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Bioinformatics is the application of information technology to the field of molecular biology. The primary goal of 
bioinformatics is to increase our understanding of biological processes. What sets it apart from other approaches, 
however, is its focus on developing and applying computationally intensive techniques (e.g., data mining, machine 
learning algorithms, and visualization) to achieve this goal. Bioinformatics derives knowledge from computer analysis 
of biological data. These can consist of the information stored in the genetic code, but also experimental results from 
various sources, patient statistics, and scientific literature. Research in bioinformatics includes method development for 
storage, retrieval, and analysis of the data. Bioinformatics is a rapidly developing branch of biology and is highly 
interdisciplinary, using techniques and concepts from informatics, statistics, mathematics, chemistry, biochemistry, 
physics, and linguistics. It has many practical applications in different areas of biology and medicine. 
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INTRODUCTION 

 
Over the past few decades, major advances in the field of 
molecular biology, coupled with advances in genomic 
technologies, have led to an explosive growth in the 
biological information generated by the scientific 
community. This deluge of genomic information has, in 
turn, led to an absolute requirement for computerized 
databases to store, organize, and index the data and for 
specialized tools to view and analyze the data. 

 
History 

 
The history of computing in biology goes back to the 1920s 
when scientists were already thinking of establishing 
biological laws solely from data analysis by induction (e.g. 
A.J. Lotka, Elements of Physical Biology, 1925). However, 
only the development of powerful computers, and the 
availability of experimental data that can be readily treated 
by computation (for example, DNA or amino acid 
sequences and three–dimensional structures of proteins) 
launched bioinformatics as an independent field. Today, 
practical applications of 

 
 
 
 
bioinformatics are readily available through the World 
Wide Web, and are widely used in biological and medical 
research. As the field is rapidly evolving, the very definition 
of bioinformatics is still the matter of some debate.  

Bioinformatics is the application of information 
technology to the field of molecular biology. The term 
bioinformatics was coined by Paulien Hogeweg in 1978 for 
the study of informatics processes in biotic systems. 
Bioinformatics now entails the creation and advancement 
of databases, algorithms, computational and statistical 
techniques, and theory to solve formal and practical 
problems arising from the management and analysis of 
biological data. It is the name given to these mathematical 
and computing approaches used to glean understanding 
of biological processes. Common activities in 
bioinformatics include mapping and analyzing DNA and 
protein sequences, aligning different DNA and protein 
sequences to compare them and creating and viewing 3-
D models of protein structures.  

The primary goal of bioinformatics is to increase our 
understanding of biological processes. What sets it apart 
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from other approaches, however, is its focus on developing 
and applying computationally intensive techniques (e.g., 
data mining, machine learning algorithms, and 
visualization) to achieve this goal. Major research efforts in 
the field include sequence alignment, gene finding, 
genome assembly, protein structure alignment, protein 
structure prediction, prediction of gene expressionand 
protein-protein interactions, genome-wide association 
studies and the modeling of evolution. For researchers to 
benefit from the data stored in a database, these additional 
requirements must be met: i. easy access to the 
information  
ii. a method for extracting only that information needed to 
answer a specific biological question( A reliable and easy 
query mechanism).  
iii. A record generating system.  
iv. The data must non-bulky and flexible with consistent 
data free of redundant data.  
At the beginning of the "genomic revolution", a 
bioinformatics concern was the creation and maintenance 
of a database to store biological information, such as 
nucleotide and amino acid sequences. Development of 
this type of database involved not only design issues but 
the development of multifaceted or comprehensive 
interfaces whereby researchers could both access existing 
data as well as submit new or revised data.The field of 
bioinformatics has evolved such that the most pressing 
task now involves the analysis and interpretation of various 
types of data, including nucleotide and amino acid 
sequences, protein domains, and protein structures. The 
actual process of analyzing and interpreting data is 
referred to as computational biology. Development of this 
type of database involved not only design issues but the 
development of comprehensive interfaces whereby 
researchers could both access existing data as well as 
submit new or revised data.  
Important sub-disciplines within bioinformatics and 
computational biology include:  
i. the development and implementation of tools that enable 
efficient access to, and use and management of, various 
types of information  
ii. the development of new algorithms (mathematical 
formulas) and statistics with which to assess relationships 
among members of large data sets, such as methods to 
locate a gene within a sequence, predict protein structure 
and/or function, and cluster protein sequences into families 
of related sequences  
The relationship between computer science and biology 
is a natural one for several reasons.  
i. The phenomenal rate of biological data being produced 
provides challenges: massive amounts of data have to be 
stored, analysed, and made accessible.  
ii.The nature of the data is often such that a statistical 
method, and hence computation, is necessary. This 
applies in particular to the information on the building 

 
 
 
 

 

plans of proteins and of the temporal and spatial 
organisation of their expression in the cell encoded by the 
DNA.  
iii. There is a strong analogy between the DNA sequence 
and a computer program (it can be shown that the DNA 
represents a Turing Machine).  

Analyses in bioinformatics focus on three types of 
datasets: i genome sequences. ii macromolecular 
structures and iii. functional genomics experiments (e.g. 
expression data, yeast two–hybrid screens).  

However, bioinformatic analysis is also applied to 
various other data, e.g. taxonomy trees, relationship data 
from metabolic pathways, the text of scientific papers, and 
patient statistics. A large range of techniques are used, 
including primary sequence alignment, protein 3D 
structure alignment, phylogenetic tree construction, 
prediction and classification of protein structure, prediction 
of RNA structure, prediction of protein function, and 
expression data clustering. Algorithmic development is an 
important part of bioinformatics, and techniques and 
algorithms were specifically developed for the analysis of 
biological data (e.g., the dynamic programming algorithm 
for sequence alignment).  

Bioinformatics derives knowledge from computer 
analysis of biological data. These can consist of the 
information stored in the genetic code, but also 
experimental results from various sources, patient 
statistics, and scientific literature. Research in 
bioinformatics includes method development for storage, 
retrieval, and analysis of the data. Bioinformatics is a 
rapidly developing branch of biology and is highly 
interdisciplinary, using techniques and concepts from  
informatics, statistics, mathematics, chemistry, 
biochemistry, physics, and linguistics. It has many practical 
applications in different areas of biology and medicine.  

A biological database is an organized body of data or 
rather logically related biological data which may be large 
or quite small .This is usually manipulated or managed 
using a Database management System(DBMS) such as 
Foxpro, Oracle, Sybase, Informix etc. designed to update, 
sort, query, delete and retrieve the components of the date 
stored in a given database. A simple database might be a 
single file containing many records, each of which includes 
the same set of information. For example, a record 
associated with a nucleotide sequence database typically 
contains fields such as :- Nucleotide ID; Input Sequence: 
Type Molecule: Scientific name of source organism: 
Molecular Description; Method of Isolation; and Literature 
citations associated with the sequence. 
 

 

Bioinformatics and its application 

 

The rationale for applying  computational  approaches  to 



3 

 

 
 
 

 

facilitate the understanding of various biological 
processes includes: 
 

i. A more global perspective in experimental design  
ii. The ability to capitalize on the emerging technology of 
database-mining-the process by which testable 
hypotheses are generated regarding the function or 
structure of a gene or protein of interest by identifying 
similar sequences in better characterized organisms 
 

 

Bioinformatics and research 

 

Bioinformatics was applied in the creation and 
maintenance of a database to store biological information 
at the beginning of the "genomic revolution", such as 
nucleotide and amino acid sequences. In order to study 
how normal cellular activities are altered in different 
disease states, the biological data must be combined to 
form a comprehensive picture of these activities. It has a 
large impact on biological research. Human genome 
project would be meaningless without the bioinformatics 
component. The goal of sequencing projects, for example, 
is not to corroborate or refute a hypothesis, but to provide 
raw data for later analysis. Once the raw data are 
available, hypotheses may be formulated and tested in 
silico. In this manner, computer experiments may answer 
biological questions which cannot be tackled by traditional 
approaches.  

Three key areas are the organisation of knowledge in i. 
Databases, ii. Sequence analysis and iii. Structural 
bioinformatics. 
 

 

Organizing biological knowledge in databases 

 

Biological raw data are stored in public databanks (such as 
Genbank or EMBL for primary DNA sequences). The data 
can be submitted and accessed via the world wide web. 
Protein sequence databanks like trEMBL provide the most 
likely translation of all coding sequences in the EMBL 
databank. Sequence data are prominent, but also other 
data are stored, e. g. yeast two–hybrid screens,expression 
arrays, systematic gene–knock–out experiments, and 
metabolic pathways.The stored data need to be accessed 
in a meaningful way, and often contents of several 
databanks or databases have to be accessed 
simultaneously and correlated with each other. Special 
languages have been developed to facilitate this task 
(such as the Sequence Retrieval System (SRS) and the 
Entrez system). An unsolved problem is the optimal design 
of inter–operating database systems.  

Databases provide additional functionality such as 
access to sequence homology searches and links to other 
databases and analysis results, for example, 

 
 

 
 

 

SWISSPROT contains verified protein sequences and 
more annotations describing the function of a protein. 
Protein 3D structures are stored in specific databases (for 
example, the Protein Data Bank now primarily curated and 
developed by the Research Collaboratory for Structural 
Bioinformatics). Organism specific databases have been 
developed (such as ACEDB, the A C. Elegans Data Base 
for the C. elegans genome, FLYBASE for D. melanogaster 
etc). A major problem are errors in databanks and 
databases (mostly errors in annotation), in particular since 
errors propagate easily through links. Also databases of 
scientific literature (such as PUBMED, MEDLINE) provide 
additional functionality, e.g. they can search for similar 
articles based on word–usage analysis. Text recognition 
systems are being developed that extract automatically 
knowledge about protein function from the abstracts of 
scientific articles, notably on protein–protein interactions. 
 

 

Analysing sequence data 

 

The primary data of sequencing projects are DNA 
sequences. These become only really valuable through 
their annotation. Several layers of analysis with 
bioinformatics tools are necessary to arrive from a raw 
DNA sequence at an annotated protein sequences: 
establish the correct order of sequence contigs to obtain 
one continuous sequence; find the translation and 
transcription initiation sites, find promoter sites, define 
open reading frames (ORF); find splice sites, introns, 
exons; translate the DNA sequence into a protein 
sequence, searching all six frames; compare the DNA 
sequence to known protein sequences in order to verify 
exons etc with homologuous sequences. Some completely 
automated annotation systems have been developed (e.g., 
GENEQUIZ), which use a multitude of different programs 
and methods.  

The protein sequences are further analysed to predict 
function. The function can often be inferred if a sequence 
of a homologous protein with known function can be found. 
Homology searches are the predominant bioinformatics 
application, and very efficient search methods have been 
developed . The often difficult distinction between 
orthologous sequences and paralogous sequences 
facilitates the functional annotation in the comparison of 
whole genomes. Several methods detect glycolysation, 
myristylation and other sites, and the prediction of signal 
peptides in the amino acid sequence give valuable 
information about the subcellular location of a protein.The 
ultimate goal of sequence annotation is to arrive at a 
complete functional description of all genes of an 
organism. However, function is an ill–defined concept. 
Thus, the simplified idea of “one gene – one protein – one 
structure – one 
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function” cannot take into account proteins that have 
multiple functions depending on context (e.g., subcellar 
location and the presence of cofactors). Well-known cases 
of “moonlighting” proteins are lens crystalline and 
phosphoglucose isomerase. Currently, work on ontologies 
is under way to explicitly define a vocabulary that can be 
applied to all organisms even as knowledge of gene and 
protein roles in cells is accumulating and changing.  

Families of similar sequences contain information on 
sequence evolution in the form of specific conservation 
patters at all sequence positions. Multiple sequence 
alignments are useful for building sequence profiles or 
Hidden Markov Models to perform more sensitive 
homology searches. A sequence profile contains 
information about the variability of every sequence 
position. improving structure prediction methods 
(secondary structure prediction). Sequence profile 
searches have become readily available through the 
introduction of PsiBLAST [3]; studying evolutionary 
aspects, by the construction of phylogenetic trees from the 
pair-wise differences between sequences: for example, 
the classification with 70S, 30S RNAs established the 
separate kingdom of Archeae; determining active site 
residues, and residues specifc for subfamilies; predicting 
protein–protein interactions; analysing single nucleotide 
polymorphisms to hunt for genetic sources of diseases.  

Many complete genomes of microorganisms and a few 
of eukaryotes are available . By analysis of entire genome 
sequences a wealth of additional information can be 
obtained. The complete genomic sequence contains not 
only all protein sequences but also sequences regulating 
gene expression. A comparison of the genomes of 
genetically close organisms reveals genes responsible for 
specific properties of the organisms (for example 
infectivity). Protein interactions can be predicted from 
conservation of gene order or operon organisation in 
different genomes. Also the detection of gene fusion and 
gene fission (that is, one protein is split into two in another 
genome) events helps to deduce protein interactions. 
 

 

Structural bioinformatics 

 

This branch of bioinformatics is concerned with 
computational approaches to predict and analyse the 
spatial structure of proteins and nucleic acids. Whereas in 
many cases the primary sequence uniquely specifies the 
three–dimensional (3D) structure, the specific rules are not 
well understood, and the protein folding problem remains 
largely unsolved. Some aspects of protein structure can 
already be predicted from amino acid content. Secondary 
structure can be deduced from the 

 
 
 
 

 

primary sequence with statistics or neural networks. When 
using a multiple sequence alignment, secondary structure 
can be predicted with an accuracy above 70 %.3D models 
can be obtained most easily if the 3D structure of a 
homologous protein is known (homology modelling, 
comparative modelling). A homology model can only be as 
good as the sequence alignment: whereas protein 
relationships can be detected at the 20% identity level and 
below, a correct sequence alignment becomes very 
difficult, and the homology model will be doubtful. From 40 
to 50% identity, the models are usually mostly correct; 
however, it is possible to have 50% identity between two 
carefully designed protein sequences with different 
topology (the so–called JANUS protein). Remote 
relationships that are undetectable by sequence 
comparisons may be detected by sequence–to– structure–
fitness (or threading) approaches: the search sequence is 
systematically compared to all known protein structures. 
Predictions of protein 3D structure remain the major 
challenge ab initio, and some progress has been made 
recently by combining statistical with force–field based 
approaches.  

Membrane proteins are drug targets. It is estimated that 
membrane receptors form 50% of all drug targets in 
pharmacological research. However, membrane proteins 
are underrepresented in the PDB structure database. 
Since membrane proteins are usually excluded from 
structural genomics initiatives due to technical problems, 
the prediction of transmembrane helices and solvent 
accessibility is very important. Modern methods can 
predict transmembrane helices with a reliability greater 
than 70 %.Understanding the 3D structure of a 
macromolecule is crucial for understanding its function. 
Many properties of the 3D structure cannot be deduced 
directly from the primary sequence. Obtaining better 
understanding of protein function is the driving force 
behind structural genomics efforts, which can be thus 
understood as part of functional genomics. Similar 
structure can imply similar function and general structure–
to–function relationships can be obtained by statistical 
approaches, for example, by relating secondary structure 
to known protein function or surface properties to cell 
location.  

The increased speed of structure determination 
necessary for the structural genomics projects makes an 
independent validation of the structures (by comparison to 
expected properties) important, particularly. Structure 
validation helps to correct obvious, for example, in the 
covalent structure, and leads to a more standardized 
representation of structural data, by agreeing on a 
common atom name nomenclature. The knowledge of the 
structure quality is a prerequisite for further use of the 
structure, as found in molecular modelling or drug design. 
In order to make as much data on the structure and its 
determination available in the databases, approaches for 
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automated data harvesting are being developed. Structure 
classification schemes, as implemented in the SCOP, 
CATH, and FSSP databases, elucidate the relationship 
between protein folds and function, and shed light on the 
evolution of protein domains.  

Protein folds can be analysed for whole genomes, 
protein–protein interactions predicted on the sequence 
level can be studied in more detail on the structure level 
and single Nucleotide polymorphisms can be mapped on 
3D structures of proteins in order to elucidate specific 
structural causes of disease. More detailed aspects of 
protein function can be obtained also by force–field based 
approaches. Whereas protein function requires protein 
dynamics, no experimental technique can observe it 
directly on an atomic scale, and motions have to be 
simulated by molecular dynamics (MD) simulations. Free 
energy differences between binding energies of different 
protein ligands could be characterized by MD simulations. 
Molecular mechanics or molecular dynamics based 
approaches are also necessary for homology modelling 
and for structure refinement in X–ray crystallography and 
NMR structure determination.  

Drug design, exploits the knowledge of the 3D structure 
of the binding site (or the structure of the complex with a 
ligand) to construct potential drugs, for example, inhibitors 
of viral proteins or RNA. In addition to the 3D structure, a 
force field is necessary to evaluate the interaction between 
the protein and a ligand,to predict binding energies. In 
virtual screening, a library of molecules is tested on the 
computer for their capacities to bind to the macromolecule. 
Patient databases with genetic profiles as in 
cardiovascular diseases, diabetes, cancer, etc. may play 
an important role in the future for individual health care, by 
integrating personal genetic profile into diagnosis, despite 
obvious ethical problems. The goal is to analyse a patient’s 
individual genetic profile and compare it with a collection 
of reference profiles and other related information. This 
may improve individual diagnosis, prophylaxis, and 
therapy. 
 

 

Major research areas of bioinformatics 

 
Sequence analysis 

 

This has to do with Sequence alignment and Sequence 
database. Since the Phage Φ-X174 was sequenced in 
1977, the DNA sequences of hundreds of organisms have 
been decoded and stored in databases. The information is 
analyzed to determine genes that encode polypeptides, as 
well as regulatory sequences. A comparison of genes 
within species or between different species can show 
similarities between protein functions, or relations between 
species (the use of molecular systematic to construct 
phylogenetic trees). Computer 

 
 
 
 

 

programs are now used to search the genome of 
thousands of organisms, containing billions of nucleotides. 
These programs would compensate for mutations 
(exchanged, deleted or inserted bases) in the DNA 
sequence, in order to identify sequences that are related, 
but not identical. A variant of this sequence alignment is 
used in the sequencing process itself. The so-called 
shotgun sequencing technique (which was used, for 
example, by The Institute for Genomic Research to 
sequence the first bacterial genome, Haemophilus 
influenzae) does not give a sequential list of nucleotides, 
but instead the sequences of thousands of small DNA 
fragments (each about 600-800 nucleotides long). The 
ends of these fragments overlap and, when aligned in the 
right way, make up the complete genome. Shotgun 
sequencing yields sequence data quickly, but the task of 
assembling the fragments can be quite complicated for 
larger genomes.  

Another aspect of bioinformatics in sequence analysis 
is the automatic search for genes and regulatory 
sequences within a genome. Not all of the nucleotides 
within a genome are genes. Within the genome of higher 
organisms, large parts of the DNA do not serve any 
obvious purpose. This so-called junk DNA may, however, 
contain unrecognized functional elements. Bioinformatics 
helps to bridge the gap between genome and proteome 
projects--for example, in the use of DNA sequences for 
protein identification. 
 

 

Genomics 

 

Estimating the number of genes in an organism basing on 
the number of nucleotide base pairs was not reliable, due 
to the presence of high numbers of redundant copies of 
many genes. Genomics has corrected this situation. Useful 
genes can be selected from a gene library thus 
constructed and inserted into other organisms for 
improvement or harmful genes can be silenced. In the 
areas of structural genomics, functional genomics and 
nutritional genomics, bioinformatics plays a vital role. 
 

 

Comparative genomics 

 

The core of comparative genome analysis is the 
establishment of the correspondence between genes 
(orthology analysis) or other genomic features in different 
organisms. It is these intergenomic maps that make it 
possible to trace the evolutionary processes responsible 
for the divergence of two genomes. A multitude of 
evolutionary events acting at various organizational levels 
shape genome evolution. At the lowest level, point 
mutations affect individual nucleotides. At a higher level, 
large chromosomal segments undergo duplication, lateral 
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transfer, inversion, transposition, deletion and insertion. 
Ultimately, whole genomes are involved in processes of 
hybridization, polyploidization and endosymbiosis, often 
leading to rapid speciation. The complexity of genome 
evolution poses many exciting challenges to developers of 
mathematical models and algorithms, who have recourse 
to a spectra of algorithmic, statistical and mathematical 
techniques, ranging from exact, heuristics, fixed parameter 
and approximation algorithms for problems based on 
parsimony models to Markov Chain Monte Carlo 
algorithms for Bayesian analysis of problems based on 
probabilistic models. Many of these studies are based on 
the homology detection and protein families computation. 
 

 

Analysis of gene expression 

 

The expression of many genes can be determined by 
measuring mRNA levels with multiple techniques including 
microarrays, expressed cDNA sequence tag (EST) 
sequencing, serial analysis of gene expression (SAGE) tag 
sequencing, massively parallel signature sequencing 
(MPSS), or various applications of multiplexed in-situ 
hybridization. All of these techniques are extremely noise-
prone and/or subject tobias in the biological measurement, 
and a major research area in computational biology 
involves developing statistical tools to separate signal from 
noise in high-throughput gene expression studies. Such 
studies are often used to determine the genes implicated 
in a disorder: one might compare microarray data from 
cancerous  
epithelial cells to data from non-cancerous cells to 
determine the transcripts that are up-regulated and down-
regulated in a particular population of cancer cells. 
 
 

 

Genome annotation 

 

It has to do with Gene finding. In the context of genomics, 
annotation is the process of marking the genes and other 
biological features in a DNA sequence. The first genome 
annotation software system was designed in 1995 by Dr. 
Owen White, who was part of the team that sequenced and 
analyzed the first genome of a free-living organism to be 
decoded, the bacterium Haemophilus influenzae. Dr. 
White built a software system to find the genes (places in 
the DNA sequence that encode a protein), the transfer 
RNA, and other features, and to make initial assignments 
of function to those genes. Most  
current genome annotation systems work  
similarly, but the programs available for analysis of 
genomic DNA are constantly changing and improving. 

 
 
 
 

 

Genome Mapping 

 

Genomic maps serve as a scaffold for orienting sequence 
information. A few years ago, a researcher wanting to 
localize a gene, or nucleotide sequence, was forced to 
manually map the genomic region of interest, a time-
consuming and often painstaking process. Today, thanks 
to new technologies and the influx of sequence data, a 
number of high-quality, genome-wide maps are available 
to the scientific community for use in their research. 
Computerized maps make gene hunting faster, cheaper, 
and more practical for almost any scientist. In a nutshell, 
scientists would first use a genetic map to assign a gene 
to a relatively small area of a chromosome. They would 
then use a physical map to examine the region of interest 
close up, to determine a gene's precise location. In light of 
these advances, a researcher's burden has shifted from 
mapping a genome or genomic region of interest to 
navigating a vast number of Web sites and databases. 
 

 

Map Viewer 

 
A Tool for Visualizing Whole Genomes or Single 
Chromosomes 

 

Map Viewer is a tool that allows a user to view an 
organism's complete genome, integrated maps for each 
chromosome (when available), and/or sequence data for a 
genomic region of interest. When using Map Viewer, a 
researcher has the option of selecting either a "Whole-
Genome View" or a "Chromosome or Map View". Genome 
View displays a schematic for all of an organism’s 
chromosomes, whereas the Map View shows one or more 
detailed maps for a single chromosome. If more than one 
map exists for a chromosome, Map Viewer allows a 
display of these maps simultaneously. 
 

 
Using Map Viewer, researchers can find answers to 
questions such as 

 
i. Where does a particular gene exist within an organism's 
genome?  
ii. Which genes are located on a particular chromosome 
and in what order?  
iii. What is the corresponding sequence data for a gene 
that exists in a particular chromosomal region? 
iv. What is the distance between two genes? 
 

 

Proteomics 

 
Proteomics involves the sequencing of amino acids in a 
protein, determining its three dimensional structure and 
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relating it to the function of the protein. Before computer 
processing comes into the picture, extensive data, 
particularly through crystallography and NMR, are required 
for this kind of a study. With such data on known proteins, 
the structure and its relationship to function of newly 
discovered proteins can be understood in a very short 
time. In such areas, bioinformatics has an enormous 
analytical and predictive potential. Protein folding alone of 
the most significant and fundamental problem in biological 
science realizing this, IBM in Dec 1999, had built a 
supercomputer, which is 2 million times faster than the 
today’s fastest desktop PC. This new computer nicknamed 
"Blue Gene" by IBM researchers will be capable of 
performing more than one quadrillion operations per 
second. Better understanding of how proteins fold will give 
scientists and doctors better insight into diseases and 
ways to combat them. 
 

 

Prediction of protein structure 

 

It has to do with Protein structure prediction Protein 
structure prediction is another important application of 
bioinformatics. The amino acid sequence of a protein, the 
so-called primary structure, can be easily determined from 
the sequence on the gene that codes for it. In the vast 
majority of cases, this primary structure uniquely 
determines a structure in its native environment.(Of 
course, there are exceptions, such as the bovine 
spongiform encephalopathy-aka Mad Cow Disease-prion.) 
Knowledge of this structure is vital in understanding the 
function of the protein. For lack of better terms, structural 
information is usually classified as one of secondary, 
tertiary and quaternary structure. A viable general solution 
to such predictions remains an open problem. As of now, 
most efforts have been directed towards heuristics that 
work most of the time.  

One of the key ideas in bioinformatics is the notion of 
homology. In the genomic branch of bioinformatics, 
homology is used to predict the function of a gene: if the 
sequence of gene A, whose function is known, is 
homologous to the sequence of gene B, whose function is 
unknown, one could infer that B may share A's function. In 
the structural branch of bioinformatics, homology is used 
to determine which parts of a protein are important in 
structure formation and interaction with other proteins. In a 
technique called homology modeling, this information is 
used to predict the structure of a protein once the structure 
of a homologous protein is known. This currently remains 
the only way to predict protein structures reliably. One 
example of this is the similar protein homology between 
hemoglobin in humans and the hemoglobin in legumes 
(leghemoglobin). Both serve the same purpose of 
transporting oxygen in the 

 
 
 
 

 

organism. Though both of these proteins have completely 
different amino acid sequences, their protein structures are 
virtually identical, which reflects their near identical 
purposes? Other techniques for predicting protein 
structure include protein threading and de novo (from 
scratch) physics-based modeling. 
 
 
Analysis of protein expression 

 

Protein microarrays and high throughput (HT) mass 
spectrometry (MS) can provide a snapshot of the proteins 
present in a biological sample. Bioinformatics is very much 
involved in making sense of protein microarray and HT MS 
data; the former approach faces similar problems as with 
microarrays targeted at mRNA, the latter involves the 
problem of matching large amounts of mass data against 
predicted masses from protein sequence databases, and 
the complicated statistical analysis of samples where 
multiple, but incomplete peptides from each protein are 
detected. 
 
 
Analysis of regulation 

 

Regulation is the complex orchestration of events starting 
with an extracellular signal such as a hormone and leading 
to an increase or decrease in the activity of one or more 
proteins. Bioinformatics techniques have been applied to 
explore various steps in this process. For example, 
promoter analysis involves the identification and study of 
sequence motifs in the DNA surrounding the coding region 
of a gene. These motifs influence the extent to which that 
region is transcribed into mRNA. Expression data can be 
used to infer gene regulation: one might compare 
microarray data from a wide variety of states of an 
organism to form hypotheses about the genes involved in 
each state. In a single-cell organism, one might compare 
stages of the cell cycle, along with various stress 
conditions (heat shock, starvation, etc.). One can then 
apply clustering algorithms to that expression data to 
determine which genes are co-expressed. For example, 
the upstream regions (promoters) of co-expressed genes 
can be searched for over-represented regulatory 
elements. 
 
 
Analysis of mutations in cancer 

 

In cancer, the genomes of affected cells are rearranged in 
complex or even unpredictable ways. Massive sequencing 
efforts are used to identify previously unknown point 
mutations in a variety of genes in cancer. Bioinformaticians 
continue to produce specialized automated systems to 
manage the sheer volume of 
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sequence data produced, and they create new algorithms 
and software to compare the sequencing results to the 
growing collection of human genome sequences and 
germline polymorphisms. New physical detection 
technology are employed, such as oligonucleotide 
microarrays to identify chromosomal gains and losses 
(called comparative genomic hybridization), and single 
nucleotide polymorphism arrays to detect known point 
mutations. These detection methods simultaneously 
measure several hundred thousand sites throughout the 
genome, and when used in high-throughput to measure 
thousands of samples, generate terabytes of data per 
experiment. Again the massive amounts and new types of 
data generate new opportunities for bioinformaticians. The 
data is often found to contain considerable variability, or 
noise, and thus Hidden Markov model and change-point 
analysis methods are being developed to infer real copy 
number changes.  

Another type of data that requires novel informatics 
development is the analysis of lesions found to be 
recurrent among many tumors. 
 

 

Protein Modeling 

 

The process of evolution has resulted in the production of 
DNA sequences that encode proteins with specific 
functions. In the absence of a protein structure that has 
been determined by X-ray crystallography or nuclear 
magnetic resonance (NMR) spectroscopy, researchers 
can try to predict the three-dimensional structure using 
protein or molecular modeling. This method uses 
experimentally determined protein structures (templates) 
to predict the structure of another protein that has a similar 
amino acid sequence (target).  

Although molecular modeling may not be as accurate 
at determining a protein's structure as experimental 
methods, it is still extremely helpful in proposing and 
testing various biological hypotheses. Molecular modeling 
also provides a starting point for researchers wishing to 
confirm a structure through X-ray crystallography and 
NMR spectroscopy. Because the different genome 
projects are producing more sequences and because 
novel protein folds and families are being determined, 
protein modeling will become an increasingly important 
tool for scientists working to understand normal and 
disease-related processes in living organisms. 
 

 

The Four Steps of Protein Modeling 

 
i. Identify the proteins with known three-dimensional 

structures that are related to the target sequence  
ii. Align the related three-dimensional structures with the 

target sequence and deter mine those structures 

 
 
 
 

 

that will be used as templates.  
iii. Construct a model for the target sequence based on 

its alignment with the template structure(s).  
iv. Evaluate the model against a variety of criteria to 

determine if it is satisfactory 
 

 

Protein-protein docking 

 

In the last two decades, tens of thousands of protein three-
dimensional structures have been determined by X-ray 
crystallography and Protein nuclear magnetic resonance 
spectroscopy (protein NMR). One central question for the 
biological scientist is whether it is practical to predict 
possible protein-protein interactions only based on these 
3D shapes, without doing protein-protein interaction 
experiments. A variety of methods have been developed 
to tackle the Protein-protein docking problem, though it 
seems that there is still much work to be done in this field. 

 

Pharmaco and cheminformatics 

 

Many aspects of bioinformatics are relevant in 
pharmacology. Drug targets in infectious organisms can be 
revealed by whole genome comparisons of infectious and 
non–infectious organisms. The analysis of single 
nucleotide polymorphisms reveals genes potentially 
responsible for genetic diseases. Prediction and analysis 
of protein 3D structure is used to develop drugs and 
understand drug resistance. 

 

Drug Design 

 

It is now possible, through computer algorithm based 
bioinformatic procedures, to identify and structurally 
modify a natural product, to design a drug with the desired 
properties and to assess its therapeutic effects, 
theoretically. Such procedures, similar to an architect’s on 
board plan before construction, are described as in silico 
(in the computer, based on silicon chip technology), as 
opposed to the earlier in vitro (in experimental models) and 
in vivo (in clinical trials) methods. The risk involved in the 
earlier random processes of drug discovery methods is 
largely removed by bioinformatics. Cheminformatics 
involves organization of chemical data in a logical form to 
facilitate the process of understanding chemical 
properties, their relationship to structures and making 
inferences. 

 

Drug Modification 

 

Several synthetic products are quite useful but cannot be 
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used by one and all for certain side effects in some people. 
For example, aspartame (marketed under different trade 
names) is a dipeptide of aspartic acid and phenylalanine, 
and is 300 times sweeter than cane sugar. Aspartame is 
widely used as an alternate sweetener by diabetics and 
others who cannot take sweeteners loaded with calories. 
Unfortunately, pregnant women and people suffering from 
phenylketonuria, a disorder due to an impaired metabolism 
of phenylalanine, should not use aspartame. It would be 
useful if phenylalanine were substituted by some other 
amino acid without affecting its sweetness, to remove the 
restriction on its use. 
 

 

Molecular phylogenies 

 

Phylogeny is the origin and evolution of organisms. 
Biologists have constructed very elegant systems of 
classifications for the known organisms, though problems 
persist. Extensive work was carried out this way, 
comparing a very large number of organisms of plants and 
animals. Amino acid sequences and characteristics of 
proteins are also used in systematic. 
 

 

Computational evolutionary biology 

 

Evolutionary biology is the study of the origin and descent 
of species, as well as their change over time. New insight 
into the molecular basis of a disease may come from 
investigating the function of homologs of a disease gene in 
model organisms. In this case, homology refers to two 
genes sharing a common evolutionary history. Scientists 
also use the term homology, or homologous, to simply 
mean similar, regardless of the evolutionary relationship. 
Equally exciting is the potential for uncovering evolutionary 
relationships and patterns between different forms of life. 
With the aid of nucleotide and protein sequences, it should 
be possible to find the ancestral ties between different 
organisms. Thus far, experience has taught us that closely 
related organisms have similar sequences and that more 
distantly related organisms have more dissimilar 
sequences. Proteins that show a significant sequence 
conservation, indicating a clear evolutionary relationship, 
are said to be from the same protein family. By studying 
protein folds (distinct protein building blocks) and families, 
scientists are able to reconstruct the evolutionary 
relationship between two species and to estimate the time 
of divergence between two organisms since they last 
shared a common ancestor. This is connected with 
phylogenetics, which is the field of biology that deals with 
identifying and understanding the relationships between 
the different kinds of life on earth.  
Hence, informatics has assisted evolutionary biologists in 

 
 

 
 

 

several key ways; it has enabled researchers to:  
i. trace the evolution of a large number of organisms by 
measuring changes in their DNA, rather than through 
physical taxonomy or physiological observations alone,  
ii. more recently, compare entire genomes, which permits 
the study of more complex evolutionary events, such as 
gene duplication, horizontal gene transfer, and the 
prediction of factors important in bacterial speciation,  
iii. build complex computational models of populations to 
predict the outcome of the system over time  
iv. track and share information on an increasingly large 
number of species and organisms.  
The area of research within computer science that uses 
genetic algorithms is sometimes confused with 
computational evolutionary biology, but the two areas are 
unrelated. 
 

 

Measuring biodiversity 

 

Biodiversity of an ecosystem might be defined as the total 
genomic complement of a particular environment, from all 
of the species present, whether it is a biofilm in an 
abandoned mine, a drop of sea water, a scoop of soil, or 
the entire biosphere of the planet Earth. Databases are 
used to collect the species names, descriptions, 
distributions, genetic information, status and size of 
populations, habitat needs, and how each organism 
interacts with other species. Specialized software 
programs are used to find, visualize, and analyze the 
information, and most importantly, communicate it to other 
people. Computer simulations model such things as 
population dynamics, or calculate the cumulative genetic 
health of a breeding pool (in agriculture) or endangered 
population (in conservation). One very exciting potential of 
this field is that entire DNA sequences, or genomes of 
endangered species can be preserved, allowing the results 
of Nature's genetic experiment to be remembered in silico, 
and possibly reused in the future, even if that species is 
eventually lost. 
 
 

 

Modeling biological systems 

 

This has to do with Systems biology .Systems biology 
involves the use of computer simulations of cellular 
subsystems (such as the networks of metabolites and 
enzymes which comprise metabolism, signal transduction 
pathways and gene regulatory networks) to both analyze 
and visualize the complex connections of these cellular 
processes. Artificial life or virtual  
evolution attempts to understand evolutionary processes 
via the computer simulation of simple (artificial) life forms. 
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High-throughput image analysis 

 

Computational technologies are used to accelerate or fully 
automate the processing, quantification and analysis of 
large amounts of high-information-content biomedical 
imagery. Modern image analysis systems augment an 
observer's ability to make measurements from a large or 
complex set of images, by improving accuracy, objectivity, 
or speed. A fully developed analysis system may 
completely replace the observer. Although these systems 
are not unique to biomedical imagery, biomedical imaging 
is becoming more important for both diagnostics and 
research. Some examples are:  
i. high-throughput and high-fidelity quantification and sub-  
cellular localization (high-content screening, 
cytohistopathology).  
ii. morphometrics 
iii. clinical image analysis and visualization  
iv. determining the real-time air-flow patterns in breathing 
lungs of living animals  
v. quantifying occlusion size in real-time imagery from the 
development of and recovery during arterial injury  
vi. making behavioral observations from extended video 
recordings of laboratory animals  
vii. infrared measurements for metabolic activity 
determination  
viii. inferring clone overlaps in DNA mapping, e.g. the 
Sulston score 
 

 

Software and tools 

 

Software tools for bioinformatics range from simple 
command-line tools, to more complex graphical programs 
and standalone web-services available from various 
bioinformatics companies or public institutions. The 
computational biology tool best-known among biologists is 
probably BLAST,an algorithm for determining the similarity 
of arbitrary sequences against other sequences, possibly 
from curated databases of protein or DNA sequences. 
BLAST is one of a number of generally available programs 
for doing sequence alignment. The NCBI provides a 
popular web-based implementation that searches their 
databases. 
 

 

Web services in bioinformatics 

 

SOAP and REST-based interfaces have been developed 
for a wide variety of bioinformatics applications allowing an 
application running on one computer in one part of the 
world to use algorithms, data and computing resources on 
servers in other parts of the world. The main advantages 
lay in the end user not having to deal with software and 
database maintenance overheads. Basic 

 
 
 
 

 

bioinformatics services are classified by the EBI into three 
categories: SSS (Sequence Search Services), MSA 
(Multiple Sequence Alignment) and BSA (Biological 
Sequence Analysis). The availability of these service-
oriented bioinformatics resources demonstrate the 
applicability of web based bioinformatics solutions, and 
range from a collection of standalone tools with a common 
data format under a single, standalone or web-based 
interface, to integrative, distributed and extensible 
bioinformatics workflow management systems. 
 

 

Partnership in bioinformatics 

 

i. Data Gatherers: Enormous amounts of basic data from  
biomolecular chemistry and relatedareas, very 
painstakingly gathered over long years by experimental 
and analytical scientists, are the body and substance of 
bioinformatics.  
ii .Data Processors: The second party use skills of 
complex software, to serve the needs of the data gathered.  
iii. Process Product Users: End users of products. 
 

 

Role of bioinformatics in biotechnology 

 

The term ‘bioinformatics’ is the short form of ‘biological 
informatics’, just as biotechnology is the short form of 
‘biological technology’. Anthony Kerlavage, of the Celera 
Genomics, defined bioinformatics as ‘Any application of 
computation to the field of biology, including data 
management, algorithm development, and data mining’. 
Clearly, a number of divergent areas, many of them 
outside biotechnology, come under bioinformatics. 
Bioinformatics is the field of science in which biology, 
computer science, and information technology merge to 
form a single discipline. The ultimate goal of the field is to 
enable the discovery of new biological insights as well as 
to create a global perspective from which unifying 
principles in biology can be discerned. Initial interest in 
Bioinformatics was propelled by the necessity to create 
databases of biological sequences.  

The first database was created within a short period 
after the Insulin protein sequence was made available in 
1956.The sequence information generated by the human 
genome research, initiated in 1988 has now been stored 
as a primary information source for future applications in 
medicine. The available data is so huge that if compiled in 
books, the data would run into 200 volumes of 1000 pages 
each and reading alone (ignoring understanding factor) 
would require 26 years working around the clock. For the 
population of about 5 billion human beings with two 
individuals differing in three million bases, the genomic 
sequence difference atabase would have about 
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15,000,000 billion entries. The present challenge to handle 
such a huge volume of data is to improve database design, 
develop software for database access and manipulation, 
and device data-entry procedures to compensate for the 
varied computer procedures and systems used in different 
laboratories. A single experiment can now yield data on the 
transcription level of 100,000 different mRNA species from 
a given tissue (Winzeler et al., 1998).  

The whole area of biology can immensely benefit from 
the bioinformatic approach. Bioinformatics tools for 
efficient research will have significant implications in life 
sciences and betterment of human lives.The rapidly 
emerging field of bioinformatics promises to lead to 
advances in understanding basic biological processes 
and, in turn, advances in the diagnosis, treatment, and 
prevention of many genetic diseases. Bioinformatics has 
transformed the discipline of biology from a purely lab-
based science to an information science as well. 
Increasingly, biological studies begin with a scientist 
conducting vast numbers of database and Web site 
searches to formulate specific hypotheses or to design 
large-scale experiments. The implications behind this 
change, for both science and medicine, are staggering. 
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