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Bio informatics & the future of Bio technology




What is Bioinformatics ?

» Bioinformatics is a hybrid science that links biological
data with techniques for information storage,
distribution, and analysis to support multiple areas of
scientific research, including biomedicine.

» Bioinformatics is fed by high-throughput data-
generating experiments, including genomic sequence
determinations and measurements
of gene expression patterns.

» Bioinformatics = Molecular Biology + IT
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Figure 1: Application of bioinformatics tools in vanous areas of biological sciences.




History Of Bioinformatics:
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Robert Hooke published Micrographia in 1665

Antoni van Leeuwenhoek discovered bacteria in 1683

Richard Owen elaborated the distinction of homology and analogy in 1843.
Gregory Mendel established the theory of genetic inheritance in 1865.

The word "genetics" is coined by William Bateson in 1905.

Genetic material can be transferred laterally between bacterial cells, as shown by
Lederberg and Tatum in 1946.

Sidney Brenner, Francgois Jacob, Matthew Meselson, identify messenger RNA in 1961.
Needleman-Wunsch algorithm in 1970.

Smith-Waterman algorithm developed in 1981.

National Center for Biotechnology Information (NCBI) created at NIH/NLM in 1988.
BLAST: fast sequence similarity searching in 1990.

First bacterial genomes completely sequenced in 1995.

The human genome (3 Giga base pairs) is published in 2001.




Why Bioinformatics is Necessary?

» The need for bioinformatics has arisen from the
recent explosion of publicly available genomic
information, such as resulting from the human
genome project.

» Gain a better understanding of gene analysis
,faxonomy & evolution

» To work efficiently on the rational drug designs
and reduce the time taken for the development
of drug manually




Goal of Bioinformatics

» To uncover the wealth of Biological information
hidden in the mass of sequence, structure,
literature and biological data.

» It is being used now and in the foreseeable future
in the areas of molecular medicine.

» It has environmental benefits in identifying waste
and clean up bacteria.

» In agriculture, it can be used to produce high yield,
low maintenance crops.




Fields of Bioinformatics(in present Time) :

» Molecular Medicine

» Gene Therapy

» Drug Development

» Microbial genome applications
» Crop Improvement

» Forensic Analysis of Microbes
» Biotechnology

» Evolutionary Studies

» Bio-Weapon Creation




Molecular Medicine :

Ayurveda + Modern Science + Technology =
Molecular Medicine

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 (e.g. Cancers,

heart disease ,and diabetes).

The completion of the hu
genome means that we
search for the genes dire
associated with different disea
and begin to understand t
molecular basis of these disea
more clearly.

This new knowledge of
molecular mechanisms of di
will enable better treatme
cures and even preventativ
to be developed.
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THE HUMAN GENOME - THE BLUEPRINT OF LIFE
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Gene Therapy

» Gene therapy is the approach
used to treat , cure or even
prevent disease by changing
the expression of a person’s
gene.

»In the not too distant future
,the potential for using genes —
themselves to treat disease
may become a reality .

Nucleus




Drug Development :

DRUG DISCOVERY PROCESS
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Microbial genome applications

» Microorganisms are ubiquitous , that is
they are found everywhere. They have
been found surving and thriving in
extremes of heat ,cold ,radiation ,salt
,acidity and pressure.

» By studying the genetic material of these
organisms ,scientists can begin to
understand these microbes at a very
fundamental level and isolate the genes
that give them their unique abilities to
survive under extreme conditions.

A conceptual diagram of the flux and informationin a network-
based genome-sequencing project

Bioinformalics Lab




Biotechnology :

Biotechnology is technology based on biology
- biotechnology harnesses cellular and
biomolecular processes to develop
technologies and products that help improve
our lives and the health of our planet.
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Modern biotechnology provides breakthrough
products and technologies to combat
debilitating and rare diseases, reduce our
environmental footprint, feed the hungry, use
less and cleaner energy, and have safer,
cleaner and more efficient industrial
manufacturing processes.

[hemisiny (Phor BASK)







Future of Bioinformatics

At least three trends are appearing with regards
to bioinformatics :

»Integrating  genomic  information  with
electronic health records

»Personal genetic services

»Population-based genetic data.




The translational challenge: From molecules to medicine:

Molecular components

Integration Translation
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A Data Centric View of the Future

»Data complexity _
> High throughput data e
collection
» Database vs literature

» Bioinformatics as data D
driver I TIT I I T T Y PRI T I TP I TS
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a) myoglobin (b) hemoglobin (c) lysoz
transfer RNA

(e) antibodies (f) viruses (g) actin
nucleosome

(i) myosin (j) ribosome

» Data representation

» Data integration



Bioinformatics and the Future of Biotechnology

» Fighting Infections with Bioinformatics

» Understanding Genetic Diseases with
Bioinformatics

» Bioinformatics and Brain Power
»The Tip of the Iceberg
» Improving microbiome analyses

» Accelerating immunotherapy development




Bioinformatics Research Market
Growth
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New Challenges for Bioinformatics Research

» New Sequencing
Technologies

eHuman variation

eIntra vs Inter species
variation

eLinking population and
molecular studies

e\/ariation & Disease
eBiodiversity
eBarcode for life
ePlant and animal breeding

Multi-" omics Data
eData integration technologies
eTime series

e Atlases/Tissue and Cell type
specificity

Biobanks

eMolecular and Phenotypic da

e Molecular-based phenotypi
studies

e Multi-omic data sets



New Challenges for Bioinformatics Research

> ° °
Opening up of Literature Development of Cloud
Linking literature to databases and

e veres Computing and Grid

«Text Mining technologies

eNew methods for handling data

*The semantic web eNew Image Technologies

» Immense Complexity of *Analysis
Control networks Move of Medicine towar
«New modelling techniques Molecular Tech nologie
e Commissioning of experiments *Molecular Diagnoses

ePharmacogenomics
eTarget Identification



Questions

» Bio informatics ?

» Bio informatics areas ?

» Human genome ?

» Molecular medicine ?

» Gene therapy ?

» Drug discovery & development ?
» Microbial Genome ?

» Biotechnology ?

» Challenge of bio informatics ?




