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Formal Genetics and Cytogenetics of Aedes aegypti
W. Z. COKER1

In spite of the vast amount of research that has
been done on the bionomics and control of Aedes
aegypti, very little was known until recently about
its genetics. The tendency had been to assume that
long-established laboratory stocks were necessarily
homogeneous and were expected to yield repeatable
results at all times and in all places. In 1957,
Mattingly had pointed out that A. aegypti was
highly variable, and showed that three colour forms
were recognizable: the subspecies formosus (black),
the type form (brownish in colour) and var. queens-
landensis (rather pale in colour). There were
differences in the choice of breeding-places (peri-
domestic or natural), in host preference and in
proportions entering houses. Christophers (1960)
stated in his review on A. aegypti that no mutant
forms appeared to have been described for this
species.

MUTANTS

Within the last few years, extensive genetic
studies have been carried out with A. aegypti. The
field of study in vogue at the present time involves
mutants, the knowledge of which contributes to the
understanding of the characteristics of the species.
By the examination of laboratory stocks and by
single-pair inbreeding experiments, over 50 mutant
genes have so far been isolated and described.
Much of this work has been done in the laboratory
of Professor G. B. Craig at Notre Dame University.
Others who have contributed are McClelland and
Wood from the London School of Hygiene and
Tropical Medicine, and Macdonald and Coker from
the Liverpool School of Tropical Medicine.
Some of the mutations affect colour patterns or

lead to structural modifications of the mosquito.
Sex ratios may also be distorted. The colour
mutations may be manifested in the larvae or in the
eyes or ornamentation of various parts of the body
of adults. The structural mutations affect the egg
and larvae as well as the antenna, palp, wing, leg,
head, thorax and abdomen of the adult. Of the
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mutants so far isolated, not more than 20 have been
studied in any detail. Reference to a description of
the various mutants and their genetic characteristics
is found in reports by Craig & VandeHey (1962),
VandeHey & Craig (1962), McClelland (1962a) and
Coker (1965). Of the mutants so far studied in
A. aegypti, the inheritance is controlled by single
genes, most of which are recessive.

INSECTICIDE-RESISTANCE

Coker (1958) and Qutubuddin (1958) showed that
larval DDT-resistance in A. aegypti was mono-
factorial in inheritance. Khan & Brown (1961)
suggested that single-gene alleles might be responsible
for dieldrin-resistance in A. aegypti, and this was
confirmed by Guneidy (1964). In a recent study by
Coker (1964) in which the locus of the DDT-
resistance gene in several strains was determined
in linkage experiments, the results were suggestive
of the occurrence of two loci for DDT-resistance
in A. aegypti. The DDT genes were located at 16 and
26 crossover units from the marker spot, although
for each strain, inheritance was monofactorial. Those
strains which had the DDT gene at locus 26 from
the marker spot showed high resistance among the
F1 (incomplete dominance), while those strains
with the DDT gene at locus 16 from the marker
spot gave low resistance among the F1 (incomplete
recessiveness). The study confirmed monofactorial
inheritance for adult DDT-resistance.

VECTOR ABILITY

Genetic studies of the susceptibility of A. aegypti
to parasites were begun many years ago. Roubaud
(1937) showed that some strains of A. aegypti were
more susceptible to infection with Dirofilaria
immitis than others, and that susceptibility was an
inherited character. Kartman (1953) compared the
susceptibilities of various strains of A. aegypti and
obtained, by mass selection, some strains that were
more susceptible and others that were more refrac-
tory than the original stock. He also (1957) reviewed
the factors, including genetic ones, that might
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influence susceptibility of the vectors to D. immitis.
Ward (1963) presented data that strongly supported
the contention that the susceptibility of A. aegypti to
infection with the malarial parasite Plasmodium
gallinaceum was under genetic control. He con-
cluded that a single Mendelian factor or a group of
closely linked genes was responsible. Macdonald
(1962a, 1962b, 1963; Macdonald & Sheppard, 1965)
was able to select from the Liverpool strain of
A. aegypti, of which 17 %-31 % were susceptible to
infection with the semi-periodic form of Brugia
malayi, a highly susceptible strain which was about
85 % efficient as a vector. Macdonald showed that
the high susceptibility was an inherited character
controlled by a sex-linked recessive gene, located at
approximately 3-4 crossover units from the sex locus.

LINKAGE GROUPS

Mosquitos have three pairs of chromosomes, and
in A. aegypti those mutants that have been fully
studied have been assigned to one or other of the
three linkage groups. In linkage group I, designated
the sex chromosome, there are the genes for the
mutants red eye, rust eye (McClelland, 1962a),
swollen tarsal bulb, half-genitalia (VandeHey &
Craig, 1962), male-producing-factor (Craig, Hickey
& VandeHey, 1960) and for susceptibility to Brugia
malayi (Macdonald, 1962b, 1963). To linkage
group II belong the genes for yellow larva, white
abdomen, spot abdomen and gold mesonotum (Craig
& VandeHey, 1962). McClelland (1962b) assigned
to group II the gene for dark scutum. Coker (1965)
found that black pedicel belonged to group II.
Craig (1965) named a new mutant, intersex, which is
linked to yellow and spot on chromosome II. Both
DDT and dieldrin have been shown by Khan &
Brown (1961) to be linked with yellow. In linkage
group III is the gene for black tarsi (Craig &
VandeHey, 1962). The genes controlling hooked
tarsi, compressed antennae and black palp are
located on chromosome 111.1

CHROMOSOME MAP

As more linkage information becomes available,
maps will be made of each of the three linkage
groups. Linkage group II has been studied most.
There is no agreement yet on the order of the genes
that have been studied in this connexion; e.g.,
Klassen & Brown (1964) put the order spot-yellow-
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DDT, but Coker (1964) obtained the order y, bpd-
spot-DDT. Craig (1965) found the order spot-
yellow-ix for his intersex gene, but since there was
no crossover value given for ix-DDT, it is possible
that the gene order for chromosome II is actually

19 6 16 10
ix 'I

Y,bpd S DDT Dld. DDT'

This hypothesis can be readily checked in a
two-point linkage experiment involving ix and DDT.
DDT' is a possible alternative DDT locus in some

strains.
SPECIATION

An interesting genetical study relevant to specia-
tion in A. aegypti has been made by McClelland
(1962a, 1962b). Studying the inheritance of
abdominal colour with the pale form of A. aegypti,
raised from eggs laid in peridomestic water-pots in
Kenya, he reported that paleness was controlled by
genes at two major loci on different chromosomes.
Multiple alleles at each of these loci, with consider-
able modification at other loci, contributed to
produce a wide range of colour forms.

OVIPOSITION LIGHT PREFERENCE

Wood (1961) studied oviposition in DDT-
resistant and DDT-susceptible strains of A. aegypti,
in relation to light preference, to find out if resistance
to DDT was correlated with egg-laying in the dark.
The study was prompted by a field report from
Trinidad that, after several years of larviciding,
A. aegypti had become very resistant to DDT and
was also then breeding to a large extent in tree-holes.
Wood found that DDT-resistant strains from
Trinidad and Haiti preferred dark laying-sites,
while DDT-susceptible strains from West Africa and
the USA preferred light laying-sites. Crosses
between a " dark-laying " (resistant) strain and a
" light-laying " (susceptible) strain indicated that
light laying was dominant over dark laying, the
mechanism involved being probably simple, though
backcross segregation was not clear-cut. There was
no linkage to the DDT gene.

SEX RATIOS

An inherited factor causes a predominance of
males in certain strains and in progeny of single
pairs of A. aegypti. This factor appears to be
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transmitted only by males and is not due to
differential mortality, at least in the post-gametic
stages. It has been suggested that mass release of
male-producing males might be used in control
operations. In recent work of the author, in which
several DDT-resistant strains were crossed with a
susceptible marker strain, excess males were observed
in the F2 progeny of the crosses in which males of
the Trinidad DDT-resistant parents were mated to
female susceptible marker parents. The sex ratio
in the F2 was 69 males/31 females. The reciprocal
crosses using Trinidad DDT-resistant females gave
a sex ratio of 52/48. In the crosses between the
susceptible marker strain and the Penang DDT-
resistant strain, the F2 sex ratio was the same in
both reciprocal crosses, i.e., 52/48. These observa-
tions are similar to those of Craig, Hickey & Vande-
Hey (1960), Craig & VandeHey (1962) and Wood
(1961).

EFFICIENCY OF MUTANT GENES

Adhami & Craig (1965) investigated the reasons
for a high balanced polymorphism of the larval
mutant yellow. They discovered that yellow males
were more efficient in mating than wild type. They
mated more rapidly and were probably more able
to fill the spermathecae. The results demonstra-

ted that multiple fertilization is of fairly common
occurrence, although the frequency is somewhat
reduced in blood-fed females.

CYTOGENETICS

Cytological studies in A. aegypti have not been
tackled with the same enthusiasm as have formal
genetics. Very few workers are in this field. Cyto-
logical observations of the brain and gonadal
chromosomes have revealed that, in A. aegypti, the
karyotype is made up of three pairs of metacentric
chromosomes (Kitzmiller, 1953, 1963; Breland, 1961;
Akstein, 1962). One pair is slightly shorter than the
other two. Of the longer pairs, one is characterized
by the presence of a secondary constriction. Progress
with giant chromosomes has been hampered by lack
of adequate techniques in getting the rather long
chromosomes to disentangle and spread out in
squash preparations.
Rai (1965) has studied the cytogenetics of a

chemosterilant-induced sterility in A. aegypti. By
exposing young larvae to 10-15 ppm apholate in tap-
water and examining the brain chromosomes, it was
found that chemosterilants inhibit and completely
prevent the production of gametes. Chromosomal
aberrations causing lethality in sperms and ova
follow chemical treatment.
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