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Abstract

Objective: Computational infrastructure of medical biotechnology provides insight into elements of genomics,
proteomics for understanding diseases and biological systems in a more comprehensive and systematic way. The
present study exclusively focuses on role of computational and bioinformatics tools employed in troubleshooting het-
erogeneous data of biology origin. Method and Analysis: Methodology adopted for study included analysis of online
literature through Google Scholar, Pub-med, and Science Direct by searching with comprehensive input like compu-
tational tools, biotechnology, proteomics, genomics, drug design and discovery, metagenomics to include all relevant
research/review articles within period from 1980 to 2016. Collection, inclusion and exclusion of published articles,
review and reports were critically assessed and discussed within line of available databases. Furthermore, bibliogra-
phy of relevant research articles was taken into consideration. Findings: Major conventional biological databases i.e.,
National Centre for Biotechnology Information (NCBI) and its subset PubMed, not only provide and exchange biologi-
cal sequence information but also allow comprehensive analysis for sequence alignment and comparisons to find out
disease biomarkers like Single Nucleotide Polymorphisms (SNPs). Likewise, other computational tools and servers are
developed to be specific for organism, disease, biological pathway, microbial resistance and drug design. Use of current-
ly available computational techniques provides rapid cross-reference search with higher accession of the sequences
with statistical approach. However, a significant challenge in this field is to organize and provide user access, readability
and skill sets to heterogeneous data repositories like databases and web servers as well as to keep data privacy. These
temporal processes significantly enhanced the vision and understanding about cryptic biological processes. Novelty/
Improvement: Present study exclusively targets computational tools employed in deciphering complex biological sys-
tems through use of algorithms and software which made available large data repositories in public domain. Current
study will enhance and compile amalgam of computational and bioinformatics pipelines engaged in vast perspectives
of basic and applied biology.
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1. Introduction

Computational tools are invaluable for researchers and
scientists indulged in various fields across the globe for data
extraction, analysis and integration of complex heteroge-
neous data sets. Amalgam of classical biological techniques
with high throughput computational technologies leads to
beginning of a new stratum for precise understanding and

*Author for correspondence

answers of complex biological problems. In this regard,
advances in computational biology and bioinformatics have
made access to vast genome, transcriptome and proteome
data which are being utilized for a variety of biomarkeriden-
tification, nano-device engineering and drug design etc"?.
In the present paper we are discussing the usage of different
computational approaches which render the information
of biological processes systematic and more useful.
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2. Computational Platforms for
Genomics and Proteomics

Complete set of genes and protein complements can be
analyzed through genomics and proteomics, respec-
tively. However, in both the techniques a statistical data
analysis is needed to include relevant objects in the
research study and to exclude various nonessential or
impractical parameters for further experimental inves-
tigation. This objective refinement is well accomplished
through use of various web servers and databaseswhich
provide expression profile data, functional annotation,
biomedical literatureand the sequence information
search® e.g., screening of various potential drug resis-
tant pathogen proteins through web-servers like
MDRIpred®, UniDrug-Target® provide outputs of spe-
cific and reproducible results. These output results also
shorter the time of experimentations of the researchers.
Another database; SNPedia (http://www.snpedia.com)
provides DNA variations of human genome correlated
with medical literature available. In 2006, FP6 STEP
project launched with an initial vision of European
funding under Framework 7 programmed to provide
free access to model repositories of particularly clinical
data by VPH Institute, a nonprofit umbrella organiza-
tion’. Future perspective of such databases will facilitate
unique drug target identification and thus to avoid
antibiotic toxicity in humans, spread of resistant phe-
notype among microbial world Figure 1. Identification
of biomolecules like protein through computational
tools offers a great hope but also suffers with problem of
false-positive identifications by techniques viz. Tandem
mass spectrometry (MS/MS) data generated in shotgun
proteomic experiments. Nesvizhskii and colleagues®
addressed these hurdles one by one but of these most
important is choice of protein sequence databases like
Entrez (from NCBI), its subset databases RefSeq, and
UniProt (Swiss-Prot and TREMBL) and International
Protein Index (IPI) from EBI. However search against
larger database such as Entrez Protein is suitable for
sequence polymorphism studies but it lowers sensi-
tivity of peptide identification by introducing more
false identifications. Post-Translational Modifications
(PTMs) in protein are directly indicated in peptide
mass spectrometry by factors like neutral losses and
modification-specific mass increments.
database search engines become redundant on exhaus-
tive search for multiple PTMs and flipped cleavage

However,
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sites. An algorithm VEMS v3.0 (Virtual Expert Mass
Spectrometrist) which utilizes novel elements such as
automatic re-calibration of fragment ions during the
search, unique scoring function taking into account
recalibration of mass enhances Q-TOF MS/MS spectra
analysis®. Biomarker identification in fields of proteom-
ics and genomics is augmented by Support Vector
Machines (SVM) which firstly learned to process set of
elements belonging to various clusters afterwards gives
output based on its own intelligence'®. Current bioin-
formatics and computational methodologies are well
utilized in recognition of cis-acting regulatory elements
involved in transcription process and databases like
AGRIS AtcisDB!''"" (http://arabidopsis.med.ohio-state.
edu/AtcisDB/) and CTCFBSDB and CTCFBSDB 2.0!*1*
can be used for data extraction and analysis of plant
and vertebrate genome. Advent of bio-computational
tools together with Genome-Wide Association Studies
(GWAS) generated huge networks of metabolic path-
ways and accumulation of data sets of genes and their
interactions for different phenotypes. Disease and Gene
Annotation (DGA) database extract information from
Disease Ontology (DO) and NCBI to construct disease
molecular interaction networks'®. Likewise, artificial
intelligence and neural network approaches simulate
human intelligence and learning processes and congre-
gate scalability to locate random gene positions over
large genome size'”'®.
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Figure 1. Role of computational biology is illustrated via
various visionary elements like database/servers and software
into public domain for the research purpose into biomedical
science, healthcare service and bioengineering.
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3. Web based Tools for
Personalized Medicine and
Drug Repositioning

The major research thrust into disease and drug came
through elucidation of human genome project. It was ini-
tiated in 1990 to provide human genome sequence data
to entire biomedical community, since then million of
sequences were generated of which 30 millions entries
correspond to human origin. Human genome project
sequence information is deposited in public domain
repositories which are national European Molecular
Biology Laboratory (EMBL)/European Bioinformatics
Institute'® (EBI), the National Center for Biotechnology
Information (NCBI, GenBank) database® and the DNA
Database of Japan (DDBJ)?'. User friendly access to these
sequences is provided by different browsers like Entrez
Gene browser”, the UCSC genome browser” and the
EBI/Ensemble browser. Other most important aspects
of medical biology are drug toxicity to human host and
alarming microbial resistance. These two issues are the
most common and challenging aspects inpharmacy and
therapeutic sectors. Two approaches i.e., drug based and
disease based are proposed to eradicate problem. Idea
of personalized medicine and drug repositioning could
be possible on success of Connectivity Map (CMap)
project and its extended project Library of Integrated
Network-Based Cellular Signatures (LINCS)*** and
data extracted from functional genomics databases
such as NCBI Gene Expression Omnibus (GEO). The
project is aimed at large-scale gene expression pro-
files correlating with genome aberration, susceptibility
to disease and drug targets. In disease based approach
Drug versus Disease (DvD), the database for Annotation,
Visualization and Integrated Discovery (DAVID)* and
the Gene Set Enrichment Analysis (GSEA) provides
huge amount of genome expression profiles to identify
signature disease and drug targets. In another case, drug
target interaction analysis is performed by integrated
network system approach using DReSMin, an algorithm
for mining semantically-rich networks for occurrences
of a given semantic subgraph”. Personalized medicine
and drug repositioning are very much important fields in
anticancer treatment and therapy. Algorithms like basic
local alignment search tool (http://www.ncbi.nlm.nih.
gov/BLAST), ClustalW and FASTA are most widely used
to compare sequences from genome®**, Moreover NCBI
dbSNP database, GENESCAN or AUGUSTUS are much
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exploited tools used for detection of single nucleotide
polymorphism and gene prediction in areas of genetics
and disease.

4. Screening of Pathogens and
Diagnostic System

Genetic identification and characterization of circulating
pathogens is necessary for suitable vaccine target. One
such approach utilizes RotaC, web tool for genotyping
Rota virus which is the leading cause of infant’s morbid-
ity and mortality due to diarrhoea®. Web tool interface
is written in perl while classification script utilizes Java
and is able to analyze 1000 nucleotide sequences at a
time in FASTA format. Structural Database of Allergenic
Proteins (SDAP) (http://fermi.utmb.edu/SDAP) is a web
server written on CGI scripts and implemented with
MySQL under Linux, provides information regarding IgE
epitopes interaction with user supplied allergen peptide®.
Based up on polarization anisotropy diagnostics tech-
nique a new smartphone application has been designed to
identify causative agents of nosocomial infections. Firstly,
polymerase chain reaction is used to amplify target bac-
terial RNA and amplified product is used as input for
prototype PAD system consisting of optical tubes. MIT
App Inventor 2 controlled softwareuses optical sensors
to recognize signature bacterial sequences by comparing
with 16s rRNA sequences®. Cancer bioinformatics grid
CaGrid (http://www.cagrid.org/) and EGI (European
Grid Infrastructure) (http://www.egi.eu/) grids serve to
exchange data on cancer research in public domain. For
avoiding big and time expensive problems GPUs clusters
presents an effective way?®.

5. Metagenomics and Next
Generation Sequencing

Field of metagenomics focuses on characterization of total
microbial community, primarily uncultured microbes
in a community”. The metagenomics RAST server pro-
vides user access to genomic data via in-built controlled
manner to ensure data privacy. Taxonomic level classifi-
cation of different lineages can be achieved by computer
program like DOTUR®. DOTUR assigns diverse outer
taxonomical units by rarefaction and collector’s curve
analysis. For, meta-transcriptomic shotgun sequencing
rRNASelector (http://sw.ezbiocloud.net/rrnaselector) is

Indian Journal of Science and Technology | 3 -



Computational Tools; Indispensable Armamentarium of Medical Biotechnology

a computer program which uses Hidden Markov models
for identifying prokaryotic 5, 26S, and 23S rRNA genes
on roche 454 platform®.

6. Concluding Remarks

New approaches combining bioinformatics and computa-
tional tools demonstrate a great contribution and promise
in functional genomics, genetics, disease and diagnos-
tics. High-throughput, low-cost and high-performance
computingis the necessity of current research because
enormous data which is generated per day requires user
friendly and systematic workflow in public domain.
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