Genetic relationships among bread wheat genotypes as revealed by SSR’s analysis
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ABSTRACT

Morphological markers analysis indicated that the range of Euclidean distance among all genotypes (1.04-9.97) is relatively wide. Also, the average Euclidean distances (5.50) among all genotypes was high. All genotypes formed three different groups and the studied morphological traits contributed significantly in differentiating the three groups from each other.

Genetic relationship using simple sequence repeat (Microsatellites or (SSRs) experiment was conducted using fifty SSR’s were used to find out the genetic relationships between genotypes. The results showed that the similarity matrix of genetic distance ranged from 0.10 between Gemmiza 7 and Line 8 to 0.875 between Sakha 69 and Sakha 61. The average of similarity among varieties was 0.49. Among of fifty SSR loci, ten microsatellite markers (20%) generated polymorphism between parents with a total of 92 fragments. Of the total scorable SSR bands, 27 alleles were detected for polymorphism. This represented an average of 2.7 alleles per locus with a range of two to five alleles detected by a single SSR locus. Nei’s genetic distance (GD) was measured using the 27 polymorphic SSR alleles and showed that the genetic distance for each genotype combination ranged from 0.27 to 0.72 and the studied varieties formed two main clusters. The first main cluster separated to two sub-clusters, the first sub-cluster included Gemmiza 7 and Sids 6 at a genetic similarity about 0.66 and the second sub-cluster included Line 1 and Line 6 at a genetic similarity about 0.49. In relation to second main cluster, this cluster formed two sub-clusters at a genetic similarity about 0.55, the first sub-cluster included Sakha 69 and Sakha 61 at a genetic similarity about 0.68 and Sakha 8 which represented an individual variety at a genetic similarity about 0.58. For the second sub-cluster, the results indicated that it included two varieties, Line 2 and Line 8, which separated at genetic similarity about 0.72. 

The results indicated that the amount of heterosis and specific combining ability were highly significantly correlated with Nei’s genetic distance (GD) for grain yield per plant (0.60 and 0.49, respectively). The results showed that heterosis only was significant correlated with Nei’s GD for number of spikes per plant (0.31), while SCA was significant correlated with Nei’s GD for 1000-kernel weight (0.40). On the other hand, all other traits were weakly correlated between Nei’s GD and heterosis and SCA. With regard to correlation of heterosis with SCA, heterosis was also significant or highly significant correlated with SCA for all traits under study.

INTRODUCTION

Molecular markers display an important role and considered as a tool with conventional breeding for wheat improvement. The first step to design breeding program for useful trait is choising parental genotypes based on its genetic dissimilarty. Detection of polymorphism among ten wheat genotypes under study, Euclidean distance and Nei’s genetic distance were used in this investigation 

Genetic relationships can be defined either as genetic distance or as genetic similarity. Genetic distance is defined as "The extent of gene differences between cultivars measured by allele frequencies at a sample of loci " (Nei, 1972).  Whereas, genetic Similarity is defined as "The converse of genetic distance, that is, the extent of gene similarities among cultivars". (Souza and Sorrells, 1991 b). In non cereal crops, studying the genetic relationships were applied on Apple (Koller et al., 1993). Onion (Wilkie et al.,1993), Japanese potato (Hosaka et al., 1994), Cotton (Gutierrez et al., 2002). In cereal crops, genetic relationships were investigated on Barley (Bahrman et al., 1999), Rice (Song et al.,1999), diploid wheats (Vierling and Nguyen, 1992). tetraploid wheats (Joshi and Nguyen, 1993, and Pujar et al., 1999) and hexaploid wheats, (He et al., 1992, Joshi and Nguyen, 1993 and Barakat et al., 2000). 

Previous studies objectives of studying genetic relationships can be summarized in; 1) Analysis of cultivars variability (Smith 1984). 2) Selection of parents for hybrids (Shamsuddin, 1985 and Frei et al., 1986), 3) Prediction of variance for some characters in F2 and inbred generations (Cowen and Frey, 1987), 4) Prediction of progeny variation (Souza and Sorrelles, 1991, Martin et al., 1995 and Liu et al., 1999), 5) Measuring of heterosis (Shamsuddin, 1985), 6) Prediction of F2 heterosis (Cox and Murphy, 1990), 7) Genotyping plant genetic resources collection, 8) genotyping cultivated and wild relatives, 9) Product quality assurance, 10) Break of intellectual property rights and 11) Support for plant breeders rights and patents.

There are many methods of measuring genetic relationships that have been developed over time and all share the same concept. These methods are pedigree, protein markers, morphological markers and DNA markers. These could be used either separately or collectively.

Materials and Methods

Genetic Relationships between parents

 
Ten wheat genotypes were used for this study (Gemmiza 7, Sakha 8, Sakha 61, Sakha 69, Sakha 93, Sids 6 beside four lines from CIMMYT; line 1, line 2, line 3 and line 4), Table 1. These genotypes were evaluated in two seasons (1999/2000 and 2000/2001). After evaluation, six genotypes were selected for wide range of yield characters. In 2001/2002, in a diallel cross, all possible parental combinations without reciprocals were made between the selected six parents giving a total of 15 F1 crosses. Data was recorded on the yield characters and hetrosis and combining ability were estimated according to Griffing (1956) method 2 model 1.

1. Based on morphological traits

Parent’s averages of the recorded data of the two-year experiments for the all traits (grain yield per plant, number of spike per plant, number of kernels per main spike and 1000-kernel weight) were calculated in order to detect patterns of genetic relationship in the varieties. Data analysis on the means of clearly defined five traits was initially performed based on the Euclidean distance matrix). Firstly, the data was subjected to analysis to produce a matrix of dissimilarity values and the phenotypic distance between each pair of varieties was estimated as Euclidean distance. Secondly, cluster analysis was conducted on the Euclidean distance matrix with un-weighted pair group method based on arithmetic averages (UPGAMA) to develop a dendrogram using computer program NTSYS-pc ver. 2.1 (Rolhf, 2000). 

2. Based on Molecular Marker:

SSR analysis for ten wheat parental genotypes

1. Plant material:

PCR analysis were carried out using genomic DNA from the ten wheat parental genotypes.

2. DNA extraction:

Leaves were collected from two-weeks old plants and subjected to liquid nitrogen using Murray and Thompson (1980) method with some modifications as follow:

Fresh leaves (500mg) were ground to powder in a mortar with liquid nitrogen. The powder was poured into tubes containing 9.0 ml of warm (650C) CTAB extraction buffer. The tubes were incubated at 650C for 60-90 min. 4.5 ml chloroform/octanol (24:1) was added and tubes were rocked to mix for 10 min., and centrifuged for 10 min. at 3200 rpm. The supernatants were pipetted off into new tubes and 6 ml isopropanol was added. After 60 min., the tubes were centrifuged for 10 min. and the pellets obtained were put in sterile Eppendorf tubes, containing 400 μl of TE buffer of pH 8.0 (10 mM Tris-HCl, pH 8.0 + 1.0mM EDTA, pH 8.0 ). The DNA’s from genotypes were, then, extracted and stored at -200C until use.

3. Determination of the concentration of DNA

A dilution of DNA by adding 20 μl of DNA solution to 0.98 ml of distilled water in a micro-centrifuge tube, were prepared and mixed well. The UV lamp in the spectrophotometer was warmed up for 20 min. and the wave length of the spectrophotometer was set to 260 nm. Distilled water was added to one cuvette using the distilled water as a blank and set the absorbance to zero. The absorbance of DNA dilution was measured. The concentration of DNA was calculated, assuming that DNA at a concentration of 50 μg/ml had OD of 1 at 260 nm as follows:

DNA concentration (μg/μl)= 
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4. PCR amplification

Fifty SSR’s developed and provided by Dr. P. Cregan, USDA-ARS, Maryland, USA were used to create the molecular marker data presented in Table 2. Amplification reaction volume were 30 μl, each containing, 1x PCR buffer with MgCl2 (50 mM KCl, 10 mM Tris-HCl (pH=9.0), 1.75 mM MgCl2, 150 μM each of dNTP, dCTP, dGTP, and dTTP, 0.15 μM primer, 50 ng template DNA and 1.0 μl of Taq polymerase(5 unite/μl). Reaction mixtures were exposed to the following conditions: 950C for 3 min, followed by 35 cycles of 40 sec. at 940C, 40 sec. at 50 0C ( depending on the annealing temperature of primer), 1 min. at 72 0C, and a final 10 min. extension at 72 0C.

Amplification products were visualized with DNA marker on 2.5% agarose gel with 1x TBE buffer and detected by staining with an ethidium bromide solution for 30 min. Gels were then destained in deionized water for 10 min. and photographed on Polaroid films under UV light.

5. Data handling and cluster analysis:

Data were scored for computer analysis on the basis of the presence or absence of the amplified products for each primer. If a product was present in a genotype, it was designated “1”, if absent it was designated “0”. Pair-wise comparisons of genotypes, based on the presence or absence of unique and shared polymorphic products, were used to regenerate similarity coefficients, according to Jaccard (1908). The similarity coefficients were then used to construct dendograms, using the unweighted pair group method with arithmetic averages (UPGAMA) employing the SHAN (Sequantial, Agglomerative, Hierachical, and Nested clustering) from the NTSYS-PC (Numerical Taxonomy and Multivariate Analysis System), version 2.1 Program (Rohlf, 2000).

RESULTS AND DISCUSSION

In conventional plant breeding, during selection of desirable plants from the segregating population, the plant breeder is faced with the following problems; (i) he has to screen a large segregating population for a desirable trait e.g., disease resistance, etc.; (ii) he has to wait for advanced generations (F5, F6) to exercise selection for quantitative traits, for which selection in early generation is not effective; (iii) it becomes very difficult, if not impossible to screen the population for a desired trait when the trait is influenced by environment; (iv) contrasting forms are often not distinguishable at the seedling stage, making it necessary to grow population up to the adult stage; (v) it is difficult to undertake pyramiding of resistance genes, since selection of additional genes is presence of an existing resistance gene would be difficult. In view of these difficulties, availability of tightly linked molecular markers for a trait will facilitate plant breeding by saving time and expense.

In this investigation, a fundamental question concerning the genetic relationship of a representative sample of Egyptian commercial varieties and exotic materials were addressed. This genetic relationship information can be used to gain insight into variety divergence, which is an important step towards an exploitation of genetic resources for hybridization breeding. To answer this question two main methods were carried out (i) First method, study the genetic relationships based on quantitative morphological traits. (ii) Study the genetic divergence based on simple sequence repeat technique.

1. Genetic relationship using morphological traits:

a. Euclidean distance

Relationships among the ten wheat varieties based on standardized values of the quantitative morphological traits are presented in Table (3). The results showed the dissimilarity matrix of the Euclidean distance using morphological traits between all pairs of varieties ranged from 1.04 between Sakha 93 and Sakha 8 to 9.97 between Sakha 61 and Sids 6. The average of distances among varieties was 5.50.

b. Cluster analysis

The dissimilarity matrix was used to generate a phenogram of the ten varieties (Figure 1). The cluster diagram showed a complicated genetic variation pattern and the ten varieties formed three main clusters. The first cluster created two sub-clusters at a distance of about 25.0. The first sub-cluster included Line 1 and Line 2 at a distance of about 14.0, the second sub-cluster included Gemmiza 7 and Sakha 61 at a distance of about 15.0. The second main cluster included the varieties Sakha 69, Sakha 8 and Sids 6, which separated at distance of about 49.8. The third main cluster included an individual variety which was Line 8 at a distance of 49.8 and two varieties Sakha 93 and Line 6, which formed sub-cluster and separated at a distance of 18.9. The differences between traits in groups lead to formation of the three main clusters. 

Genetic relationships among a number of varieties can be summarized using cluster analysis to place similar genotypes into phenotypic groups. Multivariate analysis of quantitative traits has been used previously to measure genetic relationships within cereal species (Van Beuningen and Busch 1997). Grain yield, number of spikes per plant, number of kernels per spike and 1000-kernel weight were scored for all genotypes under study during two years. These traits were chosen for its related to the yield and easily to score, which made it suitable for morphological trait analysis, in addition to importance of these traits for breeders and wheat production (Souza and Sorrells, l991a). Since these traits are affected by environment, so, they scored for two successive years and the average of the two years were calculated. Significant differences among studied varieties for all scored traits were noticed. This indicated that, there is suitable amount of variation among these traits for studying the relationships among the genotypes studied.

The matrix of Euclidean distance for all genotypes was computed and the dissimilarity coefficient is based on interval measure data collected for the stable morphological traits. Cluster analysis was then conducted on the Euclidean distance matrix with the un-weighted pair-group method based on arithmetic averages (UPGMA). The range of Euclidean distance among all genotypes (1.04-9.97) is relatively wide and the average Euclidean distance (5.50)was high too. This indicated that the amount of phenotypic variation among the genotypes is relatively high. These values, which are assumed to reflect the genetic diversity of the loci controlling these traits, indicating the possibility of selecting varieties that have a diverse genetic background and the prospect of obtaining broad segregation for the characters. Similar finding was obtained by Deshmukh et al., (1999), Smocek and Martinek (1997), Farshadfar et al., (1995), Singh (1994) and Jagadev (1993). The cluster phenogram illustrated that the most unique genotypes appear to be Gemmiza 7, Line 1, sakha 8 and Sakha 93. Morphologically, these genotypes are different from other genotypes and quite distinct from each other.
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Figure 1: Dendrogram obtained from UPGMA cluster based on morphological data from the ten  wheat genotypes.

Table 3: Euclidean Distance  matrix of  ten wheat genotypes using morphological traits.

	
	Gemmiza 7
	Sakha 61
	Sakha 69
	Sakha 93
	Sakha 8
	Sids 6
	Line 1
	Line 2
	Line 6
	Line 8

	Gemmiza 7
	0.00
	
	
	
	
	
	
	
	
	

	Sakha 61
	1.85
	0.00
	
	
	
	
	
	
	
	

	Sakha 69
	4.38
	5.44
	0.00
	
	
	
	
	
	
	

	Sakha 93
	7.50
	6.32
	1.17
	0.00
	
	
	
	
	
	

	Sakha 8
	3.15
	4.16
	1.35
	1.04
	0.00
	
	
	
	
	

	Sids 6
	8.81
	9.97
	4.52
	1.62
	5.84
	0.00
	
	
	
	

	Line 1
	3.92
	2.64
	8.02
	3.70
	6.75
	1.25
	0.00
	
	
	

	Line 2
	3.33
	1.71
	7.09
	4.84
	5.78
	1.16
	1.49
	0.00
	
	

	Line 6
	9.59
	8.35
	1.37
	2.15
	1.24
	1.82
	5.74
	6.73
	0.00
	

	Line 8
	1.36
	1.22
	1.79
	6.25
	1.66
	2.24
	9.92
	1.09
	4.24
	0.00


2. Genetic relationship using simple sequence repeat

Microsatellites or Simple Sequence Repeats (SSRs) experiment was conducted using fifty SSR’s developed and provided by Dr. P. Cregan, USDA-ARS, Maryland, USA and were used to find out the genetic relationships between varieties and to create the molecular marker data presented in Table (2). The Jaccard’s Similarity coefficient was calculated among 10 wheat varieties. 

a.  Jaccard’s similarity coefficient

Similarity between all pairs of varieties illustrated in Table (4), it showed that the similarity matrix of genetic distance ranged from 0.10 between Gemmiza 7 and Line 8 to 0.875 between Sakha 69 and Sakha 61. The average of similarity among varieties was 0.49. 

b. Cluster analysis

Two hundred twenty-five Xbarc loci were assigned in linkage map both genetically and phiscally across 21 chromosome of bread wheat downloaded from GrainGenes web site. Out of these 225 Xbarc loci, 50 SSR loci were used in this study with its known positions on the 21 chromosome of bread wheat (Figure 2). Among of these fifty SSR loci, ten microsatellite markers (20%) generated polymorphism between parents with a total of 92 fragments. Of the total scorable SSR bands 27 alleles were detected for polymorphism (Table 5). This represented an average of 2.7 alleles per locus with a range of two to five alleles detected by a single SSR locus. Nei’s genetic distance (GD) was measured using the 27 polymorphic SSR alleles (Figure 4, 5 , 6 and 7).

Nei’s genetic distance (Figure 3) showed that the genetic distance for each genotype combination ranged from 0.27 to 0.72 and the studied varieties formed two main clusters. The first main cluster separated at genetic similarity about 0.38 and created two sub-clusters. The first sub-cluster included Gemmiza 7 and Sids 6 at a genetic similarity about 0.66. the second sub-cluster included Line 1 and Line 6 at a genetic similarity about 0.49. In relation to second main cluster, Figure (2) showed that this cluster formed two sub-clusters at a genetic similarity about 0.55. The first sub-cluster included Sakha 69 and Sakha 61 at a genetic similarity about 0.68 and Sakha 8 which represented an individual variety at a genetic similarity about 0.58. For the second sub-cluster, the results indicated that it included two varieties, Line 2 and Line 8, which separated at genetic similarity about 0.72. Table (5) showed the usefulness of SSR markers to detect the polymorphism among the parental genotypes beased on the presence (+) and absence (-) for PCR-products.

The objective of this study is to estimate the extent of genetic diversity among the ten different wheat genotypes represent local Egyptian varieties and an exotic materials. Wheat micrsaellite were used to detect DNA polymorphism among these genotypes which included 6 susceptible varieties and 4 resistant line for leaf rust. The dendogram presented in this study demonstrates clearly the ability of microsatellite, developed based on T. aestivum sequence, to detect a large amount of genetic diversity and to identify intergroup differences. The total number of fragments resulted from 10 SSR primers was 92 with a total of 50 SSR primers used. 27 alleles showed polymorphic among the genotypes with the an average of 2.7 allele per SSR locus, using the 27 polymorphic SSR alleles Nei’s genetic distance showed two main clusters for the studied genotypes with range from 0.27 to 0.72 and the average was 0.49. Most of resulting groups are strongly related to the origin of the genotypes especially for the group included Sakha 69 and Sakha 61 (sister lines), indicating that the genetic diversity based on SSR is correlated with the origin of these genotypes.

In general, the results indicated that there is a conflict between diversity measurements based on SSRs and morphological traits. Nevertheless, the lack of similarity between agronomic and molecular diversity measurements in this study showed that germplasm classification and utilization should not be based on one measurements diversity alone. Another reasons for significant differences between molecular and agronomic measurements that the former is invisible and, therefore, unselected by the breeder, while the latter is subjected to selection. Determination of molecular diversity should not be seen as replacing traditional characterization but rather as complementing it. The results presented here agree with previous studies by Garland et al, (1999), Ayres et al, (1997), Gupta and Vershney (2000), Plaschke et al., (1995), Goldstein et al., (1995 ), Röder et al., (1998), Stephenson et al., (1998), Devos et al., (1995), Jian et al., (2003) and El-Maghraby et al., (2004).

Figure 2: Genetic maps of 50 wheat Xbarc SSR loci produced by Joinmap 3.0[image: image8.wmf]BARC028
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 with 2 SSR markers, Xbarc80 and Xbarc81, were significantly associated with Infection Type and Disease Severity for leaf rust at adult stage. 
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Figure 3: Dendrogram obtained from UPGMA cluster based on SSR data from the ten  wheat genotypes.
Table 4: Similarity matrix for the ten wheat genotypes based on Jaccard’s coefficient,using 10 SSR primers.

	
	Gemmiza 7
	Sakha 61
	Sakha 69
	Sakha 93
	Sakha 8
	Sids 6
	Line 1
	Line 2
	Line 6
	Line 8

	Gemmiza 7
	1.000
	
	
	
	
	
	
	
	
	

	Sakha 61
	0.125
	1.000
	
	
	
	
	
	
	
	

	Sakha 69
	0.125
	0.875
	1.000
	
	
	
	
	
	
	

	Sakha 93
	0.270
	0.675
	0.667
	1.000
	
	
	
	
	
	

	Sakha 8
	0.372
	0.521
	0.537
	0.500
	1.000
	
	
	
	
	

	Sids 6
	0.767
	0.375
	0.376
	0.400
	0.444
	1.000
	
	
	
	

	Line 1
	0.375
	0.500
	0.500
	0.333
	0.750
	0.440
	1.000
	
	
	

	Line 2
	0.275
	0.440
	0.467
	0.476
	0.660
	0.400
	0.666
	1.000
	
	

	Line 6
	0.375
	0.270
	0.270
	0.330
	0.550
	0.444
	0.750
	0.700
	1.000
	

	Line 8
	0.100
	0.500
	0.500
	0.500
	0.555
	0.300
	0.550
	0.870
	0.550
	1.000
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Figure 4: SSR patterns obtained with 4 different primers (Xbarc 04, 07 07, 12 and 28).

M; 100bp DNA ladder
Lane 1-8; wheat parental genotypes
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Figure 5: SSR patterns obtained with 2 different primers (Xbarc 49, and 59).

M; 100bp DNA ladder
Lane 1-10; wheat parental genotypes
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Figure 6: SSR patterns obtained with 4 different primers (Xbarc 48, 80, 81 and 84).

M; 100bp DNA ladder
Lane 1-8; wheat parental genotypes
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Figure 7: SSR patterns obtained with 9 different primers (Xbarc 04, 07,12, 28, 48, 59, 80, 81and 84).

M; 100bp DNA ladder
Lane 8 and 9; wheat parental genotypes

Table 5: Usefulness of SSR markers in different genetic background, tested on 

10 wheat lines (+ presence of PCR products, - absence of of the PCR-products)
	Marker
	MW(bp)
	Gemmiza7
	Sakha 61
	Sakha 69
	Sakha 93
	Sakha 8
	Sids 6
	Line 1
	Line 2
	Line 6
	Line 8
	BR
	BS

	Xbarc04
	773
	-
	+
	-
	-
	-
	-
	-
	-
	+
	-
	-
	-

	
	791
	-
	-
	-
	-
	-
	-
	+
	-
	-
	+
	-
	-

	
	818
	+
	-
	-
	-
	-
	-
	-
	-
	-
	+
	-
	-

	
	827
	-
	-
	-
	+
	-
	-
	-
	-
	+
	-
	-
	-

	
	837
	-
	-
	+
	-
	-
	+
	-
	-
	-
	+
	-
	-

	
	877
	-
	-
	-
	-
	+
	-
	-
	-
	-
	-
	-
	-

	Xbarc07
	791
	-
	+
	-
	-
	-
	-
	-
	-
	-
	+
	-
	-

	
	809
	+
	-
	-
	
	-
	-
	-
	-
	-
	-
	-
	-

	
	818
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-

	Xbarc12
	791
	-
	-
	-
	-
	-
	-
	+
	+
	-
	-
	-
	-

	
	800
	-
	+
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	846
	+
	-
	-
	+
	+
	+
	-
	-
	+
	-
	
	

	Xbarc28
	791
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	818
	+
	-
	-
	+
	+
	-
	-
	+
	-
	-
	-
	-

	
	827
	-
	-
	+
	-
	-
	+
	+
	-
	-
	-
	-
	-

	Xbarc048
	718
	+
	+
	-
	-
	+
	-
	+
	-
	+
	-
	-
	-

	
	726
	-
	-
	+
	+
	-
	+
	-
	+
	-
	-
	-
	-

	Xbarc049
	770
	-
	+
	-
	-
	+
	+
	-
	-
	+
	-
	-
	-

	
	810
	+
	-
	+
	+
	-
	-
	-
	+
	
	+
	-
	-

	Xbarc059
	920
	-
	+
	-
	-
	-
	-
	-
	-
	+
	+
	-
	-

	
	990
	+
	-
	+
	+
	+
	+
	+
	-
	-
	+
	-
	-

	Xbarc80
	629
	+
	+
	+
	-
	+
	-
	-
	+
	+
	-
	+
	+

	
	700
	-
	-
	-
	+
	-
	+
	-
	-
	-
	-
	+
	-

	Xbarc81
	769
	-
	+
	+
	-
	-
	-
	+
	+
	-
	-
	+
	+

	
	824
	+
	-
	-
	+
	+
	+
	-
	-
	-
	-
	+
	-

	Xbarc84
	710
	+
	+
	+
	-
	-
	-
	+
	-
	+
	-
	-
	-

	
	730
	-
	-
	-
	+
	+
	+
	-
	+
	-
	-
	-
	-


3. The relationship of heterosis and specific combining ability with with genetic distance based on SSR.

Predicting F1 common wheat hybrid performance using DNA markers is one of the important applications of DNA markers and evaluation of hybrids for heterosis or combining ability in the field is expensive and time-consuming. For this reason, an amplification products which were detected by the ten microsatellite markers were used to study the relationship of genetic diversity measured using SSR markers with the amount of specific combining ability and heterosis using the wheat genotypes under study. Table (6) presented the relationship of heterosis and specific combining ability for yield and yield components with genetic distance, measured using 10 SSR markers, for the diallel. 

Table (6) indicated that the amount of heterosis and specific combining ability were highly significantly correlated with Nei’s genetic distance (GD) for grain yield per plant (0.60 and 0.49, respectively). The results showed that heterosis only was significant correlated with Nei’s GD for number of spikes per plant (0.31), while SCA was significant correlated with Nei’s GD for 1000-kernel weight (0.40). On the other hand, all other traits were weakly correlated between Nei’s GD and heterosis and SCA. With regard to correlation of heterosis with SCA, heterosis was also significant or highly significant correlated with SCA for all traits under study.

Adiallel among six cultivars was made to study the general combing ability, heterosis and specific combing ability in relationship to SSR diversity.  The heterosis trend was positive for grain yield per plant for many crosses indicating that genetic gain from simple breeding should be obtainable (Nanda, et al., 1983).  The results suggested that grain yield per plant is controlled by loci with both additive and non-additive gene effects and support earlier findings (Abul Nass et al., 1986; Singh, 1994). Our study demonstrated that, although the amount of heterosis was independent of yield values, it was larger in crosses between more distantly related parents compared with closely related genotypes.

A little information is available about relationships between genetic diversity and heterosis in wheat (Perenzin et al., 1998).  If a simple, efficient, inexpensive and reliable method could be used to predict heterosis before expensive field testing, much of the field work would be eliminated and hybrid breeding programs would be accelerated.  For this reason, we focused on the relationship between heterosis and F1 performance with the level of genetic diversity between the parents measured by microsatellite markers.  Our results show that SSRs are useful in detecting a high level of polymorphism among wheat cultivars.  The utility of these markers for detection of population differences agrees with previous reports in other species (Liu et al., 1999; Xiong et al., 1998; Sant et al., 1999; Agrama & Tuinstra, 2003).

The most important result obtained in the present study is that the amount of heterosis is positively correlated with the genetic distance between the genotypes used for the crosses.  Perenzin et al. (1998) found that genetic diversity of the parental lines determined using RFLP and RAPD analyses do not appear helpful for predicting F1 performance.  A significant association between pedigree-based genetic distance and heterosis for wheat kernel weight and protein concentration (Martin et al., 1995). The high correlations could depend on the higher levels of heterosis as reported by Corbellini et al., 2002.  The present study demonstrated that the degree of heterosis was significantly correlated with genetic distance of the parental cultivars, suggesting an effect of overall heterozygosity on the amount of heterosis.  The negative values in the amount of heterosis observed in the genotype combinations with small genetic distances might be caused by individuals with similar genetic backgrounds. 
Table 6: Pearson Correlations among Nei’ genetic distances (Nei’ GD), Heterosis (H) and specific combing ability (SCA) for grain yield / plant, No. of spikes/plant, No. of kernels/spike, and 1000-kernel weight.
	
	Nei’s GD
	H
	SCA

	Nei’s G:  Grain yield / plant

Number of spikes / plant

Number of kernels / spike

1000-kernel weight
	1.00


	
	

	Heterosis: Grain yield / plant

No.of spikes / plant

No.of kernels / spike

1000-kernel weight
	0.60**

0.31*

0.13

0.17
	1.00
	

	SCA:      Grain yield / plant

No.of spikes / plant

No.of kernels / spike

1000-kernel weight
	0.49**

0.24

0.16

0.40*
	0.43*

0.51**

0.50**

0.60**
	1.00


**  Correlation is significant at P = 0.01.
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العلاقات الوراثية بين التراكيب الوراثية لقمح الخبز باستخدام تحليل الدلائل الجزيئية (SSRs)
مخلوف محمد محمود بخيت*، حسن سيد أحمد شريف*، على عبد المقصود الحصرى** ، مصطفى عزب مصطفى*** و ماهر عبد المنعم المغربى***
· جامعة بنها – كلية الزراعة – قسم الوراثة

** جامعة بنها – كلية الزراعة – قسم المحاصيل

*** مركز بحوث المحاصيل الحقلية، مركز البحوث الزراعية، الجيزة، مصر
أجريت دراسة القرابة الوراثية بين التراكيب الوراثية الأبوية باستخدام الدلائل المورفولوجية حيث أظهرت النتائج أن المسافة الوراثية بين التراكيب الوراثية الأبوية كانت ذات مدى واسع (1.04-9.97) وأن هناك درجة عالية من التباين فى الشكل المظهرى. أوضحت الشجرة الوراثية إلى أن الأصناف قسمت إلى ثلاث مجاميع مختلفة: المجموعة الأولى تضم تحت مجموعتين: الأولى تمثل جميزة 7 وسخا 61  الثانية تمثل سلالة 1 وسلالة 2. المجموعة الثانية تضم تحت مجموعتين: الأولى تمثل سخا 69 وسخا 8 و الثانية تمثل سدس 6. المجموعة الثالثة تضم تحت مجموعتين: الأولى تمثل سخا 93 وسلالة 6 و  الثانية تمثل سلالة 8 

كما تم دراسة القرابة الوراثية بين التراكيب الوراثية الأبوية باستخدام الدلائل الجزيئية (SSR) ، أظهرت النتائج أنه من بين 50 مرقم جزيئى متخصص تم الحصول على اختلافات بين التراكيب الوراثية الأبوية عن طريق  10 مرقم جزىء فقط بنسبة تصل إلى 20% وكان عدد الاليلات المتحصل عليها هو 27 أليل تقريبا بمتوسط 2.7 أليل لكل موقع تقريبا. باستخدام هذه الأليلات المتحصل عليها لتحديد درجة القرابة الوراثية بين التراكيب الوراثية الأبوية كانت الشجرة الوراثية ذات مسافة وراثية تراوحت من 0.27-0.72 وتضم مجموعتان رئيسيتان هما: المجموعة الأولى تضم تحت مجموعتين: الأولى تمثل جميزة 7 وسدس 6 و الثانية تمثل سلالة 1 وسلالة 6. المجموعة الثانية تضم تحت مجموعتين:  الأولى تحتوى على تحت مجموعتين: الأولى تمثل سخا 69 و سخا 61 و الثانية سخا  8 . و تحت المجموعة الثانية تحتوى على سلالة 2 وسلالة 8 
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