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Abstract

The in silico technology has various applications in biological sciences. As an example, the method was used in a drug
repurposing study to look for potential COVID-19 treatments. The current coronavirus outbreak has been linked to severe
acute respiratory syndrome 2 (SARS-CoV-2), and its phylogeny and taxonomy have been established. Several full-length
sequences of viral genome have been made accessible since the onset of infections, and they have been used to acquire insights
on viral dynamics. Gene-based sequence analysis, haplotype success and potential adaptability, numerous mutations at a site,
and so on are examples of SARS-CoV-2 molecular evolution. The use of artificial intelligence in the mutational and
evolutionary elements of SARS-Cov2 has aided scientists in comprehending the virus's nature and traits. Female immune
systems were found to be more active than male immune systems in response to SARS-CoV-2 infections.

Keywords: sars-COV2, COVID-19 treatments, Insilico insights

Introduction

What exactly is in silico? An in silico experiment is one that
is carried out on a computer or through computer simulation
in biology and other experimental sciences. The term is
pseudo-Latin for "in silicon" (in Latin, "in silicio"), and it
refers to silicon in computer chips. It was coined in 1987 as
a play on the Latin terms in vivo, in vitro, and in situ, which
are frequently used in biology (especially systems biology).
The latter terms refer to experiments conducted in living
organisms, outside of living species, and where they can be
found in nature, in that order. Originally, the word in silico
referred only to computer simulations that modeled natural
or laboratory processes (in all natural sciences), and did not
relate to computer calculations in general. Christopher
Langton used the phrase to characterize artificial life in an
announcement of a symposium on the issue at the Center for
Nonlinear Studies at Los Alamos National Laboratory in
1987. (Hameroff, 2014) [, the in silico technology has
various applications in biological sciences. For example, the
method was used in a drug repurposing study to look for
potential COVID-19 (SARS-CoV-2) treatments (Lee et al.,
2020) 1,

The World Health Organization (WHO) reported cases of
pneumonia of unknown source in Wuhan City, Hubei
Province of China, in early January 2020, and by 30 January
2020, WHO had upgraded the alert to a public health
emergency of international significance. By March 12,
2020, the novel coronavirus (nCoV) outbreak had reached
pandemic proportions and was designated as novel Covid-
19 sickness (nCovid-19) (EDT, 2020). The current
coronavirus outbreak is linked to severe acute respiratory
syndrome 2 (SARS-CoV-2), which has its own phylogeny
and classification (CSGICTV, 2020).

Coronaviruses are single-stranded, positive-stranded RNA
viruses of the genus Coronavirus, family Coronaviridae, that
can cause acute and chronic respiratory and central nervous
system disorders in animals, including humans (To et al.,
2013; Pillaiyar et al., 2016) [16 4 In certain people, the
infection can also produce minor episodes of follicular

conjunctivitis. In animal models, the infection has been
found to cause symptoms similar to anterior uveitis,
retinitis, and optic neuritis (Seah and Agrawal, 2020) 51,
Recent research has revealed the production of hyper-
reflective lesions in the retina's ganglion cell and inner
plexiform layers, notably near the papillomacular bundles
(Marinho et al., 2020) [, Patients' sense of smell and taste
bud sensitivity have also been demonstrated to be affected
by the condition (Giacomelli et al., 2020) [,

SARS-CoV-2 has recently emerged as a pandemic, killing
about 2.4 million people worldwide. Several full-length
sequences of viral genome have been made accessible since
the onset of infections, and they have been used to acquire
insights on viral dynamics (Periwal et al., 2021) 02,
Coronaviruses are enclosed viruses that contain single-
strand RNA as their genetic material. SARS coronavirus
triggered the first coronavirus pandemic in 2002, killing 919
people globally (Yang et al., 2020) ¥l MERS coronavirus
produced another coronavirus epidemic in 2012, resulting in
2499 cases and 858 fatalities (Memish et al., 2020) 14,
Notably, MERS coronavirus was more virulent, with a
fatality ratio of roughly 34.3 percent, compared to SARS
coronavirus, which had a mortality ratio of around 9.6
percent. We are already experiencing another pandemic
triggered by a new SARS coronavirus that originated in
Wuhan, China (Zhou et al., 2020) 2%,

As SARS-CoV-2 infections proceed, the virus may
accumulate multiple additional mutations, such as the
observed Delta variant. Virus evolution is heavily
influenced by nucleotide substitution, and various
organizations are examining viral genomic sequences to
uncover changes driving SARS-CoV-2 evolution and
pathogenesis. Several nucleotide changes and deletions were
discovered in SARS-CoV-2 genomic sequences from
throughout the world in a previous study (Phan, 2020) 3],
Phylogenetic analysis of SARS-CoV-2 data revealed three
clusters of the virus circulating around the world. Clusters A
and C were found to be more frequent in Europe and
America, while Cluster B was found only in East Asia
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(Forster et al., 2020) [,

SARS-CoV-2 infections are expanding rapidly, and the
virus is accumulating new mutations that may aid in the
virus's infectivity. As a result, we used meta-analysis
techniques to detect extremely important alterations in viral
genomic sequences from throughout the world. We used a
suite of algorithms, including normal mode analysis,
discrete molecular dynamics, and all-atom molecular
dynamic simulations, to predict the possible effect of these
mutations on parent proteins in order to better understand
the possible role of these mutations in viral structural
proteins. Our detailed examination of many SARS-CoV-2
structural protein mutations revealed that L37H mutation in
E protein, G204R and P344S in N protein, and D614G in S
protein were destabilizing the parent protein, whereas P13L,
S197L, and R203K in N protein were stabilizing the parent
protein (Periwal et al., 2021) 112,
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The molecular development of SARS-CoV-2

Sequence analysis based on genes

The ratio of non-synonymous to synonymous (dN/dS)
substitutions among a set of sequences is a simple and
widely used metric for detecting selection. According to this
paradigm, a ratio of one suggests neutral evolution, a ratio
less than one shows purifying selection, and a ratio greater
than one indicates positive selection (Kryazhimskiy and
Plotkin, 2008) . In a recent study, the 385 haplotypes
discovered from the 15,789 full-length sequences of SARS-
CoV-2 downloaded from the EpiCov data portal at
gisaid.org were used to compute dN/dS for the entire
genome and then for each gene. Given the dN/dS model
assumptions (i.e., synonymous mutations are neutral), the
findings imply that multiple proteins may be under positive
selection, with nsp2 showing the strongest signal (Figure 1).
(Garvin et al., 2020) 1.
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Fig 1: Several proteins may be under positive selection with the highest signal in nsp2 (Garvin et al., 2020) [,

a) Non-synonymous to synonymous mutation ratio (dN/dS)
per gene (barplots). We estimated ratios from the 385
identified haplotypes using full-length sequences containing
395 variable coding sites from GISAID. Genes with less
than 10 mutations across the population were removed, as
were haplotypes with fewer than five people. Given the
rarity of synonymous and non-synonymous mutations, ten
genes (E, nsp7, nsp8, nspl0, nspl6, ORF6, ORF7A,
ORF7B, and ORFS8) are likely under high purifying
selection at the nucleotide level. dN/dS was calculated using
all modifications in a gene. Barplots are centered on the
gene with the greatest signal. b) Wavelet analysis of SARS-
CoV-2 genome non-synonymous (top) and synonymous
(bottom) mutations. The arrows point to mutation sites
mentioned in the text. The density of the wavelet across the
genome is represented as a log-scale on the y-axis. Higher
values suggest a wider wavelet and, as a result, coarser
granularity.

The success of haplotypes and their capacity for
adaptability

Because of the rapid reporting of full-length genomes and
their haploid (and mostly non-recombining) character, it is
possible to establish a mutational genealogy of the virus.
The timeline of mutations as the virus spreads around the
world can be represented as a median-joining network. It is
thus feasible to identify mutations that happened before and
after the appearance (or removal) of a haplotype from the
sampled population. Furthermore, knowing when a virus
was sampled provides a temporal approximation of a
specific haplotype's half-life. A definition of the term
"success" in the context of haplotypes Researchers
calculated SC (i.e., viral fitness) as the ratio of the number
of individuals (N) with a specific variant to the number of
days that variant was sampled (T) and then by the number of
geographic regions (G) out of six (Figure 2) in which it is
present [SC = (N/T) 1/G]. Under this scenario, the most
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successful haplotypes are those that persist for an extended
period of time before mutating and infect a large number of
people across many geographic regions. Scientists are
particularly interested in viral types that are unsuccessful
according to preset models but enhance fitness with a
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subsequent mutational event, as these may represent
adaptive or compensatory responses. These ineffective
haplotypes will be those that remain over several days and
are distributed in a wide range of geographical areas but
with a low frequency (Garvin et al., 2020) [,
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Fig 2: A definition of haplotype “success” SC (i.e., viral fitness) as the r
the number of days that variant was sampled (T), followed by the num

These researchers discovered five edges on the haplotype
network that may indicate harmful mutations, followed by
compensatory modifications that boosted the modeled
fitness (Figure 2).

Multiple mutations at a single location
Garvin et al. (2020) ™ classified 395 sites as variable (found

in ten or more individuals), 64 of which undergo more than
one mutation, and 62 of which are in coding areas. The most
common alternative allele is a synonymous alteration at 20
of the 62 locations (32%). Almost half (48%) of the second
alternate alleles are either synonymous with the reference
allele or synonymous with the first alternate allele. The
majority of multiple mutations at a site are uncommon,
however others are common and locally unique. Beginning
in late March, an AGC codon (coding for a serine) at
location 1197 in the nsp3 protein mutated at the third
position of AGA (arginine) in 27 people from Southeast
Asia and one person from Australia. Previously, this same
codon altered to AGT, resulting in a synonymous mutation
found mostly in Washington State (14 out of 18
individuals). Notably, the N protein contains 13 sites, half of
which are in the serine/arginine-rich region, demonstrating
the high mutation rate at this functionally critical position
(Figure 1). (Garvin et al., 2020) [,

atio of the number of individuals (N) having a particular variant to
ber of geographic regions (G) out of six (Garvin et al., 2020) [4l,

SARS-Cov2 Mutational and Evolutionary Aspects of
Artificial Intelligence

As the COVID-19 epidemic proceeds, scientists have
discovered additional SARS-CoV-2 variants  with
potentially deadly characteristics. Variant B.1.1.7 lineage
clade GR from the Global Initiative for Sharing All
Influenza Data (GISAID) was discovered in the United
Kingdom, and it appears to be more transmissible.
Simultaneously, South African authorities found variation
B.1.351, which contains multiple changes with B.1.1.7 and
may be highly transmissible. In Brazil, a variation known as
P.1 with 17 non-synonymous mutations was discovered.
The World Health Organization recently expressed alarm
about the variety B.1.617.2, which was initially discovered
in India but is now being exported worldwide. The
importance of rapid development of precise molecular
assays for uniquely identifying novel variations cannot be
overstated. Some workers' in-silico studies revealed that the
sequences in the tested primer sets have good precision and
are based on two or more mutations. The researchers also
published an analysis of critical mutations for SARS-CoV-2
variants (B.1.1.7, B.1.351, P.1, B.1.617.2 and B.1.1.519).
Other scientists can use their given methods to quickly
create primer sets for each new variant, which can then be
used as part of a multiplexed approach for the first diagnosis
of COVID-19 patients (Figure 3). (Lopez-Rincon et al.,
2021) 1,
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Fig 3: CNN architecture used to classify variants B.1.1.7, B.1.351, and P.1. Used in a study by Lopez-Rincon et al. (2021) 1.

Characterizing SARS-CoV-2 mutations in the United
States

Since it was originally sequenced in early January 2020, the
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has been changing. The genetic variants have
evolved into a few unique clusters, each with its own set of
characteristics. Because the United States (US) has the most
virally infected patients in the world, it is critical to
understand the US SARS-CoV-2. Some researchers
discovered that the US SARS-CoV-2 has four substrains
and five top US SARS-CoV-2 mutations were first detected
in China (2 cases), Singapore (2 cases), and the United
Kingdom using genotyping, sequence alignment, time
evolution, k-means clustering, protein-folding stability,
algebraic topology, and network theory (1 case). The
following three top US SARS-CoV-2 variants were
discovered in the United States. These top eight mutations
are divided into two distinct groups. The first group, which
consists of five concurrent mutations, is dominant, whereas
the second group, which consists of three concurrent
mutations, eventually fades out. According to the findings
of these researchers, female immune systems are more
active than male immune systems in reacting to SARS-
CoV-2 infections. They discovered that one of the major
mutations on ORF8, 27964C>T-(S24L), had an abnormally
strong gender dependence. Based on the study of all spike
protein alterations, scientists discovered that three of the
four US SASR-CoV-2 substrains became more infectious.
Their research advocates for better virus control and

containment techniques in the United States (Wang et al.,
2020) [17, 19, 20].
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Fig 4: depicts a pie chart representation of four clusters in the
United States on July 14, 2020. Clusters A, B, C, and D are
represented by the blue, red, yellow, and green colors, respectively.
The dominant cluster determines the basic color of each state.
Some states do not provide GISAID with whole genomic
sequences. As a result, the basic color of these states was not
established. (Wang et al., 2020) [17:19.20],

Since it was first sequenced in early January 2020, SARS-
CoV-2 has been mutating. Wang et al. (2021) @8
investigated the mutations in 45,494 full SARS-CoV-2
genome sequences from around the world. There are 12,754
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sequences from the United States among them. According to
their findings, there are four substrains and eleven top
mutations in the United States. These top eleven mutations
are divided into three distinct groupings. The first and
second groups, which have 5 and 8 concurrent mutations,
are dominant, whereas the third group, which has three
concurrent mutations, is rapidly fading out. Wang et al.
(2021) 81 also discovered that female immune systems are
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more active in reacting to SARS-CoV-2 infections than
male immune systems. One of the most common mutations
in ORF8, 27964C > T-(S24L), exhibits an extremely strong
gender dependence (Figure 5). They discover that two of
four SARS-CoV-2 substrains in the United States become
possibly more contagious after analyzing all changes on the
spike protein.

1059C>T NSP2 T851 T4308C>T NSPIZ P323L 23403A>>G Spike D614G
0.6 1500 1.0 1500 1.0 15001
0.8 .
0.4 1000 0.6 1000 82 100
04 04
0.2 500 02 500 02 500
01 10 01 0 01 0
IS I SN TR SR S SN ST A S
TS > S S B A ® s . EARIRN
O @F @ T F ¥ @ S F & ¥ @ S
25563G>T ORF3a Q57H 27964C =T ORFS S24L 28881G>A N R203K
1500 1500 0.6 1500)
0.6 03
04 1000 4, 1000 04 100
02 500 1 500 02 500
0- 0 01 10 01 10
5 o s > N > ) Gl S ] A N > o o >
N\ ~ w» W ) N v N\ N A ) N 3 N N Vv
S > ) & & > ¢ s s N
R SR R R FEF @ T
28882G>A N R203K 28883G>C N G204R 17747C>>T NSP13 P504L
0.6 1500 06 1500 06 1500)
04 1000 04 000 o, 100
0.2 500 02 500 02 500
01 10 01 10 0 0
N S ;) N R N H D SR S
- 0 ks he & < 0 X ) N C 3 & \"\, 4
RO NN & F @ ¢ F &P ¢ T S
17858A>G NSP13 Y541C 28144T>C ORFS L84S 0.6
1500 08 1500 05
0.6 06 0.4
04 1000 o 1000 s
02 500 500 02
02 01
01 Ho 01 0 0
ST AR S >N A G &
¢ 0 & > 0 & > &
S R I R N e, F PN & S p <& Téﬁ «Q
e

Fig 5: The evolution and the gender distribution of the top 11 missense mutation ratios.

The blue lines depict the evolution of the top 11 missense
mutation ratios (the y-axis on the left), which are calculated
as the number of genome sequences with a specific mutation
divided by the total number of genome sequences. The
evolution of the total number of genomic sequences is
represented by the red lines (the y-axis on the right). The
gender distribution of the ratio of the number of samples
with the top 11 missense mutations over the total number of
samples with age and/or gender labels is represented by the
bar plot. In the United States, red bars reflect female ratios
and blue bars show male ratios.
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