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Abstract 

Background: The artificial induction of mutations represents an efficient tool in creating genetic variations. 

For this reason, the current study was carried out in the Plant Tissue Culture Laboratory/Genetic 

Engineering Institute to induce genetic diversity for salt tolerance in two local cultivars of bread wheat (Al-

Iraq and Tamooz 2) using in vitro application of sodium azide (SA). 

Objective: Immature seeds from both cultivars subjected to 0, 0.5, 1.0 and 2.0 Mm of SA to determine the 

optimal concentration for developing novel mutants. 

Materials and methods: The optimal dose of SA mutagen was found to be 2.0 mM, resulting in a 42% 

reduction in callus fresh and dry weight. The developed callus was subjected to five different salinity levels 

using NaCl (6, 8, 10, 12 and 14 dS m
-1

). 

Results: Mutants showed a significant decrease in the percentage of regenerated plants under salinity stress 

conditions. The used SSR markers approved the genetic diversity between the original and the mutants of the 

two cultivars (Al-Iraq and Tamooz 2) growing under normal and salinity stress. The presences and the 

absence of some fragments was prominent in plants derived from immature embryos of the two cultivars 

tested in salinity conditions. The used SSR markers (cfd 9, cfd4, cfd1 wmc405, PYL5, HKT1, HVA1 and 

htk1) were so efficient in distinguishing between the original and tissue culture-derived plants. Furthermore, 

the experienced SA levels induced a higher rate of mutant alleles in cv. 

Conclusion: Al-Iraq with 19 mutant alleles than Tamooz 2 which showed only 13 mutant alleles. The current 

study represents an additional prove to the effectiveness of mutagens and tissue culture technique in 

developing novel variants with improved performance under stress conditions. 
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Introduction 

    Wheat Triticumaestivum is one of the most important and widely cultivated grain crops contributing 

effectively in feeding human populations around the world. Wheat as a field crop, is moderately sensitive to 

salt stress which adversely affects the crop productivity and quality due to a series of physiological and 

biochemical changes (2). 

    Increased salinity in the growing environment results in abiotic stress known as salt stress impairing the 

absorption of water and nutrients by plant cells due to imbalance in the osmotic and ionic balance that 

directly reflected in the growth and normal development of a plant (24). As in many abiotic stresses, salinity 

damages are mostly depending on the stress intensity and duration, as well as the nature of genetic 

background that confer the ability to avoid and/or escape un preferred environmental conditions (1). 

However, the mechanisms lying behind salinity stress still poorly understood (10). 

    Salinity tolerance is a quantitative trait controlling by several genes and can be transmitted across 

subsequent generations, hence, can be improved via identifying and isolating key genes accountable for salt 

stress with aid of modern molecular techniques (18). 

    Crops improvement in general, and wheat in specific focusing on the utilization of the existed genetic 

diversity in the species gene pool and characterizing the desired traits essential for achieving stress tolerance 

(2) . Several mutagens like SA are attributed to different factors such as alterations of the metabolic activity, 

inhibitory action and disturbing plant growth regulators. Furthermore, SA ions can effectively interrupt 

oxidative phosphorylation (9). Plant tissue culture has contributed effectively in shortening breeding 

programs and overcoming many agricultural and environmental problems, like salinity.  

    Molecular markers are inestimable tools that commonly used and rapidly evolved in assessing genetic 

diversity within and between different plant species. The dominantly inheritance of SSR markers (Simple 

sequence repeats), great variance and richness of polymorphisms are main pillars in adopting and widely 

using of these markers (13). 

    The current work aimed to investigate the efficiency of sodium azide (NaN3) in inducing genetic variation 

in the immature embryo of wheat (Triticum aestivum). 
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Materials and Methods 

    Sodium azide (NaN3) mutagen was used to induce genetic variations for salt stress in two of local wheat 

cultivars (AL-Iraq and Tamooz 2). Study was conducted in the lab. of tissue culture at the Genetic 

Engineering Institute-University of Baghdad-Iraq. Sodium Azide (SA) was prepared in four concentrations 

(0, 0.5, 1 and 2 mM) according to (8). 

   Immature wheat seeds of the two cultivars were soaked for five hours (14) then washed with autoclaved 

distilled water to get rid of the excess SA. Subsequently, the treated cultivar's seeds were disinfected 

superficially with ethanol (70%) for 1 min., followed by sodium hypochlorite (NaOCl) at a concentration of 

4.2% for 15 min. Then, seeds were rinsed three times with autoclaved distilled water, each for 5 min.  

   Embryos were separated from the treated seeds of the two cultivars and germinated on MS media 

supplemented with 2 mg l
-1

 2,4-Dichlorophenoxy acetic acid solidified with 7.0 g l
-1

 agar in a rate of 15 

embryo per petridish. For callus induction, cultures were incubated in darkness for a week at 25 ± 2 °C. 

Then it was exposed to 16 hours of light (1000 lux) and 8 hours of dark. After eight weeks, the induced 

callus was transferred to a new MS medium supplemented with 0.4 mg l
-1

 2,4-Dichlorophenoxy acetic acid, 

0.8 mg l
-1

 of banzyl amino purine (BAP) and three levels of NaCl which was (6.0, 8.0, 21.0 and 14) dS m
-1

. 

Six weeks later, the mutant and stressed cultures were transferred to a regeneration media supplemented 

with 300 mg 1
-1

 casein hydrolysate, 30 g l
-1

 sucrose and 6 g 1
-1

 agar. Cultures were incubated at 25 ± 2 °C 

under cool-white fluorescent light conditions for 8 weeks, and then the regenerated cultures were transferred 

to a new 1/2 MS media to induce root formation. Subsequently, the rooted seedlings were grown in 1:1 sand 

and Patmos pots.    

 

Total DNA Extraction 

    Total genomic DNA was extracted from the young leaves of all studied treatments using mini kit (Plant), 

(Geneaid Biotech Ltd.). Quality and quantity of the extracted DNA was checked by using Nanodrop 

according to the following formulas (21). 

 DNA concentration (μg/ml) = O.D.  260nm x 50 x Dilution factor 

 DNA purity ratio = O.D.260/O.D.280 

 

   DNA samples were diluted to a final concentration of 50 ng/μl for PCR reaction. Eight forward and 

reverse SSR primers (Table 1) supplied by Alpha DNA-Canada were diluted with deionized distilled water 

to a final concentration of 10 pmol/μl. 

 

Table (1): The used eight SSR primers for the amplification of wheat cultivars 
 

Primer name F/R 5'-'3 Sequence Locus 

cfd1 
F ACCAAAGAACTTGCCTGGTG 

6A/2D 
R AAGCCTGACCTAGCCCAAAT 

cfd4 
F TGCTCCGTCTCCGAGTAGAT 

3B 
R GGGAAGGAGAGATGGGAAAC 

cfd9 
F TTGCACGCACCTAAACTCTG 

3D 
R CAAGTGTGAGCGTCGG 

wmc 405 
F GTGCGGAAAGAGACGAGGTT 

1D/7D 
R TATGTCCACGTTGGCAGAGG 

PYL5  

F GAGGCTCGAGATCTTGGACG 
- 

R GAAGGTTGCACCGGACGATA 

htk1 
F CGGTAAATAGCAGTTGCGGC 

- 
R TTCCAGGATTTACCCGTGGC 

HKT1 
F AGGACGCGGGTAGTAGAACT 

- 
R CACATTCCCATAAGCGCTGC 

HVA1 
F ACCAGAACCAGGGGAGCTAC 

- 
R TGGTGTTGTCCCCTCCCATG 

 

 

http://www.ncbi.nlm.nih.gov/nucleotide/240256493?from=1609374&to=1609985&report=gbwithparts
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   The single PCR reaction was in volume of 25 μl containing 12.5 μl of Green MasterMix (2X PCR buffer; 

pH=8.5), dNTPs (400μM ) and Taq polymerase (5 U), 2.0 μl total genomic DNA, 1.5 μl of each 10 pmol/μl 

SSR primer. Subsequently, nuclease-free water was used to complete each reaction volume to 25 µl. 

Thermal profile was as following: Initial denaturation and denaturation at 94
o
C for 4 and 1 min., 

respectively. Annealing step was at 55
o
C for 1 min., extension and final extension was at 72

o
C for 1 and 10 

min., respectively. 

   At the end of PCR program, 10 μl from each amplified product was loaded in 1.5% agarose gel along with 

1 kb DNA ladder. Electrophoresis was conducted for 2-3 hours on 5 volt cm
-1

. Agarose gel was visualized 

on UV transilluminator and documented with gel documentation system. 

 

Statistical Analysis 

   Results of SSR was represented in binary data of 0 to the existed fragment and 1 to the absent. 

Polymorphic information content (PIC), major allele frequency and number of alleles were estimated using 

PowerMarker (ver. 3.7). Differences were tested according to the least significant deviation (LSD) in 

Complete Randomized Design (CRD).  

 

Results and Discussion 

Effect of SA in callus fresh weight 

   Results in Table (2) showed that the induced callus of cv. Tamooz 2 achieved the highest mean of fresh 

weight of 91.9 mg compared to Al-Iraq cv. which gave about half of that value (53.9 mg), (Figure 1). The 

control treatments of both cultivars (Al-Iraq and Tamooz 2) were superior with the maximum mean of fresh 

weight (101.4 mg). 

   Generally, fresh weight of the treated cultivars decreased in response to increase dosage of mutagen 

reaching 2 mm which caused the highest reduction in the fresh weight (42.8 mg). The reduction in callus 

fresh weight of both cultivars may be due to the physiological and genetic effects of SA mutagen via 

affecting cell tissue development. 

    Such effects may resulted in major alterations in physiological pathways through intercepting oxidative 

phosphorylation, hence actively participating ATP generating necessary for mitosis. 

   Furthermore, SA may affected important enzymes such as peroxidase, cytochrome oxidase and catalase 

and/or inhibits the transport of peripheral electrons and protons of ATPase, causing sharp decline in cell 

energy status (11). The energy shortage is reflected on key biological processes, like DNA transcription and 

translation, ultimately production of proteins. 

    The more exposed to sodium azide negatively affects the photosynthesis rate and the sugar delivering that 

stumble Krebs cycle, leading to a large deficit in energy level and finally the non-building of ATP leading to 

low level of mitosis and inhibiting the growth rate. In addition, SA may severely damage single DNA strand 

(3). This effect puts surplus pressure on the cell to provide more energy necessary for efficient work of the 

DNA ligase enzyme to repair the damaged DNA. 

   SA may lead to the loss of one or more nucleotides that commonly known as point mutation (23). In such 

cases, changes in the sequence of amino acids will occur, therefore the synthesized protein and/or enzyme 

will differ (6). 

   The physiological and genetic alterations in response to the increased concentration of SA can be easily 

noted and the concentration of 2 mM was the most influential in callus formation in both cultivars. These 

changes may result in the induction of mutant plants through the development of tissues susceptible to 

mutation that may be able to survive under inappropriate environmental conditions (16). 

 

                  Table (2): Effect of SA in callus fresh weight (mg) of two wheat cultivars 

Cultivars 
Sodium Azide (SA) Con. mM 

Mean 
Control 0.5 1 2 

Al-Iraq 2.97 8.95 8.95 7.92 879. 

Tamooz 2 77792 .297 .792 8.95 .79. 

Mean 7.79. 2.9. 2797 .795  

LSD 5% Con. 15.01 Cv. 10.61  Int. NS  
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        Figure (1): Callus induction in Al-Iraq and Tamooz2 wheat cultivars on solid agar MS medium 

after two weeks 

                                  A:  Al-Iraq callus cultures originated from seeds non-treated with 2 mM SA.      

                               B:  Al-Iraq callus cultures originated from seeds treated with 2 mM SA.  

                               C:  Tamooz2 callus cultures originated from seeds non-treated with 2 mM SA. 

                               D:  Tamooz2 callus cultures originated from seeds treated with 2 mM SA.  

 

Effect of SA in callus dry weight 

   Results presented in Table (3) approved the significant superiority of cv. Tamooz 2 in callus dry weight 

over cv. Al-Iraqi that showed the minimum value (7..4 mg and 3.65 mg, respectively). From the same table, 

SA treatments had significant effects in callus dry weight as control showed the maximum mean (...1 mg), 

meanwhile the highest SA concentration (2 mM) was in negative relationship with callus dry weight scoring 

the lowest mean for the studied trait in both cultivars (1.81 mg). These findings are consistent with that 

stated by (7), where higher concentrations of SA found to negatively attribute in callus dry weight. 

 

Table (3): Effect of SA in callus dry weight (mg) of two wheat cultivars 

 

Cultivars 
Sodium Azide (SA) Con. mM 

Mean 
Control 0.5 1 2 

Al-Iraq .985 .98. 79.. 79.2 7928 

Tamooz 2 29.2 89.5 .922 7985 .9.2 

Mean 8987 .957 .97. 7957  

LSD 5% Con. 0.58 Cv. 0.41  Int. NS  

 

Regeneration of plantlets from NaCl tolerant calli 
   The regeneration rate was significantly affected by SA and salt stress (Table 4). In this context, the results 

indicated a clear superiority of cv. Tamooz 2 as it exposed the highest rate of regenerated plants against cv. 

Al-Iraq (Figure 2). 

   In the same manner, the increased concentration of saline in the cultural medium had a significant role in 

reducing regeneration rate, where the salinity level of 14 dS m
-1

 showed the minimum regeneration rate for 

both cultivars. These results are stated in previous studies on several crops species, including rice (17, 20), 

wheat (5), sugarcane (15) and peas (19). 

 

C 

D 

A 

B 
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                          Table (4): Effect of salinity in regeneration rate of two wheat cultivars 

Cultivars 
Salinity (dS m

-1
) 

Mean 
6 8 10 12 14 

Al-Iraq .92. .982 .972 .97. .977 .972 

Tamooz 2 .92. .922 .977 .97. .97. .9.. 

Mean .92. .927 .978 .97. .977  

LSD 5% Sal. 0.78 Cv. 0.0.  Int. 0.77   

 

 

Figure (2): Callus induction from immature seeds (Al-Iraq and Tamooz 2) treated with 2 mM SA then 

exposed of stress salt level of 14 ds.m-1 and shoot regeneration from callus mutagen with 2mM SA on 

14 ds m
-1

 NaCl on solid agar MS medium after four weeks 

SSR results of wheat cultivars 

   Molecular results of SSR markers (Figure 3) indicated the variability of mutated plants of Al-Iraq cultivar 

under salt stress against their ancestor original plants. As seen in Table (5), the variability was in perspective 

of number, location and molecular size of the amplified fragments. 

   Generally, the mutant stressed plants expressed low number of alleles considering the used primers CDF4, 

CDF9, PYL5, htk1, HKT1 andHVA1,meanwhile the other primer (WMC405) acted in different way by 

detecting more alleles at different loci through the genomes of the mutated and stressed plants compared to 

the original plants of the same cultivar (Al-Iraq).  
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Figure (3): PCR results using selected SSR markers in Al-Iraq and Tamooz 2 wheat cultivars under 

normal (N) and shoots regenerated from callus cultures (treated with 2mM SA and salt stressed level 

14 ds.m
-1

) (S) conditions 

   The differences between the original plants and tissue culture-descended plants were not only shown in the 

loss of amplified fragments, but the differences were observed in the locus of alleles and its molecular size 

too. For example, the CDF9 marker succeeded in amplifying four fragments in the original plants with 

molecular sizes ranged from 100 to 700 bp, whereas it detected only one fragment in the tissue culture-

derived plants with a small molecular size (50 bp). The using of HVA1 marker resulted in the 

characterization of two fragments in the original plants with a molecular size ranged between 150 and 200 

bp. The tissue culture-derived plants expressed two fragments by using the previously mentioned marker 

which differed in respect of locus and molecular size (100-250 bp). 

Five fragments showed by WMC405 marker in the original plants with molecular size ranged from 100 to 

500 bp, while the amplified fragments reached seven in the tissue culture-derived plants with higher 

molecular sizes ranged between 150-700 bp. The loss of fragments in some treatments may be due to the 

absence of complementary sequence of the used marker in the targeted DNA as a result of small deletions 

and/or insertions type of mutations in response to sodium azide treatments (22). 

    The molecular results pointed to a clear genetic variations of the regenerated mutant plants growing in salt 

stressed medium in contrast to original plants of cv. Tamooz 2 (Figure 3) in respect of number, locus and 

molecular size of the amplified fragments with the aid of SSR markers (CDF1, CDF4, CDF9, htk1, HKT1, 

HVA1 and WMC405). 

    The used molecular markers (CDF1, CDF4, CDF9, htk1, HKT1 and HVA1) tended to produce excess 

fragments across the mutant genomes under salty conditions compared to the original genomes. In contrast, 

the PYL5 primer exposed a different response to SA treatment in term of losing one annealing site along 

with the mutant DNA (Figure 3). The WMC405 primer was not able to distinguish between tissue culture-

derived plants and their originals. 

   The observed variations between the original and tissue culture-derived plants are basically reflected the 

mutagenic effect of sodium azide which may enhance the expression of some genes responsible for salt 

stress tolerance at a higher levels. For this reason, a plant that may not be able to grow in salty environment 

is due to the loss or gain of function mutations. 

   It is an effective tool to produce novel mutants that may contribute in improving yield, quality traits and 

tolerance to biotic and abiotic stresses, and ultimately sustainable crop production (12, 4). 

 

Genetic analysis of SSR data 

   Results of genetic analysis indicated the existence of genetic diversity between tissue culture-derived 

plants of the two cultivars (Al-Iraq and Tamooz 2) in respect of mutant alleles. The used mutagen was more 

effective in producing mutant alleles in cv. Al-Iraq than Tamooz 2 (13 and 19 alleles, respectively), (Table 

5). The genetic variations between the two cultivars may result in several alterations with nucleotide 

sequence by addition, deletion and rearrangement in the DNA of the studied cultivars. Two of the used SSR 

markers, cfd9 and cfd4 succeeded in identifying a higher number of mutant alleles in cv. Al-Iraq (7 and 6 

alleles, respectively) compared to Tamooz 2.  Meanwhile, Wmc405 marker was more efficient in diagnosing 

the highest number of mutant alleles in cv. Tamooz 2 (4 alleles). 
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Table (5): Effect of sodium azide in the number of mutant alleles between the two treatments for each 

cultivar 

Primer name Al-Iraq Tamooz 2 Mean 

cfd1 - 1 1 
cfd4 5 1 6 
cfd9 5 2 7 

 wmc405 2 4 6 
PYL5 1 1 2 
htk1 - 1 1 
HKT1 2 3 5 
HVA1 4 - 4 
Mean 19 13 32 

 

Effect of sodium azide in RP and PIC values   
   Variations in fragments number, allele’s number,RP and PIC values were detected using the eight SSR 

markers. The estimated values of PIC is presented in table 6 indicated the used primer efficiency in 

distinguishing between the studied cultivars in response to SA treatments. Wmc405, HKT1, and HVA1 

markers showed a higher PIC value, whereas the cfd1 marker exposed the lowest value. The superiority of 

the wmc405, HKT1, and HVA1 in PIC values may indicate their ability to diagnose salinity-tolerant 

cultivars and may be used in future studies to develop novel wheat genotype. 

    Results approved that HKT1 and HVA1 were superior in giving the highest number of alleles while the 

cfd1 marker gave the lowest number of alleles. CFd4, PYL5, HKT1 and HVA1 amplified the highest 

number of fragments and had a higher RP value, while cfd1 marker owned the lowest values of amplified 

fragments and RP. From table 5, RP values were positively correlated with the number of produced 

fragments, with a correlation coefficient reached 0.89 indicating that RP can be a function of fragments 

number. Markers with higher concurrence of PIC and RP values represent an efficient molecular tool 

serving in allele’s diagnosis. Thus, HKT1 and HVA1 markers are the best in diagnosing salinity tolerant 

genotypes. 

 

        Table (6): The amplified fragments, alleles, PIC and RP of the used SSR markers in cv. wheat 

SSR Marker Fragments No. Alleles No. PIC RP 

CDF1 2 7 1.72 4.5 

CDF4 15 . 3.8 9.0 

CDF9 13 9 3.28 7.0 

WMC405 14 . .9. 7.0 

PYL5 18 . 3.75 9.0 

htk1 11 2 7952 5.5 

HKT1 19 7. 4.0 9.0 

HVA1 18 7. 4.37 8.5 
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