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b Université de Corse, UMR-CNRS 6134, BP 52, 20250 Corte, France
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Abstract

Eighty-four olive accessions obtained from the National Conservatory of Boughrara-Sfax (Tunisia), previously evaluated for morpho-

logical traits, were analysed with 47 random amplified polymorphic DNA (RAPD) markers. They were compared with other olive

genotypes originated from Eastern or Western Mediterranean. The highest and lowest similarities between genotypes, estimated by

simple matching algorithm, were 0.98 and 0.40, respectively. A dendrogram based on Ward’s method and a factorial correspondence analysis

(FCA) showed that most of Tunisian accessions are closely related to olive genotypes originating from the Eastern Mediterranean and

some are clustering with genotypes originated from the Western Mediterranean. These findings suggested multiple and complex origin

of Tunisian olive. A comparative study between a previous morphological analysis and current RAPD assay was carried out and

discussed.

# 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Olive (Olea europaea L. subsp. europaea var. europaea) has

been domesticated by 5800 B.P. (Zohary and Hopf, 1994)

probably both in Eastern and Western of the Mediterranean

basin (Besnard and Bervillé, 2000). The cultivated olive (O.

europaea L. var. europaea) is propagated by cutting or grafting,

whereas wild olive (O. europaea L. var. sylvestris) reproduced

from seeds (Green, 2002). These two olive types are interfertile

and have led to a large number of varieties. The official key for

identification of varieties is based on morphological criteria

(Barranco and Rallo, 1984; Prevost et al., 1993) although they

are influenced by environmental conditions. However, mole-

cular markers, as random amplified polymorphic DNA (RAPD)

markers, are environment-independent and efficient to identify

olive varieties and to detect synonymous and homonymous

(Fabbri et al., 1995; Besnard et al., 2001a; Bronzini de Caraffa

et al., 2002a).

In Tunisia, olive cultivation is of great socio-economic

importance with more than 60 millions of olive trees

including a wide range of olive denominations. The major

part of Tunisian olive germplasm has been gathered in a

collection located in the ‘‘National Conservatory of Bough-

rara-Sfax’’. This germplasm has been characterized previously

with morphological criteria (Mehri et al., 1997; Trigui et al.,

2006).

In the present study, we have analysed Tunisian olive

accessions from this collection and olive genotypes originating

from the East and the West of the Mediterranean, using RAPD

technology. A comparison of morphological and molecular

groups was also performed to investigate the usefulness of

molecular markers as a supplement, a complement and/or an

alternative for varietal distinctness based on morphological

criteria. The feasibility of varietal identification based on

RAPD data entirely or in combination with traditional

morphological evaluation is discussed.
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2. Material and methods

2.1. Plant material

Eighty-four olive accessions collected from Tunisia and

conserved in the olive germplasm collection of Boughrara-Sfax

(Tunisia) were included in this study. Unknown accessions

were labelled with a common name ‘‘Local type’’ and

referenced with a code number. Out of these 84 accessions,

65 have been previously differentiated by morphological

criteria which are 10 endocarp criteria (Trigui, personal

communication).

Foreign olive material (13 from the East and 5 from the West

of the Mediterranean basin) was also included in this study.

Their geographical origin has been previously determined

using mitochondrial DNA (Besnard et al., 2001b; Bronzini de

Caraffa et al., 2002b).

2.2. DNA extraction and RAPD analysis

Total DNA extraction was performed as described by

Saghai-Maroof et al. (1984) with some modifications (Bronzini

de Caraffa et al., 2002a). PCR amplifications were performed

with a thermal cycler (PerkinElmer, USA) using eight decamer-

primers (Eurogentec, Belgium, Kits A, C, D and O) (A1, A2,

A9, A10, A19, C15, O8 and O15) as described by Bronzini de

Caraffa et al. (2002a). Amplification products were analysed by

electrophoresis through 1.6% Agarose (Eurogentec) followed

by ethidium bromide staining. Size of fragments was estimated

using the 1 Kb DNA ladder (Promega, USA). The amplification

reactions were repeated at least twice and only reproducible and

intense bands were scored.

2.3. Data record and analyses

RAPD bands were scored as 1 (band present) or 0 (band

absent). Simple matching algorithm (Sokal and Michener, 1958)

was used to estimate genetic similarities between each pair of

individuals and to construct a dendrogram with Ward’s minimum

variance method (Ward, 1963). This method considered RAPD

bands as phenotypic rather than genetic characters. Similarity

matrix and cluster algorithms were carried out using the program

developed by J. Brzustowski (http://www2.biology.ualberta.ca/

jbrzusto/cluster.php). In addition, the RAPD data were analysed

by factorial correspondence analysis (FCA) using the GENETIX

package, version 4.04.

3. Results and discussion

A total of 58 bands, ranging in size from 230 to 1900 bp,

were scored with the eight primers, and 47 were polymorphic

and reproducible (81%). They allowed to discriminate the 18

foreign olives and 57 Tunisian olive accessions among the 84

studied. The accessions having the same RAPD profiles were

different with morphological assay based on endocarp criteria.

Therefore, 19 accessions, not discriminated by morphological

criteria, were clearly discriminated by the RAPD analysis:

Chemchali and Local type 1; Chemlali 5 and Local type 22;

Dhokkar and Local type 8; Chetoui 1, Chetoui 2 and Local type

7; Local type 35 and Local type 36; Local type 32, Local type

34, Local type 37 and Local type 39; Local type 13 and Local

type 14; Local type 48 and Local type 56 (Trigui, personal

communication). Differences in results obtained by molecular

and morphological approaches were reported in other species as

pomegranate (Sarkhosh et al., 2006). A reason is that marked

morphological differences between accessions did not neces-

sarily translate to marked differences in RAPD phenotypes.

Morphological and RAPD analysis were two phenotypic

methods which could be combined for varietal identification.

Similarity values ranged from 0.40 (East 13 and Chemlali 5;

West 1 and Local type 6) to 0.98 (several pairs of individuals

such as Local type 41 and Local type 46 or Local type 11 and

Local type 54) with an average of 0.73. The results showed that

the best agreement between the morphological and RAPD

analysis was obtained for accession pairs with a low similarity

coefficient. For closely related accessions, the use of other

molecular markers such as microsatellites providing a much

more improved analysis, may explore differences between

them (Diaz et al., 2006).

In the Ward’s dendrogram, the olive trees were separated in

two main branches (Fig. 1). The branch 1 included 54/84

Tunisian accessions and all of East and West genotypes studied.

This group was separated into three subgroups (1.1, 1.2 and

1.3). There was less Jacknife support for both clusters 1.1 (38%)

and 1.2 (26%) than for 1.3 (74%). This indicates that accessions

belonging to these clusters were not well discriminated by

RAPDs. Cluster 1.1 included 17 Tunisian accessions (10 from

the South and 7 from the North of the country) and the Eastern

genotypes. Cluster 1.2 consisted of Tunisian accessions from

the South except Local type 7, Chetoui 1 and Chetoui 2. Cluster

1.3 contained three Tunisian accessions from Sfax (South of

Tunisia) (Local types 36, 35 and 44) with the five Western

accessions. Branch 2 consisted exclusively of Southern

Tunisian accessions except two from the North of Tunisia.

Three clouds were obtained by FCA analysis (Fig. 2) and

the first three axes explained 31.15% of the total variability. The

FCA pattern was comparable to the clustering pattern in the

dendrogram with some exceptions. The group on the right

contained the Tunisian accessions grouped in the branch 2 on

the dendrogram except Local type 5. All these accessions are

originating of the Southern Tunisia what suggested an

autochthonous origin as well as their limited diffusion from

their centres of origin (Besnard et al., 2001b; Belaj et al., 2003).

In the cloud on the centre (cluster 1.1 and 1.2 on the

dendrogram, except Local type 42 and Chemlali 5, and Local

type 56), 49 out of 84 Tunisian accessions were more similar to

the Eastern genotypes those from their own country. The last

cloud, on the left, contained the three Tunisian accessions and

the five Western genotypes grouped together in the cluster 1.3

on the dendrogram. These results showed a clear cut-separation

between genotypes from the East and those from the West.

These findings were in accordance that the selection of olive

cultivars occurred in different genetic pools in the East and

West of the Mediterranean (Besnard and Bervillé, 2000; Terral
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et al., 2004). They suggested multiple and complex origin of

Tunisian olive. A clustering of olive varieties from different

geographic origins had also been observed in other studies

performed with molecular markers (Bronzini de Caraffa et al.,

2002a; Belaj et al., 2003; Owen et al., 2005). Such clustering

patterns showed that some Tunisian accessions might have been

introgressed by olives from the Eastern Mediterranean. Plant

material interchange and crossings might have occurred

through the history.

The genetic variability detected among Tunisian accessions

could be of major importance for solving problems concerning

the management of the Tunisian olive germplasm. The overall

findings were that enough genetic diversity could be detected,

from the comparative study of molecular and morphological

Fig. 1. Dendrogram using Ward’s clustering method of the 102 olive individuals. Support for branching pattern was determined using Jacknife approach. Branch 1

consisted of clusters 1.1, 1.2 and 1.3.
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approaches, using RAPD markers combined with morpholo-

gical criteria, to differentiate registered olive varieties. This

may help to the registration of new varieties which could be of a

great interest for breeders. However, to construct a molecular

data base that can be used to make a reference collection, more

primers and preferably other markers such as microsatellites

may be necessary and should be compared with the present

assay.
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identification in olive based on RAPD markers. J. Am. Soc. Hort. Sci. 126,

668–675.

Bronzini de Caraffa, V., Giannettini, J., Gambotti, C., Maury, J., 2002a. Genetic

relationships between cultivated and wild olives of Corsica and Sardinia

using RAPD markers. Euphytica 123, 263–271.

Bronzini de Caraffa, V., Maury, J., Gambotti, C., Breton, C., Bervillé, A.,
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