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ABSTRACT

SDS-protein and RAPD-PCR markers were used to genetically identify three wheat (Triticum aestivum L.) cultivars (The selected line and the two parents; Sides 6 and Pc 62). The results showed a wide range of variation in SDS-protein banding patterns. The results of SDS-PAGE revealed a total number of 22 bands with molecular weights (MW) ranging from about 16.90 to 96.50 kDa, which were not necessarily present in all the three genotypes. Data revealed all the bands were polymorphic with 100.00 % polymorphism. For RAPD-PCR analysis, thirteen random arbitrary primers were used. OPC8600, OPA15700 and 1268, OPA111292, OPA201383,1238 and 1000, OPC31168 and OPA151901 primers were detected in the Pc 62 parent and the selected line and not found in the Sides 6 parent. Therefore, these six primers are considered as rye genome-specific RAPD markers especially for 5RL segment.  The phylogenetic relationships between the three wheat genotypes were determined. The dendrogram tree showed that the selected line and the parental cultivar Sides 6 are very close (similarity of 96.00 %), while Pc 62 cultivar was genetically far from the other genotypes (similarity of 94.00%). In conclusion, the SDS-protein and molecular genetic analysis used in the present study successfully distinguished among different wheat cultivars.

INTRODUCTION

The rye genome offers great potential for increasing the genetic variability of common wheat and some rye genes are known to be of agronomic value in wheat improvement. The transfer of small chromosome segments is more useful in wheat breeding than the wheat-rye chromosome substitutions because of the difficulties in separation of the desirable from deleterious genes (Schlegel et al., 1991). Therefore, wheat-rye translocations are ideal vehicles for the transfer of desirable genes from rye to wheat (Zeller 1973). The production of wheat lines with small introgressed rye chromosome segments has been achieved. The most common translocations in wheat breeding programs are the 1BL/1RS translocation which is derived from the wheat cultivar Amigo (Zeller and Hsam 1983). Many other wheat-rye translocations holding potential agricultural traits for biotic or abiotic stresses or 2BS.2RL (Friebe et al., 1990; Lee et al., 1995, 5AS.5RL and 6BS.6RL (Friebe et al., 1995) and 4BS.4BL-5RL translocation (Leach and Dundas, 2006).
Copper deficiency causes significant annual losses in grain yield due to poor grain set.Cereals such as wheat and barley are particularly susceptible to low copper soils whereas, crops such as rye and triticale, which carries a complete set of rye chromosomes, to tolerate low copper conditions has been attributed to a gene on rye chromosome 5R. Wheat-rye translocation lines have previously been produced carrying segments of the long arm of chromosome 5 of rye (5RL). The improvement of and subsequent inclusion of this translocation in commercial cultivars may increase bread wheat yields on soils that have a hidden problem of sub-clinical copper deficiency.

The development of molecular markers has opened up numerous possibilities for their application in plant breeding. Molecular methods are now routinely used to identify markers in cereal genomes (Gupta et al., 1999). All rely on the Polymerase Chain Reaction (PCR) to amplify polymorphic DNA sequences, which are characterized by their differential mobilities on agarose or polyacrylamide gels. The main marker types developed are Random Amplified Polymorphic DNAs (RAPDs; Williams et al., 1990). RAPDs are simplest to develop and analyze and enable the analysis of multiple loci (a high multiplex ratio) in a single experiment. RAPD-PCR marker was developed for the rapid identification of lines containing the distal portion of the 5RL chromosome. PCR-based markers, including random amplified polymorphic DNA (RAPD), have been developed to effectively screen lines containing rye chromatin (Koebner 1995; Iqbal and Rayburn 1995; Brunell et al. 1999). 
The objectives of the present study were to analyze protein and RAPD marker variations within two parental genotypes and selected line containing chromosome translocation (4BS.4BL-5RL). In addition, to evaluate the usefulness of RAPD markers in these genotypes and to compare the results with those obtained from SDS-PAGE electrophoresis. Moreover, to develop a set of RAPD fragments distributed on the 4BS.4BL-5RL translocation chromosome that could be used for molecular identification of hexaploid wheat lines containing such translocation.
MATERIALS AND METHODS

The study was achieved at the Agricultural Research station of Moshtohor, Faculty of Agriculture, Benha University.

Seed material

The material used in this study was one local hexaploid wheat cultivar (Triticum aestivum L.); Sides 6 provided kindly from the Ministry of Agriculture, Dokky, Egypt (Prof. Dr Abdel-Salam Gomaa) and wheat-rye translocation cultivar (Pc 62) harboring a terminal segment of the rye chromosome (5RL) on the wheat chromosome (4BS.4BL) which introduced kindly from Germany (Prof. Dr Hassan Sherif). 
From previous studies, plants belonging to Sides 6 wheat cultivar (Triticum aestivum L.) were crossed with plants of Pc 62 wheat cultivar (Triticum aestivum L.) including wheat-rye translocation (4BS.4BL-5RL). The resulted cross was pollinated using plants of Sides 6. During 2001/2002 season, the plants of the BC1F1 were selfed for two successive seasons. Plants similar to Sides 6 cultivar with hairy peduncle were selected. One of the selected lines was used in this study as it is the closet to Sides 6 in the morphological characters.
Protein Electrophoresis:
Sodium dodycyl sulfate polyacrylamyde gel electrophoresis (SDS-PAGE) was performed to identify the three genotypes by their protein finger prints. Protein fractions was performed exclusively on vertical slab using the gel electrophoresis (Manufactured by LABOCONCO) according to method of Laemmli (1970).

RAPD-PCR

DNA was extracted according to Dellaporta, et al., (1983). RAPD reactions were similar to those described by Williams et al., 1990. Therteen 10-mor primers (Kits OPA and OPC from Operon Technologies) were used in this study, (Table 1). The PCR volume was 25 ųl and contained 20 ng template DNA, 10 ųM of each dNTP, 15 ng primer and 1 ų of Taq polymerase. Amplification was carried out in a DNA thermal Cycler PTC (MJ Research) using the following program: a preliminary step of 5 min. at 94°C; 40 cycles of 1 min. at 94°C, 1 min at 36°C and 2 min. at 72°C with a final step of 7 min. at 72°C. Amplification reactions were stored at 4°C until resolution by electrophoresis on 1.5% agarose gel stained with ethidium bromide, and visualized with ultraviolet light and photographed. DNA fragment sizes were determined by comparisons with the 1 Kb DNA ladder marker (Promega Inc.). Marker nomenclature was determined as each RAPD-PCR marker was named by the primer used and DNA fragment size in base pairs (bp). 

Data Analysis

Data from protein and RAPD patterns were processed for cluster analysis performed using the NTSYS PC (Numerical taxonomy and multivariate analysis system) as described by Rolf (1993).




Table (1): List of operon random primers and their nucleotide 





     sequences used in the study

	No.
	Name
	Sequence

	1
	OP-A11
	5' CAATCGCCGT 3'

	2
	OP-A12
	5' TCGGCGATAT 3'

	3
	OP-A14
	5' AGGGAACGAG 3'

	4
	OP-A15
	5' TTCCGAACCC 3'

	5
	OP-A20
	5' GTTGCGATCC 3'

	6
	OP-C03
	5' GGGGGTCTTT 3'

	7
	OP-C04
	5' CCGCATCTAC 3'

	8
	OP-C07
	5' GTCCCGACGA 3'

	9
	OP-C08
	5’ TGGACCGGTG 3’

	10
	OP-C13
	5’ AAGCCTCGTC 3’

	11
	OP-C15
	5’ GACGGATCAG 3’

	12
	OP-C18
	5’ TGAGTGGGTG 3’

	13
	OP-C19
	5’ GTTGCCAGCC 3’


RESULTS AND DISCUSSION

Molecular fingerprints based on proteins.

The electrophoretic banding patterns of water-non soluble proteins extracted from the grains of the three wheat genotypes are shown in Figure (1) and their densitometric analysis are illustrated in Table (2). The presence and absence of bands were represented with (1) and (0), respectively. The results of SDS-PAGE revealed a total number of 22 bands with molecular weights (MW) ranging from about 16.90 to 96.50 kDa, which were not necessarily present in all the three genotypes. Data revealed all the bands were polymorphic with 100.00 % polymorphism. The densitometric analysis, Table (2) of the SDS-protein banding patterns of the studied genotypes was found to be useful in identification of varieties in the studied wheat genotypes.

The Sides 6 parent (free from 5LR segment) was characterized by the presence of seven unique bands which were not found in the other parent (Pc 62) and the selected line, these bands were 3,6,7,9,13,19 and 21 with molecular weight of 66.20, 54.90, 51.00, 47.70, 20.20 and 19.50 KDa. The Pc 62 parent which has the 5RL segment was characterized by the presence of two unique bands (15 and 16) with molecular weight of 35.20 and 31.00 KDa. The selected line revealed a total of seven unique bands (2, 5, 8, 10, 17 and 20, respectively) which could be considered as adaptive bands due to the presence of 4B chromosome with the 5RL segment. Only two bands are similar in the Pc 62 parent and the selected line (4 and 22 which may considered as two 5RL specific bands) and three bands are similar in the Sides 6 and Pc 62 (1, 12 and 14, respectively). Only one band was present in both of parents and absence in the selected line (band number 11). Wang et al., 1998 found that the selected line has two 1Rl specific bands but lack the bands encoded by 1Dl as does the parent. A close observation on the low molecular weight glutenins and gliadins showed that 1RS-ecoded band exists in M27 (the parent), Wer-1-1 (the selected line) and WER-4 but is absent from M27 and WER-1-1. It was observed that the selected line has two specific bands of 5RL (Figure 1). The results from this molecular assay revealed that the selected line is a 5RL translocated line.
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Fig. (1): SDS-PAGE patterns of protein extracts for (1) Sides 6, (2) The selected line and (3) Pc 62.
Table (2): Densitometric analysis for SDS-PAGE of the three wheat genotypes.
	Band number
	M.W.

KDa
	Sides 6
	Selected Line
	Pc 62

	1
	96,500
	1
	1
	0

	2
	90,00
	0
	1
	0

	3
	66,20
	1
	0
	0

	4
	62,30
	0
	1
	1

	5
	57.50
	0
	1
	0

	6
	54,90
	1
	0
	0

	7
	51,00
	1
	0
	0

	8
	50,00
	0
	1
	0

	9
	47,70
	1
	0
	0

	10
	45,60
	0
	1
	0

	11
	42,80
	1
	0
	1

	12
	40,00
	1
	1
	0

	13
	38,70
	1
	0
	0

	14
	36,40
	1
	1
	0

	15
	35,20
	0
	0
	1

	16
	31,00
	0
	0
	1

	17
	23,70
	0
	1
	0

	18
	20,40
	0
	1
	0

	19
	20,20
	1
	0
	0

	20
	20,10
	0
	1
	0

	21
	19,50
	1
	0
	0

	22
	16,90
	0
	1
	1

	Total
	
	11
	12
	5


Molecular fingerprints based on RAPD.
In the present study, RAPD-PCR was used to analyze the genetic diversity of the three studied wheat genotypes, and to assess their genetic relationships using similarity index and dendrogram tree. Thirteen arbitrary random primers were used to determine RAPD polymorphism of the three exotic and local wheat genotypes. The resulted amplified fragments are shown in Figure (2) and their densitometric analyses are presented in Table (3). Banding patterns were scored as present (1) or absent (0) Table (3). All the Thirteen primers successfully amplified DNA fragments for all genotypes. A total number of 126 fragments were visualized across the three investigated genotypes (Table 3). Primers produced band numbers ranging from six (primer OP-C13) to 13 (primer OP-A11) fragments across genotypes (Figure 2 and Table 3). Meanwhile, 22 bands were common (monomorphic) for the parental cultivars and the selected line.

The specific markers for the wheat parental cultivars and the selected line generated from RAPD-PCR analysis are shown in Tables (4 and 5). Ninety-seven out of 126 (about 77%) RAPD-PCR specific markers are detected to be useful as cultivar-specific markers. The largest number of RAPD-PCR specific markers was shown for Sides 6 (36 markers), while the lowest (27 markers) was detected for the selected line. A number of 61 specific markers was detected for the presence of unique bands for a given cultivar (positive marker), while 42 were found for the absence of a common band (negative marker). The largest number of RAPD-PCR specific markers was generated by primer OPA11 (12 markers), followed by primer OPC18 (10 markers). On the other hand, the least number of RAPD-PCR specific markers was generated by primer OPC13 (4 markers) followed by OPA14 (5 markers).

Ko et al., 2002 concluded that the RAPD products amplified with OPC10 and OPH20 primers were detected in all materials containing rye chromatin, such as rye, triticale and wheat varieties with 1BL-1RS translocations, but were not amplified in the common wheat cultivars. Based on this assumption, OPC8600, OPA15700 and 1268, OPA111292, OPA201383,1238 and 1000, OPC31168 and OPA151901 primers were detected in the Pc 62 parent and the selected line and not found in the Sides 6 parent. Therefore, these six primers are considered as rye genome-specific RAPD markers especially for 5RL segment. The previous RAPD assays for identification of rye chromatin in wheat were carried out in 1BL-1RS translocation (Iqbal and Rayburn 1995; Koebner 1995), 2BL-2RS and 2BS-2Rl translocations (Brunell et al., 1999) or seven wheat-rye disomic addition lines derived from a rye genotype "Imperial" (Gallego et al., 1998). Hence, the RAPD markers identified from these studies could only be used for screening of wheat lines with 5RL, 5R or chromosomes derived from Petkus. All the six RAPD markers identified in this study were amplified in the parental Pc 62 and the selected line (2n=42+5RL). Therefore, these markers could give a positive reading whenever rye chromosomes are present in wheat, regardless of its genotype and chromosome number.

In wheat-rye hybridization, six rye genome-specific markers can effectively screen all wheat-rye addition lines. Efforts for rye introgression into the wheat genome have mostly succeeded by achieving wheat-rye chromosomal translocations (Rabinovich, 1998). When the frequency of rye chromosomes increase in the population, the opportunity of spontaneous translocation may increase between wheat and rye chromosomes. The application of these markers in early generation may increase the chances of translocation between rye and wheat chromosomes, so they do not directly facilitate the transfer of rye chromatin to wheat.

The dendrogram tree and the similarity indices among the two parental genotypes and the selected line utilizing RAPD-PCR markers (Figure 3 and Table 6) were detected by NTSYS PC as described by Rolf (1993). The analysis was depending on the number of markers that were different between any one pair of genotypes. The strongest relationship was detected between Sides 6 and the selected line (similarity index of 94 %), while the parental genotype Pc 62 was shown to be genetically distant when compared with the other two genotypes.

In conclusion, the SDS-PAGE electrophoresis and molecular genetic analysis used in the present study successfully distinguished among the parental genotype Sides 6 (free from 5Rl) and the parental genotype Pc 62 and the selected line containing 5RL segment. The specific RAPD markers will be useful as introgression markers for the presence of rye chromatin in a segregating population of interspecific hybrids between wheat and rye, or wheat and triticale. Furthermore, they could also be used as molecular markers for studying genome organization as well as genome evolution in triticeae. 
Table (3): DNA polymorphism using randomly amplified polymorphic DNA (RAPD) for the three Triticum aestivum genotypes with 13 primers.
	Band number
	M. W.

Kda
	Sides 6
	Selected Line
	Pc 62

	1
	2072
	OP-C19

	
	
	0
	0
	1

	2
	1500
	0
	0
	1

	3
	1300
	1
	0
	1

	4
	1200
	1
	0
	1

	5
	1000
	1
	0
	1

	6
	900
	1
	0
	1

	7
	878
	0
	1
	0

	8
	860
	1
	0
	0

	9
	700
	0
	1
	1

	10
	600
	1
	0
	0

	11

Total
	400


	0

6
	1

3
	1

8

	
	
	OP-C13

	1
	1300
	1
	1
	1

	2
	1100
	1
	1
	0

	3
	1000
	1
	0
	1

	4
	900
	1
	1
	1

	5
	878
	0
	0
	1

	6

Total
	860
	1

5
	0

3
	1

5

	
	
	OP-C08

	1
	1500
	0
	0
	1

	2
	1200
	1
	0
	0

	3
	1100
	0
	0
	1

	4
	900
	0
	0
	1

	5
	878
	1
	0
	0

	6
	860
	1
	0
	0

	7
	700
	1
	1
	1

	8
	600
	0
	1
	1

	9
Total
	422


	1

5
	1

3
	1

6

	
	
	OP-C07

	1
	1400
	1
	0
	0

	2
	1300
	1
	0
	0

	3
	1200
	1
	0
	0

	4
	1100
	1
	0
	0

	5
	1000
	1
	1
	0

	6
	900
	1
	1
	1

	7

Total
	800


	1

7
	0

2
	0

1


Cont' Table (3): DNA polymorphism using randomly amplified polymorphic DNA (RAPD) for the three Triticum aestivum genotypes with 13 primers.
	Band number
	M. W.

Kda
	Sides 6
	Selected Line
	Pc 62

	1
	1400
	OP-C04

	
	
	1
	0
	1

	2
	1300
	0
	0
	1

	3
	1200
	0
	0
	1

	4
	1100
	1
	1
	1

	5
	1000
	1
	0
	0

	6
	900
	1
	1
	1

	7
	878
	0
	1
	0

	8
	860
	1
	0
	0

	9
	700
	1
	1
	1

	10

Total
	600


	1

7
	0

4
	1

7

	
	
	OP-A15

	5
	1268
	0
	1
	1

	6
	1265
	1
	0
	0

	7
	1253
	1
	0
	0

	8
	1227
	1
	0
	1

	10
	1153
	1
	0
	0

	12
	1000
	1
	1
	1

	13
	900
	1
	1
	0

	15

Total
	700


	0

6
	1

4
	1

4

	
	
	OP-A14

	1
	1292
	0
	0
	1

	2
	1265
	1
	0
	1

	3
	1247
	0
	0
	1

	4
	1179
	1
	1
	1

	5
	1079
	1
	0
	1

	6
	1000
	0
	1
	0

	7

Total
	800


	1

4
	1

3
	1

6

	
	
	OP-A12

	1
	1336
	1
	0
	0

	2
	1292
	1
	1
	1

	3
	1265
	1
	1
	1

	4
	1247
	0
	0
	1

	5
	1222
	0
	1
	0

	6
	1179
	1
	0
	0

	7
	1079
	0
	0
	1

	8
	1000
	1
	0
	0

	9
	832
	0
	0
	1

	10

Total
	800


	1

6
	1

4
	0

5


Cont' Table (3): DNA polymorphism using randomly amplified polymorphic DNA (RAPD) for the three Triticum aestivum genotypes with 13 primers.
	Band number
	M. W.

Kda
	Sides 6
	Selected Line
	Pc 62

	1
	1400
	OP-A11

	
	
	1
	1
	0

	2
	1353
	0
	0
	1

	3
	1336
	0
	1
	0

	4
	1292
	0
	1
	1

	5
	1268
	1
	0
	0

	6
	1265
	0
	1
	0

	7
	1222
	0
	0
	1

	8
	1179
	1
	1
	0

	9
	1100
	0
	0
	1

	10
	1079
	0
	1
	0

	11
	900
	0
	0
	1

	12
	832
	0
	1
	0

	13

Total
	800


	1

4
	0

7
	0

5

	
	
	OP-A20

	1
	2072
	1
	0
	0

	2
	1500
	1
	0
	0

	3
	1400
	1
	1
	0

	4
	1383
	0
	1
	1

	5
	1369
	1
	0
	0

	6
	1300
	1
	1
	0

	7
	1292
	1
	1
	1

	8
	1265
	1
	1
	1

	9
	1238
	0
	1
	1

	10
	1222
	1
	0
	0

	12
	1179
	1
	1
	1

	14

Total
	1000


	0

9
	1

8
	1

6

	
	
	OP-C03

	1
	2460
	1
	0
	0

	2
	1778
	0
	1
	0

	3
	1722
	1
	1
	1

	4
	1599
	1
	1
	0

	5
	1505
	1
	1
	0

	6
	1451
	0
	1
	0

	7
	1348
	1
	1
	0

	8
	1305
	1
	1
	0

	9
	1260
	1
	1
	0

	10

Total
	1168


	0

7
	1

9
	1

2


Cont' Table (3): DNA polymorphism using randomly amplified polymorphic DNA (RAPD) for the three Triticum aestivum genotypes with 13 primers.
	Band number
	M. W.

Kda
	Sides 6
	Selected Line
	Pc 62

	1
	2460
	OP-C15

	
	
	1
	1
	0

	2
	2460
	1
	1
	0

	3
	2142
	1
	1
	1

	4
	1901
	0
	1
	1

	5
	1877
	1
	0
	0

	6
	1722
	1
	1
	1

	7
	1578
	1
	1
	1

	8
	1505
	1
	1
	1

	9
	1451
	0
	0
	1

	10
	1404
	0
	1
	0

	11
	1348
	1
	0
	1

	12

Total
	1305


	1

9
	0

8
	0

7

	
	
	OP-C18

	13
	2337
	1
	0
	1

	14
	2267
	1
	0
	1

	16
	2142
	0
	1
	0

	19
	1901
	0
	1
	0

	20
	1877
	1
	0
	1

	22
	1722
	1
	1
	1

	24
	1542
	0
	1
	0

	25
	1532
	1
	0
	1

	26
	1505
	0
	1
	0

	28
	1451
	0
	1
	0

	29

Total
	1348


	0

5
	1

7
	0

5


Table (4): Genotype-specific markers in three wheat genotypes resulting from RAPD-PCR analysis.

	Genotype
	Marker band (s)
	

	
	Positive
	Negative
	Total

	Sides 6
	OP-C19 (860,600 bp) 

OP-C08 (1200, 878, 860 bp) 

OP-C07 (1400,1300,1200,1000,800 bp)

OP-C04 (1000, 860 bp)

OP-A15 (1265,1253,1153 bp)

OP-A12 (1336, 1179, 1000 bp)

OP-A11 (1268, 800 bp)

OP-A20 (2072, 1500, 1369, 1222 pb)

OP-C03 (2460 pb)

OP-C15 (1877, 1305 pb)
	OP-C19  (700,400 bp) 

OP-C08 (600 bp) 

OP-C07 (0000 bp)

OP-C04 (0000 bp)

OP-A15 (1268,700 bp)

OP-A12 (0000 bp)

OP-A11 (1292 bp)

OP-A20 (1383, 1238, 1000 pb)

OP-C03 (1168 pb)

OP-C15 (1901 pb)
	4

4

5

2

5

3

3

7

2

3

	Selected Line
	OP-C19  (878 bp)

OP-C13 (0000 bp)

OP-C04 (878 bp)

OP-A15 (0000 bp)

OP-A14 (1000 bp)

OP-A12 (1222 bp)

OP-A11 (1336,1265,1079,832 bp)

OP-C03 (1778, 1451 bp)

OP-C15 (1404 bp)

OP-C18 (2142,1901,1542,1505,1451,1348 bp)
	OP-C19 (1300,1200,1000,900 bp)

OP-C13 (1000,860 bp)

OP-C04 (1400, 600 bp)

OP-C15 (1227 bp)

OP-A14 (1265,1079 bp)

OP-A12 (0000 bp)

OP-A11 (1100 bp)

OP-C03 (0000 bp)

OP-C15 (1348 bp)

OP-C18 (2337, 2267, 1877, 1532 bp)
	5

2

3

1

3

1

5

2

2

10

	Pc 62

	OP-C19 (2072,1500 bp) 

OP-C13 (878 bp) 

OP-C08 (1500,1100,900 bp)

OP-C07 (0000 bp)

OP-C04 (1300, 1200 bp)

OP-A15 (0000 bp)

OP-A14 (1292, 1247 bp)

OP-A12 (1247,1079,832 bp)

OP-A11 (1353, 1200,900 bp)

OP-A20 (0000 pb)

OP-C03 (0000 pb)

OP-C15 (1451 pb)
	OP-C19 (1100 bp) 

OP-C13 (0000 bp) 

OP-C08 (0000 bp)

OP-C07 (1000 bp)

OP-C04 (0000 bp)
OP-A15 (900 bp)

OP-A14 (0000 bp)
OP-A12 (800 bp)

OP-A11 (1400, 1179 bp)

OP-A20 (1400 pb)

OP-C03 (1599,1505,1348,1305,1260 pb)

OP-C15 (2460,2456 pb)
	3

1

3

1

2

1

2

4

5

1

5

3

	Total
	61
	42
	103


Table (5): Number of amplifed fragments and specific markers of three of wheat genotypes based on RAPD-PCR analysis.
	Primers
	TAF
	PB
	Genotypes
	TSM

	
	
	
	Sides 6
	S. line
	Pc 62
	

	
	
	
	AF
	SM
	AF
	SM
	AF
	SM
	

	C19
	11
	11
	6
	3
	3
	1
	8
	2
	6

	C13
	06
	04
	5
	0
	3
	2
	5
	2
	4

	C08
	10
	08
	5
	3
	3
	0
	6
	3
	6

	C07
	07
	06
	7
	5
	2
	0
	1
	1
	6

	C04
	10
	07
	7
	2
	4
	3
	7
	2
	7

	A15
	08
	07
	6
	5
	4
	1
	4
	1
	7

	A14
	07
	05
	4
	0
	3
	3
	6
	2
	5

	A12
	10
	08
	4
	3
	4
	1
	5
	4
	8

	A11
	13
	13
	4
	3
	7
	4
	5
	5
	12

	A20
	12
	09
	9
	7
	8
	0
	6
	2
	9

	C03
	10
	09
	7
	2
	9
	2
	2
	5
	9

	C15
	12
	04
	9
	3
	8
	2
	7
	3
	8

	C18
	11
	10
	5
	0
	7
	10
	5
	0
	10




TAF = Total amplified fragment, 

PB = Polymorphic bands, 

AF = Amplified fragments, 

SM = Specific marker, including either the presence or absence in a band in specific genotypes, 

TSM: Total number of specific markers across genotypes.
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Fig. (3): A dendrogram revealing the genetic distance among the three wheat hexaploid genotypes based on SDS-protein and RAPD-PCR analysis.  
Table (6): Similarity index (Pairwise comparison) among the three wheat hexaploid genotypes based on SDS-protein and RAPD-PCR analysis.
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Fig. (2): Chromosomal location of RAPD markers obtained with primers; OPA11, OPA12, OPA14, OPA15, OPA20, OPC3, OPC4, OPC7, OPC8, OPC13, OPC15, OPC18 and OPC19 using 1: Triticum aestivum CV. "Sides 6", 2:  Selected line with 5RL and 3: Triticum aestivum CV. "Pc 62". M: Molecular weight marker.

REFERENCES
Brunell, M. S.; Lukaszewski, A. J. and Whitkus, R. (1999):
Development of arm-specific RAPD marker for rye chromosome 2R in wheat. Crop Sci. 39: 1702-1706.

Dellaporta, S. L.; Wood, J. and Hicks, J. B. (1983):


A plant DNA minipreparation: version II. Plant Mol. Biol. Rep. 1:19-21.

Friebe, B.; Gill, B. S.; Tuleen, N. A. and Cox, T. S. (1995):

Registration of KS93WGR28 powdery mildew resistant T6BS.6RL wheat germplasm. Crop Sci. 35: 1237.
Friebe, B.; Hatchett, J. H., Sears, R. G. and Gill, B. S. (1990):

Transfer of Hessian fly resistance from "Chaupon" rye to hexaploid wheat via a 2BS-2RL wheat-rye chromosome translocation. Theor. Appl. Genet. 79: 385-389.

Gallego, F. J.; Lopez-Solanilla, E.; Figueiras, A. M. and Benito, C. (1998):

Chromosomal location of PCR fragments as a source of DNA markers linked to aluminium tolerance gene in rye. Theor. Appl. Genet. 96: 426-434.

Gupta, P. K.; Varshney, R. K.; Sharma, P. C. and Ramesh, B. (1999):
Molecular markers and their applications in wheat breeding. Plant breeding. 118: 369-390.
Iqbal, M. J. and Rayburn, A. L. (1995):

Identification of the 1RS rye chromosomal segment in wheat by RAPD analysis. Theor. Appl. Genet. 91: 1048-1053.

Ko, J. M.; Do, G. S.; Suh, D. Y.; Seo, B. B.; Shin, D. C. and Moon, H. P. (2002):
Identification and chromosomal organization of two rye genome-specific RAPD products useful as introgression markers in wheat. Genome 45: 157-164.

Koebner, R. M. D. (1995):
Generation of PCR-based markers for the detection of rye chromatin in a wheat background. Theor. Appl. Genet. 90: 740-745.

Leach, R. C. and Dundas, L. S. (2006):
Single nucleotide polymorphic marker enabling rapid and early screening for the homeolocus of β-amylase-R1 : a gene linked to copper efficiency on 5RL. Theor. Appl. Genet. 113: 301-307.

Lee, J. H.; Graybosch, R. A.; Kaeppler, S. and Sears, R. G. (1995):
Molecular markers for a 2BS-2RL wheat-rye chromosome translocation. Annu. Wheat Newslett., 41: 281.

Rabinovich, S. V. (1998):
Importance of wheat-rye translocations for breeding modern cultivars of Triticum aestivum L. Euphytica, 100: 323-340.

Rolf, F. J. C. (1993):
NTSYS-PC numerical taxonomy and multivariate analysis. Appl. Biostatics, New York.

Schlegel, R.; Werner, T. and Hülgenhof, E. (1991): 
Confirmation of a 4BL-5RL wheat-rye translocation line in the wheat cultivar "Viking" showing high copper efficiency. Plant breeding. 107: 226-234.

Wang, e.; Xing, H.; Wen, Y.; Zhou, W.; Wei, R. and Han, H. (1998):

Molecular and Biochemical characterization of a non-Robertsonian wheat-rye chromosome translocation line. Crop Sci., 38: 1076-1080.

Williams, J. G. K.; Connor, W.; Wosnick, M. A.; Aiken, J. M.; Gedamu and Dixon, G. H. (1990):
DNA polymorphism amplified by arbitrary primers are useful as genetic markers. Nucl. Acids Res. 18: 6531-6535.

Zeller, F. J. (1973):

1B/1R wheat-rye chromosome substitutions and translocations. Proc. 4th Int. Wheat Genet. Symp., Columia, 209-221.

Zeller, F. J. and Hsam, S. L. K. 0(1983):

Broadening the genetic variability of cultivated wheat by utilizing rye chromatin. Proc. 6th Int. Wheat Genet. Symp., Kyto, 161-173.

دراسات وراثية جزيئية على سلالة منتخبة ذات انتقال كروموسومى

بين القمح و الراى (4BS.4BL-5RL) و ذات كفاءة عالية

فى إمتصاص النحاس

مخلوف محمد محمود بخيت

قسم الوراثة، كلية الزراعة، جامعة بنها، مصر

الملخص العربى

إجريت دراسات وراثية جزيئية على نباتات السلالة المنتخبة بالاضافة الى الابوين (سدس 6 و بى سى 62) فى صورة التفريد الكهربى للبروتين و بوادىء ال RAPD . أظهرت نتائج تفريد البروتين أن عدد الحزم الكلية 22 حزمة و يتراوح الوزن الجزيئى لها بين 16.90 و 96.50 كيلو دالتون. بينت النتائج أن كل الحزم الناتجة كانت متباينة (polymorophic bands) بنسبة 100 %. تميز الصنف سدس 6 بوجود سبعة حزم متفردة (unique bands) مقارنة بالصنف بى سى 62 و السلالة المنتخبة. بينما أظهر الصنف بى سى 62 تفردا فى حزمتين فقط (15 و 16) فى حين وجدت سبعة حزم متفردة فى حالة السلالة المنتخبة. وجد ان هناك حزمتان متشابهتان فى كل من الصنف بى سى 62 و السلالة المنتخبة (4 و 22) و الذى يمكن اعتبارهما حزما خاصة بالقطعة الكروموسومية المنتقلة 5RL. 
بالنسبة لتحليل RAPD-PCR ، كان عدد الحزم الكلية 126 و التى انبثقت عن 13 بادىء عشوائى للثلاثة تراكيب وراثية المستخدمة فى هذه الدراسة. كان حوالى 82.5 % من هذه الحزم (104 حزمة) مفيدا. وجد أن اقل عدد من الحزم المتباينة اظهره البادىء OPC13 (أربعة حزم من تسعة حزم) و أعلى عدد من الحزم المتباينة بينه البادىء OPA11 (كل الثلاثة عشرة حزمة الناتجة). فى نفس الوقت، كان عدد الحزم المتشابه فى الثلاثة تراكيب وراثية 22 حزمة. وجد ان عدد الحزم الناتجة من بوادىء الRAPD-PCR 97 حزمة. و كان اكبر عدد من الحزم الناتجة من بودىء الRAPD-PCR فى الصنف سدس 6(36 حزمة) بينما اقل عدد كان فى السلالة المنتخبة (27 حزمة).

أظهرت البوادىء OPC15, OPC3, OPA20, OPA11,OPA15 and OPC8 حزما خاصة فى كل من الصنف بى سى 62 و السلالة المنتخبة وكانت غائبة فى الصنف سدس 6. و بالتالى يمكن اعتبار ان هذه البوادىء الستة و هى بوادىء الRAPD-PCR متخصصة لجينوم الراى و خاصة القطعة الكروموسومية 5RL.          
