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Abstract

The severe acute respiratory syndrome coronavirus 2, that is commonly known as SARS-Co V-2, appeared for the
first time in December 2019 in the City of Wuhan (China) and has since affected most countries around the
world, hence becoming a major global threat to all humans. The present study was carried out for the purpose of
better understanding the molecular structure of this virus. It is based on the inventory and processing of all DNA
sequences that have been published to date on the general biological data storage bank GenBank. In order to
carry out this study, it was deemed necessary to use various bioinformatics tools such as MEGA 11 software for
building the phylogenetic trees, DnaSP 6 for identifying haplotypes, NetWork 10 for determining phylogenetic
networks, and DAMBE 7 to perform statistical analyses which were then supplemented by the new DnBA
program that was developed in the present work. These analyses allowed us to classify the 11 SARS-Co V-2
genes under study into 3three categories; first, the most variable genes, such as ORFlab, ORF3a, N, and S, next,
the less variable genes, such as ORF8, ORF10, ORF7a, and ORF7b, and then the unvaried genes, such as ORF6,
E, and M.
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Introduction

SARS-CoV-2 belongs to the Coronaviridae family. These are unsegmented single-stranded RNA
viruses, 26 to 32 kilobases in size (Zi-Weiand Shuofeng, 2020; Patrick et al., 2020).

Viruses of the Coronaviridae family are named after their appearance. Indeed, when examined under
an electron microscope, they exhibit a crownlike, or coronal, appearance. Based on the above findings,
on February 11, 2020, the International Committee for the Classification of Viruses gave the name
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) to this new coronavirus which was
first identified in December 2019 in Wuhan in the Chinese province of Hubei (Sukhadeo et al., 2020;
Wang et al., 2021). It is important to know that SARS-CoV-2 is classified as the third Coronavirus,
after MERS Covid and SARS Covid. Note that this virus is highly pathogenic and can easily infect
humans (Huihui et al., 2020).

The definitive diagnosis of SARS-CoV-2 is based on the molecular identification of the virus by the
RT-PCR ftest that is performed on respiratory samples. However, considering the difficult and
insufficient accessibility to this technique, and the high false-negative rate
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given by this technique (around 30%), the diagnosis of SARS-CoV-2 can be made using the
combination of suggestive clinical signs in addition to a compatible scenographic image, such as the
thoracic tomodensitometric examination (Hoppenot, 2020; Placais and Richier, 2020; Jawerth, 2020).
This diagnosis can also be performed by means of a number of immunological tests (Gala et al., 2020;
Mahalaxmi et al., 2020). The results of the RT-PCR technique, obtained in the various molecular
biology research laboratories around the world, are stored in databases in order to allow all researchers
in the field to use them in order to achieve research that may help in humanity's battle against the
pandemic caused by this virus. For this reason, it was decided to conduct this study which is based on
the inventory of all DNA versions of SARS-CoV-2 sequences published to date. Then, we proceeded
to the processing and classification of these sequences using bioinformatics tools.

Material and methods

The present work aims at discussing the sequences obtained by the Reverse Transcriptase - Polymerase
Chain Reaction (RT-PCR) test which is the reference technique for the diagnosis of SARS-CoV-2. In
this regard, Placais and Richier (2020) as well as Jawerth (2020) reported that the diagnosis of SARS-
CoV-2 using the RT-PCR technique can be carried out in several steps. The first step is to take and
treat samples in order to extract only the RNA; then, the RNA is converted into DNA; afterwards,
certain well-targeted fragments of the DNA are then amplified and sequenced. It is worth indicating
that the sequences obtained by different research laboratories in different countries around the world
are in most cases submitted to various databases, such as GenBank which is a storage bank for
generalist sequences and biological data. It should be mentioned that the GenBank sequence database
is an open access, recorded collection of freely available nucleotide sequences. All researchers around
the world can voluntarily consult the data stored in GenBank (Sayers et al., 2020).

First, we extracted all SARS-CoV-2 DNA sequences published on  GenBank
(https //www.ncbi.nlm.nih.gov/genbank/). Subsequently, we used several DNA sequence processing
computer programs to analyze and classify the different sequences obtained. It should be noted that we
used the latest versions of a series of specialized DNA molecular data processing programs that were
either downloaded or used online (FaBox, MEGA, DnaSP, DAMBE, NetWork). In addition, a new
computer program was developed to perform more advanced data analysis and processing (DnBA).

-FaBox

FaBox (Toolbox for Fasta sequences) is a collection of simple and intuitive web services (https://users-
birc.au.dk/palle/php/fabox/) that biologists and medical researchers can use to quickly carry out a
typical task using sequence data. These web services help us immensely in extracting, modifying and
replacing sequence headers; they also allow us to join or split datasets based on header information.
There are also other services involving the fusion of a set of sequences into haplotypes and the
automated formatting of input files for a number of population genetics programs (Villesen, 2007). It is
worth noting that the use of FaBox (version 1.5) is a preliminary and mandatory step for the
preparation of DNA sequences in order to process and analyze them based on the different programs
used in the rest of our work

-MEGA

Molecular Evolutionary Genetics Analysis (MEGA) is a computer program for performing statistical
analysis of molecular evolution and building phylogenetic trees. It was developed to provide a series of
integrated tools for biologists to conduct statistical DNA analyses and to process protein sequence data
from an evolutionary perspective. This software allows the construction of sequence alignments and
phylogenetic trees. In addition, evolutionary bioinformatics methods in biology, biomedicine and
evolution were also used. It should be mentioned that the data analysis methods are generally selected
by the user (Tamura, 2011). Moreover, the MEGA 11 version was used to carry out the phylogenetic
analysis, and to obtain the phylogenetic trees after several processing and analysis steps which consist
in introducing the DNA sequences in FASTA form, next aligning these sequences using Clustal W,
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the, choosing the method for building the phylogenetic tree and finally adjusting the parameters of the
selected method which, in the present case, is the unweighted pair group method with arithmetic mean
(UPGMA) method. This simple method allows the transformation of a matrix of distances (between
different organisms, populations, or nucleotide sequences) into a rooted tree based on similarities
between pairs of sequences (Yoann, 2012) with a Bootstrap of 1000.

-DnaSP

DnaSP (DNA Sequence Polymorphism Analysis of Large Data Sets) is a bioinformatics tool designed
for comprehensive variation analysis of DNA sequence data. This program is widely used in
comprehensive population genetic analyses on multiple sequence alignments (Rozas et al., 2017).
DnaSP 6.12.03 is a version which incorporates new features that are particularly suitable. This version
makes it possible to determine and verify the nucleotide composition using haplotypes.

-DAMBE

DAMBE (Data Analysis in Molecular Biology and Evolution) is a computer program that is generally
used for descriptive and comparative analysis of molecular data. This integrated software is
particularly used in the conversion, manipulation, statistical and graphical description, as well as the
analysis of nucleotide sequence data (Xia, 2018). Note that the use of DAMBE wersion 7.3.2 makes it
possible to conduct statistical studies on nucleotide bases such as adenine (A), cytosine (C), guanine
(G) and thymine (T).

-DnBA

We designed and developed the DnBA (DNA Basis Analysis) program in order to integrate more
information in order to support the results obtained by the DAMBE software by calculating the
percentages of nitrogen bases (A, T, C, G) for each DNA sequence studied, as well as the ranges of
percentages of the nitrogenous bases (A, T, C, G) for all DNA sequences of the same gene.

-NetWork

NetWork software is used to reconstruct phylogenetic networks, and to deduce ancestral and potential
types, ramifications and evolutionary variants, and also to assess the dating. It is worth indicating that
the network generates evolutionary trees and networks from genetic, linguistic and other data (Huson
and Bryant, 2012). A very recent version of NetWork software, i.e. NetWork 10.2.0.0, was used in
SARS-CoV-2 research as it allows users to easily create rdf SARS-CoV-2 files (Forster and Forster,
2020) because this file form can be easily and directly recognized by NetWork when building
phylogenetic networks.

Results
GenBank

The processing of 498 626 DNA sequences of SARS-CoV-2, deposited in the GenBank database,
allowed us to classify 11 genes which represent the most studied genes by different research
laboratories in 45 countries. These are either structural genes M (Membrane protein), N (Nucleocapsid
protein), S (Spike glycoprotein), E (Envelope protein)), or functional genes (Open Reading Frames
(ORF): ORFlab (ORFla and ORF1b), ORF3a, ORF7a, ORF7b, ORF6, ORF8, ORF10) (Rozhgar et
al., 2020; Sekulic et al., 2020; Juckel et al., 2020). The results obtained are reported in Table I.

Table 1. SARS-CoV-2 genes with their nitrogen base pair (bp) size intervals, and the different
countries of origin of the DNA samples analyzed.

Genes  Sizes inbp Country

China, USA, Spain, Israel, Nepal, Korea, Brazil, Iran, Taiwan, Vietnam,
ORFlab [21100-21400] Finland, Pakistan, Peru, France, Japan, Bangladesh, Germany, Turkey, Serbia,
Greece, Italy, Egypt, Tunisia, India, Netherlands , Sweden, Chile, Sri Lanka,
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Kazakhstan.

China, USA, Kenya, Spain, Colombia, Korea, Brazil, Taiwan, Vietnam,

S [3800-3900] Finland, Pakistan, Peru, France, Japan, Bangladesh, Czech, Germany, Turkey,
Serbia, Greece, Italy, Iran, Sweden, Sri Lanka, Kazakhstan , Netherlands,
Chile, Egypt, Tunisia, India.

China, USA, Kenya, Spain, Israel, Colombia, Korea, Brazil, Taiwan, Vietham,

. Finland, Peru, France, Bangladesh, Czech, Germany, Serbia, Greece, ltaly,
ORF3a  [800-900] Egypt, Tunisia, India, Sweden, Iran, Sri Lanka , Kazakhstan, Netherlands,
Chile.
China, USA, Kenya, Spain, Israel, Colombia, Korea, Brazil, Taiwan, Vietnam,
E [200-300] Finland, Pakistan, Peru, France, Japan, Bangladesh, Czech, Germany, Turkey,

Serbia, Sweden Italy, Egypt, Tunisia, India.

China, USA, Kenya, Spain, Israel, Colombia, Korea, Brazil, Taiwan, Vietnam,

M [600-700] Finland, Pakistan, Peru, France, Japan, Bangladesh, Czech, Germany, Turkey,
Serbia, Greece, Iran, Sri Lanka, Kazakhstan, Country bottom, Chile, Sweden,
Italy, Egypt, Tunisia, India.

China, USA, Kenya, Spain, Israel, Colombia, Korea, Brazil, Taiwan, Vietnam,
ORF6 [150-200] Finland, Pakistan, Peru, France, Japan, Bangladesh, Czech, Germany, Turkey,
Serbia, Greece, ltaly, Egypt, Tunisia, India.

China, USA,, Spain, Israel, Colombia, Korea, Brazil, Taiwan, Vietnam,
. Finland, Pakistan, Peru, France, Japan, Bangladesh, Czech, Germany, Turkey,
ORF7a  [300-400] Serbia, Greece, ltaly, Iran, Sri Lanka, Kazakhstan, Netherlands, Chile, Sweden,
Egypt, Tunisia, India.

China, USA, Spain, Israel, Finland, Pakistan, Peru, France, Japan, Bangladesh,
ORF7b  [100-150] Czech, Germany, Turkey, Serbia, Greece, Iran, Sri Lanka, Kazakhstan,
Netherlands, Chile, Egypt, Tunisia.

China, USA, Spain, Israel, Colombia, Korea, Brazil, Taiwan, Vietham, Finland,

. Pakistan, Peru, France, Japan, Bangladesh, Czech, Germany, Turkey, Serbia,
ORF8 [350-400] Greece, Iran, Sri Lanka, Kazakhstan, Netherlands, Chile, Italy, Egypt, Tunisia,
India, Sweden.
China, USA, Kenya, Spain, Israel, Colombia, Korea, Brazil, Taiwan, Vietnam,
N [1000-1500] Finland, Pakistan, Peru, France, Japan, Bangladesh, Czech, Germany, Turkey,

Serbia, Greece, India, Italy, Egypt, Tunisia. Iran, Sri Lanka, Kazakhstan,
Netherlands, Chile, Sweden.

China, USA, Kenya, Spain, Israel, Colombia, Korea, Brazil, Taiwan, Vietnam,
. Finland, Pakistan, Peru, France, Japan, Bangladesh, Czech, Germany, Turkey,
ORF10  [90-140] Serbia, Greece, ltaly, Egypt, Tunisia, India, Iran, Sri Lanka, Kazakhstan,
Netherlands, Chile, Sweden.

Phylogenetic analysis

MEGA software allowed us to build 11 phylogenetic trees for 11 different genes (M, N, S, E, ORFlab,
ORF3a, ORF7a, ORF7b, ORF6, ORF8, and ORF10). Each gene is represented by several DNA
sequences, depending on the country of origin of the samples. Table Il gives an overview of the
structure of the different trees, with the exact number of branches, nodes and leaves for each
phylogenetic tree obtained.

Table Il. Summary of the results obtained for the phylogenetic trees of the SARS-CoV-2 genes
obtained by MEGA software.

Root Branches Nodes Leaves
ORFlab 30 3 10

S 15 3 25
ORF3a 8 3 36

E 43 0 0

M 43 0 0
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ORF6 41 0 0
ORF7a 39 0 0
ORF7b 27 2 26
ORF8 3 2 25
N 16 3 30
ORF10 3 1 37

Close examination of all phylogenetic trees revealed that there are two types of trees. The first type is
very rich in ramifications and includes the genes S, N, ORFlab (Figure 2), ORF3a; while, the second
type is poor in ramifications and comprising the genes M, E, ORF7a, ORF7b, ORF6 (Figure 2), ORF8,
and ORF10.

Note: It is useful to bear in mind that for some countries, like China, there are several research
laboratories, in different regions, which are currently working on SARS-CoV-2. Therefore, in order to
study the variations of genes within the same country, it was deemed interesting to use all the DNA
sequences by adding numbers to the name of the country (Example: China 1, China 2).

Haplotypes and haplotype diversity

The results obtained for the SARS-CoV-2 genes under study by the DnaSP software are organized into
groups, in the form of haplotypes, with significant positive haplotype diversity. These haplotypes
include the genes: ORFlab, ORF3a, ORF10, N, ORF8, S, ORF7a, and ORF7b, which are presented in
Table I11. These groups can also be in the form of a single haplotype (H = 1) and haplotype diversity
equal to zero (Hd = 0.000), as is the case for genes E, M and ORF®6.

Statistical analysis

The use of DAMBE and DnBA allowed us to perform additional molecular statistical calculations and
studies. The results obtained are divided into two groups:

- The first group comprises the sequences of E, M and ORF6 genes with identical percentages of A, T,
C and G, for all the studied sequences of the same gene obtained from different countries.

- The second group includes the sequences of S, N, ORFlab, ORF3a, ORF7a, ORF7b, ORF10 and
ORF8 genes with different percentages of A, T, C and G, for the studied sequences of the same gene
obtained from different countries.

Figures 3, 4, 5 and 6 present some results obtained by the two programs DAMBE and DnBA
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Figure 1. Phylogenetic tree of the ORFlab gene Figure 2. Phylogenetic tree of the ORF6 gene
constructed from 37 DNA sequences. constructed from 41 DNA sequences.

Table 1. The results of analysis of SARS-CoV-2 genes obtained by the DnaSP software.

Number of Number of

Total number Number of Haplotypic
Genes Zzggences of sites variable sites ?Iig)lotypes diversity (HD)
ORFlab 37 21281 146 30 0.9790
ORF3a 41 21255 98 29 0.9778
ORF10 39 117 2 3 0.1012
N 43 1260 23 16 0.7431
ORF8 26 120 1 2 0,0769
S 37 3748 24 15 0.7867
ORF7b 26 120 1 2 0,0769
ORF7a 39 366 1 2 0,0513
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Chinel: A 25.561% (A-T/A+T): -0.025 (G-C/c+G): -0.109 Total: 669
USAL: Ar 25.561% -0. Total: 669
USA2: A: 25.561% -0. Total: 669
USA3: A: 25.561% -0. Total: 669
UusAAd: A: 25.561% -0. Total: 669
Chine2: Al 253.561% -0. Total: 669
Chine3: Az 25.561% -0. Total: 669
Espagne: Az 25.561% 0. Total: 669
USA5: A: 25.561% 0 Total: 669
Israel: Az 25.561% 0. Total: 669
chined: A: 25.561% -0. Total: 669
Chine5: A: 25.561% -0. Total: 669
Colombie: A: 25.561% -0. Total: 669
H A: 25.361% -0. Total: 669
Brezil: Al 25.561% -0. Total: 669
Taiwan 1: A 25.561% (A-T/A+T): -0. (G-C/c+G): Total: 669
vietnam: A 25.561% (A-T/A+T): -0.025 (G—C/C+G): Total: 669
Finlande: A 25.561% (A-T/A+T): -0.025 (G-C/C+G): Total: 669
colombie2: A: 25.561% (A-T/A+T): -0.025 (G-C/C+G): Total: 669
Perou A 25.561% (A-T/A+T): -0.025 (G-C/C+G): Total: 669
Francel Ar 25.561% (A-T/A+T): -0.025  (G-C/C+G) Total: 669
Japon A: 25.561% (A-T/A+T): -0.023 (G-C/C+G) Total: 669
Bangladch: A 25.561% (A-T/A+T): -0.025 (G-C/C+G) Total: 669
Tcheque: A 25.561% (A-T/A+T) 0.025 (G-C/C+G) Total: 669
A'\magne A 25.561% (A-T/A+T) 0.025 (G-C/c+G) Total: 669
serbie: A 25.561% (A-T/A+T) 0.025 (G-C/c+G) Total: 669
Greque: A: 25.561% (A-T/A+T): -0.025 (G-C/C+G) Total: 669
1talie: A 25.561% (A-T/A+T): -0.025 (G-C/C+G) Total: 669
Taiwan2: Ar 25.561% (A-T/A+T): -0.025 (G-C/C+G) Total: 669
Suede: Ar 23.961% (A-T/A+T): -0.025  (G-C/C+G) Total: 669
Iran: Ar 23.961% (A-T/A+T): -0.025 (G-C/C+G): Total: 669
srilanka: A 25.561% (A-T/A+T): -0.025 (G-C/C+G): Total: 669
France2: A 25.561% (A-T/A+T): -0.025 (G-C/C+G): Total: 669
A 25.561% (A-T/A+T): -0.025 (G-C/C+G): Total: 669

A 25.561% (A-T/A+T): -0.025 (G-C/C+G): Total: 669

A 25.561% (A-T/A+T): -0.025 (G-C/C+G): Total: 669

Ar 25.561% (A-T/A+T): -0.025 (G-C/C+G) Total: 669

Ar 25.961% (A-T/A+T): -0.025  (G-C/C+G) Total: 669

Ar 25.561% (A-T/A+T): -0.025 (G-C/C+G): Total: 669

A: 25.561%-25.561% C: 21.824% 21.824% G 20.777%-20.777% T: 31.839% 31.839%

min (G-C/C+G]
max (G-C/C+G,
min (A-T/A+T,

max (A-T/A+T)= —0 109 avec 39 pay:

avec 39 pays: chinel,usal,usa2,usa3,usad,chine2,chine3,espagne,usa5,Israel,chined4,chine5,colombie,Coree,Brezil,Taiwan,vietnam,Finlande,colombie2,
avec 39 pays: chinel,usal,usa2,usa3,usad, (hmez chine3,Espagne,usa5,Israel, 1Chined hine5,colombie,Coree,Brezil, Taiwan,vietnam,Finlande,colombie2,
avec 39 pay: (hmel.usAl,usAZ.usAB.USM,(hwnez.chwnes.zspagne.usAS.IsraeT.chme ychine5,colombie,coree,Brezil,Taiwan,vietnam,Finlande,colombie2,
chinel,USAl,USAZ,USA3,USA4 ,Chine2,Chine3,Espagne, USAS, Israel,Chined,Chines,Colombie,Coree,Brezil, Taiwan, Vietnam, Finlande,Colombie2,

Figure 3. Results of nitrogen base analysis of M gene sequences obtained by DnBA.

Chinel:
Usal:

usaA2:

UsA3:
Kenie:
chine2:
Chine3:
USAS:
Israel:
Chinea:
Chines:
Colombie:
Coree:
Brazil:
Taiwan:
vietnam:
Finland:
colombiez:
Perou:
France:
France2:
Bengladech:
Tcheque:
ATmagne
Serbie:
Greque:
Italie2:
Taiwan2:
suede:
Iran:
srilanka:
France3:
Kazakhstan:
Paysbas:
chili:
Egypte
Tunisie:
Inde:
Italie3:

Ar 27.174% C T: 33.333% (A-T/A+T): (G-C/C+G): Total: B28pb
AL 27.174% C T: 33.454% (A-T/A+T, (G-C/C+G): Total: B28pb
AL 27.174% C T: 33.333% (A-T/A+T (G-C/C+G): Total: B28pb
A: 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
A 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
A 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
Az 27.174% C T: 33.333% (G-C/C+G) Total: B828pb
Ar 27.174% C T: 33.333% (G-C/C+G) Total: B828pb
Ar 27.174% C T: 33.454% (G-C/C+G) Total: B828pb
Ar 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
Ar 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
Ar 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
Ar 27.174% C T: 33.454% (G-C/C+G) Total: B28pb
Ar 27.174% C T: 33.454% (G-C/C+G) Total: B28pb
AL 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
AL 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
A 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
A 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
A 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
Az 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
Ar 27.174% C T: 33.333% (G-C/C+G): Total: B828pb
Ar 27.174% C T: 33.333% (G-C/C+G): Total: B828pb
Ar 27.174% C T: 33.454% (G-C/C+G): Total: B28pb
Ar 27.174% C T: 33.333% (G-C/C+G): Total: B28pb
Ar 27.174% C T: 33.333% (G-C/C+G): Total: B28pb
Ar 27.174% C T: 33.333% (G-C/C+G): Total: B28pb
Ar 27.174% C T: 33.454% (G-C/C+G): Total: B28pb
A 27.174% C T: 33.333% (G-C/C+G) Total: B28pb
AL 27.174% C T: 33.454% (G-C/C+G): Total: B28pb
A 27.174% C T: 33.333% (G-C/C+G): Total: B28pb
A: 27.174% C T: 33.213% (G-C/C+G): Total: B28pb
A 27.174% C T: 33.333% (G-C/C+G) : Total: B28pb
Az 27.174% C T: 33.454% (G-C/C+G): Total: B28pb
Ar 27.174% C T: 33.333% (G-C/C+G): Total: B828pb
Ar 27.174% C T: 33.333% (G-C/C+G): Total: B828pb
Ar 27.174% C T: 33.333% (G-C/C+G): Total: B28pb
Ar 27.174% C T: 33.333% (A-T/A+T (G-C/C+G): Total: B28pb
Ar 27.174% C T: 33.333% (A-T/A+T . (G-C/C+G): Total: B28pb
Ar 27.174% C G: T: 33.333% (A-T/A+T): -0.064 (G-C/C+G): Total: B28pb

Al 27.174%-27.174% C: 20.894%-21.014% G: 18.357%-18.599% T: 33.213%-33.454%

min (G-C/C+G)= -0.067 avec 7 pays: Israel,Coree,Brazil,Tcheque,Italie2,suede,kKazakhstan

max (G-C/C+G
min (A-T/A+T

-0. 061 avec 1 pays: srilanka
avec 8 pays: USAl,Israel,coree,Brazil,Tcheque,Italie2?,suede,kazakhstan

max (A-T/A+T)= —D IDD avec 1 pays: srilanka

Figure 4. Results of nitrogen base analysis of ORF3a gene sequences obtained by DnBA.

143



Derouiche etal, 2022 Genet. Biodiv. J, 6 (1): 137-148
NNI1- 10 AR B/nahi i1 20R

Muclectide skews for seguence:

Eresil

GC skew.

(A—T) (A+T)

IstL CTTTGGAGACTOCCTORACEARGTCTTATCE Global GC Skew = 0.06083
Turqie CTTTGRAGACTOCGTGRLGRAR Global AT Skew = —0,032507
Tunisie Sliding window =ize optimized with
Taiven? Window =ize = 1086 stepsize = 106
Circular gencome: Ho

Window Mid-winddow (G-C)~{G+C)

o 5432 0.07E57

1 649 0.0e982

2 755 0.0814

3 861 0.0713

4 967 0.0738

5 1073 0.0826

B 1179 0.081e

7 122k 0.07232

2 13291 0.09932

El 1437 0.1z209

a in 1603 0.1064

1 11 1709 0.1132

ined 12 1815 0.1031

] 13 1921 0.0813

ues 14 2027 0.1127

et e e 15 2133 0.0862

o - AT o TR 1le 22329 0.1127

J41nagne CTTT oG GE OO TGk CRARGTCTTATC AR GRCACCTCAACA TCTTAAAGATCCH 17 2345 01671

18 2451 0.1682

19 2557 0.1401

20 2663 0.1306

21 2769 0,178

22 2875 0.15E59

23 2981 0.1c51%8

24 3087 0.1499

25 3193 0.1479

26 3299 0.1089

27 3405 0.1050

28 3511 0.1156

29 2617 0.10e1

20 27232 0.11z22

21 2229 0.0707

3z 3935 0.0606

27 anai n naca

Figure 5. Identical sequences of the ORF1ab Figure 6. Results of the statistical analysis

gene obtained by DAMBE.

Construction of phyloge netic networks

El=Y=l=Y=l=Y=Y=y === === == =Y = =)

of an

ORF1lab gene sequence obtained by DAMBE.

The networks generated by the NetWork program represent the evolutionary and phylogenetic
relationships that exist between the different DNA sequences of the SARS-CoV-2 genes analyzed. The
results obtained are distributed among three groups as expressed below:

Taiwaf ‘ Taiwanl
Colombie Chine3
Serbia B /] ) .
= _: g - 1 Finlande Chine5
Paysbas ” FHF/ 12
gy crpsd T RE Chegg?
Megs
Chili = LT CHeeth
CHAdBEHA004 USA
Almage{__) CHYEHE 171\ o0s
aiwa2{_J CHB279
Turquie \ cHFET3 CH3p03 Vietam?_)
Francel A oy
cHpdascrfioz] A N talie ) CHi52 Egypte!_)
it PPRTROY b Chiet
ST cnfioe | criloe b ™ CHgae Chie2( ) Suede ()
Turquif_) 2 LR O g19  Bresil{_)
CH#63  cHffio2 B CHBEHYE3 "
o chjhoz CHp86 S¢2 4, Cridss chylen VA T es
ran Pakist
ool C(;H ugz CHM5201 0z o chdsos
CHhgo2
CHY01 CHp280
Israel{_) cHfio2 crdoss ez
c(|:—< 322 CHioss CHYgs CcHYgs3
chghoy  Greaue Tu‘s‘eerou Bglad? ) Chied{ ) cH1oos
cHgh23 b, Coreel )
o Inde CHZ891
CH3oo2 c Chmgga
CHp48 crrdgt3Ras-, Espage!_)
c 59 Frezd Ty CHYRS Kazakh?_)
Sap cHdozs
Chiglss CIRD cHipa2 ia
CC3UT7 CHW35 cH{s65 Hags
Chizgay cHigsa A
CH#85 B
saz ) usat usaa(_) uSA

Figure 7. Phylogenetic network of ORF1ab genes, constructed from 37 DNA sequences of different

origins, using NetWork.

- The first group is the one for which we could build a specific phylogenetic network for each gene.
This is the case for N, ORFlab (Figure 7), ORF3a, ORF10 and S.

- The second group is the one for which we were unable to build the phylogenetic networks, despite the
large number of DNA sequences studied for each gene, though all the sequences were practically
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identical. It should be noted that each gere in this group contains less than 3 different sequences; this is
the case for genes: ORF7a, ORF7b and ORF8.

- The third group is the one for which we were unable to build the phylogenetic networks because all
the DNA sequences studied are identical for each gene; this is the case for the genes E, M and ORF6.

Discussion

Computer programs, like MEGA 11, DnaSP 6, DnBA, DAMBE 7 and NetWork 10, were used for the
analysis of SARS-CoV-2 genes. It turned out that these genes can be divided into 3 groups:

The first group concerns the most variable genes, namely S, N, ORFlab and ORF3a, which are
represented by phylogenetic trees that are rich in ramifications; they were obtained by the UPGM
method. According to Mercatelli and Giorgi (2020), these genes are among the most susceptible to
mutations. At the same time, their phylogenetic networks, which were generated by the software
NetWork, suggest that these genes are round in shape (circles), either with a single color (yellow)
signifying a single sequence, or with several colors implying the presence of seweral sequences of
different origins. It is worth indicating that these circles represent nodes in phylogenetic trees that bind
together with branches which represent the genetic distances that separate them. These results are
similar to those reported in the studies conducted by Ridley and Rasmont (1997), Gattolliat (2002), and
Schmidt (2003) who all defined the distance between two nodes as a branch. It is interesting to
mention that the branches can be evaluated, which means that they can be measured (i.e. a distance, an
evolution rate, a number of mutations). This distance, which suggests the presence of mutations, is
reflected in the detection of several haplotypes of the same gene; this is defined as the haplotype
diversity (Hd) that can be detected using a computer program like for example DnaSp (Anderson and
Karel, 2011).

The second group includes the least variable genes, namely ORF8, ORF10, ORF7a and ORF7b, which
exhibit haplotype diversity (Hd), calculated by DnaSp 6, with a value between 0.0513 and 0.1012;
whereas the most variable genes possess a haplotype diversity value between 0.7431 and 0.9790. Xia
(2000) suggested that this high haplotype diversity is due to the high rate of transition or transversion
mutations. On the other hand, Roy et al. (2020) revealed that SARS-CoV-2 genes may undergo
transitions and transversions, which justifies their haplotype diversity.

The third group includes unvaried genes, such as M, E and ORF®6, for which all the DNA sequences
representing one gene are identical, which means that they do not exhibit any haplotype diversity (Hd
= 0) because they possess a unique haplotype that is expressed by simple phylogenetic trees, with
identical genetic distances. Just like the least variable genes, unvaried genes do not exhibit haplotype
networks because they contain less than 3 different sequences, except for the ORF10 gene which has a
phylogenetic network. This is represented as a phylogenetic tree that contains 3 branches and
consequently 3 different groups of sequences (39 representative sequences).

Furthermore, the DnBA and DAMBE programs allowed us to perform several statistical treatments for
the purpose of comparing the percentages of bases A, T, C and G, for the different sequences for each
gene obtained from different countries. The results obtained indicated that the genes S, N, ORF3a and
ORF1lab were among the most variable ones. According to Mercatelli and Giorgi (2020), these genes
can undergo mutations. These same researchers indicated that there are differences in the percentages
of the bases A, T, C and G between the DNA sequences of each gene. With regard to Xia (2013), and
Xia and Xie (2001), they found out that the variations in nitrogenous bases mean that mutations can
occur. As for the least variable genes, such as ORF8, ORF10, ORF7a and ORF7b, it was observed that
the percentages of the bases A, T, C and G between the DNA sequences of each gene were close to
each other but not identical. However, these percentages were similar for the genes E, M and ORF6
which are unvaried genes. Likewise, Koyama et al. (2020) proved that variations or mutations of C, G,
A and T mean that the sequence has undergone transitions and transversions. The above findings
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allowed us to determine the haplotypes as well as the haplotype diversity for genes that exhibited
variations.

It is worth indicating that gene S encoding the Spike glycoprotein was found among the genes that
were classified in the group of most variable genes. In this context, Philipe (2000) indicated that the
Spike glycoprotein gives crown-like shapes on the surface of the virus that binds to the receptor in the
lung tissue. On account of its structure and functional characteristics, this protein can be used as an
antigen in vaccination strategies (Sternberg, 2020). It contains antigenic sites that are exposed on the
virus surface and are therefore accessible to the immune system, thus constituting antigens that can be
recognized by the antibodies produced by infected hosts (Ni et al., 2020). However, it should be noted
that the genomic sequence encoding this protein, which is potentially antigenic, exhibits great
variability between various viral species. This variability results from the selection of genetic
mutations, which allows the viruses to evade the immune response of the host (Sallard et al., 2020).
These findings justify the high rate of variability that was detected for this gene.

Furthermore, the results of the present work showed that gene N, just like gene S, can be classified in
the group of the most variable genes. It is worth bearing in mind that several other works have
previously suggested that non-synonymous mutations developed in protein S as the pandemic SARS-
CoV-2 progressed. Conversely, Dutta et al. (2020) found out that the gene N is more conserved and
more stable, with 90% amino acid homology and fewer mutations over time.

In addition, the SARS-CoV-2 genome also contains a variable number of open reading frames (ORFs).
According to the work of Jean Michel et al. (2020), the different ORFs encoding accessory proteins,
which are not essential for virus replication, appear to play a role in pathogenesis. These findings are in
good agreement with those reported by Finkel et al. (2020) who suggested that ORFs are not conserved
in most Sarbecovirus 19 (a subgenus of SARS-CoV-2). With regard to Hassan et al. (2021), they
reported rare mutations in the accessory proteins ORF6, ORF7b and ORF10 of the SARS-CoV-2
genomes. These results confirm the structure and variability of the ORF sequences previously
investigated and discussed.

Moreover, it was revealed that the M and E genes are non-variable genes. In this context, Thomas
(2020) and Bianchi et al. (2020) indicated that the conservation of the DNA of M and E genes is due to
the cooperation between M and E proteins and S protein, which means that any mutation in DNA can
contribute to attachment to the host cell, and facilitate the entry of viruses.

Conclusion

No one denies the fact that the coronavirus pandemic is an event that has marked, and even upset, the
entire world during this century. It has indeed affected more than two hundred million people to date,
and has killed at least four million people around the world, not to mention its immense and
catastrophic impact on the global economy. To end this pandemic, huge amount of information is
continually being provided about this virus by scientific research laboratories around the world, and is
then submitted to databases like GenBank. This study was conducted using the data from GenBank
which allowed us to inventory SARS-CoV-2 sequenced genes around the world. In addition, these
genes culd be analyzed using different bioinformatics programs, like MEGA 11, DnaSP 6, NetWork
10, DAMBE 7 and DnBA, which helped us in identifying three categories of genes. The first category
includes the most variable genes (ORFlab, ORF3a, N, S), the second category comprises the least
variable genes (ORF8, ORF10, ORF7a, ORF7b) and the third category contains the unvaried genes
(ORF®6, E, M). It should also be noted that the most variable and least variable genes are less conserved
due to transitions and transversions, which is reflected in the number of haplotypes.
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