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Condition Replicate Total reads Uniquely mapped reads Transcripts

5h PBM R1 17,400,477 7,172,422 12,576
R2 22,240,736 8,366,906 12,789

Sugar Fed R1 10,954,762 3,244,060 11,914
R2 14,492,450 4,332,124 12,293

Table 1: RNA-seq mapping summary. Total reads represents all reads passing quality
thresholds. Uniquely mapped reads are all those mapping to exactly one location in
the Ae. aegypti genome tolerating up to 2 mismatches. Transcripts denote how many
annotated transcripts are represented in the Uniquely mapped read data. PBM = post
blood meal. Mapping was performed using Bowtie.
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1 AAEL006138-RA vitellogenin A1 8 AAEL002565-RA Structural Constituent of Cytoskeleton
2 AAEL013284-RA Serine-type endopeptidase AaLT 9 AAEL008848-RA Catalytic activity
3 AAEL013707-RA Trypsin-1 10 AAEL012175-RA Catalytic activity
4 AAEL001806-RA Lipid binding 11 AAEL011871-RA Electron Transporterer
5 AAEL014734-RA Catalytic activity 12 AAEL006425-RA Serine-type endopeptidase
6 AAEL011470-RA Protein binding 13 AAEL008701-RA Iron Ion Binding
7 AAEL013005-RA Molecular Function
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Hematophay is a common trait of insect vectors of disease, including the main vector of dengue fever: the mosquito Aedes aegypti (Diptera, Culicidae).  The understanding of the transcriptional changes in the vector following a blood meal can offer novel ways to control or eliminate pathogen 

transmission. One proposed control strategy involves the replacement of pathogen-competent vectors with genetically-modified mosquitoes unable to transmit dengue viruses.  Necessary elements of this strategy are the characterization of promoters for expressing antiviral effector molecules, 

the synthesis of genes with anti-pathogen properties, the identification of ways to genetically modify mosquitoes in a stable manner with a minimum fitness load and the development of means to introgress the antiviral-effector genes into field vectors. With the aim of identifying cis-regulatory 

elements (CREs) at the 5’-end flanking sequences of blood-meal activated genes to be used as promoters for expressing antiviral molecules, we compare variation in gene expression profiles between blood- and sugar-fed mosquitoes using the recently developed RNA-seq technology. 

Besides the identification of several putative CREs, the holistic view of the transcriptome offered by RNA-seq allowed us to identify probable mistakes in the current annotation of the!Ae. aegypti!genome and analyze biochemical pathways and biological processes elicited by a blood meal. 

qRT-PCR on a sub-set of 13 genes confirms the direction of fold changes as identified by RNA-seq:
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Detailed view of immune related transcripts differentially expressed between sugar-  and blood-fed 
mosquitoes five hours PBM:

Transcripts were classified based on 

categories established by an in silico 

comparative genomic analyses. Panel 

A shows the transcripts with a putative 

or characterized anti-pathogen function 

and those differentially expressed in 

the internal and external doughnuts, 

respectively. Panel B shows transcripts 

related to pathogen interaction up- and 

down regulated in the internal and 

external doughnuts, respectively. 
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RNA-seq facilitates improved genome annotations:

RNA-seq for gene expression analysis also provides an 

opportunity examine and improve the current annotation of 

the Ae. aegypti genome.  The three panels to the left (A-C) 

suggest three amendments to the current annotation.

The black bars in the top tracks represent the current gene 

annotations. The blue bar-charts of the second track 

represent the coverage of RNA-seq reads at each position.    

This information represents transcription at specific 

locations on the genome. The range of the bar values 

shown in each view is listed to the left in square brackets.  

The black bars in the lower track represent splice-site 

predictions based on our RNA-seq reads using HMMSplicer, 

a tool developed by the DeRisi lab at UCSF.  This 

information provides evidence to link two islands of 

transcription as a single transcription event, exons of a 

common mRNA.  All predicted junctions shown here are 

also supported by EST alignments.

Panels A and B both suggest that the current annotation 

has missed putative first exons that extend the 5’-UTRs of 

these genes (AAEL006259, AAEL010818) and provide 

additional information for predicting accurate transcriptional 

start sites (TSS).  Effective prediction of cis-regulatory 

elements relies on accurate definitions of regulatory DNA.  

Panel B shows that  some TSSs may be as far as 20 kb 

upstream of the genes annotated start site, far outside the 

distances normally searched for CREs.  Panel C provides 

evidence that  the 5’-UTR of AAEL001759 may have been 

incorrectly assigned the status of an individual gene 

(AAEL001774).

Tight transcriptional control of blood-meal related 

expression 5 hPBM provides a basis for CRE discovery:

Reads from the forty transcripts shown to the right were 

undetected in sugar-fed samples but detected at significant 

levels in the blood-fed sample with the highest read-counts 

reaching ~1000 after normalizing for different sample sizes. 

The transcripts are listed with most abundant transcripts at 

the top.  Tightly regulated, blood-meal induced, expression 

profiles are of particular utility to efforts towards designing 

mosquito-based transgenic control strategies reduce 

transmission of dengue fever.  They will likely inflict the least 

fitness cost while potentiating swift induction and effective 

levels of transcription of the associated effector gene.  With 

this in mind, we used SCOPE (http://genie.dartmouth.edu/

scope) to examine the 2000 bp upstream of these 

transcripts for putative CREs that may provide the basis for 

rational modification of the transcriptional profiles of current 

transgene constructs or the identification of new candidate 

promoter regions.  

Notably, a possible cis-regulatory module (CRM) includes 

cnatcnkcwgtt, gyactyvar, and tgakamga and is associated 

with Ae. aegypti orthologs to the G12 gene of Anopheles 

gambiae.  This Ae. aegypti gene expansion makes up ~25% 

of the genes in the set to the right.

Another possible CRM may be tgakamga, cnatcnkcwgtt, 

asttrccc, and aarcttbd, which group with the cathepsin b 

genes:  AAEL015312-RA and AAEL007585-RA.
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Pearson correlation between 
technical replicates shows close 
a g r e e m e n t , a l l o w i n g t h e 
combination of replicates to gain 
sequencing depth. Blood-fed 
replicates (A) and sugar-fed 
replicates (B) have Pearson 
correlations of 0.995 and 0.999, 
respectively.
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Due to the close agreement of the 

blood-fed and sugar-fed replicate 

analyses, the respective replicate data 

were combined to provide higher 

power.

Panel A shows a Pearson correlation  

(0.791) comparing the normalized 

number of reads attributed to each 

transcript in the blood- and sugar-fed 

treatments. This yields a coarse 

grained illustration of global, blood-

meal related transcriptional changes 

five hours PBM.

Pa ne l B r ep re sen t s q RT-PC R 

validation of these results. Thirteen 

transcripts were randomly selected 

f r o m t r a n s c r i p t s d e t e c t e d a s 

differentially expressed by RNA-seq.  

The qRT-PCR results confirm both the 

direction and the magnitude of 

changes, providing confidence in the 

RNA-seq results.
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