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ABSTRACT

In this experiment, physiological responses such as electrolyte leakage index (ELI) and relative
expression of receptor-like kinase (RLK), ethylene response transcription factor (ERF) and vacuolar
sorting receptor 6 (VSR-6) genes by Real- time PCR were studied in two genotypes of chickpea (Cicer
arietimun L.) which are different in cold sensitivity (tolerant, Sel96Th11439 and sensitive, ILC533)
during cold stress (4°C) and TiO, nanoparticles (NPs) (5 mg/l). The results showed that ELI content
increased under cold stress conditions in sensitive genotype compared to tolerant one, which indicated
their genetic capacity to cold stress. During cold stress, TiO, NPs caused a significant decrease in ELI, so
that tolerant plants had lower ELI than sensitive ones. Therefore, the applied nanoparticles not only did
not disturb the cell membrane under cold stress but also are caused to decline of damages. During cold
stress, tolerant plants compared to sensitive ones, as well as in plants treated with TiO, NPs compared to
control plants showed significant increase in transcription levels of RLK, ERF and VSR-6 genes. An
increase in expression of these genes is probably effective in the survival or recovery of plant because
along with their increase, cell damages (ELI) resulted from reactive oxygen species (ROS) are decreased.
Therefore, rapid and transient up-regulation of these genes particularly may be considered as functional
markers in acclimation process in chickpea against cold stress. This finding that chickpea plants treated
with TiO, show less damage and more relative expression of genes involving in cold tolerance may be
establish new usage for nanoparticles and lead to the stable yield under stress in these plants.
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1. Reactive oxygen species

2. Electrolyte leakage index

3. Receptor-like serine/threonine kinase
4. Signal transduction

5. Transcription factor
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Figure 1. Effect of TiO, NPs on electrolyte leakage index in leaves of susceptible and tolerant
chickpea genotypes during optimum temperature (23°C), the first and sixth days of cold stress (4°C). The
error bars represent the standard deviation (xSD) for replicates. Different letters indicate significant

differences based on Duncan's multiple range tests.
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Figure 2. The relative gene expression of serine/threonine receptor-like kinase (RLK), ethylene-
responsive-element-binding protein (ERF), and vacuolar-sorting receptor-6 (VSR-6) in the leaves of
control plants (black column) and TiO, NPs-treated plants (grey column) tolerant (a, g and h) and
susceptible (b, d and v) chickpea genotypes during optimum temperature (23°C), the first and sixth days
after cold stress (4°C). Different letters indicate significant differences based on Duncan's multiple range

tests.
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