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ABSTRACT We have initiated efforts to determine the molecular basis for the M” meiotic drive
system in the mosquito, Aedes aegypti. The effect of the M” gene is a highly male-biased sex ratio, but
varies depending on the frequency and sensitivity of a susceptible responder m* allele. The M” system
has potential as a mechanism for driving trangenes for pathogen resistance into natural Ae. aegypti
populations. Because all previously existing laboratory strains carrying the M” gene have been lost,
we have selected for a new strain, T37, that carries a strong driver. Matings between T37 males and
drive-susceptible m® females result in progeny with highly biased sex ratios, wherein only ~14.7%
females are produced. We discuss the potential for identifying M” candidate genes based on com-
parisons with the well-described Drosophila melanogaster segregation distorter (SD) meiotic drive
system and considerations for release of transgenic Ae. aegypti into natural populations where M” and

insensitive m’ alleles are likely segregating.
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THE POTENTIAL FOR CONTROLLING arthropod-borne dis-
eases through the genetic manipulation of the arthro-
pod host has been recognized and advocated for over
three decades (Knipling et al. 1968). Proposed genetic
control strategies for mosquitoes have included sterile
male release programs, cytoplasmic incompatibility,
hybrid = sterility, and population replacement
(Knipling et al. 1968, Asman et al. 1981, Curtis 1985).
However, to date, none of these strategies has been
successfully implemented, despite repeated attempts.
In general, the failure of genetic control strategies has
related directly to the reduced reproductive fitness
among mosquitoes to be released, relative to natural
mosquito populations. The less fit genome is subject to
strong purifying selection and is quickly lost in a nat-
ural environment. Considerable progress has, how-
ever, been made in the development and application
of transgenesis technology in mosquitoes, with a goal
to produce transgenic insects that carry stable anti-
pathogen effector genes (Adelman et al. 2002, Moreira
et al. 2002, Robinson et al. 2004). Still, successful ge-
netic control will, by necessity, involve a population
replacement strategy wherein the released mosqui-
toes also carry a genetic system that facilitates a rapid
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selective sweep of the target transgene (Collins and
James 1996).

One potential mechanism for promoting population
replacement is through agents that promote distortion
of Mendelian segregation by meiotic drive (Lyttle
1993, Braig and Yan 2001, Taylor and Ingvarsson 2003).
In such systems, a “selfish” genome segment is able to
destroy or disable its alternate form, thereby increas-
ing its frequency among potential gametes. Genic mei-
otic drive involves the interaction between two ge-
netic elements, the driver locus and the responder
locus, that results in the asymmetric disabling of ga-
metes carrying sensitive alleles at the responder locus.
This effect itself can be detrimental, as it can result in
a loss of functional gametes that is proportional to the
strength of the driver. However, under conditions
where gamete loss does not necessarily result in a
proportional loss of individual fecundity, genic mei-
otic drivers can increase in frequency in natural pop-
ulations, despite their overall deleterious effect (Ham-
ilton 1967). Meiotic drivers are most commonly active
in males of a species, where relatively high levels of
sperm disfunction have no or little effect on fecundity.
Theory further suggests that a strong autosomal drive
system could become fixed without major detrimental
effects on the population (Lyttle 1991). To become
established and maintained, meiotic drive genes must
remain linked with an insensitive allele at the re-
sponder locus or the effect of the drive gene will be
autolethal (Charlesworth and Hartl 1978). Therefore,
once a drive mutation arises in a population, there is
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strong balancing selection for it to remain physically
associated with an insensitive responder allele.

The best-studied example of genic meiotic drive is
the segregation distorter (SD) system of Drosophila
melanogaster. Males heterozygous for the SD chromo-
some and the wild-type SD™ chromosome normally
produce in excess of 95-99% SD-carrying sperm (Hartl
et al. 1967). SD chromosomes have been observed in
nearly every D. melanogaster natural population ex-
amined (Hiraizumi and Nakazima 1967, Temin and
Marthas 1984). The SD complex consists of three loci
straddling the centromeric region of chromosome 2
(Lyttle 1991). These loci include (1) SD, the Segre-
gation distorter gene; (2) E(SD), the Enhancer of Seg-
regation Distortion, required for full expression of
drive; and (3) Rsp, the Responder, which represents
the target site for the action of SD. The SD and E(SD)
loci are located on the left arm of chromosome 2, ~1
map unit apart. The Rsp locus is located on the right
arm of chromosome 2. All SD chromosomes isolated
from natural populations have been found to carry SD,
E(SD), and highly insensitive Rsp alleles (Sandler and
Golic 1985, Temin et al. 1991) and reflect much less
polymorphism than SD™ chromosomes (Palopoli and
Wu 1996). Furthermore, it seems that strong epistatic
selection within the SD complex results in a large
genetic hitchhiking effect around the entire pericen-
tric region of chromosome 2, and this region repre-
sents at least 10% of the D. melanogaster genome (Pal-
opoli and Wu 1996).

Endogenous meiotic drive systems have been de-
scribed in two mosquito species: Aedes aegypti
(Hickey and Craig 1966a) and Culex pipiens quinque-
fasciatus (Sweeny and Barr 1978). In both species, a
sex-linked gene coupled with the male-determining
allele at the sex determination locus drives the nor-
mally equal sex ratio in favor of males (e.g., is analo-
gous to Y-linked drivers). Note that sex determination
in these mosquitoes is determined by a single autoso-
mal gene, located on chromosome 1, with maleness
being the dominant allele (Gilchrist and Haldane
1947). Males represent heterozygotes (Mm) at the sex
locus, whereas females represent the homozygous re-
cessive (mm) condition. A meiotic drive (M) gene
product acts in trans with a locus indistinguishable
from m (e.g, likely tightly linked with the m allele at
the sex locus) to cause breakage of the m allele car-
rying chromosomes in Ae. aegypti (Newton et al.
1976). The m allele carrying chromosomes can be
sensitive (m®) or insensitive (m') to M” gene effects.
Additionally, m allele sensitivity to distortion varies
considerably over a range of haplotypes (Hickey and
Craig 1966a, Wood 1976, Suguna et al. 1977 Owusu-
Daaku et al. 1997). The Ae. aegypti meiotic drive sys-
tem, therefore, reflects similarity with and has been
likened to the SD complex in D. melanogaster (Wood
and Newton 1991). That is, the M” and m*’* loci seem
analogous with SD and Rsp, respectively. Additionally,
several modifiers of M” have been identified. One
locus, designated t (tolerance of Distorter), is located
near the red-eye (re) locus on chromosome 1 and
results in a reduction in sex ratio distortion (Wood and
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Newton 1991). This likely reflects the effects of a
suppressor of M”; similar suppressor gene effects have
been observed in D. melanogaster. The effects of two
autosomal loci also have been observed: (1) another
suppressor of M” linked with the spot abdomen (s)
locus on chromosome 2 and (2) an apparent enhancer
of M” linked with the black tarsus (blt) locus on
chromosome 3 (Wood and Ouda 1987).

While considerable progress has been made in elu-
cidating the molecular basis for meiotic drive in D.
melanogaster (Kusano et al. 2003), nothing is known
about the molecular nature of meiotic drive in mos-
quitoes. Unfortunately, all previously identified Ae.
aegypti strains carrying the endogenous meiotic driver
have been lost. Here we report the results of our
efforts to reselect for meiotic drivers among a diverse
sampling of Ae. aegypti laboratory and field popula-
tions. We have developed a strain, T37, from field
collections obtained in Trinidad, that carries a strong
meiotic driver that likely represents the M” gene; T37
males mated with females from a sensitive strain pro-
duce ~14.7% female progeny. Availability of the T37
strain should facilitate genetic and molecular efforts to
isolate and characterize the major components for the
Ae. aegypti meiotic drive system.

Materials and Methods

Mosquitoes. Mosquitoes were reared in an environ-
mental chamber at 26°C, 84% RH, and under a 16-h
light/8-h dark cycle, with a 1-h crepuscular period at
the beginning and end of each light cycle. Larvae were
reared on a bovine liver powder suspension. Adults
were maintained on a 5% sucrose solution. Female
mosquitoes were blood fed on anesthetized rats. Ae.
aegypti genetic stocks were obtained from several
sources and included (1) a laboratory strain from
Bangkok, Thailand; (2) field samples collected from
Akomadan and Fante, Ghana; (3) a laboratory strain
from Mombasa, Kenya; (4) a laboratory strain, RED,
that carries multiple morphological mutant markers
and was previously shown to be highly sensitive to
meiotic drive (Wood and Ouda 1987); (5) alaboratory
strain, Rockefeller; and (6) field samples collected
from Trinidad. The number of generations in labora-
tory culture is unknown for each laboratory strain.

Genetic Crosses. Crosses to identify males carrying
the M” gene were prepared generally following the
mating scheme outlined by Hickey and Craig (1966a).
Approximately 10-15 individual males from each
stock to be tested were each mated with 3-5 RED
strain females. In addition, males from field-collected
stocks were also mated with three to five females from
the same source. Field-collected females were in-
cluded as a potential mechanism to capture male drive
chromosomes in an insensitive m’ chromosome back-
ground (based on an arbitrary assumption that females
within such stocks would reflect strong purifying se-
lection for drive insensitivity). Next, three to seven F;
males from each testor male were each sib-mated with
three to five F, females, and one F, family per F; male
was reared, and its sex ratio was determined. After
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mating and blood feeding, females from all crosses
were transferred individually to oviposition vials con-
taining water and an oviposition substrate (paper tow-
eling strip). After oviposition, the substrates were re-
moved, allowed to dry at room temperature, and
stored until hatched. Departures from the expected
1:1 sex ratio were determined using the x> test. A
minimum threshold value of P < 0.01 was used to
identify families with significant departures from ex-
pected, because Ae. aegypti crosses generally reflect a
slight bias for male progeny under nondriving condi-
tions and could show significance at the P = 0.05 level.

Strain Selection. With selected testor males that
showed strong meiotic drive, F, progeny were reared
from one of the matings with a testor strain female and
evaluated for sex ratio. A stable colony was established
by allowing the F; progeny from a single driving testor
male to mass sib mate. Seven male progeny from the
resulting colony were tested for drive against RED
strain females as previously described.

Results

We identified and isolated male-determining chro-
mosomes carrying a putative meiotic driver by testing
74 individual males from six laboratory and field pop-
ulations against females from the drive-sensitive RED
strain (Table 1). As anticipated, results from testing
the RED strain against itself generally exhibited the
expected 1:1 ratio, with a mean of 45.5% females
among the 82 F, families examined. Similar results
were observed with males from the Mombasa strain,
with a mean of 49.7% females among the 73 F, families
examined. With the 10 males each from the Bangkok
strain and Ghana field population, we identified one
male per stock with which the majority of F, families
exhibited a significant male bias, averaging 37.8 and
33.0% females, respectively. Among 15 males from the
Rockefeller strain, the majority of F, families from 2
(13.3%) exhibited a significant male bias, averaging
24.6 and 26.9% females, respectively. The greatest lev-
els of sex ratio distortion were observed among 14
males from the Trinidad field population; for 6 males
(42.9%), the majority of F, families showed a signif-
icant male bias. We observed a mean of 23.3% females
in the F, progeny from these males, with a range from
15.3 to 35.9%.

Because the Trinidad field population showed the
best evidence for carrying the M” meiotic drive gene,
we examined F; progeny from matings with three of
the males showing significant sex ratio distortion and
females from the Trinidad field population (T8, T23,
and T37 with a mean of 22.7, 23.1, and 15.3% females,
respectively, in the F, progeny after mating with RED
strain females). The observed sex ratios suggested that
the Trinidad field population females that mated with
these males each carried insensitive m’ chromosomes,
because the ratios were not significant at P = 0.01
(50.0, 36.8, and 38.3% females with the T8, T23, and
T37 males, respectively).

The T37 male X Trinidad female F; progeny were
mass sib mated to initiate a stable laboratory colony
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carrying the putative Distorter (M”) locus and insen-
sitive m’ chromosomes (Table 2). We also examined
sex ratios among two F, families prepared by pair-wise
sib matings of progeny from the no. 4 F, family from
the original T37 male xX RED female cross (Table 1).
The observed sex ratios were highly biased, and yet
fecundity remained high, with 5.9 and 10.7% females
among 101 and 121 total progeny, respectively. Seven
males from the first-generation T37 colony were
tested for presence of the M” locus by examining F,
progeny from pair-wise matings with RED strain fe-
males (Table 2). Sex ratios observed among F, prog-
eny from four of these males were not significant at
P = 0.01, whereas that from one male was marginally
significant at P = 0.01, providing further evidence that
the T37 colony was initiated with insensitive m’ chro-
mosomes (no data were collected for two males).
Results from the F, progeny provide strong support
for the presence of the M” locus in the T37 colony,
because 45 of 47 F, families examined showed highly
significant (P < 0.0001) sex ratio distortion. We ob-
served a mean of 14.7 females across all 47 F, families,
with 15 families (31.9%) containing <10% females.

Discussion

The possibility of mosquito-borne disease control
through population replacement with individuals car-
rying a stable transgene that confers pathogen resis-
tance has gained considerable support over the past
decade. Laboratory studies already have validated the
concept of stable germline transgene insertion and
expression of foreign genes or gene knockouts in mos-
quitoes that results in the prevention or reduction in
their susceptibility to various pathogen systems (Blair
et al. 2000, Adelman et al. 2002, Moreira et al. 2002).
An essential understudied component is the identifi-
cation and development of effective and efficient
methods for promoting the successful spread of a de-
sired transgene construct into natural mosquito pop-
ulations.

We have initiated an effort to ultimately character-
ize completely the M” meiotic drive system in Ae.
aegypti. Because all previously described laboratory
strains carrying M” have been lost, we tested 74 males
from six laboratory and field populations for their
ability to produce highly male-biased progeny when
mated with a strain (RED) that is highly sensitive to
the effects of M” (Wood and Ouda 1987). We found
no evidence for sex ratio bias in males tested from a
Mombasa laboratory strain and only limited evidence
in males tested from a Bangkok laboratory strain and
two Ghana field populations. Two (13.3%) of the
males tested from the Rockefeller laboratory strain
showed highly male-biased sex ratios, suggesting that
the MP gene is present but not fixed in this strain.
Indeed, presence of the M” gene in this strain was
previously reported (Hickey and Craig 1966b). The
MP gene seems to be prevalent among the Trinidad
field population, with ~42.9% of males tested showing
highly male-biased sex ratios. Of note, the previously
described but now lost T30 strain that carried the M”
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Table 1. Sex ratios observed among crosses between Aedes aegypti populations and the drive-sensitive RED strain
Male Fy F, families (% female)

Strain
D n % female 1 2 3 4 5 6 7

Bangkok BIR1 95 45.3 44.3 50.6 52.1 412 46.9 51.9

B2R1 105 50.5 31.3* 445 43.1 448 424 32.0%

B3R3 42 47.6 53.0 45.3 45.1 49.2 48.0 50.0

B4R3 138 52.9 51.5 29.8* 25.8%% 50.4 478 40.3

B5R1 130 46.9 55.1 57.9 48.6 44.3 494 478

B6R2 117 53.8 39.4 47.1 51.4 52.7 46.6 52.8

B7R2 92 435 41.0 333 51.5 54.1 38.3 15.5%%*

BSR2 58 60.6 452 43.0 47.2 52.8 53.4 459

BY9R3 34 324 46.0 36.9 49.5 57.9 48.0 36.8

B10R1 117 479 33.7% 27 3k 57.6 29,8k 459 32,3k
Ghana“ GIRF 125 51.2 52.6 46.3 414 448 50.5 50.3

G2RF 34 47.1 50.0 42.9 52.5 46.7 44.1 44.9

G4RF 79 45.6 36.4 56.1 44.6

G5RF 80 52.5 31,9k 34285 38.6% 23, 3ok 34.2%%% 35 6%

GYRF 41 488 39.7 58.2 50.7 50.0 38.0 39.8 52.4

GI0RF 94 45.7 40.7 43.0 40.6 33.7* 35.1% 36.7*

GI1RA 90 62.2 36.8 51.7 40.8 452 56.0

GI2RA 107 50.5 50.7 55.4 47.2 448 49.0 487

GI3RA 97 50.5 57.1 52.0 50.6 449 50.7 48.3

G14RA 55 45.5 47.8 44.0 47.5 29.6%* 34.8% 50.6
Mombasa MI1R2 105 61.3 385 46.0 49.5 39.6 55.4

M2R1 115 478 422 484 46.6 55.9 45.0

M3R1 140 471 50.9 57.7 439 52.0 58.8 48.7

M4R1 81 55.6 42.6 59.5 63.2 54.1 71.9 53.7

M5R1 112 50.9 56.9 46.9 47.1 439 40.8 51.5

M6R2 110 40.0 41.1 49.0 52.2 50.0 54.2

MT7R1 94 59.6 50.0 514 49.0 478 52.7 418

MSR2 117 4.7 50.6 44.8 42.6 48.7 63.0 61.5

MO9R1 101 42.6 51.3 48.6 48.0 49.0 439 522

MI10R2 127 54.3 42.6 39.4 56.9 40.0 60.4

MI11R2 122 50.8 51.4 50.6 52.9 42.5 45.7 41.4
RED 1R2 98 46.9 48.6 38.9 35.9 44.0

2R2 98 48.0 53.1 36.8 32.9% 40.6 50.0 57.9

4R3 78 41.0 42.6 544 43.1 46.0 39.4

5R2 131 55.7 56.4 46.5 48.5 59.8 51.5

6R2 132 53.0 418 34.2 432 48.6

7R2 137 4.5 48.6 43.0 49.6 44.4 45.1 42,9

8R2 112 49.1 414 36.1 52.4 39.3 50.0

9R1 134 53.7 50.0 50.6 46.7 48.6 53.6 448

10R2 109 39.4 448 46.3 45.2 34.8*

11R1 142 43.7 27.3%* 424 46.1 41.2 50.6 35.1%*

12R1 113 49.6 49.3 58.6 434 48.3 45.9 382

13R3 107 458 40.9 57.1 43.6 48.8 48.0 40.5

14R1 107 36.6* 39.4 51.5 454 47.0 51.1 46.0
Rockefeller ~ RIR3 68 60.3 485 51.1 50.4 56.2 53.9 475

R2R3 124 435 49.3 50.0 41.9 43.3 51.9 49.3

R3R2 127 46.5 43.0 40.8 56.2 454 55.6 454

R4R1 125 52.0 60.1 50.6 45.2 49.1 50.0

R5R2 104 41.3 16.7+* 27 (k 19,3k 44.7 31.9%* 8.3k

R6R1 45 35.6 25674 15.5%#* 22 sk 28,64 415 P

R7R2 135 474 58.8 50.8 475 485 50.8

RSR1 117 41.0 379 38.5 52.4 51.8 26.7%#%  38.8%

RIR1 65 60.0 61.1 485 44.6 46.5 34.5%% 33,3

RI0R2 119 52.9 48.0 37.7* 424 38.2 40.6

R11R3 29 34.5 51.2 45.3 30.6%* 38.3 36.3*

RI12R3 103 40.8 36.7 51.5 44.4 60.4 57.7

R14R2 130 53.1 374 58.9 49.1 50.0 59.1

R15R3 132 47.0 53.3 39.0%* 36.6* 49.7 55.2 50.5

R16R1 64 45.3 45.7 38.7 38.0 39.3* 35.0%* 49.3
Trinidad TIR 20 50.0 4.3 56.6 50.3 29,7 31.4%*

T5R 43 38.6 30,758 38.5% 43.0 3128k 39.2% 33.0%*

TSR 56 51.8 21,9k 15.9%%* 2] 3ok 41.1 18.6%%#* 17 3%k*

TY9R 96 35.4%* 20.5%%* 22, (ok 12.8%% 15.5%%*

TI11R 80 40.0 50.0 52.9 55.3 54.3 54.4 57.1

T15R 125 56.0 474 40.7 25,7k 379 24.1%%% 382

T20R 100 65.0* 415 43.7 33.8* 33.6%* 45.3 53.8

(Continued on next page)



November 2004 MORI ET AL.: MEIOTIC DRIVE IN Ae. aegypti 1031
Table 1. (Continued)
. Male F, F, families (% female)
Strain
ID n % female 1 2 3 4 5 6 7

T23R 92 50.0 12.6%%% 392 25,2 16,8 95,7k 19,0%x
T25R 83 37.3 385 42.6 19,4755 60.0 50.0 46.5
T29R 79 44.3 31.3%% 46.9 40.5 45.8
T30R 67 35.8 50.8 43.6 474 44.2 54.7
T35R 61 45.9 25.0%5% 19,4 20,4 24,75 37.3%
T37R 135 36.1% 6.5%% 93 9wk 3.5 929 5 16.0%%% 18wk 9.9k
T40R 87 54.0 48.2 46.8 49.0 50.0

“RF = Akomadan and RA = Fante. *P < 0.01, **P < 0.001, ***P < 0.0001 for 1:1 expected sex ratio.

gene originated from the Trinidad population (Wood
1976).

We have successfully selected for a stable strain
(T37) that carries the M” gene from progeny resulting
from pair-wise mating between one Trinidad male and
one Trinidad female. Progeny from T37 strain males
mated with RED strain females consistently reflect sex
ratio bias with a mean of only 14.7% female progeny.
As previously shown regarding the effects of M”
(Hastings and Wood 1978, Youngson et al. 1981), fe-
cundity remained high in all crosses involving T37
strain males; for example, we obtained a mean of 108.7
adult progeny per F, family examined in Table 2 (data
not shown).

Development of the T37 strain provides an excel-
lent resource for efforts to characterize molecularly
the M” gene and its target m*’* locus. In addition,
ongoing efforts to determine the complete genome
sequence for Ae. aegypti (Severson et al. 2004) and
advances in the characterization of the D. melano-
gaster SD system (Kusano et al. 2003) should greatly
benefit this effort. The SD gene has been identified as
amutated RanGAP gene, which functions as a GTPase
activator for Ran, a protein critical to nuclear transport
(Merrill et al. 1999, Kusano et al. 2003). The Rsp locus
has been shown to be a simple 120-bp AT-rich re-
peated array with the degree of sensitivity to drive
correlated with an increase in copy number (Wu et al.
1988, Pimpinelli and Dimitri 1989). SD causes affected
sperm to be dysfunctional, apparently because of a
failure of chromatin condensation. Although the exact

mechanism is unknown, it has been suggested that
disruption of nuclear transport by mutant RanGAP
could interfere with developmental changes associ-
ated with sperm maturation, such as histone replace-
ment or transition through cell cycle check-points
(Kusano et al. 2003). With Ae. aegypti, M” causes
chromosome breakage during meiosis among devel-
oping sperm carrying the m® allele (Newton et al. 1976,
1978). The possibility exists, therefore, that meiotic
drive in Ae. aegypti may also be caused by mutations
in genes associated with the Ran signaling pathway.
Anticipated complete genome sequence for Ae. ae-
gypti will allow for the identification of Ran pathway
genes that are found to reside near the sex locus and
their subsequent evaluation as candidates for the M”
locus.

Although we are assuming that the T37 strain carries
an MP gene that is representative of the Trinidad
population as well as other geographic regions, there
may be allelic variants that differ in drive strength
segregating in Ae. aegypti populations. It is also pos-
sible that other drive genes that are independent of
MP could exist and remain to be discovered. The T37
strain provides the opportunity to begin investigating
these possibilities. The impact of a strong M” gene is
also influenced by the degree of sensitivity associated
with the m*’* locus, because sensitivity varies consid-
erably among Ae. aegypti populations (Hickey and
Craig 1966a, Wood 1976, Owusu-Daaku et al. 1997,
Suguna et al. 1977). By determining the molecular
basis for the MP phenotype, we may be able to design

Table 2. Sex ratios observed among crosses with the Trinidad T37 male and T37 colony
F, % females in F, families (total n)*
Cross
n % female 1 2 3 4 5 6 7

T37 male X Trinidad female 131 383"
MaleID

T37 colony male X RED female T37R2 111 45 (119) 17 5 (154) 22.7 (128) 20.6 (68) 31.8 (132) 5.8 (104) 2.0 (150)
T37R3 107  37.4° .7 (45 4 (136) 13.6 (88) 89 (180) 112 (151) 5.6 (161) 26.7 (101)
T37R4 nd (124 226 (137) 181 (144) 4.8 (124) 279 (140) 16.4 (159)
T37R5 nd 1() 5 (109) 244 (119) 155 (103) 0.0 (56) 10.1 (109) 34.4 (32)” 9.3 (129)
T37R6 100 51 Zl 7 (143) 7 (105) 11.0 (118) 16.5 (115) 11.0 (146) 23.0 (100)
T37R7 63 381 8 (52) 2 (82) 11.5(148) 1.8(114) 3.3(123) 7.8(102) 5.3(132)
T37RS8 52 59.6 39 5 (86)" 176 (68) 127 (102) 11.1 (90) 202 (84) 13.3(128) 21.6 (97)

nd, no data.

@ All families showed significant sex ratio distortion (P < 0.0001) except where indicated.

bp>0.01.
¢P < 0.0l
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synthetic gene constructs with enhanced drive poten-
tial or to identify other candidate drive genes based on
the determination of the exact drive mechanism.

While efforts to address the potential use of the M”
system for population replacement are dependent on
its complete molecular characterization, we can en-
vision two mechanistic strategies for its implementa-
tion. One strategy would be to couple a desired trans-
gene with a drive insensitive m’ allele or the direct
replacement of the m' allele with a transgene through
a yet to be elucidated nonhomologous recombination
mechanism. Controlled releases of males fixed for the
transgene construct on their female-determining
chromosome and carrying a strong M” gene would
initially result in a reduction of females in field pop-
ulations. However, because of strong purifying selec-
tion, females homozygous for insensitivity to drive and
carrying the transgene would increase in number,
progressively replacing sensitive individuals. The pop-
ulations would eventually re-establish an approximate
1:1 sex ratio, but would carry the transgene construct
at high frequencies. Another strategy would be to
couple a desired transgene directly with the M” gene.
Because the native M” system already functions in
trans, the resulting construct could be stably inserted
into one of the two Ae. aegypti autosomes. Controlled
releases of males fixed for insensitivity to drive would
result in the progressive replacement of both males
and females carrying sensitive alleles (e.g., no sex ratio
distortion would be observed). An obvious limitation
of either strategy is that the native populations would
need to be highly sensitive to the effects of M”. This
could involve natural sensitivity, or based on results
from molecular characterizations, it may be possible to
engineer an M” gene that affects most or all native m*’’
alleles.

While our present focus is on identifying the M”
gene and its associated genome factors, efforts to em-
ploy population replacement strategies for Ae. aegyp-
ti-transmitted diseases should also consider the nat-
ural population dynamics of the M” system at the
micro- and macro-levels as well as among laboratory
strains used to develop stable transgenic lines destined
for field release. That is, success of a released individ-
ual carrying a transgene of interest would be nega-
tively impacted if they carried a susceptible m® allele,
and the M” gene was segregating in the target field
population. Negative selection effects of M” could
counteract positive selection effects of other drive
systems that have been proposed as tools for popula-
tion replacement, particularly if the preferred drive
system is linked with the m® allele. Indeed, the M”
gene and the m' allele have been shown to be present
nearly worldwide, but are not uniformly distributed
(Wood and Newton 1991). Understanding the basis
for this distribution is important to proposed genetic
control strategies, because one might consider, for
example, why M” is so frequent in Trinidad compared
with other geographic areas.
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