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Figure 1. cDNA-AFLP products on 6% polyacrylamide gel by using 8 different grlmer compounds for wheat

cultivars. M1) Maker size 50 bp; M2) Maker size 100 bp; 0) tense tension; 14) 14 dS/m salt-stressed samples; 21) 21
dS/m salt-stressed samples m
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Figure 2. qRT-PCR-based validation of the expression pattern of genes of salt-stressed wheat obtained from
cDNA/AFLP. Normalization of data was performed to the Tubulin reference gene. ** significant difference at

P<0.01.


http://dx.doi.org/10.52547/jcb.13.39.41
http://jcb.sanru.ac.ir/article-1-1177-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jcb.13.39.41 ]

&yo dome g (Mol L jeze cumu (alle s ClolS s

YA CDNA-AFLP (iS5 5l slisiol L (6,9 (i o b pai8 )3 3,51 ol b elocdg, alulis
oS o3 il (g 35
4 8
(0] Q
léb 3 xx léD 6 P
@ O
: ' :: I
© ©
=1 = 2
o (@]
: m 2 M -

The salt concentration(dS/m) The salt concentration(dS/m)
e NAC gy HoS
e JWESl g 259, 095
2.5 6 -
& 2 &
c x* c 4
& 15 . =
5 1 ' 3
S 05 . S . -
[N [N
[
0 0
0 14 21 0 14 21
The salt concentration(dS/m) The salt concentration(dS/m)
WARKY 39 39S 18 .- . . . .
299) )55 oy Lid b b yo (195518 & Jlail (559 0
1.5 = 6
) . % .
s 1 & 4 "
ey <
o o
o [¢)
“ o “ o
0 1 21
The salt concentration(dS/m) The salt concentration(dS/m)
FRA2
K*-uptake 5,4l 5
4 ° 6 = .
(9]
23 £,
2 2
G 2 .- (5] 5
2 B & : N
[l C 0
0
14 21
The salt concentration(dS/m) The salt concentration(dS/m)

Aoyl 55 GRT-PCR 1 o3lisl b (CONAVAFLP | ol css) (95 i o S gl oot o5 oo bzl =Y S5 sl

Gl o0 aw jd (o) bxe I (Sl ojlin 93 CoMe ‘nbdl Odosi @ e o)f 4 agi b sl (gl Jloy
Continued Figure 2. gqRT-PCR-based validation of the expression Battern of genes of salt-stressed wheat obtained
from cDNA/AFLP. Normallzatlon of data was perforrge% to the Tubulin reference gene. ** significant difference at

<


http://dx.doi.org/10.52547/jcb.13.39.41
http://jcb.sanru.ac.ir/article-1-1177-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jch.13.39.41 ]

ya

83lye dama 5 >Nl Lo pases cpmes alle il aolials i

Ve sl AREI /rvm.))w Jl /Jc\))‘ oLlS ZMol doliingly
bzIP ooy Sl
2.5 . i
o 2 g . - o 4
© 1.5 = < 3 .
% -C £33
= 1 ; 2
£ 05 l 31 .
0 o -
0 14 21
The salt concentration(dS/m) The salt concentration(dS/m)
Y oS hsd g
Vi Jolod b ooy 550l 5 Ol gt ol
4
N [J]
v 3 == a0 3
g ©
5 52 "
S 2 £33 . S i
£ o [ [ 0 N
0 14 21 0

The salt concentration(dS/m
The salt concentration(dS/m) (dS/m)

dxy) 5> GRT-PCR 1 olisl b (CONAVAFLP L ool o) (6555 (i3 o piS sl ey o501 oot il Y S ol

ool of+V paw )3 (g5 gmo jl (Sl 6l 93 cwMe a5 el et a2 ye 0 4 a2 g L odls (g3l Jlo

Continued Figure 2. qRT-PCR-based validation of the expression gattern of genes of salt-stressed wheat obtained

from cDNA/AFLP. Normalization of data was performed to the Tu

ulin reference gene. ** significant difference at
P<0.01.

u.il:,.é 9 ,S..@'“
d})ﬁw 6)919*5\‘9“ ‘d)‘)’b}»;w Joo ):53 ols )'I
3905 ()b lie ) g )3 1) Lo oS )05 oKl

ol 1y (19,95 9 S JleS

&l
Akladious, S.A. and H.I. Mohamed. 2018. Ameliorative effects of calcium nitrate and humic acid on
the growth, yield component and biochemical attribute of pepper (Capsicum annuum) plants grown
under salt stress. Scientia Horticulturae, 236: 244-250.
FAO. 2015. World wheat, corn and rice. Oklahoma State University, FAO Statistics, Oklahoma.
Cushman, J.C. and H.J. Bohnert. 2000. Genomic approaches to plant stress tolerance. Current
Opinion in Plant Biology, 3: 117-124.
Ghonaim, M.M., H.l. Mohamed and A.A.A. Omran. 2020. Evaluation of wheat (Triticum
aestivum L.) salt stress tolerance using physiological parameters and retrotransposon-based
markers. Genetic Resources and Crop Evolution, https://doi.org/10.1007/s10722-020-00981-w.
Flowers, T.J. 2004. Improving crop salt tolerance. Journal of Experimental Botany, 55: 307-319.
Goudarzi, M. and H. Pakniyat. 2008. Evaluation of wheat cultivars under salinity stress based on
some agronomic and physiological traits. Journal of Agriculture and Social Research, 4(3): 35-38.
Munns, R. and M. Tester. 2008. Mechanisms of salinity tolerance. Annual Review of Plant Biology,
59: 651-681.
Sama_]ova 0., O. Plihal, M. Al-Yousif, H. Hirt and J. Samaj. 2013. Improvement of stress tolerance
in plants by genetlc manlpulatlon of mitogen-activated protein kinases. Biotechnology Advances,
31:118-128.
Munns, R., R.A. James and A. L&uchli. 2006. Approaches to increasing the salt tolerance of wheat
and other cereals. Journal of Experimental Botany, 5: 1025-1043.


http://dx.doi.org/10.52547/jcb.13.39.41
http://jcb.sanru.ac.ir/article-1-1177-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jch.13.39.41 ]

10.
11.

12.

13.
14.

15.

16.

17.
18.

19.

20.

21.

22,

23.
24,

25.

26.

27.

28.

29.

30.

3lye Ao g Mol Loy hamee egms alle Bl elalS i

CDNA-AFLP (S5 ) oozl b (655 a5 cod b piS 53 31538 oo b slacassis) (ololis

Roy, SJ., S. Negrao and M. Tester. 2014. Salt resistant crop plants. Current Opinion in
Biotechnology, 26: 115-124.

Liu, L., F.L. Huang, Q.X. Luo, H.Y. Pang and F.J. Meng. 2012. cDNA- AFLP analysis of the
response of tetraploid black locust (Robinia pseudoacacia L.) to salt stress. African Journal of
Biotechnology, 11(13): 3116-3124.

He, H., N. Yajing, C. Huawen, T. Xingjiao, X. Xinli, Y. Weilun and D. Silan. 2012. cDNA-AFLP
analysis of salt-inducible genes expression in Chrysanthemum lavandulifolium under salt treatment.
Journal of Plant Physiology, 169: 410-420.

Kim, D.Y., M.J. Hong, J.H. Jang, Y.W. Seo. 2012. cDNA-AFLP analysis reveals differential gene
expression in response to salt stress in Brachypodium distachyon. Genes & Genomics, 34: 475-484.
Wang, L., B. Zhou, L. Wu, B. Guo and T Jiang. 2011. Differentially expressed genes in Populus
simonii x Populus nigra in response to NaCl stress using cDNA-AFLP. Plant Science, 180: 796-
801.

Sabzehzari, M., S. Hoveidamanesh, M. Modarresi and V. Mohammadi. 2020. Morphological,
anatomical, physiological, and cytological studies in diploid and tetraploid plants of Ispaghul
(Plantago ovata Forsk.). Genetic Resources and Crop Evolution, 67: 129-137.

Sabzehzari, M., S. Hoveidamanesh, M. Modarresi and V. Mohammadi. 2019. Morphological,
anatomical, physiological- and cytological studies in diploid and tetraploid plants of Plantago
Psyllium. Plant Cell, Tissue and Organ Culture, 139: 131-137.

- Mian, A.A., P. Senadheera and F.J.M. Maathuis. 2009. Improving crop salt tolerance: anion and
cation transporters as genetic engineering targets. Plant Stress, 5: 64-72.

18-Tang, R., H. Liu and Y. Yang. 2012. Tonoplast calcium sensors CBL2 and CBL3 control plant
growth and ion homeostasis through regulating V-ATPase activity in Arabidopsis. Cell Research,
22: 1650-1665.

Huang, Y.P., Y.W. Huang, I.H. Chen, L.L. Shenkwen, Y.H. Hsu and C.H. Tsai. 2017. Plasma
membrane-associated cation-binding protein 1-like protein negatively regulates intercellular
movement of BaMV. Journal of Experimental Botany, 68(17): 4765-4774.

Melloul M., D. lIragi, M.E. Alaoui, G. Erba, S. Alaoui, M. lbriz and E. Elfahime. 2014.
Identification of Differentially Expressed Genes by cDNA-AFLP Technique in Response to Drought
Stress in Triticum durum. Food Technology and Biotechnology, 52(4): 479--488.

Berri, S., P. Abbruscato, F.R. Odile, A.C.M. Brasileiro, 1. Fumasoni, K. Satoh, S. Kikuchi, L.
Mizzil, P. Morandini, M.E. P&l and P. Piffanelli. 2009. Characterization of WRKY co-regulatory
networks in rice and Arabidopsis. BMC Plant Biology, 9: 120.

Kang, H., M. Zhanga, S. Zhou, Q. Guo, F. Chen, J. Wu and W. Wang. 2016. Overexpression of
wheat ubiquitin gene, Ta-Ub2, improves abiotic stress tolerance of Brachypodium distachyon. Plant
Science, 248: 102-115

Botha, A.M., K.J. Kunert and C.A. Cullis. 201 7. Cysteine proteases and wheat (Triticum aestivum
L) under drought: A still greatly unexplored association. Plant, cell & environment, 4: 1679-1690.
Zhang, X., S. Liu, T. Takano. 2008. Two cysteine proteinase inhibitors from Arabidopsis
thaliana, AtCYSa and AtCYSb, increasing the salt, drought, oxidation and cold tolerance. Plant
Molecular Biology, 68: 131-143

Safi, H., W. Saibi, M.M. Alaoui, A. Hmyene, K. Masmoudi, M. Hanin and F. Brini. 2015. A wheat
lipid transfer protein (TALTP4) promotes tolerance to abiotic. Plant Physiology and Biochemistry,
89: 64-75.

Santos, C., A. Pereira, S. Pereira and J. Teixeira. 2004. Regulation of glutamine synthetase
expression in sunflower cells exposed to salt and osmotic stress. Scientia Horticulturae, 103: 101-
111.

Chen, H., P. Chu, Y. Zhou, Y. Li, J. Liu, Y. Ding, EW.T. Tsang, L. Jiang, K. Wu and S. Huang.
2012. Overexpression of AtOGG1, a DNA glycosylase/AP lyase, enhances seed longevity and
abiotic stress tolerance in Arabidopsis Journal of Experimental Botany, 63: 4107-4121

Feria, A.B., N. Bosch, A. Sanchez, A.l. Nieto-Ingelmo, C. de la Osa, et al. 2016.
Phosphoenolpyruvate carboxylase (PEPC) and PEPC-kinase (PEPC-k) isoenzymes in Arabidopsis
thaliana: role in control and abiotic stress conditions. Planta, 244(4): 901-13.

Kumanovics, A., O.S. Chen, L. Li, D. Bagley, et al. 2008. Identification of FRA1 and FRA2 as
genes involved in regulating the yeast iron regulon in response to decreased mitochondrial iron-
sulfur cluster synthesis. Journal of Biological Chemistry, 283(16): 10276-10286.

Chen, H. and A. Melis. 2004. Localization and function of SulP, a nuclear-encoded chloroplast
sulfate permease in Chlamydomonas reinhardtii. Planta, 220: 198-210.


http://dx.doi.org/10.52547/jcb.13.39.41
http://jcb.sanru.ac.ir/article-1-1177-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jch.13.39.41 ]

Journal of Crop Breeding Vol. 13, No 39, Autumn 2021 ...t 51

Identification of Differential Regulated Genes in Response to Salinity in Bread
Wheat by using cONA-AFLP Method

Shabnam Kamyab?, Khalil Alami-Saeid?!, Mohammad Reza Eslahi®*! and
Mohammad Moradi*?

1- PhD Student, Department of Genetics and Plant Breeding, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran
2- Associate Professor, Department of Plant Production and Genetics, Khuzestan Agricultural Sciences and Natural
Resources University, Molasani, Iran., (Corresponding author: kh-alamisaeid@asnrukh.ac.ir)

3- Assistant Professor, Department of Plant Production and Genetics, Khuzestan Agricultural and Natural Resource
Research and education Center, Areeo, Ahvaz, Iran
4- Assistant Professor, Department of Production and Plant Genetics, Shoushtar Branch, Islamic Azad University,
Shoushtar, Iran
Received: November 4, 2020 Accepted: September 2, 2021

Abstract

Salinity stress is one of the unfavorable environmental conditions leading to loss of yield in
wheat. Therefore, the discovery of differentially activated transcripts and understanding of their
role in the salinity-treated wheat are indispensable for improving salt resistance. To explore the
salinity-responsive genes, we assayed transcripts from salt-stressed and control wheat by using
cDNA-AFLP approach. Based our observations, 31 transcript-derived fragments (TDFs) were
successfully sequenced. BLASTX search revealed that most of the TDFs were belonged to the
genes responsible for metabolism and energy, cell defense, transcription control, transport,
signal transduction, and protein degradation functional groups. Real-time polymerase chain
reaction displayed that 18 TDFs up-regulated and four down-regulated under salinity. Overall,
these findings can enhance our understanding on the molecular mechanisms of salt response in
wheat. Besides, the identification of novel salinity-responsive genes can represent important
information, which in turn, assists the improvement of wheat tolerance to this stress in the field.
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