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Abstract 

COVID-19 caused by the highly pathogenic SARS-CoV-2 has caused the death of over 1.69 million people 

worldwide. High mutation potentials of RNA viruses require the determination of the most accurate structure 

to be targeted for treatment. In this study, comparative genomic and proteomic analyses of SARS-CoV-2 were 

performed using SARS-CoV and MERS-CoV, and the mutation potential of the residues was analyzed using 

bioinformatics tools. SARS-CoV-2 was found to be 80.08% and 58.79% similar to SARS-CoV and MERS-

CoV, respectively, at the nucleotide level. G+C content were 38%, 40.8% and 41.2% for SARS-CoV-2, 

SARS-CoV and MERS-CoV, respectively. 5ʹUTR G+C content was 44.6%, 43.5% and 44.7% for SARS-

CoV-2, MERS-CoV and SARS-CoV, respectively. At the amino acid level, SARS-CoV-2 and SARS-CoV 

showed 83.3% similarity, whereas SARS-CoV-2 and MERS-CoV showed 42.5% similarity. The E, M, N and 

S proteins of SARS-CoV-2 and SARS-CoV were found to be 94%, 90.1%, 90.6% and 76.1% identical, 

respectively. For SARS-CoV-2, 14 residues with a high risk of mutation and their repeat numbers in the 

genome were identified. Data from this study reveal that non-functional conserved proteins such as ORF6 and 

ORF7b with low risk of mutation may be appropriate targets for the treatment because of their functional 

properties.  
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SARS CoV-2’nin Karşılaştırmalı Genomik ve Proteomik Analizi – İlaç Hedefleme ve Potansiyel 

Mutasyon Olasılıkları 

Öz 

Yüksek oranda patojenik SARS-CoV-2’nin neden olduğu COVID-19 dünya genelinde 1.69 milyondan fazla 

insanın ölümüne neden oldu. RNA virüslerinin yüksek mutasyon potansiyelleri tedavi için en doğru yapının 

tanımlanmasını gerektirir. Bu çalışmada COVID19’un aynı alt sınıfta yer alan SARS ve MERS ile 

karşılaştırmalı genomik, proteomik analizleri ve rezidülerin mutasyon potansiyelleri biyoinformatik araçlar ile 

analiz edildi. COVID19’un nükleotid düzeyinde SARS ile 80.08% ve MERS ile 58.79% benzer olduğu 

bulundu. GC% oranları COVID19, SARS ve MERS sırası ile 38%, 40.8% ve 41.2%’dir. 5’UTR GC içeriği 

COVID19 (44.6%), MERS (43.5%) ve SARS (44.7%)’dir. Aminoasit düzeyinde COVID19, SARS ile 83.3%, 

MERS ile 42.5% benzerlik gösterdi. Temel yapısal proteinler kıyaslandığında COVID19/SARS’ın E, M, N ve 

S-proteinleri sırasıyla 94.7, 90.1, 90.6 and 76,1% oranında aynıdır. COVID19 için 14 yüksek mutasyon riski 

olan rezidü ve genomda tekrar sayıları belirlendi. Sonuç olarak; COVID19 ve SARS’ın yüksek yapısal 

benzerlikleri proteinlerin fonksiyonel benzerliklerine işaret edebilir. Bu çalışmanın verileri, düşük mutasyon 

riski ile ORF6 ve ORF7b gibi fonksiyonel olmayan korunmuş proteinlerin fonksiyonel özellikleri ile tedavi 

için uygun hedefler olabileceğini işaret etmektedir.          

 

Anahtar Kelimeler: SARS CoV-2, COVID-19, genom, proteom, mutasyon 
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1. Introduction 

Betacoronaviruses (β-CoV) are enveloped, 

positive-sense, single-stranded RNA viruses 

of zoonotic origin, belonging to the 

Coronaviridae family of the order 

Nidovirales (Baltimore, 1971; Weiss and 

Leibowitz, 2011; Huang et al, 2020a). 

Coronaviruses, which were described in 

humans in the 1960s and characterised by 

cold symptoms, have come to the fore with 

their fatal effect over the last 20 years (Al-

Osail and Al-Wazzah, 2017). The severe 

acute respiratory syndrome (SARS) 

epidemic, which began in 2002 in the 

Guangdong Province of China and spread to 

five continents with a total of 8,098 infected 

cases and 774 deaths, was followed by the 

Middle-East respiratory syndrome (MERS) 

epidemic that appeared in Saudi Arabia in 

2012, which resulted in a total of 2494 

infected cases from 27 countries and 858 

deaths (Drosten et al., 2003; Zaki et al., 

2012). The most prominent strain of the 

betacoronavirus family on a global scale is 

that of the severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) which 

emerged in the city of Wuhan in Hubei 

Province of China in 2019, resulting in a 

pandemic with more than 76.8 million 

infected cases and over 1.69 million deaths 

(Chan et al., 2020; Worldometer, 2020; Zhu 

et al., 2020). 

Apart from the highly pathogenic 

coronaviruses such as SARS-CoV-2, MERS-

CoV and SARS-CoV, four endemic strains 

with low pathogenicity (HCoV-OC43, 

HCoV-229E, HCoV-NL63 and HCoV-KU1) 

are known (McBride and Fielding, 2012; 

Walls et al, 2020). These differ from each 

other in their genetic structure and antigenic 

properties. Although there are different 

hypotheses about intermediate hosts, it is 

considered to have originated in bats due to 

high genetic similarities (Lam et al., 2020; Li 

et al., 2020). It is important to quickly reveal 

the structural characteristics of SARS-CoV-2 

because of its virulence and the number of 

deaths it has caused worldwide. 

Understanding the genetic and proteomic 

structure is important for studies on drug and 

vaccine design in the fight against diseases 

(Abubucker et al., 2011; Pardi et al., 2018; 

Shereen et al., 2020). 

Similarities/differences, topological and 

physicochemical properties in the genome 

and proteome structure contribute to defining 

the target structure for treatment (Badani et 

al., 2014; Liu et al., 2020; Mahajan et al., 

2018). The stability of the genetic and 

protein structure to be targeted in the studies 

determines the validity of the developed 

treatment. There is also a risk that a mutation 

in the genome will invalidate the developed 

treatment (Regla-Nava et al., 2015; Shen et 

al., 2003). In this study, SARS-CoV-2 was 

compared with two other virulent members 

of the betacoronavirus family (SARS-CoV 

and MERS-CoV) at the genome and 

proteome level. Similarities, physicochemical 

and topological features, and mutational risks 

at the residue level of SARS-CoV-2 were 

analyzed using bioinformatics tools to 

understand the target structure for treatment. 

2. Material and Methods 

Sequence information of SARS 

(NC_004718.3), MERS (NC_019843.3) and 

COVID19 (NC_045512.2) were accessed 

from the NCBI database. Sequences were 

aligned with the FFT-NS-i strategy using the 
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MAFFT (Version 7.452) multiple sequence 

alignment program (Carroll et al., 2007; K. 

Katoh, 2002; Kazutaka Katoh et al., 2018). 

Estimates of evolutionary divergence 

between

 sequences were conducting using the 

Poisson correction model (Zuckerkandl & 

Pauling, 1965). The homogeneity of 

substitution patterns between sequences and 

estimates of net base composition bias 

disparity between sequences were conducted 

with Disparity index test. A Monte Carlo test 

(500 replicates) was used to estimate the P-

values (Kumar and Gadagkar, 2001) which 

smaller than 0.05 are considered significant. 

Amino acid exchange probability and 

mutation data matrices was analyzed by JTT 

mutation model (Jones et al., 1992). 

Physicochemical properties of protein 

sequences were analyzed Emboss PepInfo 

(McWilliam et al., 2013). GC% contents pf 

nucleotide sequences were calculate Mega X 

(Kumar et al., 2018). Amino acid 

compositions of protein sequences were 

analyzed with PepStats (Rice et al., 2000). 

The hydropathy index was calculated with 

Expasy ProtScale for possible structural 

properties (Wilkins et al., 1999). 

Bioinformatics analysis was supported with 

MegaX (Kumar et al., 2018).     

3. Results and Discussion 

All preventive or therapeutic drugs against 

diseases target either the DNA or protein 

structure (Overington et al., 2006). The 

SARS-CoV-2 genome consists of 12 protein 

encoding regions of size 29.9 kb. SARS-CoV 

and MERS-CoV genomes consist of 14 and 

11 encoding regions of size 29.7 kb and 30.1 

kb, respectively.  

In this study, SARS-CoV-2 was found to be 

80.08% and 58.79% similar to SARS-CoV 

and MERS-CoV, respectively, at the 

nucleotide level using the MAFFT FFT-NS-i 

strategy. The similarity ratio between SARS-

CoV-2 and MERS-CoV increased within the 

range of 13–21 kb of the genome (Figure 1). 

High identity at the nucleotide level between 

SARS-CoV-2 and SARS-CoV indicates 

similar structural and physicochemical 

properties. Although the SARS-CoV-2 

genome has not been fully elucidated, 

computational studies have been recently 

published that show high similarity between 

the spike and nucleocapsid structures of 

SARS-CoV and SARS-CoV-2 and support 

the data presented in this study (Chatterjee, 

2020; Ul-Qamar et al, 2020; Walls et al, 

2020). This homology between the two 

strains provides important data for 

understanding the functional properties of 

SARS-CoV-2 proteins. 
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Figure 1. Identity of SARS CoV2, SARS CoV and MERS CoV sequences. a)Comparison SARS CoV-2 with 

SARS CoV, b) Comparison SARS CoV-2 with MERS CoV 

The G+C content for SARS-CoV-2, SARS-

CoV and MERS-CoV were 38%, 40.8/ and 

41.2%, respectively (Figure 2). The GC 

content is one an important parameter 

affecting the stability of the three-

dimensional (3D) structure of proteins, 

evolutionary relationship between species, 

biased mutation pressure, and gene 

expression (Muto and Osawa, 1987; Sémon 

et al, 2005). The lower G+C content of 

SARS-CoV-2 compared with SARS-CoV 

and MERS-CoV could affect the stability of 

its three-dimensional (3D) structure. Kudla et 

al. have showed that the G+C content of non-

coding sequence in the promoter region 

(UTR) may affect the expression level of the 

gene. Kudla et al. found that there was a 

positive correlation between an excess of 

G+C content in the non-coding region and an 

increase in gene expression, and the 

efficiency of gene expression can increase by 

up to 100 times (Kudla et al., 2006). In this 

study, the 5′UTR G+C content was 44.6%, 

43.5% and 44.7% for SARS-CoV-2, MERS-

CoV and SARS-CoV, respectively. The 

difference of 1.1% between SARS-CoV-2 

and MERS-CoV can lead to a faster and 

dramatic progression of many parameters 

related to viral infection, including the 

prognosis of the disease. The number of 

cases (76.8 million) and deaths (1.69 million) 

from its emergence support this approach. 

 

Figure 2. G+C content of SARS CoV-2 (a), SARS CoV (b) and MERS CoV (c) 

In this study, SARS-CoV-2 and SARS-CoV 

showed 83.3% similarity, whereas SARS-

CoV-2 and MERS-CoV showed 42.5% 

similarity at the amino acid level (Table 1). 

When the basic structural proteins were 

compared, the E, M, N and S proteins of 

SARS-CoV-2 and SARS-CoV were found to 

be 94%, 90.1%, 90.6% and 76.1% identical, 

respectively. In the comparison of SARS-

CoV-2 and MERS-CoV, identity rates fell to 

30%. The high similarity between SARS-

CoV-2 and SARS-CoV in the linear 

sequence that determines the primer structure 

of the protein provides important hints about 

3D structure and function of the protein 

(Panagiotou and Plaxco, 2020). Studies have 

shown that structural proteins of SARS-CoV-

2 such as N, M and S, which can be targeted 
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structures for vaccine and drug studies, show 

a similar homology with those of SARS-CoV 

(Ibrahim et al., 2020; Tilocca et al., 2020). 

Table 1. Amino acid composition of SARS CoV-2, SARS CoV and MERS CoV 

% 
Ala 

A 

Cys 

C 

Asp 

D 

Glu 

E 

Phe 

F 

Gly 

G 

His 

H 

Ile 

I 

Lys 

K 

Leu 

L 

SARS CoV-2 6.83 3.07 5.10 4.81 5.00 5.94 1.87 5.15 5.92 9.65 

SARS CoV 7.20 3.17 5.25 4.79 4.77 5.98 2.07 5.09 5.70 9.78 

MERS CoV 7.33 3.01 5.31 3.87 5.05 5.84 2.06 4.79 5.26 9.47 

% 
Met 

M 

Asn 

N 

Pro 

P 

Gln 

Q 

Arg 

R 

Ser 

S 

Thr 

T 

Val 

V 

Trp 

W 

Tyr 

Y 

SARS CoV-2 2.21 5.41 3.94 3.65 3.40 6.75 7.51 8.14 1.11 4.54 

SARS CoV 2.45 5.13 4.01 3.63 3.68 6.68 7.30 7.91 1.09 4.32 

MERS CoV 2.26 4.99 4.21 3.50 3.63 7.67 6.94 8.96 1.14 4.71 

 

In the present study, 11 physicochemical 

parameters were examined in amino acid 

sequences (Table 2). The ability of histidine 

(H) to respond to minute changes in the local 

pH value within the cell by changing its 

electric charge necessitates its presence in 

catalytic domains. Considering the genomic 

organisations, a similar percentage of H 

distribution between SARS-CoV and MERS-

CoV and difference of 0.2% between SARS-

CoV-2 and SARS-CoV can be associated 

with low genomic organisation of SARS-

CoV-2. Disulphide bonds between cysteine 

(C) amino acids are directly related to the 3D 

structure, stability and therefore functionality 

of the protein. In this study, it was 

determined that C residues of SARS-CoV-2 

and SARS-CoV were in positional identical 

at a ratio of 100%. As glycine (G) does not 

have a side chain, it is usually found within 

loop or coil sites. The G percentage densities 

and high levels of positional identity in the 

proteome indicate a high similarity among 

three viral organisms in terms of secondary 

and tertiary structures.  

Table 2. Physicochemical properties of amino acids of three Coronaviruses 

Property Residues 
Rate % 

SARS CoV-2 SARS CoV MERS CoV 

Tiny (A+C+G+S+T) 30.10 30.34 30.80 

Small (A+C+D+G+N+P+S+T+V) 52.70 52.63 54.27 

Aliphatic (A+I+L+V) 29.77 29.98 30.55 

Aromatic (F+H+W+Y) 12.52 12.25 12.95 

Non-polar (A+C+F+G+I+L+M+P+V+W+Y) 55.58 55.76 56.77 

Polar (D+E+H+K+N+Q+R+S+T+Z) 44.42 44.24 43.23 

Charged (D+E+H+K+R+Z) 21.10 21.49 20.13 

Basic (H+K+R) 11.19 11.45 10.95 

Acidic (B+D+E+Z) 9.92 10.04 9.18 

Isoelectric point 6.78 6.78 7.11 
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Molecular weight (kda) 1,580 1,595 1,593 

 

Hydropathy analysis was performed using 

the Kyte–Doolittle scale (Figure 3). Polar and 

aromatic amino acids that determine 

superficial conformation of the protein, 

charged amino acids involved in the 

formation of important salt bridges for 

structural stability, high similarities and 

hydropathy values of hydrophobic amino 

acids that contribute to the protein core 

structure amino acids indicate high 

topological compatibility between SARS-

CoV-2 and SARS-CoV. The study of 

Banerjee et al. on S protein supports our data 

and highlights the high topological similarity 

between SARS-CoV and SARS-CoV-2 in the 

N- and C-terminal domains (Banerjee et al., 

2020).   

 

Figure 3. Hydropathicity value a) SARS CoV-2, b) SARS CoV, c) MERS CoV 

 

RNA viruses have a high genetic mutation 

rate. This property leads to evolutionary 

differentiation and change in their virulence 

properties (Lin et al., 2019). Analysis of the 

probabilities of evolutionary change and the 

mutation risks of the nucleotides and amino 

acids for SARS-CoV-2 indicate targets with 

low mutation potential in regards to studies 

on drug and vaccine design and ensure that 

the durability of the treatment to be 

developed is long-term. In this study, the 

number of amino acid substitutions per site 

between sequences of SARS-CoV-2 and 

SARS-CoV was 0.183. The number of amino 

acid substitutions per site from between 

COVID19 and MERS sequences are 0.856.  

The extent of differences in base composition 

biases between COVID19, SARS and MERS 

sequences was statistically significant 

(p<0.05).  Disparity Index per site is 0.329 

and 1.783 for COVID19-SARS and 

COVID19-MERS sequences, respectively. 

Amino acid substitution pattern and mutation 

data matrices were estimated under the 

Jones-Taylor-Thornton model (Table 3). In 

the COVID19 protein structure, I (I> V and 

I> L), V (V> I and V> A), D (D> E and D> 

N), E (E> D) and R (R> K) amino acids are 

estimated to contain very high risk of 

mutation.  The repeat numbers of 14 amino 

acids with high mutation risk in the 

COVID19 genome are shown in Table 4. The 

study of Huang et al. conducted with 125 

samples and by analysing the mutations in 

the ORFs is in line with our data of mutation 

probabilities calculated for each residue (J.-

M. Huang et al., 2020). Mutations in ORF1 

at 1078T, 1219Y, 1574I, 1582P, 1808F, 

2457K and 2517D positions indicate 14 

residues with high mutation risk described in 

this study. Amino acid change was reported 

at 87 positions in total in the ORFs of SARS-
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CoV-2. Similarly, the mutation data of the 

other ORFs were consistent with our 

mutation risk analysis, indicating that ORF6 

and ORF7b were highly conserved.  

Table 3. Amino acid substution and mutation data matrix* 

From\To A R N D C Q E G H I L K M F P S T W Y V 

A - 0.14 0.12 0.22 0.06 0.12 0.34 0.67 0.03 0.10 0.15 0.11 0.06 0.03 0.51 1.37 1.39 0.01 0.02 1.01 

R 0.21 - 0.10 0.04 0.11 0.64 0.10 0.53 0.38 0.07 0.18 2.01 0.05 0.01 0.19 0.35 0.20 0.09 0.04 0.06 

N 0.22 0.12 - 1.48 0.03 0.16 0.19 0.30 0.48 0.13 0.06 0.78 0.04 0.02 0.03 1.79 0.71 0.00 0.12 0.06 

D 0.33 0.04 1.22 - 0.01 0.11 2.49 0.49 0.12 0.03 0.03 0.09 0.02 0.01 0.03 0.21 0.13 0.00 0.08 0.11 

C 0.23 0.27 0.07 0.03 - 0.02 0.02 0.21 0.09 0.04 0.08 0.02 0.05 0.14 0.03 0.76 0.14 0.08 0.35 0.21 

Q 0.22 0.80 0.17 0.14 0.01 - 1.09 0.09 0.68 0.02 0.33 0.91 0.06 0.01 0.42 0.19 0.16 0.01 0.04 0.06 

E 0.43 0.08 0.13 2.07 0.01 0.73 - 0.43 0.03 0.03 0.05 0.53 0.02 0.01 0.05 0.11 0.10 0.01 0.01 0.16 

G 0.69 0.36 0.17 0.34 0.06 0.05 0.36 - 0.02 0.01 0.03 0.08 0.02 0.01 0.05 0.66 0.10 0.04 0.01 0.16 

H 0.09 0.85 0.89 0.27 0.08 1.21 0.08 0.08 - 0.05 0.26 0.16 0.04 0.10 0.30 0.26 0.14 0.01 0.98 0.04 

I 0.14 0.06 0.11 0.03 0.02 0.02 0.04 0.02 0.02 - 1.10 0.06 0.59 0.16 0.03 0.14 0.77 0.01 0.05 3.28 

L 0.12 0.10 0.03 0.02 0.02 0.15 0.03 0.03 0.06 0.64 - 0.05 0.47 0.53 0.28 0.21 0.08 0.04 0.04 0.61 

K 0.15 1.73 0.56 0.08 0.01 0.63 0.56 0.10 0.06 0.06 0.07 - 0.08 0.01 0.06 0.17 0.29 0.01 0.01 0.04 

M 0.19 0.11 0.07 0.05 0.04 0.10 0.06 0.05 0.04 1.32 1.82 0.19 - 0.09 0.04 0.10 0.64 0.02 0.03 1.05 

F 0.06 0.02 0.02 0.01 0.07 0.01 0.01 0.02 0.05 0.21 1.18 0.01 0.05 - 0.04 0.33 0.04 0.04 0.92 0.20 

P 0.78 0.19 0.03 0.03 0.01 0.34 0.06 0.08 0.14 0.03 0.50 0.07 0.02 0.03 - 0.99 0.36 0.01 0.02 0.07 

S 1.55 0.27 1.12 0.16 0.23 0.12 0.10 0.73 0.09 0.11 0.28 0.15 0.03 0.20 0.73 - 1.45 0.02 0.11 0.14 

T 1.83 0.17 0.52 0.11 0.05 0.11 0.11 0.12 0.06 0.70 0.13 0.30 0.26 0.03 0.31 1.69 - 0.01 0.03 0.39 

W 0.03 0.33 0.01 0.02 0.12 0.04 0.04 0.21 0.02 0.04 0.25 0.03 0.02 0.11 0.02 0.11 0.02 - 0.13 0.08 

Y 0.06 0.06 0.15 0.12 0.22 0.05 0.02 0.02 0.70 0.08 0.11 0.03 0.02 1.15 0.03 0.22 0.06 0.06 - 0.06 

V 1.16 0.05 0.04 0.08 0.07 0.04 0.15 0.18 0.01 2.60 0.83 0.04 0.37 0.12 0.06 0.14 0.35 0.02 0.03 - 

*Substitution pattern and rates were estimated under the Jones-Taylor-Thornton (1992) model. Relative values 

of instantaneous r should be considered when evaluating them. For simplicity, sum of r values is made equal to 

100. The amino acid frequencies are 7.69% (A), 5.11% (R), 4.25% (N), 5.13% (D), 2.03% (C), 4.11% (Q), 

6.18% (E), 7.47% (G), 2.30% (H), 5.26% (I), 9.11% (L), 5.95% (K), 2.34% (M), 4.05% (F), 5.05% (P), 6.82% 

(S), 5.85% (T), 1.43% (W), 3.23% (Y), and 6.64% (V). This analysis were conducted MegaX. 

 

In conclusion, SARS-CoV-2 was shown to 

be highly structurally and functionally 

similar to another type of betacoronavirus, 

SARS-CoV. For SARS-CoV-2, residues with 

high mutation risk and their repeat numbers 

and general location information in the 

genome were described. It is predicted that 

ORF1, which contains a large number of 

residues with high mutation risk and encodes 

the replicas of SARS-CoV-2, and S proteins 

involved in binding to the host cell receptor 

may be risky targets for drug and vaccine 

studies. It is believed that the consideration 

of highly conserved non-structural proteins 

such as ORF6 and ORF7b as target structures 

will contribute to the durability of the 

treatments to be developed.
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Table 4. Amounts of residues with high mutation potential in SARS CoV-2 proteins 

From/to r PR ORF1b ORF1a Spike  ORF3a E M ORF6 ORF7a ORF7b ORF8 N  ORF10 

I > V 3.28 
I 343 215 76 21 3 20 10 8 5 10 14 3 

I > L 1.10 

V > I 2.60 
V 598 371 97 25 13 12 3 8 1 12 8 4 

V > A 1.16 

D > E 2.49 
D 389 211 62 13 1 6 4 2 2 7 24 1 

D > N 1.22 

E > D 2.07 E 340 239 48 11 2 7 5 8 3 6 12 0 

R > K 2.01 R 244 131 42 6 3 14 1 5 0 4 29 2 

T > A 1.83 
T 527 345 97 24 4 13 3 10 1 5 32 2 

T > S 1.69 

M > L 1.82 

M 168 105 14 4 1 4 3 1 2 1 7 2 M > I 1.32 

M > V 1.05 

N > S 1.79 
N 384 233 88 8 5 11 4 2 1 2 22 5 

N > D 1.48 

K > R 1.73 K 434 276 61 11 2 7 4 7 0 5 31 0 

S > A 1.55 

S 456 294 99 22 8 15 4 7 2 9 37 2 S > T 1.45 

S > N 1.12 

A > T 1.39 

A 487 309 79 13 4 19 1 9 2 5 37 2 A > S 1.37 

A > V 1.01 

F > L 1.18 F 349 208 77 14 5 11 3 10 6 8 13 4 

Y > F 1.15 Y 335 195 54 17 4 9 2 5 1 7 11 3 

Q > E 1.09 Q 239 151 62 9 0 4 3 5 1 6 35 1 

Abbrevations. E: Envelope M: Membrane N: Nucleocapsid phosphoprotein ORF: Open reading frame PR: 

Residue with mutation potential 
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