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Genetic manipulation of Aedes aegypti: incorporation
and maintenance of a genetic marker and
a chromosomal translocation in natural populations*
K. S. RAI,1 K. K. GROVER,' & S. G. SUGUNA3

Studies with Aedes aegypti were undertaken to determine if an alien genotype can be
(1) incorporated into a naturalpopulation and (2) maintainedfor severalgenerations on its
own without any subsequent introductions. Such information is an essential prerequisite for
successful application ofany genetic control method. Data from a walk-in, fieldpopulation
cage and from field releases of a genetic marker and a chromosomal translocation have
demonstrated both genetic incorporation and persistence for at least three successive
generations. This is the first demonstration of its type with any vector species.

There has been considerable interest during recent
years in the use of genetic methods for the control of
populations of noxious insects. At the University of
Notre Dame, work has been in progress for several
years on the development and evaluation of such
methods for Aedes aegypti (Hickey & Craig, 1966;
Rai & McDonald, 1971; Rai, 1973). Several other
laboratories have also been engaged in developing
genetic methods for other vector species (see Knipling
et al., 1968), but most ofthe work done on this subject
so far has been theoretical. Consequently, there is no
information on whether a genetic mechanism of any
sort could be incorporated in a field population of a
vector species and, even more important, whether it
could be maintained in such a population on its own
for several generations. It need hardly be emphasized
that such maintenance of an introduced genotype
over several generations would be an essential pre-
requisite for the successful application of any genetic
method of control. In a field study undertaken with
A. aegypti in Meridian, Mississippi, Bond et al. (1970)
demonstrated field mating through the use of a
dominant genetic marker, silver mesonotum. How-
ever, no data were collected on the persistence of this
marker in the field population.
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Several field trials with mosquitos have used radia-
tion or chemosterilant-induced sexual sterility. These
studies have been reviewed elsewhere (Rai, 1969,
1971). Patterson et al. (1970) reported complete sup-
pression of an indigenous population of Culexpipiens
fatigans from a small island off the coast of Florida
following daily releases of chemosterilized males over
a 10-week period. Earlier, Laven (1967) had reported
the eradication of a C. p. fatigans population from a
small village, Okpo, near Rangoon, Burma, by means
of daily releases of a male strain that was incompat-
ible with the native Okpo population.

It should be emphasized that, in both the sterile
male and the cytoplasmic incompatibility techniques,
population control ensues from the failure to produce
progeny. Thus the original condition, whatever its
basis, is not transmitted to the progeny. Hence,
periodic releases over a long period of time are
indispensable. On the other hand, methods that are
strictly genetic in nature could be successful if the
condition introduced into a natural population were
propagated in that population. In such a case, ideally,
a single release might be sufficient to wipe out a
population (Curtis, 1968). Thus, a demonstration of
genetic continuity in a natural population becomes of
particular interest.

This paper reports experiments with a walk-in, field
population cage and two natural populations of
A. aegypti undertaken in the summer of 1971 to
supply information on this subject.
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MATERIALS AND METHODS

The genetic stocks used in this study were (a) silver
mesonotum, Si/Si, a dominant linkage group II
marker (Craig& Hickey, 1967), and (b) a male-linked
heterozygous chromosomal translocation T(J: 2)M
involving linkage groups I and II (Rai et al., 1970).
The former marker was selected because of the
distinctive and easily recognizable phenotypes of the
heterozygotes and homozygotes for this gene, which
make it relatively easy to follow in successive
generations. The chromosomal translocation was

used in view of our interest in ultimately using the
translocation method for genetic control purposes
(Rai & McDonald, 1971). The translocation hetero-
zygote used, T (1: 2)M, is very closely linked with
the male-determining locus on chromosome 1 (0.3
crossover unit) and thus for all practical purposes
breeds true in male progeny.

Breeding of A. aegypti in and around Delhi occurs
in automobile tire dumps. Two such tire dumps,
Model Basti (MB) and Shastri Nagar (SN), were

selected for field releases of the TI+ and Sil+ males,
respectively. The former dump contained some 4 000
used tires in an area roughly 40m x 40m in a heavily
populated urban area of Delhi. The latter dump was

approximately 70 m x 20 m and contained about
8 000 tires in a semi-urban residential section. Two
additional areas, a metal scrap yard in Motia Khan
(near Model Basti) and Laxmi Nagar (a tire dump
near Shastri Nagar) served as controls. All the popu-
lations were assayed regularly for several ecological
and breeding characteristics throughout the experi-
ments. Because of the breeding of A. aegypti in the
tires and not in the surrounding houses, the tire-dump
populations were fairly well isolated.

RESULTS AND DISCUSSION

It is well known that the performance of stocks
colonized in the laboratory for a long time is consi-
derably inferior to that of insects freshly collected
from the field. Furthermore, since both the T(J: 2)
and the Si/Si stocks were isolated from sources other
than Indian, they were crossed with material from
Model Basti and Shastri Nagar in order to incorpor-
ate the genotypes of the former strains in the Indian
background. The fitness of the F1 males, particularly
from the former cross, was compared with that of
native males. The components of fitness tested were
the longevity of the various developmental stages,

competitive mating ability, and insemination capa-
city under field cage conditions. No differences were
observed.

Field cage studies: simulation of a natural population
and +ISi releases in a field cage
In order to simulate a natural population under

field conditions and to ascertain whether an intro-
duced marker could be incorporated and perpetu-
ated in such a population, a large walk-in cage
(5.6 x 3.3 x 2.1 m) was set up on 2 July. The entry
into this field cage was through a double door. Five
tires with relatively large numbers of A. aegypti
breeding in them were brought from Model Basti tire
dump and placed in the outdoor cage. The contents of
each tire (i.e., larvae, pupae, and water) were si-
phoned out and brought back to the cage separately
and were eventually transferred back into the original
tires. These five tires contained 285 pupae (an average
of 57 per tire). In addition, larvae and pupae were
collected from 5 other tires from Model Basti (the
total pupal count in these was 237). These pupae and
larvae were also brought to the field cage and distrib-
uted into the 5 experimental tires. In addition,
150 male and 150 female adult mosquitos were
collected from Model Basti tire dump and released
into the cage along with the immature stages. Most of
these wild caught females had probably been already
inseminated by wild males. Some of these females
were gravid when they were released into the cage.
The females were released in the cage to simulate field
conditions, as in any field release programme some
inseminated females will always be present in the wild
population. In addition to the wild type males and
females, 150 +ISi males were introduced in the cage
on 2 July 1971 and a further 1 000 F1 +ISi males were
released into the cage between 5 July and 11 July. In
order to obtain a rough estimate of the population
that emerged in the field cage, pupal counts were
made from tires once or twice a week. It was ex-
pected that the daily adult male emergence in this
cage would represent about 25% of the pupal popu-
lation.

Cotton-wool pads soaked in 1% glucose, one or
two large chickens, and a rabbit were kept in the cage
during daytime. In addition, 6 black ovitraps, 5 cut
pieces of tires, and 5 earthenware containers filled
with water were placed in the cage regularly as
oviposition sites. Fourth-instar larvae and pupae
from the ovitraps were removed when observed and
carried to the laboratory where they were reared until
the adults emerged. The newly emerged adults were

so
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examined for the silver marker and released back in
the cage. In addition, 10 or 20 blood-fed females were
removed from the field cage on alternate days after
the seventh day from the start of the experiment. Eggs
were collected from these parent females and were

processed, hatched, and reared to adults separately.
These adults were phenotypically scored to ascertain
whether the mothers had been inseminated by +/Si
or by wild males. After examination, the adults were
released back in the cage.

Table 1. Results of a field cage experiment indicating the incorporation and maintenance
of the silver marker into the wild type population following release of heterozygous
silver males (+/Si)

No. of females a

Release No. of +ISi Nopulated No.
date males released No.o pupae of females producing producing

in population collected oiste +/an+SI Si/Sil +/Siovipoited /+ an +lSi and' +/+progeny progeny

July 1971
2

3
4
5
6
7
8
9

10
11
12
13
14
16
18
20
22
23
24
26
27
28
30

August
1
3
5
6
7
9

10
11
13
17
20
24
27

150 +/+ &S b
150 +/+ Yy b
150 +/Sisd

150
150
150
150
124

176
100

522

530

305

210

95

165

340

130

210

480

355

230

330
275
360
140
135

10

20

20

22
22
0

10
10

10
26

22
25

10
10
10

10
17

10
10
10
10
20
20

2

18

15

18
13
8
8
9

10
16

13
14

9
7
9

8
11

10
4
6
7

18
19

9

9

12
7
6
2
4

5

9

7
6

3
2
3

4
3

2

3
2
6
4

0

0

0

0

0

0

0

0

0

0

3

2

0

3

0

0

0

3

1 + (2)c
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a Only females producing > 30 progeny were scored.
b' Wild type females and males from Model Basti released into the field cage.
c Of the two mothers shown in parenthesis, one produced all +/Si progeny and the other Si/Si and

+/Si in approximately a 1: 1 ratio.
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Data on the number of +±Si males released, the
pupal population of the cage, the number of females
collected, oviposited, and examined, and the number
offemales inseminated by marker males are presented
in Table 1. Some of the very first sample of females
collected from the cage on 8 July had been insemin-
ated by +/Si males. Although no more releases were
made after 12 July, approximately half of the females
in the cage continued to be inseminated by +/Si
males until almost the end of the experiment, about
6 weeks later. These females produced two types of
progeny in equal proportion: +/+ and +/Si. Thus it
is clear that the released marker had been incorpor-
ated into the cage population. In addition, beginning
on 28 July 1971, some of the females produced
progenies consisting of silver homozygotes, hetero-
zygotes, and wild type phenotypes in a ratio of
approximately 1: 2: 1. Since silver heterozygous
females were not released in the cage, silver homo-
zygotes could have been recovered only ifmating had
taken place between a +/Si daughter and either a

+/Si son or one of the +/Si parental males. On the
basis of the known generation time, the Si/Si homo-

zygotes could not have appeared any earlier than they
did. Such progenies indicated that the silver gene had
reached the F. generation in the cage population.
Furthermore, 2 of the 19 females collected from the
cage on 27 August produced characteristic progenies.
One produced all +lSi progeny and the other Si/Si
and +/Si in a ratio of approximately 1: 1. This
meant that the silver marker had reached the F3 gen-
eration and was unquestionably being maintained in
the population.

Results of the analysis of adults that emerged from
fourth-instar larvae and from pupae collected from
ovitraps for the detection of the silver marker are

given in Table 2. +/Si males and +±Si females were

detected as early as 9 July, i.e., 8 days after the first
release. Subsequently, heterozygous males and fe-
males were recovered from all the samples examined.
In samples collected from 12 August onwards some

Si/Si males and females were also recovered. Thus, in
general, the results from the immature stages col-
lected from the ovitraps confirmed those obtained by
testing the progeny of trapped adult females from the
cage.

Table 2. Number of adults bearing the silver marker and developing from immature
stages collected in the ovitraps in a field cage study

Date Approximate No. No. of males a No. No. of females a
ofcolletin date of of males of femalesof collection oviposition examined +/Si Si/Si examined +/Si Si/Si

July 1971
11 4 July 3 - - 3 - -
12 5 2 - - 4 - -

16 9 13 3 0 13 6 0
19 12 15 6 0 4 2 0
20 13 2 1 0 6 4 0
23 16 7 1 0 13 3 0
26 19 37 13 0 62 31 0
29 22 38 18 0 26 14 0

August
1 26 11 4 0 15 4 0
3 28 14 2 0 14 2 0
6 31 26 1 0 12 1 0
9 2 Aug. 8 6 0 13 6 0

12 5 25 10 1 19 11 1
13 6 30 11 0 12 6 0
17 10 32 18 0 66 24 0
20 13 8 2 1 16 4 2
21 14 18 10 0 18 7 1
24 17 33 17 2 45 17 12
27 20 19 6 1 14 4 0

a If relatively old adults had lost their silver scales, they would have been erroneously scored as +/+
(particularly in the case of +/Si adults).
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Field releases of heterozygous silver males (+ISi) in
Shastri Nagar
The releases of +/Si males were carried out in a tire

dump in Shastri Nagar. The initial field population
was too large for our production capacity and was

reduced by removing some of the immature forms
and by temporary insecticidal measures. These treat-
ments reduced the population from an estimated
44 600 on 4 August 1971 to 3 834 on 7 August 1971.
The first silver heterozygote males were released on

2 August and the last on 27 August. The progenies

from females collected in the Shastri Nagar area were
checked for segregation of the silver marker. The
laboratory-reared adults from eggs collected in the
ovitraps were also screened for segregation of silver.
Data on the number of males released and the
number of females collected for progeny examination
etc. are presented in Table 3. This table shows that
5 females were recovered that produced silver homo-
zygotes, silver heterozygotes, and wild type progenies
in a ratio of approximately of 1: 2: 1; this could have
resulted only from a cross between heterozygous

Table 3. Field data on the dynamics of the silver marker (Si) following releases of males
heterozygous for this gene (+/Si) in Shastri Nagar

No. No. of females producing progeny
offemales phenotypes Percentage

Date No. of males of females ____________________ of femalesreleased (out oft3 100 %+/+ Segregating Segregating inseminated
collected) for for Si/Si, by +ISi

+/+ and +/Si +1S1. and +/+

August 1971
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

September
1
2
3
4

1 500
572

1 890
699
495
440
988

1 200
1 496
1 992
2 490
2 990
2 985
2 993
3 000
1 500
4 000
2 976
3 000
2 984
2994
2 955
2 995

26
15
27

14
15
27
20
17
15
22
21
20
13
24
20
18
26
24
24
22
27
27
12
21
21
28

26
24
22
25

24
13
26

12
13
21
18
12
13
19
17
15
10
20
16
15
22
19
15
15
19
21
9

19
19
23

21
23
16
20

2
2
1

2
2
6
2
4
2
3
4
5
3
4
4
3
4
4
8
7
7
5
3
2
1
5

5
1
6
5

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1
1
0

1
1
0

0

1
0

0
0
0
0

7.7
13.3
3.7

14.3
13.3
22.2
10
25
13.3
13.6
19
25
23.1
16.7
20
16.7
15.4
20.8
37.5
31.8
29.6
22.2
25
9.5
9.5

17.8

19.2
4.1

27.3
20
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silver males and females. Similarly other data (unpub-
lished report to WHO) show that 2 progenies with
silver homozygotes and silver heterozygotes in a ratio
of approximately 1: 1 were obtained from the fe-
males collected subsequent to the male releases made
during the period 12-19 September: this could have
resulted only from a cross between homozygous and
heterozygote silver adults. The data thus prove that
the silver marker was incorporated into and main-
tained in the Shastri Nagar population of A. aegypti
up to the third filial generation. Examination of the
progeny reared from the eggs collected in ovitraps
following the release of silver heterozygote males
(Table 4) led to the same conclusion.

Field releases of heterozygous translocated males
(T/+) in Model Basti.
Males from the translocation stock were outcross-

ed with virgin females of the Delhi strain. The male
progeny from this cross were again outcrossed with
fresh Delhi females, and this crossing scheme was

followed until a relatively large colony was estab-
lished. Males from successive crosses were used for
release purposes.

The first T/+ males were released on 8 August at
Model Basti and the last ones 22 days later, on

30 August. Thus the releases covered approximately
one generation span of A. aegypti. To determine
whether any mating had occurred between the re-

leased males and the field females, two methods were

followed-collection of field females and analysis of
ovitrap paddles. In both cases, the percentage egg

Table 4. Data on the progeny reared from eggs collected
in ovitraps following the releases of +/Si males in
Shastri Nagar

No. of paddles positive for
Date Genotype of the

of collection Aedes Eggs producing female producing
eggs silver marker silver progeny

progeny

August 1971
9

11

13
16
18
20
23
25
27
30

September
1
3
6
8

10

8
8

28
9

11
23
13
11

24
12

9
17
11
7

21

0

2
0

0

2
3
0

0

0

0

4
1
0

1
3

+/Si

+/Si
+/Si

+/Si
Si/Sia

+/Si
+/Si

a Progeny from eggs obtained from paddle No. 17 collected on
3 September consisted of homozygous silver, heterozygous silver,
and wild type adults.

hatch indicated the insemination of the field females
by a T/+ male or by a +/+ male.

Collection of field females. A sample of 50 field
females was collected from the release site at Model

Table 5. Number of females inseminated by partially sterile (T/+) males heterozygous
for the translocation T(1: 2)M released in Model Basti, Delhi

Date No. of (T/+) No. of females Females inseminated by (T/+) males
males released oviposited a No. % Range of percentages

August 1 971
8-14 8 559 113 20 17.7 0.0-27.6

15-21 13 656 170 37 21.8 10.7-37.8
22-28 19 000 165 27 16.4 8.0-37.5
29-4 Sept. 5 ooOb 190 18 9.5 0.0-20.5

September
5-11 178 11 6.2 0.0-11.1

12-18 144 32 22.2 11.5-40.9
19-25 153 15 9.8 0.0-33.3
26-2 Oct. 147 19 12.9 0.0-20.0

a 30 females were collected each day, thus giving a total of 210 per week.
b The last release was on 30 August 1971.
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Basti and brought to the laboratory. Thirty fed
females from this sample were kept in individual vials
for egg laying. The eggs were conditioned and then
allowed to hatch and were checked for hatchability. A
summary of the data for each week is presented in
Table 5.
The results show that the Ti+ males did mate with

wild females in the field, the highest percentage of
wild females found to have been inseminated by
T/+ males being 40.9% on 15 September. Further-
more, approximately 5 weeks after the last release of
T/+ males in Model Basti, significant numbers of
females were being inseminated by the translocated
males. For example, 35% of the field females col-
lected on 29 September and 13% of those collected on
1 October were observed to show semisterility and
were therefore assumed to have been inseminated by
the translocated males. It is doubtful whether the
translocated males released on 30 August or earlier
would have lived long enough under field conditions
to inseminate field females trapped on or about
1 October. It thus seems likely that the translocation
was also cycling in the population and that the T/+
sons or grandsons of TI+ fathers were the ones that
were inseminating females more than a month after
the termination of field releases of Ti+ males.

Ovitrap collection. Paddles were collected three
times a week and the eggs were conditioned and
checked for hatchability (Table 6). Since the average
hatchability of eggs from the control population was
95 %, eggs showing less than 80% hatch were tenta-
tively considered to result from crosses between
T/+ males and wild females (+/+). The fertility of
such eggs ranged from 30% to 79%.
The location of ovitraps having eggs with less than

80% hatch was plotted on a map of the tire dump and
the surrounding area. The results showed that the
released translocation was dispersing and being pro-
pagated within this area. These results confirmed
those obtained from analysis of the fertility of females
collected in the field.
The results obtained with the field cage population

and both the natural populations indicate that with

Table 6. Effect on hatchability of the partially sterile
males (T/+) in the natural population at Model Basti
(normal hatch 94.5 %; range 80.0-100 %)

Date of No. Paddles with <80 % hatch
paddles with of paddles No. % hatch<80 % hatch eaie o ac

August 1971
12
16

23

30

September
6

8

13

20

24
27

October

6 1 77.5
31 2 69.3

50.0
30 3 68.8

61.3
36 3 57.9

78.7
53.3

40 2 51.0
69.0

13 6 30.3
74.4
38.7
60.0
73.1
70.0

43 3 71.7
46.7
50.0

41 9 77.8
79.3
51.5
66.6
51.9
78.8
79.3
50.0
43.0

20 1 70.2
34 4 77.9

50.8
68.5
75.0

23 2 38.9
56.5

proper manipulation it should be possible to use
genetic methods to control populations of A. aegypti
and perhaps other vector species as well.
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RtSUMIt

MANIPULATION GtNEnQUE D'AEDES AEGYPTI: INTRODUCTION ET PERSISTANCE D'UN MARQUEUR
GENETIQUE ET D'UNE TRANSLOCATION CHROMOSOMIQUE DANS DES POPULATIONS NATURELLES

Les auteurs presentent des donn6es relatives A l'intro-
duction et Ala persistance d'un marqueur g6n6tique domi-
nant Si/Si (silver mesonotum) et d'une translocation
chromosomique de type h6t6rozygote liee au sexe
(T(l: 2)M) dans des populations d'Aedes aegypti. Les
etudes ont ete faites sur des moustiques sauvages encag6s
ou vivant dans des conditions naturelles dans deux d6pots
de pneus usag6s pres de Delhi (Inde).
Un total de 1150 males +/Si (g6n6ration F1 obtenue

par croisement entre femelles sauvages et males SI/Si) ont
6te introduits en 11 jours dans une grande cage renfermant
une population sauvage d'A. aegypti. Au cours des deux
mois suivants, l'examen de la descendance de femelles
captur&es dans la cage et des adultes issus d'ceufs d6poses
dans des pondoirs-pi6ges a montre que le marqueur g6n6-
tique Si 6tait incorpor6 A la population sauvage. La
presence parmi les deux gen6rations suivantes d'A.
aegypti homozygotes pour le facteur Si t6moigne de la

persistance du marqueur au sein de g6n6rations succes-
sives.

Des males h6t6rozygotes +/Si ont ete lach6s dans le
depot de vieux pneus de Shastri Nagar et des males
h6t6rozygotes porteurs de la translocation chromosomique
T/+ ont ete lib6r6s dans le d6pot de Model Basti pendant
une p6riode correspondant approximativement a une
g6n6ration d'A. aegypti. Ici, encore l'examen d'insectes
issus de femelles captur6es dans ces deux endroits ou
d'oeufs d6pos6s dans les pondoirs-pieges ont montr6 que
le marqueur g6netique et la translocation etaient incor-
por6s a leurs populations sauvages respectives et s'y
maintenaient au cours de plusieurs generations.

Ces resultats laissent entrevoir la possibilite de lutter
efficacement contre A. aegypti et peut-etre aussi contre
d'autres vecteurs par 1'emploi approprie des manipula-
tions g6netiques.
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