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Abstract 
 

The (TaCTR1, TaCTR2 and TaCTR3-1) genes are a member of calreticulin (CRT) family in wheat, in the previous work, indicated that these 

genes enhanced tolerance to the salinity. The aimed of this study to detect the salt tolerant genes (TaCTR1, TaCTR2, TaCTR3-1) with 

estimation their expression under salinity conditions and Ca+2 ion treatments in some wheat selected genotypes and local cultivars. PCR and 

real-time PCR were used to realize the above aimed. The results of real-time PCR quantitative showed the bands of these genes appeared 

only in Furat, 4H and 7H (the selected genotypes) while these bands absent in Iraq and Orok (salt sensitive cultivars). Under all salinity 

levels (2, 8 and 16 ds/m), the values of expression of TaCTR1, TaCTR2 and TaCTR3-1 of genes have been enhanced only in selected 

genotypes, and these values increased at high salinity level (16 ds/m) as compared with (2 ds/m) and (8 ds/m). The selected genotypes 

differed between them in expression degree at all genes and salinity levels. Whilst there are no genes expression appeared in local cultivars. 

The results also showed that adding Ca+2 ions to the growth soils increased the values of expressions of all studied genes and genotypes 

especially at high salinity level. Therefore, according to these results of genes detection and expression there is improvement in these 

selected genotypes for salt tolerance through the plant breeding programs and by using Ca+2 ion as fertilizer.   
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Introduction 

Using plant breeding technique to select genotypes of 

crops with high salt tolerance degree is one of important 

factor to overcome salinity problems. Programs were used to 

increase salt tolerance in wheat progeny, are crossing, 

exposure and selection. Some wheat genotypes were selected 

through these programs with high salt tolerance (Al-

Mishhadani, 2012). On the other work, these genotypes were 

grown under salinity conditions in pots and field at different 

salinity levels with high vegetation growth and seed yield. 

Al-Mishhadani et al. (1999) reported that all the selected 

genotypes through the plant breeding programs were superior 

in growth and seed yield over the unselected plant and check 

cultivars. Also they reported that high progress in salt 

tolerance character was achieved in all wheat selected 

genotypes as compared with the original plants (unselected) 

through the exposure and selection program. On the other 

hand, the same results were reported by (Al-Mishhadani, 

2010 and Al-Mishhadani et al., 2015). Al-Mishhadani (2012) 

indicated that good progress performed in F3 generations at 

one cycle of exposure and selection as compared with F2 

plants (unselected). 

Induce new cultivars or genotypes of wheat (high salt 

tolerance) requires creation new genetic source of salt 

tolerance with high genetic variation and will need more 

effective techniques to identify salt tolerance germaplasm 

(Al-Mishhadani, 2012). Applications of biotechnology 

technique are important achievement acquired to improve 

tolerance of salinity in wheat genotypes or varieties 

effectively, so to utilize soil affected salt (Al-Mishhadani, 

2015). The salt tolerance of plant depends on salt tolerance 

mechanisms which expressed by responsible Genes of this 

characters (Al-Mishhadani et al., 2014). The tolerance of 

salinity of plant controlled by genes, therefore detection these 

genes with understanding their mechanisms and function are 

the most Important aims in research today that concern with 

the improvement of salt tolerance in plant. Perversely, TaSTK 

and TaNIP genes involved in salt tolerance mechanisms in 

wheat with high expression under salinity condition were 

detected in some selected wheat genotypes (Deijila, Furrat, 

N3, 1H, 2H, Iraq and tamooze) (AL-Mishhadani et al., 

2016). On the other hand, other salt tolerant genes (TaGSK1 

and TaSC) were detected in some selected genotypes of 

wheat with high gene expression under salinity conditions 

(Ismail et al., 2014; Majeed et al., 2014). Also Gao et al. 

(2010) identified and cloned TaNIP gene in wheat mutant 

RH8706+49 under salinity conditions by using Real-time-

PCR. 

The aims of the current study are identifying the salt 

tolerance gene TaCTR1, TaCTR2, TaCTR3-1 and estimation 

them expression under different salinity levels in some  

wheat genotypes (Furrat, 4H and 7H) which selected through 

plant breeding and improvement programs for salt tolerance 

as compared with the two local wheat cultivars as salt 

sensitive (Orok and Iraq). 

Material and Methods 

In this study three genotypes of wheat and two local 

varieties were used for detection salt tolerant genes and 

estimation their expression under salinity condition. These 

genotypes were selected through plant breeding programs for 

salt tolerant. The selected genotypes which used were (furrat, 

4H, 7H) and local cultivars were (Iraq and orok). Seeds of 

these genotypes and varieties were grown at all growth stages 

in prepared soils salinity (2, 8, and 16) ds/m under controlled 

condition in plastic house. At potting stage some leaves were 

taken for molecular studies. RNA extract and synthesis of 

cDNA according to the (Ismail et al., 2014). TaCTR1, 

TaCTR2, TaCTR3-1 and α-Tubulin gene amplified and Gene 

expression examined by SYBR green real-time RT-PCR 

according to the Xiang et al. (2015). (Table 1) 
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Table 1: Primers used for amplification of target gene and reference gene for cDNA sequence  

Sequence primer 5
’
- 3

’  
Type Name Primer  

ATCTCCAACTCCACCAGTGTCG Forward α-Tubulin 

TCATCGCCCTCATCACCGTC Reverse α-Tubulin 

TCTGATGACGAGAAGCACGATGAGC Forward  TaCRT1 

GAGACAACTAATAAATCCTGGCAGCGG Reverse  TaCRT1 
GGATGATGAGGAAGATGGTGAATGGAC Forward TaCRT2 

CAGGCTGTCAAAAGCGTAGATGTAAGG Reverse TaCRT2 

TTACAAGGACAGATACAAAAGACGCAACAG Forward TaCRT3-1 

TCCCTCACACGAGACAAGAAACACTTC Reverse TaCRT3-1 

 

Results 

Gene detection  

The result of gene detection at cDNA showed that all 

the studied genes (TaCTR1, TaCTR2 and TaCTR3-1) were 

appeared in all selected wheat genotypes for salt tolerance, 

while they absent in local cultivars (sensitive for salinity) 

(fig1). The molecular weight of these genes' bands was 

(110,179,129) bp respectively whilst, the bands of gene of α-

Tubulin were appeared in all selected genotypes and local 

cultivars with molecular weight (218 bp).    

 

Fig. 1 : Red safe stained electrophoresis of  agarose (1.5 %) of PCR 

product (TaCTR1, TaCTR2 , TaCTR3-1 and α-Tubulin) for wheat 

cultivars. M: Marker (100bp). 

Real-Time qPCR  

The amplification of three salt tolerance genes 

(TaCTR1, TaCTR2 and TaCTR3-1) were done by SYBR 

Real-time PCR technique to determine gene expression and 

CT values in salt tolerant genotypes (Furrate, 4H,7H) and 

local cultivars (Iraq, orok). The data obtained from of the 

Real-time PCR revealed that there were expressions of the 

three genes under salinity. There are differences in their 

expression among the salinity levels and selected genotypes 

depend on the amplification of the genes and CT values 

(Figs. 2, 3 and 4). Whilst the salt tolerance genes did not give 

any expression in local cultivars (Iraq, orok) at the same 

salinity condition, due to the absence of these genes in these 

cultivars. The results also showed that the degree of 

expression depend on salinity levels gene amplification, and 

CT value, therefore, there is differences between the selected 

genotypes in the curve of gene amplification and CT value 

which their determent the degree of gene expression. The 

results also revealed that the CT values were negative 

correlated with the concentration and expression of the 

genes. Generally, the CT values of each selected genotypes 

decreased with increasing salinity level, and increasing in the 

expression. 

 
Fig. 2 : SYBR Real-time PCR amplification curves for TaCTR1 

gene and α-Tubulin gene of all wheat cultivars 
 

 
Fig. 3 : SYBR Real-time PCR amplification curves for TaCTR2 

gene and α-Tubulin gene of all wheat cultivars 
 

 
Fig. 4 : SYBR Real-time PCR amplification curves for TaCTR3-1 

gene and α-Tubulin gene of all wheat cultivars 

Assessment of salt tolerance between the selected wheat genotypes and local cultivars by using molecular 

technique (PCR and Real Time PCR)  
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Estimation of genes expression     

The result of the real-time PCR reaction that concern 

with the expression of the studied genes (TaCTR1, TaCTR2 

and TaCTR3-1) which responsible for salt tolerance in wheat 

plant were summarized in fig (5,6, and 7). These results 

revealed that the genes expression differed significantly with 

the increasing salinity level at each selected genotypes 

(furrat, 4H, 7H). In contrast, the genes in Iraq and orok 

cultivars did not give any expression at all salinity levels, due 

to the absence of these genes in those cultivars. The selected 

genotypes of wheat gave the highest values of genes 

expression at the highest salinity level (16 ds/m) as compared 

with the lower levels (2, 8 ds/m). The results also showed 

that adding Ca+2 ion (20 mM/L) to the salinized soils (2, 8, 

16 ds/m) caused increasing in genes expression at all salinity 

levels, but the highest values of genes expression were at the 

height salinity level (16 ds/m). Therefore, the Ca+2 ion was 

more influence on expression of all studied genes at 16 ds/m 

compared with the 2 and 8 ds/m in each selected wheat 

genotype (fig. 5, 6 and7). There are differences between the 

selected genotypes in their gene expression at all studied 

genes. At the highest salinity level, furrat genotype gave the 

high gene expression at all the genes except TaCTR3-1 gene. 

At this gene the 4H genotype gave the highest gene 

expression as compared with other genotypes (fig 7). Also, 

the results indicated that there are significant differences 

between the genes in their expression at each genotype and 

salinity level.  TaCTR1 gene gave the high expression in 

furrat genotype and the lowest expression in 4H genotype, 

while TaCTR2 gave the highest expression in furrat, but the 

lowest was in 7H genotypes at the highest salinity level (fig 5 

and 6). Whist the results in fig.7 showed that the TaCTR3-1 

gave the lowest expression in Furrat genotype and highest in 

4H genotype.   

 

Fig. 5 : TaCTR1 gene expression under different NaCl 

concentrations (2, 8 and 16 ds/m) and Ca+2 ion (20mM/L). 

 

Fig. 6 : TaCTR2 gene expression under different NaCl 

concentrations (2, 8 and 16 ds/m)  and Ca+2 ion (20mM/L). 

 

Fig. 7 : TaCTR3-1 gene expression under different NaCl 

concentrations (2, 8 and 16 ds/m) and Ca+2 ion (20mM/L). 

 

Discussion 

In the fact that the selected genotypes of wheat (4H and 

7H) and furrat cultivar used in this study were derived from 

plant breeding and improvement programs and after six 

cycles of screening and selection under salinity condition (30 

ds/m) through plant breeding and improvement programs. 

The seeds and seedling F2-F7 were exposed to the salinity 

(30 ds/m drainage water), the aims of these programs are to 

selected salt tolerant wheat genotypes with high salt tolerance 

to utilize the salinity affected soil. The results of previous 

studies revealed that there is a improvement in salt tolerance 

acquired in most selected genotypes included (furrat, 4H,7H) 

through these programs of plant genetics and breeding (AL-

Mishhadani, 2012; AL-Mishhadani et al., 2014; AL-

Mishhadani et al., 2015). Increasing the salt tolerance in 

these genotypes (furrat, 4H, 7H) may be because of the 

segregation of high salt tolerance genes in generations plants 

during the cycles of screening and selection (AL-Mishhadani 

et al., 2016). The salt tolerances of selected plants depend on 

the type and quantities of salt tolerant genes which isolated 

during cycles of screening and selection (Munns, 2005). 

Therefore, there is high correlation between salt tolerance 

and genes which segregated in plants through generations.  

Molecular studies were used to the selection of salt 

tolerant genes (TaCTR1, TaCTR2 and TaCTR3-1) and 

estimation their expression in these selected genotypes 

(furrat, 4H, 7H) of wheat under salinity conditions as 

compared with the local cultivars (Iraq and Orok). These 

genes were detected only in selected genotypes and cultivar 

and not found in local cultivars (Fig. 1). This reflected that 

these salt tolerant genes found only in salt tolerant genotypes 

(furrat, 4H, 7H) genotypes but they did not found in sensitive 

cultivars (Iraq and Orok). Also these genes gave expression 

under all salinity level, but this expression highly increased at 

high salinity level (16ds/m) as compared with 2 and 8 ds/m 

only in selected genotypes. These results indicated that these 

salt tolerant genes and their gene expression found in the 

selected genotypes only and absent in sensitive cultivars 

which play an important of role in salt tolerance of these 

genotypes (Furrat, 4H, 7H). This conclusion supported the 

previous results. Which revealed that all selected genotypes 

have high tolerance to the salinity, especially furrat cultivar 

and 4H genotype (Al-Mishhadani 2012, Al-Mishhadani et 

al., 2014). Therefore, there is high correlation between 

expressions of (TaCTR1, TaCTR2 and TaCTR3-1) genes and 

Eman N. Ismail et al. 
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salt tolerance of these selected genotypes. According to the 

values of expression of these genes under different salinity 

levels. Salt tolerance of these genotypes increased with 

increasing salinity level.  

Previously, some salt tolerant genes (TaNIP, TaSC and 

TaGSK1) were detected and estimated their gene expression 

in some selected genotypes of were under salinity. The result 

of these studies indicated that these genes were found only in 

selected genotypes and gave expression which increased with 

increasing salinity level. These results agreed with the results 

which reported by (Ismal et al., 2014; Majeed et al., 2014; 

Al-Mishhadani, 2015; Al-Mishhadani et al., 2016). Therefore 

these results reported that the salt tolerance of the selected 

genotypes of wheat more correlated with the presence of 

these salt tolerant genes and gave high expression at high 

salinity level. By contrast, these genes did not found in 

sensitive cultivars (local cultivars). So, the salt tolerance in 

plant depends on type and the quantities of salt tolerant genes 

and their expression degree. The salt tolerance in plant is 

more correlated with salt tolerant mechanisms which 

controlled by salt tolerant genes such as TaCTR1, TaCTR2, 

TaCTR3-1 and other genes. Therefore, the effect of these 

mechanisms depends on kind of gene and the degree of its 

expression. Japing wang et al. (2017) reported that the 

TaCTR-D genes exhibited different expression patterns in 

wheat seeding grown under environmental stresses and these 

genes displayed more tolerances to salinity, drought, cold and  

other abiotic stresses at two growth stages (seed germination 

and seedling). Also, they found that TaCTR1-D genes 

function importantly in plant responses to stress and marker- 

assistant selection in wheat breeding. However, these genes 

expressed happened in all meristematic and mature cells 

(Nardi et al., 2006). Anther handwork evidenced that 

endogenous basal expression levels of CRT mRNA and 

protein are up regulated in response to environmental stress, 

exogenous abscisic acid (ABA) treatment, and water stress 

(Kim et al., 2013). Generally, these genes gave tolerance at 

different environmental stress. TaCRT1showed enhanced 

tolerance to salt and drought stresses. However, the 

transgenic line was showed decreased water loss but higher 

sensitivity to   exogenous abscisic acid (ABA) as compared 

with type (col-o) (Yang Xiang et al., 2018). Also they 

reported that TaCTR1gene may be able to use in 

improvement the drought tolerance in crop.  

The results of real-time PCR showed that Ca+2 ions 

increased the values of the genes (TaCTR1, TaCTR2 and 

TaCTR3-1) expression under salinity conditions, particularly 

at high salinity level 16 ds/m. Ca+2 ions is very important in 

growth under salinity conditions, especially at high levels of 

salinity. Ca+2 ions increased growth of plant through 

increasing number of tillers and leaves, and improve the 

physiological processes in life cells. Also, the Ca+2 ion is 

very important for reduction the toxic of salinity ions in the 

cytoplasm of the cells, because there is competition between 

Na+ and Ca+2 ions through ion uptake. Therefore, increasing 

Ca+2 ions in the growth soil under salinity condition caused 

reduction in salt ions uptake. Increasing the expression of salt 

tolerant genes by adding Ca+2 ions to the growth soil is very 

important factor for increasing salt tolerance in plant. 

Increasing gene expression by Ca+2 ions through regulate the 

gene expression (Poovaiah and Reddy, 1987). On the other 

hand, observed changes in signal-induced changes in gene 

expression, and some of these changes are mediated by Ca+2 

(Hu et al., 2004; McAinsh and Pittman, 2009). Some studies 

demonstrated that elevated levels of Ca+2 modulate gene 

expression (Kaplan et al., 2006). Regulate gene expression 

either directly or indirectly through Ca+2 sensors, first , 

activated of Ca+2 sensors can bind to Cis-elements in the 

promoters of specific genes and repress or induce their 

expression, the second, activated Ca+2 sensors can bind to 

DNA binding proteins and activate or repression of gene 

expression (Reddy et al., 2011).  

The conclusions of this study are the salt tolerant genes  

(TaCTR1, TaCTR2 and TaCTR3-1) are found only in the 

selected genotypes with gave high expression under high 

salinity level, and adding Ca+2 ions to the salinized soil 

improved the expression of these genes especially at high salt 

level. 
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