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Mechanisms and Inheritance of Resistance and
Selection of Resistance Potential in Aedes aegypti

A. W. A. BROWN I

MECHANISMS

DDT-resistance
In American strains (Orlando, Trinidad, Isla

Verde), the larval resistance is proportional to the
DDE production, the most resistant thus detoxifying
8-10 times as much DDT as the most susceptible
(Abedi & Brown, 1960; Abedi, Duffy& Brown, 1963;
Brown & Perry, 1956).

In Malayan material (Penang), known to show a
higher tolerance in the field, the original strain
already produced half as much DDE as the most
resistant substrain.
The detoxifying enzyme in Aedes aegypti is similar

to the housefly DDT-dehydrochlorinase in having
an optimum pH of 7.4 and in being more active on
DDD than on DDT; however, it requires more glu-
tathione during homogenization than the housefly
enzyme does. In American strains, the DDT-
resistance level is proportional to the degree of
DDT-dehydrochlorinase enzyme activity on DDT
as a substrate; in the Penang strain it was propor-
tional to the activity on DDD rather than DDT
(Kimura & Brown, 1964).
The only metabolite in vivo or in vitro is DDE,

except for a little dicofol (Kelthane) produced by
the most resistant Trinidad material (Abedi, Duffy
& Brown, 1963; Kimura & Brown, 1964). Unlike
the housefly dehydrochlorinase, the mosquito
enzyme is active on o-chloro-DDT but not on
deutero-DDT; like the housefly enzyme, it is
inhibited by DMC and WARF-Antiresistant, which
prove to be DDT synergists for larvae (Pillai, Abedi
& Brown, 1963).

Larvae of the American resistant strains res-
ponded to the presence of DDT by excreting large
quantities of peritrophic membrane; the Penang
DDT-resistant strain did not show this response
(Abedi & Brown, 1961). American resistant strains
contained no more larval fats than normal, but the
Penang DDT-resistant strain had an increased phos-
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pholipid content; however, a similar increase could
be induced by selection pressure not involving DDT
(Fast & Brown, 1962). None of the DDT-selected
strains, American or Malayan, absorbed DDT more
slowly than normal. Adults of DDT-resistant strains
are less quickly irritated than the normal by the
excito-repellent effect of DDT deposits (Brown,
1964a; Busvine, 1964).

Dieldrin-resistance

Larvae of dieldrin-resistant strains of American
(Isla Verde), Asian (Karachi) and African (Kongo-
likan) origin contain about 25% more total lipid
than their susceptible counterparts (Khan, 1964).
Larvae of a partially resistant strain metabolized
aldrin and dieldrin to four metabolites (Korte,
Ludwig & Vogel, 1962); preliminary results in our
laboratory indicate that the main one may be aldrin
glycol, produced from dieldrin by Culex fatigans
adults (Pillai & Brown, 1965).

Organophosphorus-resistance
Strains from Trinidad, Penang and Kongolikan

in which malathion-tolerance had been induced by
selection showed a significantly lower absorption
rate for malathion by larvae. Similar strains in
which a slight parathion tolerance had been induced
showed an insignificantly lower absorption rate for
parathion (Matsumura & Brown, 1961, 1963).
There was no increase in phosphatase-type detoxica-
tion in any of the selected strains, nor was there any
increased carboxyesterase activity in the malathion-
selected strains. The Trinidad and Penang mala-
thion-selected strains became strongly cross-resistant
to DDT (Brown & Abedi, 1960), and their absorp-
tion rate for DDT was reduced (Coker, 1964;
Matsumura & Brown, 1963).

INHERITANCE

DDT-resistance
In the Trinidad strain, DDT-resistance was con-

cluded to be due to a single gene allele (Coker, 1958;

1986 - 578



MECHANISMS AND INHERITANCE OF RESISTANCE IN A. AEGYPTI

Qutubuddin, 1958); in all strains, the hybrids are
intermediate, and the dosage-mortality lines of the
three genotypes overlap (Brown & Abedi, 1962).
The factor is linked with marker genes on chro-
mosome 2, at the distances of 23 units from bpd
(Coker, 1964), 24 from y and 27 from s. The gene
appears to have the same location in Trinidad, Isla
Verde and Penang strains (Brown & Abedi, 1962)
and in material from Lionel Town in Jamaica and
Curacao in the Netherlands Antilles (Klassen &
Brown, 1964). Other genes may be involved (Coker,
1964), particularly modifiers detectable in the off-
spring of single pairs (Wood, 1965). In strains that
have been made DDT-resistant by malathion selec-
tion or which have gained resistance to DDT-
synergist mixture, a genetic influence on chromosone
3 enhances the DDT-resistance (Pillai & Brown,
1965). DDT-resistant strains may manifest, as
incidental correlates, such characters as preference
for dark oviposition sites or a lengthened pre-oviposi-
tion period after the blood meal, but these are
attributable to genetic factors (Wood, 1961, 1962).

Dieldrin-resistance

This character is definitely attributable to a single
gene allele, neither dominant nor recessive, the
hybrids being exactly intermediate and clearly separ-
ated from either homozygote (Klassen & Brown,
1964). It is located on chromosome 2, at distances
of 15 from G, 20 from y and 23 from s. It is closely
linked with the DDT gene, which latter is 4 units
distant, on the far side, from the mutant markers;
thus either of these insecticides frequently selects
simultaneously for resistance to both of them (Khan
& Brown, 1961). The location of the Dld gene was
similar in the Lionel Town, Curacao and Isla Verde
strains (Klassen & Brown, 1964).

Organophosphorus-resistance
The character of increased malathion tolerance

was partially dominant, but lack of segregation in
the F1 x S backcross offspring indicates that
multiple genes are involved. The genetic factors are
contributed mainly by chromosome 2, with chromo-
some 3 assisting (Pillai & Brown, 1965).

SELECTION OF RESISTANCE POTENTIAL

DDT-resistance
Larval selection applied at the 90 %-95 % mortality

level in each generation never failed to produce
DDT-resistance in American strains, the multiples

by which the LC50 was raised being the greater the
more susceptible the strain was initially, namely:

Susceptible strains Partially resistant strains

Trinidad-S: 1150 times in 6 generations
Key West, Fla: 270 times in 5 generations
New Orleans, La: 70 times in 4 generations
Cucuta, Colombia: 10 times in I generation

On the other hand, selection of the African strain
from Kongolikan (Upper Volta) increased the LC50
only 4 times in 6 generations (Khan, 1964).

Selection of the South-West Asian strain from
Karachi raised the LC50 by 280 times in 6 genera-
tions (Khan, 1964). Selection of the South-East
Asian strain from Penang, naturally somewhat DDT-
tolerant, increased the LC50 by 44 times to full
resistance in only two generations, but this reverted
rapidly upon relaxation. Resumed selection im-
mediately restored the resistance, which now reverted
more slowly on relaxation; then a third round of
selection gave a high resistance which was stable in
the absence of DDT. The reversion of the early
generations was due to the plus-variants initially
being handicapped by a low oviposition and hatch
rate, which was corrected by the subsequent selec-
tions (Abedi & Brown, 1960).

Selection of DDT-resistant strains with an equal
mixture of DDT synergized with WARF-Anti-
resistant led to a tenfold mixture-resistance in 6
generations, although the effect initially was to
decrease the mixture-resistance in the first 2 to 3
generations (Pillai, Abedi & Brown, 1963). Selection
with deutero-DDT applied to the susceptible Trini-
dad strain increased the LC50 to deutero-DDT by
only 4 times in 5 generations and 20 times in 10 gener-
ations, but the cross-resistance to DDT increased
by 2200 times in the same period (Brown, 1964b).

Dieldrin-resistance
In the Isla Verde strain the dieldrin-resistance

remained steady at an LC50 of about 0.5 ppm for an
insecticide-free period of 3 years. A single selec-
tion with 5 ppm dieldrin sufficed to remove the
heterozygotes; selection thereafter could continue
to increase the resistance of the homozygotes, pre-
sumably by accumulating supporting genes (Klassen
& Brown, 1964). Full dieldrin-resistance was
induced in the Karachi strain by 2 generations of
selection (Khan, 1964).

Organophosphorus-resistance
Malathion selection applied to the Kongolikan

strain has increased the LC50 by 14 times in 11 gener-
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ations; applied to the already malathion-tolerant
Penang-normal strain it increased the LC50 in 8
generations by 5 times up to 1.4 ppm, a level that
was never subsequently exceeded by further pres-
sure after relaxation and threefold reversion.
Hybridization of the 2 resistant strains, Kongolikan
x Penang, did not increase the malathion-resistance.

Parathion selection of the Kongolikan, Penang and
Trinidad strains for 5 generations increased the
LC50 by 2 to 3 times only. The malathion-selected,
Penang strain acquired a high cross-resistance
to DDT and DDD; malathion or parathion selection
of the other two strains increased their DDT-
tolerance only slightly.
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