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The use of multivariate statistics in breeding:
discussions of common mistakes

Abstract

Predictive methods of genetic diversity have been widely used in recent years mainly
through the use of multivariate statistical methods, since with these methods the multiple
information of each cultivar is expressed in measures of dissimilarity, which represent the
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existing diversity in the set of analyzed accesses. However, there are several errors and

mistakes that can be made in the wrong choice of one of the methods that cover multivariate
analysis. Two of them are: wrong choice of the hierarchical grouping method and the error
in deciding on the ideal number of groups in the final stage of cluster analysis.In this
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context, the main objective of this article is to discuss the main questions that occur in the

analysis of the groupings obtained, suggesting some solutions.
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Introduction

The knowledge of genetic variability in a species is crucial for
establishing protection of cultivars in a breeding program. According
to Carvalho et al.! for the cultivar protection process to be effective,
the responsible breeder must know the behavior of the species, groups
and varieties.

For example, to determine how far genetically one population
or genotype is from another, biometric methods are used, which are
analyzed using multivariate statistics, allowing the unification of
multiple information from a set of characteristics. Several methods
can be used, among them is cluster analysis.

For reasonable accuracy and unbiased estimates of genetic
diversity, adequate attention should be paid to sampling strategies;
use of various data sets based on an understanding of their dimensions
and constraints; choice of genetic distance measures, clustering
procedures and other multivariate methods in data analysis.?

There are several clustering techniques proposed in the literature
to analyze genetic diversity, however, the most used are those that
involve so-called agglomerative hierarchical methods.

The hierarchical methods consist of a series of successive
groupings or successive divisions of individuals, where they are
aggregated or disaggregated until the formation of the graph, in the
form of a classification tree, called dendrogram, which presents an
objective synthesis of the results and each branch being represents an
individual.

The concept of hierarchical data representation was first developed
in biology.> Currently, hierarchical methods have been used in several
areas of agronomy and bring excellent results in horticulture research.
Research in this area is increasingly common in assessing the
diversity between genotypes, in order to determine the most similar
ones through morpho-agronomic characters, such as green beans,*
tomatoes,’ lettuce® and peppers.’

The delimitations can be established through a visual examination
of this graph, in which high-level points of change are evaluated,
considering them in general as delimiters of the number of genotypes
for a given group.®

However, many of the published works do not justify the reason
for choosing the methods used, and several times different coefficients
were used for the same purpose. The consequence of this is that the
different methodologies for calculating data obtained from agronomic
and morphological characters can be a source of divergence in the
relationship between the measures of evaluation of genetic diversity.

In assessing the diversity among a group of genotypes, the analysis
of graphic dispersion, usually using two-dimensional space, brings a
large number of important information.

Materials and methods

Common mistakes when applying cluster analysis

A problem in analyzes based on graphical dispersion is the
difficulty of establishing similarity groups in a less subjective way,
based on simple visual inspection of the dispersion, but, however,
this can be overcome with the use of the Cophenetic Correlation
Coefficient, widely used in evaluation of the degree of distortion of
the dendrogram graph (tree diagram).

Sokal and Rohlf,’ created the Cophenetic Correlation Coefficient
using Pearson’s correlation idea. This coefficient calculates measures
of the degree of adjustment between the Phenetic Matrix (distance
matrix) and the Copenetic Matrix (matrix obtained through the
Dendrogram). This degree of adjustment is given in percentage, and
the higher this percentage, the greater the consistency of the groupings
for the applied hierarchical method. According to Sokal and Rohlf,’
correlation values equal to or greater than 0.8 are considered good.
Otherwise, the ideal is to choose another hierarchical method.

This information, being applied correctly in the study, is an
important tool to detect genetic variability.

Most of the times when multivariate analysis is applied to
genetic diversity data, the question arises as to which of the existing
hierarchical methods would be the most appropriate. The reason is
that each of these methods generates a different type of grouping,
that is, a different graph of dendrogram, with distortions between
the dissimilarity patterns of the individuals studied and a high
simplification of the original information of the data.
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Mistakes in choosing the ideal number of groups

Another difficulty in the final stage of studies using hierarchical
grouping methods is the lack of objective criteria to identify the ideal
number of groups formed, because in practice this number is given
simply by a visual graphic inspection or established at points of
high change in dendrogram level.!® The wrong decision on the ideal
number of groups can cause several errors of conclusion in the results
obtained. Milligan and Cooper'! tested a total of 30 cluster validation
measures in order to determine the ideal number of groups for each of
the measures used in the hierarchical clustering process and showed
that different criteria can lead to very different results.

According to Milligan & Cooper,' when applying an index to
determine the ideal number of groups, two types of decision errors
can occur: the first type of error occurs when the index indicates the
selection of g groups, and in fact there are less than g groups in the
data set. The second type of error occurs when the index indicates
fewer groups in the data set than the real one. Even though the severity
of the two types of errors may change according to the context of
the problem, the occurrence of the second type of error is considered
more serious in most analyzes, as there will be loss of information
by merging different groups. According to Everitt,'” the two best
performances in the study by Milligan & Cooper!! were the techniques
introduced by Calinski & Harabasz'® and Duda & Hart!'* for use in
continuous data.

Results

In horticulture, it has been common to find works using
comparisons between clustering results have been performed with the
cophenetic correlation.!>!7 Cargnelutti filho et al.'® mentioned in their
study that the hierarchical grouping method UPGMA shows greater
consistency of the cluster pattern when evaluating cluster of bean
cultivars, obtained from the dissimilarity matrix.

Santos et al.'® studied 11 intraspecific accessions of peanuts,
belonging to the subspecies hypogaea and fastigiata and used the
dendrogram to obtain of the genetic similarity matrix. For the grouping
of lineages, the hierarchical method of the arithmetic mean between
unweighted pairs (UPGMA) was used. The dendrogram allowed the
formation of three groups among the evaluated genotypes. From these
results, it was possible to choose the most divergent genotypes for
hybridization work.

Faria et al.” compared methods of grouping in forty-nine accessions
of pepper of the species Capsicum chinense, defining an ideal number
of groups in the dendrogram obtained at the end of the study. within
each group and maximum heterogeneity between groups.

According to Yorinori and Kiihl," genetic diversity is the greatest
guarantee of the stability of production, productivity and the survival
of humanity. However, making mistakes in this process of analyzing
genetic diversity has serious consequences for research, impairing the
process of perceiving the genetic variability of populations.

Ravanfar et al.” studied the genetic diversity for transgenic and
non-transgenic broccoli plants. The similarity values found were
used to generate a dendrogramvia method UPGMA. The correlation
between the similarity matrix and the cophenetic matrix for the
clusters was computed.
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