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Abstract : 

Since the appearance of the SARS-CoV-2 pandemic in 2019 which started in Wuhan China then 

spread allover the world. More importance is accorded to the genetic and molecular aspects of the 

disease as it shapes the vaccine and drug developments in addition to the detection of different 

variants an mutations to effectively implement more control measures to hamper the spread of the 

disease and evaluate the effect of the mutations on the vaccinations status. However, most of the 

studies and results are reported from America, Europe and China leaving Africa with a huge 

knowledge gap. For that purpose, we initiated our work on Algerian samples analyzing a dataset 

comprising 355 complete genomes and a sub high quality dataset encompassing 193 full complete 

genomes to cover the genetic and molecular aspect of the pandemic. Several programs were used 

to implement phylogentic phylogeographic and phylodynamic studies in addition to mutation 

assessment and the evolutive selection pressure. Our results demonstrated the high diversity across 

the Algerian samples, the impact of local and international travels on the spread of the disease in 

addition to the importance of missing unsampled data in understanding the transmission loop. 

Moreover, several Algerian characteristic mutations were observed with different effects on the 

corresponding proteins ranging from neutral to deleterious.  
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1 Introduction: 

Viral zoonoses, is a field of research, where it’s main object is to examine the connections between 

the health of animals, humans, and the environment. This field is important because many diseases, 

including some of the most dangerous and deadly, are caused by pathogens that can jump from 

animals to humans. Therefore, in light of the last events the world has faced, the SARS-CoV 2 

virus has been getting a lot of attention. There have been many studies that have investigated the 

evolutionary properties of SARS-CoV-2. However, most of them were analysis of European, 

Asian, and American countries leaving a gap in the data representing African countries. That’s why 

in our work where we are providing more knowledge about the Algerian pandemic and providing 

important information about how the virus is changing overtime, while looking deeper into the 

gene functions and the recombination’s that occurred. 

1.1 The human Coronaviruses: 

Coronaviruses are a diverse group of viruses that can cause a range of symptoms, from mild 

common cold-like symptoms to severe illnesses like SARS. Some people may experience only 

mild symptoms, like a runny nose or cough, while others may develop more serious conditions 

such as fever and pneumonia. These viruses can be particularly dangerous for older individuals or 

those with underlying health conditions, and in some cases, they can even be fatal (WHO, accessed 

on 20 January 2023).  

Symptomatic transmission occurs when an individual with symptoms spreads the virus through 

close contact with respiratory droplets, direct contact with the infected person, or contact with 

contaminated surfaces and objects. Pre-symptomatic transmission happens when an individual 

spreads the virus before showing symptoms. It has been reported that some people who tested 

positive for the disease transmitted it 1-3 days before experiencing symptoms (WHO, accessed on 

20 January 2023). 

Studies have shown that asymptomatic individuals can have similar viral loads as those with 

symptoms and can spread the virus to others. This has made controlling the spread of the virus 
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more challenging, as individuals who are unaware, they have the virus, may unknowingly spread 

it to others (A.Samaha, 2021). 

CoVs are classified under the order Nidovirales, Family Coronaviridae, and Subfamily 

Orthocoronavirinae (Figure 1). For SARS-Cov-2, Next generation sequencing showed 88% 

homology to two bat-derived CoV-like cornoviruses, 79% homology to SARS-CoV and 50% tp 

MERS-CoV.This phylogenetic analysis showed that SARS-CoV-2 belongs to the Genus of 

Betacornaviruses, and the Sarbecovirus Subgenus (Malik, 2020). 

 The human coronaviruses go back to a long time ago, as the first one was discovered in 1965 from 

the nasal discharge of a patient with common cold. Mainly, we know six different strains of CoV 

to infect humans. As shown in the 1st figure HCoV-229E, HCoV-OC43, SARS-CoV, HCoV-

NL63, HCoV-HKU1, and Middle East respiratory syndrome coronavirus MERS-CoV. HCoV-

229E and HCoV-OC43 are the best characterized as they are the prototype viruses from the two 

main lineages alpha and beta, and 15%-29% of the time they are cause of common cold (Malik, 

2020).  

As known, SARS-CoV was behing the outbreak of the severe respiratory disease through China 

from 2002 to 2003, and MERS-CoV is responsible for the outbreak of the same disease in the 

Middle east in 2012 (Malik, 2020; Ortego J, 2002). 
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Figure 1: Classification of human Coronaviruses (Malik, 2020) 

1.2 SARS-CoV-2 genome structure: 

The SARS cov2 genome has approximately 30000 base pairs in length and it encodes for 4 

structural proteins, and 21 nonstructural proteins. The genes for these proteins are Orf1a, Orf1b, S 

gene, Orf3a, E gene, M gene, Orf6, Orf7a, Orf7b, Orf8, N gene, and Orf10 as shown in the 2nd 

figure. First, the Orf1ab encodes for the NSP1 protein that binds to the 40S subunit of the ribosome 

and blocks the host mRNA entry channel (Simeoni M, 2021).  

NSP2 

and 

NSP3 

act as 

Figure 2: SARS-CoV-2 coding genes (Giovanetti M, 2021) 
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transmembrane helical segments, and it was prove that the stabilizing mutation falling in the 

endosome‐associated‐protein‐like domain of the nsp2 protein could account for COVID‐2019 high 

ability of contagious, while the destabilizing mutation in nsp3 proteins could suggest a potential 

mechanism differentiating COVID‐2019 from SARS (Angeletti S, 2020). 

 NSP4 to facilate extracellular mtDNA release it induces formation of outer membrane macropore 

and inner membrane vesicle, alongside with Orf9 (Faizen Mi, 2022). For NSP5, it cleaves off the 

10 most-N-terminal amino acids from RIG-I and deprives it of the ability to activate MAVS 

(mitonchondrial antiviral signaling), and potently inhibits interferon (IFN) induction by double-

stranded RNA (dsRNA) in an enzyme-dependent manner (Liu Y, 2021).  

NSP6 through oligomerization and an amphipathic helix, zippers ER membranes and establishes 

the connectors (Ricciardi S, Guarino AM, 2022). NSP7 and NSP8 are accessory factors of RdRP, 

NSP8 functions like a primase and an RNA 3'-terminal Adenylyltransferase activity. Also, NSP9 

is an ssRNA binding protein. 

NSP10 which joins NSP16 in a complex, in order to methylate the first nucleotide of a capped 

RNA strand at the 2'-O position (Benoni R, 2021). And NSP14 in complex with NSP10 provides 

a proofreading function due to the exoribonuclease activity of NSP14 (Moeller NH, 2022). 

NSP13 was found to inhibit the activity of the IFN-I pathway through forming a complex with 

TBK1 and p62 (Sui C, 2022). Furthermore, NSP15 is a uridine-specific endoribonuclease help the 

virus evade triggering an innate immune response (Wilson IM, 2022). 

1.3  Phylogenetic studies: 

The SARS -CoV-2 virus has a high rate of genetic variation, which has led to the emergence of 

many different viral variants. These variants, such as Omicron have been shown to have increased 

transmissibility or resistance to vaccines or therapeutics (He X, 2020).  

Phylogenetic analysis has been used to infer the evolutionary relationships between the different 

strains of SARS-Cov-2 and to track their spread around the world. The information inferred from 

phylogenies can be used to track the spread of viral outbreaks, identify the origin of new viral 

strains, and understand how viruses evolve overtime. Additionally, the phylogenetic trees can also 

be useful in understanding how the virus has evolved to be more transmissible or more pathogenic, 

and how the spread happens between different hosts (Kuhls K, 2019). 
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1.3.1 Phylodynamic analysis: 

Phylodynamic analysis is the study of evolutionary dynamics of pathogens overtime, it combines 

phylogenetics and population dynamics that is mainly about how populations change overtime. By 

analyzing the genetic sequences of different viral strains collected through a population from 

different individuals and at different times. Phylodynamics can also be used to infer the basic 

reproductive number (R0) of a virus, which is the number of secondary cases produced by a single 

primary case in a fully susceptible population (Shaw CL, 2021).  

Moreover, by analyzing the genetic sequences of viral strains collected before and after an 

intervention this analysis can determine how the virus evolved in response to the interventions. 

Studies have shown that the SARS-CoV-2 virus has a high R0 and that interventions like 

lockdowns and vaccination have affected its dynamics and evolution. 

1.3.2 Phylogeography analysis:  

Another necessary part of phylogenetic studies is phylogeographies. Phylogeography is the study 

of geographical distribution of genetic variation within a species. It's a combination of 

phylogenetics and biogeography which represents the living organism's geographical distribution. 

Just like its name suggests, this analysis can be used to understand how a virus spreads and evolves 

overtime and space. This identifies the geographical origin of the virus and tracks its spreading 

(Emerson BC, 2011). 

For Covid-19, the phylogeography of the virus shows that maybe it has originated in bats and then 

transmitted to humans in a wet market in Wuhan, China (Holmes EC, 2021). 

The COVID-19 had a significant impact on Algeria, as it has in many countries around the world. 

In Algeria, the first confirmed case was on February 25th, 2020. The government quickly 

implemented measures to contain the spread but despite these measures the number of cases and 

deaths has risen steadily. In late 2020 and early 2021, the numbers continued to increase, leading 

to the government re-imposing some restrictions in several regions of the country. And in January 

2021, the first doses of vaccines have been administered starting with healthcare workers.  

In previous studies, evolutionary analysis was conducted on a data set of 95 genomes 

compromising Algerian and other sequences from all over the world, showing multiple 

introduction of the virus from other countries despite the lockdown, also they were able to identify 
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an individual amino acid replacement such as a deleterious replacement A23T in the Orf3a gene in 

an Algerian sequence (Zeghbib S, 2021). 

However, this study contained only 29 Algerian genome sequences so more sequences would 

definetely give off more information. Hence, to understand and give more insight about the 

pandemic in Algeria, in our work we used 192 SARS-CoV-2 Algerian   

Genomes extracted from the GISAID database, and analyzed them using phylogenic approaches, 

first we conducted a phylodynamic and phylogeographic study of our data using the BEAST 

software and its associated softwares. Then, a haplotype network analysis was created using PopArt 

it will demonstrate the multiple introductions and show local transmissions. Furthermore, various 

softwares and programs were used for futher genome explorations. 
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2 Aims 

First, we would like to trace the evolution of SARS-CoV-2 over the course of 2020 to 2023. Then, 

we would like to study the mutational heterogeneity at the nucleotide and protein level across viral 

genomes, specifically SARS-CoV2, to highlight both unique and common mutations in Algeria.  

Moreover, the investigation of the evolution of the virus and how different it is in certain 

subpopulations which leads to its different variants. Furthermore, conduction of a haplotype 

network analysis showing recombination events detected within the population. These will give us 

more insight about the host-pathogen interactions and how pathogens adapt to host immunity, 

which can help in the design of new vaccines and treatment strategies. 
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3 Material and methods: 

3.1 Choosing sequences and maximum likelihood phylogeny: 

Sequences were extracted from the GISAID database, two types of filters were used complete 

genomes, this chooses only sequences that have more than 29000 nucleotides, and secondly all low 

coverage sequences were excluded, we made sure to choose the ones that have no N (undefined 

nucleotide) chain. Next, the sequence alignment was done using MAFFT webserver with a fast and 

rough FFT-NS-2 parameter. A maximum likelihood tree was executed using IQTREE software, 

and the best substitution selected was GTR+F+R2.  

3.2 Temporal signal assessment: 

The treefile from the IQTREE output was used as an input file for TempEst, to test the temporal 

signal of our data. TempEst is a tool for investigating clocklikness of molecular phylogenies, it can 

analyze trees where all sequences have been collected at the same time, contemporaneous trees, 

and Dated-tip trees which have sequences that were collected at different dates. We use it to analyze 

if the assumption that our tree is under a molecular clock is true or not, which means if the the 

evolution of our sequences in the timeline specified is significant or not. The regression analysis 

of root-to-tip genetic distances in relation to sampling times showed strong positive correlation 

coefficients r=0.96, also an R2 =0.92, this indicates that our data is suitable for a phylogenetic 

molecular clock analysis. It also provides the tree with a best fitting root that is likely the most 

compatible with the assumption of the molecular clock. 

3.3 Time-calibrated phylogeny, Continuous phylogeographic analysis: 

BEAST (Bayesian Evolutionary Analysis Sampling Trees), a software package that uses Bayesian 

statistical methods to infer the evolutionary history of viruses and particularly useful for analyzing 

molecular sequence data to infer the evolutionary relationship between different strains of the virus. 

The core of Beast is a probabilistic framework for inferring the evolutionary history of a group of 

organisms by sampling from the space of possible evolutionary scenarios., this is done using a 

technique called Markov chain Monte Carlo (MCMC). We used BEAST v1.10.4 for generating 

the tip-dated phylogenetic trees for the nucleotide substitution model a GTR+F model was used 

following Gamma type distribution, and for the continuous trait where we used the latitude and 

longitude of the Algerian cities, the trait model is a Brownian random walk model. This is done 

under a lognormal uncorrelated relaxed clock. For the tree prior a coalescent Bayesian skyline, it 
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calculates under the assumption that the sequences are a small sample from a haploid population 

evolving under wright-Fisher dynamics.  The MCMC chains were run for 50 million generations 

and sampled every 5000 generations. Afterwards, a software named TRACER v1.6.0 is used for 

examining the effective sampling size that has to be higher than 200. Then using TreeAnnotator 

v1.10.4 the maximum clade credibility trees (MCC) were annotated and visualized in FigTree 

v1.4.4. Subsequently, we used SpreaD3 v0.9.7 software to visualize the transmission routes 

considering a continuous space. 

3.4 Genomic analysis: 

3.4.1 Synonymous and non-synonymous mutation analysis: 

To evaluate the selective pressure at the protein level SNAP v2.1.1 software was used, it’s a 

bioinformatic tool that analyzes genetic data to classify genetic variations, mutations, such as single 

nucleotide polymorphisms (SNPs). By comparing sequences, it identifies if the mutation is non-

synonymous, change of the Amino Acid sequence, or synonymous, meaning no change. A non-

synonymous mutation is deleterious when the change happens with physiochemically different 

amino acids. Therefor, the probability for them to become fixed in the population is very low 

leading to and adverse selection. However, when the non-synonymous substitution is 

advantageous, they are more likely to be fixed in the population and there is more change in the 

amino acids of the protein. Using SNAP, we got a ω ratio representing the rate of the non-

synonymous mutations to the synonymous mutations, and the selective pressure was calculated for 

each sequence pair within all SARS-cov-2 genes: Orf1a, Orf1b, S, Orf3a, E, M, Orf6, Orf7a, Orf7b, 

Orf8, N, and Orf10. Here we used only 193 sequences from our original dataset that have no 

unknown nucleotides in their sequences to avoid biased results. 

3.4.2 Effect of mutation on SARS-CoV-2 proteins: 

The Algerian sequences were analyzed using a mutation app implemented in the GISAID database 

to highlight the mutational pattern and the variations in the amino-acid level called CoV-surver. 

Afterwards, we applied these mutations on the reference sequence of each protein in PredictSNP 

to see the effect of the following changes on the function of the protein and disease relation.  

3.5 Haplotype network analysis: 
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A haplotype network analysis is used in evolutionary studies to infer the relationships among 

haplotypes, which are sets of alleles on a chromosome that are inherited together. The basic 

principle is that haplotypes are more similar to each other, so they are more likely to have a recent 

common ancestor. First using the DnaSP v6.12.03 software, a software tool that is used to analyze 

various aspects of DNA sequence data, it can estimate recombinations, number of segregating sites, 

and haplotype generation. Then to make the haplotype, POPART was used, a software that will 

infer evolutionary relationships among haplotypes using a median-joining algorithm, this will 

create a graphical representation of the evolutionary relatioships among the set of haplotypes, 

making a haplotype network. The analysis was done using default setting/epsilon=0. 

4 Results: 

4.1 Phylogenetic analysis: 

This plot shows our phylogenetic tree, where blue lines show low posterior probabilities and red 

lines show high posterior probability, the low posterior probabilities are due to missing data. 

 

Figure 3: phylogenetic tree of SARS-CoV-2 algerian sequences 
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4.2 Selection pressure: 

To observe the selective pressure on each gene, the data we got from SNAP was gathered in table 

1. First, we know that the ω ratio (dn/ds) represents a positive selection if higher than 1, and a 

negative selection if lower than 1. As shown in the Table 1, we can see that Orf1a with a value of  

0,26 is highly negative, alongside with Orf3a, E gene, Orf6, Orf7a, and Orf8. As for Orf1b, M 

gene, and N gene they showed moderately negative selection. However, the Spike gene had a value 

of 5.06 which proves highly positive selection. For NSP10 there were no significant results. 

Gene ds dn dn/ds 

Orf1a 0.0023 0.0006 0.26 

Orf1b 0.0013 0.0007 0.53 

Spike 0.0016 0.0081 5.06 

Orf3a 0.0056 0.0018 0.32 

E 0.0179 0.0059 0.32 

M 0.0068 0.0053 0.77 

Orf6 0.0284 0.0067 0.23 

Orf7a 0.0120 0.0036 0.3 

Orf8 0.0131 0.0035 0.26 

N 0.0058 0.0050 0.86 

Table 1: Selection pressure of SARS-CoV-2 genes 

 ds: observed synonymous substitutions; dn: observed non-synonymous substitutions. 

dn/ds: selection pressure. 

 

SNAP also generated plots that show the insertion/ deletion ratio (in/del), synonymous mutations 

rate (syn), and non-synonymous mutations rates (non-syn). We got results for each gene. 

As we can see in figure 3, only Orf1a shows that the in/del ratio is higher than syn and non syn 

mutations, some of the other genes such as Orf1b, E, M, Spike and Orf8 show the rate of non-syn 

to be higher. As for Orf3a, Orf7a, and Orf6 they show the syn mutation rates to be much more 

frequent than non-syn. 
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Figure 4:  Plots for insertion/ deketions, synonymous and non-synonymous rate in each nucleotides 

in the genes (part1) 
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Figure 5: Plots for insertion/ deketions, synonymous and non-synonymous rate in each nucleotides 

in the genes (part2) 
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Figure 6: Plots for insertion/ deketions, synonymous and non-synonymous rate in each nucleotides 

in the genes (part3) 

 

4.3 Mutation Analysis: 

Using PredictSNP, we inserted muations present in Algerian sequences from two timelines, ones 

from the beginning of the pandemic, and the others that appeared recently in 2022. PredictSNP, 

gathers information from all other methodes shown (Table2), to give a percentage of how 

deleterious (red color) or neutral (green color) the mutationis. For NSP1, the mutation has been 

present since the beginning of the pandemic and we can see that it’s a deleterious mutation. In 

NSP2 the most common mutation between our sequences is Q376K and it’s a neutal mutation, 

adding that it’s only present in 2022 sequences. Then, NSP3 and NSP6, all there mutations are 

recent ones, and each of them have one deleterious mutation and the others are neutral. As for, 

NSP4, NSP5, NSP13, NSP14, NSP15, E, and NSP7b they all have neutral mutations that appear 

in a large amount of recent sequences. Spike showed neutral muations for both types of sequences, 
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old and new ones. And finally, NS3, M, NS8, M seem to have a deleterious mutation each that also 

appear only in recent sequences, also some neutral mutations (Table 3). 

 

Table 2:Mutations in SARS-CoV-2 proteins part1 
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Table 3: Mutations in SARS-CoV-2 proteins part1 

4.4 Haplotype Network Analysis: 

For the haplotype we got 179 haplotypes, that shows a huge diversity in our dataset, we can see 

colored nodes which represent Algerian cities we got our samples from, and we got black inter-

nodes, these show missing sampling data. Moreover, we can see that data from same locations 

cluster together, but also data from different cities make clusters together showing the absence of 

restrictions. 
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All the results above showed the diversity and the high mutation rate of SARS-CoV-2 as a virus, 

from previous studies in the beginning of the pandemic there wasn’t that much variation especially 

in non-structural genes, however for the Spike gene the mutation rate was high since April 2020, 

and it’s even higher now in January 2023. 

The selection pressure for genes was shown to be negative for all genes besides Spike, this proves 

that it plays the biggest role in the propagation and the survival of SARS-CoV-2 as a virus,  but 
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also that negative selection on the other genes can tell us that the function of those genes is very 

important and needs improvement for the virus to become stronger and spread mire. 

We can’t deny that the amount of samples is very important for viral evolutionary studies, with our 

data set that has 344 sequences we were able to get these kind of information but still a lot of 

missing data was needed in this study for more precise results. Previous studies had appriximetly 

only 18 fully sequenced genomes, while ours had 193 full sequences and with this data we had a 

lot more information on the Algerian lineages and we were able to get 179 types of haplotypes in 

only one country (Zeghbib S, 2021). 

The clusters shown in the haplotype network showed 2 types, ones from the cities and ones from 

totally different places this can only show how when restrictions were removed from the country 

the virus has been roaming around from all different kind of individuals which improved even its 

mutation rate more and made it more diverse. 

Our protein sequences, most mutations were found to be neutral but some of them were deleterious. 

The R233C mutation found in NSP6 was discovered to be a missense mutation and it decreases the 

structural stability of the spike protein, and this light decrease the infectivity of of the virus (Hossein 

MS, 2021) 
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