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Abstract

Transcriptomics is the study of RNA profile inside the cells at a given time point. Besides coding RNA,
cells have the important regulatory non-coding RNA sequences also. It is not as simple as thought to
study the transcriptome of a cell owing to its complexity. But, the recent advances in transcriptomic
technologies have made it possible to characterize the transcriptome of a living cell and unravel
molecular basis to help in the strategic improvement of both crop and animal production.
Transcriptomics in recent years has extended to the vast range of agriculture and animal systems being
studied thereby bridging the gap between the two sectors. There is always a scope to introduce newer
methods to cover up the shortcoming of earlier technologies and allow for more detailed information of
basic research questions.
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Introduction

The concept of the central dogma of molecular biology which explains the basic idea of life
and flow of genetic information within a biological system was given by Crick in 1970 (Crick,
1970) Bl It essentially means that the genetic information encoded in DNA is transcribed to
RNA, and RNA is translated to protein. Various forms of life including the biological
activities of cells, tissues, and organisms are based on the central dogma of molecular biology
where the key player required for mediating gene and protein expression is RNA itself. So,
RNA plays a major role in deciphering the message encoded in DNA. There are two types of
RNA inside the cell, noncoding RNA (ncRNA) and messenger RNA (mRNA or protein-
coding RNA). Non-coding (ncRNAs) which were previously thought to be a part of junk
genome play several key roles in gene regulation including transcriptional and
posttranscriptional regulation (Pertea, 2012) [7]. This discovery was possible only due to the
advent of transcriptomics which studies the whole transcriptome inside the cell (Bussotti and
Leonardi, 2016) 1. Regardless of the apparent similarities of RNA from animals and plants
and their critical role in development, there is a slight difference in animal and plant
transcriptome. The unique feature is that plants have shorter introns and they retain those
introns during the alternative splicing events (Reddy, 2007) 2%, Genome-wide analysis of
alternative splicing in model plants such as Arabidopsis (Marquez et al, 2012) and in crop
plants such as rice (Zhang et al,. 2010) 2! and soybean (Shen et al,. 2014) 1?2 has revealed that
plant genes have one or more alternative transcript isoforms.

It is estimated that more than 90% of the genome inside cells is transcribed into RNA, where
approximately 60% of all the transcribed RNA is the primary transcripts of the genes (Pertea,
2012) 71 In this review, we describe the general application of transcriptomics in the field of
crop and animal production improvement.

Before transcriptomics

Due to the complexity of the transcriptome of the living cells, it was challenging to study the
genome behavior during earlier days. However, before the advent of transcriptomics to study
the genes, several studies of individual transcripts were being performed. In, late 1970s cDNA
libraries began to be formed with libraries of silk moth mRNAs collected and converted to
complementary DNA (cDNA) for storage using reverse transcriptase (Sim et al,. 1979) 2 was
first reported. In, the 1980s, low-throughput Sanger sequencing took over to sequence random
individual transcripts from these libraries, called expressed sequence tags (ESTs) (Putney et
al,. 1983) 8 which were employed to quickly categorized expressed genes and gene
fragments. Scientists then started quantification of individual transcripts by northern blotting,
nylon membrane arrays, and later reverse transcriptase quantitative PCR (RT-gPCR) began to
be popular (Becker-Andre and Hahlbrock, 1989) 1. However, these methods were difficult

and captured only a small subsection of a transcriptome.
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Development of high throughput techniques to study
transcriptomics on a larger scale.

To make up for the demerits of the older technologies, tag-
based methods took over such as serial analysis of gene
expression, cap analysis of gene expression, and massively
parallel signature sequencing. Nevertheless, these methods
also failed to differentiate between genetic isoforms and were
expensive to apply on a large scale. This led to the
development of microarray (Grunstein and Hogness, 1975) [,
which was used for genome-wide analysis and now has
become the most widely used approach for transcriptomics.
Both spotted oligonucleotide arrays and Affymetrix (Santa
Clara, California) high-density arrays were the method of
choice for transcriptional profiling until the late 2000s
(Nelson, 2001). Although the technology was widely
accepted, any discussion regarding microarray technology
would be incomplete without a comprehensive examination of
its various pitfalls and complexities innately presented. There
are numerous sources of inconsistency in microarrays such as
differences in arrays, dye labeling, efficiency in reverse
transcription, and hybridization (Quackenbush 2001) [,
Recently, RNA sequencing (RNAseq) using next-generation
sequencing technology has permitted the transcriptome to be
characterized, and the number of studies using RNA-seq have
gradually increased which ultimately covers the bias
introduced by microarray (Yu and Lin, 2016) 281, Despite
these minute shortfalls, the application of these tools has
potentials to unravel the molecular basis of crop and animal
production systems which will be instrumental for strategic
improvement in both sectors. These tools allow researchers to
simultaneously examine the expression of a large number of
genes. Several studies have compared the accuracy of
microarray and RNA-seq measurements (Su et al 2014) [2°]
which is not the focus of the current review.

Transcriptomics: opportunities, applications, and research
Transcriptome study provides an essential platform to analyze
the association between genotype and phenotype, which gives
a better understanding of the underlying pathways and
mechanisms controlling cell fate, development, and disease
progression (Ruan et al,. 2004) 21, In, last few years with
technological advances, researchers can use high throughput
whole genome studies to an increasing range of species and
extensively apply it in agricultural and biomedical research
(Han et al,. 2015) B, These technologies have alleviated the
complexity of the methods used for characterization and
quantification of genomes, epigenomes, and transcriptomes
over the last few years. In effect this means that in the span of
a relatively short period of time these techniques, once limited
to a handful of species with completed genome sequencing,
are now used for studying a diverse spectrum of biological
systems. But to be both comprehensive and logical, we will
limit the scope of this review to agricultural and animal
systems only.

Transcriptomics: Bridging the gap between plant and
animal science

From past a decade or more, number of agricultural
researchers have made use of advances in next-generation
sequencing techniques enabling them high- resolution linkage
studies between gene variants and traits of interest (Imadi et
al,. 2015) 9 resulting in an upsurge in the scope of
transcriptomic studies, not only in number but also in the
range of agricultural systems that are being studied. The geo-
climatic conditions have seen a dramatic shift in the recent

past which has led to an increase in environmental pressure.
The result is an urgent need to accelerate breeding novel crops
with more heat tolerance and higher disease and pest
resistance to cope up with the challenges posed by the climate
change. Advances in genomics offer the potential to speed up
the process of developing crops with promising agricultural
traits. Traditional or conventional plant breeding involves the
exchange of genes between equally closely related species
and is a difficult and laborious approach. To do away with
these obstacles, molecular breeding through gene
manipulation has widely been used to develop new high-
yielding, stress tolerant crop varieties (Kissoudis et al,. 2014)
12 To date, the genome sequences for more than 55 plant
species (not only mode but non-model plants) have been
produced (Wang et al,. 2017) 81, As a result, scientists are not
totally reliant on genomic sequences of model plants to do
research on non-model plants. Recent advances in
transcriptomics have allowed researchers to describe the
metabolites, transcription factors, and stress-inducible
proteins involved in heavy metal tolerance in plants which
may be useful in producing heavy metal-tolerant crops (Singh
et al,. 2016) 4. With transcriptomics, it’s possible to map the
complex transcriptional changes that occur in the leaves of
maize plants grown in acidic soil with phytotoxic levels, thus,
indicating the importance of tolerance mechanisms working
in the plants (Mattiello et al,. 2014) [*31, Transcriptomics study
vis-a-vis medicinal plants is gaining a strong foothold and has
become the most active tool in medicinal plant genome
research. It offers a complete understanding of gene
expression and its regulation which has great implication in
solving the questions of genetic evolution, genetic breeding,
and ecology of medicinal plants (Wang et al,. 2015) ], The
biggest calamities which the world is facing right now are of
food shortage and spread of diseases. To improve the
nutritional quality of plant-based foods, the use of genetic
manipulation and molecular breeding is an attractive and
potentially useful contribution. This enables researchers to
tackle these twin global health burdens of micronutrient
deficiencies and diet-related non-communicable diseases
(Martin et al,. 2011) [*l. Transcriptomics enables us to study
more about the genes and biochemical pathways that are
essential for additional health benefits, moving beyond basic
nutrition and into the development of functional foods, for
example, seed oils that do not produce trans-fats but rather
contain heart-healthy omega-3 fatty acids or cassava melons
with increased protein content to help fight malnutrition.
Improvements in protein quality and content for better human
and animal nutrition increased vitamin and mineral levels to
address nutrient deficiencies, and reduction of allergens and
of anti-nutritional substances that diminish food quality can
all be explored through omics (lbanez et al,. 2013) [¥I. So,
transcriptomics provides a stage of high-quality research on
plants for health benefits of their dietary components for both
animals and humans and in the process provides a vital link to
relate agricultural and animal products use.

Domesticated animals have been selectively bred over
thousands of years for different uses and environments,
resulting in a wide variety of morphology and behavior
(Zinsstag et al,. 2011) B9, In reality, for some traits, the
variation observed is much greater than that found in
laboratory or wild species. With the use of transcriptomics,
many researchers have discovered candidate genes to be
selectively bred for improving milk production (Canovas et
al,. 2010) ¥, meat quality (Gorni et al,. 2011) [ in farm
animals, egg production in chickens (Jonchere et al,. 2010) [*4
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and understanding the pathogenesis of complex diseases.
With these technologies in hand, one system that has been
well studied is a host-pathogen relationship in terms of
immune response to various pathogens. We have recently
shown how insecticide fipronil alters the transcriptome profile
in lungs of mice using microarray approach (Pandit, 2018) 41,
Transcriptomics research in domesticated animals has been
used to study their acclimatization in different environments
and stress conditions. It is likely
that the outcomes of transcriptomic studies will influence how
animal and plant productivity is managed, partly by producing
new species and condition-specific plants as a diet for
production animals.

Challenges and future viewpoints

Currently, microarray technology is a valuable biomedical
tool and finds its use in a variety of diagnostic procedures.
However, the very concept was not received well by many
researchers during its beginning, and the technology had
faced some challenges. Microarray data reliability and its
clinical utility were criticized in the earlier days. Most of
these challenges have been addressed now, and the credit goes
to the advances in the original technologies as well as the
incredible effort presented by the research community and
commercial sellers. Currently, the microarray platform has
achieved adequate calibration and method validation as well
as well-organized probe printing, liquid handling, and signal
visualization. But still, the uphill task with microarray
technology is that is limited species coverage. It is available
for model species only. This drawback has been covered by
recent developments of high-throughput or next-generation
sequencing (NGS) technologies which have greatly facilitated
the study of transcriptomes, also in non-model species. Most
of the transcriptome studies are done on tissue samples which
have a different kind of cells and results in a mixture of
transcripts which means that specific information on gene
expression in certain types or subpopulations of cells is lost.
This demands technology enabling gene expression profiling
in single cells which could be a major advancement for
biology. These technologies would allow for a more detailed
information of basic research questions about different cell
types, and their interaction with each other as well as throws
more light on the selective effect of the different pathogen on
certain cell types than the other.
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