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AB ST R ACT
As an important producer of soft fruits Bulgaria has a rich germplasm collection
of both Bulgarian and foreign varieties with valuable agronomic characters of
commercial value. In addition to morphological descriptions used for classification of
species and cultivars the molecular characterization of raspberry germplasm
collection should enable breeders to expand genetic diversity in breeding material and
can facilitate the accurate selection of genotypes with valuable agronomic characters
in breeding programmes.
In this article we present our initial study on the assessment of genetic diversity
among Bulgarian and foreign raspberry accessions using Simple Sequence Repeat
(SSRs) and Random Amplified Polymorphic DNA (RAPDs) markers. Twenty eight
raspberry genotypes (nineteen Bulgarian, eight foreign and two wild accessions) were
screened for their polymorphism at four microsatellite loci. The value determined for
genetic variation demonstrated a high genetic diversity in the Bulgarian raspberry
germplasm collection. Genetic diversity (GD) calculated from SSR data ranged from
0.816 to 0.925 with a mean GD – 0.863. RAPD assay using 4 arbitrary 10-base
primers was applied as complementary marker system for gene diversity studies in 14
varieties and elite raspberry lines. A total of 56 fragments were recorded, of which
87.5% were polymorphic. The Genetic Similarity (GS) among genotypes evaluated
from RAPD data ranged from 0.480 to 0.952 thus indicating that a high level of gene
diversity is present in the selected genotypes. RAPD analysis proved to be efficient
for discrimination of elite raspberry lines with common pedigree.
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INTRODUCT ION
The genus Rubus is one of the most diverse in the plant kingdom with
over 500 heterozygous species within 12 subgenera (Jenings, 1988). The most
commercially important of the domesticated subgenera is Ideobatus
(raspberries). The subgenera contain some 200 species showing considerable
differentiation, of which the most commercially important are the European
red raspberry (R. ideus ssp. vulgatus Arrhen.), the North American red
raspberry (R. ideus ssp. Strigosus Michx) and the black raspberry (R.
occidentalis L.) Roach (1985) and Jennings (1988) gave account of the early
domestication of red raspberry (R. ideus). Five parent cultivars dominate the
ancestry of red raspberry: Lloyd George and Pynes Royal entirely derived
from the European subspecies and Preussen, Cuthbert and Newburgh derived
from both European and North American subspecies. Domestication has
resulted in a reduction of both morphological and genetic diversity in red
raspberry (Haskell, 1960 and Jenings, 1988) with modern cultivars being
genetically similar (Dale et al., 1993; Graham and McNicol, 1995). The
accurate classification of species and cultivars based on morphological
characters can be difficult. The development of molecular biology has
resulted in DNA based marker procedures that should lead to a greater
understanding of relationships between species and more accurate taxonomic
classification. These techniques should also allowed more effective
understanding of crop plant’s genetic architecture and utilization of genetic
diversity by breeders and identification of species and cultivars by means
other than morphological characteristics (Graham et al., 2002). Chloroplast
DNA probes has been unable to detect variation between raspberry cultivars
(Waugh et al., 1990) and minisatellite DNA and other oligonucleotides used
as probes in RFLP analyses (Nybom and Schad, 1990; Parent and Page, 1992)
have proved to be time consuming and require the use of radioisotopes.
In the past decade, the polymerase chain reaction (PCR) has emerged as
a promising technique in molecular genetic studies (Williams et al., 1990).
Different marker systems based on PCR such as RAPDs, AFLPs and
microsatellites, have been extensively used in detection of DNA differences in
Rubus and its wild progenitor Rubus idaeus. RAPD markers have been used
in studies related to genetic variation among cultivars from Tayside area
(Graham and McNicol, 1995) and spatially separated populations of wild
Rubus idaeus (Graham and McNicol, 1995). RAPD analysis has been also
applied by Gidoni et al. (1994) for fingerprinting and obtaining of markers for
variety protection of commercial strawberries (Fragaria ananassa Dutch).
Genetic maps based on RAPD markers have been constructed from Davis and
Yu (1997), Levi et al. (1994), for diploid strawberry (Fragaria vesca) and
diploid blueberry (Vaccinium spp.).
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SSR markers have become quite useful in various aspects of molecular
genetic studies, including assessment of genetic diversity (Amsellem et al.,
2001, Ashley et al., 2003), fingerprinting (Rongwen et al., 1995), ecologicalgenetic studies (Li et al., 2000), marker-assisted selection (Fazio et al., 2003),
and genetic linkage mapping (Akkaya et al., 1995; Broun and Tankley, 1996;
Graham et al., 2004). The proven advantages of SSR markers is due to their
high information content (PIC), co-dominant inheritance, locus specificity,
extensive genome coverage and simple detection using labelled primers that
flank the microsatellite and hence define the microsatellite locus (Graham et
al., 2002; 2004). PCR-based DNA markers (RAPDs, AFLPs, genomic SSRs
and EST-SSRs) and genetic linkage map in Rubus has been developed in
Scottish Crop Research Institute by Graham et al. (2004). Such genetic
linkage maps can facilitate the application of diagnostic DNA markers for
polygenic traits and the identification of genes controlling complex phenotypes.
As a traditionally important producer of soft fruits Bulgaria has a rich
germplasm collection of both Bulgarian and foreign varieties with valuable
agronomic characters of commercial value. In addition to morphological
descriptions used for classification of species and cultivars and characterization of the Bulgarian raspberry germplasm collection a programme for
assessment the genetic diversity by both microsatellite and RAPD markers
was recently initiated. The application of molecular markers should allowed
more efficiently understanding of the crop plant genetic architecture, the
identification of species and cultivars by means other than morphological
characters and should also give an unable of breeders to expand genetic
diversity in breeding material and can facilitate the accurate selection of
genotypes with valuable agronomic characters in breeding programmes.
The objective of the present study was to use SSR and RAPD markers for
assessment the genetic diversity among raspberries accessions from Bulgarian
germplasm collection.

MATERIAL AND M ETHODS
Plant material
28 raspberry accessions of Bulgarian collection including 18 Bulgarian
varieties and lines, 8 international varieties and 2 wild raspberry species: R.
occidentalis and R. adiene were chosen for microsatellite analysis (Tab.
1). Twelve varieties and 14 lines obtained by intraspecific cross were
subjected for RAPD analysis.
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T a b l e 1 . Origin and geographical distribution of 28 raspberry accessions

Bulgaria
1. Shopska Alena
2. Lulin
3. Bulgarski Rubin
4. Iskra
5. Samodiva
6. Elit – 1
7. Elit – 3
8. 27337 (Samodiva
x 7667)
9. 27555 (Samodiva
x Gradina)
10. 26666 (Samodiva
x Gradina)
11. 26664 (Samodiva
x Gradina)
12. 25927 (Samodiva
x Podgorina)
13. 27562 (Samodiva
x Veten)
14. 23006 (Samodiva
8000Ro)
15. 23005 (Samodiva
8000Ro)
16. 21893
(Willamette x
Shopska Alena)
17. 21840
(Willamette x
Shopska Alena)
18. 23501 (Iskra x
Novost Kuzmina)
19. 26101 (Lulin x
1193)
20. Rubus
occidentalis
21. Rubus adiene

Geographical region/Country
Europe
SwitzerGermany
Norway
land
1. Zeva-3 1. Schonemone 1. Vetten

Canada

USA

1. Tulameen

1. Meeker
2. Heritigae
3. Fairview

DNA isolation and fragment analysis
DNA was isolated according to Murray and Thompson (1980). Four
microsatellite markers (26, 108, 118 and 126) were selected for genotyping
(Graham et al., 2002; 2004). PCR reactions were performed as described by
Graham et al. (2002). Microsatellite alleles were detected on an automated
laser fluorescence (ALF expressed II) sequencer and analyzed using the
software Allele Locator 1.03 (Amersham Biosciences) by comparison to
internal size standards with length of 100, 150, 200, 250, 300, 350 bp
amplified from pUC19 vector.
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Four 10-base primers (Operon Technologies Inc. – USA, Amersham
Biosciences – USA) were selected for amplification of gDNA of 14 Bulgarian
varieties and lines. Amplification reaction was performed in conformity with
the requirement of the kit “Ready-To-Go RAPD Beads” – Amersham
Biosciences (USA). For RAPD analyses samples were pre -denatured for
5 min at 95°C, followed by 45 cycles of polymerization reaction, each
consisting of a denaturation step for 1 min, an annealing step for 1 min at
36°C and an extension step for 2 min at 72°C. The last cycle was followed by
5 min at 72°C. The amplification program was performed on a thermocycler
model MiniCycler TM, MJ Research (USA). Amplified DNA fragments were
separated in 2% agarose gels (1xTAE) stained with ethidium bromide,
visualized under UV light and photographed.
Data analysis
Fragments amplified with microsatellite and RAPD primers were scored
as presence (1) and absence (0). Genetic diversity was calculated using
formula [GD=1-ΣPij2]. Genetic similarity (GS) between varieties and lines
was estimated according to formula of Nei and Li (1979). The fraction of
bands common between 2 genotypes was estimated using the following
formula: GSij = 2Nij / (Ni+Nj).
Hierarchical cluster analysis under unweighted pair-group method with an
arithmetic average (UPGMA) methodology was applied through XLSTAT 7.5
to build the dendrogram of genetic similarities.

RESULTS
GENETIC DIVERSITY STUDIES USING SSR MARKERS
Microsatellite polymorphism
A set of 4 raspberry microsatellite markers was used for assessment of
genetic diversity in 26 raspberry accessions (R. idaeus) and 2 wild raspberry
species: R. occidentalis and R. adiene from Bulgarian germplasm collection.
A total of 58 alleles were detected at 4 studied microsatellite loci. The number
of alleles per locus varied between 6 for locus 108 to 21 for locus 118 with an
average number of 14.5 alleles per locus (Tab. 2).
A total number of 33 alleles with a mean 8.25 alleles/locus were
obtained for 19 Bulgarian raspberry genotypes. For European, Canadian and
American genotypes were detected a total 28 alleles with a mean 7 alleles per
locus.
A comparison of the used SSR markers (Tab. 2) with regard to their
information content (PI) (number of alleles and Probability of Identity value)
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was done. The probability of identity was quite variable, as were the diversity
index reflecting the range and frequencies of alleles detected by each
microsatellite marker (Tab. 3). PI showed that the most informative loci for
the studied varieties were 118 and 26 with the highest number of alleles and
PI values 0.0182 and 0.060 respectively.
T a b l e 2 . Description of 4 microsatellite markers, allele size, major allele and
number of alleles across 28 raspberry accessions
Microsatellite
108
118
126
26
Total
Mean

Motif
(CT)9 (AT)5
(CT)25
(CT)31 (C) 22
(CT)11 (C)29

Allele size
[bp]
150-159
60-157
88-196
87-196

Major allele

Number of alleles

157
107
88
136, 182

7
21
17
13
58
14.5

SSR marker was for distinguishing of two mutant lines (No 23006 and
No 23005) obtained by γirradiation of “
Samodiva”was obtained. Both lines
Genetic diversity
T a b l e 3 . Genetic diversity (GD) in 27 raspberry varieties and 2 wild species,
observed (Ho) and expected (He) heterozigosity at 4 microsatellite loci
Microsatellite

Bulgarian
varieties

Genetic diversity
European American
varieties
varieties

total
GD

Heterozigosity
Ho

He

Probability
of identity
[PI]

108

0.7731

0.7222

0.8000

0.816

0.5357

0.8157

0.113

118

0.8843

0.6111

0.7400

0.925

0.5357

0.9279

0.018

126

0.7577

0.6666

0.7400

0.858

0.7143

0.8546

0.060

26

0.6929

0.7777

0.7600

0.854

0.5714

0.8584

0.063

Mean

0.7770

0.6944

0.7600

0.863

0.5892

0.8642

7.878x10

-6

Genetic diversity (GD) was studied in a set of 28 raspberries from
Bulgarian collection and separately in the groups representing different
geographical regions: Europe, Canada and United States. Mean Genetic
Diversity (MGD) in all studied loci was 0.863 (Tab. 3). The lowest GD was
calculated for locus 108 with 0.816 and highest for locus 118 with 0.925
respectively. Genetic diversity (GD) in the group of Bulgarian varieties was
0.777 compared to European with 0.694 and American – 0.760 respectively.
The higher GD observed in the set of Bulgarian raspberry varieties is probably
due to more genotypes included in the trial.
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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 0.8156 at locus 108 to 0.9279 at locus 118 with
a mean value of 0.8641.
Correspondingly the estimated value of the observed heterozigosity of the
studied loci (the percentage of heterozygous individuals among all tested
ones) varied between 0.535 at loci 108 and 118 to 0.714 at locus 26 with
a mean value of 0.5892. 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 (Graham et
al., 2002). Different level of mean heterozigosity has also been observed
among parental lines (40% for Glen Moy and 84% for Latham, respectively)
including in creation of mapping population for construction of genetic map
with AFLPs, genomic- and EST- SSR markers (Graham et al., 2004). In our
study different levels of mean heterozigosity was observed for the parental
lines of cv. Samodiva (25% for B. Rubin and 75% for Shopska Alena). The
level of heterozigosity in elite Bulgarian raspberry lines varied between 50
and 100%. Lines No27337, No26101, No26666 and No21840 are
characterized by 50% heterozigosity. 75% heterozigosity was found for lines
No 21839, No 25927, No 26664, No 27555, No 23006 and No 23005. 100%
heterozigosity at four SSR loci was found in lines No 23501 (Iskra x Novost
Kuzmina) and No 27562 (Samodiva x Veten).
In order to characterize further the structure and grouping of 29 raspberry
accessions from Bulgarian raspberry germplasm collection 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.
Grouping of accessions originating from different geographical regions was
observed. All Bulgarian raspberries were grouped in one cluster together with
2 European (Schonemone and Veten), Canadian (Tulameen) and one
American (Willamette) varieties. The hybrid – cv. Samodiva (B. Rubin x
Shopska Alena) and one of its parents (B. Rubin) are grouping in one of the
subclusters obtained. We suggest that a specific flow of the studied
chromosomal regions (alleles) from one of the parents into the genome of cv.
Samodiva occurred. Mutant lines No23006 and No23005 (Samodiva 8000
Ro) which are characterizing with highest level of genetic similarity are
grouped close to each other in one of subclusters.
J. Fruit Ornam. Plant Res. vol. 14 (Suppl. 1), 2006: 61-76

67

I. Badjakov et al.

Dendrogram
0

D issi mi larity

0.200

0.400

0.600

Vet en

R ubus oc identalis

Willamett e

Schonemone

Elit -1

Tul ameen

Elit -3

Shopsk a alena

I sk ra

Samodiv a

Bulgars k i rubin

23005 (Samodiv a 8000 Ro)

23501 (I sk ra x Novost K uz mina)

27562 (S amodi va x V et en)

23006 (Samodiv a 8000 Ro)

21840 (Willamett e x Shops ka alena)

Lulin

25927 (S amodiva x P odgorina)

26101 (Luli n x 1193)

21839 (Willamett e x Shops ka alena)

27555 (Samodi va x Gradina)

26664 (Samodi va x Gradina)

R ubus adiene

26666 (Samodi va x Gradina)

Meek er

Herit igae

Zeva - 3

1

Fairvi ew

0.800

Figure 1. Genetic relationship between 28 raspberry accessions based on SSR’s data
using UPGMA cluster analysis

RAPD ANALYSIS AS A TOOL FOR EVALUATION OF GENETIC
DIVERSITY AMONG BULGARIAN VARIETIES AND ELITE LINES

RAPD analysis of 14 raspberry varieties and elite lines was performed
using a set of four 10-base oligonucleotides with arbitrary sequence and 6070% (G+C) content. RAPD patterns obtained are characterized with high
reproducibility under the established PCR conditions. A total of 56 fragments,
ranging from 200 to 1800 bp were recorded, 87.5% of which were
polymorphic.
The four primers (OPA07, OPA17, OPB19 and OPC08) used in RAPD
analysis generated high number of polymorphic bands and could be
successfully used for discrimination of lines No 26666, No 26664, No27555
(Samodiva x Gradina), and lines No21839 and No21840 (Willamette x
Shopska Alena) with common pedigree (Tab. 1) but characterizing with
different morphological characters (data not shown).
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RAPD polymorphism generated with primer OPA07 in elite lines with
common pedigree
Primer OPA07 produced an additional band of 700 bp in lines No26666
and No27555 in comparison to No26664. An additional band with length of
300 bp was detected in No26666 in comparison to No26664 and No27555.
An additional band of 400 bp and absence of 650 bp band was detected in
No27555 in comparison to other 2 lines (No26666 and No26664) deriving
from the same cross (Samodiva x Gradina) (Fig. 2).
M-b 1* 2

3

4

5

6 7

8

*Line 1 – 27337 (Samodiva x 7667)
Line 2 – 26101 (Lulin x 1193)
Line 3 – 26666 (Samodiva x Gradina)
Line 4 – 21839 (Willamette x Shopska Alena)
Line 5 – 25927 (Samodiva x Podgorina)
Line 6 – 26664 (Samodiva x Gradina)
Line 7 – 27555 (Samodiva x Gradina)

9

10 11 12 13 14

Line 8 – 21840 (Willamette x Shopska Alena
Line 9 – 23501 (Iskra x Novost Kuzmina)
Line 10 – 27562 (Samodiva x Veten)
Line 11 – 23006 (Samodiva 8000 Ro)
Line 12 – 23005 (Samodiva 8000 Ro)
Line 13 – Shopska Alena
Line 14 – Lulin

Figure 2. RAPD banding patterns of 14 Bulgarian raspberry accessions generated by
primer OPA17; M-b – Marker SmartLadder

RAPD polymorphism generated with primer OPA17 in elite lines with
common pedigree
A. OPA17 RAPD polymorphism in elite lines of the cross (Willamette x
Shopska Alena): OPA17 RAPD pattern of line No21840 is
characterizing with absence of 2 bands with length 380 bp and 1100
bp respectively in comparison to No21839.
B. OPA17 RAPD polymorphism in elite lines of the cross (Samodiva x
Gradina): Absence of 2 fragments (390 bp and 900 bp) was observed
in No26666 and No26664 in comparison to No27555. Two additional
J. Fruit Ornam. Plant Res. vol. 14 (Suppl. 1), 2006: 61-76
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bands (750 bp and 850 bp) were detected in OPA17 RAPD pattern of
line No26664 in comparison to lines No26666 and No27555 (Fig. 3).
M-b 1* 2 3

4

5

6 7

8

9 10 11 12 13 14

*For explanation, see Figure 2

Figure 3. RAPD RAPD banding patterns of 14 Bulgarian raspberry accessions
generated by primer OPA07; M-b – Marker SmartLadder

RAPD polymorphism generated with primer OPB19 in elite lines with
common pedigree
A. OPB19 RAPD polymorphism in elite lines of the cross (Willamette x
Shopska Alena): Two additional bands (300 bp and 450 bp) were
observed in OPB19 RAPD pattern of line No21840 in comparison
to No21839.
B. OPB19 RAPD polymorphism in elite lines of the cross (Samodiva x
Gradina): An additional band with 600 bp length was detected in
OPB19 RAPD pattern of line No26666 in comparison to lines No
26664 and No27555. Variation in the length of low molecular
weight bands was observed (320 bp in No 26666 and No 26664, and
300 bp in No27555 (Fig. 4).
RAPD polymorphism generated with primer OPC08 in elite lines with
common pedigree
A. OPC08 RAPD polymorphism in elite lines of the cross (Willamette x
Shopska Alena): Absence of 1000 bp fragment in OPC08 RAPD
pattern of line No21839 and variation in the length of lower
molecular weight fragments (450 bp in line No21839 and 500 bp in
line No21840) were detected.
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B. OPC08 RAPD polymorphism in elite lines of the cross (Samodiva x
Gradina): Few additional high molecular weight bands (between
1300-1400 bp) and absence of 600 bp band was observed in OPC08
RAPD pattern of line No26664 in comparison to lines No26666 and
No27555 (Fig. 5).
M-a 1* 2

3

4

5

6

7

8

9 10 11 12 13 14

800 bp

*For explanation, see Figure 2

Figure 4. RAPD banding patterns of 14 Bulgarian raspberry accessions generated by
primer OPB19; M-a – Marker 100 bp
M-b 1* 2 3 4 5 6 7 8 9 10 11 12 13 14

*For explanation, see Figure 2

Figure 5. RAPD banding patterns of 14 Bulgarian raspberry accessions generated by
primer OPC08; M-b – Marker SmartLadder
J. Fruit Ornam. Plant Res. vol. 14 (Suppl. 1), 2006: 61-76
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Genetic variation among lines No23006 and No23005 which are experimentally
induced mutants, obtaining by ionizing radiation (8000Ro) was not detected using
the set of applied in RAPD analysis primers (Fig. 2, 3, 4, 5).
Polymorphic bands were obtained in RAPD patterns of varieties “Shopska
Alena” and “Lulin” generated by all used primers. Additional fragments with
length 350 bp and 700 bp in OPA07, 1050 bp in OPA17 and 1480 bp in OPC08
RAPD patterns were observed in Shopska Alena in comparison to Lulin.
Some unique bands observed in RAPD patterns may transfer into SCAR
markers for varieties identification and breeder right protection.

27337
25927
26664
27562
23006
23005
26101
Shopska_AlenaMW
21839
Shopska_Alena
Lilin
26666
23501
27555
21840
0.43

0.55

0.67

0.79

0.91

Coefficient

Figure 6. Genetic relationship between 14 raspberry accessions based on RAPD data
using UPGMA cluster analysis

In order to characterize further the structure and grouping of 14 raspberry
accessions from Bulgarian germplasm collection the genetic similarity tree
based on RAPD data was designed (Fig. 6). Generally all accessions could be
distinguished excluding mutant lines No23006 and 23005 obtained by γ–
irradiation of cv. Samodiva. The dendrogram clearly shows the presence of 2
main clusters. Most of genotypes were ordered as expected from their
pedigree data and both RAPD and SSR trees showed similar grouping of
cultivars and lines included in this study. The only difference is closely
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T a b l e 4 . Genetic similarity (GS) between 14 raspberry accessions was estimated according to the formula suggested by Nei and
Li (1979)
Shopska

27337

26101

26666

21839 25927 26664 27555 21840 23501 27562 23006 23005

27337

1

0.692

0.583

0.560

0.727

0.636

0.608

0.608

0.545

0.782

0.800

0.761

0.720

0.695

26101

0.692

1

0.733

0.838

0.785

0.785

0.551

0.689

0.571

0.758

0.692

0.666

0.774

0.758

26666

0.583

0.733

1

0.689

0.692

0.692

0.666

0.740

0.692

0.666

0.583

0.560

0.620

0.592

21839

0.560

0.774

0.689

1

0.592

0.666

0.642

0.714

0.592

0.571

0.640

0.615

0.733

0.785

25927

0.727

0.785

0.615

0.592

1

0.833

0.560

0.640

0.500

0.880

0.818

0.782

0.740

0.640

26664

0.636

0.642

0.692

0.666

0.833

1

0.480

0.560

0.583

0.800

0.818

0.782

0.740

0.640

27555

0.608

0.551

0.592

0.642

0.560

0.480

1

0.769

0.560

0.615

0.521

0.583

0.571

0.538

21840

0.608

0.689

0.740

0.714

0.640

0.560

0.769

1

0.72

0.692

0.608

0.666

0.642

0.615

23501

0.545

0.571

0.692

0.592

0.583

0.583

0.560

0.720

1

0.560

0.545

0.521

0.592

0.480

27562

0.782

0.758

0.666

0.571

0.880

0.800

0.615

0.692

0.560

1

0.869

0.916

0.785

0.692

23006

0.800

0.692

0.583

0.560

0.818

0.818

0.521

0.608

0.545

0.869

1

0.869

0.800

0.782

23005

0.761

0.666

0.560

0.615

0.782

0.695

0.583

0.666

0.521

0.916

0.952

1

0.769

0.750

0.720

0.774

0.620

0.733

0.740

0.740

0.571

0.642

0.592

0.785

0.800

0.769

1

0.857

0.695

0.758

0.592

0.785

0.640

0.640

0.538

0.615

0.480

0.692

0.782

0.750

0.857

1

Shopska
Alena
Lulin
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grouping of No 26664 (Samodiva x Gradina) with lines No23337 (Samodiva
x 7667), 25927 (Samodiva x Podgorina), 27562 (Samodiva x Veten), 23005
(Samodiva 8000Ro) and 23005 (Samodiva 8000Ro) in RAPD tree in
comparison to the SSR tree.
We can hypothesizes that the different grouping of 26664 (Samodiva x
Gradina) is due to the higher percentage of introgression of ‘Samodiva’
germplasm in its genome rather than ‘Gradina’ as in the case No 26666
(Samodiva x Gradina) and 27555 (Samodiva x Gradina) which are positioned
in different cluster.
The paper reports the first results of the research on molecular
characterization of Bulgarian raspberry germplasm collection. The work is
a part of long-term studies on preservation and utilization of small fruit’s
genetic resources on a regional level.
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ZASTOSOWANIE TECHNIKI SSR I RAPD DO OCENY
ZRÓŻNICOWANIA GENETYCZNEGO MALINY
Z BUŁGARSKIEGO BANKU GENÓW
Ilian Badjakov, Elena Todorovska,
Violeta Kondakova, Raina Boicheva
i Atanas Atanassov

ST RE S Z C ZE NI E

Buł
garia dysponuje bogatą kolekcją w banku genów obejmują
cą zarówno
odmiany rodzime, jak i odmiany zagraniczne roś
lin sadowniczych o duż
ej wartoś
ci
produkcyjnej. Autorzy opisują wyniki wstę
pnych badań nad zróż
nicowaniem
genetycznym odmian maliny. Dwadzieś
cia osiem genotypów (18 buł
garskich, 8 zagranicznych i 2 genotypy dzikie) był
y testowane na obecnoś
ćpolimorficznego DNA
z użyciem 4 starterów mikrosatelitarnych. Zróż
nicowanie genetyczne (GD) okreś
lone
na podstawie danych uzyskanych w reakcjach SSR wynosił
o od 0,816 do 0,925
(ś
rednio – 0.863). Technika RAPD z 4 arbitralnymi starterami był
a zastosowana jako
system komplementarny dla badania zróżnicowanie genetycznego. Testy oparte na
RAPD prowadzono dla 14 odmian i linii maliny. Łą
cznie uzyskano 56 fragmentów,
spoś
ród których 87.5% był
o polimorficzne. Pokrewieństwo genetyczne okreś
lone na
podstawie wyników RAPD wynosił
o od 0,480 do 0,952. Technika RAPD posł
użył
a
takż
e do rozróż
nienia linii maliny od uprawianych odmian.
Sł
owa kluczowe: malina, markery molekularne, SSR, RAPD, zróż
nicowanie
genetyczne
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