
cross ¥ X Hikone-Rs, which emerged from untreated and PTU- treated media. !

3mM PT_U '

: Control 2mM PTU
Cross Ay — Yy + vy +
2 3 9 3 °fsle 8 9 & 9/3l 9 8 2 8 9/5"
y(As)9 x Fy(y(As) @ x Hikone- R316)6 110100 0 01.10{899 0.00.89|4462-0 00.71
¥(As) @ x Fi(Hikone-Ry @ x ¥(A3)3) 8 0 139 116 0 0.83-| — ——=— -] 02823 00.82
Fi(y(As) @ X Hikone-Ru3)9 x ¥(As) 3 102 111 116 94 1.11 | 59 47 4065 0.84 | 2641 34 32 0.82
‘Fl_(y(As)Q X Hikone;R316)5? x Hikone-Rs1 & 0 56 110 54 1.0 1 006 230000 0 F—

Table 5. Sex ratio of F] flies from reciprocal crosses between cn bw and Htkone Rsh which .
: emerged from untreated and PTU-treated media.

oo Control ~|1.0mM PTU|L 5mM PTU[2. 0mM PTUJ2. 5mM PTU[3. 0mM PTU5. 0mM PTU
T03S i
|® s elsle 59/ 5 9/8]% 5 2/5| 9% 5 /5| s 538/8] % 39/
on bwe x . ) ' ' ’
e i Rus |175133 13195 63 1.40{42 3 14.0022 1 220013 0 w | 0 0 — [ 0 0 —
Hikone-Ru2 X 1140 125 1.12 09 112 0.88{ 52 71 0.73/ 1747 0.36 012 0| 0 0 — [ 0.0 —
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Table 6. Numbers of F; flies from reciprocal cro;ses between PTU-resistant ‘strains and DDT-
susceptible PTU-susceptible strains (1) and DDT-resistant PTU- susceptible strains and DDT-
susceptible PTU-susceptible strains (2) which emerged from untreated and 'P’I_‘U-treated media. -

Control | . 2.0mM PTU 3.0mM PTU
Cross - -

? 5 9/a| ¢ & - ¢/} e &  9/3

" bw; st; sone xy(As)s 556 533 ° 104 | 293 173 1.69 | 259 161 1.6l
¥(As)® X bw; st; svns 640 644 099 | 225 ‘198 1.14 | 60 72 0.83

1 bw; st; S'I;" ¢ X Canton-S(Az) 8 187 190 0.98 98 95 103 3’7 23 L6l
Canton-S(Az) @ X bw;st;svng 169 156 1.08 74 72 1.02 18  :16 1.33
| v-Oregon-R(D ¢ xy(A) 5 114 111 Loz | 8 73 L17°) 18 . 26 0.69
y(As) @ % v-Oregon-R(I) & 160 140 114 94 95 0.9 35, 38 0.92
v-Oregon-R(I)9 x Hikone-Rn 8| 163 142  1.15 - 3 5 0.60 0 o' —_
Hikone-Rn @ Xv-Oregon-R(N)3| 127 116~ 1.09 2 3 .0.67 0 0 —
Oregon-R(I) @ X WMD1_543 113 116  0.97 0 0 — 0 0 —

o |WMD:_ 9 x Oregon-R() 5 . | 153 162  0.94 0 0 - 0 0 —
|Oregon-R(I)¢ x Hikone-Rus | 126 13L  0.96 0 0 - 0 0 -
Hikone-Ru % X Oregon-R(I)s | 130 126 1.03 0 0 — 0 0 -
bw;st; sun9 X Hikone-Ru s 121 © 132 0.92 0 0 - ) 0 -
Hikone-Rn 9 X bw;st; svn g 128 129 ° 0.99 0 0 - 0 -0 —_

The results shown in Table 6 indicate that the - (6)) bw, st; sv" Q

PTU-susceptible parent (such as Orégon-R(I), . - xFi(Canton-S A3 X bw, st;svn3) & -
v-Oregon-R(I) and bw; st; svn) has a factor which - The relation between the phenotypes and the
decreases the resis@ant levels-in Fy progeny. number of surviving flies emerging from "PTU-
d) Chromosomal location of PTU-resistance : v containing or PU-containing media was in-
In order to determine which chromosome is vestigated by the “adult. test” method.in which

responsible for the PTU-resistance, the following 20 F1 male and 20 female flies of the PTU-

backcrosses were carried out using DDT-resistant
PTU-susceptible strains (such as Hikone-Ra,

WMBy and WMD), the DDT-susceptible
PTU-susceptible strain dw; st; svn, and the DDT-
susceptible PTU-resistant strains c¢n; bar-3; gvl,
y and Canton-S As. Thus bw; st;svn, cn;bar-3;
gvl are multichromosomal muiant strains in which
each 2nd, 3rd and 4t_H chromosome is max:ked
with a known recessive mutant.

Backcross

(1) ¢n; bar-3; gvl ? S
" xFi1(Hikone-Ryu @ X cn; bar-3; gols ) s

(2) cn; bar-3; golQ

X Fy(c;bar-3;gvle X Hikone-Ry18) 3
(3) bw; st;svnQ

x Fy (ySP X bw; st; svﬂa) F
(4) bw;'st;svn Q

xF.(bw,st,svnsz Xy8) 8 T

resistant multichromosomal strain were put into
glass vials of either 90 cc or .180 cc capacity con-
taining 20 or 40cc of - treated or untreated- dry
yeast medium.

From these backcrosses, the expected proportion
of the 8 phenotypes in the F» generation emerged
from the untreated media; the, relation between
the phenotype and the number of survxvmg flies
emergmg from treated media i 1s shown in Tab]es
7 and 8. ’ ’

Since it is known that Fy hybnd flies from the
reciprocal crosses 'between Hikone-R3 and cn ;-

- bar-3;gvl cannot emerge from media containing

3mM PTU, it is informative to ascertain the
rercentage survival at this concentration’ s'hbwﬁ
by Fs offspring of the backcrosses . of  this: Fy
“hybrid with en; bar-3; gvl fema]es.' If  they are
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Table 7. Numbers of phenotypes of -surviving progeny in backcross 1, cn; bar-3; gvl ¢ X
Fi (Hikone-R31 @ X cn; bar-3; gvls ) & and backcross 2, cn; bar-3; gvl@ X Fy(cn; bar-3; gvl x
" Hikone-Ru8) &, which emerged from untreated, and PTU- ‘and PU-treated media.

Backcross 1 . ~ ) 2
No. - of experiment 2 _ 3 2. _
Sort of medium | . Comrol | 3mM PTU| Control | 3mM PTU'| 50mM PU
Sex | e s | 9o 3 e 3 e 5 | 2 &
45 + 5+ | 2 33 o 0| & 7 o ‘o | e ‘88 .
+; bar-3; + 443 27 0 0 | -7 80 0 o0 10 9
0 4. .+ gol 32 2 | 0 0 89 55 0 o 39 33
§ +; bar-3; gol 19 22 | o o0 |. 4 31 0 o 11
8 cn; o+ 5+ 34 29 21 B 71 106 | 120 125 8 7
& en; bar-3; + 29 33 19 1 58 66 55 60 1' 1
| ens + 5 gul 22 19 18 16 72 7 |91 82 2 0
cn; bar-3; gvl 19 16 12 15| 5 41 36 39 0 0
Total no. of Fy flies | 226 204 73 77 | 556 526 | 308 306 | 120 109
Percentage of total cn 46.7 100.0 50.3 100.0 8.0
Percentage of total bar-3 48.4 38.0 . 42.2 30.9 9.7
Percentage of total gol 40.5 40.6 . 43.0 - 41.4 31.9
Sex ratio 9/s . - 111 0.95 1.06 1.01 118

;. Table 8. Numbers of phenot‘ybes of surviving progeny in backeross 3, bw ;- Si,; song X Fy (y!?
. Xbw;st sv"a). &, backcross 4, dw; st; syn@ X Fy (bw;st; svn@ xy38) &, and backcross 5, bw;

. sty syn 2 X Fy ‘(Cantorlz-S AzQ Xbw;st;svnd) B,

. and PU-treated media.

which emerged from untreated and PTU.’

Backcross "3 ' " 4 : 5 ]
No. of experiment 3 l 1 o 1
-Sort of medilﬁn : Control |3mM PTU | Control |3mM PTU | 50mM PU | Control | 2mM PTU -
Sex 2 5|9 s |2 ale sl s|9% s]e s
+.: 4+ 3 + | 81778 67 48 | 42 38| 32 1.4 00|17 17| 7. 4
o4 3+ ;3 som | 70 62| 47 43 | 25 26| 21 10 0 0] 15 12| 4 0
© bw; + ; + | 47 43| 60 69 | 29 41| 20 24 0 o0 | 22 17\ 8 3
| bw; + 5 s | 5932| 3 3 | 210 7 5| 0 0| 813 5 6
§ | + 5 s i+ | 49 49| .0 0] 193 0 0| 0 017 14/ 0 0
B | 4+ ; st ysen | 6157 0 -0 | 1812 0 0| 0 0|20 7| 0 0
' bw; st 3 4+ | 58 5| 0 0] 232 0 0| 0 0 5 9/ 0 0
bw'; st ;-syn | 40 29| 0 0 | 26 271 0 O0-| O O 9 2| 0. 0
" Total no. of Fe flies 465 402 [ 204 196 |204 216 | 80 53 0 0 |113 91| 24 13
Percentage_ of total bw 41.5 48.8 49.0 40.1 0 41.7 59.5 .
. Percentage of total st 45.6 0 44.5 .0 0 40.7 0
Percentage of total svn 47.3 | - 54.8 -40.5 32.3 0. 42.1 40.5
Sex ratio 9/8 1.13 1.04 0.94 1.50 - 124 | 183
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homo "zygous for the particular chromosome
responsible for the PTU-resistance of the cn;bar-
3; gvl strain, they would be expected to survive
and emerge from the PTU-containing . media.

" However, if they carry the susceptible-c_hromosome
from Hikone-Rs strain in heterozygous condition,
they would not be .able to emerge.

.~ As shown in Table 7, Fe larvae of the strains
cnybar-3;gvl, cn;bar-3, cn; évl, and ¢n, in which
the 2nd chiomsomes are both derived from the
PTU-resistant mutant strain, were able to survive
and emerge from media ccntaining 3mM PTU.-
Moreover, F2 progenies in which the 3rd or 4th
chromosomes are derived from the DDT-resistant
PTU-susceptible strain were scarcely selected by
the media containing 3mM PTU. Besides, there
are no significant difference in Fe flies between
the two crosses. .

These data ev1dent1y indicated that t_he domlnant

genetic factor for PTU-susceptibility in the
HiFkone-Rsy strain is linked with the 2nd chromo-
some. In other words, it may be concluded that
the factor for PTU-resistance on the 2nd chromo-
to the
factor for PTU-susceptibility which characterizes
the DDT-resistant strains. , :
. In backcrosses 3, 4, and 5, PTU-susceptible bw;
st;svn flies were crossed with PTU-resistant flies
.and the resulting Fy
males were backcrossed to bw st; son females.

some is almost completely recessive

such as y and Canton-S,

Eight phenotypes might be etpected in the F2
generation. If certain-of them are Vehmmated by
PTU, it would suggest that the pnrticular chromo-

7’&—1\(
some was ‘concerned with.the PTU—suscepti\bility.
Table 8 gives the number of surviving Fz flies
of each phenotype obtained from the backcrosses
3, 4, and 5. These data apparently suggest that
these flics, whose 3rd chfomosomes are not
derived from the resistant parent (such as bw;
_st; sum, bw; st, st;sv, and st),
selected by PTU, while most of the flies belonging

are severely

to other phenotypes can emerge e'ven)on media
contalmng 3mM PTU. .

i Consequently, it may be conclLded that the
.PTU resistance is connected with the 3rd chromo- :
some in the PTU-resistant strains such as ¥
and Canton-S. As shown above, these data
indicate that PTU-resxsta.nce is a
polygemc character malnly controlled not only

. evxdently

by the recessive factor on the 2nd chromosome,
but also by the dommant factor on the 3rd
chromosome. ) L

e) Reciprocal crcss between .DDIT-resistant
PU-resistant _etrz'ﬁn‘ and DDT-susceptible PU-
Althouéh the toxicity of PU -
is far less than that of PTU, the emergence of
DDT-susceptible strains was inhibited markedly
in media containing 50 mM PU (Tables 1 and 2).
DDT-resistant strains on the other hand could

susceptible strain :

emerge from media contaxmﬁg 100 mM PU.

The emergence rate of F; flies from reciprocal
‘crosses between PU-resistant and PU-susceptible.
strains is shown in Table 9. The reciprocal
crosses . between the .resistant strains such as
Hikone-R31 and WMDj_ss, and the susceptible

strains such as ¢n; bar-3;gvl, cnvgbw, and ¥, V

..Table 9. Numbers of F; flies from reciprocal crosses between DDT-resistant PU;iesistant strains

and DDT-susceptible PU-su.sceptibIe strains which emerged from untreated and PUftreated media.

Sort of medium Control 20mMPU | 30mMPU | 50mMPU | 100mM PU
Sex ? & 9/8| ¢ & /5|92 & ¢/8l' ¢ & 2/3| 2, 8 2/8
Hikone-Rn 9 X cnvgbws 112 106 1.05 | '96 95 1:01 | 103 78 1.32 | 58 81 0.72| 22 16 1.39
cnvgbwe x Hikone-Rus 112 97.1.15| 91 89 1.02| 73 53 1.37| 50 441.13| 26 29 0.89
WMD7.3s% X cntghws 69 76 0.91| 83 760.92| 61 541.13| 55 590.93| 9 4225
cnvgbw® x WMD;_ssd 85 811.05| 51 501.02| 46 411:12| 28 47 0.60 | 12 15 0.80-
- Hikone-Ru® Xcn;bar-3;gvls | 99114 0.87| — — —| — — —| 56 531.05| 35 330.92
en;bar-3;gul9 xHikone-Rus [ 118103 1.45| — — —| — — — | 62 581.06| 28 36177
9(As) ¢ x Hikone-Ryud 130 108 1.20 | 82 92 0.89| 40 450.88| 47 361.30| 9 17 0.53 .
Hikone-Ru® X y(A3) 8" 116 ‘98 1.18 | 66 83'0.79| 72 541.33| 59 52 1.13| 35 38 0.92

’
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were made in order to discover the genetic nature
of the PU-resistance of DDT-resistant strains.
The hybrids of these crosses were found to be as
resistant as the parental PU-resistant strains used.
The results make it clear that PU-resistance is
almost completely dominant over PU-susceptxbxhty
“and maternal or cytoplasmxc effects are neghgxble.
f)- Chromosomal location of PU-resistance :
Backcrosses 2 of section d were carried out with
PU- susceptible multichromosomal mutant strain
cn; bar-3; gvl. The relation between the phenotype
and the number of flies emerging from media
contaxmgg 50mM PU is shown in Table 7. .
1t the offspring are heterozygous for the par-
ticular chromosome from the Hikone-Ra strain
-re;,ponsible for PU- résistance; they would be ex-

pected to survive and emerge from media contam-

ing 50mM PU. 1 they carry the susceptlble chromo-

some with the mutant marker in homozygous
>c0ndmon, they would not be able to emergé.
As shown m Table 7, evxdently the Fq flies
having the recessive mutant marker, and in which
?)oth the 2nd chromosomes were derived from the
‘susceptible strain, are strong]y selected by PU.
"The ¢n; +;+ individuals, which are homozygous

“for the 2nd chromgsome ‘which has the PU-

suceptible gene and are heterozygous for the 3rd
and 4th chromosome from the PU-resistant strain,

show a slight abxhty to survive and emerge from
media containing 50mM PU On the other hand,

the -+ 45+, +; _+,gul ;ndmd_uals which -are

heterozygous for the 2nd chromosome and 3rd’

chromosome from the. PU-resistant strain, are .

scarcely selected at all. In contrast, +; bar-3;
gol, +;bar-3; +iddividuals, which carry the 2nd

_ chromosome in’ heterozygous condition and are

homozygous for the 3rd chromosome with the
"PU-susceptible factor, are able to show only
slight survival on the treated media.

The effeci_.of the 4th chromosomes on the

~ resistance should not be entirely neglected; it was

) found ‘that the percentage survwal of pkenotypes
of the 4th chromosomal mutant is rather lower
on the PU_treated media than in the controls.
‘However, this may not be of ‘major importance
'i_nv resistance, even if it shows some effect as a

" modifying factor.
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The most important effect on

. gene and PU-resistant Ag‘ene on

resistance may be due to the 2nd and 3rd chromo-
The data evidently indicate that the
mainly dominant genes for resistance to PU are

somes. -

located on the 2nd and 3rd chromosomes.

(3) Analysis of the locus-for PTU-resistant
the second
chromosome T

It is confirmed in ‘the above-mentioned experi-
ments that the PTU -resistance of D. melanogaster’
is dce to the polygenic system which are mani-
festéd by the recessive factor on the 2nd chromo-
sorze and the -dominant factor on the 3rd
chromosome. On the contrary, PU-resistance of
D. melan: ~gaster is due to the polygenic system,
‘which are manifested by the dominant factor on
the 2nd chromosome and the dominant factor on
the 3rd chromosome, as well as the PTU- .
resistant factor on-the 3rd chromosome.. g

_In order to determine the precise locus for the
PTU-resistant factor and the "PU-resistant factor
on thé 2nd chromosome, several crossing experi-

ments were made in order to  ascertain the

-
_ crossover rate between the resistant factors and

certain known marker genes.

For ‘this purpose, two mutant PTU-‘re"s'ist‘anf
PU-susceptible strains, namely ¢z bw, and cn g
bw, were crossed to certain PU-resistant- PTU-
susceptible strains, such as-Hikane-R, Hikone-~
Rj1 end WMDj_ss; the resulting F 1 females were
backcrossed with mutant males of one of the PTU- ,
resistant PU- susceptxble strains. © .

The crossmg procedures were as follows,

" Backcross ’
(8 ) Fi(cnbw @ xHikone-Ra18) @ Xcnbw 3

" (9) Fi (Hikone-Ryy @ Xcn'bws) € Xenbw s

(10) F; (cnvgbwe x Hikone-Ru 3)
"X cenvgbwd -
(11) Fy (Hikone-Ru1 ¥ X cnvgbwd) ¢
X cnvgbws
(12) Fi(envgbwe X WMD7_336) 9
Xenvgbwsd
. In these crossing procedures, the relation -
betweon the phenotypes and the number of -
surviving flies was determined by the “adult test”
in which 20 F; female and 20 male flies of ~the'
mutant strain were put into glass vials containing’
treated or untreated dry yeast media. . :
The crossing over in Fy females in backcross 8 .
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stitution of phenotypes on the second chromosome of F: flies emerged from treated :

media. )
Cross- | lPhenotypes of Fo 'Phenétybes of Fe
over flies emerged from | flies emerged from
region ] PTU-treated media | PU-treated media -
1 2 3
en P ovg bw .
Non-crossover . 0 —t I - cn vg bw + + +
+ o+ + '
[Z 2 + . ‘
1 —:———:__:__.__:_ + t'g. bw cn + 3
+ vg bw :
“en + + )
Single-crossover 2 T o en + + L vg bw
’ v + + g bw ‘ .
cn t'g' + ‘
3 ORI o cn v+, + + bw
E I T bw
en  * . vg bw )
1, 2 —:——:_:.__.:—. + + o+ cn vg  bw
’ + + +
. . cne w + bw C
Double-crossover | 1, 3 ::___-:::_—_:: + wvg. + . cn + bw
T + vg + ‘ )
cn + bw . )
2, 3 . :—: :: en + bw + vg +
+ * g +
cn’o* vg ’ +
Triple-crossover {1, 2, 3 *:—:_:_——:: + + bw. cn vg +
+ + bw

* :DDT-resistant gene

Table 10. Numbers of F- flies of each phenotype obtained from the backf;ross 8, F1 (enbw? x
- "Hikone-R318) @ X ¢n bw & and backcross 9, Fy (Hikone-R1 9@ X cnbwd) ? X cn bw g which
emerged from untreated, and PTU- and PU-treated media. ‘ ' .

Backcross 8 9
. Control | 2mMPTU | 3mMPTU| Control | 3mMPTU | 50 mM PU
Sort of medium . )
C.R. C.R. C.R.| C.R.| C.R. | C.R.
cn bw " 187 0 146 | 0 | 100 68| 0| 31{12]| 5
o 0 - - 0 —
,;%‘ + 183) 1,2 | 12| L2 4 721 1,2| ol o 34
=1 - ;
2 en 147 2 06| 2 o1 9|2 6| 1 10
& 1 : : 1 : '
bw 14| 1 321 1 14| ) er| 1 10| 2 23
. Total no. of F: flies 631 296 209 256 67 172
Percentage of total cn 52.9° 85.1 91.4 45.7 85.1 " 20.8
Percentage of total bw 47.7 60.1 51.5 52.7 61.2 38.9

+: wild allele frgm PTU-susceptible PU-r¢sistant strain of DDT-resistance, C.R.: crossover region
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and -9 shou]d produce 4 -phendtypes in the Fa
generatlon, ie, wxld -type and ¢n bw (non-
crossover class) a.nd ¢n and bw (crossover class).

Although the en bw, cn end bw mutant-type flies,

. as well as the wild-type, can emerge from the

untreated media, only wild-type flies are selected

» on media containing . 3mM PTU. This means that

th; non-crossover ¢n bw flies, apd the crossover
en and bw flies homo’zy'gousrlfor the particular
PTU-

resistant strain, would be able.to survive and

PTU-resistant ‘chromosome from the

emerge from media containing’ 3mM PTU. On
the other hand the non-crossover wild-typeflies,

and the crossover c¢n and bw flies heterozygous

: for the particular PTU- susceptlble chtomosome

from the DDT-resistant strain (vide results in
Table 3), would not be able to survive and emerge
from media containing 3mM PTU.

In the case of PU-containing media, many

. heterozygous for the chromosome

\

~ wild-type f]ies and a few ‘mutant flies cansurvive

“at 50 mM concentrahon T}us means that the

the

crossover ¢cn and bw fhe_g, were selected by PU.

non-crossover cn bw fhes, and some of

The constitution of genotypes with  respect to -

" the 2nd chromosome is schematically represented

“in Fig. 1L

‘a) Position of PTU-resistant gene on the 2nd
chromosome : As shown-in Table 10, non-cross-

and crossover ¢n and bw flies

the

over cn bw flies,

homozygous for the: chromosome with

'PTU-resistant factor, can emerge from . PTU-

containing media, while only wild- type flies -
‘with the

DDT-resistant factor cannot survive from imedia

* containing 3mM'PTU.

' These crossover data suggest that the dominant

a PTU-susceptible factor of the Hikone-Rs strain

is located on the right arm of the 2nd chromosome.

“Table 11. Numbers of F: flies of each phenotype obtained from the béckcfoss 10, Fi1 (cnvgdw
Q@ x Hikone-R318) @ X cn og bws, backcross 11, Fy (Hikone-Ru9 X cnvg bws) 9 Xen vg
“bw 3 and backcross 12, Fy (cnvgbw@ X WMDz.538) ¢ X cn-vg bw & which emerged from

untreated, and PTU- and PU-treated media.

Backcross - | o © 10 11 4 12
- No. of experiment 3 ‘ 2 . 2
3mM 50 mM 3 mM 50 mM . "3mM
Sort of medium Con_trol PTU PU Control PTU PU Control “PTU
, , CR.J__ICR[] |CRJ |CRT [CK CR.| |CR] |CR.
en ' vg bw 227| 0 | 286 1;2 ~ 190 0 167/ 1,2 -8  |116] O | 123
0 0 ] ©
+ 4+ 200 1,2] o .0 | 240 250/ 1,2 | o o 1115 153 1,2| 0
. on 4+ o+ 64z |18 1|28 |54z 101 & 3 2| 12
£ + wvg bw ad 1 | 39 2| 18] 7 | 40 1| 2 2'[ 6 2201 | 31
=1 = - o
é | en vg + _l136] 3 |1931,2,3 13 113 3 1231,2,3{ 4 | 78 3| 9
& - 2 ‘ | 2 —| 2 |—
+ o+ bw | - |223123 0 3 |167 weL23 0 3 | 7 1191,2,3 ©
en + bw 12023 21,3] 1 12,31 1,3| 1 323 o
- 1,2 L2} 1 1,2 | — .
ol ee 17 13| 1823 15 1,3 | 12 2,3| 1 S 1,3 14
Total no. of Fq flies 1022 551 483 | 846 334 | 214 532 | 276
‘.Percentage of total cn 43.0 89.7 -12.0 43.1 | - 90.1 9.8, | 43.3 83.7
Percentage of total vg 41.5 97.3 7.7 42.3 96.7 8.9 -42.1 95.7 -.
Percentage of total bw | 49.5 | - 59.3 | 40.8 | 49.3 | 56.6 4.2 | 49.1 | 55.8 -

1%
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Table 12. Percent frequency of the 3 mutant marker types in the Fo fl:es wh;ch emerged from |

. PTU-treated and PU-treated media.

~ Sort of medium 3mM PTU " 50 mM . PU
' Mutant marker cn vg bw P vg  bw
Backcross 10 89.7 91.3 59.3 12,0 7.7 40.8
Backcross 11 90.1 96.7 56.6 9.8 8.9 40.2-
Average 89.9 97.0 57.9 10.9. 8.3 40.5
Map distance from mutant marker . ;. :
to PTU- and PU-resistant genes 10.1 3.0 42.1 | . 10.9 8.3 40.5
flfh.erefore, it appears that a gene for PTU- -7 pe (64.84) » ‘
resistance is involved, which is located slightly 57.5 (67.0 buw (105 0')
. .0). w(105.
to the left of the centre of the region between cn en( " ) vg ,) 44 o
and bw; that is the PTU-resistant gene seems to : ‘_3 0 '
be nearer to ¢z than to -bw. ‘ fem— 10. 1———-—» . i
i 42. ~—s*

In order to determine the precise locus for the
PTU-resistant gene, the c¢n vg bw strain was
employed. In this strain the positions of the
mutant markers are suitable for the precise
fdeterminatio'n of such a gene on the 2nd chromo-
some. The crossing expenment was performed
by the same procedure as above, and results are
set out in Table 11.

It is seen that those Fa flies which cafry the
mutant marker vg emerged from PTU-containing
media in greater numbers than those with the
other markers (see crosses 10, 11, 12). These
results indicated that the PTU-resistaﬁt gene is

‘located on the right arm of the 2nd chromosome

near the vg (II-67) gene, since the linkage is/

very close. The crossover rates between the PTU-
resistant gene and the mutant marker may be
calculated from Table 12,in which the percentages
of total flies with the mutant markers cn, vg or
bw surviving PTU treatment are presented..
The ‘

- calculated from the \average percentages as follows:

locus for the PTU-resistant gene is

Map distance from mutant marker

’

to PTU-resistant gene )
cn =-» II-rpey 2 100—89.9=10. 1( )
I-7rpgy =—> vg : 100—97.0=3.0 (2)
II-rpgy, =—» bw : 100—57.9=42.1(2)

: Here the PTU-resistant - gene on the 2nd
chromosome is desxgnated as II-rp,,‘ _

Consequently; the estimated true position of
this resistant. gene lies between 64 and 67 on the
2nd chromosome near vg (II 67); i. e. the locus
for the. recessive gene-for PTU-resistance is
slightly to the left of the vg locus. In other
words the locus for the dominant gene for PTU-
susceptibility in the DDT-resistant

slightly to the left of the vg locus.

strain is

It is very interesting that. this locus closely
agrees ' with the locus for resistance to PDT,’
BHC and parathion deétermined by Tsukamoto &
Ogaki, and by Kikkawa!®1», and especially with the
locus_(II-64.5) for resistance to parathion deter-
mined with thé same strain ¢n vg bw by Kikkawa®.

As shown in Table 11, when the strain
WMD; s is used instead of the Hikone-Rs as

 the DDT-resistant. PTU-susceptible strain, the

results indicated that the dominant gene for PTU-
susceptibility had the same locus, despite “its
different origin. o

b) Position of PU-resistant gene on the 2nd
chromosome : The locus for the PU-resistant
gene on the 2nd chromosome was determined by ‘
a similar procedure. As shown.in Table 10, thg -
en, bw, and cn bw, flies which could emerge
from PU-containing media seem to be carrying,

‘in heterozygous condition, the resistant gene on

The locus for the PTU-resistant gene may be

‘graphically represented thus; -

their .chromosomes acquired by crossing- over.

AT.hyese data provide evidence that the resistant
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" gene is closer to ¢n than to bw.

The details of these experimental results are
set out in Table 11.. Theb.frequencies "of the
3 mutant types iﬁ’the F: generation reared on PU-
containihg media - are exﬁressed " as ‘percentages

in Table 12. As shown in Table 11, Fe flies

having the mutant marker vg Wer;e more heavily -

selected by PU than flies with the other markers,

These results indicate that the PUresistant factor

is l6cated on the right arm of the 2nd chromosome
near the vg (II-675 gene. »
“The rate of emei-gehce of single-crossover F2
flies from PU-containing media is somewhat
higher than that of the value expected from the
triple-crossover class (momhologxcally single--
. crossover class ¢n vg+). Thus it apﬁears that the
" pon-resistant flies have . not sufficiently been
selected. » o . ' ’
The locus for ‘PU-resistant gene is calculated
from the average percentage as follows :
Map distance from mutant marker

to PU-resistant gene . _

N ~~—> jII-R‘pU : . 10.9 (%)
II-Rpp ---> vg:. 83 (2).
“II-Rpp— bw : 40.5(%

The locus for ‘the ‘PU-resistant gene may"be,
graphically represented thus:

fI-RpU (641)
" en(57.5) vg(67.0) [, bw(105.0)
. . S ,
«—8.3-—>
=10, § >
40.5 —

. Here the PU-resistant gene on the 2nd chromo-

some is designated as II-Rpp.

Consequently,. the estimated true position of

this resistant gene seems to lie between 64 and
67 on the 2nd chromosome near the gene vg (1I-
67). This locus appears to agree closely with the
locus of fhe gene for resistance to DDT, BHC
‘and parathion. . - ‘ - l
However, the locus as calculated from the vg
'fhes is slightly different from the locus as calcu-
lated from the c¢n and bw flies. This difference
may derive from the fact that the susceptible flies
were not completey selected at a concentration of

50mM PU. Further experiments should ugse

Z'QO .

" experiments with the susceptible strain,

#—F

higher concentrations.-
Also, if this difference is due to pleiotropic
effects of other genes contributive to PU-resistance,

the precise locus for the resxstant gene itself

" may be determmed only by ehmmatmg the effect

of other genes. For this purpose, special strains
are being now syntheszzed.
(4) * Analysis of the locus for the PTU-resistant
and PU-résistant gene on the 3rd chromosome.’
a) . Position of PTU-resistant gene on,the 3rd

" chromosome: Since PTU-susceptibility and PU-

resistance may be mutually pleiotropic expression

_ of DDT-resistant gene on the 2nd chromosome,

as mentioned above, " the precise determination of
the locus for the factor on the 3rd
for resistance to PTU on the one hand and to

chromosome

PU on the other was determined by a y, procedure
in which the pleiotropic effect bet_ween these
genes was eliminated. '

In order to determine the prec:se locus for the
dominant PTU- and PU-resistant factor on the
3rd chremosome,eerta;in' PTU-resistant strains

“.such as bw; Ilnikune-r, and bw; Ilxs_r -were
‘vsed. These two strains have the 3rd chromosome

derived from the Hikone-R and NS-R. strains “

respectively in their eriginal]y DDT-susceptible

background. As the typical PTU- and. PU-
susceptible strain bzw; st ss was mainly usea. By
in crossing
the

differences may be restricted to the 3rd chromo--

the ore of these special * strains

"some without interference by factors on_ the

“other chromosome .

In order to determme the precxse locus for the
PTU-resistant factor on the' 3rd chromosome,
the following backcressee were carried out. -

Backcross
(13) Fi1(bw; stss@ x bw, Hlmkone-}ea) Q
Xbw; stsss

(14) Fi(bw; stss? X bw, III\s_rza) ?
X biw; stsss

" From the crossover data in Table 13 the locus
for the PTU-resistant gene on the 3rd- chromo- :
some could be determired.

' It was calculated by assuming that the gere
Was located ‘between st (111-44.0) and ss (III-
58.5). At what point along this map distance of
14.5 the resistant gene was located could be
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Table 13. Numbers of Fq flies of each phenotype obtained from the backcross 13, F, (bw; st ss ?
X, bw, IIT Hikone-r 8) 8 X bw; st ss &, and backcross 14, Fi (bw; st ss@ X b'w, HIxvs-138) 9
X bw,‘st ss3, which emerged from untreated, and PTU- and PU-tréated media.

Backcross ) 13 14
No. of experiment 5 2 2
Sort of medium Control 3mM PTU | 30mM PU Control 3mM PTU
bu_); st ss 986 8 5 455 ) 2
~bw; st + 209 107 4. . 58 S 17
Phenotype | b 4 s 230 174 7 69 31
bw; + + 1164 1701 269 s 332
" Total no. of Fq flies 2589 1990 285 1024 382

determined from the rate of the st and ss Fs

flies w}uch emerged from the media containing

PTU. .

In the case of backcross 13, the locus for the
resistant. gere on the 3rd chromosome was
calculated from the crossover data (Table 13) as
follows :

st = II-Rppy 44.0 +-33107

-1990

8+174
1990

With a similar procedure, the locus for the

%100=49.8 °

'III-R;-T_U —3 ss 58,5 — x100=49.4

resistant gene was calculated from the crossover
data of backcross 14 (Table 13) as follows:

st —» III-Rppy 44.0 + 2;837 x100=49.0
" III-Rppy —> ss 58.5 — 23*;1 % 100=49.9

Thus the results of both crosses indicate that
the PTU-resistant gene on the 3rd chromosome
derived from the Hikone-R and NS-R strains is
located approximately at III-50+ on the linkage

the offspring of backcross 13 were reared on
media containing 30 mM PU.

This backcross was suitable for determining
the locus of the PTU-resistant gene because both
the strains involved had the PTU-resistant gene

" on the 2nd chromosome. However, these back-

crosses were not suitable for determining the locus
of the PU-resistant gene on the 2nd chromosome,
because these strains lacked the PU- -resistant gene
on the 2nd chromosome. Consequently, a con-
centration ' of 30 mM PU was employed,
50 mM PU exerted too strong a selective effect

for the separation of phenotypes.

since

But backcross 13 proved unsuitable for deter-
mining the locus of the PU-resistant gene on the
3rd chromosome because ‘the  emergence rate of
the non-crossover Fs fhes from PU-treated media
was somewhat higher than the amornt expected

from the double-crossover class (bw; st ss). This

"may be due to the insufficient selective effect of

" map, i ‘e. on the right arm of the 3rd chromosome

slightly to the right of the
attachment.

It is' very interesting that the locvs for the

spindle-fibre ‘

domirant PTU-resistant gene on the 3rd chromo-

.some closely agrees with that for the nicotine-

resistant. gene reported by Tsukamoto and
Hiroyoshi 1%, ) .
- Here, the PTU-resistant gene ‘on the 3rd

.chromosome is designated as III-sz-U. _

b) .Position of PU-resistant gene on the 3rd
“chromosomé : In order to determine the locus for
the PU-resistant gene on the 3rd chromosome,

30 mM PU for the non-resistant flies. Therefore
preliminary estimations were based’ on only the
numbers of the mutant F: phenotypes in the
single-crossover class and the map distance
between the marker genes was divided in pro-
portion to the emergence rate of these phenotypes
from the PU-treated media.” The -locus for the
PU-resistant gene on the 3rd chromosome may

"be calculatedAby dividing the map distance 14.5

between st (I11-44.0) " and 'ss (I1I11-58.5) on the
basis of the’ emergence rate of the st and ss fhes

as follows:

— -R 4, 14, =49, 3
s¢ = HI-Rpy 4.0 +14.5 X =10.3
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- III RpU — ss 58, 5 =49.3

) 7
4,5 %
1 4+7

Thus it may ‘e assumed that the PU-resistant
gene on the 3rd chromosome is located at approxi-

mately the same position as the gene for PTU-

yesistance on this chromosome. -

Discussion and Conclusion

It is noteworthy that the results obtained by the -
~adult test” agreed so closely with these obtained
by the “larval test”. This would indicate that the -

presence of the chemical (PTU or PU) in the

medium had little ‘effect on the oviposition rate -

in the concentrations used. Therefore in this
mvesngation the data were obtained almost ex-
clusively by means of the “adult test”.

vThe genetu: relation between reszstancé ‘to(_

insecticides in general and thatto PTU and PU.
" Both t.he DDT -resistant nicotine-resistant strziins"
(e.. g. Hikone-R, ' Hikone-Ry, WMB3 and
WMD;.3s) and the DDT-susceptible nicotine-
susceptible strains (e. g. bw; st; sv™ and bw; st
i ss) were alike 'in their susceptibility to PTU. On
" the other hand, strong resistance to PTU is
shown by strains which are DDT-susceptible but

resistant to nicotine (e. g. bw; nizone-r, bw§ :

Hlxs_g, bw; st HR ss). Moderate tolerance of
PTU is also shown by strains such as ¥, 'wa
Canton-S, cn; bar-3; gvl, and cn bw whxch are
DDT- suscepnble but can tolerate 400p p.m,
- nicotine sulfate.
,had acquxred DDT- resxstance whxle acqumng
.susceptible to PTU, by introduction of -the 2nd

chromosome of Hikone-R -into .the ongxnally

- DDT -susceptible PTU-resxstant ¢n bw background, .

by contrast the bw; st HR ss. stram acquired
_PTU-resxstance alone with the nicotine resistance
introduced on the Srd chromosome of szone R,

PTU-resistance was shown in high _degree by
,Strains that were simultaneously DDT -susceptible

.and nicotine-resistant, -but not shown at all by -

,stralns that were susceptlble both to DDT and
nicotine nor by strains that were Tesistant both
,to DDT and nicotine. Hence it may by concluded

_that all PTU-resistant strains are susceptxble to .

DDT and resxstant to nicotine sulfate, whxle the
PTU susceptlble strains are dwxded two types,

RN

-?:0%

Bosm R % % 23 BN

- Hikone-Ra,

above,

"whereas the ci R bw strain .

“:resistant cn; bar-3; gvl strain and the -

,'loceted on the 2nd chromosome.

by the

DDT ‘and to nicotine ,(Tabl'e 1).

" The results of reciprocalr crosses shown :in
Tablés 3, 4, 5, and 6 suggest that PTU-resistance -
may be controlled by three genes. at least; i. e.
"Of the main

two main genes.and one modifier,
genes, one is recessive and the other is dominant,

while the modifying gene is mcompletely dommant

and located on the ‘sex chromosome.

Resistance to I_’U, a compound far less insecti-
cidal than PTU, is shown'by the DDT_-resistaxit'
WMBy and WAMD; s
Complete susceptibility to PU at half the dosage'.

strains.

- that fail to kill the ‘resistants is shown by the
- DDT- susceptxble strains. -

The relatzonsth between PTU- and PU.
resistance and the chromosomes. As ,mentioned
there is some ev1dence (Table 5) that
PTU-tolerance may be partially enhanced by a
factor on the sex chromosome which is mcomplete-

" ly dominant over susceptibility. Also, as shown in

the reciprocal crosses between PTU- resistant and ’
DDT susceptlble PTU-susceptible strains (Table

6), cytoplasrmc or maternal effects may have a

slight effect on the resistance of F1 progeny. More

- ‘detailed experiments are required before any

conclusion may be drawn on these points, which -
are of secondary importance in controlling PTU-
resistance. o

For this reason, an autosome analysis for’

resistance was carried out. This consisted of

‘backcrosses between the DDT-susceptible PTU-

DDT-

PTU-susceptible Hikone-R3 strain

(backecrosses 1 & 2), and between the DDT-sus-

ceptible PTU-susceptible bw; st; sv# strain and the ‘
DDT-susceptible PTU-resistant y and Canton 'S

strains (backcrosses 3, 4 & 5).

“The results of backcrosses 1and2 (Table 7)

resistant

_ indicate that the recessive PTU-resistant gene

possessed by the PTU-resistant strains is
"The .results
of backcrosses 3, 4 and 5 (Table, 8) indicate ~
that the dominant PTU-resistant gene possessed
- PTU-resistant strains  is “located on
the 3rd chromosome. These results theréfore
indicate that PTU-resistance is contrdlled not only

by the regessive gens on the . 2nd " chrome-

N



some: but ‘also by -the dommant gene on the
- 8rd :chromosome.
< PU-resistance, as reciprocal cfosses' show
{Table 9), is almost completely dominant over
PU-susceptibility. Moreover here cytoplasmic or
maternal effects seem to be almost negligible, the
sex ratio in the Fj flies being normal under
PU pressure. These results indicate that PU-
resistance is controlled by a dominant factor. The
results of backcrosses between PU-susceptible
marker strains with the DDT-susceptible gene,
and a PU-resistant strain with the DDT-
resistant gene.(Tablé 7) indicate that this factor
derives mainly from ‘dominant genes for PU-
resistance located on the 2nd and 3rd chromosomes.

The locus for the PTU- and PU-resistant genes

on the 2nd chromosome. This was estimated from
"the results of the backcrosses reported in Tables
10 and 11. They indicate that the recessive PTU-
resistant gene is located on the right arm of the
2nd chromosome near'the vg (II-67) gene, and
that the dominant PU-resistant gene is also located
near the vg gene on the 2nd chromosome. This
locus for the PTU- and PU- resistant ‘genes
(::losely agrees with the locus determined for
DDT- and BHC-resistance by Tsukamoto and
Ogaki'?, and also with that reported for parathion-
resistance by Kikkawa®.

_. Therefore, it ‘may be assur_nea thé.t the PU-
resistant gene on the 2nd chromosome occupies
the same locus as the gene controlling a general
resistance to DDT, BHC and parathion. There
is the possibility, but no direct evidence that these
genes are pseudoallele each other. Moreover the
DDT-resistant gene might act phenotypically as
. the PU-resistant gene in the presence of PU, at
least in the. DDT-resistant strains such as
. Hikone-R31, WMB3zy, WMD;_3s, and cn R bw.
* Similarly, the PTU-resistant gene evidently
occupies the same locus on the 2nd chromosome
as the gene controlling general resistance to
msectlcxdes. ‘

" But whereas the PU-resistant gene is dominant
the PTU-resistant
gene is recessive to the susceptible-allele. Hence

over the susceptible allele,

it is very interesting ‘that the presence of PTU-

yesistant . gene on the 2nd chromosome appé.rently

D“!il‘ﬁ%‘—”i"ﬁzsi'_ﬁ—l\’

confers a susceptibility to DDT, BHC, parathion
and PU. Vice versa, the presence of the” PTU-
susceptible gene on theVan chromosome means
to confer a resistance to DDT, BHC, parathion
and PU. ) . NG

It is therefore possiblei .that the gene for
resistance to DDT (and to PU, BHC and ﬁara'—
thion) and the PTU-susceptible( gene are -either -
pseudoalleles or closely linked -genes, -but is
preferable to conclude that PTU-susceptibility
results from the pleiotropic expression of the
DDT-resistant gene. If this is so, the investi-
gation of PTU-susceptibility may be useful for
the study of cross-’resis’,tant : mechanism, and
Drosophila which are generally resistant to DDT,
BHC ‘and parathion may be controlled by selection
pressure from PTU,

The locus for PTU-and PU resistant genes on
the 3rd chromosome. This was estxmated from
the results of the backcros_ses_ shown in Table 13.
They indicate that the dominant PTU-resistant
gene is located slightly to the right of the's'pindle.-
‘fibre attachment (I11-47) on the 3rd chromosome;
i. e. the locﬁs II1-50 3- calculated forf the PTU-
resistant gene of the bw; IIvam,,.»,_za 'strain from
the data of backcross 13 closely coincides with
the value III-49. 0 calculated for the bw; III NS-R
strain. .
An assumed locus of III-SO:!: for this PTU-
resistant gene closely agrees with the locus of the

- gene for nicotine-resistance reported by Tsukamoto
.and Hiroyoshi'®.

Thus it may be assumed that
the PU-resistant gene on the 3rd chromosome is
located approximately between the st and ss,
and that the dominant géne for PTU-and PU-
resistance occupies the same locus. on the 3rd
chromosome as the domu’mnt nicotine-resistant gene.

The following hypothesxs may be drawn from
the results mentioned above. The dominant gene
at I1-64~66 which confers resistance to DDT,
BHC and parathion also confer; resistance to PU
(phenylurea), and abnormal susceptibility = to
PTU (phenylthlqurea). The dominant gene at
I11-50 4- which confers Vresistance‘to nicotine,also
confers resistance to PTU as-well as to PU.

A logical outcome of this reasoniﬁg is to con-

sider that PTU "pressure could restore DDT-

203



:on the 3rd Ehromosome.

B o H %o 23 #—K : '

suséeptibility to. thé surviving stra.iti, but in so
doing it could assemble the nicotine-resistant gene
Therefore,‘if nicotine-
resistant gene on the 3rd chromosome does not
high level as DDT-tolerance,  this
assumptlon suggests the possxbxhty “that the

appear the

. mixture of DDT, -BHC or parathion: with a

substance correlated negatively to these com:
pounds, such as PTU, might have an effective
insecticidal action and’ might not produce flies
resistant to these mixtures even after the 'continuous
use. On the other hand, PU piessure could restore
DDT- resxstauce and mcotme resistance in a few
generatxons Several experiments are in progress
on the effects of selectlo_n pressure with PTU and

PU, and will be reported in a subsequent paper:

The author is gfeatly indebted to Prof. H.
Kikkawa and Mr. M. Tsukamoto for their com-
ments during’ ihe course of the study and for

"supplying the insecticide-resistant strains, and to

Dr. AW A. Brown of W, H.O. and Dr. J.F.

-Crow of the University of Wisconsin for their

. kind assistance in the preparanon of the English

manuscrlpt.

1

" Summary

(1) The levels of resistance t(; PTU (phenyl-
thiourea) and PU (phenylurea)\ were determined
for strains -of . D. melanogaster some of which
were resistant to DDT, BHC, parathioh and others
of which were susceptible to these insecticides.
It was found that the resistant Hikone-R, WMB3o,
WMD7.3s anﬂ cn R bw strains were less resistanf

to PTU than the susceptible Canton-S, en bw, -

etc. strains. In contrast, the resistant strains were

" more resistant to PU than the susceptible strains.

,(2) All the PTU-resistant strains were sus-
ceptible to DDT, but the PTU-susceptible strains

‘were of two types, one DDT-resistant and the

other DDT-suceptible.

(3) Genetical analysis indicated that the PTU- :
. resxstance was mainly controlled by a recessive
" gene on the 2nd chromosome and a dominant gene

on the 3rd chromosome with a contribution from.
an mcompleuely dommant factor on the . sex

On the other hand, the PU-

chromosome.

resistance is mainly controlled by two dominant -

genes respectively on the 2nd and 3rd chromosgmes.

M

(4) The 2nd cliromosomal recessive géne for
PTU-resistance was located on the right arm " of
the 2nd chromosome near At_he vg (11-67) gene,
while the dominant gene for PU-resistance was

also trace to the same locus onthe 2nd chromo-

"“This locus (i. e. II-64~66) for PTU -

some.

.and PU-resistance closely agrees with the locus

already established for resistance to DDT, BHC

. and parathion. It may therefore be assumed that

PTU-susceptibility and PU-resistance result from.
the pleiotropic expression of the dominant gene
for resistance to these other insecticides. ’
(5) The 3rd chromosomal dominant gene for
PTU-resistance was traced to the same locus (III-

.50) as the dominant gene already descnbed for

nicotine-resistance. - The 3rd chromosomal domi-
nant gene for PU-resistance also seems to occupy
the same locus as the nicotine-resistant dominant-
gene, although a precise determination could not
be made.

(6) From these results, the followmg hy'pothesxs
was mtroduced, that is, “the dominant gene (II- ;
64~66) on the 2nd chromosome which confers
resistance to DDT, BHC and parathion also
confers resistance to PU and abnormal su_scepti-
bility to PTU. The dominant gene (III-50:£) on
the. 3rd chromosome which eqnfers resistance to
nicotine sulfate, also confers resistance to PTU as
well as PU. _ R
7 (7) It was suggested that there was the possi-
blhty of new type of insecticides which might
have an effective insecticidal action to msectxcxde-
resistant strains and mlght not producé fhes

.resistant to the new type of insecticides even after

the contmuous use.
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" The authors have concluded in -the -previous

reports that rotenone inhibits the respiration of

perve and muscle in. insects, and the inhibition
of the respiratory metabolism is partly due to the
inhibition of the glutamic dehydrogenase activi-
ty:®. It was also found in rotenone and its
derivatives that a close correlation exists between
the in vivo toxicity against insects and the degree
of the inhibition . of glutamic dehydrogenase in
insect muscle®. o

Although the role of glutamic dehydrogenase
in cellular respiration is not known in insects, it
is more fully demonstrated in the brain of
mammals. The present study was therefore
undertaken with the purpose of determining
whether rotenone and its derivatives inhibited the
homogenate ‘respiration with or without succinate
i z.mdv_the glutamic dehydrogenase activity from the
brain of the guinea pig. R
. The authors wish to thank Assist.
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Materials and Methods

L

All animals used were male guinea pigs weigh-
ing approximately 250 g.
Measurement of oxygen consumption of brain

- homogenate : Experiments were carried out using .

the Warburg manometers at 37°C, The animals .

, were killed by decapi’tati'on. A brain (1.5g ) which

contained cerebrum, cerebellum and medulla ob-
longata was homogenized with five times as much
as volume of phosphate buffer (1/15M, pH7.4)
as the brain and filtered through gauze. These
procedures were carried out at 10°C. Flask contents
1/15M phosphate buffer (pH
7.4) 1 2m1 substrate 0.4 ml (final concentration,
0.033 M), homogenate 1.3m1,/ distilled water
0.7ml or distilléd -water 0.3ml.plus inhibitor
0.4ml. .o

Measurement of oxygen consumption by the

were as follows :
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