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ABSTRACT: Morphological and agronomical describers are traditionally used in plant 
characterization. However, the usage of these describers have some limitations such as susceptibility to abiotic 
and biotic stress and environmental factors. Furthermore, the describers are not stable over time and many can 
only be evaluated during the adult phase of the plants, which requires time and physical space. Molecular 
markers offer numerous advantages compared to the conventional alternatives based on phenotype: they are 
stable and detectable in all vegetable tissues, and are independent of the environment and development phase. 
One of the main advantages of the use of molecular markers is the time reduction in the identification of 
genetic diversity among the studied subjects, as the genotypes may even be described for the seed or seedling 
phase. Many countries have already adopted molecular markers to identify olive cultivars more accurately. The 
aim of this study was to evaluate the genetic identity of eight olive accessions supposedly belonging to cultivar 
Arbequina by using microsatellite (SSR) and Sequence Characterized Amplified Region (SCAR) markers. One 
accession corresponding to the cultivar was also incorporated into the analysis as a reference genotype. The 
molecular marker data were analyzed on the software GENALEX6. The markers generated an accumulated PI 
and PE of 1.26 x 10-6 and 0.949, respectively. The results supported the hypothesis that all accessions belong 
to the cultivar Arbequina, and the markers can therefore be applied to other varieties of olive species. 
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INTRODUCTION 

 
The olive tree, Olea europaea (L), is an 

allogamous species with a self-incompatibility 
reproductive system known as gametophytic 
(BESNARD et al., 2009), and with a diploid 
chromosome pattern (2n = 2x = 46) (ALBA et al., 
2009). The species is also andromonoic, i.e. 
develops both male and hermaphrodite flowers in 
the same inflorescence (CUEVAS; POLITO, 2004; 
LAZOVIC; ADAKALIC; JOVANOVIĆ, 2017). 

Over the last years, genetic material, mostly 
from Europe, has been introduced in Brazil in a 
disorganized and unregulated way. Introduction of 
plants against the techniques and normative 
standards compromises the crop’s future, especially 
by the introduction of diseases and agricultural pests 
non-existent in Brazil (OLIVEIRA et al., 2012). 
Moreover, the identification of olive cultivars 
cultivated in the country is hampered by the large 
amount of synonymous and homonymous plants, 
high exchange of vegetal material, presence of 
clonal variety and problems with the varietal 

certification of nurseries. The interest in olive oil 
production has grown over the last years in Brazil. 
According to Croce et al. (2016), olive culture for 
the production of olive oil is promising, although 
there is still a lack of information about the potential 
of crop production in the local environmental 
conditions. According to IBGE, the area planted 
with olive trees in Brazil was 102 ha in 2012 (IBGE, 
2012) and increased to 575 ha in 2016 (IBGE, 
2016). Studies have been executed by EPAGRI, 
EPAMIG, and EMBRAPA to meet the demand of 
the sector for technical knowledge on the olive crop 
in several states.  

The 'Arbequina' cultivar, one of the most 
cultivated worldwide olive accessions, originates 
from Spain (CABALLERO, 2012) and is 
surprisingly well adapted to the edaphoclimatic 
conditions of Brazil (CROCE et al.,2016).   

The cultivar is self-incompatible (ELLIS; 
GÁMBARO, 2016; DIAZ et al., 2006) and 
heterozygous; as a result, plants originating from 
seeds are genetically distinct from the female parent, 
interrupting the propagation of the original genotype 
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(LAZOVIC; ADAKALIC; JOVANOVIĆ, 2017). 
Arbequina originates from self-incompatible plants 
(BRETTON et al., 2013; MARCHESE et al., 2016; 
SEIFI et al., 2011). According to data obtained by 
Marchese et al. (2016), none of the fruits collected 
in plants 'Arbequina' matrices originated from self-
fertilization. There is a high degree of self-
incompatibility is reported for many olive 
genotypes, and to the strong environmental 
influence, results of compatibility tests are often 
contradictory (MONTEMURRO et al., 2019) 

Many countries have already adopted 
molecular markers to identify olive cultivars more 
accurately. In the olive species, the markers are also 
used to assist breeding programs, track the origin of 
olive oil, characterize and identify germplasm 
accessions, and study the outcrossing rate (AYED et 
al., 2016a; AYED et al., 2016b; AYED et al., 2017; 
RAIETA; MUCCILLO; COLANTOI, 2015; 
SEBASTIANI; BUSCONI, 2017; SAKAR; 
UNVER; ERCISLI, 2016). The microsatellite 
markers are frequently used in olive studies because 
of the easy handling, low cost, broad genome 
sampling, identification of codominant genotypes, 
and reproducible results (BRAKE et al., 2014; 
BRACCI et al., 2009). 

SCARs (Sequence Characterized Amplified 
Region) are locus specific, co-dominant, and 
amplified by PCR using specific 15 - 30 bp DNA 
fragments (BHAGYAWANT, 2016; KHAN et al., 
2016; FU et al., 2015). SCAR markers (PARAN; 
MICHELMORE, 1993) allow the amplification of 
specific sequences on well-known loci, previously 
identified by other markers such as AFLP, RAPD, 
ISSR, and SSR markers. Using longer PCR primers, 
SCARs markers do not face the problem of low 
reproducibility generally encountered with other 
markers.  

The aim of this study was to evaluate the 
genetic identity of eight olive tree accessions 
supposedly belonging to the ˈArbequinaˈ genotype 
by means of SSR and SCAR markers, comparing 
them to a genetically known ˈArbequinaˈ accession.  

. 
MATERIAL AND METHODS 

 
Samples of young leaves from eight olive 

accessions growing in open field, assumed to be 
Arbequina cultivars, were individually collected in 
the orchard located in São Bento do Sapucaí, São 
Paulo (SP), Brazil. Additionally, one sample of the 
reference cultivar Arbequina was collected in the 
Olive Germplasm of EPAMIG - Company of 
Farming Research of Minas Gerais located at the 
Experimental Farm of Maria da Fé, Minas Gerais, 

Brazil. The samples were stored at -20oC until 
further analysis. 

DNA extraction was performed according to 
the method described by Nunes et al. (2011). 
Approximately 0.5 g of lyophilized powder of each 
sample was used. After the extraction, samples were 
treated with RNAse A and incubated at 37°C for 1 
h. To check the integrity of genomic DNA, sample 
aliquots of 5 μL were electrophoresed on a 0.7% 
agarose gel with ethidium bromide and observed 
under UV light. DNA was quantified by 
determining the absorbance at a wavelength of 260 
nm. The DNA quality was analyzed by calculating 
the ratio between absorbance at 260 and 280 nm, 
and considered adequate when the ratio ranged 
between 1.5 and 2. 

For this research, thirteen microsatellite 
markers previously identified as polymorphic in 
Olea europaea were selected. The used markers 
were: GAPU 101, GAPU 59, UDO 99-009, UDO 
99-019, GAPU 71A, GAPU 71B, GAPU 11e17, 
GAPU 89, GAPU 47, GAPU 103A, UDO 99-034, 
UDO 99-036 and UDO-99-039 (CARRIERO et al., 
2002, CIPRIANI et al., 2002). Amplification 
reactions were performed in a final volume of 30 μL 
containing 50 ng DNA, 6 μL of 5X reaction buffer, 
1.5 mM MgCl2, 200 µM dNTPs, 0.5 µM of each 
primer, and 0.75 U Taq DNA polymerase (Go Taq 
Flexi, Promega, USA).  

The reactions were carried out in a gradient 
thermocycler (Gradient Multigene, Labnet 
International, USA) according to the following 
protocol:  denaturation at 94°C for 5 min; 37 cycles 
of denaturation at 94°C for 50 s, annealing of the 
primers for 50 s (variable temperature), and 
extension of the primers at 72°C for 1 min; and a 
final extension step at 72°C for 4 min. The 
amplifications were performed using a touchdown 
system in which the primer annealing temperature 
was decreased by 1°C per cycle during the first 5 
amplification cycles, resulting in annealing 
temperatures that ranged from 62°C to 58°C (GAPU 
101, GAPU 59, UDO 99-009, UDO 99-019, GAPU 
71A, GAPU 71B, GAPU 11e17, and GAPU 89). 
From the sixth cycle onwards, the annealing 
temperature was set at 57°C. The touchdown system 
for the remaining examined loci (GAPU 47, GAPU 
103A, UDO 99-034, UDO 99-036, and UDO 99-
039) was similar to that described above, except that 
the primer annealing temperature ranged from 65°C 
to 56°C for the first 10 amplification cycles and was 
subsequently held constant at 55°C for the 
remaining cycles. After amplification, 5 μL of the 
PCR product was run on a 0.7% agarose gel to 
confirm the existence of the DNA bands. The 
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molecular weight (Ladder-Invitrogen) used was 100 
bp. 

Once successful amplification was 
confirmed, the reaction product was electrophoresed 
on a 6% denaturing polyacrylamide gel at 60 W for 
a variable amount of time (2.5 to 3.5 h) that 
depended on the expected allele size. After 
electrophoresis, the gels were stained with silver 
nitrate, according to the method described by 
Creste, Tulmann Neto and Figueira (2001), in which 
all steps were performed on a shaker under a fume 
hood. Afterward, the gels were dried overnight at 
room temperature and photographed. 

After that, a data matrix using the allele 
profiles of eight olive accessions was constructed 
and sampled. The reference cultivar Arbequina 
generated from the thirteen microsatellite loci, in 
which each allele at every locus was numerically 
designated from 1 to 2, depends on the number of 
alleles identified per locus. The PI per locus and 
cumulative PI for all loci were estimated Using the 
computer application GENALEX 6 (PEAKALL; 
SMOUSE, 2006), as well as the cumulative PE, 
considering both parents unknown, and averages of 
identity according to the methodology described by 
Waits, Luikart and Taberlet (2001). 

The markers SCOeP-1 and SCOeMS-2 
described by Hernandez et al. (2001) and 
polymorphic to Olea europaea were used for SCAR 
detection. These markers were developed from 
polymorphic fragments of DNA amplified from 
RAPD markers OPJ-05 and OPJ-06.  

The amplification reactions were performed 
in a final volume of 20 µL, containing 50 ng of 
DNA, 4 µL of amplification buffer 5X, 1.5 mM of 
MgCl2, 200 μM DNTPs, 0.5 μM of each primer, and 
0.125 U Taq DNA polymerase (Go Taq Flexi, 
Promega, USA), and carried out in a gradient 
thermocycler (Multigene Gradient, Labnet 

International, USA). The PCR for the SCOeP-1 
marker was executed according to the following 
protocol: denaturation at 95°C for 2 min; 34 cycles 
of denaturation at 95°C for 30 s, primer annealing at 
55ºC for 45 s, and extension at 72°C for 1 min; and 
a final extension at 72°C for 10 min, as described by 
Wu, Collins and Sedgley (2004). For the SCAR 
marker SCOeMS-2, the PCR was executed 
according to the following protocol: denaturation 
95°C for 2 min; 34 cycles of denaturation at 95°C 
for 30 s, annealing at 52ºC for 45 s, and extension at 
72°C for 1 min; and a final extension at 72ºC for 10 
min. The PCR products were electrophoresed on a 
1.75% agarose gel stained with ethidium bromide 
and photographed under UV light as indicated by 
Wu, Collins and Sedgley (2004). The molecular 
weight (Ladder-Invitrogen) used was 100 bp. 

 
RESULTS AND DISCUSSION 

 
All DNA fragment profiles generated for the 

eight olive accession samples matched the pattern 
observed in the reference genotype of ˈArbequinaˈ. 
This result indicates that olive trees from São Bento 
do Sapucaí, SP belong to the cultivar Arbequina and 
were therefore obtained by vegetative propagation. 
The similarity between the loci of the samples and 
the reference genotype is high, as can be seen in 
Figures 1 and 2.  

The genetic profiles generated from the 
multilocus analysis are identical to all samples, 
indicating that all genotypes evaluated present the 
same genetic profile as the reference cultivar 
Arbequina from the germplasm bank of EPAMIG. 
These results indicate that all olive tree samples 
belong to the same genotype (Table 1). 

After evaluating 13 microsatellite markers, 
the average PI was determined to be 0.6 and the 
accumulated PI was equal to 2,6 x 10-6 (Figure 3). 

 

 
Figure 1. Polyacrylamide gels showing the banding patterns generated of two microsatellite markers - UDO 

99-009 and GAPU 103A. 
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Figure 2. Agarose gels showing the banding patterns generated of the SCAR markers SCOeP-1 and SCOeMS-
2. 

 
Table 1. Genetic profile and clustering of olive samples determined by the software GENALEX version 6 

indicate the existence of only one profile. 
Olive sample Genetic profile Cluster 
Reference Arbequina  12121211121211121211121211g A 
Sample 1  12121211121211121211121211g A 
Sample 2 12121211121211121211121211g A 
Sample 3 12121211121211121211121211g A 
Sample 4 12121211121211121211121211g A 
Sample 5 12121211121211121211121211g A 
Sample 6 12121211121211121211121211g A 
Sample 7 12121211121211121211121211g A 
Sample 8 12121211121211121211121211g A 

 
 

 
Figure 3. Accumulated probability of identity (PI) according to each PI value for each locus: 1- locus 

GAPU101; 2- locus GAPU 103A; 3- locus GAPU 59; 4- locus GAPU 11e17; 5- locus UDO 99-009; 
6- locus UDO 99-019; 7- locus UDO 99-034; 8- locus UDO 99-036; 9- locus UDO 99-039; 10- 
locus GAPU 71A; 11- locus GAPU71 B; 12- locus GAPU 89; and 13- locus GAPU 47. 

 
 
The  PI or the Probability of identity is the 

probability that two individuals of a population or 
sample have the same genotype by chance and not 
by kinship (MIRIMIN et al., 2015). This is the most 
used theoretical estimator to access the relied 
statistical for individual identification and to 
quantify the levels of genetic diversity in 

populations or samples (WAITS; LUIKART; 
TABERLET, 2001; DOKUPILOVÁ et al., 2014; 
MOLLET et al., 2015). According to Hvarleva et al. 
(2007), average PI values higher than 0.546 are 
associated to a low amount of identified alleles. This 
factor is particularly applicable in the present study, 
as the samples were hypothesized to be from the 
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same genotype. The obtained PI value indicates that 
a low number of different alleles were found in the 
analyzed populations. The higher the PI more likely 
individuals are to be identical. According to Craft, 
Owens and Ashley (2007) in forensic botany the 
cumulative PI above 2,06 x 10-6 is acceptable. In our 
case, this cumulative value has been satisfactorily 
achieved. 

Based on this information and considering 
the value of the accumulated PI, it can be assumed 
that all olive samples are similar to the cultivar 
Arbequina. This result corresponds to the similarity 
in banding pattern that had already been detected. 
Roubo, Moustakas and Aravanopoulos (2010) 
performed a genotypic identification of 26 varieties 
of Greek olive plants using ten microsatellite 
markers, and obtained values for accumulated PI of 

1.65 x 10-5 and average PI of 0.066. According to 
these authors, these values indicate that the chance 
of finding two individuals with the same genotype is 
very close to zero, considering both the set of 
markers and the sample size used. In another study 
on the identification of olive (Olea europaea subsp. 
Laperrine), a value of 1.2 x 10-5 was calculated for 
accumulated PI, which was considered sufficient to 
differentiate the analyzed individuals (BESNARD et 
al., 2009). The PI provides an estimate of the 
average probability that two independent samples 
will have the same identical genotype profile 
(PEAKALL; SMOUSE, 2006). 

In this study, the accumulated value for 
probability of exclusion (PE) was 0.949 (Figure 4) 
on a scale ranging from 0 to 1.  

 

 
Figure 4. Accumulated probability of exclusion (PE) calculated from the value of PE of each locus: 1-locus 

GAPU101; 2-locus GAPU103A; 3-locus GAPU59; 4-locus GAPU11e17; 5-locus UDO 99-009; 6-
locus UDO 99-019; 7- locus UDO 99-034; 8- locus UDO 99-036; 9-locus UDO 99-039; 10-locus 
GAPU 71A; 11-locus GAPU 71B; 12-locus GAPU89; and 13-locus GAPU47. 

 
The probability of exclusion is defined as 

the probability of exclusion of kinship among 
individuals (MIRIMIN et al., 2015). When the 
molecular profile is obtained for any pair of 
samples, the PE indicates the probability that this 
identity is not random and that the samples are the 
same cultivar. Statistically, the value in this study 
indicates there is a 94.9% chance for the evaluated 
genotypes to belong to the same reference genotype 
ˈArbequinaˈ. The PE of 0.949 obtained in this study 
could also be a result of the low number of loci 
sampled by microsatellite markers associated to the 
identical genetic profile of the sampled individuals. 
 
CONCLUSION 
 

The obtained results support the use of SSR 
and SCAR markers as a reliable tool to identify the 

genetic identity of olive plants, and can be used for 
similar applications to other varieties of this species. 
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RESUMO: Descritores morfológicos e agronômicos são tradicionalmente utilizados na caracterização 

de plantas. Apesar de recomendado, o emprego destes descritores apresenta algumas limitações como a 
influência a estresses abióticos e bióticos e aos efeitos do ambiente. Além disso, não são estáveis ao longo do 
tempo e muitos só podem ser avaliados durante a fase adulta das plantas, o que requer tempo e espaço físico 
para as avaliações. Os marcadores moleculares oferecem numerosas vantagens relativamente às alternativas 
convencionais baseadas no fenótipo, pois são estáveis e detectáveis em todos os tecidos vegetais, independente 
do ambiente e fase de desenvolvimento e uma das principais vantagens da utilização destes é proporcionar a 
redução do tempo na identificação da diversidade genética entre os indivíduos trabalhados, podendo ser 
avaliadas genótipos ainda na fase de semente ou de plântula. O objetivo deste estudo foi avaliar a identidade 
genética de oito acessos de oliveira supostamente pertencentes a cultivar Arbequina usando microssatélites 
(SSR) e Sequence Characterized Amplified Region (SCAR) marcadores. Um acesso correspondente a cultivar 
também foi incorporado na análise como o genótipo de referência. Os dados de marcadores moleculares foram 
analisados com o software GENALEX 6. Como resultado, os marcadores SSR geraram um PI acumulada e PE 
de 1,26 x 10- 6 e 0,949, respectivamente. Os resultados suportam a hipótese de que todos os acessos pertencem a 
cultivar Arbequina, e, por conseguinte, esses marcadores podem ser aplicados em situações semelhantes em 
outras variedades de espécies de oliveira. 

 
PALAVRAS-CHAVE: Olea europaea. Arbequina. Fingerprinting DNA. Homonimia. Sinonimia. 
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