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 large family of viruses "Corona-

viruses" cause illness like common 

cold and other severe diseases as: Severe 

Acute Respiratory Syndrome-SARS and 

Middle East Respiratory Syndrome-

MERS. (World Health Organization, 

2020). This virus was first recognized in 

the respiratory system of patients with 

pneumonia in Wuhan, Hubei Province, 

China, in December 2019, which was then 

referred to SARS-CoV-2. It is a β corona-

virus or an enveloped, single-stranded, 

positive-sense RNA virus, that is wide-

spread in humans and other mammals 

(Astuti, 2020). The virus causes the coro-

navirus disease 2019 (COVID-19), with 

common symptoms such as fever, cough, 

shortness of breath and fatigue (World 

Health Organization, 2020). Virus trans-

mission within the community and anti-

viral treatments, may engender novel mu-

tations, resulting virulent strains resistant 

to treatment and/or with higher rates of 

mortality (World Health Organization, 

2020). 

SARS-COV-2 

A family of enveloped RNA virus-

es "Coronaviruses" broadly distributed in 

animals and humans cause chronic and 

acute diseases (Tanner et al., 2003(. There 

are six coronavirus species cause human 

diseases, four cause common cold symp-

toms, SARS-CoV and Middle East respir-

atory syndrome coronavirus (MERS-CoV) 

cause serious respiratory disease (Tanner 

et al., 2003(. SARS-CoV-2 shares many 

similarities with SARS-CoV, SARS-CoV-

2 is closely related to two bat-derived 

SARS-like coronaviruses and SARS-CoV 

in the phylogenetic distance (Lu et al., 

2020). 

Both SARS-CoV-2 and SARS-

CoV uses the same cellular receptor. Both 

SARS- CoV and MERS-CoV cause fatal 

A 
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pneumonia and rapidly replicated, along 

with an elevation of pro inflammatory 

cytokines and inflammatory cell infiltra-

tion (Channappanavar et al., 2017). 

SARS-CoV infection is immune dysregu-

lation, additionally the level of peak vire-

mia (Channappanavar et al., 2016). 

Covid-19 

Covid-19, the disease caused by 

the emerging coronavirus, SARS-Cov-2. 

The new technologies are the way to go 

for the medical industry to control and 

monitor the spread of the COVID-19 pan-

demic (Vaishya et al., 2020). 

The artificial intelligence (AI) 

helps fighting the virus via medical help, 

population screening, notification, and 

suggestions to control the infection. AI 

has the potential to improve the treatment, 

planning, being an evidence-based medi-

cal tool (Bai et al., 2020; Hu et al., 2020). 

SARS-COV-2 variant 

A sample isolation from pneumo-

nia patients who were some of the workers 

in the Wuhan seafood market found that 

strains of SARS-CoV-2 had a length of 

29.9 kb (Wu, 2020). The SARS-CoV-2 

mainly structured 1; spike (S) glycopro-

tein, 2; small envelope (E) glycoprotein, 

3; membrane (M) glycoprotein, 4; nucle-

ocapsid (N) protein and several accessory 

proteins (Fig. 1) (Jiang et al., 2020). 

In the outer portion, the S glyco-

protein "trans membrane protein" is found 

with a molecular weight of about 150 

kDa. The S protein structure homotrimers 

protruding in the viral surface and assists 

binding of envelope viruses in order to 

host cells via attraction with angiotensin-

converting enzyme 2 (ACE2) articulated 

in lower respiratory tract cells. That gly-

coprotein mainly cleaved via the host cell 

furin-like protease into 2-sub units i.e., S1 

and S2 (Fehr and Perlman, 2015). 

Subunit S1 is responsible for the 

determination of the host virus range and 

cellular tropism with the receptor binding 

domain make-up while S2 functions to 

mediate virus fusion in transmitting host 

cells (Astuti, 2020). 

Nucleocapsid "N protein" is the 

structural component of CoV found in the 

endoplasmic reticulum at Golgi region and 

structurally bound to the virus' nucleic 

acid. Protein (bound to RNA) is involved 

in the processes of viral replication cycle, 

viral genome, and the cellular response of 

host cells to viral infections (Tai et al., 

2020). The N protein is heavily phosphor-

ylated and cause structural changes im-

proving the affinity for viral RNA. The 

membrane or M protein "structured pro-

tein" plays a role in determining the shape 

of the virus envelope. The envelope or E 

protein "smallest protein" in the SARS-

CoV structure plays a role in the matura-

tion and production of this virus (Astuti, 

2020). 

Nidovirus family includes SARS-

CoV-2, contracted from bats and fellow 

humans. The ACE2 receptors facilitate 

viral entry into target cells like heart, 

lungs, kidneys, and gastrointestinal tract 
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(Rabi et al., 2020). The CoV enter the host 

cell by the attachment of S glycoprotein to 

the ACE2 receptor (Tai, 2020) in the host 

cells (like type II pneumocytes of lungs). 

The S protein of SARS-CoV-2 receptors 

at 331 to 524 residues binds strongly to 

human ACE2 and ACE2 of bat, followed 

by fusion of the host cell and viral mem-

brane. The (TMPRSS2) serine protease of 

the host cell (Walls et al., 2020) clear 

ACE2 and activate the receptor-attached 

spike-like, S proteins (Rabei and Alzoubi, 

2020). Activation of the S proteins leads 

to conformational changes and allows the 

virus to enter the cells (Simmons, 2013). 

These proteins TMPRSS2 and ACE2 are 

prove of the entry of the virus (Astuti, 

2020). 

The emergence of SARS-COV-2 variants 

SARS-CoV-2 virus causes 

COVID-19 is stable over last fall. Current-

ly, many variants are identified that indi-

cate to change how the virus behaves. 

Viruses are designed to reproduce rapidly, 

but without 100% accuracy. The RNA 

viruses, "coronaviruses" are highly mutat-

ing as the proteins that copy RNA are er-

ror prone (Hou et al., 2020). The mutation 

(or mutations) in the “spike” protein of 

SARS-CoV-2 (of late 2019) allowed it to 

emerge from its animal host(s) and infect 

humans. The SARS-CoV-2 doesn’t mutate 

rapidly as others coronaviruses. During 1
st
 

wave of infections last spring, many vari-

ants were tracked but nothing of particular 

concern emerged. There is a high surge in 

infections worldwide since October, how-

ever, this virus has had millions of oppor-

tunities to mutate and evolve. Most of the 

changes (variants) have little or no effect; 

they can even hamper transmissibility, and 

quickly disappear. Few of these variants 

will actually enhance virus spread (e.g., in 

B.1.1.7, identified in England). If the vari-

ant is significantly more infectious, it can 

out-compete the other ones and become 

the most common found in humans over 

time. 

In China variant of SARS-CoV-2 

originated and spread around the world is 

called D614G (Hou et al., 2020; Zhou et 

al., 2021). This variant moved during both 

spring and summer, and minor changes 

enabled the tracking of different transmis-

sion routes, which functioned in the same 

ways. Many pharmaceutical companies 

used D614G’s spike protein sequence and 

developed the vaccines. 

A variant found in the U.K., 

B.1.1.7 is more efficiently transmitted. 

This variant carries 18 lineage-defining 

mutations, one of them in the spike (S) 

gene known as N501Y affects binding to 

the human ACE2 receptor. That variant is 

more virulent causing severe disease with 

higher percentage of patients. The current 

vaccines protect against B.1.1.7, and in-

creasing the pressure to vaccinate many 

people. The B.1.351 variant emerged in 

South Africa, and P1, arose in Brazil may 

be the cause of a highly concerning 2
nd

 

wave of infection in the city of Manaus. 

B.1.351" has the same N501Y S gene mu-

tation as the B.1.1.7 variant, and two more 

in key sites of receptor binding domain of 

spike protein, and not recognized by the 
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immune systems of people previously 

infected with D614G. Vaccine reactivity 

is weak compare to B.1.351, but still ef-

fective. Studies are ongoing on vaccine 

and immune protection against the variant. 

A long with many other lineage de-

fining mutations, the P.1 has the N501Y 

mutation. Indicating that it spontaneously 

arose in three variants investigated for 

ease transmissibility, the N501Y provides 

advantage for the variants in which it’s 

existing. The P.1 is emerged in Manaus, 

underwent a massive surge of COVID-19, 

with infection rates of up to 75%. P.1 was 

not identified prior to December 2020, 

however, so its properties and potential for 

immune evasion are just now being stud-

ied. 

Bioinformatics 

Bioinformatics can appear to be a 

challenging field as it's a combination of 

the complex science of Biology with the 

complex theory of computer (Holloway et 

al, 2020). Bioinformatics’s tool helps to 

design, compare, and forecast the structur-

al and functional characteristics of pro-

teins and genes. Also, biology, molecular 

biology, in particular, is undergoing trans-

formations with the growing awareness of 

the computational nature of many biologi-

cal processes and that computational and 

statistical model can be used. Moreover, 

high-throughput data acquisition requires 

computational and statistical analysis at 

each stage (Gentlman et al, 2004). Thus, 

bioinformatics offer the potential of 

speeding up drug discovery with cost re-

duction (Alberto et al, 2006). 

This study used computational 

analysis to compare the wild type of 

SARS-Cov-2 with new variants of SARS-

Cov-2 all over the world and find out the 

difference between them in terms of muta-

tions, changes in amino acids sequences, 

impact on viral load, infectivity and re-

sistance by manipulation from the immu-

nogenic responses. 

Objectives 

1- Comparison between the wild type of 

SARS-COV-2 and new variants of 

SARS-COV-2 from three different 

countries Pakistan, Brazil and Egypt. 

2- Alignment between the old and the new 

viral strains and the percentage of iden-

tity and determine the location of the 

mutation and identify the type of muta-

tions. 

3- Identify the mutations of the surface 

glycoprotein of SARS- COV-2 and the 

3D configurations of them and deter-

mining the sites of mutations. 

4- Identify the difference between the 

D614G variant of the surface glycopro-

tein mutant and the wild-type. 

5- The interaction between the wild type 

and the mutant (D614G) of S glycopro-

tein with the Fab fragment of the neu-

tralizing antibody. 
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6- Building phylogenetic tree of 30 vari-

ants of SARS-COV-2 isolated from 

different countries all over the world. 

MATERIALS AND METHODS 

Materials 

 NCBI 

The National Center for Biotech-

nology Information advances science and 

health by providing access to biomedical 

and genomic information. The NCBI 

houses a series of databases relevant to 

biotechnology and biomedicine and is an 

important resource for bioinformatics 

tools and services. Major databases in-

clude GenBank for DNA sequences and 

PubMed, a bibliographic database for bi-

omedical literature (The New York Times 

1997). 

 BLAST 

An algorithm used for calculating 

sequence similarity between biological 

sequences such as nucleotide sequences of 

DNA and amino acid sequences of pro-

teins (Altschul et al., 1990). BLAST is a 

powerful tool for finding sequences simi-

lar to the query sequence within the same 

organism or in different organisms. It 

searches the query sequence on databases 

and servers and posts the results back to 

the person's browser in the chosen format. 

HTML is the default output format for 

NCBI's web-page. Results for NCBI-

BLAST are presented in graphical format 

with all the hits found, a table with se-

quence identifiers for the hits having scor-

ing related data, along with the alignments 

for the sequence of interest and the hits 

received with analogous BLAST scores 

(Madden, 2002). 

 Protein Data Bank (PDB) 

The Protein Data Bank (PDB) is a 

database for the three-dimensional struc-

tural data of large biological molecules, 

such as proteins and nucleic acids (Conso-

tium, 2019). The PDB is a key in areas of 

structural biology, such as structural ge-

nomics. Most major scientific journals and 

some funding agencies now require scien-

tists to submit their structure data to the 

PDB. Many other databases use protein 

structures deposited in the PDB (Berman, 

2008). The Protein Data Bank was an-

nounced in October 1971 in Nature New 

Biology as a joint venture between Cam-

bridge Crystallographic Data Centre, UK 

and Brookhaven National Laboratory, US. 

Method 

 Computational analysis 

First, the study used the NCBI website to 

identify the wild type of SARS-

COV-2 and three new variants of 

SARS-COV-2 in three different 

countries all over the world (Paki-

stan, Brazil and Egypt) Table (1). 

Second, the study compared the wild type 

of SARS-COV-2 with the new vari-

ants of SARS-COV-2 for each 

country, the study used Blast web-

site to make alignment of old and 
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new viral strains, identity ratio, mu-

tation localization, and determina-

tion of the kind of mutation. 

Third, the study used PDB to identify the 

3D configurations of the S glyco-

protein of SARS-COV-2 and its 

variants and determining the locali-

zation of mutations of the new vari-

ants of S glycoprotein. 

Fourth, the study used the PDB site to find 

out the difference in the 3D config-

uration structures between the 

D614G variant of the surface gly-

coprotein and the wild type that af-

fect its receptor binding domain and 

the extent of the interaction between 

the wild type and the mutant 

(D614G) of the glycoprotein S with 

the Fab fragment of the neutralizing 

antibody. 

Finally, the study used the NCBI website 

to build a phylogenetic tree of 30 

SARS-COV-2 variants isolated 

from different countries all over the 

world. A phylogenetic tree (also 

phylogeny or evolutionary-tree) is a 

branching diagram or a tree show-

ing the evolutionary relationships 

among various biological species or 

other entities based upon similari-

ties and differences in their physical 

or genetic characteristics. In a root-

ed phylogenetic tree, each node 

with descendants represents the in-

ferred most recent common ancestor 

of those descendants and the edge 

lengths in some trees may be inter-

preted as time estimates. 

RESULTS AND DISCUSSION 

 RESULTS 

Alignment between the wild type SARS-

COV-2 and the new variants 

The study used BLAST site to 

compare between the genomic sequences 

of the wild type and new variants that 

emerged in three different countries all 

over the world (Brazil, Pakistan, and 

Egypt) in order to identify the type of 

point mutations that was discovered and 

its location in, Brazil (Fig.2 and Table 2), 

Pakistan (Fig. 3 and Table 3) and Egypt 

(Fig. 4 and Table 4). 

Identification of the mutations in the 

Surface glycoprotein of SARS- COV-2 

and the 3D configurations of them 

The study focused on the surface 

glycoprotein of SARS-COV-2 since it is 

the immunogenic part of the virus that 

binds to the host cell receptor (ACE2), 

mediating viral cell entry. The study used 

SARS-COV-2 gene data bank 

https://www.ncbi.nlm.nih.gov/labs/virus/v

ssi/#/scov2_snp to identify the 3D config-

urations of the S glycoprotein of SARS-

COV-2 and its variants that detected all 

over the world and determine the genomic 

location of mutations of the new variants 

of S glycoprotein in addition to the codon 

change, protein change type and collection 

location (Table 5). There are differences 

https://en.wikipedia.org/wiki/Diagram
https://en.wikipedia.org/wiki/Tree_(graph_theory)
https://en.wikipedia.org/wiki/Evolution
https://en.wikipedia.org/wiki/Species
https://en.wikipedia.org/wiki/Most_recent_common_ancestor
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were found in 3D configurations between 

the wild type of S glycoprotein with PDB 

id: 6VXX and the three mutant variants 

that detected in different countries all over 

the world (Table 5). 

The difference between the D614G vari-

ant of the surface glycoprotein mutant 

and the wild-type 

RCSB Protein data bank I deter-

mined the main differences in structure 

and immunogenic features between the 

wild type surface glycoprotein with PDB 

id: 6VXX and the mutant variant D614G 

with PDB id: 6XS6 in addition to the in-

teraction between the wild type and the 

mutant (D614G) of S glycoprotein with 

the Fab fragment of the neutralizing anti-

body (Table 5). 

In the new variant of the S glyco-

protein (D614G), Aspartic acid in 614 is 

substituted by Glycine. This substitution 

in the spike glycoprotein of SARS-CoV-2 

strain is now the most prevalent form 

globally. The study found out the differ-

ence between the wild type and the mutant 

in terms of mutations and immunological 

features and their receptor binding do-

mains which is a key part of the virus that 

is located on its' spike’ protein that facili-

tates its entrance into host cells and lead to 

infection. The study found that the D614G 

variant exhibit alteration in the RBD that 

affects its pathogenicity, infectivity, re-

duced antibody binding and immune pro-

tection (Fig. 5). 

Building phylogenetic tree of 30 variants 

of SARS-COV-2 isolated from different 

countries all over the world 

The NCBI website was used to 

build a phylogenetic tree of 30 SARS-

COV-2 variants isolated from different 

countries all over the world and their rela-

tionship with the wild type with accession 

number NC_045512.2 that was isolated 

from China (Fig. 6). 

The rooted phylogenetic tree, every 

node with descendants condtitutes the 

inferred most recent common ancestor of 

those descendants, edge lengths may be 

interpreted as time estimates. The smaller 

the distances it's more related. Fortunately, 

I didn’t detect any new variants in Saudi 

Arabia in 2021. 

 DISCUSSION 

In Wuhan (Dec. 2019) Chinese 

government reported a novel pneumonia-

causing disease, and named severe acute 

respiratory syndrome coronavirus-2 

(SARS-CoV-2) by the International 

Committee on Taxonomy of Viruses 

(ICTV), and spread across China and to 

many countries. The World Health Organ-

ization has named the illness caused by 

SARS-CoV-2 as coronavirus disease 2019 

(COVID-19). Currently, three corona-

viruses cause illness in humans: SARS-

CoV-2, severe acute respiratory syndrome 

coronavirus (SARS-CoV), and Middle 

East respiratory syndrome coronavirus 

(MERS-CoV). 

https://en.wikipedia.org/wiki/Most_recent_common_ancestor
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The study verified the genomic se-

quences of the selected viruses, and I also 

learnt about virus mutations and the extent 

of their effect. Despite the multiplicity of 

mutations and their abundance, it is single 

point mutations i.e base pair substitution 

and therefore did not significantly affect 

morphology of the virus radically. Struc-

turally, SARS-CoV-2 has four main struc-

tural proteins including spike (S) glyco-

protein, small envelope (E) glycoprotein, 

membrane (M) glycoprotein, and nucle-

ocapsid (N) protein, and also several ac-

cessory proteins (Jiang et al., 2020). 

The study focused on the surface 

glycoprotein of SARS-COV-2 since it is 

the immunogenic part of the virus that 

binds to the host cell receptor (ACE2), 

mediating viral cell entry. SARS-COV-2 

gene data bank was used to identify the 

3D configurations of the S glycoprotein of 

SARS-COV-2 and its variants that were 

detected all over the world and determine 

the genomic locations of mutations of the 

new variants of S glycoprotein in addition 

to the codon change, protein change type 

and collection location (Table 5). 

This corona virus changes very 

slowly compared to similar viruses that 

cause influenza. In light of the popula-

tion's relatively low immunity to it, with a 

scarcity of effective treatments, there is no 

pressure on the virus to try to adapt. So far 

it is doing a pretty good job of keeping its 

spread intact. The, D614G (prominent 

mutation) forms the spiny protrusions to 

penetrate the host cells, appeared Wuhan 

and possibly Italy. It is now observed in 

about 97 percent of samples worldwide. 

The SARS-CoV-2 S protein variant 

D614G confers a replication advantage to 

SARS-CoV-2, such that it increases the 

likelihood of human-to-human transmis-

sion. Some research groups found that 

such an association exists (Furuyama et 

al., 2020; Korber et al., 2020 and Volz et 

al., 2021). Future prospective comparisons 

of D614G transmission to that of D614 

seem unlikely given that D614G has gone 

to near fixation worldwide (Yurkovetskiy 

et al., 2020). The sequenced genomes of 

SARS-CoV-2 are only a narrow snapshot 

of the COVID-19 pandemic and archived 

samples sequenced may pinpoint the 

origin of D614G and/or better resolve the 

variant’s trajectory. Indirect evidence that 

D614G is more infectious was provided 

by experiments with pseudotyped viruses 

showing that D614G transduces 3- to 9-

fold more efficiently than does the ances-

tral S protein (Yurkovetskiy et al., 2020). 

Effect was on cellular targets, as colon 

epithelial cells and lung. Researches are 

running to compare the replication effi-

ciency of D614G with D614 in the context 

of ~30,000 nucleotide SARS-CoV-2 ge-

nome, which technically difficult and po-

tentially confounded by acquisition of 

unnatural, tissue-culture-adapted muta-

tions during expansion in transformed cell 

lines and genome rescue, which done dur-

ing similar assessments of Ebola virus 

variants (Marzi et al., 2018; Ruedas et al., 

2017 and Wang et al., 2017). Consistent 

with the increased ability of D614G to 

infect cells in tissue culture, several stud-
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ies suggest that D614G is associated with 

increased viral load in people with 

COVID-19 (Korber et al., 2020; 

McNamara et al., 2020 and Volz et al., 

2021), although these studies quantitated 

SARS-CoV-2 RNA and did not measure 

infectious virus. Although, high infectivity 

of D614G in tissue culture, and high viral 

load in infected people, the severity of 

COVID-19 not detected in association 

with D614G infection (Korber et al., 

2020; McNamara et al., 2020 and Volz et 

al., 2021). The study proved that the re-

ceptor binding domain of D614G variant 

of S glycoprotein is affected in such a way 

that its affinity for binding with ACE2 and 

the fab fragment of the neutralized anti-

body is reduced, this finding is matched 

with (Yurkovetskiy et al., 2020) and that 

enhances transmission, infectivity and is 

likely to be advantageous for immune 

evasion. 

SUMMARY 

The coronavirus pandemic swept 

across the world in 2020 and changed the 

pace, texture and nature of our lives. The 

causative agent belongs to the RNA Coro-

navirus, also called SARS-CoV-2. Viruses 

constantly change through mutations and 

variations, due to evolution and adaptation 

processes, have been observed worldwide. 

Most emerging mutations have insignifi-

cant impact on the virus spreading, com-

binations of mutations or some mutations 

could provide a selective advantage, like 

increased transmissibility, infectivity or 

the capability to avoid the host immune 

response. An emergent Aspartic acid iden-

tified in 614 is substituted by Glycine 

(Asp 614 →Gly) (D614G) in the spike 

glycoprotein of SARS-CoV-2 strains 

which is the prevalent form globally. The 

study provides a computational analysis to 

compare the wild type of SARS-Cov-2 

with a new variant (D614G) and find out 

the difference between them in terms of 

mutations and immunological features and 

their receptor binding domains which is a 

key part of the virus that is located on its' 

spike protein that facilitates its entrance 

into host cells and lead to infection. The 

study found that the D614 G variant ex-

hibit alteration in the RBD that affect its 

pathogenicity, infectivity and reduced 

antibody binding and immune protection 

and is likely to be advantageous for im-

mune evasion. It is the primary target in 

the prevention and treatment of infections. 
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Table (1): Shows Accessions numbers, geo-locations, collection dates and length of each 

variant in base pairs. 

Gene bank  

Accession No. 
Geo Location: Collection Date: 

Molecular 

Type: 

Length in 

base 

pairs: 

NC_045512 China 2019-12 RNA 29903 

MW617293 Pakistan 2021-01-25 RNA 29822 

MW592707 Brazil 2021-02-11 RNA 29862 

MW595907 Egypt 2021-01-03 RNA 29793 

   

 

 

Table (2): types of mutations in Brazil. 

Wild 

type 

)Subject

) 

RNA 

complme

nt 

Amin

o acid 

New 

variant 

strain 

( Query ) 

RNA 

complem

ent 

Amino 

acid 

effective

ness 

Type of 

mutation 

CGT GCA Ala TGT ACA Thr Active 
Missense 

mutations 

TAG AUC Ile TAA AUU Ile In-active 
Silent 

mutations 

GGG CCC Pro ACG UGC Cys Active 
Missense 

mutations 
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Table (3): types of mutations in Pakistan. 

Wild 

type 

)Subject

) 

RNA 

comple

ment 

Amino 

acid 

New 

variant 

strain 

( Query ) 

RNA 

compl

ement 

Amino 

acid 

effectivene

ss 

Type of 

mutation 

GCT CGA Arg GTT CAA Gln Active 
Missense 

mutations 

GGT CCA Pro GAT CUA Leu Active 
Missense 

mutations 

AAT UUA Leu GAT CUA Leu In-active 
Silent 

mutations 

 

 

 

Table (4): types of mutations in Egypt. 

Wild 

type 

(Subje

ct ) 

RNA 

compleme

nt 

Ami

no 

acid 

New 

variant 

strain 

( Query ) 

RNA 

compleme

nt 

Amino 

acid 

effective

ness 

Type of 

mutation 

TGA ACU Thr CGA GCU Ala Active 
Missense 

mutation 

AAA UUU Phe AAG UUC Phe In-active 
Silent 

mutation 

GTT CAA Gln TTT AAA Lys Active 
Missense 

mutation 

CAC GUG Val CAT GUA Val In-active 
Silent 

mutation 

TTC AAG Lys TTT AAA Lys In-acive 
Silent 

mutation 

GCC CGG Arg GCT CGA Arg In-active 
Silent 

mutation 

CTC GAG Glu TTC AAG Lys Active 
Missense 

mutation 
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Table (4):Cont’ 

ATA UAU Tyr GAP --- --- Active 

Deletions 

non 

frameshift 

mutation 

CAT GUA Val GAP --- --- Active 

Deletions 

non 

frameshift 

mutation 

GTC CAG Gln GAP --- --- Active 

Deletions 

non 

frameshift 

mutation 

ACG UGC Cys ACT UGA STOP Active 
Nonsense 

mutation 

AAG UUC Phe AGG UCC Ser Active 
Missense 

mutation 

TTT AAA Lys TTC AAG Lys In-active 
Silent 

mutation 

GCG CGC Arg GTG CAC His Active 
Missense 

mutation 

AGT UCA Ser GAP --- --- Active 

Deletions 

non 

frameshift 

mutation 
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Table (5): The variants of the Surface glycoprotein of SARS- COV-2 and the 3D 

configurations of them. 
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Fig.(1): Structure of SARS-CoV2 variant. Figure from “Antivirals Against 

Coronaviruses: Candidate Drugs for SARS-CoV-2 Treatment? ” 

Santos et al. 2020. Open-access article licensed under a Creative 

Commons Attribution 4.0 International (CC BY 4.0) Copyright © 

22020 Santos, Grosche, Bergamini, Sabino-Silva and Jardim. 
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Query 181 CTTACGGTTTCGTCCGTGTTGCAGCCGATCATCAGCACATCTAGGTTTTGTCCGGGTGTG

 240 

    Sbjct        193            CTTACGGTTTCGTCCGTGTTGCAGCCGATCATCAGCACATCTAGGTTTCGTCCGGGTGTG

 252 

Query 28861 CAGCAGTAAACGAACTTCTCCTGCTAGAATGGCTGGCAATGGCGGTGATGCTGCTCTTGC

 28920  

 sbjct   288        CAGCAGTAGGGGAACTTCTCCTGCTAGAATGGCTGGCAATGGCGGTGATGCTGCTCTTGC

 28932 

 
 

 

 

 

 

 

 

 

 

Fig. (2): Alignment between the wild type and new variant in Brazil to indicate 

the location of mutations. 
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Fig. (3): Alignment between the wild type and new variant in Pakistan 

to indicate the location of mutations 
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Fig. (4): Alignment between the wild type and new variant in Egypt to 

indicate the location of mutations. 

Query  35     ACCAACTTTCGATCTCTTGTAGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTG  94 

Sbjct  1         ACCAACTTTTGATCTCTTGTAGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTG  60 

 

Query  421    CTTGAACAGCCCTATGTGTTCATCAAGCGTTCGGATGCTCGAACTGCACCTCATGGTCAT  480 

Sbjct  455       CTTGAACAGCCCTATGTGTTCATCAAACGTTCGGATGCTCGAACTGCACCTCATGGTCAT  514 

 

Query  481    GTTATGTTTGAGCTGGTAGCAGAACTCGAAGGCATTCAGTACGGTCGTAGTGGTGAGACA  540 

Sbjct  515      GTTATGGTTGAGCTGGTAGCAGAACTCGAAGGCATTCAGTACGGTCGTAGTGGTGAGACA  574 

 

Query  6481   TTAAAAATTACAGAAGAGGTTGGCCATACAGATCTAATGGCTGCTTATGTAGACAATTCT  6540 

Sbjct  6515     TTAAAAATTACAGAAGAGGTTGGCCACACAGATCTAATGGCTGCTTATGTAGACAATTCT  6574 

 

Query  9901   ACTAGCTACAGAGAAGCTGCTTGTTGTCATCTCGCAAAGGCTCTCAATGACTTTAGTAAC  9960 

Sbjct  9935     ACTAGCTACAGAGAAGCTGCTTGTTGTCATCTCGCAAAGGCTCTCAATGACTTCAGTAAC  9994 

 

Query  12421   CTTACAACAGCAGCTAAACTAATGGTTGTCATACCAGACTATAACACATATAAAAATACG  12480 

Sbjct  12455     CTTACAACAGCAGCCAAACTAATGGTTGTCATACCAGACTATAACACATATAAAAATACG  12514 

 

Query  16321  AATTAGTCTTGTCTGTTAATCCGTATGTTTGCAATGTTCCAGGTTGTGATGTCACAGATG  16380 

Sbjct  16355    AATTAGTCTTGTCTGTTAATCCGTATGTTTGCAATGCTCCAGGTTGTGATGTCACAGATG  16414 

 

Query  21721  TTCCATGCTANNNNNNTCTCTGGGACCAATGGTACTAAGAGGTTTGATAACCCTGTCCTA  21780 

Sbjct  21755     TTCCATGCTATACATGTCTCTGGGACCAATGGTACTAAGAGGTTTGATAACCCTGTCCTA  21814 

 

Query  22381  ATTACAGATGCTGTAGACTGTGCACTTGACCCTCTCTCAGAAACAAAGTGTACTTTGAAA  22440 

Sbjct  22415    ATTACAGATGCTGTAGACTGTGCACTTGACCCTCTCTCAGAAACAAAGTGTACGTTGAAA  22474 

 

Query  27421  AAGAGTGTGTTAGAGGTACAACAGTACTTTTAAAGGAACCTTGCTCTTCTGGAACATACG  27480 

Sbjct  27455    AAGAGTGTGTTAGAGGTACAACAGTACTTTTAAAAGAACCTTGCTCTTCTGGAACATACG  27514 

 

Query  28081  CGATATCGGTAATTATACAGTTTCCTGTTCACCTTTTACAATTAATTGCCAGGAACCTAA  28140 

Sbjct  28115    CGATATCGGTAATTATACAGTTTCCTGTTTACCTTTTACAATTAATTGCCAGGAACCTAA  28174 

 

Query  28321  CAGAATGGAGAACGCAGTGGGGTGCGATCAAAACAACGTCGGCCCCAAGGTTTACCCAAT  28380 

Sbjct  28355     CAGAATGGAGAACGCAGTGGGGCGCGATCAAAACAACGTCGGCCCCAAGGTTTACCCAAT  28414 

 

Query  28801  TCACGTAGTCGCAACAGTTCAAGAAATTCAACTCCAGGCAGCARTAGGGGAACTTCTCCT  28860 

Sbjct  28835    TCACGTAGTCGCAACAGTTCAAGAAATTCAACTCCAGGCAGCAGTAGGGGAACTTCTCCT  28894 
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PDB id: 6XCM 

Structure of the SARS-

CoV-2 spike glycoprotein 

in complex with the 

neutralizing antibody Fab 

fragment with heavy and 

light chain   

 
 

 

 

PDB id: 6VXX 

 

Structure of the SARS-

CoV-2 spike glycoprotein 

with RBD and 

carbohydrates  
(blue boxes) 

 

 

 

PDB id :6XS6 

 

SARS-CoV-2 Spike  

D614G variant, minus 

RBD and without 

carbohydrates that 

reduced its binding with 

Fab fragment of 

netralizing antibody  

 

 

Fig (5): The difference in 3D configuration between the wild type of SARS-COV-2 spike 

glycoprotein and the D614G variant. 

Fab Heavy chain 

Fab light chain Fab light chain 

Fab light chain 
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 Fig. (6): Phylogenetic tree of 30 variants of SARS-COV-2 isolated from 

different countries all over the world and their relationship with the 

wild type.. 


