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Quantitative trait loci determining autogeny
and body size in the Asian tiger mosquito
(Aedes albopictus)
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The majority of mosquito species require a blood meal to
stimulate vitellogenesis and subsequent oviposition (anauto-
geny), but some autogenous individuals complete their
first ovarian cycle without a blood meal. Autogeny may be
facultative or obligatory. In this study, we selected for an
autogenous strain in the Asian tiger mosquito Aedes
albopictus and examined an F1 intercross population for
quantitative trait loci (QTL) determining the autogeny trait as
well as wing length as a proxy for body size. Using composite
interval mapping, we identified four QTL for each trait and
observed considerable overlap in genome positions between
each QTL for autogeny (follicle size) and wing length. Most
QTL were minor in magnitude, individually explaining o10%
of the phenotypic variation. Alleles from the autogenous
parent generally showed a dominance or overdominance
effect on both phenotypes. Strong genetic and phenotypic

correlations indicate that autogeny and wing length are
determined by up to four clusters of tightly linked genes or
the potential pleiotropic effects of single genes. Although
females from the autogenous strain produced approximately
fivefold more eggs following a blood meal than through
autogeny, we suggest that the maintenance of alleles for
autogeny in natural populations is likely due to balancing
selection. Autogeny should be favored under conditions of
limited host availability for blood feeding or increased
defensive behavior by the host and adequate larval nutrition.
Correlation between autogeny and body size may reflect an
increased ability for larger females to accumulate sufficient
nutrient reserves to support oogenesis without the require-
ment for a blood meal.
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Introduction

Blood feeding to obtain a protein source for vitellogen-
esis has evolved independently many times among the
Arthropoda, including within nine dipteran insect
families (Black and Kondratieff, 2005). The majority of
mosquito species (family Culicidae) are anautogenous or
require a blood meal to stimulate vitellogenesis and
subsequent oviposition (Foster, 1995; Attardo et al., 2005).
However, autogenous females are able to complete their
first ovarian cycle without a blood meal, and this trait
may be facultative or obligatory, depending on the
species. Autogeny was first identified in Culex pipiens
and has been reported to occur at low frequencies among
many mosquito species, mainly among culicines but
including a few Anopheles spp. (Clements, 1963, 1992;
Spielman, 1971). Depending on the species, expression of
the trait is dependent on larval and adult nutrition as
well as female mating status. In general, autogeny is
enhanced among individuals provided good larval

nutrition, a carbohydrate source upon adult eclosion
and the opportunity to mate.

The Asian tiger mosquito, Aedes albopictus, while
native to Asia, is expanding its range through human
activities and now occupies much of southeast Asia,
most Pacific and Indian Ocean islands, parts of Aus-
tralasia, Africa and Europe and both North and South
America (Hawley, 1988; Gubler, 2003; Medlock et al.,
2006). Ae. albopictus is generally found in suburban and
rural areas, and is a competent vector for dengue viruses
(DENV) and other arboviruses (Gubler and Rosen, 1976;
Mitchell, 1991). Recently, Ae. albopictus was confirmed as
responsible for an epidemic of chikungunya virus on
Reunion island in the Indian Ocean (Reiter et al., 2006).
Ae. albopictus also has potential as a maintenance vector
for DENV as laboratory strains showed high vertical
transmission rates of DENV-1, wherein infected females
transmitted virus directly to some of their offspring
(Bosio et al., 1992).

Ae. albopictus populations have been reported to
exhibit low levels of autogeny (Bat-Miriam and Craig,
1966; Mori, 1979; Cui, 1982; Sprenger and Wuithiranya-
gool, 1986; Chambers and Klowden, 1994). The autogeny
index (number of eggs oviposited divided by the total
number of females) varied from B0.3 to 3.0 among
natural populations (Bat-Miriam and Craig, 1966; Cui,
1982; Chambers and Klowden, 1994). Newly emerged

Received 4 December 2007; revised and accepted 26 March 2008;
published online 7 May 2008

Correspondence: Dr DW Severson, Department of Biological Sciences,
Center for Global Health and Infectious Diseases, University of Notre
Dame, 137 Galvin Life Sciences, Notre Dame, IN 46556-5645, USA.
E-mail: severson.1@nd.edu

Heredity (2008) 101, 75–82
& 2008 Nature Publishing Group All rights reserved 0018-067X/08 $30.00

www.nature.com/hdy

http://dx.doi.org/10.1038/hdy.2008.32
mailto:severson.1@nd.edu
http://www.nature.com/hdy


autogenous females, while the similar mass as anauto-
genous females, contained greater amounts of protein
and lipid reserves available for metabolic breakdown
(Chambers and Klowden, 1994). Ovary development is
limited among autogenous individuals starved as adults,
and is only initiated following at least minimal access to
a carbohydrate food source or even through abdominal
distention by a saline enema, suggesting involvement of
gut stretch receptors (Chambers and Klowden, 1996).

The genetic basis for autogeny has been examined in
several mosquito species. With Culex pipiens, studies
indicated a complex or multigenic mode of inheritance
for autogeny. Spielman (1957) suggested that the expres-
sion was controlled by genes located on each of the three
chromosomes, although the results also suggested that
one of the autosomes carrying the gene for yellow fat
color may not be involved. The specific gene dosage
within individuals was postulated to impact penetrance
and expressivity of autogeny. Another study (Aslamkhan
and Laven, 1970) implicated primary involvement of two
genes located on chromosomes one and three, respec-
tively; they suggested that the gene on chromosome one
had a dominant effect on autogeny, while the gene on
chromosome three had at least three alleles with variable
effects on the phenotype that depended upon the specific
allele combination. Multigenic control of autogeny has
also been implicated for Ae. atropalpus (O’Meara, 1972),
Ae. scutellaris (Hoyer and Rozeboom, 1976; Trpis, 1978)
and Ae. togoi (Thomas and Leng, 1972).

In this study, we selected for a highly autogenous
strain of Ae. albopictus and performed quantitative trait
locus (QTL) mapping in a population segregating for
autogeny as evidenced by ovarian follicle size. In
addition, as our autogenous strain was significantly
larger than our anautogenous strain, we also identified
QTL for wing length as a proxy for body size. This
allowed us to compare genome positions of QTL for
autogeny with those for body size and thereby investi-
gate the potential for genetic interaction between traits.

Materials and methods

Mosquito strains and rearing methods
Our anautogenous Ae. albopictus strain (Sri Lanka; SL)
was established from stocks collected in SL. We selected
our autogenous strain (autogenous strain selected from
Tok; Tok-au) from a strain (Tokushima; Tok) established
from stocks collected in Tok, Japan. Both the SL and Tok
strains have been maintained in the laboratory for an
unknown number of generations.

Mosquitoes were maintained in an environmental
chamber held at 26 1C, 85% relative humidity, with 16-h
light/8-h dark cycles that included a 1 h crepuscular
period at the beginning and end of each cycle. Larvae
were reared on a dried bovine liver powder suspension.
Adults were provided a 2% sugar solution ad libitum. For
colony maintenance, SL and Tok strain adult females
were blood-fed on anaesthetized rats approximately 1
week following eclosion, while our Tok-au strain was
maintained without blood feeding. Our protocol for the
maintenance and care of experimental animals was
reviewed and approved by the Institutional Animal Care
and Use Committee at the University of Notre Dame.

Genetic and phenotypic data were obtained from an F1

intercross mapping population. The population was
prepared by pairwise matings, wherein a single SL strain
male and five Tok-au strain females (F18 generation) were
placed in a 450 ml mesh-covered carton within several
hours of eclosion. After 3 days, individual females were
transferred to 10 ml glass vials and provided a strip of
paper towel as an oviposition substrate. F1 progeny from
autogenous females were subsequently reared and
pairwise mated as described above, with the exception
that following autogenous oviposition, the F1 females
were then blood fed on anaesthetized rats to increase the
number of F2 individuals available for mapping efforts.
F2 adult females were allowed to mature for 5 days and
then were frozen and stored at �80 1C.

Phenotype analysis
Ovarian follicle size was used as a proxy for the
autogeny phenotype as follicle development is only
observed among non-blood fed females carrying the
autogeny trait. For our F2 segregating population, adult
female ovaries at 5 days posteclosion were dissected in
distilled water and the autogeny phenotype scored as the
mean of the three most developed ovarian follicles as
measured along their longitudinal axis using a dissecting
microscope with an optical micrometer. We also removed
one wing and measured wing length as the distance from
the apical notch to the tip of the wing, but excluding the
fringe scales, because wing length has been shown to be
a reliable proxy for body size in mosquitoes (Van Handel
and Day, 1989).

Progeny representing the individual strains were
evaluated for phenotypes including wing length among
males and females, number of eggs produced per female
(fecundity) and eggs produced per female that subse-
quently produced first instar larvae (fertility).

Statistical analyses of phenotypic data were performed
using R version 2.6.0. Analysis of variance (ANOVA) was
used to investigate effects of strain on individual
phenotypes. Data for egg hatch rate were arcsine square
root transformed before analysis. The Tukey honestly
significant difference (HSD) test was used to identify
significant differences among strains. The Pearson
correlation coefficient was determined for wing length
and follicle size among our F2 segregating population.

DNA extraction and genotyping
Following dissections for phenotypic analyses, DNA
extractions from individual female carcasses were
performed as described previously (Severson, 1997).
DNA from each mosquito was resuspended in 15 ml of
TE (10 mM Tris-Hcl, 1 mM EDTA, pH 8.0).

For restriction fragment length polymorphism marker
analysis, 13 ml of DNA preparation from each female was
digested with EcoRI, Southern blotted and hybridized
with 32P-labelled probe DNA as described elsewhere
(Severson, 1997). High stringency hybridizations
were performed at 65 1C and membranes were washed
for 15 min each at room temperature and at 65 1C in
2� SSC/0.1% SDS followed by 15 min at 65 1C in 0.2�
SSC/0.1% SDS. All of these markers were Aedes aegypti
cDNA clones mapped as restriction fragment length
polymorphism loci (Severson et al., 2002), including
several that were previously used to construct a
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comparative linkage map for Ae. albopictus (Severson
et al., 1995).

PCR amplifications for comparative anchor-tagged
sequences and expressed sequence tag (EST) marker
analyses were performed as described previously
(Chambers et al., 2003) using 1ml of a 1:1200 dilution of
genomic DNA as template. Five microlitres of PCR
products were mixed with 3ml of gel loading solution
(0.01 N NaOH, 95% formaldehyde, 0.05% bromophenol
blue and 0.05% xylene cyanol) and fractionated as single-
strand conformation polymorphisms on 5% non-dena-
turing polyacrylamide gel marker analysis after Black
and DuTeau (1997). Products were visualized by silver
staining following Bassam et al. (1991).

Genotypes for all marker loci were assigned to F2

progeny based on initial screening of the parental
genotypes. We observed transmission ratio distortion
(at a¼ 0.01) among the F2 progeny for all marker
loci on chromosome 1, 12 of 16 loci on chromosome 2
and 4 of 13 loci on chromosome 3. Severe distortion
was expected for chromosome 1 due to autosomal sex
determination in Ae. albopictus (Mutebi et al., 1997).
Transmission distortion for chromosomes 2 and 3 was
predominantly due to a deficit in Tok-au homozygotes;
however, all expected genotypic classes were represented
at each locus. While this may have influenced our power
to detect QTL, we believe that it had limited impact on
our results.

QTL analysis
Multipoint linkage analysis was performed using the
MAPMAKER computer program (Lander et al., 1987)
with an LOD of 3.0 as the threshold for significance. QTL
controlling the autogeny and wing length traits were
identified using the QTL Cartographer computer pack-
age (Basten et al., 2001). Markers with significant partial
regression coefficients were identified with the SRmapqtl
function by forward–backward stepwise regression. QTL
affecting each trait were identified by composite interval
mapping (CIM) (Zeng, 1993, 1994) using the Zmapqtl
function with model 6. The comparison-wise and
experiment-wise likelihood ratio (LR) thresholds for
identifying a QTL were determined by permutation test
(Churchill and Doerge, 1994). The data were permuted
1000 times and critical LR values were determined for
the a¼ 0.1, 0.05 and 0.01 significance levels. An LR
decline of X9.21 (equals an LOD decline of X2.0)
between adjacent peaks on a linkage group was used
to define linked QTL. The best estimate for QTL location
was assumed to be the position having the largest LR
value and one-LOD support limit were calculated
around this value.

Zmapqtl also estimates additive (a) and dominance (d)
effects of the detected QTL. Additive and dominance
effects are calculated relative to alleles at the marker
locus nearest the predicted QTL from the designated ‘A’
parent in the cross. For additive effects, the BB homo-
zygote effect is set to zero and AA effect¼ 2�AB
effect. For dominance effects, the BB homozygote effect
is set to zero and AA effect¼AB effect. Mode of gene
action was determined as the absolute value of d/a
where additive¼ 0–0.20, partial dominance¼ 0.21–0.80,
dominance¼ 0.81–1.20 and overdominance 41.20
(Stuber et al., 1987; Babu et al., 2006).

Results

Autogenous strain selection
The Tok-au strain was selected following the serendipi-
tous observation of pre-blood feeding oviposition in the
Tok colony cage. Adults reared from these eggs (two
females and five males) were sibmated and female
offspring evaluated for the autogeny trait. Autogenous
females were again sibmated and evaluated. By the F4

generation of selection for autogenous females and
sibmating, the majority of females were autogenous,
and thereafter were maintained as a self-sustaining
colony (i.e., without blood feeding).

Linkage analysis
The linkage map was constructed with five restriction
fragment length polymorphism, eight Ae. aegypti-derived
comparative anchor-tagged sequences and 25 Ae. albo-
pictus EST marker loci for 221 female progeny from a
Tok-au� SL F1 intercross population. This encompassed
nine markers on chromosome 1 covering 48.3 cM
(Kosambi units) for a mean interval size of 5.4 cM, 16
markers on chromosome 2 covering 99.4 cM for a mean
interval size of 6.2 cM and 13 markers on chromosome 3
covering 68.1 cM for a mean interval size of 5.2 cM.
Details on individual markers, including PCR primer
sequences, are given in Supplementary Table 1. As
observed with previous broad-scale comparative map-
ping of Ae. aegypti and Ae. albopictus (Severson et al.,
1995), the Ae. aegypti-derived markers used in this study
(see Severson et al., 2002) showed complete linear order
conservation in Ae. albopictus. As sex determination in Ae.
albopictus is controlled by a single autosomal locus on
chromosome 1 (Mutebi et al., 1997), few paternal
homozygotes were obtained for chromosome 1 markers
(see Severson et al., 1993).

Phenotype analysis
As male mosquitoes are smaller than females, we
examined body size independently in each sex (Yan
et al., 1997). We observed significant differences among
females and males between strains (Figure 1a, ANOVA
for females, F1,148¼ 171.10; Po0.0001 and Figure 1b,
ANOVA for males, F1,148¼ 289.94; Po0.0001). With both
females and males, the SL strain was significantly
smaller than either the Tok or Tok-au strains, which
did not differ significantly (Tukey HSD test; Po0.05).

We observed significant differences among strains in
fecundity and fertility. Total number of eggs (fecundity)
per female varied significantly (Figure 2a, ANOVA,
F1,150¼ 94.10; Po0.0001) among strains. Females of each
strain produced significantly more eggs following a
blood meal (including the Tok-au strain) than the Tok-au
strain produced autogenously, while the Tok and Tok-au
strains produced similar numbers of eggs and each
produced significantly more eggs than the SL strain
following a blood meal (Tukey HSD test; Po0.05). For
these studies, the Tok-au females were first allowed to
produce an autogenous egg batch and were then
provided a blood meal to produce an anautogenous
egg batch. Egg hatch rate (fertility) among strains also
varied significantly (Figure 2b, ANOVA, F1,150¼ 19.33;
Po0.0001), with eggs produced autogenously by the
Tok-au strain reflecting a significantly decreased egg
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hatch rate, while differences in egg hatch rate among
eggs produced anautogenously by the three strains were
not significant (Tukey HSD test; Po0.05).

QTL analysis
Composite interval mapping analysis of follicle size as a
proxy for autogeny identified four QTLs: one on
chromosome 1, two QTLs on chromosome 2 and one
on chromosome 3 (Figure 3a and Table 1). QTLs on
chromosomes 2 and 3 exceeded the P¼ 0.05 or 0.01
experiment-wise threshold LR values, while the chromo-
some 1 QTL exceeded only the P¼ 0.1 LR value and is
therefore considered tentative. The phenotypic variation
explained by individual QTL using CIM varied from
5.3–8.9%, indicating that autogeny in Ae. albopictus is
determined by the combined effects of multiple, minor
effect (o10% individual contribution) genes (Table 1).
Using estimates of the additive (a) and dominance
(d) effects of QTL as determined by Zmapqtl, we
estimated the degree of dominance (d/a) for QTLs on
chromosomes 2 and 3. QTL on chromosome 1 were not
evaluated for d/a, because for most chromosome 1 loci,
no paternal homozygotes were represented due to
autosomal sex determination. The QTLs on chromosome 2,

were most closely linked to AALUFO-84 and AALTM-69
loci, showed dominance and overdominance modes of
gene action, respectively (Table 1 and Figures 4a–d). The
QTL on chromosome 3, most closely linked to the
AALLV-66 locus, showed an additive effect. Gene effects
were calculated relative to alleles from the Tok-au strain
as the A parent in the cross. The observed effect of
individual QTL was in the ‘expected’ direction, wherein
larger follicle sizes were associated with the Tok-au
alleles (Figures 4a–d).

CIM analysis of wing length identified four QTLs: one
on chromosome 1, two on chromosome 2 and one on
chromosome 3 (Figure 3b and Table 1). Each QTL
exceeded the P¼ 0.05 or 0.01 experiment-wise threshold
LR values obtained by permutation test. The phenotypic
variation explained by individual QTL using CIM varied
from 6.8 to 38.2%, with three QTLs having a minor effect
and one QTL with a major effect (Table 1 and Figures 4e–h).
The QTLs on chromosome 2, most closely linked to the
AALTM-430 and AALTM-69 loci, both exhibited over-
dominance. The QTL on chromosome 3, most closely
linked to the AALLV-121 locus, showed a dominance
effect. The observed effect of individual QTL was again
in the expected direction, wherein larger wing size was
associated with the Tok-au alleles (Figures 4e–h).

Figure 1 Variability in wing length among strains. (a) Females, (b) males. SL, Sri Lanka; Tok, Tokushima; Tok-au, autogenous strain selected
from Tok. Box plots identify medians and quartiles, with whiskers representing the 10th and 90th percentiles. Open circles indicate outliers.
Strains indicated by the same letter are not significantly different by the Tukey honestly significant difference (HSD) multiple comparisons of
means test at P¼ 0.05.

Figure 2 Comparisons of fecundity and fertility among strains. (a) Total eggs laid per female (fecundity). (b) Egg hatch rate per female
(fertility). Symbols and conventions as in Figure 1.
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Trait analysis
We observed highly significant (Pearson correlation
coefficient¼ 0.486; Po0.0001) correlations between folli-
cle size and wing length, suggesting strong genetic inter-
relationships between them. Comparisons of QTL posi-
tions across traits indicated that genes influencing

autogeny and wing length reside, at a minimum, in the
same chromosome regions (Figure 3). Comparisons of
one-LOD support limit to define confidence intervals are
consistent with a conclusion that the phenotypes are
likely determined by groups of tightly linked genes, or
possibly by some QTL with pleiotropic effects of single

Figure 3 Likelihood ratio profiles identifying quantitative trait loci (QTL) for (a) follicle size and (b) wing length. Horizontal lines indicate the
experiment-wise threshold values for identifying a QTL based on 1000 permutations. Relative positions of marker loci are indicated by ‘^’
(see Supplementary Table 1).

Table 1 QTL identified for follicle size and wing length by composite interval mapping

Trait Chromo-
some

Positiona Flanking markers Maximum
LR

1-LOD
intervalb

R2 Gene effect Degree of
dominancec

Gene
actiond

Additive Dominant

Follicle size 1 14.01 LF188:LF178 12.47 0–25.2 6.7 6.89 NA NA NA
2 39.32 AALUFO-84:AALUFO5–37 25.09 36.5–41.3 8.9 4.75 4.46 0.94 D
2 67.87 AALTM-69:AALLV-22 13.36 56.9–75.9 5.3 �4.99 7.33 1.46 OD
3 23.64 AALLV-66:AALLV-121 21.46 20.2–32.0 8.9 13.03 �1.24 0.1 A

Wing length 1 12.01 LF188:LF178 13.05 0–20.0 10 �0.57 NA NA NA
2 24.83 TrypB:AALTM-430 30.11 20.8–24.7 6.8 �0.74 2.7 3.67 OD
2 64.62 AALF-80:AALTM-69 28.91 62.6–67.9 7.2 �1.04 2.87 2.74 OD
3 29.96 AALLV-121:AALHD-44 119.39 23.6–33.5 38.2 3.93 3.36 0.86 D

Abbreviatios: a, additive; d, dominant; LR, likelihood ratio; NA, not applicable; QTL, quantitative trait loci.
aChromosome position in cM.
bRegion flanking individual QTL peaks in which LOD scores decline by one LOD.
cAbsolute value of dominance divided by additive (d/a) gene effect.
dMode of gene action determined as the absolute value of d/a where additive¼ 0.0–0.20, partial dominance¼ 0.21–0.80, dominance¼
0.81–1.20 and overdominance¼41.20 (after Stuber et al., 1987; Babu et al., 2006).
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genes (Table 1). For instance, the ‘best’ marker for one of
the chromosome 2 QTL in both of the traits was the
AALTM-69 locus.

Discussion

Our QTL results confirm a multigenic mode of inheri-
tance for autogeny in Ae. albopictus. We were able to
rapidly select for a highly autogenous strain from stocks
originally collected in Japan, and thereafter to identify
QTL among 221 F1 intercross female progeny segregating
for follicle size and wing length as a proxy for adult body
size. The autogeny phenotype was evaluated as follicle
size along their longitudinal axis. CIM analysis identified
four QTL for follicle size, although a QTL on chromo-
some 1 is considered tentative (Po0.1). Each QTL
contributed a minor effect (p10%) to the phenotype
and alleles from the autogenous parent showed dom-
inance, overdominance or additive effects relative to the
anautogenous parent.

CIM analysis also identified four QTL for wing
length. Three QTL contributed a minor effect (p10%)
to the phenotype, but a QTL on chromosome 3 had a
major effect (B38%) on wing length. Alleles from the
autogenous parent consistently showed dominance or
overdominance effects on wing length relative to the
anautogenous parent.

For most mosquitoes examined to date, including Ae.
albopictus, autogenous females are generally rare but
clearly present among natural populations, although
some species exhibit high frequencies in expression of
the trait, including obligatory autogeny (Clements, 1992).
Given that autogenous individuals have been identified
across a broad range of mosquito species, it also seems
most parsimonious that autogeny is a relict trait
that predates the evolution of blood-feeding behavior.

Indeed, members of the mosquito subfamily Toxor-
hynchitinae, which do not blood feed acquire most of
their nutrition for reproduction as larvae and many
members of the family Chaoboridae, the ancestors of the
mosquitoes, do not feed as adults.

Our QTL results for follicle size may support the
hypothesis that autogeny is ancestral, as the observed
inheritance patterns (dominance, overdominance and
additivity) would facilitate maintenance of alleles for
autogeny at low frequencies in populations. The rarity of
autogeny has most often been ascribed to the negative
fitness effects associated with reduced fecundity among
autogenous females. Our comparison of fecundity
among autogenous and anautogenous Ae. albopictus
females support this conclusion as our Tok-au strain
females produced B5.2-fold more eggs following a
blood meal (anautogeny) than through autogeny. Main-
tenance of alleles conferring autogeny in natural popula-
tions is likely due to balancing selection associated with
several possible factors. Natural selection should in-
crease the frequency of autogeny under conditions of
limited host availability for blood feeding or increased
defensive behavior by the host. The frequency of
autogeny should also increase under optimum larval
rearing conditions, because this will facilitate accumula-
tion of sufficient nutrient reserves to support oogenesis
by genetically autogenous females (Spielman, 1957;
Trpis, 1978; Lounibos et al., 1982). Results from modeling
studies indicated that host availability and nutrient
larval conditions have the greatest influence on the
frequency of autogeny (Tsuji et al., 1990). In further
support of our results, Sota and Mogi (1994) observed
that with Aedes togoi laboratory and natural populations
in Japan, the frequency of autogeny was strongly
correlated with optimal larval nutrition and larger adult
body size. Another intriguing hypothesis to explain the

Figure 4 Mean phenotypes at ‘best’ marker locus for each QTL for (a–d) follicle size and (e–h) wing length. SL, Sri Lanka; Tok-au, autogenous
strain. Histograms show means for Tok-au homozygotes, heterozygotes, SL homozygotes, respectively. NA, not applicable; for chromosome
one loci, means are presented only for Tok-au homozygotes and heterozygotes due to autosomal sex determination (i.e., no male (SL parent)
homozygote genotypes were recovered).
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maintenance of alleles for autogeny has been suggested
for the blowfly, Lucilia cuprina; in that, selection for
autogeny is indirect and actually the consequence of
direct selection for adult starvation resistance (Cooper
et al., 2002). That is, genetically autogenous individuals
reared under adequate larval conditions gain a fitness
advantage when the adults are subjected to limited
nutrient resources, because of the increased stored
nutrient carryover from larvae. This may apply to
mosquitoes as well. For example, Ae. albopictus adult
females from a colony selected for autogeny lived B1.3
days longer, when maintained under starvation condi-
tions than those from an anautogenous colony selected
from the same genetic background (Chambers and
Klowden, 1994).

Comparisons of QTL across traits suggest a non-
random distribution in which we observed considerable
overlap between each of the QTL for follicle size and
wing length. In addition, we observed a highly sig-
nificant correlation between these traits. Strong genetic
and phenotypic correlations indicate that the two
phenotypes are determined by up to four clusters of
tightly linked genes or perhaps the pleiotropic effects of
single genes. However, Tok-au females were only slightly
larger than parent strain Tok females, indicating that our
selection for autogeny did not concomitantly signifi-
cantly influence body size. The frequency of autogeny
has been shown to have a positive relationship with
wing length in Ochlerotatus vigilax (Hugo et al., 2003), and
increasing wing length has been positively correlated
with fecundity among anautogenous Ae. albopictus and
Aedes geniculatus females (Armbruster and Hutchinson,
2002), suggesting larger females carry greater nutrient
reserves that can be directed toward egg development.
Further, the association between body size and autogeny
in Ae. togoi has been shown to vary geographically
(Mogi et al., 1995); increased autogeny was associated
with increased wing length among subarctic popula-
tions, but with decreased wing length among tropical
populations. Clearly, additional research is needed to
clarify the genetic relationship between autogeny and
body size.

Mosquito genomics has achieved a level wherein the
molecular genetic basis for complex traits such as
autogeny and wing length can be elucidated. Complete
annotated genome sequences are available for Aedes
aegypti (Nene et al., 2007) and Anopheles gambiae
(Holt et al., 2002), and will soon be available for Culex
pipiens quinquefasciatus (http://cpipiens.vectorbase.org/
index.php). Because of its importance as a disease vector,
it seems likely that the genome sequence for Ae.
albopictus will also be determined. These resources
should facilitate comparative genomics approaches for
identification of genes determining traits like autogeny
or wing length that are common across mosquito species
as well as potential species-specific genes.
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