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Abstract 
The concept of laboratory rat is giving way to the computer mouse arose after the famous handshake between Clinton-Blair for the completion 

of the human genome in April 2003.Bioinformatics is defined as the application of computational techniques to understand and organize the 

information associated with biological macromolecules.  

There is availability of large databases of genomic information which has enabled research efforts for discovering methods for diagnosis and 

treatment of human diseases using DNA microarrays and proteomics experiments. But there are various problems while doing this like it’s 

always challenging  to develop proper and sophisticated analysis method  which can properly use genomic data bases considering its and 

heterogeneity of the data.  

The main purpose of this first paper is to explore and explain Bioinformatics in a more scientific way, and try highlighting applications of 

bioinformatics in the medical sector. 
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Introduction 

Since the birth of the Bioinformatics in the 1980s the field 

has been rapidly expanding, keeping pace with the 

expansion of genome sequence data. Bioinformatics is a 

field of conceptualizing biology in terms of molecules and 

applying informatics techniques for understanding as well 

as organizing the information of these molecules. In other 

words it is defined as the application of computational 

techniques to understand and organize the information 

associated with biological macromolecules (Pandey and 

Divyasheesh, 2016). 

Bioinformatics intends to use information technology for 

biological purpose. This can be explained in simple terms 

as life can be an information technology and the genes 

which determine organism’s physiology is the most basic as 

digital storehouse of information. Traditionally, 

bioinformatics has had a structural orientation mainly 

because of its use in Rational Drug Design (RDD) and 

Structure-based drug design (SBDD). SBDD and RDD both 

use different computational methods for discovering new 

compounds with good selectivity, efficacy and safety. Take 

for example the concept of laboratory rat which is giving 

way to the computer mouse arose after the famous 

handshake between Clinton-Blair for the completion of the 

human genome in April 2003 (Ouzounis, 2012). We can say 

in many countries wet lab experiments and use of 

bioinformatics goes hand in hand in clinical and biological 

researches (Daisuke and Troy, 2006). 

Literature is replete with large databases of genomic 

information which has enabled research efforts for 

discovering methods for diagnosis and treatment of human 

diseases using DNA microarrays and proteomics 

experiments. But there are various problems while doing 

this like it’s always challenging to develop proper and 

sophisticated analysis method which can properly use 

genomic data bases considering its applications and 

heterogeneity of the data.  

The main purpose of this first paper is to explore and 

explain Bioinformatics in a more scientific way, and try 

highlighting applications of bioinformatics in the medical 

sector like oncological research. 

Basics of Bioinformatics Tools  

The bioinformatics have numerous applications broadly 

defined as,  
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1. organization of data in such a way that it allows 

researchers to access existing information and to 

submit new information they have produced, eg 

DNA Data Bank of Japan (National Institute of 

Genetics),  

2. developing most appropriate tools and resources 

for analysis of data (such as FASTA (Pearson and 

Lipman 1988)  and PSI- BLAST (Altschul et al., 

1997) and  

3. Using these tools to interpret the result in 

biological manner. 

4. So with the help of bioinformatics, anyone can 

now perform global analyses of all the available 

data for uncovering the common principles that 

apply across many systems and also can highlight 

novel features. 

Tools for Systemic Collection and Organisation of 

Biological Data  

Biological databases are meant for this purpose. Biological 

databases are libraries of life sciences information, 

collected from scientific experiments, published literature, 

high-throughput experiment technology, and computational 

analysis (Attwood et al., 2011). 

But for creating these database(s) it requires some raw 

materials. 

a) Source of information for databases 

Raw DNA sequences, protein sequences, macromolecular 

structures, genome sequences, and other whole genome data 

forms sources. 

GenBank (R) is a place where comprehensive database that 

contains publicly available nucleotide sequences, nearly for 

more than 240 000 named organisms, obtained primarily 

through submissions from individual laboratories and batch 

submissions from large-scale sequencing projects (Benson 

et al., 2013). 

This database is produced and maintained by the National 

Center for Biotechnology Information (NCBI) as part of 

the International Nucleotide Sequence Database 

Collaboration (INSDC).GenBank is part of the International 

Nucleotide Sequence Database Collaboration, which 

comprises the DNA DataBank of Japan (DDBJ), the 

European Molecular Biology Laboratory (EMBL), and 

GenBank at NCBI. These three organizations exchange data 

on a daily basis (Benson et al., 2013). 

Scientific researchers have stressed on genome sequencing 

and revealed that genomes consist of baseletters, ranging 

from 1.6 million bases in Haemophilus influenza to 3 billion 

in humans (Luscombe et al., 2001) scientist now have 

reached to the stage where measurement of expression 

levels of almost every gene in a given cell on a whole-

genome level is possible although public availability of such 

data is still limited. Interestingly this measurement is carried 

out under different environmental conditions, different 

stages of the cell cycle and different cell types in multi-

cellular organisms (Luscombe, 2001). 

Apart from this primary nucleotide database there are 

variety of other area in which databases have prepared like 

protein sequence databases, proteomic databases, Protein 

structure, Protein model ,RNA databases, Carbohydrate 

structure ,Protein-protein and other molecular interactions, 

Signal transduction pathway databases, Metabolic pathway 

and Protein Function, Gene expression databases (mostly 

Microarray data) etc. 

b) Classification of databases 

Biological databases can be classified into primary, 

secondary and composite databases. 

Primary Database(s) are those which contain information 

of the sequence or structure alone. For e.g. Gen bank and 

DDBJ for genome sequence. 

Secondary Database(s) are those which contain derived 

information from primary databases. They contains 

information like the conserved sequence, signature 

sequence and active site residues of the protein families etc. 

some of the databases like SCOP developed at Cambridge 

university, CATH developed at university college of 

London, eMOTIF at standford etc. are created and hosted 

by individual researchers at their individual laboratories. 

Composite Database(s) includes variety of primary 

database sources which obviates the need to search multiple 

resources. The NCBI i.e. national centre for Biotechnology 

information, hosts nucleotides and protein databases in their 

large high available arrays of computer servers, provide free 

access to the persons involved in research. 

Now we can discuss about some of the well-known 

databases. 

1. Nucleotide and Genome sequences 

The GenBank (Benson, 2000) EMBL (Baker, 2000)and 

DDBJ (Okayama, 1998) databases contain DNA sequences 

for individual genes that encode protein and RNA products 

the biggest excitement currently lies with the availability of 

complete genome sequences for different organisms. They 

have uniform data format (but not identical) and exchange 

on daily basis.  

The composite protein sequence database, the Entrez 

nucleotide database (Schuler, 1996)compiles sequence data 

from these primary databases. they not only provide the raw 

nucleotide sequence, but they store information in detail 

regarding all chromosomes in an organism, detailed views 

of single chromosomes marking coding and non-coding 

regions, list of completed genomes, and single genes. 

Adding to this at each level there are graphical 

presentations, precomputed analyses and links to other 

sections of Entrez (Luscombe et al., 2001)  
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Another database, COGs database classifies proteins 

encoded in 21 completed genomes on the basis of sequence 

similarity.21 

The essential function of these databases is to predict the 

function of proteins which are uncharacterized by their 

homology to characterized proteins, in addition to identify 

phylogenetic patterns of protein occurrence (Tatusov, 

1997). 

2. Protein sequence databases 

Protein sequence databases are even categorized into 

primary, secondary and composite databases. 

Primaryprotein sequence databases contain more than 

300,000 protein sequences. SWISS-PROT (Bairoch and 

Apweiler 2000) and PIR International (Mc Garvey, 2000)  

acts as primary as well as secondary databases they acts as 

repositories as well as describe the proteins’ functions, its 

domain structure and post-translational modifications. 

Composite databases like OWL (Bleasby 1994) and the 

NRDB (Bleasby and Wootton 1990). Compile and filter 

sequence data from different primary databases to produce 

more complete databases than the individual databases. 

The secondary databases help the user determine whether a 

new sequence belongs to a known protein family. The most 

popular databases in this are PROSITE. It is one of the most 

popular database of short sequence patterns and profiles that 

characterize biologically significant sites in proteins. 

PRINTS on the other hand, expand on this concept and 

provide an essence of protein fingerprints – groups of 

conserved motifs that characterize a protein family. Finally, 

Pfam-A is another database which comprises accurate 

manually compiled alignments on the other hand Pfam-B is 

an automated clustering of the whole SWISS-PROT 

database (Bateman et al., 2000). These different secondary 

databases have recently been incorporated into a single 

resource named InterPro (Attwood et al., 1999). 

3. Structural databases 

These are databases of the macromolecular structures. The 

Protein Data Bank, PDB provides a primary archive of all 

3D structures for macromolecules such as proteins, RNA, 

DNA and various complexes (Bernstein, F.C.1977; 

Berman, H.M., 2000).The problem with individual Protein 

Data Bank is that information regarding entries can be 

difficult to extract. This problem has overcome by PDBsum 

(Laskowski, 1997). PDBsum has capability of providing a 

separate Web page for every structure in the protein 

databases and helps in detailed structural analyses, 

schematic diagrams and data on interactions between 

different molecules in a given entry (Luscombe, 2001) 

CATH (Pearl, 2000), SCOP (Lo Conte, 2000) and FSSPb 

(Holm and Sander. 1998) databases are the three major 

databases which classify proteins by structure to identify 

structural and evolutionary relationships. Similarly, there 

are various other databases which focus on particular types 

of macromolecules for ex. Nucleic Acids Database, 

NDB(Berman,1992)  for structures related to nucleic acids, 

the HIV protease database (Vondrasek,1997) for HIV-1, 

HIV-2 and SIV protease structures and their complexes, and 

ReLiBase for receptor-ligand complexes (Hendlich,  1998). 

Table 1: Databases and their bioinformatics’ sources 

Database Bioinformatics sources 

Protein sequence 

(primary) 

SWISS-PROT 

PIR-International 

Protein sequence  

(composite) 

OWL 

NRDB 

Protein sequence  

(secondary) 

 

PROSITE 

PRINTS 

Pfam 

Macromolecular 

structures 

 

Protein Data Bank (PDB) 

Nucleic Acids Database 

(NDB) 

HIV Protease Database 

ReLiBase 

PDBsum 

CATH 

SCOP 

FSSP 

Nucleotide sequences GenBank 

EMBL 

DDBJ 

Genome sequences 

Entrez genomes 

GeneCensus 

COGs 

Entrez genomes 

GeneCensus 

COGs 

Integrated databases 

 

InterPro 

Sequence retrieval system 

(SRS) 

Entrez 

Data Integration 

Data integration is most important step in the field of 

bioinformatics. Because individual data does not carry 

much significance until it combines with the other 

information available regarding that structure. In other 

words it is the way of putting individual pieces of 

information in context with respect to other data. Data 

integration, as it looks like, however is not always 

straightforward to access as there are differences in 

nomenclature and file formats.  
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There are several methods to overcome this problem 

1)  Can be solved to some extent by providing cross-

references 

2)  At a more advanced level, there have been efforts 

to integrate access across several data sources.  

3) SRS is the Sequence Retrieval System (Etzold et 

al., 1996) which allows databases to be indexed to 

each other. 

4) Entrez facility (Schuler et al., 1996) which 

provides similar gateways to DNA and protein 

sequences, genome mapping data, 3D 

macromolecular structures and the PubMed 

bibliographic database. 

So in this way a search for any specific gene in either 

database will allow smooth transitions to the genome it 

comes from, the protein sequence it encodes, its structure, 

bibliographic reference and equivalent entries for all related 

genes. 

Use(S) Of Integrated Data  

So after integrating available information, integrated data is 

to be utilized in different areas.  

As depicted in the Table 2, data source formed can be 

utilized for different purpose(s) using bioinformatics’ 

techniques. For example genomics data can be used relating 

specific genes to diseases, in metabolic pathways for 

characterization of protein content etc. by using 

bioinformatics methods. Likewise protein sequence data 

can be utilized for multiple sequence alignments 

algorithms, sequence comparison algorithms, Identification 

of conserved sequence motifs etc. 

Conclusions 

Bioinformatics methods have become indispensable to 

biological investigations. In this review we have tried to 

provide baseline information regarding role of 

bioinformatics in the biomedical research. In our next 

article we will try to cover role of bioinformatics in specific 

medical conditions. 

Bioinformatics covers a wide range of subject areas 

including structural biology, genomics and gene expression 

studies etc. as we have seen Bioinformatics principle 

approach is to compare and group the data according to 

biologically meaningful similarities and then, based on this, 

analysing one type of data to infer and understand the 

observations for another type of data. This helps us to 

understand the biological information in large scale 

dimensions both in depth and breadth.  

So in total it enables us to examine individual systems in 

detail, to compare them with those that are related to find 

out similar principals in them and also distinguish some 

features which are unique to some systems.  

 

 

Table 2: Data sources in bioinformatics and subject areas that utilize this data. 

DATA SOURCE  RESEARCH AREAS  

Genomes 1) Phylogenetic analysis 

2) Linkage analysis relating specific genes to diseases 

3) characterization of protein content metabolic pathways 

4) Characterization of repeats 

5) Structural assignments to genes 

Raw DNA sequence 1) Identification of introns and exons 

2) Separating coding and non-coding regions 

3) Forensic analysis 

4) Gene product prediction 

Protein sequence 1) Multiple sequence alignments algorithms 

2) Sequence comparison algorithms 

3) Identification of conserved sequence motifs 

Gene expression 1) Mapping expression data to sequence, structural and 

biochemical data  

2) Correlating expression patterns 

Macromolecular structure 1) Protein geometry measurements 

2) Secondary, tertiary structure prediction 

3) 3D structural alignment algorithms 

4) Surface and volume shape calculations 

5) Intermolecular interactions 
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