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Abstract The genetic diversity of 22 olive tree cultivars

(Olea europaea L.) sampled from different Mediterranean

countries was assessed using 5 SNP markers (FAD2.1;

FAD2.3; CALC; SOD and ANTHO3) located in four dif-

ferent genes. The genotyping analysis of the 22 cultivars

with 5 SNP loci revealed 11 alleles (average 2.2 per allele).

The dendrogram based on cultivar genotypes revealed

three clusters consistent with the cultivars classification.

Besides, the results obtained with the five SNPs were

compared to those obtained with the SSR markers using

bioinformatic analyses and by computing a cophenetic

correlation coefficient, indicating the usefulness of the

UPGMA method for clustering plant genotypes. Based on

principal coordinate analysis using a similarity matrix, the

first two coordinates, revealed 54.94 % of the total vari-

ance. This work provides a more comprehensive explana-

tion of the diversity available in Tunisia olive cultivars, and

an important contribution for olive breeding and olive oil

authenticity.

Keywords Markers � Olea europaea L. � Olive oil �
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1 Introduction

Olea europaea L. which is one of the oldest cultivated

plants is an important oil-producing crop in the Mediter-

ranean basin. Olive oil which is known for its beneficial

effects on health can be consumed in crude form [1].

Moreover, the olive oil sector is a major component of the

culture and socio-economy of many Mediterranean coun-

tries, including Tunisia. Given the high occurrence of

mislabeling, homonyms and synonyms for olive [2], easy

and accurate cultivar identification is an urgent necessity to

manage its rich variability. Thus, important efforts are

being made to obtain a unique and unequivocal genetic

profile for every cultivar using powerful tools for assessing

genetic variation in olive germplasm and to build a kind of

identity card for every olive cultivar. The traditional

genetic variation analyses allied to morphological and

chemical markers is insufficient to study the relationship

between cultivars due to the environmental effects on the

phenotype and variation in chemical composition. Besides,

these markers require expensive and numerous tests, which

is considered as the major constraint [3, 4]. Recently, many

molecular markers methods have been exploited to study

the genetic diversity of olive oil cultivars such as random

amplified polymorphic DNA (RAPDs) [4], amplified

fragment length polymorphisms (AFLPs) [5, 6], simple

sequence repeats (SSR) [3, 7, 8] and single-nucleotide

polymorphism (SNP) [9–11]. These technical methods

could allow the detection of DNA polymorphisms of some

molecular markers, thus efficiently discerning between

cultivars without any environmental influence. These

methods could also help in solving the authenticity and the

traceability of olive oil [12]. This study is interested in five

SNPs (FAD2.1, FAD2.3, CALC, SOD, and ANTHO3)

localized in four different genes: anthocyanidin synthase,
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Cu–Zn-superoxide dismutase, calcium binding protein and

fatty acid desaturase [13]. In our previous work, we

described the first efforts performed in collecting and

characterizing Tunisian olive cultivars from different areas

and their genetic diversity, relationships and traceability

with olive cultivars using SSR markers [3, 7]. This paper

reports the SNP markers employment to investigate genetic

diversity and relationships among 16 olive cultivars from

different Tunisian regions. Bioinformatic tools are used to

compare these markers with SSR markers, previously

studied and analyzed by our research group [3, 7, 12–14].

The present work is an assessment of the efficiency of

such markers in the evaluation of the genetic diversity and

relationship among the studied olive cultivars.

2 Materials and Methods

2.1 Plant Material

A total of sixteen Tunisian olive tree cultivars were chosen

and used [15]. They were selected from different geo-

graphical regions of Tunisia. Six cultivars from four

Mediterranean regions (French, Spain, Italy and Greece)

were then added. For each cultivar, two trees were used,

and from each tree, DNA was extracted from young leaves

[7].

2.2 DNA Extraction

DNA was separately extracted from leaves using the CTAB

methods described by Rekik et al. [8] and an additional

purification was introduced, consisting in washing and

eluting once with the QIAamp DNA stool (Qiagen) to

eliminate contaminant molecules and generate a high-

quality DNA for specific, reproducible and consistent

amplifications [3].

2.3 Genotyping Analysis

SNP SOD (insertion/deletion type) was genotyped by a

simple polymerase chain reaction and agarose gel elec-

trophoresis. The other four SNPs (FAD2.1, FAD2.3,

ANTHO3 and CALC) were genotyped by a polymerase

chain reaction-restriction fragment length polymorphism

(PCR–RFLP) method (Table 1). The PCR product (171 bp)

of the SNP (ANTHO3) was digested by MspI restriction

enzyme (Fermentas, LIFE SCIENCES) at 37 �C overnight.

This restriction enzyme recognizes the sequence AA/GG.

The G-allele carrying PCR product is cleaved once by the

enzyme generating two fragments (64 and 107 bp). The PCR

product (476 bp) of the SNP (CALC) was digested by BstZI

restriction enzyme (Promega) at 50 �C overnight. This

restriction enzyme recognizes the sequence CC/GG. The

C-allele carrying PCRproduct is cleaved once by the enzyme

leading to two fragments (316–160 bp). The two other SNPs

(FAD2.1 and FAD2.3) were analyzed using PCR–RFLP.

The PCR product (241 bp) of the SNPs (FAD2.1) and

(240 bp) of the SNP (FAD2.3) were digested by BamHI

restriction enzyme (Fermentas, LIFE SCIENCES) and

Alw26I, respectively, at 37 �C overnight. The sizes of the

restriction fragments of PCR product were 224 and 17, 130

and 110 bp for CC genotype of FAD2.1 SNP and FAD2.3

SNP, respectively. All digestion products were separated by

electrophoresis on 3 % Nusieve ethidium bromide-stained

agarose gels and visualized under UV light.

2.4 Statistical Analysis

The alleles detected for each SNP were recorded and a

binary data matrix was established with (1) for the presence

of bands (each allele representing a band) and (0) for the

absence of bands. Allele frequencies and heterozygosities

(both observed and expected under Hardy–Weinberg

equilibrium) were calculated using GDA program [16].

The power of discrimination (PD) was calculated for each

SSR locus according to Brenner and Morris [17]:

PD ¼ 1�
Xg

i¼1

p2i

where Pi is the frequency of ith genotype for the locus and

the sum is overall genotypes.

The combined power of discrimination overall loci were

then calculated as:

1�
YL

l¼1

1� PDlð Þ

The data matrix was converted into a similarity matrix

(S) values using Jaccard coefficient [18]. For a pair of two

cultivars, i and j, this coefficient is calculated as follows:

Sij ¼
nij

nij þ ni þ nj

where ni is the number of bands present in cultivar i and

absent in cultivar j, nj is the number of bands present in

j and absent in i, and nij is the number of bands shared by

both cultivars i and j

Similarity matrices were generated using SIMQUAL

sub-program of NTSYS-PC software [19]. Similarity,

coefficients were used for the cultivars cluster analysis

using SAHN sub-program of NTSYS-pc software and

dendrograms were inferred using an arithmetic average

(UPGMA) clustering algorithm. Principal coordinate

analysis (PCoA) was performed using DCENTER and

EIGEN provided in NTSYS-pc V.2.1. The graphical
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representation of the genetic relationships among olive

cultivars were displayed in a two-dimensional plot using

MXPLOT. Computations were achieved using the proce-

dures in the NTSYS pc 2.1 software [19].

3 Results and Discussion

3.1 Genotyping Results and Characteristics

of the Studied SNP Markers

The expected fragments for each SNP are reported in

Sect. 2 and some of them are shown in Ben Ayed et al.

[13].

While the observed heterozygosis for each marker ran-

ges from 0.428 (FAD2.1) to 0.727 (CALC) (0.637 aver-

age), the expected heterozygosis varies between 0.336 and

0.5 with an average of 0.454 higher than the observed

expected one (Table 1).

The discrimination power (DP) varies from 0.396 for the

CALC marker to 0.528 for FAD2.3 marker with an average

value of 0.464, which accords well with those of Reale

et al. [20]. Although this value is lower than that shown by

Rekik et al. with SSR markers (0.71), it is significantly

higher than that reported by Cipriani et al. [21] in 12 Italian

cultivars (0.44) and by Muzzalupo et al. [22] in 39 Italian

cultivars (0.38), using SSR markers. The combined dis-

criminating power is 0.95668938, indicating that the

probability of finding two cultivars with the same geno-

types combination for the 5 SNP markers is one per mile,

showing that these markers’ discriminating power is lower

than SSR markers (0.99998716) of the same cultivars [7].

This result is expected since, unlike SSR markers, SNPs

are biallelic.

For the allele frequencies of each studied SNP marker, a

dominance of one allele over another is noted, except for

the FAD2.3 marker, in which both alleles are equal.

Besides, most of the studied cultivars are heterozygous

genotypes (Table 1), except for FAD2.1 markers, in which

the frequency of heterozygous genotype is 42.85 % and

that of homozygous genotype is 57.14 %.

3.2 Dendrogram Analysis

The SNP markers genotype data used in the dendrogram

are shown in Fig. 2. Indeed, five cultivars groups could be

defined by cutting the dendrogram at a distance of 0.73

(Fig. 2a). Group 1 consists of eight cultivars, ‘Chemlali’

(Chem_Chaàl, Chem_Blett, Chem_Dok, Chem_SB,

Chem_Nab, Chem_Sous and Chem_Mon) and ‘Zalmati’.

The same group was found in the dendrogram based on

SSR markers previously studied by Ben Ayed et al. [7].

The second group contains two foreign cultivars (‘Kor-

oneiki’ and ‘Picholine’). The third group comprises

‘Arbequina’, ‘Zarrazi’, three ‘Chétoui’ cultivars

(Chetoui_Silia, Chet_Thibar and Chet_Nab) and

‘Rkhaymi’. The fourth group constitutes three cultivars

‘Chemch’, ‘Oueslati’ and ‘Chem_Tat’. The fifth group is

made up of two foreign cultivars, ‘Manzanilla’ and ‘Co-

ratina’. Similar results were shown in the dendrogram

generated by SSR markers previously studied by Ben Ayed

et al. [7] and by the consensus dendrogram (Fig. 2b) gen-

erated in this paper using both SSR markers and SNP

markers. The observation of the dendrogram does not

reveal any correlations between genetic variability and

geographical origin, which was also reported by Besnard

et al. [23] and Grati-Kamoun et al. [5]. Nevertheless, Rao

et al. [24] distinguishes between several olive cultivars

located in Campania (southern Italy) by AFLPs markers to

assess suspected cases of synonyms and homonyms, thus

evaluating their potential relationships with morphological

markers. They concluded that the morphological and

molecular data yielded different hierarchical patterns.

Table 1 Characteristics of SNP markers used for DNA amplification in the present study

Gene name SNPs name SNP type Tma Size of amplicon in bps Ho He PD

Anthocyanidin synthase ANTHO3 G/A 57 171 0.714 0.481 0.430

Cu–Zn-superoxide dismutase SOD I/D 57 190/176 0.681 0.490 0.475

Calcium binding protein CALC C/G 60 476 0.727 0.462 0.396

Fatty acid desaturase FAD2.1 C/T 57 241 0.428 0.336 0.489

Fatty acid desaturase FAD2.3 C/G 56 240 0.636 0.500 0.528

Total 3.188 2.272 2.321

Mean 0.637 0.454 0.464

For each locus, the type of polymorphism, the size of amplicon in base pairs, the frequency of heterozygotes found (Ho), the frequency of

heterozygotes predict (He) and the power of discrimination (PD) are reported

I insertion, D deletion
a Annealing temperature for PCR amplification
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3.3 Comparison Between SNP and SSR Markers

In this section, the five SNP markers are compared to other

molecular markers previously used to study the genetic

diversity of 22 olive cultivars as SSR markers [7].

3.3.1 Dendrograms Comparison

The similar matrices constructed with SSRs and SNPs were

used to plot a dendrogram consensus for both markers

(Fig. 1b). Four groups were obtained by cutting the den-

drogram at a degree of similarity equal to 0.77. Group 1

consists of eight cultivars, ‘Chemlali’ (Chem_Chaàl,

Chem_Blett, Chem_Dok, Chem_SB, Chem_Nab, Chem_-

Sous and Chem_Mon) and ‘Zalmati’. This group is com-

mon to all dendrograms SSR, SNP and (SNP ? SSR). The

second group includes four foreign cultivars: Picholine,

Ascolana, Coratina and Manzanilla. The third group con-

tains Chemch, Oueslati and Chem_Tat. The fourth group

comprises Chetoui_Silia, Chet_Thibar, Chet_Nab and

Rkhaymi cultivars. We also notice the existence of a sep-

arate group for the foreign cultivars (Picholine, Ascolana,

Coratina and Manzanilla) and (Koroneiki and Picholine)

for dendrograms based on SSR ? SNP (Fig. 1b) and SNP

markers (Fig. 1a), respectively. Hence, there is a partial

homology between both SSR and SNP dendrograms. The

dissimilarity is due to the biallelic nature of SNP markers.

Despite the success of SNP markers to discern between

Tunisian olive cultivars, consistent lower values of dis-

crimination power than SSR markers previously used for

the same cultivars [7] were observed. Indeed, the high

number of alleles (47) revealed by the eight polymorphic

SSR markers compared to the number of genotypes

established by the SNP markers illustrates the difference

between Tunisian olive cultivars in their efficiencies.

3.3.2 Cophenetic Correlation

The analysis of the hierarchical classification of Tunisian

olive cultivars was performed using molecular markers

SSR and SNP. To confirm their performance to differen-

tiate the studied cultivars, we calculated the cophenetic

correlation using NTSYSpc software (version 2.1). This

correlation measures the degree of fidelity of the dendro-

gram obtained with the distance matrix or the agreement

between two dendrograms and thus measures the clustering

structure quality [25]. A value of cophenetic correlation

coefficient near 1 indicates that the clustering solution

reflects the data more accurately. The obtained profiles

were compared using SSR markers (Fig. 2a), SNP markers

(Fig. 2b) and both SNP and SSR markers (Fig. 2c). Using

SSR markers (r = 0.946), the cophenetic correlation

coefficient was found to be higher than SNP markers

(r = 0.833). Moreover, the cophenetic correlation coeffi-

cient between SSR and SNP was relatively low

(r = 0.567), indicating that it is better to use only one

marker type to elucidate the relationship between the cul-

tivars. Actually, SSR markers performed significantly

better in the absence of such marker type and the clustering

technique based on SNP markers are helpful and infor-

mative. This is because it generates a high value of

cophenetic correlation coefficient (0.833[ 0.7), indicating

a high agreement level between the clustering and the

annotated natural cultivars classes. It is difficult to affirm

that the obtained results from SSR markers are more

informative since there exist several cluster analysis pro-

cedures such as Complete linkage (furthest neighbor),

Single linkage (nearest neighbor), Unweighted pair-group

average (UPGMA), Weighted pair-group average

(WPGMA), Unweighted pair-group centroid (UPGMC),

Weighted pair-group centroid (median). This implies that

the results of the clustering can often be significantly

affected by the appropriate cluster methods, whose selec-

tion for a specific application is the main motivation of

researchers [26].

3.3.3 Principal Coordinate Analysis (PCoA)

Principal coordinate analysis used to explain genetic vari-

ation shows the variation pattern in a multidimensional

case and gives a better understanding and interpretation of

the relationship between individuals [27]. The relative

variance of each coordinate indicates the importance of the

related coordinate of total variance expressed in percent-

age. All the data obtained using 5 SNP and 8 SSR primers

were used in principal coordinate analysis with simple

matching coefficients of similarity. The first eight coordi-

nates revealed 90.85 % of the total variance. The first two

coordinates explained 54.94 % of the total variance, with

35.64 and 19.29 % for coordinates 1 and 2, respectively

(Fig. 3), indicating that SNP and SSR markers are scattered

over different parts of the genome. Olive cultivars were

grouped into four main groups according to their similar

characteristics (Fig. 3). Group I contains Chemlali olive

cultivars and Zalmati, whereas group II includes the for-

eign olive cultivars: Coratina, Ascolana and Picholine.

While group III comprises Chemchali and Oueslati culti-

vars, group IV contains only cultivars from northern

Tunisia (Chetoui and Rkhaymi).

The obtained results are in accordance with those of

Grati-Kamoun et al. [5] in their studies of the genetic

diversity of the Tunisian olive oils using AFLP markers

according to the fruit size (morphological character).

However, Belaj et al. [28] studying the genetic variability

of Spain olive cultivars using allozyme and RAPD mark-

ers, showed a moderate correlation with the fruit size.
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Therefore, the difference between the morphological

markers of the fruit and the chemical and molecular

markers of the oil (mainly the previously studied SSR

markers) is demonstrated. It could be related to the little

number of the studied genetic markers. Indeed, they do not

cover all genomic regions responsible for the variability of

agro-morphological and chemical characters, which can

also be explained by the effect of environmental factors.

Fig. 1 Dendrogram produced by UPGMA clustering based on means

of 5 SNP markers (a) and of both 5 SNP and 8 SSR markers (b) of 22
olive tree cultivars accessions from different Mediterranean countries

(16 cultivars from geographical regions from Tunisia, 2 cultivars from

Spain, 2 cultivars from Italy, 1 cultivar from Greece and 1 cultivar

from France)
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It is worthy to note that the studied Tunisian cultivars do

not have a structure according to the geographical area, size

and variety of olives. Indeed, in agreement with the results of

Grati-Kamoun [5], Rekik et al. [8] and Taamalli et al. [29],

we could show that the pomological and chemical criteria

used for the varietal identification and determination of the

genetic variability of Tunisian olive oil wealth may be

insufficient [30]. Nonetheless, using the dendrograms

obtained by genetic data (SSR and SNP), a classification of

the studied cultivars according to the average weight of fruit

was found. This confirms the hypothesis that the molecular

markers such as SSRs and SNPs are powerful for distin-

guishing the cultivars of the O. europaea species and com-

plementing the pomological and chemical analyses.

Although sufficient variability exists to discriminate all the

Tunisian olive cultivars by morphological, agronomical and

chemical data, the dendrogram based on SSR ? SNP

markers allowed the identification of clearer structure of tree

grouping. This suggests that DNA markers are more infor-

mative in depicting genetic relationships. Each marker sys-

tem measures different aspects of this genetic variability,

explaining the lack of consistency in genetic diversity and

relationship studies. Despite the efficiency of SSRmarkers to

detect genetic variability and relationships, they should not

be seen as a substitute of the traditional agro-morphological

descriptors. All these markers systems should be considered

as complimentary tools to provide a more complete under-

standing of the diversity available in Tunisia olive cultivars

and the way in which it can be best used for olive breeding

and olive oil traceability and authenticity [30].

Fig. 2 Cophenetic correlation matrices using SSR (a), SNP (b) and SSR ? SNP (c)

Fig. 3 Principal coordinates analysis (PCoA) plot of the olive

cultivars based on the first two principal coordinates (co-

ord1 = 35.646 % and coord2 = 19.298) for 22 cultivars and molec-

ular markers (SSR and SNP; generated using NTSYS-pc) Rholf et al.

[19] based on the genetic distance matrix and using DCENTER,

EIGEN, and MXPLOT (provided in NTSYS-pc). 1 Chem_Chàal; 2

Chem_Blett; 3 Chem_SB; 4 Chem_Sous; 5 Chem_Dok; 6 Arbequina;

7 Koroneiki; 8 Chemch; 9 Chem_Mon; 10 Oueslati; 11 Zarrazi; 12

Zalmati; 13 Chet_Thibar; 14 Chem_Nab; 15 Chem_Tat; 16

Chetoui_Silia; 17 Rkhaymi; 18 Picholine; 19 Ascolana; 20 Man-

zanilla; 21 Chet_Nab; 22 Coratina
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4 Conclusion

This study has revealed that the genetic diversity and distri-

bution of Tunisian olive cultivars are strictly related to many

markers. All these marker systems should be considered as

complimentary tools to provide a more complete understand-

ing of the diversity of available Tunisian olive tree and oil

cultivars and the way in which it can be best used for olive

breeding and solving traceability and authenticity problems of

monovarietal extra virgin olive oil. Therefore, at present,

microsatellites (SSRs) are the most appropriate genetic

markers used in olive cultivar characterization and olive oil

authentication thanks to their advantages. Indeed, SSR mark-

ers are multiallelic, codominant, highly polymorphic, widely

distributed along the plant genomes, easily amenable to PCR-

based analyses and have great reproducibility [31]. Moreover,

the SNPmarkers could give an idea about the characteristics of

olive oil. The use of highly advanced genotyping techniques

using other SNP markers in these genes will be suitable to

confirm our findings and provide automated tools for olive

cultivars identification and characterization.
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