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          BIO-INFORMATICS








---The Emerging Discipline.
ABSTRACT
                        Bioinformatics is a new engineering field served by traditional engineering curricula. Bioinformatics can be defined in several ways, but the emphasis is always on the use of computer and statistical methods to understand biological data, such as the voluminous data produced by high-throughput biological experimentation including gene sequencing and gene chips. Bioinformatics, the application of computational techniques to analyze the information associated with bimolecular on a large-scale, has now firmly established itself as a discipline in molecular biology, and encompasses a wide range of subject areas from structural biology, genomics to gene expression studies. 

“Bioinformatics is an integration of mathematical,statistical and computer metods to analyze biological,biochemical and biophysical data.”
In this review we provide an introduction and overview of the current state of the field.... Bioinformatics, its applications and advantages and finally we conclude that Science is a never-ending story. The solution of one mystery is the seed of many others. Bioinformatics should be an important component of biotechnology education and it should be taught from a broad-based platform.  Bioinformatics is an essential component of modern biology and not independent of it. The whole area of biology can immensely benefit from the bioinformatics approach.
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1. INTRODUCTION

1. a) DEFINITION
Bioinformatics is the application of quantitative and analytical computational techniques to model biological systems. It is the buzzword of the current times. If biotechnology is hot, bioinformatics is its hottest arm, shrouded in a lot of hype, with conveniently concealed ground realities.   It is necessary that bioinformatics is viewed in the proper perspective in order to reap the rich benefits that accrue out of it.
The term ‘bioinformatics’ is the short form of ‘biological informatics, just as biotechnology is the short form of ‘biological technology.

“Bioinformatics=Biotechnology+InformationTechnology”
Bioinformatics can be defined as ‘any application of computation to the field of biology, including data management, algorithm development, and data mining’.

A database is meant to store voluminous information in an orderly fashion, to facilitate addition and/or deletion of information and to provide for its retrieval in any one or more of several different permutations and combinations as desired by the user used it in different contexts. 
1.b)A BRIEF HISTORY OF BIOINFORMATICS:
                            Bioinformatics has emerged out of the inputs of specialists from several different areas such as biology, biochemistry, biophysics, molecular biology, and biostatistics and computer science. Specially designed algorithms and organized computer databases are at the core of all bioinformatics operations.   Algorithms, that are necessarily complex, make voluminous data easy to handle for defined purposes, in an amazingly short time, a process that is humanly impossible.   The requirements of such an activity make heavy and high level demands on both the hardware and the software capabilities of computers.

1.c)BIOINFORMATICS COMPRISES OF:
      Bioinformatics encompasses the use of tools and techniques from three separate disciplines; molecular biology (the source of the data to be analyzed), computer science (supplies the hardware for running analysis and the networks to communicate the results), and the data analysis algorithms which strictly define Bioinformatics. 
2.GOAL OF BIOINFORMATICS AND its USE:
· Normal biological processes 

· Malfunctions in these processes which lead to diseases 

· Approaches to improving drug discovery. 

      The use of these techniques has grown explosively in the past five years and shows no sign of slowing down. The result of this growth is that the number of sources of products, services, and information has increased to the point that keeping track of (or locating) the numerous providers has become extremely time consuming.

2.a)WHY IS BIOINFORMATICS IMPORTANT?
                                      
The greatest challenge facing the molecular biology community today is to make sense of the wealth of data that has been produced by the genome sequencing projects. Traditionally, molecular biology research was carried out entirely at the experimental laboratory bench but the huge increase in the scale of data being produced in this genomes era has seen a need to incorporate computers into this research process. 
Sequence generation, and its subsequent storage, interpretation and analysis are entirely computer dependent tasks. However, the molecular biology of an organism is a very complex issue with research being carried out at different levels including the genome, proteome, transcriptome and metabalome levels. Following on from the explosion in volume of genomic data, similar increase in data have been observed in the fields of proteomics, transcriptomics and metabalomics. 
      The first challenge facing the bioinformatics community today is the intelligent and efficient storing of mass of data. It is then their responsibility to provide easy and reliable access to this data. The data itself is meaningless before analysis and the sheer volume present makes it impossible for even a trained biologist to begin to interpret it manually. Therefore, incisive computer tools must be developed to allow the extraction of meaningful biological information. 
There are three central biological processes around which bioinformatics tools must be developed:

· DNA sequence determines protein sequence 

· Protein sequence determines protein structure 

· Protein structure determines protein function 

The integration of information learned about these key biological processes should allow us to achieve the long term goal of the Bioinformatics. 
The process of evolution has produced DNA  sequences  that  encode  proteins with very specific functions. It is possible to predict the three-dimensional  structure  of  a  protein using  algorithms .  The  diagram  below  summarizes  the  process  by which  DNA  sequences  are  used  to model  protein  structure .  The processes  involved  in  this transformation  are  detailed  in  the pages  that  follow. 
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3. BIOINFORMATICS-THE GENOMIC REVOLUTION:
The science of bioinformatics or computational biology is increasingly being used to improve the quality of life and has developed out of the need to understand the code of life, DNA. Massive DNA sequencing projects have evolved and added in the growth of the science of bioinformatics. DNA the basic molecule of life directly controls the fundamental biology of life. It codes for genes which code for proteins which determine the biological makeup of humans or any living organism. It is variations and errors in the genomic DNA which ultimately define the likelihood of developing diseases or resistance to these same disorders. It is being used now and in the foreseeable future in the areas of molecular medicine to help produce better and more customized medicines to prevent or cure diseases, it has environmental benefits in, identifying waste cleanup bacteria and in agriculture it can be used for producing high yield low maintenance crops.

3. a) ANALYZING GEMONE:
             A genome is the entire DNA in an organism, including its genes. DNA, the genetic material of living organisms, is a large helical molecule held together by weak bonds between base pairs of nucleotides.  DNA variations could lead to new ways to diagnose and treat diseases  and  disorders. 
 A gene is a sequence of DNA that represents a fundamental unit for heredity. Genes carry information for making all the proteins required by all organisms. These proteins determine, among other things, how the organism looks, how well its body metabolizes food or fights infection, and sometimes even how it behaves. 

         [image: image3.emf]
· DNA is made up of four similar chemicals (called bases and abbreviated A, T, C, and G) that are repeated millions or billions of times throughout a genome. The human genome, for example, has 3 billion pairs of bases. 

· The particular order of As, Ts, Cs, and Gs is extremely important. The order underlies all of life's diversity, even dictating whether an organism is human or another species such as yeast, rice, or fruit fly, all of which have their own genomes and are themselves the focus of genome projects. Because all organisms are related through similarities in DNA sequences, insights gained from nonhuman genomes often lead to new knowledge about human biology.
4. APPLICATIONS:
               Bioinformatics is the applications of computer technologies to the biological sciences, particularly genomics, with the object of discovering knowledge. This is often understood to include high-through output screening of genes and proteins, chemical information system, clinical data, the activity of drugs in the body-all of that got lumped in.   

Bioinformatics is any application of computation to the field of biology, including data management, algorithm development and data mining.

 Bioinformatics is the use of computers in assigning function to proteins and in comparing protein-protein interactions in different protein families.Bioinformatics is how the researcher transforms gene data to protein structure and correlates gene and protein functions.  Bioinformatics helps the researcher to "mine the data" in the gene sequences that have been discovered.

· The first application is the use  of computers in biological research

·  The second one is the use of Bioinformatics workstations and provides guidance in setting up a workstation and working with UNIX.

· The third application is the overview of the tools used for bioinformatics research, from DNA analysis to proteomics. 

· The final section describes integrated applications such as automation, building biological databases, and data mining. 

 The ultimate goal of bioinformatics is to uncover the wealth of biological information hidden in the mass of data and obtain a clearer insight into the fundamental biology of organisms. This new knowledge could have profound impacts on fields as varied as human health, agriculture, the environment, energy and biotechnology.

   
 Once all of the biological data is stored consistently and is easily available to the scientific community, the requirement is then to provide methods for extracting the meaningful information from the mass of data. Bioinformatics tools are software programs that are designed to carry out this analysis step. The EBI provides a wide range of biological data analysis tools that fall into the following four major categories:

· Homology and Similarity Tools 

· Structural Analysis 

· Sequence Analysis 

· Protein Function Analysis

4.a) APPLICATIONS IN ENGINEERING FIELD:

  In the bioinformatics arena primary focus is on use of the information, as well as on acquisition, preparation, and storage. Which all needs to be considered within the framework of information for Acquisition of information and documents, including creation of meta-data, submission of electronic media, and communication interfaces

· Preparation of information and documents, including taxonomy classification, categorization, workflow processes, transformation, conversion, and indexing for search and retrieval.

· Storing archival of knowledge, data and file formats for acquisition, dissemination, reliability, maintainability, availability, and disaster recovery; quality of service; networking, security, and accessibility.

· Information retrieval and preservation, including: precision, recall, efficiency, and effectiveness of retrieval; search input methods, including multi-media index and search techniques; presentation and visualization of results; browse technologies.

4. b)REAL WORLD APPLICATIONS OF BIOINFORMATICS:


1. Molecular medicine
PRIVATE
Human genome will have profound effects on the fields of biomedical research and clinical medicine. Every disease has a genetic component and inherited to body's response to an environmental stress which causes alterations in the genome (eg. cancers, heart disease, diabetes...). 
 2. Agriculture
 The sequencing of the genomes of plants and animals should have enormous benefits for the agricultural community and can be used to search for the genes within these genomes and their functions, making them healthier, more disease resistant and more productive. 
3. Comparative studies
Analyzing and comparing the genetic material of different species is an important method for studying the functions of genes, the mechanisms of inherited diseases and species evolution. 
4. c) COMMERCIAL APPLICATION OF BIOINFORMATICS:
· Definition of Bioinformatics Company. 

· Genomics in medicine, diseases monitoring, profiles for therapeutic molecular targeting. 

· Diagnostics drug discovery, Pharmacogenomics and its applications. 

· Proteomics in medicine and therapeutic target identification. 

4.d)NUCLEOTIDE APPLICATIONS:
1. Information Retrieval
There are numerous databases around the world containing information useful for computational biologists. The main ones are: the National Center for Biotechnology Information (NCBI), the European Bioinformatics Institute (EBI), and the DNA Database of Japan (DDBJ). The following applications are tools which search these sites to find a particular sequence and identifies. 

2. Sequence Retrieval 
Find the nucleotide sequence for a gene of interest. Sequence identification– Find function and possible origin of gene from a sequence. 

3. Sequence Analysis
Sequence Analysis with these applications we can align two sequences, align multiple sequences, and perform phylogenic analyses. With this application we can compare sequences to determine how organisms have diverged possibly as a result of evolution.

 It may be helpful to identify areas that are not normally considered as bioinformatics.
5. GENOMICS
Genomics is an important area of modern biology, where the nucleotide sequences of all the chromosomes of an organism are mapped and thereby the location of different genes and their Sequences are determined. It involves extensive analysis of nucleic acids through molecular biological techniques, before the data are ready for processing by computers. popular sequence of databases, such as Gene bank  and EMBL, have been growing at exponential rates and has necessitated the careful storage, organization and indexing of sequence information and applied o biology to produce the field called Bioinformatics.

5. a) PROTEOMICS

 Proteomics involves the sequencing of amino acids in a protein, determining its three-dimensional structure and relating it to the function of the protein. In such areas, bioinformatics has an enormous analytical and predictive potential. And has intensive proteomic investigation of metabolic proteins such as hemoglobin and insulin. 
Drug design through bioinformatics is one of the most actively pursued areas of research.

5. b) GLYCOMICS 

 Glycobiology is the study of carbohydrates of biological origin. Glycomics, the application of bioinformatics procedures to carbohydrates research, is the future field of bioinformatics. 

5.c) MOLECULAR PHYLOGENIES 

  Phylogeny is the origin and evolution of four millions of organisms, though not even a quarter of them are currently known to science, it is necessary that they are properly classified and named. A number of systematists would be benefited if bioinformatics provide them with computer-based services to analyze their systematic data.

6.SCOPE OF BIOINFORMATICS:
  Bioinformatics is a versatile, vibrant, futuristic and important field, rich in applications.   Enlarging the scope of bioinformatics will only be to the advantage of bioinformatics and the bioinformatics.
7. PARTNERSHIP IN BIOINFORMATICS: 
Bioinformatics operates under a three-partner system.

7. a) DATA GATHERERS: 
Enormous amounts of basic data from bimolecular chemistry and related areas, very painstakingly gathered over long years by experimental and analytical scientists, are the body and substance of bioinformatics; these are the first party.

7. b) DATA PROCESSORS:
 The second party use skills of complex software, to serve the needs of the 1st and the 3rd parties; should understand the area of the 1st party and the needs of the 3rd party. 

7. c) PROCESS PRODUCT USERS: 
End users of products, the third party.

8. SOME DATABASES IN BIOINFORMATICS:

1) GOBASE 2.0   : GOBASE is an Organelle Genome Database which provides a powerful tool for mitochondrial gene and genome research.

2) EMBL Release 53: The EMBL Nucleotide Sequence Database now contains 1,917,868 sequence entries comprising 1,281,391,651 nucleotides. This represents an increase of about 8% over Release 52.

3) Pfam 2.1: Pfam is a large collection of protein domain family alignments which were constructed semi-automatically using profile hidden Markov models (HMMs's). Pfam families contain functional annotation and cross-references to other databases.
9. SOFT WARES USED FOR DRUG DETECTION:

1) FTDOCK 1.0: The growing number of individual structures in the crystallographic databases and the relatively small number of solved complexes makes predictive docking an important theoretical method. FTDOCK is a UNIX program for bimolecular docking using shape complementarities and electrostatics.
2) Sequa 0.8 Sequa is a biological sequence editor and analysis program. It includes links to network services and external analysis programs. It is usable on common computer systems that support the Java 1.1 runtime environment, including Macintosh, MS-Windows and X-Windows. 
3) W2H 2.1: A new release of the WWW interface to the GCG Sequence Analysis Software Package. W2H tries to cover as much functionality as possible, and to do it very user friendly. It gives you the opportunity to access more than hundred programs from any platform where Netscape runs.
10.CONCLUSION:
                                             Science is a never-ending story. The solution of one mystery is the seed of many others. Bioinformatics should be an important component of biotechnology education and it should be taught from a broad based platform.  Bioinformatics is an essential component of modern biology and not independent of it. The whole area of biology can immensely benefit from the bioinformatics approach.   

                                                       We need large numbers of competent biotechnologists and bioinformatics, but not holders of mere degrees in these areas.   Incentives are required to attract talent, but inducement, such as assured job placement, high salaries as in information technology, are not conducive to the long-term interests of any subject.    Once the balloon of hype is pricked, in the face of un-kept promises, the resultant disillusionment will be detrimental to both biotechnology and bioinformatics.   A rational assessment and projection of the scope and benefits of these two areas of biology are the need of the hour.
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