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Current Status of the Formal Genetics of
Aedes aegypti

GEORGE B. CRAIG, JR' & WILLIAM A. HICKEY2

The paper by W. Z. Coker, " Formal Genetics
and Cytogenetics of Aedes aegypti ", which appears
elsewhere in this publication, presents an excellent
summary of research in this area. This field is devel-
oping rapidly, and much new information is either
very recently published or in press. This paper
supplements that of Coker, giving additional
information from recent research.

MUTANTS

Some 82 mutants of A. aegypti have been isolated
(Coker et al., 1966). Most of these mutations are
expressed as structural aberrations, primarily affect-
ing appendages. About 30 mutations affect colour
pattern. About half of the mutants isolated are
useful as genetic markers. Many of the remaining
mutants show reduced penetrance and variable
expressivity. Selection has improved the penetrance
of some of these genes.

Certain mutants are especially interesting. Bhalla
& Craig (1964) have described bronze (bz), a sex-
linked recessive that inhibits melanin formation.
The egg, larva, pupa and adult all appear light tan
or bronze. Bronze females are sterile because their
eggs are defective. There are four genes affecting
eye colour, including three that are sex-linked: red
and rust (McClelland, 1962b) and white (Bhalla &
Craig, 1965). Certain mutants were isolated from
A. mascarensis and incorporated into a genetic
background of A. aegypti. These include silver
mesonotum, knee-spots (McClelland, 1 962a) and
terminalia (Hartberg, 1965). The latter is a sex-
linked factor of incomplete dominance that controls
the morphology of male genitalia. Major modifica-
tions of the mesonotal pattern are controlled by
gold (Klassen, 1964), silver and dark scutum.

Several multiple allelic series have been reported.
Craig & Gillham (1959) described four alleles
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(y+, y, ym, yb) affecting larval colour. McClelland
(1960, 1962c) described two allelic series affecting
abdominal scale colour, one at the locus of pale-
abdomen and the other at the spot locus.

LINKAGE

Three linkage groups have been mapped, corres-
ponding to the three chromosome pairs in A. aegypti
as shown in the accompanying figure. About 28 mu-
tants have been placed. Many genes with similar
functions are located on the same chromosome.
Chromosome I contains three genes affecting eye
colour and two genes that influence pigmentation
of the entire body. Most of the genes affecting
mesonotal colour are located on chromosome II,
as are the two genes for insecticide-resistance. Many
of the appendage mutants are linked on chromo-
some lI.

Variations in linkage distances have been reported
from different laboratories and in different experi-
ments within the same laboratory by Craig & Van-
deHey (1962), Klassen & Brown (1964), Coker (1965)
and Macdonald & Sheppard (1965). The latter
suggest inversions as the source of these differences.
However, experimental method may also be in-
volved. Crossing-over occurs in both sexes. G.
O'Meara (personal communication) has recently
shown that sex, age and temperature affect the rate
of crossing-over. In females, the initial crossover
rate is relatively high but it declines markedly with
age. In males, the initial crossover rate is lower,
but the rate is fairly constant in the aging males.
High temperature increases the rate. Perhaps future
mapping experimentation should be done with
heterozygous males held at a constant temperature,
possibly 27°C.

There is reason to suspect that the linkage map
in A. aegypti may be relatively short, perhaps as
short as 50 units per chromosome. To date, all
the 28 genes placed have fallen readily into one of
three rather short linkage groups. Total map dis-
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MAP -OF ESTIMATED LINKAGE: AEDES AEGYPTI a
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tance is only 110 units (43+37+30) compared with
283 in Drosophila. In addition, the observed fre-
quency of chiasmata during spermatogenesis is low,
generally limited to one or two chiasmata per bi-
valent (Akstein, 1962).

SEX

In Culex pipiens, Gilchrist & Haldane (1947) have
postulated that sex is determined by a single gene

(m) or a small block of chromosome material.
McClelland (1962d) demonstrated a similar me-

chanism in A. aegypti; the male is the heterogametic

sex, mm ? and Mm = S. As shown in the
accompanying figure, genes have been located on

both sides of the sex determination locus, thus
ruling out the possibility that this locus occupies a

terminal position on chromosome I. Linkage data
can now be used to demonstrate whether sex is
actually determined by a single locus or, as seems

more probable, a block of chromosomol material.
Craig, Hickey & VandeHey (1960) reported an

inherited factor which distorted sex ratios in favour
of males. This male-producing factor (MP or Dis-
torter) was transmitted only by males and was not
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due to postfertilization mortality. High male ratios
have been reported by McClelland (1960), Wood
(1961) and Tullis (1962). Hickey & Craig (1962) and
Hickey (1965a, 1965b) demonstrated the mode of
inheritance and mechanism of Distorter, working
with strains having about 10% females. Apparently,
sex ratio is distorted because abnormalities during
meiosis result in recovery of few female-determining
sperms.

Genetic control of intersexuality was reported by
McClelland (1963). Craig (1965) isolated a recessive,
sex-limited gene that feminized genetic males when
larvae were reared at high temperature. Males reared
at 35'C-37°C were morphological and behavioural
females. This gene is autosomal.
Gynandromorphs have been reported by numer-

ous authors, including 80 analysed by VandeHey
& Craig (1961). Rai & Craig (1963) crossed gynan-
dromorphs with normal females. Marker strains
were used to demonstrate that gynandromorphs are
produced by fertilization of an egg by two sperms.

BEHAVIOUr

The WHO Scientific Group on the Genetics of
Vectors and Insecticide Resistance (1964) indicated
an urgent need for research in behavioural genetics.
Schoenig (1963, 1965) reported significant differences
between strains with regard to spontaneous move-
ment and choice of oviposition site. Lines were
selected both for high or low activity level and for
oviposition preference (water or moist paper).
Results of crosses suggest that both characters may
be under the control of single semi-dominant genes,
albeit expression may be modified by other loci.
Workers in our laboratory have developed apparatus
for electronic measurement of activity of single
mosquitos. Genetic selection for high and low
activity levels is under way.
Adhami & Craig (1965) showed that mating

competitiveness in A. aegypti is genetically con-
trolled. Moreover, they have shown that the activity
of the male determines mating efficiency, the female
having little choice of partners. This may have
important implications for programmes of genetic
control.

POPULATION

Populations of A. aegypti are characterized by
tremendous genetic plasticity (Craig, VandeHey &
Hickey, 1961). VandeHey (1964) made a quantitative
analysis of the frequency of morphological mutants
in laboratory populations. The average mutation

load per mosquito was 1.32. In field populations,
Craig & Hickey (1961) found loads of 0.72 and 0.84
in feral populations from West Africa and 2.96 and
2.72 in domestic populations from Kenya. Hetero-
zygosity is probably an important element in fitness
in A. aegypti. Asman, Craig & Rai (1963) showed
significant levels of heterosis in crosses between
strains. Factors improved in F1 hybrids include
fecundity, length and synchrony of development,
longevity and resistance to radiation.
Adhami (1962, 1964) studied population dynamics

of a balanced polymorphism, yellow larva. In
experimental populations initiated at 10%, 50%,
90% and 95% yellow, the frequency of yellow after
120 weeks reached an equilibrium at about 75%.
Hickey (1965b) introduced the male-producing (MP)
factor into experimental populations. Distortion
of sex ratio was marked throughout the experiment.
In populations where the ratio of MP males to
normal males was 5:1 or 10:1, the sex ratio at the
end of 25 weeks was about 20% female. Macdonald
(1965) established experimental populations with
high and low frequencies of fm, the gene for sus-
ceptibility to filariasis. In some populations the gene
frequency showed little change over 14 generations,
while in others the frequency declined. It seems that
fm is slightly disadvantageous except to mosquitos
fed on blood containing microfilariae.

SPECIATION

There is no indication of reproductive isolation
in crosses between strains of A. aegypti of diverse
geographic origins (Hickey, 1961). McClelland &
Mamet (1962) obtained fertile hybrids in reciprocal
crosses between A. aegypti and A. mascarensis.
McClelland (1961) obtained viable but sterile off-
spring when female A. simpsoni were crossed to
males of A. aegypti; the reciprocal cross produced
no offspring. McClelland (1962a) obtained no off-
spring in attempts to cross A. aegypti with A. woodi
or A. metallicus. There have been conflicting reports
concerning the possibility of hybridization between
A. aegypti and A. albopictus. Leahy (1960, 1962)
showed that crosses between these species are most
improbable; she demonstrated five isolating mecha-
nisms that prevent hybridization.
The present paper has attempted a task which

is no longer possible in a limited space. Many areas
have not been included in this summary. Indeed,
the field is developing so rapidly that this short
review will be outdated by the time it reaches the
reader.
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