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his work focused on investigating the performance of thirteen

T newly wheat breeding lines compared with two check varieties
under two salinity conditions; 6000 and 9000 ppm. The
objectives were to determine salt-tolerant and sensitive genotypes
using diverse tolerance indices. Additionally, to assess the genetic
variability, heritability, genetic gain and genetic diversity among
breeding lines using ISSR markers, protein electrophoresis and
superoxide dismutase isozymes (SOD). The phenotypic and
genotypic coefficients of variation displayed maximum values for
number of spikes/m?, grain yield and number of grains/spike. Seven
tolerance indices were calculated; SSI, TOL, MP, GMP, STI, YI and
YSI for all evaluated genotypes. The highest scores of all indices were
registered by G10 followed by G3, G13, G7 and G1; on the contrary,
the lowest values were recorded by G12, G8 and G5. Cluster analysis
was performed based on tolerance indices and the genotypes were
divided into four groups ranged from highly salt-tolerant to highly
sensitive genotypes. ISSR-PCR analysis displayed 105 DNA
fragments using 6 selected primers detected 77 polymorphic bands
and 28 monomorphic bands. Protein electrophoresis revealed that the
number of bands for all genotypes ranged from 11 to 14 with
molecular weights ranged between 6 to 130 kDa under salinity stress
conditions. Unique bands of molecular weights 17 and 20 kDa were
detected just for G3 and G4. SOD patterns indicated more intensive

bands for G3 and G4 under salinity stress.

Keywords: wheat, breeding lines, salinity, genetic variability, heritability,
genetic gain

INTRODUCTION

There is a great demand to exploit salt-affected soils and saline
irrigation water to meet the food requirements due to the continuous growing
global population and shortage of fresh water (Varshney et al., 2011 and Turan
et al., 2012). Water is the main factor that affects crop production (Gonzalez
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et al., 1999). Additionally, from a wide range of adverse factors, saline water
is considered the most important factor that influences yield and crop
adaptation to a particular environment (Mansour et al., 2020). Unesco Water
Portal (2005) and FAO (2008) reported that 6% of the worlds' total land and
20% of irrigated areas are affected by salinity and about 80 countries are
semiarid. Developing salt-tolerant genotypes has been proposed as the most
effective way to reduce the deleterious effects of salinity on crop production
(El-Hendawy et al., 2011). Using natural saline water with different levels of
salinity is an important option for agricultural production in arid and semi-arid
regions to face depletion and shortage of fresh water.

Plant response to salt stress is a complex phenomenon that involves
changes in plant morphology and physiology (Munns, 2005). Various
mechanisms are generated in plants under salinity as accumulation of ions into
different tissue compartments; production of osmolytes, protein denaturation;
production of enzymatic and non-enzymatic antioxidants, acceleration of lipid
peroxidation, DNA damage and inhibition of photosynthesis (Shao et al.,
2007). Otherwise, plant response to salinity stress differs according to species,
genotype and developmental stage (Turan and Tripathy, 2012). Evidently,
only a few crop species and genotypes are adapted to salinity conditions
(Mohamed et al., 2007).

Developing high-yielding and salt-tolerant genotypes is the main
objective of plant breeders. Certainly, breeding materials are crucial for
enhancing tolerance against adverse conditions. Investigating the genotypic
variation among available breeding materials and their response to
environmental stress is essential to develop new tolerant genotypes (Mitra,
2001). Moreover, studying the genetic behavior of different agronomic traits
could contribute to better understanding the adaptability and possibility of
improving grain yield under stress conditions (Limin et al., 2007).
Furthermore, the recent molecular analysis leads to the feasibility of
inheritance of qualitative and quantitative traits. Besides, molecular
approaches enhance the identification of genes controlling important traits and
evaluate their contribution to phenotypic performance which facilitates
selecting favorable alleles using marker-assisted selection (Turan et al., 2012).

Wheat (Triticum aestivum) is the most widely potential valuable food
all over the world that provides more calories and protein than any other food
crop (Hanson et al., 1982). It is the most broadly grown crop in the world, its
production area in 2019 was 215.9 million hectares produced 765.8 million
tons (FAOSTAT, 2021). The worlds' food demands increase annually and
require national and international strategies to fill the gap between its
consumption and production despite the shortage of water resources and
agricultural areas. Moreover, global water reduction is expected to become a
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serious problem by the year 2025, especially in areas with high population
density (Cosgrove and Rijsberman, 2000).

Developing high-yielding genotypes based on their performance is
helpful for improving wheat yield under different stresses (Saidi et al., 2000).
Estimating the magnitude of phenotypic and genotypic variability, heritability
and genetic gain is crucial to optimize the selection process of the breeding
program. Heritability quantifies the expected improvement depending upon
selection and explains the cause of observed differences among genotypes
whether genetically or environmentally. Expected genetic gain gives an idea
about the possible improvement through advanced generations by selecting
high performing genotypes. Additionally, heritability coupled with genetic
gain is better than estimating heritability alone to predict the amount of genetic
improvement that could be achieved by selecting high performing genotypes
(Abdel-Ghani, 2013).

There are several tolerance indices that could be used to identify
tolerant or sensitive genotypes to environmental stresses. Tolerance index
(TOL) is defined as the differences in yield between stress and non-stress
environments, mean productivity (MP) is yield average of genotypes under
stress and non-stress conditions, stress susceptibility index (SSI) is used for
investigating yield stability in variable environments, geometric mean
productivity (GMP) is used interested of relative performance, stress tolerance
index (STI) is used to determine tolerance potential of the evaluated
genotypes, harmonic mean (HM) is utilized to evaluate genotype stability
under both stress and non-stress conditions and superiority index (Pi) is used
as an indicator to compare the productivity of genotypes across different
environments and identify superiority of genotypes (Huang, 2000; Golabadi
etal., 2006; Jafari et al., 2009; Akcura and Ceri, 2011). Moghaddam and Hadi-
Zadeh (2002) reported that STI is useful to select favorable cultivars under
stressful and non-stressful conditions. Khalili et al. (2004) showed that maize
hybrids with high yield under both stress and non-stress environments can be
selected using GMP and STI indices. Akcura et al. (2011) indicated that the
tolerance indices; SSI, MP, GMP, TOL, HM and STI are useful indicators for
wheat breeding under stress conditions. Firozi et al. (2012) displayed that MP
and STI significantly correlate with grain yield under both stress and non-
stress conditions and these indices able to discriminate tolerant and sensitive
genotypes. Ilyas-Khokhar et al. (2012) suggested that breeders can select
better genotypes using tolerance indices GMP, MP, STI and YI under stress
conditions and compare results with performance under non-stressed
conditions.

The present study aimed at focusing on attaining a further
improvement in wheat adaptability by selecting salt-tolerant genotypes
through their performance. Moreover, determining certain indices with
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variability, heritability and genetic gain estimations. Besides assessing the
genetic diversity relationships among thirteen newly wheat breeding lines
selected under salinity stress using ISSR markers, protein electrophoresis and
superoxide dismutase isozymes.

MATERIALS AND METHODS

1. Experimental Site and Agricultural Practices

Two field experiments were carried out at the Experimental Farm of
Desert Research Center, Ras-Sudr Research Station, South Sinai, Egypt (29°
35" N, 32° 41" E) using saline water for irrigation at levels of 6000 and 9000
ppm during 2017/2018 and 2018/2019 growing seasons. The breeding
materials were thirteen wheat breeding lines were obtained from Wheat
Breeding Program, Plant Breeding Unit of Genetic Resources Department of
Desert Research Center, Mataria, Egypt in addition to two adapted check
varieties (Table 1). The experiments were performed using Randomized
Complete Block Design (RCBD) with three replicates. Each genotype was
sown in five rows of 2-m length and 0.25-m apart. All other agricultural
practices were applied according to the recommendations in the study region.
The irrigated water was used from two different wells and was analyzed as
illustrated in Table (2).

2. Measured Traits

The recorded agronomic traits in this study were days to heading,
plant height (cm), number of spikelets/spike, spike length, number of
spike/m?, number of grains/spike, 1000-grain weight (g) and grain yield/fad.

3. ISSR-PCR Technique

Fresh leaves were collected from all genotypes after 45 days from
sowing and ground into fine powder using liquid nitrogen and kept frozen in
-80°C till tested for ISSR, electrophoretic pattern of proteins and isozymes.
Genomic DNAs were extracted from frozen tissue of individual samples
following the procedure described by DNeasy Plant Mini Kit (Qiagen Inc.,
Cat. no. 69104, USA). The concentration and quality of genomic DNA
samples were estimated on spectrophotometer ND-2000 (Nanodrop, USA).
Finally, all genomic DNA samples were diluted to a final concentration of 40
ng/pl with TE bufter (10 mM TrisHC1, pH 8.0; 1 mM EDTA) and stored at -
20°C for further use. A set of 6 primers ISSR was used in the detection of
polymorphism (Table 3). The amplification reaction was carried out in 25 pl
reaction volume containing 1X PCR buffer, 1.5 mM MgCl,, 0.2 mM dNTPs,
1 uM primer, 1 U Tag DNA polymerase and 30 ng template DNA. PCR
programmed to fulfill 35 cycles after an initial denaturation cycle for 5 min at
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94°C. Each cycle consisted of a denaturation step at 94°C for 1 min, an
annealing step at 50°C for 1 min, and an elongation step at 72°C for 1.5 min.
The primer extension segment was extended to 7 min at 72°C in the final
cycle. The amplification products were resolved by electrophoresis in a 1.5%
agarose gel containing ethidium bromide (0.5 ug/ml) in 1X TAE buffer at 95
volts. A 100 bp DNA ladder was used as DNA standard size marker. PCR
products were visualized on UV light and photographed using a Gel
Documentation System (BIO-RAD 2000).

Table (1). Code, origin and pedigree of the used wheat genotypes.

Genotypes Name Pedigree
Parents
Cl Gizal68  MIL/BUC//Seri CM 93046-8M-04-0M-2Y-0B-062

ACSADS52914/C18224/C1683/3/Cno*2/7c//TopAcs-

2 Acsad903 W-8024-201Z-31Z-41Z-01Z
C3 Acsad949 SNB,S,ASAD30SATS-W-8083-31Z-51Z-31Z-01Z
C4 Linel TEVEE-I/SHUHA-C6
C5 Line63 CHAM-4/GRU90-202579
Co6 Chamé6 CM39992-2M-7Y-0M-OAP
C7 V4 Azeghar-2/3/Mrf2//Ber/Grol
C8 Vil Ber/Grol//Mgnll
C9 V12 Geromtel-1/Icasyr-1
C10 Gemaiza7 CMH74 A. 630/5x//Seri 82/3/Agent
Lines
L1 Gl C5xC2
L2 G2 C5xC2
L3 G3 C4xC6
L4 G4 C4xC6
L5 G5 C9xC10
L6 Go6 C10xC7
L7 G7 C8xC10
L8 G8 C4xC6
L9 G9 C1xC3
L10 G10 C8xC10
L11 Gl1 C10xC7
L12 GI12 C10xC7
L13 G13 C1xC2
Check varieties
Misr 1 Gl4 OASIS/SKAUZ//4*BCN/3/2*PASTOR.
Sakha 93 Gl15 Sakha 92/TR 810328 S 8871-1S-2S-1S-0S

Egyptian J. Desert Res., 71, No. 1, 23-52 (2021)



28 Moustafa, E.S.A.

Table (2). Water and soil chemical analysis.

Level pH EC Cations (meq/l) Anions (meq/l)

ppm Ca™ Mg™ Na* K" CO;y HCO;y CI' SOy

Water analysis

Welll 7.82 5557 10.8 7.15 53.6 0.35 - 530 391 26.8
Well2 7.66 8934 193 13.8 105.1 0.90 - 7.50 93.1 387
Soil analysis

Soil 7.76 6195 4.6 32 883 0.67 - 495 657 26.1

Table (3). Selected ISSR primers for polymorphic DNA generation were used
for thirteen bread wheat genotypes.

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'

4. Statistical Analysis

Data of all traits were subjected to analysis of variance according to
Lydansky (1988). Phenotypic and genotypic variances and broad-sense
heritability were estimated according to Singh and Chaudhary (1985). The
genetic gain (GQG) as a percentage of respective checks was computed using
the formula developed by St. Martin and McClain (1991). Salinity tolerance
indices were calculated as following equations: Stress susceptibility index
(SSI)= (1-Ys/Yp)/SI where SI (Stress intensity)= 1-Ysi/Ypi (Fischer and
Maurer, 1978), Tolerance index (TOL)= Yp-Ys (Rosielle and Hamblin,
1981), Mean productivity (MP)= (Yp+Ys)/2 (Rosielle and Hamblin, 1981),
Geometric mean productivity (GMP)= \YpxYs (Fernandez, 1992), Stress
tolerance index (STI)= (YpxYs)/Ypi® (Fernandez, 1992), Yield index (YI)
=Ys/Ysi (Gavuzzi et al., 1997), Yield stability index (YSI)= Ys/Yp (Bouslama
and Schapaugh, 1984), where: Ys is the yield of genotype under stress
condition; Yp the yield of genotype under normal condition; while Ysi and
Ypi are the total mean yields of all genotypes under stress and normal
conditions, respectively. Cluster analysis was performed using Ward’s
method (Kumar et al., 2009). All the statistical analyses were performed using
SPSS v 16.0 (SPSS Inc., 2007, Chicago, IL, USA) software program.
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5. ISSR-PCR Analysis

Banding patterns generated by ISSR-PCR markers were compared to
determine the genetic similarity of the evaluated genotypes. Clear and distinct
amplification products were scored as ‘1’ for the presence and ‘0’ for the
absence of bands. Bands of the same mobility were scored as identical. The
genetic similarity coefficient (GS) between two genotypes was estimated
according to Dice coefficient (Sneath and Sokal, 1973). The similarity matrix
was used in the cluster analysis that was employed to organize the observed
data into meaningful structures to develop taxonomies. At the first step, when
each accession represents its own cluster, the distances between these
accessions are defined by the chosen distance measure (Dice coefficient).
However, once several accessions have been linked together, the distance
between two clusters is calculated as the average distance between all pairs of
accessions in the two different clusters and this is called Unweighted Pair
Group Method using Arithmetic Average (UPGMA) (Sneath and Sokal,
1973).

6. Electrophoretic Pattern of Proteins and Superoxide Dismutase
Isozyme

Soluble proteins in leaves were determined according to SDS-PAGE
gel electrophoresis using acrylamide slab gels following the system of
Laemmli (1970). While superoxide dismutase (SOD) was extracted from plant
samples and separated by native polyacrylamide gel electrophoresis (PAGE)
according to Weydert and Cullen (2010).

RESULTS AND DISCUSSION

The genetic variations within and between populations can be induced
by recombination, mutations, and introgressions (Hawkes, 2013). These
variations could be used in breeding to increase the possibilities of developing
new highly productive cultivars with good quality properties (Horsley et al.,
1995 and Bockelman et al., 2010). The statistical parameters; mean
performance, genetic variability, heritability and genetic gain are vital to
evaluate the performance and genetic stability of any derived genotypes and
efficient selection of particular traits (Firouzian, 2003).

1. Analysis of Variance

The analysis of variance displayed highly significant differences
between the two salinity levels and among the evaluated genotypes for all
traits (Table 4). These findings confirm the presence of genetic variability in
studied genotypes as well as salinity levels. The magnitude of mean squares
indicates that the measured traits were highly affected by salinity than
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genotype. Although the interaction between salinity and genotypes showed
lower magnitude than the main effects of salinity and genotype, it was
significant for all traits which indicates that the genotypes behaved differently
under different salinity levels. While the three-way interaction among salinity,
genotype and year was non-significant for most studied traits. These results
were in accordance with those of Balkan (2018), Jaur (2019), Khanzada et al.
(2019), Mishra et al. (2019), Shah et al. (2019), Al-Naggar et al. (2020),
Bayisa et al. (2020), Ferede and Worede (2020), Gadimaliyeva et al. (2020)
and Nizamani et al. (2020).

2. Mean Performance

Increasing salinity level resulted in significant earliness in heading for
all wheat genotypes. The earliest heading was recorded by the genotypes G14,
G1, G4, G10 and G3 while the late heading was obtained by G8, G12, G5 and
G7 under the two salinity levels (Fig. 1A). Earliness in heading could be
considered as an important strategy and resilient adaptation to face
environmental stress (Shavrukov et al., 2017). Likewise, plant height declined
significantly from 94.17 to 60.50 cm as a result of increasing salinity level
from 6000 to 9000 ppm (Fig. 1B). The shortest plants were recorded by G12,
G3, GY and G14, while the tallest plants were obtained by G1, G13, G4 and
G7 under two salinity levels. Spike length significantly affected by salinity
stress and reduced from 15.77 cm at low salinity level (6000 ppm) to 10 cm
at high salinity (9000 ppm) level (Fig. 1C). The genotypes; G1, G12 and G6
showed the longest spike under low salinity level while shortest spikes were
assigned for G10, G3, G14 and G2 under high salinity level.

Number of spikelets/spike scientifically reduced under high salinity
(9000 ppm) level. The genotypes G3 and G2 exhibited the lowest number of
spikelets, while the highest values were recorded by G6 and G1 under low
salinity (6000 ppm) level (Fig. 2A). Likewise, number of spikes/m’ was
affected by salinity elevation and decreased gradually under salinity levels
(Fig. 2B). The genotypes G10, G1 and G3 displayed the highest values, while
G8, G12 and G4 exhibited the lowest values under both salinity levels.
Number of grains/spike was declined from 61 to 36.96 grains by increasing
salinity from 6000 to 9000 ppm. The genotypes G2 and G13 displayed the
fewest number while G9, G8 and G6 produced the highest values under both
salinity levels (Fig. 2C).

The weight of 1000-grain performed differently under salinity levels,
its values decreased from 59.9 g under low salinity level to 32 g under high
salinity level. The heaviest weight was signed at low salinity level by G7, G5,
G3 and G11, while lighter grains were recorded by G6, G12, G10 and G7
under high salinity level (Fig. 3A). Finally, increasing salinity level led to a
significant reduction in grain yield (Fig. 3B) from 14.25 under low level to
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5.43 ardab/fad under high salinity level. The highest grain yield was obtained
by G10, G7 and G3, while the lowest values were assigned for G12, G5, G13
and G8 under both levels. The obtained results are compatible with those of
Salah et al. (2005), Awaad et al. (2010), Asgari et al. (2011), Maryam et al.
(2012), Sonia et al. (2013), Al-Naggar et al. (2015), Sara et al. (2015), Afiah
et al. (2016) and Abbas et al. (2018).
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Fig. (1). Impact of salinity stress on days to heading (A), plant height (B) and
spike length (C) for fifteen wheat genotypes.
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Fig. (3). Impact of salinity stress on 1000-grain weight (A) and grain yield (B)
for fifteen wheat genotypes.

3. Genetic Variability, Heritability and Genetic Gain

The highest genetic variations were assigned for number of spikes/m?,
grain yield and number of grains/spike (Table 5). On the other hand, spike
length, 1000-grain weight and plant height displayed intermediate values, and
days to heading and number of spikelets/spike presented low values under two
salinity levels. Phenotypic coefficient values (PCV) were relatively higher in
its magnitudes than the genotypic one (GCV) for all traits with smaller
differences between them. These variations revealed to low environmental
effect on the expression of the evaluated trait. These findings confirmed that
selection can be effective using these traits and their phenotypic expression is
a good indication for genetic potential. Many authors reported similar
Egyptian J. Desert Res., 71, No. 1, 23-52 (2021)
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conclusions as Balkan (2018), Jaur (2019), Khanzada et al. (2019), Mishra et
al. (2019), Shah et al. (2019), Al-Naggar et al. (2020), Bayisa et al. (2020),
Ferede and Worede (2020) and Nizamani et al. (2020).

Table (5). Genetic variability parameters for the studied traits in fifteen wheat

genotypes under salinity stress over two growing seasons.

Trait Salinity ¢°P ¢°G ¢’E P.C.V. G.C.V. h’b G.G.
Days to 6000  13.11 1233 0.78  4.79 4.65 94.07 7.02
heading 9000 874 795 0.79 4.12 3.93  90.88 5.54
Plant height 6000  54.58 30.40 24.18 8.82 6.57 55.61 8.48
9000  87.57 4234 4523 13.61 9.46  48.60 9.35
No. 6000  3.06 244 062  7.92 7.07  79.86 2.88
spikelets/spi 9000 1.87 1.14 073  6.85 533 6125 1.73
Spike length 6000  2.03 1.88 0.15 1094 10.53 92.70 2.72
9000 1.75 159 0.16 1094 1042 90.78 2.48
No. spike/m’ 6000 2614 2305 309.1 34.57 3248 8825 92.88
9000 1416 1216 200.3 29.05 2691 85.79 66.59
No. 6000  50.31 27.55 22776 13.54 998  54.17 7.89
grains/spike 9000  31.01 11.25 19.76 13.31 796 3571 4.12
6000 2490 1291 11.99 9.32 6.67 51.94 534
1000 GW 9000 3221 1242 19.79 14.11 8.87 43.11 4.67
Grain yield 6000  6.56 273 3.83 21.80 14.13 4233 2.18
9000 501 1.88 3.13 2650 16.16 37.04 1.71

62g is genotypic variance, 6%p is phenotypic variance, 6°E is environmental variance, GCV
genotypic coefficient of variation, PCV is phenotypic coefficient of variation, h? is heritability
in broad sense and G.G. is genetic gain.

4. Salinity Tolerance Indices and Cluster Analysis

Seven tolerance indices were calculated; SSI, TOL, MP, GMP, STI,
YI and YSI (Table 6). These indices were effective to identify tolerant and
sensitive genotypes to salt stress. The highest values were assigned for G10
followed by G3, G13, G7 and G1 indicating their high tolerance to salinity
stress. On the other hand, the most sensitive genotypes were G12 followed by
G8 and G5 since they showed the lowest values. Cluster analysis was
performed based on tolerance indices and the genotypes were classified into
four groups (Fig. 4). Group A included two genotypes; G10 and G3 which had
the highest values of tolerance indices, hence, they could be considered highly
salt-tolerant and most desirable genotypes. Group B comprised of eight
genotypes G7, G2, G9, G1, G14, G11, G6 and G15 which possessed also
intermediate values, therefore, they could be considered as moderate salt-
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tolerant genotypes. Group C contained two genotypes G4 and G13 that had
low values, which could be considered sensitive genotypes. Finally, Group D
consisted of three genotypes G12, G8 and G5 that displayed the lowest values
and subsequently these genotypes could be considered the highly sensitive
ones. These results were in consistence with those of Bagci et al. (2007),
Ahmadi et al. (2012), Asadi et al. (2012), Badran and Moustafa (2014), Abd
El-Mohsen et al. (2015); Desheva and Kyosov (2015), Sanjay et al. (2015),
Sara et al. (2015), Afiah et al. (2016), Darwish et al. (2017), Maha et al.
(2017), Yassin, et al. (2019) and Gadimaliyeva et al. (2020).

Table 6. Salinity tolerance indices for fifteen wheat genotypes under salinity
stress 6000 and 9000 ppm (averaged over the two growing seasons).

Genotypes Yp Ys SSI TOL MP GMP STI YI YSI

Gl 13.00 9.59 1.01 341 1129 11.16 095 1.13 0.74
G2 11.92 877 1.02 3.16 1034 10.22 0.80 1.03 0.74
G3 13.32 10.54 0.80 2.77 11.93 11.85 1.07 124 0.79
G4 1021 7.49 1.03 272 885 874 0.58 0.88 0.73
G5 883 658 098 226 770 7.62 044 077 0.74
Go6 11.93 955 077 239 10.74 10.67 0.87 1.12 0.80
G7 13.46 823 150 524 1085 10.52 0.84 097 0.61
G8 850 683 076 1.67 7.66 7.62 044 0.80 0.80
G9 11.82 8.41 1.11 340 10.12 997 0.76 099 0.71
G10 14.25 10.29 1.07 3.96 1227 12.11 1.12 121 0.72
Gl11 11.75 997 058 1.78 10.86 10.83 0.89 1.17 0.85
G12 871 543 145 327 7.07 688 036 0.64 0.62
G13 11.16 6.66 155 450 891 862 0.57 0.78 0.60
G14 11.43 932 071 211 1037 1032 0.81 1.10 0.82
G15 11.67 9.72 0.64 194 10.70 10.65 0.86 1.15 0.83

Yp is grain yield under 6000 ppm, Ys is grain yield under 9000 ppm, SSI is stress sensitivity
index, MP is mean productivity, GMP is geometric mean productivity, STI is stress tolerance
index, Yl is yield index and YSI is yield stability index.
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Fig. (4). Dendogram of the distances among fifteen wheat genotypes under
salinity stress; 6000 and 9000 ppm. The genotypes were classified
into four groups; A is salt-tolerant (two genotypes), B is moderate
salinity-tolerant (eight genotypes), C is salinity-sensitive (two
genotypes) and D is highly salt-sensitive (three genotypes).

5. ISSR Markers for Salinity Tolerance in Wheat Genotypes

Six ISSR primers were used to study the genetic diversity and
relationships among tested thirteen breeding lines by exploring amplification
products and polymorphic fingerprint patterns. A total of 105 DNA fragments
were detected contained 77 polymorphic and 28 monomorphic bands (Fig. 5
and Table 7) with an average of 17.5 bands per primer. The number of
polymorphic bands was calculated (ranged from 29% to 92% with an average
of 69%) to determine the polymorphism degree. On the other hand, the most
polymorphic amplified DNA bands ranged from 130 to 1500 base pairs (bp)
in size primer ISSR-2. Primer ISSR-10 exhibited the lowest number of
amplified polymorphic fragments (4). The band frequency mean was 0.4
(ISSR-2 and ISSR-13) to 0.8 (ISSR-10) with 0.55 as average values.
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Fig. (5). 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 13) samples from bread wheat genotypes
(Triticum aestivum L.).
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Table (7). The banding pattern and polymorphism generated by the six ISSR
primers for thirteen bread wheat genotypes.

Range of Mono- Polymorphic Unique Polymorphic Totalno. Polymorphism Mean
Primer smaller- morphic (without bands (with unique) of bands (%) of band
Name larger bands unique) frequency
(bp)
ISSR- 130-1500 2 21 1 22 24 92 % 0.4
2
ISSR- 180-1250 5 13 4 17 22 77 % 0.5
8
ISSR-  210-680 10 2 2 4 14 29 % 0.8
10
ISSR- 160-1400 3 14 2 16 19 84 % 0.5
11
ISSR-  150-1400 2 7 6 13 15 87 % 0.4
13
ISSR-  720-2000 6 5 0 5 11 45 % 0.7
14
Total 28 62 15 77 105 -- 33
Mean per primer 4.6 10.3 -- 12.8 17.5 69% 0.55

The similarity matrix (similarity coefficient of Jaccard) showed that
the highest similarity percentage (0.91) was obtained between G10 and G11.
While the lowest similarity percentage (0.63) was obtained between G3 and
G9 as well as between Gl and G13 with an average genetic similarity
coefficient (GS) is 0.77 (Table 8). The dendrogram was constructed using the
Unweighted Pair Group Method with Arithmetic Mean (UPGMA) similarity
matrix. The cluster analysis was performed using similarity coefficients of
Jaccard to study the genetic relations among the genotypes (Fig. 6). The
constructed dendrogram divided the genotypes into two main cluster groups:
the genotypes G1, G2 and G3 separated from the other ten genotypes which
were divided also into two main sub-clusters one included G4, G6, G8 and G7
and the other contained G5, G9, G10, G11, G12 and G13. These findings
indicated that using cluster analysis is useful for distinguishing salt-tolerant
genotypes apart from the sensitive ones. Furthermore, analysis of DNA using
ISSR-PCR provided excellent markers to test genetic variation which
successfully was used to classify genetic relationships among genotypes. In
this regard, El-Sayed and Ibrahim (2008) estimated genetic diversity among
ten double haploid genotypes and five bread wheat varieties were evaluated
in salt-affected soil using ISSR marker. They reported that ISSR using four
separate primers showed 31 polymorphic fragments with 58.4%
polymorphism from a total of 56 amplified fragments. Four wheat genotypes
identified 22 different markers with 41% polymorphism for salinity tolerance.
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In the current study 65.5% polymorphism among thirteen genotypes was
detected which indicates a good source of diversity could help breeders to
develop potentially salt-tolerant genotypes.

Table (8). Genetic similarity (Jaccard's) among the thirteen bread wheat
genotypes generated by six ISSR primers

Genotypes

MW Gl G2 G3 G4 G5 Go6 G7 G8 GY9 G100 G111 G12 GI13
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 71 76 67 75 72 77 100

8 67 72 72 77 70 81 75 100

9 72 67 63 73 75 76 70 70 100

10 73 67 71 78 73 77 68 70 &7 100

11 73 68 66 76 75 77 68 66 &5 91 100

12 68 68 71 76 75 76 72 68 79 87 &7 100

13 63 70 71 79 70 76 67 75 75 &4 82 &7 100
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Fig. (6). Dendrogram cluster tree generated by using classify UPGMA cluster
analysis based on Jaccard’s similarity coefficients obtained from
ISSR primers with, for the thirteen bread wheat genotypes.
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6. Electrophoresis of Protein

Data presented in Fig. (7) and Table (9) showed that number of bands
in the thirteen wheat breeding lines ranged from 11 to 14 with molecular
weights ranged between 6 to 130 kDa under salinity stress conditions. The
highest intensive bands are presented at molecular masses 25, 29 and 38 kDa
for all thirteen lines. Bands of molecular masses 6, 7, 12, 15, 25, 38, 50, 60,
82 and 130 kDa appeared in all genotypes. In contrast, the band of molecular
weight 8 kDa was absent in G1, G2 and G10; and the band of molecular weight
10 kDa was also absent in G9 and G10. In the same trend, the band of
molecular weight 18 kDa disappeared G3, G7 and G12. But a unique band of
molecular weight 17 kDa appeared only in G3 and also the same effect was
observed with a unique band with molecular mass of 20 kDa G4. Concerning
band intensity, the results showed that increasing band intensity was detected
for all genotypes under salinity stress. The highest intensity was recorded in
molecular weight of 38 kDa comparing with other weights. However, the
highest values were noticed for G9, G11 and G6. In this context, protein
accumulation under salinity stress at low molecular weights could be linked
to an increase in the synthesis of certain protein sets (new bands) as molecular
chaperons. These chaperones are a large mix of proteins that are involved in
various cellular functions, including folding/unfolding, macromolecular
assembly/disassembly. Keeping proteins in their native state and preventing
their aggregation under different stress conditions, helping to
synthesis/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. (7). SDS-PAGE profile (soluble protein) of thirteen wheat genotypes
under salinity stress.
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7. Superoxide Dismutase Isozymes

Superoxide dismutase isozyme (SOD) analysis was performed in the
thirteen wheat breeding lines (Fig. 8 and Table 10). The patterns of SOD
indicated the presence of 4 bands for all genotypes. The highest intensive
bands were presented at band numbers 3 and 4 in all genotypes under salinity
stress. While band number 1 was absent in G4, also band number 2 was absent
in G3 and G4. However, bands number 3 and 4 were presented in all
genotypes. The results displayed that band intensity increased under salinity
stress conditions. Comparison of band intensity among genotypes presented
that the highest intensity was recorded atband number 4 in genotypes G8, G10
and G9. Regarding band number 3 the maximum value of band intensities was
detected in G12, G11 and G13. In this context, plant cells contain a number
of antioxidants for reducing or repairing ROS damage and also for controlling
redox-sensitive cellular processes. Whereas SOD transforms 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) indicating the importance
of qualitative nature of SOD system in the scavenging of superoxide radicals
(Guan and Scandalios, 1998).

2 3 - 5 6 7 8 S 10 11 12 13

Figure (8). Zymogram of SOD banding pattern isozyme of thirteen wheat
genotypes under salinity stress.

Table (10). SOD profile of the thirteen bread wheat genotypes under salinity

stress.

Band Genotypes

No. G2 G3 G4 G5 Go G7 G8 GY GI10 Gl11 GI12 G13
1 1.00 2.06 194 000 198 206 316 27 24 19 1.8 1.8 1.0
2 1.07 144 0.00 000 123 1.19 136 25 1.7 20 27 1.7 21
3 142 136 1.63 1.12 124 114 137 34 30 36 39 42 38
4 1.38 1.55 230 204 244 3.08 3.18 45 4.0 43 34 39 39
Total 3 3 2 1 4 4 4 4 4 4 4 4 4

Where: 0 = no bands, 1.00= refers to the lowest band intensity, 4.5 = refers to the highest band intensity.
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