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Chapter 1
Recent Development in Omics Studies

Wan Mohd Aizat, Ismanizan Ismail, and Normah Mohd Noor

Abstract The central dogma of molecular biology (DNA, RNA, protein and
metabolite) has engraved our understanding of genetics in all living organisms.
While the concept has been embraced for many decades, the development of high-
throughput technologies particularly omics (genomics, transcriptomics, proteomics
and metabolomics) has revolutionised the field to incorporate big data analysis
including bioinformatics and systems biology as well as synthetic biology area.
These omics approaches as well as systems and synthetic biology areas are now
increasingly popular as seen by the growing numbers of publication throughout the
years. Several journals which have published most of these related fields are also
listed in this chapter to overview their impact and target journals.

Keywords Genomics - Metabolomics - Molecular biology - Proteomics - Systems
biology - Transcriptomics

1.1 The Central Dogma of Molecular Biology and Beyond

The central dogma of molecular biology states that the genetic materials of all living
being are encoded by their unique DNA sequences (also called gene), transcribed to
RNA (also called transcript) and subsequently translated to proteins as the main
catalytic entities (Fig. 1.1). Such concept introduced in the early 1950s certainly has
been the main limelight for various research in the world, spanning all three domains
of life: eukaryotes, bacteria and archea [1]. Watson and Crick were awarded the
Nobel Prize in 1962 for such revolutionary insights (not to be forgotten the contri-
bution by Rosalind Franklin who produced the X-ray of DNA), and later, Holley,
Khorana and Nirenberg also won the prize in 1968 for completing the genetic cod-
ing of protein synthesis [1]. This traditional concept of molecular biology has since
then been improved with the addition of metabolite at the end of the workflow
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Fig. 1.1 The central dogma of molecular biology comprising of DNA, RNA, protein and metabo-
lite has been greatly investigated by the invention of high-throughput technologies in respective
omics (genomics, transcriptomics, proteomics and metabolomics). Such massive data generation
requires bioinformatics to analyse and integrate them, ultimately leading to the foundation of sys-
tems and synthetic biology

(Fig. 1.1), signifying the importance of the products of biochemical activities cata-
lysed by proteins to influence phenotypic characteristics. One obvious example is
how capsanthin-capsorubin synthase gene encodes the final enzyme in the biosyn-
thesis of pigmented compounds that gives rise to the red colour of chilies [2, 3].
Without a complete workflow of central dogma, encompassing the downstream
metabolites, one would not be able to comprehend the observable characteristics of
organisms.

While such a simple relationship between nucleic acids (DNA and RNA) and
proteins as well as metabolites has been the mainstream of science research for
decades, new formulations of big data science are now taking the stage. Specifically,
the introduction of suffixes -omics and -omes has expanded our view in molecular
biology. Rather than reductionist approach of focusing on only one or a few genes/
proteins, omics approach allows thorough investigation of each facet of molecular
biology [4], be it gene (genomics), transcript (transcriptomics), protein (proteomics)
and metabolites (metabolomics). While many other omics exist [5], these four
omics have been the main themes in molecular biology research, perhaps due to
their close relationship with the central dogma itself. Furthermore, these omics
approaches are the very foundation of the systems and synthetic biology fields

(Fig. 1.1).
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1.2 Genomics and Transcriptomics

Investigation of nucleic acids’ composition comprising of four bases (adenine, cyto-
sine, guanine and thymine (DNA) or uracil (RNA)) in either genome or transcrip-
tome was greatly facilitated by the development of sequencing platforms. Since the
introduction of automated DNA sequencing (1986) as well as the more recent Next
- Generation Sequencing (2000) [1, 6], both genomics and transcriptomics areas
have exploded with the increasing number of published articles (Figs. 1.2a and
1.3a). Some of the top journals in these areas are PLOS ONE, Nucleic Acids Research
and BMC Genomics (Figs. 1.2b and 1.3b). We have combined the great details of the
applications and concepts of both omics in Chap. 2 “Functional Genomics”.

1.3 Proteomics

Proteins are the workhorses of cellular and biochemical processes. Understanding
organism at the level of functional genomics alone may not tell the whole story of
how organism functions and responds to environment [7]. As such, proteomics is a
vital area to bridge the gap between the more static genome and observable pheno-
typic characteristics. Evidently, the number of publications related to this area has
increased exponentially since the late 1990s (Fig. 1.4a). This is perhaps also due to
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Fig. 1.2 Genomics has become an increasingly attractive research area as shown by the surge of
published articles over the years (a). The top 15 journals that published the most genomics-related
papers of all time are also shown in (b). Statistics were obtained from SCOPUS database in July
2018 by searching “Genomic*” in the “Article title, Abstract and Keywords” search field. PNAS,
Proceedings of the National Academy of Sciences of the United States of America
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Published articles for transcriptomics studies have steeply increased over the past
20 years (a). The top 15 journals that published the most transcriptomics-related papers of all time
are also depicted in (b). Statistics were obtained from SCOPUS database in July 2018 by searching
“Transcriptomic*” in the “Article title, Abstract and Keywords” search field. PNAS, Proceedings
of the National Academy of Sciences of the United States of America
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Fig. 1.4 The surge of published articles related to proteomics over the years (a) may have been
contributed by mass spectrometry development. The top 15 journals that published the most
proteomics-related papers of all time are also depicted in (b). Statistics were obtained from
SCOPUS database in July 2018 by searching “Proteomic*” in the “Article title, Abstract and
Keywords” search field. PNAS, Proceedings of the National Academy of Sciences of the United
States of America
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the advent and development in mass spectrometry technologies that offer accurate,
fast and sensitive methods for protein identification and quantitation [8§—10]. The
inventors of soft ionisation method in mass spectrometry, John Fenn and Koichi
Tanaka, had also been awarded with a Nobel Prize in 2002, suggesting the impor-
tance of such system in biomolecular discovery. Some of the key journals that pub-
lished proteomics papers are Proteomics, Journal of Proteome Research, Journal of
Proteomics and Molecular and Cellular Proteomics (Fig. 1.4b). We have detailed
the applications of proteomics in Chap. 3 “Proteomics in Systems Biology”.

1.4 Metabolomics

While proteins may be the workhorses in cells, metabolites also serve as important
molecules to be studied in living organism. Metabolomics is a relatively new area
compared to the earlier omics, yet its significance cannot be denied. Similar to pro-
teomics, metabolomics also relies on the development of reliable and accurate mass
spectrometry systems [11-13]. Such development catalysed the remarkable growth
in the paper published in this area since the early 2000s (Fig. 1.5a). Several journals
cover this research area extensively such as Metabolomics, PLOS ONE and
Analytical Chemistry (Fig. 1.5b). In Chap. 4 “Metabolomics in Systems Biology”,
this research field is described with emphasis to its applications and current
workflow.
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Fig. 1.5 Metabolomics-related articles have been exponentially growing over the years (a). The
top 15 journals that published the most metabolomics-related papers of all time are shown in (b).
Statistics were obtained from SCOPUS database in July 2018 by searching “Metabolomic*” in the
“Article title, Abstract and Keywords” search field
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Fig. 1.6 The number of published articles in the area of bioinformatics has surged exponentially
over the years (a). The top 15 journals that published the most bioinformatics-related papers of all
time are indicated in (b). Statistics were obtained from SCOPUS database in July 2018 by search-
ing “Bioinformatic*” in the “Article title, Abstract and Keywords” search field

1.5 Bioinformatics

Despite the high-throughput technologies that each omics approach offers, a signifi-
cant portion of the analysis rely on bioinformatics analysis. Such massively gener-
ated data often hamper scientists with “too much” information that may need some
sort of computer prediction and analysis to speed up the process [14, 15] (Fig. 1.1).
Bioinformatics can be done at each level of omics or in an effort to combine a few
omics’ results together. This is to “make sense” of the data for scientists to decipher
the research question at hand. Furthermore, this research area has certainly bene-
fited with the increasingly powerful computer systems available. Papers related to
bioinformatics have reached nearly 12,000 marks in the year 2017 alone, a stark
contrast compared to the number of publication in the 1990s (Fig. 1.6a). Some of
the journals that actively publish bioinformatics papers include PLOS ONE,
Bioinformatics and BMC Bioinformatics (Fig. 1.6b). The concept and applications
of bioinformatics in understanding the various omics are detailed in Chap. 5
“Integrative Multi-omics Through Bioinformatics”.

1.6 Systems and Synthetic Biology

The different omics concepts have certainly revolutionised the understanding of our
modern concept of biology, sparking various technological improvements and break-
through in science. Systems biology is one area that was initiated by the efforts in


https://doi.org/10.1007/978-3-319-98758-3_5

1 Recent Development in Omics Studies 7

understanding cell as a whole rather than its parts [16—18]. This area mainly inte-
grates the different omics to understand the whole process of biochemistry in living
being. Systems understanding of biology can be a daunting task, requiring experts in
various fields including computer science and wet lab scientists to interrogate and
integrate the plethora of information generated (Fig. 1.1). Systems biology ultimately
aims to develop mathematical models that explain a biological system by systemati-
cally perturbing them in series of experiments [17, 18]. The different approaches in
omics will be fed into making the working model to be tested in the experiments.
Interestingly, while the papers in systems biology area actively increased from the
late 1990s to 2012, a declining trend is seen in recent years (Fig. 1.7a). This may be
due to the complexity of the whole topic itself, requiring a more specialised skills to
develop the model further [19]. The top journals publishing in this research endeav-
our are BMC Systems Biology, PLOS ONE, Bioinformatics and Biosystems (Fig. 1.7b).

Omics research is also important for the synthetic biology area where biological
systems can be designed, interrogated and tested using genetic engineering and
genome editing techniques [20]. This research area has actively grown over the last
10 years (Fig. 1.8a), and some of the related journals are ACS Synthetic Biology,
Methods in Molecular Biology and Proceedings of the National Academy of Sciences
of the United States of America (PNAS) (Fig. 1.8b). This topic is detailed in Chap. 6
“Metabolic Engineering and Synthetic Biology”.

In this book, each of the chapters is comprised of detailed description of the appli-
cations of each omics and its general methodology. We have also expanded the view
by incorporating how such omics contribute to the systems biology perspective.
While more details on such an infant area of science is duly needed, we reserved the
details for now to give broad understanding of this new topic. This is to ensure read-
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Fig. 1.7 Systems biology has become an increasingly attractive research area as shown by the surge
of published articles over the 30-year period (a). The top 15 journals that published the most systems
biology-related papers of all time are indicated in (b). Statistics were obtained from SCOPUS data-
base in July 2018 by searching “Systems biology” in the “Article title, Abstract and Keywords”
search field. PNAS, Proceedings of the National Academy of Sciences of the United States of America
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Fig. 1.8 Synthetic biology publications have grown exponentially over the last 30 years (a). The
top 15 journals that published the most systems biology-related papers of all time are indicated in
(b). Statistics were obtained from SCOPUS database in July 2018 by searching “Systems biology”
in the “Article title, Abstract and Keywords” search field. PNAS, Proceedings of the National
Academy of Sciences of the United States of America

Fig. 1.9 Kesum (Persicaria minor) has been utilised in various omics research for systems under-
standing of this tropical herb

ers grasp the omics concept well and are able to appreciate the level of information
generated from these approaches to feed into the systems and synthetic biology
research. Furthermore, we have also highlighted our current efforts in understanding
tropical herbs such as Persicaria minor (syn. Polygonum minus or kesum) (Fig. 1.9)
and how omics technologies were utilised to characterise this non-model organism.
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