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DESIGN BRIEF

Degradation of viral NS5 polymerase mRNA from
mosquito-borne diseases with engineered RNAi
AnishAnumakonda, Chethas Chittipiralla, Andrew Jiang, Sanel Lathiya, SarahManoj, Nila Prabhu, Smyan
Reddy, Rochan Saireddy, and Raghavan Swaminathan ■ Lambert High School, Suwanee, Georgia, UnitedStates of America
Reviewed on 9 May 2026; Accepted on 22 June 2026; Published on 26 October 2026Mosquito-borne diseases result in 390million infections annually, disproportionately affecting underprivilegedregions. Existing treatments are often expensive and inaccessible in low and middle-income regions, leavinglarge populations without reliable protection. Wolbachia pipientis is a maternally inherited endosymbiont thatreduces mosquito-vector competence by blocking virus replication and inducing cytoplasmic incompatibility.We engineer aWolbachia-compatible expressionplasmid to produceRNA targetingNS5 (Non-Structural 5) poly-merase mRNA to form a dsRNA complex. This triggers Dicer-2-mediated cleavage of viral transcripts acrossthree flaviviruses, with Saccharomyces cerevisiae serving as the proof-of-concept host for validating expressionandbindingof probe and target strands. First, we alignedNS5polymerase coding sequences of Zika, Dengue, andYellow Fever viruses to identify conserved regions across all three species, with candidate regions being evalu-ated using ViennaRNA’sWeb Services and Python API tominimize secondary structure formation andmaximizebinding probability. Our selected NS5 target sequence is used to produce a probe mRNA transcript in S. cere-
visiae (strain INVSc1). Upon annealing to the viral mRNA target, the resulting dsRNA duplex serves as a Dicer-2substrate, initiating RISC-mediated degradation of viral transcripts in a separate host organism complete withRNA interference (RNAi) pathways after validation of gene expression is finished in S. cerevisiae, as S. cerevisiaelacks RNAi machinery. We have engineered a superplasmid containing all three NS5 sequences and our probestrand that will be ordered from VectorBuilder. In the following months, lab work will include gene expressionand validation of binding, which will involve RT-qPCR and northern blotting, to assess viral mRNA degradationin S. cerevisiae. After successful expression validation, transfer to a suitable RNAi host (W. pipientis) can poten-tially be performed and protein functionality can be assessedwithwestern blotting andmass spectrometry. Theintegration ofWolbachia-based biocontrol with siRNA-mediated viral suppression offers a sustainable strategyfor flavivirus suppression in the face of rising insecticide resistance and climate change.
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commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.In 2025 alone, the World Mosquito Program re-ported 3.6 million Dengue cases and over 1,900deaths attributable to mosquito-borne diseases acrossdozens of countries (Jackson, 2025). Mosquito-bornediseases disproportionately affect poorer countriesin tropical areas, such as countries in sub-SaharanAfrica and South America (World Health Organization,2024). Figure 1 shows the Center for Disease Con-trol’s estimate of the Dengue threat levels across theworld in 2026, with a majority of the regions men-

tioned demonstrating low levels of development (CDC,2026). This image does not imply endorsement byCDC, ATSDR, HHS or theUnited States Government andis available on the CDC’s website free of charge.No approved antiviral treatment exists for Dengue;current clinical management is limited to supportivecare and analgesics, leaving severe cases with no tar-geted therapeutic option (CDC, 2024). Especially in se-vere cases, the lack of proper treatment presents itselfas a significant issue.
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Figure 1. Risk of contracting Dengue around the world. This image shows the risk of contracting Dengue at a
national scale of analysis. Countries where risk is higher are shaded darker. These regions are typically in less-
developed regions such as East Africa, South America, and the Indian subcontinent. Source: U.S. Centers for Disease
Prevention and Control (2026)

Much research has been ongoing about the useof W. pipientis to target mosquito-borne diseases.Currently, the World Mosquito Program engineersmosquitos with Wolbachia and attempts to releasethese mosquitos into the wild, as Wolbachia has beenknown to suppress mosquito-borne diseases such asDengue and Zika when present in mosquitos (WorldMosquito Program, 2011). However, surface-level vec-tor control and symptom management fail to addressviral replication directly. Hence, this design targetsNS5 (Non-Structural 5) polymerase, the driver of fla-vivirus genome replication, across Dengue (DENV2),Zika (ZIKV), and YellowFever viruses. We set target se-quences to require close identity across NS5 coding se-quences, which we validated using Clustal Omega andVienna RNA’s Folding Kinetics Web Services. Furtherbindingmetrics such as binding energywere evaluated

using ViennaRNA’s Python API, the specifics of whichwill be addressed in the following sections. Our de-sign targets themRNAcoding for viralNS5Polymerase,which is highly conserved among the aforementionedflaviruses, is responsible for the replication of viralstrands, and shares no significant homology with thehuman or S. cerevisiae transcriptome, minimizing therisk of off-target silencing (El Sahili et al., 2017). This isa critical safety consideration given that NS5 homologsare absent from vertebrate genomes. Using an episo-mal plasmid that is inserted into S. cerevisiae (proof-of-concept for W. pipientis, an endosymbiotic bacteriumin mosquitoes), a probe strand that binds to viral NS5mRNA will be expressed. This probe-target strandannealing produces a dsRNA complex recognized andcleaved by Dicer-2, initiating RISC assembly for tar-geted degradation of NS5 mRNA.
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Figure 2. Comprehensive diagram of ourWolbachia sys-
tem. This diagram shows our expression and binding
proof-of-concept that occurs in yeast (Steps 1, 2, and 3).
Step 4 will be performed in Wolbachia following valida-
tion of previous steps.

We predict that siRNA generated from this systemwill silence NS5 polymerase expression, directly halt-ing genome replication of Dengue, Zika, and YellowFever viruses within the mosquito host. This systemis designed to be hosted and expressed byW. pipientis,which is already known to suppress some viruses to acertain extent andprovides its hosts–mosquitoes–witha comparative advantage against organisms withoutthe endosymbiont. However, proof-of-concept valida-tion is performed in S. cerevisiae, being an ideal modelorganismwhich supports the first step of RNA interfer-ence (RNAi): modeling expression and binding of tar-get and probe genes as well as episomal plasmidmain-tenance, with Escherichia coli serving as the interme-diate propagation host. Of course, yeast lacks insect-specific Dicer-2, R2D2, and AGO2-RISC, which requirevalidation in host organisms completewith RNAi path-ways. In this design, yeast is primarily used to validateexpression of all genes prior to transformation into apotential host that comes with RNAi-specific proteinsto implement in mosquitoes. Once lab validation ofgene expression and binding has concluded, we planon transforming our system into W. pipientis, therebyeliminating the limitation of yeast not having an inher-ent RNAi pathway.
Systems levelThe system pictorially shown in Figure 2 is builtaround a yeast episomal shuttle plasmid (Vector-Builder pSC_Ex backbone), selected for its dual-originreplication, CUP1-inducible promoter, and URA3 se-lection marker compatible with S. cerevisiae. The plas-mid encodes the antisense strand complementary tothe conserved NS5 target sequence (5’ → 3’), driven by

the CUP1 Cu²⁺ - inducible promoter, and is propagatedin E. coli via ampicillin selection before yeast transfor-mation. Using RNA polymerase, the antisense of ourdouble-stranded DNA (3’ to 5’) will be transcribed tocreate an mRNA strand (5’ → 3’) identical to the senseof our double-stranded DNA, thus being highly com-plementary to the viral NS5 mRNA when aligned an-tiparallel (3’ → 5’). This will be followed by the bind-ing of the two highly complementary RNA strands, re-sulting in cleavage of the combined dsRNA strand byanticipating Dicer-2 and AGO2 proteins when extrapo-lated to an organismwith these RNAi-specific proteins,as one limitation of S. cerevisiae is its lack of RNAi-specific proteins such as Dicer-2 and AGO2 (Duman-Scheel, 2019).
Device level
Plasmid assembly and propagationUsing VectorBuilder, we expanded upon a yeast episo-mal plasmid that contains a yeast inducible promoterthat allows control over the expression of our probegene. We plan on ordering this plasmid transformedinto E. coli to propagate it using heat-shocking at 42°Cand incubation at 37°C before transfer to S. cerevisiae.Direct transformation into yeast is feasible if there arestable plasmid yield andpurity conditions. Once insideand propagated in yeast, we can perform selection toisolate the transformed bacteria.
RNA expression and protein functionOnce our plasmid has been assembled and trans-formed into a yeast cell, using RNApolymerase, wewillperform in vivo transcription of our custom gene of in-terest and model its interaction with viral NS5 mRNA.We hypothesize that—being highly complementary—the two strands will bind to create a double-strandedRNA. Of course, mere complementarity is insufficientto assess binding efficiency. Hence, we used Vien-naRNA’s Web Services and Python API to assess sec-ondary structure formation and binding thermody-namics. Following validation of gene expression andbinding in the lab, endogenous Dicer-2 recognizes thedsRNA duplex and processively cleaves it into ~21nt siRNA fragments, which are loaded into RISC toguide sequence-specific degradation of NS5 mRNA, allof which will be attempted inW. pipientis following ex-pression of genes.
Parts level
Sequence analysis/selectionThe first stage of the design involves determining thecorrect portion of the NS5 mRNA sequence to target.
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Analyzing the NS5 mRNA sequences of Yellow Fever(strain TN-96), Zika (strain MR-766), and Denguevirus Type-2 (strain Pecs/2003) from UniProt andGenBank, we identified four highly conserved regions,shown in Table 1. Their GenBank accession numbersare AF013417 (National Library of Medicine, 1998b),AF013415 (National Library of Medicine, 1998a), andAH013794 (National Library of Medicine, 2004) re-spectively.With Clustal Omega, we chose four 21 nucleotideregions in which commonalities were at a maximum.Strand 1 had an average complementarity rate of 89%across all three viruses, while Strands 2, 3, and 4 allhad an average complementarity rate of 81% acrossall three viruses (Madeira et al., 2024). Using Vien-naRNA’s Folding Kinetics Web Service, we modeledthe folding path of each probe mRNA strand once itwas transcribed from the corresponding DNA strand(Wuchty et al., 1999).RNAsubopt analysis (Figure 3) identified Strand 1 asoptimal (ViennaRNA, 2026a): it exhibited the fewestpredicted secondary structures (n = 6) within an 8kcal/mol window above the minimum free energy, in-dicating low conformational variance and high acces-sibility for mRNA base-pairing (Lorenz et al., 2011).With fewer possible structures, we have a probabilis-tically favorable system that can be implemented withthe least possible variability. For context, Strand 2 ex-hibited 10 secondary structures within an 8 kcal/molwindow (ViennaRNA, 2026b); Strand 3 exhibited 57secondary structures within a 40 kcal/mol window(ViennaRNA, 2026c); and Strand 4 exhibited 7 sec-ondary structures within a 40 kcal/mol window (Vi-ennaRNA, 2026d).After ensuring proper RNA structure of our selectedprobe strand, we modeled the interactions betweenthe target NS5mRNAand our customprobe strand, thecentral focus of this proof-of-concept, by first analyz-ing the thermodynamics of the binding. Using Vien-naRNA’s Python API Package, translating directly fromtheir C-library documentation, we created a pythonscript to model the binding structure and energy be-tween the probe strand and each NS5 mRNA (Swami-nathan et al., 2026), the code of which is shown in Fig-ure 4. Specifically, we used the ViennaRNA python li-brary and the RNA module from the main ViennaRNAPackage (Bernhart et al., 2005). Running our code foreach of the three interactions separately, we identifiedbinding energies of -324.1 kcal/mol between Zika andthe probe, -434.1 kcal/mol between Dengue and theprobe, and -361.3 kcal/mol between Yellow Fever andtheprobe (Swaminathanet al., 2026). All code is storedin a public GitHub repository (see References). Thenegative energy values with high magnitudes indicate

an extremely stable RNA complex that forms sponta-neously as well as the change in the energy state of thestrands before and after binding. A significant dropin energy is suggestive of a much more stable statethan that before binding, increasing the probability ofstrand binding (Chaurasiya et al., 2010).Using this python script, we determined that thereexists a thermodynamically stabler state (release of en-ergy) for hydrogen bonds to form. The interaction be-tween the probe and target strand is shown in Figure5, along with stable hydrogen bonds (Pettersen et al.,2020). Figure 5 was created with UCSF ChimeraX, de-veloped by the Resource for Biocomputing, Visualiza-tion, and Informatics at the University of California,San Francisco, with support from NIH R01-GM129325and the Office of Cyber Infrastructure and Computa-tional Biology, National Institute of Allergy and Infec-tious Diseases. Both Figure 4 and Figure 5 indicate astable dsRNA complex that is likely to form.
Plasmid designAs shown in the previous section, Strand 1 was identi-fied as optimal across all tests including complemen-tarity, secondary structure formation, energy rangeabove MFE, and binding energy.The next phase involves the design of our plasmid,which will be inserted into and propagated through E.
coli before being transferred to S. cerevisiae. Our plas-mid uses a yeast episomal plasmid from VectorBuilder(VectorBuilder, n.d.). The annotated plasmid map isshown in Figure 6.This plasmid contains a CUP1 promoter, which trig-gers a high-level transcription of our gene of interestwhen in the presence of highly soluble Cu(II)SO4 (Vec-torBuilder, n.d.). The ampicillin-resistant gene will en-sure that our plasmid will be sustained when puri-fying our culture in E. coli. Next, the pUC origin ofreplication facilitates replication in E. coli, and follow-ing transfer to S. cerevisiae, the 2µ origin of replica-tion permits maintenance in yeast, the host of our sys-tem. Furthermore, to isolate the specific yeast cellsthat have been transformed to host our plasmid, theorotidine-5’-phosphate decarboxylase (URA3) gene isexpressed, which permits yeast transformant selection(VectorBuilder, n.d.). Finally, the CYC1 terminator willbe employed to finish transcription and stabilize theexpressed mRNA.
SafetyOur proposed system is designed with safety as a pri-mary consideration during construction and testing.All recombinant DNA work will be conducted underBSL-1 conditions using non-pathogenic E. coli (DH5α)
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Table 1Sequence selection using NCBI databases and Clustal Omega
ConservedGenBank Sequence(cDNA Sense 5’ → 3’)

ConservedGenBank Sequence(cDNA Antisense 3’→ 5’)
Target mRNAExpressed by Virus(RNA 5’ → 3’) Reversed ProbemRNA Expressedby Plasmid (RNA 3’→ 5’)

Probe mRNAExpressed byPlasmid (RNA 5’ →3’)
Sequence inPlasmid (cDNA)

ATGGGAAAGGTTAGGAAAGAC D: 100% - 631-651 Z: 95% - 673-693 Y: 71% - 679-699 Avg:89%
TACCCTTTCCAATCCTTTCTG AUGGGAAAGGUUAGGAAAGAC UACCCUUUCCAAUCCUUUCUG GUCUUUCCUAACCUUUCCCAU 5’ - GTCTTTCCTAACCTTTCCCAT - 3’ 3’ - CAGAAAGGATTGGAAAGGGTA - 5’

GTTAGGAAAGACACACAGGAG D: 81%- 640-660 Z: 100%- 684-704 Y: 62% -690-710 Avg: 81%
CAATCCTTTCTGTGTGTCCTC GUUAGGAAAGACACACAGGAC CAAUCCUUUCUGUGUGUCCUC CUCCUGUGUGUCUUUCCUAAC 5’ - CTCCTGTGTGTCTTTCCTAAC - 3’ 3’ - GAGGACACACAGAAAGGATTG - 5’GGGAGTGGACAAGTTGTCACT D: 81%- 377-397 Z: 100%- 421-441 Y: 62% -427-447 Avg: 81%
CCCTCACCTGTTCAACAGTGA GGGAGUGGACAAGUUGUCACU CCCUCACCUGUUCAACAGUGA AGUGACAACUUGUCCACUCCC 5’ - AGTGACAACTTGTCCACTCCC - 3’ 3’ - TCACTGTTGAACAGGTGAGGG - 5’GGATGGAGCAATTGGGAAGAA D: 76%- 674-694 Z: 100%- 718-738 Y: 67% -724-744 Avg: 81%
CCTACCTCGTTAACCCTTCTT GGAUGGAGCAAUUGGGAAGAA CCUACCUCGUUAACCCUUCUU UUCUUCCCAAUUGCUCCAUCC 5’ - TTCTTCCCAATTGCTCCATCC - 3’ 3’ - AAGAAGGGTTAACGAGGTAGG - 5’

Note.—The table shows conserved cDNA sequences from GenBank converted to mRNA target strands, along with projected plasmid-expressed
mRNA probe strands. Column 1 provides sequences with complementarity percentages and genomic coordinates (D Dengue, Z Zika, Y Yellow
fever, Avg Average Complementarity). Columns 4 and 5 are mirror images of each other in order to synthesize an mRNA strand that, when
aligned antiparallel to viral NS5 mRNA, will be complementary and ready to bind.

Figure 3. Statistics on strand efficiency from ViennaRNA’s Folding Kinetics Web Service. Graph showing predicted
number of secondary structures and energy range above minimum free energy for each strand (Hofacker, 1994).
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Figure 4. Custom Python script modeling binding energy between two strands using ViennaRNA’s Python package.
This code shows the custom Python script created tomodel binding energy between two strands. This specific input
shows the sequence for Zika alongside the probe sequence and is one of the three such inputs modeling interaction.

and S. cerevisiae strains, in compliance with NIH rDNAguidelines and institutional biosafety protocols. All ex-periments will be conducted under controlled lab set-tings to prevent accidents. Field deployment wouldrequire regulatory review under EPA FIFRA and WHOvector control guidelines, with controlled environmen-tal release trials to assess ecological impact before anylarge-scale application.UsingWolbachia to modify entire mosquito popula-tions definitely has its risks, and carefulmeasures needto be undertaken to limit ecological and environmen-tal impact. For example, mutations in viral genomesand/or the probe strand sequences can cause unin-tended consequences and may result in viruses devel-oping new forms of resistance (Duffy, 2018). Propercaremust be takenwhenhandling viral genomes to en-sure that further mutations are not caused while test-ing that could potentially spread to other mosquitoes.

Furthermore, while handling infected mosquitoes out-side of BSL-1 conditions, proper care and containmentis required to ensure that local epidemics are not unin-tentionally caused.
DiscussionsOur team’s original plan was to create an RNAi sys-tem that could be implemented in W. pipientis. Dueto its inaccessible nature in our position and the vastscope of our project, we started out by creating a proof-of-concept to first model the expression of our genesas well as the interaction that results between them.Creating a proof-of-concept and outlining our systemproved effective, as we were able to perform qualityresearch in identifying potential conserved strands totarget and modeling efficiency. In that manner, weachieved our goal of outlining a viable solution to theproblem that mosquito-borne diseases pose. We now
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Figure 5. ChimeraX model showing interaction between
probe and target strands. This ChimeraX model shows
the interaction between the probe strand (white) and
the target strand (dark blue) to create a dsRNA com-
plex. The specific target shown here is Zika. Hydrogen
bonds connecting the two strands are shown as light
green dashed lines.

Figure 6. Episomal plasmid template from Vector-
Builder. Image shows the yeast episomal base plasmid
used for basic expression of the probe gene.

plan on performing the second stage of this project:validating our proof-of-concept in the lab.Using S. cerevisiae as a proof-of-concept host cer-tainly has its limitations, the main one being the lackof inherent RNAi-specific proteins. The most commonway to surpass this is to transform S. cerevisiae withan episomal plasmid containing the genes to expressDicer-2 and AGO2 (Chen et al., 2020). However, withsuch a vast scope, the first stepwas to validatemere ex-pression of target NS5 genes and custom probe genesas well as their binding. This step is extremely cru-cial and dictates whether an RNAi system can be im-

plemented in any organism to target mosquito-bornediseases. Research has been ongoing on inserting pure
Wolbachia into mosquitoes, as their presence natu-rally defends mosquitoes against viruses like Zika andDengue (Terradas et al., 2017). However, this projecttakes Wolbachia’s function a step further, analyzinghow this intrinsic quality can be combined with thewonders of RNA interference to make mosquito-bornedisease-targeting even more effective. Implementingour design in Wolbachia has the potential to targetmosquito-borne diseases at a scale many times largerthan what is currently being done.
Next Steps/Ongoing LabworkOur goal was to use Wolbachia to target mosquito-borne diseases. However, the immediate experimentalpriority is validating probe strand expression via RT-qPCRand confirmingdsRNAduplex formation throughnorthern blotting in S. cerevisiae. Hence, we assem-bled all genes into one plasmid. To conserve resources,we built on the existing episomal plasmid that containsour custom insert to include the 3 NS5 genes of Yel-low Fever, Zika, and Dengue, each with its own expres-sion system. We plan to order this consolidated plas-mid for sequential induction experiments, first con-firming individual NS5 gene expression under GAL1,MET17, and AOX1, then co-inducing with the CUP1-driven probe strand and assessing binding efficiencyby RT-qPCR and northern blotting.This “superplasmid,” shown in Figure 7, contains allthe interacting pieces of DNA that, in the real world,would come from different sources (i.e., the virus, theyeast), but are being consolidated when testing.Being a 12,154-nucleotide-long plasmid, our exper-imental plasmid contains four systems in one (Swami-nathan et al., 2026). The first system (blue) consistsof our probe gene, accompanied by a CUP1 promoter,which is induced in the presence of copper ions, and aCYC1 terminator. The second system is composed ofthe NS5 gene for Yellow Fever (strain TN-96 - red), ex-pression of which is initiated by the GAL1 promoter inthe presence of galactose; a Kozak sequence for stabil-ity in translation; aswell as a CYC1 terminator identicalto the previous system. The other two systems of Zika(strainMR-766 - green) andDengue (strain Pecs/2003- orange) are identical to the Yellow Fever system: theyeach contain a yeast inducible promoter, a commonKozak sequence, their respective NS5 gene insert, anda CYC1 terminator. However, Zika’s system utilizes theMET17 promoter, induced in the presence of methion-ine, and Dengue’s uses the AOX1 promoter, induced inthe presence of methanol.In the lab, we plan on expressing these genes both
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Figure 7. Experimental superplasmid designed for in-lab expression of all genes. This superplasmid is designed us-
ing VectorBee software owned by VectorBuilder. We plan on ordering this plasmid from VectorBuilder transformed
into E. coli and will express each system separately in the lab.

individually and together. Once gene expression hasbeen validated in the lab, we hope to copy our systemintoW. pipientis, a different host organism that can beengineered to support RNAi pathways while naturallytargeting mosquito-borne diseases, which would fur-ther the effectiveness of targeting viruses. First, wewill install RNAi machinery and cause W. pipientis toexpress Dicer-2 and AGO2 proteins under constitutivepromoters. Following this, we will transform our plas-mid containing the probe gene and express it under aninducible promoter. This will be followed by valida-tion of Dicer-2 and AGO2 protein functionality usingmass spectrometry and western blotting. Ultimately,

wewould like to collaborate with other researchers onfinding a promising way to implement this RNAi sys-tem in W. pipientis, a naturally thriving bacterium inmosquitoes already working against mosquito-bornediseases. Using a self-sustaining bacterium such as
Wolbachia reduces the need for multiple expensiveclinical trials in the lab if ourRNAi systemcanbe imple-mented in it. However, further research is necessary as
Wolbachia is extremely hard to culture outside of hostcells and transforming Wolbachia poses a major chal-lenge, but the combination ofWolbachia’s inherent an-tiviral qualities and a potential RNAi pathway can de-crease mosquito-borne diseases by a much more sig-
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nificant amount (Sucupira et al., 2020), andwe hope tocontinue researching on the RNAi capabilities of Wol-
bachia.
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