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Chromosome Changes and Insecticide-Resistance
in Anopheles quadrimaculatus

G. F. MASON1 & A. W. A. BROWN2

Certain insecticide-resistant strains of anopheline mosquitos found in the field or de-
veloped in the laboratory are known to contain a high proportion of heterozygotes for
chromosomal inversions, but up till now it has not been clear how this could be ca'usally
related to resistance. In the present investigation, 2 resistant strains and 2 susceptible
strains of Anopheles quadrimaculatus, and the hybrids between them, were examinedfor
the frequency of inversions. It was found that neither the resistant nor the susceptible
strains were characterized by inversion buckles. Moreover, no new inversions appeared in the
hybrids between them. It was therefore concluded that where heterozygosity for inversions
has been observed in anophelines, it is a characteristic of hybrids due to parental dif-
ferences resulting from geographic separation, and has no relation to specific insecticide
resistance.

The first instance of a relationship between en-
vironmental stress and giant-chromosome inversions
in anophelines was reported by Frizzi & Holstein
(1956), who found that larvae of Anopheles gambiae
reared at 31°C showed almost 10 times as high a
proportion of heterozygotes for almost 3 times as
many inversions as larvae reared at 24°C. Sub-
sequently Holstein (1957) found that a dieldrin-
resistant strain of A. gambiae from Sokoto, northern
Nigeria, showed a greater number of heterozygotes
for more inversions than a normal strain from Lagos
in southern Nigeria.

Meanwhile, d'Alessandro, Frizzi & Mariani
(1957) reported that DDT-tolerant strains of A.
atroparvus contained significantly more hetero-
zygotes for a single inversion on chromosome IIIS
than the parent strain from which they had been
selected with DDT, and that the heterozygotes and
inversion homozygotes were more DDT-tolerant
than the normal heterozygotes. Subsequently,
d'Alessandro, Frizzi & Mariani (1958) found that
further selection resulted in an even higher pro-
portion of heterozygotes, to the point that they
became more than twice as abundant as the two
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homozygotes taken together. In the same year
Mosna, Rivosecchi & Ascher (1958), working with
the same original stock of A. atroparvus, reported
that a dieldrin-tolerant strain also contained many
more heterozygotes for this inversion in IIIS than
the parent strain from which they had been selected
with dieldrin. Subsequently Mosna et al. (1959)
confirmed that three DDT-resistant strains of this
stock contained more heterozygotes than the original
strain, and submitted data showing that between
these strains the increase in heterozygotes could be
correlated with larval resistance but not with adult
resistance. Rivosecchi, Ascher & Mosna 3 dis-
covered that the incidence of heterozygotes was
almost entirely confined to females, although they
could not demonstrate that female larvae were more
DDT-tolerant than male. Recently, d'Alessandro
et al.4 have found that continuous breeding of A.
atroparvus under laboratory conditions at constant
temperature increased both its DDT-tolerance and
its content of heterozygotes, while natural conditions
of rearing at varying temperature did not have this
effect. They therefore suggested that the selection
pressure from unfavourable conditions of rearing
was similar to that from insecticides in inducing a
greater proportion of heterozygotes.

3 Unpublished working document WHO/Mal/263 (WHO/
Insecticides/109), 1960.

' Unpublished working document WHO/Mal/296, 1961.
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For the present investigation to be here described,
the relation between insecticide-resistance and the
incidence of inversion heterozygotes was investigated
in A. quadrimaculatus Say, of which one DDT-
resistant, one dieldrin-resistant and two susceptible
strains were available. During the study it became
necessary to map the banding pattern of the chromo-
some arms in this species. Frizzi (1947) had already
mapped the chromosome arms of A. atroparvus,
and Frizzi & de Carli (1954) had detailed the regions
where A. quadrimaculatus either resembled or differed
from ¢ the former standard configuration. The
occurrence of inversion heterozygotes in the latter
Nearctic species had been recorded for a laboratory
strain at Baltimore (Frizzi, 1954; 1956) and a field
strain at Urbana, Illinois (Frizzi & Kitzmiller, 1959).

BIOLOGICAL MATERIAL

The following strains of A. quadrimaculatus were
cultured at 75-78°F (24-25.50C), in the laboratory
on the diet recommended by Blakeslee et al. (1960),
consisting of 60% whole wheat flour, 25% yeast,
10% dried beef blood and 5% dried skim milk:

Orlando. A susceptible strain originating from
Tallahassee (Fig. 1) and cultured at Orlando for
20 years with an addition of field-collected Orlando
stock; obtained from the US Army Environmental
Health Agency (AEHA), Army Chemical Center,
Maryland. LC50 for DDT: 0.005 p.p.m. at Orlando
in 1957,10.004 p.p.m. at Edgewood in 1959 (Blakeslee
et al., 1960); LC50 for dieldrin: 0.03 p.p.m. at
Orlando in 1957, 0.05 p.p.m. at Edgewood in 1960,
and 0.02 p.p.m. at our laboratory in 1961.

Savannah. A susceptible strain obtained by
reinforcing the Orlando strain with material collected
by the Tennessee Valley Authority near Wilson Dam,
Alabama; obtained from the Technical Develop-
ment Laboratories, Savannah, Georgia. LC50 for
dieldrin: 0.001 p.p.m. in our laboratory in 1961.

Edgewood. A DDT-resistant strain field-collected
at Edgewood in 1958 and cultured under DDT
selection at the AEHA laboratory, Army Chemical
Center. LC50 for DDT: 0.25-0.30 p.p.m. at Edge-
wood in 1959 (Blakeslee et al., 1960), 3.8 p.p.m. in
our laboratory in 1961; LC50 for dieldrin: 0.02-0.26
p.p.m. over 20 generations (unpublished data from
Edgewood).

I Unpublished working document WHO/Mal/199 (WHO/
Insecticides/74), 1958.
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GEOGRAPHIC ORIGIN IN EASTERN NORTH AMERICA
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Cleveland. A dieldrin-resistant strain collected at
Cleveland, Mississippi, in 1958 and cultured without
selection at the Technical Development Laboratories,
Savannah. Adult LC50 for dieldrin: more than 8%,
as compared to 0.5% for a susceptible strain (Wein-
burgh & Fay, 1960); larval LC50 for dieldrin: 0.25
p.p.m. for a culture started in our laboratory in
April 1961 (Cleveland-II); 0.075 p.p.m. for a culture
started from 1 female in December 1960 (Cleveland-I).

CYTOLOGICAL METHODS

The Malpighian tubules were used as the source
of giant (polytene) chromosomes in A. quadrimacu-
latus. Larvae were taken in the early 4th instar,
before they became opaque. They were dissected
on a glass plate by means of two needles; first the
anterior part including the 4th abdominal segment
was cut away, and then the alimentary canal was
extracted by holding the body down with one
dissecting needle placed on the spiracular apparatus,
and pulling away the 10th abdominal segment with
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FIG. 2
ALIMENTARY CANAL AND MALPIGHIAN TUBULES OF LARVAL A. QUADRIMACULATUS, x 24

the other needle. Thus the Malpighian tubules were
removed from the body along with the alimentary
canal (Fig. 2). The material was fixed in a drop of
modified Camoy's fixative, consisting of 12 parts of
absolute alcohol, 6 parts of chloroform and 1 part
of glacial acetic acid (Koller, 1940). One minute
later, when most of the fixative had evaporated, a
drop of aceto-orcein was added; this stain consisted
of I % synthetic orcein in 45% acetic acid (Sutton,
1942). The stain was removed 3-5 minutes later by
washing in a mixture of 1 part of glacial acetic acid
and 3 parts of distilled water (Kitzmiller, 1954).
After the material had been held in the de-staining
fluid for at least 3 minutes, individual Malpighian
tubules were detached and each placed in a drop of
de-staining fluid on a microscope slide. A coverslip
was cautiously placed over each drop, and the
" squash preparation " was made with a small pad of
bibulous paper grasped between thumb and fore-
finger and pressed lightly and vertically on the cover
slip. After the preparations had dried, they were
ringed with a mixture of 20 g of gelatin, 10 g of
sucrose, 50 ml of glacial acetic acid and 60 ml of
water (Zirkle, 1940), by means of a camel-hair brush.
The preparations were examined with a Leitz

Dialux phase-contrast microscope, fitted with peri-

planatic 10 x eyepieces and the following objectives:
20 x, 40 x, 63 x (with increased phase) and 90 x for
positive phase contrast. Photomicrographs were
taken on Kodak Plus-X Pan (improved-type) film
with a Leica 35-mm camera mounted on a Leitz
Micro-Mirror reflex attachment with built-in ocular;
a yellow-green filter (Leitz Orfil) was fitted into the
microscope base. Measurements for chromosome
mapping were made with a screw micrometer eye-
piece (American Optical Co., Cat. No. 425).
Each individual larva yielded 5 preparations from

each of its 5 Malpighian tubules. A number of
preparations from each strain, involving from
10 to 57 larvae in each case, were examined for the,
presence of inversion loops or asynaptic regions.
Hybrid crosses were also made between the strains:
virgin females and males were isolated by inserting
individual pupae in 15- x 45-mm shell-vials con-
taining 2 ml of water, and mating was effected by
introducing 25 of each sex into an 18-inch square
cage.

RESULTS

The squash technique yielded good chromosome
spreads for A. quadrimaculatus (Fig. 3), which
showed 5 arms of much the same relative length as
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FIG. 3

CHROMOSOME SPREAD OF A. QUADRIMACULATUS, ORLANDO-SAVANNAH HYBRID, x 340
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Interpretative outline shows the diagnostic appearance of each arm ending (the proximal end of X is embedded In the nucleolus).

in A. atroparvus. The chromosome arms could be
recognized by the banding at their tips (shown in the
interpretative outline in Fig. 3), which proved to be
similar to that in atroparvus in arms IID, IIS and
IIID. Arm IIIS showed a very long asynaptic section,
as observed by Frizzi & de Carli (1954) and con-
firmed by Kitzmiller & French (1961), often with the
two haploid elements widely separated; but speci-
mens were found in which this asynapsis was absent.
A heterozygous inversion buckle was observed in
the distal diploid section of arm IIIS in about
10% of the spreads.

The X-chromosome (arm 1) of A. quadrimaculatus
was similar in banding to that of A. atroparvus,
except that the terminal half was inverted so that a

bulb central in atroparvuis had come to lie sub-
terminally in quadrimaculatus, as observed by
Frizzi & de Carli (1954). In the interior stretches of
the autosome arms of A. quadrimaculatus, homo-
logies with A. atroparvus could be seen in the distal
one-third of IID and in the medial one-third of IIS,
as previously reported by Frizzi & de Carli (1954).
Apart from arm IIIS, no inversions or asynaptic

regions could be detected in any of the parental
strains. The same was found in all of the hybrids
between these strains. The only chromosomal cha-
racteristic found in the hybrids indicating karotype
differences between the parents was a short asynaptic
region in the proximal region of IIID which showed
in the Orlando-Cleveland and Edgewood-Savannah
hybrids (see table).
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FREQUENCY OF ASYNAPTIC REGION IN IIID
IN HYBRIDS

No. of T No. with
Hybrid larvae examined asynaptic

~~~~~region

Orlando x Savannah 10 0

Cleveland-I x Cleveland-lI 10 0

Orlando x Cleveland-I 17 3

Orlando x Cleveland-Il 15 5

Edgwood x Savannah 15 8

CONCLUSIONS

It is evident that insecticide resistance in Anopheles
quadrimaculatus is unaccompanied by the appearance

of chromosomal inversions. Neither the dieldrin-
resistant Cleveland-IL strain nor the DDT-resistant
Edgewood strain showed any inversion buckles.
Moreover, the hybrid between the relatively suscep-
tible Cleveland-I strain and the dieldrin-resistant
Cleveland-IL strain showed no buckles indicative of
inversion heterozygotes. These findings would in-
dicate that inversion heterozygosity has no relation
to true or specific resistance, but is simply a mani-
festation of a hybrid constitution. The authors are
therefore inclined to the view of d'Alessandro et al.1
that the greater survival ability of the heterozygotes
observed in A. atroparvus can be interpreted as a
vigour tolerance known to be characteristic of
hybrids of many species.

1 Unpublished working document WHO/Mal/296 (1961).
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RtSUMt

Les rapports entre inversions chromosomiques et r6sis-
tance aux insecticides ont et etudies par les auteurs, sur
les chromosomes des tubes de Malpighi de quatre souches
d'A. quadrimaculatus: l'une, de Edgewood, resistante au
DDT, l'autre, de Cleveland, resistante a la dieldrine,
et deux souches sensibles provenant de laboratoires
d'Orlando et de Savannah. Aucune des quatre souches ne
presentait les boucles chromosomiques indiquant des
i nversions.

Aucune inversion n'apparut non plus chez les hybrides
de ces souches. Les auteurs concluent que les inversions
observees chez les heterozygotes n'ont aucun rapport
avec la resistance vraie, ou specifique, mais qu'elles sont
une manifestation de l'hybridation. Ils sont enclins 'a
admettre que la capacit6 de survie des heterozygotes,
constate, chez A. atroparvus, est une < tol6rance de
vigueur* due aL une vigueur particuliere de la souche, et
qui s'observe chez les hybrides de plusieurs especes.
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