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A B S T R A C T   

An outbreak, caused by an RNA virus, SARS-CoV-2 named COVID-19 has become pandemic with a magnitude 
which is daunting to all public health institutions in the absence of specific antiviral treatment. Surface glyco
protein and nucleocapsid phosphoprotein are two important proteins of this virus facilitating its entry into host 
cell and genome replication. Small interfering RNA (siRNA) is a prospective tool of the RNA interference (RNAi) 
pathway for the control of human viral infections by suppressing viral gene expression through hybridization and 
neutralization of target complementary mRNA. So, in this study, the power of RNA interference technology was 
harnessed to develop siRNA molecules against specific target genes namely, nucleocapsid phosphoprotein gene 
and surface glycoprotein gene. Conserved sequence from 139 SARS-CoV-2 strains from around the globe was 
collected to construct 78 siRNA that can inactivate nucleocapsid phosphoprotein and surface glycoprotein genes. 
Finally, based on GC content, free energy of folding, free energy of binding, melting temperature, efficacy 
prediction and molecular docking analysis, 8 siRNA molecules were selected which are proposed to exert the best 
action. These predicted siRNAs should effectively silence the genes of SARS-CoV-2 during siRNA mediated 
treatment assisting in the response against SARS-CoV-2.   

1. Introduction 

COVID-19, A pandemic affecting lives of billions of people world
wide, has confronted humanity in the commencement of 2020, is caused 
by a viral pathogen, severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) or 2019-nCoV. Initial symptoms of this disease mainly 
include fever, cough, fatigue, dyspnea & headache [1,2] or it may be 
asymptomatic [3]. The spike glycoprotein of SARS-CoV-2 binds directly 
with the surface cell angiotensin converting enzyme II (ACE2) receptor 
present on alveolar epithelial cells of lung facilitating virus entry, 
replication and triggers cytokine cascade mechanism [4]. In severe 
cases, patient may die due to massive alveolar damage and progressive 
respiratory failure [1,5]. The current detection process of SARS-CoV-2 

carried out by most countries is using real-time RT-PCR, although 
several other methods are also being developed [6–8]. Incubation period 
for the virus ranges between 2 and 14 days [9] and in some cases, 
transmission is also reported during asymptomatic period [10]. Some 
recent studies suggest that bats are likely reservoir hosts for SARS-Cov-2 
but the identity of the intermediate host that might have facilitated 
transfer to human still remain elusive with some studies indicating 
pangolins [11]. SARS-CoV-2 is assumed to spread mainly from person- 
to-person through respiratory droplets produced when an infected per
son sneezes and coughs or between people who are in close contact [5]. 

Coronaviruses are genetically classified into four main genera: 
Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and Deltacor
onavirus [12]. The first two genera generally infect mammals, while the 
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last two mostly cause disease in birds. The genome size of coronaviruses 
ranges between approximately 26–32 kb and includes about 6 to 11 
open reading frames (ORFs) [13]. Nucleocapsid protein (N), small en
velope protein (E), spike surface glycoprotein (S) and matrix protein (M) 
are the four major structural proteins of coronavirus and all of which are 
essential to produce a structurally complete virus [14,15]. The nucleo
capsid protein (N) is a multifunctional protein comprising three distinct 
and highly conserved domains: two structural and independently folded 
structural regions, namely the N terminal domain and C-terminal 
domain, which are separated by an intrinsically disordered RNA-binding 
domain [16]. The primary role of CoV N protein is to package the 
genomic viral genome into flexible, long, helical ribonucleoprotein 
(RNP) complexes called nucleocapsids [17]. Apart from these, N protein 
is essential for viral assembly, envelope formation, genomic RNA synthesis, 
cell cycle regulation and viral pathogenesis [18–20]. Spike glycoprotein (S) 
is a viral fusion protein which forms homotrimers protruding from the 
viral surface [21] and mediates virus entry to cell [22]. S contains two 
functional subunits: S1 & S2 subunits. The S1 subunit includes the 
receptor-binding domain(s) and contributes to stabilization of the 
membrane-anchored S2 subunit that contains the fusion machinery 
[23]. As the coronavirus S glycoprotein is surface-exposed and mediates 
entry into host cells and N nucleocapsid protein are essential for genome 
replication, these could be the main targets for designing therapeutics 
[24]. 

Silencing of mRNA or post-transcriptional gene silencing by RNA 
interference (RNAi) is a regulatory cellular mechanism. RNAi is a pro
spective tool for the control of human viral infections [25–27]. Small 
interfering RNAs (siRNAs) and micro RNAs (miRNAs) are involved in 
the RNA interference (RNAi) pathway, where they hybridize to com
plementary mRNA molecules and neutralizes mRNA causing suppres
sion of gene expression or translation [28]. Studies show that, 
combinations of chemically synthesized siRNA duplexes targeting 
genomic RNA of SARS-CoV results in therapeutic activity of up to 80% 
inhibition [29]. siRNAs directed against Spike sequences and the 3′-UTR 
can inhibit the replication of SARS-CoV(Fig. 1) 

As of November 14, 2020, total infected case is 53,521,552 and 

among these patients 1,306,135 people have died which means case 
fatality rate (CFR) is approximately 2.44%. The alarming phenomenon 
is the exponential growth of total infection case and death number (htt 
ps://www.worldometers.info/coronavirus/). Treatment of this 
increased number of people is not possible as no antiviral drug is still 
available specifically for SARS-CoV-2 and there is a lack on appropriate 
medical response. In-silico approaches are a general trend to discover 
novel therapeutic approaches [30–33] and for the viruses there is no 
exception to this [34]. Therefore, in this study, we have designed siRNAs 
specific to various conserved region of nucleocapsid phosphoprotein & 
surface glycoprotein genes of SARS-CoV-2 and finally predicted 8 uni
versal siRNA molecules against nucleoprotein and glycoprotein genes 
which will inhibit the translations of these proteins and allow the host to 
discard this infection. siRNAs are designed against both nucleoprotein 
and glycoprotein as both are important for the survival of virus [22,35] 
and targeting these proteins may cause viral inhibition [29,36]. 
Currently, ONPATTRO® and GIVLAARI™ RNAi therapeutics are 
commercially approved on the market for the treatment of poly
neuropathy and acute hepatic porphyria respectively [37]. We hope this 
study will help to develop a similar treatment strategy for SARS-CoV-2. 

2. Materials and methods 

2.1. Sequence retrieval from NCBI 

Coding sequences from 139 genomes of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) were retrieved from NCBI Virus 
[38] portal (https://www.ncbi.nlm.nih.gov/labs/virus/vssi/#/) (Sup
plementary Table 1). Nucleocapsid phosphoprotein and surface glyco
protein sequences were manually extracted and curated from the 
retrieved data using bash scripting in Linux computer platform. 

2.2. Multiple sequence alignment & phylogenetic tree construction 

ClustalW [39] algorithm was employed to perform multiple 
sequence alignment (MSA). Maximum likelihood phylogenetic trees 
were constructed with a bootstrap value of 500. Tamura Nei [40] model 
of evolution was selected while constructing the phylogenetic tree. 
MEGA-X [41] and MEGA-CC [42] programs were was used for align
ment formation and phylogenetic tree construction respectively. iTOL 
online tool [43] (https://itol.embl.de/) was used in order to visualize 
the phylogenetic trees. 

Fig. 1. Graphical representation of the siRNA-mediated gene silencing mech
anism. Nanoparticles loaded with siRNA are taken up through endocytosis by 
the cells. These particles are then trapped into the endosomes. siRNA escape 
endosomes and release siRNA into the cytoplasm due to pH responsive mech
anism or proton sponge effect. Once generated, siRNA is loaded into RNA- 
indiced silencing complex comprising of RNA-binding protein TRBP and 
Argonaute (Ago2). Ago2 opts the siRNA guide strand, then excises and ejects 
the passenger strand. After that, the guide strand pairs with its complementary 
target mRNA and Ago2 slices the target. After slicing, the cleaved target mRNA 
is released and RISC is recycled for another few rounds of slicing using the same 
guide strand [74]. 

Table 1 
Rules/Algorithm to construct siRNAs.  

Rule name Description 

Ui-Tei A or U present at the 5′ terminus of the sense strand 
G or C present at the 5′ terminus of the antisense strand 
At least 4 A or U residues present in the 5′ terminal 7 bp of sense 
strand 
GC stretch no longer than 9 nt 

Amarzguioui Duplex End A or U differential >0 
No U present at position 1 
Strong binding of 5′ sense strand 
Presence of A at position 6 
Weak binding in case of 3′ sense strand 

Reynolds 1 point for GC content 30–52% (one point) 
1 point for each occurrence of three or more A or U base pair at 
position 15–19 of sense strand 
1 point for little internal stability at target site (Tm > − 20 ◦C) 
1 point for occupancy of U at position 10 of the sense strand 
1 point for occupancy of A at position 3 of the sense strand 
1 point for occupancy of A at position 19 of the sense strand 
1 point for Absence of G at position 13 of the sense strand 
Threshold for efficient siRNAs score ≥ 6  
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