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Introduction
Pigeon pea is a leguminous crop commonly grown in India, and is primarily cultivated in
tropical regions. Although it is often overlooked, this crop has immense potential for
improvement in both quantity and quality of production in India. Among all the legumes grown
in the region, pigeon pea stands out for its unique combination of optimal nutritional profiles,
high tolerance to environmental stress, high biomass productivity, and its ability to contribute
essential nutrients and moisture to the soil. Pigeon pea is a rich source of starch, protein,
calcium, manganese, crude fiber, fat, trace elements, and minerals. Moreover, apart from its
high nutritional value, pigeon pea is also used in traditional folk medicine in India, China,
Philippines, and other countries (Sharma et. al 2011).
Proper nutrition is a critical foundational requirement, as it has a significant impact on health,
work performance, and cognitive development. However, in many developing nations, there is
a growing prevalence of hunger and malnutrition (FAO, 1980). This can be attributed to factors
such as rapid population growth, scarcity of arable land, and elevated food costs, as reported
by the Food and Agriculture Organization (Pelletier et al. 1995). Legumes are a valuable source
of nutrition, containing high levels of protein, energy, and essential vitamins and minerals.
Researchers Vadiveli and Janardhanan noted the nutritional significance of legumes in 2005.
Pigeon pea, a type of legume belonging to the Leguminosae family, is particularly prevalent in
India, where it is widely grown and consumed. Pigeon pea is also known by various other
names such as red gram, arhar, and tur dal, as highlighted by (Ghadge et al. 2008).
For a long time, pigeon pea was believed to be one of only two species in the Cajanus DC
genus. However, further research has shown that this genus is now considered to be part of a
larger group of related genera, including Atylosia, Endomallus, Rhynchosia, and Dunbaria. As
a result, the Cajanus genus has expanded to include a total of 32 distinct species.
Pigeon pea is a leguminous shrub that can grow up to 5 meters in height. It likely originated in
South Asia and first appeared in West Africa around 2000 BC, which is now recognized as a
second major center of origin. Pigeon pea was brought to the West Indies through the slave
trade, where it gained the nickname "pigeon pea" due to its use as bird feed in 1692, according
to (Van der Maesen's 1985). The plant's leaves are arranged spirally on the stem and consist of
three leaflets. Flowers are typically yellow and grow in terminal or axillary racemes, measuring
2-3 cm in length. Although pigeon pea pods are usually green, they can be hairy, streaked, or
even colored dark purple, and contain 2-9 seeds per pod, which can vary widely in color and
weight between 4-25g/100 seeds (Sheldrake, 1984). While the most common use for pigeon
pea is in the form of dry split seeds (dhal), the pods and seeds are also harvested and consumed
as a green vegetable in many countries.
Pigeonpea is a crucial legume food crop that has been cultivated for more than 3,500 years in
India. It is grown on approximately 5 million hectares and is the sixth most significant legume
food crop globally (Mula et.al 2010). This crop is a vital protein source for more than a billion
people in the developing world and supports the livelihoods of millions of resource-poor
farmers across Asia, Africa, South America, Central America, and the Caribbean (Royes et.al
Longmans, London and New York, 1976). The challenge of protein deficiency in the
developing world, where protein is often available at levels less than one-third of the minimum
dietary requirements, is likely to worsen due to the increasing human population and stagnation
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in crop yields. Legumes, such as pigeonpea, provide a highly nutritious and balanced source of
calories and protein that is not provided by commonly grown cereals in semi-arid regions,
making them crucial for food security(Varshney et. al 2012). Major efforts are underway
worldwide to increase Pigeon pea production by genetic analysis of the key traits, and then
utilizing the genomic resources, which can accelerate progress. Increased population coupled
with consumption preferences has resulted in a substantial increase in the demand for Pigeon
pea. However, there is an urgent need to increase the yield and productivity to feed the
burgeoning world population along with increased tolerance against various biotic and abiotic
stresses limiting wheat production by significantly decreasing crop yield (Joshi et al. 2017).
Osmotic stress is however a major challenge for wheat production as it causes devastating
effects on crop yield. Therefore, finding ways to improve crop tolerance to osmotic stresses is
essential to improve Pigeon pea productivity to achieve food security.

Definition of problem

Designing of crops with improved tolerance against ionic and hyperosmotic constraints is need
of the hour (Gupta et al. 2015; Joshi et al. 2018). However, it is often difficult, due to highly
variable environmental conditions. Plants have evolved different acclimation and adaptation
mechanisms for multiple stress tolerance (Shoeva et al. 2017; Gupta et al. 2017). Once the
stress is recognized, response regulator genes re-establish organismal and cellular homeostasis
or decline periodic shock effects (Mickelbart et al. 2015). Timely and precise activation of these
defense systems before the onset of damage is of prime importance for the endurance of plants
under stressful conditions (Gupta et al. 2015). Therefore, precise responses being transmitted
by a network of signaling molecules are vital. Given the complex genetic architecture of wheat
necessitates the consideration of natural variation in genetic architecture as an integral part to
identify key regulatory players (Akpinar et al. 2018). However, the use of these natural
variations for crop improvement is still lagging due to lack of knowledge of their related
biological mechanisms and associated genes.

The availability of complete genomic sequences of Pigeon pea in public domain has provided
a unique opportunity for study of transcriptional regulatory networks controlled by sequence-
specific DNA-binding transcription factors (TFs) which bind to DNA and either activate or
repress gene transcription. The specific interactions between TFs and their binding sites, i.e.
the cis-regulatory sequences, play a central role in the regulation of different biological
processes such as development, growth, cell division, and responses to environmental stimuli.
Identification, characterization, and annotation of TF repertoires from wheat will provide an
insight on TF organization and biological functions of the TFs osmotic tolerance as well as
their evolution.

The basic leucine zipper (bZIP) represents one of the largest as well as most diverse
transcription factor (TFs) families. Transcription factors of the basic leucine zipper (bZIP)
family control important processes in all eukaryotes. Inplants, bZIPs are regulators of many
central developmental and physiological processes including photomorphogenesis,leaf and
seed formation, energy homeostasis, and abiotic and biotic stress responses.The CKIN/SnRK
gene family plays an important role in energy sensing and stress-adaptive responses in plant
systems.

Review of literature

Pigeon pea is grown in diverse agro-climatic zones and is routinely confronted by several
stresses including water scarcity, hyper salinity, extreme temperatures, heavy metals, UV
radiation, herbivores and pathogens, severely affecting the crop yield and quality. Primary
reason behind this loss is the oxidative damage to biomolecules caused by increased
accumulation of reactive oxygen species (ROS), resulting in severe cellular impairment
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(Suzuki et al. 2012; Keunen et al. 2013; Komatsu et al. 2014; Khare et al. 2015). Plants have
evolved complex physiological, cellular and molecular machineries for responses and
adaptations to environmental cues including osmotic stress (Kumar et al. 2017). When plants
encounter adverse environmental conditions such as osmotic stress, a variety of genes
regulating different functions are either upregulated or downregulated to confer stress tolerance
in plants (Bhattacharjee et al. 2016). Regulation of various processes at transcriptional level
plays crucial roles in controlling myriad of plant biological processes and signaling
transduction cascades, and interaction of transcription factors (TFs) with promoter binding
region of target genes either repress or activate downstream genes (Shang et al. 2013). TFs play
a key role in modulating stress-sensory pathways and precise response towards stress (Deinlein
et al. 2014). Several families of stress responsive TFs, including ERF/AP2, bZIP, MYB, MYC,
NAC and WRKY have been well characterized for their regulatory roles in eliciting stress-
responses in plants (Chen et al. 2015; Joshi et al.2016; Wani et al. 2016). Since transcriptional
control of the expression of stress-responsive genes is a critical part of the plant response to
stress, TFs have received great attention from plant physiologists to decipher their roles and
plant biotechnologists to target them for producing stress tolerant plants. Numerous transgenic
plants with improved tolerance against abiotic stresses have been developed through genetic
engineering and have been reported previously. In recent years, with the momentum the non-
coding RNAs have gain, the importance of TFs have scaled new heights as they are identified
to be major targets of non-coding RNAs for growth modulation under abiotic stress conditions.
Often abiotic oxidative stress responses require altered expression of stress-responsive genes
and heat shock proteins, which are tightly regulated by TF network including HSFs (Guo et al.
2016). Several abiotic stress responsive genes have been identified from plants due to the
advent of molecular techniques including large-scale transcriptome analyses. These stress-
responsive genes perform wide spectrum roles ranging from cell protection through the
production of regulatory functional proteins (such as TFs) to regulate signal transduction and
gene expression under stress conditions (Budak et al. 2015). TFs are essential regulatory
proteins as they play critical roles in converting stress signals perceptions to stress-regulated
gene expression via their interactions with cis-regulatory elements present in their promoter
(Budak et al. 2015) and thus, ultimately activating a signaling cascade of a network of genes
which defines the abiotic stress tolerance of plants (Akhtar et al. 2012; Glover-Cutter et al.
2014). Several TF genes of wheat have been implicated in response to different abiotic stresses
(Budak etal. 2013). Delineating regulatory behavior of altered gene expression at post-
transcription level via micro RNAs (miRNAs) is of utmost importance to unravel the tolerance
mechanism (Alptekin et al. 2017). Apart from several studies showing the differential
expression of miRNAs and their targets to cope up osmotic stress in Pigeon pea, the study is
still underperformed due to its inadequate genome access.

During the response and adaptation to various abiotic stresses, transcription factors act as
triggers of gene expression and play important regulatory roles (Xiang et al., 2008). The basic
leucinezipper (bZIP) proteins make up one of the largest and most diverse transcription factor
families in plants, and regulate various biological processes, including seed maturation and
germination, photomorphogenesis, floral induction and development, and pathogen defense
(Jakoby et al., 2002; Nijhawan et al., 2008). The bZIP proteins possess an eponymous bZIP
domain, which is comprised of a basic region and a leucine zipper (Hurst, 1995).

The first described SnRK family member was the yeast Snfl, being well-known by its role in
lipid accumulation(Kamisaka et al., 2007)and glucose repression, regulating carbon
metabolism(Baena-Gonzalez et al., 2008)SnRK family has been considered a potential target
to improve plant performance under unfavorable conditions.(Coello et al. 2008). The
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ChlorophyceaeChlamydomonasreinhardtii, thereafter Chlamydomonas, shares common

ancestry with vascular plants. (Valledor et al. , 2014) Therefore, it is expected that many of its

responses to limiting conditions would be similar (Valledor et al., 2013). Few studies suggest

the involvement of SnRK family, named CKIN in Chlamydomonas, in stress response(Valledor

etal., 2013).

Objectives

1. Genome-wide identification of osmotic stress-responsivebZIP TFs family in Pigeon pea
genome.

2. Genome-wide identification of osmotic stress-responsive CKIN/SnRKgenes in Pigeon pea
genome.

3. In-silicobased functional and structural insights to thebZIP TFs family and CKIN/SnRK
candidate genes involved in response to osmotic stress response.

4. Homology modeling of putativebZIP TFs and CKIN/SnRK osmotic stress responsive
proteins.

Methodology

Data collection:

Amino acid sequences of reference genes and TFs will be obtained from different biological

databases including NCBI, Uniprot,TAIR, Gramene RAP-DB etc.

Identification and chromosome localization of genes and TFs in wheat genome:

BLASTP algorithm will be carried out against latest Pigeon pea genome assemblies available

on IWGSC-URGI (https://urgi.versailles.inra.fr/) and Ensembl Plants

(http://plants.ensembl.org/index.html ) databases.

Prediction of exon and Intron boundaries:

The Intron/Exon boundaries for individual genes and will be determined by aligning the CDS

sequences to their corresponding genomic DNA sequences that will be utilized as input for

graphical display at the Gene Structure Display Server (GSDS v2.0) of Peking University,

China (http://gsds.cbi.pku.edu.cn/).

Functional domains, physicochemical properties and subcellularlocalization analysis:

Conserved domain database (CDD) of NCBI (www.ncbi.nlm.nih.gov) will be utilized to

predict the functional domains of osmotic stress responsive genes and TFs. Physicochemical

properties including molecular weight (MW), isoelectric point (pl), charge and average residue

weight, will be identified by using ProtParam server of Expasy tools

(https://web.expasy.org/protparam/)while subcellular localization will be predicted by using

consensus algorithms of TargetP1.1 (http://www.cbs.dtu.dk/services/TargetP/)and PLANT-

mPLoc (http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/).

Phylogeny analysis:

Phylogeny analysis will be performed by multiple sequence alignment (MSA) using ClustalX

ver. 2.1. MEGA 7.0 will utilize to obtain the phylogenetic tree using the neighbor-joining

method.

Prediction of molecular markers and targeting miRNAs:

Molecular markers, simple sequence repeats (SSRs) will be predicted in genomic transcripts

of identified wheat genes using

BatchPrimer3v1.0 (http://probes.pw.usda.gov/batchprimer3/). Web-based psRNA Target

server (https://plantgrn.noble.org/psRNATarget/email?addcdnalib=yes) will be used to predict

the targeting miRNAs with default parameters.

Homology modeling:

Homology modeling method will be used to predict the 3D structures of identified proteins.

The position specific iterated BLAST (PSI-BLAST) against Protein Data Bank (PDB)
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(http://www.rcsb.org/pdb/home/home.do) will be carried out to identify the homologous
template structures of identified proteins, whereas 3D structure will be predicted using
automated based Swiss-Model server (https://swissmodel.expasy.org/). Further, UCSF
CHIMERA 1.10 (https://www.cgl.ucsf.edu/chimera/) will be used to obtain in different
chemical coordinates of modeled proteins.
CONCLUSION
The identified genes and TFs that improve the osmotic stress tolerance crop plants and the
candidate TF genes existing in pathways relating to osmotic stress signaling and regulation.
Identifying osmotic stress tolerance genes will facilitate the breeding of crops with improved
varieties. As such, systematic bioinformatics approaches to efficiently utilize such as the
development of efficient crop varieties. This strategy could lead to high yields with improved
quality of crop varieties. Through this study, generated genomic information on TF gene in
Pigeon pea can be used in breeding for better osmotic stress tolerance crop varieties.
The bZIP family of transcription factors is a highly diverse and extensive group that plays a
crucial role in controlling various biological processes in all eukaryotes. These TFs are
particularly significant in plants, where they act as key regulators of essential developmental
and physiological processes such as photomorphogenesis, seed and leaf formation, energy
balance, and responses to both biotic and abiotic stresses. The CKIN/SnRK gene family is also
of great importance in plants as it helps in detecting energy levels and enables adaptive
responses to environmental stresses.
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