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Abstract 
As a preliminary step towards the development of transgenic Aedes aegypti mosquito’s resistance to Sri 
Lankan dengue viruses (SLDENV), the identification of previously unpublished DNA sequence of the 
construct, AeCPA/Mnp+/i/Mnp-/svA, was done using bioinformatics tools. Furthermore, a long hairpin 
RNA (lhRNA) molecule effective against all four SLDENV serotypes was designed. If this lhRNA 
molecule to be cleaved by dicer at the correct site, the 100% of siRNA molecules produced are going to 
be effective against each serotype of SLDENV, on the contrary, if it is to be cleaved at random sites, 
which is the worst case, 52.63% of total siRNA molecules produced are going to be effective against 
each SLDENV serotype. In addition, an alternative promoter sequence, Ae. aegypti vitellogenin A1 
(AeVtA), and a construct functionally similar to MosI helper plasmid, pKhsp82MOS (commercially 
unavailable) used in micro injection procedure of Ae. aegypti were also proposed in this study. 
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1. Introduction 
Sri Lanka is one of the countries, which has the highest suitability for dengue transmission. 
Furthermore, it holds the 12th position among the 30 most highly endemic countries/territories 
to dengue disease [1]. The dengue disease was prevalent now in all districts of Sri Lanka [2, 3]. 
An average of about 34,774 patients were reported each year to Epidemiology Unit of Sri 
Lanka (EUSL) from the year 2010 to 2013, and the monthly average is about 3035 during the 
same period [4]. The record-breaking patient number (47502) in 2014 indicated that there is a 
high risk of hyper endemic transmission of dengue disease and multiple DF/DHF outbreaks, 
which will cause a lot of human suffering in Sri Lanka [4, 5]. 
As conventional vector controlling strategies are failing to perform, it is required to find novel 
strategies to keep the dengue transmission under control. Development of transgenic Aedes 
aegypti mosquitoes with a resistance to the dengue virus is one such strategy, which has not 
yet been tested in Sri Lanka. As transgenic Ae. aegypti mosquitoes with a resistance to dengue 
type 2 has been already developed, and it successfully passed the dengue challenge 
experiments [6], the DNA sequence constructed by those researchers needed to be found using 
bioinformatics tools and constructed. 
This construct contains several elements from different organisms. For example, left/right 
arms of mariner MosI transposable element (TE) (ma. left/ ma. right), Ae. aegypti 
carboxypeptidase A (AeCPA) promoter sequence, cDNA sequence of prM (or Mnp) protein 
encoding region of the strain of DENV-2 in sense (Mnp+) and antisense (Mnp-) orientations, 
minor intron of Ae. aegypti sialokinin I (i), polyadenylation signal of Simian virus 40 VP1 
gene (svA), enhanced green fluorescence protein coding gene (EGFP), and an artificial eye 
specific promoter for mosquitoes, 3xP3 [6]. 
The AeCPA promoter of the construct mentioned above is activated upon ingestion of a blood 
meal, and it strongly drives the expression of Mnp+/i/Mnp- sequence in the midgut of female 
transgenic Ae. aegypti mosquitoes starting from 8 hours (h) post blood meal (pbm) to 48 h 
pbm [6]. As Mnp+ and Mnp- regions are in sense and antisense orientations respectively, they 
are complementary to each other. As a result, it forms a short hairpin RNA (shRNA) in the 
midgut epithelial cell cytoplasm of Ae. aegypti resulting in the triggering of the RNA 
interference (RNAi) mechanism in the midgut cells. Here, dicer enzyme, which is a dsRNA 
specific endonuclease, cleaves the double-stranded shRNA molecule and generates a pool of 
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siRNA molecules in which each siRNA has a length of ~21-23 
bp. These double-stranded siRNAs are then incorporated into 
Argonaute-2 (Ago2) protein in the RNA induced silencing 
complex (RISC). Consequently, RISC is activated. Then, 
RISC unwinds the double stranded siRNA incorporated into 
Ago2 and keeps one strand acting as a RISC-targeting co-
factor. RISC having single stranded antisense siRNA is 
capable of binding to the complementary prM (sense) 
sequence of DENV-2 in the midgut of the mosquitoes if 
DENV-2 genomic RNA (gRNA) is present in the cytoplasm of 
the midgut epithelial cells of Ae. aegypti. The endonuclease 
activity of RISC causes a single-site cleavage in the prM 
region of DENV gRNA and the viral RNA will be degraded [6, 

7]. If DENV-2 is ingested with a blood meal, it can be targeted 
effectively using RNAi mechanism at the time when the virus 
releases the viral RNA inside the midgut, and the whole 
process of the viral replication cycle can be knocked out at that 
spot. The results of the research conducted previously had 
shown that the resistance to DENV-2 could be seen even after 
14 days since having a blood meal [6]. 
In foregoing research work, finding of the sequence of 
construct AeCPA/Mnp+/i/Mnp-/svA was achieved using 
bioinformatics tools and a novel effector sequence, long 
hairpin RNA (lhRNA) effective against all four SLDENV 
serotypes was designed by identifying the best siRNA target 
sites in the SLDENV genomes of each serotype and clustering 
them and adding a loop sequence. Replacing the Mnp+/i/Mnp- 
sequence of previously mentioned construct [6] with the 
designed lhRNA sequence and germ-line transformation of the 
novel construct can produce a transgenic Ae. aegypti resistance 
against all four SLDENV serotypes. 
 

2. Method 
The genome sequences derived from Sri Lankan dengue viral 
strains and other related sequences mentioned elsewhere 
deposited in various databases from year 1983 to 2014 were 
retrieved and used in this study. 
 

2.1. Obtaining sequence corresponds to minor intron of Ae. 
aegypti sialokinin I 
The complete cDNA sequence (GenBank (gb): AF108099.1) 
of Ae. aegypti salivary vasodilatory protein precursor gene was 
obtained from GenBank of National Center for Biotechnology 
Information (NCBI). The region corresponds to minor intron 
of Ae. aegypti sialokinin I was obtained using the forward and 
reverse primers published [6]. 
 
2.2. Obtaining sequences correspond to Mnp+ and Mnp- 
region of Sri Lankan Dengue virus serotype 2 (SLDENV-2) 
All available complete SLDENV-2 genome sequences were 
retrieved from the NCBI Virus Variation database [8]. The 
retrieved sequences (gb: FJ882602, GQ252676 and 
GQ252677) were aligned. Then, the primer pairs designed to 
amplify the Mnp+ and Mnp- regions of Jamaica 1409 
infectious dengue viral clone cDNA [6] (gb: M20558.1) were 
mapped to the aligned sequences using the Map primer pairs 
tool of BioEdit software and selected the region corresponding 
to Mnp+ and Mnp- of SLDENV-2s and corrected mismatches 
in the primer annealing to obtain the latter region of SLDENV 
in PCR. 
 

2.3. Obtaining sequence corresponds to the AeCPA 
promoter of Ae. aegypti mosquito 
The whole genome sequence of Ae. aegypti (gb: 
AAGE02019343.1), complete cDNA sequence of AeCPA 

gene (position 1 to 2398 of gb: AF165923.1), final transcript 
of AeCPA gene (position 690 to 1973 of gb: AF165923.1) as 
well as the reverse translated amino acid sequence (gb: 
AAD47827.1) of the AeCPA were aligned. The promoter 
sequence (-4 to -1126) [6] of AeCPA gene was then identified 
by recognizing the transcription start site (+1) of the whole 
genome sequence of Ae. aegypti (gb: AAGE02019343.1). To 
obtain this region a primer pair, AeCPAF (forward primer) and 
AeCPAR (reverse primer), was newly designed. 
 
2.4. Obtaining sequence corresponds to the AeVtA 
promoter of Ae. aegypti mosquito 
Complete DNA sequence of Ae. aegypti VgA1 gene (gb: 
L41842.1) and its coding region (adding up the regions of 
2091-2121,2192-7405 and 7463-8664 of gb: L41842.1), final 
transcript sequence (collectively the regions, 2091-2121,2192-
7405 and 7463-8664 of gb: L41842.1) and reverse translated 
amino acid sequence (gb: AAA99486.1) of AeVtA were 
aligned. A 1.8 kb upstream region to transcription start site 
(+1) was taken as the AeVtA promoter according to previously 
published work [9]. A primer pair, AeVtAF (forward primer) 
and AeVtAR (reverse primer), was designed with the 
restriction sites of SacI and SmaI to replace AeCPA promoter 
to drive alternate expression of designed shRNA/lhRNA 
constructs in the fat body of female Ae. aegypti mosquitoes [9]. 
 
2.5. Obtaining sequence corresponds to svA 
The svA primers designed by Franz et al. [6] were aligned with 
pGL3-Basic [10] and pGL3-hsp82 [11] vector sequences found in 
Addgene and the svA region was identified. 
 
2.6. Obtaining sequence corresponds to MosI transposase 
The sequence of MosI transposase was obtained from the 
coding sequence of MosI transposase gene in the vector, 
pCFJ601-Peft-3 found in the Addgene website [12]. A primer 
pair, MosF (forward primer) and MosR (reverse primer), with 
NcoI and FseI restriction recognition sites in forward, and 
reverse orientations, respectively were designed to obtain this 
region in PCR. 
By digesting the PCR product with NcoI and FseI restriction 
enzymes and cloning it to the vector, pGL3-hsp82 (Addgene) 
digested with same enzymes, a helper plasmid similar to 
pKhsp82MOS plasmid (which was not commercially 
available) can be generated to be used in microinjection 
procedure described in the previously published work [13], to 
transform the embryos of Ae. aegypti along with the plasmid 
containing the lhRNA sequence having resistance to DENV, 
developed by us. 
 
2.7. Development of an lhRNA molecule, which is effective 
against all four serotypes of Sri Lankan dengue viruses 
(SLDENV) 
The full-length genomic sequences of all four SLDENV 
serotypes reported from Sri Lanka were downloaded from 
Virus Pathogen Database and Analysis Resource [14], and they 
were aligned using ClustalW of Bio Edit software for 
conserved regions. The minimal length requirement of a 
siRNA molecule is 21 nucleotides (nts). Since, there was no 
21-nt region conserved in all four serotypes of SLDENV, the 
sequences of each serotype was separately aligned for 
homologous regions. Due to high sequence identity among the 
viruses of particular serotypes, the SLDENV genome sequence 
reported recently in each SLDENV serotype was selected and 
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subjected to search for effective regions for siRNA target 
sequences using InvivoGen siRNA Wizard v3.1 online 
software [15]. In doing so, the SLDENV-1 (gb:KJ726662 of 
year 2012), SLDENV-2 (gb:GQ252677 of 2004), SLDENV-3 
(gb: NC_001475 of 2000) and SLDENV-4 (gb:KJ160504 of 
2014) full-length gRNA sequences from GenBank were 
separately submitted to the InvivoGen siRNA Wizard v3.1 
software and effective regions to produce siRNA sequences 
were obtained using standard search option for each serotype. 
These effective regions identified from each serotype of 
SLDENV were submitted to Ae. aegypti transcript database & 
EST database of Vector base website [16], separately (the 
parameter “word size” was set to 11) to check whether siRNA 
sequences have any effect on the transcriptome of Ae. aegypti. 
The siRNA sequences which had less than 16-nt match with 
the Ae. aegypti sequences in databases mentioned above were 
selected. Among the chosen sequences, ones having GC 
nucleotide percentages (GC%) between 30-50 and having AA 
or A nucleotides at the 3’ ends of the sequences were selected 
as better siRNA candidates. Then, these selected sequences 
were used to carry out a BLAST search over the SLDENV 
sequences in databases. Although a contiguous 16-nt match 
(out of 21-nt long siRNA molecule) with the dengue virus 
sequences in databases was sufficient for RNAi mechanism, 
due to high sequence homology within an SLDENV serotype, 
siRNA sequences having 18-21-nt matching with all known 
sequences within a particular serotypes were selected as the 
best sequences to design the lhRNA sequence. A long hairpin 
RNA (lhRNA) was subsequently designed in the positive 
sense manner to have 10 siRNA sequences from each of 
different dengue serotypes and amounting about 40 siRNA, 
placing them one after the other in a way that each siRNA 

sequence ends with A or AA nucleotide/s at the 3’ end of that 
siRNA. In designing lhRNA, the sequence of sialokinin I 
intron [6] was used to have a loop structure and the sequence of 
the design was then submitted to ‘Design hairpin insert’ option 
of InvivoGen siRNA Wizard v3.1 online software to obtain the 
complete sequence of the lhRNA molecule comprising 
positive sense DNA sequence, loop DNA sequence and 
negative sense DNA sequence. This was again tested for 
homology with Ae. aegypti contig and transcript databases in 
the Vector base website [16]. Finally, replacing the 
Mnp+/i/Mnp- sequence of the previous construct [6] with the 
new lhRNA’s DNA sequence designed in this study, a novel 
DNA construct, which would give the resistance to the 
primary dengue vector in Sri Lanka, Ae. aegypti, against all 
serotypes of SLDENVs can be produced. 
 
3. Results & Discussion 
3.1. Minor intron of Ae. aegypti sialokinin I 
The sialokinin I intron sequence supports the complementary 
base pairing of the lhRNA sequence by acting as a loop 
sequence. The sialokinin primers reported previously [6] was 
found to anneal to the sites of the Ae. aegypti salivary 
vasodilatory protein precursor gene’s complete cDNA 
sequence (gb: AF108099.1) containing minor intron of 
sialokinin I. The forward primer containing NotI and ApaI 
restriction sites annealed to 56 bp-74 bp region and the reverse 
primer containing KpnI and BamHI sites annealed to 103 bp-
126 bp region of the above-mentioned sequence and the region 
between these two primers annealing was taken in designing 
lhRNA. The PCR product resulting from these primers will 
have the size of 118 bps and the sequence is shown in Fig 01 
(see supplementary material). 

 

 
Fig 01: Ae. aegypti sialokinin I intron sequence (5’ to 3’). Forward and reverse primers are shown in bold black letters. The underlined 
sequences are restriction recognition sites (REs), NotI, ApaI, KpnI and BamHI respectively from the 5’ end of the sequence. Each arrow 
indicates the cleavage site within the REs. 

 
3.2. Mnp+ and Mnp- regions of SLDENV-2 
The Mnp+ and Mnp- regions of the shRNA sequence [6] act as 
effector sequence, which is then incorporated into the RISC 
complex enabling the RISC to recognize the DENV genome in 
the Ae. aegypti cells. The primers designed to amplify the 
Mnp+ and Mnp- regions of Jamaica 1409 infectious dengue 
virus [6] were found to match the corresponding regions of 
Mnp+ and Mnp- of SLDENV-2 having full-length genome 
sequence gb: GQ252677 in GenBank, helping us to the 
identification of regions corresponding to Mnp+ and Mnp- 
from SLDENV-2. Mnp+ and Mnp- forward and reverse 
primers annealed to 426 bp-445 bp and 695 bp-715 bp regions, 
respectively to the aligned SLDENV-2 sequences and the 
length of the sequences of Mnp+ and Mnp- regions with 
respect to the latest SLDENV-2 strain (gb: GQ252677) are 316 
bp and 307 bp, respectively (Fig 02; supplementary material) 
having significant sequence homology to the said serotype 
(only five mismatches among GQ252677, FJ882602 and 
GQ252676), indicating the suitability of latter regions to be 
included as an effector sequence in engineering the lhRNA 
molecule in this study [6]. 

3.3. AeCPA promoter of Ae. aegypti mosquito 
The AeCPA promoter is activated upon ingestion of a blood 
meal, and it strongly drives the expression of the effector 
sequence in the midgut of female transgenic Ae. aegypti 
mosquitoes [6]. Following the multiple sequence alignment of 
the cDNA sequence of AeCPA obtained from GenBank, the 
translation initiation codon of AeCPA (Fig 03, see 
supplementary material) could be identified. Identification of 
the transcription initiation site and the promoter region cannot 
be achieved directly in this analysis due to the non-availability 
of sequence beyond the translation initiation site. Therefore, 
these cDNA sequences were aligned with the Ae, aegypti 
genome sequence (gb: AAGE02019343.1) and identified the 
potential transcription initiation (+1) site of the AeCPA gene 
(Fig 03, see supplementary material). Following identification 
of transcription initiation site, the promoter sequence (-4 to -
1126) of the AeCPA gene [6] could be identified and then 
primers were designed accordingly to obtain the latter region 
of AeCPA in PCR. They were the forward (AeCPAF) and 
reverse (AeCPAR) primers having sequences of 5’-
CGAGCTCGTTGTAGATAACTTCAAGGAA-3’ with a SacI 
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…………
…………

restriction site (underlined) and 5’-
TCCCCCGGGGGGTCACATTGGTCAGTCACAG-3’ with a 
SmaI restriction site (underlined), respectively. These forward 
and reverse primers would anneal to 315 bp-335 bp region and 

1419 bp-1438 bp region of Ae. aegypti genome (gb: 
AAGE02019343.1). The sequence obtained using these 
primers has the size of 1142 bp (Fig 04, see supplementary 
material). 

 

 

 
Fig 02: Mnp+ (A) and Mnp- (B) regions (5’ to 3’) selected from SLDENV-2 (gb: GQ252677). Mnp+ and Mnp- forward and reverse primers are 
shown in bold black letters. The underlined sequences are REs, NotI and ApaI respectively from the 5’ end of the Mnp+ sequence and KpnI and 
BamHI respectively from the 5’ end of the Mnp- sequence. These sequences had a 100% identity with another SLDENV-2 strain (gb: 
GQ252676). But there were a few mismatches in the sequence when these two sequences were aligned with that of the Mnp+ region of the 
SLDENV-2 strain found in 1996 (gb: FJ882602). The sites of sequence variations, base 54th position (A), 94th position (A), 109th position (C), 
157th position (T) and 211th position (T) are shown in bold black letters between the primer sequences of Mnp+ sequence. Each arrow indicates 
the cleavage site within the REs. 

 

 
 

Fig 03: The multiple sequence alignment showing the transcription initiation site (+1) and the translation initiation site of the AeCPA gene. The 
alignment of whole genome sequence of Ae. aegypti, gb: AAGE02019343.1 (A), complete cDNA sequence of AeCPA gene, gb: AF165923.1 
(B), final transcript of AeCPA gene, gb: AF165923.1 (C), and the reverse translated amino acid sequence, gb: AAD47827.1 (D) of the AeCPA is 
shown. The numerical values at the top of the figure show the position of each nucleotide in the sequence, AAGE02019343.1. Hence, it can be 
seen that the 1442th position, of genome sequence, AAGE02019343.1 of AeCPA gene is the transcription initiation site of the gene and the 
2132th position of the sequence is the translation initiation site. 

 
Fig 04: Ae. aegypti Carboxypeptidase A promoter sequence from -4 to -1126 (5’ to 3’). The AeCPAF and AeCPAR primers are shown in bold 
black letters. The underlined sequences are REs, SacI and SmaI respectively from the 5’ end of the sequence. Each arrow indicates the cleavage 
site within the REs 

A 

B 
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3.4. AeVtA promoter of Ae. aegypti mosquito 
The AeVtA promoter is among one of the alternative tissue-
specific promoters suggested by the Franz et al. to drive the 
transcription of effector molecules in Ae. aegypti. Following 
the multiple sequence alignment of the cDNA sequence of 
AeVtA obtained from GenBank, the translation initiation 
codon of AeVtA (Fig 05, see supplementary material) could be 
identified. As the transcription initiation site (+1) could not be 
found in these sequences, the cDNA sequences were aligned 
with the complete DNA sequence of Ae. aegypti VgA1 gene 
(gb: L41842.1) and identified the potential transcription 
initiation (+1) site of the AeVtA gene (Fig 05, see 
supplementary material). Following accurate identification of 
the transcription initiation site, the promoter sequence (1.8 kb 

fragment of Vg gene’s 5’ regulatory region [9]) could be 
identified and then primers were designed accordingly to 
obtain the latter region of AeVtA in PCR. They were the 
forward (AeVtAF), and reverse (AeVtAR), primers having 
sequences of 5’ 
CGAGCTCGGCCATCTGATGGCTAAATTT-3’ with a SacI 
restriction site (underlined) and 5’-
TCCCCCGGGGGACCGTCTGTGGCCATTGGAA-3’ with a 
SmaI restriction site (underlined), respectively. These forward 
and reverse primers would anneal to 216 bp-235 bp region and 
1996 bp-2015 bp region of Ae. aegypti VgA1 gene sequence 
(gb: L41842.1) respectively. The sequence (1819 bp) 
corresponds this region is shown in Fig 06 (see supplementary 
material). 

 

 
 

Fig 05: The multiple sequence alignment showing the transcription initiation site (+1) and the translation initiation site of the AeVtA gene. The 
alignment of complete DNA sequence of Ae. aegypti VgA1 gene, gb: L41842.1 (A), the complete cDNA sequence of the very sequence (B), the 
final transcript of the very sequence (C), and the reverse translated amino acid sequence, gb: AAA99486.1 (D) is shown. The numerical values 
at the top of the figure show the position of each nucleotide in the sequence, gb: L41842.1. Hence, it can be seen that the 2016th position, of 
gene sequence, gb: L41842.1 of AeVtA gene is the transcription initiation site of the gene and the 2091st position of the sequence is the 
translation initiation site. 

 
Fig 06: Ae. aegypti Vitellogenin promoter sequence (5’ to 3’). The AeVtAF and AeVtAR primers are shown in bold black letters. The 
underlined sequences are REs, SacI and SmaI respectively from the 5’ end of the sequence. Each arrow indicates the cleavage site within the 
REs. 
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3.5. The sequence of svA terminator 
The svA is a terminator sequence of Simian virus 40 VP1 gene 
and it functions as a transcription termination signal. 
Engineering this sequence to the 3’ end of lhRNA molecule 
ensures the correct transcription termination of the effector 
sequences of the latter molecule. The sequence corresponding 
to this region was obtained from the vector (pGL3-hsp82 and 
pGL3-Basic) sequences deposited at Addgene [10, 11], using the 
primers published in Franz et al. The forward primer 
containing BamHI restriction site anneals to 2736 bp-2756 bp 
region and the reverse primer containing XbaI site anneals to 
2935 bp-2957 bp region of the above-mentioned vector 

sequences and the size of the fragment that could result from 
these primers would be 240 bp (Fig 07; supplementary 
material). The advantage of using pGL3-hsp82 vector over 
pGL3-Basic vector used in previous work [6] is that the former 
vector could provide both svA region and the hsp82 promoter. 
The svA is required for the termination of the transcription of 
lhRNA molecule while hsp82 promoter is required to drive the 
expression of MosI transposase coding region in helper 
plasmid. If the latter vector is used in such attempt, it could 
only provide the svA sequence. Thus, usage of pGL3-hsp82 
vector for the construction will have a clear advantage in 
designing lhRNA molecule. 

 

 
Fig 07: svA sequence (5’ to 3’). svA forward and reverse primers are shown in bold black letters. svA region of both vectors, pGL3-hsp82 
(Addgene) and pGL3-Basic (Addgene) could be  amplified by the primers indicated. The underlined sequences are REs, BamHI and XbaI 
respectively from the 5’ end of the sequence. Each arrow indicates the cleavage site within the REs. 

 
3.6. The sequence of MosI transposase 
The MosI transposase enzyme derived from Drosophila 
mauritiana mediates integration of gene cassette containing 
MosI transposable element (TE) to Ae. aegypti genome. MosI 
TE have a higher transformation efficiency than the PiggyBac 
TEs and these TEs have been used for the construction of 
shRNA/lhRNA sequence. However, the MosI transposase 
coding helper plasmid needed for the transformation of the Ae. 
aegypti embryos is not commercially available. Hence, 
designing a helper plasmid with MosI transposase was 
necessary. In doing so, the primers were newly designed to 
amplify MosI transposase coding gene and the sequence of the 
forward (MosF), and reverse (MosR), primers were 5’- 
CATGCCATGGCATGATGGGAAAGATTCAGAAGGTC -
3’ with an NcoI restriction site (underlined) and 5’- 
GTCGGCCGGCCATACTATTCAAAGTATTTGCCGTC-3’, 

with an FseI restriction site (underlined), respectively. These 
restriction sites were engineered to fuse MosI transposase 
coding sequence of vector, pCFJ601-Peft-3 to the vector, 
pGL3-hsp82 digested with the same restriction enzymes. The 
restriction digestion of the vector, pGL3-hsp82 will result in 
the removal of luciferase coding region under the control of 
hsp82 promoter in the vector, pCFJ601-Peft-3 (Addgene). 
Fianlly, the cloning of the PCR product containing MosI 
transposase sequence, cleaved with restriction enzyme 
mentioned above, to this vector, a novel vector that expresses 
MosI transposase under the control of hsp82 promoter can be 
produced. The primers MosF and MosR will anneal to 2637 
bp-2658 bp and 3328 bp-3350 bp region, respectively, of the 
relevant sequence of pCFJ601-Peft-3 MosI transposase vector 
(Addgene) and the sequence that can be obtained in PCR is 
shown in Fig 08 (see supplementary material). 

 

 
Fig 08: MosI transposase enzyme coding sequence. The MosF and MosR primers are shown in bold black letters. The underlined sequences are 
REs, NcoI and FseI respectively from the 5’ end of the sequence. Each arrow indicates the cleavage site within the REs. 
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3.7. The lhRNA molecular design  
The Fig 09 (see supplementary material) shows the lhRNA 
molecule, having siRNA sequences selected from each 
SLDENV serotype. 
The minimal number of nucleotide matches required for 
siRNA and target for the cleavage is 16-nt and some 
SLDENV-2 specific siRNA sequences had 17 and 20 numbers 
of matches with the target, dengue virus 2 isolate DENV-
2/LK/BID-V2416/1996, complete genome (gb: FJ882602.1) 
sequence. However, these numbers are greater than 16-nts. 
Hence, the siRNA molecules selected from the above genome 
will be able to trigger RNAi pathway against such SLDENV-
2s as mentioned elsewhere. 
In designing the lhRNA molecule, the effective regions for 
siRNA sequences in 5’ untranslated region (UTR) and 3’ UTR 
of serotypes were not taken into account because these regions 
might contain binding sequences for regulatory proteins, 
which might affect the accessibility of the RNA target 
sequence to the RISC complex [17]. The size of each siRNA 
used in designing the lhRNA was 21 nts because the double-
stranded lhRNA to be cleaved by dicer protein at 21 to 23 
nucleotide intervals [18, 19]. The purpose of selecting siRNA 
sequences to have A or AA nucleotides at the 3’ end of the 
potential siRNA sequences generated by InvivoGen siRNA 
wizard is the sequence preference of dicer protein to cleave the 
lhRNA molecule at U nucleotide [18]. As each siRNA in the 
lhRNA molecules designed to have A or AA nucleotide at 21-
nt intervals, it can be assumed that this molecule will get 
cleaved by dicer protein of Ae. aegypti at these sites in 
generating each assembled siRNA sequence (Fig 09) of the 
lhRNA molecule to exert RNA interference to dengue virus 
genome. Each siRNA molecule generated in this manner will 
have at least 90% homology to the sequences of particular 
SLDENV serotype. Further, if the dicer enzyme to cleave the 
lhRNA molecule in a random fashion, base pair homology of 
resulted siRNA molecule with the target SLDENV genome 
would vary and the sequences having base pair homology at a 
stretch equal to or greater than 76.19% (at least 16 nt 
homology of a 21 nt long siRNA) to the SLDENV genome 
would exert RNAi effect [17]. However, even in the worst-case 
scenario, it could be calculated that there would be 52.63% 
probability that siRNA molecules having base pair homology 
at a stretch at least with 76.19% to the target site of the 
SLDENV genome of the corresponding serotype. Hence, 
RNAi mediated dengue viral genome destruction would still 
be possible even if the dicer enzyme cleaves the lhRNA 
molecule randomly. 
Further, the siRNA molecules having GC content of 30-50% 
were selected out of the siRNA sequences generated by siRNA 
Wizard software, as these siRNA molecules were reported to 
be more active in the cleavage than those with a higher GC 
content [19]. A BLAST search was carried out using the 
sequences that encode for each siRNA molecule selected 
against Ae. aegypti transcript and EST databases to choose the 
siRNA sequences that would minimally interfere with the Ae. 
aegypti transcripts and any hit having greater than 16-17 base 

pairs of homology with transcripts at a stretch to query siRNA 
sequence was excluded [17] and selected only the sequences 
having less than such a homology assuming that these siRNA 
would not interfere with host cells’ gene expression. 
The second BLAST search was then carried out against the 
genomic sequences of all reported DENV strains of serotypes 
in databases using siRNA sequences selected in above step to 
check whether these DENV strains could be silenced using 
designed siRNA molecules. Analysis indicated some of these 
siRNA molecules have 100% sequence homology with the 
complementary regions genomes of DENV in a particular 
serotype. These siRNA sequences together with siRNA 
sequences that showed at least 85.7% (18 nt homology out of 
21nt present in siRNA sequence) homology within the strains 
of serotype were selected in designing the effector lhRNA 
sequence as 16 contiguous base homology was sufficient to 
carry out RNAi mediated gene silencing. 
The third BLAST search was carried out with the siRNAs 
identified to be effective for particular serotype against the 
genomic sequences of DENV strains of other serotypes to 
check whether there are any siRNA molecules that would be 
effective against more than one DENV serotype. Analysis 
revealed that none of the siRNAs effective against other 
serotypes. 
Finally, a search was carried out against the sequences in the 
Vector Base website containing Ae aegypti coding and genome 
sequences using lhRNA sequence (Fig 09) as a query sequence 
to check whether the final lhRNA molecule to have any region 
with 16 contiguous base pair homology to the transcriptome of 
Ae. aegypti as results of compiling individually designed 
siRNA sequences into lhRNA molecule. This analysis 
indicated that there is no sequence identity having over more 
than 16 nt at a stretch between the lhRNA and Ae. aegypti 
sequences other than the region that corresponds to Ae. aegypti 
sialokinin I intron sequence (to 799-859bp of the lhRNA 
sequence) that was included in designing the loop region of 
lhRNA, which does not have any effect on silencing gene 
expressions. Therefore, it could be assumed that lhRNA 
designed in this study is effective only for silencing DENV 
transcripts but not for silencing Ae. aegypti transcripts. 
The size of lhRNA molecule designed in this study is 2117 bp 
and require synthesis. However, just by synthesizing the bases 
1 to 798 (Fig 09) and obtaining complementary region of this 
sequence in PCR by designing primers appropriately together 
with PCR amplifying AeCPA, and svA regions and combining 
them restriction digestion followed by ligation can cost-
effectively generate IhRNA molecule. 
In this study, attempts were not made to find the DNA 
sequences corresponding to 3xP3/EGFP/svA region [6] because 
the sequences for these regions could directly be obtained from 
the plasmid, pMos-3xP3DsRed-attP available in Addgene. The 
only difference that was found between DNA construct 
published [6] and the region above-mentioned was that former 
encodes for a protein which emits green fluorescence and the 
latter encodes a protein that emits red fluorescence. 
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c) 

 
 

Fig 09: The designed effector lhRNA molecule in this study. The construct showing different regions of lhRNA made up of siRNAs specific 
to different dengue virus serotypes (a).  The stem and loop structure of lhRNA molecule formed by complementary base paring of its sense and 
antisense regions (b). The sequence of designed lhRNA molecule (C), and the position 1 to 798-nt of the sequence is the region that corresponds 
to positive (+) strand of the stem structure, the position 799 to 874 is the region that corresponds to loop structure and the position 874 to 1672 is 
the region that corresponds to negative (-) strand sequence of the stem structure of lhRNA molecule. The spaces in the figure indicated by two 
arrows (at the top of the figure) are the sites of lhRNA molecule that are cleaved by the dicer enzyme and the regions between spacer are the 
designed siRNA sequences containing 21 nucleotides. 

 
4. Conclusion 
In this study, the unpublished sequences of previously 
published construct, AeCPA/Mnp+/i/Mnp-/svA and alternative 
promoter, Ae. aegypti vitellogenin A1 (AeVtA) promoter were 
found using bioinformatics tools. The promoter, AeVtA is an 
alternative promoter to AeCPA promoter as it also gets 
activated only after a blood meal in fat body of female Ae. 
aegypti [9] in contrast to AeCPA promoter which gets activated 
in the midgut epithelium of Ae. aegypti [6]. 
Since in this study the promoter sequences of AeCPA and 
AeVtA were identified, the effect of these promoters on 
siRNA mediated blocking of DENV replication in fat body 
and midgut epithelium of Ae. aegypti could be ascertained in 
developing transgenic mosquitoes resistant to DENV 
transmission. Further, in this study a method to construct a 
helper plasmid functionally similar to the pKhsp82MOS 
plasmid was described. Furthermore, in this study, the 

development of a new molecule, lhRNA that could be 
effective for all four SLDENV serotypes was described and 
even if this lhRNA molecule are to be cleaved by dicer 
enzyme in a random manner without sequence preference, 
which is not the case, will have a probability of 52.63% of 
siRNA molecules from the lhRNA to have homology that is 
required for the cleavage of target sites of the SLDENV 
genome of the respective serotype. Finally, it can be concluded 
lhRNA sequence designed in this study could trigger RNAi 
mechanism against every SLDENV serotype reported so far in 
the best and worst scenario of cleavage. 
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