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Abstract: Genomic sequencing helps us understand COVID-19 and its spread. It can also help guide 

treatments in the future and see the impact of interventions. In epidemics, genome structure is important 

for recognizing any small change in the COVID-19 behavior at any population scale to understand the 

spreading mechanism and whether different strains are emerging. The viral spike (S) protein amino acid 

sequence viral genomic sequences and other mutated spike proteins are related to the advanced genome 

of mRNA We analyzed some major S protein mutation which was represented in a high percentage of 

all the analyzed sequences. Spike-D614G mutation is a terrible phenomenon that has been spread in 

Europe in early February and has been started rapidly to become the dominant form in new regions. In 

the United States, the genotypic distribution in California and Washington was similar to Asian 

countries, while other US states' distribution was comparable to Europe. To gain insight into the D614G 

mutation consequences, homology modeling using a multi-template threading mechanism with ab initio 

structural refinement was performed for the S protein region. The D614 model predicted a random coil 

structure in the Furin domain, and this mutation may confer a competitive advantage at the Furin binding 

domain that may contribute to the rise of the D614G virus mutant. Due to resistance to any pandemic 

interventions, mutations should be evaluated in viewpoints of time and geographical situation in the 

wide phylogenetic domains to announce an early warning system for new mutations. 

Keywords COVID-19; spike protein; COVID-19  mutation; England Coronavirus; evolutionary 

footprint in spike. 
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1. Introduction 

By two decades[1-7], three main pathogenic of β-Coronaviruses have been recognized. The 

first one is SARS in 2002 [1,2,7], which infected over 10,000 people and killed 1000, and the 

second was followed in 2012 by Middle East Respiratory Syndrome, and the last one is 

COVID-19. The COVID-19 was reported in China in December 2019 [8-12] and triggered an 

epidemic that quickly spread globally to become a pandemic in our world. Over 90 million 

confirmed cases of COVID-19 and over 1.8 million deaths have been reported by World Health 

Organization (WHO) [13-16]. A few major reasons make this disease dangerous, including no 

direct immunological experience and highly transmissible potential, leaving us vulnerable to 

infection [17,18]. Several important functions make this virus dangerous that can be mentioned 

as: 1- humans have not been any previous immunological experience with this virus. 2- It is 
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completely, transmissible and also has a large mortality rank. 3- Evaluates of reproductive 

ratio, "R0", has a wide yield, but generally range exhibit a range among 2.0-4.0 [17,19]. 

Calculating deaths per each certain case also is difficult, but there is a range among 1%-15% 

percentages. These differences are based on test access in each place[20,21]. An active variant 

of the corona pandemic is spread in the whole of London. Researchers found it is considerably 

more contagious than other types [21, 22] and has been made some limitations in the flight 

within Europe[23]. British Prime Minister declared that the new type of the virus is 75 % faster 

transmissible than the COVID-19 and seems to be driving a sharper spike in new infections in 

many places of London.  

England's health secretary [24,25], Matt  Hancock, has told parliament members that a 

new variant of COVID-19 has been identified and may be driving infections in the south east 

of England, leading to headlines about “mutant” virus [26]. VUI-202012/01 has been known 

completely and also has been classified by sixteen mutations. One of the most scientific 

applications is an N501Y mutation in the spike protein that the virus uses to bind to the human 

ACE2 receptor. It is notable to mention that changes in this spike protein segment may result 

in the virus becoming more contagious and spreading more easily between people.  Britain on 

20 December has alerted the World Health Organization that the new strain identified is the 

likely cause of the surge in infections of London's cases [26,27]. On 19 December 2020, due 

to the increase of this new virus, the  UK ordered the new rules to be done from 20 December 

and over the coming weeks for affected areas going into a ‘Tier 4’ level with movement 

limitations within among affected areas [26,27]. It was picked up via the COVID-19 Genomics 

UK (COG-UK) consortium, which undertakes random genetic sequencing of positive COVID-

19 samples around the UK.  

The studies about this new virus's behavior are ongoing, and poorer clinical reports, 

mortality, and especially the number of affected groups have not been reported to date. As 

mentioned, this recent virus in the UK is known as VUI 202012/01 and is defined through 

several spike mutations (deletion 69-70 and144 amino acids, and also deletion of N501Y, 

A570D, D614G, P681H, T716I, S982A, D1118H domains)  as well as mutations in other parts 

of genomic sections (Scheme 1) [28]. N501Y mutation is placed in the receptor-binding 

domain and is related to the Next strain clade 20B [GISAID clade GR [29], and B.1.1.7 [29,30], 

respectively. Phylogenetic analysis shows that several intermediary forms exist among these 

variants.  In addition, these clusters differ via 30 nucleotide substitutions inside coronaviruses 

per genome per month has created.   

The UK has organized the virus genome data bank called COG-UK and contains 

national public health institutes, national Health organizations, and academic institutions. They 

attempt to keep and control the sequencing coverage geographically and keep the turnaround 

time’s low [30]. The abnormal large numbers of spikes, genetic mutations, other protein 

properties of the species virus in the UK confirm that these kinds of viruses have not emerged 

through a gradual accumulation of mutations in the UK.  

Those are also unlikely that have arisen via ongoing vaccination schedules as the 

observed increase does not match the timing of such activities[31]. One probable guess for the 

appearance of these mutations is prolonged COVID-19 infection in a patient that viruses are 

able to reform their structures in a wide range of time. With reduced immune competence, a 

prolonged infection can lead to the accumulation of immune escape mutations at an elevated 

rate [32]. Another probable guess could be a consistent phenomenon in a virus that appears in 

a different animal and is then transmitted back to humans. Some of the essential and statistical 
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numbers, such as R0 or number of mortality, are important for public health response planning 

but are not possible to remove pandemic disease in the estimation Process. Although the 

diversity among pandemic COVID-19 sequences is not too much, its fast spread makes the 

virus's natural selection opportunity to act favorable mutations. This is the same as the influenza 

issue, where mutations slowly accumulate in the hemagglutinin protein during a flu season, 

and there are complex interactions among the amino acids that can confer immune resistance 

to the virus [32, 33]. Various spike mutations have been produced through mink (described in 

the Netherlands) [34]. Finally, the variants have probably emerged via circulation in countries 

with no or very low sequencing coverage. These cases were predominantly in England's 

southeast, but there have been recent reports from further afield, including Wales and Scotland. 

Nick Loman [28], a researcher of genomics at the University of Birmingham, explained a 

briefing by the Science Media Centre on 15 December that the mutations viruses were first 

spotted in late September and now accounts for 25% of viruses sequenced in Norfolk, 15% in 

Essex, and 5% in Suffolk. There is no data to confirm that it had been imported from abroad 

basically, so it is probably to have evolved in the UK [28,35]. Due to the speed of this new 

virus spreads, it would be hard to keep it under control until we have the vaccine done. Longer 

seasonal epidemics allow selection pressure to continue over a more extended period, 

enhancing virus development opportunities with novel antigenic surfaces that resist pre-

existing immunity [36, 37]. Matt Hancock told the House of Commons on 14 December that 

initial analysis showed that the new variant "may be associated" with the recent rise in southeast 

England cases. However, this is not the same as saying that it is causing the rise. Loman 

explained, "This variant is strongly associated with where we are seeing increasing rates of 

COVID-19. The mentioned situation is a harmonic combination, but we can't say it is the root, 

so researchers are worried about that, and it needs urgent follow-up and investigation. This 

virus is new to scientists and they do not yet know if it will wane seasonally as the weather 

warms and humidity increases, but our lack of pre-existing immunity and its high 

transmissibility compared with influenza are among the reasons it may not. If the pandemic 

increases time by time, this could enhance antigenic problems and accumulate people due to 

immunological mutations during the year or more it will take to deliver the first vaccine. By 

considering this problem, we might be able to avert missing control in the virus that, if ignored, 

could ultimately limit the effectiveness of the first vaccines to clinical use. Therefore, there is 

an urgent need to provide an effective vaccine against COVID-19 and antibodies as soon as 

possible [38]. Virus mutations are not strange, and researchers have already found a few 

thousands of different coronavirus mutations. However, most of these mutations do not affect 

how easily the virus spreads or the severity of the symptoms. Last month, several million mink 

were discovered to be carrying a kind of COVID-19. When the UK's new strain was first 

detected, health officials thought whether the virus's fast spread was due to widespread 

carelessness or the contagiousness of the strain itself. After further research, they found that 

the new strain is, in fact, significantly more transmissible. However, researchers don't believe 

the variant leads to an increase in severe illness or more serious side effects. Researchers are 

still evaluating whether the strain will be more or less receptive to the currently rolled vaccines. 

Although health authorities have said no formal conclusions have been made, it is unlikely that 

the mutation would hinder the vaccines' effectiveness. Over the last few weeks, the UK has 

faced a rapid increase in COVID-19. 
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Scheme 1. New coronavirus variant; (A): D614G Mutation (B): mRNA and protein changing in D614 mutation. 

This increase was pronounced in South East England, with an increase in the 14-day 

case. Analysis of UK- COVID-19 VUI 202012/01 using viral genome sequence data a large 

confirmed a proportion higher than fifty percent of cases that belonged to a new single 

phylogenic cluster [39]. Overall, less than 10 percent of all COVID-19 cases are regularly 

sequenced in the UK, with sequencing in Kent and South East England, which was most 

affected, around four percent. As of 13 December 2020, 1 108 individuals had been identified 

with this virus variant in England, with the earliest case identified from 20 September 2020 

[26-28]. The application of vaccine approaches against COVID-19 targets the trimeric spike 

protein (S) to elicit protective neutralizing antibodies that causes the spike to mediate binding 

and entry into host cells  [40]. Each Spike segment contains an N-terminal S1 domain (Scheme 

1) and a membrane-proximal S2 domain that mediates receptor binding and membrane fusion, 

respectively [41]. The main segment of a virus is a long RNA, and obviously, each mutation 

arises naturally as the virus replicates. 

Although several thousands of mutations have already arisen from mRNA sections, 

only a small minority is likely to be important and change the virus appreciably. COG-UK says 

that around four thousand mutations appear in the spike segment, and Mutations are expected 

and are a natural part of evolution [26-28]. All immunogens and testing materials are usually 

based on the Spike protein sequence from Wuhan's index strain [40]. This recent virus is closely 

related to SARS; the two viruses share ~80% sequence identity [20], and both use angiotensin-

converting enzyme-2 (ACE2) as their cellular receptor [19]. However, the S-protein has a 

higher affinity for ACE2 than the SARS-CoV's corresponding S-protein [41]. It must be seen 

to what extent experience learned from SARS help formulate hypotheses about coronavirus, 

but SARS  studies suggest that the nature of the antibody responses to the Spike protein are 

complex. It is unknown yet that mutations that make viruses more infectious don't necessarily 

make them more dangerous. As an instance, the D614G variant is believed to have increased 

the virus's ability to be transmitted and is now the most common type circulating in the UK, 

although it doesn't seem to result in more severe disease. Public Health England's laboratory is 

currently working to find any evidence that the new variant increases or decreases disease 

severity. The new variant has mutations to the spike protein that the three leading vaccines are 

targeting. However, vaccines produce antibodies against many regions in the spike protein, so 

it's unlikely that a single change would make the vaccine less effective. Over time, as more 

mutations occur, the vaccine might need to be altered. The coronavirus doesn't mutate as 

quickly as the flu virus, and the vaccines that have so far proved effective in trials are types 

that can easily be tweaked if necessary. 
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2. Materials and Methods 

 2.1. Docking studies of several mutations. 

Via looking for the bounded structures of some ligands, they can be select via the check 

box of a ligand. By this work, the iGEMDOCK has been applied. Through this software, the 

acceptable receptor can be defined for the binding site in whole protein structures. The protein 

composition is worked with a ligand, and iGEMDOCK can help to define the suitable binding 

site quickly. If the co-crystallized ligands are retained on the binding site structures, it will be 

predicted poses. Cluster analysis is the partitioning of a data set into subsets. The data in each 

ideal subset will share some common trait, iGEMDOCK clusters the ligands based on 

interaction and atomic composition features. Interaction feature is extracted from the protein-

ligand interactions, and atomic composition is accounted for atomic types in different 

functional groups. Following steps have been done in docking simulation :(a) prepare the 

binding site on the protein-ligand; (b) browsing and selecting the protein file; (c) defining the 

binding site type as a bounded ligand; (d) defining the center of the binding site by selected 

ligand; (e) setting the size of the binding site through the extended radius from the selected 

ligand. IGEMDOCK yields an analysis surrounding visualized tools and post-analysis tools for 

users, which can visualize the docked states, and categories through the protein-ligand 

interactions. Consequently, the prediction and scores of ligands can be saved in the output path. 

The minimum energy poses of each ligand will be outputted into the "best: Pose" location. 

These analysis tools are premeditated based on the analysis of those poses. You are able to 

specify the number of the cluster for your data or adjust the number by the preliminary clustered 

result. Cluster estimation is the analysis of data ranges into subsets. The information in each 

subset will share some general properties. These are based on interaction and atomic 

combination aspects. Interaction aspects are extracted from the protein-ligand couples, and 

atomic combinations are calculated atomic types in various functional groups. Based on 

Mootha et al. works, Genotyping of the exon 35 mutation has been simulated for clearing the 

mechanism of mutation in Cyt c, Figure 3. Mootha et al. exhibited a mutation that was 

performed by primer extension of PCR and then detected by matrix-assisted laser desorption 

ionization. PCR products were purified using the shrimp alkaline phosphatase method and 

extended by adding a homogeneous Mass-Extend primer as per the Sequencer- Mass-Array 

protocol. We investigated our model with a wide range of mega-based regions of that genome 

containing several definite genes and some other unknown genes through translation and 

expression data of m- RNA. The results are confirmed with experimental data. As improvement 

genes with higher-density m-RNA expression and more comprehensive protein-membrane 

interaction become available, it should apply such analysis widely. 

2.1.1. Molecular modeling. 

The 3-D protein region from AA 591 to 710 was modeled using I-TASSER multiple 

template threading methodology in the Nova Fold application software available from 

DNASTAR Inc., Madison, WI. The highest Tm-Score models for D614 or G614 were aligned 

using Pymol available from Schrodinger, New York, NY. Residues surrounding the cleavage 

site are identified using the nomenclature of Schechter and Berger. Distances between atoms 

were calculated using Pymol distance measurement.  
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2.1.2. Variant mutations. 

(1): SARS-CoV-2 SP RBD, E484K, K417N, N501Y; 2019-nCoV SP RBD, E484K, 

K417N, N501Y, or SARS-CoV-2, also known as 2019-nCoV (2019 Novel coronavirus), is a 

virus that causes illnesses ranging from the common cold to severe diseases. SARS-CoV-2 

Spike Protein is composed of S1 domains and S2 domains. Moreover, SARS-CoV-2 Spike 

protein (RBD, E484K, K417N, N501Y, His & Avi Tag) carries polyhistidine and Avi tags at 

the C-terminus.  

(2) SARS-CoV-2 Spike protein (RBD, N501Y, His & Avi Tag) can bind with human 

ACE2 (Cat. No. Z03484) in functional ELISA assay.  

(3) SARS-CoV-2 SP RBD, N439K; 2019-nCoV SP RBD, N439K, The spike protein 

mutation N439K may help the virus escape the host's immune response. SARS-CoV-2 Spike 

protein (RBD, N439K, His & Avi Tag) carries polyhistidine and Avi tags at the C-terminus  

(4) SARS-CoV-2 S1 protein, K417N; 2019-nCoV S1 protein, K417N, SARS-CoV-2 

Spike protein (S1, K417N, His Tag) carries a polyhistidine tag at the C-terminus. (Fig.1). 

 

 
Figure 1. Comparison of three corona virus Mutation   

3. Results and Discussion 

3.1. D614G stabilizing mutations. 

We modeled, simulated, analyzed, and calculated our system based on our previous 

works [42-96]. 

The mutation D614G was identified in the Spike mutation report in early March and  

was accompanied by two other mutations: a silent C-to-T mutation in the nsp3 gene and a C-

to-T mutation, which results in an RNA-dependent RNA polymerase (RdRp) amino acid 

change (RdRp P323L) (Figure 2) [97]. 

3.2. The complex of mutant V599E B-RAF and BAY439006. 

The segment of  V599EB-RAF kinase domains in structure with the RAF inhibitor 

BAY43-9006 show that the activation domain is kept in an inactive situation  through 

association with the P loop. The clustering of most mutations   suggests that disruption of this 

interaction converts B-RAF into its active conformation   (Figure 3) [98]. Nowadays, a new 

SAR-CoV-2 appeared in the England that has 18 mutations that contain 8 mutations in spike 

and the other in several membrane proteins.  Spike mutations have also appeared during 

transfers of virus from humans to humans and humans to   animals [99].    
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Figure 2. D614G 1-RBD up Spike Protein Trimer without the P986-P987 stabilizing mutations (S-GSAS-

D614G). 

The mutations that have occurred to date in the corona virus spike during human-to-

human transmission and following human-to-animal passage have several commonly 

occurring natural features of coronavirus spike evolution that may be involved in interspecies 

transfers that is listed as: 

hCoV-19/SouthAfrica/Tygerberg-461/2020|EPI_ISL_745186|2020-12-07;hCoV-

19/England/LOND-1267020/2020|EPI_ISL_741243|2020-12-11; hCoV- 19/mouse/Harbin/ 

HRB-26m/2020|EPI_ISL_459910|2020-04-19;hCoV-19/mink/Netherlands/1/2020 EPI_ISL_ 

431778, 2020-04-24;hCoV-19/mink/Netherlands /NB0102KS/2020|EPI_ISL_447624 2020 - 

04-29 ;hCoV-19/mink/Netherlands/NB02_07KS/2020,EPI_ISL_447629 |2020-04-29;hCoV-

19/mink/Netherlands /NB02_16RS/2020|EPI_ISL_447632|2020-04-28;hCoV- 19/cat/France 

/Env-Ba/2020|EPI_ISL_483063|2020-05-14;hCoV-19/cat/France/Env- Di/2020| EPI_ISL_ 

483064| 2020-05-14hCoV-19/cat/Belgium/BE-MG-320/2020 |EPI_ISL_487275|2020-03-

11;hCoV-19/cat/Denmark/mDK-315 /2020|EPI_ISL_683164|2020-11-17; hCoV-19/cat/USA 

/TX-TAMU-013/2020|EPI_ISL_699506|2020-06-28hCoV-19/cat/USA/TX-TAMU-57/2020| 

EPI_ ISL_699507|2020-07-17;hCoV-19/cat/USA/TX-TAMU-078 /2020|EPI_ISL_699509| 

2020-07-29 ;hCoV-19/ cat/Greece/2K/2020|EPI_ISL_717979|2020-11-23;hCoV- 9/lion/USA / 

NY-3-041520/2020 |EPI_ISL_566037 |2020-04-04; hCoV-19/lion/USA/NY-041520/2020 

|EPI_ ISL_566038|2020-04-04;hCoV-19/lion/USA/NY-2/2020|EPI_ISL_566044|2020-04-

04;hCoV-19/tiger/USA/ NY-040420/2020|EPI_ISL_420293|2020-04-02;hCoV- 19/dog/ 

HongKong/ 20-02756/2020 |EPI_ISL_414518 |2020-02-26;hCoV-19/dog/USA/TX-TAMU-

077/2020|EPI_ISL_699508|2020-07-28;hCoV-19/dog/Italy/ Dog399-20BA /2020 EPI_ ISL_ 

730652,2020-11-04 [99,100]. 
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Figure 3. The complex of mutant V599E B-RAF and BAY439006. 

3.3. Spike protein mutation N501Y. 

The mutational analyses revealed a total of around a thousand unique amino acid 

substitutions distributed across many SARS-CoV2 S protein positions. Among these positions, 

most of them are located in the primary structure of the S protein. The position-specific 

variability of S protein was visualized in VMD visualization. N501Y mutation was mainly 

observed in the UK during the last weeks, which led to new restrictions, and many countries 

closed their borders for travelers from the island. A little is known about the N501Y, but its 
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position and well-established interaction with the human ACE2 protein responsible for the 

virus-cell entry deserve special attention. Moreover, it has been shown that N501Y 

significantly increases virus adaption in a mouse model (Figure 4). 

 
Figure 4. Intra & intermolecular H-bonding involving the Wuhan strain and E484K mutant of corona virus 

spike protein receptor-binding domain in complex with P2B-2F6 neutralizing antibody, including spike protein 

RBD, heavy chain (H), and light chains (L) of the P2B-2F6 neutralizing. 

4. Conclusions 

 The mutated coronavirus that occurs is highly more transmissible than the original and 

has raised the alarm in the UK and worldwide. Although it seems this disease is serious, by 

vaccines it can protect the human against it. Based on the mathematical simulation, the 

coronavirus Genomics UK consortium calculations predict that B.1.1.7 might be up to 75 

percent more transmissible than the original virus. "It's a shocking valuation, says Ali Mokdad, 

a population health expert at the University of Washington. This is a stubborn and opportunistic 

virus." However, some scientists doubt that this variant's fast spread in the UK necessarily 

means it is more transmissible. However, until we have some data, we must really be careful 

concerning what we do, and the best information on transmissibility will come from knowledge 

of related animals. The best data on transmissibility will come from animals’ behavior that 

looks at whether this virus moves more easily from one creature to another or not. Michael 

Farzan, an immunologist at the Scripps Research Institute, believes that the N501Y mutation 

appears to have appeared independently several times in other geographical areas are further. 

Other spike protein mutations, including one called D614G that have been seen in the US, 

allow the virus to replicate better in mice's upper respiratory tract rather than the lower tract.  
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