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Abstract

Several hypotheses have been presented on the origin of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
from its identification as the agent causing the current coronavirus disease 19 (COVID-19) pandemic. So far, no hypothesis
has managed to identify the origin, and the issue has resurfaced. Here we have unfolded a pattern of distribution of several
mutations in the SARS-CoV-2 proteins across different continents comprising 24 geo-locations. The results showed an
evenly uneven distribution of unique protein variants, distinct mutations, unique frequency of common conserved residues,
and mutational residues across the 24 geo-locations. Furthermore, ample mutations were identified in the evolutionarily
conserved invariant regions in the SARS-CoV-2 proteins across almost all geo-locations we have considered. This pattern
of mutations potentially breaches the law of evolutionary conserved functional units of the beta-coronavirus genus. These
mutations may lead to several novel SARS-CoV-2 variants with a high degree of transmissibility and virulence. A thorough
investigation on the origin and characteristics of SARS-CoV-2 needs to be conducted in the interest of science and to be
prepared to meet the challenges of potential future pandemics.

Keywords: SARS-CoV-2, Mutations, Furin Cleavage Site (FCS), Evenly-uneven, Invariant regions.

1. Introduction

SARS-CoV-2 is the etiological agent causing the COVID-19 pandemic. Since its very onset, the understanding of the
origin of the SARS-CoV-2 has been of utmost importance in the fight against this virus, and the potential emergence of
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new pathogens and exposure risks [1, 2, 3, 4]. A great source of unfolding the COVID-19 pandemic is the access to SARS-
CoV-2 hub at the National Center for Biotechnology Information (NCBI) [5]. In this context, a careful time-based dynamic
surveillance of mutations and associated functional changes are most productive due to the potential link to changes in
properties such as immune-escape, pathogenesis, and virulence, among others [6]. The surveillance should focus on the
analysis of the viral genome and identification of mutations [7, 8, 9]. At the beginning of the pandemic, the largely accepted
consensus was that the SARS-CoV-2 would not mutate too fast because, unlike most RNA viruses, it has a “proofreading”
protein (ExoN-nsp14), whose function is to prevent too many changes to the viral genome [10, 11]. On the contrary, SARS-
CoV-2 sequences from COVID-19 patients showed that the receptor-binding domain (RBD) of the spike protein possessed
eight mutations, which assist in initiating infection of the host cells [12, 13, 14]. Many of the mutations in SARS-CoV-2 are
inessential, and some are disadvantageous to the virus itself. Some mutations may allow it to propagate more easily from host
to host, and these mutations make SARS-CoV-2 variants more transmissible [15]. The majority of mutations in SARS-CoV-2
do not appear to make people sicker, but just make the virus more contagious [16]. The mutation rate is defined as the
probability that a change in genetic information is passed to the next generation [17, 18]. For viruses, a generation is simply
defined as a cell infection cycle, which includes initiating attachment to the cell surface, entry, replication, encapsidation, and
release of infectious particles [19]. It was previously reported that an inverse correlation exists between mutation rates and
genome size in RNA-viruses [20]. Coronaviruses have the largest genomes among RNA viruses (30–33 kb) and have acquired
proofreading capacity in contrast to all other known RNA viruses [21, 22]. Though most mutations in the SARS-CoV-2 are
expected to be either deleterious and swiftly purged or relatively neutral, a small proportion will affect functional properties
and increase/decrease infectivity and disease severity or interact with host immunity [23, 24]. In SARS-CoV-2, the average
mutation rate remains low and steady, being much lower than for other RNA viruses such as influenza viruses, HIV, and
HCD [25].

Such atypical characteristics have contributed to the resurfacing of the question of the origin of the SARS-CoV-2. So far,
no clear animal progenitor or intermediary host has been confirmed. Therefore, the hypothesis that SARS-CoV-2 originated
as a leak from the Wuhan lab or its unusual origin is now being taken seriously. Primarily, a zoonotic source was thought
to have spilled over to humans through the ’wet market’ in Wuhan, China, where the virus was first detected in December
2019 [26, 27, 28, 29, 30]. But later, several other orthogonal hypotheses reverted to the old question about SARS-CoV-2
origin [31, 32, 33, 34, 35]. In this study, the apparent uneven distribution of the identified mutations in several proteins of
SARS-CoV-2 across the 24 geo-locations questions the natural origin of the SARS-CoV-2, based on prior knowledge from
other beta-coronaviruses. Several other observations, such as mutations in invariant regions of the SARS-CoV-2 proteins,
which are conserved across four other beta-coronaviruses, strengthen the case of the pseudo-natural origin of SARS-CoV-2.

2. Data acquisition and Methods

2.1. Data and Informatics

The SARS-CoV-2 spike (S), envelope (E), membrane (M), nucleocapsid (N), ORF3a, ORF6, ORF7a, ORF7b, ORF8,
and ORF10 sequences (complete) from 24 geo-locations were exported in Fasta format (as of May 29, 2021) from the NCBI
database (http : //www.ncbi.nlm.nih.gov/). The 24 geo-locations were chosen from all six continents having a relatively
higher frequency of SARS-CoV-2 proteins. The Asian group comprises proteins obtained from patients in India, Hong Kong,
Bahrain, Bangladesh, and Pakistan. The Oceanian group comprises Australian patients only, whereas the European one
includes patients from Austria, France, Greece, Poland, Serbia, and Spain. The South American group contains proteins
from Peru and Chile. The African group contains patients from Egypt, Ghana, and Tunisia. Finally, the North American
group contains proteins obtained from patients in California, Florida, Texas, Massachusetts, Minnesota, Michigan, and
Pennsylvania. Furthermore, Fasta files were processed in Matlab-2021a for extracting unique protein sequences from each
geo-location. The frequency of total and unique protein sequences is presented in Tables 1 and 2.
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The percentages of each SARS-CoV-2 protein across the 24 geo-locations are presented in Figure 1.

Figure 1: Percentage of each SARS-CoV-2 proteins across 24 geo-locations

Figure 1 indicates that the highest amounts of unique variations across the 24 geo-locations were observed for the S
protein. Relatively less unique variations were distributed over the E and ORF3a proteins. Other proteins have a minimal
number of unique variations. On the other hand, it was observed that most SARS-CoV-2 proteins possessed the highest
unique variations in the viral isolates collected from Tunisia, Ghana, and Greece.

Furthermore, S, E, M, N, ORF3a, ORF6, ORF7a, ORF7b, and ORF8 protein sequences of four other coronaviruses
Recombinant SARSr-CoV (taxid-698398), Bat SARS-CoV (taxid-442736), SARS-CoV ExoN1 (taxid-627440), and Bat SARS-
like-CoV (taxid-1508227) were downloaded from the NCBI database. In this study, all mutations in SARS-CoV-2 proteins
were detected with reference to the SARS-CoV-2 reference sequence, which was deposited in January 2020 by Wu and co-
workers formerly called “Wuhan seafood market pneumonia virus” (WSM, NC 045512) [36]. The frequency of total and
unique protein sequences is presented in Table 3.

Table 3: Frequencies and percentages of S, E, M, N, ORF3a, ORF6, ORF7a, ORF7b, and ORF8 from four different type of CoVs

Protein Total Unique Percentage Protein Total Unique Percentage

E-698398 80 6 7.5 Spike-698398 36 2 5.56
E-442736 2 1 50 Spike-627440 18 2 11.11
E-627440 15 5 33.3 Spike-442736 13 7 53.85
E-1508227 2 1 50 Spike-1508227 13 13 100
M-698398 116 4 3.45 ORF3a-442736 2 1 50
M-442736 2 1 50 ORF3a-1508227 11 10 90.91
M-627440 33 3 9.09 ORF6-1508227 11 6 54.55
M-1508227 2 1 50 ORF6-442736 2 1 50
N-698398 80 4 5 ORF7a-442736 2 1 50
N-442736 2 1 50 ORF7a-1508227 11 5 45.45
N-627440 15 4 26.67 ORF7b-1508227 11 2 18.18
N-1508227 13 12 92.31 ORF7b-442736 2 1 50

ORF8-1508227 10 7 70
ORF8-442736 2 1 50

The least unique variations of M proteins of four types of beta-coronaviruses were observed. Other proteins of four CoVs
had several unique variations, unlike in the case of non-uniformity in unique variations in SARS-CoV-2 proteins.

2.2. Methods

Clustal Omega (https : //www.ebi.ac.uk/Tools/msa/clustalo/) and MUSCLE (https : //www.ebi.ac.uk/Tools/msa/muscle/)
tools were used to conduct multiple sequence alignment and for mutation detection with reference to the reference sequence
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NC 045512 the web-server ViPR (https : //www.viprbrc.org/brc/home.spg?decorator = corona) [37, 38, 39]. At each po-
sition of a given protein, the consensus residue is the allele with frequency greater than 50%, regardless of coverage was
considered. If no allele exceeds 50%, Xaa (for an amino acid) indicates ambiguity [39]. The effect of mutation was predicted
using a webserver, PredictSNP (https : //loschmidt.chemi.muni.cz/predictsnp1/predictsnp.html) [40]. The statistical and
mathematical computations were performed by Matlab software [].

3. Results

3.1. Unique proteins variants and their mutations

Across the 24 geo-locations, the common amino residues which did not possess any mutations were named as invariant
residues. These invariant residues of all unique protein variants from all 24 geo-locations in SARS-CoV-2, were extracted
(Table 4) (Supplementary file-I). On the other hand, mutated residues common in all 24 geo-locations were also detected
(Table 5) (Supplementary file-I).

Table 4: Invariant-residues which were common in all unique variants from all 24 geo-locations in SARS-CoV-2 proteins

Invariant residues in SARS-CoV-2 proteins across 24 geo-locations

S (0.39) E (4%) M (9.46%) N (1.91%)

1-Met 1-Met 1-Met 180-Lys 1-Met
953-Asn 2-Tyr 9-Thr 181-Leu 42-Pro
1051-Ser 3-Ser 65-Phe 190-Asp 49-Thr
1054-Gln 119-Leu 192-Gly 51-Ser
1269-Lys 121-Asn 193-Phe 52-Trp

156-Leu 195-Ala 57-Thr
174-Arg 202-Gly 58-Gln
176-Leu 203-Asn 143-Lys
177-Ser 218-Ala

219-Leu
220-Leu
222-Gln

ORF3a (0.73%) ORF6 (1.64%) ORF7a (0.83%) ORF7b ORF8 (0.83%) ORF10 (0%)

1-Met 1-Met 1-Met 1-Met 1-Met NONE
8-Phe

From Table 4, it was observed that methionine(M) at the residue position 1 did not change in any of the SARS-CoV-2
proteins listed above, except in ORF10. In ORF10, all amino acid residues from position 1 to 38 were mutated. Even
methionine at position 1 was changed to glycine in the only ORF10 sequence QKG88643 from Massachusetts, USA (collected
on 18-03-2020). This mutation M1G was found to be a ’neutral’ mutation as predicted through the webserver, PredictSNP.
Note that there was no homologous sequence to QKG88643 with 100% homology and 100% query coverage (NCBI Blast).

Table 5: Mutation residues that were common in all 24 geo-locations.

Mutation residues in SARS-CoV-2 proteins across 24 geo-locations

S E M N ORF3a ORF6 ORF7a ORF7b ORF8 ORF10
D614G/C/N/A

NONE NONE

R203E/K/M/S/T

Q57H/E/L/N/R/Y NONE NONE NONE NONE NONE
G204L/P/Q/R/T/V

On the other side, the number of common mutations in the SARS-CoV-2 proteins across 24 geo-locations was surprisingly
low (Table 5). D614 was the only mutation possessed by each unique S protein variant from all 24 geo-locations. Similarly,
each unique N protein variant from all 24 geo-locations possessed R203 and G204 with changes mutations to multiple amino
acids (Table 5). The unique ORF3a variants from all 24 geo-locations had the only common mutation at position 57 with
changes to multiple amino acids H/E/L/N/R, and Y. It was noticed that not a single common mutation across 24 geo-locations
was found in E, M, ORF6, ORF7a, ORF7b, ORF8, and ORF10.

3.1.1. Spike protein variants and mutations

The total frequency of unique mutations possessed by the S protein of SARS-CoV-2 across the 24 geo-locations is presented
in Table 6.
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Table 6: Number of unique S protein mutations possessed in each geo-location.

Continent Oceania Europe Asia Asia N-America S-America

Geo-location Australia Austria Bahrain Bangladesh California Chile

# of mutations in S (MS) 542 98 110 233 1107 63
# of unique seqs. (US) 1121 26 56 98 3321 25

Avg. # of mutations per unit unique seqs. (MS
US

) 0.48 3.77 1.96 2.38 0.33 2.52

Continent Africa N-America Europe Africa Europe Asia

Geo-location Egypt Florida France Ghana Greece Hong Kong

# of mutations in S (MS) 213 995 28 179 11 115
# of unique seqs. (US) 183 2527 19 65 11 48

Avg. # of mutations per unit unique seqs. (MS
US

) 1.16 0.39 1.47 2.75 1.00 2.40

Continent Asia N-America N-America N-America Asia N-America

Geo-location India Massachusetts Michigan Minnesota Pakistan Pennsylvania

# of mutations in S (MS) 219 911 815 970 83 829
# of unique seqs. (US) 178 1281 1297 2658 49 1343

Avg. # of mutations per unit unique seqs. (MS
US

) 1.23 0.71 0.63 0.36 1.69 0.62

Continent S-America Europe Europe Europe N-America Africa

Geo-location Peru Poland Serbia Spain Texas Tunisia

# of mutations in S (MS) 218 39 21 88 1122 55
# of unique seqs. (US) 44 26 23 36 1546 30

Avg. # of mutations per unit unique seqs. (MS
US

) 4.95 1.50 0.91 2.44 0.73 1.83

We observed that the highest number (495%) of unique mutations possessed by unique S protein variants was from Peru,
where 44 unique S sequences had 218 unique mutations. On the other side, the second-highest number of unique S protein
variants from California possessed the lowest amount (33%) of unique mutations. Figure 2 shows the average numbers of
mutations per unit unique S protein variants.

Figure 2: Geo-location-wise (A): total number of unique mutations and (B): average number of mutation(s) per unique S sequences

From Figure 2(B) shows that the probability of having triple mutants in any randomly chosen unique S protein variant from
Austria is nearly 1, since the ratio (MS

US
) is 3.77 > 3. Similarly, the probability of having more than quadruple mutants in any

7

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 June 2021                   doi:10.20944/preprints202106.0472.v1

https://doi.org/10.20944/preprints202106.0472.v1


randomly chosen unique S protein variant from Peru is nearly 1, since the ratio (MS

US
) is 4.95 > 4. Spectacularly, none of the

unique S protein variants from the geo-locations in North America possessed more than one mutation, since the ratio in each
case was less than 1, although the total number of unique S variants and mutations were relatively higher than those of others.

The total 23 ’variants of concern (VoC)’ and 25 ’variants of interest (VoI)’ mutations in the S protein were reported
[41, 42, 43, 44]. Continent-wise, the frequency of common mutations were determined, as well as VoC, VoI among those
common S protein mutations possessed by each continental geo-locations (Table 7). It was interesting to note, since Australia
was the only geo-location in Oceania considered in this study, common mutations were not observed.

Table 7: Continent-wise common mutations in the S protein and list of Variants of concern (VoC), Variants of Interest(VoI) mutations in S protein.

Continent Total # of common mutations in S List of VoC on the continent List of VoI on the continent

Asia 4 614, 681 5, 142, 614, 681
Europe 1 614 614

Africa 22 80, 452, 484, 614, 681, 701
18, 26, 80, 484, 501, 570
614, 681, 716, 982, 1118

North America 487
13, 18, 20, 26, 80, 138, 152, 190, 5, 19, 67, 80, 95, 142, 154, 157,

215, 417, 452, 484, 501, 570, 614, 655, 158, 253, 452, 477, 478, 484, 614,
655, 681, 701, 716, 982, 1027, 1118, 1191 677, 681, 701, 950, 1071, 1176

South America 45 614 614

It was found that 487 common mutations in the S proteins were from patients from the seven geo-locations in North
America, though the only common mutation across 24 geo-locations was D614G. Furthermore, it was noticed that all 23
VoC were presented in each geo-location from North America. On the other hand, the unique S proteins from the European
geo-locations possessed only the D614 common mutation. In all African geo-locations, a moderate number of VoC and VoI
were found, although the number of common mutations over the geo-locations was not relatively high compared to that
of others (Table 7). Also, randomly chosen S protein variants from Ghana has a very high probability of acquiring double
VoC/VoI mutants as the ratio (MS

US
) is 2.75.

Earlier, it was reported that ’RRAR’ (amino acid positions: 682-685), a unique furin-like cleavage site (FCS) in the S
protein, which was absent in other lineages beta-coronaviruses, such as SARS-CoV, caused high infectivity and transmissibility
[45, 46, 47]. Even in this FCS, a single mutation at position 684 was noticed in some unique S protein variants from California,
Massachusetts, and Michigan. Details of the protein accessions with associated information are presented in Table 8.

Table 8: Mutations in the unique furin-like cleavage site (FCS) of the S proteins

Accession Lineage Length Geo Location Collection Date FCS (RRAR)

QVU70282 B.1.1.7 1270 USA: Massachusetts 06-05-2021 RRVR
QVU09331 B.1.1.7 1270 USA: California 16-04-2021 RRVR
QVI42615 B.1.1.291 1273 USA: California 24-03-2021 RRVR
QVI49490 B.1.427 1273 USA: California 09-02-2021 RRVR
QUD47347 B.1.1.7 1270 USA: Michigan 05-04-2021 RRSR
QUB14687 B.1.2 1273 USA: Michigan 24-03-2021 RRSR
QTU74764 B.1.427 1273 USA: California 09-02-2021 RRVR
QTS38722 B.1.429 1271 USA: Michigan 15-03-2021 RRSR
QTP22615 B.1.243 1273 USA: Massachusetts 09-09-2020 RRVR
QSS81313 B.1.427 1273 USA: California 21-02-2021 RRVR
QSL71584 B.1.427 1273 USA: California 10-02-2021 RRVR
QSL80009 B.1.2 1273 USA: Michigan 11-02-2021 RRSR
QRG20397 B.1.243 1273 USA: CA, Alameda County 12-09-2020 RRVR
QQX02259 B.1.561 1273 USA: California 02-01-2021 RRVR
QQN04304 B.1.517 1273 USA: Massachusetts 27-11-2020 RRVR

The first such mutation, A684V was reported in Massachusetts on September 9, 2020 (Accs. ID: QTP22615). Three days
later, the same mutation was identified in California (QRG20397). The mutation A684V/S was ’neutral’ (predicted using
PredictSNP web-server), and hence it was expected that the ability to infect and transmit remains unchanged [40].

3.1.2. Envelope protein variants and mutations

The total frequency of unique mutations possessed by the E protein of SARS-CoV-2 across the 24 geo-locations is presented
in Table 9.
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Table 9: Number of unique E protein mutations possessed in each geo-location.

Continent Oceania Europe Asia Asia N-America S-America

Geo-location Australia Austria Bahrain Bangladesh California Chile

# of mutations in E (ME) 58 0 1 11 61 0
# of unique seqs. E (UE) 19 1 2 6 61 1

Avg. # of mutations per unit unique seqs. (
ME
UE

) 3.05 0.00 0.50 1.83 1.00 0.00

Continent Africa N-America Europe Africa Europe Asia

Geo-location Egypt Florida France Ghana Greece Hong Kong

# of mutations in E (ME) 12 43 1 5 1 1
# of unique seqs. E (UE) 16 49 2 6 2 2

Avg. # of mutations per unit unique seqs. (
ME
UE

) 0.75 0.88 0.50 0.83 0.50 0.50

Continent Asia N-America N-America N-America Asia N-America

Geo-location India Massachusetts Michigan Minnesota Pakistan Pennsylvania

# of mutations in E (ME) 32 39 45 54 2 24
# of unique seqs. E (UE) 11 37 35 36 4 33

Avg. # of mutations per unit unique seqs. (
ME
UE

) 2.91 1.05 1.29 1.50 0.50 0.73

Continent S-America Europe Europe Europe N-America Africa

Geo-location Peru Poland Serbia Spain Texas Tunisia

# of mutations in E (ME) 11 5 0 1 31 1
# of unique seqs. E (UE) 3 3 1 2 33 2

Avg. # of mutations per unit unique seqs. (
ME
UE

) 3.67 1.67 0.00 0.50 0.94 0.50

Almost every unique E protein variant from Australia possessed triple mutations as the ratio ME

UE
was 3.05 > 3. Likewise,

in India, any E protein contains at least a double mutation (ME

UE
= 2.91 > 1). Compared to this, a much higher number of

unique mutations in the unique E proteins from Peru was observed, and any randomly chosen E protein from Puru contains
quadruple mutations (ME

UE
= 3.67 > 1). Based on the ratio ME

UE
= 0 that each COVID-19 positive case in Austria, Chile, and

Serbia was infected by the SARS-CoV-2 with the wild type E sequence (YP 009724392).

The 12 common mutations at positions 9, 21, 24, 41, 49, 55, 58, 62, 68, 71, 72, and 73 were detected in the unique E
protein variants from geo-locations in North America. Among these 12 mutations, 8 mutations (at positions 49, 55, 58, 62,
68, 71, 72, and 73) were shared by the unique E variants from India. Among the 12 mutations, two mutations at positions 21
and 41 were shared with E variants from Bangladesh. No other common mutation was found in geo-locations in Asia, except
for the single mutation at position 37 found in India and Bangladesh. E protein variants from the three African geo-locations
shared only a single common mutation at position 71.

3.1.3. Membrane protein variants and mutations

The frequency of unique mutations possessed by the M protein of SARS-CoV-2 across the 24 geo-locations is presented
in Table 10.

Table 10: Number of unique M protein mutations possessed in each geo-location.
Continent Oceania Europe Asia Asia N-America S-America

Geo-location Australia Austria Bahrain Bangladesh California Chile

# of mutations in M (MM ) 34 1 3 16 139 1
# of unique seqs. M (UM ) 38 2 4 11 192 2

Avg. # of mutations per unit unique seqs. (
MM
UM

) 0.89 0.50 0.75 1.45 0.72 0.50

Continent Africa N-America Europe Africa Europe Asia

Geo-location Egypt Florida France Ghana Greece Hong Kong

# of mutations in M (MM ) 19 92 3 6 17 4
# of unique seqs. M (UM ) 22 131 4 7 3 5

Avg. # of mutations per unit unique seqs. (
MM
UM

) 0.86 0.70 0.75 0.86 5.67 0.80

Continent Asia N-America N-America N-America Asia N-America

Geo-location India Massachusetts Michigan Minnesota Pakistan Pennsylvania

# of mutations in M (MM ) 16 93 96 64 6 87
# of unique seqs. M (UM ) 20 92 78 77 7 105

Avg. # of mutations per unit unique seqs. (
MM
UM

) 0.80 1.01 1.23 0.83 0.86 0.83

Continent S-America Europe Europe Europe N-America Africa

Geo-location Peru Poland Serbia Spain Texas Tunisia

# of mutations in M (MM ) 12 1 2 3 94 2
# of unique seqs. M (UM ) 8 2 3 4 101 3

Avg. # of mutations per unit unique seqs. (
MM
UM

) 1.50 0.50 0.67 0.75 0.93 0.67

A relatively large number of mutations were found in the M proteins from Greece. The ratio MM

UM
= 5.67 > 5 for Greece

implied that any randomly chosen M protein variants possessed five mutations (Table10). In California, the highest number
of unique M proteins possessed relatively very few mutations. Almost surely, no M protein from California contains more
than one mutation (MM

UM
= 0.72 < 1), whereas each M protein from Michigan and Massachusetts contains a single mutation

(MM

UM
> 1). Most of the unique M protein variants from Peru were likely to contain double mutations (MM

UM
= 1.5 > 1)
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(Table10).

All North American geo-locations shared a sum of 24 mutations in the M protein variants at positions 2, 7, 17, 23, 28,
33, 34, 60, 69, 70, 81, 82, 85, 89, 98, 104, 109, 125, 142, 155, 173, 175, 208, and 209 (Supplementary file-I). On the other
hand, not a single common mutation in the M proteins was noticed in geo-locations from Asia and the same was observed
in Africa and Europe. Each M protein from India shared 9 mutations with those of each North American geo-location, at
positions 2, 17, 69, 70, 82, 104, 125, 142, and 209. Among the 24 common mutations from geo-locations in North America,
only two mutations at positions 17 and 23 were shared with M proteins from Greece.

3.1.4. Nucleocapsid protein variants and mutations

The frequency of unique N protein mutations across the 24 geo-locations is presented in Table 11.

Table 11: Number of unique N protein mutations possessed in each geo-location.
Continent Oceania Europe Asia Asia N-America S-America

Geo-location Australia Austria Bahrain Bangladesh California Chile

# of mutations in N (MN ) 200 21 38 86 362 16
# of unique seqs. N (UN ) 213 22 33 53 1345 16

Avg. # of mutations per unit unique seqs. (
MN
UN

) 0.94 0.95 1.15 1.62 0.27 1.00

Continent Africa N-America Europe Africa Europe Asia

Geo-location Egypt Florida France Ghana Greece Hong Kong

# of mutations in N (MN ) 83 356 7 34 9 32
# of unique seqs. N (UN ) 116 973 6 41 9 28

Avg. # of mutations per unit unique seqs. (
MN
UN

) 0.72 0.37 1.17 0.83 1.00 1.14

Continent Asia N-America N-America N-America Asia N-America

Geo-location India Massachusetts Michigan Minnesota Pakistan Pennsylvania

# of mutations in N (MN ) 84 363 238 322 31 280
# of unique seqs. N (UN ) 86 625 418 481 33 643

Avg. # of mutations per unit unique seqs. (
MN
UN

) 0.98 0.58 0.57 0.67 0.94 0.44

Continent S-America Europe Europe Europe N-America Africa

Geo-location Peru Poland Serbia Spain Texas Tunisia

# of mutations in N (MN ) 20 20 24 17 286 24
# of unique seqs. N (UN ) 19 22 22 21 644 22

Avg. # of mutations per unit unique seqs. (
MN
UN

) 1.05 0.91 1.09 0.81 0.44 1.09

It was observed that the least number of mutations was possessed by the unique N proteins from California (MN

UN
= 0.27 <

1), whereas 53 unique N protein variants from Bangladesh had 86 mutations (MN

UN
= 1.62 > 1) (Table 11). Every unique N

protein-variant contain at least a single mutation which is followed by the ratio (MN

UN
= 1.62 > 1). Likewise, each unique N

variant from Bahrain, Peru, Chile, France, Greece, Hong Kong, India, Serbia, and Tunisia contain at least one mutation (for
each geo-location (MN

UN
= 1.62 ≥ 1).

Furthermore, it was noticed that 153 mutations were shared among all unique N proteins from each geo-location in North
America. Only 6 mutations at positions 3, 194, 202, 203, 204 and 377 were common across Asian geo-locations, whereas
only two mutations at positions 203 and 204 were found in the N variants from the European geo-locations. There were 9
mutations at positions 9, 194, 202, 203, 204, 205, 220, 235, and 238 in the N proteins detected in the African geo-locations.

3.1.5. ORF3a protein variants and mutations

The frequency of unique ORF3a protein mutations across the 24 geo-locations is presented in Table 12.

Table 12: Number of unique ORF3a protein mutations possessed in each geo-location.
Continent Oceania Europe Asia Asia N-America S-America

Geo-location Australia Austria Bahrain Bangladesh California Chile
# of mutations in ORF3a (M3a) 151 16 28 51 264 15
# of unique seqs. ORF3a (U3a) 132 14 27 59 1073 16

Avg. # of mutations per unit unique seqs. (
M3a
U3a

) 1.14 1.14 1.04 0.86 0.25 0.94

Continent Africa N-America Europe Africa Europe Asia
Geo-location Egypt Florida France Ghana Greece Hong Kong

# of mutations in ORF3a (M3a) 56 264 9 27 25 13
# of unique seqs. ORF3a (U3a) 81 808 10 23 13 17

Avg. # of mutations per unit unique seqs. (
M3a
U3a

) 0.69 0.33 0.90 1.17 1.92 0.76

Continent Asia N-America N-America N-America Asia N-America
Geo-location India Massachusetts Michigan Minnesota Pakistan Pennsylvania

# of mutations in ORF3a (M3a) 62 232 235 242 47 225
# of unique seqs. ORF3a (U3a) 73 468 389 456 32 561

Avg. # of mutations per unit unique seqs. (
M3a
U3a

) 0.85 0.50 0.60 0.53 1.47 0.40

Continent S-America Europe Europe Europe N-America Africa
Geo-location Peru Poland Serbia Spain Texas Tunisia

# of mutations in ORF3a (M3a) 16 23 19 14 247 12
# of unique seqs. ORF3a (U3a) 16 21 17 13 532 10

Avg. # of mutations per unit unique seqs. (
M3a
U3a

) 1.00 1.10 1.12 1.08 0.46 1.20
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From Table 12, it was observed that the least number of mutations was possessed by ORF3a variants from California,
where the highest number of unique ORF3a variants available though (M3a

U3a
) = 0.25 << 1. On the other hand, 13 ORF3a

variants from Greece had 25 mutations altogether. Therefore, almost every ORF3a variant was likely to contain double
mutations (M3a

U3a
) = 1.92 ∼= 2. Furthermore, each ORF3a variant from Australia, Austria, Bahrain, Chile, France, Ghana,

Pakistan, Peru, Poland, Serbia, Spain, and Tunisia contains at least one mutation, that is Q57, but not more than two
mutations since the ratio, M3a

U3a
lies in between 1 and 2.

A total of 167 common mutations in ORF3a variants across the North American geo-locations were detected, whereas
the only common mutation, Q57 was detected in the European geo-locations. It was noted that unique ORF3a variants from
Texas, Pennsylvania, Florida, Michigan, and Minnesota had common mutations at positions 243, 224, 255, 229, and 238,
respectively, from California. ORF3a variants from African geo-locations share five common mutations at positions 57, 100,
155, 171, and 224. Also, three mutations at positions 57, 175, and 223 were possessed by the ORF3a variants from each
Asian geo-location. It was noted that unique ORF3a variants shared 225 mutations among 264 in total in both California
and Massachusetts.

3.1.6. ORF6 protein variants and mutations

The frequency of unique ORF6 protein mutations across the 24 geo-locations is presented in Table 13.

Table 13: Number of unique ORF6 protein mutations possessed in each geo-location.
Continent Oceania Europe Asia Asia N-America S-America

Geo-location Australia Austria Bahrain Bangladesh California Chile
# of mutations in ORF6 (M6) 44 2 30 8 59 2
# of unique seqs. ORF6 (U6) 19 3 7 9 104 3

Avg. # of mutations per unit unique seqs. (
M6
U6

) 2.32 0.67 4.29 0.89 0.57 0.67

Continent Africa N-America Europe Africa Europe Asia
Geo-location Egypt Florida France Ghana Greece Hong Kong

# of mutations in ORF6 (M6) 6 46 2 15 1 10
# of unique seqs. ORF6 (U6) 10 65 3 10 2 3

Avg. # of mutations per unit unique seqs. (
M6
U6

) 0.60 0.71 0.67 1.50 0.50 3.33

Continent Asia N-America N-America N-America Asia N-America
Geo-location India Massachusetts Michigan Minnesota Pakistan Pennsylvania

# of mutations in ORF6 (M6) 5 45 45 57 4 38
# of unique seqs. ORF6 (U6) 7 47 38 45 5 52

Avg. # of mutations per unit unique seqs. (
M6
U6

) 0.71 0.96 1.18 1.27 0.80 0.73

Continent S-America Europe Europe Europe N-America Africa
Geo-location Peru Poland Serbia Spain Texas Tunisia

# of mutations in ORF6 (M6) 1 0 0 2 55 0
# of unique seqs. ORF6 (U6) 2 1 1 3 61 1

Avg. # of mutations per unit unique seqs. (
M6
U6

) 0.50 0.00 0.00 0.67 0.90 0.00

The probability of having quadruple mutations in a chosen unique ORF6 variant from Bahrain was nearly 1 as the ratio
M6

U6
= 4.29 > 4 (Table 13. Almost surely, each ORF6 variant from Hong Kong (M6

U6
= 3.33 > 3) and Australia (M6

U6
= 2.32 > 2)

contains triple and double mutations, respectively. Also, it was noticed that no new ORF6 variant was detected in Poland,
Serbia, and Tunisia.

There were 25 common mutations in ORF6 variants in each geo-location of North America, whereas no common mutation
in ORF6 was found in the European geo-locations. Likewise, in Asian and African geo-locations, no common mutation was
detected for ORF6 variants.

3.1.7. ORF7a protein variants and mutations

The frequency of unique ORF7a protein mutations across the 24 geo-locations is presented in Table 14.

Table 14: Number of unique ORF7a protein mutations possessed in each geo-location.
Continent Oceania Europe Asia Asia N-America S-America

Geo-location Australia Austria Bahrain Bangladesh California Chile
# of mutations in ORF7a (M7a) 59 5 15 21 120 5
# of unique seqs. ORF7a (U7a) 58 5 18 15 330 5

Avg. # of mutations per unit unique seqs. (
M7a
U7a

) 1.02 1.00 0.83 1.40 0.36 1.00

Continent Africa N-America Europe Africa Europe Asia
Geo-location Egypt Florida France Ghana Greece Hong Kong

# of mutations in ORF7a (M7a) 18 108 0 13 7 5
# of unique seqs. ORF7a (U7a) 20 314 1 10 2 5

Avg. # of mutations per unit unique seqs. (
M7a
U7a

) 0.90 0.34 0.00 1.30 3.50 1.00

Continent Asia N-America N-America N-America Asia N-America
Geo-location India Massachusetts Michigan Minnesota Pakistan Pennsylvania

# of mutations in ORF7a (M7a) 25 114 110 103 5 105
# of unique seqs. ORF7a (U7a) 23 184 199 758 6 202

Avg. # of mutations per unit unique seqs. (
M7a
U7a

) 1.09 0.62 0.55 0.14 0.83 0.52

Continent S-America Europe Europe Europe N-America Africa
Geo-location Peru Poland Serbia Spain Texas Tunisia

# of mutations in ORF7a (M7a) 29 6 3 1 109 5
# of unique seqs. ORF7a (U7a) 9 8 3 2 190 7

Avg. # of mutations per unit unique seqs. (
M7a
U7a

) 3.22 0.75 1.00 0.50 0.57 0.71
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The ratio M7a

U7a
> 3 in Greece and Peru implied that most unique variants must have at least three mutations (Table 14).

Unique ORF7a variants from Australia, Austria, Bangladesh, Chile, Egypt, Ghana, Hong Kong, India, Pakistan, and Serbia
must contain at least a single mutation as in each case, the ratio was found greater than or equal/near to 1. Furthermore, it
was observed that no new ORF7a sequence was found among 90 infected patients in France, so far.

Ninety-two common mutations were detected in the unique ORF7a variants in the North American geo-locations, whereas
no common mutation was observed in the European geo-locations. Only one common mutation at position 28 in Asian geo-
locations, and another single common mutation at position 14 in ORF7a was found in African countries. ORF7a protein
sequences from Austria had four mutations at positions 79, 99, 102, and 103, commonly found in each geo-location in North
America. Likewise, all unique mutations in ORF7a variants detected in Greece, Poland, and Serbia were present in each
North American geo-location.

3.1.8. ORF7b protein variants and mutations

The frequency of unique ORF7b protein mutations across the 24 geo-locations is presented in Table 15.

Table 15: Number of unique ORF7b protein mutations possessed in each geo-location.
Continent Oceania Europe Asia Asia N-America S-America

Geo-location Australia Austria Bahrain Bangladesh California Chile
# of mutations in ORF7b (M7b) 19 1 3 5 40 1
# of unique seqs. ORF7b (U7b) 14 2 4 6 89 2

Avg. # of mutations per unit unique seqs. (
M7b
U7b

) 1.36 0.50 0.75 0.83 0.45 0.50

Continent Africa N-America Europe Africa Europe Asia
Geo-location Egypt Florida France Ghana Greece Hong Kong

# of mutations in ORF7b (M7b) 8 36 0 15 0 1
# of unique seqs. ORF7b (U7b) 11 63 1 7 1 2

Avg. # of mutations per unit unique seqs. (
M7b
U7b

) 0.73 0.57 0.00 2.14 0.00 0.50

Continent Asia N-America N-America N-America Asia N-America
Geo-location India Massachusetts Michigan Minnesota Pakistan Pennsylvania

# of mutations in ORF7b (M7b) 10 35 34 30 1 26
# of unique seqs. ORF7b (U7b) 7 46 45 59 2 38

Avg. # of mutations per unit unique seqs. (
M7b
U7b

) 1.43 0.76 0.76 0.51 0.50 0.68

Continent S-America Europe Europe Europe N-America Africa
Geo-location Peru Poland Serbia Spain Texas Tunisia

# of mutations in ORF7b (M7b) 0 1 0 1 30 1
# of unique seqs. ORF7b (U7b) 1 2 1 2 43 2

Avg. # of mutations per unit unique seqs. (
M7b
U7b

) 0.00 0.50 0.00 0.50 0.70 0.50

Compared to the wildtype ORF7b (YP 009725318), no new ORF7b variant was found in France, Greece, Peru, and
Serbia, whereas only one variant other than the wild ORF7b was found in Austria, Chile, Hong Kong, Pakistan, Poland,
Spain, and Tunisia. Each ORF7b variant from Australia and India contained at least a single mutant.

There were 17 common mutations at positions 2, 3, 4, 5, 6, 8, 10, 13, 14, 15, 18, 31, 32, 34, 40, 42, and 43 in all North
American geo-locations. No ORF7b variants from North America possessed double mutations based on the ratio M7b

U7b
< 1

for each North American geo-location (Table 15).

3.1.9. ORF8 protein variants and mutations

The frequency of unique ORF8 protein mutations across the 24 geo-locations is presented in Table 16.

Table 16: Number of unique ORF7b protein mutations possessed in each geo-location.
Continent Oceania Europe Asia Asia N-America S-America

Geo-location Australia Austria Bahrain Bangladesh California Chile
# of mutations in ORF8 (M8) 33 2 14 23 117 4
# of unique seqs. ORF8 (U8) 54 3 17 19 359 5

Avg. # of mutations per unit unique seqs. (M8

U8
) 0.61 0.67 0.82 1.21 0.33 0.80

Continent Africa N-America Europe Africa Europe Asia
Geo-location Egypt Florida France Ghana Greece Hong Kong

# of mutations in ORF8 (M8) 26 114 2 43 3 9
# of unique seqs. ORF8 (U8) 34 231 3 12 4 10

Avg. # of mutations per unit unique seqs. (M8

U8
) 0.76 0.49 0.67 3.58 0.75 0.90

Continent Asia N-America N-America N-America Asia N-America
Geo-location India Massachusetts Michigan Minnesota Pakistan Pennsylvania

# of mutations in ORF8 (M8) 30 89 69 65 9 69
# of unique seqs. ORF8 (U8) 27 137 77 118 10 135

Avg. # of mutations per unit unique seqs. (M8

U8
) 1.11 0.65 0.90 0.55 0.90 0.51

Continent S-America Europe Europe Europe N-America Africa
Geo-location Peru Poland Serbia Spain Texas Tunisia

# of mutations in ORF8 (M8) 7 5 5 3 78 6
# of unique seqs. ORF8 (U8) 8 6 6 3 154 7

Avg. # of mutations per unit unique seqs. (M8

U8
) 0.88 0.83 0.83 1.00 0.51 0.86
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In each geo-location, wildtype ORF8 protein mutated several times and emerged as a set of unique ORF8 variants in each
geo-location. Every unique ORF8 variant from India and Bangladesh contains at least one mutation as the ratio in each case
was greater than 1 (Table 16). A total of 32 shared mutations were identified across geo-locations in North America. It was
noticed that L84 was the only common mutation found in Asian and African geo-locations.

3.1.10. ORF10 protein variants and mutations

The frequency of unique ORF10 protein mutations across the 24 geo-locations is presented in Table 17.

Table 17: Number of unique ORF7b protein mutations possessed in each geo-location.
Continent Oceania Europe Asia Asia N-America S-America

Geo-location Australia Austria Bahrain Bangladesh California Chile
# of mutations in ORF10 (M10) 13 1 2 9 29 0
# of unique seqs. ORF10 (U10) 16 2 3 11 61 1

Avg. # of mutations per unit unique seqs. (M10

U10
) 0.81 0.50 0.67 0.82 0.48 0.00

Continent Africa N-America Europe Africa Europe Asia
Geo-location Egypt Florida France Ghana Greece Hong Kong

# of mutations in ORF10 (M10) 6 29 0 2 0 2
# of unique seqs. ORF10 (U10) 8 47 1 3 1 3

Avg. # of mutations per unit unique seqs. (M10

U10
) 0.75 0.62 0.00 0.67 0.00 0.67

Continent Asia N-America N-America N-America Asia N-America
Geo-location India Massachusetts Michigan Minnesota Pakistan Pennsylvania

# of mutations in ORF10 (M10) 2 23 16 20 2 22
# of unique seqs. ORF10 (U10) 3 29 23 29 3 29

Avg. # of mutations per unit unique seqs. (M10

U10
) 0.67 0.79 0.70 0.69 0.67 0.76

Continent S-America Europe Europe Europe N-America Africa
Geo-location Peru Poland Serbia Spain Texas Tunisia

# of mutations in ORF10 (M10) 8 1 1 2 21 2
# of unique seqs. ORF10 (U10) 5 2 2 3 39 4

Avg. # of mutations per unit unique seqs. (M10

U10
) 1.60 0.50 0.50 0.67 0.54 0.50

The ratio M10

U10
= 0 implied that other than wildtype ORF10 (YP 009725255), no new ORF10 protein emerged in Chile,

France, and Greece, although every amino acid contained mutations at each position starting from 1 to 38. In all 24 geo-
locations, every unique ORF10 variant possessed only a single mutation (as in each case 0 < M10

U10
< 2) (Table 17).

In North American geo-locations, a set of common mutations in ORF10 variants at positions 4, 8, 10, 23, 24, 27, 28, 30,
and 37 were identified. No other continental geo-locations have common mutations in ORF10. It was noted that an ORF10
variant (QKG88643.1) possessed the M1G mutation.

3.2. Mutations in the invariant residue regions of various proteins of SARS-CoV-2

The ORF10 protein was the unique protein present in SARS-CoV-2, which is not present in any other beta-coronavirus. So
except for ORF10, other unique protein variants of four types of beta-coronaviruses were obtained from the NCBI database
(Table 3). Further, sequence-based homology using the Clustal-Omega webserver of each unique protein variant of four
types with reference protein sequence (NC 045512-China) was obtained (Supplementary file-II). Based on the alignment,
invariant residue regions of length greater than three amino acids were detected (Table 18). From amino acid homology
alignment, it was observed that the SARS-CoV-2 reference protein sequences of NC 045512 with a set of invariant residues
were shared by those proteins of four other different types of beta-coronaviruses. There are several invariant regions identified
in all proteins as indicated in Table 18. Each of the S, E, M, N, ORF3a, ORF6, ORF7a, ORF7b, and ORF8 proteins of five
different coronaviruses shared 29, 4, 9, 11, 6, 1, 3, 2, and 2 invariant residue regions. Further, it is worth noting that the
largest invariant region with a length of 101 was identified in the S protein. These invariant regions possibly served as sets
of functional units in the respective proteins, indicating why these were conserved in the beta-coronavirus family.
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Over time and due to intraspecies evolution, SARS-CoV-2 proteins have acquired several mutations even in the invariant
regions. The total frequency and respective percentage of mutations detected in each invariant residue window of all proteins
are presented in Table 19.
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In all invariant regions of the S protein, unique variants from California, Florida, Texas, Minnesota, and Massachusetts
possessed several mutations (Table 19). Notably, unique S protein variants from California, Texas, and Minnesota had pos-
sessed 93, 88, and 72 distinct mutations, respectively, in the invariant region of 101 amino acid residues. Among 29 invariant
regions, only seven of the S proteins from Tunisia had a minimal number of mutations, with a maximum of two in each
region. Likewise, S protein variants from Spain, Poland, Serbia, Greece, and France got a minimal number of mutations
in nine, eight, five, four, and seven invariant regions, respectively. S protein variants from other geo-locations possessed a
relatively (with regard to the North American geo-locations) smaller number of mutations in the invariant regions. In more
than 50% of the 29 invariant regions, S protein variants from India, Bangladesh, Austria, Egypt, and Pakistan possessed a
small number of mutations (Table 19). It was noteworthy that in India, Bangladesh, Austria, Egypt, and Pakistan, only a
maximum of five mutations were found in the largest invariant region of the S2 domain of the S proteins.

Several mutations were identified in the S1, S2, S2’ domains of the S protein (Table 19). The S1 domain of the S protein
attaches the virion to the cell M by interacting with the host ACE2 receptor, initiating the infection. Also, the S2 domain
contributes to the fusion of the virion and cellular membranes by acting as a class-I viral fusion protein, and the S2’ domain
acts as a viral fusion peptide which is unmasked following the S2 cleavage occurring after virus endocytosis [48]. These
functions might be modified due to several mutations occurring in the invariant regions (postulated as important functional
sites for the virus). Whether these mutations in the invariant regions in the S1, S2 and S2’ domains would increase the
infectivity of the virus is not clear but definitely remains a matter of concern.

Invariant regions in the E, M, and N proteins of five CoVs which include SARS-CoV-2 too, are presented in Table 20.
There were 4, 9, and 11 invariant regions identified in the E, M, and N proteins, respectively.

Table 20: Frequency and respective percentage of mutations detected in each invariant residue window of the E, M, and N proteins

Number of mutations

Protein Invariant residues Tunisia Texas Spain Serbia Poland Peru Pennsylvania Pakistan Minnesota Michigan Massachusetts India
E 3–24 0 11 0 0 0 7 10 1 7 12 8 2
E 26–36 0 3 0 0 0 2 1 1 11 11 1 0
E 43–54 0 1 0 0 0 0 3 0 9 4 9 9
E 57–67 0 5 1 0 0 0 4 0 11 5 11 11

Protein Invariant residues Hong Kong Greece Ghana France Florida Egypt Chile California Bangladesh Bahrain Austria Australia
E 3–24 0 0 2 0 11 5 0 15 3 0 0 7
E 26–36 0 0 0 0 5 2 0 11 2 0 0 11
E 43–54 0 0 0 0 6 1 0 10 0 0 0 12
E 57–67 0 0 1 0 8 0 0 9 0 0 0 11

Protein Invariant residues Tunisia Texas Spain Serbia Poland Peru Pennsylvania Pakistan Minnesota Michigan Massachusetts India
M 5–11 1 3 0 0 0 0 3 0 3 2 3 0
M 16–26 0 4 0 0 0 1 4 0 3 11 3 1
M 41–51 0 2 0 0 0 8 4 1 1 7 11 0
M 53–75 0 9 1 1 0 1 10 0 8 7 18 4
M 98–124 0 15 0 0 0 0 6 1 6 16 7 2
M 135–144 0 3 0 0 0 0 3 0 2 3 6 1
M 156–167 0 10 0 0 0 0 8 0 2 0 4 0
M 170–187 0 10 0 0 0 0 5 1 4 2 2 0
M 198–210 0 3 0 0 0 0 4 0 2 4 2 1

Protein Invariant residues Hong Kong Greece Ghana France Florida Egypt Chile California Bangladesh Bahrain Austria Australia
M 5–11 0 0 0 0 4 0 0 3 1 1 0 3
M 16–26 0 8 0 0 4 0 0 10 0 0 0 1
M 41–51 0 0 0 0 4 0 0 9 0 0 0 1
M 53–75 0 0 1 1 9 4 0 20 0 0 0 4
M 98–124 1 0 0 0 16 3 0 15 8 1 0 3
M 135–144 1 0 1 0 3 0 0 10 0 0 0 3
M 156–167 0 0 0 0 4 0 0 4 0 0 0 0
M 170–187 0 0 1 1 2 1 0 5 0 0 0 4
M 198–210 1 4 1 0 5 0 0 5 1 1 0 2

Protein Invariant residues Tunisia Texas Spain Serbia Poland Peru Pennsylvania Pakistan Minnesota Michigan Massachusetts India
N 38–62 0 8 0 0 0 0 8 0 6 8 9 1
N 66–78 0 3 0 1 0 0 3 3 13 3 13 1
N 81–93 1 4 0 1 0 0 5 0 13 5 12 2
N 104–119 0 1 0 0 0 0 3 0 7 16 16 1
N 132–151 0 15 3 1 0 1 12 1 16 16 18 3
N 158–181 0 12 0 2 0 0 13 1 17 7 21 2
N 217–231 1 15 1 1 0 0 12 0 15 5 15 2
N 243–266 0 18 0 0 2 1 15 1 11 14 21 2
N 270–289 0 17 0 0 1 0 18 1 18 6 20 1
N 297–325 2 21 1 0 0 1 17 0 29 8 13 3
N 350–375 1 19 1 0 1 2 17 2 14 16 26 6

Protein Invariant residues Hong Kong Greece Ghana France Florida Egypt Chile California Bangladesh Bahrain Austria Australia
N 38–62 0 0 1 0 14 0 0 11 1 1 0 4
N 66–78 0 0 2 0 13 2 0 6 6 0 0 4
N 81–93 0 0 1 0 13 1 0 7 3 1 0 4
N 104–119 0 0 0 0 11 1 0 15 0 0 0 1
N 132–151 3 0 1 0 15 6 0 16 2 2 0 7
N 158–181 0 0 1 0 19 4 1 22 3 0 0 5
N 217–231 3 0 1 0 12 2 0 15 7 2 1 4
N 243–266 1 0 0 1 16 2 1 21 1 1 1 16
N 270–289 0 0 0 0 20 2 0 17 3 0 0 20
N 297–325 2 0 1 0 29 3 2 19 4 5 0 29
N 350–375 0 1 0 0 19 7 1 20 1 2 1 8

No mutation was identified in the E protein variants from Tunisia, Serbia, Poland, Hong Kong, Greece, France (Table
20). On the other hand, the E protein variants from Chile, Bahrain, Austria, Australia, Texas, Pennsylvania, Minnesota,
Michigan, Massachusetts, Florida, and California had a significant number of mutations in each invariant region. Very few
mutations were identified in the E protein variants from India, Bangladesh, Spain, Peru, Egypt, Ghana, and Pakistan.
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M protein variants in the North American and Oceanian geo-locations contained various mutations in each identified in-
variant region. In contrast, few mutations in the M proteins in the rest of the geo-locations, were detected in some invariant
regions (Table 20).

N proteins from California, Texas, Minnesota, Michigan, Massachusetts, Pennsylvania, Florida, India, Bangladesh, Egypt,
and Australia had many mutations in each invariant region. In some of the invariant regions, few mutations were detected
in the N proteins from the rest of the geo-locations.

Mutations in the invariant regions of the SARS-CoV-2 ORF proteins are listed in Table 21. There were 6, 1, 3, 2, and 2
invariant regions found in ORF3a, ORF6, ORF7a, ORF7b, and ORF8 variants, respectively.

Table 21: Frequency and respective percentage of mutations detected in each invariant residue window of ORF3a, ORF6, ORF7a, ORF7b, and
ORF8 proteins

Number of mutations

Protein Invariant residues Tunisia Texas Spain Serbia Poland Peru Pennsylvania Pakistan Minnesota Michigan Massachusetts India
ORF3a 31–36 0 5 0 1 0 0 6 0 6 5 5 1
ORF3a 53–58 1 5 2 2 2 1 6 1 4 5 6 4
ORF3a 135–142 0 4 1 0 0 0 4 1 5 2 8 0
ORF3a 154–162 1 9 0 1 1 0 4 0 9 9 9 1
ORF3a 244–255 0 12 1 0 1 3 7 2 12 12 6 3
ORF3a 262–275 0 13 0 0 0 0 14 0 12 13 12 1
Protein Invariant residues Hong Kong Greece Ghana France Florida Egypt Chile California Bangladesh Bahrain Austria Australia
ORF3a 31–36 0 1 0 1 6 3 1 6 0 1 1 2
ORF3a 53–58 1 1 2 1 5 3 1 6 3 1 1 5
ORF3a 135–142 0 0 0 0 8 0 1 8 1 1 0 7
ORF3a 154–162 0 1 1 1 9 2 0 9 1 0 0 9
ORF3a 244–255 1 6 0 1 12 3 1 11 3 0 0 4
ORF3a 262–275 1 0 0 0 13 1 0 14 2 1 0 5
Protein Invariant residues Tunisia Texas Spain Serbia Poland Peru Pennsylvania Pakistan Minnesota Michigan Massachusetts India
ORF6 1–15 0 13 0 0 0 0 7 1 13 11 12 3
Protein Invariant residues Hong Kong Greece Ghana France Florida Egypt Chile California Bangladesh Bahrain Austria Australia
ORF6 1–15 0 0 2 1 11 0 1 14 4 11 1 12
Protein Invariant residues Tunisia Texas Spain Serbia Poland Peru Pennsylvania Pakistan Minnesota Michigan Massachusetts India
ORF7a 15–31 0 13 0 0 0 2 9 1 8 11 15 1
ORF7a 37–58 0 22 1 1 3 8 19 1 20 22 21 2
ORF7a 75–93 0 19 0 1 0 0 19 1 19 19 19 3
Protein Invariant residues Hong Kong Greece Ghana France Florida Egypt Chile California Bangladesh Bahrain Austria Australia
ORF7a 15–31 0 0 1 0 9 2 1 17 4 1 0 5
ORF7a 37–58 1 0 1 0 22 1 1 22 3 2 1 9
ORF7a 75–93 0 0 1 0 19 4 0 19 3 3 1 8
Protein Invariant residues Tunisia Texas Spain Serbia Poland Peru Pennsylvania Pakistan Minnesota Michigan Massachusetts India
ORF7b 6–25 0 14 0 0 0 0 12 1 13 18 17 5
ORF7b 27–33 0 5 0 0 0 0 4 0 3 4 5 1
Protein Invariant residues Hong Kong Greece Ghana France Florida Egypt Chile California Bangladesh Bahrain Austria Australia
ORF7b 6–25 0 0 8 0 17 3 0 19 1 1 0 12
ORF7b 27–33 0 0 4 0 5 2 0 6 2 0 0 2
Protein Invariant residues Tunisia Texas Spain Serbia Poland Peru Pennsylvania Pakistan Minnesota Michigan Massachusetts India
ORF8 35–38 0 2 0 0 1 0 2 0 4 4 4 0
ORF8 88–91 0 0 0 0 0 0 0 1 1 2 2 0
Protein Invariant residues Hong Kong Greece Ghana France Florida Egypt Chile California Bangladesh Bahrain Austria Australia
ORF8 35–38 0 0 4 1 4 1 0 4 1 1 0 1
ORF8 88–91 0 0 0 0 4 0 0 4 0 0 0 0

ORF3a variants in the North American and Oceanian geo-locations had several mutations in each invariant region, whereas
very few mutations were detected in some invariant regions (not in all) of ORF3a in India, Bangladesh, Egypt, Chile (Table
21).

No mutations at the invariant region in ORF6 variants were found in Tunisia, Spain, Serbia, Poland, Peru, Hong Kong,
Greece, and Egypt. On the other hand, a handful of mutations in the invariant region were detected in the rest of the
geo-locations. In the North American geo-locations, the number of mutations in ORF3a proteins was relatively big. In the
North American geo-locations, in the invariant regions, a significant number of mutations in ORF3a proteins were found. A
small number of mutations were found in the invariant regions of the ORF7a variant in the rest of the geo-locations with the
exception of Tunisia, Hong Kong, Greece, and France (Table 21).

No mutations were found in the ORF7b invariant regions for the ORF7b proteins from Tunisia, Spain, Serbia, Poland,
Peru, Hong Kong, Greece, France, Chile, and Austria. On the contrary, a significant number of mutations were detected in
the two invariant regions of ORF7b from the rest of the geo-locations.

In two invariant regions, ORF8 variants from California possessed four mutations in each region, and in other North
American geo-locations several mutations were also detected in the two invariant regions. However, in most of geo-locations,
such as India, Tunisia, Spain, France, Greece, and so on, no mutations were found in the two invariant regions (Table 21).

4. Discussions and Remarks

Variants of S, E, M, N, ORF3a, ORF6, ORF7a, ORF7b, ORF8, and ORF10 proteins of SARS-CoV-2 from six continents
comprising 24 geo-locations were analyzed. In each geo-location, a non-uniform frequency distribution of unique variants of
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all ten proteins was noticed despite the identical number of total proteins. Clearly, various mutations in a given protein gave
rise to several unique variants. Therefore, it turned out that during the intraspecies evolution of a given SARS-CoV-2 RNA
genome, this later expressed variable amounts/rates of mutations in different genomic segments, which yielded irregularity in
the frequency of protein variants (Table 20). So clearly, each SARS-CoV-2 genome from each geo-location accomplished the
non-uniform frequency of unique protein variants. Notably, it was not the case for the other beta-coronaviruses. Furthermore,
it was noticed that the total number of common invariant residues and common mutations possessed by each unique set of
protein variants from all 24 geo-locations were significantly small. In most of the proteins, neither common invariant residues
nor mutational residues were found. Therefore, a significantly large percentage of mutations in each protein variant of SARS-
CoV-2 were unevenly or non-uniformly distributed over each of the 24 geo-locations. Thus, an equally evenly uneven pattern
of distribution of unique variants of ten SARS-CoV-2 proteins over the 24 geo-locations was observed. It was expected that
if common invariant residues are markedly small, common mutations must be significantly large. But this natural flow was
not observed.

In spite of the factors behind that, the S glycoprotein remains is the main target for mutations reported so far, as it
presents is the main structure for the SARS-CoV-2 attachment to host cells. Recent articles have reported a mouse-adapted
WBP-1 SARS-CoV-2 strains (via several in vivo passages of Wuhan-Hu-1 (NC 045512)) characterized with two (Q493K and
Q498H) mutations in its RBD [49, 50, 51, 52, 53, 54, 55, 56]. Both mutations seem responsible for converting resistant mice
susceptible to SARS-CoV-2 because of the compatibility of host Ace2 receptor with the mutated RBD in the SARS-CoV-2
S protein. So, the avoiding mutations dynamics adoption is seeming impossible. Just two naturally emerging mutations in
the S proteins generate a vigorous natural change in the WBP-1 strain enhanced the affinity to the mouse Ace2 receptor.
The severe lung infections in mice closely resemble lung pathologies and symptoms caused by COVID-19 in humans. Is this
result sending a new and/or support existing message? Such as the tight interactive human-animal would expect as a source
of infection and/or man-made the virulence virus [57, 58, 59].

The frequency of distinct mutations possessed by the SARS-CoV-2 proteins in North American geo-locations, especially
in California, was minimal in relative-percentage. In particular, no unique S protein variant contains more than one mutation
in each sequence. It was also noticed that a significantly large number of common mutations (in the S protein, 487, 45, 22, 4,
and 1 common mutations were found in North America, South America, Africa, Asia, and Africa) in all of the SARS-CoV-2
protein were found in North American geo-locations, unlike in other continental geo-locations. Therefore, it may be possible
the uneven mutation across the geo-locations may be due to ethnicity of the population of these locations. Thus, such a
non-uniform frequency of shared mutations on different continents led to the single mutation at position 614. A question
arises in this regard: why do mutational factors vary in different geo-locations? Are they dependent on viral or host factors
or both? The uneven distribution certainly demands a thorough investigation of demographic correlation with several factors
of mutations of SARS-CoV-2.

Furthermore, it was observed that the reference proteins (of the SARS-CoV-2, NC 045512) contained several invariant
domains across the other four different beta-coronaviruses (Table 18). Mostly in all North American geo-locations, many
mutations were detected in each invariant (assumed to be evolutionary conserved) region of the S protein with regard to the
reference SARS-CoV-2 S protein. Likewise, on other proteins also, several mutations were noted in all seven geo-locations
from North America. In the rest of the 24 geo-locations, a few mutations in some of the invariant regions of the respective
proteins were detected. Thus, in a short span of one year, the NC 045512 SARS-CoV-2 changed itself in such a manner that
even the evolutionarily conserved domains (invariant regions) were altered, which might lead to emerging new SARS-CoV-2
variants with a different degree of virulence, infectivity, and transmissibility. These observations reopen the possibility to
interrogate the SARS-CoV-2 origin. Correctly identifying the characteristics of SARS-CoV-2 would enable scientists to take
appropriate measures to contain future pandemics. It could also help scientists to develop better diagnostics, vaccines and
therapeutic tools.
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