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Abstract: Single Nucelotide Polymorphisms (SNPs) have become the most widely used
markers in many current genetic applications. Here we report the discovery of nine new
SNPs in olives by direct partial sequencing of two genes (OEX and OEW) in sixteen
Tunisian cultivars. The SNP markers were then used to genotype 24 olive cultivars and
assess the level of genetic diversity. Power of discrimination of SNP markers was then
compared to that of microsatellites (SSRs). A combination of SSR and SNP markers was
finally proposed that can be used for cultivars identification in juvenile step or for
oil traceability.
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1. Introduction

The olive tree (Olea europaea L.) is a subtropical species typical of the Mediterranean basin where
it represents the most important oil-producing crop. It is a diploid (2n = 46) and outcrossing produces
species with a very wide genetic diversity. Since the beginning of its domestication, olive has been
propagated vegetatively to exploit the best combination of genes which arose by random crosses or
mutations. As a result, a large number of varieties are currently cultivated in olive oil producing
countries, raising several problems for germplasm management and preservation. Evaluation and
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characterization of olive genetic resources is therefore crucial, particularly because identification of
olive cultivars is complicated by the large number of varietal synonyms and homonyms, by the
intensive exchange of plant material, by the presence of varietal clones and by problems of varietal
certification in nurseries [1-3].

DNA markers are valid tools for the evaluation of biological materials, both for genetic diversity
studies and for the discrimination of samples [4-7]. It is, therefore, a natural extension for this
molecular approach to be applied to the agrifood industry for identifying the varieties or even species
of bacteria, plants and animals used to make processed foods [8-10]. In the olive industry, DNA
markers are being developed to identify and characterize olive cultivars and to determine the varietal
composition, origin and authenticity of olive oils.

In olive tree the assessment of genetic variability has been carried out with morphology-based
markers [4] and DNA-based markers [11-15]. Among these, AFLP markers [4,13,16] and
microsatellites, also named Simple Sequences Repeats (SSR) [5,15] have been widely used in genetic
characterization of cultivated olives and also the study of relationships among cultivars, wild forms
and related species. Recently, single nucleotide polymorphism (SNP) derived markers, identified in
coding sequences of different genes, have been developed to discriminate very similar cultivars [17,18]
and for olive oil traceability and authenticity.

Technological improvements make the use of SNP attractive for high throughput use in
marker-assisted breeding, for population studies [19] and to develop high-density linkage maps for
map-based gene discovery. Moreover, SNPs are usefully applied in Real-Time PCR to obtain a
quantitative analysis for disease association studies in humans and for food adulteration
discovery [19]. Five SNPs were detected on two candidates genes involved in fatty acid biosynthesis
pathways and screened on 74 European and 5 non-European olive varieties in a genetic diversity
study [19].

In order to increase the number of available SNP in olives, direct sequencing of known genes
remains the most straightforward approach. In this study we report the discovery of nine new SNP
markers within two genes involved in the biosynthesis of terpenoids (sterol precursors). These SNPs
were then characterized in a set of Tunisian olive varieties to assess their potential in cultivar
identification and to compare their performance with SSR [15].

The aim of this work was to discover new SNPs within the lupeol synthase (OEW) and
Cycloartenol synthase (OEX) genes in olive cultivars and assess their potential in olive cultivar
discrimination. These two genes were chosen because they are key contributors in the oleanolic acid
synthesis and their cDNA sequences have been previously identified in olive [20].

2. Results and Discussion
2.1. Targeted Sampling

The total length of high quality sequences analysed obtained for the two genes OEX et OEW
was 1,375 bp. Comparison of this sequences to the cDNA original sequences from which the primers

were designed by BLAST2seq [21] showed that only 96 bp were homologous to cDNA (correspond to
exons) while the remaining 1,279 bp correspond to intronic sequences.
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SNP discovery was validated by genotyping a set of 24 cultivars using direct sequencing of PCR
products and comparative analysis of sequences of the different cultivars (Figure 1).

Nine SNPs were finally identified within the intronic sequences of the genes. Four of them were
transversions and the other five were transitions (Table 1). This high density of single nucleotide
polymorphism in two olive genes suggests that further SNP identification can be effectively performed
using a smaller number of olive cultivars.

Table 1. Position and types of the nine SNPs discovered.

Gene SNP position* Type

OEW 28 CIT
31 CIG
36 CIT
159 CIT
250 CIG
289 GIT

OEX 1 GIT
33 CIT
155 CIT

* Relative to the first nucleotide of the primer
sequence used for PCR (see text for details).

Figure 1. Example of sequence comparison using the program BioEdit.
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2.2. Marker Characteristics

Table 2 shows the genotypic and allelic frequencies of the nine SNPs and their power of
discrimination (PD) which varies from 0.43 for the marker oew36 to 0.63 for the marker oew31 with
an average value of 0.53. Similar values of power of discrimination were found by [18]. The combined
power of discrimination for the nine SNPs was 0.9956274976 which means that the probability of
finding two cultivars with the same combination of genotypes for the nine markers is less than 5 in one
thousand. This relatively ‘poor’ value is expected since SNP markers are biallelic. It is however
interesting to note the high heterozygosity of markers oew36 and 0ex33.

Table 2. Feature and frequencies of the new SNPs.

Observed Power of Genotypic frequencies Allele
Genes SNP heterozygosity discrimination (%) frequencies
(%) (PD) (%) (%)
0ew28 29.2 59 542 T/T 16.6C/C 29.2C/T 68.7.T 31.3:.C
oew3l 45.8 63 37.5G/G 125C/C 458C/G 60.4:G 39.6:C
OEW 0ew36 70.8 43 4.2TIT 25.0C/C 70.8C/T 60.4:C 39.6:T
0ew159 33.3 61 500T/T 16.7C/C 333C/T 66.0:T 34.0.C
0ew250 37.5 51 58.3G/G 4.16C/C 375G/C 77.1.G 22.9:.C
0ew289 37.5 59 125T/T 50.0G/G 375G/T 68.7.G 31L3:T
oexl 45.8 60 41.7T/IT 125G/G 458T/G 64.6:T 354G
OEX  0ex33 58.3 48 41.7T/T 0C/C 58.3C/T 70.8T 29.2.C
0ex155 29.2 64 25.0T/T 458C/IC 29.2CIT 60.4:.C 39.6:T

2.3. Genetic Diversity Levels

The nine SNP markers were genotyped in a set of 24 olive cultivars in order to assess their
potential in studying the genetic diversity. The lowest coefficient of similarity (GS = 0.17) was
observed between varieties Tounsi and Lguim. The same results were found with SSR
(GS = 0.15) [15]. These two varieties differ considerably in their final use, as well as in several
agro-morphological and chemical characteristics [3]. The highest similarity (GS = 1) occurred several
times between individuals of the same variety which is expected knowing the clonal propagation of
olive cultivars. Our data also highlight the high genetic similarity between cultivars Chemlali Sfax and
Zalmati (GS = 0.93). In fact, previous investigations reported the high similarity of these two cultivars
based on pomological, chemical and SSR characteristics (GS = 0.95) [15].

2.4. Patterns of Genetic Diversity

The dendrogram based on SNP data shows that two groups of cultivars may be defined by cutting
the tree at a similarity level 0.65 (Figure 2). Group 1 is composed by five cultivars: Chemlali_Sfax,
Zalmati, Chemlali_ontha, Chemlali_Zarzis and Fougi while group 2 comprises the others. Based on
bootstrap values, all subgroups of two or three cultivars are highly consistent but groups have week
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robustness (Figure 2). This could be explained by the low informativness of SNP markers and their
week ability to discriminate between groups of cultivars due to their biallelic nature.

In addition, a close analysis of the dendrogram shows that there is no relationship between
structuring of genetic variability and geographic origin of cultivars.

Figure 2. Dendrogram of 24 olive cultivars generated by cluster analysis using Jaccard
similarity coefficients from single nucleotide polymorphism markers and UPGMA method.
Number are bootstrap values estimated over 100 replicates using PHYLIP package.
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2.5. Concensus Dendrogram Based for SSR and SNP Markers

Group 1

Group 11

GS matrices with SSR and SNP markers were used to draw a consensus dendrogram. Two groups

were obtained by cutting the dendrogram at a similarity equal to 0.44 (Figure 3).

Group 1 comprises the varieties Chemlali Sfax, Zalmati, Chemlali ontha, Fougi and Chemlali
Zarzis. This group is common to all three dendrograms based on SSRs, SNPs and both markers.
The proximity of Lguim and Beldi as well as Toffehi and Chemcheli in group 11 was also consistent in
all studied dendrograms. This group includes the varieties of group Il and Il of the SSR dendrogram.

We noted that this dendrogram allows separation of all the varieties studied and shows that
combining the two types of markers can provide a more precise characterization of the cultivars.
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Figure 3. Consensus Dendrogram of 16 olive cultivars based on both SSR and SNP markers.
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2.6. Selecting a Subset of Highly Discriminative Markers

In this section we tried to select a subset of SSR and SNP markers that provide a power of
discrimination between the cultivars similar to or better than that obtained by the set of ten SSR
markers studied in [15]. Our objective was to replace as much SSR as possible by SNP (which can be
genotyped at lower cost) to get at final a combination of markers that can be used for
cultivar authentification

We started with the ten SSR and eliminate sequentially the SSR markers with low power of
discrimination [15] while adding the SNP markers having the highest power of discrimination
(see Table 2). The best marker combination was found to be that containing SSR GAPU71A and six
SNP markers (OEW28, 31,159,289 and OEX1, 155); its overall power of discrimination was equal
to 0.999998005. This value is very close to that of the ten SSR markers reported in [15] (0.99999875).
This marker combination requires less genotyping efforts than SSRs and might be useful for cultivar
identification, particularly in juvenile stage or for oil authentification.
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3. Experimental Section

3.1. Plant Material

23

Twenty-four accessions of olive originating from different growing areas in Tunisia were used in
this study (Table 3). They derive from four collections maintained in experimental orchards at the
Olive Institute stations in Sfax, Gafsa, Tunis, Zarzis and Kairouan.

Table 3. List of the olive accessions analyzed from the Tunisian olive germplasm collection.

Cultivar name  Name in tree  Growing Region®
‘Beldi’ BeldiGafsa Gafsa
‘Besbessi’ Besbessi Tunis
‘Chemcheli’ Chemcheli-S  Sfax
‘Chemcheli’ Chemcheli-G  Gafsa
‘Chemlali ontha> Chem-ontha  Zarzis
‘Chemlali’ Chem-Sfaxl  Sfax (Sfax)
‘Chemlalizarzis’ Chem-Zar Zarzis
‘Chetoui’ Chetouil Borj el Amri
‘Chetoui’ Chetoui2 Mohsen el Imem
‘Fougi’ FougiGafsa Gafsa
‘Fougi’ Fougi2Gafsa  Gafsa

‘Horr’ Horr Kairouan
‘Lguim’ Lguim Gafsa
‘Toffehi’ Toffehi Zarzis
“Tounsi’ Tounsi Gafsa
“Tounsi’ Tounsi Gafsa
“Tounsi’ Tounsi Gafsa
‘Zalmati’ Zalmatil Zarzis
‘Zalmati’ Zalmati2 Zarzis
‘Zalmati’ Zalmati3 Zarzis
‘Zarrazi’ Zarrazi Zarzis

# Department from which the cultivar tree was sampled (see maps in references [13] and [15]).
B fruit size is classified according to average fruit weight: small: 0.8-2 g; Medium: 3-5 g;

Large: >5g.

3.2. DNA Extraction from Leaves

Genomic DNA was extracted from fresh leaves of the cultivars by using a CTAB method described

in [22]. After extraction, the samples were treated with RNase A (Sigma chemical Co, St louis, USA)
for 30 min at 37 <C and run in 1% agarose gel in TAELX buffer in presence of ethidium bromide
(1 pg/mL).
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3.3. Primer Desing

PCR primers were designed using Primer3 program [23] and the sequence of partial or
complete cDNA of OEW and OEX genes available from GenBank at NCBI website
(http://www.ncbi.nlm.nih.gov) under accession numbers NC6456433 and NC6456464, respectively.
The sequences were amplified by polymerase chain reaction (PCR). Sequences of the OEW and OEX
genes were PCR amplified for the 24 selected olive cultivars using the following primers:

OEW F: 5> TACTAATCTTGAAGGTAATCG 3
OEW R: 5’ TCTTATAACATGGCACTTAC 3’
OEXF: >CTATTCAAGCATTGGGAGCA 3’
OEX R: 5’CCCAAACCATGTCCCATAAG 3’.

These Forward primers were located at 2,088 bp and 1,196 bp relative to the first nucleotide of the
cDNA sequences of OEW and OEX available in Genebank, respectively.

3.4. PCR and Sequencing

PCR reaction mixes were prepared for each sample by mixing 5 pL of 10 < PCR Buffer, 2 uL 10
mM dNTPs, 5 gL of 10 mM MgC1,, 1 pL of each primer (at 10 uM), 0.5 U of GoTag DNA
polymerase (Promega), 10 uL of diluted genomic DNA(25 ng/pL) and 25.5 pL of water. Cycling
parameters were as follows: 94 <C for 5 min. followed by 40 cycles of 94 <C for 30 second,
hybridizing step for 1 min of 58 <C of OEW and OEX primers, 72 <C for 1 min and a polishing
step of 72 <T for 10 min. Products were separated by agarose gel electrophoresis to check for
efficiency of amplification and to ensure that only a single product of the expected size was present.
PCR products were then purified by passage through Wizard® SVGel and PCR Clean-Up System
purification columns and sequenced tree times from either end using the same forward primers as used
in initial PCR amplification. The Big Dye terminator cycle sequencing kit version 3.1 (Applied
Biosystems) was used according to manufacturer’s instructions.

3.5. Marker Discovery Strategies

The most direct approach to the discovery of DNA polymorphisms is direct sequencing of PCR
products from a number of diverse individuals. Polymorphisms between the sequences were identified
by sequence alignment using ClustalW [24]. Furthermore, the trace outputs from the sequencer were
evaluated by eye to identify possible areas of heterozygous sequence (Figure 1). To minimize false
positives due to sequencing artefacts, potential SNPs were resequenced.

3.6. Genetic Diversity and Data Analyses
For each SNP marker two alleles are generally present yielding three possible genotypes. Allelic

and genotype frequencies for each marker were estimated by simple counting. Power of discrimination
(PD) was calculated using the following formula [25]:
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F>D=1—ifi2

i=1

where f; is the frequency of the ith genotype and the sum is over all genotypes.

The SNP genotypes were then recoded in a 0/1 data matrix where 1 indicates the presence of a
given allele and 0 its absence. So each SNP was transformed into two columns with three possible
states: 1/1 for heterozygote and 0/1 or 1/0 for the two homozygous genotypes.

Jaccard’s similarity coefficient was calculated to measure the genetic variability among the
cultivars [26]. Based on the genetic similarity matrix, the cultivars were clustered by the unweighted
pair group method with arithmetic averaging (UPGMA) using the program NTSYS-pc
version 2.1 [27].

4. Conclusions

All these results indicate that SSR and SNP markers are extremely useful tools for addressing the
issue of cultivar identification and particularly homonymy and synonymy problems in olive cultivars.
The highest similarity was found for cultivars ‘Chemlali’ and ‘Zalmati’ (0.92). ‘Zalmati’ is closely
related to ‘Chemlali’, both at the genetic level as seen here and in previous studies and at the
phenotypic level. We show here that the combination of well selected SSR and SNP markers would
help in reducing genotyping costs and provide a rapid and easy way to establish a fingerprint of each
variety for use in cultivar identification and oil traceability.
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