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ABSTRACT

Obijective: In this study, it was aimed to determine the mutation frequency in spike (S) genes of SARS CoV2 from six different regions of the
world, their distribution on the gene and reflections of these mutations to the S protein.

Methods: SARS CoV2 S gene sequences originating from Asia, Africa, Europe, South America, Oceania and North America were obtained from
NCBI virus database. The sequences were analyzed with Geneious and BioEdit multiple sequence alignment programs.

Results: 865 distinct mutations on the S genes were detected in the virus samples. Among these, 59 variants with numbers of 10 and above in the
virus population were detected. The D614G(A1841G) substitution was found to be the most common with an average of 88.6%. Furthermore,
it was determined that S477N(G1430A) substitution in the viruses of Oceania differed from other regions with a rate of 86.7%. The average
mutation frequency of the S genes from different regions was calculated as 3,93x10°.

Conclusion: The significant differences among the mutation frequencies in SARS CoV2 S genes isolated from different regions was identified.
At least five distinct amino acid substitutions with high ratios in the population were detected in the RBD domain, which is involved in the
binding of the viruses to the ACE2 receptor. These substitutions are T1355G (L452R), G1430A (S477N), C1433A (T478K), G1450A (E484K) and
A1501T (N501Y). Among these, the S477N is the most predominant in the population. However, the importance of these mutations needs to

be demonstrated both in silico and experimental studies.
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1. INTRODUCTION

Coronaviruses, which are usually the cause of mild respiratory
tractinfections, did notattract much attention until the outbreaks
of SARS CoV(1) and MERS CoV(2,3) that caused the severe acute
respiratory disease in China in 2002 and Saudi Arabia in 2012. In
December 2019, a new type of coronavirus, SARS CoV2, emerged
in Wuhan, China Hubei province (4), spread all over the world in
avery short time, and caused a global pandemic. The SARS CoV2
causing Coronavirus Disease-2019 (COVID-19) in humans have
been classified in the order Nidovirales, family Coronaviridae
(5,6). According to the World Health Organization (WHO),
more than 168 million people were infected with this virus in
one and a half years, and about 3.5 million people died due to
COVID-19 (https://covid19.who.int/ access: 27.05.21). The SARS
CoV2 has a single-stranded, positive-sense RNA genome with
an average size of 30 kb. This genome encodes four structural
proteins including spike (S), envelope (E), membrane (M), and
nucleocapsid (N) proteins (7). Generally, viruses that carry the
RNA genome mutate at higher frequencies than DNA viruses.

The RNA viruses typically have mutation rates that range
between 10 and 10™*. The mutation rates of DNA viruses are
about 10 to 10 substitutions per nucleotide site per cell
infection (8,9). The high rates of mutation in the RNA viruses can
be explained by RdRP (RNA dependent RNA polymerase) that
replicates the viral genome. Unlike many DNA polymerases,
the RdRP enzyme has no proofreading activity and therefore,
cannot correct the errors that occurred during replication. For
this reason, influenza A viruses among the RNA viruses, which
cause epidemics much more commonly than the coronaviruses
in humans, have a very high mutation frequency and show a
wide variation (10). Due to these high mutation rates and the
variation, these viruses have a wide range of hosts (11,12). Unlike
other RNA viruses, the viruses classified in the order Nidovirales,
including coronaviruses, have proofreading capabilities that are
independent of RARP enzymes (13). This proofreading is thought
to be an important factor in explaining how these viruses have
much larger genomes (average 30 kb) when compared to other
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RNA viruses (14). Although the mutation frequency is lower
than the other RNA viruses, mutations in the SARS CoV2 cause
great concerns due to the possibility of the emergence of new
variants that can be transmitted more easily from person to
person and have higher mortality. One of the most important
factors affecting the spreading rate of the SARS CoV2 is the
spike glycoprotein, which is responsible for the attachment of
the virus to the host cell receptors and its entry into the cells
(15). SARS CoV2 spike protein consists of extracellular domains,
a transmembrane domain (TM) and a short intracellular tail
(CP). This protein is located as a homotrimeric structure on
the surface of the viral envelope. The extracellular domain of
the spike protein consists of S1 and S2 subunits responsible
for binding to the host cell receptor and membrane fusion,
respectively. The S1 subunit of the protein contains an NH,-
terminal domain (NTD) and the carboxyl terminal domain
(CTD), also called the receptor binding domain (RBD) (16). The
RBD of spike protein plays a crucial role in the binding of the
viruses to the host cell receptor, the angiotensin converting
enzyme 2 (ACE2) that is required for viral entry (17). The
mutations causing amino acid substitution in the spike protein,
which has a crucial role in both the attachment and entry to
the cells, can significantly alter the rate of the transmission and
pathogenesis of the virus.

The COVID-19 pandemic has massively accelerated the
whole-genome analysis of SARS CoV2, and increased the
virus genome database. In this study, the cDNAs encoding the
spike proteins of the SARS CoV2 originating from Asia, Africa,
Europe, South America, Oceania and North America were
analyzed in terms of mutations based on the reference SARS
CoV2 spike gene, which was first identified in Wuhan, China,
and the amino acid substitutions caused by these mutations
in the spike protein the distribution of the variations and
their possible effects on virus pathogenesis are discussed.

2. METHODS

The full-length spike gene sequences of SARS CoV2 isolates
from 6 different geographic regions in the world were
obtained in the FASTA format from the NCBI virus database
(https://www.ncbi.nlm.nih.gov/labs/virus/vssi/) on 21 April
2021. The multiple sequence alignment of the cDNAs was
achieved using Geneious and BioEdit software. The spike
gene cDNA of the Wuhan-Hu-1 variant (NCBI accession
code: NC_045512.2/YP_009724390.1) was used as the
reference sequence. The samples with uncertainty in the
nucleotide sequence were excluded from the analysis. Based
on the Wuhan-Hu-1 variant, the nucleotide differences and
positions, and the mutation frequencies in the genes, were
determined. Similarly, amino acid substitutions in the spike
proteins encoded by the genes were compared with the
reference protein (NCBI accession code: YP_009724390.1).
The ratio of the amino acid substitutions and the positions
of these changes in the spike proteins encoded by the viruses
that were isolated in different geographic regions were
determined. The possible effects of amino acid replacement

in the spike proteins encoded by different SARS CoV2 variants
on the spread of the virus in humans were evaluated.

3. RESULTS

3.1. The ratios of single nucleotide changes in SARS CoV2
Spike genes

The mutations in the SARS CoV2 spike gene that cause amino
acid substitutions in the protein have the potential to affect
the transmission rate and pathogenicity of the virus. In
this regard, the SARS CoV2 spike genes isolated in different
geographical regions of the world were aligned using
multiple sequence alignment programs, and both single
nucleotide changes in the genes and amino acid substitution
in the spike glycoproteins were analyzed. As of 21 April 2021,
the sequencing data of the 5760 SARS CoV2 spike genes from
six geographical regions of the world collected in genome
databases were examined in terms of nucleotide changes.
The mutation rates in the spike genes of SARS CoV2 isolates
in different regions were determined (Table 1). Among the
SARS CoV2 variants isolated in Africa, South America, or
Europe until 21 April 2021, all samples except those with
errors in the nucleotide sequences were evaluated. 2265,
9900 and 75630 samples isolated in Asia, Oceania and
North America were defined in the SARS CoV2 genome
database collected between 13 January 2020-21 April 2021,
respectively. A total of 1000 samples within the SARS CoV2
isolates from Asia were evaluated in proportion to the sample
number collected over 16 months. No data was found in
Oceania between January and April 2020. In this region, a
total of 1150 samples determined in proportion to the data
collected between May 2020-April 2021 were analyzed. A
total of 149 genome sequences of the SARS CoV2 isolates
in North America were found in January-March 2020. In this
region, 1649 samples, including the 149-genome sequence,
and randomly selected 100 samples among the collected
sequences in each month were evaluated. Regardless of the
number of variants in the virus populations, the number of
distinct nucleotide changes in the spike genes isolated from
each region, was determined, and the mutation frequencies
in the SARS CoV2 spike gene were calculated relative to the
total number of nucleotides sequenced (Table 1).

Table 1. The number of SARS CoV1 spike genes analyzed from
different geographical regions in the world, the mutation frequencies
and the number of substitutions in the genes.

Geographic Number of  Mutation Number of Nucleotide
Regions Samples  Frequencies Substitution
Africa 721 8,27x10° 228
N.America 1649 7,20x10° 454
Europe 800 5,56x10° 170
Asia 1000 5,94x10° 227
S.America 440 4,10x10° 69
Oceania 1150 2,37x10° 104
Average
(All Geographic 5760 3,93x10° 865
Regions)
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Table 2. The average distribution rates of spike variants with
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G38T S131 - - 152 |- - 0,43 | Missense
C52T | L18F |- - - 1,09 |- - 0,31 |Missense | The highest mutation frequency was defined in the spike
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C2042G |P681R |6,8 |- - - - - 0,85 | Missense the reference Wuhan-HU1 (Spike cDNA: NC_045512.2 / Spike
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€2093T |S698L |- - - - - 0,96 |0,19 |Missense | this substitution in the virus populations from different
G2101A | A701T |- 13 |- - - - 0,23 |Missense | geographic regions varies between 82.8% and 95.6%. The
T2133A |S7115 |- - 15 |- - - 0,21 |Silent average of the D614G substitution in spike proteins in all the
C2169T | T723T 30,2 |-  |538 |- 114 |- 540 | Silent viruses analyzed is about 89.6%. It draws attention to the
A2194G |T732A |- |- |- [3,09 |- - 089 |Missense | ygariants having G1430A (S477N) substitution in the spike
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:22:81:: SD:::: _2’13 '109 g';g let::nse rate of 86.7% in the Oceania virus population is the G1839A

’ ’ (@613Q), which is a silent mutation. Both of these mutations
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likely emerged in the early stages of the pandemic. The
most common mutations on the spike gene in the African-
origin virus population are the G2031T (Q677H) and C2169T
(T723T) with 22.5% and 30.2% respectively. The ratio of the
C2169T silent mutation is 11.4% in the South American virus
population, while it is 5.38% in Europe. This mutation was
not defined in the virus populations from the other three
geographic regions. The C882T (D294D) silent mutation has
the second highest mutation rate in the Asian population
with 22,4%. This mutation has not been found in other virus
populations in the world.

In SARS CoV2 viruses, as a result of missense mutations
in virus genes, especially caused by the viral RdRP, a large
number of amino acid substitutions occur in the viral
protein. The viral surface antigens such as the spike and
influenza HA proteins have the most flexibility to change
with missense mutations. These changes offer a wider
range of host organisms to RNA viruses for replication.
Therefore, the amino acid substitutions that occurred in
the SARS CoV2 surface antigens have greater importance
for the spread of the viruses and increasing their host
diversity. The amino acid substitutions resulting from the
missense mutations and their distributions in the spike
protein consisting of 1273 amino acid residues are given
in Figures 1-7. Figure 1 shows the distinct amino acid
substitutions, in total 5760 spike proteins of SARS CoV2
viruses from different geographic regions analyzed in this
study. The distribution of the amino acid substitutions
in the spike protein caused by the missense mutations
detected at least once in all virus populations is shown
in Figure 1A. Although the homogeneous amino acid
substitutions covering almost all parts of the spike protein
is observed, it appears that the variations are slightly
more intense in some regions. For instance, more amino
acid substitutions are seen in regions spanning 1-100.,
225-300., and 650-725. amino acid residues are found
on the amino terminal half of the spike proteins. There
are also some intense variations in regions corresponding
to the 1150-1273 amino acid residues involving the HR2,
TM and CP domains at the carboxyl-terminal end of
the protein. On the other hand, most of the spike gene
variants seen in the SARS CoV2 populations from different
geographical regions consist of one or two samples. The
number of variants with a rate of 0.25% and above in the
virus populations and their positions on the spike protein
is given in Figure 1B. Among the functional regions on the
spike protein, the intensity of the amino acid substitutions
in the amino terminal end of the spike including signal
peptide draws attention. In this region, C13T (L5F), C35T
(S12F), G38T (S131), C52T (L18F), C59T (T20N) and C76T
(P26S) substitutions with a ratio of 0.25% and above were
detected.

At least five distinct amino acid substitutions with high
ratios in the population were detected in the RBD domain,

which is involved in the binding of the SARS CoV2 to the
ACE2 receptor on the host cells. These are T1355G (L452R),
G1430A (S477N), C1433A (T478K), G1450A (E484K) and
A1501T (N501Y) substitutions. Among these, the S477N is
the most predominant in the population. The mutations that
cause the amino acid substitutions in the RBD of the spike
protein may have a negative effect on the replication and
spread of the viruses as well as facilitate the virus replication.
The prevalence of G1430A (S477N) substitution in the virus
population suggests that this mutation positively affects
virus replication.

The amino acid substitutions in the spike proteins of SARS
CoV2 were also evaluated regionally within themselves.
In the viruses isolated from Asia, there is no amino acid
substitution with a ratio of 0.5% or more in the spike
proteins, affecting the RBD located in the amino terminal
half, and the CP, TM, HR1 and HR2 domains at the carboxyl
terminal of the protein (Figure 2). In contrast, four distinct
changes in the RBD are seen in the spike proteins of viruses
originating in Africa. Three amino acid substitutions with a
ratio of over 0.5% in the SP located at the amino terminal
end of the spike proteins of the viruses from Africa were
defined (Figure 3). The number of SARS CoV2 spike gene
sequencing data from South America was less than from
the other regions. In the virus samples examined, there
are no amino acid substitutions in the RBD of spike protein
with a significant ratio comparing to the reference protein
(Figure 4). Three amino acid substitutions with a ratio of
more than 0.5% in the RBD of the proteins were determined
within the SARS CoV2 isolates from Europe. In this virus
population, two amino acid substitutions in the SP domain
and one in the CP domain were determined in the spike
proteins (Figure 5).

It was observed that the mutation resulting in the
replacement of aspartic acid (D) to glycine (G) at the 614th
position (D614G) of the spike protein had the highest ratio
in all the virus populations. In addition to A1841G (D614G)
missense mutation, a high ratio of the S477N substitution
was detected in the virus isolates from Oceania. This amino
acid substitution occurred in the RBD of the protein and was
detected in 997 of the 1150 samples examined (Figure 6).
However, the S477N substitution in the spike protein was
not found within the viruses isolated in Europe, America, and
Africa.

Most of the genome sequence data for the SARS CoV2
originated from North America. As of April 21, 2021, the
SARS CoV2 genome sequencing data was determined as
75630. Here, the spike gene/protein belonging to 1649
samples of this data was evaluated. Four different amino acid
substitutions with a ratio of 0.5% and more were detected
in both the SP and RBD of the spike protein originating from
North America (Figure 7).
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Figure 1. Distribution of the amino acid substitutions on the spike
proteins of SARS CoV2 isolates in the six geographic regions of the
world and the number of distinct variants in the virus population.
A. Distribution of amino acid substitutions on the spike protein,
which is determined in all virus samples regardless of their number
in the population. B. The number of variants with a ratio of
higher than 0.25% (15 and more) in the virus population and the
positions of amino acid substitutions. CP: cytoplasmic domain, TM:
transmembrane domain; HR1 and HR2: heptad repeat, FP: fusion
peptide RBD: receptor-binding domain NTD: N-terminal domain; SP:
signal peptide.
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Figure 2. Distribution of the amino acid substitutions on the spike
proteins of SARS CoV2 isolates in Asia and the number of distinct
variants in the virus population. A. Distribution of amino acid
substitutions on the spike protein, which is determined in all virus
samples regardless of their number in the population. B. The
number of variants with a ratio of > 0.5% (5 and more) in the virus
population and the positions of amino acid substitutions.

A B

Number of Variants

Number of Variants

" : A N
e 1250 W CP e 1250 L CP
Tz ™ -|T™

1200
F1HR2 E1HR2

1150

1273

1razis

1100

(2 [0 e BAFP

e

o5
e e

s ——  eso

owem Cr— P TN ——
e A — 500

FIRBD T I 1RBD
™ o

FANTD e 1o | INTD

Eisp Eama—————— = B

Figure 3. Distribution of the amino acid substitutions on the
spike proteins of SARS CoV2 isolates in Africa and the number of
distinct variants in the virus population. A. Distribution of amino
acid substitutions on the spike protein, which is determined in all
virus samples regardless of their number in the population. B. The
number of variants with a ratio of > 0.5% (4 and more) in the virus
population and the positions of amino acid substitutions.
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Figure 4. Distribution of the amino acid substitutions on the spike
proteins of SARS CoV2 isolates in South America and the number
of distinct variants in the virus population. A. Distribution of amino
acid substitutions on the spike protein, which is determined in all
virus samples regardless of their number in the population. B. The
number of variants with a ratio of > 0.5% (2 and more) in the virus
population and the positions of amino acid substitutions.
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Figure 5. Distribution of the amino acid substitutions on the
spike proteins of SARS CoV2 isolates in Europe and the number of
distinct variants in the virus population. A. Distribution of amino
acid substitutions on the spike protein, which is determined in all
virus samples regardless of their number in the population. B. The
number of variants with a ratio of > 0.5% (4 and more) in the virus
population and the positions of amino acid substitutions.
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Figure 6. Distribution of the amino acid substitutions on the spike
proteins of SARS CoV2 isolates in Oceania and the number of
distinct variants in the virus population. A. Distribution of amino
acid substitutions on the spike protein, which is determined in all
virus samples regardless of their number in the population. B. The
number of variants with a ratio of > 0.5% (6 and more) in the virus
population and the positions of amino acid substitutions.
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Figure 7. Distribution of the amino acid substitutions on the spike
proteins of SARS CoV?2 isolates in North America and the number
of distinct variants in the virus population. A. Distribution of amino
acid substitutions on the spike protein, which is determined in all
virus samples regardless of their number in the population. B. The
number of variants with a ratio of > 0.5% (8 and more) in the virus
population and the positions of amino acid substitutions.

4. DISCUSSION

The spike protein, which allows the SARS CoV2 to attach to
the ACE2 receptor, is of great importance for the transmission
of the virus and immune response in humans. In this study,
the nucleotide/amino acid substitutions seen in the spike
gene/protein were evaluated. It was found the significant
differences between the mutation frequencies in the virus
populations isolated from different geographical regions
suggesting that the reason may be caused by the deficiencies
in the experimental data rather than the ability of the virus to
mutate. Considering the possible changes in the nucleotide
sequences that occur during genome analyses, it can be
asserted that the mutation frequency in the SARS CoV2
spike gene, which is largely due to the errors of the viral
RdRP enzyme, is lower than 3.93x107°. It can be argued that
much lower rates of nucleotide changes occur in the genes
of the SARS CoV2 virus compared to the 1.8x10* — 2.5x10*
mutation frequency of the influenza A viruses carrying a
single-stranded segmented RNA genome (18). It is suggested
that the low mutation ratios in the SARS CoV2 genes may be
the result of the viral repair mechanism that is independent
of the RARP enzyme (19,20). The mutations in the SARS CoV2
spike gene result in a lower rate of phenotypic changes in the
spike protein due to silent mutations. Therefore, it would not
be wrong to say that the immune response to the SARS CoV2
virus in humans will be longer than expected.
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5. CONCLUSION

The mutation rate of the SARS CoV2 is lower compared to the
other RNA viruses with high mutation frequency, such as the
influenza A virus. However, the mutations in the spike genes
causing the amino acid changes in the RBD of the protein can
affect the pathogenesis and spreading rate of the SARS CoV2.
At least six mutations causing amino acid substitutions in the
RBD of spike protein with a ratio of over 0.5% were detected
in the SARS CoV2 isolates from different geographic regions.
These mutations resulted in the L452R, Y453F, S477N, T478K,
E484K, and N501Y substitutions in the RBD of the proteins.
The S477N substitution in the spike protein in the Oceania
virus population draws attention with a high ratio of 86,7%.
Whether these amino acid substitutions in the RBD of the
spike protein are important in terms of their effect on the virus
adsorption to the host cell via ACE2 receptor, remains the
subject of both in silico and experimental research. However,
the results will be useful in predicting the spread of the virus in
the human population, the persistence of acquired immunity
against these viruses, and the protective effects of vaccines.
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