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The aim of the study was to compared the genetic similarity coefficients (Jaccard, Dice, Simple 
Matching) and different clustering methods (UPGMA, WPGMA, Single Linkage and Complete Linkage) 
combinations for cultivated olives. A total of 12 samples, Gemlik, Manzanilla, Edremit, Domat, Uslu and 
Memecik cultivars were screened with RAPD-PCR analysis by Operon random primers OP-Q kit. The 
closest samples based on their genetic similarity values have been found as ‘Edremit and Gemlik 5’ and 
the most distant ones have been found as ‘Manzanilla 1 and Gemlik 3’ in both of Dice and Jaccard 
coefficients; whereas, in simple-matching coefficient, the closest samples based on their genetic 
similarities have been determined as Edremit and Gemlik 5 and the most distant ones have been 
determined as Manzanilla 1 and Gemlik 3 and also Manzanilla 1 and Gemlik 4. The results from Mantel 
test of original matrices show that the correlation between Jaccard and Dice similarity matrices was 
high and significant (0.9971). UPGMA clustering for Dice coefficient was given a highest cophenetic 
correlation as 0.9571 and Complete linkage clustering for Simple Matching was yielded a lowest 
correlation value as 0.8992. The results obtained from consensus indices shown that Consensus fork 
index was found (CIC =0, 9000) in Jaccard and Dice coefficients. Simple Matching coefficient had very 
low values with the Dice and Jaccard coefficients (CIC =0.1000). PCO analysis provided results matching 
up one-to-one with the data obtained from Dice and Jaccard coefficient UPGMAs.  
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INTRODUCTION 
 
Cultivated olives (Olea europaea sativa L), being 
produced in Turkey for thousands of years, is a product 
with significant economic value. It is preferred very  much 
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by the producers in order to benefit both from its oil and 
grains (Sesli et al., 2006).  

Randomly amplified polymorphic DNA (RAPD) is used 
as genetic marker for determining the genetic diversity of 
cultivated olives (Belaj et al., 2001; Besnard et al., 2001; 
Wu et al., 2004).  

RAPD technique is used successfully in the determina-
tion of genetic polymorphism and similarity of cultivated 
olives, and studies show that it yields positive results in 
determining redundancy of genetic diversity in olive trees 
and consequently the polymorphism of genetic markers 
(Martins-Lopes et al., 2007; Mekuria et al., 2002; Gemas 
et al., 2000).   
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Table 1. Provinces where cultivated olives were supplied.  
 

Olives Sample amounts Place of supply Province 
Gemlik 5 Olive production research institute Izmir, Bornova, Turkiye 
Manzanilla 3 Olive production research institute Izmir, Bornova, Turkiye 
Domat 1 Olive production research institute Izmir, Bornova, Turkiye 
Memecik 1 Olive production research institute Izmir, Bornova, Turkiye 
Edremit 1 Sapling planters Akhisar, Manisa, Turkiye 
Uslu 1 Sapling planters Akhisar, Manisa, Turkiye 

 
 
 
Table 2. Correlation coefficients from Mantel test of original 
matrices. 
 
  Simple matching Jaccard Dice 
Simple 
matching **************   

Jaccard 0.3587 ************  
Dice 0.3538 0.99711 ************ 

 
1:  Significant (p < 0.05). 

 
 
 

The data obtained in conclusion to RAPD are com-
pared with different similarity coefficients and clustering 
methods (Da Silva Meyer et al., 2004). Using similarity 
coefficients, for example Sorensen-Dice, Jaccard and 
Simple Matching, affects the results of Unweighted Pair 
Group Method with Arithmetic (UPGMA), Weighted Pair-
Group Method using Arithmetic averages (WPGMA), 
Complete Linkage and Single Linkage clusters (Jackson 
et al., 1989; Duarte et al., 1999). Principal co-ordinate 
(PCO) analysis is used in the estimation of genetic 
similarity between plants (Baldoni et al., 2006). 

In the study, the comparison of different similarity 
coefficients and clustering methods in cultivated olives 
was discussed.  
 
 
MATERIALS AND METHODS 
 
Plant material 
 
The cultivated olives were transferred to the glasshouse; young 
leaves were collected and stored in liquid nitrogen until DNA 
extraction. A total of 12 samples were extracted by Doyle and Doyle 
method (1987) (Table 1).   
 
 
DNA extraction and RAPD-PCR analysis 
 
Twenty different decamer primers were used for RAPD analyses of 
Olea europaea sativa. A total of twenty primers from Kit OP-Q 
(Operon Technologies, Alameda, CA, USA) were used for RAPD-
PCR analysis. PCR was performed on an Eppendorf MasterCycler 
Thermal Cycler in a total volume of 25 �l. PCR mix including 25 ng 
template DNA, 2.42 �l. 10 X PCR reaction buffer (with MgCl2, 
Sigma), 0.44 �l. dNTP (Sigma), 1 �M primer, and 0.13 �l Taq DNA 
polymerase (Sigma). The amplification reactions were carried out 

for 60 s at 94°C as an initial denaturation. The PCR program 
comprised 35 cycles with 20 s at 94°C; 20 s at 35°C; 30 s at 72°C 
and a final extension performed at 72°C for 5 min. 

Amplification products were loaded onto 1.5% agarose gels 
(Sigma) in 0.5 X TBE buffer with 0.5 �g/ml ethidium bromide at a 
constant 100 V. For evaluating the base pair length of bands, a 
DNA ladder (Sigma, Fermentas) was loaded on the first lane of 
each gel. After the separation of PCR products by agarose gel 
electrophoresis, gels were visualized with the Photo Print (Vilber 
Lourmat, France) imaging system and analyzed by BioOne D++ 
software (Vilber Lourmat, France). 
 
 
Data analysis 
 
Gels were visualized with Photo Print (Vilber Lourmat, France) 
imaging system and analysis of RAPD bands were performed by 
BioOne D++ software (Vilber Lourmat, France). The RAPD bands 
(markers) were scored as 1 if present and 0 if absent.  

Original dendrograms were developed through UPGMA, 
WPGMA, Single Linkage and Complete Linkage clustering methods 
over the original matrices calculated from Simple Matching, Dice 
and Jaccard similarity coefficients. In the calculation of den-
drograms, NTSYS Pc 2.1 program was used. Clustering methods 
and similarity coefficients were tested by applying SIMQUAL, 
SAHN, TREE procedures in NTSYS Pc 2.1. As the clustering 
method in SAHN module, WARN was selected in the option of 
UPGMA, WPGMA, Single Linkage and Complete Linkage and Tie 
Method (Rohlf, 2000). Cophenetic correlation coefficients were 
calculated by using COPH and MXCOMP procedures for each 
combination.  

Original matrices were compared by applying Mantel test 
(Mantel, 1967) in the option of MXCOMP in NTSYS Pc 2.1 program 
for the comparison of original matrices by implementing Simple 
Matching, Dice and Jaccard similarity coefficients. The correlation 
values obtained are shown in Table 2 (Rohlf, 2000). 

Mantel test was applied in NYSYS Pc 2.01 program through 
MXCOMP procedure in the comparison of original matrices and the 
matrices obtained from cophenetic values. Table 2 shows the 
correlation coefficients of data from original similarity matrices and 
cophenetic values as calculated with the Mantel test. The 
correlation coefficients calculated with the Mantel test enables the 
finding of correlation between the similarity matrix and the phenetic 
trees obtained as a result of cluster analysis. The correlation 
matrices calculated show the goodness of fit of cluster analysis in 
accordance with the similarity matrix.  

Relationships among cultivated olives were studied using a 
principal coordinates analysis (PCO) according to Jaccard similarity 
coefficient with FAMD 1.23 (Schlüter and Harris, 2006).  

The dendrograms bases of different coefficients were compared 
by consensus fork index (CIC). The CIC index provides a relative 
estimate of the dendrogram similarities and was calculated using 
NTSYS pc 2.1 (Rohlf, 2000). 
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Table 3. Genetic similarity of cultivated olives and the cophenetic correlation 
coefficients of matrices obtained from cophenetic values. 
 

Clustering/similarity Simple matching Jaccard Dice 
UPGMA 0.9193 0.9566 0.9571 
WPGMA 0.9175 0.9556 0.9557 
Single Linkage 0.9088 0.9217 0.9130 
Complete Linkage 0.8992 0.9326 0.9383 

 
 
 
Table 4. Consensus fork index among the dendrograms 
(UPGMA) produced by similarity coefficients among cultivated 
olives by RAPD marker. 
  
 Jaccard Dice Simple matching 
Jaccard ********** 0.90001 0.1000 
Dice  *********** 0.1000 
Simple 
matching   *********** 

 

1: Significant (p<0.05). 
 
 
 
RESULTS AND DISCUSSION 
 
Ten of the twenty primers were given scorable bands  
(OP-Q 7, OP-Q 8, OP-Q 9, OP-Q 10, OP-Q 14, OP-Q 15, 
OP-Q 16, OP-Q 17, OP-Q 19, OP-Q 20). In this research, 
total of 84 bands were derived from primer kit OP-Q. 
Maximum bands were observed from OP-Q 16 primer 
with 34 bands and minimum numbers of bands were 
observed from OP-Q 7 and OP-Q 8 with 3 bands.   

The correlation values obtained from the comparison of 
original matrices by applying the Mantel test are shown in 
Table 2 (Rohlf, 2000). 

The results from Mantel test of original matrices show 
that the correlation between Jaccard and Dice similarity 
matrices was high and significant (0.9971), however, 
correlations between Jaccard, Dice and Simple matching 
coefficients were very low to compared the Jaccard and 
Dice correlation. Table 3 shows the original similarity 
matrices and the correlation coefficients of data from 
cophenetic values as calculated with Mantel test.  

Table 3 shows the cophenetic correlations from the 
genetic similarity matrices and cophenetic matrices.  

UPGMA clustering for Dice coefficient was given a 
highest cophenetic correlation as 0.9571 and Complete 
linkage clustering for Simple Matching was yielded a 
lowest correlation value as 0, 8992.  

Comparing the results of clustering method/similarity 
coefficients, Jaccard and Dice coefficients produced high 
cophenetic correlations; however, Simple Matching 
coefficients had lower cophenetic correlations. Because 
of their highest correlation rate, Dice similarity with 
UPGMA clustering method is evaluated as a convenient 
combination for detecting the genetic relationships 
between cultivated olives.  

Since    simple    matching   coefficient   and   complete  

linkage clustering method had a lowest correlation value, 
bear in mind that the combination is an inconvenient 
composition for detecting the genetic relationships 
between cultivated olives.  

Koopman et al. (2001) found that Jaccard similarity with 
UPGMA yielded highest correlation rate for AFLP data 
set from Lactuca, s.l. species. In this study, Dice similarity 
with UPGMA yielded highest correlation value but the 
differences between Dice and Jaccard similarity 
coefficients with UPGMA clustering was not so far 
(0.9566 and 0.9571, respectively). Koopman et al. (2001) 
also reported that Dice coefficient with UPGMA clustering 
method was suitable for AFLP data set. Since, AFLP and 
RAPD markers have dominant characteristics; UPGMA 
with Dice coefficient was useful for genetic analysis of the 
cultivated olives. 

For the evaluation of trees from UPGMA clustering with 
genetic similarity coefficients, consensus indices were 
also calculated for the each combination of coefficient 
and UPGMA clustering. The results from Consensus 
Indices were shown in the Table 4.  

The results obtained from consensus indices shown 
that Consensus fork index was found (CIC =0.9000) in 
Jaccard and Dice coefficients. Simple Matching coeffi-
cient had very low values with the Dice and Jaccard 
coefficients (CIC =0.1000). This is in line with the findings 
from dendrograms and shows why obtained different 
results from the dendrogram formed with Simple 
Matching coefficient as compared to the others.  

The closest samples based on their genetic similarity 
values have been found as ‘Edremit and Gemlik 5’ and 
the most distant ones have been found as ‘Manzanilla 1 
and Gemlik 3’ in both of Dice and Jaccard coefficients. In 
the coefficient including negative co-occurrences such as 
simple-matching, the closest samples based on their 
genetic similarity values were determined as ‘Edremit and 
Gemlik 5’ and the most distant samples as ‘Manzanilla 1 
and Gemlik 3’ and ‘Manzanilla 1 and Gemlik 4’ different 
from other coefficients.  

The dendrograms derived from the combination of 
genetic similarity coefficients and different clustering 
methods were given in Figure 1, Figure 2, Figure 3 and 
Figure 4 and also, Figure 5 shows that the PCO analysis 
of cultivated olives. 

In accordance with the result obtained with PCO 
(Figure 5), the proportions obtained from the X-axis, Y-
axis and Z-axis were 16.57, 12.32 and 10.08%, respectively. 



 

Sesli and Yegenoglu          2321 
 
 
 

 
 
Figure 1.  UPGMA dendrograms with different genetic similarity coefficients. (a) Dice coefficient 
UPGMA. (b) Jaccard coefficient UPGMA. (c) Simple matching coefficient UPGMA.  
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Figure 2. WPGMA dendrograms with different genetic similarity coefficients.(a) Dice coefficient 
WPGMA. (b) Jaccard coefficient WPGMA. (c) Simple matching coefficient WPGMA. 
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Figure 3. Single Linkage dendrograms with different genetic similarity coefficients. (a) Dice coefficient 
single linkage. (b) Jaccard coefficient single linkage. (c) Simple matching coefficient single linkage. 
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Figure 4. Complete linkages dendrograms with different genetic similarity coefficients. (a) Dice 
coefficient complete linkage. (b) Jaccard coefficient complete linkage. (c) Simple matching 
coefficient complete linkage. 
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Figure 5. PCO analysis of cultivated olives. 

 
 
 
A total of 38.97% was found. Accordingly, it was deter-
mined that Edremit and Gemlik 5 samples found as the 
closest ones based on their genetic similarity values are 
in the same plot. It is observed that the most distant sam-
ples based on their genetic similarity values, Manzanilla 1 
and Gemlik 3 are in the same plot. When the data 
obtained from PCO and all clustering methods were com-
pared, it was determined that the dendrograms obtained 
from Dice and Jaccard coefficients with  UPGMA  
clustering  method  provided  same results one-to-one 
with PCO.  

In conclusion, it was suggested to use Dice and Jaccard 
genetic coefficients with UPGMA clustering method in the 
determination of genetic relations of cultivated olive 
because of the high correlation value they show; where-
as, Simple Matching coefficient with Complete Linkage 
clustering method is not suggested because they show 
low correlation coefficient. In addition, it was concluded 
that Simple Matching coefficient is not suitable for the 
studies with RAPD since it causes change in the results 
due to negative co-occurrences. 
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