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Cytogenetics of Aedes aegypti*
K. S. RAI 1

Considerable progress has been made in the last
few years in the cytology and cytogenetics of Aedes
aegypti. A resurgence of interest in this area has
been particularly evident since about 1960. Except
for the salivary chromosome cytology, probably
more work has been done on the somatic and
meiotic chromosomes of A. aegypti than of any other
mosquito species. The following is a brief account
of some of this work.

SOMATIC CYTOLOGY

The first report on the chromosome number in
this species was by Carter (1918). She described four
as the diploid number on examination of sectioned
gonads. On the basis of salivary-gland chromosomes
and using a considerably improved technique of
squashing, Sutton (1942) indicated that the somatic
chromosome number was six.
Rai & Craig (1961) and Breland & Gassner (1961)

almost simultaneously confirmed six as the diploid
number in brain cells of fourth-instar larvae in this
species. There has been some controversy con-
cerning the details of the karyotype. However, all
workers agree that it consists of two relatively
large pairs and one small pair of chromosomes.
All the three pairs show intimate somatic pairing
during prophase, as is characteristic of other mos-
quito species.
Rai (1963a) has indicated that one of the larger

pairs is slightly submetacentric, while the other two
pairs (one large, one small) are metacentric. Thus,
from their length and the position of the centromere,
the three pairs can be individually recognized, and
these have been designated I, II and III. In the brain
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tissue, they measure approximately 5.4,u, 6.9,u and
7.6,u, respectively, at metaphase. Akstein's (1962)
demonstration that a secondary constriction is pre-
sent in one of the two larger chromosomes of this
species provided another useful marker. The ability
to distinguish between all the three pairs using the
above criteria should prove particularly useful in
studies aimed at correlating linkage groups with
visual chromosomes.

Rissler (1959, 1961) has provided valuable data
on polyploidy and somatic reduction in the larval
epidermis.
A reference may also be made concerning the

mechanism of gynandromorph production in this
species (Rai & Craig, 1963). It was shown that these
are- produced not through abnormal chromosomal
segregation (as in Drosophila) but rather through the
fertilization of a binucleate egg or an egg and a polar
body by two sperms.

MEIOTIC CYTOLOGY AND SPERMATOGENESIS

In a preliminary report, Akstein (1962) provided
information on some stages of meiosis. More
recently, Mescher & Rai (1964) have followed male
meiosis in detail in this species. They have shown
that, as in a number of other mosquitos, visible
leptotene and zygotene stages do nct occur in A.
aegypti. This obviously results from the fact that,
during the earliest stages of meiosis, the chromo-
somes retained the intimate pairing of the previous
mitotic anaphase and telophase.

Often, the metaphase I chromosomes showed
clumping and considerable stickiness. More than
two chiasmata have not been observed. Chiasmata
are mostly interstitial, but they terminalize as the
division proceeds.

Primary spermatocytes form in the posterior cysts
of,-the testis shortly after pupation. Cysts are in
various stages of development although cells
within a cyst develop synchronously. Spermatids
are present after the first third of pupal life. Over
half the testis is filled with sperms which become
motile by the time the males emerge.
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SALIVARY-GLAND CHROMOSOMES

Because of a number of technical difficulties, it has
not been possible so far to map salivary-gland
chromosomes (Aldighieri, 1961; Mescher, 1963).
Even a considerable refinement in techniques such
as rearing the larvae at low densities, a temperature
range of 18°C-28°C and the addition of small
amounts of brewer's yeast and ribonucleic acid did
not improve the quality of squashes to the point of
mapping (Mescher, 1963).

RADIATION AND CHEMOSTERILANT ACTION

Considerable effort has been expended in under-
standing the response of A. aegypti chromosomes to
irradiation and chemosterilants. As a result, more
work has been done with A. aegypti in this field than
with any other mosquito species (Rai, 1963b, 1964a,
1964b, 1965).
In order to study the effects of radiation on the

mitotic activity, Rai (1963b) scored the number of
dividing cells in whole brains of fourth-instar larvae
following exposure to X-rays (500 r, 1000 r, 2000 r,
4000 r). Initially, all doses suppressed mitotic activity
almost completely. After a time (depending on the
dose used) there was a great increase in cell division,
the rate at 500 r and 1000 r being more than double
the rate in untreated controls.
Among the chromosome aberrations induced by

X-rays in the somatic cells were deletions, exchanges,
rings, dicentrics and anaphase bridges.
More recently, Asman & Rai (unpublished) have

succeeded in inducing certain heritable chromosomal
changes such as reciprocal translocations and
trisomy in gbnial cells. These aberrations will be
useful as tools for the localization of genes on
individual chromosomes.

F1 hybrids of crosses between certain strains of
A. aegypti showed marked resistance to radiation

(Asman, Craig & Rai, 1963). Furthermore, these
hybrids showed a higher rate of mitosis when com-
pared with the parental stocks. It was considered
likely that because of this higher rate of cell division
repair of radiation damage was more readily effected
in the hybrids.
The cytogenetic basis of chemosterilization has

been investigated in detail in A. aegypti. Rai (1964b)
was the first to demonstrate that a commonly used
chemosterilant, apholate, induced numerous somatic
chromosomal aberrations in A. aegypti by virtue of
its ability to break and physiologically modify
chromosomes. Furthermore, chromosome breakage
appeared to be more frequently induced in the region
of the secondary constriction than in other regions
in one of the larger chromosomes.

In the females, 15-ppm apholate treatment given
from second-instar to pupal stage induced almost
complete infecundity. This resulted from an inhibi-
tion of oogonial development (Rai, 1964a). The
follicles in the treated females remained under-
developed and sooner or later underwent complete
degeneration. In some of these follicles a distinction
into the nurse cells and an oocyte never took place.
In others a complete breakdown of the follicular
epithelium, nurse cells and oocytes was observed.
Rarely, a few follicles completed development in the
treated females. Many of the eggs so laid, however,
failed to hatch after insemination by normal males.
More or less similar effects on treated males were
observed. Based on these studies, Rai (1965) con-
cluded that " chemosterilants may inhibit and com-
pletely prevent the production of gametes in insects
(infecundity). When the gametes are produced after
chemical treatment, the so-called sexual sterility
probably results from the induction of gross chromo-
somal aberrations (dominant lethality) in sperm and
ova." For details of different techniques used for the
study of cytology and cytogenetics of A. aegypti,
reference should be made to Rai (1967).
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