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Abstract
Comparative Study of Genetic Diversity in durum

wheat in Palestine

By
Heba Mu'een Al Fares

Supervision

Dr. Hassan Abu Qau'd

Co-Supervisor

Dr. Sami Yaish

A total of 11 durum wheat varieties were grown in the green
house to study the morphological differences: Six landraces, three
commercial cultivars, and two introduced cultivars from ICARDA
were further analyzed to detect variations among durum wheat
varieties at DNA level using RAPD technique. The following
characters were studied: Plant height, Flag leaf length, and

Tillering capacity.

Statistical analysis using One Way Anova test showed
significant variability among varieties for Tillering number, which
ranged between 1 to 3 tiller/plant. However there was non-

significant variability among varieties in plant hieght and flag leaf

length.
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DNA genetic variation was studied using 11 wheat varieties

collected from 7 locations in Palestine.

A genetic similarity matrix based on the dice coefficients was

constructed using RAPD data to assess the genetic relatedness.

The mean similarity indices presented by the 11 wvarieties
ranged from 0.1 to 0.81 for all varieties with an average of 0.40.
The wide range of similarity indices indicated that a wide range

DNA polymorphism occur among the 11 varieties.

The results showed also that clustering in the same cluster for

the varieties which could have common genomes, but no

clustering related to collection site.

Of the 11 varieties used, there were 159 RAPD marker

produced by five primers.

This analysis has proven that RAPD-PCR is a useful tool to
determine genetic diversity among durum wheat varieties and can

provide valuable information for the management and

identification of genetic resources.




1. Introduction

The most important cereal crops grown in Palestine is wheat (Triticum
durum, Desf); an annual herbaceous plant belonging to Poaceae, The total
cereal grain area reaches 469682 dunums table (1). Wheat is the most
abundant as it occupies 216672 dunums (statistics of Ministry of
Agriculture 1999/2000) table (2). The ability of cereal grain crop to

withstand harsh conditions makes them more important in agriculture map

in Palestine.

Table (1) basic changes for the field crops sector in the Palestinian
territories, 1997/1998-1999/2000.
Crop 2000/1999 1999/1998
Area of field crop 469682 328882 530276
* According to the statistic of Ministry of Agriculture 1999/2000

1998/1997

Table (2): Area of wheat crop, 1999/2000

Crop Rainfed Irrigated Total area
Area (dunums) | Area (dunums) (dunums)
wheat 214932 1740 216672

* According to the statistic of Ministry of Agriculture 1999/2000

Investigations carried out in Palestine and neighboring countries
indicated the presence of wild relatives of cereals that are grown in

pastures, (Isaac and Gasteyer, 2000). There are several local wheat land

races that are planted by farmers.
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The same applies to isozyme and biochemical markers that provide
only poor coverage of the genome with low level of polymorphism that is

only detected in narrow based elite breeding materials (Alberte et al.,

1994).

The advent of DNA markers obviated the limitation and proved to be
a very powerful tool for detailed assessment of genetic diversity in

cultivated and wild plant species as plant pathogen populations

(Melchinger, 1993).

2.2. Morphological and Agronomical Variation

The variability of Triticum species maintained by the Peasants for
about 10000 years, is now decreasing due to the development of new
“high yielding” varieties which replaced original landraces in many
countries (Couderon, 1980).

In the WANA region, durum wheat grown primarily under rainfed
conditions, mainly in areas where the annual precipitation is 250 —450
mm. In this region, abiotic stress such as cold, drought and high
temperature, prevail during crop growing period, many primitive cultivars

and landraces which are still in cultivation are well adapted to harsh

environments.

Considerable genetic diversity is known to be present in these

populations, and this can be used in durum wheat improvement (Porceddu

and Srivastavas; 1990).

Most of the new wheat cultivares have a narrow genetic base, they

were produced by crossing an elitc line with a line that has similar
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agronomic and end use characteristics (Chen et al, 1994 and Demissie et

al, 1990).

Some studies on improvement of durum wheat indicated that it
depends on the continuous supply of new germplasm material as donors
of various genes of agronomic importance (Chapman, 1985). The
availability of such germplasm depends on the identification of areas of
concentration for landrace traits of agronomic importance (Bekele, 1983;

Negassa, 1985).

It is likely that phenotypic variation is mostly genetic and therefore
directly useable in breeding program, especially for those characters,
which have a rather "high heritability" such as heading, maturity time,
plant height, kernel number and weight (Pecetti et al; 1992).

Accessions of Triticum dicoccum provide an important genetic
reservoir of-variability for several useful characters such as earliness,
short stem, high number of fertile tillers, long spike, dense spike, high
number of seeds per spike, weight of kernels per spike, protein content

and tolerance to drought which could be used in breeding wheat for the

dry areas. (Hakim et al; 1989).

In a study of morphological variation of 13 quantitative traits of
250-durum wheat landrace genotypes collected from nine districts in
Jordan, it was found that 25.23% of total variability was counted for
number of spike/plant, fertile tillers/plant and 1000-kernel weight.

16.69% of total variability was found for the following traits; plant
height, peduncle length, upper node and spike number which suggested

that Jordanian landraces are rich sources of genetic variation and
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therefore, it could be used in the reconstruction of a gene pool of

germplasm for durum wheat improvement (AL-Ajlouni and Jaradat,

1997).

2.3. Molecular characterization

2.3.1. Application of Polymerase chain Reaction (PCR).

Previously, genetic variation and diversity have been based mainly
on the gene products such as morphological traits and proteins. Recently a
new technique, Polymerase Chain Reaction (PCR), has attracted interest
for identification and evaluation of plant material (Moreno, 1995),
because it is simple and the genetic make up of an organism is analyzed

directly.

A Further advantage is the possibility of using genomic DNA
extracted at any plant growth stage and from any tissue. Consequently,
analysis can be shifted to a very early stage of plant growth, saving time

and resources (Pagnotta et al., 1995).

PCR, which was introduced in 1985, is a technique that amplifies DNA
fragment to billion of copies without needing living tissues (Newton and
Graham, 1994). The major advancement that made PCR the key
procedure is the introduction of a new enzyme from the bacteria Thermus
aquaticus ~ (Taq polymerase) (Newton and Graham, 1994). Taq
polymerase simplified the procedure, improved the specificity, yield and
length of products amplified by PCR (Saiki et al., 1988). PCR rapidly
detects the genetic variation in a few hours rather than days or months
(Wiliams and Roland, 1994). Its velocity, selectivity, and sensitivity

characterize the PCR technique. And it also requires a small amount of
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DNA (Weising et al, 1994). The cycles; denaturation, separates the
double strands of DNA at temperature around 94°C, annealing, which
enables the primer to anneal to single stranded DNA at specified
temperature 33°C to 65°C, and extension in which DNA synthesized by a
thermostable DNA polymerase at temperature 70-75°C (Weising et al.,

1994)

The purity and yield of reaction products depend on several critical
parameters such as annealing temperature (Rychlik et al., 1990). Several
PCR -based techniques have been established (Labhilili et al., 1997), such
as random amplified polymorphic DNA (RAPD), amplified fragment
length polymorphism (AFLP), sequence-tagged-site (STS), using primers
derived from RFLP clone or gene sequences, and simple sequence repeats
(SSR) also known as micro-satellite. Interest in RAPD's is growing
rapidly as they are often highly polymorphic, their identification requires
no radioactivity, and only very small quantities of plant material are

required for this type of analysis (Hancock and Callow, 1994).

2.3.2 Randomly Amplified Polymorphic DNA (RAPD)

RAPD analysis can be performed on any organism with no DNA
sequence information. It is effective with tiny amounts of DNA (Lowe et
al., 1996). RAPD amplification was possible with DNA isolated from a
single tobacco protoplast (Brown et al, 1993). The technology is
relatively simple and cheap, allowing the analysis of a large number of

samples in a short time (Williams et al., 1993).

The amplified DNA fragments are detected by the agarose gel
electrophoresis. DNA pattern could be visualized directly by UV light
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after ethidium bromide staining (Gregor et al,, 1994; Sambrook et al.,

1998).

The RAPD technique has been used recently in many studies. 1) The
taxonomic and genetic relationships between species such as brassica
species (Demeke et al., 1992; Ren et al, 1995). 2) Genotype
fingerprinting as a powerful and highly accurate tool for distinguishing
genotype and cultivars of buffalograss (Wu and Lin, 1994) broccoli and
cauliflower (Hu and Quiros, 1991), tomato (Klein-Lankhorst et al., 1991),
and 3) the genetic variation existing within and among cultivars and land

races of collard (Franham, 1996) eggplant (Karihaloo et al., 1995; Saifan,
1999), and okra (Rawashdeh, 1999).

Also variation produced by this technique has been applied to analyze
intra -and inter - specific polymorphism in cereals (Weining and

Langridge, 1991; Beyermann et al., 1992).

In wheat, molecular markers were used to indicate genetic diversity in
diploid wheat (Vierling and Nguyen, 1992), tetraploid wheat (Joshi and
Nguyen, 1993), hexaploid wheat and splet wheat (Liu and Tsuunewaki,
1990; Lubbers et al., 1991 -Siedler et al., 1994; Chen et al., 1994; Martin et

al., 1995;and Oixin et al., 1998).

Relationships in fifty natural populations of wild species and genetic
variability of genus Aegilops included the species Ae.Biuncialis
(UUMM), Ae.neglecta (UUMMNN), Ae.ovata (UUMM), Ae.ventricosa
(DDNN) and Ae. triuncialis (UUCC) were revealed by RAPD markers

(Monte et al., 1999).
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According to type of genomes the species were clustered for example,
Ae.ventricosa appeared to be segregated from the other species, probably
owing to the influence of the D genome. Ae.biuncialis and Ae.ovata were
clearly separated, suggesting that the super index system should be used
to differentiate the M genomes of both species. The separation of the M
and N genomes was also confirmed. The proximity of N to U and C to M
was also suggested. Kong et al. (1998) assayed genomic DNA of 29

varieties of two Ae.tauschii subspecies from different region using RAPD

technique.

The results showed that DNA polymorphism of accessions collected

from China was less than the variations found in those collected from Iran

and from union of Socialist Sovict Republics (USSR).

Several techniques were compared to evaluate diversity using 147
progenies derived from the crosses between T.aestivum line and T.
tauschii [Ae. squarrosa] after evaluation of yield, grain weight, protein
concentration and grain hardness (Fritz et al., 1995). Genotypes were
determined by testing polymorphism of one protein, 25 RFLP probes, and

eight RAPD markers.

The resulis have shown that two RAPD markers were associated with
consistent effects on grain yield and three markers were associated with

grain weight accounting for 16% of the variance among families.
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3. Materials and Methods

3.1. Morphological Characterization of Wheat

3.1.1. Plant Material and Cultural Practices

Seed of 6 landraces, 3 commercial, and 2 introduced by ICARDA of
wheat were collected from farmer with cooperation with the UNDP and
Ministry of Agriculture. These varieties were collected from different
regions in Palestine 1999/2000 (table 3).

Seeds were planted in pots containing a soil mixture of 2:1 peatmoss
and sand in the green house, growth and development were monitored
through the period from April 251 2001 to June 14 ™, 2001. After two
weeks seedlings were transplanted to Jarger pots in the green house at the

An-Najah National University farm of the faculty of Agriculture in
Tulkarm.

Each pot contained ten seeds, and irrigation was supplied at the time of
planting and when needed. And weeding in the pots was done and

continued throughout the period of the study.

3.1.2. Data Collection

Data were obtained from individual plants in each pot. The following

characters were studied:

1- Plant height: measured in centimeter from the soil level to the top of

upper most spikelet, awn excluded.
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2-Flag leaf length: measured from the tip of the flag leaf to its base in

centimeter.

3- Tillering capacity: number of reproductive tillers per plant.

Table (3): wheat collected from different regions in Palestine (1999-

2000)

Variety name Variety number | Location
White hiteyah 1 Tobas
F8 hiteyah 2 Tamon
Black hiteyah 3 Tamon
Yellow hiteyah 4 Beit mrean
**Sham 6 5 Beit Qad station
* Acsad 933 6 Beit Qad station

870 7 Jabah
Black dibeyah 8 Hebron/ Dahreich
* Anbar 9 Arabeh
White dibeyah 10 Hebron
**Sham 5 11 Beit Qad station

*These varieties are commercial cultivars obtained from a private company.

**These varieties are introduced by ICARDA.

The other varieties are Palestinian landraces

3.1.3. Statistical analysis

383109

Analysis of variance was performed for each trait according to Steel

and Torrie, (1982) using the computer software system of SPSS (ONE

WAY ANOVA TEST). Least significant difference (LSD) at 0.05

probability level was used to assess the difference means. Mean, standard

deviations, variance for the varieties were calculated for the characters

studied according to the formula described by Steel and Torrie (1982).
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3.2. Molecular characterization of wheat varieties

The DNA analysis protocols were done at the laboratory of Jordan
National Center for Agricultural Research and Technology Transfer
(NCARTT). Solutions and tools used during molecular analysis were
autoclaved to avoid possible cross contamination. Protection from
chemicals used in DNA extraction and PCR amplification were applied by

wearing laboratory coat, mouth mask, latex gloves, and face shield when

UV light is used.

. 3.2.1. Plant material

Six-wheat landrace varieties, two introduced by ICARDA and three-

commercial cultivars were used in RAPD analysis (table 1). The seeds

were planted in the laboratory in plastic pots. After two weeks DNA was

extracted from leaf tissues.

3.2.2.Genomic DNA extraction from plant tissues

Genomic DNA was extracted from the seedlings germinated in the
growth chamber under totally dark condition maintained at 21° C.

Promega Wizard genomic DNA purification kit was used according to

instructions provided by the manufacturer.

40mg of leaf tissue processed by freezing with liquid nitrogen and
ground into a fine powder-using screwdriver in 1.5ml microcentrifuge
tube. 600 pl of nucleilysis solution was added to the fine powder and
mixed by vortexing for 3 seconds to wet the tissue .The mixture was
sncubated at 65°C in the water bath for 15 minutes. 3 pl of RNase were
added to the cell lysate and mixed by inverting the tubes 25 times.
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The mixture then was incubated at 37° C for 15 minutes. The samples
were allowed to cool at room temperatures for 5 minutes before
proceeding. A 200 pl of protein precipitation solution was added and the

mixture and vigorously vortexed at high speed for 20 seconds.

The tubes were put in a microcentrifuge and the samples were spun for
3 minutes at 13000Xg. The precipitated proteins formed a tight pellet and
the supernatant containing the DNA was carefully removed from the tubes
(leaving protein pellet behind) and transferred to a cleaned 1.5 ml

microcentrifuge tubes contained 600 pl of room temperature isopropanol.

The solution was gently mixed by inversion until thread-like strands
of DNA were visible. The solution then was centrifuged at 13000Xg for
one minute at room temperature. The supernatant was carefully decanted
leaving the DNA pellet adhered at the bottom of the tube. A 600 pl of
room temperature 70% ethanol was added to the tubes containing DNA
pellet and gently inverted several times to wash the DNA. The samples
were then centrifuged at 13000 Xg for one minute at room temperature.
The ethanol was carefully aspirated leaving loosed DNA pellets in the
tubes.

The tubes were inverted on the cleaned absorbent paper and pellet was
left to air dry for 15 minutes. 100 pl of DNA rehydration (TE buffer)
solution was added to each tube and then incubated at 65° C in water bath

with gentle shaking for one hour. Then DNA was stored at -20° C in the

freezer, for use later.
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3.2.3 Characterization of Genomic DNA

Genomic DNA quality was examined by agarose gel electrophoresis.
Five pi of DNA solution from different varieties and 0.2 volume (1pl) of
loading buffer were loaded in each slot in the 0.7% agarose gel containing
ethidium bromide. The ge! was run for 15-30 minute at 100 volt. DNA
quality and relative quantity was detected under UV-light and
photographed by Polaroid camera using black and white 667 (3.25x4.25

inch) film.

The DNA concentration was determined spectrophotometrically using
GeneQuant II, RNA/DNA calculator (Pharmacia Biotech) table (4). Spl
of DNA sample in 100 pl of deionized water was injected and the double

stranded DNA concentration was measured and automatically given in

ng/ul.

3.2.4. Polymerase Chain Reaction (PCR)

The standard RAPD protocol recommended by Williams et al.
(1990) was performed. A total reaction volume of 25 ul containing 2.5 pl
of 10x already prepared PCR buffer; {100 mM Tris-Cl, pH 8.3,500 mM
KCl, 15 mM MgCl,, 0.01% gelatin (from Promega, catalog # M2661,
Madison)]. 2.5 pl of dNTPs stock; containing [2mM of 2 -
deoxyadenosine 5/~ triphosphate (dATP), 2mM of 2’ - deoxycytidine 5/-
triphosphate (dCTP), 2mM of 2/ - deoxyguanosine 5/~ triphosphate
(4GTP) and 2mM of 2’ - deoxythymidine 5/_ triphosphate (dTTP) from
Promega, catalog # U1330]. 5 picomoles of a single 10-base primer
(Operon Technolgies, Inc. Alameda, USA) (primers are supplied as 0.5
OD that are resuspended in 1ml water and used 1pl per reaction), 0.2 pl of

(5u/pl) Tag DNA polymerase (Promega, catalog # M2661) 1 ul (75-100
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ng) of genomic DNA template, double distilled and sterile water was

added to make up the final volume of 25 pl.

A reaction mixture for each primer (master mix) was used. A negative
control to which water was added instead of DNA was used for each
primer. The master mix was divided to labeled PCR reaction tubes (0.2

ml) and 1pl of template DNA solution or water (negative control) was

added.

The contents were mixed and spun briefly. DNA amplification was

carried out with the MJ Research model PTC-100 DNA thermocycler.
The PCR program was set as:

1. two minutes at 95°C (initial denaturing step)

2. forty cycles consisting of:

e 1 minute 94°C (denaturing)

e ] minute 36°C (annealing)

e 2 minutes 72°C (extension, ramp time 2 minutes, 0.3°C/second)

3. Two minutes and thirty second at 72°C (final extension step).

After amplification the tubes were stored at 4°C overnight for further use

in gel electrophoresis.

3.2.5. Gel Electrophoresis and documentation

1.4% agarose was used for gel electrophoresis in 0.5XTBE buffer ina
glass bottle and the suspension was boiled in a microwave oven for 2

minutes and the bottle swirled many times to completely dissolve the

agarose.
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The melted agarose cooled to about 60°C and 8 pl of ethidium bromide
[stock solution (10mg/ml in water)] was added and mixed thoroughly.

The warmed agarose was carefully poured into a previously prepared
horizontal casting tray (the slot-forming comb was inserted about 1 mm

above the plate to form a complete well).

After the gel was completely set (20-30 minutes at room temperature)
the comb was carefully removed and a running buffer of 0.5x TBE was

added to a level of around 0.5 cm above the gel.

A 0.2 volume (1:5 dye to DNA solution) of loading buffer;
[Blue/orange 6x loading dye composed of 15% Ficoll 400, 0.03%
bromophenol blue, 0.03% xylene cyanol FF, 0.4% orange G, 10mM Tris-
HC] (pH 7.5) and 50 mM EDTA (from Promega)] added to the DNA
samples, mixed and centrifuged for few seconds in a microcentrifuge in
order to collect the sample at the bottom of the tubes. 10 ul DNA samples

slowly loaded into the submerged wells.

Molecular size of the amplification products were estimated by utilizing

a 1-kb DNA ladder (from Promega).

The gel tank was closed by its lid and attached with power supply in
away that DNA will migrate toward the anode (red lead) and applied a
constant voltage of 100 volts for 1.5 hour was applied. After that the gel
was placed on a UV transilluminator (254nm) it was photographed using a
black and white Polaroid film type 667.
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3.2.6. Data Analysis

Data were scored for analysis on the bases of the presence or the
absence of the amplified products. If the product was present in a
genotype it was scored as (1), if it was absent it was designed as (0). Pair-
wise comparisons of varieties based on presence /absence of unique and
shared polymorphic products, were used to generate Dice similarity
coefficients employing the following equation (Dice, 1945):
(2N)/(N,+Ny), where; Nab, N, and Ny are the number of shared bands

between sample A and B, total number of bands detected in sample A and

sample B respectively.

The simi
using the SPSS-10.0, PC software for Window computer program.

larity coefficients were then used to construct a dendrogram
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4. Result and discussion

4.1 Morphological Variation among Wheat in Palestine

Analysis of variance for the morphological characters studied of the 11

wheat varieties in green house showed that there was no significant
difference for plant height, flag leaf length, but there was a significant

deference for tillering capacity.

4.1.1. Plant Height

Average plant height for 11 wheat varieties are presented in Fig (1).
Among wheat varieties plant height ranged from 1lcm for Black Dibeyah
to 27cm for 870. There was no significant difference in plant height
among the different varieties.

These results are in agreement with the finding of Duwayri, (1984);
Ismail, (1996) and Migdadi, (1990). (Hassan, 1982) Who found that plant
height of different wheat genotypes reduced significantly when grown

under drought condition or artificially stressed under green house by 50%

and by 43%.
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Fig (1):

19

Average plant length of different Wheat varieties grown in pots in

the green house
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4.1.2. Tillering capacity

The importance of tiller survival and spike number in sustaining yield

is considered as critical for yield. Average number of tillers per plant - for

the growing period is shown in Fig (2).

Analysis of variance showed that significant differences among
varieties are present. The mean values ranged from 1 for Acsad933, White
Dibeyah, and Black Dibeyah to 3 for Black Hiteyah, Yellow Hiteyah and
White Hiteyah. This wide range of variability indicated the high variation

between varieties.

Some varieties did not show any tillering and that could be due to short

period of the experiment or due to environmental factors in the green

house and/or genetic variation.
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Fig (2):

21

Average Tiller number of different Wheat varieties grown in the
green house
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4.1.3. Flag Leaf Length

Average values of flag leaf length are presented in Fig (3).The mean range
from 9.4cm for sham5 to 23.75 cm for variety 870. The analysis of

variance showed that there was no significant difference among varieties

in this trait.
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Fig (3):

Average Flag leaf length in cm of rdifferent Wheat varieties grown
in the green house
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4.2.1.2, PCR Reaction
4.2.1.2.1. Annealing Temperature

Three annealing temperature were used to establish the best
annealing temperature which were 25, 36 and 55°C. The results showed
that 36°C for_one minute was the best. Abo-elwafa, Murai, and Shimada
(1994) found that the optimum condition of template DNA concentration
10ng/20p1 reaction mixtures and annealing temperature 36°C. Williams et
al. Suggested that temperature for annealing 36°C.

4.2.1.2.2. Tag Polymerase and Primer Concentration

Three concentrations for Taq polymerase were used; 0.2, 0.3 and 0.5ul
for each 25ul PCR reaction. The result indicated that 0.2pl per reaction

produced the best amplhification.

The 1, 1.5 and 2pl of OPERON 10 base primer were used to
standardize the primer concentration. The result showed that 1pl was the

-
best concentration and gave reproducible patterns. 3831 0%

4.2.3. Primer screening
A total of 70 random primers were evaluated for their ability to prime

PCR amplification of 11 Palestinian wheat that was randomly selected.

The 5° to 3° sequences of these primers are presented in table (8).

Out of 70 primers, 27(37%) yield RAPD gels that showed amplified
fragments with mean of 3 fragments per each primer and 43 (62%) didn't
amplify detectable products. For the choices of RAPD primers,

unambiguous and qualitative (present or absent) fragments that gave
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repeatable patterns when tested four to five times with the same cultivars
were considered. Five primers OPA-13, OPN-14, OPN-16, OPN-18, and
OPT-1 which showed consistent reproducible polymorphisms were
selected and used to analyze all of the 11 durum wheat varieties collected

in this study from different locations in Palestine.

The fragment sizes of amplified products were estimated using
standard curves figure (5) for bands in the molecular weight marker used
in each gel. Naming polymorphic bands was according to primer-
manufacturer recommendation using the name of the primer and

estimated size of the band as a subscript table (5).
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Table (5) 10-Mer operon DNA technologies (Alameda, U.S. A) primers used in

the detection of the DNA polymorphism in the wheat varieties

Primer code | 5'to 3’ sequence Primer code | 5' to 3’ sequence
OPA-4 AATCGGGCTG OPD-16 AGGGCGTAG
OPA-8 GTGACGTAGG OPD-17 TTTCCCACGG
OPA-11 CAATCGCCGT OPD-18 GAGAGCCAAC

OPA-13 CAGCACCCAC OPD-20 ACCCGGTCAC
OPA-14 TCTGTGCTGG OPF-1 ACGGATCCTG
OPA-19 CAAACGTCGG OPF-9 CCAAGCTTCC
OPB-10 CTGCTGGGAC OPM-5 GGGAACGTGT
OPB-1% ACCCCCGAAG OPM-7 CCGTGACTCA
OPB-18 CCACAGCAGT OPN-1 CTCACGTTGG
0OPC-1 TTCGAGCCAG OPN-2 ACCAGGGGCA
OPC-2 GTGAGGCGTC OPN-3 GGTACTCCCC
OPC-3 GGGGGTCTTT OPN-4 GACCGACCCA
OPCH4 CCGCATCTAC OPN-5 ACTGAACGCC
OPC-5 GATGACCGCC OPN-7 CAGCCCAGAG
OPC-7 GTCCCGACGA OPN-8 ACCTCAGCTC
OPC-9 CTCACCGTCC OPN-9 TGCCGGCTTG
OPC-10 TGTCTGGGTG OPN-10 ACAACTGGGG
OPC-11 AAAGCTGCGG OPN-11 TCGCCGCAAA
OPC-12 TGTCATCCCC OPN-12 CACAGACACC
OPC-13 AAGCCTCGTC OPN-13 AGCGTCACTC
OPC-14 TGCGTGCTTG OPN-14 TCGTGCGGGT
OPC-15 GACGGATCAG OPN-15 CAGCGACTGT
OPC-17 TTCCCCCCAG OPN-16 AAGCGACCTG
OPC-18 TGAGTGGGTG OPN-17 CATTGGGGAG
OPC-19 GTTGCCAGCC OPN-18 GGTGAGGTCA
OPD-3 GTCGCCGTCA OPN-19 GTCCGTACTG
OPD-4 TCTGGTGAGG OPN-20 GGTGCTCCGT
OPD-5 TGAGCGGACA OPO-2 ACGTAGCGTC
OPD-7 TTGGCACGGG OFPO-19 GGTGCACGTT
OPD-8 GTGTGCCCCA OPP-6 GTGGGCTGAC
OPD-9 CTCTGGAGAC OPP-13 GGACTGCCTC
OPD-11 AGCGCCATTG OPT-1 GGGCCACTCA
OPD-12 CACCGTATCC OPT-7 GGCAGGCTGT
OPD-13 GGGGTGACGA OPW-3 GTCCGGAGTG
OPD-15 CATCCGTGCT OPW-6 AGGCCCGATG
OPZ-10 CCGACAAACC
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4.2.3 Genetic Variation Among 11 durum wheat varieties
Collected from Different Locations

The five primers, which were selected, produced total (159) of
markers; all of them polymorphic using the 11-durum wheat varieties,
table (6). Each primer produced 19 to 39 polymorphic bands with an
average of 29 markers per primer. Representative amplified DNA

patterns using the 11 wheat varieties are shown in figures (6,7,8,9,10).

Polymorphic band ranged in size 348 to 1908 bp. The size out of
this range was not considered in the analysis. For example, variety
number 4-showed DNA band out of the adapted range of DNA sizes
using the OPN14. Both faint as well as strong markers are considered in
scoring. The strong RAPD fragments, which was shown in some primers,
i.e. primers OPN18 and OPA13 could have arisen from amplifying two or
more products of similar sizes. Variation in the brightness of the bands

was also observed in few samples.

The possible causes include difference in template sequence copy
number and varying degrees of mismatch between the primer and the
binding site (Ratnaparkhe et al., 1995). Previous studies considered
RAPD markers ranging from 200 to 1500 bp as suitable for use in further
experiments as probes in southern blots or in situ hybridization (Wei and

Wang, 1995).

The total markers for each primer ranged from 19 for primer OPN-16
to 39 markers for OPT-1 using 1l-durum wheat. There are many
reactions that failed to produce PCR products. It was found that the six
wheat landraces showed the highest number of polymorphic bands, which
was (90), while the cultivars showed the lowest (69).
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Table (6) the total number of polymorphic bands produced using the five
selected primers in RAPD —PCR for the 11-durum wheat variety.

Name of primer Polymorphic bands
OPA-13 37
OPN-14 38
OPN-16 19
OPN-18 26
OPT-1 39

Total 159

The variety 8, 10 and 11 did not show any amplification using primer
OPA-13. Also variety 11 using primer OPN-16 varieties 2, 6 and 9 using
primer OPN-18 and varieties 1 and 7 using OPT-1 did not show any
amplification. This is expected and shows typical examples when some

reactions failed for no apparent reason.

These genotype showed amplification by using the same DNA and
other primers. Such variability could be due to experimental errors that
are often reported using RAPD-PCR. But also genetic variability between
varieties is possible at threshold PCR- cycle settings.

Wheat collected in this study of 11 varieties can be divided as: 6 wheat
landraces white hiteyah, f8, black hiteyah, yellow hiteyah, black dibeyah
and white dibeyah, 3 commercial wheat Acsad933, 870, Anbar and two
introduced by ICARDA sham6, shams5.

Based on the dice coefficients (Okuno et al., 1998), a genetic
similarity matrix was constructed using the RAPD data to assess the
genetic relatedness among the 11 wheat varieties. The mean similarity
indices ranged from 0.1 between varieties 11and 2 (sham5 and F8) to
0.81 between varieties 3 and 4 (Black hiteyah and Yellow hiteyah). All

varieties showed an average of 0.40, which could mean that the varieties
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share on average 40% of their RAPD fragments. The wide range of
similarity indices indicated that a high polymorphism at the DNA level
among varieties and hence a large amount of genetic variation exists

among the varieties.

High polymorphisms were recorded in Apium graveolens cultivars
and Lycopersicon esculentum (Karihaloo et al., 1995), Tibetan wheat
(Sun et al., 1998), among wild pigonpea accessions (Ratnaparkhe et. al,,
1995), Aegilops species (Migdadi, 2001) and hordeum species (Gonzalez
and Ferrer, 1993).

Based on RAPD product data, the results showed that most
landraces grouped in one cluster and three-sub cluster. The commercial
varieties grouped in one cluster; whereas varieties having common
genomes tend to cluster together in the same sub cluster (figll). So
corresponding to the genome, the 11 varieties grouped in four main
clusters, two out of them consist of one variety in one cluster sham5

introduced from ICARDA (1999) and White hiteyah in the second

cluster.
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M1 23 4 5 67 8 9 10 11

Fig (7) RAPD pattern obtained among 11 durum wheat varieties
collected from different location in Palestine using primer OPN14. M =
molecular weight marker (1kb DNA ladder). Lanel White hiteyah, lane2
{8, lane3 Black hiteyah, laned Yellow hiteyah, lane5 Sham6, lane6
Acsad933, lane7 870, lane8 Black dibeyah, lane9 Anbar, lanel0 White

debeyah, lanel1 Sham3
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The coefficient of similarity between these clusters was (13%). The
third cluster consisted from three sub clusters included Black Hiteyah,
Yellow Hiteyah and F8 (hiteyah8) in one sub cluster with coefficient of
similarity ranging from 66-81%. Black Dibeyah in the second sub cluster
and white Dibeyah in the third sub cluster.

The coefficient of similarity among these varieties ranged from 43%
between White Dibeyah and F8 (Hiteyah8) to 55% between Black
Hiteyah and White Dibeyah.

In the fourth cluster, two sub clusters were formed and grouped in
Sham6 and 870 in sub cluster and Acsad933 and Anber in the second sub
cluster. The coefficient of similarity among sub clusters ranged from 53%
between shamé6 and Anber to 75% between Sham6 and 870.

However the similarity within sub clusters was 75%. This means
that genetic variation among sub cluster was low. It is high within sub
clusters. This indicate that, the relatedness among variety within sub
cluster is high which can be due to less genetic variation among the
varieties and may originate from the same origin, or may be due to the

adaptability of these varieties to the same environment.

The presence of high genetic diversity among varieties could be used
in wheat improvement for abiotic stress for example (drought and or salt

tolerance) in the one hand and to biotic stress (disease, insect ...etc) on

the other hand.
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Dedrogram

1 081 076 0.67 0.56 0.43 036 029 0.13 0.1
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Black hiteyah
Yellow hiteyah |
F8 hiteyah
Black dibeyah
White dibeyah

White dibeyah
Sham 6
Var 87—
Acsad 933
Anbar——

Sham 5

Fig (11) Dendrogram durum of 11 wheat varieties based on similarity for
159 RAPD Marker produced by five single primers
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Conclnsions-and-recommndations

1- Based on morphology the varieties are considered as a source of

desirable traits that can be used in breeding programs.

2- The high effect of environmental condition should be taken in
consideration through traditional classic selection so using DNA

fingerprinting technique avoid this effect.

3- The results showed that the relatedness between varieties in the same

cluster might be due to their common genome.

4- According to morphological traits there is a significant variation

between the varieties in tillering capacity and this indicates that there is

high biodiversity between them.

5. Primers Al13, N16, N18, N14, Tl were efficient to amplify DNA
fragments which could be useful to show polymorphism among Triticum

durum varieties.

6- RAPD technique could be a useful tool for studying variation among

wheat varieties.

7- The wide range of similarity indices indicated that a wide range of
DNA polymorphism occurs among the varieties collected in this study

indicates high genetic variation among variety.
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8- RAPD-PCR has proven to be a valuable and useful tool to determine

the extent of genetic diversity and variation among wheat (Triticum

durum) varieties.

9. It could be useful to study durum wheat varieties under different

controlled environmental conditions such as water stress comparing to

other molecular technology.
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Appendix (A) Classification of Triticum according to the various
proposed systems.

Triticum L.

Taxonomic treatment according to

Van Slageren | Derofeev and
Kimber and Sears 1984 ac Key 1975 :
1994 imber and Sear M Y migushovai879
Section Monococcon Section Monococca Flaksb. Section Monococcon
Dumort. Dum,
Triticum mlinococcum Triticurn monococcum L.
. Triticum
sSp. monococcum Triticum monococcum L. ssp. monococcum
monococcum L.
ssp. Aegilopoides o ssp. boeoticum (Boiss.) A.Love | Triticum boeoticum
(Link) Thell Triticum monococcun L. et D.Love Boiss.
var. aegilopoides (Link)
MacKey
var. thaoudar (Reut.) Percival
Triticumn sinskajae A.
Filat. & Kurk.
Section Urartu
Dorof. et A. Filat.
Triticum urartu .
Tumanian ex Triticurn monococcum L. Triticum urartu Tum. Triticum "mm.' Tum.
. ex. Gandil.
Gandilyan
Section Dicoccoidea . . . Section Dicoccoides
Flaksb. Section Dicoccoidea Flaksh. Flaksb.
Triticum turgidum L. Triticum turgidum (L.) Thell. |Triticum turgidum L.
ssp. turgidum Triticum turgidum L. ssp. turgidum
conv. turgidum
Ssp- d";;:::n.mm') Triticum turgidum L. conv. durum (Desf.) MacKey |Triticumn durum Desf.
conv. turancium (Jakubz.)
MacKey
sp-P 0’,;’.::;;‘"’ (L) Triticum turgidum L. conv. polonicum (L.) MacKey Triticum }I’f lonicum
ssp. carthlicum . . " .
, . s . ssp. carthlicum (Nevski) Triticum carthlicum
(N evskl;) Ii:;ﬁve & Triticum turgidum L. A_Lbve et D.Love Nevski
sp. dicoccum Schrank . . ssp. dicoccum (Shrank ex | Triticum dicoccum
ex Schiibler Triticum turgidum L. Schiibler) Thell (Schrank) Schiibler
ssp. georgicum (Dekapr. &
Menabde) MacKey
ssp. paleocolchicum
(Menabde) A.Love &
D.Live
ssp. turanicum
(Jakubz.) A.Live &
D.Live
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sp. dicoccoides (Korn. Triticum dicoccoides
ex Aschers. & Triticum turgidum L. ssp. dicoccoides (Korm.) Thell. (K. ex Aschers. &
Gracbn.) Thell. Graebn,) Schweinf,
Triticum
karamyschevii Nevski
Triticum
ispahanicum Heslot
Triticum jakubzineri
Udacz. et Schachm.
Triticum turanicum
Jakubz.
Triticum aethiopicum
Jakubz.
Section Timopheevii
A. Filat. et Dorof,
Triticum timopheevii . . .
(Zhuk.) Zhuk. Triticum timopheevii Zhuk,
ssp. timopheevii Triticum tlm;{:lllt;evu {Zhuk.) ssp. timopheevii T rmeumz tl:::rl:apheevu
ssp. armeniacum | Triticum timopheevii (Zhuk.) | ssp. armeniacum (Jakubz.) |Triticum araraticum
{Jakubz.) MacKey Zhuk. MacKey Jakubz.
Triticum militinae
Zhuk, & Mignsh.
Section Triticum Section Speltoidea Flaksb. Section Triticum
Triticum aestiviem L. Triticum aestivum (L.) Thell. | Triticum aestivum L.
ssp. aestivum Triticum aestivim L. $Sp. aestivum
sp. compacturn (Hast) . . Triticum compactum
r MacKey Triticum aestivum L. sp. compactum (Host) MacKey Host
sp. macha (Dekapr. & . . ssp, macha (Dekapr. et Triticurm macha
Menabde) MacKey Triticum aestivim L. Menabde) MacKey Dekapr. et Menabde
ssp. spelta (L.) Thell Triticum aestivum L. ssp. spelta (L.) Thell. Triticum spelta L.
. Triticum
ssp. sphaeroceccum Triticum aestivam L. ssp. sphaerococcum {Percival) haerococcunt
(Percival) MacKey MacKey P Perci
erciv.
Triticum
petropavlovskyi
Udacz. et Migush,
Triticurn vavilovii
(Thum.) Jakubz.
Triticum ghukovskyi |Triticum thukovskyi Men. & | Triticum thykovskyi Menabde | Triticum ghukovskyi
Menabde & Ericz. Er. & Ericzjan Menabde et Ericzjan
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Appendix (B) standard curve for each primer for 11 wheat varieties used
to determine DNA fragment size in base pair (Bp).

18
16 A
14
12 -
10
8
6
4
2> |

Fig(1) standard curve used to determine DNA fragment size
in base pair (Bp) using OpA13 primer.
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Fig(2) standard curve used to detem'lifle DNA fragment size
in base pair (Bp) using OpT1 primer.
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Fig(3) standard curve used to determine DNA fragment size in base pair
(Bp) using OpN16 primer.
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Fig(4) standard curve used to determine DNA fragment size in base
pair (Bp) using OpN14 primer.
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Appendix (¢)

Scoring of RAPD mar
represent size of DNA

and 1 when the band is present.

kers among 11 durum
band in bp using the corresponding primer.0 is
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wheat varieties . The number of each marker
used for absent band

variety/ Frag.size

HEW | HES

HEB

HEY

SH6

AC933

V870

DEB

Z

DEW

o
==
h

Total

OpN18

1870

1500

1070

860

690

610

=lo)=alojo|o]o

Sub-total

(=] [=]{=]{=1{=] ] =]1=

wlol=lalo|=lo

[ =1 [ =] Bl =)

=]l =] ==

olololojo|o|o

m..;...\_s_n_n_n

wlo|=al=lo|-=|C

olololojo|o]|o

w|=|=|2|Ojo|C

alolwjo|olo|o

26

OpN14

1910

1520

1360

1210

1080

970

860

770

690

610

440

350

U'IOOODO_L_[_I_\O-AO

Sub-total

(ﬁOOODO—*-—‘—-\—iOO—\

NOOOOO—‘O-—‘OOOD

hoooooao-\oaoa

-..]-—l—l-koo_b-b_hooo_l

O)OD-‘O-—‘—*O—'-D—‘O—‘

U’ID—‘OOO—‘D—‘O—‘O—‘

MODODO—‘O-‘OOOO

NOOOOO—‘O-‘DODO

OOODODOOODOOO

OOOOOOOOOOOOO

38

OpN16

1730

1100

700

440

(NI B =] k)

Sub-total

wl=l=]j=]0

wlaialalo

wl=ala|=]|O

=loj=|o|o

alo|=|Oo|0

olo|ololo

No| == |O

olojo|o|o

||| ]

olo|o|e|o

18

OpA13

1620

1390

1270

1260

1200

1150

1100

990

=1 =l B el =] el R

Sub-total

blala|olo|o|jo|=]—

U\-—lOO—L-—kO-—l—l

wlo|=lo|=|sjojo|o

=] (=1 N =1 el Rt

=1 =1 (=] e e el e

e =11=1 =1 e el

=i =1[=1{=][=][=]]=]l=] L=,

= =1 e =1 B e e

olololelololo|o|e

ol|o|o|olololo|o|o

37

OpT1

1510

1280

1080

910

760
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640

460

Sub-total

| = | O f=s|=t|=] =2

c).;o_.\...n_s_.x_;

mac_n.-h_n_;o

U1-\—L-LOD—L—L

39

Grand Total

ololo|elole|e|s|e

18

18

18

24

e 5 Y Y N =1 e =] B

~J

alole|eleie|eiele

=lenlalajalolo—)—

3%

=2lololol-|ola|ol-

o

-
OOJOO—‘O-JO-—‘

S ENT=1[=] B =] [=]L=]1=)

168

OpN18=Operon N 18
HEW= white Hiteyah,
SH6= Sham 6, AC933= ACSAD 933, V870 =Variety 870, DE

ANB= Anber, DEW= white Diheyah, S115=Sham 5.

\x7e primer with fragment size 1870 base
HES= Hiteyah 8, HEB= black Hiteyah,

HEY=Hiteyah yellow
B= black Dibeyah
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Appendix (D)
Solutions and Buffers:

e 0.7% agarose (0.7gm agarose /100 ml of 0.5 X TBE buffer).

e Loading buffer: 0.25% bromophenol blue and 40% (w/v) glycerol in

water.

e Deionized water.

e 0.5X TBE buffer: 45m M Tris - borate, Im MEDTA, and (pH 8.0).
The concentrated stock solution (5X: 54 g Tris base, 27.5 g Boric acid, 20

ml 0.5 EDTA ( pH 8.0).

e FEthidium bromide: (8l / 100 ml gel buffer), stock solution (10 mg/ml

water).
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