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ABSTRACT 

The outbreak of the coronavirus disease in 2019 (COVID-19) was caused by severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2). The disease has been rapidly spread 

around the globe affecting more than 180 countries. During the COVID-19 pandemic, SARS-

CoV-2 has accumulated mutations throughout viral genes encoding the spike (S) glycoprotein 

D614G mutation became the predominant globally. The potential threats are that SARS-CoV-

2 is gradually mutating during incessant transmission among humans. Although most 

mutations in the SARS-CoV-2 genome are expected to be either deleterious and swiftly 

purged or relatively neutral, a small proportion will affect functional properties and may alter 

infectivity, disease severity, or interactions with host immunity. Therefore, this research work 

is aimed to determine the different mutational changes and phylogenetic relationship among 

different SARS-CoV-2 variants of the covid-19 virus using a relevant bioinformatics 

software BioEdit and MEGA 6.0 (Molecular Evolutionary Genetics Analysis version 6.0). 

The result shows mutation in the positions 491, 621, and 688 in the SARS-CoV-2 spike 

protein. Such mutations in the S-protein are very critical and might be an associated risk 

factor of virus transmission. The phylogenetic study has classified the SARS-CoV-2 variants 

into different countries. This information might provide insight on the impacts on antigenicity 

and contextualizing them in the S protein structure and observed mutation frequencies in 

global sequences datasets. 
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INTRODUCTION  

The global outbreak of the coronavirus 

disease in 2019 (COVID-19) was 

predominantly caused by severe acute 

respiratory syndrome coronavirus 2 

(SARS-CoV-2) (Wu et al., 2020) the 

disease has been rapidly spread in more 

than 180 countries worldwide. The virus 

has been identified with accumulated 

mutations throughout viral genes encoding 

the ORF1a, ORF1b, ORF3, ORF8, 

nucleocapsid (N), Spike proteins, etc. 

Different type of mutated strains such as 

beta coronavirus belonging to the 

Coronaviridae family. The first occurrence 

of this novel coronavirus was observed in 

Wuhan, China, in December 2019, which 

later spread globally via human-to-human 

contact transmission (Lu et al., 2020). 

However, WHO  epidemiological update, 

reported that the virus has predominantly 

reported in many countries with 28.6 

million total confirmed cases and 0.9 

million deaths globally. Nevertheless, the 

onset of COVID-19 sent waves of panic 

across Nigeria, like in every other country. 

Due to globalization, the health risk of 

communicable diseases could be 

pandemic. The first cases of covid-19 in 

Nigeria were reported in Lagos State, an 

Italian citizen who works in Nigeria had 

returned from Italy (Liu et al., 2021). The 

second case was also confirmed, a 

Nigerian citizen from Ogun State who had 

contact with the Italian citizen. Studies 

confirmed that 139 cases and 2 deaths had 

been confirmed. The suspected cases that 

Nigeria were tracing, rose to 6,000 (ICTV, 

2020). According to the NCDC, the 

training of the rapid response teams across 

the 36 states in Nigeria was concluded in 

December 2019. 

However, NCDC further reported that a 

Coronavirus Group had been set up to 

activate its incident system to respond to 

any emergency. Additionally, the NCDC 

worked with 22 states in Nigeria to 

activate their emergency operations centers 

to manage and link up with the national 

incidence coordination centers. Although 

the government had strengthened the 

surveillance at the airport since January 

2020, Nigeria recorded its COVID-19 

index case that was imported from Italy, 

on February 27. This raised concerns about 

the effectiveness of airport surveillance 

and, by extension, the country’s general 

preparedness. The index case (an Italian) 

had visited some other states of the 

federation before testing positive for 

COVID-19. The pre-COVID-19 

preparedness was grossly inadequate. 

Despites, all the global measures against 

the incessant outbreak of the virus, the 

ability of the virus to mutate has increase 

the transmission of the disease among 

humans globally. Such mutations can 

occur in the spike (S) protein that binds to 

the ACE2 receptor and is cleaved by 

TMPRSS2. Nevertheless, whether S 

mutations affect SARS-CoV-2 cell entry 

remains unknown. The naturally occurring 

S mutations can reduce or enhance cell 

entry via ACE2 and TMPRSS2. A SARS-

CoV-2 S-pseudotyped lentivirus exhibits 

substantially lower entry than that of 

SARS-CoV-2 S. Among S variants, the 

D614G mutant shows the highest cell 

entry, as supported by structural and 

binding analyses. Nevertheless, the D614G 

mutation does not affect neutralization by 

antisera against prototypic viruses. It has 

been observed that the D614G mutation 

increases cell entry by acquiring higher 
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affinity to ACE2 while maintaining 

neutralization susceptibility (Zuckerman et 

al., 2021). 

Previous studies confirmed that the 

mutations in the S protein are crucial 

because the S protein is key for the first 

step of viral transmission, i.e, entry into 

the cell by binding to the angiotensin-

converting enzyme-2 (ACE2) receptor 

(Wu et al., 2020), followed by cleavage 

with transmembrane protease serine 2 

(TMPRSS2), both of which are abundantly 

expressed in not only the airways, lungs, 

and nasal/ oral mucosa, but also the 

intestines. Conversely, it remains unclear 

whether S mutations affect SARS-CoV-2 

cell entry. It has been investigated that 

ACE2/TMPRSS2 usage of SARS-CoV S 

and SARS-CoV-2 S, compare cell entry of 

natural SARS2-S variants, and focus on 

the D614G variant by investigating its 

structure. ACE2- binding affinity, and 

neutralization susceptibility. Molecular 

studies confirmed that the D614G 

mutation confers increased entry efficiency 

resulting from enhanced binding affinity 

for ACE2 with no influence on the 

antigenicity of the S protein. (Valine-to-

Isoleucine at position 1216 and Leucine-

to-Methionine at position 1233) amino 

acid differences in the CT and TM 

domains, respectively. Hence, the created a 

SARS2-S C1247A mutant and a chimeric 

SARS2-S harboring the TM/CT domains 

of SARS-S. All SARS2-S proteins showed 

comparable levels of cell entry and actual 

virion incorporation. These results suggest 

that the significantly lower rate of cell 

entry of the SARS2-S pseudovirus was not 

due to the incompatibility between 

SARS2-S and a lentiviral vector but rather 

to the intrinsic nature of the SARS2-S 

protein. To further assess differences 

between the SARS-S and SARS2-S 

proteins, there is need to address whether 

these S proteins might differ in their ability 

to utilize a given level of cell-surface 

ACE2 or TMPRSS2. Based on lentiviral 

infection of 293T cells expressing a high 

and constant level of ACE2 together with a 

range of expression levels of TMPRSS2 

and vice versa. SARS2- S-mediated 

infection required higher levels of cell-

surface TMPRSS2 expression than SARS-

S to attain maximum levels of cell entry. 

Equally, the mutation in the spike protein 

of SARS-CoV-2 is still uncertain and the 

implication of the virus might affect 

SARS-CoV-2 cell entry. The spike protein 

mediates attachment of the virus to host 

cell- surface receptors and fusion between 

virus and cell membranes. It is also the 

principal target of neutralizing antibodies 

generated following infection by SARS- 

CoV-2 and is the SARS- CoV-2 

component of both mRNA and 

adenovirus- based vaccines. Consequently, 

mutations that affect the antigenicity of the 

spike protein are of particular importance.  

Therefore, the main objectives of this 

study were to identify mutations and their 

antigenic consequences, focusing on the 

spike protein among different global 

SARS-CoV-2 variants and to observed 

mutation frequencies in world genomic 

sequence. 

MATERIAL AND METHODS 

To determine the different mutational 

changes that may occur at different 

variants of covid-19 virus. Relevant 

bioinformatics software BioEdit (USA 

version.7.0.5.3; Therapeutics, Ibis) and 

MEGA 6.0 (Molecular Evolutionary 

Genetics Analysis version 6.0) was used to 
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determine the mutations and phylogenetic 

relationship between different SARS-CoV-

2 variants. 

Nucleotide Sequencing and Analysis of 

SARS-CoV-2 Different Variants 

A total of 25 nucleotide sequences of 

Spike protein of different SARS-CoV-2 

variants, was retrieved from the NCBI 

BLAST Gen Bank. Multiple sequence 

alignment was carried out from those 

sequences with the reference sequence of 

WUHAN NC_045512.2. The nucleotide 

sequences were also translated to amino 

acids and the mutation was observed based 

on the amino acids’ substitutions (Salisu et 

al., 2021). 

Construction of Phylogenetic Tree 

Phylogenetic tree was constructed from the 

25 nucleotide sequences retrieved from 

NCBI. All aligned sequences were 

exported to BioEdit (USA version.7.0.5.3; 

Therapeutics, Ibis) and the phylogenetic 

tree was constructed using MEGA 6.0 

Distance- based neighbour joining with 

1,000 Bootrap replicates used to evaluate 

the evolutionary distances.   

DISCUSSION   

The causative agent of the COVID-19 

pandemic, SARS-CoV-2, is steadily 

mutating during continuous transmission 

among humans. Such mutations can occur 

in the spike (S) protein. In an attempt to 

determine the periodic mutations in the 

SARS-CoV-2 spike protein different 

sequences of SARS-CoV-2 spike protein 

was retrieved from NCBI and subjected to 

different Bioinformatics software’s. From 

the results mutation was identified in the 

three (3) different positions Glutamate-

491-Lysine, Aspatate-621-Glysine and 

Proline-688-Histidine. This mutational 

change observed in the spike protein of the 

SARS-CoV-2 variants has distinguished 

the virusesinto different geographical 

distribution. However, based on the 

molecular biology of the virus, the 

mutation exists between the reference 

strain (Wuhan-045512.2) indicate that 

there is amino acid substitution in position 

421 from Glutamate to Lysine in the USA, 

UK, and Brazil strains this might further 

differentiate them base on the virus 

virulence nature. Furthermore, this trend of 

amino acids changes confirmed that the 

mutation in SARS-CoV-2 spike protein is 

consistent from the emergence of virus in 

2019 to date. 

It is critical to understand those mutations 

in the SARS-CoV-2 variants because the S 

protein play an important role in the virus 

internalization into the cell and binding 

angiotensin-converting enzyme-2 (ACE2) 

receptor1 and this might affect the process 

of diagnosis and therapeutics of the Covid-

19 virus. However, this work is in line 

with wok done by (Zhang et al., 2021) 

whose reported that mutations in the S 

protein is crucial because the S protein is 

key for the first step of viral transmission, 

i.e., entry into the cell by binding to the 

angiotensin-converting enzyme-2 (ACE2) 

receptor1, followed by cleavage with 

transmembrane protease serine 2 

(TMPRSS2). 

Moreover, the result also confirmed 

mutation in position Aspatate-621-

Glysisne and Proline-688-Histidine 

respectively. And the work is in 

corroboration with work done by Shang et 

al., 2020 whose reported mutation in 

position D614G mutation in the S protein. 
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RESULT  
        490       500       510       520       530       540       550       560        

                    ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

WUHAN NC_045512.2 QAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLT 

OL601799.1        ................................................................................ 

MZ710415.1        ..........K..................................................................... 

OL538768.1        ..........K..................................................................... 

OK433084.1          ..........K..................................................................... 

OK252638.1        ..........K..................................................................... 

OK233044.1        ..........K..................................................................... 

OK233043.1        ..........K..................................................................... 

OK252900.1        ..........K..................................................................... 

MT632883.1        ................................................................................ 

OV087982.1        ................................................................................ 

OV087910.1        ................................................................................ 

IND MZ340535.1    ....K........................................................................... 

IND MZ356901.1    ....K........................................................................... 

IND MZ356903.1    ....K........................................................................... 

SAFR MZ376663.1   ..........K................Y.................................................... 

SAFR MW981442.1   ..........K................Y.................................................... 

SAFR MZ202314.1   ..........K................Y.................................................... 

UK MZ314997.1     ..........K..................................................................... 

BRA MZ169910.1    ..........K................Y.................................................... 

BRA MZ264787.1    ..........K................Y.................................................... 

BRA MZ397164.1    ..........K................Y.................................................... 

CHN MT049951.1    ................................................................................ 

CHN MN938384.1    ................................................................................ 

CHN MT622319.1    ................................................................................ 

 

Figure 1a: Multiple sequence alignment of Covid-19 Spike protein amino acids sequences of the global SARS-CoV-2 variants to 

determine the pattern of mutation in the Spike protein sequences. A dot (.) indicate position where the sequences a identical to other 

variants, the colour indicate SARS-CoV-2 variants, China variants (yellow), UK variant (orange), Indian variants (green), UK variants (dark 

blue), Brazil variants (purple), China variants (grey) and USA (green)  
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        570       580       590       600       610       620       630       640        

                    ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

WUHAN NC_045512.2 ESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTW 

OL601799.1        ............................................................G................... 

MZ710415.1        ............................................................G................... 

OL538768.1        ............................................................G................... 

OK433084.1        ............................................................G................... 

OK252638.1        ............................................................G................... 

OK233044.1        ............................................................G................... 

OK233043.1        ............................................................G................... 

OK252900.1        ............................................................G................... 

MT632883.1        ............................................................G................... 

OV087982.1        ............................................................G................... 

OV087910.1        ............................................................G................... 

IND MZ340535.1    ............................................................G................... 

IND MZ356901.1    ............................................................G................... 

IND MZ356903.1    ............................................................G................... 

SAFR MZ376663.1   ............................................................G................... 

SAFR MW981442.1   ............................................................G................... 

SAFR MZ202314.1   ............................................................G................... 

UK MZ314997.1     ............................................................G................... 

BRA MZ169910.1    ............................................................G................... 

BRA MZ264787.1    ............................................................G................... 

BRA MZ397164.1    ............................................................G................... 

CHN MT049951.1    ................................................................................ 

CHN MN938384.1    ................................................................................ 

CHN MT622319.1    ................................................................................ 

 

 

Figure 1b: Multiple sequence alignment of Covid-19 Spike protein amino acids sequences of the global SARS-CoV-2 variants to 

determine the pattern of mutation in the Spike protein sequences. A dot (.) indicate position where the sequences a identical to other 

variants, the colour indicate SARS-CoV-2 variants, China variants (yellow), UK variant (orange), Indian variants (green), UK variants (dark 

blue), Brazil variants (purple), China variants (grey) and USA (green)  
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        650       660       670       680       690       700       710       720        

                    ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

WUHAN NC_045512.2 RVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIA 

OL601799.1        ...............................................H................................ 

MZ710415.1        ...............................................H................................ 

OL538768.1        ...............................................H................................ 

OK433084.1        ...............................................H................................ 

OK252638.1        ...............................................H................................ 

OK233044.1        ...............................................H................................ 

OK233043.1        ...............................................H................................ 

OK252900.1        ...............................................H................................ 

MT632883.1        ................................................................................ 

OV087982.1        ................................................................................ 

OV087910.1        ................................................................................ 

IND MZ340535.1    ................................................................................ 

IND MZ356901.1    ...............................................R................................ 

IND MZ356903.1    ...............................................R................................ 

SAFR MZ376663.1   ...........................................H....W..................V............ 

SAFR MW981442.1   ...........................................H....W..................V............ 

SAFR MZ202314.1   ...........................................H....W..................V............ 

UK MZ314997.1     ................................................................................ 

BRA MZ169910.1    .....................Y.......................................................... 

BRA MZ264787.1    .....................Y.......................................................... 

BRA MZ397164.1    .....................Y.....................H.................................... 

CHN MT049951.1    ................................................................................ 

CHN MN938384.1    ................................................................................ 

CHN MT622319.1    ................................................................................ 

 

Figure 1c: Multiple sequence alignment of Covid-19 Spike protein amino acids sequences of the global SARS-CoV-2 variants to 

determine the pattern of mutation in the Spike protein sequences. A dot (.) indicate position where the sequences a identical to other 

variants, the colour indicate SARS-CoV-2 variants, China variants (yellow), UK variant (orange), Indian variants (green), UK variants (dark 

blue), Brazil variants (purple), China variants (grey) and USA (green)  
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Table 3.2: Amino acids substitutions in the Spike protein of SARS-CoV-2 variants 

retrieved from the NCBI GenBank 

S/N     Accession                                       

Country 

            Number              

Amino acid (aa) 

substitution and 

position 

 491        621       

688 

1 WUHAN*   CHINA E D P 

2 OL601799.1  USA E G H 

3 MZ710415.1  USA K G H 

4 OL538768.1          USA K G H 

5 OK433084.1  USA K G H 

6 OK252638.1          USA K G H 

7 OK233044.1          USA K G H 

8 OK233043.1          USA K G H 

9 OK252900.1  USA K G H 

10 MT632883.1          USA E G P 

11 OV087982.1          USA E G P 

12 OV087910.1          USA E G P 

13 MZ340535.1      INDIA E G P 

14 MZ356901.1      INDIA E G R 

15 MZ356903.1      INDIA E G R 

16 MZ376663.1     UK K A P 

17 MW981442.1     UK K G P 

18 MZ202314.1     USA K G P 

19 MZ314997.1       UK E G P 

20 MZ169910.1      BRAZIL K G P 

21 MZ264787.1      BRAZIL K G P 

22 MZ397164.1      BRAZIL K G P 

23 MT049951.1      CHINA E D P 

24 MN938384.1      CHINA E D P 

25 MT622319.1      CHINA E D P 
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Figure 2: Phylogenetic analysis of Spike protein of SARS-CoV-2nucleotide sequence based 

on the 25 references isolates are labeled. At major nodes are indicated bootstrap values. 

Wuhan isolates in red box 
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Phylogenetically based on the 25 

nucleotide sequences of the SARS-CoV-2 

spike protein the result has categorized 

them into five different continents (China, 

India, UK, USA A and Brazil). The 

reference sequence was closely related to 

UK variants (86%) and is distantly related 

to USA variants. Interestingly USA and 

India variant a closely related. 

CONCLUSION  

Based on the bioinformatics study, 

mutation was observed in the position 491, 

621 and 688 in the SARS-CoV-2 spike 

protein. Such mutation in the S-protein is 

very critical and might be an associated 

risk factors of virus transmission.  

The phylogenetic study has classified the 

SARS-CoV-2 variants into different 

countries. This information might provide 

the researchers on the evolutionary 

relationship that exist between global 

SARS-CoV-2 variants strains. 

Recommendation 

In order to reduce the spread of the SARS-

CoV-2 variants. intense molecular study 

has to be employed in order to 

understanding the factors responsible for 

mutation in the virus. Researchers 

currently working on vaccine development 

may use stable nucleotide sequences in the 

spike protein of the SARS-CoV-2. 
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