
 MINAR  

 

www.minarjournal.com 
 

   

 

International Journal of Applied Sciences and Technology  

ISSN: 2717-8234 

Article type:  Research Article                                                               

 

 

 

 

Received: 12/01/2023 Accepted: 15/02/2023 Published: 01/03/2023 

CONSTRUCTING THE GENOME OF SARS-COV-2: AN ESSENTIAL STEP 

TOWARDUNDERSTANDINGTHE COVID-19 OUTBREAK THROUGH PHYLOGENETIC TREES 

 
Nadia Moqbel Hassan ALZUBAYDI1 

Computer Department, Engineering College, Mustansiriyah University, Baghdad, Iraq 

Bashar Talib AL-NUAIMI2 

Computer Department, Science College, Diyala University, Diyala, Iraq 

 

Abstract 

This paper discusses the emergence of (SARS-CoV-2) is a global concern due to its ability to 

cause coronavirus disease 2019 (COVID-19). In order better understand this virus and its 

evolutionary history, a phylogenetic tree was constructed using the Maximum Likelihood 

Estimate method and a Multiple Sequence Alignment of SARS-CoV-2 and other coronavirus 

species. This tree will be used to help elucidate the relationship between various 

coronaviruses and the spread of SARS-CoV-2. This paper made use of 46 SARS-CoV-2 

isolates together with two other coronavirus species (Alpha & Beta) retrieved from the 

GenBank database (National Center for Biotechnology Information) for this exploration. 

Results indicated that the Maximum Likelihood Estimate approach was successful in 

producing a reliable phylogenetic tree that displayed the evolutionary history between SARS-

CoV-2 and other coronavirus species, as well as delineating the genetic diversity within 

SARS-CoV-2.  
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Introduction 

An in-depth analysis of the SARS-CoV-2 virus has been conducted with the 

aim of understanding its evolutionary history. By constructing a phylogenetic 

tree, scientists have been able to trace the detailed evolution of the virus from 

its origins to the present day [1]. This study provides an important insight into 

the spread of the virus, its mutations, and its potential for future mutation [2]. 

Using genetic sequencing techniques, a clear picture of the virus' genetic 

makeup has been developed. This data has been used to construct a 

phylogenetic tree that describes the relationship between different SARS-CoV-2 

viruses and provides valuable information about its evolution [3]. The 

phylogenetic tree has enabled scientists to identify genetic variants and 

understand the virus' ability to evolve and adapt to its environment [4]. This 

study provides a comprehensive overview of the virus' evolution and will help 

researchers in the development of effective treatments and vaccines. 

The novel coronavirus pandemic (COVID-19) has changed the world in 

many ways. Scientists are trying to understand the evolution of the virus that 

causes this disease, severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) [5] [6]. One way to do this is through phylogenetic tree construction [7] 

[8]. Phylogenetic tree construction is a process used to infer the evolutionary 

history of a group of related organisms (or viruses) by analyzing their genetic 

sequences. By constructing a phylogenetic tree, researchers can better 

understand the evolutionary patterns of SARS-CoV-2 and identify which areas 

of the world have been most affected by this virus [9]. This information can be 

used to inform public health strategies and vaccine development [10]. In this 

paper, we will discuss the basics of phylogenetic tree construction, explain how 

it is used to study the SARS-CoV-2 virus, and discuss the implications of this 

paper. 

Phylogenetic tree construction involves the analysis of genetic data to 

create a visual representation of the evolutionary relationships among various 

organisms. The tree shows how closely related different organisms are and how 

they have evolved over time [11]. By studying the tree, researchers can gain 

insights into the transmission and spread of SARS-CoV-2, and identify the 

genetic changes that have occurred since its emergence. 

The tree is then used to estimate how these species are related, this can 

help us to better understand the virus and its behavior, as well as inform 

strategies to prevent its spread [12]. Phylogenetic tree construction can be used 

to follow the development of novel virus strains, and to detect mutations that 

may be significant for its progression. Maximum likelihood approaches can be 

used to construct phylogenetic trees, and this approach can be used to examine 

SARS-CoV-2's evolution. [13].   

 

MATERIAL AND METHODS 

Data collection   

           NCBI's (National Center for Biotechnology Information) database was 

used to divide the entire genome from gene bank of (46) into (18) Alpha and (28) 

Beta coronaviruses [14]. 

Genomic information is a type of data that pertains to the DNA or genetic 
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material of an organism. It can include information such as accession numbers, 

definitions, genome size in base pairs (bp), paper titles, host information [15], 

and country of origin some of them are shown in the Table (1). 

Phylogenetic trees were constructed from complete genome sequences by 

first aligning the sequences and then analyzing them to determine their 

relatedness [16]. Alignment of the sequences has been made using multiple 

sequence alignment, such as R language, to find regions of similarity among the 

sequences [17]. Once the sequences have been aligned, phylogenetic analysis 

can be performed using a number of methods [18], such as maximum 

likelihood. This method uses to infer the evolutionary relationships among the 

sequences [19]. Once the phylogenetic tree has been built, it can then be used 

to infer the evolutionary history of the species and identify relationships 

between them as shown in Figure1. 
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This step involves selecting the organisms or gene family to be included in the 

phylogenetic analysis [20]. This selection is important as it will determine the type 

and amount of data that will be used in the analysis, The genomes of 

alphacoronavirus and betacoronavirus were selected in this paper. 

The Coronavirus and SARS-CoV-2 molecular data selection from the NCBI GenBank 

database provides access to genetic sequence data for the novel coronavirus SARS-

CoV-2 and other coronaviruses. It includes the complete genomic sequences for 

these viruses through: 

1. Navigate to the NCBI GenBank homepage 

(https://www.ncbi.nlm.nih.gov/genbank/) and select the “Nucleotide” database. 

2. Enter the term “coronavirus” in the search box, and select the “All Fields” option. 

3. Use the “Organism” and “Gene Family” filters to narrow down your search results 

to the desired organisms or gene family. 

4. Select the “Send to” option for the desired search results, and choose “File”, 

“FASTA” or “GenBank” as the file format. 

5. The downloaded file can then be used to analyze the selected organisms or gene 

family. 

 

The Coronavirus and SARS-CoV-2 molecular data Selection from the NCBI 

GenBank database is a collection of genetic sequences related to coronaviruses and 

SARS-CoV-2, the virus responsible for the COVID-19 pandemic. It includes genome 

sequences and more specialized data such as cDNA sequences, which are 

transcripts of mRNA sequences that can be used to study gene expression. The data 

is freely available to the public and is updated regularly [21]. 

 

Multiple Sequence Alignment 

This step involves aligning the sequences of the selected organisms or gene 

family to identify similarities and differences in the genetic sequences. This can be 

done using various software packages such as ClustalW, MUSCLE, and T-Coffee. 

The goal of MSA is to find the most optimal alignment of the sequences that 

maximizes the similarity among them. to optimize the alignment of the sequence 

[22].  

And here you will come the process of identifying regions of conserved gene 

order within the genomes of two different species, it is the "Synteny". It is a term 

used to describe the arrangement of genes and/or other DNA sequences in the 

genome that are located on the same chromosome. Before Multiple Sequence 

Alignment (MSA) used to construct a phylogenetic tree, these sequences must be 

compared to each other to determine the degree of similarity and evolutionary 

relatedness [23]. By looking at the synteny of the genes, it is possible to locate 

conserved blocks of DNA, which can provide evidence of common ancestry. This 

information can then be used to guide the MSA process, allowing the most accurate 

phylogenetic tree to be constructed. The FindSynteny() function takes the genomes 

as input, and it then identifies regions of similarity and rearrangements between 

the genomes. This is done by comparing and aligning the genomes. The output of 

the function is a graph showing the synteny blocks, which are regions of conserved 

gene order between two genomes [24] [25]. The graph also shows any 

rearrangements or inversions between the two genomes. 
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Generally, synteny matching takes place when two genomes have the same 

sections. We were able to get the first representation of the synteny of Alpha 

coronavirus with SARS-CoV-2 Wuhan-Hu-1 (NC_045512) outgroup, which is shown 

in Figure 2, and Beta coronavirus genomes, shown in Figure 3. We noticed blocks of 

similar sequences between them. These genomes demonstrate a blend of sequence 

likeness and divergence, with relatively few recombination events. 
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This step involves selecting a model of evolution that best fits the data. This 

model will be used to generate a hypothesis of the evolutionary history of the 

organisms or gene family. Evolutionary tree model selection is an important step in 

constructing phylogenetic trees for coronaviruses. It involves selecting the 

appropriate evolutionary tree model to accurately represent the evolutionary 

relationships between the different coronaviruses. This model selection is based on 

the alignment of the nucleotide or amino acid sequences of the different 

coronaviruses. The evolutionary tree model should be chosen based on the 

characteristics of the sequence data, such as the number of sequence differences, 

the position of the differences, and the rate of evolution. Once the appropriate 

evolutionary tree model is chosen which is the GTR-GAMMA model, the 

phylogenetic tree can be constructed using a variety of software tools that are 

available. The resulting phylogenetic tree can then be used to identify the 

evolutionary relationships between the different coronaviruses, which can provide 

important information about the spread and evolution of the virus [26] [27]. 

The Maximum Likelihood Estimate (MLE) uses a tree-like structure to 

represent the evolutionary relationships among the species and calculates the 

likelihood of the observed data given the model. The model selection is based on the 

maximization of the likelihood of the observed data given the tree topology. This 

technique has been used to construct phylogenetic trees for SARS-CoV-2, the virus 

responsible for the COVID-19 pandemic. MLE is a powerful tool for reconstructing 

the evolutionary history of any group of organisms, including coronaviruses [28]. 

 

Phylogenetic Analysis 

This step involves using the evolutionary model and the multiple sequence 

alignments to infer the phylogenetic relationships among the selected organisms or 

gene family. 

Phylogenetic analysis is a method of analyzing the evolutionary history of 

organisms. It is used to determine the relationships between different species and to 

understand the evolutionary processes that have occurred over time. In the case of 

SARS-CoV-2, phylogenetic analysis is used to construct phylogenetic trees which 

are diagrams that show the evolutionary relationships between different strains of 

the virus. Phylogenetic analysis involves collecting data from multiple sources, such 

as DNA sequences, protein sequences, and gene expression data. This data is then 

used to create a phylogenetic tree, which is a diagram that shows the evolutionary 

history of the virus. The phylogenetic tree is then used to compare different strains 

of the virus and to identify the different lineages of the virus. This information can 

be used to understand the spread of the virus and to identify which strains may be 

more dangerous than others. It can also be used to develop treatments and vaccines 

for SARS-CoV-2 [29]. 

 

Tree construction 

This step involves constructing a phylogenetic tree based on the inferred 

relationships from the data obtained from the phylogenetic analysis [7]. The tree is 

a graphical representation of the evolutionary relationships among the organisms or 

gene family being studied. Phylogenetic tree construction is a process used to create 

a visual representation of the evolutionary relationships among different species. 

This is done by analyzing the genetic sequences of each species and creating a 

diagram that shows how they are related. The tree is constructed by grouping 

together species that share more similar genetic sequences, with the most closely 
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related species being grouped together at the tips of the branches. This tree can 

then be used to study evolutionary processes, such as speciation and adaptation [8] 

[30].  

The tree can also be used to identify the common ancestor of a group of 

species, and can provide insight into the history and evolution of life on Earth. And 

then assessing how well the tree matches the original tree. The accuracy of the tree 

is then assessed using a measure of the tree's robustness, such as bootstrap 

support. Bootstrapping is a method used to evaluate the accuracy of a phylogenetic 

tree. It involves randomly sampling the data multiple times to create multiple trees, 

and then comparing the results. This allows researchers to see how reliable the tree 

is and determine whether it is accurate enough to make conclusions from. 

Bootstrapping can also be used to measure the confidence of a particular branch or 

node in the tree. The higher the bootstrap score, the more reliable the branch or 

node is considered to be [31]. After the process of Multiple Sequence Aligning as 

shown in Figure 4: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A phylogenetic tree was built for two families of Coronavirus, alpha and beta, 

with bootstraps as shown in Figures 5, 6.   

 

(a) 

(b) 
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Evaluation of phylogenetic tree 

This step involves assessing the accuracy of the phylogenetic tree by 

comparing it to other trees that were constructed using different methods and 

assessing the support for each branch. This allows for the identification of any 

potential errors in the tree [32]. 
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The evaluation of a phylogenetic tree depends on the accuracy of the data used 

to build the tree. The accuracy of the data is determined by factors such as the 

quality of the data sources, the reliability of the analysis methods used, and the 

accuracy of the inference techniques used. If the data used is of high quality, the 

phylogenetic tree will be more accurate . 

The accuracy of the branch lengths can be evaluated by looking at how well 

the tree reflects the actual evolutionary history of the species. The certainty of the 

conclusions drawn from the tree can be evaluated by considering the strength of the 

evidence that supports the tree [33] [34]. 

 

Results of Tree construction 

The Results of this research paper covers the results of the study and the 

interpretation of these outcomes. We used the maximum likelihood estimate (MLE) 

approach to generate three phylogenetic trees based on complete genome 

sequences. The first tree (Figure 5) was for Alpha coronavirus species only, the 

second (Figure 6) was for Beta coronavirus species, including SARS-COV-2 Species, 

and the third (Figure 7) was constructed by merging the Alpha and Beta 

phylogenetic trees. 

 

Conclusion 

In this paper, we used the Maximum Likelihood Estimate (MLE) approach to 

construct a phylogenetic tree of Alpha and Beta coronavirus to illustrate the 

evolutionary ties between SARS-CoV-2 and (Alpha and Beta families) of coronavirus. 

This resulted in accurate and dependable phylogenetic tree. It is likely that different 

variants of the COVID-19 virus will emerge quickly, so the different strains of SARS-

CoV-2 must be kept an eye on. Utilizing the phylogenetic tree and the Maximum 

Likelihood Estimation (MLE) approach appears to be a successful and advantageous 

technique for tracking the advancement of SARS-CoV-2's lineage, since the tree 

generated is accurate. 

 

Future Works 

In the future, we plan to build a phylogenetic tree of SARS-CoV-2 to 

demonstrate the evolutionary links between Alpha, Beta, Gamma, and Delta 

coronaviruses, which will uncover various SARS-CoV-2 mutations and single 

nucleotide polymorphisms (SNPs). To contain and treat COVID-19 and stop another 

outbreak, it is imperative to continually observe the variety and evolution of SARS-

CoV-2. 
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