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ABSTRACT. In a coffee plantation of a coffee ‘Acaid’ cultivar (Coffea
arabica), on the Midwest of Minas Gerais in Capitolio city, a different
kind of coffee tree was found (1989), possibly due to a mutation. It
presented larger leaves and grains than those of conventional coffee
trees and was named as “Big Coffee VL.” The aim of this study was to
estimate the genetic diversity of Big Coffee VL progenies cultivated at
Universidade Federal de Lavras, by evaluating growth and production
traits, based on genetic distances and clusters. The experiment was
established in a lattice design with 100 progenies of this coffee tree and
23 repetitions. Traits evaluated were vigor, plant height, stem diameter,
node number of plagiotropic branches, pair numbers of plagiotropic
branches, and productivity. Genetic divergence was evaluated by
multivariate procedures: Mahalanobis generalized distance, clustering
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methods, and principal component analysis. Genetic distances were
estimated using Mahalanobis distance and presented variations from
0.04 to 18.70. The most similar progenies were P23 and P29 and
the most dissimilar progenies were G8 and P14. The progenies were
divided into three groups, with P14 present as an isolated group. Thus,
it was possible to observe the existence of genetic variability among the
progenies of Big Coffee VL, which can be used in breeding programs to
increase grain size. Progenies G8 and P14 presented the highest genetic
distance, and were the most suitable for future integration of crossings
in plant breeding programs.

Key words: Coffea arabica; Genetic divergence; Multivariate analysis;
Plant breeding

INTRODUCTION

Coffee is one of the most widely consumed beverages in the world. Commercial
production of coffee beans of two species, Coffea arabica L. and Coffea canephora Pierre
ex Froehner, represents about 60 and 40% of the total coffee market, respectively. Brazil
is the largest producer and exporter of coffee, contributing approximately 30% to the total
production (ICO - International Coffee Organization, 2016). Coffees with desirable characters,
such as large grains, are requirements needed for specific market niches. Thus, it is important
to generate researches in genetic improvement for increased grain size, as genetic diversity
study, which is the basis for the improvement.

Genetic variations among individuals of same or different species lead to genetic
diversity, which must be ensured for sustainability of breeding programs, and continued
availability of agronomically superior cultivars. Genetic diversity has been the subject of
several studies in cultivated species, such as triticale (Niedziela et al., 2016), eucalyptus
(Moraes et al., 2015), soybean (Ferreira Junior et al., 2015), and coffee (Guedes et al., 2013;
Silva et al., 2013; Moura et al., 2015; Rodrigues et al., 2015).

In coffee crops (C. arabica), several factors, such as predominance of self-pollination
and propagation from seeds, contribute to a low genetic variability. Another factor that
contributes to this is the pedigree method for conduction of segregated populations, which is
used to obtain the commercial cultivars (Gaspari-Pezzopane et al., 2004; Carvalho and Krug,
2010). In this method, individuals are selected in the segregated generations, maintaining the
relationship data between parents and offspring (Bueno et al., 2000).

However, broadening of the genetic variability of C. arabica can be achieved
through mutations (Krug, 1949), introductions (Sakiyama et al., 2005), and hybridizations
(Krug and Carvalho, 1952), thereby, increasing the gains from plant breeding programs
for the release of new cultivars.

The majority of cultivars of C. arabica used in Brazil are genetically related, having
originated from ancestral cultivars, such as Typica, Bourbon, and Sumatra, which have
undergone spontaneous mutations and natural and artificial crossings (Mendes and Guimaraes,
1998; Aguiar et al., 2004; Vieira et al., 2010).

Usage of genetic variability is an important strategy for the sustainability of breeding
programs. Hence, in 1989, on a coffee plantation of Acaia cultivar (C. arabica) in the Midwest
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of Minas Gerais (Capitolio), a coffee tree different from others was found, possibly due to a
mutation; this tree presented larger leaves and grains than those of conventional coffee plants,
and was named “Big Coffee VL”. Subsequently, these coffee progenies were cultivated in
Piumhi, Minas Gerais. Seeds collected from these progenies were used in this study, and
have been maintained by the Department of Agriculture of Universidade Federal de Lavras
(UFLA). These progenies have a great potential for use in breeding programs. According to
Ferreira et al. (2005), increasing the grain size is one of the aims in coffee breeding.

Obtaining coffee beans with high sieves gives an added value to the product and
such beans are preferred by some importing countries. In a cooperative case study of coffee,
Oliveira (1997) suggested that a standard coffee for export must be classified by its grain size,
besides the quality of the beverage prepared from it.

In this context, the objective of this study was to estimate the genetic diversity of Big
Coffee VL progenies cultivated in UFLA, starting from the diversity in growth and production
characters, based on genetic distances.

MATERIAL AND METHODS

The experiment was conducted in the Agriculture Department of UFLA, Lavras,
Minas Gerais, Brazil, located at 910 m in altitude, and lying on 21°14"06'S and 45°00"00"W.

This study was initiated in 2012, with 100 progenies of Big Coffee VL procured from
Piumhi, Minas Gerais. Of these, 32 progenies were classified as “Grande” (G5, G6, ..., G36),
36 were classified as “Médio” (M1, M2, ..., M36), and 32 were classified as “Pequeno” (P35,
P6,..., P36). This classification was based on the grain size. Planting was done in February,
2016, and culturing practices recommended for the culture of coffee were followed (Ribeiro
et al., 1999). The space adopted was 3.5 x 0.9 m. The design was a 10 x 10 lattice with 23
repetitions, with a total of 2300 plots, in which each plant composed a plot.

The growth characters evaluated were: vigor (VIG), with notes from 1 to 5, where the
most vigorous plants were note 5; stem diameter (SD), measured using a precision caliper (mm)
at the base of plant’s stem; plant height (PH) measured with the aid of a graduated ruler (m);
pair number of plagiotropic branches (PNP); node number of plagiotropic branches, counted
taking a branch from the third part of the plant to perform the count. Grain productivity (PROD)
was measured using a precision scale during the harvest time (kg/plant). The evaluations were
conducted annually. This study used the data for growth traits and production obtained from
the second harvest in 2015.

The above-mentioned variables were analyzed by analysis of variance to evaluate the
existence of genetic variability among the progenies. Thereafter, multivariate analysis was
carried out for the genetic diversity study among the progenies through genetic distances.
Genetic distances were estimated based on Mahalanobis distance and Euclidean distance was
determined by principal components analysis as described by Cruz et al. (2014).

For a better understanding, distance clustering was performed using a hierarchical
method, unweighted pair-group method using arithmetic averages (UPGMA) or the average
linkage, which does not allow characterization of the dissimilarity for extreme values between
individuals (Cruz et al., 2014). The cutoff point of the dendrogram was determined by the
method described by Mojena (1977), which allowed the determination of the number of
groups used for clustering by principal components.

Therefore, to evaluate the dendrogram clustering consistency, cophenetic correlation
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was carried out. The higher the value of cophenetic correlation coefficient (CCC), the lower
would be the distortion caused by the grouping individuals in a dendrogram (Cruz et al., 2014).

Statistical analysis for the estimation of genetic distances and for the clustering of
Big Coffee VL progenies was performed using the programs, Genes (Cruz, 2013) and R (R
DEVELOPMENT CORE Team, 2015).

RESULTS

Measures of genetic distances, estimated by Mahalanobis distance between the pairs
of coffee plant progenies of Big Coffee VL (Table S1), had magnitudes ranging from 0.04 to
18.70. Progenies P23 and P29 were the most similar and progenies G8 and P14 were the most
dissimilar. Progeny P14 was involved in the bigger genetic dissimilarities that were observed.
It is important to highlight that the progenies used in this study represent the third generation
of the original plant found in Capitolio (Minas Gerais), a fact that should be considered for
determining the variation of genetic distances.

These progenies were classified in “Grande” (G), “Médio” (M), and “Pequeno” (P).
For progenies “G”, the magnitude of the genetic distances were from 0.07 to 3.30, respectively
for pairs G23 and G30, as well for G12 and G30. The variation for the class “M” was from 0.06
to 3.22 for the pairs M16 and M18, as well as for M34 and MS5. Lastly, for the class “P,” such
variation was from 0.04 to 10.6 for pairs P23 and P29, respectively, as well as for P14 and P26.

The hierarchical grouping by UPGMA method used the measure of genetic dissimilarity
by Mahalanobis distance (Figure 1), which allowed the formation of three different groups of
progenies, considering the cutoff point of Mojena method at 20% of the maximum fusion
level, and a CCC of 0.80.

The first (I) group was composed of progenies P23, P29, M17, M4, G17, G9, M30,
M5, G14, P9, P22, P34, P16, P11, P25, P5, P31, P6, P8, P7, P20, P12, M14, G10, G12, M9,
M10, G35, M29, M27, P13, M22, M8, G18, M3, M28, P26, M20, P27, G16, M2, M7, G36,
G33, P24, P10, P18, P36, P28, P15, P32, P35, P17, P33, P30, and P19. The second (II) group
was composed of progenies M36, G25, M1, G27, M21, G30, G23, G20, M31, M34, G&, M19,
G29, M11, G31, M18, M16, M35, M26, M6, G34, G26, G7, G32, M32, G5, M23, G6, G19,
G24, G28, M12, M33, M24, G21, M25, G11, P21, G15, G13, M15, M13, and G22. The third
(IIT) group was composed only of P14 progeny.

Dissimilarity

Progenies

Figure 1. Hierarchical grouping of 100 Big Coffee VL progenies using the UPGMA method based on the matrix of
Mabhalanobis distance. The cutoff point of the Mojena method was considered at 20% of the maximum fusion level.
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The principal component analysis (Table 1) showed that the first two principal
components resulted in 73.04% of the contained variance in the progenies. The principal
component 1 (PC1) and principal component 2 (PC2) contributed 45.43 and 27.61% to this
variance, respectively. In this context, Teixeira et al. (2013) studied the principal components
in the morphological characters of C. arabica and found a contribution of 63.8 and 16.2% for
PC1 and PC2 components, respectively.

Table 1. Summary of the principal component (PC) analysis with their eigenvectors and eigenvalues, from
growth traits and production of 100 Big Coffee VL progenies.

Components Eigenvectors Eigenvalues
VIG PH SD NNP PNP PROD Eigenvalue % Variance % Accumulated

PC1 0.48 0.42 0.45 0.43 0.30 0.33 2.73 45.43 45.43
PC2 0.01 -0.47 -0.41 0.07 0.58 0.52 1.66 27.61 73.05
PC3 -0.48 -0.19 0.05 0.84 -0.17 -0.05 0.63 10.53 83.58
PC4 -0.43 -0.05 0.48 -0.03 -0.25 0.65 0.48 8.04 91.62
PC5 0.58 -0.47 -0.05 0.13 -0.62 0.02 0.36 6.04 97.66
PC6 0.07 -0.59 0.63 -0.09 0.32 -0.04 0.14 2.33 100.00

VIG = vigor; PH = plant height; SD = stem diameter; NNP = node numbers of plagiotropic branches; PNP = pair
numbers of plagiotropic branches; PROD = productivity.

Moreover, the contribution of each variable to the components, namely, the set of
associated eigenvector is shown in Table 1. As seen for PCI1, the highest values, whether
positive or negative, for VIG and SD, were 0.48 and 0.45, respectively. In PC2, higher values
were consistently obtained for PNP (0.58), PROD (0.52), and PH (-0.47).

The distribution of 100 progenies of Big Coffee VL determined through the graphic
dispersion (Figure 2) was in concordance with the hierarchical UPGMA method, based on
Euclidean distance, estimated from the PCs and corroborated with the dendrogram results.
Despite the formation of groups with different progenies, the most dissimilar progenies (P14

and G8) remained in different groups, even considering the most dissimilar progenies in the
Class “P”’ “M?’, and ‘GG,’?

ro2aem

Pe 1 (43%)

Figure 2. Graphic dispersion of the first and second principal components (PC1 and PC2) derived from growth
traits and production, and grouping of 100 Big Coffee VL progenies according to the hierarchical method, UPGMA,
based on Euclidean distance, and estimated from the Principal Components Analysis.
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DISCUSSION

Estimation of genetic Mahalanobis distance can be found in studies such as that of
Fonseca et al. (2006), who found magnitudes ranging from 0.67 to 87.74 in conilon coffee
clones. In this context, Guedes et al. (2013) found magnitudes ranging from 0.52 to 84.90
in coffee germplasm of Maragogipe. These authors pointed out the wide genetic diversity
observed in these studies, a fact that should be considered for the progenies of Big Coffee VL.

The crossings of the most dissimilar individuals are of great interest in plant
breeding programs; however, this does not guarantee the heterosis, because the superior
performance also depends on the allelic complementarity. Moreover, in the parental
selection, the selection of superior individuals in subsequent generations, especially their
performance and allelic complementarity, should be taken in account (Dias and Kageyama,
1997; Souza et al., 2005; Guedes et al., 2013.).

The CCC, a measure that evaluates the consistency of groups, was found to be 0.80
(Cruz et al., 2014). A similar value for this coefficient was also found by Moura et al. (2015)
in a group of 20 C. arabica cultivars with a CCC of 0.85.

It was observed that the most dissimilar progenies, G8 and P14, were situated
in different groups indicating a greater genetic divergence between them. In other genetic
diversity studies on coffee trees, the formation of different groups was also observed using the
UPGMA method (Ivoglo et al., 2008; Guedes et al., 2013; Moura et al., 2015).

It is important to highlight that among the evaluated traits, the grain size was not
determined; therefore, there was no tendency to previously classify the progenies in the
same group as “P”, “M”, and “G.” In addition, the most dissimilar progenies, considering
such a classification, were divided into different groups, such as G12 and G30, M34 and
M5, and P14 and P26.

Multivariate analysis, such as principal component analysis, is interesting due to the
possibility of discarding the characteristics that contribute less to genotype discrimination
(Pereira et al., 2010). The characters that contribute more to the components are those that
have higher weightings in the major eigenvalue components, and those that contribute less
are those showing greater eigenvectors in less eigenvalue components (Ferreira, 2011;
Cruz et al., 2014).

The candidate characters discarded in this study were SD and PH (Table 1), where
these were the main contributors to the PC having lower eigenvalues. In this context, Teixeira
et al. (2013) selected the characters that contributed most to the discrimination of coffee
genotypes and pointed out that smaller the number of variables evaluated, more efficient was
the plant breeding program, thereby, maximizing the gains and reducing the labor costs.

The graphics associated with the groupings are of great importance in breeding
programs aimed to obtain heterosis, since they assist as an indicator of the parent in the groups
or different subgroups to be included in crossings (Fonseca et al., 2006).

Despite the genetic diversity found among the progenies of Big Coffee VL,
generally, only the superior progenies are of greater interest to breeders in association with
the most important characteristics and show sufficient divergence to produce variability in
the segregating populations. The breeding programs for coffee seek an ideotype, which its
performance covers; among other traits, these include high production and increased grain
size, with the last one being an inherent characteristic of Maragogipe group (Ferreira et al.,
2005; Guedes et al. 2013), and a main feature of Big Coffee VL.
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CONCLUSIONS

In conclusion, it was possible to observe the existence of genetic variability among
the progenies of Big Coffee VL, which can be utilized in breeding programs to increase the
grain size. The coffee tree progenies of Big Coffee VL were more genetically distant and
may be promising in future artificial crossings. Progenies G8 and P14 had the highest genetic
distance. Moreover, the characters stem diameter and plant height were the candidates that
were determined to be discarded from the subsequent evaluations.
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Supplementary material

Table S1. Dissimilarity matrix between 100 Big Coffee VL progenies based on Mahalanobis distance.
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