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Introduction



Introduction:

On December 31, 2019 an outbreak caused by a new human pathogen, lately named severe
acute respiratory syndrome coronavirus 2 (SARS CoV-2) was notified in Wuhan, China
(Gorbalenya et al.,2020).

The virus caused a severe respiratory syndrome, generically defined as coronavirus disease
(covid 19) human to human transmission was first reported on January 22, 2020 (Huang et al.,
2020)

Coronaviruses are enveloped, single-strand RNA viruses that can infect a wide range of hosts
including avian, wild, domestic mammalian species, and humans. Coronaviruses are well known
for their ability to mutate rapidly, alter tissue tropism, cross the species barrier, and adapt to

different epidemiological situations (Decaro et al., 2010).

SARS CoV-2 is a new human coronavirus which emerged in people’s Republic of China at the
end of 2019 and is responsible for the global covid 19 pandemic that caused more than 540,000
deaths in six months. Understanding what the origin of this virus is an important issue and it is
necessary to determine the mechanisms of its dissemination in order to be able to contain new
epidemics. (Sallard et al., 2020)

Several control measures are being instituted by nations around the world to extinguish the
SARS-CoV-2 pandemic, including the issuance of travel advisories or even flight bans to and from
infected countries, strict quarantine measures and traveler screenings, implementation of
mitigation measures by healthcare specialists, application of social distancing measures for schools
and popular gatherings, strict personal hygiene such as frequent handwashing, and wearing face
masks (Cowling et al., 2020)

The clinical manifestations and lethality of SARS-CoV-2 infection widely vary across
individuals, depending on a number of factors (already recognized or just hypothesized), that have
been discussed in a dedicated paragraph. Approximately half of the infected subjects remain
asymptomatic, and most of the remaining only experience influenza-like symptoms, including
fever, cough, sore throat, runny nose, weakness, myalgia, headache and, less frequently,

conjunctivitis, hemoptysis, olfactory and taste dysfunction, and diarrhea (Cecilia et al., 2020)



Our study is divided into two essential parts, the first part presents a bibliographical synthesis
in which we bring a first chapter which is devoted in the study of severe acute respiratory syndrome
coronavirus 2 (SARS Cov-2) a second chapter outlines the molecular biology of the virus and a
third chapter of the phylogeny of SARS Cov-2.

The second experimental part is reserved for the phylogenetic study of the full genome of SARS
CoV-2 available in databases on the internet, the selected isolates come from different geographies
around the world, among them Algerians isolates are targeted. Then comes the construction of the
matrix of evolutionary distances and dendrograms. The bioinformatics tool used in the present
study is the MEGA 7 software.
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Chapter 1: Generalities
1.Definition

Coronavirus disease (covid-19) is an infectious disease caused by the SARS CoV-2 virus. Most
people infected with the virus will experience mild to moderate respiratory illness and recover
without requiring special treatment. However, some will become seriously ill and require medical
attention older people and those with underlying medical conditions like cardiovascular disease,
diabetes, chronic respiratory disease, or cancer are more likely to develop serious illness. Anyone
can get sick with covid-19 and become seriously ill or die at any age (WHO 2020).

Corona viruses are members of the family coronavidae, the enveloped viruses that possess
extraordinarily large single-stranded RNA genomes ranging from 26 to 32 kilobases in length
(Shuo et al., 2016)

In late December 2019, a number of local health authorities reported clusters of patients with
pneumonia of unknown cause, which were epidemiologically linked to a seafood market in
Wuhan, Hubei Province, China. The pathogen, a novel coronavirus (SARS Cov-2), was identified
by local hospitals using a surveillance mechanism for “pneumonia of unknown etiology” that was
established in the wake of the 2003 SARS outbreak with the aim of allowing timely identification
of novel pathogens (Di Wu et al., 2020)

2. Historical

Human coronaviruses were first characterized in the 1960s from respiratory tract infections.
The two first isolated viruses were B814 and 229E. Since then, several other coronavirus strains
have been isolated from humans using tissue culture (OC16 and OC43). The number of identified
coronaviruses has continued to increase significantly to include viruses of several additional

animal species such as calves, dogs, cats, bats, sparrows, rabbits, and turkeys (Helmy et al., 2020)

In December 2019, SARS CoV-2 emerged in Wuhan City, China, causing severe respiratory
illness and mortality. Early studies reported that it may have evolved from bats, as revealed by
phylogenetic analysis and its high identity (96.3%) with the bat coronavirus RaTG13 (Zhou et al.,
2020)

It is important to revisit the past pandemics of SARS-CoV and MERS, due to the structural and

molecular similarities between these viruses and SARS Cov-2. Historically, SARS originated in



Guangdong, China, then spread to Hong Kong, infected 1755 people with 299 deaths, and caused
an economic downturn. Due to the rapid increase of the number of infected cases and infected
countries, the WHO declared SARS CoV-2 a pandemic on 11 March 2020 and on 13 March 2020
(WHO 2020)

Interestingly, researchers also reported one amino acid difference in the receptor-binding
domain of the S protein of Pangolin-CoV compared to that of SARS CoV-2, suggesting that
pangolins might play a role as an intermediate host. Another group of researchers reported that the
virus originated from bats based on the genome sequence of SARS-CoV-2, which is 96% identical
to bat coronavirus RaTG13. There were speculations that SARS-CoV-2 is a laboratory-engineered
CoV and leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently

reported. However, there is no evidence to support this allegation. (Liu et al., 2020).
3. Taxonomy

In terms of taxonomy, SARS CoV-2 is (just) another virus in the species severe acute respiratory
syndrome-related coronavirus. In this respect, the discovery of this virus differs considerably from
the description of the two other zoonotic coronaviruses, SARS-CoV and MERS-CoV, introduced
to humans in the 21st century. Both these viruses were considered novel by this study group based
on prototyping two species and two informal subgroups of the Betacoronavirus genus that were

recently recognized as subgenera Sarbecovirus and Merbecovirus (Gorbalenya et al., 2020).



Table 1. Taxonomic classification of SARS CoV-2 (Gorbalenya et al., 2020).

Category Virus

Realm Riboviria

Order Nidovirales
Suborder Cornidovirineae

Family Coronaviridae
Subfamily Coronavirinae/ Orthocoronavirinae

Genus Betacoronavirus
Subgenus Sarbecovirus

Species Severe acute respiratory syndrome-related

coronavirus
Strain Severe acute respiratory syndrome
coronavirus 2 (SARS CoV-2)

4. Origin

Since the outbreak of severe acute respiratory syndrome (SARS) 18 years ago, a large number
of SARS-related coronaviruses (SARSr-CoVs) have been discovered in their natural reservoir
host, bats. Previous studies have shown that some bat SARSr-CoVs have the potential to infect
humans. Here we report the identification and characterization of a new coronavirus (2019-nCoV),
which caused an epidemic of acute respiratory syndrome in humans in Wuhan, China. Full-length
genome sequences were obtained from five patients at an early stage of the outbreak. The
sequences are almost identical and share 79.6% sequence identity to SARS-CoV. Furthermore, we

show that 2019-nCoV is 96% identical at the whole-genome level to a bat coronavirus (Zhou et

al., 2020).

According to the ICTV criteria, only the strains found in Rhinolophus bats in European
countries, Southeast Asian countries and China are SARSr-CoV variants. Those
from Hipposideros bats in Africa are less closely related to SARS-CoV and should be classified

as a new coronavirus species (Tong et al., 2009).
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Figure 1. Transmission of coronaviruses from origin to humans (Machhi et al., 2020).

All results on the origin, evolution and spread of SARS-CoV-2 come from computer analysis
of these sequences, coupled with associated metadata such as the date and place of sequencing, the
sequencing technique, etc. In some cases, it has been possible to determine the precise origin of a

virus found at a given location by contact tracing (Anna et al., 2021)

5. Genetic structure and organization

Coronaviruses are non-segmented, enveloped and positive sense single-stranded RNA virus
genomes. They have a size ranging from 26 to 32 kilobases. The virion consists of a nucleocapsid
composed of genomic RNA and phosphorylated nucleocapsid (N) protein, covered by two
different types of spike proteins: the hemagglutinin-esterase (HE) (found in some CoVs) and the
spike glycoprotein trimmer (S) (found in all CoVs). The S protein in the virus envelop consists of

the membrane (M) protein and the envelope (E) protein (Guo et al., 2020)

The genetic makeup of SARS-CoV-2 is composed of 13-15 (12 functional) open reading frames
(ORFs) containing ~30,000 nucleotides. The genome contains 38% of the GC content and 11
protein-coding genes, with 12 expressed proteins. The genetic arrangement of ORFs highly
resembles the SARS-CoV and MERS-CoV (Rota et al., 2003)

The coronavirus spike protein (S) is a type | glycoprotein that forms the peplomers on

coronavirus particles. Some coronaviruses spikes (most from group Il and Il viruses) are cleaved



into two subunits by a furin-like enzymatic activity during processing in the Golgi. The prototype
MHYV spike is 180 kDa; for most MHYV strains, it is cleaved into two noncovalently associated
subunits of about 90 kDa (Stroher et al., 2004)

The M protein is the most abundant virion membrane protein. Aside from its role in viral
assembly, the coronavirus M protein is believed to have functions in host interactions. It may be
O glycosylated (groups I and 111) or N glycosylated (group I1). While glycosylation is not essential
for viral assembly or infectivity. For MHV, the selection of recombinant viruses with N, O, or no
glycosylation demonstrated that while the glycosylation state of M protein does alter the ability to
replicate in vitro, it may affect the ability to induce IFN-a in vitro and also to replicate in the liver
in vivo (de Haan et al., 2003).

In addition to its role as structural protein, N protein plays a role in transcription and also in

pathogenesis (Yount et al., 2003).

While MHV proteins are generally restricted to the cytoplasm, the nucleocapsid proteins of
coronaviruses representing groups I, 11, and I11 were shown to localize to the nucleolus as well as
to the cytoplasm (Wurm et al 2001)
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Figure 2. Genomic organization of SARS-CoV-2 (Kumar et al., 2020)
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Figure 3. Structure of SARS-CoV-2 (Kumar et al., 2020)

6. Transmission mode

SARS-CoV-2 was indicated as animal-to-human transmission because of the linkage between
fish and wild animal market based on the early studied (Li et al., 2020). However, it showed that
asymptomatic infected cases with SARS-CoV-2 is highly contagious and transmitted through
close contact (Zhao et al., 2020). Therefore, the transmission of SARS-CoV-2 occurs primarily
through respiratory droplets and aerosols generated during coughing or sneezing, which may land
on the nose, mouth or eyes (Li et al., 2020).

Coronavirus can sustain for a long time on various surfaces which is a major reason for its

transmission. This virus can contaminate on different metal surfaces and stay on them from hours

11


https://www.sciencedirect.com/science/article/pii/S1201971220301922#bib0255
https://www.sciencedirect.com/topics/medicine-and-dentistry/coronavirus

to days, with a maximum span on plastic and stainless and least on the copper surface (Rajiv et al.,
2020).

Recently, there is a patient dog infected from its nasal and oral cavity with a low level of
COVID-19 virus. It's not shown any signs of disease before. This is the first case of human-to-
animal transmission that has been confirmed by the experts from School of Public Health in the
Hong Kong University, College of Veterinary Medicine & Life Sciences in the City University of
Hong Kong and the World Organization for Animal Health (COVID., 2020).
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Figure 4. Transmission pathways of COVID-19 infection (Vella et al., 2020)

7. Pathophysiology

Structurally and phylogenetically, SARS-CoV-2 is similar to SARS-CoV and MERS-CoV and
is composed of four main structural proteins: spike (S), envelope (E) glycoprotein, nucleocapsid
(N), membrane (M) protein, along with 16 nonstructural proteins, and 5-8 accessory proteins
(Rajnik et al., 2021).

The Angiotensin Converting Enzyme Receptor (ACE2) is the primary route of entry for the
virus. This receptor is expressed for 80% in type Il pulmonary alveolar cells, but also in the nasal
mucosa, upper respiratory tract, vascular endothelium, cardiac, renal and digestive tissues. The
serine protease TMPRSS2, which is highly expressed by endothelial cells in the respiratory and

12
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digestive tracts, also appears to play an important role as a co-receptor for the virus (Couvreur et
al., 2021).

Once SARS-CoVs enter the host via the respiratory tract, airway and alveolar epithelial cells,
vascular endothelial cells and alveolar macrophages are among their first targets of viral entry.
These cells are probably ‘ground-zero’ for early infection and subsequent replication due to their
expression of ACE2. Although ACE2 mRNA is detected in human and many mammalian (bat,
ferret, cat, dog, etc.) lung biopsies, their expression is rather low compared with extrapulmonary
tissues. Thus, the permissiveness of these cells to SARS-CoVs may depend on additional,

unappreciated cell-intrinsic factors that aid in efficient infection. (Harrison et al., 2020).
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Figure 5. Pattern Recognition receptors involved in detecting RNA viruses (Gerwyn et al.,
2020).
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8. Factors influencing the spread of SARS-CoV-2 around the world
8.1 Geodemographic and environmental factors

There are several factors involved in transmitting the virus. These conditions can be included
in environment and human behavior. The distribution of human population, migration, social
interactions, climate change (deforestation, habitat invasion), agricultural growth, and direct
contact with domestic and wild animals fall into this category. On the other hand, the effect of
environmental factors such as ambient temperature, humidity, etc., relating to the COVID-19
pandemic has not been sufficiently investigated. How the virus enters the body (eyes, ears, mouth,
and nose) is not well known by the release of aerosols and droplets containing SARS-CoV-2 in
human societies. (Eslami & Mahrokh., 2020)

» water and waste wasters

Guaranteeing safe water, collecting sewage, and maintaining effective hygiene during
infectious diseases, including COVID-19 pandemic, play a key role in supporting human health
(Eslami et al., 2018; WHO 2020). Some studies have reported that coronavirus can remain in water

or wastewater sources for days or weeks (Qu et al., 2020).

The SARS-CoV-2 is likely to be significantly inactivated more rapidly than human intestinal

viruses without water-borne diseases in contact with oxidants (WHO 2020).

» insects

Numerous factors are contributing to the spread of global diseases such as COVID-19, which
is spreading worldwide. So far, 7 types of them have been identified. The transmission and
evolution of the SARS-CoV-2 from bats to scaly anteaters (pangolins) and then to humans has
been reported. Some studies have associated insects such as beetles and domestic insects, which
are the main mechanical carriers of pathogens, by contact with contaminated surfaces and patients’
secretions involved in transmission. SARS-CoV-2 excretion by stool has been confirmed in some
patients. Therefore, feeding domestic insects and beetles from the stool and its mechanical
transmission can play a significant role in the transmission of the disease (Eslami & Mahrokh.,
2020).

14


https://link.springer.com/article/10.1186/s13568-020-01028-0#ref-CR20
https://link.springer.com/article/10.1186/s13568-020-01028-0#ref-CR65
https://link.springer.com/article/10.1186/s13568-020-01028-0#ref-CR45
https://link.springer.com/article/10.1186/s13568-020-01028-0#ref-CR65

» Age

The geographic distribution of countries makes it easy to predict more cases in high-density
areas. Moreover, urban areas, especially administrative and/or economic capitals or megacities,
are often remarkably densely populated, creating conditions that facilitate the spread of the virus,
while rural and Saharan areas stand to benefit greatly. geographical distance and lack of
promiscuity, to be at very low risk of contamination. most young individuals would be
asymptomatic or have mild forms, and would likely go undetected, with a risk of infecting more

people than those who are symptomatic (Hoummadi et al., 2020)

> Climatic factors

One study observed the relationship between the numbers of positive daily SARS-CoV-2 cases
with three environmental factors: maximum relative humidity, maximum temperature, and
maximum wind speed, Although, in most cases, with increasing humidity and wind speed, the

prevalence has decreased (Eslami et Mahrokh., 2020).

In Korea, researchers found that the risk of influenza incidence was significantly increased with
low daily temperature and low/high relative humidity (RH), but a positively correlated with diurnal
temperature range (DTR). Absolute humidity (AH) had significant correlations with influenza
viral survival and transmission rates. One important feature of COVID-19 epidemic is that the
countries currently suffering most from the disease are most located in the regions with low
temperature. Therefore, meteorological factors, such as ambient temperature (AT) and humidity,
might play an important role in the spread of the disease. Many factors might influence the
COVID-19 epidemic, including social and political factors, geographical factors, climatic factors,
etc. When only considering the temperature in single-factor model in the higher-temperature
group, every 1 °C increase in the minimum temperature leads to a decrease of the cumulative
number of COVID-19 cases by 0.86 etc. reported that weather was related to the spread of COVID-
19, but the increase of temperature may not necessarily lead to declines in case counts without the

implementation of extensive public health interventions (Liu et al., 2020)

15



8.2 Other factors

» Tourism

COVID-19 has emerged in a world closely connected by local and international population on
the move, with more people moving for work, education and family reasons, tourism and survival
than ever before. Intense population movements, especially of tourists and business workers, have
been a key factor in the global spread of the epidemic (Indseth et al., 2021).

» Immigration

The much higher toll of notified COVID-19 infections among several immigrant groups
compared to non-immigrants suggests a need for actions such as enhancing community
engagement and health communication strategies to lower the thresholds for being tested. We
observed a higher COVID-19 notification rate among immigrants compared to non-immigrants
and a much higher rate of hospitalization, with major differences between different immigrant
groups (Indseth et al., 2021).

The spread of COVID-19 from China has been clearly linked to those traveling from Wuhan in
central China's Hubei province. Therefore, it is important to understand the travel density/volume
of passengers carried as well as the routes departing from Wuhan via the major connected regional
air transport hubs across China. A model has been developed on the intensity of migration and
travel that can explain the outbreak and spread of COVID-19 since its onset in late 2019 (Sirkeci
et Mustafa, 2020).
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Figure 6. The role of environmental factors in the spread of SARS-CoV-2 (Eslami & Mahrokh.,
2020)
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Chapter 2: Molecular biology
1. Open Reading Frames (ORFs)
1.1 Definition

The nCoV contains at least six open reading frames (ORFs) and many other accessory genes
like other CoVs. The 5’ terminal two-thirds of the genome contains two open reading frames
(ORFs), ORF1 and ORF2 which encodes two polyproteins, ppla and pplab, which is further
cleaved into 11 and 16 proteins, respectively. These 16 mature proteins are responsible for several
important functions in genome maintenance and virus replication. The structural proteins namely
spike (S), an envelope protein (E), membrane protein (M) and nucleocapsid (N) are located at the
one-third 3’ terminal of the genome. In addition to these genes, there are several accessory proteins

which help in virus replication (Yashpal et al., 2020).

In addition, a number of subgroup-specific accessory genes are found interspersed among, or
even overlapping, the structural genes. Overlapping genes originate by a mechanism of
overprinting, in which nucleotide substitutions in a pre-existing frame induce the expression of a
novel protein in an alternative frame. The accessory proteins in coronaviruses vary in number,
location and size in the different viral subgroups, and are thought to contain additional functions
that are often not required for virus replication, but are involved in pathogenicity in the natural
host (Christian et al., 2020)
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Figure 7. The genes of SARS-cov-2 genome (Gordon et al., 2020)
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1.2. Types of ORFs
+ ORF1

Upon entry into the cell, the 5’ end of the genome RNA, ORFs 1a and 1b, are translated into
ppla and pplab; pplab is translated via a frameshift mechanism, which occurs at high frequency
(25 to 30%). ORF 1a encodes one or two papain-like proteases (PLpro or PLP) and a picornavirus
3C-like protease (3CLpro), which function to process ppla and pplab into the mature replicase
proteins. Also, encoded in the X domain of ORF 1la is a (putative) ADP-ribose 1"-phosphatase
activity (Susan et al., 2005)

* ORF3

The ORF3a protein from SARS cov is an ion channel protein related to NLRP3 inflammasome
activation. ORF3a interacts with TRAF3, which in turn activates ASC ubiquitination, and as a
result, leads to activation of caspase 1 and IL-13 maturation (Siu K-L et al.,2019)

« ORF6

The ORF6 protein from SARS coronavirus is an accessory protein that plays an important role
in viral pathogenesis (Zhao J et al.,2009) Using a yeast two-hybrid system, ORF6 was shown to
interact with NSP8, the nonstructural protein related to promoting RNA polymerase activity
(Kumar P et al.,2007)

* ORF7

ORF7a from SARS coronavirus is an accessory protein that is a type | transmembrane protein

and its crystal structure has been determined (Nelson CA et al.,2005)

The ORF7b accessory protein from SARS coronavirus is localized in the Golgi compartment
(Schaecher SR et al., 2007)
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+ ORF8

SARS CoV-2 has a single ORF8 protein while SARS CoV has two ORF8 proteins: ORF8a and
ORF8b (Le TM et al.,2007) In SARS CoV, the ORF8b protein binds to the IRF association domain
(IAD) region of interferon regulatory factor 3 (IRF3), which in turn inactivates interferon signaling

(Wong HH et al.,2018) Interestingly, L84S and S62L missense mutations have been reported in

various SARS CoV-2 sequences (Khailany RA et al.,2020)

+ ORF10

ORF10 protein from SARS CoV-2 is comprised of 38-amino acids and its function is unknown.
Interestingly, SARS CoV possesses an ORF9b protein, which is not present in SARS CoV-2 (Mu

J et al.,2020)

Table 2. The genes expressed by SARS CoV-2(Yoshimoto et al., 2020)

Number(#) Gene GenelD Location Pratein [Locus]

1(7,09%) ORF1ab 43740578 266-21,555 ORFab polypratein (BCB15089.1/BCB97900.1]
1(4,405) ORF1z 43740578 266-13,483 ORF1a polyprotein [YP_009725295.1]
2(1,273) ORF2(5) 43,740,568 21,563-25,384 Spike protein (S protein) (BCABT3611]
3(279) ORF3 43,740,569 25,393-26.220 ORF3a protein [BCABTI621]
4(15) ORF4 () 43740570 26,245-26472 Envelope protein (E protein) (BCABT363.1]
5(222) ORFS(M) 4374057 26,523-21,191 Membrane protein (M protein) (BCABT364.1]
6(61) ORF6 43740572 27,202-27387 ORF protein (BCABT365.1]
10121) ORFTz 43740573 27.3%4-27.159 ORF7a protein (BCABT366.1]
5(43) ORFTh 43740574 27,756-27,887 ORF7b protein (BCB15096.1]
9(121) ORFS 43740517 27,894-26,.259 ORFS protein (BCABT36T.1]
10(419) ORF9(N) 43740575 28,274-29,533 Nucleocapsid phosphoprotein (N protein) [BCABT368.1]
11(38) ORF10 43740578 29,558-29,674 ORF10 protein (BCAB7369.1]
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2. Non-structural proteins

The ORF1lab gene of SARS CoV-2 results in the expression of a polypeptide that is cleaved
into 16 nonstructural proteins (Yoshimoto FK 2021).

There are several non-structural proteins, namely NSP1 to NSP 10 and NSP12 to NSP16,
encoded by genes located within the 5 0 -region of viral RNA genome. These non-structural
proteins with their corresponding functions along with other associated molecular features are
tabulated below (Yadav et al., 2021)

*+ NSP1

Nonstructural protein 1 (NSP1) is the first protein of the polyprotein of SARS CoV-2. This
protein is also known as the leader protein. This protein is also found in SARS coronavirus and is
known to be a potent inhibitor of host gene expression. NSP1 binds to the 40S ribosome of the
host cell to inactivate translation and promotes host MRNA degradation selectively, while the viral
SARS CoV mRNA remain intact (Huang C et al.,2011)

* NSP2

Nonstructural protein 2 (NSP2) is the second protein of the polyprotein of SARS CoV-2. This
protein is conserved in SARS CoV, the related beta coronavirus to SARS CoV-2. In SARS CoV,
NSP2 was found to bind to two host proteins: prohibitin 1 and prohibitin 2 (PHB1 and PHB2)
(Cornillez-Ty CT et al., 2009)

* NSP3

NSP3 is the papain-like proteinase protein. This protein is nearly 200 kDa in size and is the
largest protein (not including the polyproteins ORF1a and ORF1ab) encoded by the coronaviruses.
With such a long sequence, it possesses several conserved domains: sSRNA binding, ADPr
binding, G-quadruplex binding, ssSRNA binding, protease (papain-like protease), and NSP4
binding), and transmembrane domain. Among the 16 nonstructural proteins, NSP3, NSP4, and
NSP6 have transmembrane domains (Sakai Y et al., 2017).
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The papain like protease 1 (PL1 protease) of alpha coronavirus (alpha CoV) Transmissible
Gastroenteritis Virus (TGEV), which is part of NSP3, was shown to cleave the site between NSP2
and NSP3. Furthermore, this papain like protease domain is responsible for the release of NSP1,
NSP2, and NSP3 from the N-terminal region of polyproteins 1a and 1ab from coronaviruses (Lei
Jetal., 2018).

- NSP4

NSP4 interacts with NSP3 and possibly host proteins to confer a role related to membrane
rearrangement in SARS CoV. Moreover, the interaction between NSP4 and NSP3 is essential for
viral replication (Sakai Y et al., 2017)

* NSP5

The NSP5 protein based on the Middle East Respiratory Syndrome (MERS) coronavirus has
been characterized. NSP5 cleaves at 11 distinct sites to yield mature and intermediate nonstructural
proteins (NSPs) (Tomar S et al.,2015)

* NSP6

The NSP6 protein of the avian coronavirus (infectious bronchitis virus, IBV) was shown to
generate autophagosomes from the endoplasmic reticulum (ER) Autophagosomes facilitate
assembly of replicase proteins. Furthermore, NSP6 limited autophagosome/lysosome expansion,
which in turn prevents autophagosomes from delivering viral components for degradation in
lysosomes (Cottam EM et al.,2014) With SARS CoV, NSP6 was shown to induce membrane
vesicles (Angelini MM et al.,2013)

* NSP7

NSP7 is required to form a complex with NSP8 and NSP12 to yield the RNA polymerase
activity of NSP8 (te Velthuis AJ et al.,2012)

* NSP8

NSP8 is a peptide cofactor that makes a heterodimer with NSP7 (the other peptide cofactor),
and this NSP7-NSP8 heterodimer complexes with NSP12. In addition to the NSP7-NSP8

heterodimer, an NSP8 monomer unit also complexes with NSP12, which ultimately forms the
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RNA polymerase complex. The cryo-EM structure of this complex has been solved (Gao Y et al.,
2020)

* NSP9

NSP9 from the porcine reproductive and respiratory syndrome virus (PRRSV) has been found
to interact with the DEAD-box RNA helicase 5 (DDX5) cellular protein (Zhao S et al.,2015)

* NSP10

NSP10 has been shown to interact with NSP14 in SARS coronavirus, and this interaction
stimulates activity of NSP14. NSP 14 is known to function as an S-adenosylmethionine (SAM)-
dependent (guanine-N7) methyl transferase (N7-MTase) (Ma Y et al.,2015). Furthermore, NSP10
has also been shown to stimulate the activity of NSP16, which is a 2'-O-methyltransferase (Wang
Y et al.,2015).

 NSP11

The function of NSP11 seems to be unknown. NSP11 is made of thirteen amino acids and the

first nine amino acids are identical to the first nine in NSP12 (Subissi L et al.,2014).

* NSP12

NSP12 is the RNA-dependent RNA polymerase that copies viral RNA. As mentioned, NSP12
makes a complex with an NSP7-NSP8 heterodimer and an NSP8 monomer to confer processivity
of NSP12. NSP12 exhibits poor processivity in RNA synthesis—that is the presence of NSP7 and
NSP8 lowers the dissociation rate of NSP12 from RNA (Subissi L et al., 2014).

* NSP13

SARS CoV was used to characterize the helicase enzyme, NSP13, which unwinds duplex RNA
(Jang K-J et al.,2020).

The crystal structure of NSP13 of SARS Cov has been reported (Jia Z et al., 2019). Furthermore,
it has been shown that binding of NSP12 with NSP13 can enhance the helicase activity of NSP13.
In addition to its helicase activity, NSP13 of SARS CoV is also known to possess 5'-triphosphatase

activity, which is responsible for introducing the 5’-terminal cap of the viral mRNA. Both
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cukaryotic and most viral mRNA have a 5'-terminal cap structure: m7G(5)ppp(5)N-. This 5'-
terminal cap is the site of recognition for translation and plays a role in splicing, nuclear export,
translation, and stability of mMRNA (lvanov KA et al., 2004).

+ NSP14

Nspl4, a bifunctional replicase subunit with exoribonuclease activity (proofreading) that acts
ina 3" to 5" direction on both sSRNA and dsRNA and a guanine-N7 methyltransferase activity at
its C-terminal (Gorla et al., 2020).

The guanine-N7-methyltransferase activity is part of the process for introducing the 5'-cap of
the virus, which involves multiple steps: the gamma-phosphate of the 5’end of nascent mRNA is
removed by the RNA triphosphatase (NSP13) (Ivanov KA et al., 2004)

* NSP15

NSP15 of SARS coronavirus has been biochemically characterized as an endoribonuclease that

cleaves RNA at uridylates at the 3'-position to form a 2'-3" cyclic phosphodiester
product (Bhardwaj K et al.,2006)

The NSP15 protein specifically targets and degrades the viral polyuridine sequences to prevent
the host immune sensing system from detecting the virus (Hackbart M et al.,2020). NSP15 uses
manganese as a cofactor to promote endoribonuclease activity (Bhardwaj K et al.,2004) It has been

suggested that NSP15 degrades viral dsSRNA to prevent host recognition (Deng X et al.,2018).

* NSP16

NSP16 for coronavirus has been biochemically (feline coronavirus, FCoV) and structurally
(complex of NSP10-NSP16 for SARS CoV) characterized. The viral RNA has a 5'-cap, which
protects it from mRNA degradation by 5'-exoribonucleases, promotes mRNA translation, and
prevents the viral RNA from being recognized by innate immunity mechanisms (Decroly E et al.,
2011).

The RNA cap is an N7-methylated guanine nucleotide connected through a 5'-5’ triphosphate
bridge to the first transcribed nucleotide (adenine). NSP16 methylates the 2'-hydroxy group of

adenine using S-adenosylmethionine as the methyl source (Decroly E et al.,2011).
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Table 03 summarizes the list of SARS-CoV-2 non-structural proteins (NSPs) and their

molecular functions

Table 03. Brief description of various non-structural proteins of SARS-CoV-2 (Yadav et al.,

2021)
Name Protein (Full Length Range Role Accession No.
Name) (aa)
N-terminal Leader protein which acts
roduct of as host translation inhibitor
NSP1 pthe viral 180 1-180 and also degrade YP_009725297
replicase host MRNASs
N-terminal Binds to p.rc_)hibitin 1 and
NSP2 638 |181-818 prohibitin 2 (PHB1 and | YP_009725298
product
PHB2)
Responsible for release of
Papain-like 819- NSP1, NSP2, and NSP3
REIE proteinase 1945 2763 | from the N-terminal region YP_009725299
of ppla and lab
S g/rlﬁlrir;]brar:ce); oin Viral replication
— contagir?ing 500 | 2%+ transcription complex | 5 159795300
transmembrane 3263 and it helps modify ER -
. Membranes
domain 2
. Cleaves at multiple distinct
Proteinase and ; .
. 3264 sites to yield mature and
NP proTeezlr?ase 306 3569 intermediate nonstrqctural YP_009725301
proteins
Induces formation of ER-
Putative 3570 derived
NSP6 transmembrane 290 3859 autophagosomes YP_009725302
domain As well as induces double-
membrane vesicles
RNA- Forms complex with NSP8
NSP7 | dependent RNA g3 | 3860 | and NSP12to yield the YP_009725303
polymerase 3942 RNA pozn&fg%sg activity
Multimeric RNA 3943 Makes heterodimer with
NSP8 polymerase; 198 NSP8 and YP_009725304
. 4140
replicase 12
single-stranded 4141
NSP9 RNA-binding 198 4253 May bind to helicase | YP_009725305
viral protein
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Growth-factor-

like protein 4254
NSP10 possessing 139 4392 Yet to be deciphered | YP_009725306
two zinc binding
motifs
Consists of 13
amino acids
(sadagsfingfav) 4393
NSP11 | andidentical to 13 Unknown YP_009725312
the 4405
first segment of
Nspl2
RNA- .
NSP12 | dependent RNA o932 | 4393~ Replication and YP_009725307
5324 methylation
polymerase
RNA-dependent A helicase core domain that
RNA polymerase 5305 binds ATP.
NSP13 (Pol/RdRp) 932 5905 Zinc-binding domain is YP_009725307
involved in replication and
transcription
Proofreading Exoribonuclease activity
Exoribonuclease 5026 acting in a 3°-5% direction
NSP14 domain 527 6452 and N’-guanine YP_009725309
(ExoN/nsp14) methyltransferase
activity
EndoRNAse; 6453 Mn(2 + )-dependent
NSP15 nspl5-Al and 346 6798 endoribonuclease [YP_009725310.1
nspl5B-NendoU activity
Methyltransferase that
0 ~ i mediates MRNA cap 2°-O-
NSP16 2°-O-ribose 208 | 9799~ ribose methylation to the | YP_009725311
methyltransferase 7096

50-cap structure of viral
MRNAS

3. Accessory Proteins

The majority of proteins of SARS CoV have been characterized in detail. The proteins of SARS

CoV consist of two large polyproteins: ORF1a and ORF1ab (that proteolytically cleave to form 16

nonstructural proteins), four structural proteins: spike (S), envelope (E), membrane (M), and
nucleocapsid (N), and eight accessory proteins: ORF3a, ORF3b (NP_828853.1, not present in
SARS CoV-2), ORF6, ORF7a, ORF7b, ORF8a, ORF8b, and ORF9b (NP_828859.1, not present
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in SARS CoV-2). Although accessory proteins have been viewed as dispensable for viral
replication in vitro, some have been shown to play an important role in virus-host interactions in
vivo (Liu DX et al., 2014)

Evolutionary analysis indicated that some of these accessory proteins were dominating the early
evolutionary trends of SARS-CoV-2 (Velazquez et al., 2020).

4. Structural proteins

4.1 Spike Protein

The envelope of corona-virion contains protruding projections from its surface called the large
surface glycoproteins or spike proteins responsible for recognizing the host's receptor followed by
its binding to it and fusing with its membrane. Due to the crown-shaped appearance of these
projections it has been named coronavirus {corona-a crown (Latin)} (Satarker, S., & Nampoothiri,
M., 2020).

SARS CoV spike mouse polyclonal antibodies potently inhibited SARS CoV-2 spike protein
mediated entry into cells (Walls AC et al., 2020).

The spike protein consists of an ectodomain element, transmembrane moiety and a short
intracellular C fragment. The viral ectodomain inherits two subunits, namely S1 that facilitates
receptor binding and S2 that facilitates membrane fusion. It is structured like a clove built from

three S1 subunits and S2 stem formed of a trimer as shown in Figure 8 (Chen et al., 2020)

Therefore, the S protein plays a crucial role in viral entry into the host cells and the structural
abilities in this newly discovered SARS-CoV-2 boost its intended actions. The fact that these
protruding spikes are the first point of contact with host receptors, therapeutic strategies can be
applied to prevent its binding to target receptors and prevent viral entry into host cells (Satarker,
S., & Nampoothiri, M., 2020).
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Figure 8. The structure of Spike Protein (Xia et al., 2020)

4.2 Membrane Protein

The M protein is the most abundant virion membrane protein. Aside from its role in viral
assembly, the coronavirus M protein is believed to have functions in host interactions. It may be
O glycosylated (groups I and 111) or N glycosylated (group I1). While glycosylation is not essential
for viral assembly or infectivity, the glycosylation state of M protein is likely to play a role in
virus-host interaction. For TGEV, the M protein has been shown to have interferogenic activity,
and mutations in the M protein ectodomain that impair N glycosylation decrease this activity. For
MHYV, the selection of recombinant viruses with N, O, or no glycosylation demonstrated that while
the glycosylation state of M protein does alter the ability to replicate in vitro, it may affect the

ability to induce IFN-a in vitro and also to replicate in the liver in vivo (Weiss et al., 2005)

4.3 Nucleocapsid Protein

The nucleocapsid (N) protein of coronaviruses is a structural protein that binds directly to viral
RNA and providing stability (Grunewald Me et al., 2018). Furthermore, the N protein of SARS
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CoV-2 has been found to antagonize antiviral RNAIi (Mu J et al., 2020). In another study, the
nucleocapsid protein of SARS CoV was found to inhibit the activity of cyclin-cyclin-dependent
kinase (cyclin-CDK) complex. Inactivation of the cyclin-CDK complex results in
hypophosphorylation of the retinoblastoma protein and in turn inhibits S phase (genome
replication) progression in the cell cycle (Surjit M et al., 2006).

The N protein genome consists of a serine (SR) rich linker region sandwiched between an N
terminal domain (NTD) and a C terminal domain (CTD) (Satarker, S., & Nampoothiri, M., 2020).

| 13 N- Terminal Domain 174 (SR)- Rich Linker C- Terminal Domain 419

Figure 9. Genomic sequence of SARS-CoV-2 N protein (Yan et al., 2006)

4.4 Envelope Protein

The envelope protein is a small integral membrane protein in coronaviruses, which can

oligomerize and create an ion channel (Verdia-Baguena C et al.,2012)

E protein, when expressed alone or when expressed together with M, forms virus-like particles.
Surprisingly, it was possible to select a recombinant MHV with a deletion of the E gene. Such a
recombinant MHV has low infectivity and replicates poorly, indicating that while it is nonessential
for MHV, E plays an important role in production of infectious virus. The E protein of TGEV,
however, is essential; disruption of the E gene within TGEV proteins is lethal. Apart from its role
in virus assembly, E protein has additional functions during infection. It has recently been
demonstrated that the E protein of SARS-CoV has cation-selective ion channel activity (Weiss et
al., 2005)
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Chapter 3:
The phylogeny of
SARS Cov-2



1. The phylogeny of whole genome

In a phylogenetic network analysis of 160 complete human severe acute respiratory syndrome
coronavirus 2 (SARS Cov-2) genomes, we find three central variants distinguished by amino acid
changes, which we have named A, B, and C, with A being the ancestral type according to the bat
outgroup coronavirus. The A and C types are found in significant proportions outside East Asia,
that is, in Europeans and Americans. In contrast, the B type is the most common type in East Asia,
and its ancestral genome appears not to have spread outside East Asia without first mutating into
derived B types, pointing to founder effects or immunological or environmental resistance against
this type outside Asia. The network faithfully traces routes of infections for documented
coronavirus disease 2019 (COVID-19) cases, indicating that phylogenetic networks can likewise
be successfully used to help trace undocumented COVID-19 infection sources, which can then be
quarantined to prevent recurrent spread of the disease worldwide (Forster et al., 2020)

1.1 Phylogenetic analysis of SARS-CoV-2 genomes in Turkey

COVID-19 has effectively spread worldwide. As of May 2020, Turkey is among the top ten
countries with the most cases. A comprehensive genomic characterization of the virus isolates in
Turkey is yet to be carried out. Here, we built a phylogenetic tree with globally obtained 15,277
severe acute respiratory syndrome coronavirus 2 (SARS CoV-2) genomes. They identified the
subtypes based on the phylogenetic clustering in comparison with the previously annotated
classifications. They performed a phylogenetic analysis of the first 30 SARS CoV-2 genomes
isolated and sequenced in Turkey. They suggest that the first introduction of the virus to the
country is earlier than the first reported case of infection. Virus genomes isolated from Turkey are
dispersed among most types in the phylogenetic tree. They find 2 of the seventeen subclusters
enriched with the isolates of Turkey, which likely have spread expansively in the country. Finally,
they traced virus genomes based on their phylogenetic placements. This analysis suggested
multiple independent international introductions of the virus and revealed a hub for the inland
transmission. They released a web application to track the global and interprovincial virus spread
of the isolates from Turkey in comparison to thousands of genomes worldwide (Adebali et al.,
2020).
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Figure 11. Phylogenetic tree of SARS-CoV-2 samples sequenced in Turkey (Adebali
et al., 2020)

1.2. Phylogenetic analysis of SARS-CoV-2 genomes in Chile

The current pandemic caused by the new coronavirus is a worldwide public health concern. To
aboard this emergency, and like never before, scientific groups around the world have been
working in a fast and coordinated way to get the maximum of information about this virus when
it has been almost 3 months since the first cases were detected in Wuhan province in China. The
complete genome sequences of around 450 isolates are available, and studies about similarities
and differences among them and with the close related viruses that caused similar epidemics in
this century. In this work, they studied the complete genome of the first four cases of the new
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coronavirus disease in Chile, from patients who traveled to Europe and Southeast Asia. Their
findings reveal at least two different viral variants entries to Chilean territory, coming from Europe
and Asia. They also sub- classified the isolates into variants according to punctual mutations in
the genome. Their work contributes to global information about transmission dynamics and the

importance to take control measures to stop the spread of the infection (Andres et al., 2020).
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Figure 12. Phylogenetic tree with Maximum Composite Likelihood distance, representing 222
complete genomes including the four Chilean isolates. The name of the isolates was colored
according to the variants as follows: S (blue), G (red), V (purple), unclassified variants (green),
and the main clades were highlighted. Chilean strains are marked over the cladogram in the S and

G variant clades (Andres et al., 2020)
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1.3. Phylogenetic analysis of SARS-CoV-2 genomes in Netherlands

In late December 2019, a cluster of cases of pneumonia of unknown etiology were reported
linked to a market in Wuhan, China. The causative agent was identified as the species severe acute
respiratory syndrome-related coronavirus and was named SARS-CoV-2. By 16 April the virus had
spread to 185 different countries, infected over 2,000,000 people and resulted in over 130,000
deaths. In the Netherlands, the first case of SARS-CoV-2 was notified on 27 February. The
outbreak started with several different introductory events from Italy, Austria, Germany and
France followed by local amplification in, and later also outside, the south of the Netherlands. The
combination of near to real-time whole-genome sequence analysis and epidemiology resulted in
reliable assessments of the extent of SARS-CoV-2 transmission in the community, facilitating
early decision-making to control local transmission of SARS-CoV-2 in the Netherlands. They
demonstrate how these data were generated and analyzed, and how SARS-CoV-2 whole-genome

sequencing, in combination with epidemiological data, was used to inform public health decision-

making in the Netherlands (Oude et al., 2020)
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Figure 13. Phylogenetic analysis of SARS CoV-2 emergence in the Netherlands (Oude et al.,
2020)
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Experimental research



Material and Methods



1. Material and Methods

1.1 Introduction to databases
» Presentation of GISAID :

GISAID is a global science initiative and primary source established in 2008 that provides open
access to genomic data of influenza viruses and the coronavirus responsible for the COVID-19
pandemic. On January 10, 2020, the first whole-genome sequences of SARS-cov2 were made
available on GISAID, which enabled global responses to the pandemic, including the development
of the first vaccines and diagnostic tests to detect SARS-CoV-2. As of Mai 12 2022 deadline of
our phylogenetic analysis, the GISAID database (https://www.gisaid.org/) had compiled
11,134,425 coronavirus genomes from different geographies.

1.2. Collection of genomic sequences from databases

SARS-CoV-2 genome sequences were assembled from GISAID (https://www.gisaid.org/) in
FASTA format.

A total of 264 sequences of SARS-CoV-2from Algeria have been found.

1.3 Steps of research on GISAID

The following illustrations summarize the steps in the search for genomic sequences on GISAID:

Global Initiative on Sharing  «2
Avian Influenza Data

Step 1. Open Google browser page (https://www.gisaid.org/)
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0 é

w About us

China CDC shares latest COVID-19 data

The Chinese Center for Disease Control and Prevention shared via = .
GISAID new hCoV-19 genome sequences from 27 provinces, collected .
between 2022-01-01 and 2022-03-30. Phylogenetic analyses suggest .

at least 35 independent introductions from outside China rather than .
extensive local transmission. This indicates that measures are mostly
effective in disrupting long transmission chains following import.

gisaid.org

Login

Database Features Events Collaborations Resources Registration Help

Genomic epidemiology of hCoV-19

Eleven genomes were assigned as Delta (from six distinct lineages),

and 66 genomes were assigned as Omicron (from 14 distinct lineages).

No highly divergent new variants were found. A small cluster of multiple cities (2x Hong Kong, 1x Shaanxi, 2x
Zhejiang, 2x Yunnan, 1x Beijing) is seen in the tree tip with Hong Kong cases in the genetic base which are
part of lineage BA.2.2.

> read more
000000

hCoV-19 Submission Tracking Track Omicron and other variants
C g LSy,

]

Enabled by data shared via GISAID

Spike Protein Mutations Monitoring
KAUST (Saudi Arabia)
Visualization of frequency of point mutations in the

o

g

GISAID Resources

Publ EPI_SETID

vate Partnerships of the GISAID Ini

Step 2. Home page of GISAID

» After Login and entering the keywords (which is cov), all the genomic sequences of SARS-
CoV-2 are loaded into each page containing 50 sequences.

© 2008 - 2022 | Terms of Use | Privacy Notice | Contact

‘ou are logged in 2s Boubendir Abdelhafid - lagout

EpiFlu™ EpiCoV™ My profile

EpiCoVv™ | Search | Downloads | Upload

EPLISLID | Jvirus name [(Gov ] [ Complete(®

Location | ~] Host ([ High coverage (@

Collection | ] to [ | Submission | to | ] Low coverage excluded (7,

Clade [an ~] Lineage | ~ | Substitutions(® | ~ | Variant ~ [ with patient status(@

Text Search [ Collection date complete(®

P [ Under investigation

) virus name Passage d¢ Accession ID Collectionda  Submission L (D  Length Host Location Originating
[J  nCoV-19/USA/CO-CDPHE-2103065597/20 Original  EPI_ISL_13019861 2022-01-18 202203-30 A 29578 Human  North America/l Colorac
0 | hCoV-19/USA/CO-CDPHE-2103069307/20 Original  EPI_ISL_13019860 2021-12-28  2022-03-30 | ML 29764 Human  NorthAmerica/l Colorac
[ | hCoV-19/USA/CO-CDPHE-2103025937/20 Original  EPI_ISL_1301985¢ 2022-01-10 20220330 | A 29759 Human  NorthAmerica/l Colorac
[0 | hCoV-19/USA/CO-CDPHE-2103070425/20 Original ~ EPI_ISL_13019858 2022-03-18 = 2022-0330 = A 20581 Human  North America/l Colorac
(] | hCoV-19/USA/CO-CDPHE-2100049653/20 Original ~ EPI_ISL_13019857 2020-11-30 = 2022.03.30 | <> 29780 Human  North America/l Colorac
(] | hCoV-19/USA/CO-CDPHE-2103062183/20 Original ~ EPI_ISL_13019856 2022-01-07 = 2022-03-30 | <> 29746 Human  North America/l Colorac
[0 | hCoV-19/BraziRS-FIOCRUZ-10555/2022  Original  EPI_ISL_13019855 2022-04-26 = 2022:05.30 = <> 29763 Human  Seuth America/l Laborat
(] nCoV-19/BrazilRS-FIOCRUZ-10545/2022  Original  EPI_ISL_13019854 2022-04-26 20220530 <> 29786 Human  Souih America/l Laboral
[0 | nhCoV-19/BrazilRS-FIOCRUZ-10544/2022 Original ~ EPI_ISL_13019853 2022-04-27 = 2022-05:30 | <> 20785 Human  SouthAmerica/l Labarat
(] | hCoV-19/BrazilRS-FIOCRUZ-10543/2022 Original ~ EPI_ISL_13019852 2022-03-16 = 2022-05-30 | <> 29786 Human  South America /| Laborat
0 | hCoV-19/BrazilRS-FIOCRUZ-10513/2022  Original  EPI_ISL_13019851 2022-03-12 = 2022-05-30 | <> 29786 Human  South America /| Laborat~

Tarals 11 124 498 virncac

Step 3. SARS-CoV-2 genome search results on GISAID
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Virus detail
Virus name:
Accession ID:
Type:

Clade:

Pango Lineage:

AA Substitutions:

Variant:
Passage details/history:

hCoV-19/USA/NJ-PHEL-V22023601/2022

EPI_ISL_13040207

betacoronavirus

GRA

BA.2 (Pango v.4.0.8 PLEARN-v1.8), Probable Omicron (BA 2-like) (Scorpio)

Spike A27S, Spike D405N, Spike D614G, Spike DT96Y, Spike E484A, Spike G142D, Spike G334D, Spike HE55Y, Spike
K417N, Spike L24del, Spike N440K, Spike N501Y, Spike N6T9K, Spike N764K, Spike N969K, Spike P25del, Spike
P26del, Spike P681H, Spike Q493R, Spike Q488R, Spike Q954H, Spike R408S, Spike S3T1F, Spike S373F, Spike
S375F, Spike 3477N, Spike T19I, Spike T376A, Spike T478K, Spike V213G, Spike Y505H, E T9I, M AG3T, M Q19E, N
E31del, N G204R, N P13L, N R32del, N R203K, N $33del, N S413R, N T491, NS3 T223l, NSP3 G489S, NSP3 T24|,
NSP4 E219K, NSP4 T4921, NSP5 P132H, NSP6 F108del, NSP6 G107del, NSP6 S106del, NSP12 P323L, NSP13
R392C, NSP14 142V, NSP15T112|, NSP16 K160R

VOC Omicron GRA (B.1.1.528+BA.*) first detected in Botswana/Hong Kong/South Africa

Original

Sample information

Collection date:
Location:
Host:

Additional location information:

Gender:

Patient age:
Patient status:
Specimen source:

Additional host information:

Sampling strategy:
Outbreak:

Last vaccinated:
Treatment:

Sequencing technology:
Assembly method:
Coverage:

Comment:

2022-05-06
North America / USA / New Jersey
Human

Female

44
unknown
Nasal Swab

Baseline surveillance

Oxford_Nanopore

Medaka via Artic 1.2.1

99.33x

<l> Gap of 53 nucleotides when compared to the reference WIV04 sequence. -

%] Contact Submitter Metadata  § FASTA

& Back

Step 4. The choice of whole genome sequences.

Submission Date: 2022-05-31
Address: 3 Schwarzkopf Drive 08628 Ewing United States

FASTA

>hCoV-18/USA/N]-PHEL-V22023601/2022 |EPI_ISL_13040297| 2022-25-06

AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTGTCACTCGGLTGCATGCTTAGTGCACTCACGCAGTATAATT
AATAACTAATTACTGTCGTTGACAGGACACGAGTAACTCGTCTATCTTCTGCAGGCTGCTTACGGTTTCGTCCGTGTTGC
AGCCGATCATCAGCACATCTAGGTTTTGTCCGGGTGTGACCGAAAGGTAAGATGGAGAGCCTTGTCCCTGGTTTCAACGA
GAARACACACGTCCAACTCAGTTTGCCTGTTTTACAGGTTCGCGACGTGCTCGTACGTGGCTTTGGAGACTCCGTGGAGG
AGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGGCACTTGTGGCT TAGTAGAAGT TGAAAAAGGCGTTTTGCCTCAA
CTTGAACAGCCCTATGTGTTCATCAAACGT TCGGATGC TCGAACTGCACCTCATGGTCATGTTATGGT TGAGCTGGTAGC
AGAACTCGAAGGCATTCAGTACGETCGTAGTGGTGAGACACTTGETGTCCTTGTCCCTCATGTGEGCGAAATACCAGTGG
CTTACCGCAAGGTTCTTCTTCGTAAGAACGGTAATAAAGGAGCTGGTGGCCATAGT TACGECGCCGATCTARMGTCATTT
GACTTAGGCGACGAGCTTGGCACTGATCCTTATGAAGATTTTCAAGAAMACTGGAACACTAAACATAGCAGTGGTGTTAC
CCGTGAACTCATGCGTGAGCTTAACGGAGGEGCATACACTCGCTATGTCGATAACAACTTCTGTGGCCCTGATGGCTACC
CTCTTGAGTGCATTAMAGACCTTCTAGCACGTGCTGGTAAAGCTTCATGCACTTTGTCCGAACAACTGGACTTTATTGAC
ACTAAGAGGGGTGTATACTGC TGCCGTGAACATGAGCATGAAATTGCT TGGTACACGGAACGTTCTGAAAAGAGCTATGA
ATTGCAGACACCTTTTGAAATTAAATTGGCAAAGAAAT TTGACACCT TCAATGGGGAATGTCCAAATTTTGTATTTCCCT
TAAATTCCATAATCAAGACTATTCAACCAAGGGT TGAAAAGAAAAAGC TTGATGGCTTTATGGGTAGAATTCGATCTGTC
TATCCAGT TGCGTCACCAAATGAATGCAACCAAATGTGCCTTTCAACTCTCATGAAGTGTGATCATTGTGETGAAACTTC
ATGGCAGACGGGCGATTTTGTTAAAGCCACTTGCGAATTTTGTGGCAC TGAGAAT TTGACTAAAGAAGGTGCCACTACTT
GTGGTTACTTACCCCAAAATGCTGTTGT TAAMATTTATTGTCCAGCATGTCACAATTCAGAAGTAGGACCTGAGCATAGT
CTTGCCGAATACCATAATGAATCTGGCT TGAMAACCATTCTTCGTAAGGGTGGTCGCACTATTGCCTTTGGAGGCTGTGT
GTTCTCTTATGTTGGTTGCCATAACAAGTGTGCCTATTGGGT TCCACGTGCTAGCGCTAACATAGGT TGTAACCATACAG

GTGTTGTTGGAGAAGGT TCCGAAGG TCTTAATGACAACCTTC TTGAAATACTCCAMMGAGAAAGTCAACATCAATATT

GTTGETGACTTTAAACTTAATGAAGAGATCGCCATTATTTTGGCATCTTTTTCTGCTTCCACAAGTGCTT
TGTGAAAGGTTTGGATTATAAAGCATTCARACAAATTGTTGAATCCTG TGGTAATWTAAAGTIACAAAAGGAAAAGCTA
AAAAAGGTGCCTGEAATATTGGTGAACAGAAATCAATACTGAGTCCTCTTTATGCATTTGCATCAGAGGCTGCTCGTGTT
GTACGATCAATTTTCTCCCGCACTCTTGAAACTGCTCAAMATTCTGTGCGTGTTT TACAGAAGGCCGCTATAACAATACT
AGATGGAATTTCACAGTATTCACTGAGACTCATTGATGCTATGATGTTCACATCTGATTTGGCTACTAACAATCTAGTTG
TAATGGCCTACATTACAGGTGGTGT TGTTCAGT TGACT TCGCAGTGGC TAACTAACATCTTTGGCACTGTTTATGAAAAA
CTCAAACCCGTCCTTGATTGECTTGAAGAGAAGT TTAAGGAAGGTGTAGAGTTTCTTAGAGACGGTTGGGAAATTGTTAA
ATTTATCTCAACCTGTGCTTGTGAAATTGTCGGTGGACAAATTGTCACCTGTGCAAAGGAAATTAAGGAGAGTGTTCAGA
CATTCTTTAAGCTTGTAAATAAATTTTTGGCTTTGTGTGCTGACTCTATCATTATTGGTGGAGCTAAACTTAAGCCTTG
AATTTAGGTGAMACATTTGTCACGCACTCAAAGGGATTGTACAGAAAGTGTGTTAAATCCAGAGAAGAAACTGGCCTACT
mTﬁc CTCTAAAAG( CCCAMAAGAAATTATCTTCT TAGAGGGAGAAACACT TCCCACAGAAGTGT TAACAGAGGAAGTTG
TGGTGATT TACAACCATTAGAACAACCTACTAGTGAAGCTGT TGAAGCTCCATTGGT TGGTACACCAGTT
TGTATTAAC GEGCTTATGTTGCTCGAAATCAAAGACACMAAAAGTAE TGTGCCCTTGCACCTAATATGATGGTAACAAA
CAATACCTTCACACTCAAAGGCGGTGCACCAACAAAGGTTACTTTTGGTGATGACACTGTGATAGAAGTGCAAGGT TACA
AGAGTGTGAATATCATTTTTGAACT TGATGAAAGGATTGATAAAGTACTTAATGAGAAGTGCTCTGCCTATACAGTTGAA
CTCGGTACAGAAGTAAATGAGTTCGCCTGTGTTGTGGCAGATGCTGTCATAAAAACTTTGCAACCAGTATCTGAATTACT
TACAC CACTGGGCATTGA'I'I"IAGATGAGTGGAGTATGGCTACATACTACT'IAT'I'FGATGAGTC'IGGTGAGTTTAAATTGG
CTTCACATATGTATTGTTCTTTTTACCCTCCAGATGAGGATGAAGAA TGATTGT! A TTTGAGCCA
TCAACTCAATATGAGTATGGTACTGAAGATGAT TACCAAGGTAAACCT TTGGAATTTGGTGCCACTTCTGCTGCTCTTCA
ACCTGAAGAAGAGCAAGAAGAAGAT TGGTTAGATGATGATAGTCAACAAACTGTTGGTCAACAAGACGGCAGTGAGGACA
ATCAGACAACTACTATTCAAACAATTGTTGAGGTTCAACCTCAAT TAGAGATGGAACT TACACCAGTTGTTCAGACTATT
GAAGTGAATAGTTTTAGTGGTTATTTAAAACTTACTGACAATGTATACATTAAARATGCAGACAT TGTGGAAGAAGCTAA
AAAGGTAAAACCAACAGTGGTTGTTAATGCAGCCAATGTTTACCT TAAACATGGAGGAGGTGTTGCAGGAGCCTTAAATA -

] Contact Submiter  — | Metacata  § FASTA

€ Bk

Step 5. Download SARS-CoV-2 Full Genome Sequences in Format FASTA by clicking on
“FASTA”
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1.4 The stages of phylogenetic tree construction
1.4.1 Introducing MEGA 7

We present the latest version of the Molecular Evolutionary Genetics Analysis (MEGA)
software, which contains many sophisticated methods and tools for phylogenomics and
phylomedicine. In this major upgrade, M EGA has been optimized for use on 64-bit computing
systems for analyzing larger datasets. Researchers can now explore and analyze tens of thousands
of sequences in MEGA. The new version also provides an advanced wizard for building timetrees
and includes a new functionality to automatically predict gene duplication events in gene family
trees. The 64-bit M EGA is made available in two interfaces: graphical and command line. The
graphical user interface (GUI) is a native Microsoft Windows application that can also be used on
Mac OS X. The command line M EGA is available as native applications for Windows, Linux,

and Mac OS X. They are intended for use in high-throughput and scripted analysis. Both versions

are available from www.megasoftware.net free of charge.

Molecular Evolutionary Genetics Analysis (MEGA) software is now being applied to
increasingly bigger datasets. This necessitated technological advancement of the computation core
and the user interface of MEGA. Researchers also need to conduct high-throughput and scripted
analyses on their operating system of choice, which requires that MEGA be available in native
cross-platform implementation. We have advanced the MEGA software suite to address these
needs of researchers performing comparative analyses of DNA and protein sequences of increasing

larger datasets.
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http://www.megasoftware.net/

[T MEGA 7.0.26(7170509-x86_64)
File Analysis Help
£ L3 2 S = & @ & = =2 o T

Align Data Models Distance Diyersity Phylogeny User Tree  Ancestors  Selection Rates Clocks Diagnose

& = ) =1 (-4 ® | <& | &
Help Docs Examples Gitation Report 2 Bug Updates?  MEGA Links Toolbar Preferances
MEGA, release #7170509-<06 64

Figure 14. The main window of MEGA 7

1.4.2. Sequence alignment

m MEGA 7.0.26(7170509-x86_64) -
File Analysis Help

", ® 0w =B O®f W _ % "W E O _ T

Data Models Distance  Diyersity Phylogeny UserTree  Ancestors  Selection  Rates Clocks Diagnoss
Edit/Build Alignment

Edit/View Sequencer Files (Trace)..

&

Open Saved Alignment Session...
Show Web Browser

Query Databanks

Do BLAST Search

& E =

@ =4 = = <3 @ P &

Help Docs Examples Cration Reportafug  Updatesz  MEGA Links Toolbar Preferences

Step 6. Open the MEGA 7 program, click on Align and select Edit /Build Alignment.
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M [V

Data

=
DMAZ

vz A — [ ><

Select an Option

(@) Create a news alignment

) Open a =aved alignment session
0 FRetriewve sequences from a file

e K M Cancel

Step 7. Select create a new alignment and click on OK.

m Datatype for alignment

\-.?/ Are you building a DMA or Protein sequence alignment?

DA Protein Cancel

Step 8. Click on DNA.

Alignment Explorer

Edit Search Alignment Web Sequencer Display Help

Undo

| @

Copy BS

Cut

Paste

Delete

Delete Gaps
[ Insert Blank Sequence  Ctri+N
) Insert Sequence From File Ctrl+|

Select Site(s)

Select Sequence(s

Select All

Allow Base Editing

Mofify All Bases to Uppercase

F = @ with wio Gaps

Step 9. Click on Edit then “insert blank sequence.
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AM7: Alignment Explorer a x
Data Edit Search Alignment Web Sequencer Display Help

DEES =& wWw o'l T T YIRS & 8 4 &
DNA T Protein

Species/Abbrv & | Group Name

wsert name of
comntry faumber of
accessyear

it # D [ ®with O wioGaos

Step 10. Click on sequence and write country name/access number/year.

» Then copy paste the sequence .

[ 17 Alignment Explorer
Data Edit Search Alignment Web Sequencer Display Help
D | = @ W W W o o X R X ¥ e e da fh &) @

DNASequences Translated Protein Sequences

Species/Abbrv ¥ |Group Name
1. Algiers/EPI_ISL_12
2. Bouira/EP1_ISL_12|
3. Blida/EPI_ISL_121¢

sitez p = ® with O wio Gaps

Step 11. Insertion of 29 SARS-CoV-2 DNA sequences.
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[ M7: Alignment Explorer (phylogenetic tree of algeria univ.masx) - (=] X
Data Edit Search Alignment Web Sequencer Display Help
D@ Y| S &6 WY ol IR T I KN Y I

DNASequences Translated Protein Sequences

Species/Abbrv [Group Name | - B - - B -
1. Algerialalg 1ISL_1
2. Algeria/BejaialEP|_ISL_12 1

3. Algenia/Blida/EPI_|SL_12042778/2022

4. Algeria/Constantine/EPI_ISL_10969626/2022
5. AlgeniaiMedea/EPI_ISL_12042772/2022

6. Algeria/Bouira/EP|_ISL_12042776/2022

7. Algeria/Djelfa/EPI_ISL_11437943/2022

8. Algeria/LaghouatiEPI_ISL_10752633/2022

9. AlgeniaMiareVEPI_ISL_12156727/2020

10. Algerialouargla/EPI_ISL_766875/2020

11. Algeria/Adrar/EPI_ISL_766874/2020

12 Algeria/Tizi Quzouw/EPI_ISL_766870/2020

13. Algeria/TouggourVEPI_ISL_5052207

14 AlgeriaTissemsileVEPI_ISL_5052197/2021
15. Algeria/Oran/EPI_ISL_11805501/2021

16. AlgeriaMascara/EPI_ISL_11749581/2021

17 Algeria/El Qued/EPI_ISL_12156706/2021

18. Algeria/Biskra/EPI_ISL_5052200/2021

19. Algeria/Batna/EPI_ISL_5052212/2021

20, AlgeriaMHassi Messoud/EPI_ISL_12156758/202
21. Algeria/Sidi Bel Abbes/EPI_ISL_4004797/2021
22, Algeria/Eddis/EPI_ISL_3690016/2021

23, AlgerialTipaza/EPI_ISL_12156740

24, Algeria/SetiiEPI_ISL_766865/2020

25, Algeria/Bord] BouarifidyEPI_ISL_766873/2020
26, Algeria/TindouEPI_ISL_5052206/2021

27. Alg giers/EPI_ISL_1.

28 jira/EP1_ISL_1

29. Algeria/Blida/EPI_ISL_12043095/2022

< >

ste#fi I ®wih  OwoGas
Step 12. Insertion result of the 29 Virus DNA samples obtained from GISAID.

15. Algeria/Oran/EPI_ISL_11905501/2021

16. AlgeriaMascara/EPI_ISL_11749581/2021

17. Algeria/E| Oued/EPI_ISL_12156706/2021

18. Algeria/Biskra/EPI_ISL_5052209/2021

19. Algeria/Batna/EPI_ISL_5052212/2021

120. AlgeriaHassi Messoud/EPI_ISL_12156758/202
121. Algeria/Sidi Bel Abbes/EPI_ISL_4004797/2021
122. Algeria/Eddis/EPI_ISL_3690016/2021

123. Algeria/Tipaza/EPI_ISL_12156740

124. Algeria/SetiEPI_ISL_766865/2020

125. Algeria/Bordj Bouaririd/EPI_ISL_766873/2020
126. Algeria/Tindoul/EPI_ISL_5052206/2021

127. i i I_ISL_’

28. I_ISL_

129. Algeria/Blida/EPI_ISL_12043095/2022

M M7: Alignment Explorer (phylogenetic tree of algeria univ.masx) - =] x
Data Edit Search Alignment Web Display Help
D |© Undo anz | @ L OB YBX < WmE | BN
DNA{ By Copy Cul-C  Bs
Speci % Cut CtdeX | GroupName | ® " 2 = = =
1.Alg @ Paste CtrisV B l=
2.9 % Delete = c
3 A9 3¢ Delete Gaps i Ac
4. Alg .
5 Alg| B Insert Blank Sequence  Ctrl+N |
6.Alg @) Insert Sequence From File Ctrl+| | |
7. Al
5 N: Bf] Select Site(s) = =
9. Alg - sdm&uenze(s) . c
10. Al H c|
114 c
Allow Base Editir
b e HEAmC
13.Al Mofify All Bases to Uppercase c
14. AlbnrislrlssamsilmlEPl_iSL_505219712lJ2 .
c
c

; ®@with O wio Gaos

o

sneaﬁ5 §

Step 13. Select all sequences: Edit / select all.
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[ M7: Alignment Explorer (phylogenetic tree of algeria univ.masx) - =] x

Data Edit Search ent Web Sequencer Display Help
D & | %W AlgnbyClusaW o RIEX X BB | BBHR

DNASequences Tf W Align by ClustalW (Codons) I
[Species/Abbry &) Align By Muscle ~ B 5 - . .
1. Algeria/igiers/EP| %) Align by Muscle (Codons)
im S cuieM
. Alger: 1l 3

[é Nosaartonsiann L ket ri ch il
5. Aigeriamegeargpy  Unmark Al Stes

6. Algena/Bouira/EPI| 3 Delete Gap-Only Sites

7. AlgerialDielfa/EPL [ auto-Fill Gaps

8. Algenia/l.aghouatErry
9. Algeri 1_ISL_12
10. 1_ISL_

1. Algeria/Adrar/EP|_ISL_766874/2020

12. Algeria/Tizi Ouzou/EPI_ISL_766870/2020

13. Algeria/Touggour/ERI_ISL_5052207

14. AlgerialTissemsiletEPI_ISL_5052197/2021
15. Algeria/Oran/EPI_ISL_11905501/2021

16. AlgeriaMascara/EP|_ISL_11749581/2021

17. Algeria/El Oued/EP|_ISL_1215670612021

18. Algeria/Biskra/EPI_ISL_5052200/2021

19. Algeria/Batna/EPI_ISL_5052212/2021

120. Algeri i ISL_12

121. Algeria/Sidi Bel Abbes/EPI_ISL_4004797/2021
22, AlgeriaEdaIS/EPI_ISL_3690016/2021

123. Algeria/Tipaza/EPI_ISL_12156740

[24. Algeria/SetiEPI_ISL_766865/2020

125. Algeria/Bord) BouariridyEPI_ISL_766873/2020

126. 1_ISL_¢ 1
[27. I_ISL_
28. _IsL_
(29, ISL_°
[<H >
site # 9750 Z ®with O wioGaos
Step 14. Activate Alignment: Alignment/Align by Clustaw.
B 47: Alignment Explarer (phylogenetic tree of algeria univ.masx) - la X
Data Edit Search Alignment Web Sequencer Display Help
DEFEY| TR WY u L BT KR Y Y I
DNA Pratein
Species/Abbrv IGmupNime - * * * * *
1. AlgerialAlgiers/EP|_ISL_10588942/2022
2. I_IsL_12 1
3. Algeria/Blida/EPI_ISL_12042778/2022
4 i i 1_ISL_

5. AlgeriaiMedealEPI_ISL_12042772/2022

6. Algeria/Bouira/EPI|_ISL_12042776/2022

7. AlgeriaiDjelfa/EPI_ISL_11437943/2022

8. AlgerialLaghoualiEP|_ISL_10752633/2022

9. Algeria/TiareVEPI_ISL_12156727/2020

10. Algerialouargla/EPI_ISL_766875/2020

11. AlgerialAdrar/EPI_ISL_766874/2020

12, Algeria/Tizi OuzowEPI_ISL_766870/2020

13. Algeria/Touggour/EPI_ISL_5052207

14. AlgeriaTissemsiletEPI_ISL_5052197/2021
15. Algeria/Oran/EP|_ISL_11905501/2021

16. AlgeriaMascara/EPI_ISL_11749581/2021

17. Algeria/El Oued/EPI_ISL_12156706/2021

18. Algeria/Biskra/EPI_ISL_5052209/2021

19. Algeria/Baina/EP|_ISL_5052212/2021

20. AlgeriaHassi Messoud/EPI_ISL_12156758/202
21, Algeria/Sidi Bel Abbes/EPI_ISL_4004797/2021
22, Algeria/Eddis/EPI_ISL_3690016/2021

23. AlgeriaTipaza/EP]_ISL_12156740

24. Algeria/SeliiEPI_ISL_766865/2020

25. Algeria/Bordj BouariridyEPI_ISL_766873/2020
26. AlgerialTindouEPI_ISL_5052206/2021

27. i LISL_1

23. Algeri; i 1_ISL_°

29. Algeria/Blida/EPI_ISL_12043095/2022

<M B
Shlﬁa?m Fﬂ ® with O wio Gaos

Step15. Confirmation the activation of Alignment: OK.
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Data  Edit

ment Explorer (phyloge

Search Alignment Web Sequencer

netic tree of algeria univ.

Display

Help

g X

D@ E W[ =& 6 W oL

BT KN Y I Yy

DNASequences Translated Protein Sequences

Species/Abbrv

1. Alg g

_ISL_

2. Algeria/Bejaia/EPI_ISL_12 1

3. Algeria/Blida/EPI_ISL_1204277812022

4. AlgeniaiConstantine/EPI_ISL_10969626/2022
5. Algeria/MedealEP|_ISL_12042772/2022

6. Algeria/Bouira/EPI_ISL_12042776/2022

7. AlgeriaiDjelfa/EPI_ISL_11437943/2022

8. Algeria/Laghouat/EPI_ISL_10752633/2022

9. AlgeriaiTiaret/EPI_ISL_12156727/2020

10, Algeria/ouargla/EPI_ISL_766875/2020

11, Algeria/Adrar/EP|_ISL_766874/2020

12, Algeria/Tizi OuzouwEPI_ISL_766870/2020

13, Algeria/Touggour/EPI_ISL_5052207

14, Algeria/TissemsileVEPI_ISL_5052197/2021
15, Algeria/Oran/EP|_ISL_11905501/2021

16. AlgeriaMascara/EPI_ISL_11749581/2021

17. Algeria/El Qued/EPI_ISL_12156706/2021

18, AlgeriaBiskra/EPI_ISL_5052209/2021

19, AlgeriaBatna/EPI_ISL_5052212/2021

20, AlgeriaHassi Messoud/EPI_ISL_12156758/202
21, Algeria/Sidi Bel Abbes/EPI_ISL_4004797/2021
22, Algeria/Eddis/EPI_ISL_3690016/2021

23, AlgerialTipaza/EP1_ISL_12156740

24, Algeria/SelifEPI_ISL_766865/2020

25, Algeria/Bordj Bouariridy/EPI_ISL_766873/2020
26. Algeria/TindoulEPI_ISL_5052206/2021

27, Algeria/Algiers/EPI_ISL_12654820/2022

28 a/EPI_ISL_1

29, Algeria/Blida/EPI_ISL_12043005/2022

Group Name - -
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGEGTGTEGECTGTCACTCGGEGCTGCATGCTTAGTGCACTCACGCAGTAT
TCGTACGTGGCTTTGGAGACTCCOGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGGCACTTGETGGH
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTEGECTGTCACTCGGECTGCATGCTTAGTGCACTCACGCAGTAT
TTGTAGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCA
TTEGTAGATCTGTTCTCTAAACGAACTTTAAAATCTETGTGGCTGTCACTCGGCTGCATGCTTAGTEGCACTCACGCA
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTEGECTGTCACTCGGECTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGEGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTEGECTGTCACTCGGECTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTEGECTGTCACTCGGECTGCATGCTTAGTGCACTCACGCAGTAT

AGATCTGTTCTC
AGATCTGTTCTC
AGATCTGTTCTC
AGATCTGTTCTC
AGATCTGTTCTC
AGATCTGTTCTC
AGATCTGTTCTC
AGATCTGTTCTC
AGATCTGTTCTC

AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTETTCTCTAAACGAACT TTAAARTCTGTGETEECTETCACTTGGCTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTETEGECTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTETCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTETEGECTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTGETGGCTETCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
AGATCTGTTCTCTAAACGAACTTTAAAATCTGTETEGECTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
TTGTAGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTEGECTGTCACTCGGCTGCATGCTTAGTGCACTCACGCH

ClustalW Progress

Pairwise alignment

Multiple alignment

X cancel

GGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
CGGCTGTCACTCGGCTGCATEGCTTAGTGCACTCACGCAGTAT,
GGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
CGGCTGTCACTCGGCTGCATEGCTTAGTGCACTCACGCAGTAT,
GGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
CGGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT,
GGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT
CGGCTGTCACTCGGCTGCATEGCTTAGTGCACTCACGCAGTAT,
GGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTAT

750 =

® with O wio Gaps

Step 16. You will have the result of the alignment after more than 7 hours.

[ 17: Alignment Explorer (phylogenetic tree of algeria univ.mass)

Data Edit Search

Alignment Web Sequencer Display Help

- (=] x

0O & W

=@ WY e L

o R EBX K WE | 8RR

DNASequences Translated Protein Sequences

Species/Abbrv

1. AlgeriaiAlgi _ISL_1

2. 1_I1SL_1 1

3. Algeria/Blida/EPI_ISL_12042778/2022

4. Algenia/Constantine/EPI_ISL_10969626/2022
5. AlgeriaiMedealEP|_ISL_1204277212022

6. Algeria/Bouira/EP|_ISL_12042776/2022

7. Algeria/Djelfa/EPI_ISL_11437943/2022

8. AlgerialLaghoualEPI_ISL_10752633/2022

9. Algeria/TiareVEPI_ISL_12156727/2020

10. Algerialouargla/EPI_ISL_766875/2020

11. Algeria/Adrar/EPI_ISL_766874/2020

12. AlgeriaTizi QuzowEP|_ISL_766870/2020

13, Algeria/Touggour/EPI_ISL_5052207

14. Algeria/TissemsileVEPI_ISL_5052197/2021
15. Algeria/Oran/EPI_ISL_11805501/2021

16. AlgeriaMascara/EPI_ISL_11749581/2021

17. Algeria/E| Qued/EPI_ISL_12156706/2021

18. Algeria/Biskra/EPI_ISL_5052209/2021

19. Algeria/Batna/EP|_ISL_5052212/2021

20. AlgeriaMHassi Messoud/EPI_ISL_12156758/202
21. Algeria/Sidi Bel Abbes/EPI_ISL_4004797/2021
22, Algeria/Eddis/EPI_ISL_3690016/2021

23. AlgerialTipaza/EPI_ISL_12156740

24, Algeria/SetiflEPI_ISL_766865/2020

25. Algeria/Bord| BouariridyEPI_ISL_766873/2020
26. AlgerialTindoul/EPI_ISL_5052206/2021

27. Algeria/Algiers/EPI_ISL_12654829/2022

28 ira/EPI_ISL_126!

29. Algeria/Blida/EPI_ISL_12043095/2022

Group Name

2 wio Gaps

Site # PSNG - ®win

Step 17. Result of alignment.
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» The appearance of the GAPs confirms the achievement of the alignment.

@ M7: Alignment Explorer (phylogenetic tree of algeria updated.masx) =] *
Data Edit Search Alignment Web Sequencer Display Help
D) CresteMNew |w s nL © B L BOK ¥ @ a u,pgu,|
= Open in Sequences
Reapen Group Name
Close 1212022 -
Phylogenetic Analysis 072021 E--
y2022 .
& Save Session Ctrl+S  bparsamno -
Yy »
8 DMA Sequences FASTA format
Protein Sequences NEXUS/PAUP Format S
Wi Translate/Untranslate 12020 -
5 Select Genetic Code Table  [5/2020 .-
020 ---
Il Reverse Complement la702020 o
Reverse 2207 .
Complement 52197/2021 .
Exit AlnExplorer 112021 s
58172021 -

17, Algeria/El Qued/EPI_ISL_12156706/2021 ---
18. Algeria/Biskra/EP]_ISL_5052209/2021 .-
19, Algeria/Batna/EPI_ISL_5052212/2021 -
20. Alg i LISL_12156758/ ---
21. Algeria/Sidi Bel Abbes/EPI_ISL_4004797/2021 .-
22, Algeria/Eddis/EPI_ISL_3690016/2021 - -
23. AlgerialTipaza/EPI_ISL_12156740 .-
24. Algeria/SetilEP|_ISL_766865/2020 .- -
25. Algeria/Bordj BouariridyEPI_ISL_766873/2020 - -
26. Algeria/TindoutEPI_ISL_S5052206/2021 .-
27. AlgerialAlgiers/EPI_ISL_12654829/2022 .-
28 ira/EPI_ISL_126! - - -
29. Algeria/Blida/EPI_ISL_12043095/2022

© wio Gaos

Step 18. Save the alignment in MEGA format: Data_Export Alignment. MEGA

Vl[GA 7.0.26(7170509-x86_64)
File Analysis Help

= 1 e n =
slon | Dala | Model | Dstance | Diyersty

b

Ancestors  Selecton  Rates

Format.

=3 B

Diagnose

[ r7: sequence Data Explorer
Data Display Search Groups Highlight Statistics

Help

G 1 IR S

5[5 ][0 [z ][s]| [Speciat ~]| 48 | 86

@iNeme —
1. Agerin/Algiers/EPl 5L 108880422022
/|2 Algeria/Bejaia/EPI ISL 1218066002021

3. Algeria/BIda/EP! ISL 120427762022

v/| 4. Algeria/Constantine/EP! ISL 10969626/2022 - -
|5 AlgerialMedealEPl ISL 12042772/2022 TT
6. Algeria/Bouira/EP1 ISL 1204277672022 TT

[wI7. Algeria/Dielfa/EP| ISL 1143794372022
¥16. AlgerlaiLaghoualER ISL 107526332022
9. AlgeriaiTiaret/EPI ISL 12156727/2020
/|10 Algeria/ouargla/EP! ISL 766875/2020
¥111. Algeria/Adran/cPl ISL T66574/2020
12, jAlgeria/Tizi Ouzow/EPI ISL 766870/2020
[¥12. Algeria/TouggourEPl ISL 052207

114. Algeria/TissemsieVEP| ISL 5052197/2021
(15, Algeria/Oran/EP| ISL 11805501/2021 - - -
¥116. Algeria/iascara/EP| ISL 11748581/2021 R
[117. Algeria/El Qusd/EP| ISL 12156706/2021 - - -

42 i e £

FPPEPREPRRER PR
TOOBOODODOOD0D 6D
FPBPERPRERRREDRRD P
YO OO0ONONB0N00N
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FPBEPRERRER B R
*PP PP RPPPREDPIPR
*PPPPPPEPPPEPPIPP
IORP0RRORRODORD
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*PPEPPPRPPPEPPIEER

*P B BEPPEDPBREDPDEDR
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B A

-

sooo0nonnonooo0n

R R R I R I I

TIDOPOOREOROD0 60
M I R R I R ]

1/29834 Highlighted: None

]
E
&

@ . =3 =
Help Docs Examoles
MEGA release #7170503-:86 64

= L] D

Ca=tion Report = Bug Updates?  MEGA Links

&

Step 19. Finally, open the MEGA file and view your alignment.

Toolbar

" Preferences
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1.4.3. Estimating Scalable Distances Using Pairwise Distance

[ MEGA 7.0.26(7170509-x86_64) - X
File Analysis Help
=S . n e w_ @ _ w @ 8% B O T
align Data Models | Distance  Diversity  Phylogeny UserTres  Ancestors  Selecton  Rates Clocks  Diagnose
TA | = B Compute Pairwise Distances...
T3 || G E=  Compute Overall Mean Distance...
Compute Within Group Mean Distance
Compute Between Group Mean Distance...
Compute Net Between Group Mean Distances
®» | = - = (-] ® . £ . &
Help Docs Examples Gration Reparta Bug Updstss?  MEGA Links Toolbar Preferances
phylogensic tres of aigeria univ.msg

MEGA release #717050386 64

Step 20. Activate the Matrix Distance Explorer program and choose the Compute action

Pairwise Distance.

® s E o€ _®H X _ wm_ E _ O _ T
Models Distance  Diversity Phylogeny User Tree  Apcestors Selecton  Rates Clocks Diagnose

Use the active file? x

e Would you like to use the currently active data (phylogenetic tree of algeria univ.meg)?

[JRemember to reuse currently active data,

e~

Step 21. Confirm active data usage: Yes.
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[ necA 7.0.26(7170509-x )
File Analysis Help
) w02 % % % % E .o *%
align Data  Models  Dstance Diersity  Phylogeny UserTree  Ancestors Selecton Rates  Clods  Diagnose
Data
[EM7: Analysis Preferences - o x
Options Summary
Option |
Analysis
Scope
Estimate Variance
Varisnce Estimation Mathod
Substitution Model
Substtutions Type Nucleotde:
Modsl/Msthod Maimum Composite Likefhood
Substutions to Include d Transtions + Transuersions
Rates and Patterns
Rates among Stes Uniform rates
Pattern among Linesges 'Same (Homogenseous)
Data Subset to Use
Gaps/Missing Data Trestment Complete deletion
Selact Codon Posttions 1t [Aand [A3rd [“INenceding Stes
[ Zre [ compue] [ X e |
® | B & = (<] 9 £ & |
Help Docs Examples Cr=tion Report 3 Bug Updstesz  MEGA Links Tocksr Preferences

MEGA release #7170509486 64

phylogenatic tree of slgeris univ.meg

Step 22. Click on Compute to launch the distance matrix.

[ M7: painwise Distances (C:\Users\SURFACE PRO\Desktop\New folder\phylogenetic tree of algeria univ.meg) —: (=} >4
File Display Average Caption Help
(a]o elelalz]ala =
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
1. Algeria/Algiers/EP] ISL 10588942/2022 o]
2. Algeria/Bejaia/EP] ISL 12180660/2021 0.0015497
3. Algeria/Blida/EPI ISL 12042778/2022 0.0001290 0.0015497
4. Algeria/Constantine/EPT ISL 10969626/2022 0.0005161 0.0018084 0.0005161
5. Algeria/Medea/EP ISL 12042772/2022 0.0006452 0.0019378 0.0006452 0.0001290
6. Algeria/Bouira/EP] ISL 12042776/2022 0.0007743 0.0020673 0.0007743 0.0002580 0.0003870
7. Aigeria/Djeifa/EP] ISL 11437943/2022 0.0002580 0.0016790 0.0002580 0.0006452 0.0007743 0.0009035
8. Algeria/Laghouat/EPT ISL 10752633/2022 0.0001290 0.0014204 0.0001290 0.0003870 0.0005161 0.0006452 0.0002580
9. Algeria/Tiaret/EP1 ISL 12156727/2020 0.0009035 0.0009034 0.0009035 0.0011619 0.0012912 0.0014204 0.0010326 0.0007743
10. Algeria/ouargla/EP ISL 766875/2020 0.0009680 0.0012263 0.0009680 0.0012265 0.0013557 0.0014850 0.0010972 0.0008388 0.0005805
11, Aigeria/Adrar EP1 ISL 766874/2020 0.0012909 0.0015493 0.0012909 0.0015495 0.0016788 0.0018082 0.0014201 0.0011617 0.0009032 0.0009677
12. Algeria/Tizi Ouzou/EPI ISL 766870/2020 0.0009034 0.0011617 0.0009034 0.0011619 0.0012911 0.0014204 0.0010326 0.0007743 0.0005160 0.0003225 0.0009032
13, Algeria/Touggourt/EP1 ISL 5052207 0.0017437 0.0007098 0.0017437 0.0020025 0.0021320 0.0022615 0.0018730 0.0016143 0.0010972 0.0014201 0.0017432 0.0013556
14, Algeria/Tissemsilet/EPI ISL 5052197/2021 0.0013555 0.0016139 0.0013555 0.0016142 0.0017435 0.0018729 0.0014848 0.0012263 0.0009678 0.0010323 0.0013552 0.0009678 0.0018079
15. Algeria/Oran/EPI ISL 11905501/2021 0.0012912 0.0015496 0.0012912 0,0015498 0.0016792 0.0018086 0.0014204 0.0011619 0.0009034 0.0009679 0.0012908 0.0009034 0.0017436 0.0013555
16. Algeria/Mascara /EPI ISL 11749581/2021 0.0012909 0.0015493 0.0012909 0.0015495 0.0016788 0.0018082 0.0014201 0.0011617 0.0009032 0.0009677 0.0012905 0.0009032 0.0017432 0.0005806 0.0012908
17. Algeria/El Oued/EPI ISL 12156706/2021 0.0014203 0.0002580 0.0014203 0.0016790 0.0018084 0.0019378 0.0015496 0.0012910 0.0007742 0.0010970 0.0014199 0.0010325 0.0005806 0.0014846 0.0014202 0.0014199
18. Algeria/Biskra/EPI ISL 5052209/2021 0.0015496 0.0005161 0.0015496 0.0018084 0.0019378 0.0020672 0.0016789 0.0014203 0.0009034 0.0012263 0.0015492 0.0011617 0.0007097 0.0016139 0.0015496 0.0015492 0.0003
19. Algeria/Batna/EPI ISL 5052212/2021 0.0014850 0.0003225 0.0014850 0.0017437 0.0018731 0.0020025 0.0016143 0.0013557 0.0008388 0.0011617 0.0014846 0.0010971 0.0006452 0.0015493 0.0014849 0.0014846 0.0001
20. Aigeria/Hassi Messoud/EPI ISL 12156758/2021 0.0015499 0.0018085 0.0015499 0.0018088 0.0019382 0.0020676 0.0016792 0.0014206 0.0011619 0.0012265 0.0015495 0.0011619 0.0020026 0.0016142 0.0005161 0.0015495 0.0016
21. Aigeria/Sidi Bel Abbes/EPI ISL 4004797/2021 0.0014851 0.0017436 0.0014851 0.0017439 0.0018733 0.0020027 0.0016144 0.0013558 0.0010972 0.0011618 0.0013554 0.0010972 0.0019377 0.0015494 0.0014850 0.0013554 0.0016
22. Aigenia/Eddis/EPI ISL 3690016/2021 0.0015457 0.0003870 0.0015497 0.0018085 0.0019379 0.0020673 0.0016790 0.0014204 0.0009034 0.0012263 0.0015493 0.0011617 0.0007098 0.0016140 0.00154%6 0.0015493 0.0002
23. Algenia/[Tipaza/EPI ISL 12156740 0.0009681 0.0012264 0.0009681 0.0012265 0.0013558 0.0014851 0.0010972 0.0008389 0.0005806 0.0006451 0.0009678 0.0005806 0.0014202 0.0010324 0.0009680 0.0009678 0.0010
24, Aigeria/Setif EP] ISL 766865/2020 0.0009681 0.0012264 0.0009681 0.0012265 0.0013558 0.0014851 0.0010972 0.0008389 0.0005806 0.0006451 0.0009678 0.0005806 0.0014202 0.0010324 0.0009680 0.0009678 0.0010
25. L h iric sL 0.0009681 0.0012264 0.0009681 0.0012265 0.0013558 0.0014851 0.0010972 0.0008389 0.0005806 0.0006451 0.0005805 0.0005806 0.0014202 0.0010324 0.0009680 0.0009678 0.0010
26. Aigeria/Tindouf/EPI ISL 5052206/2021 0.0017440 0.0007099 0.0017440 0.0020029 0.0021324 0.0022619 0.0018733 0.0016146 0.0010974 0.0014204 0.0017435 0.0013558 0.0007744 0.0018082 0.0017439 0.0017435 0.0005
27. Aigeria/Aigiers/EPT ISL 12654829/2022 0.0002579 0.0016789 0.000257%9 0.0006452 0.0007743 0.0009034 0.0003870 0.0002580 0.0010326 0.0010971 0.0014200 0.0010325 0.0018729 0.0014847 0.0014204 0.0014200 0.0015
28. Aigeria/Bouira/EP1 ISL 12654828/2022 0.0000645 0.0014851 0.0000645 0.0004516 0.0005807 0.0007098 0.0001935 0.0000645 0.0008389 0.0009034 0.0012263 0.0008389 0.0016790 0.0012909 0.0012266 0.0012263 0.0013
29. Algeria/Bida/EP] ISL 12043095/2022 0.00012%0 0.0014204 0.0001290 0.0003870 0.0005161 0.0006452 0.0002580 0.0000000 0.0007743 0.0008388 0.0011617 0.0007743 0.0016143 0.0012263 0.0011619 0.0011617 0.0012
< >
[1,1] (Algeria/Algi IsL geria/Algi I1SL 10588942/2022) / Nucleotide: Maximum Composite Likelihood

Step 23. Finally, you get the distance matrix.
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1.4.4. Construction of the phylogenetic tree

[ MEGA 7.0.26(7170509-x86 64) — x
File Analysis Help
s 0 " 082 s =B & W, # =\, E _® _ T,
Align Data Models ' Distance  Diersity  Dhylogeny  UserTree  Apcestors  Selecton  Bates Clocks  Diagrose
InL  Construct/Test Maximum Likelihood Tree.
TA| = =
T || Gler %1 Construct/Test Neighbor-Joining Tree...
B Construct/Test Minimum-Evolution Tree...
O Construct/Test UPGMA Tree...
% Construct/Test Maximum Parsimony Tree(s)
W Open Tree Session
@ - [=3 & = (-] ® . £ . &
Help Docs Exampies Ciation ReporiaBug  Updatesz  MEGA Links Toolbar Praferences

MEGA ielease #7170509-406 B4 hylogenstic tres of slgsrie univimeg

Step 24. Activate the Tree Explorer program and select the construction method of

the NJ tree or others.

File Analysis Help
S A i & O W O 8 % =2 _ 0 T

Deta  Models 'Distance  Diversty ~ Phylogeny UserTree Ancestors Selecton Rates  Clocks  Diagnose

MEGA release #7170509-486 64

Align =

TA| =

s s Close

s & [ Data
[ M7: Analysis Preferences - m} X
Options Summary
Option Selection
Analysis
Scope All Selected Taxa
Statistical Method Neighbor-joining
Phylogeny Test
Test of Phylogeny None
Substitution Model
Substitutions Type Nuclectide
Model/Method Maximum Composite Likelihood
Substitutions to Include d: Transitions + Transversions
Rates and Patterns
Rates among Sites Uniform rates
Pattern among Lineages Same (Homogeneous)
Data Subset to Use
Gaps/Missing Data Treatment Complete deletion
Select Codon Postions Mz Mand [(F3rd Noncoding Sttes

7 e X ol
® | @ = -] ® L . &
Help Docs. Examples Cation Report a Bug Updates?  MEGA Links Tookbar Preferences

phylogenetic tree of algeria univ.meg

Step 25. Click on Compute.

51



» The resulting phylogenetic tree is shown below.

[ M7: Tree Explorer: phylagenetic trae of algeria univ.meg
File Search Image Subtree View Compute Caption Help

Hem W élEl«cico

O

AlgeriaBejaia/EP! ISL 1218066072021

C{E AlgeriaEddis/EPI ISL 3690016/2021
»E Algeria/Batna/EP! ISL 5052212/2021
5L — Algeria/El Oued/EPIISL 12156706/2021
AlgeriaBiskra/EPI 1SL 5052209/2021
£, AlgerialTouggourt/EPI IS 5052207
vt _|:Algsriaﬂ'induufﬁpl 1SL 5052206/2021
£l Algeria/Tiaret/EP! ISL 12156727/2020
- AlgerialT let/EPIISL 5052197/2021
ﬁ AlgeriaMascara/EPI ISL 11749581/2021
— Algeria/Sidi Bel Abbes/EP ISL 4004797/2021
L] lg fEPI1SL 76687472020
:]E[: Algeria/Bordj Bouariridj/EP! ISL 766873/2020
£ _|_—A\gsria/uuarg\a.'EPl ISL 766875/2020
Algeria/Tizi Quzou/EPI ISL 766870/2020
iy ’—Alger\aJUlan/EPI ISL 11905501/2021
L Algeria/Hassi M d/EP! ISL 12156758/2021
a Algeria/SetifiEP! ISL 7668652020
Algeria/TipazaEP! I1SL 12156740
L Algeria/Blida/EPI 1SL 12042778/2022
= AlgeriaDjelfa/EPI ISL 11437843/2022
o Algeria/Algiers/EP1 ISL 10588942/2022
’— Algeria/Bouira/EPI 1SL 12654828/2022
g g Pl ISL 12654529/20

Algeria/Laghouat/EP| ISL 10752633/2022
Algeria/Blida/EP| ISL 12043095/2022
Algeria/Constantine/EPI ISL 10969626/2022
| Algeri; EPIISL 12042772/2022

l— Algeria/BouiraEPI 1SL 12042776/2022

—
0.000100

SBL = 0.00900198

Idle

Step 26. The phylogenetic tree.
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Results and discussion



2. Results and discussion
2.1. The study of SARS Cov-2 in different regions of Algeria

The table 4 below represents the number of sequences in Algeria taken from GISAID database

during the month of May. A total of 264 isolates found from 27 Cities.

Table 4. Number of SARS Cov-2 isolated in Algeria from GISAID database.

Wilaya Number of sequences
Algiers 120
Bouira 38
Blida 25
Laghouat
Medea
Ouargla
El Oued
Bejaia
Constantine
Sidi Bel Abbes
Oran
Tipaza
Tissemsilet
Djelfa
Ain Saleh
Hassi Messoud
Tiaret
Mascara
Batna
Biskra
Touggourt
Tindouf
Eddis
Adrar
Bordj Bouariridj
Tizi Ouzou
Setif
Total 264

N
w
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A total of 27 genome sequences were obtained from GISAID, collected on May 2022 and the table
below summarized some details of the sequences used in this study representing by region/

accession number/ date/ reference.

Table 5. Genomic sequences from different regions of Algeria (Region/Accession
number/Date/Reference).

N° Regions Accession number Date Reference
1 Algiers EPI ISL 10588942 2022-01-31 GISAID.
2 Bejaia EPI ISL 12180660 2021-09-18 GISAID.
3 Blida EPI ISL 12042778 2022-03-02 GISAID.
4 Batna EPI ISL 5052212 2021-09-01 GISAID.
5 Adrar EPI ISL 766874 2020-06-21 GISAID.
§) Blida EPI ISL 12043095 2022-02-06 GISAID.
7 Algiers EPI ISL 12654829 2022-03-27 GISAID.
8 Bouira EPI ISL 12654828 2022-03-22 GISAID.
9 Bouira EPI ISL 12042776 2022-02-27 GISAID.
Bordj Bouariridj EPI ISL 766873 2020-06-22 GISAID.
Biskra EPI ISL 5052209 2021-08-14 GISAID.
Constantine EPI ISL 10969626 2022-01-06 GISAID.
Djelfa EPI ISL 11437943 2022-02-19 GISAID.
Eddis EPI ISL 3690016 2021-07-28 GISAID.
El Oued EPI ISL 12156706 2021-07-29 GISAID.
Hassi messaoud | EPI ISL 12156758 2021-07-06 GISAID.
Laghouat EPI ISL 10752633 2022-02-05 GISAID.
Medea EPI ISL 12042772 2022-02-21 GISAID.
Mascara EPI ISL 11749581 2021-05-17 GISAID.
Oran EPI ISL 11905501 2021-05-03 GISAID.
Quargla EPI ISL 766875 2020-06-17 GISAID.
Sidi bel Abbes EPI ISL 4004797 2021-03-17 GISAID.
Setif EPI ISL 766865 2020-06-19 GISAID.
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Tipaza EPI'ISL 12156740 2020-12-24 GISAID.
Tindouf EPI ISL 5052206 2021-08-12 GISAID.
Tizi Ouzou EPI ISL 766870 2020-06-15 GISAID.
Tissemsilet EPI'ISL 5052197 2021-07-08 GISAID.
Touggourt EPI ISL 5052207 2021-07-30 GISAID.
Tiaret EPI'ISL 12156727 2020-05-28 GISAID.

3——12) AlgeriaBeiaiaEP1 I 121806602021
3 _:22) AlgerialEddis/EP1 5L 3690016/2021
L (19) AlgeriaBaina/EP1 ISL 505221272021
17) AlgeriafEl Oued EP1 ISL 121567062021
—(18) AlgeriaBiskra/EP ISL 5052209/2021
13) Algeria/Touggourt/EP1 ISL 5052207

_33|::26) AlgeriaTindoufEP11SL 505220612021
(9) AlgerialTiaretEP| ISL 12156727/2020

35 ——{14) AlgeriaTissemsileEP ISL 50521972021 Clade 01
4:16) AlgeriaMascara/EP1ISL 1174958112021 >‘
#|  ——{21) Algeria/Sidi Bel Abbes/EP! ISL 400479772021
47 L

-4 = 11) Algeria/Adrar/EP1 ISL 76687412020
440:25) AlgeriaBordj Bouariridj/EP1 ISL 766873/2020
0 10) Algeria/ouargla/EP! ISL 766875/2020
n. _|:112) AlgerialTizi OuzouEP! ISL 7668702020
P 15) AlgerialOranEP! ISL 119055012021
a 432:20) AlgeriaHassi Messoud/EP 1SL 12186758/2021
(24) Algeria/Setf/EP 1SL 7669652020
(23) AlgerialTipaza/EP| ISL 12156740 _J
s ——(3) AlgeriaBida/EPI ISL 12042778/2022 —
% AlgeriaDjela/EPI1SL 1143794312022
# 1) Algeria/Algiers/EP1 ISL 10588942/2022
28) AlgeriaBouira/EP| 1S 126548282022
L (77)AigerialAlgiersEPIISL 1265482912022 Clade 02
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(8) Algerialaghouat/EP1 ISL 10752633/2022
29) AlgeriaBlida/EP 1S 12043095/2022

4) AlgerialConstanine/EP1 ISL 10969626/2022
- ) AlgeriaMedea/EP 1SL 12042772/2022
2 6) AlgeriaBouira/EP 1SL 12042776/2022

Figure 15. Complete genome phylogenetic tree of SARS Cov-2 strains from different area of

Algeria. Isolates are represented with country/accession number of origin and the year of isolation.
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The evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei,
1987). The optimal tree with the sum of branch length = 0.00900198 is shown. The evolutionary
distances were computed using the Maximum Composite Likelihood method (Tamura et al.,
2004). and are in the units of the number of base substitutions per site. The analysis involved 29
nucleotide sequences. All positions containing gaps and missing data were eliminated. There were
a total of 15510 positions in the final dataset. Evolutionary analyses were conducted in MEGA 7.0
(Kumar et al., 2016).

The phylogenetic tree (Figure 15) revealed the presence of 02 clades representing SARS Cov-

2 isolates from different areas in Algeria and a lot of subclusters.

According to Zeghbib et al (2021), The phylogeographic results are in accordance with the
phylogenetic analysis, emphasizing the importance of local travels and social contact in the spread
of the disease. The spread of the virus is primarily dependent on social contact, the awareness of
the community, and the respectful compliance regarding social distancing, seeing as how lower

infection cases in relatively high population density cities were observed and vice versa.

In the phylogenetic tree (Figure 15) we see that there are a lot of subclusters, also sequences are
different and distant from each other even if they are from the same country which is Algeria.

We used 2 sequences from Algiers (EPI ISL 12654829 and EPI ISL 10588942) and they’re both
clustered in the same clade (02) which means they are similar with an evolutionary distance of
0.0002579. Same thing for the two sequences of Bouira (EPI ISL 12042776and EPI ISL
12654828) and Blida (EPI ISL 12043095 and EPI ISL 12042778). Isolates from the same region

are from the same strain.

According to Menasria and Aguilera (2022) the African region is characterized by the largest
infectious disease burden and the weakest public health infrastructures, which can be explained by
the fact that a large population is vulnerable due to conflict, poor socio-economic status, food

insecurity and limited access to better health services.

According to Qu et al (2020) some studies have reported that coronavirus can remain in water

or wastewater sources for days or weeks.
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According to Indseth et al (2021) large cities often have large proportions of immigrants, and urban
living could be a factor in the spread of COVID-19.
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Figure 16. Estimates of Evolutionary Divergence between Sequences (GISAID Database).

2.2. The study of SARS Cov-2 in Algeria and different geographies in the world
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To investigate the spread of SARS CoV-2 in Algeria, we performed a thorough analysis of 3

complete SARS-CoV-2 sequences from Algeria (twenty-nine) in addition to 25 sequences sampled

worldwide (5 countries per continent) summarized in table 6.

Table 6. Genomic sequences from databases with corresponding continent/ country/accession

number/date/reference.

Continents Countries Accession number References
Algeria/Constantine | EPI_ISL_10969626 2022-01-06 GISAID.
Algeria/Algiers EP1_ISL_10969631 2022-01-04 GISAID.
Algeria/Oran EPI_ISL_13080457 | 2022-03-15 | GISAID.
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Africa Egypt EPI_ISL_12607862 | 2022-02-14 | GISAID.

South Africa EP1_ISL_12644895 2022-04-13 GISAID.

Morocco EP1_ISL_12590769 2022-02-19 GISAID.

Kenya EPI_ISL_12563849 | 2022-01-02 GISAID.

Colombia EPI ISL 12690664 2022-04-21 GISAID.

USA/ California EPI_ISL_12656559 | 2022-05-01 GISAID.

_ Mexico EPI1_ISL_ 12657413 | 2022-04-08 GISAID.
America

Canada EPI_ISL_12643863 | 2022-01-19 GISAID.

Brazil EPI1_ISL_ 12591193 2022-03-10 GISAID.

Denmark EPI_ISL_12632568 2022-05-06 GISAID.

Ireland EPI_ISL_12646983 2022-03-28 GISAID.

Europe Belgium EPI1_ISL_ 12588379 | 2022-05-04 GISAID.

Austria EPI1_ISL_ 12578415 | 2022-04-21 GISAID.

Poland EPI1_ISL_ 12648152 | 2022-02-15 GISAID.

China EPI1_ISL_ 11905848 | 2022-03-05 GISAID.

Vietnam EPI1_ISL_ 12647969 | 2022-04-21 GISAID.

Asia Thailand EPI_ISL_12657710 | 2022-02-25 GISAID.

Iraq EPI_ISL_12604532 | 2022-02-09 GISAID.

Lebanon EPI1_ISL_ 11327317 | 2022-02-17 GISAID.

New Zealand EPI_ISL_12546394 | 2022-03-29 GISAID.

Oceania Australia EPI1_ISL_ 12645184 | 2022-04-30 GISAID.

Guam EPI_ISL_12573223 | 2022-04-06 GISAID.

Solomon Islands EPI_ISL_12489928 | 2022-04-19 GISAID.

American Samoa EPI_ISL_ 12380301 | 2022-04-01 GISAID.
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Figure 17. Complete genome phylogenetic tree of SARS Cov-2 strains from Algeria and different
geographies in the world. Isolates are represented with country/accession number of origin and the
year of isolation.

The evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei,
1987). The optimal tree with the sum of branch length = 0.01207654 is shown. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
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Likelihood method (Tamura et al., 2004) and are in the units of the number of base substitutions
per site. The analysis involved 27 nucleotide sequences. Codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated. There
were a total of 335 positions in the final dataset. Evolutionary analyses were conducted in MEGA
7.0 (Kumar et al., 2016).

The phylogenetic tree (Figure 17) revealed the presence of 02 clades representing SARS Cov-
2 isolates from different countries per continent with the accession number to GISAID and the
year of identification (2022). However, it is found that the three isolates from Algeria are located

in two different and distant clades.

Two Algerian isolates (EPI_ISL_10969626/2022 and EPI_ISL_10969631/2022) are clustered
in the same clade (Clade 02) with sequences from Morocco (EPI_ISL 12590769), Kenya
(EPI_ISL_12563849), Colombia (EPI ISL 12690664), Canada (EPI_ISL_12643863), Brazil
(EPI_ISL_12591193), Mexico (EPI_ISL_12657413), Poland (EPI_ISL_12648152), Vietnam
(EP1_ISL_12647969), Iraq (EP1_ISL_12604532) and Lebanon (EP1_ISL_11327317).

Whereas the third Algerian isolate (EP1_ISL_13080457) is situated in Clade 01 with American
Samoa (EPI_ISL_12380301), South Africa (EPI_ISL_12644895), USA (EPI_ISL_12656559),
Denmark (EPI_ISL_12632568), Ireland (EPI_ISL_12646983), Belgium (EPI_ISL_12588379),
Austria (EP1_ISL_12578415), China (EPI_ISL_11905848), Thailand (EPI_ISL_12657710), New
Zealand  (EPI_ISL_12546394), Australia  (EPI_ISL_12645184), Solomon Islands
(EPI_ISL_12489928), Guam (EPI_ISL_12573223).

The first two Algerian isolates (EPI_ISL_ 10969631/ EP1_ISL_10969626) located in the clade
02 are identical to each other with evolutionary distance of 0.000000. Even if the third isolate
(EPI1_ISL_13080457) is not situated with them in the same clade but it is closely interrelated with
a very small evolutionary distance of 0.009522 for both isolates. These phylogenetic results of the
Algerian isolates clearly show that it there is not a single strain of SARS Cov-2 in Algeria,

therefore different origins and evolutionary course of the virus are suggested.

According to Indseth et al (2021) immigrants had higher rates of notified COVID-19 and related
hospitalizations than non-immigrants. COVID-19 emerged in a tightly connected world by local

and international population on the move, with more people moving for work, education and
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family reasons, tourism and survival than ever before. Intense population movements, especially
of tourists and business workers, have been key factors in the global spread of the epidemic. This

explains that immigration is one of the factors in the spread of SARS CoV-2.

From the phylogenetic analysis the third Algerian isolate is distant from the other 2 isolates

which means that there are different strains in Algeria.

According to Eslami & Mahrokh., (2020) the effect of environmental factors such as ambient
temperature, humidity, etc., relating to the COVID-19 pandemic can be investigated. Also feeding
domestic insects and beetles from the stool and its mechanical transmission can play a significant
role in the transmission of the disease.

According to Bontempi (2021) analysis shows that regions with higher international trade
activities (that are representative of living standard, economic dynamics, and globalization level)
are more susceptible to be in contact with foreign populations, with an increased risk to import the

virus in their communities and spread the diffusion. This explains the similarity of Algerian isolate

with ~ Vietham  (EPI_ISL_12647969) and Poland (EPI_ISL_12648152), Morocco
(EP1_ISL_12590769).
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17

| 1. Algeria/EP1_ISL_10969626/2022 | |
2. Algeria/EP1_ISL_10969631/2022 0.0000000
|3, Algeria/EP1_ISL_13080457/2022 0.0090522 0,0090522
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6. Moroceo/EPI_ISL_12550769/2022 0.0000000 0.0000000 0.0090522 0.0030036 0.0090522
|7. Kenya JEPI_ISL_12563849/2022 0.0000000 0.0000000 0.0090522 0.0030036 0.0090522 0.0000000
|8 Colombia/EPI_ISL_12690664/2022 0.0000000 0.0000000 0.0090522 0.0030036 0.0090522 0.0000000 0.0000000
9, USAJEPI_ISL_12656559/2022 0.0090522 0,0090522 0.0000000 0,0059983 0.0000000 0.0090522 0.0090522 0.0090522
| 10, Mexico/EPI_ISL_12657413/2022 0.0000000 00000000 0.0090522 0,0030036 0.0090522 0.0000000 0.0000000 0.0000000 0.0090522
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| 12, Brazi EP]_ISL_12591193/2022 0.0000000 0.0000000 0.0090522 0,0030036 00090522 0.0000000 0.0000000 0.0000000 0.0090522 0.0000000 0,0000000
| 13, Denmark/EPI_ISL_12632568/2022 0.0090522 00090522 0.0000000 0,0059983 0.0000000 0.0090522 0.0090522 0.0090522 0.0000000 0.00%0522 0.0090522 0.0090522
| 14, Ireland EP1 _ISL_12646983/2022 0.0090522 0,0090522 0.0000000 0,0059983 0.0000000 0.0090522 0.0090522 0.0090522 0.0000000 0.00%0522 00090522 0.0090522 0.0000000
15, Belgium EP1 _ISL_12588379/2022 0.0090522 0,0090522 0.0000000 0,0059983 0.0000000 0.0090522 0.0090522 0.0090522 0,0000000 0.0090522 0.0090522 0.0090522 0.0000000 0,0000000
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18, China/EP1_ISL_11905848/2022 0.0090522 0,0090522 0.0000000 0.0059383 0.0000000 0.0090522 0.0090522 0.0090522 0,0000000 0.0090522 00090522 0.0090522 0.0000000 0.0000000 0.0000000 0,0000000 0.0090522
19, Vietnam/EP_ISL_12647969/2022 0.0000000 0,0000000 0.0090522 0.0030036 0.0090522 0.0000000 0.0000000 0.0000000 0.0090522 0.0000000 0,0000000 0.0000000 0.0090522 0.0090522 0.0090522 0,0090522 0.0000000
fZﬂ.TMlmd,EPI_ISL_IZSSNIOIZOZZ 0.0090522 0,0090522 0.0000000 0,0059983 0.0000000 0.0090522 0.0090522 0.0090522 0.0000000 0.0090522 0,0090522 0.0090522 0.0000000 0.0000000 0.0000000 0,0000000 0.0090522
|21, TIraq/EP1_ISL_12604532/2022 0.0029923 0.0029923 0.0120974 0.0060210 0.0120974 0.0029923 0.0029923 0.0029923 0.0120974 0.0029923 0.0029923 0.0029923 0.0120974 0.0120974 0.0120974 0.0120974 0.0029923
| 22, Lebanon/EPI_ISL_11327317/2022 0.0000000 0,0000000 0.0090522 0,0030036 0.0090522 0,0000000 0.0000000 0.0000000 0.0090522 0.0000000 00000000 0.0000000 0.0090522 0.0090522 0.0090522 0.0090522 0.0000000
;B.MWZeddel_ISL_IZS%m/ZOZZ 0.0090522 0,0090522 0.0000000 0,0059983 0.0000000 0.0090522 0.0090522 0.0090522 0.0000000 0.0090522 00090522 0.0090522 0.0000000 0.0000000 0.0000000 0.0000000 0.0090522
|24, Australia/EPI_ISL_12645184/2022 0.0090522 0.0090522 0.0000000 0.0059983 0.0000000 0.0090522 0.0090522 0.0090522 0.0000000 0.0090522 00090522 0.0090522 0.0000000 0.0000000 0.0000000 0.0000000 0.0090522
|25, Guam/EPT_ISL_12573223/2022 0.0090522 00090522 0.0000000 0,0059983 0.0000000 0.0090522 0.0090522 0.0090522 0.0000000 0.0090522 0.0090522 0.0090522 0.0000000 0.0000000 0.0000000 0.0000000 0.0090522
|26, Solomon Islands/EPI_ISL_12489928/2022 0.0090522 0.0090522 0.0000000 0,0059983 0.0000000 0.0090522 0.0090522 0.0090522 0,0000000 0.0090522 0.0090522 0.0090522 00000000 0.0000000 0.0000000 0.0000000 0.0090522
|27, American Samoa/EPI_ISL_12380301/2022 0.0090522 0,0090522 0.0000000 0.0059383 0.0000000 0.0090522 0,0090522 00090522 0,0000000 0.0090522 0.0090522 00090522 00000000 0.0000000 0.0000000 0,0000000 0.0090522

Figure 18. Estimates of Evolutionary Divergence between Sequences (GISAID Database).
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Conclusion

As | know, the present study is one of the first studies about the comparative phylogenetic of
Algerian strains on one hand, and with other countries of the world on the other hand.

I have collected the nucleotide sequences of the complete SARS CoV-2 genome, isolated from
different countries of the world using the bioinformatics resources of GISAID, to construct the
evolutionary distance matrix and the phylogenetic tree by the MEGA 7 software.

Two phylogenetic trees have been created based on 29 isolated strings from different areas in
Algeria for the first tree and 27 sequences from the five continents Africa, Europe, America, Asia
and Oceania for the second phylogenetic tree. Results showed that Algerian isolates have the same
strains with those of four countries: Morocco, Kenya, Canada, Columbia, Brazil, Poland, Lebanon,
Irag, Mexico and Vietnam. In the other part they have very close relation with these countries:
American Samoa, South Africa, USA, Ireland, Belgium, Denmark, Austria, China, Thailand, New
Zealand, Australia, Solomon Islands and Guam.

The spread of COVID-19 is based on many factors among them immigration, tourism and

commercial exchanges.

We conclude that the Algerian isolates were distributed in 2 clades which suggests that there

are viral strains of different geographical origin and evolution in Algeria.

I recommend to analyze and sequence much more Algerian genomes of SARS Cov-2 to gain
more insights into this virus evolution and understand the origin of the strains with the genetic
mutations of isolates. I also suggest to follow up the new sequences added to GISAID database. It
is important to remove low quality sequences and use only full-length ones to make this work
succeed. Also you can do a phylogenetic analysis at the base of the gene coding for the S protein

responsible for binding to the host cell receptors to better understand the pathogenicity of the virus.
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Abstract

The world is facing a threat because of the outbreak of COVID-19, and therefore humanity must
work to eliminate it. In this present study 51 sequences of whole genome of SARS Cov-2 from Algeria and
different geographies all over the world were used from GISAID database. The nucleotide sequences were
the subject of an alignment, an estimation of the evolutionary distances and the construction of a
dendrogram by the bioinformatics tool MEGA 7. The results showed a significant genetic variability of
SARS-CoV-2 in the world.
Key words: SARS CoV-2, phylogeny, evolutionary distances, genetic variability.

Résumé

Le monde est confronté a une menace a cause de I'épidémie du COVID-19, et donc I'humanité doit
travailler pour I'éliminer. Dans cette présente étude, 51 séquences du génome complet du SARS CoV-2
d'Algérie et de différentes régions du monde ont été utilisées a partir de la base de données GISAID. Les
séquences nucléotidiques ont fait I'objet d'un alignement, d'une estimation des distances évolutives et de la
construction d'un dendrogramme par l'outil bio-informatique MEGA 7. Les résultats ont montré une

importante variabilité génétique du SARS-CoV-2 dans le monde.

Mots clés: SARS CoV-2, phylogénie, distances évolutives, variabilité génétique.
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Theme:

The phylogeny of SARS Cov-2 (an update of the year 2022)

Abstract :

The world is facing a threat because of the outbreak of COVID-19, and therefore humanity must work
to eliminate it. In this present study 51 sequences of whole genome of SARS Cov-2 from Algeria and different
geographies all over the world were used from GISAID database. The nucleotide sequences were the subject of
an alignment, an estimation of the evolutionary distances and the construction of a dendrogram by the
bioinformatics tool MEGA 7. The results showed a significant genetic variability of SARS-CoV-2 in the world.
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