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The Omics Sciences
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Prof. Soad A. Abdallah

denoted by the suffix -ome.
More precisely, genomics is
the study of genome struc-
ture, function, evolution, and
mapping with the goal of
characterizing and quanti-
fying genes, which, with the
help of messenger molecules
and enzymes, control the
synthesis of proteins. A sin-
gle cell, tissue, or organism'’s
transcriptome is its collec-
tion of all messenger RNA
molecules. In addition to the
chemical IDs, it also contains
the quantity or concentration
of every RNA molecule

i

Any field of research
inthe biological
sciences that ends

in -omics, such as
transcriptomics,
proteomics,
metabolomics, or
genomics, isreferred

toas omics. J J
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Introduction

"OMICS," which is defined
as examining and evaluat-
Ing a substantial volume
of data that represents the
composition and function-
ality of a certain biological
system at a particular level,
has fundamentally changed
how we examine biologi-
cal systems. Put another
way, "top down" methods,
which are primarily related
to the creation of "omics,"
combined with "bottom

The Omics Sciences

up" techniques provide a
comprehensive instrument
for effective biological sys-
tem research. As a result,
the idea of deconstructing
complex disorders, such as
cancers, has evolved from
static, low-throughput de-
lineation between cell ma-
lignant and healthy states
tospatiotemporal, dynamic,
global-unbiased deconvo-
lution of complex systems
involving multi-layer mod-
Ifications at the genomic,
transcriptomic, proteomic,
and metabolic levels.
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The aim of the omics
sciences 1s to identifying,
describing, and quantifying
every biological molecule
iInvolved in the dynamics,
structure, and function of a
cell, tissue, or organism.

Technologies for omics
investigation have ad-
vanced rapidly ever since
DNA microarray, the first
high-throughput tool, was
established (Schena et al,
1995). In accordance with
the fundamental concept,
post translational modifi-
cations (PTMs), spatiotem-
poral proteome dynamics,
alternative splicing, tempo-
ral transcriptome perturba-
tions, and static genomic
abnormalities have all been
captured by omics technol-
ogies (Chakraborty et al.,
2018). Beyond this, omics
technologies have been
extended to analyze differ-

ent omics at the molecular
interactions (i.e., different
levels of interactome), dis-
ease associated hallmarks
(i.e., metabolome and im-
munome), and epi-level
(such as epigenome, epi-
transcriptome, and epipro-
teome that are defined as
the collection of all modifi-
cations of the referred om-
ics beyond information it
covered in a single cell).

In order to build a thor-
ough causal relationship
between molecular sig-
natures and phenotypic
manifestations of a specific
disease, multi-omics inte-
gration has gained popular-
ity. Additionally, single cell
sequencing provides extra
resolving power that per-
mits studies at the single
cell level. We are now able
to accurately and compre-
hensively identify the com-
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plex molecular mechanisms
behind various phenotypic
manifestations of disor-
dered features thanks to
the constantly expanding
and quickly rising discipline
of omics. Nonetheless, the
development of fresh om-
ics and related methodol-
ogles may continue to be
propelled by the intricacy
of cellular behavior and its
decision-making  mecha-
nism.

Although, in theory, we are
getting very near to the

~ The Omics Sciences

truth, our understanding of
the complexity of the cell
machinery is always chang-
Ing because to the ever-ex-
panding body of knowl-
edge on cellular omics,
which poses a hurdle to our
objective of fully harness-
Ing cell pathological state
rewiring. Therefore, in or-
der to predict what can be
done in "omics" as a short-
cut towards our aim, it is
time to thoroughly analyze
what has been done and is
being done In omics-rele-
vant studies.
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Branches and Types of
Omics

The primary goal of the
omics sciences Is to identi-
fy, characterize, and meas-
ure the biomolecules and
molecular mechanisms that
underpin the structure and
functionality of cells and
tissues. The term "omics"
refers to a loose category
of scientific fields that in-
clude many biological disci-
plines with titles that finish
in "omics," such proteom-
ics, metabolomics, genom-

BEISEd Vi, Vo, Q] M PR
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Proteomics Lipidgmics Glycomics

ics, etc. Moreover, there
Is the term Ome, such as
the genome, proteome, or
metabolome, where the
first scientists to exten-
sively use the "-ome" suffix
were bioinformaticians and

molecular biologists (Cam-
bridge, UK).

The sciences of omics In-
clude numerous branch-
es. Proteomics, metabo-
lomics, and genomics are
a few well-established
areas. Proteomics is the
study of the full collec-
tion of proteins found in
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an organism's cells, known
as the proteome, where-
as genomics examines the
structure and function of
an organism's genome, or
Its whole set of genes. The
study of metabolism, and
more especially the roles
and relationships between
metabolites—products of
metabolic  breakdown—is
known as metabolomics.
Other areas of omics in-
clude lipidomics, which s
concerned with lipids and
the pathways involved in li-
pid signaling, and transcrip-
tomics, which is the study
of all the RNA found in an
organism's cells. The area
of interactomics, which
combines biology and bi-
oinformatics to study the
Interactions and interplay
between proteins and oth-
er molecules as well as the
relevance of those interac-
tions, is a prime example of

 The Omics Sciences

the interdisciplinary char-
acter of the omics sciences.

Any of a number of biolog-
ical fields distinguished by
the comprehensive exam-
ination of a particular bio-
molecule's complement or
the entirety of a molecular
process withinan organism.
The term "omics" in biology
describes the total number
of components in a cell.

A4

The primary goal of
the omics sciences
is to identify, char-
acterize, and meas-
ure the biomole-
cules and molecular
mechanisms that
underpin the struc-
ture and function-
ality of cells and tis-

sues. JJ
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Varieties of Genetics

The study
of genome structure,
function, evolution, and
mapping. Its goal is to
characterize and quan-
tify genes, which, with
the help of messenger
molecules and enzymes,
control the synthesis of
proteins.

Cognitive genomics: The
study of how genetic
profiles can alter cogni-
tive functions.

Comparative genomics:
Analyzing the connec-
tions between genome
structure and function
among various biological
species or strains.

Functional genomics: Ex-
plains the relationships
and roles of genes and

proteins (typically uses
transcriptomics).  Func-
tion-based genomics
alms to provide answers
on the role of DNA In
genes, RNA transcripts,
and protein products.

Personal genomics: A
subfield of genomics

concerned with individ-
ual genome sequencing
and analysis.

ISSN 3397-2974 (Print) - ISSN 3400-2974 (online)




Metagenomics: The
study of metagenomes,
or genetic material ex-
tracted straight from en-
vironmental specimens.

Neurogenomics: The
study of how genes af-
fect the growth and op-
eration of the neurologi-
cal system.

Pangenomics: The study
of all the genes or ge-
nomes present in a spe-
cific species.

Transcriptomics: A single
cell, tissue, or organism's
transcriptome is its col-
lection of all messenger
RNA molecules. In addi-
tion to the chemical IDs,
It also contains the quan-
tity or concentration of
every RNA molecule.

Proteomics: The total
amount of proteins In

 The Omics Sciences

a cell, tissue, or organ-
ism is referred to as its
proteome. The study of
these proteins' biochem-
ical characteristics, func-
tional roles, and the ways
in which their amounts,
changes, and structures
alter during develop-
ment and in response to
both internal and exter-
nal stimuli is known as
proteomics.

Metabolomics: is the sci-
entificfield thatexamines
all  chemical reactions
involving ~ metabolites
Is called. Metabolome,
more precisely, is the
study of all small-mole-
cule metabolite profiles
and the chemical finger-
prints that particular bi-
ological processes leave
behind while they are ac-
tive.
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« Epigenomics: is the study
of all epigenetic altera-
tions on a cell's genetic
material, or the epige-
nome. The genome can
be instructed what to do
by a wide range of chem-
ical molecules known as
the epigenome.

« Pharmacogenomics and
nutrigenomics: Personal-
Ized responses to drugs
and nutrients are studied
in the fields of pharma-
cogenomics and nutri-
tional genomics.

« “Numerous other "Om-
Ics" Include: lipidomics,
glycogenomics, phar-
macogenomics, toxicog-
enomics, connectomics,

and foodomics’.

Developments and
Patterns in Omics
Technology

Throughout human histo-
ry, there has been a swift
increase in technology like
mass spectrometry and
high-throughput sequenc-
iIng, which have given rise
to the notion of "omics"
and improved methods for
methodically  examining
cellular systems. However,
the increasing diversity of
chemicals and regulatory
mechanisms that are being
found keeps changing our
knowledge of the function-
Ing of cells. This makes cell
omics appear to be infinite-
ly expanding, much like the
universe, and makes our
objective of fully harness-
ing the biological system
all but unachievable. In or-
der to forecast what can be

ISSN 3400-2974 (online)




done towards the transla-
tion of omics information
to disease control with the
least amount of cell distur-
bance, it Is necessary to as-
sess what has been done
and is being done. We
outline the hierarchies of
these omics, together with
their epiomics and interac-
tomics, and examine tech-
nology created for interro-
gation, with an emphasis
on the "four big omics," or
genomes, transcriptomics,
proteomics, and metabolo-
mics.

The Omics Sciences

Technology-Based
Omics

The fundamental experi-
mental methods available
to us in our exploration
of the omics of a particu-
lar biological system are
mass spectrometry (MS)
and sequencing. Proteome,
metabolome, and interac-
tomes that do not involve
DNA/RNA can be exam-
Ined using MS-based tech-
niques, whereas sequenc-
iIng-based procedures are
viable for studies on the

I =
M-I oy - oulidl saoll | alall jlivow @



ISSN 3397-2974 (Print) -

Prof. Soad A. Abdallah

genome, transcriptome,
their epitomes, and inter-
actomes including DNA/
RNA.

a. The Genomics

By sequencing the target
genome, genomic tech-
niques are used to study
inter-individual differences
at the germline and somat-
ic levels. The ability to se-
quence the entire genome
or exome with enough
depth to characterize the
mutational landscape of
a given sample has been
made possible by advance-
ments in DNA microarray
technology (Thomas et
al, 2020), first generation
Sanger sequencing (Mon-
iruzzaman et al., 2020),
second generation mas-
sively parallel sequencing,
also known as the next
generation sequencing

(NGS) (Chen et al, 2021),
and ultimately third gener-
ation long reads sequenc-
ing (TGS) (Ou et al,, 2020).
When thousands of probes
were affixed to a surface
and samples were labelled
with fluorescent dyes for
identification following hy-
bridization, (Schena et al,,
1995) first developed the
DNA microarray method
(Kinaret et al., 2020). DNA
microarrays are classified
into two types: 1-channel
and 2-channel arrays. The
common commercial ar-
rays are Affymetrix Gene-
Chip (Graham et al., 2011),
which is for 1 channel,
and Agilent (Painter et al.,
2013), which is for 2 chan-
nels. After hybridising both
samples, labelled with two
types of fluorescent dyes
like Cy®5 and Cy®3, on
the array, the gene expres-
sion of the treated sample
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relative to the control is
quantified by the ratio of
the 2-channel intensities
of each spot (Smyth and
Altman, 2013). The fluo-
rescence-labeled  sample
cDNAs are hybridised in a
1-channel array using oli-
gonucleotide probes that
are synthesised on the slide
surface. The total intensity
of the hybridization signal
Is then measured (Liu et al.,
2010). lllumina BeadArray
creates barcoded probes
on the surface of microbe-
ads as an adaptation of the
1-channel array (National
Center for Biotechnology
Information, 2022). Given
the availability of several
well-established  experi-
mental platforms and ana-
lytical tools, DNA microar-
ray technology is rather
mature (Slonim and Yanai,
2009). However, because
DNA microarray technol-

~ The Omics Sciences

ogles rely on probes made
In accordance with known
nucleotide sequences,
their primary limitation
Is their inability to detect
transcripts created from
scratch. Additionally, the
high frequency of cross-hy-
bridization events in highly
repetitive genomes makes
DNA microarray an un-
feasible platform for ana-
lysing genomes with high
levels of repetition, since
it can result in erroneous
signal intensity estimation
(Draghici et al.,, 2006).

F-IP powws - ol daell | alhall jlicow élao



ISSN 3397-2974 (Print) -

Prof. Soad A. Abdallah

b. The Microbiomics

In microbiomics, all of the
microorganisms in a giv-
en environment—referred
to as the microbiome—are
analyzed to determine the
possible role that these
microorganisms may play
In diseases. This is done
by gathering, character-
1zing, and quantifying the
molecules responsible for
the structure, function,
and dynamics of a micro-
bial community through
the integration of multiple
omics information, such as
genomics, transcriptomics,
proteomics, and metabolo-
mics (Marchesi and Ravel,
2015 and Kumar, 2021).
Trillions of bacteria live in-
side the human body and
Interact with their host to
form the human microbi-

ome, which was discovered
In 2008 through the hu-

man microbiome project
(Hawkins and O'Doherty,
2011). Strong links have
been found between hu-
man diseases and micro-
biomes, according to data
from rodent models of mi-
crobiome research (Chen
et al, 2010). Microbiomes
can offer special insights
Into human diseases, as
they have been shown to
be remarkably adept at ex-
amining and modifying the
communities that coexist
with humans (Grice and
Segre, 2012).

\

o % \&
1 \ I
=

ISSN 3400-2974 (online)




C. The Transcriptomics

Transcriptome, in contrast
to genome, Is dynamic and
made up of various players.
It is Impacted by changes
brought about by the stage
of cell development, inter-
nal and/or external stimuli,
and the measurement time
of the signals. Although the
term "transcriptome" gen-
erally refers to mRNA tran-
scripts, it can also be used
to refer to other transcript
types, such as circular RNAs
(circRNA), long non-coding
RNAs (IncRNAs), and mi-
croRNAs. The goal of tran-
scriptomics methods is to
iIdentify and measure RNA
molecules that are being
transcribed from a specific

genome at a certain mo-
ment (Wang et al., 2009).

d. The Epigenomics

One important regulatory
mechanism on gene tran-
scription is explained by
epigenomics, which de-
scribes changes In the reg-
ulation of gene activity that
function without changing
genetic sequences (Piun-
ti and Shilatifard, 2016). It
Includes the identification
of DNA/RNA modifications
such DNA/RNA methyla-
tion and higher-level chro-
matin  structure, which
together make up the
DNA-DNA  interactome
(Wang and Chang, 2018).

e. The Epitranscrip-
tomics

While RNA modification
focuses on altered nucle-
otides In mMRNA, epitran-
scriptomics aims to clarify

—
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the role of RNA structure
and changes in controlling

gene expression (Anreiter
et al, 2021).

There are three types of
sequencing-based ap-
proaches for mapping RNA
structures: chemical-based
in  vivo methods, en-
zyme-based in vitro meth-
ods, and sequencing-based
in vitro methods (Nguyen
et al., 2018). The follow-
ing are examples of en-
zyme-based in vitro tech-
niques: protein Interaction
profile  sequencing (PIP-
seq) (Kramer and Gregory,

2019), fragmentation se-
quencing (FragSeq) (Uzilov
and Underwood, 2016),
parallel analysis of RNA
structures with temper-
ature elevation (PARTE)
(Wanet al,, 2012), and par-
allel analysis of RNA struc-
ture (PARS) (Kertesz et al.,
2010). With the use of epi-
transcriptomic sequencing
tools, we have been able
to better comprehend bio-
logical systems, including a
prototype baculovirus (Tor-
ma et al., 2022), by profiling
the landscape of epitran-
scriptomic  RNA changes
(Pichot et al., 2021).
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f. The DNA-RNA Inter-
actomics

Numerous tools have been
developed to study the
DNA-RNA interactome in
light of the prevalence of
Interactions between DNA
and RNA at transcription
start sites (Li et al, 2017
and Sridhar et al, 2017),
the diversity of chroma-
tin-RNA interaction modes
(Engreitz et al., 2013, Co-
lak et al., 2014 and Miao et
al, 2018), and the strong
association between
RNA-chromatin attach-
ment and histone modifica-
tion events like H3K27ac
and H3K4me3 (Sridhar et
al., 2017). These methods
fall into two categories:
mapping all chromatin-in-
teraction RNAs along with
their genomic interacting
areas, and mapping the ge-
nome-wide locations of a
particular RNA.

g. The RNA-RNA Inter-
actomics

Because of the RNA king-
dom's diversity, adaptabil-
Ity, and complexity in terms
of RNA kinds and molecular
functions, RNA-RNA inter-
actomics is a distinct omics
layer that has garnered a
lot of interest. By examin-
ing the RNA-RNA interac-
tome, we have been able
to build the higher-order
transcriptome structure of
living cells, which has fa-
cilitated the identification
of IncRNA structures and
functions (Lu et al., 2016).
We have also been able to
define the fundamentals
of RNA Interactions with
other RNAs in ribosome
biogenesis and gene regu-
lation (Aw et al, 2016), as
well as uncover new inter-
actions between snoRNAs
and mRNAs (Sharma et al.,
2016).
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h. The Interactomics
of DNA-Proteins

Protein-DNA interactions
are essential for convert-
ing genetic information

Into functions. Electropho-
retic mobility shift assays,
DNase footprinting, ChIP,
and systematic evolution
of ligands by exponen-
tial enrichment (SELEX)
are among the techniques
used to characterise these
Interactions. Nevertheless,
their applicability is limited
If the DNA Is not damaged.

i. The Protein-Protein
Interactomics

The most common and
thoroughly researched mo-
lecular interactions in cells
are protein-protein interac-
tions (PPIs). Yeast two hy-
brid (Y2H) screening is the

first high-throughput tech-
nique used for PPl detec-
tion. It operates by dividing
two functional domains
of a single TF that trig-
gers signals when brought
close together (Fields and
Song, 1989). Y2H screen-
Ing Is time-consuming and
Is unable to detect many
protein complexes in a sin-
gle run (Lathouwers et al,
2018). This new technolo-
gy has been used to screen
candidate antibodies that
are able to compete with
the spike receptor-binding
domain (RBD) of SARS-
CoV-2 for human angio-
tensin-converting enzyme
2 (ACE2), as it can char-
acterize the competitive
binding of proteins for spe-
cific epitopes In addition
to direct PPIs (Hunt et al.,
2021).
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j. The Protein- Metab-
olite Interactomics

In the normal state, pro-
tein-metabolite  interac-
tions are crucial for pre-
serving cell homeostasis
and coordinating the body's
reactions to stress or dis-
turbances from the outside
or inside. The interactions
between proteins and me-
tabolites are common in
cells, which are thought
to number in the millions
(Bennett et al., 2009, Milo,
2013 and Veenstra, 2021).
Novel enzyme-substrate
relationships and instanc-
es of metabolite-induced
protein complex remod-
eling have been discov-
ered through the analysis
of the protein-metabolite
interactome (Piazza et al,
2018). Additionally, a vari-
ety of proteins involved in

 The Omics Sciences

lipid pathways have been
pharmacologically charac-
terized in mammalian cells,
including the identification
of a selective ligand for
NUCB1, a substance that
disrupts the hydrolytic and
oxidative metabolism of

endocannabinoids in cells
(Niphakis et al., 2015).
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Data management
and technology

Software and databases
that enable sophisticat-
ed Integrated analyses,
along with a variety of

high-throughput (auto-
mated) biochemical ex-
periments, are essential

technologies in the field
of omics sciences. For in-
stance, next-generation se-

quencing and tests made
to find genetic variants
are crucial to the identifi-
cation and characteriza-
tion of genes in the field
of genomics. In the field
of  transcriptomics, mi-
croarray analysis and RNA
sequencing are equally
important, and methods
such as liquid chromatog-
raphy, mass spectrometry,
and microarray are em-
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ployed In the identifica-
tion and characterization
of proteins. Large volumes
of data are produced by
these high-throughput ex-
periments, which can be
utilized for modelling and
other types of analysis,
but they also pose storage
Issues. To store and make
publicly available the data
from omics studies, several
databases have been built.
The ProteomeXchange
Consortium, the Human
Metabolome Database,
the Proteomics ldentifica-
tions Database, the Inter-
national Cancer Genome
Consortium, and the Can-
cer Genome Atlas are a
few examples.

Challenges
In medicine, the effects of

omics are most noticeable.
For example, the sequenc-

 The Omics Sciences

Ing of the human genome
has accelerated the field
of personalized medicine,
where patients' needs are
taken into account when
making decisions regarding
illness prevention, diagno-
sis, and treatment. This is
done by using data from
genetic and genomic re-
search. Specifically, genetic
information has been cru-
cial in the creation of iliness
prediction models and In
guiding treatment choices,
including those for cancer.
New disease biomarkers
found through metabolo-
mics have revealed simi-
lar connections between
omics and personalized
therapy. One instance Is
the study of disruptions in
metabolic pathways that
impact the amounts of
chemicals like fatty acids
and bile acids; this, has pro-
duced biomarkers that may
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help in the early detection
of hepatocellular carcino-
ma. However, there are still
a lot of issues in the omics
sciences, particularly with
regard to data administra-
tion, data complexity, and
integrating data from omics
studies with data from oth-
er sources, like clinical data
collected during standard
doctor visits. Some obsta-
cles, including assay devel-
opment and refinement,
are more fundamental in
nature. Agents intended to

bind to certain proteins, for
example, frequently have
low sensitivity and specific-
ity in large-scale proteom-
ic analysis, which lowers
their affinity for the target
proteins and leads to less-
than-ideal protein capture
(Alaterre et al.,, 2021, Jiang
et al, 2021, Liuet al, 2021
and Qu et al, 2021).
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Conclusion

Systems biology is a broad
and in-depth quantitative
study of how every interac-
tion among all the parts of a
biological system functions.
These analyses are con-
ducted by researchers from
several disciplines (biology,
computer science, engineer-
ing, bioinformatics, physics,
immunology, and neurosci-
ence), who can also build the
necessary technologies and
computational tools. Auto-
mated DNA sequencers of-
fer genome sequencing and
polymorphism detection;
transcript analysis is done
by microarrays; proteomic
and metabolomics profiling is
made possible by MS. These
high throughput techniques
vield a vast amount of bio-
logical data on the function-
al and/or structural changes
within the cell, including ge-
netic sequences, cell popu-
lations, and protein samples.
These enormous amounts

of data are analyzed using
a computational approach
that combines bioinformatics
and computational biology.
Through the use of these ap-
proaches, all genome infor-
mation offers insight into the
functioning of cells within bi-
ological systems. By examin-
Ing the connections between
many components, systems
biology and omics technol-
ogies jointly offer a global
understanding of the mecha-
nisms and provide useful flow
information on biological sys-
tems. Even with a thorough
grasp of each component
alone, a total comprehension
of the entire system cannot
be predicted by its constitu-
ent parts. A holistic approach
to systems biology and omics
technology provides thor-
ough and useful information
that helps overcome obsta-
cles in a variety of contexts,
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Recommendations

Technologies related to omics and omics offer a number
of benefits and drawbacks. Therefore, it is preferable to
do more than one or two omics jointly in order to solve
the problems originating from distinct omics. The key is
to choose a way that can overcome the drawbacks of a
different approach. Moreover, care should be taken in
the integration and interpretation of data.
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