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RESPONSES OF DIELDRIN-RESISTANT LARVAE OF ANOPHELES
ALBIMANUS WIEDEMANN TO DISCRIMINATING DOSAGES
OF DIELDRIN*

SUSHIL K. GILOTRA 2

Department of Pathobiology, The Johns Hopkins University School of Hygiene and Public Health

)

Baltimore, Maryland

In their studies of dieldrin resistance
in A. albimanus, Davidson (1963) and
Gilotra (1965b) have established socalled
discriminating dosages, but these are not
absolute, and therefore do not assure com-
plete separation of different genotypes as
expected on the basis of simple Mendelian
inheritance. The author has observed
that frequently a dosage of o.r p.p.m. of
dieldrin is not completely lethal to A.
albimanus larvae which are heterozygous
for dieldrin resistance, and that the pro-
portion surviving this dosage varied from
progeny to progeny. Somewhat higher
dosages of 0.15 and 0.2 p.p.m. of dieldrin
killed a part of the homozygous resistant
larvae. The purpose of this investigation
was to attempt to establish a test for diel-
drin resistance that would separate with
more certainty the heterozygous from the
homozygous dieldrin-resistant  A. albi-
manus larvac for possible use under the
field conditions. To de so it was necessary
to determine what proportions of A. albi-
manus heterozygotes are able to survive
the intermediate dosage of dieldrin.

MareriaLs anp Metnons. The dieldrin
resistant strain had been subjected to a
number of generations of selection in the
adult stage for dieldrin resistance (Roze-
boom, 1963). The dieldrin susceptible
strain was a subcolony of the Gorgas Me-
morial Laboratory strain (Hobbs, 1962).
Crosses were made between predetermined
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2 Present address: Johns Hopkins University
Center for Medical Research and Training, c/o
All India Institute of Hygiene and Public Health
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genotypes by sib-mating. Inseminated fe-
males were then randomly isclated, and
from them individual larval progenies
were obtained, which were tested for diel-
drin resistance. The method of sib-mating
and testing individual progenies has been
described elsewhere (Gilotra, 1965b). By
this procedure it was possible to determine
the pedigree of the test larvae and so avoid
errors caused by heterozygosity in a pre-
sumed SS?% or RR parent. Late third or
carly fourth stage larvae were exposed to
dieldrin by the method recommended by
the World Health Organization. Larvae
were exposed to acetone suspensions of
dieldrin.  Tests were performed in 250
ml of water held in 400 ml beakers; no
more than 30 larvae were placed in one
breaker.

ExpermvenTar. Resuirs.  ‘The experi-
ments were started with RS sisters which
were crossed with RR brothers or zice
versa.  These were taken to be RS be-
cause their larval siblings showed no kill
at 0.01 p.p.m. of dieldrin and about 8o
percent kill at 0.1 p.p.m. of dieldrin, Lar-
val siblings of RR adults (used for cross
breeding) were not killed at these dosages.
Earlier tests had shown that exposure for
24 hours to 0.01 p.p.m. of dieldrin killed
SS larvae only; o1 p.p.m. killed all SS
and most of RS larvae, but neither of these
dosages killed RR larvae.

Three backcrosses between the siblings
of the RS and the RR were made. Since
inheritance of dieldrin resistance in A.
albimanus larvae is monofactorial, the in-
dividual progeny of any isolated female of

3The homozygous resistant and susceptible
genotypes will be referred to by the symbols RR
and S8 respectively, and the heterozygous geno-
type by RS.
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this cross should be ¥ RS and 15 RR. As
o1 p.p.m. was not completely lethal to
RS larvae, when the above progenies are
exposed to this dosage, all RR and part
of RS should survive, giving a less than
50 percent mortality. The results of the
larvicidal tests of each individual progeny
are presented in Table 1. Of 22 indi-
vidual progenies, 20 showed less than 50
percent mortality, and in the other 2
progenics the larval kills were 51 percent
and 56 percent. Thus it would appear
that in the 20 progenies in which the kill
was less than 50 percent, part of the RS
larvae also survived.

The progenies of females E-2, E-4, and
E-6 from Cross no. 2, and E-5 and F-7
from Cross no. 3 were tested with the 0.1
p.p-m. dosage, and the proportion of RS
genotype in the survivors was calculated
as follows. From the progeny of the E-7,
303 larvae were exposed to the dosage of
o1 p.p.m. dieldrin; 114 or 37.6 percent
were killed (Table 1), so that 189 or 62.4
percent survived. Now approximately
half of the original 303 larvae, or 152,
should have been RR. Therefore, of the
189 survivors, 37 (189-152) are assumed to
be RS. The proportion of RS in the sur-
viving population from E-7, therefore,
theoretically is 37:18g or 20 percent.
Similarly the proportions of RS larvae in
the surviving population from E-2, E-4,
E-6 and F-7 theoretically are 18, 26, 31,
and 6 percent, respectively.

The larval progenies that survived 24-
hour exposure to 0.1 pp.mn. of dieldrin
were reared to adults, and these were
placed in breeding cages. The progenies
from the females E-4 and E-6 were small,
and so the adults from them were com-
bined, thus making 4 populations instead
of 5 from the progenies of 5 females.
These 4 independent populations were des-
ignated ‘A’ —from female E-2, ‘B'—
from females E-4 and E-6, ‘C'—from
female E-, and ‘D'—from female F-7.
From these populations, 4, 4, 21, and 11
females respectively were isolated at ran-
dom, and these in turn produced individ-
val larval progenies. These progenies
were tested at the o.or and o1 pp.m.

dosages. A 25 percent mortality at o.01
ppm. and about 65 percent mortality at
o1 ppm. of dieldrin would indicate a
mating between RS x RS; no mortality at
0.01 p.p.m., and about 40 percent mortal-
ity at 0.1 p.p.m. of dieldrin should reveal
that the larvae had been produced by a
RS x RR cross; and the mating was as-
sumed to have been RR x RR when nei-
ther of the dosages caused larval mortality,
Results are presented in Tables 2 and 3.

Disregarding the possibility of multiple
inseminations in the breeding cages, each
individual progeny tested represented the
genotype of two individuals. As an exam-
ple, from the population C (progeny of
female E+7) 21 individual progenies, pro-
duced by 42 mating partners, were tested.
Of these individuals, 11 appear to be RS
(Table 3). The proportion of heterozy-
gous individuals among the larval siblings
(also of female E-7) of these 42 adults was
shown above to be 37/189 or 20 percent.
Of the 42 adults, therefore, 20 percent or
8 individuals should theoretically also be
heterozygous. The difference of 3 is not
unreasonable (Table 4). Differences be-
tween the proportions of RS individuals as
calculated from mortalities of larvae which
were siblings of the parent females, and
of larvae that are progenies of these fe-
males, were not significant (Table 4).

The individual progenies which showed
no kill at o.x p.p.m. dieldrin were consid-
cred to be RR. These, when bred to
adults, and then crossed with other adults,
larval siblings of which also had shown
no kill at the dosage o.r p.p.m., should
produce larvae which are complerely RR
and, thercfore, should not give any kill at
the dosage of 0.1 p.p.m. in subsequent
generations.

Thirty larvae were taken at random
from each of the progenies of females no.
1, 2, and 3 from population A and of
female No. 3 from population B. These
progenies showed no kill at 24 hours of
exposure to 0.1 p.p.m. dieldrin (Table 2).
These larvac were pooled to produce one
colony, RR-I, and similarly a second col-
ony, RR-II, was also produced from the
progenies of females 1, 2, 5 and 6 of



Mosourto News

Jung, 1966

I[ELSY 9UL 10 J[EIU I} YR JUssdIdar UWInfod Yy ur umoys sadijouss ¢

e HEQQ 10 pUE 10°0 saFESOP Oyl WoOIf
'ﬂv.ﬂ«emuwo Se S[EnpPIAIpUT SNo8Lzor1a19 ]

S[enpraput g o F—p1s3a sstuaSorg

- Jwdd 1-0 pue.1o-o saSesop ay1 woy
‘= PBWNS? SE S[ENPIAIPUT SNOSAZOIINSH

s[enpraiput g 1o b==pojsa1 soruaSorg

SI X9y (R84 QT . o i3 S X SS9 0°9$ S9t g€ 98¢ +
Yy X ¥y o 671 o g1 € W XNy o g1 o Lx €
qad X 9yg o T © . T g X ¥y o ozr o ¥1 T
SY X §Y¥ 1-€L 9T £ LT zT I g X Iy o tg o} L1 I
1 sadfiouad Pe2p %, SEBare] "ON pesp 9% 2eAIR] "ON ON & ¢ sadfiouagd PEIP % SEAIE[ 'ON peIp % 3rare] oN ‘ON &
TEITaIR ] [e1uaIR
wdd -0 wdd 100 wdd 1°0 wdd 10°0
.4, vonendog 7y, uongindog
"$385010 [erwered ut sadfjousd Jo uwonewnss g, pue v, suone[ndod jo s3[eWd} Y1 woiay satuaSord JeATe] JO SOMI[BIION—'T 14V ],
~Q1elrow [eon2103y) oY1 st 1usarad oS Yaa ‘(4561 ‘Lossepy pue uoxi(]) 1591 drenbs 1Y> Jo sseq 2yl uo paremofed st d
auniad oS st a8vsop s e seare] §y o Ty o3a(dwod 10§ Anperrowr pawadxy ¢
II0° 880" £6% 100" > TII" 100° > 100° > 100" > zd
€zt S gt 6ot S 9¢ 1°S5F 9-LE 6-9c g:g¢ T 310U IUIDID
9T 6g< Tt z9¢ 99¢ g0t 49 90T PO1s93 BATR] "ON €
8d L-q 9-d - 8-d Z-q g - ON &
190" €g9o- 600" €00* zd
t-o€ € be 062 v6¢ 1 3T0W IU2DIDJ
€T 123 33 oz P21531 2BATE] *ON 4
9q v-q €4 =g °N &
TIo Lzz- Loo- Lzo- [elele Szo- irg- z19* 684 100" > zd
T LE [*3899 0 ot 0°ge Sr9T 1°G€ T 1§ 6- Lt ot T FE 1 “10W IUDRJ
ToI1 Crr oT Sc ve Ls g obx 641 191 P21831 9BAIE] "ON I
L3 [T -3 L-q 9- v-q 8-H I-H T I-q ‘ON & "ON] $50I0)
S¥xX¥H dd xS
‘wone[ndod tq ¥y 2y 03 sassordypeq ur wupEp wdd 10 03 smsodxs 3O sInoY tz I121ge SOUIBIIOW [BAIE[— I TTIEV],




Vor. 26, No. 2

Mosqurro News

216

“I[BWUSY IY1 IO I[BUI I}

222 Juasardol mwnfod Y3 ut umoys sadLiousny ¢

— Jurdd 1°0 pue 100 $35ESOp YL WOIF
Tl paiewniss SEB S[ENPIAIPUL STI0SAZ0INS
p ! [enpiapul H

sfenpialpul T< IO IIZ—PIIsA mUmGUWO\-AH

rr— widd 10 pue 10°0 sa8esop Iyl wWoiy
T poiewinss $BOS[ENPIAIPUL SNOZLZOINSH]

S[enpIAIpUl zF 10 I1T=——p23sdl samuaForg

SY X 94 Lot 8T o ot 1T
sYx 9y ot gt o 81 oz
Y X9y 0 LSy . < 61
qI x9d T ¥ fe g1
39 x 9y o (4 L1
g X9 o Lz 91
SI X9y g €€ 9€r o 61 S1
SY % SY 614 i) 06T g€ 1
SY X ¥y 1-LE (74 o Sz €1
LI X 9d o grx - o z1
g X9y o 991 ] 1 1 SY XY 1z 9L T
SI XYy 6°0¢ 6 [ €1 or SI ¥ 9y T gtT Tl o 81 ot
XUy o] 3599 e} ozt 6 SY x ¥d 0 6% L1 o <t 6
WY XY o 6 M i I vy x 9y o1 961 o 61 ]
Sy XYy S 6% <t L SY x ¥¥ L-g¢€ <6 0 € €€ 4
RS ¢ Lyt o oz 4 I X9y o 64 - o Q
aA X 9y ¢ 11 o o < o x4y g1 Ig S
R Rt o 68 v Yy X9y 0 € t
I X9y ¢ <6 o 91 € ¥ x99 0-ge 61 [¢] gt €
by x 9y [ LS . . T ¥ X 9y S-1 9¢f1 0 oz T
WY X 9d o 1Z o o I o x9d o FSr - < 1
1 sadfiouds TIP %, deare "ON peIp 9, S'ATE[ "ON ON & 1 sadfi0ual PeIp %,  2FEAlR[ "ON PESP 9, deAIE[ "ON] ‘ON &
ﬁdu:‘uhmﬂ.— Mﬁuawhmnﬁ
wdd 10 uwrdd 100 wdd1-0 wdd 10°0

., vone[ndogq

.0, uonemdoq

‘sassord [eruored ut sodfioual jo womewImsy f (], pue

.0, suonendod 271 JO so[ewsy wol} satuaSord Jesre] JO SOMU[ELIOWN—'E FTdV],



JunE, 1966

Mosqurto NEws

217

TasLe 4.—Number of heterozygous individuals that survived the dosage 0.1 ppm; comparison of the
estimates of heterozygous individuals by testing the progenies of isolated females and by testing
the siblings of isolated females.

No. heterozygous individuals

By testing By testing
progenies of siblings of
No. individuals isolated isolated
Population 2 indivs.=1 progeny females females p

A 8 2 T 204
B 8 2 .403
C 42 11 8 .292
D 22 2 T 317

population C. To test for the presence of
heterozygotes, 500 larvae in 26 replicates
from the colony RR-I, and 1,043 larvac
in 51 replicates from the colony RR-II,
were exposed to 0.1 p.p.m. dieldrin. The
former showed no mortality, and the latter
had o.02 percent kill. Therefore, these
larvae evidently were all homozygous re-
sistant (RR).

The results of this experiment confirmed
the segregation of genotypes according to
monofactorial inheritance, that part of RS
larvae survive 0.1 p.p.m. of dieldrin, the
number of which can be satisfactorily de-
termined by testing individual progenies
of isolated females.

Driscussion.  For determination of rela-
tive frequencies of genotypes for insecti-
cide resistance in a mixed population, es-
tablishment of discriminating dosages is
highly desirable. ~ Unfortunately, these
dosages may not be completely effective.
In the present study, an effort was made to
be very certain of the genotypes of the
test larvae by cross-checking mortalities of
larvae produced by individual females
with the mortalities of the larval siblings
of the parent females. It was not possible
to avoid an error of about 20 percent with
RS larvae subjected for 24 hours to 0.
ppm. dieldrin. If larvae from natural
breeding places are equally susceptible to
dieldrin (i.e., if the superior environmental
factors in natural waters do not enhance
resistance ), one would experience a similar
large error with this dosage. However,
the SS component of a natural population
should be completely susceptible to a 24
hour exposure with 0.01 p.p.m. dieldrin.

It should be possible, therefore, to deter-
mine the relative frequencies of the hetero-
zygous and homozygous resistant larvae
by use of the Hardy-Weinberg formula.

The results of these tests are interpreted
as support for the monofactorial hypothesis
of inheritance of dieldrin resistance in
A. albimanus, with intermediate resistance
being afforded by a single gene. However,
the survival of some of the heterozygous
larvae at the dosage 0.1 p.p.m. of dieldrin
indicates that factors in addition to the
gene for resistance may be involved. In
the present work, these did not appear to
be in the larval environment, or to be as-
sociated with inherent biological charac-
teristics (Gilotra, 1965a). There is, there-
fore, some support for the suggestion by
Rozeboom (1963) that in addition to the
major gene for dieldrin resistance, other
ancillary genes, each with small effect, may
also be making a contribution to resistance.

Summary. 1. Tests for dieldrin resist-
ance in dnopheles albimanus Wiedemann
were made of individual progenies ob-
tained by a method described as sib-mating
and testing of individual progenies. Fx-
posure for 24 hours to 0.01 p.p.m. dieldrin
killed all 8S larvae and the dosage of o.1
pp-m. killed all the SS and most of RS
larvae, but neither of these dosages killed
RR larvae.

2. Adults of known genotypes were ob-
tained by testing a part of the larvae from
an individual progeny with the discrimi-
nating dosages and rearing the other part
to the adult stage. These adults were
cross-bred to produce individual progenies
for the insecticide tests,
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3. The proportion of heterozygous lar-
vae (RS) that survived the o1 pp.m.
dosage was determined by observing mor-
talities in (a) individual progenies pro-
duced by parents of known genotypes, and
in (b) the larvae produced in turn by the
survivors of the above tests.

4. It Is suggested that an estimation of
gene frequencies of natural populations of
A. albimaenus larvae can be determined
by the mortality caused by 24 hours of
exposure to 0.01 p.p.m. dieldrin,
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