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Abstract
Objective

Environmental stresses affect the growth and development of crops during the growing season.
Soil salinity is one of the most important environmental stresses that reduce crop yield.
Understanding the mechanisms of coping with stress in plants at the molecular level can be
effective in providing an efficient way to improve stress-tolerant plants. To save energy, plants
do not express all their genes, simultaneously. Rather, depending on environmental conditions,
they activate genes that are needed in a particular situation. For instance, in response to salinity
stress, the expression of several genes in plants including HKT1 and NHX1 transporters is
changed. In this study, variation in the expression of ZmHKT1 and ZmNHX1 genes along with the
ZmMYB3O0 transcription factor were investigated in two salt-tolerant and salt- sensitive maize
lines with real time polymerase chain reaction technology.

Materials and methods

Maize salt-tolerant line (P14L2) and salt-sensitive line (MO17) seeds were grown in plastic pots

containing perlite and peat moss in 2:3 ratios under controlled conditions in growth chamber, and
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Hoagland solution was used to irrigate plants. In the eight-leaf stage, salinity stress from NaCl
source was gradually applied to half of the pots starting from a concentration of 5 ds/m for three
days, and from the fourth day onwards, salt stress was applied at a concentration of 8 ds/m for 7
days. The other half was used as control. Then, 24 hours (as short-time salt stress) and 7 days (as
long-time salt stress) after the salinity stress, the roots and leaves of the plants were sampled in
liquid nitrogen. RNA extraction was performed from leaf and root samples, and cDNA was then
synthesized. Gene expression was assessed with real-time PCR. The Actin gene was used as the
reference gene. The experiment was performed in 2 biological (experimental) and 3 technical
(laboratory) replicates. Finally, the changes in the expression of genes were measured.

Results

Increased expression of ZMNHX1 gene in root tissue during the short-time and in leaf tissue during
the long-time in the tolerant line, and also increased expression of ZmHKT1 gene in the root tissue
during the long-time in the tolerant line compared to the sensitive line probably indicate a positive
role of these genes in resistance to salinity stress in maize. The highest relative expression of
MYB30 gene in both tolerant and sensitive lines was related to root tissue during the short-time,
which over time a significant decrease in the expression of this gene was observed in both lines.
Conclusions

The results of this study can be potentially useful in maize breeding programs to produce salinity
resistant cultivars.
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Table 1. Agro-biological characteristics of the maize lines under normal and 8 ds/m salt

stress conditions

N g £l JEE oY ST
Leaf Leaf Plant Stem "
. . . Stress '
Width (cm) Length (cm) Height (cm) Diameter (cm) oY oyless

condition  (gyss LI

Line No.
(dS/m)  Line reaction

D Se Mean D Se Mean D Se Mean D Se Mean

to
salt stress
2.560.05 5.20 -5.910.16 31.0029.820.32145.33 0.910.002 2.20 0 Tolerant 10 (P14L2)
0.05 5.33 0.61 32.83 1.11188.67 0.002 2.18 8
2.440.01 4.1026.200.09 31.17 32.26 1.10155.00 10.48 0.009 2.00 0 Sensitive 46 (MO17)
0.02 4.20 0.3323.00 1.59105.00 0.010 1.79 8
9 Jgas aol
Table 1. Continue
u?*“‘.dlw
S, J &l 5 Slos u,wjja)‘).w oY ‘_)11»'5‘9
K*/Na* Relative water Grain yield Stress & Y e
_ 23 0)
content ) condition g i
Line No.
(RWC; %) @sim) .
Line reaction
to salt stress
D Se Mean D Se Mean D Se Mean
1.81 0.84 41.46 13.32 0.69 79.25 0.22 1.53 270.75 0 Tolerant 10 (P14L2)
0.56 40.71 1.27 68.69 3.00 270.17 8
42.19 0.37 53.63 0.11 0.30 80.74 47.15 3.64 156.80 0 Sensitive 46 (MO17)
1.07 31.00 0.59 80.66 0.54 82.87 8

X Normal — X
D= Norma Stress %100, Se: Standard error, cm: Centimeter, g: gram, K*/Na*: Pottasium ion/Sodium

X Normal

ion ratio.
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Figure 1. Electrophoresis results of RNA, extracted from root and leaf of maize on agarose
gel (1%0)
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Table 2. Characteristics of the primers used in the real time PCR for studying the relative

expression of genes in maize lines under salt stress conditions

Jlasl sled
<5l °
< f oy o5la (€) (5'>3) cé, 5kl (5'—3) i, 55kl
Name i N NN
Accession number Annealing Forward primer (5 —3) Revers primer (5 —3)
gene temperature
©)
ZmHKT1 XM_008674901.3 63 CTGGCACAATCTGCTCATGTCG CTCTCGGTGATGCAGATGACG
ZmMYB30 NM_001196699.1 56 GAGTTCCTGTTGATGATGCA TTCGTTGTCTTGGTCTTGGA

ZmNHX1 NM_001148643.2 60 ATGCAGGGTTCCAAGTGAAG AATATTGCCCCAAGTGCAAG
Actin - NM_001154731.2 61 CTGAGGTTCTATTCCAGCCATC CCACCACTGAGGACAACATTAC
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Table 3. Material used in the real time PCR for studying the relative expression of genes in

maize under salt stress

Reaction materials 1y slge i8Sy 5 odlizl 590 03lo lase

The amount of material

used in the reaction

Water, nuclease-free 4 ul
Forward primer 0.5l
Reverse primer 0.5l
Maxima SYBR Green/Fluorescein gPCR Master Mix 6.25 pl
cDNA* 1.25 pl
Total 125l

9 yiudg S 1 05535 00+ CONA (claiges o ginol cllalé®

“The stock concentration of cDNA samples was 500 ng/ul.

9 S5l el (sl LiiSly 5l e :(Real time PCR) (28lg sloj 3 jlp0 (o (Slopei; (isSTy

VA 58T J5 53 PCR &Y guasmo 55589550 s 3,90 Jgeameo iS5 cmo 5l olisabl 5 b ST 5 S yo (sl s ploxl
JS5) silogys poadl b 55599550 o5 (sieel S5 9 sl VO ey g A b gyl /0 TBE 8 g a0
> » Maxima SYBR Green/Fluoresence gPCR Master Mix(2X) oS’ jl oslazwl L time PCR real (Y
Rotor gene Q-Pure olfiws lawg (ol jlite,d) osjlo o8 s Joallygins Gubo (¥ Jgio) yidg,Sue VY/O oo
e (15 J555) @y 05 lsie & 5551 03 31 4 plgl (Ko, (38 <8,3) #+++ Jas Detection —Qiagen
asb ya 55 Loy Ll b la s 5l plS pa clp Tigd aoie deal time PCR ploul 5l s b oslitwl a5 olo s5loJloy
v 5l oalatwl b (5 o 4y basye Joanme piSS Cono 5 b sy )5 o 4320 Bl ol,5 sl asys +/0 530l &
23S Ao 93 (Scie )3 (Bl SlaSy &S Wbl o ()95 4SS Cnl s (W JSE) A5 0B 0 o 4 bgwje 093
1555 5 oSy 15 e <S55 ey Sy 85 39500 (58 Jpane sob &2 42 8T i 35 STy )5 o (plnis]
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Figure 2. Electrophoresis results on 1% agarose gel for the PCR product on the synthesized
cDNA (a): ZmMYB30, (b): ZmMNHX1, (c): ZmHKT1 and (d): Actin. The last column in Figure
is a molecular ruler (ladder) of 50 bp containing bands of 50-1000 bp (Fermentase
Company).
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Figure 3. Temperature melting curves of studied genes (a): ZmHKT1, (b): ZmMYB30, (c):
ZmNHX1 and (d): Actin in real-time PCR in Zea mays L. under 8 ds/m salt stress. In all
curves, X-axis represents the temperature (C) and Y-axis represents the dF/dT ratio. dF/dT

ratio is the derivative of the function ‘fluorescence vs. temperature melting’ that represents

the rate of the fluorescence variation in the reaction.
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Table 4. Analysis of variance for the relative gene expression of studied genes in different

tissues and times of tolerant and susceptible maize lines in response to salinity stress

] Slaye (ko
Olyss ailio RSN
o Mean square
Sources of variation df
ZmNHX1 ZmHKT1 ZmMYB30
Tissue cal, 1 5.70™ 2309.88" 200.29™
Line v 1 27.77 2196.71" 12.84"
Tissue x Line ¥ x cél 1 5.61" 7597.27" 1.07"s
Time  4b; 1 2.30" 2254.60" 215.21™
Tissue x Time ;lb; X cél, 1 28.51™ 7692.61™ 107.99"
Line x Time b x :pY 1 3.01" 7545.96™ 577"
Tissue x Line x Time ;X Y x 1 19.17 2187.12" 6.52"
Experimental error bl oLzl 8 0.43 217.23 11.20

w#% % NS
96

a0y ) 90 Jlaisl mhaw 43 415 Jxo g 415 Smo g i 5 s

s *and ™: non-significant, and significant at the 5 and 1 % probability level, respectively
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05 s Ol Gie i o Jgia) 28l Jhgine HKTL 05 0o 59y 2 (P=0.01) aopn v Jlosl o 1 o
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Figure 4. Variation in the relative expression of ZmNHX1 gene in root and leaf of salt-

tolerant and salt-sensitive lines of Zea mays L. under 8 ds/m salt stress, 24 hours and 7 days
after stress applications
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Figure 5. Variation in the relative expression of ZmHKT1 gene in root and leaf of tolerant

and sensitive lines of Zea mays L. under 8 ds/m salt stress, 24 hours and 7 days after stress

applications

25
20
15

10

B o>is
B ol

24h 7d ‘ 24h

o)
Solosd Sy

70 ‘

@3 wlas 5 Joodio (¥ Sy 9 ddsy €U 45 AL & Coms ZMMYB30 45 oyl Ol i 1SS

Sy i Jlos! 31 am (d) 50, Y 5 (N) Cclio YE 5o 1o (wkon jowd A (5 ygm0 (i Cod

Figure 6. Variation in the relative expression of ZmMYB30 gene in root and leaf of tolerant

and sensitive lines of Zea mays L. under 8 ds/m salt stress, 24 hours and 7 days after stress

application
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