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Fig 1. a) The disinfected seeds were kept in petri dish for three days to allow them to germinate and then five uniform seedlings were
transferred to each of the six pots containing Hoagland hydroponic culture medium. b) Three biological replications were determined for

both salinity stress and normal (controlled) conditions and the pots were transferred to phytotrons.
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Tablel. Selected genes based on available studies and references.
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Glutamine synthetase and glutamate
dehydrogenase contribute differentially to
proline accumulation in leaves of wheat
(Triticum aestivum) seedlings exposed to
different salinity

GsSRK, a G-type lectin S-receptor-like
serine/threonine protein kinase, is a
positive regulator of plant tolerance to salt
stress

Transcriptome analysis of a Triticum
Roshan in response to aestivum landrace
salt stress conditions

Mitochondrial proline oxidation is affected
by hyperosmotic stress in durum wheat
seedlings

Transcriptome analysis of a Triticum
Roshan in response to aestivum landrace
salt stress conditions

Transcriptome analysis of a Triticum
Roshan in response to aestivum landrace
salt stress conditions

pyrroline-5-carboxylate synthetase

serine-threonine protein kinase

Aldehyde dehydrogenase family 3
member 11, chloroplastic-like

Proline dehydrogenase 2, mitochondrial
like

Putative calcium binding protein CML29

GDSL_esterase/lipase_At2g40250-like

(Wang et al., 2007)

Sunetal., 2013)

(Azimian et al; 2021)

Sun et al., 2013)

(Azimian et al; 2021)

(Azimian et al; 2021)
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Table 2. Primers used in this study.

Jlasl gl ST g 85
Annealing Sequence of primer(5°-3°) Gene
temperature
57 F:5’-TCTGTGCGAGGAATGAAGGA-3’ pyrroline-5-carboxylate synthetase
R:5’- CAACTAGTGCCATAACTACGACA-3’
63 F:5’-ACGTGTGGATGTGTTCCTGT-3” serine-threonine protein kinase
R:5’-TTACACAGCAAGGCCAATC-3’

59 F:5’- AGCCATCTGTGCCCTAGTCT_3’ Aldehyde dehydrogenase family 3
R:5’- CGACCGGTCTGATCTAAGGT-3’ member 11, chloroplastic-like

55 F:5’- AGAAGCGACGGAGTTAGGAG-3’ Proline dehydrogenase 2, mitochondrial
R:5’- AGCCTGACGATTGAACAACA-3’ like

57 F:5’- CTAGCTAGAGGGCGTGCATA-3’ Putative calcium binding protein CML29
R:5’- TCCACAACTCTCCTGACGTG-3’

62 F:5’- GCTGCAGATCGACCAACTTA-3’ GDSL_esterase/lipase_At2g40250-like
R:5’- GGGCTCACACATTGTAGGAA-3’

60 F:5’- GCAGCTATAACTGGCAAAGC-3’ ACTIN2 (HOUSEKEEPING GENE)

R:5’- ACACCTTGGACTGATGCTGT-3’
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Table 3. Real time PCR results.

Gene ID Type Reaction  Expression  Std.Error 95% C.I  P(H1) Result Log2 fold

Efficiency change in

grt-PCR

TraesCS3A02G363700 TRG 1.1293 11747 81902 - 55.470 - 0.063 upP 6.88
186.228 226.651

TraesCS2D02G493700 TRG 1.1183 9.439 6.535 - 6.079 - 0 upP 3.24
13.727 14.910

TraesCS5B02G210100  TRG 1.085 2743 1842 - 1.805 - 0 uP 1.46
5.020 5.147

TraesCS1D02G212400 TRG 1.1683 0.087 0.058 - 0.045 - 0 DOWN 3.52
0.131 0.181

TraesCS7B02G335200 TRG 1.115 0.098 0.064 - 0.049 - 0 DOWN 3.35
0.144 0.147

TraesCS7D02G094900 TRG 1.1167 0.002 0.000 - 0.000 - 0 DOWN 8.97
0.004 0.007
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A: pyrroline-5-carboxylate synthetase, B: serine-threonine protein kinase, C: Aldehyde dehydrogenase :_lssl sl 03 0ls 5551 anslis - Y K&

family 3 member 11, chloroplastic-like, D: Proline dehydrogenase 2, mitochondrial like, E: Putative calcium binding protein CML29, F:
GDSL_esterase/lipase_At2g40250-like

Fig 2. Expression patterns of selected genes (A: pyrroline-5-carboxylate synthetase, B: serine-threonine protein kinase, C: Aldehyde
dehydrogenase family 3 member 11, chloroplastic-like, D: Proline dehydrogenase 2, mitochondrial like, E: Putative calcium binding protein

CML29 F: GDSL_esterase/lipase_At2g40250-like).
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Abstract

Salinity is one of the most determinative abiotic stresses in wheat cultivation. In order to
overcome this concern, understanding how genes respond and act under stress conditions
can provide useful information for plant breeding to withstand environmental stresses. The
aim of this study was to identify genes with significant differences between two normal and
stress conditions in bread wheat (Triticum aestivum). Gene expression patterns of pyrroline-
5-carboxylate synthetase, serine-threonine protein kinase and Aldehyde dehydrogenase
family 3 member 11, chloroplastic-like showed that: under salt stress, the genes expression
levels have increased while the expression of Proline dehydrogenase 2, mitochondrial like,
Putative calcium binding protein CML29 and GDSL _esterase / lipase_At2g40250-like
genes decreased compared to control. Proline content and expression of key genes involved
in proline biosynthesis under stress conditions showed significant changes in comparison
with control conditions. Salinity stress induced P5CS expression and increased proline
levels, which could indicate the crucial role of pyrroline-5-carboxylate synthetase as
valuable gene transfer from stress tolerant to sensitive plant to increase plant tolerance
under salinity.
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