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Abstract
Sweet cherry cultivar renewal in fruit orchards is leading to the reduction of
local genetic diversity and traditional cultivars are fallen into disuse. In order to
conserve this genetic diversity it is necessary to collect maintain and characterize this
autochthonous germplasm. Previous genetic and morphological analyses of local
varieties from eastern Spain have revealed the existence of a genetic pool that is well
differentiated from the rest of cultivated material. In this work local cherry varieties
collected from northern Spain, the Mediterranean coast, the Balearic Islands as well as
from the Spanish eastern regions have been analysed and compared by PCR and
capillary electrophoresis detection using microsatellite markers and the S-locus. The
work has allowed to determine genotype identities as well as to study the existing
genetic diversity. Microsatellite analysis grouped the cultivars in various distinct
clusters that mostly correlate with their geographical origin. S-allele diversity revealed
higher frequency of certain S-alleles as well as the unique presence of some S-alleles in
most isolated geographical areas. The results obtained will be useful for the
management and conservation of this local germplasm.
INTRODUCTION
Sweet cherry (Prunus avuim L.) is reported to have originated in an area between the
Black Sea and the Caspian Sea (Webster, 1996) and was an early derivative of an ancestral
Prunus native to central Asia (Iezzoni, 2008). As sweet cherry spread throughout Europe,
centuries of domestication and cultivation in different areas have resulted in the development
of specific ecotypes (Iezzoni et al, 1990). Each ecotype developed certain features like cold
hardiness, tree habit and fruit and leaf characteristic that allow its adaptation to each area
(Iezzoni, 2008).
In Spain, sweet cherry is one of the most economically important stone fruits with a
production of 76.000 t in 2007 (FAOSTAT, 2007). More than the 50 % of the production
comes from Extremadura and Aragon with 23.000 and 20.000 t respectively (MAPA, 2008).
Studies analysing the diversity of local Spanish cherry varieties have shown the existence of

local genotypes that are morphologically and genetically different from the rest of cultivated
cherries (Pérez- Sánchez et al. 2008; Wünsch and Hormaza. 2004a). Today, more uniform
and productive cultivars are replacing traditional ones in fruit orchards which leads to the
disuse of the local cultivars and to the reduction of the cultivated genetic diversity. Molecular
characterization and genotype identification and the possibility of studying the genetic
diversity among these cultivars and populations are necessary for their correct conservation
and management.
Microsatellites markers or SSRs (Lit and Lutty, 1989) have become a useful tool for
sweet cherry genotyping, germoplasm characterization, fingerprinting as well as for the
determination of genetic relatedness. The selection of these markers is based on their high
level of polymorphism, codominant inheritance, abundance in the genome and their high
reproducibility (Wünsch and Hormaza 2002a). Difficulties associated with the initial
isolation of SSRs were overcome with their transportability between related species
(Dirlewanger et al, 2002; Hormaza, 2002; Wünsch and Hormaza 2002b) and several studies
have used these markers for the identification and estimation of the genetic diversity in sweet
cherry cultivars (Dirlewanger et al. 2002, Wunsch and Hormaza 2002b, 2004a).
Sweet cherry is a naturally self-incompatible species and self-incompatibility is
genetically determined by a multiallelic locus, named S-locus (Crane and Lawrence, 1929).
The specificity of this pollen-pistil interaction is determinate by two closely linked genes, SRNase and SFB, located at the S locus (Bošković and Tobutt, 1996; Yamane et al., 2003).
The characterization of the genomic DNA sequences of the sweet cherry S-RNase allowed
the identification of S-alleles by PCR analysis. The S-RNase has three exons and two introns
that vary in size for each S-allele (Tao et al., 1999). Primers designed in the conserved
regions of sweet cherry S-RNases amplify fragments of different size for each S-allele and
different strategies have been developed to detect this polymorphism (Tao et al., 1999;
Wiersma et al., 2001: Sonneveld et al., 2003; 2006). More recently other PCR strategies have
also been designed to detect the S-allele polymorphism found in SFBs and associated to the
intron present (Vaughan et al., 2006). In sweet cherry, 31 S-alleles have been detected using
these techniques (Tao et al., 1999; Sonneveld et al., 2001; Wiersma et al., 2001; Sonneveld et
al., 2003; Wünsch y Hormaza, 2004b; De Cuyper et al.; 2005; Vaughan et al., 2008). The
knowledge of the S-haplotype of each cultivar and their assignment to their corresponding
Incompatibility Group allow the determination of cultivar compatibilities and therefore the
optimization orchard management, but S-locus is also a useful marker to study the genetic
diversity of different cultivars.
In this work 48 sweet cherry local accessions from different growing areas were
analysed using microsatellites and for the S- locus, and this information was used to
determine genotype identities as well as to study the existing genetic diversity.
MATERIALS AND METHODS
Plant material and DNA extraction
Forty eight local Spanish sweet cherry accessions from different regions were used in
this study. The plant material included genotypes from Cantabria, Aragon, Catalonia,
Castellon, Extremadura and the Balearic Islands. One Italian and 6 French cultivars were also

included for comparison because they have been traditionally cultivated in Spain. DNA was
extracted from young leaves of each accession following the protocol described by Hormaza
(2002).
SSRs Analysis
Prunus SSRs markers were used to characterize the 48 local sweet cherry accessions.
Two American varieties `Vic´ and `Compact Stella´ were included in this analysis as
outgroup to compare with the local varieties. Genomic DNA from each accession was used to
amplify 14 SSRs loci (Table 1) detected by capillary electrophoresis using a Genetic
Analyser and fluorescent labelled primers (Fig. 1). SSR amplification was carried out in 20 μl
volumes containing 20 mM Tris-HCl, pH 8.4, 50 mM KCl, 4 mM MgCl , 0.1 mM each
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dNTP, 0.2 μM each primer, 40 ng genomic DNA and 0.45 units of Taq DNA Polymerase
(Invitrogen). PCR reactions were carried out using the following temperature profile: an
initial step of 2 minutes at 94°C, 35 cycles of 45 seconds at 94°C, 45 seconds at 57°C and 1
minute at 72°C, and a final step of 5 minutes at 72°C. For capillary electrophoresis the
genetic analyser ABI PRISM 310 (Applied Biosystems) was used and size calling of the
fragments was carried out using the standard 500 GeneScan LIZ (Applied Biosystem) and the
GeneScan 3.1 software package (Applied Biosystem). Forward primers for capillary
electrophoresis were labelled with different fluorescence dyes (6-FAM, NED, VIC and PET).
Genetic similarity from the SSR data and PCA (Principal Component Analysis) grouping
was estimated using GenAlEx6 software. These results allowed us to define the genetic
profile of each accession and to estimate the genetic similarities among the accessions
analysed.
S-locus Analysis
The S genotype of the 48 local accessions was determined by PCR analysis. Twenty
accessions had been previously analyzed for the S-RNase alleles (Wünsch y Hormaza,
2004a,b), and were analyzed in this work for both S genes by capillary electrophoresis in
order to confirm their S genotypes. The remaining 28 accessions were analyzed for the first
time in this work. DNA from each accession was used to amplify both genes of the S locus
(S-RNase and SFB) with two primers pairs PaConsI-F/PaConsIR2 and FBOX5´A/FBOXintronR (Sonneveld et al 2006, Vaughan et al 2006) by PCR. Amplification products
were detected by capillary electrophoresis (Fig. 2). All the PCR reactions were performed in
20 l volumes containing 20 mM Tris-HCl, pH 8.4, 50 mM KCl, 2 mM MgCl2, 0.1 mM of
each dNTP, 0.2 M of each primer, 40 ng of genomic DNA and 0.45 units Taq polymerase
(Invitrogen). Reactions were carried out using the following temperature profile: an initial
step of 3 min at 94 C, 35 cycles of 1 min at 94 C, 1 min 55 C and 2 min at 72 C, and a
final step of 7 min at 72 C. For capillary electrophoresis the genetic analyser ABI PRISM
310 (Applied Biosystems) was used and size calling of the fragments was carried out using
the standard 500 GeneScan LIZ (Applied Biosystem) and the GeneScan 3.1 software package
(Applied Biosystem). Forward primers for capillary electrophoresis were labelled with
different fluorescence dyes (6-FAM and NED).

RESULTS AND DISCUSSIONS
The SSR analysis allowed comparing the different accessions profiles, to identify
synonyms, to determine the identity of some old accessions and to compare and confirm
homomyms conserved in different regions. Forty six different genotypes from the 48
accessions analysed were identified. Meanwhile S-locus analysis allowed determining the S
genotype of 44 of the 48 accessions under study and these were assigned to 12 different
incompatibility groups. Eleven of the 30 known S-alleles were identified in this plant
material.
The combined results from SSRs and the S-locus revealed a correlation between the
SSR data groups and the S alleles identified in each geographical region. The PCA of the
SSR data grouped the accessions according to their geographical origin and showed that
American varieties, introduced as outgroup, are distinct from the local Spanish and south
European accessions analysed. This confirms again the genetic differentiation of the
autochthonous accessions from the breeding plant material. Within the accessions of the
Iberian Peninsula, there are two main distinct groups corresponding to the Extremadura
accessions and the accessions from the Mediterranean regions. Most other accessions tested,
from northern of Spain and France formed an intermediate group between the other two in
the PCA analysis.
S-allele frequency per region revealed that some S-alleles are more frequent in some
regions and some are unique to a determined geographical area. It was also confirmed that
the Extremadura group has a higher frequency of alleles S3 and S6 (Wunsch and Hormaza,
2004a), while the allele S22 is more frequent in the Mediterranean regions, as seen before in
accessions from the Alicante region (Gisbert et al., 2008). It is interesting to note that
accessions from Mallorca, which form a unique and distinct group, have allele S16, and that
this allele is only present in this region. This result reflects the interest of this plant material
for conservation.
The results obtained will be useful for the management and conservation of this local
germplasm and further accessions are being incorporated and will be characterize using these
tools with the aim of knowing and preserving local genetic diversity of this species.
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Table 1. List of SSRs analysed.
SRRs
UDP96-005, UDP98-409
UDP98-410
Pchgms1, pchcms5, ps12a02, ps08e08
CPPCT-6
BPPCT-002, BPPCT-004, BPPCT-007
BPPCT-10, BPPCT-014, BPPCT-026
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Figure 1.Microsatellite alleles amplified with SSRs ‘pchgms1’ (black), ‘ps12a02’ (green) and
‘CPPCT-6’ (blue) in ‘Garrafal’ (a), ‘Temprana de Sot’ (b) and ‘Ramillete’ (c).
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Figure 2. SFB amplification with FBOX5´A/F-BOXintronR primers (Sonneveld et al 2006,
Vaughan et al 2006) in Mollar, S3S6 (a), Talegal Ahim, S6S22 (b) and Castañera, S3S4 (c).

