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present study conducted at the Farm and Labs of the Faculty of
Keywords: Agriculture, Saba Basha, Alexandria University, Egypt to study the
wheat; cultivars; Egypt; different morphological, biochemical and molecular characteristics

Libya; genetic; structure; petween some Egyptian and Libyan wheat cultivars during 2015/2016
relationship

and 2016/2017 seasons to estimate the genetic relationship. Based on
morphological data the general genetic similirity between all wheat
cultivars was 76%, the culster divided into two main groups e.g. the first
group includes four Libyan wheat cultivars and the next group from the
main culster includes all the Egyptian wheat with one cltivar from Libya
(Sohag), The same results were found to Gemmeiza 9 was the onlyest
cultivar in one custer by shareing the other Egyptian wheat. In total of 8
enzyme loci, three anodal and five cathodal loci were detected. One
anodal (Pex.2a) was found as common band for all the cultivars for the
positive charge. While three cathodal (pex lc, pex lc and pex lc) were
found to the negative charge. Pex.1a was found as unique for Egyptian
wheat and (pex c4) was unique for Libyan and Egyptian wheat cultivars
i.e. Sohag, Kofra, Kazeno, Kerem, Shakha 93 and Gemmeiza 9. Pex.5
was found in all wheat cultivars except Shakha 94. For the RAPD
markers a total of 75 bands were detected among the studied cultivars. 53
bands showed polymorphism by 70.66 % genetic polymorphism. Out of
these polymorphic bands, 13 unique bands were scored and the number of
monomorphic bands was 9. These results could be helpful in study the
genetic relationship between Egyptian and Libyan wheat cultivars.
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INTRODUCTION

Wheat (Triticum aestivum L.) is a major crop for human consumption. Its importance
hinges upon unique rheological properties of wheat flour which allow for the production
baked goods (Chiran et al., 2012). Wheat is one of the world’s major cereal crops (Collard et
al., 2005). Wheat (Triticum aestivum L) ranks second crop after rice, providing 23.0 % of
dietary energy and serving as a staple food for 40.0 % of the total human population of the
world (FAO, 2009). In accordance with its demand, it is the most widely grown crop
throughout the world, accounting for 17.0 % of the total cultivated area and production of
605.0 million tons/year. Wheat (Triticum spp.) is a monocot and belongs to tribe Triticeae of
family Poaceae (previously called Gramineae). Other important crops like rice (Oryza sativa
L.), maize (Zea mays L.) and bamboo also belong to this family (Shitsukawa et al., 2006).
Wheat is an annual grass with inflorescence called spike. Several different types of DNA
markers are currently available for genetic analysis and new marker types are being
developed continuously. Markers vary from each other in respects: the initial workload and
costs for building up the marker system, running costs and ease of use, level of
polymorphisms, inheritance, number of loci analyzed per assay, reproducibility and
distribution on the chromosomes. Detection of polymorphism at the DNA level is usually
based either on restriction patterns or differential amplification of DNA. To select from
several markers that have now become easy to use, it is necessary to make a comparison
between different types of molecular markers (RFLPs, RAPDs, DAF, SSRs, AFLPs, etc.).
Genetic markers reveal essential differences between detached organisms and species.
While, they do not detail the propose genes themselves but approach as ‘signs’ or ‘flags’.
Genetic markers that are by genes (i.e. tightly linked) manage be involve out as gene ‘tags’.
Like markers themselves do not collect a friction to the phenotype of the kind of
accomplishment because they are located only by or ‘linked’ to genes assigned to the trait.
All genetic markers keep specific genomic positions within chromosomes (like genes) called
‘loci’ (singular ‘locus’) (Hammer et al., 2000). While, Jones et al. (1997) indicated that
there are three kinds of genetic markers: (1) morphological markers which themselves are
phenotypic traits or characters; (2) biochemical markers, which include allelic variants of
enzymes called isozymes; and (3) DNA markers, which reveal sites of variation in DNA.
Morphological markers are usually characterized phenotypic parameters as flower color,
seed shape, growth habits and pigmentation. Isozyme markers are differences in enzymes
that are detected by electrophoresis and specific staining. The main disadvantages of
morphological and biochemical markers are that they may be limited in number and are
affected by environmental factors and developmental stage of plant. Molecular markers have
become increasingly important in plant molecular biology in its relationship to plant
breeding, plant systematic and plant evolution. Most molecular marker systems are presently
based on PCR technology, molecular markers of various types have helped to increase
understanding and elucidate new aspects of plant evaluation. DNA markers, reveal sites of
variation at the DNA level. These markers have the advantage of being numerous in the
nature and not affected by the environment as in the case of morphological markers. The
expression of most genes is quantitative in segregating populations and is confounded by the
environment. The development of molecular markers in wheat and their application in
breeding and related research programmes, poses several significant challenges compared
with some other crop plants (Marshall et al., 2001, and Gupta et al., 1999). RAPD analysis
is applied to many different plant species, developed by (Welsh and McClelland, 1990).

The present study aims to study the different morphological characteristics between
some Egyptian and Libyan wheat cultivars, calculate the genetic relationship of agronomic,
yield and yield components between the current cultivars, assay the enzyme activity,
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calculate the genetic polymorphism based on RAPD, detect the genetic distance and
similarity between the Egyptian and Libyan wheat cultivars based on different markers.
MATERIALS AND METHODS

The present research was carried out at the Faculty of Agriculture, Saba Basha,
Alexandria University, Egypt, during 2015/2016 and 2016/2017 seasons. A total of ten
wheat (Triticum aestivum L.) cultivars were used in the present study, five Egyptian wheat
namely, Sakha 93, Giza 168, Gemmiza 9; Shakha 94 and Egypt 1 and five Libyan wheat i.e.
Mergawey, Sohag, Kofra, Kazeno and Kerem. Grain samples were obtained from Field
Crops Research Institute, Agriculture Research Center, Giza, Egypt and Agricultural
Researches center in Libya.

Filed experiment:

At 15" of November 2015 in the first season, the experimental area was 10.5 m* (3 x
3.5 m) and seeding rate was 60 kg grains/fed., first irrigation was applied at 25 days after
sowing and plants were irrigated every 25 days till the dough stage at the Farm of faculty of
Agriculture, Saba Basha, Alexandria University. At harvest, one square meter was taken
randomly from each plot to determine yield and its components i.e. plant height (cm), tillers
number/plant, spikelets number/plant, grains number/spike, 1000- grains weight, straw yield
(kg/ted.), biological yield (kg/fed.), grain yield (kg/fed.), Harvest index (%), and grain
protein content (%).

Protein percentage was determined by estimating the total nitrogen in the grains and
multiplied by 5.75 to obtain the percentage according to A.O.A.C. (1990).

At 15™ of November 2016 in the second season, Parents were sown and the same
previous morphological characters were detected. Data obtained was exposed to the proper
method of statistical analysis of variance difference among mean of different treatments as
described by Gomez and Gomez (1984). The treatments means were compared using the
least significant differences (L.S.D.) test at 5% level of probability by using the RCBD
model as obtained by CoStat computer software package (CoStat, Ver. 6.4, 2005).
Biochemical studies:

Agar-starch-polyvinyl pyrolidine (PVP) gel electrophoresis was carried out
according to the procedures described by Shaw and Kaen (1967). The extracts were made by
grinding from young leaves using of tissue in a mortar with 10 pl of electrode buffer and
centrifuged for 15 Sec., a sample of 10 pul of the homogenate was then absorbed onto a small
rectangle (about 4 mm X 2 mm) of filter paper that was placed on the original line of gel
plates, and after storage at 4 °C for 30 minutes, it was removed. This buffer was prepared by
dissolving 18.55 gm of 0.3M Boric acid and 2 gm sodium hydroxide in 1 Liters of distil- led
water then the solution adjusted to pH 8.3. Agar-starch-polyvinyl pyrolidine (PVP) gel was
prepared by dissolving 1.0 gm agar, 0.5 gm PVP and 0.5 gm of hydrolyzed starch with 10
ml electrode buffer and 90 ml distilled water (El-Metainy et al., (1977). Electrophoresis
experiment were conducted in an incubator refrigerator adjusted at 4°C using a 250 volts AC
electrical current, with constant voltage throughout the 90 minutes of the running period.
Dissolving 13.6 gm sodium acetate and 5.77 ml acetic acid in 500 ml distilled water, from
this solution taken 7.5ml acetic acid, 17.5 ml sodium acetate with 0.05 gm benzidine and
100ul hydrogen peroxide dissolved in 25 ml distilled water for staining. Incubation was
extended for thirty minutes at room temperature and complete darkness. Plates were than
distained in distilled water until a clear background of gel plate (Youssef et al., 1989).
Molecular analysis:

DNA Extraction:

DNA was extracted following (Murray and Thompson, 1980) with minor

amendments. Ten seeds sample of about 1-2 g was ground with pestle and motor in 1ml 2X
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CTAB (IM tris (ph8), 0.5M EDTA (ph8), 5SM NaCl, 20 gm CTAB (Cetyl-tetramethyl
ammonium bromide) in 1000 ml containing 25ul mercaptoethanol,10 mg polyvinyl
pyrolidine (p.v.p). About 750 ul well ground paste was taken in to 1.5 ml labeled eppendorf
tube. Tubes were inverted gently to mix the ingredients incubated at 65°C for 45 minutes in
water bath and centrifuged 12,000 rpm for 10 minutes.Then in new eppendorf tube taken
700ul supernetant,350ul 1M tris (ph8), 350ul chloroform: isoamyle alcohol (24:1),5ul
proteinase K. Tubes were inverted gently to mix the ingredients and centrifuged 12,000 rpm
10 minutes. About 400 pl supernatant were taken carefully in to new labeled eppendorf tube,

400ul chloroform: isoamyle alcohol (24:1) and centrifuged 12,000 rpm 10 minutes. 400 pl
supernatant were taken carefully in to new labeled eppendorf tube 700 ul chilled isopropanol
was added to each tube and mixed gently. Tubes were incubated at 4° C over night and
centrifugation 12,000 rpm for 10 minutes. Supernatant was discarded and DNA pellet was
rinsed with 70% ethanol. DNA pellet was air dried. The pellet was dissolved in 100 pl TE
buffer (10 mM Tris, ImM EDTA and PH: 8.0). RNAase-A was used to remove RNA from
the DNA. For this purpose, RNAase-A (0.20 pl of RNAase-A procured from Gene Link,
USA) 40 ng was used and DNA samples were kept at 37°C for 30 minutes in water bath.
DNA quantification was carried out in spectrophotometer. A 20 ng dilution of DNA was
made in deionized water to use in Polymerase Chain Reaction (PCR). DNA samples were
stored at -20 °C.

Random amplified polymorphic DNAs (RAPD) analysis:

RAPD has been developed, in which DNA is amplified by the polymerase chain
reaction (PCR) using arbitrary short (10 nucleotides) primers (Williames et al., 1990).
RAPD has become an important technique for population genetic studies since the amplified
products provide random representation of both coding and non-coding regions across the
whole genome. RAPD analyze was carried out using ten oligonucleotide primers (Table 1)
that were selected from the Operon Kit (Operon Technologies Inc., Alabameda, CA). The
polymerase chain reaction mixture (25ul) consisted of 13pl master mix (Promega) Taq DNA
polymerase; 2pul of genomic DNA, 2ul primer,8ul deionized water. PCR amplification was
performed in a Biometra T1 gradient thermal cycler for 35 cycles after initial denaturation
for Smin at 94°C. Each cycle consisted of denaturation at 94°C for 1min; annealing at 36°C
for 1min; extension at 72°C for 2min and final extension at 72°C for 5min (Williames et al., 1990).

Table (1). Primers name and their oligonucleotide sequences used in the current study.

Code Primer Code Sequence

1 OPN-04 5'- GACCGACCCA -3
2 OPD-05 5'- TGAGCGGACA -3°
3 OPC-05 5'-GATGACCGCC -3

4 OPM-05 5'- GGGAACGTGT -3
5 OPB-07 5'-GAAACGGGTG -3°
6 OPN-10 5'-ACAACTGGGG -3
7 OPG-12 5'-CAGCTCACGA -3

8 OPQ-12 5'- AGTAGGGCAC -3°
9 OPN-13 5'-AGCGTCACTC - 3°
10 OPQ-14 5'-GGACGCTTCA -3

Fragments scored as present/absent. Fragment scoring and lane matching
performed automatically on digital images of the gels, using Phoretix 1D advanced
Version 4.00 (Phoretix International, Newcastle upon Tyne, UK). All but the faintest bands
scored, where necessary scores and matches corrected manually. Clustering methods and
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similarity coefficients were tested using the procedures SIMQUAL, SAHN, and TREE
from the program NTSYSpcversion 2.10 (Applied Biostatistics, Setauket, New York,
USA). The clustering methods UPGMA, WPGMA, Complete-link, and Single-link were
applied in all possible combinations with the similarity coefficients Dice, Jaccard and
simple matching. (Rohlf, 2000) describes clustering methods and similarity coefficients.
One Way ANOVA in completely randomized experiments was used to reveal the
significant differences among the samples. The LSD (least significant differences) test was
conducted to identify the significant differences among the means at 5% level of
probability. Comparison of the mean values is usually calculated after an ANOVA. The
latter specify the factors that have significant differences between treatments, while the
means comparison display the treatments which are significantly different from the others
(Siugh 1994).

RESULTS AND DISCUSSION

1. Plant height (cm):

Data in Table (2) showed high significant variations between the Egyptian and
Libyan wheat cultivars in relation to plant height (cm). The data showed high values for all
Egyptian wheat in both harvest seasons (2016 and 2017) comparing with Libyan wheats
cultivars. Cultivar Gemmeiza 9 showed the highest plant height values were 103.4 and
100.4 cm in both seasons, in respect. While Shakha 93 cultivar showed, the lowest values
were 88.67 and 86.2 cm. On the other hand, for Libyan wheat cultivars showed huge gap in
plant height (cm) comparing with Egyptian cultivars, the ranges in the first harvest season
were 61.0 to 79.6 cm and from 63.0 to 77.6 cm in the next season. For Libyan wheat
cultivars, the data showed that Sohag cultivar showed the highest plant height (cm) in both
seasons by 79.6 and 77.6 cm and the lowest one was Kerem cultivar by 61.0 and 63.0 cm,
in respect (Table 2). Analysis of variation showed high significant variations between
Egyptian and Libyan wheat in the current character and the value started from 61.0 and
63.0 cm in Kerem to 103.0 and 100.4 cm in Gemmeiza 9 for both harvest seasons (Table 2).

2. Tillers number/plant:

Huge number of stem was observed to the Egyptian wheat comparing with the
highest Libyan cultivar Sohag ~ from 2 to 4.67 tillers/plant were recorded to the Egyptian
wheat, the highest cultivars were Gemmeiza 9, Egypt 1 and Geizal68 by 3.9, 3.6 and 3.2
tillers/ plant for the first season and 4.7, 3.7 and 3.7 tillers/ plant in the next season. While,
for the Libyan wheat that showed range for number of tillers/plant from 1 to 2.7 and 1.2 to
2.4 tillers/plant in the two seasons, respectively. There were no significant variations
between the Libyan wheat cultivars (Table 2), the tillers number/ plants ranged from 1.3 to
4.7 tillers/plant for all wheat cultivars during the first harvest season and were from 1.2 to
3.9 tillers/plant in the next season by general mean ~2 per plant.

3. Spikelets number/spike:

Egyptian wheat achieved the highest production in this character based on the spike
length and number of spikelets/spike as reported in Table (2). Gemmeiza 9 record the
highest number of spikelets/spike comparing with other wheat cultivars (22.3 and 21.2) for
both harvest seasons, in respect. The lowest spikelets number/spike was observed in Kerem
cultivar by 9.5 and 10.0 spikelets/spike. High significant variations were observed between
the wheat cultivars in relation to number of spikelets/spike. The average of this character
ranged from 9.5 to 22.2 in the first season and from 10.0 to 21.2 in the second season.

4. Grains number/spike:
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Relationship was obtained between the number of spikelets and grain number/
spike, that was found between the tested cultivars (Table, 2). High significant variations
were found between the Egyptian and Libyan wheat cultivars. The highest average was
recorded to Gemmeiza 9 by 68.5 and 55.9 by general mean 62.2 grains/spike in both
harvest seasons. And the lowest values were recorded to the cultivar Keram by 24.6 and
25.5 grains/spike by overall 25.0 grains/spike for both seasons. From the previous data, we
can be found that Egyptian wheat in general achieved the highest grains number/spike
comparing with Libyan wheat cultivars. Sohag cultivar showed the highest value in Libyan
wheat in both seasons (Table 2).

5. 1000- grains weight:

Data in Table (2) showed that Gemmeiza 9 has the highest value in 1000 seed
weight (g) by an average of (60.8 and 59.2 g) followed Egypt 1 (52.7 and 51.2 g) in both
growing seasons, The results showed high significant variation between Egyptian and
Libyan wheat cultivars for 1000- grains weight (g). The lowest mean values were recorded
with Kofra and Mergawey cultivars by average ~ 32.0 g as showed in Table (2).

6. Grain yield (kg/fed.):

The final product of each process is the yield, grain yield (kg/fed.) is the main
target for breeders and farmers. Data in Table (2) showed the difference between the
Egyptian and Libyan wheat cultivars for Grain yield kg/fed. High significant variations
were observed between the wheat cultivars in relation to this character especially between
the Egyptian and Libyan wheat cultivars. The highest production/fed., was recorded to
cultivar Gemmeiza 9 by 2972.8 kg followed by Sakha 94 by 2142.7 kg., in the first season
and 2862.8, 2242.0 kg for the next season, respectively. While, the lowest cultivars were
Kerem and Mergawey by 1185.0 ; 1164.0 kg in the first season then 1175.0 and 1140.8 kg
for the second season with no significant variations.

7. Straw yield (kg/fed.):

Based on the previous data, straw yield (kg/fed.) were calculated as shown in Table
2 Analysis of variance showed high significant variations between the wheat cultivars and
data was 184.50 for both harvest seasons. Also, Gemmeiza 9 showed the highest values in
both seasons by 3900 and 3780 kg/fed., and the lowest one was Kerem by 1814.3 and
1810.0 kg/fed., in respect.

8. Biological yield (kg/fed.):

Results in Table 2 showed the same trend of the data, thus indicated that Gemmeiza
9 showed the highest values in both seasons by 6872.8 and 6642.8 by average was 6757.8
kg/fed., and the lowest values were recorded to Kerem by 2999.25 and 2985.25 kg/fed.

9. Harvest index (%) :

Egyptian wheat cultivars showed high harvest index in comparison with the Libyan
wheat cultivars and the range was from 25.1 to 43.3 % in the first season and from 26.1 to
41.3 % in the next harvest season as shown in Table 3 & 4 and Figure 9. Gemmeiza 9
showed the highest values 43.3 and 41.3 %.

10. Grain protein (%) :

Finally, we calculated the percentage of protein of the tested cultivars and the data
recorded in Table 2. All the tested cultivars showed less than 10% of protein content, but
the Egyptian wheat showed high percentage of protein content comparing with other wheat
cultivars. The highest protein content was recorded to Gemmeiza 9 by 8.2 and 9.5% and
the lowest values was 5.2 and 5.1 for Kofra cultivar.

These results are in harmony with those obtained by Njuguna et al. (2010); Aown
et al. (2012); Raisi et al. (2012); Abd El-Ghany et al. (2013); Kandil and Marie (2017)
which cleared that three were significant difference among wheat cultivars on plant height
and yield and its components.
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Based on morphological and yield characters of the ten Egytian and libyan wheat
cultivars, dendrograms showed the genetic relatioship beteen wheat cultivars. The data
indicated that the general genetic similirity between all the wheat cultivars was 76% abs he
culster divided into two main groups e.g. the first group includes four Libyan wheat
cultivars sch as Mergawey, Kerem, Kazeno and Kofra, sepereed into three different sub
groups i.e. Mergawey and Kerem were togeather by 97 %, Kerem was in sepertae group by
94% and Kofra (91%). The next group from the main culster includes all the Egyptian
wheat with one cltivar from Libya (Sohag), within this cster, the results showed that
Gemmeiza 9 was recoded in separate culster (86%) comparing with oher wheat cltivars,
foewered by Sohag (90%) and the other four Egyptian wheat Sakha 94, 93, Egypt 1 and
Giza 168 were in other culster by 97, 96 and 95% genetic simerity. The same results were
also found in Figuer 1 which showed that Gemmeiza 9 was the onlyest cultivar in one
custer by shareing he other Egyptian wheat.

Table (2). Plant attributes of ten Egyptian and Libyan wheat cultivars under field condition, during
2015/2016 and 2016/2017 seasons

' Plgnt Tillers | Spikelets Grains lg(;glor; G'rain St'raw B'iol. HI Graip
Cultivars | height | No./ Ng./ No./spike | Weight yield yield yield o, protein
(cm) | plant spike (@) kg/fed. | kg/fed. | kg/fed. %
Season 2015/2016
Shakha93 88.7 1.67 16.8 45.8 48.1 1863.8 | 3338.8 | 5202.5 | 35.8 8.6
Geizal 68 90.0 3.67 18.0 50.0 473 2054.5 | 3615.0 | 5669.5 | 36.2 9.3
Gemmeiza9 | 103.4 | 4.67 22.2 68.5 60.8 2972.8 | 3900.0 | 6872.8 | 43.3 9.5
Shakha94 97.3 3.00 16.5 46.5 48.7 1948.8 | 3292.5 | 5241.3 | 37.2 7.9
Egyptl 94.3 3.66 19.5 63.5 52.7 2142.8 | 3237.5 | 5380.3 | 39.8 8.0
Mergawey 67.0 1.00 12.0 30.5 32.5 1164.8 | 2001.0 | 3165.8 | 21.8 5.1
Sohag 79.6 2.67 14.8 353 33.5 1606.8 | 2786.5 | 4393.3 | 28.9 6.2
Kofra 65.7 1.33 10.5 29.5 324 1369.5 | 2320.8 | 3690.3 | 257 5.1
Kazeno 77.0 2.00 11.5 28.0 36.6 1464.5 | 1899.8 | 3364.3 | 28.7 6.6
Kerem 61.0 1.67 9.5 24.6 36.3 1185.0 | 1814.3 | 2999.3 | 25.1 5.2
L.S.Dgos | 1+.03 | 0.829 1.62 3.16 2.97 111.88 | 244.50 | 278.60 | 2.91 | 0.494
Season 2016/2017
Shakha93 86.2 2.0 15.7 44.7 50.2 1903.8 | 3238.1 | 51419 | 36.8 | 8.77
Geizal68 91.8 3.2 18.5 48.9 49.1 2154.5 | 3510.0 | 5664.5 | 359 | 10.0
Gemmeiza9 | 100.4 3.9 21.2 55.9 59.2 2862.8 | 3780.0 | 6642.8 | 41.3 9.5
Shakha94 95.3 3.2 17.0 49.5 49.0 1878.8 | 3432.5 | 5311.3 | 37.9 8.2
Egyptl 95.3 3.6 18.6 59.5 51.2 2242.0 | 3137.0 | 5379.0 | 40.0 8.2
Mergawey 65.0 1.2 11.0 31.5 31.5 1140.8 | 2021.0 | 3161.8 | 20.8 5.1
Sohag 77.6 24 13.8 333 34.5 1628.8 | 2740.5 | 4369.3 | 29.8 5.9
Kofra 66.7 1.0 10.1 29.0 33.0 1333.5 | 2300.8 | 3634.3 | 26.6 52
Kazeno 76.0 2.0 10.5 29.0 35.6 1484.5 | 1869.8 | 3354.3 | 27.5 6.4
Kerem 63.0 1.6 10.0 25.5 34.2 1175.0 | 1810.3 | 2985.3 | 26.1 5.3
L.S. Dy s 12.0 | 0.640 1.72 2.78 2.45 99.12 | 184.50 | 198.60 | 2.66 | 0.590
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Fig.1: Genetic relationship between Egyptian and Libyan wheat cultivars based on morphological
characters

Biochemical analysis:

Peroxidase iso-enzyme assay was applied as the most appropriate technique for the
evaluation of wheat cultivars (Triticum aestivum L.), and classified peroxidase patterns
were ascribed to different phenotypes. Isozyme is an important tool to detect the variation
between different species or cultivars. Peroxidase activity were assed for the ten wheat
cultivars collected from Egypt and Libya as tool calculate the genetic relationship among
wheat cultivars. In contrast, as shown in Figure 2, Peroxidase isozymes exhibited a wide
range of variability among the different species at different localities. In total of 8 loci,
three anodal and five cathodal loci were detected. One anodal (Pex.2a) was found as
common band for all the cultivars for the positive charge. While three cathodal (pex lc,
pex lc and pex Ic) were found to the negative charge. Pex.la was found as unique for
Egyptian wheat and (pex c4) was unique for Libyan and Egyptian wheat cultivars i.e.
Sohag, Kofra, Kazeno, Kerem, Shakha 93 and Gemmeiza 9. Pex.5 was found in all wheat
cultivars except Shakha 94. The activities of antioxidant enzymes have been studied
intensively and yet the significance of these enzymes in salt tolerance is still a matter of
controversy, because high antioxidant enzymes activities have been associated with salt
tolerance as well as salt sensitivity. This led to the suggestion that genetic differences in
salt tolerance among plants are not necessarily due to differences in the ability to detoxify
ROS4 despite the large number of studies that correlate efficient antioxidative defense to
salt tolerance. Isozyme loci have been used as markers in many genetic studies, such as
genetic diversity in Brassica juncea (Kumar and Gupta, 1985); (Persson €t al., 2001) and
isozyme markers as seed coat color (Rahman, 2001). Peroxidases are enzymes related to
polymer synthesis in cell wall (Welsh, 1990), as well as in the prevention of oxidative
damage caused by environmental stress to the membrane lipids (Kalir et al., 1984; Reda, et
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al., 2011). It was found that salt stress increased peroxidase band sintensity. Salt tolerant
cultivars Gemmieza 10, Sohag and Beni-Sweif showed higher band intensity compared
with the other cultivars. These results agreed with those of (Gaspar et al. 1982) who
reported an increase in peroxidase activity in cultivars sensitive to salt, which could be
responsible for the ability of such cultivars to adapt to external stimulus. Hong et al. (2005)
showed that peroxidases are common and important indices for evaluating wheat redox, its
activity display higher antioxidative abilities, reflecting higher resistance to drought.
Peroxidase are enzymes related to polymer synthesis in cell wall (Welsh, 1990), as well as
in the prevention of oxidative damage caused by environmental stress to the membrane
lipids (Kalir et al., 1984). Plant peroxidase have been used as biochemical markers for
various types of biotic and Abiotic stresses due to their role in very important
physiological processes, like control of growth by lignification’s, cross linking of
pectin’s and structural proteins in cell wall, catabolism of auxins (Gaspar, et al., 1982).
The same trend of non-regular relationship between water regime treatments and
peroxidase isozymes 4th and 5" was detected. Peroxidase activity that was expressed in
terms of variation in band-intensity and/or presence or absence score proved to be not
accurate criteria for the band characterization of wheat genotypes at different water
treatments, since the banding patterns differ extremely between water stress tolerance or
susceptibility. In general, these results are in accordance with those obtained by (Sairam et
al. 2001), who found that peroxidase isozymes activities increased significantly under
water stress. The modifications of gene expression due to environmental stress are a
common response in the metabolism of plant cells. Activation of gene due to
environmental stimuli which plays an important role in the plants adaptation to unfavorable
conditions and promotes the appearance of specific proteins (Naqvi et al. 1995). In
addition, proteins and isozyme polymorphisms are good indicators of response to biotic
and abiotic stresses (Doebley, 1989).

1 23 4 5 67 8 9 10 1 2 3 4 5 67 8 9 10
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Fig.2: Zymograme of peroxidase isozymes of Egyptian and Libyan wheat cultivars (1)
Shakha 93, (2) Geiza 168, (3) Gammeiza 9, (4) Shakha 94, (5) Egypt 1, (6)
Mergawey, (7) Sohag, (8) Kofra, (9) Kaa Kazeno, and (10) Kerem.
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Molecular studies:

RAPDs are generated by applying the polymerase chain reaction (PCR) to genomic
DNA samples, using randomly constructed oligonucleotides as primers. Since the
technique is relatively easy to apply to a wide array of plant and animal taxa, and the
number of loci that can be examined is essentially unlimited, RAPDs are viewed as having
several advantages over RFLPs and DNA fingerprints. When the primers are of
intermediate size (on the order of 10 base pairs), multiple amplifiable fragments (from
different loci) are usually present for each set of primers in each genome. The fragments
can be separated by size on a standard Agarose gel and visualized by ethidium bromide
staining, eliminating the need for radio labeled probes. Since the primers consist of random
sequences, and do not discriminate between coding and nonbonding regions, it is
reasonable to expect the technique to sample the genome more randomly than conventional
methods. In the present study, the genetic variability and relationships of different cultivars
of wheat have been studied based on RAPD analysis. Initial screening of large number of
RAPD primers with ten cultivars of wheat, resulted in ten RAPD primers that produced in
formative and polymorphic products resolvable by agarose gel electrophoresis. In the
present study ten random primers were used to differentiate through RAPD analysis among
tested samples wheat (Triticum aestivumL.)

Primer OPN-04 :

The results of primer OPN-04 are illustrated in Table 3. The total fragments were
29 amplification products at the fragment lengths ranged between 138 bp. to 800 bp. Two
of five fragments were monomorphic (616 and 222 bp) and three fragments were
polymorphic (800, 388 and 138 bp). The percentage of the polymorphism between the
tested cultivars ranged from 33 to 50% and the general genetic polymorphism was 60%.
Results in Table 3 showed that Geizal68, Shakha 94, Mergawey, Sohag and Kofra
detected the same number of fragments (3 fragments), while, the Kazeno and Kerem
cultivars showed the highest number of DNA fragments (4 fragments). On the other hand,
the Shakha 93, Gammeiza 9 and Egypt 1 amplified the lowest DNA fragments number (2
fragments). No unique fragment was detected for the current primer.

Primer OPD-05 :

The generated RAPD profile of DNA fragment bands with the primer OPN-05 is
presented in Table 3. This primer gave a maximum of 35 amplification products at the
fragment lengths ranged between 352 bp. to 1100 bp. and tasted samples were
polymorphic and monomorphic fragments. The percentage of the polymorphism was 88%.
One unique (specific) fragment (1096 bp.) was exhibited for Gammeiza 9 with frequency
0.4. The results in Table 3 showed that Shakha 93, Gammeiza 9, Mergawey, Sohag and
Kerem have the same number of fragments (4 fragments), while, the Egypt 1 and
Mergawey give the highest number of DNA fragments (5 fragments). On the other hand,
the Shakha 94, Kofra and Kazeno gives the lowest DNA fragments number (2 fragments).
The genetic polymorphism between wheat cultivars range from 50 to 80%.

Primer OPC-05 :

Concerning to the primer OPC-05 and the generated RAPD profile of DNA
fragment bands is presented in Table 3. In a total of 36 amplification products at the
fragment lengths ranged between 275 bp. to 1806 bp all were polymorphic fragments. The
percentage of the polymorphism was 100%. Three unique fragments (582 bp, 492 bp and
275 bp) was exhibited for Gammeiza 9 and Shakha 93 with frequency 0.5. Results showed
that Geiza 168, Shakha 94, Egypt 1, Mergawey, Sohag, Kofra, Kazeno and Kerem have the
same number of fragments (4 fragments), On the other hand, the Shakha 93 and Gammeiza
9 gives the lowest DNA fragments number (2 fragments).
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Primer OPM-05 :

The generated RAPD profile of DNA fragment bands with the primer OPM-05 is
found in Table 3. This primer gives a maximum of 57 amplification products at the
fragment lengths ranged between 236 bp to 1825 bp., and all tasted samples were
polymorphic fragments. The percentage of the polymorphism was 100%. Two unique
(specific) fragment (608 and 290 bp) were recorded to Gammeiza 9 and Kofra with
frequency 0.4. The results showed that Geiza 168, Shakha 94, Geizal68, Mergawey,
Sohag and Kerem have the same number of fragments (4, 5 and 7 fragments), while, the
Kofra and Kazeno give the highest number of DNA fragments (8 fragments). On the other
hand, the Shakha 93 gives the lowest DNA fragments number (1 fragments).

Primer OPB-07 :

The following data for generated RAPD profile of DNA fragment bands and the
primer OPB-07 illustrated in Table 3. The current primer gave a maximum of 36
amplification products at the fragment lengths ranged between 317 bpto 1117 bp. One
band (389 pb) was monomorphic and the other three bands were polymorphic. The
percentage of the polymorphism was 80%. Results showed that Shakha 93, Gammeiza 9,
Geiza 168, and Kazeno have the same number of fragments (2,4 fragments), while, the
Egypt 1| Mergawey, Sohag and Kofra the highest number of DNA fragments (5 fragments).
On the other hand, Local wheat gives the lowest DNA fragments number (1 fragments).
Primer OPN-10 :

The generated RAPD profile of DNA fragment bands with the primer OPN-10 is
presented in Table 3. This primer gave a maximum of 29 amplification products at the
fragment lengths ranged between 204 bp to 1040 bp and all tasted samples were
polymorphic fragments. The percentage of the polymorphism was 100%. The results
showed that Mergawey, Kazeno, and Kerem have the same number of fragments (3
fragments), while, the Gammeiza 9, Shakha 94, and Kazeno give the highest number of
DNA fragments (4 fragments). On the other hand, the Shakha 93, Geizal68, Egypt land
Sohag gives the lowest DNA fragments number (2 fragments).

Primer OPG-12 :

The generated RAPD profile of DNA fragment bands with the primer OPG-12 and
its results of bands analysis are presented in Table 3. This primer gave a maximum of 35
amplification products at the fragment lengths ranged between 188 bp to 1089 bp and all
tasted samples were polymorphic fragments. The percentage of the polymorphism was
100%. Two unique (specific) fragment (277 bp and 88 bp) was exhibited for Geizal 68
with frequency 0.4. Results showed that Egypt 1, Mergawey, Sohag and Kofra have the
same number of fragments (4 fragments), while, the Geiza 168 and Shakha 94 give the
highest number of DNA fragments (5 fragments). On the other hand, the Kerem gives the
lowest DNA fragments number (1 fragments).

Primer OPQ-12 :

The generated RAPD profile of DNA fragment bands with the primer OPQ-12 are
presented in Table 3. This primer gave a maximum of 50 amplification products at the
fragment lengths ranged between 199 bp to 1235 bp and tasted samples were polymorphic
and monomorphic fragments. The percentage of the polymorphism was 75%. One unique
(specific) fragments (199 bp) was exhibited for Gammeiza 9, with frequency 0.6. Results
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showed that Gammeiza9, Mergawey, Kofra, Kazeno and Kerem have the same number of
fragments (5 fragments), while, the Sohag give highest number of DNA fragments (7
fragments). While, Shakha 93 gives the lowest DNA fragments number (2 fragments).
Primer OPN-13 :

The generated RAPD profile of DNA fragment bands with the primer OPN-13 and
bands analysis are presented in Table 3. This primer gave a maximum of 34 amplification
products at the fragment lengths ranged between 214 bp to 544 bp and tasted samples were
polymorphic and Monomorphic fragments. Two monomorphic fragments were detected
(214 and 393 bp). The percentage of the polymorphism was 60%. One specific fragments
(487 bp) was exhibited for Gammeiza 9, with frequency 0.7. Results showed that
Gammeiza 9, Shakha 94, Mergawey and Sohag give highest number of DNA fragments (4
fragments). While the Shakha 93, Geizal68, Egyptl, Kofra, Kazeno and Kerem gives the
lowest DNA fragments number (3 fragments).

Primer OPQ-14 :

The results of the primer OPQ-14 is illustrated in Table 3. The present primer
amplified a maximum of 37 amplification products at the fragment lengths ranged between
213 bp to 912 bp and tasted samples were polymorphic and monomorphic fragments. The
percentage of the polymorphism was 89%. Three unique (specific) fragments (417 bp, 306
bp, 213 bp) was exhibited for Gammeiza 9, with frequency 0.4. Results showed that Geiza
168, Shakha 94, Egypt 1, Sohag and Kofra have the same number of fragments (4
fragments), while the Mergawey give highest number of DNA fragments (6 fragments). On
the other hand, Shakha 93, Kazeno and Kerem gives the lowest DNA fragments number (2
fragments).

Data in Table (3) showed the total unique fragments for all the ten RAPD-PCR
primers which used in the current study and results indicated clearly that OPC-05 and
OPQ-14 showed three unique fragments followed by OPM-05 and OPG-12 by two unique
fragments Table 3. A total of 75 bands were detected among the studied cultivars. 53
bands showed polymorphism. Out of these polymorphic bands, 13 unique bands were
scored and the number of monomorphic bands was 9. However, the primer OPC-05, OPM-
05, and OPG-12 shows 100% polymorphism. While primer OPN-04, OPD-05, OPB-07,
OPQ-12, OPN-13 and OPQ-14 showed 60, 88, 80,75,60 and 89% polymorphism,
respectively (Table 3). The range of DNA size was between 138 bp and 1825 bp. Since the
PCR techniques have been developed, a wealth of new DNA marker technologies has
arisen enabling the generation of high-density molecular maps for all the major crop
species. Molecular markers have also been extensively used to analyze the genetic
diversity in crop plants. Based on the data obtained by RAPD analysis, it was possible to
discriminate between the ten wheat genotypes used. The genotype-specific markers
indicated that the highest number of RAPD specific markers was scored for OPC-05 and
OPQ-14 (3 markers), while both OPM-05, and OPG-12 scored two markers each. On the
other hand, OPD-05, OPQ-12 and OPN-13 scored one marker each as Table (3).
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Table (3). Polymorphism data as detected by RAPD markers, total number of
amplicons, monomorphic and polymorphic amplicons and the percentage of
polymorphism among the ten cultivars

Primer code Total Monomorphic polymorphic positive unique PIC %
amplicons markers
OPN-04 5 2 3 - 60
OPD-05 8 1 6 1096 88
OPC-05 7 0 4 582-292-275 100
OPM-05 14 0 12 608-290 100
OPB-07 5 1 4 - 80
OPN-10 6 0 6 - 100
OPG-12 8 0 6 277-188 100
OPQ-12 8 2 5 199 75
OPN-13 5 2 2 487 60
OPQ-14 9 1 5 417-306-213 89
Total . 75 9 53 13 852
Polymorphism %

Efficient and effective crop improvement program depends on the extent of genetic
diversity either existing or created (Naz et al., 2006 and Akbar et al., 2011). In the present
study, it was observed that half of the RAPD primers were polymorphic that can be used
for other wheat germplasm for investigation of genetic diversity between the Egyptian and
Libyan wheat cultivars. To measure of diversity of genetic, the molecular markers also
provide opportunity to go beyond indirect diversity based on agronomic traits or
geographic origin (Mir et al., 2012). In the present study, RAPD analysis was found to be a
valuable diagnostic tool to evaluate genetic diversity and in addition it could serve the
purpose of genotyping if the number of primers are increased, and preferably the DNA
markers be made specific either converting the reported fragments to SCAR (Gupta and
Varshney, 2000). These results agree with those of Guadagnuolo et al. (2001) who
reported that RAPD can produce a large set of markers, which can be used for the
evaluation of both between- and within-species genetic variation; and Cao, et al. (2002)
who indicated that the RAPD markers are useful in pedigree assessment in common wheat
and for the identification of some wheat varieties. Maric et al. (2004) revealed that markers
of RAPD recorded a high level of polymorphism among the cultivars and the breeding
lines under study. Also, these results in the line with Bhutta et al. (2005) used RAPD
analysis to estimate the degree of genetic divergence in 7 wheat genotypes from diverse
locations of Pakistan. They found that 160 DNA fragments were amplified with 20 random
decamer primers with an average of 8 bands per primer. In this study, high level of
polymorphism was observed as compared to other previous RAPD marker studies on
wheat, 1.7 polymorphic band per primer in China wheat polymorphic band per primer in
Pakistani (Anwar et al., 1998) cultivars (Zheng et al., 2001), 11 polymorphic band per
primer in Iranian wheat cultivars (Naghavi et al., 2004) and 10.4 bands per primer in
Pakistani wheat cultivars (Nawaz et al., 2009). Joshi and Nguyen (1993) used 40 primers
in studying wild and cultivated wheat and revealed 88% polymorphism among all
accessions.
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In the present study, the genetic relationships among the ten cultivars were
determined by Dice Coefficient (Figure 3). The matrix of similarity index ranged from
0.26 recorded between cultivars Geizal68 and Gemmeiza 9 to 0.74 recorded between
Egyptl and Mergawey with an average of 0.50. The values similarity between the different
cultivars of genotypes is specific as recorded in Figure 3. The dendrogram Figures 3
illustrating the distance among the examined wheat cultivars. The dendrogram in this case
revealed two clusters by 33% similarity. The first one has Gemmeiza 9 in separate cluster
and the next cluster divided into sub two cluster (39%), the first one had Sakha 93 and the
second divided into two sub-sub clusters (50%). The data in the cluster showed that wheat
cultivars Kazeno and Kerem were in one group by 70% and Egypt 1 and Sohag in the same
cluster by 75%.
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Fig.3: Genetic relationship between Egyptian and Libyan wheat cultivars based on RAPD-
PCR markers.

REFERENCES

A.O0.A.C. (1990). Official Methods of Analysis of Association of Official Analytical
Chemists, 12th edition. Washington, D.C.

Abd El-Ghany, H.M., Ebtsam A. El-Housini and M.H.M. Afifi (2013). Effect of certain
macronutrients foliar application on growth, yield and nutrients content of grains
for two bread wheat varieties in sandy soil. J. Appl. Sci. Res., 9(2): 1110-1115.

Akbar, F., M.A. Rabbani, M.S. Masood and Z. K. Shinwari (2011). Genetic diversity of
sesame (Sesamum indicum L.) germplasm from Pakistan using RAPD markers.
Pak. J.Bot., 43(4): 2153-2160.

Anwar, R. Khan, M.A. Masood, S. Tahir, M. and A. A. Jaradat (1998). Diversity in
Pakistani wheat germplasm as revealed by RAPD analysis Triticeae III. Proceedings of
the Third International Triticeae Symposium, Aleppo, Syria. pp. 171-174.



Relationship between genetic structure and yield characteristics of some Libyan and Egyptian wheat cultivars 15

Aown, M., S. Roza, M.F. Saleem, S. A. Anjum, T. Khaliq and M. A. Wahid (2012). Foliar
application of potassium under water deficit conditions improved the growth and
yield of wheat (Triticum aestivum, L.) J. Animal &Plant Sci., 22 (2):431-437.

Bhutta, W.M., S. Armghan, A. Javaid and I. Muhammad (2005). Assessment of genetic
divergence among wheat (Triticum aestivum L.) genotypes using random amplified
polymorphic DNA (RAPD) analysis. Biolo. Bratis., 60: 671-674.

Cao, W.G., P. Hucl, G. Scoles, R.N. Chibbar, P.N. Fo x and B. Skovm (2002). Cultivar
identification and pedigree assessment of common wheat based on RAPD
analysis. Wheat Inf. Serv.,95: 29-35.

Chiran, A., B. Drobota and E.Gindu, (20012). Prospects on the world cereal market.
Cercetari Agronomice in Moldova XLI1:79-87.

Collard, B.C.Y, M.Z.Z. Jahufer, J. B. Brouwer, E.C.K. Pang (2005). An introduction to
markers, quantitative trait loci (QTL) mapping and marker-assisted selection for
crop improvement: The basic concepts. Euphytica 142:169-196.

CoStat Ver. 6.311 (2005). Cohort software798 light house Ave. PMB320, Monterey,
CA93940, and USA. email:  info@cohort.com and  Website:
http: //mmw.cohort.comyDownl cadCoStatPart2.html

Doebley, J. (1989). Isozymic evidence and evolution of crop plants. In: D.E. Soltis, P.S.
Soltis [eds.], Isozymes in plant biology. Dioscorides Press,Portland, Oregon., 165-
189.

EL-Metainy, A. Y., A.Y. Abou-Youssef and M. El-Hadad (1977). Starch Degrading
isozymes in Triticumn aestivum, Triticumn pyramidal, and their interspecific
hybrid. Egypt J. Genet. Cytol. 6: 375-379.

FAO (2009). Crop Prospects and Food Situation No. 1, Global Information and Early
Warning System on Food and Agriculture.

Gaspar, T., C. Penel, T. Thorpe and H. Greppin (1982). Peroxidases: A survey of their
biochemi appropriate peroxidase substrates availcal and physiological roles in
higher plants. Univ. of Geneva, Switzerland.

Gomez, K. A. and A. A. Gomez (1984). Statistical researches. John willey and Son-Inc.
New York.

Guadagnuolo, R., D.S. Bianchi and F. Felber (2001). Specific genetic markers for wheat,
spelt, and four wild relatives: comparison of isozymes, RAPDs, and wheat
microsatellites. Genome, 44:610-621.

Gupta P.K., R. K.Varshney, P.C. Sharma and B. Ramesh (1999). Molecular markers
andtheir applications in wheat breeding. Plant Breed 118:369-390.

Gupta, P. K. and R. K. Varshney. (2000). The development and use of microsatellite
markers for genetic analysis and plant breeding with emphasis on bread wheat.
Euphytica, 113:163-185.

Hammer, K., A. Filatenko and V. Korzun (2000). Micorsatellite markers - a new tool for
distinguishing diploid wheat species. Genetic Resources and Crop Evolution 47,
497-505.

Hong, B. S., Z. S. Liang and M. A. Shao (2005). Changes of antioxidative enzymes and
MDA content under soil water deficits among 10 wheat (Triticum aestivum L.)
genotypes at maturation stage. Biointerfaces,45: 7-13.

Jones, N., H. Ougham and H. Thomas (1997). Markers and mapping: We are all geneticists
now. New Phytol 137: 165-177.

Joshi, C. P. and H. T. Nguyen (1993). Application of the random amplified polymorphic
DNA technique for detection of polymorphism among wild and cultivated
tetraploid wheats. Genome, 36:602-609.



16 Idris H. B. Haiub'et al.

Kalir, A. Omri, G. and A. Poljakoff-Mayber (1984). Peroxidase and catalase activity in
leaves of Halimione portulacoides exposed to salinity. Physiologia Plantarum, 62:
238-244.

Kandil E. E. and Eman A. O. Marie (2017). Response of some wheat cultivars to nano- ,
mineral fertilizers and amino acids foliar application. Alex. Sci. Exch. J.,38(1):53-
68.

Kumar, R. and V.P. Gupta (1985). Isozyme studies in Indian mustard (Brassica juncea L.).
Theor. Appl. Genet. 69: 1-4.

Maric, S., S. Bolaric, J. Martinic, . Pejic and V. Kozumplik (2004). Genetic diversity of
hexaploid wheat cultivars estimated by RAPD markers, morphological traits and
coefficients of parentage.Plant. Breed., 123: 366-369.

Marshall, D. Langridge, P. and R. Appels (2001). Wheat breeding in the new century -
Preface. Aust. J. Agric. Res., 52: I-IV.

Mir, R.R., N. Sreenivasulu, R.K. Varshney, M. Zaman-Allah and R. Trethowan (2012).
Integrated genomics, physiology and breeding approaches for improving drought
tolerance in crops. Theoretical and Applied Genetics, 125: 625-645.

Murray, M.G. and W.F. Thompson (1980). Rapid isolation of high molecular weight plant
DNA. Nucleic Acids Res 8: 4321-4325.

Naghavi, M. R. M. Mardi, H.A. Ramshini and B. Fazelinasab (2004). Comparative
analyses of the genetic diversity among bread wheat genotypes based on RAPD
and SSR Markers. Iran. J. Biotechnol. 2:195-202.

Naqvi, M.S., V.C. Ozalp, H.A. Oktem and M. Yiicel, (1995). Salt induced synthesis of new
proteins in the roots of rice varieties (Oryza sativa L.). J. Plant Nutrition, 18:
1121-1137.

Nawaz, N. S.A. Hussain, [.Ullah, M. Younus, M. Z. Igbal, and S. M. Rana (2009).
Estimation of Genetic Diversity in Wheat Using Dna Markers. Am.- Eur. J. Sust.
Agric. 3(3):507-511.

Naz, A., Z.A. Swati. and 1. A. Khan. (2006). Studies on genetic diversity in Pakistani
wheat varieties using randomly amplified polymorphic DNA. Pak. J. Biolo. Sci.,
9(15):2858-2861.

Njuguna, M. N., M. Munene, H.G. Mwangi, J.K. Waweru and T.E. Akuja (2010). Effect of
seeding rate and nitrogen fertilizer on wheat grain yield in marginal areas of
eastern Kenya Journal of Animal & Plant Sci. 7(3): 834- 840.

Persson, K. Falt, A.S. Von and R. Bothmer (2001). Genetic diversity of allozymes in turnip
(Brassicarapa L. var. Rapa) from the Nordic area. Hereditas, 134: 43-52.

Rahman, M.H. (2001). Introgression of alleles of the isozyme locus glucose-phosphate
isomerase-2 (GPI-2) from the CC genome of Brassica carinata to the CC genome
of Brassica alboglabra and their independent segregation from seed color. Plant
Breed. 120: 363-364.

Raisi, M. J. and E. Tohidi-Nejad (2012). Effect of Organic Manure and foliar potassium
application on yield performance of wheat cultivars (Triticum aestivum L.). Int.
Res. J. Appl.& Basic Sci., 3 (2): 286-291.

Reda, E. and A. Moghaieb (2011). Molecular markers associated with salt tolerance in
Egyptian wheats Afric. J. Biotech.10(79):18092-18103.

Rohlf, F.J. (2000). On the use of shape spaces to compare morphometric method. Hystrix,
Italian J. Mammology (n.s.),11(1): 8-24.

Sairam, R.K., V. Chandrasekar and G. C. Srivastava (2001). Comparison of hexaploid and
tetraploid wheat cultivars in their responses to water stress. Biologia-Plantarum,
44(1), 89-94.



Relationship between genetic structure and yield characteristics of some Libyan and Egyptian wheat cultivars 17

Shaw, M. D. and A. L. Kaen (1967). Starch gel electrophoresis of enzymes. Biol. Res.
laboratory publication. Howthron center.

Shitsukawa, N., A. Takagishi, C. Ikari, S. Takumi and K. Murai (2006). WFL, a wheat
FLORICAULA/LEAFY ortholog, is associated with spikelet formation as lateral branch
of the inflorescence meristem. Genes Genet. Syst. 81:3-20.

Siugh, P. K. (1994). Genetic diversity in durum wheat germplasm Ann. Agric. Res. 15:
418 - 422.

Welsh Bowles, D.J (1990). Defense-related proteins in higher plants, Ann. Rev. 59: 873-907.

Welsh, J. and M. McClelland (1990). Fingerprinting genome using PCR with arbitrary
Nucleic Acid Res. - Vol. 18. - P. 7213 - 7218.

Williames, J. K., A. Kubelik, K. J. Livak, J. A. Rafalski and S.V. Tingey (1990). DNA
polymorphisms amplified by arbitrary primers are useful as genetic markers.
Nucleic Acids Res. 18:6531-6535.

Youssef, M.K., E.A. Badr, A. Abou-Youssef. & S. El-Deeb (1989). Comparative
electrophoretic pattern of isozymes in four species of tilapia, third Egyptian
British conference on Animal, Fish and Poultry production. Alexandria, 7-10
October, 849-858.

Zheng, Y.L., Y.O. Chen, Y.M. Wei, Y.H. Zhou and Z. O. Zhang (2001). Esterase, gliadins
and RAPD variations among sichuan wheat cultivars. Wheat Inform. Serv. 92:5-8.

ARABIC SUMMARY

%M\JM\@“\&‘&\M@N\uﬂﬁhﬂﬂbébﬂ\%ﬂ\aﬁuﬂﬂ‘

Tadlll de i U < e land slas <M qigih S s a9

M_JM\JACZ\MB_L@J\—@\)J\K:\E_\

) Aals - L WAy 30 Al — 3Ll Y1 and Y

Ll dad (e A iy Lal allall (5 sinna Ao LSO Ayl SiuY) Jaalaall bl (ho el yiing
Al all Cadgs i) Jua¥) A )5 6 5 S Las Lialle g1 5391 5 Calial¥) e apaall i e 4 533
Gab e alll s (5 aall madll (o ilial 3 jdal 4 panall (ailiadll s Sl S il Gu A8l i )

G gl Al guanal) il e el A o) s 4las sl s Ao sl 58 ) sall L Al lalaall (e 2 ladial

a3 TaLll a5 o5 (e O Y £ B a8 5y 5 DR @i 5 OV T Aa g LIS Cilial] s ) )

B3l adl o Fused 5 0 3V £ali A6 L Caand 3l 5 8 sanall 8 dpien @) g0 Al il il |5 5030 yall

i dadad VO e J gaamnl) 4y Sl A3y gl) il Cimaia g) | JSU il 0 5aS 2l i a5 2355 2 53K

il daiadiia drina adad V¥ a5 95V ¢ 1T Ay (5 jedaad) JSAN 8 saxt Ley 00 Lia S Cua

& seanall S Sl A8Dall s SIS 5 Al 5 3y el Z LBV s 5y sl CODURY (g A Hall 338 gy
)l am g D 31 5l a il



