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Abstract
It has been well established that understanding the underlying heterogeneity of numerous complex disease process needs new 
strategies that present in precision medicine for prediction, prevention and personalized treatment strategies. This approach 
must be tailored for each individual’s unique omics that lead to personalized management of disease. The correlation between 
different omics data should be considered in precision medicine approach. The interaction provides a hypothesis which is 
called domino effect in the present minireview. Here we review the various potentials of omics data including genomics, 
transcriptomics, proteomics, metabolomics, pharmacogenomics. We comprehensively summarize the impact of omics data 
and its major role in precision medicine and provide a description about the domino effect on the pathophysiology of diseases. 
Each constituent of the omics data typically provides different information in associated with disease. Current research, 
although inadequate, clearly indicate that the information of omics data can be applicable in the concept of precision medi-
cine. Integration of different omics data type in domino effect hypothesis can explain the causative changes of disease as it 
is discussed in the system biology too. While most existing studies investigate the omics data separately, data integration is 
needed on the horizon of precision medicine by using machine learning.
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Introduction

During the last decade, the omics sciences has revolution-
ized translational medicine [1]. Omics (X-omics) describes 
high-throughput experimental technologies providing the 

tools for widely monitoring the disease development at a 
molecular level that focuses on big data. The publication of 
the full human genome sequence was a breakthrough in the 
history of omics research [2, 3].

The suffix –ome- derives from “chromosome” and 
includes a complete set of biological fields such as genom-
ics, transcriptomics, proteomics, metabolomics and other 
omics. The “omics” approach implies a comprehensive 
evaluation set of molecules [4].

Traditional molecular methods are time-consuming and 
not adequately efficient, while omics sciences which are 
based on high-throughput analytical methods have proven 
to be accurate and more efficient, enabling scientists to bet-
ter understand the genetic architecture of common diseases 
[5–7]. Multi-omics (X-omics) is a neologism that provides 
tremendous opportunity improvement for precision medi-
cine. Precision medicine (PM) offers a way to change the 
clinical approaches which provide precise prevention, diag-
nosis, and treatment options. With the development of Next 
Generation Sequencing (NGS) and RNA sequencing (RNA-
Seq) technologies, precision medicine is becoming attractive 
and practical that holds greater promise for the future of 
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medicine [7]. The combination of metabolomics, genomics, 
transcriptomics, proteomics with epigenomics studies will 
lead to a better understanding of the disease pathophysiol-
ogy. So this viewpoint considerate a key step forward toward 
precision medicine [8].

Multi-omics information are essentially valuable for drug 
development if they indicate new drug targets or a disease 
signatures that associate with disease outcome and/or treat-
ment response [9].

Improvement in genetic and molecular approach in phar-
macotherapy has led many progresses from the present tradi-
tional treatment. The clinical practice of genomic medicine 
is now a reality and most practitioners are evolving with 
new skills.

Genomics

Genomics is the first omics science has emerged as the sys-
tematic study of an organism’s whole genome and its func-
tions. Genomics is divided into structural and functional 
genomics. Genomics is simple and comparatively fast, 
and works as a starting point for the other clinical omics 
approach. Between different types of omics approach, 
genomics is the most critical one [10]. Genomics studies 
provided a valuable infrastructure for gene mapping and 
identifying genetic variants contributing to both single gene 
and multi-factorial diseases [11]. The entire human haploid 
genome consists of three billion DNA base pairs (bp), encod-
ing approximately 20,000 genes [1]. These protein-coding 
regions are also known as exomes, which make up 1–2% 
of the genome while the remaining portion holds structural 
significance. With the exception of genetic variations, the 
genome of an organism remains essentially constant over 
time and only less than 1% of the human genome sequence 
is different between individuals [12]. Genomic medicine is at 
the heart of precision medicine. Genome Wide Association 
Studies (GWAS) and Whole Exome Sequencing (WES) are 
new tools in the field of genomics for understanding associ-
ated variants of common multifactorial diseases. Genomic 
advances have the potential to revolutionize medicine and 
public health.

Transcriptomics

Transcription is the key regulatory step of gene expression. 
Transcriptomics has become an inspiring field of molecular 
sciences research in the post-genome era as it can reflect the 
potential of genome expression [13]. The term “transcrip-
tome” was first used in the 1990s [14, 15]. Transcriptome 
is the complete set of Ribonucleic acid (RNA) transcripts, 
including the classical messenger RNAs (mRNA), ribosomal 

RNAs (rRNA), and transfer RNAs (tRNA) which encoded 
by the genome of a specific cell type or tissue. The mRNA 
sequence encodes proteins through ribosome machinery 
(including rRNA and ribosomal proteins). Additional RNAs 
have been known that do not encode protein which charac-
terized as non-coding RNAs (ncRNA). These ncRNAs com-
prise microRNAs and long ncRNAs and have more recently 
been demonstrated to have regulatory functions involving 
gene expression and protein function. Therefore, total RNAs 
have important roles in gene expression and regulation in 
many cellular processes [16]. More than 90% of the human 
genome is transcribed into RNAs, among which only 2% 
is from the coding region of the genome [3, 17]. After the 
completion of the Human Genome Project, transcriptome 
analysis allows us to identify the expression of genome at 
the transcription level [3]. Transcriptome evaluation will fur-
ther reveal the regulation network of biological processes 
and eventually give some guidance in disease prediction and 
prevention [10].

Proteomics

The proteome is described as a set of all proteins expressed 
by the genome at a specific time, in a particular condition, 
and in one place such as a cell, a tissue, or an organism 
[18]. Proteomics is a wide study protein profile on a large 
scale, which encompasses the study of protein composition, 
structure, and function as well as, the expression, post-trans-
lational changes, interactions between different proteins and 
those with other molecules [18].

Proteomic studies are subdivided in to three broad cat-
egories; Expression proteomics: The large-scale quan-
titative analysis of protein expression between different 
samples which is compared between diseased and healthy 
tissue. Therefore, the presence of a protein only within a 
diseased tissue is often indicative of a drug target or diag-
nostic marker. Structural proteomics: The structural study 
of protein complexes in a specific cell since proteins do not 
function in isolated cells, but often apply their effects in 
conjunction with other proteins and non-protein substances. 
This scientific approach aims to determine the location of 
proteins, the drug binding site on proteins, as well as pro-
tein- protein interactions [19]. Functional proteomics: A 
comprehensive analysis of protein interactions to determine 
the function of proteins, in which protein interactions are 
observed in protein signaling and biosynthesis pathway 
[20]. Generally, proteomics technology which characterize 
the complex protein combinations into their individual com-
ponents have three following steps, protein separation by 
two-dimensional gel electrophoresis (2-DE), obtaining pro-
tein information through mass spectrometry (MS), and using 
databases (bioinformatics) [19, 21]. The goal of proteomics 
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is to describe the flow of intracellular information through 
identifying all expressed proteins in the cell and to show 
their position and functions by making a comprehensive 
three-dimensional (3-D) structural model of the cell. This 
is mainly because the functions of many proteins can only 
be characterized by examination of their 3-D structure [22].

Proteomics is the result of interactions between genes and 
the environment with greater complexity than the study of 
genomics, because unlike the sequencing of an organism’s 
genome which is done irrespective of cell type, the proteome 
differs from cell to cell in developmental stages or envi-
ronmental conditions. It is continuously changing follow-
ing translation and assembly via biochemical interactions 
with the genome in different patterns of gene expression and 
protein modification [18]. For this reason, proteomics can 
be classified as a post-genomics science [23] which has sig-
nificant clinical implications, especially in disease preven-
tion and diagnosis [24]. Proteomics is particularly important 
since genomic study alone is not adequate to reveal all nec-
essary information for characterizing protein modifications, 
discovering drug targets, and the genotype – phenotype cor-
relation of the cell [19]. It is also crucial to understanding 
the mechanism of disease, aging and environmental effects, 
which cannot only be determined via genomic studies [25]. 
Proteomic technologies are also essential in precision medi-
cine which require establishing a relationship between diag-
nosis and treatment of disease [26] through the discovery 
of protein biomarkers [21]. Other important applications of 
include designing novel drugs [27], discovering proteomic-
based diagnostic mechanisms involved in cellular processes, 
the use of protein biochips [21]. Moreover, understanding 
the protein biomarkers can help in discovering new drugs 
and their targets [28].

Metabolomics

The profiling of metabolites in biological matrices is the 
most recent of ‘omic’ sciences that reveals modifications 
arising at all molecular levels [29, 30]. The therapeu-
tic effects of pharmaceutical agents have been evaluated 
through determining the association between the standard 
metabolic profiles of patients and their clinical outcomes 
(safety and effectiveness), i.e., pharmaco-metabolomics, 
prediction of disease susceptibility among population in 
advance, patient stratification [31, 32].

Recent reports suggest that this specific field of ‘omics‘is 
especially important in determining the phenotypes of vari-
ous diseases through discovering the changes in the pattern 
of metabolite expression as well as alterations in the concen-
tration of individual metabolites and biochemical pathways 
[29, 30]. The susceptibility of individuals to diseases varies 
due to differences in genetic composition and also metabolic 

factors, which explains the different drug responses observed 
in patients who use the same pharmacological agent for the 
same disease (pharmaco-genomics) [33]. Metabolomics 
with its functional readout ability enables us to identify new 
diagnostic biomarkers [29, 34].

Other omics

Pharmacogenomics

Pharmacogenomics, as an extension of pharmacogenetics, is 
a main area in the field of PM which studies the interactions 
between pharmaceuticals and genes [35, 36]. It is impor-
tant to distinguish between pharmacogenetics and Phar-
macogenomics. As Food and Drug Administration (FDA) 
and European Medicines Agency (EMA) had published in 
their Guidance for industry (E15 Definitions) on year 2008, 
Pharmacogenomics is “The study of variations of genes as 
related to drug response and/ or adverse drug reactions” and 
pharmacogenetics is defined as “The study of variations in a 
single gene as related to drug response and/ or adverse drug 
reactions” [37].

Pharmacogenomics science help to improve the safety 
and efficacy of a treatment by giving medicines that are 
suitable to a person’s gene structure, expression and func-
tion [36]. It has two subcategories; personalized drug ther-
apy with regard to germ line variations and guided cancer 
therapy via somatic and genetic variations and molecular-
targeted approach [35, 38]. This area of science is going 
toward evidence building of individual’s genetic associations 
with drug dose, response or toxicity and patient-related out-
comes [35]. The aims of pharmacogenomics are evidence-
base creation for precision medicine, uncovering the effects 
of gene expressions and genetic variations on drug response 
and safety, and also discovering new targets for future medi-
cations [36, 39]. Pharmacogenomics has changed the basis 
of clinical trials and drug development processes by devel-
oping more effective drugs with less adverse drug reactions 
(ADRs) in a faster, more cost-effective manner especially in 
cancer area [38, 40] (Table 1).

One of the barriers that is minatory to pharmacogenom-
ics and ban its advance to clinical use is physician’s level of 
familiarity and comfort with pharmacogenomics data and 
genotype-guided pharmacotherapies [58]. This barrier could 
overcome by using educational programs and availability 
of physician-friendly resources, such as pharmacogenomics 
clinical practice guidelines [35, 58]. The use of pharmacog-
enomics can empower physicians to predict the effectiveness 
and safety of a treatment, prior to its application [39].

Application of prognostic genetic markers has been well 
recognized and established in personalized therapy in many 
modern clinical fields; Such as oncology, cardiovascular 
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diseases (CVD), transplantation medicine and clinical 
psychiatry [59, 60]. For example, in the field of oncology, 
detection of tumor tissue for somatic mutations could help 
physicians to decide their treatment strategies (selection of 
transcription factor inhibitors or tyrosine kinase) [59, 61].

Microbiome

The advent of microbiome research has determined the 
microbiome as significant component of precision medicine 
and human health [62–64]. The human microbiome is the 
ecological community of commensal, symbiotic, and patho-
genic micro-organisms [65] both within and upon us [66, 
67]. It is normally located in specific body site including, 
skin, gastrointestinal tract, and vagina [68] the sequencing 
of a complete bacterial genome. Microbiome composition 
and function variations depend on their location, age, sex, 
race, and diet of their host [69]. The microbiota community 
specially has an important role in human health through dif-
ferent mechanisms. It is complicated in human normal bio-
logical function such as physiology (including immunity and 
development), metabolism and biosynthesis [68]. Further-
more, disequilibrium in the distribution of mirobiome popu-
lation may contribute to the pathogenesis of many conditions 
such as liver, infectious, gastrointestinal [70], respiratory, 
metabolic [71], psychiatric [72], and autoimmune problems 
[71] which is not inherited by DNA. That may be as a con-
sequence of interaction between the genetic, environmen-
tal factors, and changes in microbiome and dysregulated 
immune responses [73]. Several studies have demonstrated 
human microbiome is the main component of the system 
of biology. Any changes in the human microbiome would 
be one of the major reason of human diseases pathogenesis 
[70]. Improvement in the understanding of human microbi-
ome and also its association with the mechanism of diseases 
can lead to development of next generation diagnosis and 
new therapeutic approaches for various diseases [67, 70]. 
This subject was considered generally in many studies [71, 
74, 75].

Human microbiome is different between individuals and 
can easily be modified [76]. Microbiome is an important part 
of personalized or precision medicine approach to progress 
diagnosis, and enhance early detection and treatment as 
abundant of human functioning and metabolism is depend-
ent upon microbiome. Microbiome can be targeted as a vari-
able factor [62] by probiotic and prebiotic supplements, diet, 
as well as fecal microbiota transplant.

Stem‑cellomics

Stem-cellolomics is an innovative term composed of “stem 
cell” and “omics”. Stem cells are undifferentiated founda-
tion cells with two main features: ability for self-renewal 

and potency to differentiation. In human body, there are two 
types of stem cells: embryonic stem cells and adult stem 
cells. Similarly, there are some engineering types includ-
ing induced pluripotent stem cells (iPSCs), which are pro-
duced in the laboratory by converting tissue-specific cells 
to express embryonic stem cells [77]. Several studies have 
introduced iPSCs as a unique tool to recapitulate disease 
phenotypes in vitro, that is useful to evaluate the effect of 
disease and individualized treatment-related polymorphism 
[78]. Since, these kinds of cell have an ability of differenti-
ated into different cell types and keep their genome integ-
rity during the large number of passage, they are the right 
options for study on genetic variation associated with human 
disease [79]. On the other hand, they are robust candidate 
for cell therapy that should be discussed elsewhere [80]. 
The suffix of “omics” refers to a field of study in biology 
that has explained in previous parts of this article. Hence, 
stem-cellolomics aims to identify and model the biological 
features of stem cells and the genomic relationships. This 
aspect of knowledge helps researchers to improve diagnosis 
and treatment of disease based on individuals’ cell features 
in bench to bedside translational studies. Previous studies 
have used stem cells as a modeling tool in a wide range of 
diseases including diabetes, cancers, neurological, cardio-
vascular and immune system disease [80–86]. Furthermore, 
there are some challenges and limitations ahead of the using 
cell as a modeling tool. Some more important challenges 
including, ethical guidelines, cost efficiency, clinical valida-
tion, regulatory issues and new demand to developing new 
analytical methods and supporting technologies [82]. So, 
these challenges are expected to be ahead of stem-cello-
lomics as a new concept, too.

Domino effect hypothesis in precision 
medicine

Precision medicine can profoundly improve the practice of 
clinical medicine by multi-omics approaches. Omics dis-
coveries have opened new windows to precision medicine. 
These technologies have enabled us to better understand the 
micro-architecture of many diseases, especially cancer, and 
also are crucial in pharmaceutical research (Fig. 1) [5, 6, 
87]. In this article, we propose a new point of view in the 
field of precision medicine about the role of omics disci-
plines. It indicated that the precision medicine is influenced 
from a phenomenon which may be called domino effect (as 
a hypothesis). It seems that the domino effect has an impor-
tant role in pathophysiology progression of multifactorial 
diseases and there is a complex network between genomics, 
proteomics, metabolomics, and other disciplines of omics 
in this hypothesis. Actually, Domino effect can provide a 
new insight into the pathogenesis of disease. Most common 
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diseases are multifactorial and it occurs as the result of inter-
action between genetic and environmental factors. In the 
domino effect we consider an upstream to downstream of 
inter-connected network that beyond this pathways epige-
netic factors impact and accelerate the disease pathogenesis. 
The epigenetic factors may explain the variation in the phe-
notypic presentation of diseases. The pathway of domino 
effect is started by genomics. If the genomics undergoes a 
change such as a mutation or single nucleotide polymor-
phism (SNP), a huge cascade of events will happen follow-
ing a tiny modification. Any problem in the genomics can 
target other omics this hypothesis suggested that genomics is 
the core part of disease pathogenesis and progression which 
can be a trigger for other omics. With this complicated net-
work between omics; disease treatment and prognosis will 
be most challengeable because we should know the omics 
information of each patient.

Conclusion

Information from genomics, transcriptomics, proteomics, 
metabolomics, and other omics would be combined to sup-
port prediction, prevention and personalized treatment of 
disease and to increase our knowledge about human patho-
physiology of diseases. The real challenge in the omics sci-
ence is translating acquired omics big data into applicable 
decision in clinical practice with the aim of achieving pre-
cision medicine goals. By introducing of high-throughput 
omics technologies and the computational surge, we are also 
able to use machine learning that can target different type of 

molecules in order to predict, to prevent and personalized 
treatment of diseases in the precision medicine approach. 
Actually it requires supercomputing power, exclusive algo-
rithms and artificial intelligence (AI). This is the future per-
spective of precision medicine which leads to make patients 
in the center of point-of-care.
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