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Concerning: Short – Term Scientific Mission (STSM) within the COST scientific
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Subject: Genetic characterization of Bulgarian raspberry germplasm using recently developed high throughput molecular markers.

The research programme has been defined in SCRI with Dr. J. Graham (programme: Genetics at SCRI) within the framework of one month 16/04/2007 – 15/05/2007.

The research activity has been directed to application of mapped microsatellite markers (SSR) for

assessment of genetic diversity among Bulgarian and UK germplasm collections.

Material and method

Plant Material

In our study we include more important Bulgarian cultivars: Bulgarian Rubin, Iskra, Shopska alena, Samodiva, Lyulin and more perspective Elites: 27423, 21839, 25944, 27272, 27611, 27419, 26757, 22005, 27260, 25927, 22297, 21878, 26665, E-3, E-1, H2, H3, H4 and H8.
The breading programme implementation in Bulgaria is directed to fruit quality and high yield.

From UK raspberry germplasm selection were selected the follow varieties: Malling Jewel,

Glen Coe, Glen Garry, Glen Ample, Glen Prosen, Glen Magna, Loyd George, Glen Rosa, Loch Ness, Cumberland, Glen Shee, Pynes, Malling Admiral, Glen Moy, Cuthbert, Malling Exploit, Glen Lyon, Malling Promise and two American accessions: Latham and Willamette were selected on basis of fruit quality and pest resistance characters.

DNA isolation and fragment analysis:

DNA was isolated using 2 x CTAB method according to Murray and Thompson (1980).
For checking the DNA quality and quantity was used 1.0 % agarose electrophoresis and nanoDrop spectrophotometer. 
Microsatellite amplifcation was performed in a 25 μl reaction with 20 ng gDNA, 2μM of

each primer, 200μM of each nucleotide, 1% reaction buffer (10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl2) and 0.5U Taq DNA polymerase (Roche) per reaction, in Gene Amp PCR System 9700 thermal cycler (Applied Biosystems) for 35 cycles with initially denaturation at 
94 ºC for 4.0 min; 94 ºC for 0.45 min, annealing at 59 ºC for 0.45 min, and extension at 72 ºC for 1.0 min, with final extension step of 5 min at 72ºC. For visualization, the 5’ ends on Forward primers were fluorescently labeled by HEX /FAM.
PCR products were prepared according Macaulay et al. (2003) for analysis on 48-capillary ABI 3730 DNA Analyzer. Allele sizes were determined using GenMapper v 3.7 software (Applied Biosystems) by comparison to ROX/LIZ 500 as internal size standard.
Data Encoding:
Fragments amplified with microsatellite primers were scored as presence (1) and absence (0).

Gene diversity (GD) was calculated using formula of Nei, [GD=1-∑ Pij 2]. 
Polymorphism information content (PIC) was estimated according Botstein et al. 1980.
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where pi is the frequency of the ith allele, and n is the number of alleles
Hierarchical cluster analysis under unweighted pair-group method with an arithmetic average (UPGMA).  Methodology was applied through NTSYS pc 2.11x 
Results and discussion  

Microsatellite Polymorphism

Forty eight raspberry accessions (21 Bulgarian, 18 from UK germplasm collections, 2 from US and 2 wild species (R. occidentalis, R. odoratus) were genotyped using 9 microsatellite markers.

A total of 59 alleles were detected at 9 SSR loci studied. The number of alleles per locus varied between 4 for locus Rubusr76b to 10 for loci Rubusr 35a respectively, with an average number of 6.5 alleles per locus. A comparison of the used SSR markers (Table 1) with regard to their information content number of alleles and Probability of Identity value was done.

The probability of identity (PI) was quite variable, as were the diversity index reflecting the range

and frequencies of alleles detected by each microsatellite marker (Table 2). PI showed that the

most informative loci for the studied varieties were Rubusr47a, Rubus6a and Rubusr35a with the highest number of alleles and PI values 0.3683, 0.2251, and 0.2685 respectively.
Genetic Diversity

Genetic diversity (GD) was studied in a set of 48 raspberries and separately in the groups representing different geographical regions: Europe (Bulgaria and UK), and USA. Mean Genetic Diversity (MGD) in all studied loci was 0.6114 (Table 2). The lowest GD was calculated for locus Rubus22a with 0.46701 and highest for locus Rubus6a with 0.6905 respectively. Genetic diversity (GD) in the group of Bulgarian varieties was 0.4628 compared to UK with 0.5519 and Foreign - 0.6201 respectively. The lowest GD observed in the set of US raspberry varieties is probably due to the inclusion of less genotypes.
Estimate heterozigosity
The application of co-dominant SSR markers has allowed the evaluation of heterozigosity.

The estimated values of the expected heterozigosity of the studied loci ranged from 0.2916 at locus Rubus98d to 0.666 at locus Rubusr76b with a mean value of 0.4722. The observed heterozigosity is lower than the expected one in all studied microsatellite loci. Conversely, the study of the set of 50 Rubus genotypes, including Rubus species material, European and North American red raspberry cultivars (R. idaeus), black raspberry (R. occidentalis) and purple raspberry (R. idaeus x R. occidentalis), blackberries (R. fructosus L. agg) and hybrids with 10 SSR markers showed that the observed heterozigosity (Ho) is higher than the expected ones in most loci (6). Different level of mean heterozigosity has also been observed among parental lines (40% for Glen Moy and 84% for Latham, respectively) used in the creation of a mapping population for construction of a genetic linkage map with AFLPs, genomic- and EST- SSR markers (2). Comparing the results obtained for Bulgarian and world-wide raspberry germplasm
collections (1) we can suppose that the heterozygous deficiency observed in the studied set of
raspberry genotypes from Bulgarian collection is probably due to the constrains of breeding
techniques applied during the development of cultivars as it has been proposed for related species (3). In order to characterize further the structure and grouping of 48 raspberry accessions from

Bulgarian, UK and US raspberry germplasm collections a dendrogram deriving from UPGMA cluster analysis based on the genetic similarity (GS) coefficient matrix was designed (Fig. 1) Generally all accessions could be distinguished. The dendrogram clearly shows the presence of 2 main clusters. The highest genetic similarity /100% / at the studied 9 microsatellite loci was observed between two Bulgarian accessions Samodiva and 23005.

The genome constitution of cv. Samodiva (Bulgarian rubin x Shopska alena) is close to the parental line Shopska Alena. 
Table 1. Description of 9 microsatellite markers, number of alleles across 48 raspberry

accessions
	Microsatellite
	Motif
	Expected

size (bp)
	Size range

(bp)
	Major allele


	Number of

alleles



	Rubus1a
	(ta)12-(ag)10
	160
	144 - 180
	144
	9

	Rubusr47a
	(ct)7 – (ta)7
	203
	190 - 218
	203
	7

	Rubus20a
	(a)14
	139
	139 - 165
	139
	5

	Rubusr59b
	(ct)9
	240
	195 - 279
	200
	5

	Rubus22a
	(at)16-(gt)5
	150
	130 - 150
	150
	5

	Rubusr76b
	(ct)5-(ct)4
	190
	190 - 210
	200
	4

	Rubus6a
	(ct)16-(ca)32
	139
	110 – 155
	130
	7

	Rubusr35a
	(ct)8
	226
	205 – 235
	226
	10

	Rubus98d
	(gaa)5-(ga)6
	173
	173 – 220
	195
	7

	Total
	
	
	
	
	59


Table 2. Genetic diversity (GD) in 48 raspberry varieties and wild species, observed   

                heterozigosity at 9 microsatellite loci
	Microsatellite
	Genetic Diversity
	Heterozigosity

	Polymorphism information content

PIC
	Probability

of identity
PI

	
	Bulgarian varieties
	Scottish varieties
	Foreign
varieties
	Total GD
	
	
	

	Rubus1a
	0.4727
	0.7438
	0.6122
	0.6751
	0.6041
	0.4781
	0.1814

	Rubusr47a
	0.4716
	0.4475
	0.5000
	0.5260
	0.3333
	0.6498
	0.3683

	Rubus20a
	0.2142
	0.6774
	0.6632
	0.6534
	0.4375
	0.6047
	0.2661

	Rubusr59b
	0.3662
	0.6342
	0.6428
	0.6030
	0.5000
	0.5704
	0.2553

	Rubus22a
	0.3083
	0.4012
	0.6224
	0.4670
	0.3958
	0.3984
	0.4896

	Rubusr76b
	0.5770
	0.5493
	0.5408
	0.6167
	0.6666
	0.5367
	0.3868

	Rubus6a
	0.6893
	0.5108
	0.6938
	0.6905
	0.4375
	0.6474
	0.2251

	Rubusr35a
	0.5090
	0.6666
	0.6530
	0.6773
	0.5625
	0.6225
	0.2685

	Rubus98d
	0.5566
	0.3364
	0.6530
	0.5935
	0.2916
	0.5542
	0.2830

	Mean
	0.4628
	0.5519
	0.6201
	0.6114
	0.4722
	0.56251
	1.472 x10-5


Fig. 1. Genetic relationship between 48 raspberry accessions using UPGMA cluster
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As additional milestones was initiated characterization of some important for humane health secondary metabolites (Quercetin, Isoquercitrin, Tiliroside, hyperosyde; kaempherol; Caffeic acid, p-Coumaric acid, Ferulic acid, Ellagic acid) in raspberries.
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