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Abstract:In this study, mitochondrial displacement-loop (D-loop) sequences isolated from different hominid species are clustered using 

similarity matrix, Principal Component Analysis (PCA) and K-means algorithm. Firstly, the mitochondrial D-loop sequence data are 

retrieved from the GenBank database and copied into MATLAB. Pairwise distances are computed using p-distance and Jukes-Cantor 

methods. A phylogenetic tree is created and then a similarity matrix is generated according to the pairwise distances. Furthermore, the 

clustering is performed using only K-means algorithm. After that PCA and K-means are used together in order to cluster mitochondrial 

D-loop sequences.
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1. Introduction

Mitochondrial DNA (mtDNA) sequences of mammals evolve 

more rapidly than nuclear DNA sequences [1], [2]. This fast rate 

of evolution generates more change between sequences. In order 

for research of closely related species and populations, this rate is 

a benefit [1], [3]. In animal mtDNA, there are four principal kinds 

for sequence changes. These are sequence rearrangements, 

additions, deletions and nucleotide substitutions [4], [5]. 

Nucleotide substitutions are the most important principal for the 

derivation of phylogenetic relationships [4], [6]. The fastest 

evolving part of the mitochondrial genome is the mitochondrial 

control region (Displacement or D-loop) [4], [7]–[9]. 

Principal Component Analysis (PCA) is a classical feature 

extraction and data representation method [10], [11]. In addition, 

it can be used to reduce the dimension of similarity matrix 

generated according to the pairwise distances and simplify the 

mitochondrial D-loop sequence data structure. The main features 

of the mitochondrial D-loop sequences can be extracted using 

PCA by means of mapping high dimensional space data into low 

dimensional space. 

In phylogenetic analysis, distance measure is a significant matter 

[12]. Using p-distance and Jukes-Cantor methods, pairwise 

distances are calculated. Jukes-Cantor method is the simplest 

nucleotide substitution model which estimates the evolutionary 

distance between two sequences. Besides, it is called one 

parameter model in the literature [13]. This model can be applied 

to nucleotide substitution in alphabet (A, C, G, T) [14]. 

In data mining, the field of clustering has received significant 

attention in recent years and has become one of the important 

parts of machine learning research. Clustering is the process of 

categorizing a finite number of objects into groups where all 

members have common properties. Data mining is the process of 

using clustering algorithms in order to analyse data for patterns 

and relationships. K-means clustering algorithm [15] is one of the 

most used and popular clustering algorithms [16]. Furthermore, 

K-means is a simple unsupervised learning algorithm used to

solve well known clustering problems.

The rest of the paper is organized as follows. In Section 2, the

methods used for clustering of mitochondrial D-loop sequences

are explained. Section 3 investigates the results of the methods

used in this study. Finally, conclusions being under study are

summarized in Section 4.

2. Methods

In this paper, in order for clustering mitochondrial D-loop 

sequences isolated from different hominid species, similarity 

matrix, PCA and K-means algorithm are used. To calculate 

pairwise distances, p-distance and Jukes-Cantor methods are 

utilized. K-means algorithm is used alone and then it is utilized 

with PCA for clustering. Clustering of mitochondrial D-loop 

sequences using Jukes-Cantor method is shown in Figure 1. As 

seen in the flowchart, firstly, the mitochondrial D-loop sequence 

data are retrieved from the GenBank database. Secondly, 

retrieved sequence data are copied into MATLAB. After that 

pairwise distances are calculated using Jukes-Cantor method and 

then a phylogenetic tree is created. A similarity matrix is 

generated according to the pairwise distances. In addition, a 

dendrogram is drawn. Clustering is performed using K-means 

algorithm. Finally, K-means algorithm is used after applying 

PCA. 

Clustering of mitochondrial D-loop sequences using p-distance 

method is shown in Figure 2. As seen in the flowchart, unlike the 

first method, pairwise distances are calculated using p-distance 

method. Following steps are performed in the same manner. 
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Figure 1.Flowchart of clustering of mitochondrial D-loop sequences 

using Jukes-Cantor method. 

Figure 2.Flowchart of clustering of mitochondrial D-loop sequences 

using p-distance method. 

In this work, 5 hominid species are utilized to cluster 

mitochondrial D-loop sequences. These are European Human, 

Russian Neanderthal, German Neanderthal, Chimp Troglodytes 

and Mountain Gorilla Rwanda. When retrieving sequence data 

from the GenBank database, the accession codes for the 

mitochondrial D-loop sequences isolated from these 5 species are 

used. These codes are X90314, AF254446, AF011222, 

AF176766 and AF089820, respectively. 

3. Results and Discussion

In this study, to cluster mitochondrial D-loop sequences isolated 

from different hominid species, K-means algorithm is used and 

then it is used with PCA. Jukes-Cantor and p-distance methods 

are utilized in order to compute pairwise distances. The 

applications used for clustering of mitochondrial D-loop 

sequences are implemented using MATLAB R2014a. 

Phylogenetic tree created using Jukes-Cantor method is shown in 

Figure 3. 

Figure 3.Phylogenetic tree (Jukes-Cantor). 

Creating the similarity matrix according to the pairwise distances 

and drawing the dendrogram (Jukes-Cantor method) are shown in 

Figure 4. Converting the pairwise distances to square form 

(Jukes-Cantor method) is shown in Figure 5. Clustering using K-

means algorithm (Jukes-Cantor method) is shown in Figure 6. 

Performing PCA on square form (Jukes-Cantor method) is shown 

in Figure 7. Clustering using K-means algorithm after applying 

PCA (Jukes-Cantor method) is shown in Figure 8. 

Clustering of mitochondrial D-loop sequences (Jukes-Cantor)

Retrieve sequence data from GenBank database

Copy retrieved sequence data into MATLAB

Create a phylogenetic tree

Generate a similarity matrix according to pairwise distances

End clustering

Compute pairwise distances using Jukes-Cantor method 

Draw a dendrogram 

Cluster using K-means algorithm 

Cluster using K-means algorithm after applying PCA

Clustering of mitochondrial D-loop sequences (p-distance)

Retrieve sequence data from GenBank database

Copy retrieved sequence data into MATLAB

Create a phylogenetic tree

Generate a similarity matrix according to pairwise distances

End clustering

Compute pairwise distances using p-distance method 

Draw a dendrogram 

Cluster using K-means algorithm 

Cluster using K-means algorithm after applying PCA
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Figure 4.Creating similarity matrix and drawing dendrogram (Jukes-

Cantor). 

Figure 5.Converting pairwise distances to square form (Jukes-Cantor). 

Figure 6.Clustering using K-means algorithm (Jukes-Cantor). 

Figure 7.Performing PCA on square form (Jukes-Cantor). 

Figure 8.Clustering using K-means algorithm after applying PCA (Jukes-

Cantor). 

Phylogenetic tree created using p-distance method is shown in 

Figure 9. Creating the similarity matrix according to the pairwise 

distances and drawing the dendrogram (p-distance method) are 

shown in Figure 10. Converting the pairwise distances to square 

form (p-distance method) is shown in Figure 11. Clustering using 

K-means algorithm (p-distance method) is shown in Figure 12.

Performing PCA on square form (p-distance method) is shown in

Figure 13. Clustering using K-means algorithm after applying

PCA (p-distance method) is shown in Figure 14.
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Figure 9.Phylogenetic tree (p-distance). 

Figure 10.Creating similarity matrix and drawing dendrogram (p-

distance). 

Figure 11.Converting pairwise distances to square form (p-distance). 

Figure 12.Clustering using K-means algorithm (p-distance). 

Figure 13.Performing PCA on square form (p-distance). 

Figure 14.Clustering using K-means algorithm after applying PCA (p-

distance). 
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As seen in Figure 3–Figure 14, clustering of mitochondrial D-

loop sequences isolated from different hominid species is 

successfully performed using similarity matrix, PCA and K-

means algorithm. It is observed that both Jukes-Cantor and p-

distance methods are practical for computing pairwise distances. 

4. Conclusion

In recent years, clustering has become a significant research topic 

in the area of machine learning. In this paper, when clustering 

mitochondrial D-loop sequences isolated from different hominid 

species, similarity matrix, PCA and K-means algorithm are used. 

First of all, K-means algorithm is used alone and then it is 

utilized with PCA in order for extracting features of the pairwise 

distances located in the similarity matrix. Besides, pairwise 

distances are calculated using Jukes-Cantor and p-distance 

methods. According to the study results, it is seen that the 

mitochondrial D-loop sequences are successfully clustered using 

similarity matrix, PCA and K-means algorithm. 
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