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ABSTRACT. We investigated 10 similarity (and disimilarity) 
coefficients in a set of 40 wild genotypes of Croton linearifolius 
subjected to analyses using hierarchical grouping methods, grouping 
methods by optimization and data projection in two-dimensional space. 
Genotypes were characterized by analyzing DNA polymorphism with 
the use of 15 ISSR and 12 RAPD markers. The distance measurements 
were compared by the Spearman correlation test, projection in two-
dimensional space and grouping efficiency evaluation. The Spearman 
correlation coefficients between the 10 coefficients evaluated were 
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significant (P < 0.001) and indicated significant changes in genotype 
ranking due to type of coefficient used (0.76 ≤ rs ≤ 1). Wide variation 
was also observed in the efficiency of clustering methods, where the 
unweighted pair group method with arithmetic mean was the most 
suitable (0.3 ≤ D ≤ 1.5 ; 0.41 ≤ rc ≤ 0.77; 5.99 ≤ S ≤ 12.61). Projection 
efficiencies in two-dimensional space showed high-stress values (65 
< S < 89%). Similar to the results observed for hierarchical clustering 
methods and for projection in two-dimensional space, the formation 
of groups with grouping methods by optimization showed variations 
when using different coefficients. We believe that the results confirm 
the influence of coefficients in studies of genetic diversity, showing the 
need to use criteria and standards for selecting appropriate methods for 
genetic studies of the genus Croton.

Key words: Genetic divergence; Multivariate statistics; 
Similarity coefficients; Molecular markers

INTRODUCTION

The Caatinga biome is distributed across the States of Bahia, Sergipe, Alagoas, Per-
nambuco, Paraíba, Rio Grande do Norte, Ceará, Piauí, and the north of Minas Gerais in Bra-
zil (Almeida-Cortez et al., 2007). Although there is no authoritative list with the number of 
Caatinga species, studies indicate that the flora of this biome consists of approximately 600 
recorded species, including about 200 endemic species (Tabarelli and Gascon, 2005).

Among the wild species of the Caatinga are those that belong to the genus Croton. 
Species of this genus are known to have chemical and/or pharmacological properties giving 
them medicinal potential (Souza et al., 2006; Palmeira Júnior et al., 2006). Among the species 
of Croton, Croton linearifolius is commonly used as a natural insecticide in Bahia’s semiarid 
region (Cunha e Silva et al., 2010).

However, despite its potential use as a natural insecticide, genetic studies of C. 
linearifolius are limited to testing methods for DNA extraction (Scaldaferri et al., 2013) and 
preliminary studies of genetic diversity (Cerqueira-Silva CBM, personal communication). 
The growth and improvement of molecular techniques have been remarkable, especially for 
genetic studies aimed at characterizing the diversity of plants. In this context, it is possible to 
highlight the use of co-dominant and dominant markers.

Numerous statistical methodologies for data analysis for determining genetic diver-
sity, as well as for graphic presentation of these estimates, are also available. Among the 
statistical methods used for diversity studies are i) similarity (and dissimilarity) coefficients, 
ii) hierarchical grouping methods and grouping methods by optimization, and iii) data projec-
tion in two-dimensional space (Duarte et al., 1999; Mohammadi and Prasanna, 2003). In view 
of the large number of statistical methods available in the literature and the fact that existing 
comparative studies reveal that the choice of statistical methods can affect the results (Meyer 
et al., 2004; Gonçalves et al., 2008; Cerqueira-Silva et al., 2009; Sesli and Yegenoglu, 2010; 
Alves et al., 2012), it is important to establish criteria for choosing statistical methods that are 
appropriate for the reality of each study to be conducted.
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Considering that the coefficients and cluster methods used in the analysis of genetic 
data may influence the results obtained and that there are no studies related to the efficiency of 
these methods for species of the genus Croton, we evaluated the influence of 10 coefficients 
and 8 clustering methods, as well as the efficiency of projection in two-dimensional space in 
the characterization of the diversity of 40 wild genotypes of C. linearifolius, on the basis of 
ISSR and RAPD markers.

MATERIAL AND METHODS

Obtaining genotypes and DNA extraction

Young leaf tissue was collected from 40 wild genotypes of C. linearifolius (popularly 
known in Brazil as ‘velame pimenta’) in the National Forest Contendas Sincorá, city of 
Contendas do Sincorá, Bahia, Brazil, and stored in an ultra-cold freezer at the Laboratory 
of Applied Molecular Genetics of Universidade Estadual do Sudoeste da Bahia - UESB, 
Itapetinga, BA. DNA extraction was standardized by using 0.2 g leaf tissue in each extraction.

Genomic DNA used in this study was extracted according to the CTAB method, using 
routines and modifications described by Scaldaferri et al. (2013), and deposited in the genomic 
DNA bank of Laboratory of Applied Molecular Genetics, UESB.

Obtaining molecular data

Genotyping was performed by analyzing DNA polymorphism with the use of 15 ISSR 
primers (DiCA 3G, DiCA 3RG, DiGA 3C, DiGA 3RC, DiGA 3T, TriCAC 3RC, TriCAC 5CY, 
TriCAG 3RC, TriTGT 3YC, TriAAR 3RC, TriAAG 3RC, TriACG 3RC, TriAGA 3RC, TriCGC 
3RC, and TriGAC 3RC) and 12 RAPD primers (OPD-01, OPD-03, OPD-05, OPD-06, OPD-
08, OPD-10, OPD11, OPD13, OPD15, OPD-16, OPD-18, and OPD-20). These primers were 
preliminarily selected among the 23 ISSR primers and 40 RAPD primers that comprise the 
Operon© OPD series, since they result in the best standards of amplification (data not shown). 
Genotyping was always performed by two researchers to enhance the reliability of the data.

Amplification reactions with ISSR and RAPD primers were performed according to 
dos Santos et al. (2011) and Williams et al. (1990), respectively, using an MJ 96 thermocycler 
(Biocycler). Amplification products were then mixed with an EZ Vision buffer (according 
to manufacturer specifications) and separated by electrophoresis on 2% (w/v) agarose gel 
submerged in Tris-borate and EDTA buffer (1X TBE), at a constant voltage of 120 V for ap-
proximately 2 h. Finally, the ethidium bromide-stained gels were exposed to ultraviolet light 
and visualized in a Kodak photodocumentation system. The gels were then evaluated by two 
researchers to construct a binary data matrix (0 for absence and 1 for the presence of bands).

Statistical analysis

For genetic estimates, with binary data, coefficients were obtained for Sokal distance 
(Sd), as well as simple matching (SM), Rogers and Tanimoto (RT), Sokal and Sneath (SS), 
Russell and Rao (RR), Jaccard (J), Sorensen-Dice (SD), Ochiai (O), Baroni, Urbani and Buser 
(BUB) and Index II (I-II) (Table 1). Aiming to verify the existence of difference in genotype 
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ranking, we determined the Spearman (rs) correlation for the 10 coefficients used in this study. 
Different hierarchical clustering methods were used: closest neighbor; farthest 

neighbor, Ward method, weighted pair-group method using arithmetic averages (WPGMA), 
average linkage in groups, unweighted pair-group method using arithmetic averages (UP-
GMA), Gower method (WPGMC), and centroid method (UPGMC). Distortion values (D), 
cophenetic correlation coefficient (rc) and stress (S) were used as parameters to evaluate the 
efficiency of grouping methods and data projection in two-dimensional space. Stress level 
(%) observed from the grouping and projections were classified according to Kruskal (1964) 
as follows: unsatisfactory (S ≥ 40%), regular (20% ≤ S < 40%), good (10% ≤ S < 20%), 
excellent (5% ≤ S < 10%), and perfect (0% ≤ S < 5%). Grouping methods by optimization 
(Tocher method and Tocher modified method), contained in the Genes program (Cruz, 2006), 
was also performed.

Estimates of similarity, projection in two-dimensional space, estimates of D, rc, S, and 
grouping methods by optimization were carried out using the Genes program (Cruz, 2006). In 
turn, the BioEstat 5.0 program was used for correlation analyses (Ayres et al., 2005).

Coefficient Expression* Interval

Sokal distance (Sd) [(b+c)/(a+b+c+d)]1/2 0-1
Simple matching (SM) (a+d)/(a+b+c+d) 0-1
Rogers and Tanimoto (RT) (a+d)/[a+2(b+c)+d] 0-1
Sokal and Sneath (SS) 2(a+d)/[2(a+d)+b+c] 0-1
Russell and Rao (RR) a/(a+b+c+d) 0-1
Jaccard (J) a/(a+b+c) 0-1
Sorensen-Dice (SD) 2a/(2a+b+c) 0-1
Ochiai (O) a/[(a+b)(a+c)]1/2 0-1
Baroni, Urbani and Buser (BUB) [a+(ad)1/2]/[a+b+c(ad)1/2] 0-1
Index II (I-II) 0.5[a/(a+b)+a/(a+c)] 0-1

*a = 1-1; b = 1-0; c = 0-1; d = 0-0.

Table 1. Similarity (and dissimilarity) coefficients used among 40 wild genotypes of Croton linearifolius 
genotyped with ISSR and RAPD markers.

RESULTS AND DISCUSSION

The Spearman correlation for the 10 coefficients evaluated were high and significant 
(rs ≥ 0.95; P < 0.001) for most of the correlations evaluated, and examples of values observed 
between Sd and SM and RT and SS are given in Table 2. However, significant changes in 
genotype ranking were expected from the correlation values observed between RR and Sd, 
SM, RT, and SS, among others (0.76 ≤ rs ≤ 0.89, P < 0.001). Variations in correlation values   
were also observed in studies comparing similarity coefficients in maize (Zea mays L.) (Meyer 
et al., 2004) and passion fruit (Passiflora edulis Sims) (Cerqueira-Silva et al., 2009), namely 
0.74 to 1 and 0.31 to 1, respectively.

In relation to distances estimated on the basis of the 10 coefficients examined, the 
projection efficiencies in two-dimensional space displayed high-stress values (65 < S < 89%) 
(Table 3). These stress values, according to the classification of Kruskal (1964), are considered 
to be inadequate for projection in two-dimensional space, based on the matrix of binary data 
from dominant markers in C. linearifolius. However, considering the values of cophenetic 
correlation for C. linearifolius, the best results were observed in the Russell and Rao (rc = 
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0.57) and Ochiai (rc = 0.55) coefficients. Contrasting results in relation to the projection of 
the genetic distances in two-dimensional are available in the literature, such as the high-stress 
levels of these projections in studies with passion fruit (54 < S < 75), based on RAPD markers 
(Cerqueira-Silva et al., 2009), and lower values in studies with common bean (Phaseolus vul-
garis L.) (11 < S < 57), based on RAPD markers (Duarte et al., 1999), and with mango (Man-
gifera indica L.) (17 < S < 23), based on fruit physicochemical descriptors (Alves et al., 2012).

Coefficient Sd SM RT SS RR J SD O BUD I-II

Sokal distance (Sd) 1.00         
Simple matching (SM) 1.00 1.00        
Rogers and Tanimoto (RT) 1.00 1.00 1.00       
Sokal and Sneath (SS) 1.00 1.00 0.99 1.00      
Russell and Rao (RR) 0.77 0.76 0.77 0.76 1.00     
Jaccard (J) 0.89 0.89 0.89 0.89 0.97 1.00    
Sorensen-Dice (SD) 0.88 0.89 0.88 0.89 0.97 1.00 1.00   
Ochiai (O) 0.88 0.88 0.88 0.88 0.96 1.00 1.00 1.00  
Baroni, Urbani e Buser (BUB) 0.98 0.98 0.98 0.98 0.86 0.96 0.96 0.96 1.00 
Index II (I-II) 0.88 0.88 0.88 0.88 0.96 0.99 0.99 1.00 0.95 1.00

*All correlation coefficients in the table are significant (P < 0.001).

Table 2. Spearman correlation coefficients* between 10 coefficients related to DNA amplifications with 15 
ISSR and 12 RAPD markers, detected in 40 wild genotypes of Croton linearifolius.

Coefficients  Croton linearifolius

 rc D S

Sokal distance (Sd) 0.22 78.93 81.24
Simple matching (SM) 0.28 67.32 70.37
Rogers and Tanimoto (RT) 0.24 74.73 77.18
Sokal and Sneath (SS) 0.30 60.86 65.03
Russell and Rao (RR) 0.57 79.15 81.20
Jaccard (J) 0.37 72.47 75.11
Sorensen-Dice (SD) 0.42 65.24 68.64
Ochiai (O) 0.55 64.68 67.53
Baroni, Urbani e Buser (BUB) 0.32 67.10 70.28
Index II (I-II) 0.53 64.64 67.69

Table 3. Efficacy of the projection of similarity (and dissimilarity) coefficients in two-dimensional space, in 
wild genotypes of Croton linearifolius, based on distortion percentage (D), correlation between the original and 
the projected (rc) distance (D) and stress (S) values.

The different combinations between 10 coefficients and the 8 hierarchical clustering 
methods generated distinct results concerning the efficacy of the grouping data in presenting the 
original distance data (-32370 ≤ D ≤ 55.1; 0.10 ≤ rc ≤ 0.77; 5.9 ≤ S ≤ 1703) (Table 4). In sum-
mary, the methods WPGMA (0.41 < rc < 0.75; -26.19 < D < 2.52; 6.3 < S < 18.95) and UPGMA 
(0.41 < rc < 0.77; 0.3 < D < 1.5; 5.99 < S < 12.61) were the ones that showed the best results for 
C. linearifolius. In contrast, the Ward method showed the most unsatisfactory results (0.27 < rc 
< 0.62; -20379 < D < 32370; 1333 < S < 1703). Similar results were found by Gonçalves et al. 
(2008) in studies with tomato accessions and by Sesli and Yegenoglu (2010) in studies with wild 
olives. In general, our results support the findings reported by Mohammadi and Prasanna (2003) 
in that the UPGMA is among agglomerative hierarchical methods most commonly used.
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Similar to the results observed for hierarchical clustering methods and for projection in 
two-dimensional space, the formation of groups with grouping methods by optimization (Tocher 
method and Tocher modified method) showed variations when using different coefficients (data 
not shown). Variations in the results from clustering by optimization methods were also observed 
by Alves et al. (2012) and Duarte et al. (1999), demonstrating the importance of the choice of 
coefficients to be used in estimating similarity (or dissimilarity), since this choice influences the 
results of grouping, regardless of the method chosen for training groups. It should be noted that 
the combined use of hierarchical clustering methods and optimization is commonly observed in 
the literature, for example, in the articles of Duarte et al. (1999) with common bean, Bertan et al. 
(1999) with wheat genotypes, and Alves et al. (2012) with progeny of mango.

To check the consistency of these results with other species of the genus Croton, the 
evaluations performed with C. linearifolius were repeated in wild genotypes of C. heliotropi-
ifolius (belonging to the genomic DNA bank of the Laboratory of Applied Molecular Genetics, 
UESB), and we observed the same pattern of results (data not shown).

Considering the results obtained in this study, as well as discussions available in lit-
erature about the choice of coefficients and clustering methods for genetic studies of plants, 
we believe that the present results confirm the influence of coefficients on genetic diversity, 
which can lead to difficulties in comparisons between different research results. Therefore, it 
is necessary to use criteria and standards for selecting appropriate methods for genetic stud-
ies of the genus Croton, where it is possible to clearly identify inadequate methodological 
strategies for evaluating genetic data for this genus, at least on the basis of the molecular data 
considered in this study.
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