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Use of SSR Markers for Characterizing Cultivated Durum Wheat and Its
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ABSTRACT
Eleven SSR primers were used to analyze 56 accessions of durum wheat consisting of 29 wheat-like accessions,
12 black glumes white awned, 12 white glumes black awned accessions and three local landraces in order to
assess natural hybridization of cultivated wheat with its wild progenitor Triticum turgidum ssp. dicoccoides and
to search for evidence of the introgression of wild relatives genes into durum wheat. A total of 738 bands were
scored across the accessions. Of the 24 genomic loci totally assayed, 20 (83%) were found to be polymorphic
and the remaining four monomorphic. The white glumes black awned accessions were completely separated in
one cluster, whereas the black glumes white awned were grouped with wheat-like accessions in the main and its
sub-clusters using UPGMA analysis. A total of 560 markers were scored for both wheat and black glumes white
awned accessions in which 70% of genomic loci showed to be polymorphic. This high occurrence of
polymorphism was most likely a consequence of introgressive hybridization involving emmer wheat. The
present study demonstrated the efficiency of SSR technology for polymorphism detection and introgression
assessment in wheat, thereby offering wide scope of applications in marker aided breeding programs of wheat.
Keywords: Durum Wheat, T. dicoccoides, Natural Hybridization, SSR Technique, Gene Flow.

1. INTRODUCTION

genetic diversity of natural populations of crop species.
Triticum turgidum ssp. dicoccoides (genomic constitution

Wheat wild relatives and landraces harbor a high

AABB) is distributed all over the Fertile Crescent in the

level of genetic diversity for important economical traits

Middle East, but its center of distribution is in the Upper

needed in breeding programs. Gene introgression is one

Jordan Valley and its surroundings. It grows mainly on

of the factors that play a significant role in affecting

basaltic and terra rossa soil types and often grows
together with wild barley and wild oats (Nevo and
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Beiles, 1989).
Introgression has been defined as "infiltration of
genes of one species into another through repeated back
crossing of hybrids to the parental species" (Ladizinsky,
1978; IPGRI, 2000). Introgression of desirable traits into
crop cultivars as a part of breeding program is known.
The extent and significance of natural introgression or
farmer-assisted introgressions are uncertain and studies
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on the level of farmer knowledge and their activity in

homologous to those of durum wheat and to

intercrossing between two related taxa is very much

chromosomes of the A and B genomes of common

limited (Jarvis and Hodgkin, 1999). Transfer of genes

wheat. Thus, simple plant breeding procedures enable an

from landraces to wild relatives may exhibit greater

efficient transfer of desirable alleles from every ‘wild’

fitness in the wild populations or even in the new

chromosome into its ‘cultivated’ homologue. Wild

hybrids (Darmency and Vigouroux, 2000).

emmer carries many agronomically important traits that

There is an increasing concern over the loss of

can be exploited for wheat improvement (Feldman and

germplasm diversity in the gene pools of cultivated

Millet, 1995), including resistance to different wheat

crops in areas of crop domestication where the diversity

diseases (Nevo, 1995; Nachit et al., 1995) and grain

is concentrated (Darmency and Vigouroux, 2000). The

quality (Maali et al., 1998).

exchange of genes have been observed in both

Jordan is located within the center of origin of wheat

directions: from wild to cultivated and from cultivated to

diversity (Hawkes, 1993). Populations of wild emmer

wild populations. Crosses sometimes take place between

wheat from Jordan revealed high within population

forms of different ploidy levels in the wheat and they

genetic diversity (Valkoun et al., 1994). Natural hybrids

may result in substantial increases in variation (Harlan,

found in farmer’s fields were products of spontaneous

1992). Smith (2000) indicated that crops will hybridize

crosses between durum wheat landraces and wild emmer

with wild relatives and that gene transfer between

growing together in the same field (Jaradat, 1993).

species does occur. Wild emmer of the Near East do

Natural hybridization between wild and domesticated

come into contact with cultivated wheat sufficiently to

plants is a wide spread phenomenon especially in the

cross occasionally. The extent of natural out-crossing

center of genetic diversity. New combination of genes

has been reported to range from 0-4% (Briggs et al.,

resulting from hybridization and introgression between

1999), and cross-pollination is influenced by both plant

crop cultivars and wild relatives have been important in

and environmental factors.

the evolution of domesticated crop species and may
continue to be a factor in increasing the genetic diversity

Introgression has played a role in structuring the

of modern crops (IPGRI, 2000).

genetic diversity of species (Wendel et al., 1989;
Rieseberg, 1997) in the origin of new adaptations

Introgression occurred in the northern region of

(Rieseberg, 1991), in the transfer of adaptation between

Jordan valley where wild emmer was reported to be

species (Heiser, 1973; Rieseberg et al., 2003), in the

extremely abundant, giving rise to wild varieties 'races'

formation of new ecotypes (Levin, 1967; Abbott, 1992;

of wild emmer (Blumler, 1998). It was reported that only

Rieseberg, 1997) or species (Arnold et al., 1991; Soltis

limited gene flow could occur in wheat, so that

and Soltis, 1999), and in the evolution of invasiveness

introgression would seem to be less likely than in other

(Anttila et al., 1998; Ellstrand and Schierenbeck, 2000).

crop progenitors, which are common in cultivated fields

T. dicoccoides (2n = 4x = 28; genome AABB), the

(Goldenberg, 1989). Swarms hybrid was identified in

progenitor of most cultivated wheat, is crossable with

regions surrounding Northern Jordan valley, on the edge

both durum wheat (T.durum) (2n = 4x = 28; genome

of formerly cultivated fields, indicating high opportunities

AABB) and common wheat (T.aestivum) (2n = 6x = 42;

for introgression. Furthermore, domesticated wheat had

genome

opportunities to come in contact with wild plants

AABBDD).

Its

chromosomes

are

fully
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especially in non-tilled field margins. Based on

advantages over other systems. Wheat microsatellites

similarity in seed size and other morphological

have been successfully used for the construction of

characters between the wild and domesticated races, it

genetic linkage maps of wheat (Röder et al., 1998;

was suggested that a large-seeded race of wild emmer

Nachit et al., 2001; Elouafi and Nachit, 2004), for

wheat (T. dicoccoides) from the mentioned region was

detection of genetic diversity (Fahima et, al. 1998; Li et

likely the progenitor of cultivated emmer and its

al., 2000a, b, c) and for mapping of agronomical

successors, durum (Blumler, 1998).

important genes (Korzun et al., 1998; Chague et al.,
1999; Peng et al., 1999; 2000a, b, c).

Approach to identify introgression could be based on
morphological or molecular comparisons (Blumler,

The aim of the present work is to assess natural

1998). The occurrence of hybrid swarms characterized

hybridization of cultivated wheat with its wild

by having indehiscent spikes within the wild populations

progenitor Triticum turgidum ssp. dicoccoides and to

of T. dicoccoides suggested the most recent introgression

search for evidence of the introgression of wild relative

(Blumler and Byrne, 1991). Thus, the outcome of

genes into durum wheat.

introgression would be the high variability within wild
emmer wheat populations (Harlan, 1992) which could be

2. MATERIALS AND METHODS

estimated via molecular approaches (Blumler, 1998;

Plant Material

IPGRI, 2000). Owuar et al. (1999) indicated that gene

The genetic material used consisted of plants

flow could occur freely between wild barley population

collected during May 2004 by Drs. Duwayri, Ajlouni,

as indicated by the higher genetic diversity detected by

and Amri from a population found in a farmer field in

RAPD markers. RAPD markers were also used to

Tafila region, located 100 m east of the cement factory

provide evidence of introgression occurrence in wheat

in Kadissya (Farmer field coordinates N: 30 40 809; E:

(Tzion et al., 1997). More recently, Maccaferri et al.

35 38 559; Altitude: 1581 m). The population consisted

(2007a, b) carried out a comparative analysis of SSR and

of a mixture of plants of durum wheat, Triticum urartu,

AFLP markers, and phenotypic data to reconstruct

Triticum dicoccoides, and large number of plants

genetic relationships among durum wheat accessions.

apparently issued from natural hybridization. The

Genetic diversity can be quantified indirectly, by the
estimation

of

genetic

distance

using

accessions were collected and conserved ex situ at the

pedigree

genebanks of the International Center for Agricultural

information, or directly, using molecular markers which

Research in the Dry Areas (ICARDA) and of the

compare DNA-sequence variation among genotypes.

National

In wheat, DNA markers represent an exciting new

Center

for

Agricultural

Research

and

Technology Transfer (NCARTT). The plants issued

tool for studying genetic relationships between species,

from

populations and cultivars. For this purpose different

morphological characters such as non-shattering, and

marker types have been used with varying results.

large seed size compared to the cultivated wheat and the

Recently, microsatellites (Röder et al., 1998) also

wild Triticum species. Part of these accessions were

referred to as sequence tagged microsatellite sites

grown at the greenhouse of the campus at the University

(STMSs) or simple sequence repeats (SSRs), have found

of Jordan and their morphological and agronomic

increasing

characterization was conducted in the field at the campus

application

because

of

their

known
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during 2004-05 season for confirmation of the

Microsatellite Markers and PCR Analysis

interspecific nature of the plants. The accessions were
subdivided

into

three

groups

based

on

Twenty nine primer pairs of wheat microsatellite

spikes

with different chromosomal locations were chosen for

characteristics: a group resembling to cultivated wheat

analysis. Microsatellites used in this study were

(WHLIKE group,) a group with black awns white

described by Röder et al. (1995, 1998). A pair was

glumes (WHGLU group) and a group with white awns

chosen for each arm (S and L) of chromosome (1-7) of

black glumes (BLGLU group). Hourani durum wheat

both genomes (A and B) and only one pair for genome D

landrace is also introduced as reference standard for

(Li et al., 2003). Primer sequences and loci are shown in

comparison.

Table 1.

Isolation of Genomic DNA

PCR was performed in 10-µl reactions containing 20

Genomic DNA was extracted from the leaves of 2-

ng of template DNA, 0.2 µM of each primer, 100 µM of

weeks-old seedlings grown in the greenhouse, using a

each dNTP, 10 mM Tris-Cl (pH 8.3), 50 mM KCl, 1.5

Promega Wizard genomic DNA purification plant kit

mM MgCl2, 0.1% Triton X-100 and 1 unit of Taq DNA

according to instructions provided by the manufacturer

polymerase. Amplification was carried out in a PTC-200

(http://www.promega.com). A 40 mg of leaf tissue was

thermal cycler (MJ Research, USA) as follows: 5 min at

processed by freezing with liquid nitrogen and grinded

94°C, followed by 35 cycles of 45 sec. at 94°C, 45 sec.

into a fine powder using screwdriver in 1.5 ml

at 55°C, 60°C or 65°C (depending on the annealing

microcentrifuge tube. A total of 600 µl of nuclei lysis

temperature of the primers used), 1 min at 72°C, and 7

solution was added to the fine powder and mixed to wet

min at 72°C for final extension. Amplified products

o

the tissue. The mixture was incubated at 65 C in the

were electrophoresed in 3.0% metaphore agarose gels

water bath for 15 min. After that 3 µl of RNase was

run at 100 volts for 1:30 hours and the banding patterns

o

added to the cell lysate and incubated at 37 C for 15

were visualized using ethidium bromide staining.100

min. A 200 µl of protein precipitation solution was

base pair DNA ladder was loaded with the amplified

added and the samples centrifuged for 3 min at

PCR products. All the chemicals used are supplied from

13,000Xg and the supernatant containing the DNA was

Promega (Washington, USA. http://www.promega.com).

carefully removed from the tubes and transferred to a
Marker Data Analysis

cleaned 1.5 ml microcentrifuge tubes contained 600 µl
of room temperature isopropanol. The solution then was

Microsatellite markers were scored as present (1) or

centrifuged at 13,000Xg for 1 min at room temperature.

absent (0) over all DNA samples of both wheat and

The supernatant was carefully decanted leaving the

emmer accessions. Genetic similarity estimates of

DNA pellet adhered at the bottom of the tube. A 600 µl

Jaccard (1974) between accessions were calculated in all

of room temperature 70% ethanol was added to the tubes

possible pair-wise comparisons. The ordination analysis

containing DNA pellet to wash the DNA and the pellets

was performed according to the unweighted pair-group

were air dried and the DNA rehydrated using TE buffer

arithmetic

o

average

method

(UPGMA)

clustering

(Tris- EDTA) solution and then was stored at -20 C. The

algorithm (Sneath and Sokal, 1973), and the dendrogram

DNA quality and concentration was determined using a

of all accessions were constructed from the symmetrical

spectrophotometer reading.

genetic similarity matrix using the SPSS program.
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Table (1): Description of wheat microsatellite primer sets and their loci.
1

Location

Left Primer

Right Primer

An.
Temp.
(CA)17GA(TA)4
50
(CA)30
60
(AC)16
60
(CA)21
60
(CT)11(CA)18
60
(CT)27(GT)18imp
60
(CT)58
60
(CA)14AA(CA)4
60
(GA)23
60
(GA)26
60
(CT)11(T)2(CT)21
60
(GA)35imp
60
(CA)28
55
(GA)9TA(GA)15
55
(GA)36
60
(GA)26
60
(GA)20imp
60
(AT)25
60
(CT)14(GT)16
60
(CA) 22(TA)(CA)7(TA)9 55
(GA)25imp
55
(CT)25
50
(GA).28
55
(CA)18(TA)13
60
(CT)3(CC)(CT)16
55
(CA)14(TA)6
55
(CT)17
60
(CA)18
60
(GA)22
60

2

Opata
(bp)
TGGCGCCATGATTGCATTATCTTC
GGTTGCTGAAGAACCTTATTTAGG
gwm18
1BS
188
TGTCCTACACGGACCACGT
GCATTGACAGATGCACACG
gwm60
7AS
190
GATCAAACACACACCCCTCC
AATGCAAAGTGAAAAACCCG
128
gwm95
2AS
AAGATGGACGTATGCATCACA
GCCATATTTGATGACGCATA
117
gwm99
1AL
GATCCACCTTCCTCTCTCTC
GATTATACTGGTGCCGAAAC
162
gwm120 2BL
GCCATGGCTATCACCCAG
ACTGTTCGGTGCAATTTGAG
190
gwm124 1BL
GACAGCACCTTGCCCTTTG
CATCGGCAACATGCTCATC
278
gwm136 1AS
AGTGGATCGACAAGGCTCTG
AGAAGAAGCAAAGCCTTCCC
202
gwm162 3AL
ACCACTGCAGAGAACACATACG
GTGCTCTGCTCTAAGTGTGGG
220
gwm169 6AL
GCAGAGCCTGGTTCAAAAAG
CGCCTCTAGCGAGAGCTATG
132
gwm186 5AL
CTGCAGGCCATGATGATG
ACCGTGGGTGTTGTGAGC
184
gwm369 3AS
GATGAGCGACACCTAGCCTC
GGGGTCCGAGTCCACAAC
184
gwm219 6BL
CAACTGGTTGCTACACAAGCA
GGGATGTCTGTTCCATCTTAG
110
gwm251 4BL
GGATTGGAGTTAAGAGAGAACCG
GCAGAGTGATCAATGCCAGA
96
gwm294 2AL
AGCCAGCAAGTCACCAAAAC
AGTGCTGGAAAGAGTAGTGAAGC
290
gwm332 7AL
GCAATCTTTTTTCTGACCACG
ACGAGGCAAGAACACACATG
159
gwm340 3BL
GTAACTTGTTGCCAAAGGGG
ACAAAGTGGCAAAAGGAGACA
125
gwm361 6BS
CCATTTCACCTAATGCCTGC
AATAAAACCATGAGCTCACTTGC
259
gwm368 4BS
ATCATGTCGATCTCCTTGACG
TGCCATGCACATTAGCAGAT
117
gwm389 3BS
TCGATTTATTTGGGCCACTG
GTATAATTCGTTCACAGCACGC
182
gwm408 5BL
GATCTCCCATGTCCGCC
CGACAGTCGTCACTTGCCTA
133
gwm415 5AS
TTGTACATTAAGTTCCCATTA
TTTAAGGACCTACATGACAC
211
gwm429 2BS
ATGGAGTGGTCACACTTTGAA
AGCTTCTCTGACCAACTTCTCG
118
gwm459 6AS
ACATAATGCTTCCTGTGCACC
GCCACTTTTGTGTCGTTCCT
207
gwm537 7BS
TCT CGC TGT GAA ATC CTA TTT C AGG CAT GGA TAG AGG GGC
133
Xgwm540 5BS
ATG GCA TAA TTT GGT GAA ATT G TGT TTC AAG CCC AAC TTC TAT T
164
Xgwm577 7BL
ATC GAG GAC GAC ATG AAG GT
TTA AGT TGC TGC CAA TGT TCC
152
Xgwm601 4AS
AAA GAG GTC TGC CGC TAA CA
TAT ACG GTT TTG TGA GGG GG
159
Xgwm637 4AL
CGA GGC AGC GAG GAT TT
TTC TCC ACT AGC CCC GC
137
Xgwm428 7DL
1: Annealing temperature, 2: Mexican wheat variety Opata 85 from CIMMYT , 3: International Triticeae Mapping Initiative (ITMI) Opata 85 X W7984.
Locus

Repeat

3

Synth.
(bp)
182
224
116
120
174
197
321
208
193
106
—
153
109
102
211
—
123
271
128
148
131
209
126
203
117
155
142
157
133

between samples. All samples showed an average

3. RESULTS AND DISCUSSION
A total of 738 fragments were obtained from the 11

similarity index of 0.63 (Table 2), which means that the

SSR primers across the genotypes screened. Of the 24

accessions share on average 63% of their marker alleles

genomic loci totally assayed, 20 (83%) were found to be

at the investigated SSR loci. This wide range of

polymorphic and the remaining four monomorphic .An

similarity estimates indicated a high polymorphism at

example showing SSR patterns in the wheat populations

the DNA level among the accessions and, therefore, a

using primers (gwm120, gwm124 and gwm136) is

large amount of genetic variation among homologous

presented in Figure 1. The genetic relatedness among

DNA sequences.

accessions was estimated by computing a similarity

The results based on the dendrogram (Figure 2)

matrix based on all reliable bands detected and on all

showed that the samples were clearly separated into

possible pair-wise comparisons between accessions. The

three main groups: white glumes black awned, black

application of the SPSS program allowed us the

glumes

construction of dendrograms and the visualization of

accessions. The results showed also that there is a clear

accession clusters and sub-clusters on the basis of

separation for the white glumes black awned accessions

Jaccard's genetic similarity coefficient (Table 2).

(Figure 2), whereas the black glumes accessions were

white

awned,

and

classified

wheat-like

clustered with the wheat-like accessions (Figure 3).

The mean similarity indices ranged from 0.28 to 1.00
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Fig. 1. SSR patterns in the wheat populations using primers (gwm120, gmw124 and gwm136). From left to right, lanes are: M,
correspond to 100 bp DNA ladder; 1, Hourni,; 2, Jubiha; 3-12 and 14-32, wheat like genotypes (WHLIKE group); 13, Hourani;
33-44 white awns black glumes (BLGLU group); 45-65, black awns white glumes (WHGLU group).

The overall mean diversity index was chosen as

grouped the remaining wheat-like accessions and

cutoff value and this enabled the definition of eight

included the Hourani landrace. The other smaller

clusters. The largest cluster was composed of 26

clusters encompass the rest of accessions from black

accessions most of which belonging to the wheat-like

glumes and wheat-like accessions and in one of the

group, including also eight out of the twelve black

clusters one accession of white glumes group was

awned glumes accessions. The white glumes black

observed. The genetic relatedness among the two T.

awned accessions were grouped in the second cluster

diccocoidess groups was also studied (data not shown)

and none of the accessions from other wheat groups

clearly separated both groups into two main clusters

were grouped in this main cluster. The third main cluster

ranged in similarity from 0.5 to 1.0 (Table 2).
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Table (2): Jaccard's coffecient of similarity for the wheat accessions used in the study.
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Fig. 3. UPGMA dendrogram of the genetic similarity of the
wheat like and black glumes white awned populations
based on Jaccard coefficient.

Introgression of genetic variability in wheat from
distantly or closely related species often has been
Fig. 2. UPGMA dendrogram of the genetic similarity of the

specifically aimed at the introduction of simply inherited

studied accessions based on Jaccard coefficient.

traits, such as insect and diseases resistance (Friebe et
al., 1996; Braun et al., 1998, Nachit et al., 1995; Maali

The genetic identity among wheat like accessions and

et al., 1998) for which narrow or nil genetic variability

the landrace Hourani also showed high genetic diversity

exists in wheat. The polymorphism identified in these

(Figure 4) where the similarity index ranged from 0.5 to

accessions was most likely attributable to occasional

1.0 (Table 2) and two main clusters have been formed

introgressive hybridization involving wild emmer. The

where the landrace Hourani grouped in the first main

co-existence of wheat landraces together with wild

cluster with eight accessions whereas the rest were

emmer might have offered the possibility for natural

grouped in the second clusters. The similarity index

hybridization resulting in spontaneous interspecific

among wheat like and black glumes accessions ranged

hybrids. Our results support the occurrence of natural

from 0.33 to 1.0 indicating a wide range of diversity

hybridization between wheat landrace and wild emmer.

among these accessions.
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sharing a high degree of genetic similarity, and so for
determining the extent of genetic diversity among them.
This information is crucial not only for the management
of genetic diversity but also for the identification and
preservation of core collections of wheat.
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ﻤﻠﺨـﺹ
ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺍﺤﺩ ﻋﺸﺭ ﺒﺎﺩﺌﺎ ﻭﺭﺍﺜﻴﺎ ﻓﻲ ﺩﺭﺍﺴﺔ  56ﺴﻼﻟﺔ ﻤﻥ ﻤﺠﺘﻤﻊ ﺍﻟﻘﻤﺢ ﺍﻟﻘﺎﺴﻲ ﺍﻟﻤﺘﻜﻭﻥ ﻤﻥ  29ﺴﻼﻟﺔ ﻤﺸﺎﺒﻬﺔ
ﻤﻅﻬﺭﻴﺎ ﻟﻠﻘﻤﺢ ﺍﻟﻘﺎﺴﻲ ،ﻭ 12ﺴﻼﻟﺔ ﺘﻤﻠﻙ ﺍﻟﻌﺼﺎﻓﺔ ﺍﻟﺴﻭﺩﺍﺀ ﻭﺍﻟﺴﻔﺎ ﺍﻻﺒﻴﺽ ،ﻭ  12ﺴﻼﻟﺔ ﺘﻤﺘﻠﻙ ﺍﻟﻌﺼﺎﻓﺔ ﺍﻟﺒﻴﻀﺎﺀ ﻭﺍﻟﺴﻔﺎ
ﺍﻷﺴﻭﺩ ،ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﺜﻼﺙ ﺴﻼﻻﺕ ﻤﺤﻠﻴﺔ ﺒﻬﺩﻑ ﺘﻘﻴﻴﻡ ﺍﻟﺘﻬﺠﻴﻥ ﺍﻟﻁﺒﻴﻌﻲ ﺒﻴﻥ ﺍﻟﺴﻼﻻﺕ ﺍﻟﻤﺤﻠﻴﺔ ﻤﻥ ﺍﻟﻘﻤﺢ ﺍﻟﻘﺎﺴﻲ ﻤﻊ
ﺍﻟﺴﻼﻻﺕ ﺍﻟﺒﺭﻴﺔ  dicoccoidesﺍﻟﻘﺭﻴﺒﺔ ﻟﻪ ﻭﺍﻟﺒﺤﺙ ﻋﻥ ﺍﻤﻜﺎﻨﻴﺔ ﻭﺠﻭﺩ ﺒﻌﺽ ﺍﻟﺠﻴﻨﺎﺕ ﻤﻥ ﺍﻟﻘﻤﺢ ﺍﻟﺒﺭﻱ ﻓﻲ ﺍﻟﺴﻼﻻﺕ
ﺍﻟﻤﺴﺘﺯﺭﻋﺔ ﻤﻥ ﺍﻟﻘﻤﺢ ﺍﻟﻘﺎﺴﻲ .ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻰ ﻤﺎ ﻤﺠﻤﻭﻋﻪ  738ﺤﺯﻤﺔ ﻤﻥ ) (DNAﻤﻥ ﺨﻼل ﺩﺭﺍﺴﺔ ﺍﻟﺴﻼﻻﺕ
ﻭﺍﻟﺒﺎﺩﺌﺎﺕ ﺍﻟﻭﺭﺍﺜﻴﺔ ﻭﺍﺴﺘﻁﺎﻋﺕ ﺍﻟﺒﺎﺩﺌﺎﺕ ﺍﻟﻤﺩﺭﻭﺴﺔ ﺘﻤﻴﻴﺯ  24ﻤﻭﻗﻌﺎ ﻋﻠﻰ ﺍﻟﻜﺭﻭﻤﻭﺴﻭﻤﺎﺕ ﻭﺒﻨﺴﺒﺔ ﺘﺒﺎﻴﻥ  ،% 83ﻭﻜﺎﻨﺕ
ﻫﻨﺎﻙ ﺍﺭﺒﻌﺔ ﻤﻭﺍﻗﻊ ﻓﻘﻁ ﻤﺸﺘﺭﻜﺔ ﻓﻲ ﻜل ﺍﻟﺴﻼﻻﺕ ﺍﻟﻤﺩﺭﻭﺴﺔ.
ﺒﺎﺴﺘﺨﺩﺍﻡ ﺘﺤﻠﻴل ﺍﻟﻤﺘﻭﺴﻁ ﺍﻟﺤﺴﺎﺒﻲ ﻟﻠﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺯﻭﺠﻴﺔ ﻏﻴﺭ ﺍﻟﻤﺯﺍﻨﺔ  UPGMAﻤﻥ ﺒﺭﻨﺎﻤﺞ  SPSSﺘﺠﻤﻌﺕ ﺍﻟﺴﻼﻻﺕ
ﺫﺍﺕ ﺍﻟﻌﺼﺎﻓﺔ ﺍﻟﺒﻴﻀﺎﺀ ﻭﺍﻟﺴﻔﺎ ﺍﻻﺴﻭﺩ ﻓﻲ ﻤﺠﻤﻭﻋﺔ ﻭﺍﺤﺩﺓ ﻭﺍﻨﻔﺼﻠﺕ ﺘﻤﺎﻤﺎ ﻋﻥ ﺒﻘﻴﺔ ﺍﻟﺴﻼﻻﺕ؛ ﺒﻴﻨﻤﺎ ﺘﺩﺍﺨﻠﺕ ﺍﻟﺴﻼﻻﺕ
ﺫﺍﺕ ﺍﻟﻌﺼﺎﻓﺔ ﺍﻟﺴﻭﺩﺍﺀ ﻭﺍﻟﺴﻔﺎ ﺍﻻﺒﻴﺽ ﻤﻊ ﻤﺘﺸﺎﺒﻬﺎﺕ ﺍﻟﻘﻤﺢ ﺍﻟﻘﺎﺴﻲ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺭﺌﻴﺴﻴﺔ ﻭﺍﻟﺜﺎﻨﻭﻴﺔ .ﻜﺎﻥ ﻤﺠﻤﻭﻉ
ﺍﻟﺤﺯﻡ ﻤﻥ ) (DNAﻓﻲ ﺍﻟﺴﻼﻻﺕ ﻤﺘﺸﺎﺒﻬﺔ ﺍﻟﻘﻤﺢ ﻭﺘﻠﻙ ﺍﻟﻤﻤﺘﻠﻜﺔ ﺍﻟﻌﺼﺎﻓﺔ ﺍﻟﺴﻭﺩﺍﺀ  560ﺒﻨﺴﺒﺔ ﺘﺒﺎﻴﻥ ﻭﺼﻠﺕ ﺍﻟﻰ ،%70
ﻭﻫﺫﺍ ﺍﻟﺘﺒﺎﻴﻥ ﺍﻟﺫﻱ ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻪ ﻓﻲ ﻫﺫﻩ ﺍﻟﻤﺠﻤﻭﻋﺔ ﻫﻭ ﻨﺘﻴﺠﺔ ﺍﻟﺘﻬﺠﻴﻥ ﺍﻟﻁﺒﻴﻌﻲ ﺒﻴﻥ ﻤﺘﺸﺎﺒﻬﺎﺕ ﺍﻟﻘﻤﺢ ﻭﺍﻟﺴﻼﻻﺕ
ﺫﺍﺕ ﺍﻟﻌﺼﺎﻓﺔ ﺍﻟﺴﻭﺩﺍﺀ .ﺒﻴﻨﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻜﻔﺎﺀﺓ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻭﺍﺴﻤﺎﺕ ﺍﻟﻭﺭﺍﺜﻴﺔ ﻭﺨﺼﻭﺼﺎ ﺍﻟﻤﺎﻴﻜﺭﻭﺴﺎﺘﻴﻼﻴﺕ ﻓﻲ ﺘﻤﻴﻴﺯ
ﺍﻟﺘﺒﺎﻴﻥ ﺍﻟﻭﺭﺍﺜﻲ ﻭﺘﺤﻠﻴل ﺍﻟﺘﻬﺠﻴﻥ ﺍﻟﻁﺒﻴﻌﻲ ﻓﻲ ﺍﻟﻘﻤﺢ ،ﻤﻤﺎ ﻴﻔﺘﺢ ﺍﻟﻤﺠﺎل ﺍﻤﺎﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﻌﻠﻤﺎﺕ ﺍﻟﻭﺭﺍﺜﻴﺔ ﻓﻲ ﺃﻨﻅﻤﺔ ﺘﺤﺴﻴﻥ
ﺍﻟﻤﺤﺎﺼﻴل ﺍﻟﻨﺒﺎﺘﻴﺔ.
ﺍﻟﻜﻠﻤـﺎﺕ ﺍﻟﺩﺍﻟـﺔ :ﺍﻟﻘﻤﺢ ﺍﻟﻘﺎﺴﻲ ،ﺍﻟﻘﻤﺢ ﺍﻟﺒﺭﻱ ) ،(dicoccoidesﺍﻟﺘﻬﺠﻴﻥ ﺍﻟﻁﺒﻴﻌﻲ ،ﺘﻘﻨﻴﺔ ﺍﻟﻤﺎﻴﻜﺭﻭﺴﺎﺘﻴﻼﻴﺕ ،ﺘﺩﻓﻕ
ﺍﻟﺠﻴﻨﺎﺕ.
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