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ABSTRACT 

Background: SARS-CoV-2 associated with severe acute respiratory syndrome is a common, rapidly growing 

infectious disease with high morbidity and mortality. Mutations in the sequence of the three structural proteins of 

this virus may have a significant impact on the progression of the pandemic. 

In this study, it was aimed to reveal possible targets for future drug and vaccine research by modeling and analyzing 

mutations in five variants of SARS-CoV-2 of concern. 

Materials and Methods: RNA sequences of five variants identified by WHO as Variants of Concern (VoC) were 

obtained from NCBI. The translation of these sequences to amino acid sequence, sequence alignment and sequence 

comparison between variants was performed in RStudio 1.4.1717 with reference to 2020 study. Structural proteins 

and PDB files of the Wuhan variant were downloaded from studies conducted with the I-TASSER server. 3D 

representations of structural proteins were performed in LLC, Schrödinger, PyMOL Molecular Graphics System 

1.2r3pre. 

Results: The amino acid sequences of three structural proteins belonging to the VoC and the Wuhan lineage and 

the mutations are shown. The mutation numbers in Alpha, Beta, Delta and Gamma were as follows; 10, 8, 10 and 

12. The envelope and membrane proteins had one mutation each in Beta and Delta, respectively. 

Conclusions: The results show that several mutations occur the spike proteins of the SARS-CoV-2 variants. Only 

a small number of mutations are observed in envelope and membrane proteins. It may be beficial to focus on less 

mutated structural proteins for future vaccine and drug development studies.  

Keywords: R programming language, SARS-CoV-2, Sequence alignment, Structural Proteins, Molecular 

Modelling  

ÖZET 

Amaç: Şiddetli akut solunum sendromu ile ilişkili SARS-CoV-2, yüksek morbidite ve mortaliteye sahip, yaygın, 

hızla büyüyen bir enfeksiyon hastalığıdır. Bu virüsün üç yapısal proteininin dizisindeki mutasyonlar, pandeminin 

ilerlemesi üzerinde önemli bir etkiye sahip olabilir. 

Bu çalışmada, söz konusu SARS-CoV-2'nin beş varyantındaki mutasyonlar modellenip analiz edilerek, 

gelecekteki ilaç ve aşı araştırmaları için olası hedeflerin ortaya çıkarılması amaçlanmıştır. 

Materyal ve Metot: DSÖ tarafından Endişe Verici Varyantlar (VoC) olarak tanımlanan beş varyantın RNA 

dizileri NCBI'den elde edildi. Bu dizilerin amino asit dizisine çevrilmesi, dizi hizalaması ve varyantlar arasında 

dizi karşılaştırması, 2020 çalışmasına referansla RStudio 1.4.1717'de gerçekleştirilmiştir. 

Wuhan varyantının yapısal proteinleri ve PDB dosyaları, I-TASSER sunucusu ile yapılan çalışmalardan indirildi. 

Yapısal proteinlerin 3D görüntüleri LLC, Schrödinger, PyMOL Molecular Graphics System 1.2r3pre'de 

gerçekleştirilmiştir. 

Sonuçlar: VoC ve Wuhan soyuna ait üç yapısal proteinin amino asit dizileri ve mutasyonlar gösterilmiştir. Alfa, 

Beta, Delta ve Gama'daki mutasyon sayıları ise şu şekildeydi; 10, 8, 10 ve 12. Zarf ve zar proteinleri sırasıyla Beta 

ve Delta'da birer mutasyona sahipti. 

Sonuçlar: Sonuçlar, SARS-CoV-2 varyantlarının spike proteinlerinde birkaç mutasyon meydana geldiğini 

göstermektedir. Zarf ve zar proteinlerinde sadece az sayıda mutasyon gözlenir. Gelecekteki aşı ve ilaç geliştirme 

çalışmaları için daha az mutasyona uğramış yapısal proteinlere odaklanmak faydalı olabilir. 
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INTRODUCTION 

Coronaviruses are enveloped RNA viruses which 

are medium in size and have a crown-like 

appearance. These viruses have the longest viral 

RNA genomes known, ranging between 27 to 32 

kb. The host-derived membrane is surrounded by 

glycolyzed spike proteins and is enclosed in a 

nucleocapsid that is helical when relaxed but 

takes on a spherical shape within the viral 

particle (Iannarella et al., 2020; McIntosh et al., 

1967). 

The novel coronavirus (SARS-CoV-2) which is 

associated with severe acute respiratory 

syndrome is a beta-coronavirus belonging to the 

Coronaviridae family, which is an RNA virus 

detected for the first time, in Wuhan, China, in 

December 2019 (Shamsi et al., 2021; Troyano-

Hernáez et al., 2021). Since then, this newly 

identified virus has been named SARS-CoV-2 

and has spread worldwide. It is considerably 

more infectious than previously identified human 

SARS-CoV (2002) and MERS-CoV (2013). Just 

like its' ancestors, SARS-CoV-2 as a member of 

the coronavirus family started by zoonotic (from 

animals to humans) transmission and is 

transmitted from person to person by respiratory 

tract and contact (Alsulami et al., 2021). 

Spreading around the world so quickly, SARS-

CoV-2 has also mutated in the regions where it 

spread, and some of these mutations included 

changes that caused the virus to peak again. 

These variants have been identified as Variants 

of Concern (VOCs) because of their more 

efficient binding to human cells, increased ability 

to evade the immune system, and rapid 

transmission (Scudellari, 2021). The four major 

variants; Alpha, Beta, Delta and Gamma which 

are reported first in the UK, South Africa, India 

and Brazil, in order and identified as Variants of 

Concern by WHO (Classification of Omicron 

(B.1.1.529), n.d.; Tracking SARS-CoV-2 

Variants, 2022). Finally, in late 2021, a new 

mutation originating from South Africa was 

identified by WHO as an alarming variant: 

Omicron (Classification of Omicron (B.1.1.529), 

n.d.; Pulliam et al., 2021). Thus, there are five 

major variants listed as VoCs and subjected to 

this study. 

The viral RNA of the Coronavirus (CoV) 

translates to main five structural proteins: S 

(Spike), M (Membrane), N (Nucleocapsid), HE 

(hemagglutinin-esterase glycoprotein), and E 

(Envelope) (Wormser & Aitken, 2010).  

 

 

The nucleocapsid protein (N) binds to the RNA 

genome to create the nuclear envelope. It could 

be involved in regulating viral RNA synthesis 

and may interact with M protein during viral 

budding (Arabi et al., 2020; Omrani et al., 2014). 

The N protein, critical for viral genome 

packaging, contains three dynamically 

disordered regions that house conjectural 

temporally helical binding motifs. The two 

folded domains interact at a minimum level, 

making the full-length N protein a flexible and 

multivalent RNA-binding protein (Cubuk et al., 

2021). 

Although the SARS-CoV-2 E protein is a 

relatively small to other structural proteins, 

deletion of this protein weakens or even 

eradicates virulence. This is because the E 

protein is involved in many aspects of the viral 

lifecycle, such as promoting packaging and 

reproduction of the virus (Cao, Yang, et al., 

2021). The short envelope (E) protein leaves its' 

C terminus from the inside of the envelope and 

then either spans the envelope or twists around 

and projects its' N terminus internally (Siu et al., 

2008).  

The most abounding structural protein of SARS-

CoV-2 is the M glycoprotein (Buxbaum, 2015). 

The membrane (M) protein can bind to all other 

structural proteins. This protein contains a small 

N-terminal domain on the envelope's exterior 

surface and a long C terminus inside the 

envelope. The M protein is essential for viral 

assembly (Arabi et al., 2020). Binding with it 

promotes the stabilization of N proteins and the 

completion of viral assembly by the N protein-

RNA complex within the internal virion 

(Mousavizadeh & Ghasemi, 2021). Since the M 

protein also cooperates with the S protein, 

mutations can affect the ability of host cell 

attachment (Buxbaum, 2015). 

The spike (S) protein surrounds the viral 

envelope and forms the characteristic crown-like 

image. It is highly glycosylated and functions in 

receptor binding and fusion with the host cell 

membrane. The major antigens that stimulate 

neutralizing antibodies are on the S protein 

(Enjuanes et al., 1995). This structural protein 

has a total length of 1273 amino acids and a 

signal peptide (between 1–13) which is located at 

the N-terminus, the S1 (between 14–685) subunit 

and the S2 (between 686–1273) subunit. The S1 

region is responsible for receptor binding and the 

S2 region is responsible for membrane fusion 

(Huang et al., 2020). 
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SARS-CoV and MERS-CoV are two very 

similar viruses in sequence, important structural 

proteins such as spike, envelope, membrane and 

nucleocapsid proteins are encoded in both. This 

similarity suggests that two similar viruses may 

have the same pathogenesis mechanisms that 

could be used for common therapeutic targeting 

(Shamsi et al., 2021). Therapeutic targeting of 

common regions and notably unmutated ones 

may represent a broad therapeutic approach (Li 

et al., 2020). 

The 3D visualization of SARS-CoV-2 mutations 

in the S, E and M structural proteins which are 

located on the cell surface and have crucial roles 

in viral entry into the host cell, may assist in the 

understanding of the situation in general 

(Alsulami et al., 2021). It provides the 

opportunity to see molecular changes and their 

intensities. It also allows these representations of 

mutations in all variants to be compared, thus 

determining the most frequently mutated zones, 

so-called hotspots, is easier. Considering the 

rapid mutations of the virus since 2019, targeting 

the least mutated regions with small molecules 

may provide better therapeutic candidates and 

confidence in subsequent clinical trials. 

MATERIALS AND METHODS 

The RNA sequences of the variants’ spike 

proteins were gathered from the National Centre 

for Biotechnology Information (NCBI), 

regarding the Variants of Concern which are 

determined by WHO (Classification of Omicron 

(B.1.1.529), n.d.; Tracking SARS-CoV-2 

Variants, 2022). Also, the researchers of this 

study surveyed the GISAID system for potential 

entries from Turkey which could be closely 

related to novel variants. As a result, a strain from 

Turkey selected and compared to variants of 

concern (Bayrakdar et al., 2021). 

The translation process of the RNA to amino acid 

sequence, multiple sequence alignment and 

presentation of sequence comparison between 

variants' spike proteins were carried out in R, 

Version 4.0.3., by using the method from the 

study of Toparslan et al., 2020 and by the 

researchers of this study (Toparslan et al., 2020). 

The msa, ape, stats-package and gg-tree libraries 

have been used in R, for this analysis.  

The file in FASTA format was read with the 

readDNAStringSet() command supported in the 

Biostrings package. With the msa() command 

supported in the msa package, all samples were 

aligned with the ClustaIW algorithm at the same 

size. 

Sequences aligned with the phylogenetic tree are 

shown with the msaplot command supported in 

the ggtree and ggplot2 package. The geometric 

layers- geom_tiplab(), scale_color_continuous(), 

geom_tiplab(), geom_treescale() - supported in 

the ggplot2 packageare used to detail the tree. 

We wish to demonstrate phylogenetic trees from 

multiple sequence alignments starting with an 

input file in FASTA format. Both R packages and 

R commands were helpful for all of these 

analysis and tables. 

The Wuhan variant's structural proteins were 

used as a reference for visual comparison, and 

program database (PDB) files were downloaded 

from the in-silico studies conducted on I-

TASSER server (Zhang et al., 2020; Zheng et al., 

2021). These structures have been utilized to 

represent different mutations locally on the 

subunits. 

3D representations of the structural proteins were 

carried out in PyMOL Molecular Graphics 

System, Version 1.2r3pre, Schrödinger, LLC. 

The 3D representations created considering the 

visibility aspects for the mutations. We aimed to 

highlight both subunits of interest and different 

mutations separately, so the mutation trends for 

the future variants could be understood clearly.  

RESULTS 

Amino acid sequences of three major structural 

proteins (S, E, and M) which are prominent in 

host cell entry and belong to the five VOCs and 

the Wuhan lineage were obtained from NCBI. 

Amino acid sequences and the mutations of these 

three proteins belonging to these five variants 

and the Wuhan lineage are analysed in this study. 

Mutation counts, compared to Wuhan strain, 

including the deleted regions in the spike 

proteins, were on 12, 11, 10, 12 and 41 for Alpha, 

Beta, Delta, Gamma and Omicron in order. The 

mutual locations of these mutations among 

different variants are shown in the same colours 

in Figure 1. The envelope protein had a single 

mutation (P71L) in the Beta variant and another 

single mutation (T9I) in the Omicron variant. 

There was also a single mutation in the 

membrane protein in the Delta variant (I82T) and 

three mutations (D3G, Q19E, A63T) in the 

Omicron variant (Cao, Wang, et al., 2021; 

Troyano-Hernáez et al., 2021). Also, there has 

been a new entry in GSAID Initiative's EpiCoV 

on 2021/12/16 for a possible Omicron variant 

from Turkey with these aa substitutions in Spike 

protein; A67V, D614G, D796Y, G142D, G446S, 

H69del, H655Y, L981F, N679K, N764K, 
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N856K, N969K, P681H, Q954H, S477N, T95I, 

T478K, T547K, V70del, V143del, Y144del, 

Y145del and in Envelope protein; T9I and in 

Membrane protein; A63T, Q19E (Bayrakdar et 

al., 2021). 

The obtained results are consistent with the 

mutations previously reported in the literature, 

and these structural proteins are considered 

important for possible drug targets (Portelli et al., 

2020; Shen et al., 2021; Vilar & Isom, 2021). 

These mutations are shown on 3D models which 

are spike proteins (Figure 2), envelope proteins 

(Figure 3) and membrane proteins (Figure 4). 

 

 

Figure 1. AA comparison of Spike proteins for the VoCs and Wuhan strain. 

 

 

 

Figure 2. 3D models of Spike proteins for the VoCs and Wuhan Strain. 
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Figure 3. 3D models of Envelope proteins for the Beta variant and Wuhan strain. 

 

Figure 4. 3D model of Membrane proteins for the Delta variant and Wuhan strain. 
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DISCUSSION AND CONCLUSION  

In silico studies can be advantageous in terms of 

reducing the financial burden and the total time 

spent (Good, 2020; Swain et al., 2021). In 

addition, 3D molecular models of SARS-CoV-2 

and its' mutations facilitate understanding of the 

structural changes that occur. Thus, the 

distribution of these mutations reveals the most 

and the least frequently mutated regions. In 

addition, it also contributes to the prediction of 

changes in binding affinities. These changes in 

binding affinities and viral membrane fusion 

process can affect viral entry in the host.Also, 

these models can help determine target regions 

for future therapeutics such as drugs and vaccines 

(Kardani et al., 2020; Lee & Koohy, 2020). The 

models obtained from this study could point out 

potential target areas for future drugs that could 

be used on a large scale as mutation-resistant 

therapies (de Oliveira et al., 2021; Raghav et al., 

2020). In a study, in silico analysis of the 

interaction between various RBD variants of 

SARS-CoV-2 pointed to a drug by called 

bromelain that effectively binds to the active site 

of RBD. This suggested the potential use of 

bromelain to prevent viral entry. In another study 

that performed binding free energy calculations 

and ADMET (adsorption, distribution, 

metabolism, excretion, and toxicity) studies 

predicting the stability and pharmacological 

potential of drug candidates, molnupiravir was 

predicted as one of the best inhibitors of the 

RNA-linked RNA polymerase of SARS-CoV-2.   

In order to prevent the spread of the virus and to 

monitor the possible effects of vaccines, it is 

important to follow the changes in the SARS-

CoV-2 genome and the variants that occur. To 

overcome the difficulty of this important task, the 

benefits of next generation genome sequencing 

technology should be utilized and its use should 

be widespread in such studies. A similar study 

used both network analysis and machine learning 

techniques to identify potentially significant 

sources of variation between orbitals. In another 

similar study, molecular insertion and molecular 

dynamics simulation against all variants of 

SARS-CoV-2 was used to validate the next-

generation vaccine candidate developed and to 

understand its binding affinity to the immune 

receptor. In conclusion, because these 

representations include both sequence and 

molecular comparisons for viruses with  

 

comparable structures that belong to the 

coronavirus family, they could be of help for 

future studies that investigate novel variants of 

coronavirus which may represent a concern in 

future. 

The results indicate that several mutations 

occurred in the spike proteins of SARS-CoV-2 

variants, particularly in the S1 subunit, Receptor 

Binding Domain and Antibody Binding Domain. 

Spike proteins of all variants have many 

mutations while only a few changes are observed 

in envelope and membrane proteins. Both 

proteins have a single mutation in only one 

variant. For future studies regarding vaccine and 

drug development, it could be beneficial to focus 

on less mutated structural proteins. 
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