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ABSTRACT

Various lineages of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) have contributed to pro-
longation of the Coronavirus Disease 2019 (COVID-19) pandemic. Several non-synonymous mutations in SARS-
CoV-2 proteins have generated multiple SARS-CoV-2 variants. In our previous report, we have shown that an
evenly uneven distribution of unique protein variants of SARS-CoV-2 is geo-location or demography-specific.
However, the correlation between the demographic transmutability of the SARS-CoV-2 infection and muta-
tions in various proteins remains unknown due to hidden symmetry/asymmetry in the occurrence of mutations.
This study tracked how these mutations are emerging in SARS-CoV-2 proteins in six model countries and
globally. In a geo-location, considering the mutations having a frequency of detection of at least 500 in each
SARS-CoV-2 protein, we studied the country-wise percentage of invariant residues. Our data revealed that since
October 2020, highly frequent mutations in SARS-CoV-2 have been observed mostly in the Open Reading Frame
(ORF) 7b and ORF8, worldwide. No such highly frequent mutations in any of the SARS-CoV-2 proteins were
found in the UK, India, and Brazil, which does not correlate with the degree of transmissibility of the virus in
India and Brazil. However, we have found a signature that SARS-CoV-2 proteins were evolving at a higher rate,
and considering global data, mutations are detected in the majority of the available amino acid locations. Fractal
analysis of each protein’s normalized factor time series showed a periodically aperiodic emergence of dominant
variants for SARS-CoV-2 protein mutations across different countries. It was noticed that certain high-frequency
variants have emerged in the last couple of months, and thus the emerging SARS-CoV-2 strains are expected to
contain prevalent mutations in the ORF3a, membrane, and ORF8 proteins. In contrast to other beta-
coronaviruses, SARS-CoV-2 variants have rapidly emerged based on demographically dependent mutations.
Characterization of the periodically aperiodic nature of the demographic spread of SARS-CoV-2 variants in

various countries can contribute to the identification of the origin of SARS-CoV-2.

1. Introduction

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
is the causative agent of the Coronavirus Disease (COVID-19) (Pedersen
and Ho, 2020; Setti et al., 2020; Domingo et al., 2020). SARS-CoV-2 has
spread rapidly and has evolved prolonging pandemic and precarious
clinical entity (Health, 2020; Tapper and Asrani, 2020). Since the
beginning of the pandemic, SARS-CoV-2 has increasingly accumulated
various mutations leading to patterns of genomic diversity (van Dorp
et al., 2020; Zhou et al., 2020). The wide SARS-CoV-2 variations were
scattered across the various geo-locations, and it can underlie
geographically specific etiological effects (Mercatelli and Giorgi, 2020).
It was expected that these mutations could be of use to monitor the
spread of the virus, and to identify sites putatively under selection as
SARS-CoV-2 potentially adapts to its new human host. SARS-CoV-2 may
be evolving towards higher transmissibility as it may not yet fully adapt
to its human host. The most plausible mutations under putative natural
selection are those which have emerged repeatedly and independently
(van Dorp et al., 2020). It was reported that 198 sites in the SARS-CoV-2
genome appear to have already undergone recurrent, independent mu-
tations (van Dorp et al., 2020). Various SARS-CoV-2 missense mutations
are the key evolving factors affecting the infectivity, and virulence, and
pathogenicity of the virus (Mercatelli and Giorgi, 2020). Several
SARS-CoV-2 variants have significantly strengthened the infectivity
(Chen et al., 2020). It was previously reported that the rate of
SARS-CoV-2 mutations are relatively low compared to other RNA vi-
ruses, such as influenza virus (Kupferschmidt, 2020; Khan et al., 2020;
Gomez-Carballa et al., 2020). The low SARS-CoV-2 mutation rate might
relate to its proofreading ability, which is a unique embedded function
of SARS-CoV-2 (Romano et al., 2020; Ogando et al., 2020). Thus far,
although several mutations have been detected, SARS-CoV-2 seem not to
be drifting antigenically (Yuan et al., 2021; Williams and Burgers,
2021). However, the mechanism of SARS-CoV-2 evolution or developing
gain of function variations have remained unclear (Wang et al., 2021). A
non-uniform mutation pattern in the viral proteins was recently re-
ported, which has further accelerated the discussion on the question of
the origin of SARS-CoV-2 (Hassan et al., 2021b).

The rapidly evolving data on mutations and various strains of SARS-
CoV-2 makes it vulnerable to firmly assert whether SARS-CoV-2 results
from a zoonotic emergence or from an accidental escape from a labo-
ratory (Sallard et al., 2021; Pipes et al., 2021; Nadeau et al., 2021;

Seyran et al., 2021). This issue of origin needs to be resolved because it
has important consequences on the risk/benefit balance of human in-
teractions with ecosystems, on intensive breeding of wild and domestic
animals, on some laboratory practices and on scientific policy and
bio-safety regulations (Sallard et al., 2021). Despite these recent in-
vestigations, several issues related to the evolutionary patterns and
origin of the COVID-19 pandemic remain to be fully characterized (Liu
et al., 2020, 2019; Domingo, 2021a,b; Grassberger, 1993). No direct
correlation was observed in the mutation pattern of SARS-CoV-2 from
the infection rate in the first and second waves of COVID-19 (Ko et al.,
2021; Lv et al., 2020; Kumar et al., 2020).

In this study, the potential embedded mutation pattern of the spike
(S), envelope (E), membrane (M) (Domingo, 2021b), nucleocapsid (N),
ORF3a, ORF6, ORF7a, ORF7b, ORF8, and ORF10 proteins of
SARS-CoV-2 are analyzed in six model countries viz. USA, UK, Brazil,
Germany, India, South Africa (SA), and globally.

2. Data specifications and methods
2.1. Data

The majority of publicly available SARS-CoV-2 genomic sequences
were sourced from GISAID, NCBI,and CNGB. The SARS-CoV-2 sequence
data was taken from the GISAID database (Shu and McCauley, 2017).
Mutation data with their respective details were collected from the
CoVal database. In this study, we focused on the S, M, E, N, ORF3a,
ORF6, ORF7a, ORF7b, ORF8, and ORF10 proteins of SARS-CoV-2. We
also considered mutations within the protein of our interest from all
geo-locations available in the CoVal database. In particular, a set of six
model countries, the USA, UK, South Africa, India, Germany, and Brazil
was selected.

2.2. Methods

2.2.1. Mutation search using the CoVal database

Single mutation details were retrieved from the CoVal database by
searching by the name of the model country and the SARS-CoV-2 protein
of interest. For example, details of all single mutations in the SARS-CoV-
2 S protein from the UK were retrieved, of which a snapshot is presented
in Figure 1.

Likewise, for other model countries and SARS-CoV-2 proteins, details
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of single mutations were retrieved. Prior to proceeding into the result
section, some definitions are recalled and redefined for easy reading.

3. Results

Four different classes were defined on the date of the first detection
and frequency of mutations in the SARS-CoV-2 proteins of our interest.
Class-I contains all mutations detected in the proteins of SARS-CoV-2
across the world. Class-II contains only those mutations with a fre-
quency more than or equal to 500 (a reasonably good frequency of a
mutation detected in a geo-location) in SARS-CoV-2 in affected patients
worldwide. Mutations that were detected after October 2020 belong to
Class-III. Mutations with a frequency larger than 500 since October 2020
are members of Class-IV.

3.1. Invariant residues of SARS-CoV-2 proteins

Amino acid residues where no mutations were detected are termed
“invariant residues”. From the CoVal database, we first found distinct
residue positions of mutations, and the total number of invariant resi-
dues (r) of each type. Furthermore, the percentage of invariant residues
in each protein of length (1) was determined using the formula -1 % 100.

Class-1. The percentages of invariant residues (Class-I) in SARS-CoV-2
proteins in various countries are listed in Table 1.

Considering all mutations with amino acid changes in all available
geo-locations, it was observed that, except for the SARS-CoV-2 structural
proteins, the ORF proteins (ORF3a, ORF6, ORF7a, ORF7b, ORF8, and
ORF10) possessed mutations at every residue position of the respective
protein. On the other hand, it was found that an increasing order of the
percentage of invariant residues in the structural proteins of SARS-CoV-2
turned out to be E (6.67) < N (10.74) < S (14.69) < M (24.32). In other
words, the highest and lowest number of mutations were detected in the E

Mutations in CoVal database
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and M proteins, respectively. Across six countries, the highest and lowest
number of invariant residues were found in the M and ORF3a proteins,
respectively. It was noted that the highest frequency of invariant residues
in the E among all proteins was observed in Germany. Among all proteins,
the highest number of mutations was detected in the ORF3a proteins in
Germany, India, Brazil, and South Africa, whereas in the USA and UK,
ORF7b possessed the highest number of mutations. Notably, it was
observed that each protein in SARS-CoV-2 possessed an almost similar
number of mutations in the USA and UK. Among six countries, the least
amount of mutations across all proteins was found in COVID-19 patients
from South Africa, whereas in the USA, the highest number of mutations
in SARS-CoV-2 were detected.

An increasing-order (decreasing-order) of the six geo-locations based
on the invariant residues (mutations) across all proteins was found in the
USA < UK < Germany < India < Brazil < SA (reverse order).

Class-II. The percentages of invariant residues (Class-II) over the
SARS-CoV-2 proteins in various countries are listed in Table 2.

While we considered only those mutations with a frequency of at
least 500, it was observed that the increasing order of the percentage of
invariant residues in the SARS-CoV-2 structural proteins was N (80.19)
< S(89.94 )< E (92) < M (94.14). Therefore, the highest and lowest
frequency of mutations were detected in the N and M proteins, respec-
tively. Across six geo-locations, the ORF3a and M proteins possessed the
highest and lowest amount of amino acid changing mutations, respec-
tively. It was further noticed that each SARS-CoV-2 protein possessed
almost the same number of mutations in the USA and UK. Among six
countries, the least number of mutations across all proteins is found in
COVID-19 patients from the UK, whereas the highest number of muta-
tions were detected in India.

A decreasing order of the total number of mutations in proteins at the
six geo-locations was the UK > USA > Germany > SA > Brazil > India
(from highest to lowest). In other words, the highest number of different

Retrieve details of a single mutation or a cluster (co-occuring):
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Fig. 1. Details of a single mutation retrieval from the CoVal database.
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Table 1

Percentage of invariant residues (considering all mutations so far accounted) in the SARS-CoV-2 proteins in various countries.
Countries S E M N ORF10 ORF3a ORF6 ORF7a ORF7b ORF8
Across all countries 14.69 6.67 24.32 10.74 0 1.1 0 0 0 0
USA 32.52 29.34 37.39 19.33 5.26 5.1 6.56 2.48 2.32 2.48
UK 33.54 29.34 42.8 19.57 7.9 7.63 6.55 1.65 0 4.13
Germany 61.35 72 69.82 46.06 44.74 24.37 39.35 71.07 34.99 27.27
India 80.83 80 88.29 69.21 57.89 55.64 77.05 66.11 55.81 60.33
Brazil 87.51 84 92.8 80.67 78.95 71.28 83.6 73.55 76.74 73.55
SA 90.49 90.67 94.14 82.82 84.21 77.82 91.8 90.08 83.72 82.64

Table 2

Percentage of invariant residues (considering all mutations having a frequency >500) in the SARS-CoV-2 proteins in various countries.
Countries S E M N ORF10 ORF3a ORF6 ORF7a ORF7b ORF8
Across all countries 89.94 92 94.14 80.19 78.95 72 91.8 81 83.72 72.72
USA 96.54 97.34 99.55 92.6 94.74 92.36 100 98.35 97.67 89.26
UK 97.1 100 99.1 93.8 94.74 89.1 98.36 96.7 93.02 93.39
Germany 98.74 100 100 97.61 97.37 97.45 100 100 100 98.35
India 99.92 100 100 99.28 100 99.63 100 100 100 100
Brazil 99.76 100 100 99.04 100 100 98.36 100 100 100
SA 99.53 98.67 100 99.28 100 99.27 100 100 100 100

mutations across all these proteins were detected in the UK, and the
lowest number of mutations was observed in India. In India, Brazil, and
SA, no mutation with a frequency of at least 500 (originating in these
countries) was detected in any SARS-CoV-2 protein, except one or two
reported most frequent deleterious mutations D614G in the S protein
and Q57H in the ORF3a protein. Note that in Germany, the S, N, ORF10,
ORF3a, and ORF8 proteins possessed a couple of mutations, whereas the
E, M, ORF6, ORF7a, and ORF7b proteins did not have any mutations
originating from Germany, with a frequency of more than 500.

Class-III. The percentages of invariant residues (Class-III) in the
SARS-CoV-2 proteins in various countries are presented in Table 3.

It was observed that the SARS-CoV-2 ORF3a protein was no longer a
hotspot for dominant mutations. From October 2020 until June 2021,
the M and ORF8 proteins owned the lowest (66.22%) and the highest
(99.174%) number of mutations, respectively, across the world.
Notably, in the past, the ORF3a protein possessed the highest number of
mutations (Bianchi et al., 2021; Hassan et al., 2020). Currently, it seems
that ORF3a mutations in the USA, UK, and elsewhere are relatively rare
(less than 10%). Since October 2020, the highest number of mutations
have been detected in the ORF3a protein in SA. In the UK, Germany,
India, and SA, the E protein had the lowest frequency of mutations,
whereas the M protein possessed several mutations amounting to the
highest frequency among others in the USA and Brazil. The highest
percentage of mutations were detected in the ORF8 protein, since
October 2020 in Germany, India, and Brazil. The highest frequency of
mutations in the USA and UK were observed in the ORF7a and ORF7b
proteins, respectively.

An increasing order of the six geo-locations based on the variability
of mutations in SARS-CoV-2 proteins (from October 2020 until June

Class-IV. The percentages of invariant residues (Class-IV) in SARS-
CoV-2 proteins in various countries are listed in Table 4.

Considering all mutations having a frequency of more than 500, from
October 2020 until June 2021, it was observed that the ORF7b and
ORF8 proteins owned the highest frequency of various mutations,
whereas the M protein contained the lowest number of mutations. In
fact, all four structural proteins S, E, M, and N contain more than 94% of
invariant residues. No mutations that had a frequency of more than 500
since October 2020 in the UK, India, and Brazil were found in any of the
aforementioned SARS-CoV-2 proteins. In South Africa, the proteins S, E,
N, ORF3a, and ORF10 owned a couple of mutations with a frequency of
more than 500 detected since October 2020. The S, N, and ORF10
proteins possessed a couple of mutations of this kind in Germany,
whereas only in the S and E proteins, a few mutations of this type were
noticed.

3.2. Hidden self-organized self-similarity in frequency of SARS-CoV-2
mutations

The degree of fractality, fractal dimension (FD), of the normalized
factor time series (NFTS) for each SARS-CoV-2 protein in a given model
country was quantified (Table 5). The FD revealed any hidden self-
organized self-similar patterns (if any) in the frequency of emerging
mutations in each protein (Pilgrim and Taylor, 2018; Sanchez-Granero
et al., 2012). Here the NFTS is defined as follows:

Normalized factor time series: For each mutation (m) in a given SARS-
CoV-2 protein, a normalized factor is determined based on the presence
of the mutation in various geo-locations (countries). Normalized factor
NF,, is defined as

. . NG,
2021) was India < SA < Brazil < Germany < USA < UK. NF,, = TGm
m

Table 3

Percentage of invariant residues (considering all mutations since October 2020) in the SARS-CoV-2 proteins in various countries.
Countries S E M N ORF10 ORF3a ORF6 ORF7a ORF7b ORF8
Across all countries 24.51 22.67 33.78 15.03 2.63 4 1.64 0.826 4.65 0.826
USA 56.72 56 64.41 51.55 18.42 33.1 32.79 26.45 13.95 28.92
UK 53.18 61.33 57.2 49.4 55.26 28.73 16.39 9.92 23.25 23.14
Germany 68.66 82.67 77.48 67.3 60.53 40.73 47.54 39.67 41.86 37.2
India 97.49 100 97.75 97.14 92.1 96 98.36 93.39 95.35 91.73
Brazil 94.58 94.67 97.75 94.03 97.37 90.18 91.8 90.9 95.35 88.43
SA 97.25 100 98.65 94.99 97.37 92.37 98.36 97.52 93.02 95.87
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Table 4

Percentage of invariant residues (considering all mutations since October 2020 having a frequency of >500) in the SARS-CoV-2 proteins in various countries.
Countries S E M N ORF10 ORF3a ORF6 ORF7a ORF7b ORF8
Across all countries 95.68 96 98.2 94.51 92.1 90.91 96.72 95.04 88.37 88.43
USA 99.76 98.67 100 100 100 100 100 100 100 100
UK 100 100 100 100 100 100 100 100 100 100
Germany 99.6 100 100 98.8 97.37 100 100 100 100 100
India 100 100 100 100 100 100 100 100 100 100
Brazil 100 100 100 100 100 100 100 100 100 100
SA 99.53 98.67 100 99.76 97.37 99.27 100 100 100 100

Table 5

Fractal dimension of the normalized factor time series.
Countries S E M N ORF3a ORF6 ORF7a ORF7b ORF8 ORF10
All 1.9336 1.7811 1.9167 1.9351 1.9272 1.916 1.9158 1.9396 1.9216 1.6707
UK 1.9496 1.603 1.9131 1.9352 1.9146 1.899 1.923 1.8826 1.9352 1.6439
India 1.7112 1.1699 1.2521 1.7539 1.7603 1.0925 1.4771 1.179 1.7549 1.179
USA 1.9484 1.8502 1.9333 1.9308 1.9271 1.9302 1.9232 1.9376 1.9156 1.9771
SA 1.6752 0.6491 1 1.585 1.585 0.5144 1.4594 0.6491 1.179 0.5144
Germany 1.8155 1.179 1.5319 1.8507 1.7984 1.7618 1.7379 1.3315 1.7297 1.1377
Brazil 1.8119 1.585 1.0925 1.7655 1.6705 1.585 1.2849 1.3219 1.5502 0.6491

Here, NG, and TG, denote the number of genomes with this specific
mutation (m) in this country, and the total number of genomes with this
mutation (m) worldwide, respectively. It varies from O to 1. Here the
normalized factor O denotes the spreading of the mutations uniformly
across various geo-locations, whereas 1 denotes the detection of the
mutation in a single geo-location (Gelly et al., 2011). A series of detected
mutations in a given protein lead to anNFTS.

From Table 5 it was concluded that the FD of NFTS for SARS-CoV-2
proteins ranged from 0.5144 to 1.9771. This wide range of the FD de-
picts the hidden non-uniform distribution of the frequency in various
countries. We observed that the lowest FD for each SARS-CoV-2 protein
was detected in South Africa, whereas the highest fractality for all
proteins were either found in the USA or UK. These model countries
were ranked in increasing order based on the FD for each protein
(Table 6).

The ranking of countries based on the FD of NFTS for the S and N
proteins was identical (Table 6). Likewise, an identical ranking was
noticed for the SARS-CoV-2 M and ORF3a proteins. Also, the country-
ranking based on the FD of NFTS for the ORF6 and ORF7b proteins
were the same. Notably, the fractality of NFTS for the E and ORF7a
proteins in India, Germany and Brazil did not follow any strict order.

3.3. The emergence of new SARS-COV-2 variants

To understand the emergence of new strains and which SARS-CoV-2
strain dominates, we looked at the dates of the detection of various
mutations in each SARS-CoV-2 protein and their respective frequencies
(in logarithmic scale) (Table 7).

A negative correlation signifies that the early detected mutations

Table 6

since the beginning of the COVID-19 pandemic, are more dominant in
the present scenario (Lee Rodgers and Nicewander, 1988). We noticed
precisely that the pattern in the USA, UK, and Germany was that each
correlation coefficient was negative (Mukaka, 2012). The similar
pattern was seen in South Africa and Brazil. We detected newer ORF3a
mutations that were dominant in South Africa, and some new ORF10
mutations were seen. The trend was that the newer ORF10 mutations
were more dominant in Brazil. Mutations in the E and S proteins in Brazil
also showed the emergence of new strains. To understand the emergence
of newer variants, we plotted the date and frequencies (log) of mutations
in the SARS-CoV-2 E, M, ORF3a, and ORF8 proteins (Figure 2). Outlier
points (in red) in Figures 2 and 3 showed the emergence of newer mu-
tations in the four SARS-CoV-2 proteins.

The density of outlier points in the ORF3a protein implies the
emergence of new variants of SARS-CoV-2 with a significant number of
missense mutations. These new SARS-CoV-2 variants would also contain
various mutations in the M and ORF8 proteins, whereas it was observed
that mutations in the E protein were no longer dominant.

The first twenty dominant (with regards to frequency) mutations
worldwide are plotted for all proteins in Figure 3.

It seems that the M protein had more versatile dominant mutants
globally (Fig. 3). For the ORF10 protein, only one dominant mutant P10
was identified globally. Two mutants (S24, R52) dominate globally for
the ORF8 protein. For the E and S proteins, there was one dominant
mutant in each protein and many sub-dominant mutants. The N protein
showed an intermediary pattern between the M and the ORF8, ORF10,
ORF6, and ORF7a proteins and it also falls into the common pattern of a
few dominant mutants and a dozen or so sub-dominant mutants.

Increased order (from top to bottom row) of countries based on the fractal dimension (FD) of the normalized factor time series. Identical
rankings of countries based on the FD of normalized factor time series (NFTS) are highlighted in red, ochre, and green colors. Fractality

of NFTS that did not follow any strict ordering are in black.

S E M N ORF3a ORF6 ORF7a ORE7b ORFS8 ORF10
SA SA SA SA SA SA Brazil SA SA SA
India India Brazil India Brazil India SA India Brazil Brazil
Brazil Germany India Brazil India Brazil India Brazil Germany Germany
Germany Brazil Germany Germany Germany Germany Germany Germany India India
USA UK UK USA UK UK UK UK USA UK
UK USA USA UK USA USA USA USA UK USA
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Table 7
Correlation of the date a mutation was first detected and its frequency (log).
Countries S E M N ORF10 ORF3a ORF6 ORF7a ORF7b ORF8
All —0.20 0.01 —-0.25 —-0.31 —-0.25 —-0.22 —0.14 —-0.07 -0.27
UK —0.46 —0.41 —-0.49 —0.47 —0.55 —0.50 —-0.43 —0.36 —0.47 —-0.47
India —0.22 -0.13 —0.22 —0.42 —0.24 —0.35 0.29 —0.20 —0.37 —0.47
USA —0.51 -0.39 —0.47 —0.54 —0.55 —0.53 —0.46 —0.45 —0.50 —0.55
SA —-0.82 -0.99 0.14 -0.39 —0.68 0.72 0.30 -0.39 —0.38
Germany —0.34 —0.39 —0.25 —0.33 —0.18 —0.32 —0.36 —0.40 —0.47
Brazil —0.09 —0.06 —0.22 —0.22 —0.31 —0.49 -0.37 0.36 0.11
12
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Fig. 2. Date and frequencies (log) of mutations in E, M, ORF3a, and ORF8 proteins in the USA.

Fig. 3. Relative frequency of the first 20 dominant mutations of S, E, M, N,
ORF3a, ORF6, ORF7a, ORF7b, ORF8, and ORF10 proteins of SARS-CoV-2.

4. Discussion and concluding remarks

We studied and tracked how mutant variants emerged in the SARS-
CoV-2 S, E, M, N, ORF10, ORF3a, ORF6, ORF7a, ORF7b, ORF8, and
ORF10 proteins from six model countries. While we considered all SARS-
CoV-2 mutations since the beginning of the COVID-19 pandemic, it was
noticed that the least number of invariant residues in each SARS- CoV-2
protein was observed in South Africa. On the other hand, prevalent
missense mutations were detected in the UK and USA. Considering the
mutations in each protein having a frequency of more than 500, it was
found that the increasing order of the model countries based on the
percentage of invariant residues is UK < USA < Germany < SA <
Brazil < India. Interestingly, India had the lowest number of protein
variants with high frequent mutations (frequency of more than 500).
Furthermore, the ample protein variations in the USA and UK were
ascribed to the presence of highly frequent mutations in each SARS-CoV-
2 protein. Since October 2020, high-frequent mutations in SARS-CoV-2
have been found only in ORF7b and ORF8, worldwide. No such highly
frequent mutations in any of the SARS-CoV-2 proteins were found in the
UK, India, and Brazil, which does not seem to correlate with the trans-
mutability of the virus in India and Brazil. Not every high-frequency
mutation necessarily affects the life cycle of the virus.Neither ORF7b
nor ORF8 proteins are essential for the virus life cycle as previously
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shown for the S and/or ORF3a proteins (Hassan et al., 2021a, b). Of
note, the majority of Manaus (Brazil) citizens had been reinfected with
the P.1 strain bearing these mutations, which may offer a further
capability of immune escape (Faria et al., 2021). The combination of the
E484Kand A140 mutations led to a complete abolition of neutralizing
antibodies. Based on these observations the questionis whether there is
any ethnic correlation with SARS-CoV-2 infection? Ethnic/racial dis-
parities in the SARS-CoV-2 infection, incidence, and COVID-19 severity
and deaths have been reported (Hollis et al., 2021; McCoy et al., 2020;
Vahidy et al., 2020; Shoily et al., 2021; Sze et al., 2020). In the context of
correlation between ethnic/racial origin and SARS-CoV-2 infections the
interaction between the S protein and the ACE2-solute carrier family
6-member 19 (SLC6A19) dimer was investigated applying a quantitative
dynamics cross-correlation matrix (Gupta et al., 2020). Forty-seven
potential functional missense variants were identified from genomic
databases within ACE2/SLC6A19/TMPRSS2, which justified genomic
enrichment studies in COVID-19 patients. Although the variants
occurred at ultra-low frequency, two ACE2 non-coding variants
(rs4646118 and rs143185769) found in 9% of African Americans may
be involved in the regulation of ACE2 expression and may contribute to
an enhanced risk of COVID-19. Additionally, studies have demonstrated
that ACE2 expression levels relate to the rs2285666 polymorphism
significantly affecting SARS-CoV-2 susceptibility in Asian and European
populations (Asselta et al., 2020; Srivastava et al., 2020). Moreover, it
was discovered that SARS-CoV-2 cell entry depended on polymorphism
in the ACE2, TMPRSS2, TMPRSS11A, cathepsin L (CTSL), and elastase
(ELANE) genes in American, African, European, and Asian populations
(Vargas-Alarcén et al., 2020).

Furthermore, it was observed that the percentage of invariant resi-
dues was inversely proportional to the FD of NFTS of any SARS-CoV-2
protein. In other words, the FD near 2 of an NFTS associated witha
SARS-CoV-2 protein signifies wide variations of the protein. So, the
widest variations in each SARS-CoV-2 protein variant were observed in
the USA and UK since October 2020. On the contrary, the second wave
of the COVID-19 infection rate has seen a slight upward trend in Brazil
and India, quite significantly. The emerging SARS-CoV-2 strains are
expected to contain prevalent mutations in the ORF3a, M, and ORF8
proteins (Table 6). We have found that SARS-CoV-2 proteins were
evolving at a high rate considering global data mutations detected in the
majority of the available amino acid locations. It was found that the
most prominent variants across the globe have one mutation in all
proteins. Fractal analysis of NFTS of each protein showed a periodically
aperiodic emergence of dominant variants for SARS-CoV-2 protein
mutations across various countries. This hidden periodically aperiodic
phenomenon of mutations has a strong similarity with forest-fire models
(Grassberger, 1993; Mukaka, 2012), where periodic emergence of fire
happens after a brief period of non-activity (Drossel and Schwabl, 1992).
This possibly distances SARS-CoV-2 from other beta-coronaviruses.
Furthermore, it was noticed that there is a negative correlation be-
tween the frequency of a variant and when it was first recorded in
country-wise data. This signifies that older variants are by and large
more dominant, although there were many notable exceptions, and
certain variants have quickly become dominant in the last couple of
months.

The origin of SARS-CoV-2 has continued to receive much attention
even after almost two years since the outbreak. Recombinant events and
inevitable mutations keep developing during the pandemic (Danchin
and Timmis, 2020). As a consequence of Muller’s ratchet, mutations will
deplete the genome in its cytosine content, which leads to attenuation of
the virus (Muller, 1964). However, this process is counteracted by
recombination, which can occur when different coronaviruses or
mutants/variants co-infect the same host, creating an enormous evolu-
tionary landscape for viruses to explore (Joffrin et al., 2020). It has been
postulated that SARS-CoV-2 might have been active well before the
outbreak in Wuhan and either through zoonosis or accidental release
from a laboratory, mutations in the SARS-CoV-2 S protein dramatically
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increased its transmissibility leading to the COVID-19 pandemic (Platto
et al., 2021). For this reason and to limit the emergence and impact on
the pandemic, it is of utmost importance to evaluate SARS-CoV-2
mutants/variants in the light of the origin of SARS-CoV-2 (Otto et al.,
2021).

In conclusion, the periodically aperiodic nature of the spread of
mutant SARS-CoV-2 proteins is a unique feature of SARS-CoV-2 among
beta-coronaviruses, which can contribute to the identification of the
origin of SARS-CoV-2.
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