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Abstract 

SARS-CoV-2 has evolved since the beginning of the pandemic, generating new virus versions with 

different characteristics that have replaced pre-existing variants. The study aimed to provide a 

comprehensive understanding of the evolving landscape of SARS-CoV-2 by analyzing the most recent 

and diverse nucleotide and amino acid sequences of the surface glycoprotein from the alpha, beta, delta, 

and omicron variants. The inclusion of sequences from various sources enriched the dataset, offering a 

more detailed perspective on the virus's genetic diversity and current evolutionary dynamics. The 

phylogenetic analysis revealed unexpected clustering patterns among the variants, highlighting 

potential shared genetic characteristics, evolutionary pressures, and convergent evolution. The study's 

meticulous curation of sequences and exclusion of redundant data aimed to improve the precision of the 

evolutionary relationships presented. The findings contribute valuable insights into the genetic 

diversity, adaptation, and global spread of SARS-CoV-2 variants, emphasizing the importance of 

continued genomic surveillance and in-depth analyses to understand the evolving dynamics of the 

virus. 
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1. Introduction 

Corona Virus Disease 2019 (COVID-19) is still being spread by a novel coronavirus known 

as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). This coronavirus first 

appeared in December 2019. Coronaviruses of SARS-CoV and MERS-CoV responsible for 

outbreaks in previous years are also known to result in serious sickness in people, in addition 

to COVID-19. Since full-length sequence of genome studies have recognized all three of the 

aforementioned viruses as beta-coronaviruses, SARS-CoV-2 diverges from SARS-CoV and 

MERS-CoV to form a separate clade on the phylogenic tree. The SARS-CoV-2 genome is a 

single-stranded, positive-sense RNA of about 30 kb in length, comprising 14 open reading 

frames (ORFs) and other genes linked to the viral envelope encoding canonical structural 

proteins (SPs) like spike (S), nucleocapsid, envelope and membrane proteins are found in the 

remaining downstream segment [1, 2]. The SARS-CoV-2 spike (S) protein, a trimeric class I 

transmembrane glycoprotein, is crucial for viral entry into host cells. It consists of a large 

ectodomain with a receptor-binding domain (RBD) in the S1 subunit and a membrane-fusion 

subunit (S2), which mediates fusion with the host cell membrane. The S protein undergoes 

extensive structural rearrangement upon interacting with the host cell, allowing viral fusion 

and entry. The S2 subunit includes a fusion peptide and other machinery for mediating 

membrane fusion, ultimately enabling the viral genome to enter the host cell cytoplasm [3]. 

The SARS-CoV-2 virus has been rapidly evolving, leading to the generation of Variants of 

Concern (VoC), which have shown increased fitness. The key mutations are present in These 

VoC viruses of the spike protein, allowing better survival and evasion of host defense 

mechanisms. The D614G mutation in the spike domain is found in the majority of VoC, 

including Alpha, Delta, Omicron, and its current variants [4]. The development of vaccines 

and antibody treatments has mostly targeted the SARS-CoV-2 spike protein, which is an 

essential part of the viral entry process. Effective vaccines and antiviral medications against. 

SARS-CoV-2 need a thorough understanding of the structural, molecular, and mutational 

characteristics of the S protein. 
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2. Materials and Methods 

2.1 SARS-Cov-2 isolates 

The isolates of SARS-Cov-2 were retrieved from the NCBI 

virus [8] (National Centre of Biotechnology Information, 

USA) database. (Table 1). 

 
Table 1: SARS-Cov-2 isolates downloaded from NCBI Virus database 

 

 
 

2.2 Nucleotide sequence preparation 

SARS-CoV-2 nucleotide sequences (surface glycoprotein 

gene) of the above isolates were retrieved from the 

GenBank® Database. Multiple sequence alignment of the 

sequences was done by Multiple Alignment using Fast 

Fourier Transform (MAFFT) by European Molecular 

Biology Laboratory-European Bioinformatics Institute 

(EMBL-EBI) on the command line. 

 

2.3 Amino acid sequence preparation 

SARS-CoV-2 amino acid sequence (surface glycoprotein 

protein) of the above isolates were retrieved from the 

GenBank® Database. Multiple sequence alignment of the 

amino acid sequence was done by Multiple Alignment using 

the Fast Fourier Transform (MAFFT) by the European 

Molecular Biology Laboratory-European Bioinformatics 

Institute (EMBL-EBI) [5] on the command line 

2.4 Molecular phylogenetic analysis  

The purpose of a phylogenetic tree in evolutionary biology 

is to illustrate the evolutionary history and relatedness of 

different organisms or sequences and to provide insights 

into their common ancestry, diversification, and adaptation 

over time [10]. Evolutionary Genetics Analysis 11 (MEGA 

11) (6) was employed to find out the best model fit for 

nucleotide and amino acid sequences with the maximum 

likelihood method [11]. The analysis is performed on 1000 

bootstrapped [9] input datasets to validate the phylogenetic 

tree and cross-referencing is done with the Tamura-Nei 

substitution model for nucleotide sequences, and for amino 

acid sequences the analysis is performed on 1000 

bootstrapped input datasets to validate the phylogenetic tree 

and cross-referencing is done with the Jones-Taylor-

Thornton model by using Randomized Axelerated 

Maximum Likelihood (RAxML) [7].  
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3. Results and Discussion 

3.1 Results 

We wanted to capture a thorough representation of the 

constantly changing landscape of the coronavirus by 

combining the most recent and diverse sequences. In the 

present study, we have retrieved the most recent nucleotide 

sequences and amino acid sequences of the surface 

glycoprotein of the four major strains alpha, beta, delta, and 

omicron from different submitters from five different 

countries in South Asia. The inclusion of sequences from 

different sources seeks to enrich our dataset, providing a 

larger and more nuanced perspective on the virus's genetic 

diversity. By adding recent submissions, we tried to depict 

the virus's current evolutionary dynamics, considering any 

emergent lineages or variants. This approach also helps in a 

more accurate depiction of the ongoing molecular evolution 

of the virus. 

The phylogenetic analysis of alpha and beta variants from 

diverse geographical locations has revealed a noteworthy 

and unexpected clustering, as sequences from disparate 

regions consistently group within the same clade. 

Interestingly, in stark contrast, a distinct clustering pattern 

emerges for sequences associated with the delta variant, 

with a subset forming a cohesive clade. Intriguingly, within 

the intricate tapestry of the phylogenetic tree, omicron 

variant sequences appear to bridge between the disparate 

clades formed by delta variant sequences. The omicron 

variants from different geo-locations are clustered indicating 

the evolutionary convergence of these sequences. Whereas, 

two omicron sequences from India analyzed in this study 

show different clades displayed disparate placements within 

the phylogenetic tree, each forming distinct clades. This 

divergence in clade formation among Omicron variants 

from the same geographical origin suggests intricate genetic 

heterogeneity and potential sub-lineages within the local 

viral population. The observation prompts questions about 

localized evolutionary dynamics, selective pressures, or 

introduction events that may have influenced the genetic 

divergence of the Omicron variants. In the analysis, one of 

the delta clades is positioned proximately to the alpha clade 

within the evolutionary tree This close phylogenetic 

proximity suggests potential genetic affinities or shared 

evolutionary traits between these prominent SARS-CoV-2 

variants, shedding light on intricate patterns of viral 

evolution. 

 

 
 

Fig 1: Phylogenetic tree of nucleotide sequences 
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Our protein sequence-based phylogenetic analysis revealed 

a consistent and cohesive tree structure; however, a nuanced 

technique was used to improve the precision of the 

evolutionary relationships presented. Notably, a group of 

sequences shared a significant degree of similarity, 

prompting a strategic decision to eliminate redundant or 

closely related sequences to reduce potential biases in the 

tree topology. This meticulous curation sought to improve 

the representation of evolutionary diversity and highlight 

distinct genetic markers within the dataset. By deleting 

sequences with significant similarity, our technique 

prioritized the inclusion of distinct and useful data points, 

contributing to a more accurate portrayal of the evolutionary 

relationships among the examined protein sequences. This 

method ensures that the resulting phylogenetic tree reflects 

true genetic distinctions and evolutionary dynamics, 

allowing for a more accurate understanding of the complex 

relationships between the analyzed sequences. 

 

 
 

Fig 2: Phylogenetic tree of the protein sequences 

 

3.2 Discussion 

Our nucleotide and protein sequence-based phylogenetic 

analyses have shown several key observations and 

methodological considerations. The nucleotide sequence 

analysis provided insights into the genetic relationships 

among different variants, notably highlighting the distinct 

evolutionary trajectories of the alpha, beta, and delta 

variants. The unexpected clustering of alpha and beta 

variants from diverse geographical locations within the 

same clade suggested potential shared genetic characteristics 

or evolutionary pressures. 
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Fig 3: Unrooted tree of the protein sequences 

 

On the other hand, the protein sequence analysis 

corroborated the general tree structure observed in the 

nucleotide analysis, reaffirming the evolutionary 

relationships among variants. The decision to exclude 

closely related protein sequences enhanced the precision of 

the analysis, reducing redundancy and potential bias in the 

tree topology. The identification of convergent evolution 

among a subset of sequences further emphasized the 

dynamic interplay between genetic determinants and 

environmental pressures, contributing to the cohesive 

clustering observed. 

Notably, the distinct phylogenetic placements of Omicron 

variants from the same geographic location underscored the 

complex evolutionary dynamics within this emerging 

lineage. The surprising divergence in clade formation 

among Omicron variants prompts further investigation into 

localized evolutionary pressures or introduction events that 

may have influenced their genetic divergence. 

The close phylogenetic proximity of one delta clade to the 

alpha clade raises intriguing questions about potential 

genetic affinities or shared evolutionary traits between these 

prominent SARS-CoV-2 variants. This proximity suggests a 

complex interplay of genetic factors that may influence the 

adaptive landscape of the virus. 

In summary, our nucleotide and protein sequence analyses 

have provided a nuanced understanding of the evolutionary 

relationships among different variants. The careful curation 

of sequences, exclusion of redundant data, and identification 

of convergent evolution have refined our interpretation of 

the phylogenetic trees. These findings contribute valuable 

insights into the genetic diversity, adaptation, and global 

spread of SARS-CoV-2 variants, emphasizing the 
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importance of continued genomic surveillance and in-depth 

analyses to stay abreast of the evolving dynamics of the 

virus. 

 

4. Conclusion  

The use of the phylogenetic tree construction in the analysis 

of coronaviruses has provided detailed insights into the 

evolution and mutation of SARS-CoV-2. This approach has 

challenged the assumption of mutation of nucleotide and 

protein gene of SARS-CoV-2 and revealed various common 

mutations in SARS-CoV-2. The timely monitoring of the 

variation and evolution of SARS-CoV-2 is crucial for the 

treatment, control, and prevention of COVID-19 and its 

future outbreaks. Therefore, the application of the 

phylogenetic tree method has significantly contributed to 

our understanding of the evolutionary dynamics of SARS-

CoV-2, which is essential for informing public health 

strategies and interventions. 
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