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Article Info ABSTRACT

Article type: Background and Obijectives: Salinity stress is a very serious threat to

Research Full Paper most agricultural products in the world. In the world, rice ranks second
after wheat and is a relatively sensitive plant to salt stress. Protein
kinases are an important group of kinase enzymes that phosphorylate
target proteins by adding phosphate groups. These enzymes play an
important role in cell communication by inducing the message of

Article history: growth and reproduction. Gene expression is a process during which a

Received: 2023-6-6 useful gene product is synthesized by the information obtained from a

Accepted: 2023-11-25  gene. The purpose of this research was to investigate the expression
level of SAPK1 gene from the protein kinase gene group in rice plants
under sodium chloride salt stress by examining three different times
after the stress was applied.

Materials and methods: In this study, the expression pattern of

Fliiigwords. SAPK1 gene in two Cultivars tolerant (Shastak Mohammadi) and
Protein kinase sensitive (IR29) of rice plant under salt stress was investigated by
Salinity stress factorial experiment in the form of a completely randomized design
Sensitive with three replications. Cultivars were planted in the research
Gene greenhouse of the Faculty of Agriculture of Lorestan University and at

the seedling stage (5 to 6 leaves), salinity stress was applied to the plant
at three levels of 3, 6, and 9 dS/m and the control treatment (without
salt stress). Then, at three different times (6, 12, and 24 hours after
applying stress), plant leaves were sampled to investigate gene
expression. The leaf samples were stored in a freezer at -80 °C. Then,
RNA extraction and cDNA synthesis were done by special Kits for each
stage, and finally, gene expression analysis was done by gPCR
technique and by Livak formula.

Results: The results of the analysis of SAPK1 gene expression pattern
showed that in both tolerant and sensitive cultivars, the highest level
of gene expression was observed at the salinity level of 9 dS/m, 24
hours after applying the stress. At different times after applying the
stress in the control treatment and the salinity level of 3 dS/m, the gene
expression level in both tolerant and sensitive cultivars did not show
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any difference and was very insignificant. However, at the salinity
level of 6 dS/m, 6 hours after applying the stress, the gene expression
level in the tolerant cultivar increased 3 fold compared to the sensitive
cultivar and control treatment. At this level, examining gene
expression 12 and 24 hours after applying the stress, the amount of
gene expression in the tolerant cultivar was about 7 fold higher than
the sensitive cultivar and the control treatment. At the salinity level of
9 dS/m, 6 hours after applying the stress, the gene expression level in
the tolerant cultivar was doubled compared to the sensitive cultivar and
4 fold higher than the control treatment. While 12 hours after applying
the stress, the gene expression level in the tolerant cultivar increased
by 5.5 fold compared to the sensitive cultivar and by 10 fold compared
to the control treatment. Also, 24 hours after applying the stress, gene
expression in the tolerant cultivar was 3.5 fold higher than the sensitive
cultivar and 11 fold higher than the control treatment.

Conclusion: These results showed that the expression of SAPK1 gene
increases in rice plants with increasing salinity levels. Also,
investigating the effect of time after applying stress on SAPK1 gene
expression, it was found that in the early hours after applying stress,
the amount of gene expression was low, but with increasing time up to
24 hours, gene expression in tolerant cultivar increased. These results
can be used in molecular studies of rice cultivars to select the most
tolerant rice cultivars to salinity stress for cultivation in areas prone to
salinity.
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Table 2- Designed primer to check the expression of SAPK1 gene and internal control gene 18srRNA
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SAPK1 Forward GACCCTGACCCAAGGAA 58 194
Reverse ATGGGCAGGTTCTTCAGGAA 57.9
18S rRNA Forward CTACGTCCCTGCCCTTTGTACA 60 86
Reverse ~ ACACTTCACCGGACCATTCAA 59.9
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Table 4- Temperature program used in the PCR device
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Figure 1- Results of RNA electrophoresis extracted on 1% agarose gel (Number column 1 Lader and
columns 2 to 7 extracted RNA samples of different salinity treatments, respectively, column 2 is the
control treatment, column 3 is the salinity treatment of 3 ds/m, columns 4 and 5 are the salinity treatment
of 6 ds/m, and columns 6 and 7 Salt treatment is ds/m)
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Figure 2- Electrophoresis results of PCR product from cDNA synthesized using internal control gene
primer 18srRNA (columns 1 to 3 samples of the control treatment, columns 4 to 6 samples of the
treatment 3 ds/m, columns 7 to 10 samples of the treatment 6 ds/m, wells 11 to 13 samples of the

treatment 9 ds/m)
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Figure 3- Results of PCR product electrophoresis using the SAPK1 gene primer (number column one is
the cDNA sample related to the SAPK1 gene and columns 2 to 5 are the cDNA samples related to other
genes of the protein kinase gene group)
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Figure 4- The amplification curve of SAPK1 gene in two tolerant (a) and sensitive (b) cultivars
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Figure 5- Melting curve of SAPK1 gene in two tolerant (a) and sensitive (b) cultivars
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Figure 6- SAPK1 gene expression level in the tolerant cultivar Shastak Mohammadi
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Table 7- Variance analysis of SAPK1 gene expression in two tolerant and sensitive rice cultivars under

salt stress
et b R RE o s e e b 3 o S
o The mean square of the The mean square of the
Sources of variation Df tolerance cultivar sensitive cultivar
ol 2 24.857° 1.19*
time
Sor 3 156.80° 7.58
Salt
O 6 9.769* 0.398"
Time * salt
ot
24 0.001 0.002
error
CV Ol S o
CVD s e - 3.72 4.12

Coefficient of variation

Aoy 0 Jlax| da.u)zg;)\zd'.u*
Significance at the 5% probability level
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Table 8- Mean comparison of salt*time interaction in two tolerant and sensitive rice cultinars under
salinity stress

Sl Glaze Saad Jasto o3, IR29 s o3,
Treatment Shastak Mohammadi's tolerant cultivar IR29 sensitive cultivar

i 1.07g 0.981h
a1y 0.363f 0.343fg
aibs 2.94d 0.882 de
3.1b4 5.13¢c 2.11b
aby 0.939gh 0.972 hi
azb, 0.482e 0.339f
azbs 5.81c 1.117c
3.2b4 11.39a 2.37b
asby 0.972gh 0.969hi
ash, 0.489% 0.473 ef
a3b3 7.06b 2.05b
asbs 11.63a 3.31a

(o p oasises & 5N F J RS ) (6 Cilies glasles D4 BDL « ()58 55 Jlasl 1 dw cel YE 5 VY ) Olej.83 Gay

I I e 3l 10 Jlazl el 53 (LSD) s e il il g3 ol y aslie Cig o (1ol (5l Soln Oyt 2 5

al to a3 :time (6, 12 and 24 hours after application of salinity stress), b1 to b4 :different salinity treatments (control, 3,
6 and 9 dS/m)

Means in each column, followed by the same letter are not significantly different at the 5% probability level-using

LSD, Test.
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