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Abstract

Background and Objectives

Plant cells often increase cold tolerance by reprogramming their genes expression, which results
in adjusted metabolic alternations, a process enhanced under cold acclimation (CA). In this study,
responses of Carbohydrate alteration and deltal2 and deltal5 genes expression to cold stress
(CS) phases were comparatively studied in three genotypes of bread and durum wheat differing
in sensitivity. Two of them (Norstar, bread wheat and Gerdish, durum wheat) were tolerant to CS
and the other one, SRN (durum wheat) was sensitive to CS.

Materials and Methods

Seeds of Norstar (hexaploid, bread wheat) and the two genotypes of Gerdish and SRN (tetraploid,
durum wheat) provided by Dryland Agriculture Research Institute (DARI) of Iran were soaked in
distilled water and then germinated in Petri dishes on filter paper for 72 h at 25 C in a thermostat.
Subsequently, the seedlings were planted in pots. The cooling regime adopted in our experiments
allowed us to differentiate the examined genotypes in terms of their tolerance to CS. In our
experiment, the plants were moved from control conditions immediately into the acclimated
temperature of 4-5 °C for 14 days with the same photoperiod and irradiance. Leaf samples of
genotypes were harvested and analyzed after 14 days under these conditions. After 14 days of
CA, the plants were placed into a climatic chamber chilled preliminary to 0 °C. During further
treatments, the temperature was lowered gradually to -5 C (at the rate of 0.5 °C min™ ), and the
plants were incubated at this temperature for 12 and 24 h. Total cellular RNA was extracted by
Biozol method (Fersion Pooyesh, Tehran, Iran) using 80 mg FM leaflets. Applying fermentase
reverse transcriptase enzyme instruction, the first strand of cDNA was produced after DNase
treatment. Primers were designed using primer 3 to obtain 18-21 bp length. Carbohydrate
extraction and determining the carbohydrate concentration were done by 80% ethanol and the
AOAC method, respectively.

Results

These responses confirmed the existence of a wide range of genetic capacity in durum wheat to
increase cold tolerance particularly in Gerdish. The findings of the present study showed that
under experimental treatments, the carbohydrate content significantly changed so that cold stress
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in acclimated plants increased sucrose, glucose and fructose contents particularly in Norstar and
Gerdish as compared to the SRN plants. Increasing expression of deltal?2 and deltal5 genes
under cold stress in Norstar and SRN genotypes in comparison with SRN indicates the capacity
of cells in increasing cold stress.

Discussion

The results may be a sign for associating other metabolite or enzyme activities to create relative
tolerance against cold-induced oxidative stress. Also, these responses showed high genetic
diversity for cold tolerance in durum. Eventually, assessing the dynamics of cell responses after
CS without CA phases could profitably be a novel path in plant stress response investigations in
the short run.
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Table 1. sequence and details of primers for QRT-PCR

Accession numbers Primer name Seq. (5' — 3" Product size (bp)

7012601 TaOmega3 For CGGAACCGACAAGCAGAAGT 720
TaOmega3 Rev ACAACCGCAATGGGAGAATG
TaOmegab For CAGACATCACGCCAAGACAA

AM709773.1 TaOmegab Rev GCAAAGACACACGCCAAACT 228
TaActin For AAGAGTCGGTGAAGGGGACT

AB181991.1 TaActin Rev TTCATACAGCAGGCAAGCAC 191
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Figure 1. Effects of thermal electrolyte leakage index in the leaves of wheat genotypes incubated in
control (25 °C) (I), acclimation phase (4 °C) after 7 days (II) and 14 days (I1I), cold phase (-5 °C) after 12
h (IV) and 24 h (V) in acclimated plants and cold phase (-5 °C) after 12 h (V1) and 24 h (VII) in non-

acclimated plants

(Hatched, without hatched and dark bars indicate durum (SRN and Gerdish) and bread wheat (Norstar) genotypes.

Treatments with similar letters haven’t significant difference)
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Figure 2. Effects of thermal treatments on Sucrose content in the leaves of wheat genotypes incubated in
control (25 °C) (), acclimation phase (4 °C) after 7 days (II) and 14 days (III), cold phase (-5 °C) after 12
h (IV) and 24 h (V) in acclimated plants and cold phase (-5 °C) after 12 h (VI) and 24 h (VII) in
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Treatments with similar letters haven’t significant difference)
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Figure 4. Effects of thermal treatments on fructose content in the leaves of wheat genotypes incubated in
control (25 °C) (I), acclimation phase (4 °C) after 7 days (II) and 14 days (III), cold phase (-5 °C) after 12
h (IV) and 24 h (V) in acclimated plants and cold phase (-5 °C) after 12 h (VI) and 24 h (VII) in
non-acclimated plants
(Hatched, without hatched and dark bars indicate durum (SRN and Gerdish) and bread wheat (Norstar) genotypes.
Treatments with similar letters haven’t significant difference)
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Figure 5. Effects of thermal treatments on deltal2 gene expression in the leaves of, acclimation phase
(4 °C) after 7 days (I) and 14 days (I1), cold phase (-5 °C) after 24 h (I11) in acclimated plants and
cold phase (-5 °C) after and 24 h (V1) in non-acclimated plants

(Hatched, without hatched and dark bars indicate durum (SRN and Gerdish) and bread wheat (Norstar) genotypes.
Treatments with similar letters haven’t significant difference)
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Figure 6. Effects of thermal treatments on deltal5 gene expression in the leaves of, acclimation phase
(4 °C) after 7 days (I) and 14 days (1), cold phase (-5 °C) after 24 h (111) in acclimated plants and
cold phase (-5 °C) after and 24 h (V1) in non-acclimated plants

(Hatched, without hatched and dark bars indicate durum (SRN and Gerdish) and bread wheat (Norstar) genotypes.
Treatments with similar letters haven’t significant difference)
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