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ABSTRACT 

Phylogenetic trees describe the evolutionary relationships among different types of organisms .The selection of 

methods   used in the construction of these trees is not easy    because   the data   used is often incomplete,   

meaning it comes from studies of both modern organisms and fossils. Also, the morphological data can be 

misleading ; when   closely related organisms may not look the same and distantly related organisms may share 

certain features, all these reasons make it difficult to determine the true relationships between these organisms. 

Therefore, the genetic data is more dependable, so it's usually a preferred method   used to construct 

phylogenetic trees.  Despite that, the genetic data can be affected by several factors, such as gene transfer, loss, 

and the choice of genes that are used. It's important to note that phylogenetic trees do not account for the length 

of time over which evolution happened ; they only reflect the order of divergence among lineages. Despite    all 

these challenges, phylogenetic trees are still a crucial tool in   understanding the evolution of life and in   

identifying new relationships among different organisms.  Recently, the use of phylogenetic analysis in 

microbiological research has increased significantly. This review provides an overview of the concept of 

phylogeny, the different methods used in the construction of phylogenetic trees, the applications of phylogenetic 

analysis in microbiology, and the steps involved in building a suitable phylogenetic tree. 

Keywords: bacteria; evolution; genome; molecular phylogeny; phylogenomic. 
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INTRODUCTION 

Understanding the evolutionary relationships among prokaryotes seems to be so difficult. In 

spite of that, the advancements in technology have made a revolution in this field, which 

allows a deeper understanding of microbial evolution and the effect of that on their 

relationships. Phylogenetic techniques make it possible to analyze the evolutionary patterns 

of microbial pathogens, including fungi, viruses, and bacteria, which allow the identification 

of commonalities, variations, and transmission pathways[1]. This understanding can be used 

in developing effective vaccines and treatment systems by pinpointing similarities among 

different strains or species of pathogens.  Progress in computational methods has significantly 

contributed to the field of phylogenetics which, has led to major advances in the microbial 

diversity perspective in recent decades [2,3]. Phylogenetic trees that are billed on the base of 

gene sequences act as maps that elucidate the concept of biodiversity. Comparative analyses 

of a small subunit of rRNA (16S or 18S rRNA) and other gene sequences have determined 

that life is divided into three major domains (Bacteria, Eucarya, and Archaea). According to 

the phylogenetic rRNA-based trees, the largest part of Earth’s biodiversity is microbial. 

However, our understanding of the nature of microbial diversity has been limited by our 

dependence on the study of cultured microorganisms. It is estimated that over 99% of 

microorganisms found in nature cannot be cultivated using standard methods [4,5] . Recently, 

the revolution in both recombinant DNA technique and molecular phylogenetic technique has 

provided several means to identify organisms in microbial communities without the need for 

cultivation. Applying these methods to diverse environments has revealed that our view of 

microbial diversity is limited and has uncovered a wealth of novel and environmentally 

significant diversity yet to be studied. Phylogenetic analysis offers an illuminating glimpse of 

the evolutionary history of a species [6,7] . This out group, which is typically unrelated to the 

species under investigation, serves as a benchmark to root the tree, imparting a sense of 

direction in evolutionary time. The choice of an appropriate out group is of paramount 

importance. Sometimes, prior knowledge of the group being studied facilitates identifying an 

out group, or it may become evident during sequence alignment [8] . Choosing a sister group 

as an out group often gives the most informative results because it shares a recent common 

ancestor with the investigated group.  The construction of phylogenetic trees Faces numerous 

challenges, including the selection of suitable molecular markers, solving   sequence 

alignment problems, and grappling with potential biases. All these complications indicate the 
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necessity of a thorough comprehension of the methods and data utilized in phylogenetic 

reconstruction. The selection process for the appropriate species to construct the phylogenetic 

analysis is vital because it plays an essential role in determining the accuracy of phylogenetic 

trees. The choice of inappropriate species can cause a significant distortion of the resulting 

phylogeny, which leads to limiting the analysis to a small number of taxa or choosing the 

wrong ones [9]. The construction of a phylogenetic tree can be achieved by using various 

features and characteristics, such as morphological traits, anatomical features, molecular 

markers, DNA, RNA, and amino acid sequences.  The selection of characteristics that are 

used often depends on factors such as the available data, in addition to the evolutionary 

distance between species, and the desired level of accuracy. The selection of whether to use 

DNA or protein sequences is essential when it comes to constructing the molecular 

phylogeny based on sequencing data [10]. The selection process between DNA sequence or 

protein sequence  in the construction of a phylogenetic tree depends on several factors  ,like 

the evolutionary distance between species, the type of evolutionary changes being examined, 

and the specific goals of the analysis. DNA sequences have four nucleotides, which gives a 

large number of possibilities for the characters; this feature provides better resolution for 

constructing the phylogenetic tree. However, because of   increase in the substitution rates, 

there is a greater chance that two lineages may independently evolve the same nucleotide at 

the same site, which leads to potential homoplasy. In other words, similar sequences do not 

result from the same common ancestry, but they rather from convergent evolution or other 

factors. Nevertheless, it is preferred to use DNA sequences for closely related species 

because of the finer resolution they can offer, in addition to capturing more detailed 

evolutionary changes. However, it is preferred to analyze protein sequences in the case of 

more distantly related species, where changes may have accumulated over longer periods. As 

they are subject to selective pressures that may result in fewer substitutions and offer a 

clearer signal of evolutionary relationships [11,12]. 

PHYLOGENETIC VERSUS PHYLOGENOMIC: 

Phylogenomics and phylogenetics: these two terms are related in the field of evolutionary 

biology, but they refer to different concepts. Phylogenetics represents the study of the 

evolutionary relationships between a group of organisms based on the construction of a 

phylogenetic tree, which is built based on either the use of molecular data such as DNA, 
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RNA, or protein sequences  or morphological and/or behavioral traits [13]. This definition 

reveals that phylogenomics is a subfield of phylogenetics that specifically uses a wide range 

of genes, or sometimes even whole genomes, to study the evolutionary relationships between 

different species or other taxonomic units to reconstruct the tree of life with higher accuracy 

in comparison to traditional phylogenetic methods. Advances in DNA sequencing 

technologies have made it possible to create a  genomic database, which allows for more 

accurate and detailed reconstructions of evolutionary histories [14]. 

PHYLOGENETIC TREE:  

The evolutionary relationship between organisms is represented by a graph known as the 

phylogenetic tree, which is typically constructed based on molecular data such as DNA 

sequences, morphological characteristics, or a combination thereof [15]. this graphic consists 

of nodes that represent common ancestors, and branches which represent the evolutionary 

pathways that lead to different species. The evolutionary change that has taken place based 

on the length of branches and the points at that branches split indicate   instances of 

speciation, where one species is split into two or more descendant species. The relationship 

between species of organisms is determined by the proximity of their branches to a common 

node. The closer the branches are, the more closely related the species are. This fact 

highlights the interconnectedness of all living beings and highlights the importance of 

preserving biodiversity. It is important to distinguish between homologous and analogous 

characteristics. When comparing traits between species, homologous characteristics are 

similar due to shared ancestry, whereas analogous features are similar due to convergent 

evolution [15,16]. 
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Figure 1. Phylogenetic trees show different representations and topologies. (A) 

Presentation of the elements of an a phylogenetic tree. (B) Another representation of the 

phylogenetic tree shown in A. Trees (C) and (D) are like each other and present a 

topology that differs from trees A and B [17] . 

GRAPHIC TYPE UTILIZED IN THE DISPLAY OF PHYLOGENETIC TREES: 

A phylogenetic tree can be represented using several graphical forms, each of which has a 

different purpose and could provide varying levels of detail in the context of evolutionary 

relatedness and divergence. Choosing the appropriate type depends on the type of data that 

the researcher desires to analyze and how it is presented to provide the best and clearest 

results[18]. For instance, a cladogram reveals the interconnections between various 

organisms by pinpointing shared characteristics (synapomorphies)  and also   highlights   

branching patterns along with relationships between species or sequences .It shows the 

common ancestors and points where lines diverge, but  the lengths of the branches generally 

do not represent evolutionary time or genetic change  [12].  In the case of  the phylogram, 

branch lengths represent the genetic change between the species or sequences, or the amount 

of evolutionary divergence [18]. Moreover, a dendrogram usually denotes a branching 

diagram that illustrates the relationships among species or sequences, which may not 

necessarily include information about branch lengths or evolutionary changes. However, in 

the context of phylogenetics, they are usually used interchangeably with cladograms to 

describe the branching patterns of taxa. This diagram is similar to a tree diagram but is often 

used more broadly in various fields of study beyond biology [19]. Molecular methods and 

conventional diagnostic techniques both have advantages and disadvantages. Conventional 

techniques are sometimes more easy to use, less expensive, and give faster results. However, 

they may not have the exact sensitivity and specificity as molecular testing. On the other hand 
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molecular diagnostics ,provide early detection capabilities, but they are more expensive, and 

difficult, in addition to raising ethical questions. By combining the precision and 

customization of molecular/genomic techniques with the rapid and widespread availability of 

older procedures, the integration of both approaches can improve patient care and diagnostic 

accuracy[18,19]. 

TECHNIQUES EMPLOYED IN THE PHYLOGENETIC TREE CONSTRUCTION. 

There are two main primary methods for constructing a phylogenetic tree, which, in turn, 

includes several sub-methods for building the tree. The  distance-based and character-based 

methods, each of which uses distinct algorithms and criteria for analysis. Character-Based 

Methods, also known as  cladistic or phylogenetic inference methods , depend on the analysis 

of shared derived characters among taxa to reveal their evolutionary history. These methods 

are based on the concept of parsimony, which needs an uncomplicated tree and the fewest 

evolutionary changes to reveal the observed character data. When compared with the 

distance-based methods,  character-based methods are considered more robust and accurate 

for concluding phylogenetic relationships. These are favorable when dealing with complex 

evolutionary scenarios and large datasets. Despite that, it can be computationally intensive 

and may require large amounts of computational resources. Maximum Likelihood (ML)  

techniques create a model that shows how sequences evolve,which makes this technique a 

powerful and widely used method for constructing phylogenetic trees. It depends on 

advanced methods that consider various factors, such as the variability of substitution rates 

and the probability of observed data. These techniques are highly preferred because they give 

researchers the opportunity to gain deeper insights into the mechanisms that drive the 

evolution of genetic sequences. ML trees can give informative details about internal node 

branch lengths and support values. Maximum Likelihood techniques use statistical models to 

estimate the likelihood of different tree topologies given the character data, and they select 

the tree with the highest probability [20-23]. 

The Maximum Parsimony (MP) technique represents a valuable tool for researchers in 

various fields because it minimizes the evolutionary changes required to explain the observed 

sequence data. which leads to the accurate representation of the evolutionary relationships 

between different organisms [20-25]. Moreover, the Bayesian Inference (BI) techniques are 

used when dealing with evolutionary model uncertainty and help estimate clades' posterior 
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probabilities. These methods can accommodate complex models of sequence evolution. Also, 

it involves the use of statistical models to calculate posterior probabilities for different tree 

topologies based on character data [22,23,26-28]. As well, distance-based methods (phenetic 

methods) rely on calculating genetic or morphological distances between taxa to infer their 

evolutionary relationships. It's based on the idea that more closely related organisms will 

have shorter genetic or morphological distances. These methods are relatively simple and 

computationally efficient. Still, they can be sensitive to the choice of distance metric. They 

may not always accurately represent   authentic evolutionary relationships, especially in cases 

of long-branch attraction or other tree-building artifacts [29-31] . This method includes 

several techniques with different purposes, Unweighted Pair Group Method with Arithmetic 

Mean, in this technique, the constructing process of a tree occurs by grouping taxa based on 

their pairwise distances and using an arithmetic mean to determine branch lengths. It is 

expected to construct trees based on genetic or sequence dissimilarity. Microbiology often 

uses these methods to explore relationships between different microbial strains or species [31, 

26]. The neighbor-joining (NJ) technique is widely used in microbiology, especially for 

constructing phylogenetic trees based on iteratively joining the closest neighbors (taxa) based 

on their pairwise distances. It is computationally efficient and suitable for large datasets. NJ 

trees are often used when the evolutionary distances between sequences are small [30, 26, 

32,33].Minimum Evolution (ME) technique is a phylogenetic tree-building algorithm that 

aims to construct the tree with the minimum overall branch length, assuming that the 

observed differences among sequences or taxa have evolved under an evolutionary model. 

Seek  the tree with the minimum total branch length across all possible tree topologies. This 

methods Relatively efficient in handling moderate-sized datasets [34]. The Fitch-Margoliash 

Method (FM) technique is a classic phylogenetic approach used to construct phylogenetic 

trees based on genetic distance matrices. It works with a matrix of pairwise genetic distances 

between taxa or sequences. It aims to estimate branch lengths and infer the tree topology that 

minimizes the discrepancy between the observed distances and the expected distances 

computed under a given model of evolution [35], each employing distinct algorithms and 

criteria for analysis. Each method has its advantages, so consider 
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Fig. 2: Hierarchical view of phylogenetic methods [17]. 

TYPES OF PHYLOGENETIC TREE: 

Phylogenetic trees can be classified into various types based on their representation and the 

specific relationships they depict among organisms ; theycan also be classified based on the 

type of data used to construct them. The data sources often determine the methods and 

approaches employed in creating these trees [37]. The rooted phylogenetic tree has a 

designated point, the root, from which all branches emanate. This root represents the common 

ancestor of all the species included in the tree. Also, it indicates evolutionary direction, with 

the root representing the oldest ancestor and the tips (leaves) representing the present-day 

species. Branch lengths can represent evolutionary distance or time. This type of 

phylogenetic tree is used to visualize the evolutionary history and relationships among 

different species in a hierarchical manner [38]. while the unrooted tree has no designated root 

point. It only displays the relationships between species without specifying an ancestral 

lineage. It focuses on the relationships between species rather than their historical connection 

to a common ancestor. Emphasizes   branching patterns and relative distances between 

species rather than absolute evolutionary timelines. This does not imply an evolutionary 

direction or lineage from a single root [39]. Moreover,  the term gene phylogenetic tree 

means that a tree is reconstructed from comparisons between the sequences 

of orthologous genes (those derived from the same ancestral sequence) to make inferences 

about the evolutionary history of the species from which the genes are obtained. It is distinct 
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from species trees or organismal phylogenetic trees, which depict the evolutionary 

relationships between whole organisms or species. Gene trees focus on the evolutionary 

history of a particular gene or sequence. It is particularly useful in various biological 

contexts, including molecular biology, genetics, and comparative genomics. They provide 

insights into the evolution of specific genes and can help understand how genes have 

diverged, duplicated, or been horizontally transferred across different species. These trees can 

also be essential for studying gene function and regulation within an evolutionary context 

[40]. while the species phylogenetic tree provides insights into evolutionary history and 

relationships among various organisms at the species level. It plays a crucial role in 

evolutionary biology, systematics, and comparative genomics, providing a framework for 

understanding the history of life on Earth, evolutionary connections between different 

species, and the timing of divergence events. They are often used to answer questions related 

to the classification and taxonomy of species as well as to study the patterns of speciation, 

extinction, and adaptation over time. It is commonly assumed that the gene and species trees 

are identical, but  this is not necessarily the case. Internal nodes in the gene and species trees 

must be precisely equivalent for this assumption to hold true. However, they are not 

equivalent [41]. 

APPLICATION OF PHYLOGENETIC TREES IN MICROBIOLOGY. 

Phylogenetic analysis: 

The history of life is a big mystery. Throughout the ages, scientists have tried to understand 

this mystery, and one of the most important methods used to understand this fact and how 

species are related was   phylogenetic analysis, which is characterized by its reliability that 

stems from its comprehensive nature that provides a detailed examination of evolutionary 

histories, givesinsights into speciation events, genetic diversification, and the 

interrelationships among different organisms or genes   that help in   understanding the shared 

ancestry and divergence among them. The simpler the representation of phylogenetic 

analysis, the more accessible, understandable, and visually grasp complex evolutionary 

patterns. On the other hand, this visual aid helps in communicating findings to a broader 

audience as well. The applications of phylogenetics extent  to   various fields in biology, 

including evolutionary biology, microbiology, conservation biology, and even fields like 

medicine and forensics.This reflects its importance as a fundamental tool for understanding 
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biological diversity and tracing the origins of diseases [17]. For constructing the phylogenetic 

tree   several steps should be taken into consideration, starting with the type of data and its 

quality [22,42-44] which could be genetic data, typically DNA or RNA sequences. This data 

may be derived from specific genes or regions of the genome that are used for phylogenetic 

analysis  [45,46]. After that, the collected sequences are aligned to identify homologous 

regions or positions within the gene, genome, or genetic markers to ensure  that comparable 

characters are used for tree construction [23]. the application of phylogenetic methods, such 

as maximum likelihood, maximum parsimony, bayesian inference, or neighbor-joining, to 

construct the tree. These methods aim to find the most likely branching pattern that explains 

the observed sequence data [45].To perform tree construction,    several software packages 

could be used, like PhyML, RAxML, MrBayes, or MEGA. The construction started with 

Input the alignment data, selected method, and model parameters into the chosen software, 

then run the analysis, and finally execute the software to estimate the tree. The software 

calculates branch lengths and tree topology based on the alignment data and the chosen 

method [47]. It is possible to use a tree visualization software such as  FigTree, Dendroscope, 

or Archaeopteryx to visualize and explore the phylogenetic tree. Also its Analyze the tree's 

branching patterns and consider the evolutionary relationships it represents  [48]. Currently,  

it is possibleto  trackthe sources and transmission pathways of infectious diseases, identify 

the origins of outbreaks , study microbial resistance to antibiotics, guide drug discovery 

efforts, and understand the spread of resistance genes in bacterial populations by using 

phylogenetic analysis in  epidemiology  [44,49-51]. Also   ,molecular phylogeneticsis applied 

to study the evolutionary relationships of viruses. This is important for understanding the 

origin and transmission of viral diseases and for developing strategies to combat them  [50]. 

This application is crucialin   understanding the   diversity and ecological roles of 

microorganisms in various ecosystems, including soil, water, and extreme environments. in 

addition to its importance in biotechnology and industrial microbiology by   facilitating  [50], 

[52]. The selection of strains with desirable genetic traits for various applications, such as 

biofuel production, bioremediation, and biopharmaceutical production  [53]. 

The significance of the out-group in the phylogenetic tree's construction 

Phylogenetic analysis sometimes needs to build a rooted tree to determine the direction of 

evolution,   indicating which branch represents the common ancestor of all the in group 

(target) species. To do that, it should be used as an out-group which is a species or group of 
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species used as a reference point to root the tree. The outgroup is critical and increases the 

overall reliability and informativeness of the tree. The choice of an appropriate outgroup is 

essential, and it should be selected based on its evolutionary relationship to the ingroup 

species while satisfying the goals of the analysis  [54,55]. 

STRATEGIES TO ASSESS THE ACCURACY OF A PHYLOGENETIC  TREE. 

There are various strategies aimed at evaluating the robustness, reliability, and consistency in 

addition to the accuracy of a phylogenetic tree 

Bootstrap Analysis: 

This method is based on the generation of multiple pseudo-data through random resampling 

by replacement characters from the original alignment. Then   construct   phylogenetic trees 

for each bootstrap data. After that, a consensus tree is computed from the multiple trees, 

where the branches that appear in the majority of the bootstrap set of replicates are considered 

well-supported [56]. 

Cross-Validation: 

This method is based on splitting the original alignment into subsets such as 80/20 or 70/30 to 

create training and test data. After that, using the training data to reconstruct the tree and 

evaluate its accuracy is done by comparing it to the true relationships known from the test 

data [57]. 

 

COMPARATIVE METHODS: 

This method is based on the use of the tree to make predictions about characteristics that are 

known to correlate with phylogeny and compare these predictions to empirical data  [58]. 

 

SIMULATED DATA: 

This method is based on generating simulated data that has known evolutionary relationships.  

After that, the simulated data have been analyzed with the same methods used for real data 

and assessed for their ability   to recover the true tree [59]. 
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DATA QUALITY AND SENSITIVITY ANALYSIS: 

This method is based on the use of sensitivity analyses to examine the quality of sequence 

alignment or molecular markers by varying alignment parameters or models to assess how 

these choices impact the tree because low-quality or unreliable data can lead to inaccurate 

trees [60]. 

 

CONCLUSION 

Development  in phylogenetic techniques have revolutionized  the science of microbiology 

and the larger field of evolutionary biology, providing profound insights into the evolutionary 

relationships among organisms. These techniques have allowed a more accurate and detailed 

understanding of the evolutionary processes shaping life on Earth, particularly among 

microbial species. 
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 الخلاصة

لال ي، من خان فهم العملية التطورية للحياة أمر صعب، ومن أكثر الأدوات المستخدمة لتمثيل وفهم هذه العملية هو التحليل التطور 
كائنات رسم أشجار التطور. في الواقع، هذه الأشجار هي فرضيات، تستخدم لوصف العلاقات التطورية بين الأنواع المختلفة من ال

تملة، غير مك المستخدمة في بناء هذه الأشجار ليس بالأمر السهل، لأن البيانات المستخدمة غالبًا ما تكون  الحية. إن اختيار الطرق 
لة، كون مضلبمعنى آخر أنها تأتي من دراسات كل من الكائنات الحية الحديثة والحفريات. كما أن البيانات المورفولوجية يمكن أن ت

سباب ل هذه الأكارتباطًا وثيقًا بنفس الشكل، وقد تشترك الكائنات البعيدة في سمات معينة، فعندما قد لا يبدو الكائن الحي المرتبط 
ا تكون مك عادة تجعل من الصعب تحديد العلاقات الحقيقية بين هذه الكائنات الحية. ولذلك، فإن البيانات الوراثية أكثر موثوقية، لذل

مل مثل عدة عوابتطور. وعلى الرغم من ذلك فإن البيانات الوراثية يمكن أن تتأثر الطريقة المفضلة المستخدمة لبناء أشجار النشوء وال
لفترة ر طول انقل الجينات وفقدانها واختيار الجينات المستخدمة. من المهم أن نلاحظ أن أشجار النشوء والتطور لا تأخذ في الاعتبا

تزال  ف بين الأنساب. على الرغم من كل هذه التحديات، لاالزمنية التي حدث خلالها التطور، ولكنها تعكس فقط ترتيب الاختلا
ة الأخيرة، ي الآونأشجار النشوء والتطور أداة حاسمة في فهم تطور الحياة وفي تحديد العلاقات الجديدة بين الكائنات الحية المختلفة. ف

ر، لتطور والتطو ه المراجعة نظرة عامة على مفهوم ا. تقدم هذملحوظ بشكل الميكروبيولوجية الأبحاثزاد استخدام التحليل الوراثي في 
ي بناء متبعة فوالطرق المختلفة المستخدمة في بناء أشجار التطور، وتطبيقات التحليل التطوري في علم الأحياء الدقيقة، والخطوات ال

 شجرة التطور والتطور المناسبة.
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