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ABSTRACT. The purpose of this study was to characterize olive 
core collection with amplified fragment length polymorphism 
(AFLP) markers and fruit traits and to determine AFLP markers 
significantly associated with these fruit characters in olive. A total of 
168 polymorphic AFLP markers generated by five primer combinations 
and nine fruit traits were used to characterize relationships between 18 
olive cultivars. Although all olive cultivars were discriminated from 
each other by either AFLP markers (<0.75 similarity level) or fruit 
traits, clustering based on the AFLP markers and fruit traits was not 
significantly correlated (r = 0.13). Partial clustering of olive cultivars 
by AFLP markers according to their geographical origin was observed. 
Associations of AFLP markers with fruits were determined using a 
multiple-regression analysis with stepwise addition of AFLP markers. 
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Significant associations between eight AFLP markers and fruit traits 
were identified. While five AFLP markers demonstrated significant 
negative correlation with fruit and stone weight, width and length and 
total polyphenols (P < 0.05), three AFLP markers displayed significant 
positive correlation with α-tocopherol and γ-tocopherol (P < 0.01). This 
is the first report on the association of molecular markers with fruit 
traits in olive. Molecular markers associated with morphological and 
agronomic traits could be utilized for the breeding of olive cultivars. 
However, the association power of these markers needs to be confirmed 
in larger populations, and highly correlated markers should then be 
converted to PCR-based DNA markers such as sequence-characterized 
amplified region markers for better utilization.

Key words: Olive (Olea europaea L.); Molecular marker association; 
Fruit traits; AFLP; Genetic relationships

INTRODUCTION

Olive trees (Olea europaea L.) originated in the Mediterranean basin and have been 
cultivated since ancient times in this region (Besnard et al., 2001). There is a considerable 
amount of genetic variation in olive, although it is a clonally propagated fruit crop and has 
very long life. About 1200 olive cultivars have been documented worldwide (Bartolini et 
al., 1998). Determination of genetic relationships between olive genotypes has become an 
important issue for the breeding of the new cultivars with improved oil yield and other agro-
nomic traits, association of molecular markers with important traits, conservation of genetic 
recourses as diverse as possible, and germplasm management.

Genetic diversity between olive cultivars has been determined using various approaches. 
Traditionally, morphological characters have been utilized to characterize olive cultivars and 
genotypes (Cantini et al., 1999; Rotondi et al., 2003; Taamalli et al., 2006). Fruit characters are 
the most important morphological descriptors for the differentiation of olive cultivars since they 
display great differences between the olive cultivars and are considered more reliable than other 
morphological traits due to their relatively high heritability (Fendri et al., 2010). Although the 
genetic basis of many morphological and agronomic traits has not been yet determined in olives, 
environmental influences on these characters can lead to misidentification of olive genotypes and 
cultivars. In addition, homonyms, synonyms and misnaming have been reported to be common in 
olive (Fendri et al., 2010; Ipek et al., 2012). Recently, different types of molecular markers have 
been used to reveal genetic diversity between olive genotypes. Randomly amplified polymorphic 
DNA (RAPD) markers were the first molecular markers used to identify olive cultivars (Bogani 
et al., 1994). Later, amplified fragment length polymorphism (AFLP) markers were found to 
be useful for the assessment of genetic diversity between olive cultivars, wild genotypes, and 
Olea species (Angiolillo et al., 1999; Owen et al., 2005; Ercisli et al., 2009). Simple sequence 
repeat (SSR) markers are another choice of marker technology for the characterization of olive 
genotypes and a considerable number of SSR markers have been developed for the olive genome 
in recent years (e.g., Rallo et al., 2000; Sefc et al., 2000; Ipek et al., 2009).

AFLP is a polymerase chain reaction (PCR)-based DNA marker technology (Vos et 
al., 1995), and it does not require prior sequence information for marker development (Tohme 
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et al., 1996). AFLP markers have been preferred for various molecular studies, including 
genetic diversity assessment, genetic mapping and cultivar fingerprinting, because of their 
effectiveness, reproducibility and high multiplex ratio in a single reaction (Vos et al., 1995; 
Tohme et al., 1996; Angiolillo et al., 1999; la Rosa et al., 2003; Owen et al., 2005; Ipek et al., 
2003, 2005, 2008). In a comparative genetic diversity analysis of olive genotypes using AFLP, 
SSR and RAPD markers, AFLPs were found to be the most efficient marker system although 
expected heterozygosity was the lowest for AFLPs. In addition, dendrogram topologies for 
all tree marker technologies were found to be very similar (Belaj et al., 2003). Similarly, high 
concordance between the dendrograms of AFLP and expressed sequence tag-SSR markers 
(Ipek et al., 2015) and between AFLP and RAPD markers (r = 0.96) (Ipek et al., 2003) was 
determined.

Recently, some studies reported a correlation between morphological and molecular 
data for the determination of genetic relationships between olive cultivars (Taamalli et al., 
2006; D’Imperio et al., 2011), but in several other studies conducted on olive, genetic diversity 
assessment of morphological and molecular data was not significantly correlated (Corrado et 
al., 2009; Rao et al., 2009; Belaj et al., 2011). However, there is no report on the association 
of molecular markers with any morphological and agronomic fruit traits in olive to our knowl-
edge. For breeding and other genetic studies, molecular markers linked to traits of interest are 
highly desired in plants. The use of molecular markers in the selection program can accelerate 
breeding studies in olive, which is considered one of the fruit crops with the longest juvenile 
period (Rao et al., 2009).

The objectives of this study were 1) to characterize an olive core collection consisting 
of commercial varieties grown in Turkey and other countries with AFLP markers and fruit 
traits, 2) to compare AFLP marker and fruit trait data for the estimation of genetic relation-
ships, and 3) to determine AFLP markers significantly associated with fruit characters in olive.

MATERIAL AND METHODS

Plant material

A total of 18 olive cultivars maintained on the Experimental Plot of the Olive 
Production Station of the Ministry of Agriculture and Rural Affairs, Balikesir, Turkey, were 
used for analyses (Table 1). The trees of each accession were more than 20 years old and 
under optimum cultivation conditions. Since all olive cultivars have been maintained in the 
same experimental plot with three replicates, the variation due to the environmental factors 
such as temperature, light and soil that influence morphological and agronomic traits can be 
considered negligible among the cultivars.

Fruit sampling

Fruits were collected from three trees of each cultivar on the same day. A total of 100 
fruit samples from each tree were picked when 75% of the fruits were colored pink/purple on 
trees. Fruits were harvested from the beginning of December to the end of January for two 
consecutive growing seasons. The optimum maturity stage of olive cultivars was determined 
by grouping the olives according to skin and flesh color, and then applying maturity index 
equitation as indicated by Boskou (2002). 
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The maturity index of the analyzed cultivars varied between 2.40 and 3.80 (data not 
shown). Morphological fruit characteristics, including fruit weight, fruit width, fruit length, 
stone weight, stone width, and stone length, and biochemical fruit characteristics, including to-
tal polyphenols, α-tocopherol and γ-tocopherol, were determined from harvested fruit samples.

Evaluation of morphological and biochemical fruit characteristics 

Morphological fruit traits were evaluated from three replicates per cultivar. Fruit weight 
(g), fruit width (mm), fruit length (mm), stone weight (g), stone width (mm), and stone length 
(mm) were measured from 30 fruits in each replicate. For biochemical evaluations, olive oil was 
extracted from harvested fruits as previously described by Şeker et al. (2008). Total polyphenols 
of extracted oil samples were measured by utilizing the Folin-Ciocalteu colorimetric method, 
and the results were determined as gallic acid equivalents (GAE) (Gutfinger, 1981). α-tocopherol 
and γ-tocopherol contents of olive oil were presented in a previous study (Şeker et al., 2008) and 
included in this study for the analyses of genetic relationships and AFLP marker association.

AFLP analysis

DNA samples were extracted from 20 mg freeze-dried and powdered leaf samples by 
using the DNeasy Plant Mini kit (Qiagen, Germany). The concentration of each DNA sample 
was measured using a Qubit Fluorometer (Invitrogen, USA) and adjusted to 30 ng/μL. AFLP 
analyses were carried out by following the manufacturer protocol using the AFLP kit number 
I (Invitrogen). Five selective amplification primer combinations were used to reveal polymor-
phisms among the olive cultivars (Table 2). EcoRI primers used at selective amplification step 
were labeled with LI-COR infrared dye either at 700 or 800 nm (LI-COR, USA). PCR was 
performed by using a GenAmp 2720 Thermal Cycler (Applied Biosystems, USA). The PCR 
products diluted in an equal amount of formamide-loading buffer were denatured at 94°C for 
4 min and immediately placed on ice. The denatured PCR products were separated on 6% de-
naturing polyacrylamide sequencing gels by running at 30 W for 5 to 6 h with a LI-COR 4300 
automated sequencer system.

Data analyses

Unambiguous polymorphic DNA bands in each AFLP primer combination were man-
ually scored as present (1) or absent (0) to obtain binary data. Genetic similarity matrix for 
AFLP data was calculated using the Dice coefficient (Dice, 1945) while Euclidean distance 
matrix was calculated for fruit traits (Sneath and Sokal, 1973). Unweighted pair group method 
with arithmetic averages (UPGMA) dendrograms were constructed using these matrices and 
the NTSYSpc v.2.21 program (Exeter Software, USA). Principal component analysis (PCA) 
was carried out according to the procedure described in the NTSYSpc program. Heterozygos-
ity and the polymorphic information content (PIC) values for AFLP markers were calculated 
using PIC Calculator Extra (http://www.genomics.liv.ac.uk/animal/pic.html).

Statistical analyses

Stepwise multiple-regression analysis (MRA) was performed to determine the association 
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between the molecular data (independent variable) and phenotypic data (dependent variable). 
To identify the informative markers associated with six phenotypic and three biochemical fruit 
traits, MRA was conducted using the “linear regression analysis” method with “stepwise” option 
of SPSS v.20. The model of the analysis was Y = a + b1m1 + b2m2 + … + bjmj + …+ bnmn + d 
+ e, where Y is the cultivar mean for a quantitative trait (dependent variable) and mj is the AFLP 
marker (independent variable) (Virk et al., 1996). bj represents the partial regression coefficients 
that specify the empirical relationships between quantitative traits and AFLP markers, d is the 
accession residual left after regression, and e is the random error of Y that includes environmental 
variation. To select independent variables for regression equation, probability of F between 
0.045 and 0.099 for entry and removal, respectively, was used (Affifi and Clarck, 1984; Kar et 
al., 2008). R2 is the square of R, which is the multiple correlation coefficient. Markers identified 
by MRA were tested again independently with linear curve fitting using linear models to confirm 
the significance of β-statistics. Beta can be defined as the standardized regression coefficient 
and equals BSx/Sy, where B is the regression coefficient, and Sx and Sy are the standard deviation 
of independent (x) and dependent (y) variables (Affifi and Clarck, 1984; Kar et al., 2008). The 
Student t-test was performed to test significance between mean trait estimates of genotypes where 
specific markers were present and absent. Markers showing significant regression values were 
considered as associated with the respective traits. Pearson correlations between fruit traits were 
calculated using the SPSS program with the two-tailed option checked. Descriptive statistical 
values were also calculated with the SPSS program.

RESULTS

Assessment of olive cultivars with AFLP markers

Five AFLP primer combinations revealed 168 unambiguous polymorphic markers 
among the 18 olive cultivars. Polymorphic markers ranged from 23 for EACC/MCTT primer 
combination to 43 for EACA/MCAT primer combination, with an average of 34.60 markers 
per primer combination and sizes of polymorphic markers varied between 60 to 610 bp. Both 
PIC values and heterozygosity of AFLP markers ranged from 0.95 to 0.97 (Table 2).

Pimer combinations	 Polymorphic markers	 Estimated size range (bp)	 HE	 PIC

EAGG/MCTC	 34	   80-340	 0.96	 0.96
EAGG/MCAA	 40	   83-585	 0.97	 0.97
EACA/MCAT	 43	   60-610	 0.97	 0.97
EACC/MCTA	 28	 102-402	 0.96	 0.96
EACC/MCTT	 23	   75-498	 0.95	 0.95

Table 2. Number of polymorphic AFLP markers, size range of polymorphic markers, heterozygosity (HE) and 
polymorphic information content (PIC) values for each primer combination.

The UPGMA dendrogram constructed using the similarity matrix of the Dice coef-
ficient (Dice, 1945) clustered olive cultivars into two major groups at about 55% similar-
ity (Figure 1). Cultivars in each major group further clustered into two subgroups. One of 
the major groups in the dendrogram included only olive cultivars (Domat, Ayvalik, Samanli, 
Erkence, Cakir Yaglik, Uslu, Edincik Su, Kiraz) originating from Turkey. Turkish cultivars, 
Gemlik and Karamursel Su, clustered in a subgroup of the other major group with olive cul-
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tivars from Italy (Leccino) and Spain (Arbequina). Another Turkish cultivar, Tavsan Yuregi, 
grouped with cultivars from Spain (Negral, Manzanilla, Hojiblanca, Gordales) and Italy (As-
colana) in the other subgroup (Table 1 and Figure 1). 

  
 

Figure 1. UPGMA dendrograms based on A) fruit traits B) AFLP markers. 

A B 

Figure 1. UPGMA dendrograms based on A. fruit traits and B. AFLP markers.

Characterization of olive cultivars using fruit traits

In terms of fruit characters, there is a great amount of variation among the 18 olive 
cultivars maintained at core collection (Table 1). The fruit weight of olive cultivars ranged 
from 1.84 to 18.64 g, fruit width from 11.46 to 28.42 mm, and fruit length from 15.14 to 33.26 
mm. The stone weight varied from 0.37 to 1.91 g, stone width from 7.15 to 11.87 mm, and 
stone length from 10.81 to 23.57 mm (Table 1). The highest total polyphenol content was ob-
served in Gemlik (579 GAE mg/kg) and followed by Ascolana (564 GAE mg/kg) and Domat 
(513 GAE mg/kg), while the lowest total polyphenol content was determined in Edincik Su 
(169 GAE mg/kg). The average values for α-tocopherol and γ-tocopherol contents of olive 
cultivars are available in a previously published study (Şeker et al., 2008).

The UPGMA dendrogram constructed using the Euclidean distance matrix of fruit traits 
clustered olive cultivars into six distinct groups (Figure 1). The most distinct group included 
only the cultivar Gordales, which had the highest fruit weight, fruit size, stone weight, and 
stone size among the olive cultivars characterized (Table 1 and Figure1). The second distinct 
group contained the closely clustered cultivars Arbequina and Leccino. These two cultivars also 
grouped together in the AFLP dendrogram (Figure 1) and had the lowest values of morphologi-
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cal fruit traits among the olive cultivars analyzed. The third distinct group had Domat, Ascolana 
and Karamursel Su cultivars with relatively smaller fruit weight, fruit size, stone weight, and 
stone size than Gordales. The cultivar Negral clustered as the fourth distinct group in the den-
drogram with medium fruit size parameters. Another group in the dendrogram consisted of 
Gemlik and Manzanilla olive cultivars with relatively smaller fruit size than the cultivars in 
the first and second groups but with higher total polyphenol content. The remaining nine olive 
cultivars loosely clustered in the fifth group with no distinctive fruit characteristics. The Mantel 
test between the matrices of AFLP markers and fruit traits revealed low correlation (r = 0.13) 
between these matrices for the estimation of genetic relationships between the olive cultivars.

PCA based on phenotypic and biochemical data did not group olive cultivars with 
clear separation (Figure 2). However, Gordales separated from the rest of the cultivars by hav-
ing the largest fruits, while Arbequina and Leccino with the smallest fruit also differed from 
other cultivars. On the other hand, closely clustered cultivars in UPGMA analysis were also 
grouped together by PCA.

Figure 2. PCA analysis based on nine fruit traits. Alpha-tcph = α-tocopherol; Gamma-tchp = γ-tocopherol; Fwg 
= fruit weight; Fwd = fruit width; Fln = fruit length; Swg = stone weight; Swd = stone width; Sln = stone length; 
Polyphen = Polyphenols.

The Pearson correlation coefficients demonstrated significant and high positive cor-
relations between fruit traits. The highest correlation (0.94) was obtained between fruit weight 
and stone weight and the lowest one (0.56) was between fruit width and stone length. On the 
other hand, low correlations between morphological and biochemical fruit traits and within the 
biochemical values were observed (Table 3).
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	 Fruit weight	 Fruit width	 Fruit length	 Stone weight	 Stone width	 Stone length	 Total polyphenols	 α-tocopherol
	 (g)	 (mm)	 (mm)	 (g)	 (mm)	 (mm)	 (GAE, mg/kg)	 (mg/kg)

Fruit width 	      0.90**	 						    
Fruit length 	      0.83**	      0.80**	 					   
Stone weight 	      0.94**	      0.82**	      0.78**	 				  
Stone width 	      0.88**	      0.88**	      0.79**	      0.91**	 			 
Stone length 	      0.66**	     0.56*	      0.77**	      0.74**	    0.58*	 		
Total polyphenols	 -0.10	 -0.17	 -0.16	 -0.17	 -0.03	 -0.24	 	
α-tocopherol	 -0.15	 -0.23	 -0.20	 -0.14	 -0.28	 -0.08	 0.22	
γ-tocopherol	 -0.19	 -0.35	 -0.33	 -0.24	 -0.27	 -0.16	 0.02	 0.39

**Correlation is significant at the 0.01 level (two-tailed). *Correlation is significant at the 0.05 level (two-tailed).

Table 3. Pearson correlation values between fruit traits.

Association of molecular markers with fruit traits

The stepwise MRA analyses revealed that eight AFLP markers of the 168 polymorphic 
markers analyzed showed a significant (P < 0.05) association with olive fruit traits (Table 4). 
EACC/MCTT7290 and EACA/MCAT4382 markers exhibited significant negative correlation 
with fruit weight (P < 0.05). R2 for EACC/MCTT7290 and EACA/MCAT4382 markers was 
0.385 and 0.709, respectively. The marker EACA/MCAT4382 also showed a significant 
negative correlation (P < 0.05) with fruit length, stone weight, and stone length traits. Only 
one marker (EACC/MCTT2465) was found to be significantly associated with fruit width and 
stone width traits (P < 0.01). The EACC/MCTT11195 marker was also negatively correlated 
with stone length (R2 = 0.741, t = -2.774, P < 0.05). The standardized beta coefficient was 
-0.402 for this marker. For total polyphenols, only one marker (EAGG/MCTC9246) exhibited 
a negative correlation (R2 = 0.390, t = -3.134, P < 0.05). The standardized beta coefficient 
was also high (0.842) for this marker. The markers EACC/MCTA3350 and EACA/MCAT24192 
showed significant positive correlations with α-tocopherol content of olive oil (P < 0.01). R2 
for EACC/MCTA3350 and EACA/MCAT24192 markers were 0.638 and 0.772, respectively. 
On the other hand, there was only one marker (EAGG/MCAA23199) that was significantly 
correlated with γ-tocopherol content of olive oil with a very high positive correlation value 
(0.837).

Traits	 AFLP markers*	 Standard	 Standardized	 t value	 P value	 R	 R2	 R2 change	 F change
		  error	 beta coefficients

Fruit weight (g)	 EACC/MCTT7290	   1.358	 -0.578	 -3.698	 0.003	 0.621	 0.385	 0.338	   8.142
	 +EACA/MCAT4382	   1.501	 -0.571	 -3.653	 0.003	 0.842	 0.709	 0.660	 13.346
Fruit width (mm)	 EACC/MCTT2465	   1.544	 -0.653	 -3.110	 0.008	 0.653	 0.427	 0.427	   9.671
Fruit length (mm)	 EACA/MCAT4382	   1.985	 -0.627	 -3.223	 0.005	 0.627	 0.394	 0.394	 10.387
Stone weight (g)	 EACA/MCAT4382	   0.158	 -0.555	 -2.669	 0.017	 0.555	 0.308	 0.308	   7.122
Stone width (mm)	 EACC/MCTT2465	   0.448	 -0.763	 -4.252	 0.001	 0.763	 0.582	 0.582	 18.076
Stone length (mm)	 EACA/MCAT4382	   1.164	 -0.674	 -4.648	 0.000	 0.767	 0.588	 0.588	 19.980
	 +EACC/MCTT11195	   1.164	 -0.402	 -2.774	 0.016	 0.861	 0.741	 0.153	   7.697
Total polyphenols	 EAGG/MCTC9246	 52.436	 -0.617	 -3.134	 0.006	 0.617	 0.380	 0.380	   9.822
(GAE, mg/kg)
α-tocopherol (mg/kg)	 EACC/MCTA3350	   8.102	  0.704	  5.534	 0.000	 0.799	 0.638	 0.638	 28.197
	 +EACA/MCAT24192	   8.102	  0.379	  2.976	 0.009	 0.879	 0.772	 0.134	   8.859
γ-tocopherol (mg/kg)	 EAGG/MCAA23199	   3.721	  0.837	  6.129	 0.000	 0.837	 0.701	 0.701	 37.559

+Indicates the involvement of marker in the preceding step. *Subscript numbers are the estimated sizes of the AFLP 
markers.

Table 4. Stepwise MRA coefficients and AFLP markers associated with fruit traits.
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DISCUSSION

According to the AFLP dendrogram, all olive cultivars were differentiated from each 
other below the 75% similarity level, demonstrating that the genetic variation is high between 
the olive cultivars and suggesting that this olive collection is a good core collection. However, 
AFLP markers partially distinguished olive cultivars according to their geographic origin. In 
some studies, clustering of olive cultivars was found to be correlated with their geographic ori-
gin (Claros et al., 2000; Besnard et al., 2001). On the other hand, Fendri et al. (2010) reported 
that olive cultivars did not group in accordance with their geographical origin. All olive culti-
vars in the core collection were also distinguished from each other on the basis of cluster analy-
sis with six morphological and three biochemical fruit traits. However, the clustering of olive 
cultivars with AFLP markers and fruit characteristics was not significantly correlated according 
to the Mantel test. Low or no correlation between morphological characters and molecular data 
in olive has also been reported in several studies (Corrado et al., 2009; Rao et al., 2009; Belaj et 
al., 2011). Contrary to these studies, D’Imperio et al. (2011) found a very high correlation with 
the Mantel test between morphological and molecular data obtained by evaluating eight SSR 
markers and 31 morphological descriptors in samples of leaves, drupes and pits of three olive 
cultivars. The low correlation detected in our study was likely due to the few morphological 
markers used for the analysis of genetic diversity compared to 168 polymorphic AFLP markers 
and influence of environmental factors on morphological traits. However, Corrado et al. (2009) 
stated that the discrimination power of morphological characters was poor in their study even 
if they used 35 morphological descriptors, and they emphasized the influence of environmental 
factors on the efficiency of discrimination of morphological characters.

The UPGMA dendrogram based on fruit traits clustered the cultivar Gordales as a 
distinct group from the other 17 olive cultivars evaluated in this study, where it had the highest 
morphological fruit characteristic values. In a previous study conducted to evaluate morpho-
logical and agronomic characteristics of an olive germplasm collection in Argentina, the olive 
cultivar Gordal Sevillana with the highest fresh fruit weight and fresh stone weight introduced 
from Spain was also characterized as a distinct cultivar from other accessions (Trentacoste and 
Puertas, 2011). The cultivar Gordales evaluated in this study was also introduced from Spain 
to Turkey, and it may be closely related to Gordal Sevillana.

High correlations were detected between morphological fruit traits evaluated in this 
study. Similarly, high correlations between morphological fruit traits were reported in several 
studies in olive (Cantini et al., 1999; Leόn et al., 2004; Belaj et al., 2011). Belaj et al. (2011) 
determined a high correlation (0.95) between fruit length and stone length in wild olives, 
which was higher than the value (0.77) found in this study. On the contrary, the correlation 
between fruit weight and stone weight was higher (0.94) in this study than the result (0.89) of 
Belaj et al. (2011). The high correlation between the phenotypic traits could make possible the 
selection of all correlated traits simultaneously by evaluating only one trait during the selec-
tion (León et al. 2004).

While four AFLP markers were found to be significantly associated with fruit and 
stone weight, width and length, four AFLP markers were determined to be highly associated 
with total polyphenols, α-tocopherol and γ-tocopherol traits in this study. When a morphologi-
cal trait correlated with another morphological fruit trait, the same AFLP markers were also 
associated with both traits. For example, EACC/MCTT2 marker was associated with both 
fruit width and stone width traits and both traits were also significantly correlated.
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Tocopherols are important quality parameters of olive oils and they have high anti-
oxidant activity and health-beneficial effects. The olive cultivars characterized in this study 
displayed great variation in the content of α-tocopherol, which is a precursor of vitamin E, and 
γ-tocopherol, considered a superior antioxidant in oil products (Şeker et al., 2008). The quan-
titative trait loci (QTL) of tocopherols have been mapped in rapeseed (Marwede et al., 2005), 
but there is no report on mapping of QTL or association of molecular markers with tocopherol 
content in olive oil to our knowledge. Therefore, these positively and significantly associated 
markers determined in this study could be useful for the rapid identification of olive genotypes 
with high α-tocopherol and γ-tocopherol content in olive-breeding programs.

In a similar study, association analysis of SSR and ISSR markers with fruit charac-
teristics in sweet cherry cultivars revealed 14 SSR alleles negatively or positively correlated 
with different morphological traits by using MRA (Ganopoulos et al., 2011). In addition, three 
ISSR markers were identified to be correlated with fruit harvest time and soluble solids and 
four ISSR markers were found to be correlated with fruit skin color. In another recent study on 
cherries, 38 SSR alleles and 135 RAPD markers were associated with 14 fruit characters us-
ing MRA analysis (Khadivi-Khub, 2013). Similarly, four ISSR markers were associated with 
protein content and four with sugar content by using stepwise MRA in mulberry (Morus spp) 
(Kar et al., 2008). The association of three ISSR markers with high antioxidant activity in Va-
leriana jatamansi was also reported by using simple-regression analysis, and it was suggested 
that these markers can be utilized for the selection of genotypes with high antioxidant activity 
in breeding programs (Jugran et al., 2013).

In summary, all olive cultivars were sufficiently differentiated from each other by either 
AFLP markers or fruit characters. However, clustering of these olive cultivars based on AFLP 
markers and fruit characters were not in agreement as reported in several previous studies in 
olive. Neither AFLP markers nor fruit characteristics grouped all olive cultivars according to 
their geographical origin, suggesting that olive genotypes or cultivars were exchanged between 
regions or countries without proper passport information. In addition, a high degree of positive 
correlations between fruit traits was detected. Furthermore, stepwise MRA analysis determined 
a significant association between eight AFLP markers and morphological and biochemical 
fruit traits. This is the first report on the association of AFLP markers with fruit traits in olive 
to our knowledge. Molecular markers associated with morphological and agronomic traits 
could be utilized for the breeding of olive cultivars. However, the association power of these 
markers needs to be confirmed in larger populations, and then, highly correlated markers need 
to be converted to PCR-based DNA marker such as sequence-characterized amplified region 
markers for better utilization.
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