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his investigation was applied to find out the seven bread 
wheat lines that are more tolerant to saline stress (6195 ppm 
soil and 8934 ppm irrigated water) at Ras Sudr, South Sinai, 

Egypt. Data indicated that bread wheat lines greatly varied in their 
ability to grow and subsequently assimilate and translocate 
biochemical components. Line1 (L1) surpassed the other lines, it was 
recorded the maximum values of growth, yield, and proline as well as 
the lowest malondialdehyde content followed by L3 and L7. ISSR-
PCR analysis was used for discriminating between lines. A total of 
102 DNA bands are detected across the six ISSR primers, out of 
which only 72 bands (51 non-unique bands and 21 unique bands) are 
polymorphic with polymorphism percentages (70.58%). In this 
regard, primer ISSR2 gave the highest polymorphism (92%) followed 
by ISSR-13 (86%) and ISSR-11 (78%). Also, patterns of proteins 
(SDS-PAGE) and superoxide dismutase (SOD) have been 
successfully used in discriminating between salt-tolerant and salt-
sensitive lines. Concerning SDS-PAGE, bands number in 7 wheat 
lines ranged from 13 to 14 with molecular weights ranging between 6 
to 130 kDa, and the more intensive bands are presented at 25, 29, and 
34 kDa. Moreover, SOD patterns indicated the presence of 5 bands; 
the major is presented at bands (No. 4 and 5) in all wheat lines.  Based 
on the results obtained, L1 was the best wheat line followed by L3 
and L7 which more tolerant to saline stress, and this was associated 
with increasing growth, yield, and proline as well as decreasing MDA 
content. In conclusion, SDS-PAGE, SOD, and ISSR analyses are 
useful biochemical and molecular tools to discriminate different bread 
wheat lines under saline conditions.   
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INTRODUCTION 

         Salinity in the political and scientific agenda has become deeply 
relevant. Salinity affects over 6% of the total land area in the world and 20% 
of irrigated land (FAO, 2008). In some of these areas, the decline in the yield 
of different crops due to salinity is around 60 percent compared to normal soil 
(Bakry et al., 2014). Salinity induces osmotic stress and ionic toxicity due to 
the accumulation of sodium ion that enhances the formation of reactive 
oxygen species (ROS), such as, hydroxyl radical, singlet oxygen, hydrogen 
peroxide, and  superoxide. Oxidative stress thus occurs and this leads to 
damage to mitochondria, chloroplasts, and the functional structure of the cells, 
which kills biomolecules including the lipids, proteins, nucleic acids, etc., 
causing lipid peroxidation, protein denaturation, and DNA mutation in plant 
cells (Mittler, 2002; Candan and Tarhan, 2003; Malagoli et al., 2008 and 
Sharma et al., 2012). Therefore, ROS is scavenged by various antioxidant 
defense mechanisms in plants that are both enzymatic and non-enzymatic 
(Ashraf, 2009). Several research studies have shown that plants are fitted with 
antioxidant enzymes toward ROS oxidative damage along with superoxide 
dismutase, catalase, peroxidase, and polyphenol oxidase (Vaidyanathan et al., 
2003; Agarwal and Pandey, 2004; Mittova et al., 2004 and Bahari et al., 2013). 
Thus, overcoming the problem of salinity is not an easy task. Attempts to 
desalinate soil in reclamation projects could be highly expensive, and might 
even be impractical to desalinate in some areas. One other viable alternative 
would be to breed plants for salt-tolerant cultivars such as wheat and others. 
          Bread wheat (Triticum aestivum L.) is the universe's last main grain 
crop and occupies the earth's surface more than any other food crop (Kunika 
et al., 2019). The key problem for wheat breeders is increasing wheat 
production to reduce the difference between production and consumption 
(Maha et al., 2017). Consequently, much research is performed in the field of 
wheat breeding through genetic variability. However, further breakthroughs 
in wheat breeding are required for any increase in the population and climate 
change in the world. In any breeding program, achieving growth in heritage 
characteristics and estimating genetic parameters is of utmost importance 
(Elshafei et al., 2019). Therefore, most breeders focus on predicting or 
assessing the ability of genotypes to sustain yield under conditions of salinity 
stress compared to regulated conditions as an indicator of salinity stress 
tolerance (Negrão et al., 2017). Beneficial methods for detecting genetic 
variability between plant species, populations, and truths and identifying 
salinity markers are molecular markers (Randhawa et al., 2013). Molecular 
markers provide excellent sources of diversity to help breeders pick economic 
characteristics and thus improve crop productivity. Genetic relationship and 
diversity marker data are very important for any breeding program to select 
promising cultivars (Zhang et al., 2015). The DNA marker ISSR is effectively 
used to research plant genetic diversity (Etminan et al., 2016). ISSR is a 
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common marker for the evaluation of genetic diversity and is characterized by 
high polymorphism and recurrence (Zhang et al., 2016).  
          The real expressions of genes are proteins and enzymes. Protein and 
isozyme markers were therefore especially helpful in deducting systematic 
relationships between groups, where there were no corollary morphological 
and cytological results (Mahgoub et al., 2016). In many crop plants, the 
production of molecular markers for screening salt-tolerant genotypes has 
been attempted. A well-known adaptive mechanism for salt stress conditions 
in plants is the aggregation of osmolytes such as proline (Bakry et al., 2014). 
Numerous research studies have been performed on the function of proline 
and its role in salt stress tolerance as a compatible osmolyte and 
osmoprotectant. A few studies have associated proline with an antioxidant 
function, showing the activity of ROS scavenging and serving as a quencher 
(Matysik et al., 2002). Therefore, proline accumulation is considered an 
indicator for the selection of plants tolerant of different stress factors (Verde-
Star et al., 2006). Salinity has a strong effect on lipid peroxidation of the 
plasma membrane, which indicates membrane damage and leakage under 
conditions of salt stress (Borzouei et al., 2012). Thus, the present study was 
therefore undertaken to fingerprint for seven wheat genotypes by evaluating 
the MDA, proline, ISSR, protein, and isozymes markers associated with the 
plants under salinity stress to identify the wheat genotypes with better 
performance in saline soils. 

MATERIALS AND METHODS 

1. Plant Material and Experimental Design 
           This study was conducted at the field station of the Experimental 
Farm of Desert Research Center, Ras-Sudr Research Station, South Sinai, 
Egypt (29° 35′ N, 32° 41′ E) with salinity irrigation water, during the 2018– 
2019 growing season. The experimental materials consisted of 7 lines of bread 
wheat (L1, L2, L3, L4, L5, L6, and L7), presented in table (1), which have 
been obtained from the wheat breeding program, Plant Breeding Unit, Genetic 
Resources Department, Desert Research Center, Matareya, Egypt. This 
experiment was performed under a randomized complete block design with 3 
replicates. Each line was planted in 6 rows of 2 m length, 20 cm apart, (plot 
size = 6 m2). The lines were grown under salinity soil (6195 ppm) and 
irrigation water (8934 ppm). All other agricultural practices were followed 
according to the recommendations of Ras Sudr region. Irrigated water from 
the well and soil were analyzed and presented in table (2). Fresh plants 
representing were collected after 45 days from sowing and ground into a fine 
powder using liquid nitrogen. The frozen samples of all lines in this study 
were kept frozen at -80°C till use. Fresh samples were tested for 
malondialdehyde (MDA), proline, ISSR, the electrophoretic pattern of 
proteins, and superoxide dismutase (SOD) isozyme. The second one, 
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represented by yield, was taken after harvesting (145 days from sowing) to 
determine plant height, number of grains/spike, 1000 grain weight and grain 
yield. 

Table (1). Cod, name, and pedigree of bread wheat genotypes (Triticum aestivum 
L.). 

(a) Parents cod, name and pedigree of bread wheat genotypes 
Parents 

code Name Pedigree Parents 
code Name Pedigree 

C1 Giza186 MIL/BUC//Seri CM 93046-
8M-04-0M-2Y-0B-062 

C5 Line63 CHAM-4/GRU90-
202579 

C6 Cham6 CM39992-2M-7Y-
0M-OAP C2 Acsad903 ACSAD52914/C18224/C168

3/3/Cno*2/7c//TopAcs-W-
8024-20IZ-3IZ-4IZ-0IZ 

C7 V4 Azeghar-
2/3/Mrf2//Bcr/Gro1 

C3 Acsad949 SNB, S, ASAD30SATS-W-
8083-3IZ-5IZ-3IZ-0IZ 

C8 V11 Bcr/Gro1//Mgnl1 
C9 V12 Geromtel-1/Icasyr-1 

C4 Line1 TEVEE-I/SHUHA-C6 C10 Gemaiza7 CMH74 A. 
630/5x//Seri 
82/3/Agent 

 
(b) Lines cod and pedigree  

Lines Code  Lines Code  
L1 C5×C2  L5 C9×C10  
L2 C5×C2  L6 C10×C7  
L3 C4×C6  L7 C8×C10  
L4 C4×C6     

Table (2). Water and soil chemical analysis. 

pH EC 
ppm 

Cations ( meq/l)                            Anions ( meq/l) 
++Ca ++Mg +Na +K CO3

- -
3HCO -Cl --

4SO 

Water analysis 
7.66 8934 19.3 13.8 105.1 0.90 - 7.50 93.1 38.7 

Soil analysis 

7.76   6195 4.6 3.2 88.3 0.67 - 4.95 65.7 26.1 
 
2. Biochemical Markers 
2.1. Malondialdehyde (MDA) content (lipid peroxidation) 

In leaves, lipid peroxidation using malondialdehyde (MDA) content 
as a harm marker was calculated using the malondialdehyde (MDA) process  
according to Hernández et al. (2001).  
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2.2. Free proline content 
 Concerning the evaluation of free proline in wheat exposed to salinity, 

the techniques of Bates et al (1973) and  Zúñiga et al. (1989), have been used. 
2.3. Electrophoretic pattern of soluble proteins 

Soluble proteins in leaves were determined according to SDS-PAGE 
gel electrophoresis was performed in acrylamide slab gels following the 
system of Laemmli (1970) and as modified by Studier (1973) to identify and 
separate the patterns of soluble proteins in wheat leaves. 
2.4. Superoxide dismutase (SOD) isozyme 

SOD was extracted from plant samples and separated by native 
polyacrylamide gel electrophoresis (PAGE) according to Weydert and Cullen 
(2010). 

3. Molecular Marker (ISSR-PCR Technique) 
 Genomic DNAs were extracted from individual samples of frozen 
tissue following the procedure described by DNeasy Plant Mini Kit (Qiagen 
Inc., Cat. No. 69104, USA), which was performed as directed by the 
manufacturer. The concentrations and consistency of the genomic DNA 
samples were calculated on spectrophotometer ND-2000 (Nanodrop, USA). 
Finally, all genomic DNA samples were diluted with a TE buffer (10 mM 
TrisHC1, pH 8.0; 1 mM EDTA) to a final concentration of 40 ng/µl and 
processed at -20 °C for further use. In the detection of polymorphism, a 
package of 6 ISSR primers was used (Table 3). The amplification reaction was 
conducted at a volume of 25 µl containing 1X PCR buffer, 1.5 mM MgCl2, 
0.2 mM dNTPs, 1 µM primers, 1 U Taq DNA polymerase, and 30 ng DNA 
templates. After an initial denaturation period, PCR was programmed to 
accomplish 35 cycles at 94oC for 5 minutes. Each cycle was composed of a 
denaturation step for 1 min at 94oC, an annealing step for 1 min at 50oC, and 
an elongation step for 1.5 min at 72oC. In the final cycle, the primer extension 
section was expanded to 7 min at 72oC. The amplification products were 
resolved by electrophoresis in an ethidium bromide (0.5ug/ml) containing 
1.5% agarose gel in a 1X TAE buffer at 95 volts. As a DNA standard size 
marker, a 100bp DNA ladder was used. UV light was visualized and 
photographed on PCR products using a Gel Documentation Method (BIO-
RAD 2000). 

4. Data Analysis 
     To determine the genetic relationship of the samples under study, the 
banding patterns produced by ISSR-PCR marker analysis were compared. 
Clear and distinct amplification items were rated as '1' for the presence and '0' 
for the absence of bands. Bands with the same mobility were rated to be the 
same. The coefficient of genetic similarity (GS) between two genotypes was 
estimated by the Dice coefficient (Sneath and Sokal, 1973). 

Dice formula: GSij = 2a/(2a+b+c) 
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Where GSij is the measure of genetic similarity between individuals i and j, a 
is the number of bands shared by i and j, b is the number of bands present in i 
and absent in j, and c is the number of bands present in j and absent in i. The 
matrix of similarity was used in evaluating the cluster. The study of the cluster 
was used to organize the data observed into coherent structures to establish 
taxonomies. In the first point, when each accession is a cluster of its own, the 
distances between these accessions are specified by the distance measurement 
chosen (Dice coefficient). However, the distance between two clusters is 
measured as the average distance between all accession pairs in the two related 
clusters until multiple accessions have been connected. This approach is 
referred to as the Unweighted Pair Group Process with Arithmetic Average 
(UPGMA)  (Sneath and Sokal, 1973). 

Table (3). List of the selected six ISSR primers for polymorphic DNA 
generation with the seven bread wheat lines (Triticum aestivum 
L.). 

Name Primer Sequence 
ISSR- 2 5'-AGAGAGAGAGAGAGAGYG-3' 
ISSR- 8 5'-AGACAGACAGACAGACGC-3' 

ISSR- 10 5'-GACAGACAGACAGACAAT-3' 
ISSR- 11 5'-ACACACACACACACACYA-3' 
ISSR- 13 5'-AGAGAGAGAGAGAGAGYT-3' 
ISSR- 14 5'-CTCCTCCTCCTCCTCTT-3 

                      A: Adenine, C: Cytosine, G: Guanine and T: Thymine 

4. Statistical Analysis 
All the statistical analysis was performed using SPSS v 16.0 (SPSS 

Inc., 2007, Chicago, IL, USA) software program. The least significant 
difference (LSD) test was used to detect the significant differences among the 
items at a probability level (0.05) according to Gomez and Gomez (1984).    

RESULTS AND DISCUSSION 

1. Growth and Yield Parameters 
1.1. Growth parameters 
      Salinity stress caused a significant reduction in growth parameters e.g. 
plant height, fresh and dry weight of seven wheat lines (Fig. 1). In this regard, 
the maximum values of plant height, fresh and dry weight were recorded at 
lines (1, 7, and 3) respectively compared with other lines under salinity stress 
conditions. While L4 recorded the minimum values of growth parameters. 
These results were in complete harmony with obtained by Ashraf and Foolad 
(2007) and Sadeghi (2011) on barley and Zaki and Radwan (2011) on wheat. 
In the present study, under salinity stress, plant growth in seven genotypes was 
decreased, and it may be due to salinity stress that the normal physiological 
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and biochemical activities of salinity-exposed plants were altered, leading to 
decreased growth. The hypothesis of the current research relating to the 
detrimental impact of salinity on plant biomass has also been supported by 
Munns et al. (2006) and Rahman et al. (2017). Similarly, Ndayiragije and 
Lutts (2006) also revealed that plants susceptible to salinity stress remain 
underdeveloped due to a reduction in cell division, elongation and also 
restricting the production of growth hormones (auxin), leading to a reduction 
in the total biomass of the affected plant. 
 

 
 

Fig. (1). Growth parameters histogram for seven wheat lines under saline 
conditions. 

1.2. Yield parameters 
          Data presented in fig. (2) show that salinity affected negatively on 
yield and yield components (i.e., Plant height, Number of grains/spike, 1000-
Grain weight, and Grain yield by Ardab/ Feddan) of seven wheat lines. The 
results revealed that the highest values of plant height were found by line 1, 
7, and line 4 which recorded 94.17, 89.83, and 89.81, respectively. On the 
other hand, the lowest value of plant height was recorded by line 3.  Also, the 
maximum values of the number of grains/spikes were obtained by Line 6, 4, 
and 7 which recorded (55.46, 51.37, and 50.73), respectively. The highest 
1000 grain weight resulted from lines 5, 7, and 3 which recorded 62.89, 62.42, 
and 60.18 g, respectively, while the lowest value has belonged to line 6 
(47.74). Concerning the grain yield (Ardab/Fadden), line 1 gave the highest 
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value of grain yield (14.93 Ardab/Fadden) followed by line 3 and line 7 which 
recorded 13.75 and 13.49, respectively. The current results are similar to the 
findings obtained by several investigations, Turki et al. (2012) reported that 
the decline in grain yield could be caused by salinity, which caused 
photosynthetic ability to be decreased, leading to less synthesis of starch and 
grain accumulation. These results are in complete harmony with those 
obtained by (El-Saber et al., 2016 and Yassin et al., 2019a) on barley and 
wheat under salinity stress conditions. Many studies confirm the reduction of 
yield and its components under saline stress conditions, which may be due to: 
1) loss of spike-bearing tillers (Maas et al., 1996). 2) Decrease in the number 
of the filled grains/plant and 1000 grain weight (Dutt, 1988). 3) Osmotic 
suppression of the absorption of water, excessive accumulation in plant cells 
of ions such as Na+ or Cl- and/or sufficient absorption of vital nutrients (Munns 
and Termaat, 1986). 
 

 

Fig. (2). Yield parameters histogram for seven wheat lines under saline 
conditions.  

2. Biochemical Markers 
2.1. Lipid peroxidation 

The level of lipid peroxidation in wheat was quantified by the 
determination of malondialdehyde (MDA). Malondialdehyde content in 
leaves of seven wheat lines under saline stress is presented in fig. (3). Data 
demonstrated that salinity had a clear effect on the accumulation of 
malondialdehyde. In light of the results, the highest values of MDA were 



                       BIOCHEMICAL AND MOLECULAR MARKERS ………. 

Egyptian J. Desert Res., 71, No. 1, 53-73 (2021) 

61 

achieved in leaves of lines 4, 5 and 6 which recorded (331.3, 328.5 and 325.3 
ηmol / g FW), respectively. In contrast, the lowest values were found in lines 
1, 3 and 7 which recorded 295.8, 309.4 and 311.2 ηmol / g FW, respectively.  
The accumulation of malondialdehyde under saline conditions is well 
documented by (Borzouei et al., 2012), who indicated that malondialdehyde 
content was higher in salt-sensitive wheat cultivar than salt-tolerant cultivar. 
In this connection, MDA release is one of the biochemical changes likely to 
be associated with adverse saline stress conditions and was used as a 
biomarker for assessing oxidative stress (El-Saber et al., 2016).  A high 
concentration of MDA is associated with oxidative damage to the plant cell 
membranes in plant portions. Thus it was used to determine the level of 
oxidative damage under stressful conditions like salt stress (Yassin et al., 
2019b). 

Fig. (3). Malondialdehyde content (ηmol/ g FW) in leaves of seven wheat 
lines under saline conditions. 

 
2.2. Proline content 
        Accumulation of solutes especially proline is a common observation 
under salinity stress conditions. Data presented in fig. (4) showed that the 
accumulation of proline in seven wheat lines under salinity stress conditions. 
The results demonstrated that lines 1, 7, and 3 accumulated proline more than 
other genotypes which recorded 17.38, 16.72 and 15.69 µ mol/g FW, 
respectively. The highest value was recorded by line 1 while line 4 gave the 
lowest proline content under the same conditions. Proline is an important 
osmolyte that synthesizing in plants exposed to salinity stress, thus it is an 
osmoses protector in the plant (Nazarbeygi et al., 2011).  In this regard, the 
significant role of proline in plants under stress conditions was summarised 
by Hayat et al. (2012) as follows: 1) It defends the plants from different 
stresses and also allows plants to recover more quickly from stress. 2) 
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Improved growth and other plant physiological features. 3) Scavenges 
produced by ROS in plants under different biotic and biotic stresses. 4) The 
preservation of cell turgidity under stress affects plant-water relationships and 
also increases the rate of photosynthesis. 5) Protects plants from damaging 
stresses such as salinity. Also, Kishor et al. (2005) observed that, under a 
variety of stress conditions, proline accumulation was due to increased 
synthesis and decreased degradation. 

Fig. (4). Proline content (µ mol/g FW) in leaves of seven wheat lines under   
saline conditions. 

2.3. Electrophoretic patterns of soluble proteins (SDS-PAGE) 
           The data presented in fig. (5) and table (4) show that the number of 
bands in seven wheat lines ranged from 13 to 14 with molecular weights 
ranged between 6 to 130 kDa under saline conditions.  The more intensive 
bands are presented at molecular masses 25, 29, and 34 kDa for all lines.  
Bands of molecular masses 6, 7, 10, 12, 15, 25, 34, 50, 60, 82, and 130 kDa 
appeared in all lines. In contrast, bands of molecular weights 8, 18, and 29 
kDa were absent in lines (1 & 2), 3, and (4 & 5) respectively. A unique band 
of molecular weight 17 kDa appeared only in line 3.  The same effect was 
observed with the band of molecular mass 20 kDa in line 4. 
             Concerning band intensity, data showed an increase in band intensity 
in all lines under saline stress. The highest band intensity was recorded at 
molecular weight 34 kDa compared with other molecular weights. However, 
the highest values were recorded in lines 3, 4 and 6 respectively. In this 
connection, protein accumulation under saline stress at low molecular weights 
may be linked to an increase in the synthesis of certain protein sets (new 
bands) as molecular chaperons under saline stress. Molecular chaperones are 
a wide mix of proteins involved in different cellular functions, including 
folding/unfolding, macromolecular assembly/disassembly, retaining proteins 
in their native state and preventing their aggregation under various stress 
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conditions, helping to synthesize/degrade proteins, and targeting their cellular 
compartments (Boston et al., 1996). They were later interested in various 
physiological procedures and plant protection under stress conditions (Chen 
and Shimamoto, 2011). 
 
   

 

 

 

 

 
Fig. (5). SDS-PAGE profile of soluble protein extracted from seven wheat 

lines under saline conditions. 

Table (4). SDS-PAGE patterns of soluble protein extracted from seven bread 
wheat lines under saline conditions. 

Molecular 
weight 
(kDa) 

Band 
number 

Band intensity of bread wheat lines 

L1 L2 L3 L4 L5 L6 L7 

130 
82 
60 
50 
34 
29 
25 
20 
18 
17 
15 
12 
10 
8 
7 
6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

2.3 
2.2 
1.8 
1.4 
7.8 
1.8 
2.3 
0.0 
2.0 
0.0 
1.6 
1.6 
1.2 
0.0 
1.2 
1.6 

2.6 
2.2 
2.5 
1.9 

10.8 
2.0 
2.1 
0.0 
1.8 
0.0 
2.2 
1.8 
1.7 
0.0 
2.0 
1.7 

2.9 
3.0 
2.7 
2.6 
15.9 
2.6 
2.1 
0.0 
0.0 
2.9 
2.4 
2.7 
2.2 
1.5 
2.1 
2.5 

3.4 
3.0 
2.4 
2.8 
15.6 
0.0 
2.7 
1.8 
2.8 
0.0 
3.4 
3.1 
2.0 
1.3 
2.4 
2.7 

3.0 
2.8 
1.9 
2.7 
13.7 
0.0 
2.7 
0 

2.3 
0.0 
1.8 
2.7 
2.0 
1.5 
2.3 
2.2 

3.1 
2.7 
2.9 
2.7 

15.3 
2.3 
2.5 
0.0 
3.0 
0.0 
2.5 
2.5 
1.7 
1.0 
2.5 
2.1 

3.2 
2.3 
2.1 
1.7 

12.9 
1.7 
2.3 
0.0 
0.0 
0.0 
3.7 
2.0 
2.4 
0.9 
1.6 
1.5 

Total 13 13 14 14 13 14 13 
Where: 0= no bands, 1.00= refers to the lowest band intensity, 15.9= refers to the highest band intensity. 
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2.4 Superoxide dismutase isozyme (SOD) 
 SOD isoforms have been well reported under salt stress conditions in 
table (5) in the seven wheat lines. SOD patterns indicated the presence of 5 
bands for the seven wheat lines. The more intensive bands are presented at 
band numbers 4 and 5 in all lines under saline conditions. Band No.1 was 
absent in L4, also band No. 2 was absent in L3 and L4. However, band No.3 
was presented in lines 5, 6, and 7 only as well as absent in other wheat lines. 
Concerning band intensity, data showed an increase under saline stress 
conditions. By comparing band intensity for the seven bread wheat lines, the 
highest band intensities were recorded in lines 5, 6, and 7. In addition, band 
No.1 and 5 of line 7 gave the maximum values of band intensities under the 
same conditions. In this link, plant cells contain several antioxidants for 
reducing or repairing ROS damage and for controlling redox-sensitive cellular 
processes. SOD transform radical superoxide into hydrogen peroxide and 
molecular oxygen (Weydert and Cullen, 2010). Furthermore, SOD isoforms 
often respond differentially to various environmental stresses. Mauro et al. 
(2005) showed the significance of the SOD system's qualitative existence in 
the scavenging of superoxide radicals. 

 Table (5). Superoxide dismutase isozyme (SOD) profile of seven bread 
wheat lines under saline conditions. 

Band 
number 

Seven bread wheat lines 
   

L1 L2 L3 L4 L5 L6 L7 

 

 
1 1.20 2.36 1.96 0.00 3.37 3.39 4.18 
2 1.08 1.64 0.00 0.00 2.02 1.19 1.37 
3 0.00 0.00 0.00 0.00 1.91 1.13 1.39 
4 1.42 1.75 2.35 2.04 2.46 3.26 3.19 
5 1.36 1.74 2.21 2.18 2.51 3.35 4.26 

Total 4 4 3 2 5 5 5 
 
3. Molecular marker (ISSR-PCR) 
           The selected 6 ISSR primers used for the study of genetic diversity 
and the relationship of seven bread wheat lines (Triticum aestivum L.) 
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developed amplification products and polymorphic fingerprint patterns. A 
total of 102 DNA fragments were detected for ISSR-PCR analysis (Fig. 6 and 
Table 6), with an average of 17 bands per primer, 72 bands were polymorphic, 
and 30 bands were monomorphic. To determine the degree of polymorphism 
in the group of 7 bread wheat lines studied, the number of polymorphic bands 
ranged from 15% to 92% with an average of 65.5%. The most polymorphic of 
the amplified DNA bands ranged from 130 to 1500 base pairs (bp) in size 
Primer ISSR-2, where 22 polymorphic amplification products were detected. 
Primer ISSR-10 detected the smallest number of amplified polymorphic 
fragments (2). The band frequency mean was 0.4 (ISSR-2 and ISSR-13) to 0.9 
(ISSR-10) with 0.57 on average.   
     The similarity matrix (the similarity coefficient of the Jaccard) 
showed that the highest similarity percentage was obtained with 0.80 between 
the 1 and 2 lines, whereas the lowest similarity percentage was obtained with 
0.67 between the 3, 4, and 3,7 lines and the average genetic similarity 
coefficient (GS) was 0.735 between them (Table 7). 
           A dendrogram was developed using the Arithmetic Mean Unweighted 
Pair Group Method (UPGMA) similarity matrix that specifically 
discriminated against the genotypes of wheat. The cluster analysis was carried 
out using the similarity coefficients of Jaccard to research the genetic relations 
between these lines of wheat (Fig. 7). The produced dendrogram divided the 
lines into four sets. Set I contained two lines (4 and 6). Set 2 clustered together 
with two lines (5 and 7). Set 3 included two lines (1 and 2). Set 4 was made 
of a single line 3. These findings indicated the use of cluster analysis to 
distinguish the salt-tolerant lines apart from the sensitive lines. Analysis of 
DNA using ISSR-PCR has proven to be excellent markers for providing 
molecular data to test genetic variation and has been successfully used to 
classify genetic relationships for many other plants. In this regard, El-Sayed 
and Ibrahim  (2008) reported genetic diversity among ten genotypes of double 
haploid (DH) and five varieties of bread wheat grown in high salinity soil by 
the ISSR. They noticed that 31 polymorphic fragments with 58.4 percent 
polymorphism from a total of 56 amplified fragments under salinity stress 
were seen in an ISSR analysis using four different salinity tolerance primers. 
The four wheat genotypes identified 22 different markers with 41% 
polymorphism for salinity tolerance, while in the current study we found 
65.5% polymorphism among 7 genotypes. A similar result was also reported 
that ISSR markers are used to examine the genetic diversity and relationships 
between eight Egyptian wheat cultivars (Shandweel-1, Misr-2, Sakha-93, 
Sakha-94, Giza-168, Giza-171, Sids-1, and Gemmiza-9) by Abdel-Lateif and 
Hewedy (2018). They noted that ISSR primers formed 34 bands and 23 of 
these bands (68%) were polymorphic. These studies have shown strong 
sources of diversity that will help breeders determine genetic diversity and 
pick economically relevant characteristics such as salinity tolerance. The same 
result is stated in previous studies and this shows the importance of ISSR 
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markers in polymorphism detection and the establishment of specific genetic 
relations (Pakseresht et al., 2013 and Etminan et al., 2016). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (6). ISSR amplification patterns obtained using six primers in 1.5% 

agarose gel electrophoreses. (M) referred to molecular marker size 
of 100bp DNA ladder, (1 to 7) samples from bread wheat lines. 
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Table (6). The banding pattern and polymorphism generated by the six ISSR 
primers for the seven bread wheat lines. 

Primer 
Name  bp Monomorphic 

bands 

Polymorphic bands 
Total 
bands 

Polymorphism 
(%) 

Band 
frequency Non 

unique Unique Total 

ISSR- 
2   130-1500 2 18 4 22 24 92  0.4 

ISSR- 
8   180-1250 5 13 4 17 22 77  0.5 

ISSR- 
10 210-680 11 1 1 2 13 15  0.9 

ISSR- 
11 160-1400 4 11 3 14 18 78  0.6 

ISSR- 
13 150-1400 2 6 6 12 14 86  0.4 

ISSR- 
14 720-2000 6 2 3 5 11 45  0.6 

Total 30 51 21 72 102 70 3.4 
Mean per primer 5 8.5 3.5 12 17 65.5 0.57 

 
Table (7). Genetic similarity (Jacquard’s) among the seven wheat lines by 

ISSR pattern generated by six ISSR primers. 
Lines L1 L2 L3 L4 L5 L6 L7 

1 100             
2 80 100           
3 70 70 100         
4 68 68 67 100       
5 70 68 68 71 100     
6 71 69 68 79 78 100   
7 74 76 67 75 72 77 100 

 
. 
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Fig. 

(7). The dendrogram cluster tree generated by using classify 
UPGMA cluster analysis based on Jaccard’s similarity coefficients 
obtained from ISSR primers for the seven wheat lines. 

CONCLUSION 

            In light of the findings, it can be concluded that lines 1, 3, and 7 were 
more tolerant to salinity stress than the other lines. This was evident in growth, 
yield parameters, increasing proline accumulation, decreasing MDA content, 
and molecular markers associated with salinity tolerance ISSR, SDS-PAGE, 
and SOD isozyme markers, which are well correlated with their adaptive 
strategy to salt stress for the seven bread wheat lines. Specific positive marker 
detection may be of great benefit to breeding programs to predict the most 
tolerant cultivars. ISSR techniques are efficient methods for detecting specific 
salinity tolerance markers, but experimental studies need to be done to 
establish the relationship between these ISSR markers, protein and isozyme 
markers, and the salt tolerance gene(s) responsible for these wheat lines. 
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 بیكارتلا يف ةحولملا لمحتب ةطبترملا ةیئیزجلاو ةیویحلا ةیئایمیكلا تامالعلا
 ةیحلملا فورظلا تحت زبخلا حمقل ةیثارولا

 
 رباصلا دمحم دومحم
 ،ةرھاقلا ،ةیرطملا ،ءارحصلا ثوحب زكرم ،ةیثارولا لوصألا مسق ،ةیویحلا ءایمیكلا ةدحو
 رصم
 

 يحلملا داھجإلل ًالمحت رثكألازبخلا حمق نم تالالس عبس ةفرعمل ثحبلا اذھ ءارجإ مت
 سأر ةطحمب )يرلا هایم ةحولم نویلملا يف ءزج ٨٩٣٤و ةبرتلا ةحولم نویلملا يف ءزج ٦١٩٥(
 اھتردق يف ریبك لكشب تفلتخإ زبخلا حمق تالالس نأ جئاتنلا تراشأ دقو  .رصم ،ءانیس بونج ،ردس
 يقاب ىلع L1 ةلالسلا تقوفت دقو  .اھلقنو ةیویحلا ةیئایمیكلا تانوكملا باعیتسإ يلاتلابو ومنلا ىلع
 نم ىوتحم لقأ لیجست ىلإ ةفاضإلاب نیلوربلاو لوصحملاو ومنلل ىلعألا میقلا تطعأ دقف ،تالالسلا

malondialdehyde  ةلالس اھدعب ءاج دقو L3 وL7.  لیلحت مادختسإ مت دقو ISSR-PCR )٦ 
 نم ةمزح ١٠٢ دوجو نع جئاتنلا ترھظأو  .ةفلتخملا حمقلا تالالس نیب ةقرفتلاو زییمتلل  )ئداب
 ٥١( لاكشألا ةددعتم ةمزح ٧٢ تطعأ دقو تائدابلا هذھ مادختسإل ةجیتن DNA يوونلا ضمحلا
-ISSR ئداب نأ ظحول امك   .٪٧٠.٥٨ تافالتخإ ةبسنب )unique ةمزح ٢١و  non-unique ةمزح
 ئداب مث ٪٨٦ ةبسنب ISSR-13 ئداب ةیناثلا ةبترملا يف ءاج دقو ،٪٩٢ تافالتخإ ةبسن ىلعأ ىطعأ 2

ISSR-11 ةیمیزنإلا تاھباشملاو تانیتوربلا لیلحت نأ جئاتنلا ترھظأ امك  .يلاوتلا ىلع ،٪٧٨ ةبسنب 
-SDS لیلحت رھظأ دقف   .ةحولملل ةساسحلاو ةمواقملا تالالسلا نیب زییمتلا يف حاجنب اھمادختسإ نكمی

PAGE ٦ نیب تحوارت ةیئیزج نازوأب ةینیتورب ةمزح ١٤ ىلإ ١٣ نم دوجو نع حمقلا تالالسل 
 ٣٤و ٢٩ ،٢٥ ةضفخنملا ةیئیزجلا نازوألا تاذ مزحلا نأ جئاتنلا تحضوأ دقو ،نوتلاد ولیك ١٣٠ ىلإ
 مزح ٥ دوجو ىلإ SOD جئاتن تراشأ دقو  .ةحولملا فورظ تحت ةفاثك رثكألا تناك نوتلاد ولیك
 اًءانب  .ةمدختسملا تالالسلا عیمج يف اًدجاوت رثكألا يھ ٥و ٤ ةمزحلا تناكو ،ةعبسلا حمقلا تالالسل
 يتلاو L7و L3 اھیلی زبخلا حمق تالالس لضفأ يھ L1 ةلالسلا تناك ،اھیلع لصحتملا جئاتنلا ىلع
 نیلوربلاو لوصحملاو ومنلا يف ةحضاو ةدایزب كلذ طابترإو يحلملا داھجإلل ًالمحت رثكأ تناك
 ،SDS-PAGE نأ ىلع ثحبلا دكؤی ،اًضیأ  .malondialdehyde ىوتحم ضافخنإ ىلإ ةفاضإلاب

SOD وISSR ةیحلملا فورظلا تحت ةفلتخملا زبخلا حمق تالالس نیب زییمتلل ةماھو ةدیفم قرط. 
 

 

 

 

 


