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Coronavirus-2
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Abstract

SARS-CoV-2 is the virus responsible for the COVID-19 pandemic. As the 2019 coronavirus disease continues 
to spread, it will be useful to have as many effective treatment options as possible. This research has the 
potential to create a siRNA treatment that is safe, effective, and practical in design and administration; 192 
siRNAs were designed to target conserved regions of the SARS-CoV-2 genome. The first aim of this study is 
to confirm, via sequence analysis, that these target sites have remained highly conserved over the course 
of the pandemic. Multiple sequence alignments were generated for the first half of 30,312 full SARS-CoV-2 
genomes, which were averaged and compared with the Wuhan-Hu-1 reference genome. Most target sites 
maintained a very high level of conservation, suggesting that potential repressor siRNAs could be effective 
in a majority of infected individuals. To evaluate the efficacy of the 192 test siRNAs, we cloned sections of 
the SARS-CoV-2 RNA genome into GFP fusion genes. Some of these constructs were transfected in different 
conditions to set up a screening assay based on GFP expression. Preliminary data on the setup of this GFP 
reporter assay show that the M, N, E, ORF8, and ORF10 constructs produced a good GFP signal, whereas the 
S, F1, F2 and F3 constructs did not produce a sufficiently strong GFP signal to detect above background. In 
a preliminary experiment, we evaluated siRNAs targeting the M, N, and E open reading frames and found 
some to be efficacious. Future directions for this project include generating alignments of the second half 
of the SARS-CoV-2 genome for a complete sequence conservation estimate, and cell metabolism assays 
for supplementing visual observations of siRNA toxicity, optimization of GFP readout, and screening of all 
designed siRNAs.

Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by a 
newly discovered strain of coronavirus: severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2). SARS-CoV-2 is unlike common human 
coronaviruses (e.g., 229E alpha coronavirus, OC43 beta coronavirus) 
which cause the common cold. (1) However, SARS-CoV-2 is genetically 
related to SARS-CoV, the virus behind the first threat of a coronavirus 
pandemic in 2003. (2) Coronaviruses are transmitted when individuals are 
in close proximity. When people are within approximately 6 feet, respira-
tory droplets produced by an infected individual (e.g., through coughing, 
sneezing, talking) can be inhaled into the nose, mouth, airways, and lungs 
of an uninfected individual. This is believed to be the major way the virus 
spreads. (3)

Coronaviruses are enveloped, non-segmented, and positive-sensed dou-
ble-stranded RNA (dsRNA) viruses. They are the largest group of viruses 
in the Nidovirales order, of the family Coronaviridae, and can be classified 
into four genera: Alphacoronavirus, Betacoronavirus, Gammacoronavi-
rus, and Deltacoronavirus. (4) Coronaviruses possess large RNA genomes 
whose sizes range from approximately 26 to 33 kilobases (kb) and include 
a variable number (from 6 to 11) of open reading frames (ORFs). (5) The 
coronaviral genome encodes four major structural proteins: the spike sur-
face glycoprotein (S), small envelope protein (E), matrix protein (M), and 
nucleocapsid protein (N). (4) The spike protein plays an essential role in 
binding angiotensin-converting enzyme 2 (ACE2) or CD209L receptors 
on the host cell and determines host tropism. (6, 7) 

Our research aims to use RNA interference (RNAi) as a tool to combat the 
spread of COVID-19. Also known as Post-Transcriptional Gene Silencing 
(PTGS), RNAi is a conserved biological pathway among eukaryotes. This 
mechanism involves small RNAs (fewer than 30 bases long) with charac-
teristic two-nucleotide 3' overhangs which allow them to be recognized by 
RNAi enzymatic machinery. (8) In some organisms, RNAi is triggered by 
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double-stranded RNAs (dsRNA) of viral origin that lead to homology-de-
pendent targeting of the foreign RNAs. In mammalian cells, the RNAi 
pathway is primarily responsible for the regulation of genes by microRNAs 
(miRNAs), which direct the RNAi machinery to repress the translation of 
several target genes. RNAi is also used to target specific genes for degra-
dation by introducing artificially designed, 19-nucleotide short interfer-
ing RNAs (siRNAs) into mammalian cells. siRNAs are typically made to 
resemble the cleavage products of double stranded RNA by the RNase III 
endonuclease Dicer. (9) Once introduced into a cell, siRNAs are loaded 
into the RNA-induced silencing complex (RISC). (10) The argonaute-2 
(Ago-2) protein uses its endonuclease activity to cleave and release the siR-
NA “passenger” strand, activating the RISC. The remaining single-strand-
ed “guide” RNA molecule allows target specificity by intermolecular base 
pairing, resulting in the cleavage of the target RNA by Ago2. (11) siRNAs 
represent promising drugs against viral infections as they can be rapid-
ly designed and manufactured and lyophilized for long-term storage and 
transport. (12) Lastly, siRNAs are attractive drug candidates against SARS-
CoV-2 because their delivery into lungs by intranasal administration has 
been proven effective in clinical studies for other respiratory viruses, such 
as RSV. (13) siRNAs were also effective in monkeys infected with SARS-
CoV. (14)

The threat on global health posed by SARS-CoV-2 highlights the need to 
develop of a multitude of treatments. Given that RNA interference could 
be used as a novel COVID-19 therapy, our first step was to find conserved 
target sites in the SARS-CoV-2 genome suitable for small interfering 
RNAs (siRNAs) through genetic sequence analysis. The design of siRNAs 
involves identifying targets in viral genomes that are conserved across all 
circulating strains of the virus-of-interest, as siRNA activity is dependent 
on accurate base pairing with the target sequence in the given virus. One 
way to identify conserved target sites is to generate sequence alignments 
of all available CoV-2 genomes and calculate the percent conservation of 
each possible 19-base siRNA target. This approach has been previously op-
timized for the design of clinically relevant ribozymes targeting HIV RNA. 
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(15) In the current literature, few studies focus specifically on siRNAs’ ef-
ficacy against coronaviruses by targeting subgenomic RNAs (sgRNAs) as
opposed to target the open reading frame 1 (ORF1). Hence, in this study,
we designed and evaluated the efficiency of novel siRNAs targeting differ-
ent regions of SARS-CoV-2. Specifically, our study aims to determine siR-
NA target sites within the SARS-CoV-2 ORF1a, ORF1b, and eight sgRNAs 
via sequence conservation and evolutionary conservation. We hypothesize 
that targeting accessible and conserved sites within the SARS-CoV-2 ge-
nome will identify efficacious siRNAs against COVID-19.

Methods

SARS-CoV-2 Sequence Conservation Estimates

The sequence alignment tool on NCBI Virus was used to generate se-
quence FASTA alignments containing all complete SARS-CoV-2 genome 
sequences (30,312 at the time of analysis). The accession number for the 
reference strain is NC_045512.1. FASTA files were imported into Jalview 
alignment editor (version 2.11.1.3), which was used to calculate the con-
servation percentage for each nucleotide within the selected target site 
(expressed as the percentage of sequences containing the consensus nu-
cleotide at each position). A histogram representing the percent (%) of 
conservation for each nucleotide in the alignment with reference to the 
consensus nucleotide was then generated. This annotation was exported as 
a CSV (Spreadsheet), saved as a .txt extension, and imported as a comma 
delimited file into Microsoft Excel. The data was transposed from rows 
into columns, and the average conservation was characterized.

Cell Culture

HEK293T cells and VeroE6 (ATCC) cells were maintained in DMEM with 
high glucose (HyClone) supplemented with 10% fetal bovine serum (FBS) 
(HyClone), 50 U/mL penicillin, and 50 μg/mL streptomycin (Life Tech-
nologies). 

Cell Plating and Transfections

For transfections of GFP expression plasmids, a master mix was created 
using 1 uL TransIT-LT1 DNA Transfection Reagent (Mirus Bio), diluted 
in 39 uL opti-MEM. The mix was added to DNA at different amounts, and 
this mixture rested for 15 minutes and was added over top of pre-plated 
cells at 1.40 × 105 cells/mL at a volume of 100 μL per well in a black-bot-
tom 96-well plate. Clear-bottom plates were used for microscopy. Reverse 
transfection with non-targeting siRNAs and targeting siRNAs were also 
performed with 4 μL of 5 μm siRNA in 16 μL OptiMEM was added to 
60 wells of a black-bottom plate. A master mix was made using 0.3 μL 
of RNAi MAX transfection reagent and 19.7 μL OPTI-MEM, and 20 μL 
was added to the siRNA dilutions. Cells were seeded after 15 minutes at 
1.40 × 105 cells/mL 24 h prior to DNA transfection at a volume of 100 μL 
per well. After 24 h, GFP transfections were performed as above. The 36 
border wells of the plate were seeded with 100 μL PBS. Plates were read 48 
h after GFP transfection on a BioTek Instruments Synergy 4 Multi-Detec-
tion Microplate Reader. Fluorometer readings were detected at an exci-
tation of 485 nm and an emission of 515 nm.

Results

Design of siRNAs targeting SARS-CoV-2 RNA and construction of GFP 
reporter constructs

In these experiments, we aimed to identify siRNAs targeting SARS-CoV-2 
RNA which could potently inhibit viral replication. We designed siRNAs 
against conserved regions of the SARS-CoV-2 genome, and reporter con-
structs linking different regions of the RNA genome to GFP reporter se-
quences were produced. To confirm that the identified siRNA target sites 

remained conserved as the pandemic progresses, all available and com-
plete SARS-CoV-2 sequences (collected between January 12, 2020 to Oc-
tober 23, 2020) were subject to multiple sequence alignment using NCBI 
Virus and analysed for nucleotide conservation with Jalview. Microsoft 
Excel was used to calculate sequence homology for the first half of the 
SARS-CoV-2 genome. The selected siRNA target sites are illustrated in 
Fig. 1.

Every site we selected is highly conserved across SARS-CoV-2 genomes, 
but those indicated with a red arrow in Fig. 1 are also highly conserved in 
various related coronaviruses infecting bats and humans. These target sites 
might be important for several coronaviruses and are less likely to mutate. 
The target sites indicated by blue arrows in Fig 1. are predicted to be un-
structured, though still highly conserved across SARS-CoV-2 genomes. 
We chose 96 target sites (number of wells in a 96-well plate), of which 40 
target areas are indicated by red arrows and 56 target regions are indicated 
by blue arrows (Fig. 1). These target sites were selected by eliminating  siR-
NAs having target sites with partial homology to the human transcriptome 
(one of the potential off-target effects of siRNA) using GGGenome, a web-
based application which helps identify targeting mismatches in the human 
transcriptome.(16) An i-Score (inhibitory-Score) was also used to predict 
which siRNAs would be highly active based on their RNA sequences (e.g., 
thermostability of siRNA duplex, presence of G/C nucleotides and A/T 
stretches on the antisense strand). The i-Score was generated from a web-
based siRNA-designing algorithm created through observation of siRNAs 
in HEK293 cells.(17) Another 96 siRNAs were designed by Thermo Fisher 
to make up a total of 192 test siRNAs.

Available complete SARS-CoV-2 sequences show high percentage 
conservation as compared to various candidate siRNA sequences

After we determined the SARS-CoV-2 sequence homology at the nucleo-
tide level, the average percent nucleotide identity between the first half of 
all available NCBI SARS-CoV-2 genomes and the SARS-CoV-2 consensus 
sequence was compared with the 19-nucleotide siRNA target sites iden-
tified from  the first half of the genome. We did this to confirm that the 
siRNA target sites we selected are conserved as the pandemic progresses. 
So far, all siRNA target sites evaluated have remained highly conserved. As 
an example, the conservation at the nucleotide level of three siRNA target 
sites within the RNA coding for the nsp2, proteinase, and RDRP proteins 
located in ORF1 are shown (Fig. 2). A 19-nucleotide sequence that has not 
remained conserved is also shown as an example of what would be a poor 
siRNA target site.

Fluorescence readouts from GFP transfections show greater detection 
in HEK293T cells than in VeroE6 cells 

Given the putative conserved regions that will be targeted for siRNA si-
lencing, the next step was to develop a method to test if the siRNAs are 
effective at marking the SARS-CoV-2 gene target for degradation. We 
chose green fluorescent protein (GFP) to report the efficacy of the targeted 
degradation because of its simple tracking method. If a given siRNA is 
effective, it will decrease GFP fluorescence. In other words, the designed 
siRNAs should target the SARS-CoV-2 RNA that is also linked to the GFP 
RNA. As such, when the SARS-CoV-2 RNA is degraded, the GFP RNA 

Figure 1. Target sites for siRNAs identified by sequence con-
servation and RNA structure analysis. The number of siRNAs 
identified for each target region are illustrated under the 
SARS-CoV-2 genome. The different open reading frames (in 
red) of the genome are shown, over the full-length RNA (in 
grey). Red arrows indicate regions that are highly conserved 
across SARS-CoV-2 genomes and related coronaviruses (40 
siRNAs). Blue arrows indicate regions that are conserved 
across SARS-CoV-2 genomes and are predicted to be unstruc-
tured (56 siRNAs). 96 siRNAs were also designed by Thermo 

Fisher (target sites not shown).
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will also be destroyed, and the GFP will not be expressed. GFP fluores-
cence readouts can thus be used as a measure of siRNA efficacy in target-
ing chosen RNA segments of SARS-CoV-2. We divided the SARS-CoV-2 
genome into seven fragment templates (using fragments obtained from 
Xie and colleagues), from which primers were designed to place them 
in frame ahead of the GFP sequence.(18) Each of the subgenomic open 
reading frames (S, 3a, E, M, 6, 7ab, 8, N) and the large ORF1ab (which 
was divided into five fragments; F1–F5) was inserted. Relative fluorescent 
units (RFUs) for serial dilutions of the majority sgRNAs in VeroE6 cells re-
mained lower than those seen in HEK293T cells. Transfection into VeroE6 
cells (Fig. 3) exhibited low detectable GFP fluorescence signal, with 3,611 
RFU detected at 250 ng of transfected DNA, and 3,603 RFU detected at 
125 ng for the empty construct. In contrast, 10,606 RFU was detected at 

250 ng and 6,203 RFU was detected at 125 ng for the empty construct, in 
HEK293T cells (Fig. 4). 

Preliminary reverse transfection of HEK293T cells shows no toxicity to 
transfection reagent or to non-targeting siRNAs

To confirm that an siRNA did not produce toxic effects on the cells, we per-
formed reverse transfection using negative-control siRNAs in HEK293T 
cells (Fig. 5). As show in Fig. 5, no conclusive differences in the viability 
or morphology of the cells were detected in the four transfection condi-
tions: 1) no treatment, 2) treated with only the RNA transfection reagent, 
3) treated with the RNA transfection reagent and the first non-targeting
siRNA (siRNA1), and 4) treated with the RNA transfection reagent and
the second non-targeting siRNA (siRNA2).

However, a few rounded cells and flat cells were found from cultures treat-
ed with RNAi max + siRNA1&2, compared to cells given no treatment. 
These results might indicate stress or an alternative effect on the cells.

Preliminary reverse transfection of HEK293T cells with targeting siR-
NAs identifies some efficacious siRNAs against the M, N, and E open 
reading frames

To identify effective siRNAs and confirm that our GFP assay can be used 
for siRNAs screening, we performed reverse transfection of siRNAs tar-
geting the M, N, and E open reading frames and transfected the respective 
GFP-tagged open reading frames (Fig 6.). In subsequent experiments, all 
the other siRNAs will be screened once every construct expresses signifi-
cant GFP signal.

Discussion

This research has the potential to create a safe and effective treatment 
against COVID-19. siRNAs targeting viruses have been studied preclin-
ically for strains of Ebola and Marburg viruses in monkeys. (19-21) Addi-
tionally, three siRNAs (ARB-1740) were effective against Hepatitis B virus 
in human cells and are currently in clinical trials for the cure of chronic 
HBV infection. (22) To identify optimal siRNA target sites in coronavirus 
genomes, siRNAs against SARS-CoV-2 in particular, we examined the 

Figure 2. Sequence conservation of partial SARS-CoV-2 ge-
nome compared to candidate siRNAs. Percent conservation 
is shown on the vertical axis, while each nucleotide of the 
19-nucleotide siRNA candidate sequence is shown on the
horizontal axis. Real sequences are not shown for proprietary 
reasons. The upper left-hand panel provides an example of a 
poorly conserved target site, while the remaining three pan-
els represent the targets site within the RNA coding for nsp2, 

proteinase, and RDRP, respectively.

Figure 3. Graphical representation of GFP fluorescence read-
out in VeroE6 cells. GFP test showing RFUs in VeroE6 cells ob-
tained with BioTek Synergy 4 plate reader (Excitation: 485 nm; 
Emission: 515 nm) after transfection of each GFP construct, 

cloned at decreasing doses.

Figure 4. Graphical representation of GFP fluorescence read-
out in HEK293T cells. GFP test showing RFUs in HEK293T cells 
obtained with BioTek Synergy 4 plate reader (Excitation: 485 
nm; Emission: 515 nm) after transfection of each GFP con-

struct, cloned at decreasing doses.

Figure 5. HEK 293T cells reverse transfected with non-target-
ing siRNAs after 24 h. Four reverse transfection conditions 
tested in HEK293T cells: no treatment, treated only with the 
RNAi MAX transfection reagent (RNAi max), treated with the 
RNA transfection reagent and scrambled siRNA1 (RNAi max + 
siRNA1), and treated with the RNA transfection reagent and 

scrambled siRNA2 (RNAi max + siRNA2).
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conservation of all available sequences to evaluate homology and  com-
pared it to a limited number of candidate siRNAs. We cultured and plated 
two cell lines (VeroE6 andHEK293T) to test for siRNA efficacy and safety. 
Through this study, it was found that the target sites of all chosen siRNAs 
targeting the first half of the of the SARS-CoV-2 genome were conserved 
across all available circulating strains (examples shown in Fig 2). Confirm-
ing that the 19 nucleotides of the designed siRNAs were highly conserved 
within the target sequence in the SARS-CoV-2 reference genome was crit-
ical because siRNA activity relies on successful base pairing. Our study 
also supported that VeroE6 cells and HEK293T cells can be transfected 
with GFP-tagged SARS-CoV-2 RNA constructs. Measuring GFP fluores-
cence readouts informed the optimal concentration of  GFP mRNA for 
screening so that, the chosen concentration produces a strong GFP fluo-
rescence signal without saturating the potential inhibitory effects of siR-
NAs.  In preparation for reverse transfection, HEK293T cells were reverse 
transfected with non-targeting siRNAs, although the results surrounding 
toxicity is still inconclusive. Reverse transfection with VeroE6 cells was 
not performed because the GFP fluorescence was not as strong. Lastly, we 
conducted reverse transfection of HEK293T cells with targeting siRNAs.

We compared the conservation of siRNA candidate target sites using 
methods developed to calculate sequence conservation. As the pandemic 
progresses, this method can be updated with emerging sequences to verify 
that all siRNA target sites remain highly conserved in circulating strains of 
SARS-CoV-2. This data can also be used to identify new target sites, given 
that poorly conserved target sites can be easily excluded based on percent 
homology characteristics (Fig. 2). A recent study by Gilead Sciences used 
over 90,000 SARS-CoV-2 sequences isolated from clinics worldwide  to 
analyze genetic diversity in the RNA replication complex in the context 
of potential SARS-CoV-2 genetic diversification impacting Remdesivir 
(RDV) efficacy as the virus spreads over time. (23) The researchers ob-
served low genetic sequence variation; the high genetic stability of certain 
parts of the SARS-CoV-2 genome over time supports the prediction and 
hope for a minimal global risk of SARS-CoV-2 resistance to RDV. We em-
ployed the same idea to test for the entire first half of the SARS-CoV-2 ge-
nome in the context of siRNAs rather than RDV. While evidence suggests 
that the SARS-CoV-2 virus has remained genetically stable between Jan-
uary 12 and October 23 of 2020 (period for which NCBI Virus sequenc-
es were taken), there have been reports about the SARS-CoV-2 B.1.1.7 
variant carrying deletions (69-70del) and mutations (N501Y, P681H) in 

the spike protein, resulting in increased virus infectivity and yield in hu-
man lung epithelial cells and primary airway tissue.(24) This enhanced 
transmissibility may imply that preventive measures against the original 
Wuhan-Hu-1 coronavirus reference genome may only be partly effective 
against new strains. Nevertheless, we have calculated that the UK B.1.1.7 
lineage shared over 99.8% nucleotide identity with the original Wu-
han-Hu-1 reference genome, and only three of our 192 siRNA target sites 
are altered in this lineage. More SARS-CoV-2 whole genome sequencing, 
genomic epidemiology, and collaboration for global surveillance will con-
tribute to a better understanding of the speed and extent of mutations. (25) 
Our sequence conservation analysis is limited because only the first half 
of the SARS-CoV-2 genome was analysed due to the number of columns 
which can be created in Microsoft Excel. Another point worth mentioning 
is that two sequences did not align at the same nucleotide; coming from 
the same source, these two CoV-2 sequences were missing four nucleo-
tides at the start of the sequence compared to the reference genome. We 
have now identified a method to analyze the second half of the genome 
independently and are calculating sequence conservation for the whole 
genome.

We performed two GFP tests, in VeroE6 cells (African Green Monkey kid-
ney epithelial cell line) and HEK293T cells (Human embryonic kidney cell 
line). While the fluorescence readouts are similar in both cell lines, only 
HEK293T cells were used in subsequent reverse transfection experiments 
because there was little detectable signal obtained with the plate reader 
for some of the constructs in VeroE6 cells (Fig. 3). In both cell lines, the S, 
F1, F2 and F3 constructs did not produce a sufficiently strong GFP signal 
comparing to the background (Fig. 4). This weak signal can be caused by 
the large size of the segments (S, F1–F3). In future experiments, these con-
structs will be cloned into smaller fragments. The inserts (S, F1–F3) were 
also Sanger sequenced to confirm that the RNA is in frame with the GFP, 
eliminating out of frame cloning as a source of error. We hope to deter-
mine the lowest GFP dose that relays a good fluorescent signal.  If the dose 
is above the GFP saturation limit, then it is harder for an introduced siR-
NA to decrease the signal from the overly abundant GFP mRNA. Hence, 
our goal was to determine the GFP doses which would eventually be used 
to screen siRNAs. The fact that only one independent experiment with 
two replicates was performed in each cell line presents a limitation and 
this experiment will be replicated to achieve a greater accuracy of results. 
One potential disadvantage of this technique is that no amplification of 
fluorescent signal using GFP occurs. Alternative reporter assays can also 
be used: the SARS-CoV-2 gene fragments can be fused with a luciferase 
reporter gene to produce better detection via the luciferase enzymatic re-
action, which has been used recently in siRNAs silencing SARS-CoV-2 
reporter constructs. (26)

Lastly, we performed early reverse transfection experiments. The first 
set of experiments provided data on HEK293T cells twenty-four hours 
after setting four conditions for negative control screening (Fig. 5). Two 
non-targeting siRNAs (scrambled siRNAs that do not target the SARS-
CoV-2 genome) were used to reverse transfect HEK293T cells to evaluate 
whether the siRNAs exhibited any toxicity. Given that there are few cells 
to observe in Figure 5, it is difficult to determine toxicity visually or qual-
itatively. Thus, toxicity will be measured quantitatively in the future with 
a WST-1 assay. Hydrogen peroxide or Poly-I:C (a long, double-stranded 
RNA) will be used as a positive control to show cells death. Still, the ab-
sence of conclusive visual differences among cells in each condition steers 
us towards the cautious conclusion that there were no dramatic effects 
from the transfection reagent, nor from the transfection reagent with the 
siRNA negative controls. Given that transfection reagents and foreign 
RNAs can have toxic effects on cells via hybridization-dependent off-target 
effects, it is important to ensure that added concentrations are optimal be-
fore further screening. (16) We will also screen all efficacious test siRNAs 
for potential toxicity with the WST-1 metabolism assay. This will confirm 
that any decrease in GFP expression originates from siRNA targeting of 
the construct, as opposed to cell toxicity, which would also lead to a loss 
of GFP expression. The preliminary readouts for the test siRNAs targeting 
the M, N, and E constructs showed that some siRNAs appear to be active, 
although more replications are needed to determine accuracy of the ob-
served effects. We will also need to confirm that there is no sequence-de-
pendent toxicity caused by these siRNAs.

Figure 6. HEK 293T cell reverse transfected for targeting siR-
NAs followed by transfection of respective GFP constructs. 
HEK293T cells were plated onto siRNAs with RNAi Max trans-
fection reagent (reverse transfection). Twenty-four hours lat-
er, we transfected cells with GFP constructs, and the plates 
on a fluorometer (excitation 485 nm; emission 515 nm) forty 
eight hours later. A schematic of the experimental procedures 
is depicted in (a). siRNAs targeting the (b) M open reading 
frame, (c) N open reading frame, and (d) E open reading frame 
are named according to their position in the 96-well plates. 
Two siRNA negative controls (siRNA1 and siRNA2) which do 
not target SARS-CoV2 are included for each GFP construct 
as a reference for the baseline GFP expression. Efficacious 
siRNAs decrease the GFP signal relative to  controls. Data are 
expressed in relative fluorescent units (RFU) and represent 
the mean ± SD (standard deviation) of one experiment in du-

plicate (n=2). 
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For future research, alignments of the second half of the SARS-CoV-2 ge-
nome will be made to calculate sequence conservation for the entire ge-
nome. For the constructs that did not produce adequate GFP signals in ei-
ther VeroE6 cells or HEK293T cells, we will collect fluorometer readings in 
the near future after cloning the S and F1–F3 inserts into smaller fragments. 
If GFP fluorescence levels are significantly higher than the background, 
test siRNAs will be evaluated against the aforementioned constructs at 
varying concentrations. Inhibition of GFP signal will be monitored, with 
the expectation of observing a GFP signal decrease by some of the siRNAs. 
Following the optimization of GFP readout, the efficacy and safety can 
be tested. Cell metabolism assays can be used to eliminate siRNAs with 
cytotoxic effects in mammalian lung epithelial cell culture; this assay has 
been used in RNA therapies against HIV-1. (27) The efficacy and toxicity 
of the generated siRNAs can also be measured by their ability to  target 
SARS-CoV-2 replication,  inhibit SARS-CoV-2-induced cell death in a 
WST-1 cell metabolism assay, and  independently affect cell metabolism. 
Specific constructs expressing viral mRNAs under a CMV promoter can 
also be created to verify the inhibition of the CoV-2 mRNA by qRT-PCR, 
which was previously performed for Zika Virus RNAs. (28) Inhibition of 
coronavirus protein production can also be confirmed using polyclonal 
antibodies that are anti-Capsid and anti-Spike. Thus, the next arm of this 
project is to screen the siRNAs for activities against SARS-CoV-2 produc-
tion. There has been a great need for the development of therapies against 
the SARS-CoV-2 virus, and siRNAs are attractive candidates due to the 
simplicity in design and administration. Here, we used sequence conser-
vation to confirm that our siRNAs target viral sequences have remained 
highly conserved throughout the course of the pandemic and began test-
ing the binding of these siRNAs targets within SARS-CoV-2. This study 
aims to give health services an upper hand on the current pandemic as well 
as for future outbreaks of related coronaviruses.

Acknowledgements

I thank Dr. Robert Scarborough for his laboratory guidance and continued 
supervision throughout this project; it is my pleasure to be learning from 
you. Also, I thank Aïcha Daher for her work and patience in the creation 
of SARS-CoV-2 GFP constructs. Lastly, my work is made possible by Dr. 
Anne Gatignol, whose lab I am thankful to have been able to join despite 
difficulties in participating in student research activities during the pan-
demic. I acknowledge the McGill department of Microbiology and Im-
munology for promoting research experience through the Microbiology 
Advanced Research Project course. This work was supported by the grant 
VR3-172642 from Canadian Institutes of Health Research (to R.J.S and 
A.G.).

References

1. Human coronavirus types Centers for Disease Control and Prevention: 
U.S. Department of Health & Human Services; 2020 [Available from: 
https://www.cdc.gov/coronavirus/types.html.

2. Petersen E, Koopmans M, Go U, Hamer DH, Petrosillo N, Castelli F, et 
al. Comparing SARS-CoV-2 with SARS-CoV and influenza pandemics. 
Lancet Infect Dis. 2020;20(9):e238-e44.

3. Coronavirus World Health Organization: World Health Organiza-
tion; 2020 [Available from: https://www.who.int/health-topics/coronavi-
rus#tab=tab_1.

4. Li F. Structure, Function, and Evolution of Coronavirus Spike Proteins. 
Annu Rev Virol. 2016;3(1):237-61.

5. Song Z, Xu Y, Bao L, Zhang L, Yu P, Qu Y, et al. From SARS to MERS, 
Thrusting Coronaviruses into the Spotlight. Viruses. 2019;11(1).
6. Ge XY, Li JL, Yang XL, Chmura AA, Zhu G, Epstein JH, et al. Isolation 
and characterization of a bat SARS-like coronavirus that uses the ACE2 
receptor. Nature. 2013;503(7477):535-8.

7. Jeffers SA, Tusell SM, Gillim-Ross L, Hemmila EM, Achenbach JE, Bab-
cock GJ, et al. CD209L (L-SIGN) is a receptor for severe acute respiratory 
syndrome coronavirus. Proc Natl Acad Sci U S A. 2004;101(44):15748-53.

8. Kim DH, Rossi JJ. RNAi mechanisms and applications. BioTechniques. 
2008;44(5):613-6.

9. Zhang H, Kolb FA, Jaskiewicz L, Westhof E, Filipowicz W. Single pro-
cessing center models for human Dicer and bacterial RNase III. Cell. 
2004;118(1):57-68.

10. Meister G, Landthaler M, Patkaniowska A, Dorsett Y, Teng G, Tuschl 
T. Human Argonaute2 mediates RNA cleavage targeted by miRNAs and 
siRNAs. Mol Cell. 2004;15(2):185-97.

11. Tang G. siRNA and miRNA: an insight into RISCs. Trends Biochem 
Sci. 2005;30(2):106-14.

12. Barik S, Lu P. Therapy of respiratory viral infections with intranasal 
siRNAs. Methods Mol Biol. 2015;1218:251-62.

13. DeVincenzo J, Lambkin-Williams R, Wilkinson T, Cehelsky J, Nochur 
S, Walsh E, et al. A randomized, double-blind, placebo-controlled study of 
an RNAi-based therapy directed against respiratory syncytial virus. Proc 
Natl Acad Sci U S A. 2010;107(19):8800-5.

14. Tang Q, Li B, Woodle M, Lu PY. Application of siRNA against SARS in 
the rhesus macaque model. Methods Mol Biol. 2008;442:139-58.

15. Scarborough RJ, Lévesque MV, Perreault J-P, Gatignol A. Design of 
Anti-HIV SOFA-HDV Ribozymes. Lafontaine D, Dubé A, editors: Spring-
er Nature; 2014.

16. Yoshida T, Naito Y, Sasaki K, Uchida E, Sato Y, Naito M, et al. Estimated 
number of off-target candidate sites for antisense oligonucleotides in hu-
man mRNA sequences. Genes Cells. 2018;23(6):448-55.

17. Ichihara M, Murakumo Y, Masuda A, Matsuura T, Asai N, Jijiwa M, et al. 
Thermodynamic instability of siRNA duplex is a prerequisite for depend-
able prediction of siRNA activities. Nucleic Acids Res. 2007;35(18):e123.

18. Xie X, Muruato A, Lokugamage KG, Narayanan K, Zhang X, Zou J, 
et al. An Infectious cDNA Clone of SARS-CoV-2. Cell Host Microbe. 
2020;27(5):841-8 e3.

19.Thi EP, Lee AC, Geisbert JB, Ursic-Bedoya R, Agans KN, Robbins M, 
et al. Rescue of non-human primates from advanced Sudan ebolavirus in-
fection with lipid encapsulated siRNA. Nat Microbiol. 2016;1(10):16142.

20. Thi EP, Mire CE, Lee AC, Geisbert JB, Ursic-Bedoya R, Agans KN, et 
al. siRNA rescues nonhuman primates from advanced Marburg and Ravn 
virus disease. J Clin Invest. 2017;127(12):4437-48.

21. Thi EP, Mire CE, Lee AC, Geisbert JB, Zhou JZ, Agans KN, et al. Lipid 
nanoparticle siRNA treatment of Ebola-virus-Makona-infected nonhu-
man primates. Nature. 2015;521(7552):362-5.

22. Thi EP, Dhillon AP, Ardzinski A, Bidirici-Ertekin L, Cobarrubias KD, 
Cuconati A, et al. ARB-1740, a RNA Interference Therapeutic for Chronic 
Hepatitis B Infection. ACS Infect Dis. 2019;5(5):725-37.

23. Martin R, Li J, Parvangada A, Perry J, Cihlar T, Mo H, et al. Genetic 
conservation of SARS-CoV-2 RNA replication complex in globally cir-
culating isolates and recently emerged variants from humans and minks 
suggests minimal pre-existing resistance to remdesivir. Antiviral Res. 
2021;188:105033-.

24. Rambaut A, Loman N, Pybus O, Barclay W, Barrett J, Carabelli A, et 
al. Preliminary genomic characterisation of an emergent SARS-CoV-2 
lineage in the UK defined by a novel set of spike mutations. COVID-19 
Genomics Consortium UK 2020.



McGill Science Undergraduate Research Journal - msurj.comPage 66

25. Cyranoski D. Alarming COVID variants show vital role of genomic 
surveillance. Nature. 2021;589(7842):337-8.

26. Khaitov M, Nikonova A, Shilovskiy I, Kozhikhova K, Kofiadi I, Vish-
nyakova L, et al. Silencing of SARS-CoV-2 with modified siRNA-peptide 
dendrimer formulation. Authorea. 2021.

27. Scarborough RJ, Adams KL, Del Corpo O, Daher A, Gatignol A. Eval-
uation of the Efficacy And Toxicity of RNAs Targeting HIV-1 Production 
for Use in Gene or Drug Therapy. J Vis Exp. 2016(115).

28. Alpuche-Lazcano SP, McCullogh CR, Del Corpo O, Rance E, Scarbor-
ough RJ, Mouland AJ, et al. Higher Cytopathic Effects of a Zika Virus Bra-
zilian Isolate from Bahia Compared to a Canadian-Imported Thai Strain. 
Viruses. 2018;10(2).


