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ABSTRACT: SARS-CoV-2 (Severe Acute Respiratory syndrome) is an etiolating agent of COVID-

19 disease, creating an alarming situation globally at this moment. Considering the increasing 

number of infected patients, the World Health Organization has declared public health emergency 

on 11th march 2020. Currently effective antiviral therapies have not been approved to prevent SARS-

CoV-2 infections; therefore, we urgently need deep understanding of its origin, evolutionary aspects 

and molecular biology approach that are prerequisite to curb this pandemic disease. Since this virus 

is a member of genetically diverse RNA viruses having inherent capability to show high rates of 

mutation during circulations. Multiple mutations in SARS-CoV-2 genome drive viral evolution and 

hence enabling them to easily evade the pre-existing immunity of host and acquire drug resistance 

properties. RdRp (RNA dependent RNA polymerase) is a major component of the RNA virus 

because of its role in the replication /transcription process and lack of host cell homolog which also 

serves as the suitable target for the viral drug development. The aim of our study was to compare 

the SARS-CoV-2 RdRp sequence obtained from first Wuhan virus with those of Indian SARS-Cov-

2 isolates. We focused mainly on those mutations which occurred in the RdRp protein and used for 

subsequent analysis. Altogether our study showed 13 mutations in the Indian SARS-CoV-2 RdRp 

protein (nsp12), a main replicase, followed by its phylogenetic analysis and homology modeling. 

Keywords: SARS-CoV-2, Pandemic, COVID-19, RNA dependent RNA polymerase, Mutation.

 

Article History: Received: September 08, 2020; Revised: September 22, 2020; Accepted: October 02, 2020. 

     Corresponding Author: Dr. Niti Yashvardhini* Ph.D. 

Department of Microbiology, Patna Women’s College, Patna 800 001, India. 

Email Address: nitiyashvardhini@gmail.com 

 

http://www.rjlbpcs.com/


Jha &Yashvardhini   RJLBPCS 2020     www.rjlbpcs.com       Life Science Informatics Publications 

© 2020 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2020 Sept – Oct RJLBPCS 6(5) Page No.69 

 

1.INTRODUCTION 

SARS-CoV-2, identified in December 2019, emerged as a pandemic of global concern and the causal 

agent of serious illness designated as COVID-19. As of 21 September, 2020, the total number of 

confirmed cases of COVID-19, was 30,949,804 including 959,116 deaths, reported by WHO [1,2]. 

SARS-CoV-2 is a positive single stranded, enveloped, genetically diverse RNA virus that belongs 

to Coronaviridae family and nidovirales order which is further divided into alpha, beta, gamma and 

delta coronaviruses genera respectively [3,4]. They are considered as largest RNA virus among all 

the RNA viruses having 30 Kb of genome size approximately. The genome of SARS-CoV-2 consist 

of 14 sequences of ORF, encoding 29 proteins which include three surfaces glycoprotein such as S 

(spike), E (envelope), M (membrane), and one nucleocapsid (N) protein which is essential for the 

assembly of complete virion particle. Nucleocapsid (N) protein plays an important role in the 

packaging of RNA into virion particles [5]. SARS-CoV-2 Possess ORF1ab gene, which constitutes 

two ORFs such as ORF1a and ORF1b. The position of these genes ranging from 251- 21541 

nucleotides. The ORF1ab of the SARS-CoV-2 encodes 16 nsps (non-structural proteins) at the 

consensus region [6,7]. Coronavirus genome encodes RNA-dependent RNA polymerase (nsp 12) 

and helicase (nsp 13) protein respectively. RNA viruses showing high rates of mutation because of 

poor fidelity of its RNA dependent RNA polymerase, consequently these viruses exhibit overall 

genomic variations leading to antigenic variability [8]. Therefore, the objective of the present work 

focused on the recurrent mutational analysis of RdRp sequence and prediction of associated protein 

models as well as phylogeny of Indian SARS-CoV-2 isolates that might be acting as a therapeutic 

intervention and opens new avenues for combating SARS-CoV-2 infections. 

2. MATERIALS AND METHODS 

2.1. Sequence Retrieval 

The full length protein sequences of SARS-CoV-2 were downloaded from NCBI virus database 

submitted from India in the month of June, 2020. A total of 167 full length sequences were released 

from India and these were used for mutational analysis in this study. The first virus sequence 

reported from ‘Wuhan wet sea food market area’ (Accession number YP_009724389) [9] was used 

as a reference sequence. 

2.2. Multiple Sequence Alignment  

The full length protein sequences were aligned using CLUSTAL Omega online server, conducts 

alignment on the basis of HMM profiling [10]. Jalview an allignmet viewer was used to assess the 

aligned files and the similarities and differences of sequences were viewed. The mutations in the 

RdRp region were mainly documented for further analysis. 

2.3. Phylogenetic analysis 

To study the phylogenetic relationship among the mutated RdRp Indian SARS-CoV-2 isolates, 

MEGAX (Molecular Evolutionary Genetics Analysis) software was used. MEGAX created 
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Neighbor-joining phylogenetic tree with 1000 replicated bootstraps [11]. MEGAX first aligns 

sequences using MUSCLE programme and prepares phylogenetic tree. 

2.4. Protein Modeling 

The protein models were prepared for wild type as well as mutated RdRp protein sequences using 

Phyre software [12]. Phyre2 is user friendly structure predicting software which predicts models on 

the basis of results of homology modeling. 

3. RESULTS AND DISCUSSION 

3.1. Identification of mutation in RdRp proteins of Indian isolates 

The SARS-CoV-2 protein sequences, 7096 amino acid long were retrieved from NCBI virus 

database hub. Out of 167 sequences released from India, 13 isolates showed mutation in the RdRp 

region as compared to Wuhan type SARS-CoV-2 RdRp after aligning the sequences using CUSTAL 

Omega platform (Figure 1). Out of these 13 isolates, one was a double mutant at sites D140G and 

V880I. Single point mutations were detected at sites K91N, M463I, C464F, L638F, V880I and 

T908I; other mutants showed variation at the same sites only (Table 1). Among the thirteen mutants 

only those which occurred at unique sites were further characterized to study the impact of mutation.  

Table 1: Showing the details of RdRp sequences found mutated from the Wuhan SARS-CoV-

2 sequence. Details include the accession number of the isolate position of mutation and the 

wild type and mutated amino acid sequence. 

 

 

S. No. Accession No. Position of 

mutation 

Wild 

sequence 

Mutated 

sequence 

1. QKJ84953 91 K N 

2 QKJ68603 140 D G 

  880 V I 

3. QLA10066 463 M I 

4. QLA10078 463 M I 

5. QKQ30160 464 C F 

6. QLA09722 638 L F 

7. QLA09746 638 L F 

8. QKY60235 638 L F 

9. QKQ30076 880 V I 

10. QKQ30220 880 V I 

11. QKJ68543 880 V I 

12. QKQ30112 880 V I 

13. QKV26039 908 T I 
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Figure 1: Multiple sequence alignment of RNA dependent RNA polymerase protein of Indian 

SARS-CoV-2 with that of Wuhan SARS-CoV-2. The mutated regions are marked with red boxes. 
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3.2. Phylogenetic analysis 

To explore the phylogenetic relationships amongst the mutant and wild type SARS-CoV-2 isolates, 

a neighbor- joining phylogenetic tree was constructed using MEGAX. The analysis revealed the 

occurrence of Indian isolates on different clusters of the tree, showing the multi-faced nature of the 

virus (Figure 2). These mutations help these viruses to adapt new geographical regions. 

 

Figure 2: Phylogenetic tree of Indian SARS-CoV-2 and Wuhan SARS-CoV-2 isolates with 

reference to RdRp protein. 

3.3. Homology modeling 

We constructed 3D models of RdRp protein of SARS-CoV-2 using homology/ analogy modeling 

engine Phyre2. Protein models were built using Phyre2 online software to study the impact of 

mutation on the tertiary structure of RdRp proteins, as shown in figure 3. The models were 

constructed with nearly 90% accuracy in Phyre2. The difference occurring in the protein structure 

upon mutation in the RdRp protein is shown in the figure. 
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Figure 3: Homology modeling of mutant and wild type SARS-CoV-2 RdRp protein. 

Recurrent mutation facilitates viral evolution as well as genome variability and therefore, enabling 

viruses to escape the pre-existing immunity of host and quickly acquire drug resistance. SARS-CoV-

2 broke out from sea food market, Wuhan, China, further began to rapidly spread all over the globe 

[13-14]. Several factors are directly linked with the transmissibility of SARS-CoV-2, like population 

density, geographical distribution, health care system as well as environmental conditions [15-19].  

Notably, mutations in the sequence of RdRp of Coronavirus affecting the fidelity rate of viral 

replication that subsequently affects the viral load (severity) and virulence properties of this virus. 

However, comprehensive research works are urgently required to assess the possible impact of 

mutations in the fidelity of RdRp protein [20]. Similarly, viruses having mutant RdRp sequences 

might be showing resistant properties towards anti viral therapeutic agents such as remdesivir which 
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is a most potent and commonly used repurposing drug for SARS-CoV-2 currently. These 

implications strongly favors RdRp mutations a promising vaccine candidate and drug target for 

pharmacological as well as epidemiological surveillances.  

4. CONCLUSION 

Present findings therefore clearly suggest that transmissibility of SARS-CoV-2 is greatly associated 

with the emergence of several novel mutations that spread at many new locations of the genome of 

this virus. The reports also provide crucial insight for functional validation to better understand the 

molecular means of differential disease severity and to develop specific control strategies to prevent 

COVID-19 infections.  
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