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Abstract

The COVID-19 fatality rate is �57% worldwide. The investigation of possible ant-

iviral therapy using host microRNA (miRNA) to inhibit viral replication and transmis-

sion is the need of the hour. Computational techniques were used to predict the

hairpin precursor miRNA (pre-miRNAs) of COVID-19 genome with high homology

towards human (host) miRNA. Top 21 host miRNAs with >80% homology towards

18 viral pre miRNAs were identified. The Gibbs free energy (ΔG) between host

miRNAs and viral pre-miRNAs hybridization resulted in the best 5 host miRNAs hav-

ing the highest base-pair complementarity. miR-4476 had the strongest binding with

viral pre-miRNA (ΔG = �21.8 kcal/mol) due to maximum base pairing in the seed

sequence. Pre-miR-651 secondary structure was most stable due to the (1) least min-

imum free energy (ΔG = �24.4 kcal/mol), energy frequency, and noncanonical base

pairing and (2) maximum number of stem base pairing and small loop size. Host

miRNAs–viral mRNAs interaction can effectively inhibit viral transmission and repli-

cation. Furthermore, miRNAs gene network and gene-ontology studies indicate top

5 host miRNAs interaction with host genes involved in transmembrane-receptor sig-

naling, cell migration, RNA splicing, nervous system formation, and tumor necrosis

factor-mediated signaling in respiratory diseases. This study identifies host miRNA/

virus pre-miRNAs strong interaction, structural stability, and their gene-network anal-

ysis provides strong evidence of host miRNAs as antiviral COVID-19 agents.
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1 | INTRODUCTION

The novel CoVs/COVID-19 has been predicted as an epidemic, and

the whole world is facing health and economic crises in this pan-

demic. The newly discovered COVID-19 disease is caused by the

transmission of severe acute respiratory syndrome coronavirus-2

(SARS-CoV-2) from human to human and animal to human. Hence,

immediate rescue strategies should include repurposing of drugs for

immediate therapeutic remedy. The SARS-CoV-2 is a long single-

stranded RNA virus. Many variants of the COVID-19 are being

reported over time. Due to the complex nature of COVID-19

genome structure, various components of COVID-19 genome struc-

ture (spike protein, main protease, RNA dependent RNA polymerase,

nonstructural proteins, membrane proteins, envelop protein) are

considered as effective targets for treatment.1–7 Although several

attempts are made to discover the mechanisms that trigger theConflict of interest: None declared.
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coronavirus, there is still a significant gap in our knowledge of

SARS-CoV-2/COVID-19 pathology.8 One of the recent emerging

areas for effective treatment strategies for COVID-19 is the field of

microRNAs (miRNAs). miRNAs are genomically encoded small non-

coding RNA molecules that are 20–25 nucleotides base pairs in

length and regulate the expression of post-transcriptional genes.9 It

is well known that miRNAs are encoded by the intronic region of

the DNA from animals, plants, and certain viruses to regulate their

various molecular and biological processes.10,11 Approximately,

30 424 mature miRNAs were found in 206 animals, whereas the

human genome encodes approximately 3000 miRNAs.12 The viral

miRNAs not only regulate the host gene expression but also regu-

late their own gene expression.13 RNA polymerase-II transcribes

miRNA genes and forms primary miRNA in the nucleus. Through

enzymatic action of the RNase III ribonuclease disease, primary

miRNAs are divided into 70–90 long nucleotide base-pair precursor

hairpin called precursor miRNA (pre-miRNA).13,14 The pre-miRNAs

are bound with exportin-5 enzymes and Ran in the nucleus and are

exported to the cytoplasm where biogenesis of miRNAs occur.14

RNase III ribonuclease Dicer further cleaves the pre-miRNAs to the

hairpin loop structure known as duplex mature miRNA.14 The duplex

RNA guided strand (active strand) is loaded into an RNA-induced

silencing complex (RISC) aimed at degrading or repressing transla-

tional activity by messenger RNA.13 Perfect complementary

between the viral mRNA’s 30-untranslated region (UTR) and the

mature host miRNA seed sequence (2–7 base pair) is sufficient to

lead to cleavage, but imperfect complementary can hinder viral

mRNA translation.13,15 It is known that miRNAs have a potential

role in the immunological process and are involved in the regulation

of the immune system through the activation of the immune cells.16

Studies investigated the miRNAs role as an antiviral agent against

many diseases, including human immunodeficiency virus-1,17 herpes

simplex virus,18 dengue,19 influenza virus,15 and hepatitis C virus.20

To prevent and treat the highly pathogenic coronavirus with the

help of the antiviral agent is important. As a result, it is highly rec-

ommended that new biological strategies for the treatment of viral

diseases be created.21 In the epithelial cells, the expression change

of the host miRNAs has a role in the pathogenesis of chronic and

severe acute respiratory tract infections.22

Our recent studies have shown how the viral RNA stabilizes

monomeric and dimeric subunits of the protein complex by suitable

interactions that have been mimicked by screening compounds from

various drug-approved databases, which show high inhibitory poten-

tial against viral mRNA.1 This study computed any possible human

miRNA targets for the SARS-2 (severe acute respiratory syndrome

coronavirus-2) genome. It also emphasizes the host miRNAs and

COVID-19 viral genome interaction that will help better understand

the role of host pathogens and establish new antiviral therapy against

COVID-19.

2 | MATERIALS AND METHODS

2.1 | COVID-19 complete genome sequence
retrieval

The complete genome sequence (NC 045512.2) of COVID-19 was

obtained from the NCBI database to predict the pre-miRNAs

sequence. A flowchart diagram of the entire theoretical analysis pro-

cess is shown in (Figure 1) to classify the possible miRNAs.

2.2 | Hairpin precursor analysis

To predict miRNAs hairpin precursors, the entire viral genome was

scanned using a miRNA Fold web tool to find the hairpin—

structured miRNA precursors to find the expected results (https://

evryrna.ibisc.univ-evry.fr/miRNAFold). miRNA fold is now devoted

to discovering miRNA precursors in genomes on a wide scale and

enables miRNA hairpin structures to be predicted rapidly and with

high sensitivity. The scanned hairpins were visualized in the mRNA

fold, whereas candidate miRNA precursor 69 sequences of possible

hairpin-like forms were extracted. We filtered outputs using
F I GU R E 1 Study design of human microRNA (miRNA) prediction
on SARS-2 (COVID-19) viral genome
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configuration options to prevent bonafide pre-miRNAs structured

hairpins with sliding window size (200), minimum hairpin size (30),

the maximal thermodynamic value of hairpins (50), and percentage

of verified features (95%).

2.3 | Sequence similarity prediction

For the identification of specific homologs, the sequences of the can-

didate viral miRNA precursors were compared among all host miRNAs

using the miRBase database’s SEARCH menu (http://www.mirbase.

org/search.shtml).12 In this phase of the research, we identified

18 sequences called potential miRNA precursors (hairpin-like struc-

ture) based on their highest sequence resemblance to human miRNAs.

2.4 | miRNAs hybridization prediction

The RNA hybrid (http://bibiserv2.cebitec.uni-bielefeld.de/rnahybrid/)

web server was used to investigate the hybridization between viral

(COVID-19) pre-miRNAs and possible human mature miRNAs.23,24

The RNAhybrid method was used to evaluate the effective hybridiza-

tion between target host miRNA and viral pre-miRNA. RNAhybrid is a

method for determining the minimum free energy (MFE) of long and

short RNA hybridization and is commonly used to estimate miRNA

targets.

2.5 | Prediction of secondary structure

To predict the top best viral pre-miRNAs secondary structures of

COVID-19, the RNAfold online tools (http://rna.tbi.univie.ac.at/cgi-

bin/RNAfold.cgi) were used. The RNAfold program predicts secondary

structures of single-stranded RNA and DNA sequences.25 An RNA

sequence’s MFE is the secondary structure that contains the minimum

amount of free energy. A loop-based estimation model and the

genetic algorithm method are used to predict such a structure.26 The

secondary structure of RNA can be disassembled into loops (internal

and external) and external bases (bulges) in a unique manner.

2.6 | Disease association and network analysis

Human MicroRNA Disease Database (HMDD) (https://www.cuilab.

cn/hmdd) and mienturnet (http://userver.bio.uniroma1.it/apps/

mienturnet/) were used to analyze the miRNA–disease relationship

and identify the network association. These online databases provide

and organize the scientific evidence for human miRNA and disease

connections and networks. miRNAs can control gene expression at

two levels: post-transcriptionally by degrading targeted mRNAs or

suppressing protein translation and transcriptionally by disrupting reg-

ulator RNAs like lncRNAs. Such analyses provide details about the

miR-disease networks and their interacting genes involved in various

biological activities. STRING online database was employed to evalu-

ate the primary interactions of the predicted host genes.27

2.7 | Study of gene ontology

The PANTHER (Protein Analysis by Ancestral Relationships) classifica-

tion system database (http://www.pantherdb.org) was used to classify

the gene ontology of selected target genes involved in the miR-gene

network and also to obtain insight into the product of the target

genes molecular structure, biological mechanism, and cellular compo-

nents. DisGeNET (https://www.disgenet.org/) database was used to

figure out the associated genes with human diseases evidence via

expert-curated collections, genome-wide interaction analyses,

research literature, and animal models are all integrated into Dis-

GeNET.28 The DisGeNET scoring mechanisms include the use of vari-

ous sources used (level of curation, organisms) and the data from

different types of studies are considered for GDAs. In contrast, the

score for VDAs is based on sources and literature analysis, and scores

vary from 0 to 1.

3 | RESULTS

3.1 | COVID-19 genome retrieval

The complete genome sequence of COVID-19 was acquired from the

NCBI with ID (NC 045512.2). The sequenced COVID-19 genome is

made up of a single positive-stranded RNA with a length of 29 811

nucleotides. We compared our genome sequence with other COVID-

19 strains through the Clustalw multiple sequence alignment (MSA)

program. The MSA results show that the sequence ID NC_045512.2

is highly conserved with different selected sequences (Data S1).

3.2 | Prediction of COVID-19 pre-miRNA

Prediction of COVID-19 viral genome pre-miRNA hairpins with their

sequence length and score was obtained using miRNA fold computa-

tional web tools. A total of 69 probable viral pre-miRNA hairpins were

considered as the potential hairpins with the maximum thermody-

namic value of hairpin (50 J/mol) and perfect hairpin precursor length

(>70 nt) for further analysis.

3.3 | Identifying human miRNAs from precursors

We employed the miRBase database to find the homologs of human

miRNAs from the COVID-19 precursors. Every sequence of the viral

pre-miRNA was searched for nucleotide resemblance among human

miRNAs by using the human miRNA query from the miRBase data-

base’s SEARCH menu (http://www.mirbase.org/search.shtml). The

search identified 18 potential viral pre-miRNA sequences of the
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T AB L E 1 Hairpin sequence alignments of viral precursor miRNAs with individual host miRNAs

Sr.
no Hairpin

Alignment
score Alignment between human microRNAs and SARS-2

1 Precursor

�1

83

2 Precursor

�2

81

3 Precursor

�3

81

4 Precursor

�4

88

5 Precursor

�5

90

6 Precursor

�6

83

7 Precursor

�7

89

8 Precursor

�8

88

9 Precursor

�9

85
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T AB L E 1 (Continued)

Sr.
no Hairpin

Alignment
score Alignment between human microRNAs and SARS-2

10 Precursor

�10

86

11 Precursor

�11

89

12 Precursor

�12

88

13 Precursor

�13

86

14 Precursor

�14

83

15 Precursor

�15

86

16 Precursor

�16

85

17 Precursor

�17

85

18 Precursor

�18

88

Note: There are 18 precursors hairpin aligned with 21 human microRNAs showing highest alignment score.
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COVID-19 virus that showed >80% homology with 21 human

miRNAs (Table 1). As primary target miRNAs, human miRNAs with a

minimum 30-bp sequence similarity to candidate pre-miRNA were

chosen.

3.4 | Hybridization prediction

After distinguishing the human miRNAs from the chosen precursor

sequences, hybridization between 18 viral pre-miRNAs and 21 human

miRNAs was performed. Result of the hybridization process showed

that five human miRNAs that show high sequence complementarity

with the shortlisted 30 region of pre-miRNAs of the COVID-19

genome sequence (Figure 2). The least pairing energy or MFE indi-

cates the stability of strong hybridization process. The MFE of the

seed region for hsa-miR-4476 (ΔG = �21.8 kcal/mol), hsa-miR-

548d-1 (ΔG = �18.5 kcal/mol), hsa-miR-3202-1 (ΔG = �18.1 kcal/

mol), hsa-miR-1296 (ΔG = �16.8 kcal/mol), and hsa-miR-651

(ΔG = �14.9 kcal/mol) showed MFE values (Figure 3).

3.5 | Secondary structure assessment

The secondary structure of viral pre-miRNAs was analyzed using the

RNAfold (http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi) web server

with the default parameters after the findings established possible top

5 best human miRNAs. The most reliable secondary structure of

COVID-19 hairpin sequences was predicted using the RNAfold pro-

gram. The pre-miRNA precursor on either end is flanked upstream

and downstream by �200 and �100 bp in the series used for predic-

tion analysis. According to the results, the thermodynamic ensemble’s

pre-miR-651 free energy is ΔG = �24.40 kcal/mol, the MFE struc-

ture’s frequency is 4.56%, and the ensemble diversity is 12.81. The

thermodynamic ensemble free energy of pre-miR-548-1d is

�21.82 kcal/mol. The MFE structure’s frequency is 10.04%, and the

ensemble diversity is 8.16. Pre-miR-3202 has a thermodynamic

ensemble free energy of �18.67 kcal/mol, a frequency of 10.80% for

the MFE structure, and an ensemble richness of 6.49. Pre-miR-1296

has the thermodynamic ensemble free energy of �16.66 kcal/mol, a

frequency of 4.14% for the MFE configuration in the ensemble, and

diversity of 17.57. The thermodynamic ensemble free energy of pre-

miR-4476 is �16.58 kcal/mol, the frequency of the MFE configura-

tion in the ensemble is 28.04%, and the ensemble diversity is 3.21

(Figures 4–6).

3.6 | Disease association and network analysis

HMDD (https://www.cuilab.cn/hmdd) was used to find out the

host miRNA with the disease association, miR network,. This is a

F I GU R E 2 Hybridization between host microRNAs (miRNAs) and
viral precursor miRNAs (pre-miRNAs) using RNA hybrid program.
(A) miR-4476, (B) miR-548-1d, (C) miR-3202, (D) miR-1296, and
(E) miR-651

F I G U R E 3 Bar graph showing the minimum free energy values of
host microRNA (miRNA) target with five viral pre-miRNAs.
Hybridization between severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) precursor miRNA (pre-miRNA) with host
miRNAs (miR-4476 = �21.8 kcal/mol, miR-548-1d = �18.5 kcal/mol,
miR-3202 = �18.1 kcal/mol, miR-1296 = �16.8 kcal/mol, miR-
651 = �14.9 kcal/mol)
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repository for experimentally validated proof of human miRNA and

disease interactions. We found the top 5 human miRNAs that are

involved in multiple diseases (Table 2). The predicted miR-gene

network showed a strong association between specific genes

(SDC4, SMU1, NAV2, and SPATA2). It is depicted to play a role in

cell migration, RNA splicing, nervous system development,

tumor necrosis factor-mediated signaling pathway, and molecular

adaptor activity (Figure 7). We further performed STRING database

search to identify the physical interaction among the four genes

identified from HMDD analysis. Results showed that there were

many other essential genes having interactions with these selected

four genes involved in the various biological process like positive

regulation of extracellular exosome assembly, exosomal secretion,

catabolic process, cell migration, angiogenesis, etc., molecular func-

tion like, wnt signaling pathway, integrin binding, growth factor

receptor binding, heparin-binding, and signaling receptor binding.

(Figure S1).

3.7 | Gene-ontology analysis (GO analysis)

The PANTHER (Protein Analysis by Evolutionary Relationship) classifi-

cation scheme (http://www.pantherdb.org) was to gain insight into

the molecular structures, biological mechanisms, and cells of used to

F I GU R E 4 Predicated secondary structure of potential hairpins candidate of SARS-2 with RNAfold web program. (H, human; V, viral) only
secondary structures were depicted. (A)–(E) represent pre-miR-651, pre-miR-548-1d, pre-miR-3202, pre-miR-1296, pre-miR-4476, and their
thermodynamic ensemble’s free energy, the ensemble’s frequency of the minimum free energy (MFE) structure, and ensemble diversity
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conduct gene ontology analysis on the obtained target genes. It was

necessary to predict the gene ontology to gain further insight into the

related functions of its genes participation in PANTHER classification

to learn more about the connection between COVID-19 and the pro-

jected human miRNA that all humans share. The cluster of target gene

(SDC4, SMU1, NAV2, and SPATA2) products was shown to play key

roles in cell migration, RNA splicing, nervous system growth, tumor

necrosis factor-mediated signaling cascade, and molecular adaptor

behavior in terms of molecular functions (Table 3). The results from

the DisGeNET database were filtered out for the respiratory tract dis-

ease associated with the identified four host genes. Gene SDC4 is

involved in neoplasms of the lungs, respiratory tract diseases, and

infections; NAV2 is involved in respiratory tract diseases, immune sys-

tem diseases; SPATA2 is implicated in nonsmall cell lung carcinoma,

primary malignancy of the lungs, and SMU1 is involved in cardiomy-

opathy, genetic, neonatal cancers and defects, neoplasms, and respira-

tory system disorders (Table 4).

F I GU R E 5 Predicted secondary structure mounting plot of the entire selected precursor microRNA (miRNA) hairpin, that is, (A) pre-miR-651,
(B) pre-miR-548-1d, (C) pre-miR-3202, (d) pre-miR-1296, and (E) pre-miR-4476. The minimum free energy (MFE), the thermodynamic ensemble
of RNA (pf), and the centroid structures were represented by the red, green, and blue lines, respectively

F I GU R E 6 Pie chart showing the frequency of minimum free
energy (MFE) of five viral pre-miRNAs sequences
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4 | DISCUSSION

The infection of a virus is one of the most serious global challenges to

human health. Humans are infected with the current pandemic coro-

navirus (COVID-19), which has resulted in severe respiratory

infections,29,30 with symptoms such as diarrhea, cough, and breathing

difficulties.31 However, a lack of thorough understanding of the fun-

damental molecular pathways limits developing the novel therapeu-

tics. MiRNAs are genomically encoded, small non-coding RNA, which

are approximately �22 nucleotides long that normally target the

mRNAs and regulate their expression at the post-transcriptional level.

Targeting the viral mRNA by the host miRNA is an essential mecha-

nism for regulating further the viral expression in the host. Hence, rec-

ognizing target viral mRNA with high complementation with the host

miRNA seed sequence is an essential mechanism for inhibiting the

viral progression.32 miRNA is an important type of regulatory RNA,

which mainly inhibits gene expression at the post-transcriptional

level.33 According to our study, the COVID-19 genome sequence with

NCBI ID: NC_045512.2 was 100% conserved compared with other

variants (MT435086, MT339041, MT066156, and MT507794.1).34

Several computational methods were used to predict the top 5 human

miRNAs: miR-4476 (�21.8 kcal/mol), miR-548-1d (�18.5 kcal/mol),

miR-3202 (�18.1 kcal/mol), miR-1296 (�16.8 kcal/mol), and miR-651

(�14.9 kcal/mol), which get strongly hybridized with the viral pre-

miRNA with stable MFE. The miR-4476 strongly binds with the target

viral pre-miRNA pre-miR-4476 sequence at the 30 end region with the

least free energy (ΔG) of �21.8 kcal/mol. The hybridized structure

showed high complementarity with the seed sequence of host miRNA

having eight base pair long region. Due to this strong complementary

region, the host miRNA-4476 can be considered as strong anti-viral

agent among the top 5 identified host mi-RNA and can strongly inhibit

the target sequence (Figure 2A). In comparison with other host

miRNAs, the miR-548-1 having target with pre-miR-548-1d, which

has the binding minimum energy of �18.5 kcal/mol (Figure 2B), can

also be considered a good target. The stability of miR-548-1 is slightly

lower than the miRNA-4475 due to the shorter seed sequence length

of only six base pair long as compared with miR-4476 having eight

base pairs. Similar results were observed for the other targets but with

less stable free energies and less seed sequence base pairing, comple-

mentary base pairing, and supplementary base-pairing resulting in the

overall lower stability of the other structures. Therefore, it could be

assumed that the length of seed sequence, complementarity, and sup-

plementary base pairing is essential and critical for stabilizing the

hybridized viral pre-miRNA structure (Figure 3). However, a recent

study by Sharma et al. (2020) predicted 22 potential miRNA from

5 genomes of SARS-CoV-2 linked with 12 host miRNAs.34 It is known

that having G-U pairs in the seed sequence at viral 30 pre-miRNAs

decreases the stability of the target structure.35 Our hybridization

results showed a minimum number of G-U pairs in the seed

sequences of 30 of all five viral pre-miRNAs that strongly contribute to

the top 5 host miRNAs binding with viral pre-miRNAs with overall

superior stabilities. Usually, the secondary structure of most miRNA’s

plays key transcriptional roles in modulating the miRNA-mRNA associ-

ations that translates to the various miRNAs having different degrees

of gene susceptibility. RNA’s secondary structure guides mRNA fold-

ing, structural stability protection, and RNA-binding proteins recogni-

tion sites and functions as a substrate for enzymatically active

T AB L E 2 Hybridization between host microRNAs and viral miRNA (SARS-2) using RNA hybrid program

miRNA name Evidence code Disease name PMID

hsa-mir-4476 circulation_biomarker_diagnosis Carcinoma, Biliary Tract 25706130

hsa-mir-1296 circulation_biomarker_prognosis Carcinoma, Colon 27485175

hsa-mir-1296 other Prostate Neoplasms 20332239

hsa-mir-1296 target gene Carcinoma, Gastric 28099468

hsa-mir-1296 target gene Colorectal Carcinoma 30026827

hsa-mir-1296 Tissue expression Carcinoma, Hepatocellular 30064138

hsa-mir-548d-1 genetics knock down promote Medulloblastoma 21793975

hsa-mir-548d-1 other Esophageal Neoplasms 21743970

hsa-mir-548d-1 other Pancreatic Neoplasms 21743970

hsa-mir-651 circulation_biomarker_prognosis Carcinoma, Breast 27959953

hsa-mir-651 tissue_expression Carcinoma, Hepatocellular 26229398

F I GU R E 7 Network diagram showing the interaction between
host microRNAs (miRNAs) and genes using mienturnet database
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reactions. From the results of the secondary structure of viral pre-

miRNA sequence, we predict that the pre-miR-651 has the highly sta-

ble structure due to the MFE (ΔG = �24.40 kcal/mol), three internal

loops, one hairpin loop, two bulges, and a minimal number of non-

canonical base pairs with maximum base-pairing stems in comparison

to other secondary structures (Figure 4A). For miRNA at equilibrium,

the structure having the least free energy is the most stable. Similarly,

the pre-miR-548-1d has two internal loops, one hairpin loop, three

bulges, and a minimum number of non-canonical base-pairing and

least number of stem base paring so, the pre-miR-548-1d is less stable

than pre-miR-651 (Figure 4B). A similar trend is observed for the

other pre-miRNAs and accordingly is arranged in the decreasing order

of stability (Figure 4). The viral pre-miRNA sequence’s centroid struc-

ture is the secondary structure having the shortest base-pair distance.

Our results suggest that pre-miR-651 (Figure 5A) has the best cen-

troid structure because this pre-miRNA structure showed minimum

base-pair distance and has MFE and minimum thermodynamic ensem-

ble (pf), which leads to higher structural stability as compared with

other precursor secondary structures (Figure 5A).36 The MFE struc-

ture’s frequency in the ensemble of secondary structures, as well as

the ensemble’s variety, indicates whether the bases are fundamentally

unpaired, weakly paired, or firmly paired. Our results show that the

frequency of pre-miR-651 is 4.56%, the value of MFE is �24.40 kcal/

mol with maximum number of strong bases pairing, minimum number

of non-canonical paired bases and has longer length of pre-miRNA

sequence as compared with other frequencies of the predicted sec-

ondary structures, which results in having a very high stable structure

(Figure 6).

The interaction analysis from the host miRNAs-viral miRNA might

help identify the key regions of the formed duplex secondary struc-

ture between the miRNA and mRNA. This secondary structure with

their base-pair interactions will help understand the type of drug can-

didates for developing either the new chemical entities or screening

the approved drugs as repurposing druggable candidates.

As we observed a strong interaction of the viral pre-miRNAs with

the top 5 host miRNAs, we further tried to keep their role in other

gene regulations. The network analysis showed that all the selected

top 5 host miRNAs are involved in various pathological diseases also

show strong interaction with 4 other genes (SDC4, NAV2, SMU1, and

SPATA2) (Table 2 and Figure 7).37–41 Cell migration, RNA splicing,

T AB L E 4 Shortlisted four host genes showing association with respiratory tract disease, results obtained from DisGeNET database

Gene name Disease Disease class Score PMID

SDC4 Non-Small Cell Lung Carcinoma Neoplasms; respiratory tract diseases 0.31 28971587

Pneumonia Infections; respiratory tract diseases 0.2 31600983

Community acquired pneumonia Infections; Respiratory Tract Diseases 0.1 29368632

NAV2 Childhood asthma Respiratory tract diseases; immune system diseases 0.1 23829686

SMU1 Congenital chromosomal disease Congenital, hereditary, and neonatal diseases and

abnormalities

0.1 31385554

Influenza Infections; respiratory tract diseases 0.1 31076555

SPATA2 Non-Small Cell Lung Carcinoma Neoplasms; respiratory tract diseases 0.06 30249170

Primary malignant neoplasm of lung Neoplasms; respiratory tract diseases 0.02 30173128

Carcinoma of lung Neoplasms; respiratory tract diseases 0.02 28446615

Malignant neoplasm of lung Neoplasms; respiratory tract diseases 0.02 28446615

T AB L E 3 Genes having ontology (PANTHER family, PANTHER protein class) functions in various molecular and biological processes

Sr.
no

Gene
symbol Gene name Panther family

Panther protein
class Biological –process

1 SDC4 SYNDECAN-4 Nuclear Transcription Factor Y

Subunit Alpha (Pthr12632:Sf6)

transmembrane

signal receptor

cell migration

2 SMU1 WD40 repeat-

containing protein

SMU1

SMU1

ortholog

Wd40 Repeat-Containing Protein

Smu1 (Pthr22848:Sf2)

— RNA splicing

3 NAV2 Neuron navigator 2

NAV2

ortholog

Neuron Navigator 2 (Pthr12784:Sf6) — nervous system development

4 SPATA2 Spermatogenesis-

associated protein 2

Spermatogenesis-Associated Protein

2 (Pthr15326:Sf8)

— tumor necrosis factor-mediated

signaling pathway,regulation of

programmed cell deathregulation

of signal transduction,protein

K63-linked deubiquitinatio
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nervous system growth, tumor necrosis factor-mediated signaling cas-

cade, modulation of programmed cell death, signal transduction regu-

lation, and protein K63-linked deubiquitination are all regulated by

these genes (Table 3). Further, STRING online database search of

these four genes (SDC4, NAV2, SMU1, and SPATA2) suggested their

roles in having primary interactions (Figure S1) with various biological

processes and also has the disease association link including the respi-

ratory tract disease (Table 4). Recent research has discovered that

host miRNA plays a role in a variety of regulatory pathways, including

growth, virus protection, hematopoiesis, cell proliferation, and apopto-

sis, as well as ACE2 expression during COVID-19 infection. Viral

miRNAs have been shown to cause mRNA degradation in host cells,

regulating various molecular pathways.42,43 As a result, it is crucial to

annotate the novel coronavirus’s miRNA in order to achieve a deeper

understanding of the virus and create new anti-miR/antiviral therapy

tools. Based on our theoretical findings, we believe that the host

miRNA-4476 plays a significant role in the host-pathogen interaction

and that recognizing this relationship would aid in the development of

future antiviral therapeutics.

5 | CONCLUSION

We predicted 21 possible candidate human miRNAs using computa-

tional approaches and a collection of bioinformatics techniques that

demonstrated >80% homology with 18 viral pre-miRNA sequences.

These 21 miRNAs were further utilized to hybridize with the viral pre-

miRNAs and predict the best probable antiviral agents based on their

structural binding energies. A total of five human miRNAs showed

perfect complementarity with the 30 region of the precursor sequence

of COVID-19. The human miR-4476 had strongest interaction due to

the long seed sequence size and maximum complementarity with

viral-pre-miR showing a stable structure with the MFE of about

�21.80 kcal/mol. These hybridization results suggest that the miRNAs

from viral precursor’s sequences would be the best target candidates

by the human miRNAs. Thus, the five host miRNAs identified in this

study may be exploited for use as antiviral agents. Similarly, secondary

structure prediction results suggest that pre-miR-651 is a highly stable

structure (ΔG = �24.40 kcal/mol MFE), the minimum frequency of

ensemble, due to the maximum number of stem base pairing, which

helps stabilize the structure.

The interaction analysis from the host miRNAs-viral mRNA might

help in identifying the critical regions of the formed duplex secondary

structure between the miRNA and mRNA. This type of duplex sec-

ondary structure with its high base-pair complementarity interactions

will help understand the type of drug candidates needed to develop

the new chemical entities or screening the approved drugs for

repurposing as druggable candidates. Therefore, these findings not

only help obtain insight into the structure–activity relationship of the

viral pre-miRNAs and the host miRNAs to develop as antiviral agents

but also provide information about the strong physical interactions

among them that can inhibit the viral replication and transmission

efficiently.

CLINICAL IMPLICATIONS

The clinical implications for the present treatment strategies for

SARS-CoV-2 are in progress globally with the use of mRNA or viral

vector based vaccines. However, the ability of SARS-CoV-2 variant

generation is one of the major issue facing the clinical implications

with the above vaccines. Therefore, the present study focus could

provide effective solution due to the expression of host miRNAs effi-

ciently targeting the pre-miRNAs of SARS-CoV-2 genome. This

targeting approach of specific host miRNA expression could effec-

tively consider any variant of pre-miRNAs of SARS-CoV-2 expressed

in the host.
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