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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).

&lw

Amirbakhtiar N, Ismaili A, Ghaffari MR, Nazarian
Firouzabadi F, Shobbar ZS. (2019). Transcriptome
response of roots to salt stress in a salinity-tolerant bread
wheat cultivar. PLoS ONE  14(3): e0213305.
https://doi.org/10.1371/journal.pone.0213305

Azimain J, Majidi Hervn E, Azadi A, Bakhtiarizadeh MR,
Azizinezhad R. (2021). Transcriptome analysis of a
Triticum aestivum landrace (Roshan) in response to salt
stress conditions. Plant Genetic Resources: Characterization
and Utilization 19(3): 261-274.
d0i:10.1017/S1479262121000319

Chaichi M, Sanjarian F, Razavi K, Gonzalez-Hernandez JL.
(2019). Analysis of transcriptional responses in root tissue of
bread wheat landrace (Triticum aestivum L.) reveals drought
avoidance mechanisms under water scarcity. PLoS ONE
14(3): €0212671.
https://doi.org/10.1371/journal.pone.0212671

Chen GP, Ma WS, Huang ZJ, Xu T, Xue YB, Shen YZ. 2003.
Isolation and characterization of TaGSK1 involved in wheat
salt tolerance. Plant Science 165(6): 1369-1375.
https://doi.org/10.1016/S0168-9452(03)00365-0

Dehdari A, Rezai A, Maibody SAM. 2005. Salt tolerance of
seedling and adult bread wheat plants based on ion contents
and agronomic traits. Communications in soil science and

plant analysis 36(15-16): 2239-2253.

https://doi.org/10.1080/00103620500196622

Dehshiri A, Modares Sanavy SAM. 2017. Effects of Salinity on
Yield Quantity and Quality of Three Rapeseed (Brassicc
napus) Cultivars under Different Atmospheric Carbon
Dioxide Concentrations. Journal of Crop Production 9(4):1-
16. 10.22069/ejcp.2017.5651.1425

Delauney AJ, Verma DPS. 1993. Proline biosynthesis and
osmoregulation in plants. The plant journal 4(2): 215-223.
https://doi.org/10.1046/j.1365-313X.1993.04020215.x

Ehsanpour A, Fatahian N. 2003. Effects of salt and proline on
Medicago sativa callus. Plant cell, tissue and organ culture
73(1): 53-56. https://doi.org/10.1023/A:1022619523726

EL Mahi H, Hormaeche JP, Luca AD, Villalta I, Espartero J,
Arjona FG, Fernandez JL, Bundo M, Mendoza I,
Mieulet D, Lalanne E, Lee SY, Yun DJ, Guiderdoni E,
Aguilar M, Leidi E, Pardo JM, Quintero FJ. 2019. A
critical role of sodium flux via the plasma membrane Na *
/H * 7 exchanger SOS1 in the salt tolerance of rice. Plant
Physiology 180(2): 1046-1065. DOI:
https://doi.org/10.1104/pp.19.00324

Fatemi F, Najafi zarrini H, Heydari P. 2015. Phylogenetic and
Functional Study of SOS1 Gene to Different Plant Species.
New Cellular and Molecular Biotechnology Journal 5 (17):
8-12. http://ncmbjpiau.ir/article-1-365-en.html

VFoo Ll g jleg /Y o lols /003 090 [ (s § (o] § Sl (oo


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.3.3
http://gebsj.ir/article-1-378-fa.html

[ Downloaded from gebg.ir on 2026-05-31 ]

[ DOR: 20.1001.1.25885073.1400.10.1.3.3 ]

0L 5 Oladas

Gautam R, Meena RK, Woch N, Kirti PB. 2020. Ectopic
expression of BrALDH7B2 gene encoding an antiquitin
from Brassica rapa confers tolerance to abiotic stresses and
improves photosynthetic performance under salt stress in
tobacco. Environmental and Experimental Botany
180(104223): 1-13. doi:10.1016/j.envexpbot.2020.104223

Ghvami F, Malboobi MA, Ghannadha MR, Yazdi Samadi B,
Mozaffarri J, Jafar Aghaei. 2004. An Evaluation of Salt
Tolerance in Iranian Wheat Cultivars at Germination and
Seedling Stages. Iranian Journal of Agricultural Sciences
35(2): 453-464.

Guan Q, Wu J, Yue X, Zhang Y, Zhu J. 2013. A nuclear
calcium-sensing pathway is critical for gene regulation and
salt stress tolerance in Arabidopsis. PLOS Genetics 9(8):
€1003755. https://doi.org/10.1371/journal.pgen.1003755

Gupta B, Huang B. 2014. Mechanism of salinity tolerance in
plants:  physiological, biochemical, and molecular
characterization. International Journal of Genomics
2014(701596): 1-18. DOI: http://10.1155/2014/701596

Haghighatnia H, AlhaniF. 2020. Evaluation of Irrigation Water
Salinity Tolerance Indices in New Cultivars and Lines of
Safflower. Iranian Journal of Soil and Water Research 51(7):
1811-1821.
https://dx.doi.org/10.22059/ijswr.2020.299239.668552

Hoagland D, Arnon D. 1950. The water- culture method for
growing plants without soil. Circular. California Agricultural
Experiment Station 347 (2"): 32.

Khodabandeh N. (1990). Cereal cultivation. Tehran university
press 1st edition: 508

Kishor PK, Hong Z, Miao GH, Hu CAA, Verma DPS. 1995.
Overexpression of [delta]-pyrroline-5-carboxylate
synthetase increases proline production and confers
osmotolerance in transgenic plants. Plant physiology 108(4):
1387-1394. https://doi.org/10.1104/pp.108.4.1387

Koohafkan P, Stewart B. 2008. Water and cereals in drylands.
The Food and Agriculture Organization of the United
Nations and Earthscan, London-Sterling, VA, UK. 1st
Edition: 1-120.

Kotchoni SO, Kuhns C, Ditzer A, Kirch HH, Bartels D. 2006.
Over-expression of different aldehyde dehydrogenase genes
in Arabidopsis thaliana confers tolerance to abiotic stress
and protects plants against lipid peroxidation and oxidative
stress.  Plant  Cell  Environ  29(6):1033-48.  doi:
10.1111/j.1365-3040.2005.01458.x. PMID: 17080931.

Livak KJ, Schmittgen TD. 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the
2—AACT method. Methods (San Diego, Calif.) 25(4): 402-
408. PMID:11846609.
https://doi.org/10.1006/meth.2001.1262

Moghimi A, Yang C, Miller ME, Kianian SF, Marchetto PM.
2018. A novel approach to assess salt stress tolerance in
wheat using hyperspectral imaging. Frontiers in plant
science 9(1182): 1-17. d0i:10.3389/fpls.2018.01182

Poustini K, Siosemardeh A. 2004. lon distribution in wheat
cultivars in response to salinity stress. Field Crops Research
85(2-3): 125-133. https://doi.org/10.1016/S0378-
4290(03)00157-6

Rao AQ, Din S, Akhtar S, Sarwar MB, Ahmed M, Rashid B,
Azmat Ullah Khan M, Qaisar U, Shahid AA, Ahmad
Nasir I, Husnain T. 2016. Genomics of salinity tolerance in
plants. In: Abdurakhmonov 1Y (ed.) Plant Genomics
Chapter 11: 273-299. doi: 10.5772/63361.

Rehman SU, Wang J, Chang X, Zhang X, Mao X, Jing R.
2019. A wheat protein kinase gene TaSnRK2. 9-5A
associated with yield contributing traits. Theoretical and
applied genetics 132(4): 907-919.
https://doi.org/10.1007/s00122-018-3247-7

Rengasamy, P. (2006). World salinization with emphasis on
Australia. Journal of experimental botany 57(5): 1017-1023.
https://doi.org/10.1093/jxb/erj108

Soccio, M., Laus, M. N., Spera, G., Trono, D., Pompa, M.,
Flagella, Z., Pastore, D. (2010). Mitochondrial proline
oxidation is affected by hyperosmotic stress in durum wheat
seedlings. Annals of Applied Biology 157(1): 1-11.
https://doi.org/10.1111/j.1744-7348.2010.00392.x

Su HG, Zhang XH, Wang TT, Wei WL, Wang YX, Chen J,
Xu ZS. 2020. Genome-Wide Identification, Evolution, and
Expression of GDSL-Type Esterase/Lipase Gene Family in
Soybean. Frontiers in plant science 11(726): 1-19.
https://doi.org/10.3389/fpls.2020.00726

Sun XL, Yu QY, Tang LL, Ji W, Bai X, Cai H, Zhu YM.
2013. GsSRK, a G-type lectin  S-receptor-like
serine/threonine protein kinase, is a positive regulator of
plant tolerance to salt stress. Journal of Plant Physiology
170(5): 505-515. https://doi.org/10.1016/j.jplph.2012.11.017

Sunkar R, Bartels D, Kirch HH. 2003. Overexpression of a
stress-inducible aldehyde dehydrogenase gene from
Arabidopsis thaliana in transgenic plants improves stress
tolerance.  The Plant Journal 35(4): 452-464.
doi:10.1046/j.1365-313x.2003.01819.x

Untergasser A, Nijveen H, Rao X, Bisseling T, Geurts R,
Leunissen JAM. 2007. Primer3Plus, an enhanced web
interface to Primer3. Nucleic Acids Research 35(2): W71-
W74. doi:10.1093/nar/gkm306

Vahid Dastgerdi M. 2020. The effect of exogenous
glycinebetaine on proline and salt tolerance of transgenic
tobacco (Nicotiana tabacum) plant under in vitro culture.
Journal of Plant Research (Iranian Journal of Biology) 32(4):
815-825.

Wang ZQ, Yuan YZ, Ou JQ, Lin QH, Zhang CF. 2007.
Glutamine synthetase and glutamate dehydrogenase
contribute differentially to proline accumulation in leaves of
wheat (Triticum aestivum) seedlings exposed to different
salinity. Journal of Plant Physiology 164(6): 695-701.
https://doi.org/10.1016/j.jplph.2006.05.001

Watkins JL, Li M, McQuinn RP, Chan KX, McFarlane HE,
Ermakova M, Pogson BJ. 2019. A GDSL esterase/lipase
catalyzes the esterification of lutein in bread wheat. The
Plant Cell 31(12): 3092-3112.
https://doi.org/10.1105/tpc.19.00272

Zhu JK. 2003. Regulation of ion homeostasis under salt stress.
Current opinion in plant biology 6(5): 441-445.
https://doi.org/10.1016/S1369-5266(03)00085-2

YFeo lsli g ks /Y o )losls [ o200 0,90 [ o (oos] 9 Sy  cwdibeo



https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.3.3
http://gebsj.ir/article-1-378-fa.html

[ Downloaded from gebs.ir on 2026-05-31 ]

[ DOR: 20.1001.1.25885073.1400.10.1.3.3 ]

w05 Soslite Ol o

Genetic Engineering and Biosafety Journal
Volume 10, Number 1
2021

Evaluation of Pyrroline-5-carboxylate synthetase's Expression Pattern
and Some Related Genes in Response to Salinity Stress in Bread Wheat

Jamshid Azimian!, Amin Azadi®>", Eslam Majidi Hervan', Mohammad Reza Bakhtiarizadeh®, Reza
Azizinezhad*

1.Department of Plant Breeding and Biotechnology, Science and Research Branch, Islamic Azad University, Tehran, Iran
2 Department of Plant Breeding, Yadegar-e-Imam Khomeini (RAH) Shahre Rey Branch, Islamic Azad University,
Tehran, Iran
3 Department of Animal and Poultry Science, College of Aburaihan, University of Tehran, Tehran, Iran

*Corresponding Author, Email: azadi.amin@gmail.com

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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