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Abstract

Terminal heat stress during reproductive development represents a major constraint to chickpea
production in semi-arid regions, with yield losses exceeding 40% when temperatures exceed 35 °C
during flowering and pod filling stages. This research employed proteomic approaches to characterize
heat shock protein expression patterns in contrasting chickpea genotypes under terminal heat stress
conditions. Six genotypes representing tolerant and susceptible phenotypes were subjected to controlled
heat stress treatments at 38/28 °C day/night temperatures during reproductive development. Two-
dimensional gel electrophoresis coupled with mass spectrometry identified 847 protein spots, of which
124 showed significant differential abundance between tolerant and susceptible genotypes. Heat shock
proteins constituted the largest functional category among differentially expressed proteins, with
HSP70 family members showing 2.6-8.4 fold higher expression in tolerant compared to susceptible
genotypes. Western blot analysis confirmed proteomic findings and revealed constitutively elevated
HSP70 levels in tolerant genotypes even under non-stress conditions. Correlation analysis demonstrated
strong positive relationships between HSP70 expression and reproductive success indicators including
pollen viability (r=0.89), pod retention (r=0.84), and seed yield (r=0.92). Small heat shock proteins
including HSP17.6 and HSP26.5 showed stress-specific induction patterns that distinguished tolerant
genotypes. These findings identify HSP expression profiles as potential molecular markers for heat
tolerance screening and provide mechanistic insights into the protein-level adaptations underlying
thermotolerance in chickpea germplasm.
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Introduction

Chickpea ranks as the third most important pulse crop globally, providing essential protein
and micronutrients to millions of people particularly in South Asia and the Mediterranean
region . The crop is predominantly cultivated under rainfed conditions on residual soil
moisture following monsoon seasons, exposing reproductive development to progressively
increasing temperatures that frequently exceed optimal ranges. Terminal heat stress during
flowering and pod development has emerged as a critical yield-limiting factor, with climate
projections indicating increasing frequency and severity of such stress events 2,

The reproductive phase represents the most heat-sensitive stage in chickpea development,
with temperatures exceeding 35 °C causing pollen sterility, flower abortion, and pod
abscission that can reduce yields by 40-50% [3I. Genetic variation for heat tolerance exists
within cultivated chickpea germplasm, providing opportunities for breeding improved
varieties capable of maintaining productivity under elevated temperatures. Understanding the
molecular mechanisms underlying heat tolerance is essential for efficient selection and
development of climate-resilient cultivars.

Heat shock proteins constitute a conserved family of molecular chaperones that protect
cellular proteins from heat-induced denaturation and aggregation . These proteins assist in
maintaining native protein conformations, facilitate refolding of damaged proteins, and target
irreversibly damaged proteins for degradation. The HSP70 family represents the most
abundant and functionally diverse class, with members participating in protein folding,
translocation, and stress protection across cellular compartments.

~130~


https://www.doi.org/10.33545/26646781.2023.v5.i1b.358

International Journal of Advanced Chemistry Research

This research employed proteomic approaches to
characterize heat shock protein expression patterns in
contrasting chickpea genotypes and to identify molecular
markers associated with thermotolerance. The findings
contribute to mechanistic understanding of heat tolerance
while providing practical tools for breeding program
applications P!,

Protein Response Framework

The cellular heat stress response involves rapid
transcriptional activation of heat shock genes followed by
accumulation of protective proteins ¢, Heat shock
transcription factors sense temperature elevation and bind to
conserved heat shock elements in promoter regions,
inducing coordinated expression of multiple HSP family
members. The magnitude and kinetics of this response vary
among genotypes and correlate with stress tolerance
phenotypes.

Materials and Methods

Materials

Six chickpea genotypes representing three tolerant and three
susceptible phenotypes based on field performance under
heat stress were selected from germplasm evaluation trials
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[71, Plants were grown in controlled environment chambers
with optimal conditions (28/18 °C day/night) until flowering
initiation, then subjected to heat stress treatment (38/28 °C)
for 10 days during the reproductive phase. Control plants
remained under optimal temperature conditions throughout.
Leaf and flower tissue samples were collected at 0, 6, 24,
and 72 hours following stress initiation.

Methods

Total protein was extracted using TCA-acetone precipitation
and quantified by Bradford assay ®!. Two-dimensional gel
electrophoresis separated proteins by isoelectric point in the
first dimension and molecular weight in the second
dimension. Protein spots showing significant differential
abundance were excised, subjected to in-gel trypsin
digestion, and identified by MALDI-TOF mass
spectrometry with database searching. Western blot analysis
using antibodies against HSP70 and small HSPs validated
proteomic findings ). Phenotypic assessments included
pollen viability by FDA staining, pod retention rates, and
seed yield per plant.

Results

Table 1: Heat shock protein expression in tolerant vs susceptible chickpea genotypes

Protein MW (kDa) Tolerant (FC) Susceptible (FC)
HSP70-1 70.2 8.4+1.2 3.240.8
HSP90 89.6 6.4+0.9 2.840.6
HSP101 101.4 5.8+1.1 2.4+0.5
sHSP17.6 17.6 7.1£0.8 2.940.7
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Fig 1: HSP70 expression across tolerant and susceptible genotypes (left panel), and comparison of HSP family expression between
phenotype groups (right panel)

Comprehensive Interpretation

Proteomic analysis revealed substantial differences in heat
shock protein accumulation between tolerant and susceptible
chickpea genotypes. HSP70-1 showed the greatest
differential expression with 2.6-fold higher abundance in
tolerant genotypes, while small heat shock proteins
demonstrated particularly strong stress-inducible expression.
The correlation between HSP70 levels and reproductive
success parameters suggests functional significance of
elevated chaperone capacity for maintaining fertility under
heat stress.

Discussion

The enhanced HSP70 expression observed in tolerant
chickpea genotypes aligns with established understanding of
this protein family's role in thermotolerance [°. HSP70
proteins function as molecular chaperones that prevent
protein aggregation and assist refolding of heat-damaged
proteins, thereby maintaining cellular function under stress
conditions. The constitutively elevated basal expression in
tolerant genotypes may provide a pre-formed protective
capacity enabling more rapid stress response.
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The strong correlations between HSP70 expression and
reproductive success indicators support the hypothesis that
protein protection is critical for maintaining pollen viability
and pod development under heat stress [, Pollen
development is particularly sensitive to heat due to the high
metabolic activity and protein synthesis requirements during
microspore development. Enhanced chaperone capacity in
tolerant genotypes may protect the protein synthesis
machinery essential for pollen maturation.

Small heat shock proteins showed distinct induction patterns
that could complement HSP70 function in stress protection
121" These proteins form oligomeric complexes that bind
partially unfolded proteins and prevent irreversible
aggregation. The synergistic activity of multiple HSP
families may provide more comprehensive protection than
individual protein classes acting alone.

Breeding Applications

The identification of HSP expression as a distinguishing
feature of heat tolerant genotypes provides potential
molecular markers for breeding program applications 131,
Marker-assisted selection based on HSP gene variants or
expression levels could accelerate development of heat
tolerant cultivars without requiring extensive field
evaluation under stress conditions. However, further
validation across diverse genetic backgrounds is needed
before implementing such selection strategies.

Conclusion

This research demonstrated that heat tolerant chickpea
genotypes exhibit significantly enhanced heat shock protein
expression compared to susceptible genotypes under
terminal heat stress conditions. HSP70 family members
showed 2.6 to 8.4-fold higher expression in tolerant
genotypes, with constitutively elevated basal levels
suggesting pre-formed protective capacity. The strong
correlations between HSP70 expression and reproductive
parameters including pollen viability and seed yield support
functional significance of enhanced chaperone activity for
maintaining productivity under heat stress.

Small heat shock proteins including HSP17.6 and HSP26.5
showed stress-specific induction patterns that distinguished
tolerant from susceptible genotypes. The coordinated
expression of multiple HSP families suggests synergistic

protection mechanisms operating in heat tolerant
germplasm. These protein-level adaptations provide
mechanistic  insights into the cellular basis of

thermotolerance in chickpea.

The identification of HSP expression profiles as markers of
heat tolerance has practical implications for breeding
program applications. Molecular selection based on HSP
gene variants or expression phenotypes could accelerate
development of climate-resilient cultivars. Future research
should validate marker associations across diverse
germplasm collections and evaluate the genetic architecture
of HSP expression to enable marker-assisted breeding
approaches.
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