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Abstract: The growth of the computing technology has significantly influenced our lives and two 
major impacts of this effect are business data processing and scientific computing. These lead to an 
exponential growth of collected data. Traditional data analysis techniques often fail to process large 
amounts of data efficiently. The evolution of the Data Mining began when business data was first 
stored in computers and technologies were generated to allow user to navigate through the data in real 
time. Data Mining is a component of a wider process called Knowledge Discovery from Databases 
(KDD). The scope of data mining is the knowledge extraction from large data with the help of 
computers. It is an interdisciplinary area of research that has its roots in databases, machine learning 
and statistics and has contributions from many other areas such as information retrieval, pattern 
recognition, visualization, parallel and distributed computing. The applications of data mining in real 
world are many folds such as customer relationship management, fraud detection, market and industry 
characterization, stock management, medicine, agriculture and biology. This paper gives a brief on 
molecular biology, describes in details the hereditary diseases brings out the importance of biological 
databases and sequential analysis. 
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INTRODUCTION 

 
Data Mining is the exploration and analysis of large data sets, in order to discover a meaningful patterns 

and rules. Data mining is defined as ‘non-trivial extraction of implicit, previously unknown and potentially 
useful information from data’. It is a main step in the process of Knowledge Discovery in Databases (KDD) 
(Frawley, W.J., et al., 1991; Fayyad, U. and P. Smyth, 1996). There are various views and definitions for data 
mining. Data mining is to analyse the data sets to find unsuspected relationships and to explain the data in novel 
ways that are both understandable and useful manner. Data mining is the process of discovering meaningful, 
new correlation patterns and trends by sifting through large amount of data stored in repositories, using pattern 
recognition techniques as well as statistical and mathematical techniques. In simpler words, the search for 
significant patterns and trends in a large databases. Marcel et al., described data mining as the search for 
relationships and global patterns that exists in large databases but are hidden among the vast data, such as 
relationship between patient data and their medical diagnosis. These relationships represent valuable knowledge 
about the database and the objects in the databases. Data Mining can be applied for variety of research areas 
such as financial analysis, fraud detection, customer relationship management, telecom, health care and drug 
designing, biological data analysis. 

Bioinformatics is an interdisciplinary discipline of research, which needs the contribution from information 
technology, biology, mathematics, statistics and medicine (Jacques Cohen, 2004; Luscombe, N.M., et al., 2001). 
The terms bioinformatics and computational biology are often used interchangeably. However, bioinformatics 
refers to the creation and advancement of algorithms, computational and statistical techniques, and theory to 
solve formal and practical problems inspired from the management and analysis of biological data. Mining 
bioinformatics data is an emerging area at the intersection between bioinformatics and data mining. 
Bioinformatics is one of the fastest growing fields, and data-mining methodologies are essential to analyse the 
vast amount of genomic and biological data (Jacques Cohen, 2004). Computational biology, on the other hand, 
refers to hypotheses-driven investigation of a specific biological problem using computers, carried out with 
experimental or simulated data, with the primary goal of discovery and the advancement of biological 
knowledge. Bioinformatics emerged as a full-fledged research area because of the increase in the volume of 
biological data. Management and analysis of these huge volumes of biological data can be done using data 
mining techniques. Mining the biological data is more complex and time consuming process (Stefano Lonardi 
and Jake Chen, 2010). The researchers in this field want to know the information present in the individual 
genomes of various organisms. Handling such enormous information and interpretation are not so easy without 
bioinformatics. Hence, bioinformatics is called as brain of biotechnology.  
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Research Areas: 
Research in Bioinformatics are categorised under genomics and proteomics, biological databases, 

sequential analysis, phylogenetic analysis and micro array technology. This paper mainly discusses about the 
biological databases and application of sequential analysis for identifying hereditary diseases. Before entering 
into the biological databases, an understanding of the molecular biology is necessary. Molecular Biology is 
scientific study of the molecular basis of life processes and the term molecular biology is coined by Warren 
Weaver in 1938. The better understanding of molecular level of organisation is very first step to go for further 
research in the area of bioinformatics. In general, human body is made up of trillions of cells which are the 
building blocks of life. Cells are the basic units of living organism and all cells are divided in to prokaryotic 
cells and eukaryotic cells. Prokaryotic cell does not contain nucleus whereas eukaryotic cell contains a nucleus. 
Plant cells and animal cells share significant similarity in the overall organization. All cells contain cytoplasm, 
plasma membrane and DNA. Cytoplasm is the viscous contents of a cell including proteins, ribosomes, 
metabolites and ions. Plasma membrane is the cell membrane surrounding cytoplasm. Generally genes are the 
stretches of DNA. DNA was discovered in 1869 by Johann Friedrich Miescher, a Swiss biochemist working in 
Tubingen, Germany. The first extracts made from human white blood cells were crude mixtures of DNA and 
chromosomal proteins (Jain, S.K., 2008). Genes are composed of DNA, a molecule in the memorable shape of a 
double helix, a spiral ladder. Each rung of the spiral ladder consists of two paired chemicals called bases. There 
are four types of bases: adenine (A), thymine (T), cytosine (C), and guanine (G). As indicated, each base is 
symbolized by the first letter of its name: A, T, C, and G. Certain bases always pair together (AT and GC) and 
genes are made up of DNA which consists of two anti-parallel strands held together in a double helix by 
hydrogen bonds between complementary nitrogenous bases. Guanine always pairs with cytosine. Adenine 
always pairs with thymine (Harvey Lodish, et al., 2000; Bruce Albert,). 

 

 
Fig. 1: Structure of DNA 
 
Hereditary Diseases: 

Hereditary diseases are diseases that are caused by defective genetic information transmitted from parents 
to their children. Such errors can unsettle the delicate balance of the organism and cause a disease. The sum of 
characteristics and associated potentialities transmitted genetically to an individual organism. The transmission 
of characteristics from one generation to the next, for example colour of an eye or skin. The genes, which have 
been inherited from our parents, are arranged in pairs, as 23 pairs of chromosomes. 22 of these pairs are 
autosomes and the remainder one pair sex chromosomes (http://en.wikipedia.org/wiki/Biological_database). 
Genes can be classified as dominant or recessive. A dominant abnormal gene will cause the relevant disorder 
even if its partner on the paired chromosome is normal. If one parent has one of these abnormal genes there is a 
50% chance that any children will inherit the abnormal gene and go on to develop the condition 
(http://www.ncbi.nlm.nih.gov/omim).  

The most common class of hereditary diseases is the Mendelian diseases and they are classified into three 
types:  

 Dominant: Single gene disorder that occurs when one allele is defected. e.g. Huntington’s disease, 
Marfan syndrome.  

 Recessive: Both the alleles are defected for causing the disease. e.g. Sickle cell disease, 
Phenylketonuria.  

 Sex-linked: The defective allele is present on the X chromosome, but not on the Y chromosome to have 
the disease. e.g. Hemophilia, Color blindness.  
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Alleles are copies of the same gene present on each of a pair of chromosomes, one allele comes from the 
mother and one comes from the father. An allele is an alternative form of a gene (one member of a pair) that is 
located at a specific position. However, recently, most hereditary diseases are classified according to the type of 
protein involved, whether structural, enzymatic and transport protein. 

 
 Biological  Databases: 

Databases are the system which is used to store, search and retrieve any type of data. Biological databases 
are libraries of life sciences information, collected from scientific experiments, published literature, high-
throughput experiment technology, and computational analyses of various research areas like genomics, 
proteomics, metabolomics, microarray gene expression, phylogenetic information, clinical trials. Relational 
database concepts of computer science and information retrieval concepts of digital libraries are important for 
understanding biological databases. Biological database design, development, and long-term management are 
core areas of the discipline of bioinformatics (http://en.wikipedia.org/wiki/Biological_database). Due to increase 
in availability of genome sequences of various organisms in recent years, the biological data has accumulated 
with exponential rate. This created a necessary demand to manage, store and efficiently retrieve this biological 
wealth (Rene Witte and Christopher J.O. Baker, 2005). The recent manipulation of large number of biological 
databases and improved bioinformatics tools has improved the better understanding of the biological systems. 
The purposes of these biological databases are:-   

 
 Make information available globally 
 Systematic results from experiments and analysis 
 Non-redundancy and redundancy deduction 
 Accuracy 
 Reference to literature 
 Bioinformatics issues 
 Database design and implementations 
 Consistency 
 Cross- references 
 Tools for analyzing, querying and visualization  
 Data mining  

 
Generally, Biological databases are classified as Primary, Secondary and Composite databases. Primary 

database has experimental results in  database. Secondary database has the results of analysis of primary 
database. Composite database combined with various primary database sources and reduce the risk of searching 
multiple resources. The two main functions of the biological databases are: (a) to make available of medical 
databases to the research community and (b) to make available of medical databases in a computer readable 
form.   

 
 Broad Classification of Biological Databases: 

 

 
Fig. 2: Biological Databases 
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Primary Nucleotide Sequence Databases: 
The databases DDBJ (DNA Data Bank of Japan), Gen Bank and EMBL (European Molecular Biology 

Laboratory) are primary nucleotides sequence databases. This is consists of the sequences submitted by the 
scientist and genome research groups and also the sequences taken from literature and patents (Chen, J. and S. 
Lonardi, 2010). The entries in these databases are synchronized on daily basis with accession numbers. 

 
Dna Data Bank Of Japan (Ddbj): 

DNA Data Bank of Japan (DDBJ) began DNA databank activities in early 1986 at the National Institute of 
Genetics (NIG) association with the Ministry of Education, Science, Sports and Culture, Japan. From the 
beginning, DDBJ has been functioning as one of the International DNA databases and officially certified to 
collect DNA sequence from the researchers and to issue the International accession number to data submitters 
and also provide many tools for retrieving and analyzing the data (http://www.ddbj.nig.ac.jp/intro-e.html).  

 
Gen Bank: 

Gen Bank is a genetic database of the National Institute of Health (NIH), USA. DNA sequences of more 
than 55,000 different organisms are available in GenBank. GenBank is accessible through NCBI’s integrated 
retrieval system, Entrez, which integrates data from the major DNA and protein sequence databases along with 
taxonomy, genome mapping and protein structure information and biomedical literature through PubMed 
(http://www.ncbi.nlm.nih.gov/genbank). Gen Bank database and related resources are freely available on web. 

 
European Molecular Biology Laboratory (Embl): 

European Molecular Biology Laboratory (EMBL) is part of the non-profit academic organization called the 
European Bioinformatics Institutes. EMBL is an international network of research funded by contributions from 
15 countries and dedicated to research in molecular biology, established in 1980 at Heidelberg, Germany 
(http://www.ebi.ac.uk/embl/). The original goal of world’s first nucleotide sequence database is to establish a 
central computer database of DNA sequences.  

 

 
 

Fig. 3: Nucleotide Sequence Database linkage 
 

Protein Sequence Databases: 
Large number of protein sequence databases are exist, ranging from simple sequence repositories, which 

store data with little or no manual intervention in the creation of the records, to expertly curated universal 
databases that cover all species and in which the original sequence data are enhanced by the manual addition of 
further information in each sequence record. Some leading protein sequence databases such as Swiss Port, PIR, 
PRF and OMIM are discussed here.  

 
Swiss Port: 

Swiss Institute of Bioinformatics, SIB, Geneva (SWISS – Prot) is a protein sequence database established 
in 1986 and provide a  high level of annotations such as the description of the function of protein, domain 
structure, post translational modifications, variants etc. with  a minimal level of redundancy and high level of 
integration with other databases (http://www.expasy.org). SWISS –Port is distributed with large number of 
index files and specialized documentation files. The SWISS PORT database has some legal restrictions. The 
entries themselves are copy righted but freely accessible and usable by academic researchers.  

 
Protein Information Resource (Pir): 

Protein Information Resource (PIR) is an integrated public bioinformatics resource to support genomic, 
proteomics and system biology research and scientific studies. PIR was established in 1984 by National 
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Biomedical Research Foundation (NBRF) in USA. Searching for entries or sequence similarity searches are 
done (http://pir.georgetown.edu). The database can be downloaded as a set of files.  

 
Protein Research Foundation (Prf): 

Protein Research Foundation (PRF) is the source of information related to amino acids, peptides and 
proteins (http://www.prf.or.jp/aboutdb-e.html). The information on synthetic compounds, protein sequence data, 
molecular aspects of protein, articles from scientific journals are available in this site. The services like online 
search of databases, peptide information are given by this research community.  

 
Online Medelian Inheritance In Mam (Omim): 

Online Mendelian Inheritance in Man (OMIM) is a knowledgebase of human genes and phenotypes. Started 
by Dr. Victor A. McKusick, was originally published as a book, Mendelian Inheritance in Man in 1966. OMIM 
contains the articles that describe genes association with diseases ((OMIM)). OMIM is free text and 
continuously updated database. OMIM contains more than 21,000 entries and acts as a teaching tool. OMIM 
provides essential information about a gene or genetic disorder in a quick and easier way. OMIM serves as a 
starting point for the researchers about the genes related to particular disorders. OMIM extends help to clinicians, 
researchers and students in revealing the complex relationship between genes and diseases. Editorial decisions 
and maintenance of the databases are taken by John Hopkins University School of Medicine 
(http://www.ncbi.nlm.nih.gov/omim). Authors are located at John Hopkins and around the world. OMIM was 
developed for the World Wide Web by National Center for Biotechnology Information (NCBI). 

 
Applications Of Data Mining: 

The amounts of data generated in medical research are increasingly abundant and available from various 
resources such as National Statistics and Medical Project reports. Analysing these huge volume of data are 
complex and interesting too. The understandings of these data are very much helpful for the mankind in area of 
medical research (Rene Witte and Christopher J.O. Baker, 2005). Data Mining is the best way to analyse the 
medical data and can be applied in many medical researches including cancer detection, genetic problems, 
psychological issues, hereditary diseases, heart problems and sleep problems. 

 
In general, Data Mining techniques can be divided into two broad categories: 
(a) Predictive data mining – techniques used for finding the relationship between target variable and other 

variables. 
(b) Discovery data mining – techniques which for finding the patterns within the databases without any 

prior knowledge of what patterns exist. 
By applying the data mining tasks like association, regression, classification, clustering, visualization, 

estimation, deviation and link analysis ion these medical databases, the outcomes are the following: 
1. Improvements in clinical decision making 
2. Improvements in research designs 
3. Helpful in drug design  
4. Design of more appropriate and suitable hospital information systems 
5. Design of patient information systems 
6. Utilisation and management of more system designs for pharmacy and laboratory  
7. Computer simulations for health care issues 
8. Improvement of quality assurance activities  
 

Conclusions: 
This paper is an outcome of the study on biological database and data mining techniques. Many challenges 

have been identified in the field of bioinformatics and biological data bases. Mining the biological database is 
need of the hour to find the interesting fact on gene, proteins and diseases. The biological databases are the raw 
material for the bioinformatics research and analyse of the contents of a database is more interesting and 
challenging task. The applications of data mining and the availability of medical data in a computer readable 
form improve the diagnostic approach, drug discovery, patient care and medical education. The authors are 
currently working on application of sequence analysis in identifying hereditary diseases.     
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