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Abstract

Bioinformatics has played important role in better understanding the structure and function of biological 
macromolecules that primarily include the DNA and the proteins. Using bioinformatics tools, it has even 
become possible to get better insights about the important regulatory network of the cells, it has allowed 
the researchers in designing better drugs, crops, medicine and the therapeutic agents. The field of 
molecular biology together with bioinformatics can successfully address the cause of several dreadful 
diseases like cancer, diabetes, protein mis-folding and other metabolic disorders. However, despite these 
breakthroughs, it has several other challenges ahead; this mini review will provide insights about 
important applications, challenges and future prospects of the bioinformatics in various fields.
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Introduction

In recent years, the tremendous development made in the field of molecular biology has conduit the 
researchers towards better understanding of living organisms. It has provided in depth insights about the 
functioning of biological molecules. Interestingly, bioinformatics has further added towards the better 
understanding of the structure and functioning of these macromolecules. Each day basis, thousands of 
genes and proteins sequences are being added to the various databases, owing to advances in various 
sequencing technologies. For handling this large set of data, bioinformatics, a rapidly evolving and 
interdisciplinary field, is playing an important role. Bioinformatics grew in late nineties; however the 
more development in this field attained the pace during the Second World War, when Frederick Sanger 
and his colleagues at Cambridge University in 1945, successfully sequenced a complete protein, Insulin. 
Public accessibility to bioinformatics resources were started after the establishment of the US National 
Center for Biotechnology Information (NCBI) in 1988 (Smith, 2013). Later on two landmark initiatives 
“Mapping and Sequencing of Human Genome” by the National Research Council in 1988 and 
“Mapping Our Genes-The Genome Project: How Big, How Fast?” by the US Congress in 1988, brought 
revolution, and a new discipline- bioinformatics became inevitable. In 1992, a database of nucleotide 
sequences, Genbank was launched by NCBI in collaboration with European Molecular Biology 
Laboratory (EMBL) and the DNA Data Bank of Japan (DDBJ), and thus new era of biology emerged to 
fill up all data landscapes (Zou et al., 2015). Before completion of human genome project (Lander et al., 
2001) and HapMap project (International HapMap Consortium, 2003) in different human backgrounds, 
sequencing of other plants (Arabidopsis genome initiative, 2000), microbial and insect genome were 
completed. After 2005, due to initiation of number of sequencing projects by technological advancement, 
and collection of data from other omics field, there has been a huge flow of data from DNA to RNA to 
protein was observed (Zhao et al., 2012; Chen et al., 2015). Therefore, there is comprehensive demand 
for large number of bioinformatics resources that can provide storage of data, information, curation and 
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analysis tool in an easy and user-friendly way. Fast accumulation of gene sequences from variety of 
organisms further enriched these databases with huge information that could be used in designing novel 
experiments (Tang et al., 2015). In this review, insights would be provided about some of the important 
application of bioinformatics in various fields.

Role of Bio Informatics in crop Sciences 

Bioinformatics resources and web databases plays an important role in the most effective use of genetic, 
proteomic, metabolomics and phenotypic information in increasing agricultural crop productivity. 
Comparative analysis of the plant genomes has shown that information obtained from the model crops 
can be used for the better improvements of other food crops. At present, the complete genomes of 
Arabidopsis thaliana (Arabidopsis genome initiative, 2000), Oryza sativa (rice) (International rice 
genome sequencing project, 2005) and wheat draft genome (International Wheat Genome Sequencing 
Consortium, 2014) are available. Innovations in web based platforms for omics based research, and 
application of such information, has provided the necessary platform to promote molecular based 
research in model plants, as well as important crop plants. Bioinformatics databases have become an 
important tool for crop scientists in mining the gene data, and linking this knowledge to its biological 
significance (Mochida and Shinozaki, 2010). On the basis of comparative genome analysis, species-
specific nucleotide can provide information related to phenotypic characters. These tools have been 
explored in better designing of the crops that include the development of cereal varieties with greater 
tolerance towards the soil alkalinity, crop free of aluminium and iron toxicities. These varieties will allow 
agriculturists to grow these varieties in soil conditions, lacking appropriate condition. Research is also in 
progress to develop crop varieties that can resist reduced water conditions. Various molecular markers 
databases have been developed to relate genotype and phenotype, for the quality improvements of crops. 
Some of the important web based databases for crop improvement are provided in Table1.

Table 1: Important databases related to the crop improvement

Database name URL References

Brassica rapagenome database? http://brassicadb.org/ (Cheng et al., 2011)

DNA Data Bank of Japan (DDBJ) http://ddbj.sakura.ne.jp/  (Sugawara et al., 2008)

EnsEMBL plants http://plants.ensembl.org/ (Flicek et al., 2011; Kersey et al., 
2010)

EMBL nucleotide sequence database  http://www.ebi.ac.uk/embl/ (Kulikova et al., 2007; Sterk et al., 
2007 )

GenBank http://www.ncbi.nlm.nih.gov/genbank/

(Benson et al., 2009)

Graingenes http://wheat.pw.usda.gov/  (Matthews et al., 2003)

MaizeGDB http://www.maizegdb.org/  (Lawrence et al., 2007)

Rice Genome Annotation Project http://rice.plantbiology.msu.edu/

(Ouyang et al., 2007)

CR-EST http://pgrc.ipk-gatersleben.de/cr-est/

(Kunne et al., 2005)

Wheat genome information http://www.wheatgenome.info (Lai et al., 2011)
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Bioinformatics in health and development

 The creation of innovative methods for handling medically important data is considered as a priority for 
scientific, coordinated and implementation oriented programmes of multidisciplinary character. The 
Sequencing of human genome will have profound effects on the fields of biomedical research and clinical 
medicine. It heralds a new era, where whole genome sequencing will become routine clinical practice for 
diagnosis and prognosis for personalized healthcare (Baker, 2012). There are number of inherited 
diseases like Cystic Fibrosis and Huntington's disease. Also the environmental stress causes alterations in 
the genome e.g. cancers, heart disease and diabetes which needs to be cured. This would only be possible 
if we are able to capture, curate and analyze clinical data with 'omics' datasets using novel informatics 
tools to establish correlations with high level of confidence. The new knowledge of the molecular 
mechanisms of disease will enable better treatments, cures and even preventative tests to be developed. 
Genome wide association studies have been carried out to establish correlation between gene to 
phenotype. The field of genotype-to-phenotype association study requires new efforts to integrate 
standardized genotype and phenotype information, so as to enable their easy access and robust analyses 
by the researchers. The GEN2PHEN, was one of such endeavors that aims to efficiently gather and 
organize the web-based genetic information that fundamentally impacts human health and disease 
prognosis (Thorisson et al., 2009). While organizing existing datasets still remains a challenge, it is 
evident that the next generation of biosensors and electronic gadgets are going to revolutionize the 
personalized healthcare and will generate voluminous data on individuals. The systematic organization 
of this data requires generation of new tools and softwares. Some important databases for medical 
applications are given in Table 2.

Table 2: New and important databases related to medical application.

Database name URL Brief description

ADReCS http://bioinf.xmu.edu.cn/ADReCS Adverse Drug Reaction Classification System 

AHTPdb http://crdd.osdd.net/raghava/ahtpdb/ Antihypertensive peptides database

Cancer3D http://www.cancer3d.org Mapping of cancer mutations to protein structures

CancerPPD http://crdd.osdd.net/raghava/cancerppd/ Experimentally validated anticancer peptides

CeCaFDB http://www.cecafdb.org Carbon flux data of central metabolism in 
various organisms

CMPD http://cgbc.cgu.edu.tw/hmpd Cancer Mutant Proteome Database

DDMGD http://www.cbrc.kaust.edu.sa/ddmgd/ Associations between gene methylation and 
disease

Digital http://ageing- map.org/ Human ageing-related data

Ageing Atlas

EHFPI http://biotech.bmi.ac.cn/ehfpi/ Essential Host Factors for Pathogenic 
Infection

MethBank http://dnamethylome.org Nucleotide methylomes of gametes and early 
embryos

ValidatorDB http://ncbr.muni.cz/ValidatorDB Validation results for ligands and residues in 
the PDB

Gene therapy has been employed in treatment of several diseases by modification of genes or gene 
expression. This field is in its infantile stage, however drug development is a growing field with an 
improved understanding of disease mechanisms and using computational tools to identify and validate 
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new drug targets, developing more specific medicines for the diseases. Infectious diseases are now the 
world's biggest killers of children and young adults. Most deaths from infectious diseases occur in 
developing countries. The cause for this has been attributed to the unavailability of efficient drugs and if 
at all available, the high cost associated with those drugs. Development of cheap and efficient drugs for a 
disease is one of the major problems faced by mankind. The solution to this problem could be from 
rational drug design using Bioinformatics. There are many examples where targeted pharmacogenetic 
dosing algorithm is used e.g. warfarin (International Warfarin Pharmacogenetics Consortium, 2009; 
Sagreiya et al., 2010) and the incidence of adverse events is reduced by checking for susceptible 
genotypes for drugs like abacavir, carbamazepine and clozapine (Dettling et al., 2007; Ferrell and 
McLeod, 2008).

Role of bioinformatics in microbial Biotechnology

Microbes are ubiquitous, and can survive in extreme environmental conditions. Complete sequencing of 
genome genome sequences and their potential to provide a greater insight into the microbial world and its 
capacities could have broad and far-reaching implications for environment, health, energy and industrial 
applications. Since the sequencing of the first complete microbial genome of Haemophilusinfluenzaein 
1995 (Fleischmann et al., 1995), hundreds of microbial genomes have been sequenced and archived for 
public research.The major impact of bioinformatics research has been to automate the genome 
sequencing, automated development of integrated genomics and proteomics databases, automated 
genome comparisons to identify the genome function, automated derivation of microbial metabolic 
pathways, gene expression analysis to derive regulatory pathways, the development of statistical 
techniques, clustering techniques and data mining techniques to derive protein-protein and protein-DNA 
interactions, and modeling of 3D structure of proteins and 3D docking between proteins and 
biochemicals for rational drug design, difference analysis between pathogenic and non-pathogenic 
strains to identify candidate genes for vaccines and anti-microbial agents, and the whole genome 
comparison to understand the microbial evolution. The development of bioinformatics techniques has 
enhanced the pace of biological discovery by automated analysis of large number of microbial genomes. 
This has quickened the pace of discoveries, the drug and vaccine design (Robinson et al., 2003) and the 
design of anti-microbial agents (Liu et al., 2004). Bioinformatics can help to understand cellular 
mechanism and cellular manipulation using the integration of sequence data, wet lab, and cell simulation 
techniques. 

Application in other relevant area of Biotechnology

With the advent of modern techniques in biology,biotechnology has progressed exponentially.This field 
has been divided into 'old' and 'new' biotechnology, where theformer deals with conventional and 
classical methods, and the latter involves highly specific and targeted r-DNAtechnology tools. Apart 
from human genomics, the evolutionary processes, genetic modification of plants, genome editing, 
biofortification, bioremediation, micro-RNAs and marker-assisted breeding are major areas of 
biotechnological research today.The benefits of plant engineering through biotechnology have started 
reaching the consumers of the developed world and are in the offing for the poor of thedeveloping 
countries. Bioinformatics provides data access to such developments. There are increasing evidences that 
transgenic plants would produce healthier, storable foods with desired nutritional value. Genetically 
modified plants are considered as chemical factories, which are capable of producing desired proteins, 
antigens, energy, vitamins,desired enzymes, etc. with the practice of biotechnological tools. 
Bioinformatics manages all the information and data on such aspects. This has led to the generation of 
enormous databases with information overload in the lifesciences disciplines. If this information were to 
be used tospeed up the pace of scientific research, scientists wouldneed to know the methods and tools for 
their effective use.Some of the important databases which are commonly used by biotechnologists are 
thosefrom Incyte, Pangea systems, PEinformatics, PDB, SRS, UDB, SWISS-PROT, EMBLnet, 
ICCBnet, Medline, FlyBase, MendelianInheritance in Man (MIM) etc. Some important tools, 
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programmes and algorithms available for analysis, like BLAST, FASTA, SmithWaterman, ENTREZ, 
MAGE, CHIME, RasMol, CASP, CAFASP1,PDB-3D Browser, SWISS PDB-Viewer,MG-RAST 
(Meyer et al., 2008), Gene investigator, Trinity (Manfred et al., 2011) etc. 

Applications of Bioinformatics  in Evolutionary Studies

Evolutionary studies help in exploring the relationships of organisms with their ancestors. Organisms can 
be classified on the basis of their evolutionary relationships. This classification could be depicted using a 
phylogenetic tree or evolutionary tree which could be rooted or unrooted (Huson and Bryant, 2005). A 
phylogenetic tree is composed of nodes and branches in which nodes represent taxonomic units and 
branches connect two nodes. Phylogenetic trees are constructed using computational methods like 
Distance based methods and Sequence based methods. Unweighted Pair Group Method with Arithmetic 
Mean (UPGMA) is a distance based method that uses sequential clustering approach in order to build a 
phylogenetic tree. Neighbour Joining method (NJ) is another distance based method that build a tree by 
joining closest neighbours. Sequence based methods make use of the substitutions among the sequences 
in order to build a tree. Maximum Parsimony (MP) and Maximum Likelihood (ML) are the two 
approaches that are used to evaluate evolutionary history using the sequence changes. Bioinformatics 
play a very important role in determining the evolutionary relationships among the organisms through 
phylogenetic analysis. Various softwares are available for the phylogenetic analysis like Dendroscope 
(Huson et al., 2007), ProtTest (Abascal et al., 2005), MEGA (Molecular Evolutionary Genetics Analysis) 
(Kumar et al., 2008; Kumar et al., 2004), PANTHER (Mi et al., 2007), PhyML (Guindon et al., 2005) etc. 
Databases that are available for studying the evolutionary relationship are provided in Table 3.

Table 3: Important databases related to evolutionary analysis

Database Name URL References

COG Database http://www.ncbi.nlm.nih.gov/COG/  (Tatusov et al., 2003)

CDD http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml  (Bauer et al., 2007)

FUSARIUM-ID http://fusarium.cbio.psu.edu/  (Geiser et al.,  2004)

UNITE http://unite.zbi.ee  (Kõljalg et al., 2004)

Comparative RNA http://www.rna.icmb.utexas.edu/ (Cannone et al., 2002)

Web(CRW) Site

SCOP http://scop.mrc-lmb.cam.ac.uk/scop/  (Conte et al., 2000)

EzTaxon http://eztaxon-e.ezbiocloud.net  (Kim et al., 2012)

MIRU-VNTRplus www.miru-vntrplus.org/  (Allix-Be´guec et al., 2008)

Application in Forensics sciences 

In the modern era, bioinformatics has emerged as the science to deal with the various major problems in 
the field of biotechnology. Bioinformatics has made it possible to identify the genetic differences in the 
DNA sequences which arise due to copy number variation (Redon et al., 2006), Single nucleotide 
polymorphisms (SNPs), Variable number of tandem repeats (VNTRs) (Nakamura et al., 1987) or Short 
Tandem repeats (STRs). The detection of these variations in the DNA sequences has proved to be a boon 
for the forensic scientists. DNA profiling has been used as a major tool to detect the variable number of 
tandem repeats and short tandem repeats. Forensic science combines bioinformatics in order to solve 
various crime investigations, paternity suites and family relationships. Information related to the repeats 
has been stored in the form of databases. Some of the databases used in forensic science are given in Table 
4.
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Table 4: Important databases related to forensic science

Database name URL References

STRBase http://www.str-base.org/index.php  (Ruitberg et al., 2001)

ENFSI http://www.enfsi.org/  (Gill et al., 2003)

EMPOP http://www.empop.org  (Parson and  Dur, 2007)

MITOMASTER http://mammag.web.uci.edu/twiki/bin/view/  (Brandon et al., 2009)

Application in understanding the Structure and Function.

Proteomics is the systematic study that deals with the determination of structure, function and expression 
profile of proteins in the living system whose data elucidation and data mining can be done with the help 
of bioinformatics. Prediction of secondary structure of the proteins can be done using the stastical 
methods like Chou-Fasman algorithm (Chen et al., 2006) and Garnier-Osguthorpe Robson (GOR) 
method (Garnier and Robson, 1989) that are based on the probability parameters derived from studies of 
known protein structures by X-ray crystallography. The tertiary structure prediction of proteins has also 
become possible using the computational methods like Ab-initio and Homology Modelling (Aszodi and 
Taylor, 1996). The concept of proteomics can be well understood after the separation of proteins and their 
analysis. The separation of proteins can be achieved by 2-D gel electrophoresis techniques and further 
analysis using Mass spectrometry (MS) approaches. The identification of differentially expressed 
proteins can be done using software like XCMS that compares these differentially expressed peptides 
(Smith et al., 2006). Development of various softwares and databases has made the study of proteomics 
more convenient. Table 5 further discusses the  databases being used in proteomic studies.

Table 5: Important databases for Proteomics

Database name URL References

wwPDB http://www.wwpdb.org/  (Berman et al., 2007)

ExPASy http://www.expasy.org  (Gasteiger et al., 2003)

PHOSIDA http://www.phosida.com  (Gnad et al., 2007)

PRIDE http://www.ebi.ac.uk/pride  (Martens et al., 2005)

PPDB http://ppdb.tc.cornell.edu  (Sun et al., 2009)

PhosphoSite www.phosphosite.org/  (Hornbeck et al., 2004)

COMET http://comet-ms.sourceforge.net/ (Eng et al., 2013)

AT_CHLORO http://at-chloro.prabi.fr/at_chloro/ (Ferro et al., 2010)

Conclusion

Keeping in view, the present pace of developments and investments, the future of bioinformatics is 
bright. New software's are being developed for easy and fast analysis of the data. Such developments are 
important for the future of bioinformatics. Emergence of Bioinformatics at fast pace is appreciable; 
however, some challenges are associated with this development. First, the integration of databases with 
each other, because they are increasingly becoming larger and larger and it will become very difficult to 
use individually for analysis. Efforts in this direction have been started like the development of MG-
RAST tool, which is comprehensive pipeline for analysis of microbial genomes. Further, for using these 
resources we need trained biotechnologists with good programming knowledge. This can be made 
possible through various training programmes at various levels. Other major problem is associated with 
the storage and curation of data because it needs Exabyte of the space or high speed computing systems. 
Efforts in this field were also started. But in the future we cannot avoid the use of databases and we need a 
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database structure that can handle complex data types and be expandable, tools for querying, visualizing, 
and analyzing the data, and more standardized ways of not only designing and performing experiments, 
but also describing and analyzing the data.
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