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Introduction

Phylogenetics is a vital subfield of evolutionary biology, examines the relationships
among different species or organisms. By analyzing molecular data such as DNA and protein
sequences, scientists construct phylogenetic trees to visualize evolutionary pathways,
understand mechanisms of diversification, and identify common ancestors. These trees are
crucial not only in biology but also in ecology, medicine, and biodiversity conservation. They
facilitate the tracing of genetic and genomic evolutionary histories, infer ancestral
characteristics, and predict gene functions (Felsenstein, 2004). Phylogenetic analysis is
fundamental in various fields, including systematics and genomics. It aids in tracing the
origins of species, studying gene evolution, understanding the evolutionary basis of diseases

and traits, and tracking the origins and transmission pathways of pathogens.

The main goal of this research is to evaluate and compare the effectiveness of various
phylogenetic tree construction methods. By using reference dataset, we aim to identify which
method yields the most accurate and reliable trees in terms of reconstructing evolutionary
relationships. The specific objectives of this study are: first, to compare the performance of
different phylogenetic tree construction methods using two key metrics: Robinson-Foulds
(RF) distance and Mean Distance distance; Second ,to determine the strengths and
weaknesses of each method regarding accuracy and robustness; and to provide
recommendations for best practices in constructing phylogenetic trees across various

contexts.

There are several approaches to generating phylogenetic trees, each with unique assumptions,

algorithms, and applications. Among the most used methods are:

Distance-based methods: are UPGMA (Unweighted Pair Group Method with Arithmetic
Mean),Neighbor-Joining (NJ) and Minimum Evolution (ME) use distance matrices to construct trees
(Saitou & Nei, 1987).

Character-based methods: These methods include Maximum Parsimony (MP) and Maximum

Likelihood (ML), which directly use sequence data to infer trees (Felsenstein, 1981).

Each method has its advantages and limitations, and the choice of method often
depends on the nature of the data, research questions, and available resources. This study aims
to thoroughly examine these methods and provide empirical comparisons based on reference

datasets.
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Theoretical foundation

1. what is Phylogenetics ?

The word "phylogeny" comes from the two Greek words "phdlon™ which means "tribe,
clan, family" etc. or "species”, and "génesis" meaning "creation or origin". The so-called
"word" phylogenesis was coined in 1866 by the German biologist Ernst Haeckel. It is the
history of the evolution of a genetically related group of organisms(Haeckel, 1860).

1.1 Why Phylogenetics Is Used?

The goal of phylogenetics is to illustrate or deduce links between organisms,
establishing or deducing evolutionary or ancestral links. It involves calculating the time since
an organism's last common ancestor. The tree of life, or phylogeny, is a branching structure
used in phylogenetics research to illustrate relationships.

1.2 Molecular phylogeny :

Molecular phylogeny is the study of evolutionary or ancestral links between
organisms, groups of organisms, or genes. Molecular data, such as DNA and protein
sequences, are used for reconstructing or inferring these linkages(T.Dandekar and M.kunz
,2011).

1.3 Phylogenetic Tree:

A phylogenetic tree is a graph with only one path connecting any two nodes, visually
depicting the evolutionary or ancestral relationships between genes or organisms(T.Dandekar
and M.kunz ,2011).

1.3.1 Rooted & Unrooted Trees:

e Rooted Trees: A tree's molecular phylogeny has the oldest point, the root,
determining the elongated time on each branch. The feeling of temporal evolution on
all branches is defined by this moment.

e Unrooted Trees: However, molecular phylogeny techniques can only reconstruct an
unrooted tree without the extended time sense. It is impossible to reconstruct a rooted
tree. An unrooted tree is measured according to the traditional graphism in which the
time on each branch is not clear. But each branch has a definite length. Determine,
without resolution, any unrooted tree. This will represent part of the unrooted tree's
area. It is biologically defended. Find the separation between leaves. The benefit of the
way it is presented is that it can identify any unrooted tree. But the strong theory of the
molecular clock is not always applicable (G. Deléage and al., 2021).
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1.3.2 key concepts of phylogenetic trees:

1.3.2.10perational Taxonomic Units (OTUs) or Leaf Nodes:

Leaf nodes, also known as Operational Taxonomic Units (OTUs), are the outermost
terminal nodes of a phylogenetic tree. They represent the chemicals or creatures being
compared during the tree-building process.

1.3.2.2Hypothetical Taxonomic Unit (HTU) Inferred Ancestors or Internal Nodes:

Internal nodes of the tree indicate hypothesized shared ancestors who introduced two
independent lineages at some point in the past. These hypothetical structures imply a common
ancestor among the studied organisms or substances.

1.3.2.3 Root Node:

The root node represents the last common ancestor of all species or molecules being
compared, forming the base of the phylogenetic tree. Identifying the correct root node often
requires additional historical and physical evidence beyond molecular data.

1.3.2.4 Ancestor:

An ancestor is an assumed common progenitor from which two or more independent
lineages originated, typically represented by interior nodes within the evolutionary tree.

1.3.2.5 Branch:

A branch in a phylogenetic tree represents an evolutionary pathway or relationship
between nodes, visually connecting them and indicating the divergence or divergence that
occurred over time. Branches convey information about the duration and magnitude of
evolutionary changes between nodes(T.Dandekar and M.kunz ,2011).

Ancestor(Root)
internal branch External branch
Inf Ancl Org3
(HTU)
Orgl Org2
(OTU)

Inf AncX: Inferred Ancestor (HTU),
OrgX: Organism or Species or Sequence (OTU)

Figure 01: Example of a Phylogenetic tree.
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Branches represent the molecular evolution.

*The internal branch: link two OTU

» The external branch: link HTU and OTU

1.3.2.6 Branch length:

The number of ways to replace a residue with a different one at each site in the
molecule studied along this branch (unit: substitution number per site).

The branch length is proportional to the evolutionary distance between the sequences and
their ancestry.

2.Monophyletic, Paraphyletic, Polyphyletic groups:
2.1. Monophyletic group:

A monophyletic group or a clade is a taxon consisting of two or more species,
including an ancestral species and all descendants of that ancestral species (Figure 02).

2.2.Paraphyletic group:
Paraphyletic groups are incomplete groups, which one or more descendants of a
common ancestor do not belong to in group (Figure 02).

2.3.Polyphyletic group:

Polyphyletic groups are composed of descendants of ancestors not included in the
group definitively (E. O. Wiley and B.S. Lieberman, 2011).

3

VN

\

Paraphyletic group
Polyphyletic group

Monophyletic group

Figure 02: Monophyletic, Paraphyletic, Polyphyletic groups.
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3. Different graphical representations for trees:
3.1. Dendrogram:

The term "dendrogram™ refers to a vertical cluster organization in which similar
objects are grouped together based on predetermined criteria.

A dendrogram therefore illustrates the relationships between the various groupings.
Dendrograms are also used outside of the field of phylogenetics, possibly even outside of

biology.
3.2. Cladogram:

The cladogram is a hierarchical tree with branches that illustrates the relationships

between the classes. The cladograms are not nested (Figure 03).

—

Figure 03:A:Cladogram, B:Rectangular Cladogram .

3.3. Phylogram:

Phylogenetic trees at scale, or phylogenetic trees, have branch lengths that correspond
to the degree of evolutionary divergence (Figure04). For example, the number of nucleotide
changes that occur between connected branch sites can be used to determine the length of a
branch(Choudhuri, 2014).
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Figure 04: phylogram.
3.4. Phenograms :

These are trees that represent the parent-child relationships between molecules. Based
on phenotypic methods, they are a type of dendrogram produced by digital taxonomy, where
the relationships between taxa represent the global similarity degrees (Tahiri, 2012) .

3.5. The Newick format :
The Newick format is a common computer format for writing phylogenetic trees. The

format's name comes from the tiny group of researchers that developed it in a New England

town (Figure 05).

Two brotherly groups, A and B, make comprise the basic structure of a tree (A, B). If the two
species C and D are found in the second group, it is written (A. (C, D)).

Lengthening the terminal branches la, Ic, and Id as well as the ancestral branch at group C+D,
Icd, gives the following : (A: la,(C: Ic,D: Id): lcd); in which case the terminal point-virgule is
required and indicates the end of the tree(Deléage and al., 2021).

((A:b ;. ,B:b ,)g i:b . (C:b . . Dby )g e iben s Eibyyy )3

Figure 05: Example of a Newick format .
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4. Methods for Phylogenetic Tree-Construction:

Methods for Phylogenetic Tree Construction

)

Distance based Character based
methods methods
/—J
>  UPGMA ML
N— NJ MP
— ME

Figure 06:Methods for Phylogenetic Tree-Construction

4.1. Distance-based Methods:

Several tools for reconstructing phylogenetic trees from sequence data use the
evolutionary distances between sequences as intermediate data. These tools allow for the two-
step building of a tree. First, the evolutionary distances between each pair of aligned
sequences are calculated. The tree is then calculated using distances, no longer requiring the

useofsequence&

e Measure of Similarity & Distinction Matrix:

"Distance” is the number of differences between two sequences when they are aligned,
and it is the most basic way to calculate the molecular similarity between two sequences.
Additionally, a matrix format known as the Distance Matrix is used to display the pairwise
distances between any two sequences of a collection of sequences that have been aligned by

multiple sequence alignment.

4.1.1.Unweighted Pair Group Method with Arithmetic Mean (UPGMA):

The Unweighted Pair Group Method with Arithmetic Mean (UPGMA) is possibly the
most widely used and straight forward distance-based hierarchical clustering approach for
creating phylogenetic trees, based on the evolutionary distances between each pair of

sequences.
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It is sufficient to look for the smallest distance among all of these (T.Dandekar and
M.kunz,2011).

4.1.2. Minimum Evolution method (ME):

The minimum evolution method (ME), or minimum evolution score method (MES), is a
distance-based tree construction method that seeks to establish tree topology that minimizes
the sum of lengths of branches (or the total amount of evolutionary change) necessary to
explain the observed distances between taxa (G.Deléage and al., 2021).

4.1.3. Neighbor Joining Algorithm (NJ):

The minimal evolution method computes for all conceivable tree topologies, which
makes it impossible to handle large number of leaf trees in a reasonable amount of time. The
Neighbor-Joining method offers a very accurate approximation of the minimal evolution
method that is mathematically sound enough to allow for the analysis of hundreds of
sequences. The main idea is to just consider a few very specific tree topologies and apply the

minimal evolution method to them (T.Dandekar and M.kunz,2011).

4.2. Character-based Method:

Character-based methods consider the accumulated mutation events on the sequences,
thus avoiding loss of information. It easily brings information about homoplasy and ancient
states. It generates trees more accurately than distance methods. Maximum Parsimony and

Maximum Likelihood are the two most commonly used methods (Patwardhan and al, 2014).

4.2.1.Maximum Parsimony (MP) Method:

Probably the most often used character-based cladistic approach is Maximum
Parsimony. Using this strategy, one can anticipate the phylogenetic tree that yields the fewest
character changes (mutations) required to account for the observed variances in the sequences.
Thus, out of all the options, the maximum parsimony approach creates the most parsimonious

tree in terms of mutation (change) score (T.Dandekar and M.kunz ,2011).

4.2.2. Maximum L.ikelihood (ML) Method:

Maximum Likelihood (ML) is the most established and generalized character-
based method for the inference of phylogeny, this technique uses a clear evolutionary model
to reconstruct a phylogeny. Rather than just counting the mutations, the maximum likelihood

9
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method gives quantitative probability (from the substitution rate matrix) to mutational events.
Maximum probability constructs the tree similarly to maximum parsimony, but it determines

branch length by considering the likelihood of the hypothesized mutational events. The

process looks for the tree that has the highest likelihood or probability (T.Dandekar and
M.kunz,2011).

10
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Introduction

In this chapter, we explore the software and methodologies used for simulating and
analyzing phylogenetic trees to achieve a comprehensive comparison of phylogenetic
inference tools, this section details the systematic approach adopted for the selection of
software and tools, generation of databases, and the evaluation criteria used to compare the
performance of the selected tools using metrics such as Robinson-Foulds and Mean Branch
Length distances.

1. Choice of software:
1.1 RStudio:

RStudio is an integrated development environment (IDE) for R and Python. It includes
a console, syntax-highlighting editor that supports direct code execution, and tools for
plotting, history, debugging, and workspace management. RStudio is available in open source
and commercial editions and runs on the desktop (Windows, Mac, and Linux) (website 1).

Simulation of Phylogenetic Trees with TreeSim:

In this study, we used the TreeSim package in R to simulate phylogenetic trees.
TreeSim is a versatile tool that allows for the simulation of trees under various birth-death
process scenarios. For our analysis, we specifically used the “sim.bd.taxa()” function of

TreeSim.

1.2 1Q-TREE:

In our study, we used IQ-TREE, a robust and efficient software for phylogenetic tree
inference. 1Q-TREE has been under continuous development since its introduction in 2011
and is recognized for its effectiveness and precision in phylogenetic analyses. As an open-
source tool, it is extensively used in evolutionary biology to indicate evolutionary
relationships among species based on their genetic data, which includes DNA or protein
sequences. Our research specifically involved the use of 1Q-TREE for inferring phylogenetic

trees (website 2).

AliSim: Integrated Sequence Simulation Tool

AliSim is a feature integrated within 1Q-TREE for simulating phylogenetic sequences.
It is designed to simulate biologically realistic sequence alignments under a broad spectrum of

complex evolutionary models. AliSim achieves high performance by implementing an

12
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adaptive approach that combines the commonly-used rate matrix and probability matrix

approach.

1.3 Mega software:

In this study, we employed the MEGA (Molecular Evolutionary Genetics
Analysis),it’s a robust and user-friendly software suite designed for the comparative analysis
of DNA and protein sequences from species and populations. Developed in C++ (Website 4),
MEGA provides a wide range of tools for conducting molecular evolutionary genetics
analyses, including phylogenetic tree construction, sequence alignment, and evolutionary
distance estimation. It is widely used in the fields of evolutionary biology and bioinformatics

to estimate evolutionary distances and reconstruct phylogenetic trees (website 3).

2.Database Generation and protocol of construction the Phylogenetic
Trees:

In our study, we employed a comprehensive methodology to simulate and evaluate
phylogenetic trees using a combination of advanced software tools and analytical techniques.
Initially, we used TreeSim package in RStudio for simulating phylogenetic reference trees
based on various birth-death process scenarios. Specifically, we employed the sim.bd.taxa()
function. Here are the main features of this function:

e Conditioning on the number of taxa: “sim.bd.taxa()” simulates trees where the

process stops once the specified number of tips is reached.

e Function parameters:

o n: the desired number of taxa.
o lambda: the speciation rate.
o mu: the extinction rate.

o Numbsim: number of simulations repeats.
Simulation Process:

1. Parameter Definition: We defined the speciation and extinction rates based on
preliminary data and literature estimates (Figure 07).
2. Tree Generation: Using “sim.bd.taxa(n, lambda, mu, numbsim)” we generated a set

of phylogenetic trees for different numbers of tips (Figure 08).

13
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3. Saving Trees: Each generated tree is saved in Newick format using the write.tree()

function from the ape package, with filenames formatted as "tree_n8.newick",

"tree_n16.newick"... Etc (Figure 09).

) RStudio
File Edit Code View Plots Session Buid Debug Profée Tools Help
© - s > i ~ v Adding
O] Untitieds* 0 | Untitied? O] Untitied3 O Unttiec2 0 Untitlegs
Source on Save Y S *Run %
1 install.packages("Treesim™)
2 Tibrary(ape)
3 library(Treesim
4 n_var <- 8
5 lambda <- 0.1 # on rate
6 mu <- 0.05 #
7 numbsim <- 1 & Nu of trees
8 frac <-1
9 tree_list sim.bd.taxa(n = n_var, lambda lambda, mu
10 tree <- tree_list[[1]]
11 tree <- rcoali(n = 8)
12 #write.tree(tree, file = "tree.mk”)
13 plot(tree)
14 write.tree{tree, file = “tree_n8.mwk"
15 #tree_string as.character(tree)
16 #cat{tree_string)|

Figure 07: Code of TreeSim package in RStudio.

& RStudio

File Edit Code View Plots Session Build Debug Profile Tools Help

Q-0 & H Goto f ~ Addins
O Untitled1* @ uUnttledt © 9 Untt 3 =[]  Environment History Connections Tutorial
Source | & S - ol 4 -

fnsta’l].packages("‘rreesim") Files Plots Packages Help Viewer Presentation
: P 3 - "
1ibrary(ape) A zoom | Bbgot - |0 |
Tibrary(Treesim)
nvar <- 8

lambda <- 0.1 # Speciation rate
m <- 0.05 # Extinction rate
numbsim <- 1 # Number of simul:
frac <- 1

I T S

muy, numbsim

= Source ~

numbsim,

"
9 tree_list <- sim.bd.taxa(n = n_v: t2
10 tree <- tree_list[[1]]
11 tree <- rcoal(n = 8) .
12 #write.tree(tree, file = "tree.m t1
13 plot(tree)
14 write.tree(tree, file = "tree_ns.
15 #tree_string <- as.character(tree {7
16 #car(tree string)
—]
—8
, —4
11 [Top Level) 5 R Script 5
Console Terminal - Background Jobs - [ S— ]
R R432. -/
T e - 6

Les packages binaires téléchargés so

Figure 08: Tree_n8 generated by TreeSim .
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This allowed us to generate trees with a predetermined number of taxa. The simulated
trees were saved in Newick format (Figure 09).

IACNALOTEA a8 OATZGIANE M
J&1 R ‘. ; d 4
sV ras Ve sad i ve)y LTvrvr v

AAM FrmAANE S » A
114 Ik ‘4 L. - -~
s Ve VW v e T B

Figure 09: Fasta format of Tree_n8 (reference tree).

To generate the data sets for constructing phylogenetic trees, we used the 1Q-TREE
tool. We simulated trees with varying numbers of taxa (8, 16, 24, 32, 40) and different
sequence lengths (100, 200, 300, 400, 500). Each sequence length was subjected to five
different indel rates (0.001, 0.005, 0.010, 0.015, 0.020). These parameters enabled the
creation of a diverse set of data for robust analysis.

IQ-TREE, renowned for its precision and efficiency, facilitated the simulation of sequence
alignments through its integrated AliSim feature, we employed the following command in
CMD:

Igtree2—alisim N8 L100 INDEL0.001 —-m LG-t tree8 n8.nwk --length 100 --indel

0.001,0.001 --out-format- fasta

This command allows for the specification of:

e N8 L100 INDELO.001: This is a custom prefix for the output file names, indicating
the simulation parameters.

e -m: Specifies the evolutionary model to be used for the simulation.

e LG: substitution model for protein sequences.

e -t: Specifies the input tree file in Newick format.

e tree_n8.nwk: The name of the reference tree file used as the basis for the simulation.

e --length 100: Specifies the length of each sequence in the simulated alignment (100
base pairs).

e --indel 0.001,0.001: Indicates the same rate for both insertions and deletions (0.001).

e --out-format fasta: Specifies the format of the output alignment file (FASTA format).
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The results of this command provide both aligned and unaligned sequences; in our study,
we used only the aligned sequences (Figure 10).

Open~ 4+ Ng_L100_indel0.001.fa

;IthCDYPYKNFM\IFGQDSVLMKFTQMYQIIMMSQLSAVGRKVPF\V"F\DSAAAVM_ITAYE LYQSGQQQAKDQLLYYVLETQSDGK-YNILARYEPAPGSN
;:Z‘IQCQNPYKNVLYLNVDLCILQQAKRYKFLKMSKTTACGRKTPAVMVPDEAGAVILQNGTQVYEVGTSKSGKPFMYVLQSHPNTP—YDTIARQDDGPNGI
;:(?ECDNPYKNLLNINQDDALLKKAKRYSFLAMTQTNAVGDKAPGVMVADAAGAYILQNGTQVYEVGTFNVGKPLFYFLLAHPSEP-YE TLARESDGPGGN
;SRTDNPFKNLLNLNT“EPCLLVQAKRYSFLQMSTTTVTGRKTPSMMVAQF\AGF\KLFQNGTQV‘/EVGVNNAHRPLFYFLLAHPTDP—YQALARERNGPGGN
;:(::EVKRTWRMMVTLGSDNAALDKYHFPAIGlLINLVEGARHPA!IIMDEEF\GMAVVQIVLTIYRDGE TQDEELVYFVLKLH-TGPGDVLQLYKHLIRAVD
;gQETKVWKYIVHLGLENATLASYQQNAMGLIMDQIYTF\RKPAIVIMHEERAMAVVRIFFIIYRGGEEKDDKAVFFTMRLS~SSPGDVLELYKHLVRVAT
ééEAQRSFKYR!KLGRENALLAQYEQYAIAVLMRLVEVFRRPAVVIP’RNIVELVQTRIVFIVYRSGEDQDDKLYFMIMLN-TGPGDVLALYKDLVRVAV
?;SEAQQTFKWRVKLGKENALLAQYEQDAVAVLMRLVEVARQPF\VVDMRNMVDMVQTRLVFVVYRSGEEQDDKL‘/FMIMILD-TGPGDVLALYKDLVRVAD

Figure 10: Aligned sequences.

After we configured the simulations with specific parameters, sequence lengths, and
indel rates, ensuring biologically realistic alignments. The resulting aligned sequences were
then analyzed using the Molecular Evolutionary Genetics Analysis (MEGA) software.

The detailed process in MEGA was as follows:

1. Uploading Aligned Sequences: We uploaded our aligned sequences using the "File™ button
in MEGA.

2. Selecting Protein sequences: We selected this option to analyze our protein sequences.

3. Constructing Trees with Different Methods: We constructed phylogenetic trees using
several methods available in MEGA (ML, MP, NJ, UPGMA, and ME).

4. Saving Trees: Finally, we saved the constructed trees in Newick format for further analysis
and visualization.

g
File Ang Help [ e

i TA 3 i T i . o ih ® +
L — S’ S— o e p— S’ p— e p——1 o —
ALIGN DATA MODELS DISTANCE DIVERSITY Const'uc'/Tes' Max'mum L'kelmod Tm". CLOCKS DISEASE

[ Construct/Test Neighbor-Joining Tree...
TA e Construct/Test Minimum-Evolution Tree...
Input Data Options Ps Construct/Test UPGMA Tree...
Construct/Test Maximum Parsimony Tree(s)
Nucleotide Sequences Missing Data ? Open Tree Session
Alignment Gap
Pairwise Distance Identical Symbol

Figurell: Construction of phylogenetic trees with MEGAX software by different methods
(ML, MP, NJ, UPGMA and ME).
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Mi): Tree Explorer (N8_L100_indel0.00IME.nwk)

Search Image Subtree View Compute Caption Help
A Save Current Session Ctri+S ;
5 Export Current Tree (Newick)

8 Export abular
mi-t rt Timetree (N
) te
@ o —
aér‘l rt ANaiys immary »
m Expor 7
. . 18
B8 Export Pairwise Distance 3
t3
£S5 Write Tree in a Table Format —{: ‘4
8 Export Group Names 12
£ Import Group Names 15

Import Name Translations

Figurel2: Construction results of the phylogenetic tree_n8 with a sequence length of 100,

indel rate of 0.001, using the Minimum Evolution Method, exported in Newick format.

To assess the performance of these phylogenetic tree construction methods, we
employed metrics such as Robinson-Foulds (RF) distance (Figurel3) and Mean distance
(Figureld). These metrics provided a comprehensive framework for evaluating the
topological dissimilarity, branch length variations in the phylogenetic relationships inferred
by different methods.

3. Evaluation of Phylogenetic Trees Using Robinson-Foulds, and Mean
branch Length Distances:

To compare the reference tree with each one of the trees generated by 1Q-TREE, we
used two key metrics to assess the performance of different phylogenetic tree construction

methods: Robinson-Foulds (RF) Distance and Mean Branch Length Distance.

Robinson-Foulds (RF) distance:

(Robinson and Foulds, 1981), was employed as a key metric to assess the topological
dissimilarity between two phylogenetic trees. This measure quantifies the number of
partitions or splits in one tree that do not appear in the other, effectively capturing the
structural differences between the trees. By counting these discrepancies in branching
patterns, the RF distance provides an indication of how similar or different the trees are. A
lower RF distance denotes a greater similarity between the compared trees, indicating that

their overall topologies are more closely matched (Figurel3).
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In [1]: import dendropy

def calculate rf distance(generated tree file, reference tree file):
# Parse reference tree and generated tree
taxon_namespace = dendropy.TaxonNamespace()
reference_tree = dendropy.Tree.get(path=reference tree file, schema="newick", taxon_namespace=taxon_namespace)
generated tree = dendropy.Tree.get(path=generated tree file, schema="newick", taxon_namespace=taxon_namespace)
# Ensure consistent taxon namespace
generated tree.encode bipartitions()
reference tree.encode bipartitions()
# Calculate Robinson-Foulds distance
rf distance = dendropy.calculate.treecompare.symmetric difference(reference tree, generated tree)
return rf_distance
# List of file paths
file paths = [
"/home/affef/Desktop/trees/tree n8/L100/N8 L100 indel®.001/N8 L100 indel@.@OIME.nwk",
1
# Reference tree file path
reference_tree_file = "/home/affef/Desktop/trees/tree_nd/tree_n8.nwk"
# Iterate through file paths
for file path in file paths
# Extract the file name
file name = file path.split('/"})[-1]
# Calculate RF distance
rf distance = calculate rf distance(file path, reference_tree file)
# Print the file name and its RF distance
print(f"Tree Name: {file_name}, RF Distance: {rf_distance}")

Tree Name: N8 L1600 indel®.@01ME.nwk, RF Distance: 0

Figure 13:Python Code of metric Robinson-Foulds (RF) distance.

The Mean Branch Length Distance : provided insight into the average differences in branch
lengths between pairs of trees. By calculating the average of these differences, we could

determine how much the branch lengths of one tree deviated from those of another.

This Metric offered a detailed understanding of variations in branch lengths, facilitating

comparisons between tree structures in terms of their evolutionary distances.

These metrics provided a comprehensive framework for assessing the performance
and reliability of phylogenetic tree construction methods. By considering both structural
dissimilarities and branch length variations ,we aimed to offer a holistic evaluation of the
comparative effectiveness of these methods in reconstructing accurate evolutionary

relationships (Figurel4).
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In [2]: import dendropy
def calculate branch_length distances(generated tree file, reference tree file):
# Parse reference tree and generated tree
taxon_namespace = dendropy.TaxonNamespace()
reference_tree = dendropy.Tree.get(path=reference_tree file, schema="newick", taxon_r pace=taxon_I pace)
generated tree = dendropy.Tree.get(path=generated tree file, schema="newick", taxon namespace=taxon_namespace)
# Ensure consistent taxon namespace
generated tree.encode bipartitions()
reference_tree.encode bipartitions()
# Get postorder edge iterators
reference_edges = reference_tree.postorder_edge_iter()
generated edges = generated tree.postorder_edge iter()
# Calculate branch length distances
branch_length distances = []
for reference edge, generated edge in zip(reference edges, generated edges):
reference_length = reference_edge.length
generated length = generated edge.length
# Skip if any of the lengths is None
if reference length is None or generated length is None:
continue
# Calculate absolute difference in branch lengths
branch_length_distances.append({abs{reference_length - generated_length))
# Check if branch length distances is empty
if not branch length distances:
return None, None
# Calculate mean and standard deviation of branch length distances
mean distance = sum(branch_length_distances) / len(branch length distances)
std_error_distance = (sum((x - mean_distance) ** 2 for x in branch_length_distances) / len({branch_length_distanc
return mean_distance, std _error_distance
# List of file paths
file paths = [
"/home/affef/Desktop/trees/tree n8/L100/N8 L1600 indel6.001/N8 L1060 indeld.0O1ME.nwk"
]

# Reference tree file path
reference_tree file = "/home/affef/Desktop/trees/tree n8/tree n8.nwk"
# Iterate through file paths
for file path in file paths:
# Extract the file name
file _name = file path.split('/')[-1]
# Calculate branch length distances
mean distance, std error distance = calculate branch_length distances(file path, reference tree file)
if mean_distance is not None:
# Output results
print(f"Tree Name: {file name}, Mean Branch Length Distance: {mean_distance}, Standard Error Distance: {std |
else:
print(f“Tree Name: {file_name}, No branch lengths present in one of the trees.”)

Figure 14: Python code of metrics Mean and Standard Error distances.
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Results and discussion

Introduction

In this chapter, we present and analyse the results obtained from our phylogenetic tree
simulations and constructions. The performance of various phylogenetic tree construction
methods was assessed using Robinson-Foulds (RF) distance and Mean Branch Length
distance. These metrics were calculated for trees with varying numbers of taxa (N), sequence
lengths( Len) , and insertion-Deletion rates (InsDel). The results are illustrated through
histograms and detailed in Excel tables, providing a comprehensive overview of the
topological dissimilarities and branch length variations in the inferred phylogenetic
relationships. This analysis offers critical insights into the effectiveness and reliability of the

different methods used in our study.

1. Results of Robinson Foulds distance:

Parameters RFD (Robinson-Foulds Distance)
N Len InsDel ML MP NJ UPGMA ME

Table 01: RF distance calculated for 8 taxa with all variations of indels and sequence
lengths.
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Parameters RFD (Robinson-Foulds Distance)
N Len InsDel ML MP ] UPGMA ME
2 6 4 4 8
8 8 6 6 4|
4 6| 8| 4| 10|
10 8| 6| 6| 4|
8 8 6 6 10
2 0 2 0 4
2 2 6 2| 4
2 0 2 4 2
2 2 4 2 4
4 2 2 0 2
2 0 2 2 4
0 0 2 0 0|
4 4 6 2 6|
1 4| 2 2 o
2 4 2 0 2|
Table 02: RF distance calculated for 16 taxa with all variations of indels and sequence
lengths.
Parameters RFD (Robinson-Foulds Distance)
N Len InsDel ML | wmP NJ UPGMA |  ME
8| 10 4| 8| 8|
4 6 4 6 6|
4 10| 4 4 4
6 6 6 0 4
12 10 12 2 12
2] 2 4 0) 2
2 6| 2] 0| 4
4 8| 4 6) 4
2 4 4 2 4
4 0| 4 6) 4
8 6 6 8 6
4 4 4 8 6
0 0 0 2 0
0 0| 2 0) 2
2 4 2 4 2
0 0| 2] 2| 2
0| 0| 4 2] 4
2] 4 2] 4 6
0 0 2 6 2
2] 2 2 0 4
0 0 0 2 4
2 2 2 4 2
2 0 6| 2 6|
0 0 0 0 0
0 0 0 0| 0|

Table 03: RF distance calculated for 24 taxa with all variations of indels and sequence
lengths.
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Parameters RFD (Robinson-Foulds Distance)
N Len InsDel MP N UPGMA ME
12 14 10 4 10
12) 12 14 10 8
14 12 8 10 10
12 8 16 6 14/
8 8| 10 14 10
6 2 4 6 6
6 8 8 10 8
10 10 10 10 12
4 4 4 2 4|
4 6 2 6 4
2 4 4 4 2
6 0 4 2 4
10 10 6 2 4
4 4 4| 2 2
8 8 6| 2 6
4 4 2 0 4
2 4 8 6 10
4 6 2 4 2
2 0 2 2 2
4 4 6 2 6
4 6 6 0 4|
2 4 2 2 2
0 2 4 4 4
2 4 6 2 2
4 0 0 2 2

Table 04: RF distance calculated for 32 taxa with all variations of indels and sequence

lengths.
Parameters RFD (Robinson-Foulds Distance)
N Len InsDel ML MP NJ UPGMA |  ME
20 32 30 26 32)
22 38 20 24 28
18 24| 12 14 2
20 18] 14 20 28
22 14
20 14 10 8 16
20 12 16 6 16
16 16 12 10 16
16 18 8 8 1
20 14 14 4 16
8 2 12 10 14
8 20 14 6 18
26 12 14 4 2|
18 10 18 14 26|
10 8 12 12 16|
12 28 14 12 18
10 2 16 6 12
12 10 14 4 14
14 8 14 18 20
10 8| 16 6 14
8 20| 10 8 16
6| 14 12 10/ 18]
8 8| 12 8 16|
6 6 12 4 18|
6 6| 12 10 16|

Table 05 :RF distance calculated for 40 taxa with all variations of indels and sequence
lengths.
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2.Results of Mean Branch Length distance:

| Parameters

| MeanDist (Mean Branch Length Distance)

Len

InsDel ML MP

UPGMA

Table 06: Mean Branch Length distance calculated for 8 taxa with all variations of
indels and sequence lengths.

Parameters

MeanDist (Mean Branch Length Distance)

Len

0.195267

0.148225

0.193020

0.183244

0.138884

0.184641

0.188618

0.151439

0.189531

0.180622

0.151737

0.178161

0.181215

0.183609

0.144048

0.141267

0.179338

0.183555

0.184730

0.148572

0.183054

0.184250

0.144153

0.179290

0.184037

0.149459

0.180699

0.175855

0.146459

0.185348

Table 07 : Mean Branch Length distance calculated for 16 taxa with all variations of indels

and sequence lengths.
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Parameters MeanDist (Mean Branch Length Distance)
N Len InsDel ML MP NJ UPGMA ME
0.155537 0.146852 0.150185 0.152633
0.159867 0.149802 0.152474 0.149103
0.163078 0.151130  |0.153776  [0.150243
0.171693 0.152256  |0.155901  [0.145460
0.172186 0.152499 0.157091 0.152256
0.157804 0.141499 0.144324 0.144993
0.161353 0.144445  10.146784  [0.146572
0.165280 0.145968  |0.152611  [0.141499
0.166696 0.148103  |0.157657  [0.148727
0.168446 0.151100 0.168093 0.147475
0.156864 0.144773  |0.149812  [0.145599
0.159649 0.145625  |0.151308  [0.149052
0.159754 0.146078 0.151472 0.149141
0.161887 0.147993 0.155315 0.144773
0.166352 0.148317 0.155707 0.145650
0.162430 0.145503  |0.151402  [0.146888
0.162796 0.145604  |0.151545  [0.148385
0.165089 0.146978 0.151732 0.146063
0.165292 0.148922  |0.153045  [0.153025
0.166648 0.152917  |0.153322  [0.144817
0.158796 0.144966 0.149226 0.149376
0.159309 0.146617 0.150295 0.149559
0.162274 0.148476 0.154223 0.148475
0.162618 0.148607 0.155718 0.145832
0.163485 0.150193  |0.156164  [0.145896

Table 08 : Mean Branch Length distance calculated for 24 taxa with all variations of indels
and sequence lengths.

Parameters MeanDist (Mean Branch Length Distance)

N Len InsDel ML MP NJ UPGMA ME
0.136637 0.122444 0.121466 0.121452
0.133360 0.117374 0.113297 0.118824
0.127801 0.114310 0.117594 0.114205
0.134546 0.118737 0.121098 0.116213
0.129231 0.121732 0.122411 0.118404
0.130238 0.116929 0.118984 0.116047
0.130990 0.104640  |0.123773  [0.105664
0.129332 0.117451  |0.118712  [0.117388
0.129036 0.113811  |0.117296  [0.114730
0.129038 0.118125 0.118455 0.119241
0.125800 0.113407 0.115101 0.113554
0.128885 0.115936 0.115031 0.115491
0.126552 0.116256 0.116553 0.118630
0.128388 0.128388 0.118806 0.113808
0.117632 0.116260 0.117635 0.118063
0.130639 0.118497  |0.119935  [0.114004
0.125900 0.113153 0.117162 0.111992
0.129387 0.118625 |0.119078  [0.118752
0.126732 0.114137 0.114107 0.114387
0.122451 0.111992 0.112822 0.115161
0.132827 0.119188 0.121449 0.113619
0.127526 0.114444 0.116669 0.112635
0.130164 0.115770  |0.118504  [0.116514
0.127134 0.113687 0.116539 0.117786
0.123963 0.113227 0.112879 0.115537

Table 09: Mean Branch Length distance calculated for 32 taxa with all variations of indels
and sequence lengths.
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Parameters MeanDist (Mean Branch Length Distance)

MP

UPGMA

ME

0.150107

0.117375

0.153486

0.150528

0.120331

0.149034

0.156958

0.127533

0.150748

0.147400

0.112382

0.15104

0.144339

0111717

0.144162

0.153417

0.102657

0.153349

0.149048

0.103427

0.147798

0.149921

0.105131

0.149701

0.144333

0.106322

0.147617

0.149510

0.106749

0.152268

0.144107

0.099183

0.149611

0.151691

0.104683

0.154295

0.151412

0.101103

0.152628

0.143532

0.120294

0.142853

0.142846

0.102428

0.141663

0.145529

0.102136

0.142925

0.144400

0.100833

0.14432

0.146196

0.121384

0.145801

0.149142

0.103144

0.150654

0.154171

0.103070

0.153326

0.144186

0.104225

0.142256

0.145712

0.118577

0.145105

0.151299

0.107060

0.151513

0.148800

0.122878

0.150373

Table 10: Mean Branch Length distance calculated for 40 taxa with all variations of indels
and sequence lengths.
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3. RF Distance Histograms:

3.1 Variation in length of sequences :

N= 40 and InsDel=0.01

30
o 25
()
&
8
m -
o 20 ML
he, uMP
> 15 -
2 NJ
C
g 10 - UPGMA
{g m ME
o

100 200 300 400 500

Lengths of sequences

Figure 15: Histogram represents Robinson-Foulds (RF) distance in function of sequences
length.
Overall-Trend:
For most methods, the RF distance varies with sequences length, indicating

differences in topological accuracy depending on the method used.

Method-Specific observations:

eMaximum Likelihood (ML): Exhibits relatively high RF distances, indicating greater
topological differences from the reference tree.

eMaximum Parsimony (MP): Shows high RF distances for shorter sequences and decreases
as the sequence length increases, suggesting better accuracy with longer sequences.

eNeighbor-Joining (NJ): Maintains medium RF distances with a slight increase for longer

sequences.
eUPGMA: Consistently shows low RF distances across all sequence lengths, indicating

stable topological accuracy.
eMinimum Evolution (ME): Similar to ML, shows higher RF distances for longer

sequences, indicating reduced accuracy in these scenarios.
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Discussion:
The variation in RF distances highlights the importance of selecting the appropriate
phylogenetic reconstruction method. UPGMA consistently demonstrates better performance,

making it a reliable choice for accurate topology estimation in these scenarios.
ML and ME show less precise performance .
MP, unlike other methods, improves its accuracy with longer sequences.

NJ shows intermediate performance, with medium RF distances and a slight increase

for longer sequences.

3.2.Variation in number of sequences :

Length =300 and InsDel=0.01

30
o 25
(&)
[
% 2
2 ML
e, mMP
2 15
2 NJ
[
g 10 UPGMA
g m ME
© 5

0 .
8 16 24 32 40
Number of sequences

Figure 16 : Histogram represents Robinson-Foulds (RF) distance in fuction of number

of sequences .

Overall Trend:

The bar graph displays the Robinson-Foulds Distance across five different
phylogenetic methods (ML, MP, NJ, UPGMA, ME) for various numbers of sequences (8, 16,
24, 32, 40). The results indicate that the Robinson-Foulds Distance, which measures the
topological difference between the reconstructed and the true tree, varies with the number of

sequences, highlighting differences in the accuracy of these methods.
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Method Comparison:

e Maximum Likelihood (ML) :
o Shows a significant increase in the Robinson-Foulds Distance at 40 sequences,
peaking notably at this point.
o ML demonstrates variable performance across the different sequence numbers,
with lower values at 8, 16, and 24 sequences but much higher values at 32 and
40 sequences.
e Maximum Parsimony (MP) :
o Exhibits consistent performance with moderate Robinson-Foulds Distances,
peaking at 40 sequences.
e MP shows moderate values at 40 sequences and lower values at other sequence
numbers .
e Neighbor-Joining (NJ) :
o Demonstrates a gradual increase in the Robinson-Foulds Distance as the
number of sequences increases.
o NJ has noticeable peaks at 32 and 40 sequences, indicating higher topological
differences at these points.
e UPGMA:
o Shows lower Robinson-Foulds Distances at most sequence numbers, indicating
potentially better topological accuracy.
e Minimum Evolution (ME) :
o Exhibits high Robinson-Foulds Distances at 40 sequences, similar to ML.
o Shows moderate performance at other sequence numbers, with relatively lower

values at 8, 16, and 24 sequences but higher at 32 and 40 sequences.

Discussion :

The analysis reveals that the choice of phylogenetic reconstruction method
significantly affects topological accuracy, as indicated by the Robinson-Foulds Distance. The

results show varying levels of topological accuracy across different sequence numbers:

e UPGMA generally demonstrates better topological accuracy with lower Robinson-

Foulds Distances across most sequence numbers.
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e ML and ME methods show significant increases in Robinson-Foulds Distances at
higher sequence numbers (40), suggesting decreased accuracy in these scenarios.
e MP and NJ show intermediate performance with peaks at higher sequence numbers,

indicating variability in their topological accuracy.

This variability emphasizes the importance of selecting the appropriate method based on
dataset characteristics. UPGMA might be preferred for consistent topological accuracy, while

methods like ML and ME require careful consideration for larger datasets.

3.3.Variation in Insertion-Deletion rate :

Length = 300 and N=40

30

ML

mMP

mNJ
B UPGMA
= ME

Robinson-Foulds Distance

0,001 0,005 0,01 0,015 0,02

Insertion-Deletion rate
Figure 17: Histogram represents Robinson-Foulds (RF) distance in function of Insertion-
Deletion rate.

Overall Trend:

The figure illustrates how the Robinson-Foulds (RF) distance varies with different
insertion and deletion (insDel) rates. The RF distance measures the topological differences
between the reconstructed trees and a reference tree, indicating the accuracy of the

phylogenetic methods under varying insDel rates.
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Method Comparison:

e UPGMA: Shows lower RF distances across varying insDel rates, indicating better
performance and robustness in maintaining tree accuracy despite changes in insDel
rates.

e Neighbor-Joining (NJ) and Minimum Evolution (ME): Display moderate RF
distances, indicating that these methods are somewhat sensitive to insDel rates but
generally perform better than others except UPGMA.

e Maximum Likelihood (ML): Exhibits higher RF distances, indicating that this
method is more affected by higher insDel rates and may produce less accurate tree

topologies in such conditions.
Discussion:

The analysis reveals that the accuracy of phylogenetic tree reconstruction, as measured by
RF distances, is impacted by insDel rates. UPGMA consistently performs well even as insDel
rates increase, making it a reliable method under varying conditions. NJ and ME also show
relatively good performance but are more affected by higher insDel rates than UPGMA. ML,
on the other hand, appears to struggle more with increased insDel rates, leading to higher RF

distances and less accurate trees.
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4.Mean Branch length distance histograms:

4.1. Variation in length of sequences :

N= 40 and InsDel=0.01

0,25

0,2
m ML

0,15 m MP

B NJ
0,1

= ME

Mean Branch Length Distance

0,05

100 200 300 400 500
Lengths of sequences

Figure 18 : Histogram represents Mean Branch Length distance in function of sequences
length .

Overall Trend:
The mean branch length distance varies with the number of sequences,

indicating differences in the accuracy of branch length estimations by different methods.
There is no clear negative impact of the number of sequences on mean branch length

distance; instead, the accuracy appears to fluctuate with sequence length.

Method Comparison:

eUPGMA: Displays lower mean branch length distances across all sequence lengths,
indicating the best accuracy in branch length estimation.

eNeighbor-Joining (NJ) and Minimum Evolution (ME): Exhibit similar performance
generally better than other methods except UPGMA.

eMaximum Likelihood (ML): Shows higher mean branch length distances, indicating

less accurate branch length estimations compared to other methods in these scenarios.

B UPGMA
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Discussion:
The choice of phylogenetic tree reconstruction method significantly impacts the

accuracy of branch length estimation, as indicated by mean branch length distances. UPGMA
demonstrates the most consistent performance with the lowest mean branch length distances
across different sequence lengths. NJ and ME methods also perform well but are
outperformed by UPGMA. ML and MP methods show higher variability and generally less

accurate branch length estimations, particularly with larger sequence datasets.

4.2 Variation in number of sequences :

Length = 300 and InsDel=0.01
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Figure 19: Histogram represents Mean Branch Length distance in function of number of
sequences .

Overall Trend :

The bar graph represents the Mean Branch Length Distance across five different
phylogenetic methods (ML, MP, NJ, UPGMA, ME) for various numbers of sequences (8, 16,
24, 32, 40) The mean branch length distance is impacted negatively by the number of

sequences.
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Method Comparison:

Maximum Likelihood (ML) :

o

(@]

Shows high Mean Branch Length Distances at 8 sequences, which decrease
significantly as the number of sequences increases.
ML exhibits relatively low distances at 16, 24, and 32 sequences, but increases

again at 40 sequences.

Neighbor-Joining (NJ) :

o Displays high Mean Branch Length distances at 8 sequences, decreasing
notably at higher sequence numbers.

o NJ exhibits moderate distances from 16 to 40 sequences, indicating improved
accuracy with more sequences.

UPGMA :

o Shows lower Mean Branch Length distances across all sequence numbers,
indicating better accuracy in branch length estimation.

o UPGMA demonstrates the lowest values at 32 and 40 sequences, indicating

highly accurate branch length estimations.

Minimum Evolution (ME) :

©)

Discussion :

Exhibits high Mean Branch Length Distances at 8 sequences, which decrease
at higher sequence numbers.
ME shows moderate to low distances from 16 to 40 sequences, with improved

accuracy as the number of sequences increases.

The analysis indicates that the choice of phylogenetic reconstruction method significantly

impacts the accuracy of branch length estimations, as shown by the Mean Branch Length

Distances. The results reveal varying levels of accuracy across different sequence numbers:

UPGMA consistently demonstrates the best performance with the lowest Mean

Branch Length Distances, indicating highly accurate branch length estimations across

all sequence numbers.
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e ML and ME shows higher distances at 8 sequences, suggesting initial inaccuracies,
but improve with more sequences, although ML increases again at 40 sequences.
e NJ exhibit high distances at 8 sequences but stabilize and show improved accuracy

with higher numbers of sequences.

This variability highlights the importance of selecting the appropriate method based on
the dataset size and characteristics. UPGMA appears to be the most reliable method for
consistent accuracy in branch length estimation, while ML and ME show variability that

requires consideration, especially for larger datasets.

4.3.Variation in Insertion-Deletion rate :

Length =300 and n=40
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Figure 20: Histogram represents Mean Branch Length distance in function of
Insertion-Deletion rate.

Overall Trend

The mean branch length distance varies with the insertion-deletion rate, indicating
differences in the accuracy of branch length estimations by different phylogenetic methods.
Across different insertion-deletion rates, the mean branch length distance shows notable
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variability, suggesting that the accuracy of branch length estimation is influenced by the

insertion-deletion rate.

Method Comparison:

e Maximum Likelihood (ML) : ML exhibits relatively higher mean branch length
distances across most insertion-deletion rates, indicating less accurate branch length
estimations compared to other methods. However, its performance is consistent across
different insertion-deletion rates.

e Neighbor-Joining (NJ) : NJ displays consistent Mean Branch Length distances across
various insertion-deletion rates, generally performing better than ML but not as well as
UPGMA and ME. NJ’s stability across different conditions makes it a reliable method.

e Unweighted Pair Group Method with Arithmetic Mean (UPGMA) : UPGMA has
lower mean branch length distances across all insertion-deletion rates, indicating the
best accuracy in branch length estimation among the methods tested. Its performance
is particularly notable at mid-range insertion-deletion rates.

e Minimum Evolution (ME) : ME shows competitive performance, with mean branch

length distances similar to those of NJ.

Discussion:

The choice of phylogenetic tree reconstruction method significantly impacts the
accuracy of branch length estimation, as indicated by mean branch length distances. UPGMA
demonstrates the most consistent and accurate performance, with low variability in mean
branch length distances across different insertion-deletion rates. NJ and ME perform reliably,
though not as accurately as UPGMA . ML shows higher variability and less accuracy,

particularly at higher insertion-deletion rates.

The results suggest that methods like UPGMA is better suited for scenarios where accurate
branch length estimation is critical, especially in the presence of varying insertion-deletion
rates. The consistent performance of UPGMA highlight its robustness in phylogenetic

analysis.

36



Results and discussion

5.General Performance of Phylogenetic Reconstruction Methods:

The evaluation of phylogenetic reconstruction methods revealed significant variations

in terms of topological accuracy and branch length estimation accuracy. The results

demonstrated that the choice of method has a substantial impact on the quality of the

reconstructed trees.

1. UPGMA (Unweighted Pair Group Method with Arithmetic Mean):

o

o

Topological Accuracy: UPGMA consistently showed lower RF distances,
indicating better topological accuracy.

Branch Length Estimation Accuracy: UPGMA also exhibited lower mean
branch length distances, demonstrating excellent precision in branch length
estimation.

Time Performance: UPGMA was one of the fastest methods, allowing

efficient reconstruction of phylogenetic trees.

2. Neighbor-Joining (NJ):

©)

Topological Accuracy: NJ showed moderate performance with intermediate
RF distances, particularly sensitive to larger datasets.

Branch Length Estimation Accuracy: NJ performed relatively well, though
slightly less accurately than UPGMA and ME.

Time Performance: NJ was also fast, comparable to UPGMA in terms of

computation time.

3. Maximum Parsimony (MP):

o

Topological Accuracy: MP exhibited low RF distances for a smaller number
of sequences and moderate RF distances for larger datasets.
Time Performance: MP was relatively fast, enabling efficient reconstruction

for moderate-sized datasets.

4. Minimum Evolution (ME):

(@]

Topological Accuracy: ME displayed variability similar to ML, with higher
RF distances for larger datasets.

Branch Length Estimation Accuracy: ME showed competitive mean branch
length distances, close to those of NJ.

Time Performance: ME was also fast, comparable to UPGMA and NJ.
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5. Maximum Likelihood (ML):
o Topological Accuracy: ML exhibited higher RF distances, particularly for
larger datasets, indicating reduced topological accuracy.
o Branch Length Estimation Accuracy: ML showed higher mean branch
length distances, indicating less precision in branch length estimation.
o Time Performance: ML was the slowest method, requiring substantial

computation time, especially for larger datasets.

Note : Maximum Parsimony (MP method did not provide branch length values during the

tree construction in MEGA, hence the mean branch length could not be calculated.
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Conclusion

Our study, titled "Comparison of Phylogenetic Inference Methods," aimed to evaluate
and compare the performance of five commonly used phylogenetic reconstruction methods:
UPGMA, Neighbor-Joining (NJ), Maximum Parsimony (MP), Minimum Evolution (ME),
and Maximum Likelihood (ML). The evaluation encompassed both topological accuracy and
branch length estimation accuracy across various dataset sizes and insertion/deletion (ins/del)

rates.

The results indicated clear distinctions in the performance of the methods. UPGMA
consistently emerged as the method with the highest topological accuracy, maintaining stable
performance even with increasing dataset sizes. Its ability to produce precise branch length

estimations further solidified its position as a reliable choice for phylogenetic reconstruction.

Neighbor-Joining (NJ) demonstrated moderate performance, particularly suitable for
datasets with a larger number of sequences. While not as accurate as UPGMA, NJ still

provided dependable results across different conditions.

Minimum Evolution (ME) showed competitive performance, especially in branch
length estimation accuracy, making it a viable alternative to UPGMA in certain scenarios. The
ME method's focus on minimizing the total branch length of the tree often results in accurate

and biologically meaningful trees.

Maximum Parsimony (MP) exhibited good performance with smaller datasets but
demonstrated variability in accuracy as dataset sizes increased. Despite this, MP remained a
valuable option for phylogenetic reconstruction, particularly when computational resources
are limited. Its simplicity and non-parametric nature make it a suitable choice for initial

exploratory analyses.

Maximum Likelihood (ML), while capable of providing detailed results, showed
higher variability and less accuracy compared to other methods, especially for larger datasets.
Its computational intensity also posed challenges, making it less practical for analyses
requiring speed and efficiency. However, ML's model-based approach allows for more

nuanced reconstructions, particularly useful when evolutionary models are well understood.

41



Conclusion

In conclusion, our study "Comparison of Phylogenetic Inference Methods" emphasizes
the importance of method selection for achieving accurate and reliable phylogenetic
reconstructions. UPGMA stands out as a robust and efficient method, suitable for various
datasets and analytical scenarios. However, NJ, ME, and MP also offer valuable alternatives
depending on the specific requirements of the analysis. Despite the challenges associated with
ML, its detailed approach remains crucial for certain applications, particularly where model

accuracy is paramount.

This study highlights the nuanced performance of different phylogenetic inference
methods and underscores the necessity for researchers to carefully choose the method that

best suits their specific dataset and research objectives.
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Abstract

/ Abstract : Phylogenetics, a key area of evolutionary biology, studies relationships among\
species through DNA and protein sequence analysis, creating trees that reveal evolutionary
paths and common ancestors. These trees are essential in biology, ecology, medicine, and
conservation, helping trace genetic histories, infer ancestral traits, and predict gene functions.
This research aims to compare the effectiveness of different phylogenetic tree construction
methods. Using a reference dataset, we evaluate methods based on two metrics: Robinson-
Foulds (RF) and Mean Branch Length Distances, identifying each method's strengths and
weaknesses to recommend best practices for phylogenetic tree construction.

Keywords : Phylogenetics, protein sequence analysis, Evolutionary paths, Common

k ancestors and Phylogenetic tree construction methods . /

Résumeé : La phylogénétique, un domaine clé de la biologie évolutive, étudie les relations

entre les especes grace a l'analyse des sequences d'ADN et de protéines, créant des arbres qui
révelent les chemins évolutifs et les ancétres communs. Ces arbres sont essentiels en biologie,
écologie, médecine et conservation, aidant a tracer les histoires génétiques, a inférer les traits
ancestraux et a predire les fonctions des génes. Cette recherche vise a comparer I'efficacité
des différentes méthodes de construction des arbres phylogénétiques. En utilisant un jeu de
donneées de référence, nous évaluons les méthodes basées sur deux métriques : la distance de
Robinson-Foulds (RF) et la moyenne des branches, en identifiant les forces et faiblesses de
chaque méthode pour recommander les meilleures pratiques de construction des arbres

phylogénétiques.

Mots clés : Phylogénétique, Séquences de protéines, Arbres évolutifs, Ancétres communs et

Méthodes de construction d'arbres phylogénétique .
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Abstract :

Phylogenetics, a key area of evolutionary biology, studies relationships among species
through DNA and protein sequence analysis, creating trees that reveal evolutionary
paths and common ancestors. These trees are essential in biology, ecology, medicine,
and conservation, helping trace genetic histories, infer ancestral traits, and predict gene
functions. This research aims to compare the effectiveness of different phylogenetic tree
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