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Genetics of Vectorial Capacity
W. W. MACDONALD 1

In a recent review, Macdonald (1967) summarizes
evidence of genetic factors influencing vector suscep-
tibility to parasites among arthropods and molluscs.
The first part of the following account is largely taken
from this review.
No experiments have yet demonstrated that the

susceptibility of Aedes aegypti to viruses is inherited.
There is a reference to the selection of a stock of
A. aegypti with increased susceptibility to yellow-
fever virus (Bruce-Chwatt, 1950), but according to
Mattingly (1958), whose experiment it was, the work
was not carried far enough to be conclusive. Most
work has been done with avian malaria and filar-
iasis, and the results are best discussed separately.

AVIAN MALARIA

In one of the more conclusive studies on A. aegypti,
Ward (1963) investigated genetic aspects of sus-
ceptibility to Plasmodium gallinaceum. Mosquitos
with high oocyst counts were termed highly suscepti-
ble, and those with lower numbers were described
as of average or low susceptibility. Eleven stocks
of A. aegypti from different geographical areas were
compared. Nearly 100% of the mosquitos in all the
stocks could be infected, but the stocks could be
separated into 2 groups on the basis of the mean
oocyst counts; 6 were of average susceptibility,
5 were highly susceptible. From the Malayan stock,
which was of average susceptibility, Ward selected
in 26 generations a relatively refractory stock which
showed a 98 % decrease in oocyst numbers. At the
fourteenth generation a subcolony was established
(the AB line) to follow the effect of relaxed selection;
during 13 subsequent generations the mean occyst
counts in this line did not change significantly.
Reciprocal crosses were made between the AB line
and the Malayan stock mosquitos. The mean oocyst
counts of the F1 and F2 hybrids were intermediate
between the parental means. Calculations from the
data showed that a single pair of genes, or a group
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of closely-linked genes, was probably responsible
for the observed differences. Other data, particularly
from backcrosses, confirmed this conclusion. The
gene or genes for susceptibility lacked dominance.
To accommodate all the observations, a model was
proposed in which SLSI denoted the genotype that
showed low or no susceptibility, and S2S2 was the
highly susceptible genotype. The oocyst counts for
SLS' and S2S2 were in each case normally distributed,
and the distributions had about 30% overlap.
An attempt to select for high susceptibility, using

the Malayan stock, was unsuccessful and ended
after 7 generations. The reason for the failure
was explained by calculating that the frequency of
S2 in the colony was about 0.7, so that approximately
42% and 49% of the mosquitos were of genotypes
S1S2 and S2S2 respectively. Since the S1S2 and S2S2
phenotypes overlapped, many of the mosquitos
selected for high susceptibility were probably
heterozygotes, and the chance of obtaining an S2S2
stock with a high mean oocyst count was therefore
slight.

Hovanitz (1947) also worked with A. aegypti and
P. gallinaceum, and he too was unable to raise the
susceptibility of his stock, as measured by occyst
numbers, in six generations of selection. In addition,
there was no parent-offspring correlation in occyst
numbers. Ward (1963) showed, however, that the
mean oocyst count of a group of sibs provided a
better estimate for correlations between parents and
offspring than the occyst count of an individual
female parent. Since Hovanitz recorded the mean
number of oocysts in the sibs as well as the number
in the individual parents, his data have been re-
examined in the light of Ward's conclusions. Re-
gression coefficients were calculated both for the
parents and the offspring and for the parental
sibs and the offspring, but in neither case did the
regression coefficient differ significantly from zero,
so confirming the conclusions of Hovanitz.

Trager (1942) showed that susceptibility to P.
lophurae was an inherited character in A. aegypti.
From a stock colony which had a low susceptibility
rate (11 % of 27 mosquitos became infected), Trager
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established several lines from selected infected
individuals. In the F1 generation the susceptibility
rate rose significantly. Selection was continued in one
line until the F6 generation, after which the mosqui-
tos were maintained as a separate colony without
further selection. After a year this colony still had a
higher susceptibility rate than the stock colony.
No conclusions could be drawn about the mode of
inheritance of the factor influencing susceptibility.

FILARIAL INFECTIONS

There are numerous reports of attempts to infect
A. aegypti with strains of filariae, and in some cases
different results were obtained with different stocks.
Roubaud et al. (1936) and Roubaud (1937) measured
differences in susceptibility to Dirofilaria immitis
among stocks from several countries and suggested
that susceptibility was an inherited character. Kart-
man (1953) made similar experiments, and he was
successful in selecting more susceptible and more
refractory stocks from his parent colony. Taylor
(1960) and Hawking & Worms (1961) record having
had colonies, including A. aegypti, which were
initially susceptible to D. immitis and which after a
time became refractory. Such results could be readily
explained if susceptibility to D. immitis were con-
trolled by a single genetic factor whose frequency
varied among different stocks of A. aegypti.
Macdonald (1962) showed that the susceptibility

of A. aegypti to subperiodic Brugia malayi was con-
trolled by a sex-linked recessive gene, which he
labelled fm. Earlier, Ramachandran, Edeson &
Kershaw (1960) had shown that different stocks of
A. aegypti varied in their susceptibility to B. malayi,
and such variation can now be correlated with
differences in the frequency of the gene fm in the
stocks. The penetrance of the gene is not complete,
and its expressivity is variable (Macdonald, 1963a).
In a preliminary study, Macdonald (1963b) esti-
mated that there was about 800% crossing-over bet-
weenfm and the sex locus in male mosquitos; later,
in a more detailed study of crossover values in the
sex chromosomes of A. aegypti, Macdonald & Shep-
pard (1965) recorded 3.4% ± 1.1 % crossing-over.

Macdonald & Ramachandran (1965) studied the
influence of the gene fm on the susceptibility of
A. aegypti to seven strains of Brugia, Wuchereria
and Dirofilaria. They tested two parent stocks of the
mosquitos, one homozygous susceptible to sub-
periodic B. malayi, the other almost completely
refractory, and the two F2 generations derived from
reciprocal crosses between the parent stocks. The
results showed that the gene fm controlled the de-
velopment not only of subperiodic B. malayi but
also of periodic B. malayi, B. pahangi, periodic
W. bancrofti (Malayan rural strain) and subperiodic
W. bancrofti (Fijian strain). The development of
D. immitis (Malayan strain) and D. repens (Indian
strain) was not influenced by the gene.

Experiments are in progress to estimate the fre-
quency of the genefm in laboratory and field popula-
tions of A. aegypti. When the gene is present, its
frequency is usually low. The selective value of the
gene in nature is not known. In the laboratory,
experiments have been made to investigate the effects
of maintaining populations with different gene fre-
quencies on infected and uninfected hosts. The
preliminary results have been given elsewhere
(Macdonald, 1965a, 1965b) and the details need
not be repeated here, but the main conclusion was
that the feeding regimen had little effect on the gene
frequencies in the experimental populations.

CONCLUSIONS

That genetic factors influence the vector status
ofA. aegypti has been established with both plasmodia
and filariae. It is reasonable to assume that similar
factors play a part in the transmission of virus
infections, but whether our knowledge of such
factors can contribute at the present time towards
the control either of the mosquito or of virus infec-
tions is doubtful. Perhaps the most useful contribu-
tion of the work discussed above has been to estab-
lish that the ability of a mosquito to support and
transmit a parasite can be correlated with a single
gene, and that vectorial capacity is therefore a
character upon which experimental and natural
selective forces can act.
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