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ABSTRACT

An uncountable number of data of Biology has reached such an extent that now it is creating a challenge 
to the Computer Science world. At this point in time, the introduction of this subject ‘Bioinformatics’ has 
played an immense role in both the fields of Biology and Information Technology. Bioinformatics is an 
interdisciplinary field that has already developed various types of methods and software tools which has 
been used for understanding different types of large and complicated biological data in a more analytical 
manner.
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Overview

Computational Biology or Bioinformatics is a subject where biological data are getting interpreted by 
the application of Computer Science. As the data on protein sequence, genomics, three-dimensional 
modeling of biomolecules and biological systems has developed so vastly so the Data Mining technique 
here acts as a base to analyze these datasets.
The tools used in this subject are used to analyze the biological data, exploring approaches, emerging 
methodologies, and clear up the meaning of the generated biological data.

Introduction

The subject Bioinformatics may sound like a recent days invention but it is not well known that this 
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subject has got introduced around 50 years back. In the year 1970s, Paulien Hogeweg and Ben Hesper 
has coined the term ‘Bioinformatics’ and has referred to this process of information study to learn the 
biotique system more deeply.
The study of this subject has helped in the application section of computational techniques for better 
understanding and organizing the information associated with biological macromolecules in a more 
analytical manner. With the advancement of technologies in recent years, a remarkable evolution has been 
observed in the field of science which has provided all the science workers a huge amount of data, and 
now this uncountable number of data are creating a challenging condition to the computer science field.
In Biology, it is a very challenging work to make some sense out of that enormous amount of biological 
structural data and sequences generated in a biological system at a multi-layered process. In this topic 
of interest, it is very necessary to develop Statistical and Computational tools that are capable of 
understanding the mechanism of biological sequence. But here comes the question of data arrangement 
and management, to keep all these huge counts of information in an organized manner Databases are 
created. These Databases are created in such a way that they can be easily accessed by the researchers 
and also the members of the scientific community to gather information as per their requirement. Now 
slowly this huge amount of data has started getting the company of an increasing number of biological 
databases. To compile, disseminate and update all databases along with data, ‘Nucleic Acid Research 
Journal’ has got appointed and as per their recently updated information presently there is an existence 
of more than 1739 biological databases.
Bioinformatics uses raw DNA sequence, protein sequence, macromolecular structure, and Genome 
Sequence as the source of their information and all this information is present therein in Public databases. 
So for easy detection process, these public database has been classified into three divisions-

1.	 Primary or Sequential Database

2.	 Secondary or Structural Database

3.	 Functional Database

1. Primary or Sequential Database – In Bioinformatics a Sequential Database is a type of biological 
database which is composed of a large amount of computerized nucleic acid sequences and polymer 
sequences stored in a Computer. This database contains the results of the experiment’s unrevised data 
related to previous publications. 

e.g. Green Bank at the National Centre for Biotechnology Information (NCBI), DNA Database of Japan 
(DDBJ), standout as the main database of Nucleotide sequence and proteins.

2. Secondary or Structural Database - In Biology a protein structural database is modeled around the 
various experimentally determined protein structures. These data’s interpretation and compilation are 
done which are known as Content Curation Process.

e.g. Protein Information Resources (PIR), Swiss-Prot Protein Database (PDB), Structural Classification 
of Proteins (SCOP), and Prestige.

3. Functional Database- provides information on the physiological role of gene products and allows 
analysis of interpretation of metabolic maps.
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e.g. enzyme activities, mutation phenotypes or biological pathway, Kyoto Encyclopedia of Genes and 
Genomes (KEGG) and Reactions.
As it has come to know that the subject Bioinformatics is an interdisciplinary field of science, so for 
detail analysing the provided biological data this field do requires a combined knowledge of (Fig.1):

�� Biology

�� Mathematics

�� Statistics

�� Computer Science

�� Information Technology

�� Chemistry

�� Biochemistry

�� Biophysics 
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Fig. 1: Structure of combined subjects

Structural Development

The structural development of this study of Bioinformatics is totally dependent upon three necessary 
components-database creation, algorithm and statistical development and deep analysis of data and 
interpretation (Fig. 2).
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Step 1- Database Creation: Database creation involves the storing and managing process of biological 
data sets in an organized way so that the researchers can continue their further work process of 
implementing some new data or information by applying their innovative thought process.
Step 2- Development of Algorithm and Statistics: Algorithm and Statistical development involve 
some tools which are used to develop the resources which are used to determine the relationship with 
the members of large datasets.
Step 3- Analysis of Data along with and Interpretation: To analyze the data and to interpret the results 
in a biologically meaningful manner the appropriate use of the earlier mentioned two components are 
necessary. This includes DNA, RNA, and protein sequence, protein expression profiles, and biological 
pathways. 

   

 

 

 

Database 
Creation 

Development of Algorithm and 
Statistics 

Analysis of Data and 
Interpretation 

Fig. 2: Pictorial format of steps involved on data processing

As the information are been collected from the Public Database then here comes the development of the 
Algorithmic section. For this development process, checking of sequential alignment is necessary and 
for that, the researchers do use Nucleotide Base Sequence of DNA/RNA and Amino Acid Sequence. By 
the application of the sequential alignment process, the researchers came to know the efficiency of the 
functional, structural and evolutionary relationship within the selected sequences.
Now this alignment process has been divided into two sections (i) Global Alignment and (ii) Local 
Alignment (Fig. 3).
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The Algorithm use to study this 
alignment is well known as 
NEEDLEMAN-WUNSCH 
algorithm. 

This Global Alignment algorithm is 
use to read the entire sequence and 
align all the letters from query 
sequence to target sequence. This 
alignment process is suitable for 
closely related sequences.  

The Algorithm use to study this 
alignment is well known as SMITH-
WATERMAN algorithm. 

In this alignment process the regions of 
the whole sequence having the highest 
similarity is of interest and the 
substrings of target sequence with the 
substrings of query sequence are got 
aligned. This alignment process is 
suitable for more divergent sequences.  

 

Fig. 3: Tabular form of Alignment
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After the completion of this section of Algorithmic and Statistical development, here comes the deep 
analysis of all these sequences. By the application of Deep Learning, this analytical section gets 
studied. Deep learning which is a subset of Machine Learning is used to make predictions in the field of 
bioinformatics which deals with the mathematical and computational approach for understanding and 
processing biological data.
Software programs that are designed for extracting meaningful information from biological databases 
are known as Bioinformatics Tools. This software is data mining software that used to collect genomic 
sequences from the database and visualization tools are used to analyze and retrieve this information 
from proteomic databases.

These tools can be classified as:

1.	 Homology and Similarity tools

2.	 Protein Functional Analysis Tools

3.	 Sequence Analysis of Miscellaneous Tools.

To sum up the process of organizing and understanding the biological data for Bioinformatics, it can be 
done in a two-dimensional process- (i) Depth and (ii) Breadth.
If the example of Protein Synthesis is considered then firstly we have to minimize the function ability 
of it from the gene sequence to its final structure and its ligands. Secondly, the aim of this topic is the 
comparison between genes, determination of protein structures, and the evolutionary mechanism between 
species to species.
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Fig. 4: Tabular Representation of the whole working process
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Identification Purpose

�� Generally, Bioinformatics is used to identify:

�� Candidates gene

�� Single nucleotide polymorphism

�� Genetic basis of diseases

�� Unique adaptation

�� Proteomics (difference between population and organisational principles within nucleic acid and 
protein sequence)

Application Area

�� The study of Bioinformatics is used in diversified fields:

�� In Genetical Field- this subject is used to study sequence and annotating genomes along with their 
observation in Mutation.

�� In Text Mining of Biological literature- Bioinformatics helps in the development of Biological, 
Genetical, ontologies to organize and Query biological data.

�� In Structural Biology- the study of Bioinformatics is used in the simulation and modeling of DNA, 
RNA, Protein, and biomolecular interaction.

�� Bioinformatics plays an immense role in analyzing gene, protein expression, and regulation.

�� Drug designing

�� Forensic DNA analysis

�� Architectural Biotechnology

�� Computational studies of protein legends

�� Knowledge of three-dimensional structure of the protein

CONCLUSION AND FUTURE SCOPE

Bioinformatics has played an important role in many areas of Biology. Some of the Bioinformatics 
techniques such as signal processing and image processing allow the extraction of useful results from a 
large amount of raw data. The use of computer information technologies to collect, organize, maintain, 
access, and analyse the data. For the further betterment process, the development of tools which are used 
to gather data generation, capture and annotation, and databases for comprehensive functional studies. 
Improvement of contents and utility of Databases is also required.
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