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ABSTRACT 
 

Traditional breeding methods have been practiced for years, while more contemporary initiatives 
using markers-assisted breeding have made significant advancements that have helped us meet 
the world's food demands. With the depletion of natural resources, the threat of population growth, 
and the effects of climatic change, the demand for food will be extremely high in the future. But with 
urgent needs for food and other farm related produce, there is an extreme need to utilize genomic 
resources for precise crop breeding fully. Plant breeding can benefit in integrating transcriptome 
studies to improve crops as well as enables the exploration of regulatory networks and whole 
genome expression patterns, which help in revealing novel stress tolerance associated genes in 
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crop plants. Transcriptome studies can effectively link the phenotype with the genotypes of the 
observed traits, regardless of the genome availability and/or complexity of the crops facilitating the 
practical selection of superior genotypes for us. 
 

 

Keywords: Transcriptomics; genomics; Plant breeding; crop yield. 
 

1. INTRODUCTION  
 

“Global food security is threatened by rapid 
population expansion, global climate change, 
environmental degradation, drought, new 
illnesses, and saline soils” [1]. “Traditional 
breeding relies primarily on phenotypic selection 
based on the experiences of breeders, produces 
a large variety of high-yielding kinds. However, 
today's conventional plant breeding has 
significant challenges due to characteristics 
including high labor intensity, time requirements, 
ineffectiveness, and reliance on the environment, 
among others. The use of marker-assisted 
selection (MAS) in breeding programs has 
boosted breeding efficiency to some extent for 
many years” [2]. “A few of the MAS techniques 
that have been developed are selection for 
quantitative traits using markers at multiple loci, 
marker-assisted backcrossing or introgression of 
significant genes or quantitative trait loci (QTL), 
accumulation of favorable alleles in early 
generations, and selection for qualitative traits 
using markers at single loci” [3]. “To counteract 
the negative effects of these obstacles on 
agricultural output and increase crop yield and 
stress tolerance in plants, we must go beyond 
conventional and molecular plant breeding 
because both approaches have many limitations 
[4]. To prevent unexpected consequences in 
modified crop plants that have a negative impact 
on human health, discovering transcriptional 
regulatory elements and comprehending the 
mechanisms underlying transcriptional control 
are essential. Because of its high throughput, 
improved precision, and cost effectiveness 
during the past two decades, genomic sequence 
databases have increased massively” [5,6,7]. 
“Transcriptomics has been extensively studied in 
a variety of organisms and provides critical 
insights into gene structure, expression, and 
regulation” [8,9]. “In recent years, transcriptomics 
research has grown tremendously due to rapid 
progress in sequencing technologies” [10]. 
 

2. REVOLUTIONIZING THE STUDY OF 
GENOME  

 

Global scientists made outstanding progress 
toward genomic studies, to make it even more 
accurate and to experiment with its applications 
in agriculture, from ground-breaking discoveries 

to bold scientific breakthroughs. The past decade 
have seen enormous advances in our 
understanding of the many omics platforms, 
including genomics, epigenomics, metabolomics, 
transcriptomics, and proteomics, as sequencing 
technologies have developed tremendously 
[11,12]. Additional research on the genome-wide 
transcriptional landscape of each gene has 
revealed the functional processes behind 
phenotypic variances [13,14,15]. As a result, 
biological studies on high-throughput omics data 
began to run from the genomic level into 
transcriptional level; thereby achieving 
considerable attention towards transcriptome 
analysis. 
 

3. UNRAVELING THE TRANSCRIPTOME  
 

Transcriptome data includes biological 
information of gene transcriptional activities in a 
certain cell, a tissue, or an individual or a 
population of cells at certain status. The term 
“Transcriptome” was first attributed by scientist 
Charles Auffaray, to signify an entire set of 
transcripts i.e., ribonucleic acid molecule (RNA) 
which includes coding RNA (mRNA) and 
regulatory non-coding RNAs (tRNA, rRNA, etc.) 
[16,17]. Transcriptome data provides entire gene 
sets as well as the way that they are expressed, 
regulated, and function in various cell 
populations. It includes spatio-temporal 
bioinformation influenced by diverse tissue types, 
developmental stages, and environmental and 
experimental events. Therefore, transcriptome 
data is more complex than genome data. 
Researchers can acquire a deeper 
understanding of the identification of novel 
genes, splice junctions, cleavage and splice 
variations, and differentially expressed genes 
(DEGs). The tools and strategies used to achieve 
food safety and sustainability align significantly 
with recent advances in transcriptome studies. 
This increased interest in the topic. Hence, 
scientists are developing comprehensive and 
sophisticated conception of the transcriptome in 
agriculture and allied fields. This chapter 
explores the broadening scope of plant 
transcriptomics over the decades, major 
objectives, techniques involved, and application 
of transcriptome-based plant selection in plant 
breeding. 
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4. BRIEF HISTORY OF 
TRANSCRIPTOMICS  

 

The first attempts to study the whole 
transcriptome began in the early 1990s. Prior to 
the sequencing era, genetic and QTL mapping, 
chromosome walking, were the tools that were 
used for the identification of genes. Various 
transcriptomic approaches are in use today to 
identify genes that are differentially regulated 
globally in a genome. “These approaches help to 
understand the molecular and cellular changes 
occurring in different tissues and cells in 
response to diverse factors. There are many key 
contemporary techniques in the field: traditional 
methods viz., Northern blot/RNA blot, nylon 
membrane assays, and later reverse 
transcriptase quantitative PCR (RT-qPCR) 
provided insights into a tiny subsection of a 
transcriptome. However, these methods were 
largely overtaken by advanced techniques viz., 
semi quantitative and quantitative real-time PCR 
(qRT-PCR). The efforts on this direction were 
further augmented with the advent of 
hybridization based approaches, such as micro-
array technology, tiling-arrays, and next-
generation sequencing-based approaches, for 
example expressed sequence tags (EST) 
sequencing, serial analysis of gene expression 
(SAGE), massive parallel signature sequencing 
(MPSS), and RNA-Sequencing (RNA-seq)” [18]. 
“The genome-wide transcription profiling has 
made it possible to characterize the 
transcriptome and to untangle molecular basis of 
gene regulation during stress to a very higher 
extend. This can be achieved by using medium- 
and high-throughput methods. Medium-
throughput methods include complementary DNA 
(cDNA) clones and ESTs, whereas microarray 
and RNA-seq are high-throughput methods” [19]. 
“Although micro-arrays are useful for analyzing 
large transcriptome data; they can detect only 
known sequences, and cannot be used for gene 
discovery. RNA-seq, also called whole 
transcriptome shotgun sequencing, have taken 
central and expanding role in transcriptome 
studies using deep-sequencing techniques to 
profile trancriptome. This approach consist of 
converting RNA molecules to a library of cDNA 
fragments with adaptors, these fragments are 
sequenced, and resulting reads are either 
aligned to a reference genome, or assembled de 
novo” [20]. 
 

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 
[21]. This discovery was possible only due to the 
advent of high-throughput RNA-seq analysis that 
provide insight into coding and non-coding 
transcripts, examine splicing and novel splicing 
alterations, identify single nucleotide 
polymorphisms (SNP), allele-specific expression, 
and gene fusions, and also performs 
quantification of the data generated [22]. The 
complexity of the organism studied; the 
availability of a sequenced genome or prior 
knowledge of the transcriptome; and the ability to 
store, retrive and analyze of data and cost are 
the factors influencing the choice of techniques in 
transcriptome analysis. 
 

5. TRANSCRIPTOME ANALYSIS FOR 
PLANT BREEDING  

 

Since the early 2000s traditional breeding 
techniques have been employed to identify 
specific genes within a biological framework in 
typical plant biology investigations. Since high-
throughput sequencing methods have been 
available, it is now possible to map transcripts 
onto the genome and learn important details 
about gene structure, splicing patterns, and other 
transcriptional changes [20]. This has led to the 
discovery of multiple genes, alleles, and splice 
variants in various organisms. RNA-seq for the 
study of gene expression, whole genome 
molecular marker development, and identification 
of markers in known function genes, particularly 
those conferring defense mechanisms against 
biotic and abiotic stresses, are all important uses 
of transcriptomics in the field of plant breeding. 
Associating a significant amount of genomic data 
with systemic characterization of phenotypes for 
a variety of traits and situations is a critical 
component of breeding that uses high-throughput 
sequencing. As a result, the genome sequencing 
of significant crops is turning into the first stage in 
determining the genome and evolution. The 
sequence can also be used to modify individual 
genes with the aid of CRISPR/Cas9, ZFNs, 
TALENs, and other genome editing tools, or it 
can be used to find the right mutations to create 
a new allelic form [23]. Only phenotypic selection 
is used in conventional agricultural breeding. 
Linkage maps are used in classical QTL analysis 
to find genetic areas linked to population-level 
phenotypic differences. Nowadays, a method 
known as "Genetic genomics" has been used to 
find expressed QTLs (eQTLs), which are genes 
and genetic regulator loci that code for the 
observed variation [24]. RNA-seq has been used 
successfully as an alternative to whole genome 
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sequencing for crop species with complex 
genomes, including coffee, wheat, sugarcane, 
and several "orphan crops," including sweet 
potato, chickpea, and pearl millet. It unravels 
genes and regulatory regions and provides a 
variety of molecular markers [25].  
 

6. WHEN TO USE TRANSCRIPTOMICS IN 
PLANT BREEDING?  

 
In the absence of the complete genome 
sequence, transcriptome analysis would improve 
our understanding of gene function. The use of 
transcriptome methods in agricultural research 
has been widespread and interdisciplinary. 
Worldwide, the main threats to sustainable 
agricultural productivity and food security are 
rapid population expansion, global climate 
change, environmental degradation, drought, 
emerging diseases, and saline soils [1]. We need 
to go beyond conventional and molecular plant 
breeding in order to reduce the adverse effects of 
these risks to agricultural output, increase crop 
yield, and improve plant stress tolerance. The 
most sophisticated methods for determining how 
the plasticity of gene expression respond to a 
specific environmental or developmental 
stimulation are transcriptomics. In order to avoid 
unexpected consequences in transformed crop 
plants, which could ultimately have negative 
impacts on human health, it is essential to 
identify transcriptional regulatory components 
and understand the mechanisms underlying 
transcriptional regulation. The study of 
transcriptomes has a profound impact on many 
areas of biological sciences because it enables 
quantitative and qualitative analysis of variations 
in the gene expression of several mRNAs [26]. 
Transcriptomics can now be the beginning of any 
large-scale sequencing endeavor rather than its 
end. It is now simple, affordable, and quick. 
Comparison of transcriptomes allows the 
identification of genes that are differentially 
expressed in distinct cell populations, or in 
response to different treatments. Researchers 
can quantify the variations in gene expression 
between various biological contexts and identify 
which sets of genes are switched on or off in a 
given state through transcriptome investigations. 
The main goals of transcriptomics are to catalog 
all transcripts, including mRNAs, noncoding 
RNAs, short RNAs, the 52 and 32 end sites of 
the genome, posttranscriptional modifications, 
and splicing patterns to ascertain the 
transcriptional status of genes. According to 
Wang et al. [20], transcriptomics also aims to 
quantify changes in gene expression levels 

caused by different stress conditions and 
developmental stages. 
 

7. APPLICATION OF TRANSCRIPTOMICS 
IN PLANT BREEDING 

 
In plant research, there has been a lot of interest 
in the identification and characterization of 
differential gene expression from tissues 
subjected to stress. In addition to elucidating the 
genes and their network involved in various 
forms of stress tolerance, several developmental 
processes of plant components have also been 
studied. The data generated by transcriptome 
analysis provided marker information on 
regulatory gene networks, which can 
subsequently be used for breeding improved 
varieties. Table 1 shows case studies on the use 
of transcriptome studies in plant breeding, along 
with the methodology and methodologies 
applied. 
 
Transcriptome assembly and profiling is the 
widespread use of transcriptome sampling 
strategies is a complementary approach to 
genome sequencing, and results in a large 
collection of expressed sequence tags (ESTs) for 
almost all the important plant species 
(http://www.ncbi.nlm.nih.gov/dbEST/dbEST_sum
mary.html). The plant EST database has      
recently passed the five million sequence 
landmark. More than 50 plant species, each with 
>5000 ESTs, are represented. Small RNA 
characterization is also one of the major 
application have a role in development, genome 
maintenance and plant responses to 
environmental stresses. Most sRNAs belong to 
two major groups: 1) microRNAs (miRNA) are 
about 21 nt and usually have a post-
transcriptional regulatory role by directing 
cleavage of a specific transcript 2) short 
interfering RNAs (siRNA) are usually 24 nt-long 
and influence de novo methylation or other 
modifications to silence genes. The finding of 
their prevalence in low-molecular-weight 
fractions of total RNA in animals and plants 
predated the development of NGS. Another 
major application expression (eQTL).                 
Metabolite, protein and transcript profiles can 
also be directly mapped onto a segregating 
population to provide information on loci that 
control gene expression levels, protein 
modification or levels of a particular                  
secondary metabolite [27-29]. The QTLs 
associated with such traits are known as 
expression (eQTL), protein (pQTL) or metabolite 
(mQTL). 



 
 
 
 

Srujana et al.; Int. J. Environ. Clim. Change, vol. 14, no. 8, pp. 248-255, 2024; Article no.IJECC.117944 
 
 

 
252 

 

Table 1. Influence of different stresses for crop improvement 
 

Crop & Type of stress  Research goal Methodology Findings References 

Rice 
Drought stress 

 
To examine the functions of OsC3H10 
gene 

 
RNA sequencing 

 
Over expression of OsC3H10 results in increased 
expression of certain gene account for stress related 
responses viz., PATHOGENESIS RELATED GENEs 
(PRs) LATE EMBRYOGENESIS ABUNDANT 
(LEAs) PROTEINS and GERMIN-LIKE PROTEINS 
(GLPs) 

Seong et al. [30] 

Chickpea 
Biotic stress 

 
To learn how a necrotrophic chickpea 
pathogen, Ascochyta rabei, survives in 
the face of oxidative stress 

 
RNA seq 

 
The transcriptome profiling found five genes linked to 
stress and fungal pathogencity: ST47 g10291, ST47 
g9396, ST47 g10294 and ST47 g4395 

 
Maurya et al., [31] 

 Barley 
Salt stress 

 
To uncover mechanisms underlying 
salt tolerance 

 
RNA-seq 
analysis 

 
In comparision to H.vulgare, ion transporters such 
HKT1;1, HKT1;5, HKT2;2 and SOS1 were found the 
most important factors in salt stress tolerance to H. 
marinum. 

 
Huang et al., [32] 

Mustard 
Biotic stress 

 
To learn more about the involvement 
of NAC TFs in plant defese against the 
ALternaria brassicicola-caused ‘Black 
Spot’ disease in oilseed mustard 

 
qRT- PCR 

 
Despite being evolutionarily conserved in modulating 
desiccation and wound response, NACs in B. juncea 
and S. alba demonstrate variance in early signaling 
upon pathogen detection. 

Mondal et al., [33] 

Cotton 
Salt stress 

 
Investigated by identification and 
followed with study of NHX genes 

 
qRT-PCR 

 
GhNHXs revealed diverse expression fashion in 
different level of salinities. 

 
Fu et al. [34] 

Wheat 
Salt 

 
To detect abiotic stress tolerance 
regulated transcriptional factor (TF) 
genes in wheat 

 
RNA-sequencing 

 
A salt stress responsive gene TabZIP15 
(TraesCS7A02G488600), was identified 

 
Bi et al. [35] 

Ground nut 
Biotic stress 

 
To investigate the mechanisms of 
Sclerotium rolfsii resistance in peanuts 
(Arachis hypogea L.) 

 
RNA-seq 

 
PAMP-triggered immunity has been discovered as a 
potential important resistance mechanism against 
sclerotium rolfsii in peanut with the jasmonic acid 
signaling pathway being the most likely defence 
mechanism 

 
Bosamia et al. [36] 
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8. LIMITATION OF TRANSCRIPTOMICS  
 
To create a whole transcriptome, transcripts 
must be accurately identified and quantified 
using approaches that are objective, highly 
effective, and economical. While transcriptomics 
has enormous potential benefits, it also raises 
enormous ethical issues. The key limitations of 
this approach is the humongous amount of data 
generated. The most crucial step is to simulate 
the networks and pathways predicted by 
transcriptome analysis in order to determine the 
precise functions and locations of all the  genes 
in a plant. A full-scale availability and 
maintenance of the public repositories and 
databases containing the data generated by 
transcriptome studies is the need of the hour. 
Utilizing the relevant information associated with 
their own experiments can be helpful to the 
researchers. 
 

9. CONCLUSION AND FUTURE GOALS  
 
Transcriptomics has revolutionized our 
understanding of genome expression and how 
the genes are identified and expressed. Over the 
past three decades, new technologies have 
redefined what is possible to look at, and 
integrations with other "omics" employing more 
complex methods, like system biology, are 
providing an increasingly integrated view of the 
complexity of cellular life. This approach will be a 
great promise of “transcriptomics-assisted 
breeding” in the 21st century. The gradual 
diversification of plant transcriptomics' uses for 
studying various aspects of plant development 
has set up opportunities in which knowledge from 
various fields—including physiology, 
biochemistry, and evolution—is being combined 
to produce significant conclusions that will 
advance ongoing research projects. Small 
laboratories can now conduct transcriptomics 
studies because of their falling cost, and large-
scale transcriptomics-consortia may conduct 
studies comparing the transcriptomes of 
thousands of different organisms, tissues, or 
environmental conditions. With the advancement 
of sequencing tools, this tendency is likely to 
persists. 
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