[ Downloaded from gebg.ir on 2025-12-17 ]

[ DOR: 20.1001.1.25885073.1400.10.1.3.3 ]

> » 9 Pyrroline-5-carboxylate synthetase &3 Oglate Oy (w9
PSS Sagh T 4 gl b b 0 S5

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

Loy 5 Tesly sk Lo pdemme M0lga somn oSl M (al5T sl M Oloeckas e

LIy s
Jamshid Azimian!, Amin Azadi®", Eslam Majidi Hervan®, Mohammad Reza
Bakhtiarizadeh?, Reza Azizinezhad?®

Ol Ol g oDl ;1515&:5;@@;}.;”}19»\} ESTP PPN P TR
Ol 0l oot 51T oK2ils (g5 5 (o) o™ pLLEaL dols (bl sl 05 8 Y

Ol ecsaSL Ol g olils Dloms gl > 2 b 5 plo pske o5 ST

1. Department of Plant Breeding and Biotechnology, Science and Research Branch, Islamic
Azad University, Tehran, Iran
2. Department of Plant Breeding, Yadegar-e-lmam 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

azadi.amin@gmail.com : S5z s (51K J s ok 55 3¢

QAN SRS W IR R SIA SN SR I

G sgtiie & S P MG 30 03 pd Jelge (5 O S9M 31 (K1 Sag S
Sl Guio DMl Wilgh o i 33 BOS Joe 9 el ogou cbid (JCho cpl g Ol
SWbd Bas b ol agh 25T wblp Jue GBS Jood cex 58 Ol g3l
Triticum YOt pass™ 53 (Gag8 d oo § Jboy) Il 99 (yw Dglite Oy S99 L 2B
pyrroline-5-carboxylate synthetase, boj Sl Go wiy Moplxil (aestivum
Aldehyde dehydrogenase family 3 member (3 ¢ serine-threonine protein kinase
4 Cawi BOF pl i Ol Ol i Jlos! 31w a1 Ol 11, chloroplastic-like
Proline dehydrogenase 2, sboj Ol 9 culd Gigm w3l walh sdige
GDSL
Ol § 9y oo .ol sl valh 4 4 s esterase/lipase At2g40250-like
KB Olyeds J 508 Sl 4 Comd S5 Bulyh 33 (W9 Fhwge 38 5533 Sl LS
& ob oy mhaw il 9 PSCS OF Oy sWI cuw Gogm i 010 O 1) e
obLS 4 J&Sl cea pyrroline-5-carboxylate synthetase o weo il Kby Nilgi 0
AL BT 30 Gagh 4 oo 1Bl sakine 4 _pwlus>

g Putative calcium binding protein CML29mitochondrial like

B oe Ao
4ol |2 93 dles
(S5 (] 9 S g
s> ISSN 2588-5073
9 7SI ISSN 2588-5081
Ve Oluslig sl ) oyl )+ 0598
OA-1Y axio

https://dorl.net/dor/20.1001.1.25885073.

1400.10.1.3.3

DOR:20.1001.1.25885073.1400.10.1.3.3

Genetic Engineering and Biosafety
Journal
Volume 10, Number 1
2021

http://gebsj.ir/

https://ecc.isc.ac/showJournal/23064

ouuS>

S glasly

s
gPCR

(Sogs oS

Z

oL ("'\'S


https://dorl.net/dor/20.1001.1.25885073.1400.10.1.3.3
https://dorl.net/dor/20.1001.1.25885073.1400.10.1.3.3
http://gebsj.ir/
https://ecc.isc.ac/showJournal/23064
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 2025-12-17 ]

[ DOR: 20.1001.1.25885073.1400.10.1.3.3 ]

05 slite Oly oy 2

qu 9 QL:«?]QO

(o35 3 e gl S 0 ke 40/ b ol sl 58
(Koohafkan sizecs sdody ol 5 o306 el o 2is 5 me 5o
VA) doys i g e 354> Ol sl 53 and Stewart, 2008)
shls gl bl (g5o5liS glagmes 5 OSs O ke
Dehshiri and Modares )ices (s;ss 51 aloke Sl s
o Joms sl ol oblS el el by (Sanavy, 2017
o CHLS Ll gl 5 AOlol age Sl SN Soss
03 Shete Sl laanadls LlS e 25 53 WOS Jee 5 2oy
e S A5 4 e Sz 3 OALS FOlol o i b el
53 Sosd 4y Jam sl 5 5l plulis sdaens sy 2l
Ll s s opd 5 4 Sl el S oLl S
Jod G s sk Sl esliind S5 el 35 5 Sopd S
Sl Guaa b ol fags ol Cgeal Pl sl L
o oo 5 Jle ) Sl g e sl Ol S L gla O

A el () 55

La Sy g 3l g

"ngf.lﬁ ™ L}.o.x:a f.xf V';) 3l DB Q_”.\ 53 :‘_;A\cf 3l 40
"( Poustini and Siosemardeh, 2004; Dehdari et al., -5,
348 S5 ok s e 4 5 el Sl S . 51 2005)

A eslaiad
0503 555 ¥ e Gl edd Jde s sk Il 10WLS les
aalS iy e 035 Gl Slo BB 5l (s s 4
Gos 5 Vrkd L (Saedl OIS 2 5SS e 1S
Joadl)ysies e 4 gy g pded Jshome (55l 1o Sl YO
JUl s peds 4 (Hoagland and Arnon, 1950) .S 4»
(BINDER: KBWF 05 552 =15 55 LOIS s o3l
—Y0 sl 5 Sl 5 58 el AV Lyl L 720(E 5.2)
G do Ve B cughy s s 5 L2 3 Sl s Y
US..’LAJT Lesls )‘J'; (vjl.g.a- gfj.:)}@l: Li) LN dw Sgd- e
2 el A e w0 S5 Jal 5 slaanalS ol S 55k

AL (28 5 ] ST OleasS 03l Sl 51l LS S
23 5 Triticum aestivum _ode o 4 06 p S L Jpoms oS
03 S s el 0din S 6J\J§¢B sl Jaw 5 VAOY JL
b3 SAS|y 5 p S Glls 5 esp LIS glapnS
s Pl Ll cles 6 68 L 5 ol Ol s
ol byl a o Lis calisee bl s Triticum aestivum
shls Ol 5l .(Khodabandeh, 1990 ) XLy o oS sl
s S s S gpd sl Sy 0 8
3l osd eoll SSKa Ogdie VA (23l U Ol sl 358 e sdalice
Haghighatnia ) <ol (5,58 A5 LG o, 53 sla,ysiS
sdms slews (S50 D 4 OLLS &=L .(and Alhani, 2020
Gl alge baog g oSl ChlE Sl sl nl ol
oS )y e Sl LS gsed 5 iy ae e 5 e
A slacil o, KT Cel o5 Il b o Syeml A
Sl o S35 b (St 1 01 s emnes 5 2550
i o Slin e s S Caesaes (K03 e
S plie gla i8Sty 5 Il o g 48 53 5 0 sl b
505 Sosd kil s et nl b bl Gl s e olS
13 S yed SLES e sy s 51 LS 3
33505 L OblS S VL glachle ;5 a8 o Lais 1) 55
Loy oesls als 1y ceudly st 0550 N&™ Ol dalgy 25~
Sl b NaTKS s ol 0 clle 22105 ol
32l s g DL allie 55 a4 LIS 5 Sl il s
5 S Ol S s NETKY S 45 Sl e 555 25
ol Sl e slae S SSE Cgr e oS

.(Ghvami et al., 2004) o 5,158
oy b e gl 5 e S G s
b S 855 Lis 55aS Ve Sl e oSG sba (it
sl Sl Obsla rvul L .(Rengasamy, 2006) L.l
s ke YAV 550 (FAO)die Mo Olojle (5,5LES

Ol cpl 534S Wpls Sl 3 (6, 9 130 Sl Ol ol s> (e

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 gebgj.ir on 2025-12-17 ]

[ DOR: 20.1001.1.25885073.1400.10.1.3.3 ]

Qb&mﬁ E) QL:«.:]A&

05 sl Ol e

lesls Jragsy 5l Jis pl A Jie A 58w b
Il 5k 3 (5o pLLSL ATy oDl ST ol iils s

W c\;u'l van

xS 55 Nee e YO LAd (gHsd A5 S
aon 3l olS S IS s s (Moghimi et al., 2018)

ol a s A sl SBlur O g 255 dbo glaolls

NS e e DU gn S ssken s (5l IS 2 5 S a ot amealS g JUBH 5 53 5% 005 S 4o ke 4 s ke 42 1A ) JSS

095 4 JEE g (s J 2l 5 Bl 13 sl S5 OIS a5 o0 Sl S5
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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