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Abstract— The huge data gleaned from genomes sequencing
including (DNA, RNA, protein sequences, structures and
interactions, genes, chromosomal maps, pathways, networks,
biological signals and images) has led to explosive and diverse
growth in biological data that presents the urgent need for
intensive computing and big data analysis techniques potential
for their storage, organization, analysis and integration.
Bioinformatics has come to play this major role and the pursuit
for future biological discoveries. It is widely accepted that
bioinformatics coupled with the high throughput sequencing
technologies has paved the way for the post-genomic era and will
become an essential and indispensable part of the future of life
sciences and molecular medicine.

This review discusses and surveys the concepts and progress
of bioinformatics and highlights their recent biotechnological
applications in post genomics era, in many fields starting with
basic and applied future life sciences where the philosophy and
style of both research and knowledge has changed. Furthermore,
discusses their related applications in molecular medicine and
microbial genome, as well as summarizes all their possible
biotechnological applications in agriculture, energy and
environment.
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I." INTRODUCTION

During the early 1960s, computer sciences emerged as
important tools in studying molecular biology. In 1970
Bioinformatics term was coined by Paulien Hogeweg and Ben
Hesper for "the study of informatics processes in biotic
systems" (1).

While bioresearchers collect and submit a high amount of
different scientific data, including Deoxyribonucleic acid
(DNA) and Ribonucleic acid (RNA), and amino acid
sequences, protein structures and biological pathways, and
biological signals from diverse origin, bioinformaticians use
mathematical, statistical and computing methods to store,
visualize, and analyze these wealthy data to solve complex
biological problems. (2).

With the fully sequenced genomes including Human
Genome Project, the biological data increased tremendously.
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This led to the explosive growth of bioinformatics of post- and
meta genomic era which will become an indispensable part of
the future of life sciences and genomic medicine. In this review
we define bioinformatics in pre and post genomic era, and
discuss the impact of next-generation sequencing on their
progress,  Furthermore, we  highlight their recent
biotechnological applications in different areas of life.

II."” BIOINFORMATICS IN PRE AND POST- GENOMIC ERA

Bioinformatics in the pre genomic era was very classical
and deal primarily with nucleotides and amino acids sequence
analysis ,and defined according Fredj Tekaia as “The
mathematical, statistical and computing methods that aim to
solve biological problems using DNA and amino acid
sequences and related information." (3)

While Post-genomic bioinformatics began in the 1990s
with the dramatic increase in the number of fully sequenced
genomes, including the Human Genome Project (HGP)
coupled with the advent of high throughput sequencing
technologies and platforms has led to explosive and diverse
growth in biological data that presents the urgent need for
intensive computing techniques potential for their storage,
organization, analysis and integration. Bioinformatics has
come to play this major role and the pursuit of future biological
discoveries.

By recent biotechnological advances accompanied by huge
data diversity (like DNA and protein sequences, genes and
chromosomal maps , protein structures, pathways, networks,
and biological signals) and development in genomics
technologies, bioinformatics continues to be a new concept,
generating different but related areas of research such as
transcriptomics, proteomics, metabolomics, metagenomic and
pharmacogenomics , it is widely accepted that bioinformatics
and NGS has paved the way for the post-genomic era and will
become an essential and indispensable part of the future of life
sciences and genomics medicine. (4)

A. next-generation sequencing platforms

In recent past years several platforms of next-generation
sequencing (NGS) with varied features and clear advantages
have been developed for multiple applications (5) Fig.1
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B. Bioinformatics for NGS big data

While high throughput sequencing technologies opens many
challenges for bioinformatics to store, organize, and analyze,
the huge raw big data generated, poses also a problematic for
information mining and interpretation, for example ,

the average NGS experiment generates terabytes of raw data.
Furthermore, the bio big data generated through NGS across
the world in research laboratories were characterized by their
‘Volume , Variety ,Velocity, Veracity, visualization and Value’
(6) Fig.2.
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Fig.2 Bio-Big-Data characteristics

II1." BIOTECHNOLOGICAL APPLICATIONS OF BIOINFORMATICS

Diverse applications ranging from biomedical field to food,
agriculture, energy and environment, were summarized in table
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TABLE 1. BIOTECHNOLOGICAL APPLICATIONS OF BIOINFORMATICS

Application Field

Major

Minor

Examples / details

Ref.

Biology

microbiomics

studying microbial genome
sequences to search for virulence
and antibiotic resistance genes

Identification and
characterization of microbes

(25)

viromics

Studying viral community and
diversity in saline desert and in
Antarctic dry valleys

(8,9)

genomics

Gene prediction and genome
annotation

metagenomics

analysis of DNA sequences
recovered from environmental
samples

(32)

Metatranscripto
mics

provides information on the
regulation and expression profiles
of complex communities

(23)

glycomics

integrated genomic,
transcriptomic and proteomic data
to detect glycosylated proteins
and glycosylation enzyme and
there alterations implicated in
development of cancer and
autoimmunity disorders

(26,27
,28)

Evolutionary
Biology

Studying evolutionary
relationships between organisms
via comparative genomics and
phylogenetic analysis

(51)

Biodiversity
protection

informatics
biodiversity
improved

Application  of
techniques to

information for
management, presentation,
discovery,  exploration  and
analysis. It typically builds on a
foundation of taxonomic,
biogeographic, or ecological
information stored in digital form

(52)

Biotechnol
ogy

Microbial
biotechnology

discovery of new genes, enzymes,
and natural  products  via
metagenomic

(13)

development of fine chemicals,
agrochemicals and
pharmaceuticals

(14)

Human,animal,
plant, and
microbial
biotechnology

metagenomic data bioprospecting

(15)

Medicine

Molecular
medicine

Or clinical genomics that solving
clinical problems using molecular
biology information and
bioinformatics approaches

(50)

Personal
genomics

or consumer genetics branch of
genomics concerned with the
sequencing, analysis and
interpretation of the genome of an
individual

Personalised
medicine

Medical method that targets
patient's genes, proteins, and
environment as the primarily
factors analyzed to prevent,

(48)




Application Field

Major

Minor

Examples / details

diagnose, and treat disease.

Ref.

Application Field

Major Minor

Examples / details

Ref.

Predictive
medicine

Preventative
medicine

field of medicine that utilizes
information,  often  obtained
through  personal  genomics
techniques, to both predict the
possibility of disease, and
institute preventative measures
for a particular individual

(49)

Genomic
medicine

an emerging medical discipline
that involves using genomic
information about an individual
as part of their clinical care (e.g.,
for diagnostic or therapeutic
decision-making)

(64)

Gene therapy

development and optimization of
success personalized gene
therapies via multi-omic tools and
systems biology

(59)

Pharmaceutical
Bioinformatics

Studying biological and chemical
processes in the pharmaceutical
area; to  understand  how
xenobiotics interact with the
human body and the drug
discovery process.

(55)

Pharmacolo

&y pharmacogeno

mics

Pharmacogenomics involves
using an individual's genome to
determine whether or not a
particular therapy, or dose of
therapy, will be effective

(16)

malacidin antibiotics drug
discovery using metagenomic

Antibiotic
resistance

Studying bacterial genome
Sequences to search for antibiotic
resistance genes (resistome).

O]

Epigenomic

Processing different types of
epigenetic data, prediction of
chromatin states, and study of
protein dynamics via
computational methods to avoid
serious pathologies, such as
neurological disorders affecting
brain development,
neurodegeneration, and
intellectual disability

(47,60

Human
microbiomic

understand human microbiome
changes that can be correlated
with human health and diseases

(20)

human gut resistome ,Gut
microbe characterization

@®

phylogenetic diversity analysis of
gastrointestinal bacteria through
metagenomic techniques

@)

Emerging evidence linking the
gut microbiome to neurologic
disorders

(63)

oncogenomics

Bioinformatics and functional
analysis of oncogenes which
improve prognosis, diagnosis,
and therapy

(61)

Operomics

integrated genomics,
transcriptomics and proteomics to
understand the molecular
mechanisms that underlie the
cancer development

(62)

Pathogenomics

Studying host-microbe
interactions involved in disease
Infectious disease diagnosis via
metagenomic techniques

(22)

Legal and
forensic
medicine

Person’s , gender and parentage
identification

24)

Food processing

functional genomics, proteomics
and metabolomics is providing
precisely the knowledge
necessary to readdress food
processing using  bimolecular
activities

(41)

food quality and
safety

predict the behavior of normal
organisms or GMOs

(34)

molecular characterization of
bacterial food borne pathogens
using microarrays

(33,38

evaluating  allergenicity  for
genetically modified foods

(35,36

nutritional
quality

Improve the nutritional quality by
selecting the best nutritional crop
varieties via comparative
genomics

“43)

fermented foods

Food improvement

understanding microbial
metabolism of food desirable
microbes to develop the best
organoleptic ~ properties  via
bioinformatics approaches
specially metabolomics

(44)

Food flavour

Comparative genomics of
enzymes in  flavor-forming
pathways from amino acids in
lactic acid bacteria.

(37

Food taste

Identifying the molecular and
genetic  basis of the taste
receptors(sweet, salt, sour, better,
and umami)

(
39,40)

Foodomics

studying Food and Nutrition
domains through the application
and integration of advanced -
omics technologies to improve
consumer's well-being, health,
and knowledge

(46)

Food microbial
informatics

predicting and assessing the
desired and undesired effects of
microorganisms on food using
panomic analysis tools and data
bases

(45)

Vetinary
Science

Animal
diversity
conservation

Animal genetics, and genomic
approaches for animal breeding
,conservation and genetic
resources management

(67

Animal health

metagenomic
improve livestock
detection and
development  from
sequencing

approaches
disease
vaccine
genomes

(56)

Terragenome

The complete sequencing of a soil
metagenome (i.e., the genomes of
all microorganisms inhabiting the
soil environment)

(€3]

Agriculture | Drought
resistant

crops

Selecting the drought resistant
crop varieties via comparative
genomics

(42)

Insect resistance
crops

Selecting and developing insect
and pest resistant crop varieties

(58)
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