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ABSTRACT

The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in December 2019 precipitated the onset of the COVID-19
pandemic, which swiftly spread across more than 214 countries and territories, posing a significant global health crisis. In response,
laboratories worldwide have embarked on extensive efforts to characterize the genomic landscape of the virus, employing a mysad of
sophisticated genomic analysis techniques. This study endeavors to undertake a comprehensive exploration into the genetic diversity,
geographical distribution, and virulence determinants of SARS-CoV-2 clades across 11 diverse countries, employing advanced computational
biology methodologies. Leveraging molecular data sourced from prominent international databases, the analysis aims to unravel the intricate
phylogenetic relationships and mutational dynamics exhibited by various viral strains circulating worldwide. The findings ofthis investigation
promise to yield invaluable insights into the evolutionary trajectory of SARS-CoV-2, shedding light on potential therapeutic targets and
informing strategies for mitigating the impact of the ongoing pandemic on global public health. Results highlight significant genetic diversity
among SARS-CoV-2 strains across different countries, with phylogenetic analysis revealing distinct subclass groupings within each country. A
manual comparison of sequences identified numerous mutations, with certain mutations associated with increased virulence. Comparison of
clade G and clade O sequences revealed differences in mutation profiles, suggesting potential links to virulence and transmissibility. These
findings underscore the dynamic nature of SARS-CoV-2 evolution and the importance of monitoring genetic changes for public health
interventions.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a
novel member of the Coronaviridae family, emerged as a global
health threat in December 2019, originating from the bustling city
of Wuhan, China. Its rapid transmission and virulence swiftly
propelled the onset of the COVID-19 pandemic, spreading
relentlessly across continents and precipitating unprecedented
challenges to public health systems worldwide [1-4]. Notably, SARS
-CoV-2 shares genetic similarities with other members of the
coronavirus family, including Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV) and Middle East Respiratory Syndrome
Coronavirus (MERS-CoV) [5-8]. Despite this genetic kinship,

SARS-CoV-2 exhibits a distinctive clinical profile, encompassing a
broad spectrum of manifestations ranging from mild respiratory
symptoms to severe pneumonia and acute respiratory distress
syndrome (ARDS). The multifaceted clinical presentation of
COVID-19
understanding of the genetic determinants underlying its

underscores the imperative for a nuanced

pathogenesis and transmission dynamics [9-12].

Central to unraveling the complexities of SARS-CoV-2 infection is
an elucidation of its genetic diversity and geographical distribution.
The genetic variability exhibited by different SARS-CoV-2 strains
holds pivotal implications for tracking transmission patterns,
elucidating disease dynamics, and identifying potential therapeutic
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targets [13]. Against this backdrop, this study endeavors to
undertake a comprehensive analysis of the genomic sequences of
SARS-CoV-2 strains sourced from diverse geographical locations.
By harnessing advanced computational biology methodologies, the
investigation seeks to delineate the evolutionary dynamics and
virulence determinants inherent to distinct viral lineages.

Specifically, our research provides valuable insights into the genetic
diversity and mutational dynamics of SARS-CoV-2 strains, which
are critical factors influencing the virus's antigenic properties and
its ability to evade host immune responses. By characterizing the
genomic evolution of the virus and identifying potential virulence
determinants, our study contributes to the broader understanding
of how SARS-CoV-2 interacts with the immune system and how
these interactions may impact disease severity, transmission
dynamics, and vaccine efficacy. Moreover, the identification of
distinct viral clades and mutation profiles across different
geographic regions underscores the importance of ongoing
surveillance and molecular epidemiology efforts, which are
essential for guiding immunization strategies and vaccine design
initiatives. By elucidating the evolutionary trajectory of SARS-CoV-
2, our research provides valuable insights that are pertinent to the
field of immunology and have implications for public health
interventions aimed at controlling the COVID-19 pandemic.

Materials and methods

Genome sequences of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) originating from 11 countries
(Algeria, Germany, Australia, England, Spain, France, Italy, Saudi
Arabia, Kuwait, Switzerland, USA) were retrieved from the Global
Initiative on Sharing All Influenza Data (GISAID) database. A
comprehensive dataset comprising a total of 298 SARS-CoV-2
sequences was assembled for subsequent analysis.

Sequence Analysis: Bioinformatics tools were employed for
comprehensive sequence analysis, encompassing sequence
alignment, phylogenetic tree construction, and mutation analysis.
From those softawares we manged to work with MEGA 7, a
desktop application for molecular evolutionary genetics analysis,
facilitates the analysis of homologous gene sequences from
multigene families or different species, focusing on inferring
evolutionary relationships and DNA/protein evolution models
[14]. Gblocks, a computer program, selectively removes poorly
aligned positions and divergent regions from DNA or protein
sequence alignments, enhancing the alignment quality for
subsequent phylogenetic analysis. It follows reproducible
conditions to select blocks based on conservation and gap density
criteria, facilitating automation and reproducibility of phylogenetic
analyses [15]. Additionally, GENIEGEN software allows for the
analysis of DNA, RNA, and protein sequences, aiding in the
discovery of genetic information expression, genotype-phenotype
relationships, gene polymorphism, multigene families, and
predictions in human genetics. It functions as a database of nucleic
and peptide sequences, with the capability to incorporate new
sequences [16]. Sequences were aligned using state-of-the-art

alignment algorithms to ensure accurate alignment across the

dataset. The resulting alignment served as the foundation for
subsequent phylogenetic analyses.

Phylogenetic Analysis: Phylogenetic trees were constructed
using robust methodologies to elucidate the evolutionary
relationships among SARS-CoV-2 strains. Phylogenetic tree
construction involved iterative processes, with sequences grouped
based on the geographical location and data size of the countries
under study to facilitate comparative analysis: Group 1: USA;
Group 2: UK (United Kingdom); Group 3: AUKA (Australia,
Kuwait, Saudi Arabia, Algeria); Group 4: GISA (Germany, Italy,
Switzerland); Group 5: FESP (France, Spain). The construction of
phylogenetic trees aimed to delineate the evolutionary dynamics of
SARS-CoV-2 strains, providing insights into their geographical
distribution and evolutionary origins.

Mutation Analysis: Mutations within SARS-CoV-2 genomes
were systematically identified and analyzed to assess their potential
impact on viral virulence and transmission dynamics. Comparative
analysis of mutations between different clades enabled the
identification of key genetic determinants associated with disease
severity and transmissibility. Mutational landscape analysis
provided critical insights into the evolutionary trajectory of SARS-
CoV-2 and its adaptive mechanisms in response to selective
pressures.

Statistical Analysis: Statistical methodologies were employed to
quantify the significance of observed mutations and to assess their
potential association with clinical outcomes. Comparative analyses
between different clades and geographical regions were conducted
to identify statistically significant differences in mutation
frequencies and distributions.

Ethical Considerations: This study adhered to ethical guidelines
for the use of genomic data, ensuring compliance with data-sharing
policies and privacy regulations. All genomic data were
anonymized and obtained from publicly available databases, with
no identifiable information included in the analysis.

Results and Discussion

In our study, we focused on the phylogenetic analysis and
comparison of COVID-19, which has garnered significant media
coverage since its emergence in December 2019. Numerous
laboratories have dedicated considerable time and effort to
characterizing the virus using multiple genome-based techniques,
aiming for a comprehensive understanding of the SARS-CoV-2
genome [17-20]. Nearly 300 sequences from various countries
across different continents, obtained from the public GISAID
database [21], were analyzed to achieve a clear resolution of the
virus's diversity, evolution, mutations, and their positions within its
genome.

Phylogenetic Analysis

Phylogenetic analysis of SARS-CoV-2 genomes unveiled a
landscape rich in genetic diversity, reflecting the complex
evolutionary dynamics of the virus. Within each country, distinct
subclass groupings were discerned, underscoring the diverse
evolutionary trajectories of SARS-CoV-2 strains across different
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The phylogenetic tree grouping all countries of this study.

Figure 1
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This
highlights the dynamic nature of viral evolution and the potential for

geographical regions. intricate phylogenetic architecture
localized viral adaptation in response to environmental and host
factors. Delving deeper into the phylogenetic trees, distinct patterns
emerge within each country or region studied. For instance, in the
USA (Group 1), a diverse array of viral lineages, encompassing clades
G, GH, GR, S, L, V, and O, was observed, reflecting the complex
epidemiological landscape of the pandemic. Similarly, phylogenetic
analyses for other groups (ANG, AU, FE, ALL) unveiled a mosaic of
viral lineages, underscoring the genetic heterogeneity inherent to
SARS-CoV-2. The final phylogenetic tree (Figure 1) encompasses the
results of previous steps and all the countries studied. It is divided
into two classes, each further divided into subclasses grouping the
different lineage sequences from the countries. We observed in the
phylogenetic trees of this study that at the level of each subclass, there
is no clear association with the region, lineage, or clade, reflecting the
immense diversity and high mutability of this virus.

Mutation Analysis

A manual comparison of SARS-CoV-2 sequences using GenieGen
software revealed a myriad of mutations scattered across the viral
genome, indicative of ongoing genetic diversification. Notably,
several mutations were identified that exhibited a significant
association with increased virulence, implicating them as potential
determinants of disease severity. Of particular interest were
mutations observed in clade G and clade O sequences, which
displayed distinct mutation profiles suggestive of differential
virulence and transmissibility. These findings underscore the complex
interplay between viral genetic variation and disease pathogenesis,
highlighting the need for continued surveillance and monitoring of
SARS-CoV-2 mutations for effective public health interventions.
Table 1
comparison of sequences from clades G and O for Group I countries,

presents the mutations identified through manual
where mutations are observed in both clade O and clade G, as well as
some mutations common to both clades, affecting various key viral
proteins, such as ORFlab, Spike (S) protein, and nucleocapsid (N)
protein, suggests their potential role in shaping viral fitness and host

interactions.

Table 2
comparison of sequences from clades G and O for Group II

shows the mutations determined from the manual

countries, where some mutations are exclusive to clade O, others to
clade G, and some common to both. Additionally, there are a few
mutations shared between Groups 1 and 2. Among the comparison
results, 283 mutation positions are identified in the two preceding
tables, along with 926 positions of rare mutations, indicating the high
mutation rate this virus can undergo. Based on these findings, we
suggest that mutations present in clade O may lead to a decrease in
virus virulence. The differences in results between the two groups of
countries allow us to conclude the significant diversity of this virus.
Furthermore, comparative analyses between clades G and O shed
light on specific mutations associated with each clade, hinting at
potential differences in virulence and transmissibility. Noteworthy
mutations identified in Group I and Group II countries, spanning
crucial viral proteins, offer tantalizing insights into the evolutionary

forces driving the diversification of SARS-CoV-2.
Implications for Public Health

The dynamic nature of SARS-CoV-2 evolution underscores the
importance of vigilant surveillance and monitoring of genetic
changes for the development of targeted public health interventions.
By elucidating the genetic determinants of viral virulence and
transmissibility, we can better inform the design of therapeutic
strategies the
identification of specific mutations associated with increased

and vaccine development efforts. Moreover,
mortality rates provides valuable insights into potential targets for
therapeutic intervention, paving the way for the development of
precision medicine approaches tailored to individual patient needs.
Importantly, our findings corroborate previous studies [22, 23]
suggesting differential virulence between clades G and O. The
identification of specific mutations linked to virulence underscores
the urgent need for targeted therapeutic interventions. Molecular
docking studies targeting key mutations, particularly those associated
with heightened virulence, hold promise as a strategy to mitigate the

impact of the COVID-19 pandemic.

The study has several limitations that warrant consideration. Firstly,
reliance on genomic data sourced from public databases introduces
the potential for sampling bias, as certain geographic regions or
demographic groups may be overrepresented or underrepresented.
Additionally, variability in the accuracy and completeness of genomic
data, along with potential sequencing errors or artifacts, could impact
the reliability of mutation calls and phylogenetic reconstructions.
While the study provides a snapshot of SARS-CoV-2 evolution at a
specific time, ongoing viral evolution may lead to changes in genetic
diversity and evolutionary relationships over time. Furthermore,
establishing causal relationships between genetic variation and
clinical outcomes requires additional experimental validation and
clinical correlation studies, highlighting the need for caution in
interpreting associations between mutations and virulence.
Methodological
assumptions, may also affect the robustness of the findings,

constraints, such as algorithmic biases or
necessitating careful validation and sensitivity analyses. Moreover,
the generalizability of the findings may be limited to the specific
dataset and analytical methods used, requiring replication in
independent datasets and diverse populations for validation. Ethical
considerations regarding data privacy, informed consent, and data
sharing must also be addressed to safeguard individual rights and
privacy. Finally, interpretation of phylogenetic trees and mutation
profiles may be subject to bias, highlighting the importance of

transparency and rigor in reporting methodologies and results.
Conclusions

In summary, this study offers a comprehensive examination of the

genetic landscape, geographical distribution, and virulence
characteristics of SARS-CoV-2 strains across a diverse array of
countries. The intricate phylogenetic patterns observed underscore
the dynamic nature of viral evolution and the capacity for adaptation

to various environmental pressures. The results of this study
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Position | Clade G Clade O Mutation type Repetition number Region
8788 + + Substitution T/C 8(0)/2(G) ORF1lab
14811 - + Substitution T/C 10 ORFlab
11089 - + Substitution T/G 9 ORFlab
14414 + Substitution C/T 10 (0) / 3 (G) ORFlab
20274 + + Substitution G/A 3(0)/9(G) ORF1lab
23394 - + Substitution A/G Protein S
23403 + + Substitution G/A 15(0)/ 4 (G) Protein S
23409 + + Substitution A/G 11(0)/1(G) Protein S
24868 + - Substitution G/A 4 Protein S
26150 - + Substitution T/G 8 ORF3a
25435 + - Substitution T/G 4 ORF3a
25569 + Substitution T/G 4(0)/3(G) ORF3a
26720 - + Substitution C/G 2 Protein M
26536 + - Substitution C/A 2 Protein M
28083 - + Substitution C/G 2 ORF8
28150 - + Substitution C/T 6 ORF8
28151 - + Substitution C/T 2 ORF8
28317 - + Substitution C/T 5 Protein N
28694 - + Substitution C/T 3 Protein N
28688 - + Substitution C/T 3 Protein N
28881 + + Substitution A/G 6(0)/2(G) Protein N
28882 + + Substitution A/G 5(0)/2(G) Protein N
28883 + + Substitution C/G 5(0)/2(G) Protein N
28887 + + Substitution A/G 1(0)/3(G) Protein N
28888 + + Substitution A/G 1(0)/3(G) Protein N
28889 + + Substitution C/G 1(0)/3(G) Protein N

Table 2: The different mutations to be identified from the comparison of the sequences of the countries of

Group 2.
Position | Clade G Clade O Mutation type Repetition number Region
3028 - + Substitution C/T 6 ORF1lab
3031 - + Substitution T/C 7 ORF1lab
3037 + + Substitution C/T 17(0)/ 4 (G) ORFlab
3336 - + Substitution C/T 8 ORF1lab
11083 - + Substitution T/G 11 ORFlab
14805 - + Substitution T/C 4 ORF1lab
14408 + + Substitution C/T 10(0) /6 (G) ORF1ab
23380 - + Substitution A/G 4 Protein S
23394 - + Substitution A/G 4 Protein S
23403 + - Substitution G/A 16 (0) /4 (G) Protein S
26720 - + Substitution C/G 2 Protein M
28144 - + Substitution C/T 3 ORF8
28688 - + Substitution C/T 3 Protein N
28881 + Substitution A/G 6(0)/2(G) Protein N
28882 + Substitution A/G 5(0)/2(G) Protein N
28883 + Substitution C/G 5(0)/2(G) Protein N
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underscore the dynamic nature of SARS-CoV-2 evolution and its
implications for public health. Phylogenetic analysis revealed
significant genetic diversity among viral strains, with distinct subclass
groupings observed within each country, our analysis led us to
conclude that globally, the virus's distribution does not correlate with
regions, lineages, or clades at the subclass level, underscoring the
virus's immense diversity and mutability. Moreover, the high
mutation rate and mutations present in clade O suggest a potential
cause for the virus's reduced virulence.

By elucidating the genetic determinants of viral virulence, this study
provides crucial insights that can inform the development of targeted
therapeutic interventions and vaccine strategies aimed at combating
COVID-19. Furthermore, the identification of specific mutations
offers promising avenues for further investigation through molecular
docking studies, which may unveil potential therapeutic targets for
drug development. Moving forward, sustained surveillance efforts are
imperative to monitor the ongoing evolution and transmission
dynamics of SARS-CoV-2, facilitating timely interventions and
control measures to curb the spread of the pandemic and minimize
its impact on global health.
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