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Abstract
Prior to acquisition of the first host blood meal, the anautogenous mosquito Culex quinquefasciatus
requires a period of time in order to prepare for the blood feeding and, later, vitellogenesis. In the
current study, we conducted whole transcriptome analyses of adult female Culex mosquitoes to
identify genes that may be necessary for both taking of the blood meal, and processing of the blood
meal in adult female mosquitoes Cx. quinquefasciatus. We examined temporal expression of genes
for the periods of post eclosion and prior to the female freely taking a blood meal. We further
evaluated the temporal expression of certain genes for the periods after the taking of a blood meal
to identify genes that may be necessary for both the taking of the blood meal, and the processing
of the blood meal. We found that adult females required a minimum of 48 h post-eclosion before
they freely took their first blood meal. We hypothesized that gene expression signatures were
altered in the mosquitoes before blood feeding in preparation for the acquisition of the blood meal
through changes in multiple gene expression. To identify the genes involved in the acquisition of
blood feeding, we quantified the gene expression levels of adult female Cx. quinquefasciatus using
RNA Seq throughout a pre-blooding period from 2 to 72 h post eclosion at 12 h intervals. A total
of 325 genes were determined to be differentially-expressed throughout the pre-blooding period,
with the majority of differentially-expressed genes occurring between the 2 h and 12 h
post-eclosion time points. Among the up-regulated genes were salivary proteins, cytochrome
P450s, odorant-binding proteins, and proteases, while the majority of the down-regulated genes
were hypothetical or cuticular genes. In addition, Trypsin was found to be up-regulated immediately following blood feeding, while trypsin and chymotrypsin were up-regulated at 48h and 60h
post blood-feeding, respectively, suggesting that these proteases are likely involved in the digestion
of the blood meal. Overall, this study reviewed multiple genes that might be involved in the adult
female competency for blood meal acquisition in mosquitoes.
Key words: Vitellogenesis, blood feeding, Culex quinquefasciatus

Introduction
The Southern house mosquito, Culex quinquefasciatus vectors the disease causing agents of multiple
diseases, including West Nile Fever, St. Louis Encephalitis, Japanese Encephalitis, and Lymphatic Fil-

ariasis. The pathogens vectored by Cx. quinquefasciatus
are acquired during the blood meal acquisition, which
must be taken by the adult female prior to the formation of each egg raft [1]. Newly eclosed females
http://www.ijbs.com
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require a period of time before they are capable of
taking the blood meal during which, the female mates
and continues with the necessary development to be
competent for the acquisition of the blood meal itself
[2]. Many studies have shown that genes and gene
up-regulation are involved in the processing of the
blood meal and subsequently, vitellogenesis [3-5].
Studies that have characterized the transcriptome
expression patterns of adult Aedes aegypti [6] and
Anopheles gambiae [7] have shown that multiple genes
are involved in blood feeding and that there are different expression profiles of these genes both prior to
and immediately following the blood meal. Characterizing the temporal characterization of the gene expression profiles of the Cx. quinquefasciatus transcriptome prior to the blood meal would provide valuable
insight into the genes possibly needed to prepare the
female for the taking of the blood meal. The recent
advances in next generation sequencing, including
RNA Seq, allows for the characterization of the gene
expression profiles without requiring a priori
knowledge of which genes to investigate. In the current study, we used RNA Seq sequencing to conduct
whole transcriptome analyses of adult female mosquitoes during the post-eclosion and pre-vitellogenic
stages of development to identify genes that are up- or
down-regulated prior to the female freely taking a
blood meal. We further investigated the temporal
expression patterns of selected genes following the
taking of a blood meal by female mosquitoes to identify genes that may be necessary for both the taking of
and the processing of the blood meal in Cx. quinquefasciatus. Overall, our study found that the genes
identified in the post-eclosion, but pre-blood-mealtaking time period, represent genes that may be necessary for the female to freely take a blood meal.

Materials and Methods
Mosquito strains
Culex quinquefasciatus strain HAmCqG8, originates from Huntsville, Alabama, and has been continuously reared under laboratory conditions since
2002 [8]. All mosquito rearing and experimentation
was conducted at 25±2oC under a photoperiod of
12:12 (L:D) h and larvae were fed on a diet of Brewer's
yeast (Fleishmann, Chesterfield, MO), while adults
were fed ad libitum on 10% sucrose. Blood feeding of
adult females was performed using warmed horse
blood (College of Veterinary Medicine, Auburn University) through a stretched Parafilm membrane covering a 37oC heated water jacketed glass holder.
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Pre-determination of time period for mosquitoes to take their first blood meal
The adult mosquitoes of 12 h post eclosion from
pupae were divided into 11 groups (collection time
points) with a minimum of ~60 mosquitoes each in
both sexes (~1:1 ratio). The mosquito groups 1-11
were then independently offered the pre-warmed
(37oC) horse blood meal with an ascending order of
every 12 h starting from 24 h after eclosion; i.e., 24, 36,
48, 60, and 72 84 96 108 120 132 and 144 h, respectively. Each group of mosquitoes was fed for a single
blood meal for 2 h and the number of the blood fed
female mosquitoes from each group were checked
after blood-feeding. All blood-feeding time points
were repeated three times.

RNA extraction
All collected mosquito samples were flash frozen
on dry ice and held at -80°C prior to RNA extraction.
The hot acid phenol extraction method was used to
obtain total RNA [9]. A total of 30 µg of RNA was
treated with DNase I using the DNA-Free kit from
Ambion (Austin, TX) and extracted twice over acid
phenol:chloroform (1:1) followed by a final chloroform extraction. The RNA was then precipitated with
ethanol and dissolved in sterile distilled water. The
total RNAs were subsequently used for either RNA
Seq analysis (Hudson Alpha Institute of Biotechnology [HAIB], Huntsville, AL) or for the gene expression analysis.

RNA library preparation, RNA Seq sequencing, Data analysis, and gene expression processing
Total RNA quality was assessed by the HAIB
using an Agilent 2100 Bioanalyzer and an Invitrogen
Qubit to ensure quality for the libraries for each time
point. A total of seven libraries were prepared, one for
each time point of 2, 12, 24, 36, 48, 60, and 72 h
post-eclosion. The Illumina RNA Sample Prep Kits for
mRNA Seq was used to prepare the libraries, which
were run using the paired-end 50 nt read module
(HAIB), which also conducted the base calling, barcode parsing, and removal of low quality reads. Further cleaning of adapter was performed using
Trimmomatic [10]. The Cx. quinquefasciatus genome
from Vectorbase [11] was used to map the cleaned
reads using Tophat [12] and gene expression estimations were performed using Cufflinks, and differential
gene expression was tested using Cuffdiff as time
series data [13]. After analysis, only genes with expression values ≥1, as measured in number of fragments mapped for per kilo (every thousand) bases of
gene length for every million fragments sequenced
(FPKM), were retained for expression comparisons
http://www.ijbs.com
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[14]. All data have been submitted to the Gene Expression Omnibus at NCBI as accession #GSE51327.

qPCR gene expression
The total RNA from three independent samples
of 20 adult female HAmCqG8 mosquitoes was extracted as previously outlined above. The same
methodology for obtaining even-aged females immediately following eclosion was used to obtain the
non-blood-fed females for RNA extraction, using the
same time points as previously indicated: 2, 12, 24, 36,
48, 60, and 72 h post-eclosion. In order to obtain the
material for the RNA extraction for the post-blood
meal sampling time points, mosquitoes were initially
reared to 7 d of age (post-eclosion) prior to the offering of a blood meal. Blood meals were then offered for
a 2 h period at the onset of the scotophase, and
blooded females were collected at 2 (immediately
after blood feeding), 4, 8, 12, 16, 20, 24, 36, 48, 60, and
72 h since initial blood feeding. Females that had not
taken a blood meal were removed from the cages
immediately following the blood meal and the remaining females that had taken a blood meal were
held in the cages along with the males from the initial
population. A total of 20 females were selected for
each time point and all collections were repeated in
triplicate. Total RNA was treated with DNase I using
the DNA-Free kit from Ambion (Austin, TX) as previously described to remove any contaminant DNA.
First strand cDNA was generated from the template
RNA using the First strand cDNA synthesis kit from
Roche (Indianapolis, IN) and an oligo dT primer.
RT-qPCR was conducted on an ABI 7500 Real Time
PCR system (Applied Biosystems) using the ABI SyBr
Green mastermix kit (Life Technologies, Carlsbad,
CA) and relative gene expression was determined by
using the 2(-∆∆Ct) method [15] using a portion of the 18S
rRNA gene as the reference gene and primers were
designed according to each of specific gene sequences
(Table S1).

Results
Determination of the pre-blood meal time
period in Cx. quinquefasciatus
When newly eclosed female Cx. quinquefasciatus
were offered a pre-warmed blood meal, our results
showed that mosquitoes Cx. quinquefasciatus needed
to be a minimum of 48 h old following eclosion to
prepare the female for the first blood meal (Fig. 1).
When mosquito populations had reached 96 h of
post-eclosion, the average number of females taking a
blood meal plateaued at ~50% with no observable
increase in blood meal taking by females beyond this
time point. This suggested that under our experi-
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mental conditions, the minimum pre-blood meal
competency time period for females was ~48 h, after
which females became competent to take a blood
meal, reaching maximum blood meal acquisition at
~96 h post-eclosion.

Figure 1. Time periods of pre and post blood-feeding of mosquitoes. Box and
whisker plot of the percentage of females from even-aged populations of Cx. quinquefasciatus strain HAmCqG8 freely taking an offered blood meal. The black lines
within a bar represent the median percentage of females who freely took a blood
meal. The upper and lower whiskers represent the highest and lowest observations,
respectively, while the bars themselves represent the interquartile range (Q1 - Q3).

Illumina RNA Seq data analysis of the genes
during pre-blood meal and mating periods
According to the pre-determination of the first
blood meal time period, we conducted RNA Seq to
characterize the genes that were involved in the taken
of blood meal from mosquitoes. Seven time points of
mosquitoes post eclosion, i.e., 2, 12, 24, 36 48, 60, and
72 h, were selected for the RNA Seq analysis, covering
the time period from eclosion to the first sign of the
blood feeding (i.e., by 48 h post-eclosion) and to
reaching to the maximum mating period of Culex
mosquitoes, i.e., Cx. quinquefasciatus has been shown
to begin mating in 24 h after eclosion and reach a
maximum by 72 h [2]. A total of 200 females collected
from each of the time points were pooled for the RNA
extraction. Except for the 2 h time point, in which
mosquito pupae were allowed to eclose over the 2 h
period only, mosquito pupae at all-time points were
allowed to eclose over the 12 h period and the females
were collected at 12, 24, 36, 48, 60, and 72 h time points
after eclosion. Overall, the depths of sequencing for
the sample time points ranged from 26 to 51 million
paired-end reads (Table 1) and after mapping the
reads to the Cx. quinquefasciatus genome, the genes
that were identified as expressed (i.e., those genes had
an FPKM >1 [14]), were divided among the Structural
Classification Of Proteins (SCOP) general function
categories of metabolism, regulation, extra-cellular
processes, intra-cellular processes, information, general, other, and no annotation [16-19]. When the genes
were sorted into their respective SCOP general function categories and their FPKM gene expression valhttp://www.ijbs.com
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ues were summed to estimate the total proportion of
gene expression within each of the SCOP general
function categories for each of the time points, the
pattern revealed that there was an overall decrease in
total gene expression among the “No annotation” and
the “General” SCOP general function categories occurring from 2 to 12 h post-eclosion time points, with
a respective increase in total gene expression for the
categories of “regulation” and “other” for the 12 h
time point (Fig. 2). Beyond the 12 h post-eclosion time
point, the total cumulative gene expression profiles
within each of the SCOP general function categories
were similar up to the 72 h post-eclosion time point
that had been tested (Fig. 2). These results suggested
that the major global changes in gene expression of
adult female Cx. quinquefasciatus during the initial 12 h
post-eclosion may be involved in the post eclosion
process as well as possibly in the preparation of the
female for the taking of a blood meal.
Table 1. Number of paired end reads from the Illumina HiSeq
sequencing and the percentage of reads mapped to the Cx. quinquefasciatus (strain: Johannesburg) predicted transcriptome.
Sampling
time point*

Total paired
end reads†

2h
12 h
24 h
36 h
48 h
60 h
72 h

39890830
36030651
41173012
35519459
34587710
27128981
54895903

Paired end reads Paired end reads used for
mapping to the Cx. quinquediscarded‡
fasciatus genome (JHB v1.2)
2950518
36940312
2405121
33625530
2979773
38193239
1894955
33624504
1909928
32677782
1276065
25852916
3819301
51076602

mosquito sampling time point after eclosion
Total number of FASTQ (DNA sequence with quality scores) reads passing the
Illumina quality filter.
‡Number of reads discarded after adapter clipping.
*

†

Figure 2. Total proportions of cumulative gene expression levels within the Structural Classification of Proteins (SCOP) general function categories for adult sugar-fed
female Culex quinquefasciatus, strain HAmCqG8, for the initial 72 h post-eclosion. Gene
expression values expressed are summed within each SCOP category to provide an
overall profile of the complete distribution of all gene expression within the mosquitoes.
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Transcriptome profile: differential gene expression
To further identify candidate genes that may be
involved in preparing the female for the taking of a
blood meal, we investigated the genes that were differentially-expressed throughout the time course investigated, i.e., 12, 24, 36, 48, 60, and 72 h time points
after eclosion. Differential gene expression was determined as a time series, where gene differential expression was defined by comparing the expression
levels of genes at any one time point with the expression at the prior time point; i.e., the expression at 24 h
was compared with the expression at 12 h and so on.
Overall, the majority of the genes that were identified
as differentially up- and/or down-regulated occurred
after 2 h post-eclosion and reached a maximum peak
at 12 h, after which, a decrease in the number of differentially expressed genes was observed in each of
the successive time points (Fig. 3, Table S2). A total of
325 genes were found to be differentially expressed,
both up- and down-regulated genes, during 72 h
post-eclosion. Roughly one-third of the differentially-expressed genes identified (101 genes) had no
functional annotation in Vectorbase, while the remaining genes had predicted functions (Table S2). At
12 h post-eclosion, the greatest numbers of differentially-expressed genes was observed with 159 genes
being up-regulated, and 74 down-regulated (Fig. 2).
Among the up-regulated genes at 12 h post-eclosion
were 32 salivary proteins and 2 apyrases, which may
be involved in the prevention of platelet clotting
during blood feeding [20], 10 cytochrome P450s
(CPIJ005952, CPIJ011837, CPIJ010225, CPIJ010227,
CPIJ000294, CPIJ019586, CPIJ019587, CPIJ020018,
CPIJ012470, CPIJ010546 ), which were distributed
among families CYP4, CYP6, CYP9, and CYP325, 20
proteases, and also genes involved in embryogenesis
including wnt inhibitors and oskar [21, 22]. Among
the up-regulated genes at 24 h post-eclosion were 9
proteases and 1 olfactory receptor (CPIJ008023),
which may be involved in preparation for the blood
meal and host seeking, since both proteases and olfactory receptors have been linked to blood meal digestion and host seeking, respectively in mosquitoes
[23-25]. Among the genes down-regulated at 12 h
post-eclosion were 27 hypothetical proteins, 11 cuticle
proteins and 5 cytochrome P450 genes (CPIJ011841,
CPIJ011840, CPIJ015954, CPIJ015961, and CPIJ015960),
which were all in family CYP325. At 24 h
post-eclosion, 32 hypothetical genes and 6 cuticle
genes, which may be involved in the transition from
the pharate to the adult, were down regulated.

http://www.ijbs.com
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Figure 3. Distribution of differentially-expressed genes in adult sugar-fed female
Culex quinquefasciatus for the initial 72h post-eclosion period.

While the majority of differential gene expression was observed in the earlier time points, there
were a few genes that were up-regulated after 36 h
post-eclosion (Fig. 3) with a total of 18, 12, 10, and 5
genes up-regulated for the 36 h, 48 h, 60 h, and 72 h
time points, respectively (Table S2). Notably, at 60 h
post-eclosion, multiple proteases were identified as
up-regulated (CPIJ000990, CPIJ002595, CPIJ003539,
and CPIJ007077) as well as ficolin-3, which has been
linked to the humoral lectin immune defense response
in mosquitoes [26]. In addition, our results revealed
that some genes were not differentially up- or
down-regulated between time points, however the
expression of some genes gradually increased in expression over time, notably the lipophorin receptor
(CPIJ018375), the 60S protein rpL32 (CPIJ001220), the
pro-epidermal growth factor gene (putative vitellogenin receptor) (CPIJ020278), and heavy-chain clathrin (CPIJ014882) (Table 2). Interestingly, work by
Clifton and Noriega [27] revealed that the expression
of some vitellogenesis-related transcripts, the ribosomal 60S protein rpL32, the lipophorin receptor
AaLpRov, the vitellogenin receptor AaVgR, and
heavy-chain clathrin (AaCHC) increased during the
pre-blooding time period in female Ae. aegypti and
that this was significantly influenced by the nutritional status of the female Ae. aegypti prior to the taking of a blood meal. Whether the constantly increased
expression of the genes identified in our study following the time points identified was related to the
nutrient supply (such as sugar water in our case) or
involved in the regulation of development post eclosion or pre-blood feeding needs further investigation.

qPCR validation of differential gene expression
In order to estimate the accuracy of our RNA Seq
results, and to determine the expression of selected
genes throughout the pre blood-feeding and into the
post blood-feeding time periods of Cx. quinquefascia-
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tus, we selected a total of 36 genes from the RNA Seq
data that showed the different levels of expression
during 72 h post-eclosion time periods. The genes
selected included genes that were involved in: host
finding or feeding behavior (eg/ odorant-binding
proteins) [23, 24], the maturation of the pharate female
to the adult (cuticular proteins), the taking of the
blood meal (salivary proteins) [28], the digestion of
the blood meal (trypsins, collagenase, lipases, uricase)
[29, 30], the provisioning of nutrients to the egg (vitellogenins, adipophilin/perilipin) [31], embryogenesis (wnt inhibitor, oskar) [32] as well as proteins with
other functions involved in metabolism and development, including cytochrome P450s, calbindins, and
oxidoreductases. The expression of these 36 genes was
investigated from 2 to 72 h post-eclosion to be consistent with/validate our RNA Seq data. In addition,
we further examined the expression of these 36 genes
from 2 to 72 h post blood-feeding to evaluate the relationship of their expression changes following the
blood feeding. Our qRT-PCR results showed that the
expression of these genes was mostly consistent with
the RNA Seq data - with similar traces of up- down-,
or no change patterns during the different time points
of 72 h after eclosion (Fig. 4). Our study showed that,
according to the temporal expression, the genes can be
grouped into early, middle, and late expression after
eclosion and blood feeding. Our results also showed
that all three general odorant-binding proteins
(CPIJ012716, CPIJ012719, CPIJ012721) had their highest expression at 2 h post-eclosion except CPIJ012716
which also showed high expression at 12 h, indicating
that females initially expressed the odorant-binding
proteins to aid for food searching (sugar or blood).
Other genes of interest were the salivary genes
(CPIJ002046 and CPIJ019052) which reached maximal
gene expression values at 24 and 48 h, respectively,
and then remained at low expression levels afterwards (Fig. 4). Trypsin CPIJ007079 was up-regulated
immediately following blood feeding, while trypsin
CPIJ004660 and chymotrypsin CPIJ003915 were
up-regulated at 48 h and 60 h post blood-feeding, respectively. These proteases are likely involved in the
digestion of the blood meal, with the first gene representing early trypsin, and the two later two representing late trypsins. Another gene involved in the
processing of the blood meal, CPIJ003456 (uricase)
[30] showed the highest level of gene expression at 20
h post blood-feeding, which decreased by 60 h post
blood-feeding. Among the genes that were predicted
to be up-regulated throughout the post-eclosion and
pre-blooding time period, the vitellogenin genes
CPIJ001357/CPIJ001358 reached maximal gene expression at 60 h post blood-feeding, while the vitellogenin
genes
CPIJ010190/CPIJ010191
and
http://www.ijbs.com
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CPIJ005473 reached maximal expression at 36 h post
blood-feeding (Fig. 5). Following the blood meal, two

trypsins (CPIJ007079, CPIJ004660) and one chymotrypsin (CPIJ003915) were up-regulated (Fig. 4).

Table 2. Expression levels of genes in Culex quinquefasciatus, strain HAmCqG8 for genes previously identified as up-regulated in
non-blood-fed female Aedes aegypti and linked to nutritional status with regard to blood-feeding competency.
Gene number
CPIJ001220
CPIJ014882
CPIJ018375
CPIJ020278*

Predicted function‡
60S ribosomal protein L32
clathrin heavy chain
lipophorin receptor
pro-epidermal growth factor

Expression level (FPKM† at time point post-eclosion (h)
2
12
24
36
48
1100
1400
2200
3330
3600
100
126
154
160
200
7
20
25
35
37
3
12
93
130
190

60
4600
150
33
200

72
2900
210
30
240

Fragments mapped Per Kilo bases of reference sequence for every Million fragments sequenced
Predicted function from Vectorbase, v. 1.2. https://www.vectorbase.org/organisms/culex-quinquefasciatus
*Putative vitellogenin receptor based on closest blastx match to Anopheles gambiae
†

‡

Figure 4. Heat map displaying the relative increases in gene expression for selected genes for the initial 72h post-eclosion for adult female Cx. quinquefasciatus, strain HAmCqG8,
and for 72h post blood meal. Females offered a blood meal were 6 days old at the time of the blood feeding.

Figure 5. Temporal gene expression of vitellogenin genes in adult female Cx. quinquefasciatus for the 72 h time period immediately following eclosion and for the 72 h time period
immediately following the blood meal.

http://www.ijbs.com
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Discussion
Craig [33] indicated that males of Cx. quinquefasciatus needed a minimum of 24 h of post-eclosion development in order to mate and Williams and Patterson [2] also reported that mating reached a maximum
by 72 h. Sebastian and DeMeillon [34] found that
mating was a pre-requisite for blood feeding in the
closely-related mosquito Culex pipiens fatigans and
further identified a sex ratio of 2:1 (males:females)
that was necessary to maximize insemination, while a
sex ratio of 1:1 resulted in an insemination rate of only
83%. Baldini et al. [35] further pointed out that the
impact of interactions between male and female factors during mating on the reproductive behavior and
physiology of female mosquitoes. Since the sex ratio
was held at ~1:1 in our study, this may explain why
only 50% of the females took a blood meal [33] and
under 1:1 sex ratio conditions tested, some females
may have remained un-mated.
Our finding that the 72 h post-eclosion time
point resulted in the maximum number of females
being competent to take a blood meal suggested that
mating may be involved in the preparation of the female for the taking of a blood meal, since mating
would have occurred as early as 24 h post-eclosion [2].
The predominance of the genes identified as differentially expressed, however, occurred between 2 and 24
h post-eclosion. These genes were likely involved in
preparing the female for blood feeding since several
of these genes could be attributed to genes that aid in
the feeding and digestion of the blood meal, such as
trypsins, apyrase, and salivary proteins [36-38], while
genes having functions related to continued development after eclosion, such as cuticle structure were
down-regulated [39]. In addition, 1-day-old females
(pre-mating period) have been shown to be capable of
provisioning their eggs in the absence of a blood meal
if they were exposed to the ecdysone agonist tebufenozide in the immature stages [40]. This demonstrates
that 24 h old Cx. quinquefasciatus females are capable
of vitellogenesis if provided with the appropriate
hormonal stimulation [40], thus the genes needed for
the female to provision the eggs must be expressed by
24 h post-eclosion. Vitellogenesis and successful
completion of egg formation in mosquitoes, however,
requires not only ecdysone, but specific amino acids,
juvenile hormone, and the activation of various signaling pathways and miRNAs as well [4, 5, 41-43]. In
addition, in Ae. aegypti, vitellogenesis has been shown
to terminate if the nutritional status of the female is
not sufficient for complete egg maturation, resulting
in the re-absorption of vitellins [27]. Therefore since
female Cx. quinquefasciatus are capable of vitellogenesis as early as 24 h post-eclosion [40], but do not freely
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take a blood meal until at least 48 - 96 h post-eclosion,
the genes that were identified as up-regulated at 48
and 60 h in our study may also be essential for preparing the female to take and process the blood meal,
but not for vitellogenesis.
We further identified that several of the genes
known to be involved in the processing of the blood
meal in mosquitoes were either comparable to those
in other mosquito species, or had later expression. For
example, the uricase gene CPIJ003456 reached a
maximal expression at 20 h post blood-feeding and
decreased by 60 h post blood-feeding. A similar result
had been identified by Isoe and Scaraffia [30] in Ae.
aegypti, and suggested that uricase was primarily involved in ammonia metabolism as related to the processing of the blood meal. Other genes, such as the
major vitellogenin genes CPIJ001357 and CPIJ001358
reached maximal expression at 36 h, which was delayed compared to the major vitellogenin gene in Ae.
aegypti, which was shown to reach maximal expression at 24 h post blood-feeding, suggesting that vitellogenesis is a slower process in Cx. quinquefasciatus
than in Ae. aegypti [31].
While our study suggested that there is likely a
complex of factors necessary to prepare the female for
the taking of a blood meal that include not only the
control of vitellogenesis in Cx. quinquefasciatus, but the
processing of the blood meal and preparation of the
female for egg development and oviposition as well,
further studies are needed to decipher these functions
of these genes.

Supplementary Material
Tables S1 and S2.
http://www.ijbs.com/v11p1306s1.pdf
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