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Abstract: The centennial olive trees of Tunisia serve as enduring symbols of resilience,
having withstood the test of time while witnessing the effects of climate change, rising
temperatures, water scarcity, and the emergence of new diseases. Presently, there is a
notable lack of research on the genomic analysis of ancient trees. This study investigates the
genetic diversity of twenty-eight ancient olive specimens collected from archeological sites
in nine governorates from the north to the south of Tunisia. Using nine highly polymorphic
microsatellite markers, these ancient olive trees were compared with twenty-five local
Tunisian cultivars and sixty olive varieties from other Mediterranean countries (Greece,
Italy, and Spain). The ancient olive trees were revealed to have a high genetic diversity,
with 67 alleles and a Shannon index of 1.68. The key findings identify the ancient trees M25,
M1, M28, and M24 as synonyms for local olive cultivars, while “M10” is noted as a first-
generation migrant from Tunisian olives. Cluster analysis methods, including structure,
neighbor-joining (NJ), and principal coordinates (PCoA), show that these ancient trees
share a common genetic background and ancestry with varieties from Tunisia, Italy, Spain,
and Greece. The conservation and evaluation of these genotypes will increase the genetic
diversity available for breeding programs and strengthen the resilience of agriculture,
which is currently facing unprecedented pressure worldwide.

Keywords: biodiversity; SSR markers; Mediterranean olive tree; genetic diversity;
centennial olive

1. Introduction
Olea europaea L. is one of the oldest cultivated plants in the Mediterranean region and

worldwide. The species belongs to the Oleaceae family, which includes about 28 genera and
around 700 species. Two primary varieties of Olea europaea L. are recognized: Olea europaea
var. europaea, and Olea europaea var. sylvestris [1–6]. Centuries-old olive trees exist along the
Aegean Sea between Greece and eastern Turkey. On Crete, the largest Greek island, there
is a 3000-year-old olive tree of exceptional dimensions in Kavousi, with a circumference
of 14.2 m and a diameter of almost 5 m [7]. There are also centenary olive trees on Mount
Tabor and in Urla, a small Turkish peninsula, as well as in Spain and Italy [8]. In Tunisia,
the olive tree was an integral part of the Berber, Carthaginian, and Roman civilizations
and served many purposes, such as providing oil for food, medicine, and lighting, and
wood for the construction of ships and tools. The olive tree also played an important role
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in shaping the landscape, preserving the environment and contrasting desertification and
climate change [9].

The Carthaginians and the Romans played a significant role in promoting olive cul-
tivation in ancient Tunisia by turning large arid areas into productive land. The trade
exchanges between the Phoenicians and the Romans facilitated the introduction of foreign
olive varieties into the Tunisian olive germplasm, leading to an impressive diversification
of the olive tree [10,11]. The long history of olive cultivation in Tunisia and the genetic flow
from other Mediterranean germplasms have produced large panoply of autochthonous
varieties, totaling over 200 [12]. Nevertheless, ninety per cent of olive production is ac-
counted for by two highly productive olive varieties: Chetoui in the north of Tunisia and
Chemlali in central and southern Tunisia. The remaining ten per cent is accounted for by
several minor varieties grown in marginal areas and cultivated by a few farmers in small
local groves [13,14]. In Tunisia, it is common to see olive trees that are several hundred
years old scattered across the landscape, reflecting the deep respect and admiration that
the local communities have for these ancient trees. They can be considered an invaluable
reservoir of genetic diversity, and several studies have shown that they could have great
potential to improve the olive production, oil quality, and disease resistance of commercial
varieties [15–17].

Research into the genetic diversity of ancient olive trees has uncovered unique traits
that are potentially lost in modern cultivars due to selective breeding. In Tunisia, research
has focused on commercial varieties, whereas there have been relatively few studies
examining millennial olive trees. A significant study investigating the genetic diversity of
ancient olive trees in the governorate of the Sousse region used RAPD and SSR markers [15].
More recently, Tunisian millennial olive trees were evaluated using morphological and
oil quality parameters [15,17,18]. Similar research has been carried out in countries with
rich olive-growing traditions, such as Turkey [19,20], Cyprus [21], Lebanon [22], Sicily [18],
Malta [23], and Spain [24,25], revealing that ancient trees preserve interesting traits such as
resistance to disease and tolerance to drought and salinity, and have specific characteristics
that influence their oil’s composition and flavor [26]. Understanding the genetic makeup of
ancient olive trees is essential for preserving diversity for future breeding applications. As
the global demand for high-quality olive oil increases, that provided by these millennia-
old trees could be crucial for the development of new olive tree varieties that can meet
consumer demands and withstand the challenges of climate change.

Accordingly, interest in olive heritage is increasing in Mediterranean countries, and
more and more initiatives are being introduced to preserve and promote its conservation
and valorization [18–27]. In Tunisia, a research team from the National Gene Bank of Tunisia
searched throughout the country for centenary olive trees from Roman and Carthaginian
times, and found several giant olive trees with a circumference of 15 m, a diameter of
0.50 m, and gray trunks with knots [15,28]. These centuries-old olive trees produce oils of a
good quality which is sometimes even higher than that of commercially available varieties
in Tunisia, suggesting that they may have a distinctive genetic background [19]. To fully
understand and exploit to the fullest extent the historical and agronomic value of these trees,
it is crucial to identify the most valuable specimens and carry out genetic characterization.
To achieve this goal, a set of nuclear SSR markers were used to genotype 26 historically im-
portant olive tree cultivars from different regions of Tunisia. Subsequently, these accessions
were compared with local cultivars and other Mediterranean varieties. The results provide
important insights into the origin of these valuable genetic resources, and shed light on
their historical distribution and migration patterns in the southern Mediterranean.
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2. Materials and Methods
2.1. Plant Material

Leaf samples were collected from 28 ancient olive trees found in Tunisian archeological
sites with olive oil presses from the Punic and Roman periods. These sites are located across
nine governorates, extending from the north to the south of Tunisia (Table 1, Figure 1). The
growth pattern, structure, and trunk diameter of the olive trees were used as approxima-
tions of their age [4,29]; only trees with a diameter of 3 to 8 m were selected (Figure 2).
The freshest leaves were collected from branches produced in the previous year at the four
cardinal points of the tree, immediately placed in ice, and brought to the laboratory for
DNA extraction.
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Table 1. Origin and use of millennium olives analyzed.

Cultivar Locality Governorate Use

M1 Haouria Nabeul (North) Table
M2 Mednine Mednine (Center) Oil
M3 Sfax Sfax (Center) Oil
M4 Zahret Medyen Béja (North) Oil and Table
M5 Gafsa Gafsa (South) Oil and Table
M6 Gafsa Gafsa (South) Oil and Table
M7 Zarzis Mednine (South) Oil and Table
M8 Mountain of Kesra Siliana (Center) Oil
M9 Mountain of Kesra Siliana (Center) Oil and Table
M10 Mountain of Kesra Siliana (Center) Oil
M11 Mountain of Kesra Siliana (Center) Oil
M12 Mountain of Kesra Siliana (Center) Oil and Table
M13 Testour Béja (North) Oil and Table
M14 Testour Béja (North)) Oil and Table
M15 Testour Béja (North) Oil and Table
M16 Haouria Nabeul (North) Oil
M17 Testour Béja (North) Oil and Table
M18 Sbeitla Kasserine (Center) Oil
M19 Slimen Nabeul (North) Oil
M20 Sbeitla Kasserine (Center) Oil and Table
M21 El Alaa Kairouan (Center) Oil
M22 El Alaa Kairouan (Center) Oil
M23 Ben Gardène Tataouine (South) Oil
M24 Ben Gardène Mednine (South) Oil
M25 Tataouine Tataouine (South) Oil
M26 Jerba Mednine (South) Oil
M27 Sbeitla Kasserine (Center) Oil and Table
M28 Zahret Medyen Béja (North) Table

2.2. Molecular Analyses
2.2.1. DNA Extraction

Three leaves from each olive sample were freeze-dried, lyophilized, and ground to
a fine powder. DNA extraction was performed using 50 mg of this material, according
to [30]. To avoid contamination across samples, all the equipment, including mortars and
pestles, were thoroughly cleaned with 70% ethanol between uses. Grinding was carried
out in the laboratory using disposable materials to avoid contamination between samples.
DNA quantity and quality were assessed on 1% agarose gel, using the NanoDrop TM ND
2000c (Thermo Scientific, Waltham, MA, USA). The DNA was then diluted to 50 ng/µL
and stored at −20 ◦C until further use.

2.2.2. Olive Genotyping

The genetic profile of each olive sample was established by PCR, using 9 highly
polymorphic microsatellite markers pre-selected for their efficiency, high polymorphism,
and reproducibility [31] (Table S1). Amplifications were carried out in a final volume of
12.5 µL containing 50 ng of genomic DNA, 0.25 µL of Dream Taq buffer (10×), 0.6 µL of
dNTP (2 M), 1.25 µL of a labeled primer mix (2.5 M), 0.2 µL of Dream Taq, and 7.7 µL of H2O.
The thermal cycles consisted of an initial denaturation at 94 ◦C for 15 min, followed by ten
rounds of the following sequence: denaturation at 94 ◦C for 30 s, annealing at a temperature
between 50 ◦C and 60 ◦C for 1 min 30 s, depending on the primer, and extension at 72 ◦C for
1 min; and 25 cycles of the following sequence: denaturation at 94 ◦C for 30 s, annealing at
50 ◦C for 1 min 30 s, and extension at 72 ◦C for 1 min. The amplifications were performed in
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a C1000TM thermal cycler (Bio-Rad, Hercules, CA, USA). Negative controls were included
to detect potential contamination of the reagents. Amplicons were separated using the
ABI PRISM 3100 Avant Genetic Analyzer automatic capillary sequencer, using GeneScan
Liz 600 dye (Applied Biosystems, Foster City, CA, USA) as an internal molecular weight
standard. The allele size of each amplicon was estimated using the genotyping software
GeneMapper v.3.7 (Applied Biosystems, Foster City, CA, USA). We performed an in-depth
comparative study of the genetic profiles of 28 centenary olive varieties. This process
included aligning the SSR size bands of these varieties with those of 25 popular Tunisian
olive varieties that have been previously studied [12], and with those of a selection of
60 Mediterranean olive varieties from the Global Olive Genetic Database [32], including
8 varieties from Greece, 32 from Italy, and 20 from Spain (Table S4).

2.3. Statistical Analysis of Data

The results of the molecular analysis were recorded as bands of precisely determined
sizes (bp). GenAlEx v. 6.501 software [33] was used to calculate allele frequency, number of
alleles (Na), effective number of alleles (Ne), Shannon information index (I), fixation index
(F), number of private alleles, marker-based relatedness (LRM), probability of identity (PI),
and observed and expected heterozygosity rates (Ho, He). The software was also used
to calculate the molecular variance between and within populations (AMOVA) and to
perform a principal coordinate analysis (PCoA) based on inter-individual relationships,
using Nei’s unbiased genetic distance pairwise population matrix.

We used CERVUS version 3.0.6 [34] to calculate the polymorphic information content
(PIC) and estimate the occurrence of null alleles based on [35]. Furthermore, we performed
a migrant detection analysis and assignment tests using GENECLASS2 software [36]
to understand the dispersal patterns between centenary olives and olive cultivars that
are prevalent in Tunisia. We also analyzed the dispersal patterns between the Tunisian
gene pool and olive tree populations from Spain, Italy and Greece to identify the ’source’
genotypes among the populations studied.

2.3.1. Cluster Analysis

Using Darwin software, version 6.0.21 [37] (http://darwin.cirad.fr, accessed on 26
April 2019), the genotypes of centenary olive trees, together with those of the commercial
olive varieties and the Spanish, Italian, and Greek olive germplasm, were hierarchically
classified by applying the neighbor-joining (NJ) method based on a dissimilarity matrix,
with bootstrapping of 1000 replicates to determine the support for each node [38].

2.3.2. Structure Analysis

The SSR profiles of the Tunisian monumental trees were compared with those of
local cultivars and varieties from Spain, Italy, and Greece using STRUCTURE 2.3.4 soft-
ware [39]. The nine microsatellite loci were first analyzed using the linkage disequilibrium
(LD) test [40,41] to assess their association and to determine whether they met the neces-
sary conditions for the application of the Bayesian approach. Subsequently, the Markov
chain Monte Carlo (MCMC) algorithm [42] was used to explore the genetic structure of
the populations. To determine the optimal number of subpopulations (K), ten separate
iterations were performed for each value of K (from 1 to 10), using 100,000 MCMC repeti-
tions and 100,000 burn-in periods. Harvester software (0.6.93) was used to determine the
ideal number of subpopulations, as determined by the ad hoc statistical ∆K test developed
by [43]. The membership coefficient (qi), which determines whether genotypes belong to
the same population, was chosen as qi > 0.8; otherwise, genotypes were considered ad-
mixed (qi < 0.8). GenALEx software (6.503) was used to calculate the pairwise Fst between
the groups identified by the STRUCTURE analysis.

http://darwin.cirad.fr
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3. Results
3.1. Genetic Diversity of Olive Genotypes

The molecular diversity analysis of the Tunisian centenarian olive trees revealed
67 bands, with an average of 7.44 alleles per locus (Table 2). The effective alleles (Ne) ranged
from 2.53 for DCA15 to 6.67 for DCA09, with a mean of 4.78. The Shannon information
index (I) ranged from 1.08 to 2.06 for the same markers (mean of 1.65). The polymorphism
information content (PIC) was minimal for DCA15 (0.58), and reached its maximum for
DCA09 (0.84). The highest observed heterozygosity (Ho) was found for GAPU101 (mean
of 0.97), while the expected heterozygosity (He) was highest for DCA09 (mean 0.84). The
mean of the inbreeding coefficient (F) was −0.049, and it ranged from −0.2 (GAPU101) to
0.26 (DCA18).

Table 2. The global diversity indices of nine simple sequence repeat (SSR) markers, detected in twenty-
eight historical and twenty-five commercialized olive trees in Tunisia, and sixty Mediterranean
olive genotypes.

Locus Size Range (bp) Na Ne I Ho He PIC F

DCA03 231–255 6.6 4.78 1.65 0.93 0.78 0.78 −0.18
DCA05 194–212 5.8 2.93 1.3 0.72 0.64 0.64 −0.12
DCA09 162–206 10.4 6.67 2.06 0.9 0.84 0.84 −0.07
DCA15 246–270 4.2 2.53 1.08 0.56 0.58 0.58 0.08
DCA16 122–186 9.4 6.42 1.99 0.9 0.83 0.83 −0.07
DCA17 109–181 7.6 4.41 1.65 0.57 0.76 0.76 0.26
DCA18 165–191 7.8 5.09 1.757 0.77 0.79 0.793 0.03
GAPU71b 121–144 5.6 4.61 1.59 0.91 0.78 0.77 −0.17
GAPU101 170–218 7.2 5.6 1.8 0.97 0.81 0.81 −0.2
Mean 7.17 4.78 1.65 0.8 0.76 0.75 −0.049

Na = no. of different alleles, Ne = no. of effective alleles, I = Shannon’s information index, Ho = observed
heterozygosity, He = expected heterozygosity, fixation index (F), polymorphism information content (PIC).

The analysis of genetic diversity in the five olive populations revealed the highest
number of alleles (80) for the Italian germplasm (Table 3). The 28 centenary olives had a
number of alleles (67) that was comparable to other groups and outnumbered the Tunisian
varieties (60). The observed heterozygosity was higher than the expected heterozygosity
in all the groups. Notably, the probability of identity (PI) was very low, at 7.1 × 10−11,
indicating unique genotypes within the centenary germplasm overall, and a low probability
of identity.

PI = 10−10 indicates that the selected markers were highly informative, enabling clear
differentiation among the five Mediterranean olive populations. Pairwise LRM relatedness
identified five pairs of identical instances (LRM = 0.50) between centenarian olives and
local Tunisian cultivars: M25/Chemlali Tataouine, M1/Barouni, Chemlali Sfax/Zalmati,
M28/Meski, and M24/JEMRI_BC. In addition, the LRM cut-off at 0.35 revealed a dense
network of close relationships between several ancient genotypes and cultivars, including
M1, BAROUNI, and Besbessi; M13 and Neb Jemal Tataouine; and M10 and Chemlali Jerba
in the Tunisian germplasm (Table S2).
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Table 3. The global diversity indices obtained nine SSR markers in the five Mediterranean olive
populations analyzed: number of alleles (Na), number of effective alleles (Ne), Shannon’s information
index (I), observed heterozygosity (Ho), expected heterozygosity (He), fixation index (F).

Populations Na Ne I Ho He PIC PI F

Tunisian centennial
olive trees Total 67 45.9

Mean 7.44 5.1 1.68 0.68 0.76 0.75 7.1 × 10−11 0.12
Tunisian
commercial varieties Total 60 39.6

Mean 6.66 4.4 1.57 0.7 0.73 0.73 4.9 × 10−10 0.07
Greek varieties Total 55 41.0

Mean 6.11 4.55 1.60 0.88 0.76 0.75 2.4 × 10−10 −0.16
Italian varieties Total 80 48.8 4.1 × 10−10

Mean 8.88 5.42 1.83 0.85 0.8 0.79 1.0 × 10−11 −0.06
Spanish varieties Total 61 39.92

Mean 6.77 4.43 1.58 0.91 0.75 0.75 4.1 × 10−10 −0.215

3.2. Genetic Relationships Between Olive Genotypes

The AMOVA analysis revealed that only 4% of the genetic variation exists between
populations, while 96% arises from within-population variance (at a significance level of
0.01%). This finding suggests limited genetic diversity between the groups and emphasizes
a substantial genetic exchange among the Mediterranean O. europaea L. cultivars. This
conclusion is bolstered by the F < 0 values, which indicate high heterozygosity within the
population (Table S3).

A multi-locus genotype analysis was carried out to individuate unique combinations
of alleles across multiple loci, to study the dispersal patterns among the analyzed Mediter-
ranean olive populations, and to determine the origins of genotypes [36]. With a few
exceptions, most of the samples could be assigned to their respective populations. The
analysis revealed four potential first-generation migrants among the five olive populations
(p < 0.01). Specifically, the centenary olive M10 was identified as a first-generation migrant
of the local olive cultivars in Tunisia. In addition, the local Tunisian genotype Neb-Jemal-
Tataouine was found to be a first-generation migrant from old olive trees. Similarly, the
Spanish cultivars Arbequina and Sevillenca were recognized as potential first-generation
migrants from the Italian olive tree population (Tables 4 and S4).

The genetic structure of the entire olive collection, including the centenarian genotypes,
was analyzed using non-parametric principal coordinate analysis (PCoA) based on Nei’s
unbiased genetic distance matrix. In this analysis, 21.2% of total diversity was assigned
to the first two principal coordinates, PCo1 and PCo2 (Figure 3). The plot revealed two
main clusters along the PCo1 axis, one including the samples from Italy, Spain, and Greece
clustered on the right side, and the other collecting most of the Tunisian olive varieties,
together with some European varieties, on the left side.

A neighbor-joining dendrogram (Figure 4) confirmed the results of the PCoA analysis,
dividing the 113 genotypes into three distinct clusters. Cluster I contained a combination
of types from the five populations, classified into two subclusters. The subcluster CI-1
consisted of most of the centenarian olive trees and Tunisian local cultivars, while the
subcluster CI-2 included olive varieties from Spain, Greece, and Italy. Cluster II contained
the Italian variety Leccino and the Spanish varieties Manzanilla de Sevilla and Villalonga.
Cluster III comprised a mixture of olive varieties from the five populations.
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Table 4. Assignment of 113 Mediterranean olive cultivars to five predefined populations, using the
algorithm of GeneClass2.

Individuals
Tunisian

Centennial
Olives

Tunisian
Commercial
Varieties

Greek
Varieties

Italian
Varieties

Spanish
Varieties

Number of individuals 28 25 8 32 20

% assigned to the
predefined population 89 100 75 96.8 85

% assigned to the predefined
population and another
population

96 100 100 87.1 100

% not assigned to the
predefined population but to
another population

10.7 0 25 3.1 15

% assigned to neither the
predefined population nor
another population

0 0 0 0 0
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Figure 3. Principal coordinate analysis (PCoA) of analyzed olive samples. Different colors represent
geographic groups of olive varieties: Spanish: red, Italian: blue, Tunisian millennium olives: light
green, Greek: pink, and Tunisian olive varieties: dark green. Principal component analysis (PCA)
was performed, as a non-parametric alternative, to study genetic structure. PCA plot based on first
two principal axes (PC1 and PC2) clearly separates individuals belonging to Tunisian population
from other populations, which fall in different quadrants.
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green, and Tunisian olive varieties: dark green.

3.3. Genetic Structure

The microsatellites used revealed no significant associations in the linkage disequi-
librium (LD) test, and thus fulfilled the requirements for the application of the Bayesian
approach in the STRUCTURE analysis (Figure 5). Using an ad hoc measure derived from
the second-order rate of variation of the likelihood function (∆K), we identified the best
K = 3 (∆K = 168.97) (Supplementary Figure S1). Three distinct subpopulations were ob-
served, represented by different colors, in addition to a few mixed genotypes (Figure S1).
Each individual was assigned to a subpopulation if its membership exceeded 0.8. The red
population (Q1) comprised mainly Spanish olive trees, some Italian and Greek varieties,
and the centenarian olive trees M9 and M14. The green population (Q2) consisted mainly
of the centenarian olive trees and the commercial Tunisian varieties. The third, blue-striped
population (Q3) consisted mainly of Italian olive trees, Greek and Spanish olive varieties,
four Tunisian cultivars, and the centenary trees M5 and M10. The presence of admixed
genotypes (ADM), represented by two or three colors with memberships (<0.8), was also



Horticulturae 2025, 11, 147 10 of 15

detected, which included the centenarian samples M7, M11, M12, M13, M15, and M20, and
several Italian varieties.

Figure 5. The genetic structure of the 113 analyzed olive genotypes, identified by the STRUCTURE
algorithm at K = 3. Each bar refers to an individual and is colored according to the proportion of
the genome (qi) associated with each K detected. Centenary olives (1–28); autochthonous Tunisian
olive varieties (29–53); Greek olive varieties (54–61); Italian olive varieties (62–93); Spanish olive
varieties (94–113).

4. Discussion
The importance of millenary olive trees as genetic resources carrying crucial traits for

robustness and adaptability has only recently been recognized in the face of climate change,
rising temperatures, water scarcity, and the spread of new diseases such as Xylella fastidiosa
subsp. pauca “ST53” [44]. These trees have attracted attention due to their exceptional
ability to withstand the effects of climate change [14,20,21].

The practice of olive cultivation in Tunisia has deep historical roots, dating back to the
Punic, Roman, and Arab-Muslim eras [45]. The country is characterized by a rich heritage
of ancient olive trees that have thrived for centuries. In this study, the genetic diversity of
28 ancient Tunisian olive trees was analyzed for the first time using SSR markers. The nine
SSR markers exhibited a high level of polymorphic information content (PIC) (>0.5), with
seven of them exceeding a PIC value of 0.7 [46], thus proving to be efficient for the study of
Tunisian germplasm.

The study revealed a remarkably high genetic diversity among these ancient olive trees,
which displayed a total of 67 alleles and a Shannon index (I) of 1.68, which was higher than
that of Tunisian cultivars (I = 1.57), confirming the preciousness of this ancient germplasm,
as already noted by [9]. It also provided valuable insights into the Italian, Spanish, and
Greek germplasm. In particular, the Italian varieties displayed the highest degree of
polymorphism, the highest Shannon index value, and the highest observed heterozygosity,
which is consistent with previous studies on the Italian olive germplasm [47–49] and
Spanish olive germplasm [26].
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Several studies have emphasized the great genetic diversity of ancient olive trees
and their relationships with local cultivars in different Mediterranean countries, such
as Cyprus [21], Turkey [20], Spain [24,25], Lebanon [22], Sicily [18], Malta [23], and
Greece [50,51]. In all of these studies, the results pointed out the particularity of the
ancient germplasm, and they led to the registration of some genotypes in the International
IFAPA’s World Germplasm Bank of Olive Varieties, to ensure their conservation in the
future. These old trees have been cultivated for hundreds of years and have survived
against all sorts of adversities, and they were probably selected to enhance the flavor and
aroma of oil for a wide range of use [19]. In Tunisia, the Romans cultivated Olea europaea
subsp. europaea var. europaea in challenging environments to support nomadic communities,
and contributed to the development of resilient agricultural systems in arid regions by iden-
tifying robust olive cultivars [45]. In addition, the Hellenistic era witnessed a proliferation
of olive varieties due to extensive trade that led to the spread of different olive cultivars
through grafting and the exchange of knowledge about these plants [26,51,52].

Among the centenary trees, pairwise relatedness analysis identified samples M25,
M1, M28, and M24 as synonyms of the local cultivars Chemlali Tataouine, Barouni, Meski,
and JEMRI_BC, respectively, revealing the antiquity of these important Tunisian varieties.
The migrant detection analysis revealed that accession M10 from the old Tunisian olive
population is a potential first-generation migrant of local olive cultivars in Tunisia, and
the local variety Neb-Jemal-Tataouine was identified as a first-generation migrant from
ancient olive trees. In addition, the Spanish varieties Arbequina and Sevillenca were
assessed as potential first-generation migrants from the Italian olive population. Overall,
these results indicate genetic exchange between olive populations and the transfer of
genetic material from older varieties to cultivars. The assignment test data also show
potential genetic exchange in both directions, which is consistent with previous studies
demonstrating the introgression of Western European olive cultivars from native olive trees
from the East [53]. According to [18], ancient olive trees found at archeological sites in
Agrigento, Italy, include well-known varieties such as Santagatese, Giarraffa, and Cerasuola.
Additionally, [54] highlights the close relationship between samples of a medieval Maltese
olive and the traditional Maltese variety, Bidni. In their assessment of the significant
millenary olive tree ’Throuba Naxos’ and its comparison with 89 olive tree varieties from
the Mediterranean region, the authors of [50] note that the domestication of olive trees in
Greece may have begun as far back as 3000 years ago. In addition, in their study of the
genetic connections between Greek Olea europaea subsp. europaea var. sylvestris populations
and Olea europaea subsp. europaea var. europaea using SSR markers, the authors of [55]
emphasize that special attention should be paid to centennial olive trees in traditional
olive groves. Considering that grafting with Olea europaea subsp. europaea var. sylvestris
rootstocks was a common method of establishing olive groves in Greece, these centenary
trees serve as vital preservation vessels for potentially extinct Olea europaea subsp. europaea
var. sylvestris populations. As a result, they should be carefully studied and protected.

The AMOVA analysis confirmed the genetic exchange between olive populations
and the transfer of genes from older cultivars to those grown today. This indicates a
complex evolutionary path influenced by local adaptations and environmental factors,
and emphasizes the contributions of both natural elements and human activities such as
cultivation and breeding to shaping the genetics of olives. These results are bolstered by a
recent study [56] involving 90 olive accessions and six varieties from the USDA repository,
which applied genotyping-by-sequencing (GBS) and found no correlation between sub-
populations, geographical origins, or climatic conditions. Considerable genetic diversity
was observed within the populations, highlighting the significance for future breeding
initiatives of supporting the selection of a wide range of parent plants and aiding in the
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discovery of genes for olive breeding. The genetic clustering of the analyzed olives did
not correlate exactly with their geographical origin, and there was overlap between local
Tunisian cultivars, old varieties, and cultivars from Italy, Spain, and Greece. This conclu-
sion was supported by the results of the structure analysis, which revealed three distinct
groups, and one admixed group comprising six centenary samples with intermingled ge-
netic backgrounds showing genetic relatedness with Italian, Spanish, and Greek cultivars,
as cited by several authors [11,18,31]. The diverse genetic composition of olive cultivars
was emphasized by the authors of [57], who performed a comparative SNP analysis of
Jordan’s olive heritage, in comparison with data from the Worldwide Olive Germplasm
Bank of Córdoba. This study identified 73 previously unknown Jordan olive genotypes and
highlighted a significant degree of genetic admixture, revealing an intricate relationship
between olive varieties in the region.

Overall, this study enabled a genetic characterization of endangered Tunisian cente-
nary olive genotypes. These genotypes are currently included in the Tunisian National
GENE BANK collection, increasing the number to more than 200 genetic profiles, as well
as in an olive DNA repository with more than 75 samples [12]. These ancient genotypes,
whose history spans centuries, represent a valuable source of genetic diversity that can be
leveraged to combat new emergencies related to climate change and emerging diseases.
The conservation of these ancient genotypes not only enriches the genetic base available
for breeding programs, but also strengthens the resilience of agriculture, which is facing
unprecedented pressure worldwide.

5. Conclusions
Given the unprecedented pressures facing agriculture worldwide, tapping into the

genetic reservoir of old olive varieties can facilitate the development of robust varieties that
require fewer resources and are more adaptable. Research into old genotypes offers the
opportunity to develop new olive varieties that can effectively meet today’s agricultural
challenges. In this work, a first attempt was made to assess the genetic diversity of ancient
olive germplasm in Tunisia, in order to take a first step towards the conservation of the
genetic resources of olive trees. Using SSR markers, this study successfully identified the
genetic profiles of 28 historical olive trees collected from archeological sites in nine different
governorates from the north to the south of Tunisia. This study revealed a remarkably high
genetic diversity among these ancient olive trees, which exhibited 67 alleles and a Shannon
index (I) of 1.68. The analysis revealed that the ancient olive varieties had a higher value
than the Tunisian cultivars (I = 1.57), underscoring their significance. Pairwise relatedness
analyses identified the old olive varieties M25, M1, M28, and M24 as synonyms for the
local cultivars Chemlali Tataouine, Barouni, Meski, and Jemri-bc, thereby highlighting their
historical connections. Furthermore, accession M10 was recognized as a potential first-
generation migrant of local Tunisian cultivars, while Neb-Jemal-Tataouine can be traced
back to ancient trees. Spanish varieties such as Arbequina and Sevillenca were suggested as
possible first-generation migrants originating from Italian olives, emphasizing the genetic
exchange between olive populations. This information provides valuable insights into the
origins, historical distribution patterns, and migration routes of olives in the Mediterranean.
The protection of these rare trees, some of which have a history dating back thousands of
years, is therefore crucial to preserve our natural heritage and ensure that their ecological
benefits are preserved for future generations.
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