
Abstract A small insert genomic library of Olea euro-
paea L., highly enriched in (GA/CT)n repeats, was ob-
tained using the procedure of Kandpal et al. (1994). The
sequencing of 103 clones randomly extracted from this
library allowed the identification of 56 unique genomic
inserts containing simple sequence repeat regions made
by at least three single repeats. A sample of 20 primer
pairs out of the 42 available were tested for functionality
using the six olive varieties whose DNA served for libra-
ry construction. All primer pairs succeeded in amplifying
at least one product from the six DNA samples, and ten
pairs detecting more than one allele were used for the
genetic characterisation of a panel of 20 olive accessions
belonging to 16 distinct varieties. A total of 57 alleles
were detected among the 20 genotypes at the ten poly-
morphic SSR loci. The remaining primer pair allowed
the amplification of a single SSR allele for all accessions
plus a longer fragment for some genotypes. Considering
the simple sequence repeat polymorphism, 5.7 alleles
were scored on average for each of the ten SSR loci. A
genetic dissimilarity matrix, based on the proportion of
shared alleles among all the pair-wise combinations of
genotypes, was constructed and used to disentangle the
genetic relationships among varieties by means of the
UPGMA clustering algorithm. Graphical representation
of the results showed the presence of two distinct clus-
ters of varieties. The first cluster grouped the varieties
cultivated on the Ionian Sea coasts. The second cluster
showed two subdivisions: the first sub-cluster agglomer-
ated the varieties from some inland areas of Calabria; the
second grouped the remaining varieties from Basilicata

and Apulia cultivated in nearby areas. Results of cluster
analysis showed a significant relationship between the
multilocus genetic similarities and the geographic origin
of the cultivars.

Keywords Olea europaea · SSR · Microsatellites ·
Variety genotyping

Introduction

Olea europaea L. (n=23) is the sole species of the genus
Olea (Oleaceae) having an edible drupe: the olive. Al-
though the taxonomy of this genus is still questioned
there is a general agreement on the subdivision of O.
europaea into two distinct subspecies: sativa and oleast-
er. The former includes all the cultivated olive varieties,
whereas the latter are wild shrubs bearing small fruits
with low pulp-oil content. Feral forms also occur near
cultivated areas and are considered to be the results of
crosses between cultivated and wild plants (Angiolillo et
al. 1999). The cultivated olive is an evergreen long-lived
tree adapted to Mediterranean climates. Since the begin-
ning of its domestication, olive has been propagated veg-
etatively in order to exploit the best combination of
genes which arose by random crosses or mutations. As a
result, a great number of varieties are present in all the
countries where this species is cultivated, raising several
problems for germplam management and preservation.
Until recently the identification of propagated plants has
been based solely on morphological traits and the exper-
tise of nurserymen. Moreover, very few studies have
been conducted until now on the genome organisation
and variation of olive and on the genetic basis of the
traits affecting table olives and oil production. It has now
become possible to examine genetic variation in much
greater detail through the use of the large array of DNA
molecular-marker types (RFLPs, RAPDs, AFLPs and
SSRs; for a review see Rafalski et al. 1996; Mueller and
Wolfenbarger 1999). Molecular markers can be used for
the determination of the genetic relationships among va-
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rieties or for the identification and mapping of loci af-
fecting simple or complex traits (QTLs) (Soller and
Beckmann, 1983). The choice of the type of molecular
marker to be used is, primarily, conditioned by the objec-
tive of the study, since any type bears positive and nega-
tive aspects. In the last decade, almost all types of DNA-
derived markers have been applied to olive. RAPDs have
been mainly used for cultivar discrimination (Gallitelli et
al. 1992; Bogani et al. 1994; Fabbri et al. 1995; Vergari
et al. 1996; Wiesman et al. 1998). Genetic distance esti-
mation between wild and cultivated olive genotypes
sampled across the Mediterranean Basin has been carried
out using AFLPs (Angiolillo et al. 1999) as well as using
RAPDs and mitochondrial RFLPs (Besnard and Bervillé
2000). The colonization history of O. europaea in Mac-
aronesia was investigated using RAPDs, ISSRs (inter-
simple sequence repeats) and by sequence analysis of
nuclear ribosomal internal transcribed spacer 1 (ITS-1)
(Hess et al. 2000). In the present paper we report on the
development of simple sequence repeat (SSR) markers
in olive obtained through the screening of a (GA/CT)n
enriched genomic library. Recently two papers have been
published on the development of SSR markers in olive
(Rallo et al. 2000; Sefc et al. 2000), thus raising the
number of PCR-based markers available for the genetic
characterisation of olive germplasm and for mapping
projects.

Materials and methods

Plant material and DNA extraction

A panel of 20 accessions belonging to 16 varieties of O. europaea
subsp. sativa, was used (Table 1). The accessions were sampled
from the Metapontum Agrobios collection with the aim of being
representative of the olive varieties with a longstanding cultivation
through the Basilicata Region and along the Ionian Coasts. The
Leccino and Frantoio varieties, whose traditional area of cultiva-
tion is Central Italy, were also included in the panel because their

cultivation is rapidly rising in the Ionian area. Total genomic DNA
was extracted from fresh leaves using the CTAB method described
by Saghai-Maroof et al. (1984) with minor modifications.

Construction of the size-fractionated genomic library enriched
in GA repeats

The enrichment of the genomic library for GA repeat regions was
achieved by applying the protocol of Hammond et al. (1998)
which is a modification of the original method proposed by
Kandpal et al. (1994). Equal amounts of genomic DNA from six
genotypes (Maiatica A1, Cima di Melfi A1, Ogliarola del Bradano
A1, Ogliarola del Vulture, Leccino PG and Kalamata PG) were
mixed to obtain 30 µg of total DNA which was digested with
MboI. Digested DNA was separated on a 2% agarose gel and the
region of the gel with fragments in the range of 150–700 bp was
excised. DNA fragments were purified from the agarose using the
Geneclean II kit (Bio101 Inc., Calif., USA), and ligated to a linker
obtained by the annealing of equimolar amounts of the primers
SAULA and SAULB (SAULA: 5′-GCG GTA CCC GGG AAG
CTT GG-3′; SAULB: 5′-GAT CCC AAG CTT CCC GGG TAC
CGC). Using 2.0 µl of the ligation reaction, the first amplification
of the fragment solution was carried out using SAULA as the PCR
primer. The whole PCR solution was boiled to denature DNA
fragments, immediately chilled on ice and then supplemented with
5 µg of the biotinylated (GA)20 oligonucleotide. The solution was
held at 50°C for 16 h to allow hydridization between the oligonu-
cleotide and the DNA fragments containing complementary mi-
crosatellite regions. After hybridisation the solution was mixed
with Vectrex-Avidin D matrix (Vector Laboratories Inc., Calif.,
USA) and incubated for 40 min at room temperature on a shaking
platform. During this incubation, the biotinylated oligonucleotide-
genomic fragment hybrids became covalently bound to the matrix
thus allowing the separation of non-hybridised DNA fragments by
means of two washing steps. After that, the DNA fragments con-
taining the microsatellite regions complementary to the probe
were eluted by carrying out two washes at increasingly stringent
conditions, the first at 55°C, the second at 65°C. The solution of
single-stranded DNA fragments eluted at 65°C was concentrated
with a Centricon-100 spin column (Millipore), and then used as a
template in the second PCR which was also required to generate
double-stranded DNA fragments before cloning. In order to in-
crease the probability of cloning fragments containing simple se-
quence repeat regions, the enrichment procedure was reiterated us-
ing the solution obtained after the second PCR. Following the sec-
ond enrichment, DNA fragments were digested with MboI to re-
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Table 1 Olive accessions char-
acterised in the study Variety Native area of cultivation Abbreviation

Carolea Calabria Region, South Italy Carolea
Cellina Di Nardo’ Apulia Region, South Italy CellinaN
Cima Di Melfi Basilicata Region, South Italy CimaM-A1
Cima Di Melfi Basilicata Region, South Italy CimaM-A2
Coratina Apulia Region, South Italy Coratina
Dolce Di Rossano Calabria Region, South Italy DolceRos
Frantoio Central Italy Frantoio
Grossa Di Cassano Calabria Region, South Italy GrossaCa
Kalamata Kalámata, Greece KalamPG
Leccino Central Italy LeccinPG
Leccino Central Italy LeccinA2
Maiatica Di Ferrandina Basilicata Region, South Italy Maiat-A1
Maiatica Di Ferrandina Basilicata Region, South Italy Maiat-A2
Ogliarola Del Bradano Basilicata Region, South Italy OBrad-A1
Ogliarola Del Bradano Basilicata Region, South Italy OBrad-A2
Ogliarola Del Vulture Calabria Region, South Italy OVulture
Ogliarola Leccese Apulia Region, South Italy OLeccese
Rotondella Basilicata Region, South Italy Rotondel
Sinopolese Calabria Region, South Italy Sinopole
Tonda Calabria Region, South Italy Tonda



move the linker sequences and inserted into the BamHI site of the
Ready-To-Go pUC18 BamH I/BAP vector (Amersham Pharmacia
Biotech AB, Sweden). Ligation solution was used to transform the
bacterial host Escherichia coli DH5α. Transformed bacterial colo-
nies carrying recombinant plasmids were selected in Petri dishes
on LB medium containing 50 µg/ml of Ampicillin and 40 µg/ml of
X-Gal (5-bromo-4cloro-indolyl-β-D-galactoside).

Sequencing of clones

Recombinant plasmids were prepared using the Quantum Prep
Plasmid Miniprep kit (Bio-Rad Laboratories Inc. Calif., USA).
The nucleotide sequences of the DNA inserts were established by
using the Dye Terminator Cycle Sequencing Kit (PE Applied Bio-
systems, Calif., USA). DNA amplifications were carried out start-
ing from the M13 priming sites of the vector plasmid with the
PCR conditions suggested by the supplier. Polymerisation prod-
ucts were electrophoresed on a PE ABI 373 DNA Sequencer (PE
Applied Biosystems, Calif., USA) and the sequences of the clones
were obtained after the elaboration of raw data by the companion
Sequencing Analysis Software program.

Sequence analysis and primer design

During the sequencing process each new sequence was compared
against the local database of sequences using the Stand-alone
BLAST program (BLASTN ver. 2.0.10, ftp://ncbi.nlm.nih.gov/
blast/executables) in order to find duplications or redundancy. The
design of primer pairs for the putative SSR loci was carried out
with the Primer 3.0 program (Rozen and Skaletsky 1998) using
default parameters.

DNA amplification and fragment electrophoresis

The two DNA amplifications of the enrichment phase were carried
out in a final volume of 25 µl with 3 µl of the ligation reaction,
25 pmol of SAULA primer, 3 mM of each dNTP, 1 unit of Taq
DNA polymerase (Roche Diagnostics), 2.5 µl of buffer provided
with the enzyme, and H2O to the final volume of reaction.

Functionality of the primer pairs for the selected putative SSR
loci was tested on the plasmid DNA and on six genomic DNA
samples of the subset of olive cultivars. PCR solutions in this case
contained 20 pmol of each primer. Samples were overlaid with
mineral oil and amplified in a MJR-PT100 thermal cycler pro-
grammed as follows: a step of 5 min at 72°C, followed by 30 cy-
cles of 45 s at 94°C, 45 s at the annealing temperature of the prim-
er (67°C for the SAULA primer; 57 or 60°C for the SSR primer
pairs) and 1 min at 72°C, and a final extension at 72°C for 10 min.
The amplification products were resolved by electrophoresis in a
1.8% agarose gel in TAE buffers and revealed under UV illumina-
tion by ethidium bromide staining.

Allele detection and polymorphism evaluation

Eleven primer pairs were assayed for their ability to detect poly-
morphism among the 20 accessions of O. europaea. PCR reactions
were carried out as described above, except that the nucleotide
mix contained 0.5 µl of [35S] dCTPαS (Ci/mmol >1000, Amers-
ham Pharmacia Biotech AB, Sweden). The amplification products
were separated on 6% denaturing polyacrylamide gels (Long
Ranger, FMC BioProducts). The gels, after drying, were used to
expose BIOMAX MR film (Kodak) using intensifying screens at
–80°C until development.

Data analysis

The genetic similarity between the multiple-locus genotype of two
accessions was estimated by means of the Ps index (Bowcock et

al. 1994), which calculates the proportion of shared alleles be-
tween two accessions averaged over n loci [Ps=(shared al-
leles/2n)]. The complement to one, (1-Ps), provided the cognate
dissimilarity measure. The genetic dissimilarity matrix was esti-
mated using the program MICROSAT 2.0 (http://hpgl.stan-
ford.edu/microsat/) with exhaustive bootstrapping. To facilitate
the interpretation of the dissimilarity matrix a tree matrix was esti-
mated using the sequential, agglomerative, hierarchical and non-
overlapping clustering algorithm UPGMA (unweighted pair-group
method using an arithmetic average) (Sneath and Sokal 1973) with
the NTSYS 1.8 package.

Results

Simple sequence repeat clone recovery
and characterisation 

The enrichment procedure enabled the characterisation
of 56 unique SSR loci out of the 103 genomic clones se-
quenced.

The enrichment of the library was verified in a pre-
liminary step by comparing three different screening
methods. Ten randomly chosen clones were sequenced
and screened for the presence of microsatellite repeat re-
gions by means of hybridisation with a synthetic repeat
(GA)20 as well as the amplification protocol of Morgante
et al. (1997). This control showed that the hybridisation
method give rise to a very high rate of false positives
while the PCR selection method produce too high a rate
of false negatives. By comparing the costs and time in-
volved in the three procedures it was decided to proceed
to the direct sequencing of the clones extracted at ran-
dom from the enriched library. From a total of 103 se-
quenced clones, 79 (nearly 77%) contained microsatel-
lite motif regions constituted by at least three single re-
peats. The 24 residual clones all contained stretches of
G(C) and A(T) with irregular fashions, such that they
could not be classified as microsatellite regions. During
the sequencing process any new obtained sequence was
compared against the local sequence database using the
Stand-alone BLAST program in order to find duplica-
tions or redundancy. As a result of this constant control,
it was possible to detect 23 clones, out of the 79 contain-
ing microsatellites, that were identical though often
cloned in opposite direction to previously sequenced
clones. In two of these cases, two different alleles from
the same SSR loci were sequenced.

Therefore, out of the 79 selected clones, 56 were
unique thus giving rise to 54% as the frequency of recov-
ered SSR-containing clones out of 100 randomly chosen
for sequencing. Among the 24 sequences not containing
simple sequence repeats, only two were duplicated, 15
were unique and the last seven constituted a cluster of
sequences with strong homology to the Sau3AI 81-bp re-
peat family (Katsiotis et al. 1998; Bitonti et al. 1999).
The frequency distribution of the size of the inserts
proved to be quite normal with the sample mean equal to
256 and the mean standard error equal to 4.83 base pairs
(bp). The very short length of the inserts, realised after
the screening control, prompted us to perform a single
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sequencing run for each clone using the M13Forward
primer. Complementary strand sequencing reactions
were carried out only in the case of questionable se-
quence records.

As concerning the type of sequence repeat motifs
(Morgante and Vogel 1999), our microsatellite database
contained simple perfect and simple imperfect microsat-
ellites constituted by di- and tri-nucleotides, and a single
clone classified as a perfect compound. Although the en-
riched library was constructed using a synthetic (GA)20
oligonucleotide, several trinucleotide-based repeats were
also found with (CCT)n and (TTC)n motifs. The most
numerous class was the simple perfect dinucleotide with
22 (39%) occurrences, followed by the simple imperfect
dinucleotide with 15 (27%) clones, and the simple per-
fect trinucleotide with five (9%) SSRs. The remaining 12
(21%) clones were assigned to the class multiple which
included the sequences that contained more than one mi-
crosatellite repeat region at a distance longer than three
nucleotides. Among the simple microsatellites (perfect
and imperfect), the number of repeats varied between 3
and 31. Only three SSRs had more than 20 repeats, five
contained between 10 and 20 repeats, while 22 sequenc-
es had between 4 and 10 repeats. The last 12 clones,
three of them being of the trinucleotide type, had only
three repeats.

Simple sequence repeat length polymorphism

The nucleotide sequences of the 44 clones containing
SSRs with more than four repeats were submitted to the
Primer 3.0 program (Rozen and Skaletsky 1998) for the
design of the primer pairs. In only two cases, the micro-
satellite was too close to one of the two ends thus pre-
venting the design of a potentially functional primer.
Twenty primer pairs out of the 42 available were tested
for functionality using a panel of six O. europaea variet-
ies. In all cases, an amplified fragment of the expected
size was obtained for all six genotypes as well as the
control clone. Microsatellite motifs, primer pair nucleo-
tide sequences and the number of the alleles detected for
the 20 SSR loci are summarised in Table 2. Following
this pre-screening, 11 primer pairs were selected and
tested for their ability to disclose simple sequence length
polymorphism at the corresponding SSR loci with the
panel of the 20 accessions by PAGE analysis of radioac-
tively labelled PCR products.

Ten primer pairs, out of the 11 tested, were able to
show polymorphism among the 20 olive genotypes. The
number of alleles detected ranged between nine for locus
GAPU101 and three for locus GAPU11. The primer pair
specific for fragment GAPU113 allowed the amplifica-
tion of the expected fragment for all genotypes. More-
over, an additional fragment of greater size, probably the
result of a duplication, was visualised for same geno-
types. The locus GAPU12 exhibited two different al-
leles, the clone allele and a longer one specific for the
Ogliarola Leccese variety. However, in eight out of the
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20 genotypes no amplification fragment was produced,
indicating a possible sequence divergence in the comple-
mentary nucleotide sequence of one of the two primers.
By taking into account the ten polymorphic SSR loci, the
characterisation of the variety panel allowed the detec-
tion of 57 alleles, an average of 5.7 alleles per locus.
However, further data analysis was conducted excluding
locus GAPU12 due to the inability to resolve the allelic
state for genotypes which showed no amplification.

Variety genetic relationships

Allelic characterisation of the nine SSR loci allowed the
analysis of the genetic relationships among the 20 olive
genotypes. The complement to one of the proportion of
shared fragments Ps (Bowcock et al. 1994) among two
accessions was used as a measure of their genetic dis-
similarity.

The frequency distribution of the genetic dissimilari-
ties is presented in Fig. 1. Since the two distinct acces-
sions each of the Cima di Melfi, Ogliarola del Bradano
and Maiatica varieties were scored identically, they were
not included in the estimation of sample statistics. Ge-
netic dissimilarity values ranged between 0.914 for the
pair Carolea–Cima di Melfi, to 0 for the pairs
Frantoio–Ogliarola del Bradano and Tonda–Rotondella,
while the sample mean was 0.61.

The genetic dissimilarity matrix thus estimated was
used to obtain a graph matrix by means of the UPGMA
agglomerative algorithm of clustering. The graphical vi-
sualisation of the results of this analysis is shown in
Fig. 2. Two distinct clusters of olive varieties were clear-
ly recognisable with the exception of Sinopolese, which
can be considered a true outlier. In particular, the first
cluster included the Greek variety Kalamata and the vari-
eties cultivated along the Coasts of the Ionian Sea (Car-
olea and Dolce di Rossano from Calabria; Maiatica and
Ogliarola del Vulture from Basilicata; Cellina di Nardò
from the Apulian shore of Taranto Gulf). From the anal-
ysis of the second cluster it is possible to distinguish two
sub-groups. The first included the varieties originating
from inland areas of Calabria (Grossa di Cassano, Tonda,
Rotondella) while the second grouped together the geno-
types cultivated in the North of Basilicata (Ogliarola del
Bradano, Cima di Melfi,) and inland areas of Apulia
(Ogliarola leccese and Coratina) as well as the Sino-
polese. Unexpectedly, the cultivars Frantoio and Leccino,
that were alleged to be outsiders since their cultivation
area is the Central of Italy, were also clustered in this
group. Moreover, Ogliarola del Bradano and Frantoio
showed the same multilocus allelic profile. This latter re-
sult demonstrates that, though the two genotypes have a
longstanding tradition of cultivation in two distant area
of Italy, they are probably two clones of the same vari-
ety. This result is also supported by the fact that Frantoio
and Ogliarola del Bradano are almost indistinguishable
at the morphological level.

Discussion and conclusions

A small insert genomic library of O. europaea highly en-
riched in (GA/CT)n repeats has been obtained using the
procedure of Kandpal et al. (1994). A total of 56 unique
genomic inserts, containing simple sequence repeat re-
gions with at least three single repeats, were identified
after the sequencing of 103 clones extracted at random
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Fig. 1 Frequency distribution of genetic dissimilarity relative to
all pair-wise combinations among the 20 olive accessions

Fig. 2 Phenogram of the 20 olive accessions based on the UP-
GMA clustering carried out on the (1-Ps) dissimilarity matrix



from the library. A sample of 20 primer pairs, out of the
42 available, was tested for functionality on the DNA of
six olive varieties. All primer pairs succeeded in ampli-
fying all DNA samples and the ten pairs detecting more
than one allele were used for the genetic characterisation
of 20 accessions belonging to 16 distinct olive varieties.
A total of 57 distinct alleles at the ten SSR loci were de-
tected with that panel, which means than 5.7 alleles were
scored on average for each locus. A genetic dissimilarity
matrix based on the proportion of shared alleles among
all the pair-wise combinations of genotypes was con-
structed and used to clarify the genetic relationships
among varieties by means of the UPGMA clustering al-
gorithm.

The enrichment procedure proved to work very effi-
ciently since 54% of the clones sequenced contained sim-
ple sequence repeat regions made up of at least three re-
peating units. This percentage was calculated excluding
duplications that accounted for 22% of all sequenced
clones. These results are quite similar to those obtained by
Rallo et al. (2000) in olive and by others who applied sim-
ilar enrichment procedures (Brondani et al. 1998;
Cipriani et al. 1999; Gianfranceschi et al. 1998). However,
one notable difference is that we did not screen the library
by means of hybridisation with (GA)n (Rallo et al. 2000)
or by the anchored PCR assay because we found this step
to be time-consuming and to suffer too high a rate of false
positives. With respect to the type of sequence-repeat mo-
tifs, the simple perfect dinucleotide class was the most fre-
quent (39%) followed by the imperfect cognate (27%).
This is in contrast with what was obtained by Soranzo et
al. (1998) in Pinus sylvestris, Cipriani et al. (1999) in
Peach and Huang et al. (1998) in Actinidia, who found
that all the (GA)n microsatellites were perfect. This dis-
crepancy is probably due to the different stringency condi-
tions applied at the elution step during the enrichment pro-
cedure. This factor can also explain why we obtained
quite a high number of clones classified as multiple type,
presenting more than one SSR region, often of different
type, within the nucleotide sequence.

Phenetic analysis of the genetic polymorphism carried
out by means of the UPGMA clustering algorithm
helped to clarify the genetic relationships among 20 ac-
cessions belonging to 16 olive varieties. The phenogram
showed the presence of two main clusters, the second of
which seemed to be subdivided according to the native
areas of differentiation for the genotypes.

The first cluster included the Greek variety Kalamata
and the varieties Carolea, Dolce di Rossano, Maiatica and
Cellina di Nardò, all presumably which originated along
the Coasts of the Ionian Sea. The only exception seemed,
at first glance, to be Ogliarola del Vulture which is culti-
vated in the North-East of Basilicata. However, a more-
accurate investigation of its origin showed that this vari-
ety was imported from Calabria during the 18th century.

The second cluster included the varieties originating
from the North of Basilicata (Ogliarola del Bradano and
Cima di Melfi), from inland places of Calabria (Grossa
di Cassano, Tonda and Rotondella), Apulia (Ogliarola le-

ccese and Coratina), and the two outsiders Frantoio and
Leccino and the Sinopolese variety.

The placement of cv Frantoio and Leccino among the
varieties from Basilicata and Apulia stands in contrast to
historical beliefs on the origin of these cultivars. This ev-
idence, together with the demonstration that Frantoio and
Ogliarola del Bradano are probably two clones of the
same variety, casts a shadow on the hypothesis that Ben-
edictine monks, establishing their Monastery in the Mon-
tescaglioso City in the early 1300s, had brought the
Frantoio variety from Central Italy. Our results do not
ruled out the hypothesis that Frantoio could be a deriva-
tive of Ogliarola del Bradano. Since the demonstration
of this hypothesis could be of major interest to the olive
community, additional analyses are in progress to con-
firm our preliminary results.
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