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ABSTRACT: With the acceleration of gene sequencing studies, many
biological data have been accumulating. By analyzing these data, it
contributes greatly to the studies on understanding the metabolic disorders
in the organism and increasing the efficiency of the drugs. For this purpose,
it is critical to classify the data in a way that is accurate, fast and low-cost
according to its characteristics and relationships. Besides experimental
methods, machine learning and bioinformatics methods are commonly
used, such as artificial neural networks, support vector machines, soft-
computing methods. However, the effectiveness of these methods on
biosequence data depends on the method of using the method with the most
appropriate parameters and converting protein sequences into numerical
sequences. When the sequences are transformed with amino acid
frequencies, the properties of amino acids are ignored. For this purpose,
handling the physicochemical (hydrophobicity, hydrophilicity ...)
properties of amino acids increases the performance of classification
techniques. The phylogenetic tree is the best method to visualize the
classification among species. In the study, the wavelet transform used in
the analysis of digital signals has been adapted to protein sequences
defined by hydrophobicity values. Each protein sequence was defined to
correspond to a signal, the wavelet transform was divided into approach
and detail components, and the similarities between them were calculated,
then, the phylogenetic tree of the species was created. As an application,
phylogenetic trees of ND5 protein sequences of 22 species were created in
the MatlabR2017 program via Neighbor-Joining (NJ) and Unweighed Pair
Group Method of Arithmetic Averages (UPGMA).

1. INTRODUCTION

depend on the order of amino acids in the sequences.
Proteins with similar amino acid sequences have similar
functions [1].

Bioinformatics is defined as the branch of science that
uses computer-based applications for biological data.
The bioinformatics is widely used for in life-science
nowadays. Biosequence data can be DNA or amino acid
sequences. The structures and functions of proteins
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Comparison of proteins is used in protein analysis.
Because the structure of a protein can be determined
through the amino acid sequence [2]. The similarity
between a pair of protein sequences means the similarity
between their functions and structures. This similarity
can be used to find similar biological functions,
structures, and to reveal relationships among organisms
[3.4].

In the literature, support vector machines [5-7],
artificial neural networks [8, 9], fuzzy logic [10-12],
distance-based algorithms [13, 14], hidden Markov
models [15], knowledge-based technology [16],
statistical based algorithms [17], and multi-class
support vector machines [18] have been used to describe
the relationship between proteins.

Wavelet theory has been widely used in the intracellular
location prediction of apoptotic proteins [19], in
defining the similarity model of protein sequences [20,
21], in the functional comparison of proteins [22, 23].

Fourier transform was applied in the classification of
protein structures in [24]. In this study, the primary
amino acid sequence of the protein sequence was
expressed as a signal; the time axis represents the amino
acid position values and the frequency axis is the
hydrophobicity values of the amino acids. In the next
step, each signal is divided into frequencies by Fourier
transform. The basic parameters that determine the
protein class on the signal allocated to their frequencies
were examined and the structure was classified.
However, the Fourier transform does not show the time
periods it is found although it shows the frequency
components of the signal. It is possible to access this
information through various functions in wavelet
transform calculations. For this reason, in this paper, the
wavelet transform used in the analysis of digital signals
has been adapted to protein sequences defined by
hydrophobicity values. The phylogenetic tree of the
species was created by defining each protein sequence
to correspond to a signal, dividing it into wavelet
transform, approach and detail components and
calculating the similarities between them. As an
application, phylogenetic trees were created using ND5
protein sequences of 22 species using Neighbor-Joining
(NJ) and Unweighed Pair Group Method of Aritmetic
Averages (UPGMA) methods.

2. METHODS AND MATERIALS

The method section of the study consists of the
following steps as shown in Figure 1.

Data
Collection
Pre-processing
Data

Wavelet Similarity
Transform coefficients
Application Calculation

Construction
Phylogenetic
Tree

Figure 1: Analytical steps of the study

2.1. Pre-processing Data

To compare the other studies that existed in the
literature, ND5 protein sequences of 22 species are
chosen and given in Table 1 [25]. The sequences were
obtained from the Universal Protein Source Information
Base (UniProtKB) database [26] in FASTA format. The
FASTA format of a protein is illustrated in Figure 2.

Table 1 Protein sequence information of 22 species

Organism Accession Number
Gibbon P03919
Horse AS5JYC4
Bornean orangutan P03918
Fin whale P24978
Mouse P03921
Rhino B7ZHW2
Gorilla P03917
Gray seal P38602
Human P03915
Spain bovine C51X37
Tiger FEKOP7
Cat P48921
Opossum P41309
Korean bovine Q85BD6
Blue whale P41299
Platypus Q36459
Pigmy chimpanzee P03916
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Harbor seal Q00542
Sumatran Orangutan P92699
Common chimpanzee Q35648
Rat P11661
Wallaroo NP_007404
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Figure 2: FASTA format of a Protein sequence (eg
P41299)

The hydropathy values given in Table 2 for the
constituent amino acids of proteins are as follows [27].
Table 2 Hydropathy values of amino acids

Amino Acid Hydropathy values
| 4.5
4.2
3.8
2.8
2.5
19
1.8
-0.4
-0.7
-0.8
-0.9
-1.3
-1.6
-3.2
-3.5
-3.5
-3.5
-3.5
-3.9
-4.5
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ND?5 protein sequences of 22 species were transformed
into numerical with the help of MATLAB program with

these hydropathy values corresponding to each amino
acid. Protein sequences that become numerical are
expressed as signals using MATLAB. Protein
sequences in FASTA format were converted into
signals such that their hydrophobicity values were y-
axis and amino acid position values were x-axis. In
Figure 3, the expression of two protein sequences as
signals are given.
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Figure 3: Representation of protein sequences as
signals.
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2.2. Wavelet Transform

Wavelet transform is frequently used in image
processing, signal  processing, time-frequency.
Although the Fourier transform divides signals with
time-frequency notation into frequency components, it
does not show in which time slots the signals exist.
However, the wavelet transformation eliminates this
problem and gives information about frequency
components in certain time periods.

Wavelet functions are produced from a source wavelet
by changing the shifting and scaling parameters. There
are various wavelet functions in the literature. Scaled,
scrollable windows for wavelet transform are used
throughout the signal and provide spectral behavior
information of the signal in the new step. Wavelet
transformation examines in narrow frequencies at high
frequencies and wide periods in low frequencies as in
Figure 4 [28].
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Figure 4: Time-frequency graph in the wavelet
transform

The discrete wavelet transform (DWT) can be
expressed as detailed in Eq. 1.

DWT(s, 1) = Y(25x(t) + 1) 1)

Here, the signal to be analyzed is x(t) defined as the
function to be used for wavelet rotation.@*(2°x(t) +
7). Here s and 7 represent the scaling and shifting
parameters in the transformation, respectively [28, 29].

In the DWT analysis, the signal is divided into a high-
scale-low frequency approach component and a low-
scale-high frequency detail component. Low scales
indicate high frequency components with sudden
changes in the signal. High scales denote slow change,
low frequency components in the signal. The
decomposition levels of the S signal are given as shown
in Eq. 2 and Figure 5.
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Figure 5: Wavelet Decomposition
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Approach components obtained from the signal are
separated into approach and detail components at each
step, and the algorithm is continued sequentially until
the digital value reaches a single value.

Cross-correlation function will be used for similarity
between signals. Cross-correlation is defined for S; and
Sz signals as seen in Eq. 3:
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In Eg. 3, N is the length of the intersection of two
signals; Ni indicates the length of the S; signal, N
indicates the length of the S, signal. The greatest
absolute value of all correlation coefficients is
expressed as the similarity of the two proteins. By
converting the calculated similarity values to distance
values, the distance matrix between species was
calculated. Distance values are calculated as shown in
Eq. 4.

di*=1-r'%,j=0,41,., (4)

3. RESULTS

Phylogenetic analysis is used to reveal the evolutionary
relationship of species to each other. In the study,
wavelet analysis was used to calculate the similarities
between proteins.- The similarity values between
species is calculated as a matrix as shown in Table 3.

Table 3 Similarity matrix of 22 species

Phylogenetic trees were created by converting the
similarity matrix to the distance matrix with Eq. 4. With
the Unweighed Pair Group Method of Aritmetic
Averages (UPGMA) and Neighbor-Joining (NJ)
methods, phylogenetic trees are created in
MatlabR2017 program, as shown in Figure 6 and Figure
7, respectively.
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Figure 6: Phylogenetic tree obtained using Unweighed Pair
Group Method of Aritmetic Averages (UPGMA) method
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Figure 7: Phylogenetic tree obtained by Neighbor-
Joining (NJ) method

In Figure 6, the shortest distances are obtained between
the common chimpanzee and the pygmy chimpanzee,
the Korean bovine and the Spanish bovine, the blue
whale and the fin whale. This result proves that these
species are quite evolutionarily close.

In Figure 7, it is seen that human, pygmy chimpanzee,
common chimpanzee, gorilla, Sumatran orangutan,
gibbon are in the same cluster, blue whale and fin whale
are in a separate cluster.

According to the results of both phylogenetic trees,
similar species (pygmy and common chimpanzee and
Korean and Spanish bovine) were found in very close
branches. All these obtained classifications of the
species support evolutionary theory.

4. CONCLUSIONS

In this study, it is aimed that the protein sequences that
are converted into the signal is separated into their
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components by wavelet transformation and then classify
species based on the similarity between them.

Similarity values between protein sequences belonging
to different species were obtained by dividing into detail
and approximate components  with  wavelet
transformation applied in signal processing problems of
protein sequences defined as signals based on the
hydrophobicity values of amino acids. Later,
phylogenetic trees were created by converting similarity
values into interspecies. The phylogenetic results of the
analysis were compared with other studies and similar
results were obtained. Thus, the integration of wavelet
analysis and protein expression brings a new
perspective to phylogenetic studies based on protein
similarity.
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