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Abstract US>

.o

High concentration of salt in soil and water is one of the
major factors limiting crop growth and production
worldwide. A factorial experiment based on completely
randomized design with two biological and three technical
replicates was performed in 2018-2019 to study the ion
leakage rate and chanes in relative expression of SOS1,
P5CS1 and PMP3-6 genes in the root and leaf of Zea mays
L. tolerant and susceptible lines under normal and 8 dS/m
salinity conditions using real-time PCR technique after 24-
hours and 7-days (as short-time and long-time,
respectively) of applying salt stress. The results showed
that ion leakage rate at long-time was high in the
susceptible line than that of the tolerant line. The highest
relative expression of P5CS1 and PMP3-6 genes in 8
dS/m salinity stress was observed in the roots of tolerant
line. In contrast, the highest increase in the reltive
expression of SOS1 gene was observed in the leaf tissue of
susceptible line at short-time. Correlation analysis among
the relative expression of studied genes revealed a positive
significant correlation (P<0.05) between P5CS1 and
PMP3-6 genes expression. Probabiliy, the high expression
of PMP3-6 and P5CS1 genes in the root tissue of the
tolerant line in the ealier time post salt stress application is
responsible for regulating osmotic pressure and preventing
excessive Na* entry into the plant that results in icreasing
the tolerance of plant to salt stress. The results of this study
can be useful in Zea mays L. breeding programs for
producing salinity tolerant varieties.

Keywords: Abiotic stresses, Zea mays L., Salinity
resistance, lon leakage, Real time PCR.

E-mail: r.darvishzadeh@urmia.ac.ir

ki 3pdome Jolge p Fodas 51 S S5 Ol s S VL el
il Ol wanlllas cpl ys ol Ol Sl 53 OLLS g 5 S,
53 PMP3-6 , P5CSL SOSL (s} oot 0y i 5 s
O 5 b Il s Gt b el 5 Jemete oy Y S s s
L) 5a, Vs (Sde olsS) el YE gla0le; 53 ADS/IM (6,52
3 S 53 b sl LIS b B s 5 dles S ey (ke
23 3l sle iy STy (555l LIYAA dle o (ST ISSY
2 S e Dl 215 0L gl (3,8 1 e 250 23l Ol
Ol Oljen i o Jomin (Y 51 i ke il 53 b (Y
(A dSIM) ¢,55 25 Ll s, PMP3-6 5 P5CSL o5 55 s
Ol Ol oo i Blie ol edalie feste Y aly; 3L o
A edalin e oS 55 el 0¥ S il 53 SOST 0 s
GOS0y ot 31 OLE 105 o Oy ot (Simad tsloe
sy (P<e/v0) ols pne 5 e Sawan PMP3-6 , PSCS1
oY aiy, 53 PMP3-6 5 P5CSL slaos Wb ol ezl sjls
w5 55 1 ol (e ob8) (g5 25 dlasl Sl day (S feee
303503 (5L oS U5 @ e 55 505 31 68 P 5 (g remd LS
sk ol @B sl e o e ol e Al sl
et o5 & polie pll W5 Sl b sl laasl s Ll e

g c%\;

Copb w Caslie (b ) b G iGAlT Slaelly

L8l Ol 53 ey (Slo iy ST ¢ S ool

a)‘)'uflw)) Lb) J}f‘wo DA;AAA'J.}J*



Siimgd blod 1 olS pl il leal olgls
opel 5066 o adgl Lito 5 035 C4 (ol 93
PS5l o w5 Jpazee (ege )3
balpd o LSK 5l (g b > & sl @iy 5
Sl gy 5 pAS )3 S e 25y (g g
Comox 51585 3Lk ¥/0 5l i (g a0 ¥
el Gl dags Sl p> 5088 AF 1y ol
olS oyl (Von Braun et al., 2010) .S
GA G oS Cosl (090 5 089y | (& @ie S
WS el 1y 13 5l 3y50 (Sgp Muoyd 1O
» oMe o5 ! (Alizadeh et al., 2009)
pB o3lo g 039 youb g pb STy ¢ Slusl 8jlas
rhaw (Salvador, 1997) xS o ool 1) ks
d9i Hlas P VW Jlo 0 oo opl cuiS )
o OIY s3] Jgamme Mg g e i VAY
d9d oo swii (FAO, 2017) cul o3¢ ,lSa
(Rosegrant et al., 2008) 344 yly §5 dawgs Jl>
Uil alinl § yed 4 olus cl 2lS @)
ol o)AMY AS/IM (gy55 51 > ol 5 ,Sles
(Maas et al., 1986) ..l
Gl 3 98 8 Aozl G e Sla AT
wmd o il 1y ol ol dapign o )3 puis
S5 & Jo25 0 15 oy ol adlas cpl e
slogi -l oo @l ) JSge gaw > i
ol a8 Wy cdby il 4 ol > (S85UeS
9 Jolw Lot pdal 4 e g obe, JBlas a )
) e SO Ay U g oo oS Joos
45 e o0 &) olewdl sli g (Jolw o)l
Bajji ) st )b Lo 9 Joho o Lawly (loie
Lis 3 epe i olewdl slic (et al., 2001
855 O o) JiSew JUil 5 Jobo (g3limgiogn

o

400

Sl e Joloe Sl () 38 g () GlaiS
Huang ) x93 o0 wguone (£hyj &Y game A5
oy Gille Sy s (et al., 2008
Aev 5l i 3 Jpame My p o cal Sl
258 o b (659l8 (slcymas S gabee
& cwl SBHes S (Rengasamy, 2010)
g 3 ot ol ekl ojlas (S ol
oo Yoo Joleo) (AS/M) 2o 5y i g
SB 5,95 (Qadir et al., 2000) .ib (NaCl
Na® alex 51 (5l slogissls g gygal ol
Ll wilb e HCO® , SO*; LI Ca?*
Ebrahimi and ) cesl CI" g Na* )l o 5ere
S padw 9 IS oy |y (Bhatla, 2012
Gl LS sy sl sk s s plo |
Rani et al., 2012; Shahbaz and ) s4é
Gosh us adl @yl ales 3| (Ashraf, 2013
Segdpied b A (Suis A5 dbol 4 Glyie
s eom oily ple g Cumm sjoml D)
s osS| Jlb oS W a4 ol 4l il
sl 4 e 45 3905 o)Ll glans (i sl
s byl cld e el rigd i
Jos 3 DB Jobs Gandplie ol
& (ol A5 g8 oo 13y ialS Tl 5 bl
S5 OIS g 03> &) S5 adgl 5B )5 @y Ojee
P8 e ) S pgd B 3 a5 Oygon
slodshs Sy el gy8 (15 YL zskw
Munns and Tester, 2008; ) ©5)5 » LS

(Horie et al., 2012
LS Zea mays L. e pU L ooy

1. Electrical conductivity of the soil saturation extract
2. DeciSiemens per meter

3. Reactive oxygen species (ROS)

¥ Oxidative burst



Y g il Lol Q):) dlmogf}f 3 PMP3-6 4 P5CS1 SOS1 dL‘z’Qj ULJ ul).ua: 33 :O\)Ko.m 9 )%u.o.tibl)g‘

sly (S, 45 15 SOSI 5 SOS2 SOS3 (clapls
o9 Silwgiegs &1y (Sgr 5 b ol s
Jo5 5> ot 5 SOST o5 ablaiipe bt
Pzl S oS 1S 05 nl )b (598 LT 4
Jub sl lawsdly glié > gBly mases /01559 2
ol ddme mig 9 madwe go » SOSL il
Quintero et al., ) 5)l> id5 olS pwlyw > (4o
.(2002; Shi et al., 2002; Shi et al., 2003
A Gyph S5 ot olS b e Cand i
O 2 Gl Bk e (g 98 e
ikssiesn (O et al., 2010) wil o el
P e sbaie IS Jobe 090 O
P9 g0 Dgute (89 T 4 Canglie

ot Csto b5 ) 3925 4 o 31 sl
O 4 )5k b (A5 @ Jeod g (g e
>, (Mattioli et al., 2008) ol ouis o)Ll
oy ol LS sl ssd sdalie )lge
il citS Lae 3 b she a5, ()l
S A8 Mlgige (g My oo slai b o
Oi5 4 eld et bl g5k
Ehsanpour and Fatahian, ) sl Wl (el
Oy b (gl 4 (g oo digad plgie 4 (2003
PS5 syl ol mbS g 9d G5 U
Rodriguez-) 5,5 o)lil )3 )3 el b siwge
(o Fowss e 3 .(Kessler et al., 2006
loligl oS sl 508 w3l 002535 P5CS 15
sl Jd eSS0 odon &
.(Kishor, 1989)

15 PMP3-1 5 SOS2 (¢la 5 o cglaslllas
ol ol oL (Saadia et al., 2013) b Kbl
bulyd b awlie )3 ()98 5 (b 0] 9 o
cod (6,50 wadlas o el lEl by
<y P PMP3 slay; sloliss 9 gilolis lgis

ol el gy p st pome »
OBy om ) amS g blie gphd
(Lyons, 2012) 3550 Jsho (350 (slocads i)
sl oo (st pE GBOES oy 3 (58S
& a5 ) g elog Sl 5L oyl
cel & (6y9d 9 owb Ol 4y sla i ol
Navarre ) >)b id g o Jow sbie b3 o
& A5 by, suiw I J(and Goffeau, 2000
saso b 095 lacl jI (S lgie 4 PMP3
bis 0 (e U8 S Soghy)he
rgh G5 L el (b e silegtesn
Fu et al, ) o, sl a5 oy  JluSis
Cuol culin 239y S el (il e Jsho slze
DS o Se Sl Ll el (gy98 i &S |
OS] J sl W mlEl o s
U cloisS el gilas] a5 <l 4 (ROS)
i g Lie (slaned yguolinSTy 4 poxie 3]
295 e Johw 4 Sjlud g Lis (gpbdedi
e Gl g ol o)l oo slis ] g
(Farooq et al., 2015) xb o !53]
@ LG uamgginly] olS 55 °SOS e
Slpne 1> Jobo lojply pluww S lgie
Quintero et ) Ll oo Joo (5590 L5 & Jooo
o SOS elacilise JoSse 50T (al., 2002
@ e ol )3 150 Bgn dw ol 4

1. Saccharomyces cerevisiae

2. Plasma membrane proteolipid 3
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6. Arabidopsis thaliana
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Se: standard error, dS/m: deciSiemens per meter, g: gram, cm: centimeter, RWC: Relative water content.
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bp: base pair, SOS: Salt overly sensitive, P5CS: Delta-1-pyrroline-5-carboxylate synthase, PMP: Plasma membrane proteolipid.
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3. Biological/experimental repeats (=consist of different
biological samples)

4. Technical repeat 1. Internal control or reference gene or housekeeping gene

5. Statistical Analysis System 2. Melting curve
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