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ABSTRACT
Members of the Coronaviridae family comprise four genera Alphacoronavirus and
Betacoronavirus, which infect only mammals, and Gammacoronavirus and
Deltacoronavirus infect birds and mammals. Since the end of 2019, humanity has
witnessed the emergence of a new pandemic caused by a line of beta-coronavirus (SARSCoV-2) responsible for causing a novel severe acute respiratory syndrome named
coronavirus disease (COVID-19) affecting countries worldwide. In this context, this work
aimed to investigate the main changes in SARS-CoV-2 genomic architecture through the
time since the beginning of the infection using in silico analysis. A genomic database was
built using complete and revised genomes from NCBI as well as analyzed through
sequencing alignment and phylogenetic softwares. This study was able to show a change
in the organizational pattern of the genome of the new coronavirus for the different
regions studied, in addition to showing specific changes in the genomic sequence
requiring further analysis of the collected genomes and may provide new evidence for the
key protein changes like Spike protein.
Keywords: SARS-CoV-2, Genome, COVID-19.
RESUMO
Os membros da família Coronaviridae compreendem quatro gêneros Alfacoronavirus e
Betacoronavirus, que infectam apenas mamíferos, e Gammacoronavirus e
Deltacoronavirus infectam aves e mamíferos. Desde o final de 2019, a humanidade
testemunhou o surgimento de uma nova pandemia causada por uma linha de betacoronavírus (SARS-CoV-2) responsável por causar uma nova síndrome respiratória
aguda chamada doença coronavírus (COVID-19) que afeta países em todo o mundo.
Neste contexto, este trabalho teve como objetivo investigar as principais mudanças na
arquitetura genômica do SRA-CoV-2 ao longo do tempo desde o início da infecção,
utilizando em análise silico. Um banco de dados genômico foi construído usando
genomas completos e revisados do NCBI, bem como analisado através de alinhamento
de seqüenciamento e softwares filogenéticos. Este estudo foi capaz de mostrar uma
mudança no padrão organizacional do genoma do novo coronavírus para as diferentes
regiões estudadas, além de mostrar mudanças específicas na seqüência genômica que
requerem uma análise mais aprofundada dos genomas coletados e pode fornecer novas
evidências para as principais mudanças protéicas como a proteína Spike.
Palavras-chave: SARS-CoV-2, Genoma, COVID-19

1 INTRODUCTION
Since the end of 2019, humanity has witnessed the emergence of a new pandemic
caused by a line of beta-coronavirus (SARS-CoV-2) responsible for causing a novel
severe acute respiratory syndrome named coronavirus disease (COVID-19) affecting
countries worldwide (Amsalem et al., 2021; Wu et al., 2020).
Members of the Coronaviridae family comprise four genera Alphacoronavirus
and Betacoronavirus, which infect only mammals, and Gammacoronavirus and
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Deltacoronavirus infect birds and mammals. They are enveloped, with positive singlestranded RNA between 26 and 32 kilobases. Due to these characteristics, they can present
a high mutational rate, which can promote the ability to detect new cell types or even new
species that can trigger serious lung diseases (Lvov & Alkhovsky, 2020).
Structurally coronaviruses mainly consist up to four group of proteins that form
the nucleocapsid (N), the envelope (E), the membrane (M) and Spikes (S). The Spike
protein forms elongated structures that protrude throughout the virion, forming a crown
similar to the sun's rays, hence the name. These protrusions bind to receptors on host cells,
thereby determining the types of cells and the variety of species that the virus can infect
(Wrapp et al., 2020).
Initially coronavirus disease was presented as enzootic infections, restricted to
their natural animal hosts, however, mutations allowed the Coronaviruses (CoVs) to
establish themselves as a zoonotic disease in humans. As a consequence, outbreaks of
severe acute coronavirus syndrome (SARS-CoV) in 2003 led to an almost pandemic with
8096 cases and 774 deaths reported worldwide, resulting in a 9.6% death rate. Since the
outbreak of Middle Eastern respiratory syndrome by Coronavirus (MERS-CoV) in April
2012 to 2018, laboratory confirmed cases have been reported worldwide, including 791
deaths associated with a 35.5% death rate (Ahmadzadeh et al., 2020).
In this context, this work aimed to investigate the main changes in SARS-CoV-2
genomic architecture through the time since the beginning of the infection using in silico
analysis.
2 MATERIALS AND METHODS
2.1 GENOME DATABASE
For the genome database assembly, the genomic information deposited and
publicly disclosed at the National Center for Biotechnology Information (NCBI) was
accessed for revised-only and complete genomes. To allow a global analysis of the
genomic data, a selection of genomes from different regions (Brazil, Europe, USA and
China) was chosen, each with 30 complete genomes and initial alignment was performed
using ClustalW. For phylogenetic analysis, a database was constructed and the outgroup
was represented by Bat SARS-CoV Rs672/2006 complete genomes. All genomes were
checked for integrity and deposited in the database in FASTA format (Kryukov et al.,
2020; Yang et al., 2020).
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2.2 OPEN READING FRAME ANALYSIS
The analysis of open reading frames was performed based on the genomic
sequences deposited in the database from different regions of the world as well as root
groups containing the Bat SARS-CoV Rs672/2006 genome. The analysis was made using
the online software Open Reading Frame Finder hosted on NCBI website. The search
parameters were optimized for Minimal ORF length bigger than 150 nucleotides with a
single initiation codon “ATG” for each ORF and standard genetic code validation
(Rangwala et al., 2021).
2.3 PHYLOGENETIC ANALYSIS
The Maximum-likelihood (ML) tree was constructed under the appropriate
nucleotide substitution model using the software MEGA. Using the same program,
robustness of the tree was evaluated by the bootstrapping with 1000 replicates. Bat SARSCoV Rs672/2006 genome was used to determine root group (Tamura et al., 2007).
3 RESULTS
3.1 SARS-CoV GENOME DATABASE
Considering all analyzed genomes worldwide, samples from China and United
States constituted the highest percentage of deposited genomes in the NCBI. Each
analyzed genome had, on average, a sequence of 30 Kbp, constituting a total genomic
database of 3.6 Mbp (data not shown), considerably higher than the Human Genome itself
of approximately 3 Mbp (Sawicki et al., 1993).
Table 1: Representative Bat SARS-CoV and SARS-CoV-2 genome sequences from four different regions
worldwide.
NCBI Code
Region
Nucleotide Length
Organism
MT253697.1
Wuhan, China (2020)
29781 nt
SARS-CoV-2
MT328033.1
Greece, Europe (2020)
29875 nt
SARS-CoV-2
MT334526.1
Utah, United States (2020)
29883 nt
SARS-CoV-2
MT350282.1
São Paulo, Brazil (2020)
29883 nt
SARS-CoV-2
FJ588686.1
Southern China (2010)
29059 nt
SARS-CoV
nt: nucleotides

The smallest amount of complete genome samples was recorded for Brazil, which
reflects a considerable underreporting of circulating variants. A preliminary alignment of
representative sequences for each studied region (table 1) demonstrates a high degree of
conservation of collected genomes (figure 1).
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Figure 1: Overall genome alignment of representative SARS-CoV-2 sequences from four different regions
worldwide compared with Bat SARS-CoV genome.

3.2 ORF ANALYSIS
Considering the open reading frames analysis, the genome architecture of SARSCoV-2 differed significantly from the root group. A decrease in the amount of ORFs was
observed in the SARS-CoV-2 genomes (figure 2), which indicates a condensation
tendency towards new coronavirus open reading frames as well as a new organization in
polynucleotides allowing a more compact sequence of genetic material when compared
to ancestral coronaviruses (Holmes & Rambaut, 2004).
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Figure 2: ORF architecture comparison. (A) New betacoronavirus theoretical ancestor showing a wider
open reading frame with 60 ORFs with small polypeptides translational sites (small red bars). (B) Canonical
SARS-CoV-2 genome showing a compact ORF organization with 47 entries and less translational sites
(small red bars) than betacoronavirus ancestor.

Such a decrease in the genome may provide the key to understanding the greater
degree of infectivity and viral load of current circulating variants when compared to
SARS-CoV or even MERS-CoV which had generally larger ORF genomes and therefore
spent more time and biochemical machinery for a cycle of replication. This greater
infectivity rate highlights a bigger need for care with hand and surface hygiene thus
preventing viral infection cycles, this practice is not always effective and comes up
against infrastructure challenges inside and outside nosocomial environments (Bastian et
al., 2021).
3.3 PHYLOGENETIC TREE CONSTRUCTION
The phylogeny construction (figure 3) for this new coronavirus variant showed a
gradual formation of clades that probably reflect the evolutionary history of the virus. The
known ancestor was considered the root group of the entire phylogeny, which
corroborates the analysis while USA and Europe genomes formed a common clade
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followed by genomes from China. Moreover, a single clade was formed by Brazilian
which indicates an existence of its own variants as observed in clinical and
epidemiological findings (Lvov & Alkhovsky, 2020).
Figure 3: SARS-CoV-2 Evolutionary Analysis. The evolutionary history was inferred by using the
Maximum Likelihood method and Tamura-Nei model. The tree with the highest log likelihood is shown.

The phylogenetic tree with the highest log likelihood demonstrates uniformity in
the branches of each clades which suggests small and occasional changes in genome
organization, known as single nucleotide polymorphisms, being able to influence the
distribution of different structural proteins isoforms of the capsid and associated envelope
molecules that plays important role during the infection like the Spike protein (Hulswit
et al., 2016).
4 DISCUSSION
Among the most varied groups of viruses infectious to humans, RNA viruses have
stood out throughout history for their high mutation capacity and consequently a higher
rate of evasion to innate and adaptive immunity mechanisms due to the production of
different viral variants. Beta-coronaviruses are characterized by having genetic material
consisting of coding RNA (RNA+) that serves as a template for new copies of viral
genetic material as well as for the translation of viral proteins from the biochemical
machinery of host cells (Blagova et al., 2020).
In addition to the difficulty presented by the high mutation rate in the genetic
material of viral RNA, beta-coronaviruses bring an additional barrier in their detection
and elimination during infectious processes since it is an enveloped virus that favors viral
internalization and the concealment of proteins from the viral capsid. Despite the current
state of the pandemic, few coronaviruses had caused large-scale harm to human health
until then, which implies a recent change from previously harmless strains to highly
infectious forms (Lvov & Alkhovsky, 2020).
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The obtained data of genome organization in the most varied regions in the world
demonstrated a tendency to decrease the size of nucleotide sequences when compared to
the known ancestors for SARS-CoV-2 whereas ORFs also decreased in quantity and
increased in its length. These findings suggests a specialization of the most derived forms
of coronavirus that tends to increase the speed of replication and consequently the rate of
infection, such variation of genomes has already been described in other works that point
out that this might be the mechanism behind the formation of variants (Amsalem et al.,
2021).
From a phylogenetic point of view, the built cladogram from the studied database
demonstrates the formation of three representative clades with the ancestor bat
coronavirus as a root. The first clade is the one that contains genomes from Asian origin
showing a subpopulation of viral strains, followed by a European and North American
clade that probably constitutes a unitary group due to the high movement among people
between the United States and European countries that tends to spread the variants
between these two regions (Holmes & Rambaut, 2004).
On the other hand, genomes originating in Brazil formed an isolated clade,
probably for two reasons, such as the isolation that the other countries of the globe
imposed on their air traffic with Brazil as well as the emergence of local variants such as
P1 that quickly became the majority in the territory among Brazilian population, as can
be seen from recently published epidemiological studies on this viral strain (Dos Santos
et al., 2021).
5 CONCLUSION
In summary, the present work was able to show some significant changes in the
organizational pattern of new coronaviruses genome at different studied regions, in
addition to showing specific changes in the genomic sequence from the performed
alignment, which evidences the occurrence of single nucleotide polymorphisms. The
phylogenetic analysis corroborated the differences observed in the analysis of the ORFs
and in the genomic alignment, forming three different groups of SARS-CoV-2 (Asian
clade, Euro-American clade and Brazilian clade).
The present study serves as a starting point for further analysis of the collected
genomes and may provide new evidence for the changes that are beginning to be
described at the protein level - mainly regarding the emergence of isoforms of the Spike
protein that has a fundamental role in the infection processes.
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