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ABSTRACT: There is no doubt that use of hybridization programs in the quinoa plant genotypes to induce genetic
variation is difficult, however introducing the variations through mutation, to obtain promising genotypes, is much
easier. In this research, quinoa seeds (Chipaya cv.) exposed to different doses of gamma rays and were cultivated in
pots and open field under salinity stress. The results showed distinct differences at all studied traits in the native and
mutant plants. Gamma ray’s irradiation caused genetic variations that was categorized based on studied traits, tolerance
indices, cluster analysis of protein and ISSR data, which led to obtaining two promising mutations during M2. It should
be noted that 90 and 120 Gy revealed the highest effects in producing desirable genetic variations. Also, the data
resulting from the evaluation of phenotypic traits and tolerance indices of plants were confirmed by the biochemical
and molecular analysis results. This research is providing new insights of using molecular breeding program for quinoa
improvement to produce new promising genotypes powerfully face environmental stress and potential aid in future food
shortage disasters.
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INTRODUCTION

Quinoa (Chenopodium quinoa Willd.) belongs to the
Amaranthaceae family (Vega-Galvez et al., 2010) and is
one of the most promising plants, as a cereal crop that
contributes to bridging the food gap, especially in areas
affected by salinity (Algosaibi et al., 2015). It has a great
potential as a commercialized crop around the world
because of its good nutritional composition, high protein
content, and seeds containing 12-18% protein besides
being gluten free, fiber, vitamins and minerals
(Mastebroek et al., 2000). Salinity stress is the most
abiotic forms on plants and affects about 800 million
hectares of land, including 30% of high-yield farmland
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worldwide (Nguyen 2016). Gamma rays fall into the set
of ionizing radiation and interact in cells with molecules
to output free radicals. These radicals change important
components in the cells of plants in cellular structure and
metabolism and DNA (Wi et al.,, 2005). Induced
mutations share in genetic diversity mainly by increasing
DNA polymorphism. ISSRs used to estimate genetic
diversity with biochemical as suitable markers for the
identification of mutant plants (Rustikawati et al., 2012)
in quinoa (Morillo et al., 2017).

The objective of this study is to identify the suitable
techniques for quinoa breeding based on gamma



85

J Plant Mol Breed (2019) 7(1): 84 - 92

radiation under salinity stress by investigating growth
characteristics, genetic diversity of quinoa genotypes to
identify powerful mutant with improved characteristics.

MATERIALS AND METHODS

Table 1. List of ISSR primers and their nucleotide sequences.

Experimental stages, measurements and

parameters of tolerance

Seeds of quinoa genotype (Chipaya cv.) were exposed to
different doses of gamma rays; (0, 30, 60, 90, 120 and
150 Gy) (MO). The irradiation treatments were carried
out in the farm of Soil and Water Research Department,
Nuclear Research Centre, Inshas, Egypt. The effect of
gamma irradiation on germination was observed where
the data of germination (%) was used to determine the
value of Lethal Dose 50 (LD50). During (M1), effect of
gamma irradiation was determined based on;
germination (%), shoot and root length in one-month-old
plants according to (Cheema and Atta 2003) and
chlorophyll content was determined after 5 weeks in
both adult and juvenile leaves. At harvesting time, the
evaluation done based on: the seeds of ripe inflorescence
of M1 generation and the phenotype traits of first
generation M1 to be cultivated in the second generation
(M2). In the open field the experiment carried out in
split plot design where two salinity levels (7000 ppm
approximately and non-stress as normal condition)
putted in main plot while genotypes putted in sub plot by
comparison with untreated parent (Chipaya cv.) and each
of them was planted in a secluded row (i.e. the parent
and distinct mutations) to comparison between them.

Parameters of tolerance

Different salinity tolerance parameters calculated from
the tested genotypes under non stress (Yn) and high
stress (Ys) conditions as follow:

Salinity tolerance index (STI): according to Fernandez
1992, Yield injury % (YI) according to Blum et al.,
1983, Superiority measure (SM) according to Lin and
Binns 1988, Relative performance (RP) according to
Abo-Elwafa and Bakheit 1999.

SDS-PAGE

The protein extraction technique employed was similar
to the extraction technique described by Laemmli(1970).
Bio-Rad gel documentation system (BIO-RAD-Gel-
DocModel2000) employed for gel photography and
documentation.

Primer Primer . Primer
No. No. Primer
code sequence sequence
1 44B (CA)6 AG 4 HBI12 (GTG) 3 GC
2 HB-8 (GA)sCC 5 HB-13 (CT)sTG
3 HB-9 (GT)¢ CC 6 HB-15 (CG)sTG

ISSR marker analysis

Young leaves of two weeks old M1 seedlings grown in
pots were taken randomly for nucleic acid extraction in
the Laboratory at 20 °C, using the DNA-easy Plant Mini
kit (Qiagen, USA). Nano-drop2000C
Scientific) applied to measure nucleic acid quality and

(Thermo

quantity tested in 1% agarose gel. Six anchored ISSR
(Inter Simple Sequence Repeats) primers manufacture
by (Life Technologies, Gaithersburg, Md.) were used for
nucleic acid amplification as shown in Table (1). DNA
thermo cycler (Biometra, Germany) Amplified for
nucleic acid according to Sarwat (2012).

Experimental design and Statistical analysis
The experiments were carried out as split-plot in a
randomized complete block design of two factors, where
in the pots (M1) , the first factor was gamma rays doses
and the second one was salinity levels while in the field
(M2), the first factor was salinity levels and the second
one was the genotypes with three replicates. Variance
analysis was estimated for evaluated characters based on
Steel & Torrie (1980) using MSTATC 17 program and
GGEbiplot ver,7 (Yan 2001). The comparisons of means
were estimated for studied traits based on least
significant difference (LSD) method at 5% probability
level of interaction between studied factors (doses of
gamma rays, salinity levels and tested genotypes).
Constructed dendrogram for both Protein and ISSR
analysis was used based on combined analysis developed
by NT-SYSPC software using UPGMA and Neighbor
Joining (NJ) tree building methods.

RESULTS

The data in pots of M1 generation

The results showed in (Figl and Table 2) revealed a
normal gradient in the significant differences between
salinity levels. Noting that, under the same level of
salinity there were clear significant differences among
gamma radiation levels (M1) in the most of studied traits
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Table 2 Means performance in pots of M1 generation using gamma ray’s dosses under salinity conditions: Means in each
column are not significant at 5% level.
Gamma Salinity Chloro- Shoot . . .
rays levels Germination (%) phyll length Rootcln(:ngth Gr/a|||;'¥\t/e|ght Pr%/teln
(Gy) (ds/m) (SPAD)  (cm) (cm) plant (g) (%)
N control 98.67 56.50 50.33 16.93 8.03 11.30
8 51.67 55.27 45.00 14.33 7.67 11.80
16 34.33 52.77 42.67 7.500 5.20 12.10
30 control 98.33 45.00 57.67 17.00 10.13 12.50
8 53.67 54.53 53.00 10.83 8.10 12.20
16 36.33 53.57 48.67 10.67 7.37 12.50
60 control 98.33 59.00 60.33 14.33 13.30 12.65
8 58.67 62.83 58.00 12.80 11.20 12.91
16 41.00 56.23 53.33 11.27 8.93 13.25
90 control 92.33 58.40 42.00 18.33 11.27 12.88
8 54.00 57.50 40.00 14.33 8.93 13.20
16 39.00 54.71 38.00 12.83 7.37 13.40
120 control 81.67 42.63 37.67 16.00 6.57 13.00
8 51.00 55.90 37.00 11.67 6.13 13.43
16 35.00 56.33 36.67 11.50 5.63 13.80
150 control 55.00 43.73 35.67 20.67 5.27 13.30
8 40.00 60.50 34.67 10.17 3.77 13.75
16 29.67 63.28 31.67 7.33 3.00 14.30
LSD (o.05 of salinity (S) 42.40 0.91 0.35 0.23 0.21
LSD (.05 of gamma rays (Gy) n.s 1.29 0.50 0.33 0.29
LSD (0.05) of (S X Gy) n.s 2.23 0.87 0.56 n.s
in addition to the non-numerical traits. Regarding to the 3 all & b
wide range differences, it was evident from the data 1 55 \/\/

presented in Table 2 that they began to appear clearly
when using gamma rays doses 90, 120 and 150 Gy and
this was illustrated by the results through some of the
characteristics like root and shoot Ilength (cm),
chlorophyll content and grain yield (g) compared with
control (0 Gy) under the same salinity level.

SDS-Protein electrophoresis of M1 generation
SDS- polyacrylamide gel electrophoresis was used in
this study to investigate the effects of different
treatments of gamma irradiation on the gene expression
of the studied quinoa Chipaya genotype using different
gamma irradiation (30, 60, 90, 120 and 150 Gy)
compared with control in Mlgeneration illustrated in
(Fig 2). It is worth noted that the dose of 150 Gy was
lethal dose. Nine bands were polymorphic (82 %
polymorphism). On the other hand, there were many
unique protein bands for irradiated plants under each
dose which can be used as specific markers for each
dose.

ISSR analysis of M1 generation

Six inter simple sequence repeat primers were applied to
understand the effect of different radiation treatments on
nucleic acid structural changes of M1 generation under
salinity conditions as shown in Fig (3) and (Table 3). It
is worth noted that the dose of 150 Gy was lethal with a
complete breakage of DNA. The results revealed forty-
five total bands, 26 polymorphic bands (57%).
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Figure 1. Effect of gamma rays on a) Germination (%), b)
Chlorophyll content, c) Shoot length (cm), d) Root length (cm),
e) Grain yield (g) and f) Protein content of quinoa genotype.
(1) control; (2) 30 Gy; (3) 60 Gy; (4) 90 Gy and (5) 120 Gy.
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Figure 2. Protein profile using SDS-PAGE technique of
Chipaya genotype as affected by different gamma rays on M1
generation: (M) Marker; (1) control; (2) 30 Gy; (3) 60 Gy; (4)
90 Gy and (5) 120 Gy.
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Table 3. Total number of scorable bands, polymorphism % and
a band size of ISSR markers obtained by six specific primers of
M1 generation.
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44B 630-1060 1 5 5 6 83
HB-08 300-1720 2 6 6 8 75
HB-09 200-500 3 5 5 8 62
HB12 198-1200 4 4 4 8 50
HB-13 168-686 4 3 3 7 43
HB-15 300-1020 5 3 3 8 37
Total 19 26 26 45 57

44B15 and HBS8 primers were highly polymorphic (83%
and 75% polymorphism), respectively.

Combined analysis of M1 generation

The dendrogram of protein and ISSR banding patterns
(M1) grouped the four doses of gamma rays individuals
in one cluster (Fig 4). The first cluster was divided into
two sub-clusters the first one contained the 120 Gy dose
individuals and the second one had the other remained
doses individuals. While, the control in was separated in
another second cluster.

The data in open field of M2 generation

The data of the open field of (M2) showed clear
significant differences among the five genotypes (the
original cultivar Chipaya and the four selected mutated
genotypes), where the highest value of plant height was
recorded in the mutated genotype G4 and the lowest
were recorded in the mutated genotype G5 and G3
compared to Chipaya cultivar (Table 4). In the same
manner, the most important observed mutations in M2
generation showed in Fig (5).

Tolerance indices of salinity of grain yield and
protein

The data of different salinity tolerance indices were
calculated of grain yield and protein (%) per plant of
mutant genotypes and Chipaya cultivar in open field
(M2) under non salinity stress (Yn) and high salinity
stress (Ys) conditions. The results showed in (Fig 6 and
Table 5) indicated that the two mutants of 3 and 4
genotypes recorded the highest values for each grain
yield per plant (indication of tolerance to salinity) based
on salinity tolerance index (STI), superiority measure
(SM) and relative performance (RP). Whereas, the

highest rate of harm or called yield injury (YI) to the
grain yield was recorded in mutagenic genotype 5,
followed by Chipaya cultivar. On the other hand, the
results in (table 4) confirmed the tolerance indices (5)
the superiority of the genotype 5 following by Chipaya
cultivar of protein in grain in M2. The previous result is
reinforced by the measure of yield injury (YI), which
confirms that the highest percentage of protein damage
was recorded in genotypes 3 and 4, whereas the lowest
level of protein influence was recorded for genotype 5
followed by Chipaya cultivar. The analysis of data using
GGEDbiblot indicates the distribution of genotypes in two
different environments, confirming the superiority of the
genotype 4 in grain yield and genotype 5 in protein ratio
under salt stress conditions (Fig 6).

SDS-Protein electrophoresis of M2 generation
The results of SDS-PAGE of (M2) for the four ideal
selected mutations of chosen genotype Chipaya at 90
and 120 Gy under salinity conditions revealed a total of
22 bands of which 14 bands were polymorphic (64 %
polymorphism). On the other hand, there were eleven
unique bands for the four mutations in M2 generation
(Fig 7).
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Figure 3. Genetic polymorphisms of Chipaya genotype as
affected by different gamma rays on M1 generation as revealed
by ISSR: (1) control; (2) 30 Gy; (3) 60 Gy; (4) 90 Gy and (5)
120 Gy.
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Figure 4. Clustering of Chipaya genotype affected by different
gamma rays on M1 generation based on pooled protein and
ISSR markers: (1) control; (2) 30 Gy; (3) 60 Gy; (4) 90 Gy and
(5) 120 Gy.

e) Plant color mutation
Figure 5. Plant abnormalities of Chipaya genotype affected by
90 and 120 Gy gamma rays in M2 generation:(a) control; (b)

plant height mutant; (c) branching mutant; (d) grain yield
mutant and (e) plant color mutant.

Table 4. Means performance in open field (M2) under two
salinity levels of five Genotypes: Means in each column are
not significant at 5% level.
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G5 58.00 109.67 17.47 12.80
LSD (.05 of salinity (S) 1.49 0.82 0.83 0.11
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Figure 6. Distribution of tested genotypes under non salinity
and salinity stress conditions based on grain yield (a) and
protein content (b).
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Table 5. Tolerance indices of tested quinoa genotypes under stress and non-stress of grain/ plant and protein content: (STI) salinity
tolerance index; (SM) superiority measure; (RP) relative performance and YI = yield injury.

STI SM RP Y1 (%)
Genotype Grain weight/ Protein Grain weight/  Protein Grain weight/ Protein Grain weight/ Protein
plant plant plant plant
Chipaya(G1) 0.599 0.886 0.650 0.970 0.964 1.016 34.980 2.992
G2 0.579 1.074 0.657 0.951 0.974 0.996 34.277 4.904
G3 0.836 0.937 0.692 0.933 1.025 0.977 30.843 6.748
G4 0.813 0.866 0.720 0.938 1.067 0.982 27.997 6.236
G5 0.570 1.018 0.645 0.982 0.957 1.029 35.468 1.788
Mean 0.680 0.9600 0.673 0.955 0.998 0.999 32.713 4.534

Table 6. Total number of scorable bands, polymorphism % and
a band size of ISSR markers obtained by six specific primers of
M2 generation.
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44B 100-1200 1 13 4 14 92
HB-08 200-1600 1 14 9 15 93
HB-09 700-2000 1 4 10 90
HB12 800-3000 1 7 10 90
HB-13 100-2000 2 3 12 75
HB-15 450-3000 9 6 15 46
Total 15 57 33 68 84

ISSR analysis of M2

Six ISSR primers were used to investigate the effect of
chosen treatment of gamma irradiation after (MO and M1
generation) on DNA structural changes of M2 generation
mutations of Chipaya under salinity conditions as shown
in Fig (8) and (Table 6). Sixty-eight total bands, fifteen
monomorphic and 57 polymorphic distinct bands
(84%polymorphism) were revealed by the six ISSR
primers. The results showed that HB8 and 44B primers
were highly polymorphic (93% and 92% polymorphism
respectively) which produced wide base pair length that
ranged from 200 to 1600 and 100 to 1200bp,
respectively.

Combined analysis of M2 generation

The dendrogram grouped the four mutations of 90 and
120 Gy in one cluster (Fig 9). The first cluster was
divided into two sub-clusters the first one contained the
different plant color mutation and the second one had the
grain yield, branching and plant height mutations.
However, the control was separated in another cluster.

M 2 3 4.5
KDa gy
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Figure 7. Protein profile of M2 generation using SDS-PAGE of
Chipaya genotype affected by 90 and 120 Gy gamma rays: (1)
control; (2) plant height mutant; (3) branching mutant; (4)
grain yield mutant and (5) plant colour mutant.

T

Figure 8. Genetic polymorphism of Chipaya genotype affected
by 90 and 120 Gy gamma rays on M2 generation revealed by
ISSR analysis: (M)100 bp DNA ladder; (1) control; (2) plant
height mutant; (3) branching mutant; (4) grain yield mutant
and (5) plant colour mutant.
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Figure 9. Clustering of Chipaya genotype as affected by 90 and
120 Gy gamma rays on M2 generation based on pooled protein
and ISSR markers: (1) control; (2) plant height mutant; (3)
branching mutant; (4) grain yield mutant and (5) plant colour
mutant.

DISCUSSION

Evaluation of M1 and M2 generations

Looking at the average performance, there were clear
significant differences between data recorded from
growing plants using different radiation doses and
salinity levels. On the other hand, when neutralizing the
level of salinity, the results also differ with the different
radiation doses used, and this indicated the possibility of
mutations.

The previous results are consistent with (Maluszynsski et
al., 2009) who stated that, the degree of somatic effects
after using mutagenic treatment can be determined
according to different growth and vegetative parameters.

Tolerance parameters of salinity stress

When discussing the results tolerance indices can be
relied upon to distinguish between genotypes (four
mutants and its parent) based on weight of grain yield
and protein percentage, and it is not necessary of
genotypes to go in the same direction. On the other hand,
the graphs are reliable in dividing the genotypes in M2
generation according to environmental conditions
(salinity and non-salinity stress), according to grain yield
and protein percentage. According to tolerance indices,
Majidi et al. (2011) mentioned that the best criterion for
determining genotypes that are more resistant to
moisture stress conditions compared to non-stress field
environments (normal conditions) with a higher yield is
the stress tolerance index (STI), geometric average
productivity (GMP) and means productivity (MP).

Molecular analysis
Induction of mutation, genetic variation and molecular
characterization of certain characters are the basics

foundations of mutation breeding. Molecular markers
have contributed efficiently in genetic identification,
screening and evaluation mutation of certain characters.
Evaluation of these biological changes is very important
as they occur through such biochemical changes.
Analysis of protein profiles using SDS-PAGE showed
that the doses 90 and 120 Gy were the most effective
among different treatments of gamma irradiation on the
gene expression of (M1) under salinity conditions.
However, the existence of unique bands for each dose
and the highest were revealed by 120 Gy that gave
important clues in understanding the origin of different
mutations for important yield characters as (Vanhoudt et
al.,, 2010) noted that higher gamma doses, the more
cross-linked were products of the degraded protein
molecules and unique bands occur with various nucleic
acid rearrangements via; addition, deletion and
translocation. All four mutations of 120 Gy gamma ray
of (M2) were due to DNA disorder and rearrangement in
nucleotide sequences by transition mutations in growth,
grain yield, protein and vegetative responsible genes, or
it may be caused by mutation in the biosynthetic
pathway of structural or regulatory genes may cause a
change in flower color (Abd El. Hamid et al., 2014). On
the other hand, there were eleven new unique bands for
the four mutations in M2 generation could be used as
specific molecular markers. This perfectly proofed that
gamma rays have induced changes in sequence and gene
expression leading to change in mutant genotypes.
Clustering indicated promising mutations in grain yield
and protein content (Taheri et al., 2013).

CONCLUSION

The results of our experiments indicated that, certain
doses of gamma radiation caused morphological and
genetic variations in tested quinoa genotypes under
different salinity treatments. The results point out to the
importance of assessing valuable traits through the
evidence of salinity tolerance in relation to crop return
output measurements under salinity conditions using
GGE biplot program. Our results showed that SDS-
PAGE and ISSR techniques are reliable in detection
genetic polymorphism among gamma radiation treated
individuals and conformed morphological data.

CONFLICT OF INTEREST

No conflict of interest is found among the research
authors.



91

J Plant Mol Breed (2019) 7(1): 84 - 92

AUTHORS CONTRIBUTION

AB and RK designed and oversee this research. AB and
EK supervised phenotypic data collection and fieldwork.
AB performed the statistical analyses of data. AB, RK
and EK wrote and edited the manuscript. All co-authors
reviewed the final version and approved the manuscript
before submission.

REFERENCES

[1] Abo-Elwafa A. & Bakheit B (1999): Performance,
correlation and path coefficient analysis in faba bean.
Assiut Journal of Agriculture Science, 30: 77-91.

[2] Algosaibi A. M., El-Garawany M. M., Badran A. E.
Almadini A. M. (2015): Effect of irrigation water salinity
on the growth of quinoa plant seedlings. Journal of
Agricultural Science, 7: 205-214.

[3] Abd El. Hamid A., Abo Shosha A., Kassem M., El-
Dabaawy E. (2014): Biotechnological studies on gamma
irradiated Stevia (Stevia Rebaudiana) plant under abiotic
stresses. In: Proc. 4thInt. Conf. Radiation Sciences and
Applications, Taba, Egypt, October 13—17, 2014: 95-1009.

[4] Blum A, Poyarkova H, Golan G, Mayer J (1983):
Chemical desiccation of wheat plants as a simulator of
postanthesis stress effects on translocation and kernel
growth. Field Crops Research 6: 51-58.

[5] Cheema A., Atta M. (2003): Radio sensitivity Studies in
Basmati Rice. Pakistan Journal of Botany 35: 197-207.

[6] Fernandez G (1992): Effective selection criteria for
assessing plant stress tolerance. Proceedings of the
International Symposium on Adaptation of Vegetables
and other Food Crops in Temperature and Water Stress
(Chapter 25, pp. 257-270), Taiwan.

[7] Laemmli U. K. (1970): Cleavage of structural proteins
during the assembly of the head of bacteriophage T4.
Nature, 227: 680-685.

[8] Lin C S, Binns M R (1988): A superiority measure of
cultivar performance for cultivar location data. Canadian
Journal of Plant Science 68: 193-198.

[9] Majidi M., Tavakoli V., Mirlohi A., Sabzalian M. (2011):
Wild safflower species (Carthamus oxyacanthus): a
possible source of drought tolerance for arid
environments. Assiut Journal of Crop Science, 5:1055-
1063.

[10 Maluszynsski M, Szarejko I, Bathia C, Nichterlein K,
Lagoda P (2009): Methodologies for generating
variability. Part 4: Mutation Techniques. In: Plant
Breeding and Farmer Participation, Food and Agriculture
Organization of the United Nations, Rome: 159 -194.

[11] Mastebroek, H. D., Limberg H., Gilles T., Marvin H.
(2000): Occurrence of sapogenins in leaves and seeds of
quinoa (Chenopodium quinoa Willd.). Journal of Science
and Food Agriculture, 80:152-156

[12] Morillo C. A., Manjarres E. H., Morillo C. Y. (2017):
Molecular characterization of Chenopodium quinoa
Willd. using Inter Simple Sequence Repeat (ISSR)
markers. African Journal of Biotechnology, 16:483-489.

[13] Rustikawati R., Suprijono E., Romeida A., Herison C.,
Sutjahjo S. (2012): Identification of M4 gamma
irradiated maize mutant based on RAPD markers.
Agrivita, 34: 161-165.

[14] Sarwat, M. (2012): ISSR; a reliable and cost effective
technique for detection of DNA polymorphism. Methods
in molecular biology, 862: 103-121

[15] Steel R., Torrie J. (1980): Principles and Procedures of
Statistics: A Biometrical Approach. 2nd Ed. McGraw
Hill Book Co. New York.

[16] Taheri S., Abdullah T., Ahmad Z., Sahebi M., Azizi P.
(2016): Phenotypic and molecular effects of chronic
gamma irradiation on Curcuma alismatifolia. Euro
Journal of Horticulture Science, 81: 137-147.

[17] Vanhoudt N., Vandenhove H., Horemans N., Wannijn J.,
Hees M., Vangronsveld J., Cuypers A. (2010): The
combined effect of uranium and gamma radiation on
biological responses and oxidative stress induced in
Arabidopsis  thaliana. Journal of Environmental
Radioactivity, 101: 923-930.

[18] Wi S., Chung B., Kim J., Baek M., Yang D., Lee J., Kim
J. (2005): Ultra structural changes of cell organelles in
Arabidopsis stem after gamma irradiation. Journal of
Plant Biology 48:195-200.

[19] Yan W. (2001): GGEbiplot- a Windows application for
graphical analysis of multi- environment trial data and
other types of two-way data. Agronomy Journal, 93:
1111-1118.



J Plant Mol Breed (2019) 7(1): 84 - 92 92

Gage e Jayl sy sy g s 95 23yl 9 TgaS ol 1 LS Uiy il

TV‘J‘*’. 5 e A s L ‘HE:-Q‘)J% u—"—'T

s 00l (il Slagkos 3 50 ( S i 09,5

rae Jusgl slais (5550 plojle (glains Dlisios 55 50 ol 5 SB Slidos 05 T

dr.ayman_badran @yahoo.com : Jsiue odiws g5

oA

Sl b adloe IS 5 slagadsis & (aliss Gl Gzl et sloaslin b 1508 slagadssy )0 (Sd§ Sl peis sl
slaydy obine cnl sln wilioe FOlol o 250 255 Slacaisl 00y9] Sema 5 (S5 Sl 5305 3l senline &b
ls Wad i as 50,0 g OIS 0 6ed 2 Lalph 3 5 85 1B L g5y il lage (om0 (Llus 68)) TS
L L gy booad olol Soass Olyoss ols las Cilige 5 g 0k slacaiss olw adlas o)90 Slas jo by, glacglas
99 QMT Cawd 4y 4y yorie 45 0D @.L{)’)l ISSR 6LQJ§JLJ}.S g b sy sl g glades Jdox g a0 (Joow sla Ll oolaiul
5 et Slae b)) 5l Jol glaosls axals 1) 236 VL 6,5 Ve 5 A0 Glags b pgd ol )5 ASung ilise
Sl s slajlaileis Gaass pl ol sl (JeSdge 6Lm/g.,.llﬂ 5 elardion sows 5l Jol> mli b Joow slo sl
ool Bl ey oS Jodly b g (ame slogii b agzrlye (U5 b Giousnsi slocadsi osi o T9S (JoUse 3ol (glaasli
WS oo o2l D138 Blge 39S

ISSR Mol ¢ Joz slo jazLis cails o ,Slas gz 1ol Olods



	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Experimental stages, measurements and parameters of tolerance
	Parameters of tolerance
	ISSR marker analysis
	Experimental design and Statistical analysis

	RESULTS
	The data in pots of M1 generation
	SDS-Protein electrophoresis of M1 generation
	ISSR analysis of M1 generation
	Combined analysis of M1 generation
	The data in open field of M2 generation
	Tolerance indices of salinity of grain yield and protein
	SDS-Protein electrophoresis of M2 generation
	ISSR analysis of M2
	Combined analysis of M2 generation

	DISCUSSION
	Evaluation of M1 and M2 generations
	Tolerance parameters of salinity stress
	Molecular analysis

	CONCLUSION
	REFERENCES
	Persian abstract

