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1. INTRODUCTION:  

 Bioinformatics deals with the computational management and analysis of biological information i.e. genes, 

genomes, proteins, cells, etc. Genome data is a complete list of nucleotides that make up of all the chromosomes of an 

individual or species. Genome sequence changes at every moment and every second and number of genome data are 

continuously increasing and the size of data varies with time. There are different types of genome data, such as protein 

data, DNA, SNP data. Protein data are building blocks of all organisms. 

 Proteins are a linear chain of amino acid joined covalently by peptide bonds. Each and every organism is 

different from each other because every organism has a different protein and protein has a unique genetic structure. This 

information is the mixture of protein and at the specific position inside the body this is known as gene and the gene is 

encoded in the genetic code and generates various types of proteins. 

 

A. Types of protein 
a. Simple Protein: Simple proteins are made up of the combination of amino acid joined by peptide bonds. Examples 

of simple protein are Globular, Fibrous. 

b. Conjugated protein: Conjugated proteins are the mixture of amino acids with non-proteinous substance Examples 

of conjugated proteins are Phosphoproteins – phosphoric acid, Nucleoprotein – nucleic acid, Glycoprotein – 

carbohydrate, Metal protein – metallic. 

 c. Derived protein: Derived proteins are made up of polypeptide are hydrolyzed into small polypeptide Examples of 

derives proteins are peptones. 

 

B. Types of the structure of a protein 
a. Primary structure: The primary structure is the unique sequence order of the amino acid which is linked by a peptide 

bond. 

 b. Secondary structure: When the polypeptide chains fold upon itself is known as secondary structure. It is a spring-

like structure with central access. There are two types of secondary structure. 

One is the alpha-helix type structure which is folded in the form of coiled spring. Second is the Beta-pleated sheet 

structure which is hydrogen bonding between the polypeptide units of the folded chain. 

c. Tertiary Structure: When this secondary structure folded to form in the 3-dimensional domain it is known as tertiary 

structure. 

d. Quaternary Structure: When two or more than two polypeptide chains are subunits when they are kept together, it 

is known as a quaternary structure. 

Abstract: Feature extraction from protein sequence is a very important task in bioinformatics. The protein 

sequence is a combination of different amino acids in any order. With the increasing number of protein sequences 

at a very fast rate, it is very important to learn about the structure and evolutionary functions of unknown protein 

sequences. 

In this paper, the feature extraction method is to describe the transformation of the protein sequences into a 

feature vector. The protein sequences are classified using the classification method and then can be used to 

improve the drug discovery and identification of diseases for treating patients at an early stage of diagnosis. 

Different classification techniques have been proposed by different researchers for classified the protein 

sequences. This paper compares various methods of feature extraction that can be used for further classification. 
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Figure 1: The general diagram for protein structure [1] 

Protein sequences are the combination of amino acids in peptide and dipeptide linkage. The protein sequence contained 

20 different amino acids that occur in a different order. Each order shows a specific function in the body. These data 

don’t only grow the sample available in our life, but also increase the number of features of various information. 
 

Example of Protein Sequences 

MLGKNDPMCLVLVLLGLTALLGICQGGTGCYGSVSRIDTT 

GASCRTAKPEGLSYCGVRASRTIAERDLGSMNKYKVLIKRV 

GEALCIEPAVIAGIISTESHAGKILKNGWGDRGNGFGLMQV  

2.  PRE-PROCESSING STEPS:  

 Pre-Processing is the process that is used to convert the raw data into an understandable format. In this paper 

used this step for converting the unaligned sequences into the aligned sequences. For pre-processing different 

researchers used different tools such as Blast tool, Clustal Omega, ClustalW. 

A. Blast Tool 

 The blast tool used to measure the sequence similarity, it exploits pair-wise local alignments [2]. Blast-p is used 

for the pre-processing of protein sequences in the alignment. These alignments as minimizing the evolutionary distance 

or maximizing the similarity between the two sequences compared. 

B. Clustal Omega 

 After the Blast tool used, the clustal omega tool is applied for the multiple sequence alignment of large 

sequences of protein or DNA/RNA [3]. The multiple sequence alignment approach is the order of alignment is 

determined by a guide-tree. It is constructed from pairwise distances among the sequences. 
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Figure: 2 Flow diagram of Clustal Omega 

Pair-Wise alignment using K- tuple method 

Sequence clustering using m-bed algorithm 

Sequence clustering using K-mean method 

 

Guide tree by UPGMA 
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Guide tree constructed by using UPGMA 

Progressive alignment using HHAlign package 

Multiple Sequence Alignment 
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3. FEATURE EXTRACTION: 

 Feature extraction is the process of converting the sequences of amino acid into feature vector (i.e. Numerical 

value). Physically protein is classified as many local and global features which may change with the changes of the 

order of the sequences of amino acid.  

 

 
Figure: 3 A Distinction of Feature Extraction and Representation 

 

A. Distance-Based Approach 

   Muhammad Javed Iqbal, [4] discussed the method of feature extraction for protein sequence using the distance-based. 

In this paper, the method of feature extraction has calculated the distance from first amino acid to each amino acid in 

the sequences decomposition at a different level. In this paper, the level used up to 3. So each sequence represented a 

feature vector of length 120. Here, the Complexity of protein sequences is increasing if it increases the level of 

decomposition. 

 

B. N-Gram Method 

Eghbal G. Mansoori, [5] the n-gram method is used for the feature extraction from the sequence of a protein to 

discriminate the different superfamilies. In this paper, the feature extraction method explained a hierarchical algorithm 

that is built on the “top-down” approach. It constructs the feature of varying size with n-grams. It extracts the feature of 

size n and repeats this process until the feature extract till (n-i)>=2. 

 Therefore, some redundancy features are extracted then used the selection function for solving the redundancy feature. 

After that, the extracted features will be given to the classifier as an input. 

 

C. Long Sequence Based Approach 

Yehong Chen [6] discussed the method of feature extraction for protein sequences using the Long sequence and 

classification of protein sequences by the deep learning neural network for the prediction of the secondary structure of 

the protein. This method discussed the deep learning architecture using the three layers as i. sparse autoencoder ii. 

Convolution feature extraction iii. Softmax classifier layer.  

Firstly, the BLAST tool is used in every protein sequence to extract position specific score matrix. Then, this matrix fed 

as an input to the autoencoder to learn the self-taught feature. After that, these features are loaded into the convolution 

feature extract layer and extract a hybrid representation of protein sequences for long pssm. After that, it generated the 

representation for long pssm of protein sequences. After that, we generated the comprehensive representation of protein 

sequence and fed as an input to a Softmax classifier. And Achieve the accuracy for classification of protein is 78%. 

 

D. New Online Hierarchical Based Approach 

Abdollah Dehzangi, [7] discussed the method for extracting the feature of the structure and evolution for protein fold 

recognition using the local feature segmentation. In this paper, protein sequences are divided into small-small segments 

and then extract the distribution and autocovariance of the features from each segment.. 

The global feature means a sequence-based occurrence method to extract structure and evolutionary features for protein 

fold recognition. This method extracts the semi-occurrence feature group directly from PSSM for the summation of the 

substitution probability of amino acid and SPINE-M for normalized the probability of the secondary structure element. 

Complexity is increases with the increasing of number of folds and therefore more discriminatory information is 

required. 

 



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD       ISSN:  2455-0620      Volume - 6, Issue - 4, Apr – 2020 

Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87                                                                              Impact Factor: 6.497 
Received Date: 16/04/2020                                                    Acceptance Date: 29/04/2020                                         Publication Date: 30/04/2020 

 

Available online on – WWW.IJIRMF.COM                                                                                      Page 373 

E. Dual Similarity Based Approach 

Neha Bharilla, [8] discussed the method for feature extraction of the local and global features of protein sequences. 

In this paper, extract features with the help of six related group for each protein sequence by measuring both the local 

and global similarities. The global similarity measure is  determined with the feasibility of particular amino acid 

corresponding to each sequences with a different position in the superfamily. 

The local similarity measures corresponding to each sequence is produced by evaluating the weight according to the 

specific position of each amino acid and then assign the weight of amino acid to the respective with six replacement 

group. These six replacement groups corresponding to the classes of 20 amino acids such as Aliphatic, Cyclic, Aromatic, 

Basic, Acidic and their amides, Hydroxyl or Sulfur selenium-containing.  

 

F. Protein Interaction Based Approach 

Zhehuan Zaho [9] discussed the feature extraction method using the protein-protein interaction with the deep learning 

network. In this method train the unlabeled data based on the auto-encoders algorithm using greedy layer-wise technique 

and initialize the deep multilayer neural network with parameters and train this network using the gradient descent 

algorithm. 

 

4. LEARNING: 

Learning is an inferred process and it is observed through performance. It makes predictions based on its experience. 

Various types of learning are as follows: 

 

A. Supervised Learning 
In a supervised learning algorithm, machines are trained with labeled data whose classes are known to produce an 

inferred function which can be used to make predictions about output. It is used to solve the various types of real-world 

computation problems. We can find out exactly how many classes are before giving the data for training. It does not use 

for the unlabeled data. 

 

B. Unsupervised Learning 

In the unsupervised learning algorithm, the dataset to train is neither labeled nor classified. It is used for clustering 

and association. Complexity is less due to there is no required for understanding the data input. Accuracy is less due to 

unknown and unlabeled data. 

 

C. Reinforcement Learning 

In reinforcement learning, the reinforcement agent decides the steps required to perform the job as there is no labeled 

data. It learn from its own experience as training dataset is absent in reinforcement learning. To enhance the output it 

captures the ideal behaviour of a model by taking specific context. It takes more computational time as it always learn 

from scratch. 

 

D. Transfer Learning  

 Transfer learning technique in which a model that has been trained to perform a specific task is being reused as a starting 

for another similar task. Transfer learning is faster due to training time is reduced. 

 

E. Adaptive Learning 

 “Adaptive learning systems are software-based technologies that automatically customize the curriculum to the 

knowledge level of the learners”. Adaptive learning tools collect specific information about individual protein sequences 

during training time. Adapts to different abilities. It requires the least human effort as input when it matters most and on 

gathering the new information, it  continuously expand their knowledge. 

 

5. CLASSIFICATION: 

 Classification is the systematic arrangement in groups or categories according to established criteria or 

classes such as binary and multiclass classification. In multiclass classification classify the thing into two or more classes 

and binary classification classifies the thing into two classes. There are some classification techniques used for protein 

sequence to extract some features from the sequences and these features are depending on the functional and structural 

properties and also classification techniques used for classifying the superfamilies and subfamily. Therefore, given an 

unknown protein, the task is to classify the protein into known superfamilies. This will help to predict the function and 

structure of the unknown protein. There is a various method to describe the sequence classification.   
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Method of sequence classification 
a. Feature-based classification in which first convert the sequences into a feature vector and then apply classification 

methods. 

b. Distance-based classification in which measures the similarity between sequences it determines the quality of the 

classification. 

c. Model-based classification such as using hidden Markov model (HMM) and other statistical models to classify the 

sequence. 

Table: 1 

 Represents the comparison table this table contained the comparison between the different method of feature 

extraction by some researchers. 
S.no References Approach Algorithm Accuracy Parameter Advantage Limitation 

1 

Protein 

classification using 

machine learning 

2019 [10]. 

filter and 

wrapper 

techniques are 

available to 

extract 

features.  

CRT 

QUEST 

CHAID 

C5.0 

ANN 

SVM 

Bayesian 

 

 

Accuracy 

86% 

 

1.Accuracy 

2.Sensitivity 

3.Specificity 

4.F-measure 

 

Features that 

are classified 

can be used in 

function 

prediction and 

classification 

of proteins. 

 

We can not say 

that the 

particular 

classification 

technique is best 

for classification 

and prediction. 

2 

Computational 

Analysis of Protein 

Sequences 

2018 [11]. 

 

Local and 

global 

similarity for 

extracting 

feature 

SVM, 

K-NN, 

Naïve bayes 

classifier 

Accuracy 

90%. 

1.Accuracy 

2.Error 

3.Total 

computation 

time 

Reduced the 

computational 

time and 

improve 

classification 

accuracy. 

It cannot handle 

other genome 

data such as 

DNA and SNP. 

 

 

 

 

 

 

3 

 

 

 

Recurrent 

convolution neural 

network 

2018 [12]. 

 

Skip gram 

method 

 

Recurrent 

convolution 

neural 

network 

 

Accuracy 

77.80% 

 

1.Precision 

2.Recall 

3.F-measure 

4.Accuracy 

 

Overcome the 

problem of data 

sparsity 

Due to less 

information, 

some interaction 

keyword is 

classified as 

misclassified PPI 

articles. 

4 

 

Protein fold 

recognition  

2017 [14]. 

 

 

Bi-gram and 

D-D method 

used for 

feature 

selection 

 

Sparse 

representation 

based 

classification 

 

 

Accuracy 

76.8%. 

 

 

Accuracy 

 Using SRC 

method is 

suited for the 

fold 

recognition in 

terms accuracy 

as compared to 

another method 

Fold recognition 

is multiple 

classification 

tasks and as 

protein share low 

sequence 

similarity, 

Therefore it does 

not perform well. 

5 

 

A PPI extraction 

method based on 

deep neural 

network  2016 [9].  

 

gradient 

descent 

algorithm  

 

 

 

 

Accuracy 

89.05% 

 

 

 

 

F-score 

 

It learns 

complex and 

abstract 

features at 

higher layers of 

representation 

by greedy 

layer-wise 

training with a 

large amount of 

unlabeled data. 

Due to over 

fitting it learns 

all types of data 

including noise 

and classified 

them.  

6 

 

Hierarchical 

method 2014 [7]. 

 

N-gram 

method  

 

SVM 

classifier 

 

Accuracy 

80% 

 

1.Accuracy 

2.Error 

In this method, 

we use a 

selection 

function that 

eliminates 

redundancies. 

This feature 

extraction 

method is well 

suited by fixing 

the size n of 

window length. 

7  

Distance encoding 

technique 

 

Distance-

based feature 

 

K-fold cross-

validation 

 

Accuracy 

91.2% 

1.True 

positive rate 

Accuracy 

better as 

Complexity 

increase if the 

level of 
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2013 [4]. encoding 

technique. 

 

2.False 

positive rate 

3.specificity 

4.sensitivity 

compared to 

other methods. 

decomposition is 

increases. 

8  

Protein secondary 

structure prediction 

2012 [6]. 

1.Sparse auto-

encoder 

2.Convolution 

feature 

extraction 

layer 

3.Softmax 

classifier 

 

 

 

 

      CNN 

 

 

 

 

Accuracy 

74.8% 

 

 

 

 

Accuracy 

 

It is usually 

formulated 

under the 

conception of  a 

slide window. 

 

It does not work 

on the general 

feature of protein 

sequence data 

for CNN. 

6. DISCUSSION: 

 In this paper, we provide a brief survey of techniques protein sequence classification. There are different 

methods of feature extraction as a distance-based approach, an N-gram method, a Long sequence-based approach, New 

online hierarchical based approach, a Dual similarity-based, Protein interaction-based approach. We also review the 

comparison study of sequence classification applied in a different application. Different issues are quoted by the 

researchers while classify the protein sequences. 

   This paper presents a brief snapshot of different algorithms that are helpful to researchers for enhancing the existing 

techniques to get better performance with less computational time and increase the accuracy rate. 
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