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Abstract: The coronavirus has become the most interesting virus for scientists because of the recently
emerging deadly SARS-CoV-2. This study aimed to understand the behavior of SARS-CoV-2 through
the comparative genomic analysis with the closest one among the seven species of coronavirus that
infect humans. The genomes of coronavirus species that infect humans were retrieved from NCBI,
and then subjected to comparative genomic analysis using different bioinformatics tools. The study
revealed that SARS-CoV-2 is the most similar to SARS-CoV among the coronavirus species. The core
genes were shared by the two genomes, but there were some genes, found in one of them but not
in both, such as ORF8, which is found in SARS-CoV-2. The ORF8 protein of SARS-CoV-2 could be
considered as a good therapeutic target for stopping viral transmission, as it was predicted to be
a transmembrane protein, which is responsible for interspecies transmission. This is supported by
the molecular interaction of ORF8 with both the ORF7 protein, which contains a transmembrane
domain that is essential to retaining the protein in the Golgi compartment, and the S protein, which
facilitates the entry of the coronavirus into host cells. ORF1ab, ORF1a, ORF8, and S proteins of
SARS-CoV-2 could be immunogenic and capable of evoking an immune response, which means that
these four proteins could be considered a potential vaccine source. Overall, SARS-CoV-2 is most
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related to SARS-CoV. ORF8 could be considered a potential therapeutic target for stopping viral
transmission, and ORF1ab, ORF1a, ORF8, and the S proteins of SARS-CoV-2 could be utilized as a
potential vaccine source.

Keywords: comparative genomics; coronavirus; COVID-19; genes and proteins analysis; therapeutic
target and vaccine; SDGs; health and well-being

1. Introduction

The recently established SDGs (Sustainable Development Goals) in 2015 aim to address
the systemic barriers to social, economic, and environmentally sustainable development
with a universal application under the premise of an interconnected, growing world [1].
Since the adoption of the SDGs, numerous governments, UN agencies, and regional and
international organizations have taken great steps to implement this ambitious global
framework [1,2]. However, the emergency of the coronavirus disease 2019 (COVID-19)
pandemic has posed a significant challenge to achieving the SDGs, which are aimed to be
achieved by 2030 [2].

Coronaviruses (CoVs) are enveloped in single-stranded positive-sense RNA viruses [3].
On the basis of phylogenetic analyses and antigenic criteria, coronaviruses have been
divided into four classes: alphacoronavirus, betacoronavirus, gammacoronavirus, and
deltacoronavirus [4,5].

For the first time in the year 1960, both in adults and children, human coronavirus was
identified as a result of respiratory infection [6]. High scientific interest in CoV studies only
arose when the first severe acute respiratory syndrome (SARS-CoV) appeared in 2002 [7,8].
Due to the global spread of SARS-CoV, approximately 8000 confirmed human cases and
774 deaths (approximately a 9.5 percent mortality rate) occurred [9,10]. In 2012 Middle East
respiratory syndrome CoV (MERS-CoV) outbreak in Saudi Arabia heightened this interest,
owing to the higher mortality rate (approximately 35%) compared to SARS-CoV [11].

SARS-CoV-2, a novel betacoronavirus detected in the Chinese province of Wuhan,
has recently been linked to severe respiratory infections in humans. The global spread
of SARS-CoV-2, with a high risk of human-to-human transmission, prompted the World
Health Organization to declare a public health emergency of international concern on 30
January 2020. After that, the virus spread rapidly beyond China, and the WHO declared the
coronavirus disease (COVID-19) a pandemic on 11 March 2020 [12]. More than 655 million
confirmed COVID-19 cases, with over 6.5 million deaths worldwide, had been reported by
15 December 2022 [13].

Coronavirus genomes are the largest among RNA viruses, ranging from 26 to 32 kilobases
in size. These genomes have four major structural proteins: the spike (S), membrane
(M), envelope (E), and nucleocapsid (N). The S protein mediates the virus’s attachment to
host cell surface receptors, resulting in fusion and subsequent viral entry. The M protein
defines the shape of the viral envelope and is the most abundant protein [14]. The E
protein is the smallest of the major structural proteins and participates in viral assembly
and budding. The N protein is the only one that binds to the RNA genome and is involved
in viral assembly and budding [15,16]. Coronaviruses have a number of nonstructural and
accessory proteins, including Orf1ab, Orf3a, Orf6, Orf7a, Orf10, and Orf8 [17,18]. If their
structures are characterized and their mechanisms of action and roles in viral replication are
recognized, this will result in an increase in the number of suitable therapeutic targets [15].
Among nonstructural proteins, researchers have paid more attention to the Orf8 protein
because it enhances viral replication and affects DNA synthesis and degradation of E
proteins [17].

Coronaviridae members implicated in human infection show several similarities
regarding genome structure [19]. Therefore, the aim of this study was to understand the
behavior of SARS-CoV-2 through comparative genomic analysis with the closest one among
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the seven species of coronavirus that infect humans. The achievement of our aims may
provide clues for ongoing and future research efforts regarding the understanding and
containment of SARS-CoV-2.

2. Material and Methods
2.1. Whole Genomes Analysis

Eight genomes of coronaviruses that implicated human infection were retrieved from the
Nucleotide database (https://www.ncbi.nlm.nih.gov/nuccore, accessed on 15 December 2022),
one of the National Center for Biotechnology Information’s subdivided databases (NCBI:
https://www.ncbi.nlm.nih.gov/, accessed on 15 December 2022). The names of the tar-
geted genomes and their accession numbers are as follows; SARS-CoV (NC_004718.3:
https://www.ncbi.nlm.nih.gov/nuccore/NC_004718.3/, accessed on 15 December 2022),
MERS (NC_019843.3: https://www.ncbi.nlm.nih.gov/nuccore/NC_019843.3, accessed on
15 December 2022), OC43 (NC_006213.1: https://www.ncbi.nlm.nih.gov/nuccore/NC_
006213.1/, accessed on 15 December 2022), 4408 (FJ415324.1: https://www.ncbi.nlm.nih.
gov/nuccore/FJ415324.1/, accessed on 15 December 2022), HKU1 (NC_006577.2: https:
//www.ncbi.nlm.nih.gov/nuccore/NC_006577.2/, accessed on 20 December 2022), SARS-
CoV-2 (NC_045512.2: https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2/, accessed on
20 December 2022), 229E (NC_002645.1: https://www.ncbi.nlm.nih.gov/nuccore/NC_0026
45.1/, accessed on 20 December 2022), and NL63 (NC_005831.2: https://www.ncbi.nlm.nih.
gov/nuccore/NC_005831.2/, accessed on 20 December 2022). Genomic pairwise and mul-
tiple sequence alignments (MSA) were computed by using CLC Genomics Workbench 20
(https://digitalinsights.qiagen.com/, accessed on 25 December 2022). MSA was performed
based on multiple sequence comparison by log-expectation (MUSCLE) algorithm [20]. Both
the previous and upcoming steps were used to compare the sequences, discover similarities,
differences, and evolutionary distance. The evolutionary trees were constructed using the
neighbor-joining, UPGMA, minimum evolution, maximum likelihood, and maximum par-
simony methods in MEGA7 (molecular evolutionary genetics analysis) software version 7.0
for larger datasets (https://www.megasoftware.net/, accessed on 25 December 2022) [21].
Bootstrap statistic method was used for each method of tree construction to show the
confidence levels of branching or building the evolutionary trees. Bootstrapping values
reflect how many times out of 100 the same branch appeared, while the phylogenetic
analysis was replicated [22].

2.2. Comparative Genomic Analysis of SARS-CoV-2 with the Most Relevant One

These steps were used to compare SARS-CoV-2 with the closest one (based on phy-
logenetic analysis). In the beginning, GeneCo software was used to analyze multiple
genome structures by using Genebank format as an input file (https://bigdata.dongguk.
edu/geneCo/#/index/main, accessed on 15 January 2023). Then, nucleotide sequence
statistics (general sequence information, counts of atoms, nucleotide frequencies, and com-
parison elements) were generated using CLC Genomics Workbench 20. Pairwise alignment
between the two genomes was performed to explore conservation of synteny, in the context
of the entire sequences and their annotation by using ACT: the Artemis Comparison Tool
(http://sanger-pathogens.github.io/Artemis/ACT/, accessed on 15 January 2023) [23], and
BLAST: Basic Local Alignment Searching Tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi,
accessed on 15 January 2023).

2.3. Low Similarity Region Analysis

There were three regions of low similarity, regions 1 and 2 contain similar genes in
both genomes, whereas region 3 contains genes that are specific for each genome. Analysis
of these regions was divided into two parts. The first one was for regions 1 and 2, and the
second was for region 3.

Concerning similar genes/proteins within two compared genomes, identity, differ-
ence, number of gaps, and evolutionary distance were calculated using CLC Genomics

https://www.ncbi.nlm.nih.gov/nuccore
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/nuccore/NC_004718.3/
https://www.ncbi.nlm.nih.gov/nuccore/NC_019843.3
https://www.ncbi.nlm.nih.gov/nuccore/NC_006213.1/
https://www.ncbi.nlm.nih.gov/nuccore/NC_006213.1/
https://www.ncbi.nlm.nih.gov/nuccore/FJ415324.1/
https://www.ncbi.nlm.nih.gov/nuccore/FJ415324.1/
https://www.ncbi.nlm.nih.gov/nuccore/NC_006577.2/
https://www.ncbi.nlm.nih.gov/nuccore/NC_006577.2/
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2/
https://www.ncbi.nlm.nih.gov/nuccore/NC_002645.1/
https://www.ncbi.nlm.nih.gov/nuccore/NC_002645.1/
https://www.ncbi.nlm.nih.gov/nuccore/NC_005831.2/
https://www.ncbi.nlm.nih.gov/nuccore/NC_005831.2/
https://digitalinsights.qiagen.com/
https://www.megasoftware.net/
https://bigdata.dongguk.edu/geneCo/#/index/main
https://bigdata.dongguk.edu/geneCo/#/index/main
http://sanger-pathogens.github.io/Artemis/ACT/
https://blast.ncbi.nlm.nih.gov/Blast.cgi


Pathogens 2023, 12, 926 4 of 19

Workbench 20.0 and MEGA version 7. PROFphd software (PredictProtein server) was used
for conversion of primary to secondary protein structures (https://predictprotein.org/,
accessed on 15 January 2023) [24]. Homology modeling for tertiary structure of spike
proteins was performed using SWISS-Model server [25]. Building a homology model
embraces four main steps: (i) identification of structural template(s), (ii) alignment of
target sequence and template structure(s), (iii) model-building, and (iv) model quality
evaluation. Each model is evaluated with three methods as follows: quaternary struc-
ture quality estimate QSQE (a score is a number between 0 and 1, the larger number
is better), global model quality estimation GMQE (the score is expressed as a number
between 0 and 1, larger numbers indicate higher reliability), and qualitative model en-
ergy analysis (QMEAN), which is a composite estimator based on different geometrical
properties and provides both global (for the entire structure) and local (per residue) ab-
solute quality estimates on the basis of one single model. For models with greater than
100 residues, the QMEAN score must be greater than −5. SWISS-Model server is available
at: https://swissmodel.expasy.org/, accessed on 15 January 2023. After that, TM-align
algorithm (https://zhanglab.ccmb.med.umich.edu/TM-align/, accessed on 15 January
2023) was used to compare the spike protein structures of SARS-CoV and SARS-CoV-2
of unknown equivalence [26]. An optimal superposition of the two structures was built
on the detected alignment was returned, as well as the TM-score value, which scales the
structural similarity. TM-score has a value between 0 and 1, where 1 indicates a perfect
match between two structures. Scores below 0.2 correspond to randomly chosen unrelated
proteins, while those higher than 0.5 assume generally the same fold, based on SCOP and
CATH, respectively, which are the two most prominent protein structure classification
schemes [27]. Furthermore, the antigenicity of all proteins in regions 1 and 2 was predicted
for two reasons, firstly, as a comparative factor, and secondly, to predict the protective
antigens. Antigenicity was predicted using a couple of tools: a commercial CLC Genomics
Workbench 20 that displays the results as a plot and the publicly available VaxiJen version
2.0 (http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html, accessed on 20 January
2023), which provides the findings as an overall prediction score. VaxiJen has a threshold
for each model (virus, bacteria, parasite, fungal, or tumor), score below the threshold will
be predicted as nonantigen, and if higher, it will be predicted as antigen.

Regarding region 3, which contains genes that are specific to each genome, there is
no scope for comparison. As these proteins are hypothetical, they were first subjected to
comparison with the proteins in the Universal Protein Resource (UniProt: https://www.
uniprot.org/, accessed on 20 January 2023) by using the BLASTp algorithm.

Due to the lack of data within the main databases (NCBI and UniProt), other tools were
used to predict a variety of information about their properties, functions, structures, etc.
PredictProtein server was used to predict proteins secondary structures. Proteins structure
features and annotations were predicted using PSIPRED server (http://bioinf.cs.ucl.ac.uk/
psipred/, accessed on 20 January 2023) [28]. Furthermore, MEMSAT-SVM tool (available
within the PSIPRED server) was used to predict transmembrane protein topology [29]. This
method is capable of differentiating signal peptides from transmembrane helices. Then,
many algorithms and databases were used for the prediction of more information about
proteins’ functions: Pfam (http://pfam.xfam.org/, accessed on 20 January 2023), InterPro
(https://www.ebi.ac.uk/interpro/, accessed on 20 January 2023), Conserved Domains
database (https://www.ncbi.nlm.nih.gov/cdd, accessed on 20 January 2023), PANDA
(http://dna.cs.miami.edu/PANDA/, accessed on 20 January 2023), and Prosite database
(https://prosite.expasy.org/, accessed on 20 January 2023). In addition, Virus-mPLoc
(http://www.csbio.sjtu.edu.cn/bioinf/, accessed on 20 January 2023), and CELLO2GO
(http://cello.life.nctu.edu.tw/cello2go/, accessed on 20 January 2023), were used for
prediction of subcellular location of these proteins. VaxiJen v2.0 (virus model selected) was
used for prediction of antigenicity. For evidence of molecular interactions of target proteins,
IntAct Database (https://www.ebi.ac.uk/intact/, accessed on 20 January 2023) was used.
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For the prediction of protein structures in the third region, the Swiss-Model server
was used because it uses the homology modeling method, which is the most accurate
when the target and template have similar sequences. Due to the lack of structural data
for these proteins, additional servers with different based methods were used: DMPfold
(http://bioinf.cs.ucl.ac.uk/psipred/, accessed on 20 January 2023), I-TASSER (https://
zhanglab.ccmb.med.umich.edu/I-TASSER/, accessed on 20 January 2023), and Robetta
(https://robetta.bakerlab.org/, accessed on 20 January 2023). Finally, PROSESS (protein
structure evaluation suite and server) was used to evaluate and validate protein structures.
PROSESS integrates a variety of previously developed, well-known, and thoroughly tested
methods to evaluate both global and residue-specific quality: (i) covalent and geometric
quality; (ii) nonbonded/packing quality; (iii) torsion angle quality; (iv) chemical shift
quality, and (v) NOE quality. Server available at: http://www.prosess.ca/index.php,
accessed on 20 January 2023).

3. Results and Discussion
3.1. Whole Genome Analysis

In this study, we endeavored to provide a deep understanding of the SARS-CoV-2
through general genomic comparison with seven coronavirus species infecting humans and
to a deep level with the closest one. The analysis was performed at the level of genomes,
genes, and proteins. Pairwise alignment and evolutionary distance of the eight species
have shown that SARS-CoV has the highest identity and the lowest distance in comparison
to SARS-CoV-2 (Table 1). Genomic evolutionary trees were constructed using five different
methods, with a bootstrapping value of 100 to provide accurate and confident branching,
as shown in Figure 1. All methods have shown that SARS-CoV-2 is the most similar to the
SARS-CoV species. Our findings support the research findings of Ahmed SF [30], Petrosillo
N, and his colleagues [31].

Table 1. Pairwise alignment matrix of eight whole genomes of coronavirus species, using CLC
Genomics Workbench v20.0.3.

1 2 3 4 5 6 7 8 9

MERS 1 100.00 97.23 76.28 55.19 55.29 56.99 56.40 55.45
OC43 2 0.00 97.23 76.28 55.19 55.29 56.99 56.40 55.45
4408S 3 0.03 0.03 76.29 55.13 55.23 56.97 56.35 55.50
HKU1 4 0.29 0.2 0.29 54.74 55.98 57.19 57.73 55.67
SARS 5 0.68 0.68 0.68 0.69 81.43 55.85 52.00 51.17

SARS-2 6 0.68 0.68 0.68 0.66 0.21 56.13 52.57 51.22
NEO 7 0.64 0.64 0.64 0.63 0.66 0.65 52.74 52.01
NL63 8 0.65 0.65 0.65 0.62 0.76 0.75 0.74 69.67
229E 9 0.67 0.67 0.67 0.67 0.78 0.78 0.76 0.39

Comparative genomic analysis of SARS-CoV-2 with SARS-CoV revealed that the
two genomes seemed to have a high similarity; the core genes were shared by both genomes,
but there were some genes found in one of them but not in both (three low-match regions)
(Figures 2 and 3).

3.2. Low Similarity Region Analysis

Some differences existed regarding gene location, sequence, and consequently gene
structure, such as the Orf1ab and spike S genes. The genes in three low-match regions were
Orf8 in SARS-CoV-2, and Sars8a, and Sars8b in SARS-CoV (Table 2).

http://bioinf.cs.ucl.ac.uk/psipred/
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
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Table 2. Features of low-match regions between SARS-CoV and SARS-CoV-2.

Regions Features SARS-CoV SARS-CoV-2

First

Location 1924–3883 1925–3956

Genes Orf1ab Orf1ab

Proteins - Orf1ab
- Orf1a

- Orf1ab
- Orf1a

Second

Location 21,507–22,429 21,579–22,539

Genes Spike S Spike S

Proteins Surface glycoprotein Surface glycoprotein

Third

Location 27,799–28,103 27,912–28,257

Genes - Sars8a
- Sars8b Orf8

Proteins - Hypothetical protein Sars8a
- Hypothetical protein Sars8b Orf8 protein

The variation of genes is partly consistent with the research performed by Shereen MA.
et al. [32], who reported the presence of Orf3 protein and absence of Orf10 protein in SARS-
CoV-2. Most of the nucleotide sequence statistics presented in Table 3 and Figure 4 (length,
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molecular weight, number of atoms, and nucleotide frequencies) have also shown that the
two genomes are approximately similar. This finding coincides with what Petrosillo et al.
mentioned in their study that only minor differences have been found between the genome
sequences of SARS-CoV-2 and SARS-CoV [31].

Table 3. Nucleotide sequence statistics of the SARS-CoV-2 and SARS-CoV genomes.

Information SARS-CoV-2 SARS-CoV

Length 29,903 bp 29,751 bp

Weight (single-stranded) 9241.224 kDa 9192.103 kDa

Counts of Atoms

Hydrogen (H) 368,432 366,157

Carbon (C) 293,538 291,570

Nitrogen (N) 109,749 109,446

Oxygen (O) 180,059 179,169

Phosphorus (P) 29,903 29,751

Comparison elements

Identities 23,718

Percent identity 79.12

Difference 6261

Gaps 304

Distance 0.23

Pathogens 2023, 12, x FOR PEER REVIEW 8 of 22 
 

 

Some differences existed regarding gene location, sequence, and consequently gene 
structure, such as the Orf1ab and spike S genes. The genes in three low-match regions 
were Orf8 in SARS-CoV-2, and Sars8a, and Sars8b in SARS-CoV (Table 2). 

Table 2. Features of low-match regions between SARS-CoV and SARS-CoV-2. 

Regions Features SARS-CoV SARS-CoV-2 

First 

Location 1924–3883 1925–3956 
Genes Orf1ab  Orf1ab  

Proteins 
- Orf1ab 
- Orf1a 

- Orf1ab 
- Orf1a 

Second 
Location 21,507–22,429 21,579–22,539 

Genes Spike S  Spike S  
Proteins Surface glycoprotein  Surface glycoprotein  

Third  

Location 27,799–28,103 27,912–28,257 

Genes 
- Sars8a 
- Sars8b Orf8  

Proteins 
- Hypothetical protein Sars8a 
- Hypothetical protein Sars8b Orf8 protein  

The variation of genes is partly consistent with the research performed by Shereen 
MA. et al. [32], who reported the presence of Orf3 protein and absence of Orf10 protein in 
SARS-CoV-2. Most of the nucleotide sequence statistics presented in Table 3 and Figure 4 
(length, molecular weight, number of atoms, and nucleotide frequencies) have also shown 
that the two genomes are approximately similar. This finding coincides with what Petro-
sillo et al. mentioned in their study that only minor differences have been found between 
the genome sequences of SARS-CoV-2 and SARS-CoV [31]. 

 
Figure 4. Histogram of nucleotide frequencies of SARS-CoV and SARS-CoV-2 genomes. A = Ade-
nine, C = Cytosine, G = Guanine, T = Thymine. 

Table 3. Nucleotide sequence statistics of the SARS-CoV-2 and SARS-CoV genomes. 

Information SARS-CoV-2 SARS-CoV 
Length 29,903 bp 29,751 bp 

Weight (single-stranded) 9241.224 kDa 9192.103 kDa 
Counts of Atoms 

Hydrogen (H) 368,432 366,157 
Carbon (C) 293,538 291,570 

Nitrogen (N) 109,749 109,446 
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C = Cytosine, G = Guanine, T = Thymine.

Analysis of region 1 (less similar genomic regions) between the two interested genomes
revealed that regions 1 and 2 showed gene identity between 72 and 80 percent. The identity
of their protein products ranges from 76 to 86 percent (Table 4).
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Table 4. General and comparative information of genes/proteins found within the first and second
low-match regions.

Name

Descriptions SARS-CoV
ID

Length
bp

SARS-CoV-2
ID

Length
bp Identities

Percent
Identity Difference Gaps Distance

Genes

Orf1ab 1489680 21,221 43740578 21,290 16,972 79.65 4336 105 0.23

Spike 1489668 3768 4374056 3822 2797 72.82 1044 92 0.31

Proteins

Orf1ab NP_828849.2 7073 YP_009724389.1 7096 6123 86.20 980 37 0.14

Orf1a NP_828850.1 4382 YP_009725295.1 4405 3550 80.46 862 37 0.21

Spike (S) NP_828851.1 1255 YP_009724390.1 1273 974 76.27 303 26 0.25

Computational proteomics analysis for nonstructural proteins Orf1ab and Orf1a, and
structural S proteins demonstrated the great similarity between the relevant comparative
proteins at the primary, secondary, and tertiary structural levels (Tables 5 and 6, and
Figures 5–7). These findings reinforce the hypothesis of similarity between these species,
and this overlaps with findings achieved by Ceraolo C. and Giorgi FM [33].

Table 5. Physicochemical parameters of homologous proteins in the first and second low-match regions.

Descriptions
Proteins SARS-CoV

Orf1ab
SARS-CoV-2

Orf1ab
SARS-CoV

Orf1a
SARS-CoV-2

Orf1a
SARS-CoV
Spike (S)

SARS-CoV-2
Spike (S)

Molecular weight 790,248.32 794,057.79 486,372.73 489,988.91 139,109.14 141,178.47

Theoretical pI 6.19 6.32 5.91 6.04 5.56 6.24

Extinction coefficients 920,760
906,260

942,275
928,150

530,660
521,660

552,175
543,550

143,335
140,960

148,960
146,460

Estimated half-life 30 h 30 h 30 h 30 h 30 h 30 h

Instability index 33.65 (stable) 33.31 (stable) 35.51 (stable) 34.92 (stable) 32.42 (stable) 33.01 (stable)

Aliphatic index 87.08 86.87 89.43 88.99 82.80 84.67

Grand average of
hydropathicity

(GRAVY)
−0.071 −0.070 −0.020 −0.023 −0.043 −0.079

Table 6. General information of nonhomologues genes/proteins found within the third low-match regions.

Name
Descriptions

SARS-CoV ID SARS-CoV-2 ID Length Genome
Location

Protein Type
(NCBI Database)

Genes

Orf8a (Sars8a) 1489676 - 120 27,779–27,898 -

Orf8b (Sars8b) 1489677 - 255 27,864–28,118 -

Orf8 - 43740577 366 27,894–28,259 -

Proteins

Orf8a NP_849176.1 - 39 - Hypothetical protein

Orf8b NP_849177.1 - 84 - Hypothetical protein

Orf8 - YP_009724396.1 121 - Orf8 protein

All data are retrieved from NCBI database (https://www.ncbi.nlm.nih.gov/, accessed on 2 February 2023).

https://www.ncbi.nlm.nih.gov/
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CoV-2 on the right side. SARS-CoV model was built using template (6acd.1) with 99.92 identities
and 0.95 coverage. The structural evaluation scores were as follows: 0.92, 0.80, and −3.25 for QSQE,
GMQE, and QMEAN, respectively. By using 6acd.1, the SARS-CoV-2 model was built using a
template with 99.26 sequence identities and 0.95 coverage. The structural evaluation scores were as
follows: 0.87, 0.72, and −2.81 of QSQE, GMQE, and QMEAN, respectively. Previous structures were
constructed using the Swiss-Model server. The central model shows the superposition structures of
SARS-CoV in blue and SARS-CoV-2 in red. The aligned length was 971 out of ~1100 residues. Align
score was 0.81014 and 4.12 for root-mean-square deviation (RMSD).
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Figure 7. Antigenicity plot of homologous proteins within low-match regions prepared using CLC
Genomics Workbench 20.0.3. The number below each plot shows the antigenicity score, using Vaxijen
v2.0. The threshold for this model is 0.40. Proteins from the top, Orf1ab, Orf1a, and spike, respectively.
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From an immunogenic point of view, Orf1ab, Orf1a, and the S proteins of SARS-CoV-2
could be antigenic and capable of exciting the immune system, which means these three
proteins could be considered as potential sources of vaccine. The highest score (0.4787) was
for Orf1a. The results of the antigenicity test are shown in Figure 7.

The third region contains various genes that are found in one species but not in both,
which excludes the possibility of comparison. Genes located in this region are Orf8a(Sars8a)
and Orf8b (Sars8b) in SARS-CoV, and Orf8 in SARS-CoV-2 (Table 6). In order to obtain
additional information on the protein products of the previous genes, they were compared
with a universal database of proteins (UniProt) (Table 7).

Table 7. Physicochemical parameters of the third low-match regions’ proteins using the ProtParam tool.

Descriptions
Proteins Orf8a

NP_849176.1
Orf8b

NP_849177.1
Orf8

YP_009724396.1
Molecular weight 4327.30 9560.16 13831.01

Theoretical pI 8.30 9.45 5.42

Total number of negatively charged
Total number of positively charged

2
4

3
9

13
9

Extinction coefficients
375

(Low confidence
results)

21,220
20,970

16,305
15,930

Estimated half-life

Instability index 27.07 (stable) 34.68 (stable) 45.79 (unstable)

Aliphatic index 119.74 88.21 97.36

Grand average of hydropathicity
(GRAVY) 0.644 −0.029 0.219

Atomic composition

Carbon (C) 185 425 633

Hydrogen (H) 318 667 961

Nitrogen (N) 52 125 155

Oxygen (O) 52 113 177

Sulfur (S) 7 7 8

Total number of atoms 614 1337 1934

Due to the lack of information in the UniProt database, many additional tools were
used. The secondary structure of these proteins was predicted (Figure 8), and the physico-
chemical parameters were calculated as shown in Table 8.

Annotation of the three proteins predicted that they consist of extracellular, membrane
interaction, cytoplasmic, and transmembrane elements (Figures 9–11).

Previous findings were consistent with the analysis carried out by Park MD [34]. The
predicted functions of these proteins, which are set out in Table 9, were consistent with
two studies: the first was conducted by Lau SKP et al., who indicated that Orf8 could be
essential for interspecies transmission [35], and the second was accomplished by Keng CT
and Tan YJ, who indicated that Orf8a and Orf8b contribute significantly to viral replication
and/or in vivo pathogenesis [36,37]. The subcellular locations of these proteins support
their predicted roles.
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Table 8. Comparison of target proteins with the Universal Protein Resource (UniProt).

Subsection Orf8a Orf8b Orf8

BLASTp results (most
significant with 100%

of similarity)

Protein nonstructural 8a
(UniProt ID: Q7TFA0)

Non-structural protein 8b
(UniProt ID: Q80H93)

Non-structural protein 8
(UniProt ID: P0DTC8)

UniProtKB curators Reviewed Reviewed Reviewed

Post-translational
modifications (PTMs)

and/or processing events

Feature key
-Signal peptide

-Chain

Position(s)
1–15
16–39

Feature key
-Chain

Position(s)
1–84

Feature key
-Signal peptide

-Chain

Position(s)
1–15

16–121

Structure Nil Nil Nil

Family/Domains or motifs Corona_NS8/EDPCP and INCQ Corona_NS8/EDPCP and INCQ Corona_NS8/EDPCP and INCQ

Description of proteins’
family

This family of proteins includes the accessory proteins encoded by Orf8 in coronaviruses, also known as accessory protein 8, or
nonstructural protein 8 (ns8). Proteins in this ns8 family are typically between 39 and 121 amino acids in length. This protein has

two conserved sequence motifs: EDPCP and INCQ. It may modulate viral pathogenicity or replication in favor of human adaptation.
ORF8 was suggested as one of the relevant genes in the study of human adaptation to the virus. This entry includes the NS8a and

NS8b proteins from the human SARS coronavirus (SARS-CoV).
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Figure 10. MEMSAT-SVM Schematics. The Diagram on the left shows a cartoon of the MEMSATSVM
and MEMSAT3 TM helix predictions. Red line represents the pore-lining helical regions. Further,
the right shows the cartoon diagrams of the membrane topology annotated with the predicted
helix coordinates.
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Table 9. Prediction of proteins’ function, antigenicity, and subcellular location using various resources.

Databases/Server Orf8a Orf8b Orf8

Function

Pfam database
Nonstructural proteins (8a, 8b, and 8, respectively). This family of proteins is functionally uncharacterized.

This protein is found in coronaviruses. Proteins in this family are typically between 39 and 121 amino acids in
length. This protein has two conserved sequence motifs: EDPCP and INCQ.

InterPro database
These proteins have two conserved sequence motifs: EDPCP and INCQ. They may modulate viral

pathogenicity or replication in favor of human adaptation. ORF8 was suggested as one of the relevant genes
in the study of human adaptation to the virus.

Conserved Domains database Fast-evolving proteins in SARS-related CoVs, and a potential pathogenicity factor that evolves rapidly to
counter the immune response and facilitate the transmission between hosts.

PANDA server

1. Biological Process Ontology
(BPO)

2. Cellular Component
Ontology (CCO)

3. Molecule Function
Ontology (MFO)

1. GPI anchor biosynthetic
process (GO:0006506)

2. extracellular
region/membrane
(GO:0005576/GO:0016020)

3. carbohydrate binding
(GO:0030246)

1. Calcium ion
transmembrane transport
(GO:0070588)

2. Host cell
nucleus/cytoplasm
(GO:0042025/GO:0030430)

3. Calcium channel activity
(GO:0005262)

1. Purine ribonucleotide
biosynthetic process
(GO:0009152)

2. extracellular region
(GO:0005576)

3. Calcium ion binding
(GO:0005509)

Prosite database

Predicted features:
SIGNAL (1- 14)

LIPID (15) N-palmitoyl cysteine
LIPID (15) S-diacylglycerol

cysteine

No feature predicted No feature predicted

Subcellular Location

Virus-mPLoc server - Host cytoplasm.
Host cell membrane. Host

endoplasmic reticulum. Host
cytoplasm.

CELLO2GO server
(Highest Localization Probability) Extracellular Extracellular Plasmamembrane

Antigenicity (Threshold for this model: 0.4)

VaxiJen v2.0 0.1251 (Probable NONANTIGEN) 0.5035 (Probable ANTIGEN) 0.6502 (Probable ANTIGEN)

Orf8b and Orf8 could be antigenic and capable of stimulating the immune system
(Table 9), and with the highest score (0.6502) for ORF8 among all target proteins in SARS-
CoV-2, that means ORF8 protein could be the most promising vaccine against SARS-CoV-2.
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Figures 12 and 13 presented the interaction of two of the target proteins, and both
agreed on the following: (i) interaction between Orf8a/Orf8b, (ii) interaction with proteins
that have a role in replication, such as Orf1ab [32], (iii) interaction with proteins that play a
role in antiviral signaling and suppressing innate immunity (Orf9b) [38].

The Orf8b protein also has an interaction with the Orf7b protein (ns7b), which contains
transmembrane domains that are essential for retaining the protein in the Golgi compart-
ment [39], and the S protein (spike), which facilitates the entry of coronavirus into the
host cells [40]. Likewise, Orf8 shows molecular interactions with more than 80 genes, as
presented in Figure 13.

These molecular interactions are consistent with the proteins’ functions previously
expected. Eventually, the protein models predicted by the Robetta server (Figure 14)
showed the highest quality score and full-length coverage, as shown in Table 10.
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Figure 14. Proteins’ tertiary structure prediction. Proteins from left to right are as follows: Orf8a,
Orf8b, and Orf8, respectively. Prediction servers from top to bottom are as follows: Swiss-Model,
DMPfold, I-TASSER, and Robetta, respectively.

Table 10. Evaluation of predicted proteins’ structures using the PROSESS server.

Server Name Structure Chain Helix% Beta-
Strand% Turn% Coil% Protein

Length
Overall
Quality

Covalent
Bond Quality

Non-
Covalent/Packing

Quality
Torsion Angle

Quality

Swiss-Model

Orf8a L 73% 0% 13% 27% 30 3.5 5.5 3.5 3.5

Orf8b A 0% 26% 15% 74% 26 2.5 6.5 3.5 2.5

Orf8 A 0% 29% 10% 71% 74 3.5 6.5 3.5 2.5

DMPfold

Orf8a A 56% 0% 10% 44% 39 3.5 5.5 3.5 3.5

Orf8b A 5% 41% 4% 54% 84 2.5 3.5 2.5 2.5

Orf8 A 10% 42% 3% 48% 121 2.5 3.5 2.5 1.5

I-TASSER

Orf8a A 10% 0% 30% 90% 39 2.5 3.5 3.5 1.5

Orf8b A 17% 16% 9% 67% 84 1.5 4.5 3.5 0.5

Orf8 A 20% 26% 9% 54% 121 2.5 4.5 3.5 1.5

Robetta

3R A 69% 0% 10% 31% 39 5.5 6.5 6.5 4.5

7R A 0% 66% 14% 34% 84 5.5 7.5 6.5 4.5

11R A 29% 23% 13% 48% 121 4.5 6.5 5.5 3.5

4. Conclusions

We concluded that SARS-CoV-2 is the most similar to SARS-CoV among all coron-
avirus species infecting humans. The core genes were shared by the two genomes, but
there were some genes in one of them but not in both, such as ORF8, which is found in
SARS-CoV-2 but not in SARS-CoV. The ORF8 protein of SARS-CoV-2 could be considered a
good therapeutic target for stopping viral transmission, as it is predicted to be a transmem-
brane protein, which is responsible for interspecies transmission. ORF1ab, ORF1a, ORF8,
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and S proteins of SARS-CoV-2 could be immunogenic and capable of exciting the immune
system, which means these proteins could be considered potential sources of a vaccine.

The findings of the present study will contribute to the containment of SARS-CoV-2
and may assist other researchers in getting an in-depth understanding and analysis
of SARS-CoV-2.
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