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ABSTRACT
The amount of biological information generated in the last two decades is enormous because of
Next generation sequencing (NGS) discovery that has enabled researches to sequence and model
almost every organism and also due to rapid advancements in techniques and tools in
experimental research. The research which was first carried out at fields, labs and clinics is now
started with computational analysis (in-silico) of information, modeling, experiment planning
and hypothesis development. Various applications of bioinformatics are algorithms, databases,
and other data analysis tools and softwares that enable storage, analysis, retrieval, annotation
and visual interpretation of biological information which in turn increases the knowledge of
various biological systems that help in making new discoveries regarding production, human
health, animal health and plant health keeping in mind the challenges of climate change, water
and area shortage. This will help not only in increased plant and animal production but also in
management and treatment of various human, animal and plant diseases in addition to the
underlying mechanisms and strategies of the rapidly evolving pathogenic microorganism and
antibiotic resistance.
Keywords: Animal health, Plant development, Human health, Crop improvement, Genomics,
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INTRODUCTION
Recent advances in the fields of molecular
biology
especially
recombinant
DNA
technology,
genomics,
transcriptomics,
metabolomics and proteomics which are
sometimes also referred to as ‘omics’ has led
to enormous amount of data generation related
to biological information that needs to be
processed, managed, analyzed and stored. For
this purpose the field of bioinformatics plays
an important role that is generally defined as
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the use of computer technology for processing
and management of biological information.
Bioinformatics in multidisciplinary approach
involving biology, biostatistics, computational
biology and mathematics/physics not only
store and manage the information but also
extracts useful biological significance from it;
which has wide range of applications in
various fields like human health, animal health
and agriculture.

Figure 1: (a) Different disciplines that are used by Bioinformatics (b) Sources of Biological Information

The two main branches of bioinformatics are
animal bioinformatics; that is further
subdivided into mammals, birds, fishes and
reptile
bioinformatics,
and
plant
bioinformatics that is further subdivided into
agriculture bioinformatics also known as crop
bioinformatics, horticulture, medicinal plant
and forest plant bioinformatics.
Applications
of
Bioinformatics
in
Agriculture:
Due to the rapid increase in human population
challenges to breeders have also increased to
enhance crop production (Tilman et al., 2011)
and yield as human are dependent on 2/3 of
their daily calories intake (Smit et al., 1999; &
Ulijaszek, 1991) and agriculture also faces
challenges like shortage of both water and
land, and climate changes (Godfray et al.,
2010). To overcome these needs and
challenges an interdisciplinary approach
(Moose & Mumm, 2008a,b) involving
genomics, bioinformatics and other new
glasshouse technologies (Watson et al., 2018)
Copyright © May-June, 2021; IJPAB

is required to be adapted to develop improved
cultivars with increased plant development and
in turn increase crop production. Besides the
large amount of agricultural data also requires
processing and analyzing to gain deep
functional insights into plant genomes and
obtain desired breeding outcomes (Batley &
Edwards 2016 a, b; & Santos et al., 2017).
Bioinformatics downstream analysis like
comparative genome analysis, variant calling
and GWAS can facilitate crop improvement
(Ong et al., 2016) while adaption of existing
databases like Grain Genes (Matthews et al.,
2003) and Gramene (Ware et al., 2020), and
development of new databases like WheatIS
(Wheat Information System) (Scheben et al.,
2018) will help to store the large amount of
data generated related to agriculture and make
it available for breeders globally.
Third generation sequencing:
With the advent of NGS, the discipline of
plant biology has been revolutionized with
genome sequencing (Goodwin et al., 2016)
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which has allowed researchers to develop
more standard genome assemblies and
sequence even the complex regions with high
repetitive sequences and different variants
using different reads. Genome annotation has
also been improved with efficient study of
exons and spliced regions by full length
transcripts that have been sequenced with third
generation sequencing (Li et al., 2018) which
in turn has enabled the researchers to identify
and characterize various genes not only
structurally and functionally but also their
relation to different agronomical traits has
been efficiently elucidated.
Integrated Crop Databases:
New and efficient third generation sequencing
technologies are generating a lot of data that
can be used to investigate different
characteristics of agricultural plants from gene
level to population level (Pareek et al., 2011).
Certain databases store and manage
information without integrating phenotypic or
variant information like European Molecular
Biological Laboratory (EMBL) (Stoesser et
al., 2001), Genbank (Benson et al., 2009),
Phytozome (Goodstein et al., 2012) and
PlantGBD (Duvick et al., 2007) while other
tools like KnetMiner which is an intelligent
web based mining tool and can detect novel
connection between various traits and linked
genes (Hassani-Pak & Rawlings 2017a, b) by
searching biological information for possible
links and approaches. KnetMiner adapts a four
step approach; creating a graph from the huge
biological information, searching through the
literature to improve the graph, linking
different evident nodes to genes and finally an
intelligent algorithm for ranking genes through
application of evidences visualize the
integrated information. So far KnetMiner has
been utilized for constructing various
databases for agronomical important crops like
barley and wheat which provides deep
understanding of biological process and its
association with distant traits.
Varietal information system:
When a genotype is released for commercial
cultivation then it is called variety. Varietal
information system is important for modeling
Copyright © May-June, 2021; IJPAB
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of agricultural plants using ideal traits which is
accomplished through the applications of
computer aided programs and tools followed
by application of breeding techniques to grow
it in field (Gupta et al., 2020).
Pedigree analysis:
Pedigree analysis is important for sorting out
parents that are then used in hybridization of
various crop plants through breeding
techniques. Through application of various
bioinformatics tools, pedigree analysis sort out
the parents which are common in different
cultivars and hybrids that are used to develop
hybrid crops through breeding (Gupta et al.,
2020).
Biometrical analysis:
For achieving specific targets in plant breeding
programs, proper planning and management is
necessary that is acquired through biometric
analysis and carried out through computer
programs. Various kinds of biometric analysis
that are carried out in plant breeding and
genetics consists of allel like; partial di, di, tri
and quadri, path coefficient, correlation, triple
test cross, discriminant function, stability
parameters, generation means, metrogyl path,
line x tester and D2 statistics analysis (Gupta
et al., 2020).
Forecasting models:
Remote sensing techniques based on computer
program are used to predict various biological
outcomes related to crop production, incidence
of diseases and insects in crop plants and these
predictions are mainly based on different
weather parameters (Gupta et al., 2020).
Plant disease management:
The advent of whole genome sequencing with
bioinformatics tools have created a better
understanding
of
the
plant-pathogen
interaction and mechanism of various diseases
which has led to creation of various
genetically modified crops that are resistant to
pests and diseases. Various agriculturally
important organisms have been sequenced and
studied in different genetic plant models
(Koltai & Volpin 2003 a, b).
Insect Resistance
Insect resistant crops have developed due to
advances in the field of sequencing and crop
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breeding. For example the genes of bacteria
Bacillus thuringiensis have been inserted in
many plants like corn, cotton and potatoes to
make it insect resistant which was possible
only because of sequencing of the bacterial
genome and identification of genes that
increases soil fertility and also provide
protection to plants against insects. The
development of insect resistant plants has in
turn reduced the dependency on insecticides
and also their productivity and nutritional
value has been enhanced.
Nutritional Quality
The nutritional quality of different crops has
also been improved with due to the mutating
its genome which has been made possible
through the use of bioinformatics tools like
Golden rice which has been genetically
modified to have high quantity of vitamin A
that is essential for eyes.
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Identification of breeding targets by
Genome-Wide
Association
Studies
(GWAS):
Bioinformatics tools that are based on standard
regression analysis like PLINK for carrying
GWAS studies are less sensitive when used for
variants (Ma et al., 2013) in associating
genotypes with phenotypes (Purcell et al.,
2007). Other tools that are based on mixed
linear model like TASSEL (Bradbury et al.,
2007) are desirable for studying population
effects because they incorporates both family
and population structure in the analysis.
Another more advance tool GAPIT that is also
based on mixed linear model uses selection
method and model based predictions is ideal
for handling large data sets that involves over
10k specimens and over 1 million SNPs
(Lipka et al., 2012).

Figure 2: Outline of typical trait discovery/Insertion in Plants

Applying Machine Learning to Crop
Breeding:
For analysis of large datasets that contains
diverse and raw information machine learning
(ML) offers a significant advantage over other
analytical approaches because machine
learning is based on algorithms that utilizes
learning patterns for interpretation of data
(Libbrecht & Nobel 2015a, b). The association
between various traits and its underlying
molecular mechanisms are studied through
Copyright © May-June, 2021; IJPAB

ML that allows the breeders to efficiently mine
large datasets and phenotype plants.
Designing of gRNAs for CRISPR/CAS:
CRISPR/CAS technique for editing genes is
widely used method in rDNA technology and
many applications in genomics studies. This
gRNAs that are used in this technique needs to
be properly designed that is carried out
through various bioinformatics tools and is
necessary for efficient CRISPR/CAS gene
editing (Hu et al., 2018).
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Figure 3: Crispr/Cas applications in Plants

Mining Quantitative Trait Loci Studies
(QTL):
The detection of genetic regions that are
responsible for quantitative traits is carried out
by QTL analysis which in turn has reduced the
gap between field and lab. For linking
agronomic trait to a gene or genomic region
QTL is considered a powerful technique.
Various bioinformatics tools like MetaQTL
that uses a consensus model and biostatistics
can efficiently detect QTL loci (Kumasaka et

al., 2016) and its effect by reducing the QTL
confidence interval level in mapping of
different crop development related traits and
biotic and abiotic stress responses in important
crop plants like wheat (Hanocq et al., 2007),
cotton (Said et al., 2013), maize (Liu et al.,
2012) and soya bean (Qi et al., 2011). Rare
alleles in whole crop genome can even be
identified with limited number of genetic
markers with QTL.

Table 1: Bioinformatics in Plant Science
Applications
Model Plants

Examples/Uses
Arabidopsis thaliana, Tomato, Wheat, Rice, Maize

Sources/Links/Tools
https://www.arabidopsis.org/

Management of plant genome data

Primary and integrated Databases for different plants like
barley and wheat

Comparing plant Genomes

Sequence Alignment, Multiple sequence alignment,
Sequence Similarity Searching, Genome Comparison,
pedigree analysis

Expressed sequence tags (ESTs)

Discovery of gene, polymorphism analysis, mapping,
expression studies
Hybrid and new crop varieties, disease and insect
resistance, increased yield, improved nutritional quality
Sequencing genomes, identification and analysis of genes

https://www.ncbi.nlm.nih.gov/
https://www.embl.de/
https://www.ddbj.nig.ac.jp/index-e.html
NCBI, EMBL, DDBJ, SWISS-PROT, TrEMBL, GrainGenes,
Gramene, WheatIS, KnetMiner
ClustalW,
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ebi.ac.uk/Tools/sss/fasta/
MegaBlast, BLAT, BLASTZ
Different EST databases, dbEST

Designing various tools for molecular Plant Breeding
Sequencing
Genome-Wide Association Studies
Quantitative Trait Loci (QTL)

Study variants in a population
Identification of genes responsible for quantitative traits
and abiotic and biotic stresses in wheat, soya bean, cotton
and maize

gRNAS for CRISPR/CAS
Third generation sequencing, Next generation sequencing,
Illumina sequencing, SMRTa, MPSSb
PLINK, TASSEL, GAPIT
MetaQTL,

a= Single molecule real time, b= massively parallel signature sequencing
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Applications of bioinformatics in zoology:
Due to a rapid increase in population the
global population will cross 10 billion in 2050
which will increase demand for food and in
turn animals that are important source of food
and fiber for humans and currently accounts
for 18% total calories and 39% protein content
(Rexroad et al., 2019). Advance animal
breeding techniques for increased animal
production requires a multidisciplinary
approach that will not only ensure efficient
output by combatting diseases but also adapt
to minimizing the use of antibiotics in this era
of antimicrobial resistance, climate changes
and reduce global warming by reducing
emission of greenhouse gases (Rexroad et al.,
2019).
The information in human healthcare
comes at a rapid face from variety of data
sources including electronic medical records,
lab databases, surveillance systems and other
platforms. The top two research areas that
were indexed in Google scholar were
bioinformatics
and
health
informatics
(Andreu-Perez et al., 2015). In similar fashion
information regarding animal health care also
gathers from numerous data sources like
animal species specific databases, electronic
veterinary medical records, surveillance for
diseases, farm production records, social
media platforms, wearables and other sensors
for pets, horses (Thompson et al., 2018) and
production animals (Haladjian et al., 2018).
Veterinary epidemiology:
The focus in veterinary epidemiology like
other sciences has shifted from data
acquisition
to
extracting
meaningful
information
regarding
animal
health.
Veterinary epidemiological data including
‘’omics data’’ has become ‘’big data’’ which
can be utilized in a number of ways to analyze
health risks and minimize its adverse effect.
Various examples of such analysis include
monitoring health trends and emerging health
threats in animals interpreting high velocity
information,
increased
efficiency
in
surveillance system identifying populations
that are at high risk through analysis of spatial
and
animal
movement
information
(VanderWaal et al., 2017).
Copyright © May-June, 2021; IJPAB
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Clinical bioinformatics:
Numerous bioinformatics tools and databases
are available that provide in depth analysis of
disease outbreaks and pathology, variations in
genome, evolutionary analysis of host and
pathogen and identification of diagnostic
markers by dissecting information related to
pathophysiology of pathogens. These tools
have received spatial attention in the
management of various deadly diseases like
tuberculosis, malaria, dengue fever and
filariasis. The Cancer Genome Atlas (TCGA)
database was mined by (Krasnov et al., 2019)
for developing reference genes which have
stable mRNA levels and can be utilized for
real time PCR analysis of tumor cells. This
allowed researchers to study previously
untried genes targets that are specific for each
cancer type and other pan-cancer universal
gene targets like SFRS4, SF3A1 and CIAO1
(Fedorova et al., 2019). The sequencing of
cell-free DNA (cfDNA) in human plasma has
identified new biomarkers that depend on
epigenetic signatures which are tissue specific
due to nucleosome patterns and can be used
for designing of NGS panels that are based on
amplicon which has improved the sensitivity
in detection of mutations and has also
minimized the requirement of body fluids from
patients.
Vaccine design:
Recent advances in bioinformatics have made
it easy to design vaccines and drugs easily
which have better immunological response and
properties (Paladino et al., 2017). Rational
vaccinology is a modern technique that is
based on synthetic peptides and has been used
to design vaccines against asthma (Bramwell
& Perrie 2005a, b). Antigen prediction plays a
critical role in vaccine design which can be
carried out through an online tool Vaxi Jen
that is the first of its kind which utilizes
alignment free approach for efficient antigen
detection (Gol et al., 2018). Lua et al. (2014)
reported the potential applications of rational
vaccinology in designing vaccines against
different pathogenic viruses like HIV, HCV
and influenza virus. Another approach for
rapid and effective vaccine design is reverse
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Khalid et al.

Ind. J. Pure App. Biosci. (2021) 9(3), 237-246

vaccinology (Dalsass et al., 2019) that is based
on accurate epitope detection which in turn
generates vigorous response from B and T
cells and for specific prediction in silico
techniques are utilized (Araújo et al., 2019; &
Pyclik et al., 2018). This technique has been
used to design multi epitope vaccine against
brucellosis. Likewise high IgG antibodies
production was reported in mice using multi
epitope peptide vaccine for immunological
response
designed
through
advanced
bioinformatics tools (Ren et al., 2019).
Broadly neutralizing antibodies (bNAbs) have
the characteristics to only target specific
epitopes that play a crucial rule in
pathogenicity (Moore, 2018) however this is a
new approach in the bioinformatics pipeline as
it is a new term introduced recently to
immunoinformatics (He et al., 2017) and can
efficiently design vaccines against rapidly
mutating viruses like HIV and influenza
(Ekiert et al., 2012).
Proper design of vaccines requires proper
implementation of bioinformatics tools and
techniques which in turn minimizes the
challenges in vaccinology. These techniques
and tools are equally applicable to veterinary
and have wide ranges of application in
designing vaccine against deadly diseases in
livestock, poultry, fishes, pets and other
animals.
CONCLUSION
Agriculture and animals both face significant
challenges in meeting the demands of rapid
growing world population. Besides food
insecurity quality human, animal and plant
health is another major challenge in terms of
antibiotic resistance, evolving and mutating
viral pathogens and other pathogenic
microorganisms causing deadly diseases and
causes significant loss to human lives, food
and animals. To overcome these challenges
and meet the food supply demands
multidisciplinary approach that involves
breeding,
genomics,
transcriptomics,
proteomics, metabolomics and bioinformatics
is required to increase crop production and
animal production. With the advent of new
Copyright © May-June, 2021; IJPAB
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techniques and approaches now a wide range
of data is available which is stored, trimmed,
analyzed and integrated through various online
softwares and tools. By applying novel
technologies and analytical approaches
researchers can ensure food security with
increased crop yield, animal yield, disease
resistance,
insect
resistance,
pesticide
resistance, abiotic and biotic stress tolerant and
other desirable characteristics in both plants
and animals.
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