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Summary

The sequence of 12 SCAR markers obtained for olive-tree was analysed in the seek of information about the nature
of the RAPD polymorphisms in olive-tree. The absence of internal repetitions of the RAPD primer corroborates
that the polymorphisms were not obtained by alternative priming nor by rearrangements. We have found a high
degree repetition within each sequence which is a reflect of the repetitive nature of the RAPD polymorphisms. Most
the sequence corresponded to unknown DNA sequences, although some of the SCAR markers like GH1, PH2 or
PF84 present clear homology or identity to other repetitive sequences (mainly microsatellites) from other plants or
animals. This suggests that repetitive sequences could be more conserved among species than initially thought. As
expected, none of the markers presented any open reading frame, although PJ65 revealed a significant homology
to the gene and pseudogene of a lectin receptor in Arabidopsis. Taken together, the results described in this paper
demonstrate that the polymorphisms detected by SCAR/RAPD methods are mainly repetitive in olive-tree, and
that most of these repetitions corresponded to microsatellite DNA.

Abbreviations: AFLP – Amplification Fragment Length Polymorphism; ORF – Open Reading Frame; PCR –
Polymerase Chain Reaction; RAPD – Random-Amplified Polymorphic DNA; SCAR – Sequence-Characterized
Amplified Region; SSR – Simple Sequence Repeats

Introduction

The olive-tree (Olea europaea L.) is one of the most
characteristic species of the Mediterranean area and
nowadays it is the only cultivated representative of the
genus Olea. Two varieties can be distinguished cor-
responding to cultivated sativa, which is propagated
vegetatively, and the wild type sylvestris (syn. Olea
oleaster Hoffm. et Link), which only reproduces by
sexual means and is used for grafting some sativa
cultivars. The cultivated olive-tree is a perennial ever-
green bearing hermaphroditic flowers that show self-
incompatibility. The self-incompatibility, mainly due
to male-sterility, is determined by cytoplasmic inherit-
ance and seems to be maintained by cultivar selection
(Besnard et al., 2000). The origin and evolution of the

cultivated variety is uncertain, although it is believed
that it evolved in the Eastern Mediterranean region. In
fact, carbon-dating has shown that there are eight thou-
sand years old olive seeds, and Archeological evidence
suggests that olive-tree was grown in Crete as long ago
as 2,500 B.C. (Liphschitz et al., 1991). Phylogenetic
analyses carried out on Olea species mainly obtained
by RAPD strongly suggest an autochthonic origin of
olive-tree cultivars when geographically related variet-
ies are considered (Wiesman et al., 1998; Angiolillo et
al., 1999; Claros et al., 2000; Sanz-Cortés et al., 2001),
displaying a gradient between the east and west of the
Mediterranean Basin. However, molecular markers us-
ing mitochondrial or chloroplastic sequences suggest
that olive-tree cultivars were originated independently
(Besnard & Berville, 2000). The combination of both
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kind of results suggests that cultivar selection has oc-
curred in different genetic pools and in different areas
(Besnard et al., 2001). Until recently, breeding and im-
provement of olive-trees was limited due to their long
juvenile phase and the lack of phylogenetic relation-
ships among Olea species. Efforts for the development
of new varieties by systematic breeding have produced
very little results because they are only helped by
empirical knowledge (Lavee et al., 1986).

Information about evolution and speciation can be
obtained by analysing the molecular and genomic or-
ganization of DNA sequences within the genome. A
very large proportion of most eukaryotic genomes is
composed of repetitive DNA sequences, which can
be organised either in tandem arrays of up to many
thousands of base pairs, or in dispersed fashion ori-
ginated by mobile genetic elements (Smyth, 1991). It
is striking that although olive-tree is one of the old-
est cultivated crops, very little is known about the
molecular, genomic and chromosomal organisation of
the Olea species: nothing is known about the struc-
ture of olive-tree chromosomes, and the fraction of the
total DNA content that corresponds to highly-, mid-,
and low-repetitive sequences remains also unknown.
Moreover, no physical or genetic map have been per-
formed on olive-trees, although the recent techniques
like RAPD (Claros et al., 2000; Sanz-Cortés et al.,
2001), AFLP (Angiolillo et al., 1999), SSR (Rallo
et al., 2000) or SCAR (Bautista et al, accompany-
ing paper) as well as cloned genes (Villalba et al.,
1994; Haralampidis et al., 1998; Ledesma et al., 1998;
Ledesma et al., 2000) provide enough information to
design specific markers whose DNA sequence is (or
can be) known since they can be amplified specifically
by PCR.

Recently, two tandemly repeated DNA sequences
with subtelomeric location have been isolated in Olea
europaea ssp. sativa, one of 81 bp and the other of
218 bp, showing a 79% homology the one to the
other (Katsiotis et al., 1998). These repetitive elements
seems to be widespread among the Olea species. Two
other repetitive sequences have been isolated from
satellite DNA (T. Palomeque, unpublished results) that
seem to be similar to repetitive DNA in other plants.
By the other side, when developing SCARs markers
to evaluate the olive germplasm, a sequence of 407 bp
has been identified to show significant DNA homology
with retrotransposon-like sequences (Hernández et al.,
2001).

In our laboratory, we have prepared 12 SCAR
markers (Bautista et al, see the accompanying paper)

that have been used to identify 22 olive-tree cultivars
in a reproducible and easy way. Now, we decided to
study the sequence of the DNA fragments amplified by
these SCAR markers in the seek of information about
the nature of the RAPD polymorphisms in olive-tree.

Materials and methods

Sequencing RAPD fragments

The 12 SCAR markers based in Olea europaea ge-
nomic DNA developed in our laboratory (see the
accompanying paper of Bautista et al.) were cycle-
sequenced using the ABI PRISM Dye Terminator
Cycle Sequencing Ready Reaction Kit with AmpliTaq
DNA Polymerase, FS from P-E Biosystems, using the
automated ABI 373 Stretch DNA sequencer from the
same manufacturer. Double-strand sequencing of the
cloned fragments was carried from two the ends us-
ing the T7, T3 or SP6 primers to obtain the consensus
sequence.

Sequence analysis

The searches for sequence identities were carried out
for nucleotide sequences using the BLAST tool (Ba-
sic Local Alignment Search Tool, Altschul et al.,
1990) using the default settings. The searches for
widespread sequence similarities were performed with
the Pearson and Lipman algorithm (FASTA) since,
for nucleotide searches, it provides more sensitive
results than BLAST. In both cases, sequences were
compared against the non-redundant GenBank-EMBL
nucleotide sequence databases. The self comparison of
each SCAR sequence was performed with the COM-
PARE program with a window of 11 residues and a
stringency of 10 identities. The results were displayed
as a dot matrix with the program DOTPLOT. Similar-
ity searches as well as self-comparisons were carried
out locally at the ‘Centro Informático Científico de
Andalucía (CICA)’ as a part of the GCG Wisconsin
Package� 10.1 (Devereux et al., 1984).

Results and discussion

The DNA bands used to obtain the SCAR markers
(accompanying paper) were sequenced for at least 219
bp from each end, which enabled us to complete the
sequence of the fragment in most cases. They were ob-
tained from RAPD polymorphisms, which are thought
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Figure 1. Comparison of the direct (left) and reverse (right) sequence of the more significant SCAR markers with itself. A window of 11
nucleotides allowing one error was used.

to be caused by differences in nucleotide sequence
at the priming sites, or by rearrangements within the
amplified sequence. The sequences we report do not
contain inverted repeats equal to the sequence used as
RAPD primer binding site which rules out the pos-
sibility that the cloned polymorphisms were obtained
by DNA rearrangements or alternative priming. This
means that the 12 markers can serve to obtain gen-
omic information about olive-trees by direct analysis
of their nucleotide sequence.

We have compared each sequence (or fragment
of sequence) with itself and its complementary se-

quence to detect short repeats within a window of
11 nt allowing a mismatch of 1 nt. A RAPD amp-
lification means that the same sequence is inversely
repeated at no more than 2 kbp, which usually occurs
in the repeated sequences. Accordingly, we have found
a high degree of direct and inverted repeats within
each sequence. All sequences contain several repeats
longer than 10 bp which are a reflect of the repetitive
nature of RAPD polymorphisms. The most represent-
ative results are shown in Figure 1 where it should
be noted that the fragments are the longest ones de-
scribed in Table 1. This could be because larger repeats
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Table 1. Name of each SCAR locus, sequence of the oligonucleotide primers used to amplify it,
and length of the fragment that should be amplified by PCR. When the complete sequence was
not obtained, the size was calculated by band mobility in agarose gel electrophoresis, and the
parentheses contain the size of the end-sequenced fragments from the 5′ and 3′ ends respectively

SCAR marker 5′ primer 3′ primer Size (pb)

PF 83 CTCTGCCGATGGTCTAGGC CTCTGCCTGAAACAGAATT 310

PF80 CTCTGCCTGAGTTCTAGTGA CTCTGCCTGAACCAACAGAA 303

PF84 CTCTGCCTGAACATATTGCT CTCTGCCTGAGAGATGCCTA 264

PF6 GGGAATTCCGCAGAACTAAA GGGAATTCCGGCACATCCTT 756

GF10 GTGCCAATTTCTGACATTTT ACCTGATAGGGAAGATTTAT 453

PJ11 CCCGGCATAAATTTCGGGCTC CCCGGCATAAAACCAAATATT 447

PJ65 TCGTTCCGCAAGTTAAGACC TCGTTCCGCATGTATTGTGG 905 (370+347)

GJ1 8 TGGTCGCAGACGGTACGCGT TGGTCGCAGAACACGATTAC 225

GX4B CACTTCAACAACTTTATCGA TTCATCTTCTTCCCACAAAG 408

GH1 TCCACATCATAGCCAACCTT CATGATTATATAGTCCAGGC 978 (366+434)

PH2 CACTTCCGCTCATTGAAGTA CACTTCCGCTGAAACTTAAT 720 (219+486)

would be able to assume more effective conformations
and thus, repetitions should become more abundant
(Heringa, 1998). In addition, less structurally stable
repeats are shortened during the processes of recom-
bination, replication and repair, which could explain
their low abundance. Except in the case of the 5′ end
of the marker PF83, the last 10 bases exactly matched
the primer sequences. It should be noted the case of
marker PH2 that initiates with a sequence enriched
in inverted repeats and follows with a sequence en-
riched in direct repeats (Figure 1). The frequency of
direct and inverted repeats observed in the 5′ end of
the marker PJ65 is also noteworthy. The GC content of
the sequenced bands should not be taken into account
for a general calculation of the overall GC content of
olive DNA since the sequences obtained in this work
are mainly repetitive and it is well known that the eu-
karyotic inverted repeats contained a very biased GC
content (Cox & Mirkin, 1997).

BLAST algorithm was used to detect long se-
quence identities between markers described in this
work and sequences in the databases (Table 2). Al-
though most of the sequences did not show similarity
to any sequence of known function, some striking
identities were detected: GH1 shares sequences of up
to 23 nt with human, Drosophila, Caenorhabditis,
bacteria, etc., both within the 5′ and the 3′ end. We
have to note that the GH1-3′end matches with L1
family of repeated sequences in Mus musculus. PH2
also presents identities with DNA from a wide range
of organisms. Due to its high CA content, most of
these sequences belong to microsatellite sequences.

The most surprising is the 5′ end of PJ65 that shares
54 nt with the gene and the pseudogene of an Ara-
bidopsis lectin receptor. In the search of generalised
homology, the algorithm FASTA was used, resulting
that PF84 is 75.4% identical to a 57 nt length sequence
of tomato (accession number AJ223822) amplified by
RAPD too. PF84 is also 59.4% identical to 217 nt
of a microsatellite sequence contained in the pXP106
clone of Gossypium barbadense (accession number
AF060614) which has been proved to be widely dis-
tributed among genomes. Most of RAPD markers are
grouped in clusters located around centromeric, telo-
meric or heterochromatic regions (Zhao et al., 1998;
Saliba-Colombani et al., 2000), making them excellent
landmarks for studying chromosome structure, func-
tion and evolution. These loci are enriched in repetitive
DNA which are hypervariable in plants since the poly-
morphism might originate from unequal crossing-over
of from slipped-strand mispairing during replication
(Morgante & Olivieri, 1993). This can explain why the
PJ65 marker presents the same 5′ and 3′ end-sequence
than the RAPD band OPJ6-1278 (Bautista et al., ac-
companying paper) while the fragment length is dif-
ferent. This can account for the fact that PH2 and PF84
revealed homology with microsatellite sequences, and
could reflect that these repetitive sequences are more
conserved among species than initially thought (Jurka,
1998). This is supported by the fact that GH1-3′end
is significantly similar to the L1 family of repeated
sequences in Mus musculus.

No one of the 12 markers contained an ORF (result
not shown). Taking into account that (i) much more
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Table 2. Database sequences identical to fragments of the SCAR markers described in this work. Nucleotides in lowercase are
those not conserved with respect to the SCAR sequence

Marker (position) Homologous sequence origin Alignment

GH1-5′end

(300 to 326) CATTTCATTATTATCATTATTTTGAGA

Lupinus angustifolius CATTTCATTATTATCATTATTTTG

Human DNA 1 TTTCATTATTATCATTATTTTGAGA

Human DNA 2 ATTATTATCATTATTTTGAGA

Mus musculus TCATTATTATCATTATTTTG

Plasmodium falciparum TTTCATTATTATCATTATTTT

GH1-3′end

(90 to 108) TGGATAATAAGCTGTGAAT

Human DNA TGGATAATAAGCTGTGAAT

Human factor RIP140 TGGATAATAAGCTGTGAAT

GH1-3′end

(235 to 259) TCATTTTTCTTTAATTTTTAATTAA

Caenorhabditis elegans TTTTTCTTTAATTTTTAATTAA

Drosophila melanogaster TCATTTTTCTTTAATTTTTAATTAA

Methanococcus jannaschii TTTTTCTTTAATTTTTAATT

Meloidogyne javanica TCATTTTTCTTTAATTTTTAATT

PF80

(247 to 273) TTTGTTCTTTTGGCTTATGGTTTACTT

Human DNA TTTGTTCTTTTGGCTTATGGTTTACTT

PH2-5′ end

(4 to 27) TTCCGCTCATTGAAGTAGCTGTGC

Fasciola hepatica TTCCGCTCATTGAAGTAGCTGTGC

Human DNA TCATTGAAGTAGCTGTGC

PH2-3′end

(190 to 214) ATTTTATATATATATGCACACACAC

Human DNA 1 ATTTTATATATATATGCACACACAC

Human DNA 2 TTATATATATATGCACACACAC

Felis catus TATATATATATGCACACACA

Rattus norvegicus TATATATATATGCACACACAC

Mus musculus TATATATATATGCACACACAC

PJ65-5′end

(240 to 265) AAGAATATCTAGAGAATTCTAGGAAA

Caenorhabditis elegans AAGAATATCaAGAGAATTCTAGGAAA

PJ65-3′
end(25 to 79) CTTGAGTAGCAAAATCAAGTTTAAGGGGGGATGTTGAGTAGTAAACTTGATTTT

Arabidopsis thaliana CTTGAGTAGCAAAATCAAGTTTAAGGGGGGATGTTGAGTAGTAAACTTGATTTT

than half of most eukaryotic genomes is repetitive
DNA, and that (ii) RAPD are more easily produced
in repetitive DNA, this absence of ORF should not be
unexpected. This is consistent with the fact that, in
eukaryotes, both inverted and mirror repeats are vir-
tually excluded from coding sequences (Morgante &
Olivieri, 1993; Cox & Mirkin, 1997). Mirror repeats
have often been associated with inversion endpoints,

becoming recombination hot spots and significantly
enhance inversed recombination events, although they
seem to be somatically stable as no somatic mosa-
icism was observed (Morgante & Olivieri, 1993). In
other cases, direct repeats could be the prompt for
a transposition event that might help in evolutionary
adaptations.
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It has been reported that repetitive DNA comprises
a large and rapidly evolving portion of the genomes
(Zhao et al., 1998), and that repeats allow to classify
the genotypes by the retention of hybridization signals
after high-stringency washes. This may be equivalent
to presence/absence of a PCR band, or different de-
grees of intensity provided that the primers are able
to recognise the divergent sequence. The importance
of genomic repetitions is enhanced as their formation
could be the cause of evolutionary genome variability.
Markers GJ18, GH1, PH2 and PJ65, produce a small
amplification of 50 nt (Bautista et al., accompanying
paper) that clearly illustrates the repetitive nature of
DNA amplified by RAPD. Perhaps this can explain
why RAPD is the easiest and quickest technology to
differentiate organisms and/or individuals.

In conclusion, this study has confirmed, in olive-
trees, the molecular basis of the polymorphisms de-
tected as RAPD/SCAR methods. The 12 SCARs re-
vealed the repetitive nature of RAPD amplifications in
olive-tree.
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