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ABSTRACT. The production of onion hybrids depends on the
development of genetically pure lineages. Successive selffertilization guarantees obtaining endogenous lines quickly.
However, onion undergoes a strong process of inbreeding depression
when self-fertilized for several generations, which reduces plant
vigor, bulb size and seed production, increasing the cost to produce
hybrid seed. An estimate of the genetic distance between genotypes is
a way of predicting if genetic variability is being maintained. We
evaluated possible negative effects in populations due to selffertilization, compared to interbreeding between two or three plants.
Eleven onion populations in different genetic segregation stages,
obtained from generations that already had low or moderate
inbreeding levels were included. The populations were from the
breeding program of Bayer Vegetable Seeds. In order to assess the
agronomic descriptors contribution for the genetic divergence, three
types of crossing methods of populations were performed: selffertilization of plants, crossing between two plants and crossings
between three plants, during two consecutive years (2014 and 2015).
Morphological differences were detected through dissimilarity
measures. The traits bulbs/plot (28.32%), fruit fixation (13.12%) and
seed weight/umbel (13.41%) together contributed 54.85% to the
Genetics and Molecular Research 18 (4): gmr18256

©FUNPEC-RP www.funpecrp.com.br

D.L.M. Machado et al.

2

divergence of onion genotypes. The crosses between two and three
plants provided greater divergence among the genotypes, compared
to self-fertilization. Economically important traits such as bulb
production per plot, fruit fixation, resistance to disease caused by
Alternaria porri (Pleosporaceae) and seed weight per umbel can be
measured to assess divergence for appropriate selection of onion
lineages among segregant populations.
Key words: Multivariate techniques; Clustering of genotypes; Canonical

variables; Main component analyses

INTRODUCTION
Onion (Allium cepa) is the most widely cultivated species of the genus Allium; it is
commonly used in almost all types of cuisine, in practically all countries, being consumed
both raw in salads or as a condiment (Khosa et al., 2016). Onion occupies the prominent
position of third most economically important crop in the world, with 92.1 million tons
produced in the 2016 harvest; of this total, hybrid onions make up about 40%. Brazil
imports from 9 to 40% of total domestic consumption; this percentage varies depending on
price and climatic conditions, which affect internal supply (Resende et al., 2007).
Hybrid heterotic gain provides superiority to pure lineages in yield, average bulb
weight and growing cycle length. A major factor limiting adoption of hybrids by onion
producers is the scarcity of information about agronomic performance and adaptation to
Brazilian conditions (Faria et al., 2012). Hybrid onion production is expected to increase in
the coming years, since in countries such as Brazil hybrid cropping is still recent and
occupies only about 20% of planted area; much lower values than in countries such as the
USA and Japan, where they account for 81 and 73%, respectively (Almeida, 2015).
Resistance to the fungus Alternaria in new hybrids is another important attribute to
consider in onion breeding programs, because Alternaria porri is one of the most
destructive diseases for the genus Allium and is widespread in many regions of the world
(Cramer, 2000). A major problem involves colonization by opportunistic fungi, producing
secondary diseases (Abdel-Hafez et al., 2015).
Due to the potentially expansion of the hybrid onion market, various breeding
programs have being initiated. As onion is an allogamous diploid (2n=2x=16) species, with
a biennial cycle, and is therefore highly susceptible to inbreeding depression by selffertilization, obtaining adequate parental lineages is one of the most expensive steps for
hybrid onion seed production (Brewster, 2008). Because pedigree promotes the highest
degree of homozygosity by auto-fertilization of superior individuals selected, this is the
most widely used breeding method for the development of lineages. However, the main
drawback of this method is boosting inbreeding depression effects, which leads to lower
vigor and consequently low seed yield (Ayroles et al., 2009).
On the other hand, some studies have shown that crosses between few plants (sibs)
are likely to occur in natural populations; due to either the small size of the local population
or limited dispersion of the pollinators; which might promote a decrease in inbreeding
depression as demonstrated by Porcher et al. (2016) and Devaux et al. (2014). Analysis of
phenotypic characters can be used to assess genetic distance between populations originated
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by auto-fertilization compared to those originated by crosses between two or three pure
lines
Besides, genetic distance estimation between genotypes might be useful predict if
genetic variability is being maintained, as well to increase the potential for obtainment of
transgressive genotypes (Cantelli et al., 2016). Multivariate statistics usually are used to
analyses the combine behavior of several random variables. Phenotypic characteristics are
the most common features used by plant breeders to get genetic distance measures, as such
information are continuously obtained by assessments performed during selection of
superior genotypes and in adaptability and stability tests.
There is a lack of information in the literature concerning segregating onion lines
obtained from crosses between two or three plants (Machado et al., 2017). Therefore, due to
the need for decreasing genetic depression effects caused by the inbreeding of onion
genotypes, the objective of this study was the assessment of the genetic divergence of onion
populations obtained by self-fertilization compared to crosses between two or three plants.

MATERIAL AND METHODS
Location of study and experimental design
This study was carried out in the Bayer Vegetable Seeds’ experimental field
(Latitude: 18º 55' South and Longitude: 48º 16' West, Altitude of 873 m), using populations
provided by this same company's breeding program in Brazil. Thirty-three onion
populations in different generations of genetic segregation (F2S1, F2S2, S4 and S3) with
low or moderate inbreeding levels were assessed. Agronomic traits were evaluated for a two
year period (2014/2015) during vegetative and reproductive stages of development.
Experiments were carried out in a randomized block design with 100 plants per plot
and three replications. Each plot consisted of five rows of one-meter length x 0.9 m width;
plants were placed 5 cm apart from each other in the same row; and 20 cm apart on both
side of rows.
The treatments consisted of onion populations obtained by three crossing techniques
from 11 genetic backgrounds: 1) self-fertilization of a plant [A1]; 2) crossing between two
plants [B2]; 3) crossings between three plants [C3]). Evaluations were performed per plot;
for assessment of non-measurable traits, a scale ranging from one to nine was used.
Seeds were sown on 19th March 2014 and the plants were transplanted on 27th April
2014. Onion crop was irrigated and fertilized according to the recommendations during
growing season. The traits evaluated in the vegetative phase were: Plant Vigor by measure
leaf diameter, plant height and number of leaves, at 90 and 120 days after sowing (DAS).
At 150 DAS, the plant height, was measured in centimeters; the ‘neck’ diameter:
measured using a rating of 1 (thick) to 9 (thin); the plant architecture was considered 1:
prostrated to 9: erect; the cycle, in days from sowing to ‘top down’ (more than 50% of the
plants fall or in tops down). Severity of Botrytis spp. infection was evaluated according to
Botrytis cinerea damage severity.
Traits evaluated after the bulb’s harvest were: Skin Color, where the maximum
value was attributed to bulbs with dark brown colour; Bulb Firmness; Number of Bulbs per
plot; Commercial Bulbs, which comprised percentage of marketable bulbs regarding to the
classes II, III and IV of bulb diameter; and Total Production, in kg/plot. After evaluations
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have been accomplished, bulbs were stored and vernalized about three months until next
sowing on field for assessment of traits related to seed production. April 30, 2015, bulbs
were transplanted to produce a second crop (reproductive phase).
Seed production traits assessed were: General characteristics of the plant at 30, 60
and 90 days after transplanting (DAT), by evaluating the number, diameter and stem height,
and umbel size on average in the plot, where the higher value got the higher mark.
Stem and umbel vigor were evaluated using a scale ranging from 1 (low) to 9
(high). The number of umbels per plot before seed harvest and the flowering uniformity per
plot (number of umbels with open flowers) were evaluated using a scale ranging from 1
(less uniform) to 9 (more uniform). Fruit fixation was evaluated using a scale ranging from
1 (low fruit fixation) to 9 (high fruit fixation).
Resistance in Alternaria was assessed according to the severity of Alternaria solani
damage in the plot, where 1 was equal to lowest degree of severity and 9 to the highest.
Seed weight per umbel was obtained by the average weight (grams) of seed per umbel, in
each plot.

Univariate analyses
The univariate analyzes were performed previous the multivariate analysis in order
to quantify the variability of each trait assessed through the phenotypic coefficient of
variation. Normality of variables was assessed according to Shapiro-Wilk's test.

Multivariate analyses
Multivariate techniques were used to analysis agronomic descriptors contribution in
order to determinate genetic divergence of each one of the population treatments A1, B2 and
C3. This analysis is consisted by the simultaneous evaluation of several traits and allows
different approaches on the data, making possible to clarify both relation and the effect of
each variable separately (Coimbra et al., 2007). In this work, principal component analysis
(PCA) and Euclidean distances (Cruz et al., 2012) multivariate techniques were used. The
hierarchical clustering method UPGMA (Unweighted Pair-Group Method Using Arithmetic
Averages) was used to produce a dendrogram from the Euclidean distances matrix.
Validation of clusters formed by UPGMA regarding the sets of variables assessed between
groups of genotypes was determined by the Cophenetic Correlation Coefficient (CCC),
which was calculated by the Mantel test (1967). In addition, genetic diversity was assessed
by performing the analysis of canonical variables (Cruz et al., 2012). The relative
contribution of quantitative traits was calculated according to Singh (1981) criteria. All the
data obtained were analyzed using the software Genes v. 2015.5.0 (Cruz, 2013).

RESULTS AND DISCUSSION
Multivariate variance analysis (data not shown) regarding genotype x generation
interaction effects were significant by the F test at 5% of probability, evidencing differences
between plants treatments. Divergence between genotypes was assessed by the Euclidian
distance (Table 1). This is a measure of distance available for the analysis of quantitative
data, which has been regularly used to access genetic distances of organism groups.
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There were differences in measures of dissimilarity between treatments. In general,
the values were higher when there was intercrossing of plants, reaching 9.60 between
genotypes (BUC) x (GRxBOT-1) and 9.72 between "BUC" and "GRxBOT-3". Wanser et
al. (2012) also observed differences in the divergence between genotypes in relation to the
planting site by estimating the genetic variability of onion genotypes in Santa Catarina.
Singh et al. (2013) found significant divergence between the same genotypes of onion
subjected to short and long day conditions.
Table 1. Genetic divergence of 11 onion genotypes evaluated by Euclidian distance (D) considering three
crossing methods.

Genotype 1
1-2
1-3
1-4
1-5
1-6
1-7
1-8
1-9
1-10
1-11
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10

A1
6.47
7.37
4.53
6.75
5.55
5.58
5.58
8.20
6.45
5.94
8.31
6.58
5.90
7.61
8.25
7.83
7.56
6.67

Cross type
B2
C3
3.57 4.74
9.09 9.01
6.55 5.57
4.26 5.90
5.13 4.94
6.19 5.48
7.02 8.38
8.52 6.31
7.55 8.88
8.34 9.31
8.39 8.87
6.33 6.41
5.03 5.80
4.82 5.66
5.64 5.80
7.36 8.03
8.10 6.05
6.02 7.88

Genotype1
2-11
3-4
3-5
3-6
3-7
3-8
3-9
3-10
3-11
4-5
4-6
4-7
4-8
4-9
4-10
4-11
5-6
5-7

A1
7.23
7.30
8.59
7.61
6.84
5.79
5.45
2.58
5.34
6.19
6.09
7.28
4.90
8.36
6.10
4.59
8.84
6.18

Cross type
B2
C3
8.57 7.98
7.89 8.87
9.15 6.75
8.66 8.36
6.75 6.52
5.27 7.48
5.05 5.50
4.76 3.72
4.37 5.58
7.75 6.40
8.50 6.37
7.12 7.35
6.32 8.33
7.43 7.02
7.48 8.20
7.56 9.17
3.63 5.15
9.60 9.32

Genotype1
5-8
5-9
5-10
5-11
6-7
6-8
6-9
6-10
6-11
7-8
7-9
7-10
7-11
8-9
8-10
8-11
9-10
9-11
10-11

A1
7.74
4.27
7.08
5.67
6.22
5.16
6.54
6.24
7.70
6.10
8.08
6.15
7.46
7.66
5.00
5.09
5.20
8.05
4.60

Cross type
B2
C3
7.79 5.24
7.66 9.72
7.51 5.34
8.12 7.08
4.89 5.50
7.80 7.48
7.30 5.07
5.91 7.96
7.88 7.13
7.01 7.21
6.41 3.87
4.78 7.02
6.57 6.83
5.62 7.06
5.72 7.15
5.96 7.84
5.09 4.78
5.73 5.39
6.58 5.21

* significant at 5% probability of error by the F test (significant at 5% of probability of error by the F test). A1: selffertilization of a plant; B2: intercrossing of two plants and C3: intercrossing of three plants. 11= GRxGR; 2= IP-1; 3= IP2xIP-3; 4= IP-3xIP-2; 5= BUC; 6= GRxIP-1; 7= GRxBOT-1; 8= GRxBOT-2; 9= GRxBOT-3; 10= GRxBOT-4; 11=
CRxBOT-1.

The lowest D-value was attributed to the genotypes IP-2xIP-3 and GRxBOT-3 (D =
2.58), with a lower genetic diversity between two parents, greater homozygosity is expected
so that in their segregating generations there is less possibility of recovery of superior
genotypes (Passos et al., 2007). It was observed tendency of decreasing genetic distance
with self-fertilization, indicating that the self-fertilization slightly increased similarity
between the genotypes regarding traits evaluated. However, the main factor that more likely
contributed to the genotypes similarity was the narrow genetic base of onion genotypes
available in Brazil.
It is pertinent to highlight that both IP-1 and IP-2xIP-3, and GRxBOT-1 and
GRxBOT-2 exhibited marked genetic divergence despite these materials have been derived
from selection in populations with similar backgrounds. This indicates that there may not be
a direct correspondence between the genetic relationship between accessions and the
expected relationship so, that other factors should be considered and not only phenotypic
aspects. Despite of genetics differences highly pronounced both lines are phenotypically
homogeneous regarding a specific attribute. This observation suggested that the
Genetics and Molecular Research 18 (4): gmr18256
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morphological characteristics due its dependence of environmental conditions are
independent of their genetic relation. These observations are in agreement with GonzálezPérez et al. (2015) who have reported the same on onion varieties grown in northwestern
Spain.
Table 2 shows the relative contribution of each trait to genetic diversity assessed
according to the Sj statistic proposed by Singh (1981); bulbs/plot (28.32%), fruit fixation
(13.12%) and seed weight/umbel (13.41%) together have contributed to 54.85% of total
divergence between onion genotypes. Moreover, these finds have pointed that Alternaria
resistance is as well an important trait contributing to the dissimilarity of the genotypes,
which disagree with results obtained by Buzar et al. (2007). However, must be considered
that these authors have assessed different traits of those presented in this work, which might
have led to different results; as well the environment differences might have been
influenced the pathogen development. Studies of relative contribution of characters and the
observation of dissimilarities between clusters of genotypes help breeders in breeding
programs. However, the potential per se of each genotype also must be considered as a
criterion of selection (Mattedi et al., 2015). Machado et al. (2017) reported that Alternaria
resistance also can be useful for indirect selection for seed mass per umbel.

Table 2. Relative contribution of 23 phenotypic traits to the genetic dissimilarity of 11 onion genotypes
originated from three crossing methods (A1: self-fertilization of a plant, B2: crossing of two plants and C3:
crossing of three plants), according to Singh statistic (1981).
Characters
Plant vigor at 60 days
Plant vigor at 120 days
Plant height
Neck diameter
Plant architecture
Duration of the cycle
Severity of Botrytis cinerea damage
Average bulb weight
Percentage of globular bulbs
Percentage of commercial bulbs
Production of bulbs/plot
General appearance of stems at 30 days
General appearance of stems at 60 days
General appearance of stems at 90 days
Stem vigor
Umbel vigor
Number of umbels/plot
Number of plants/plot
Flowering Uniformity
Fruit Fixation
Resistance to Alternaria porri
Weight of seeds/plot
Weight of seeds/umbel

Relative Contribution (%)
01.34
01.68
00.56
01.30
00.89
03.45
03.12
03.45
01.34
01.76
28.32
02.23
02.02
00.98
00.98
02.01
02.24
02.03
02.03
13.12
09.18
02.56
13.41

UPGMA clustering dendrogram results are shown in Figure 1. The related
correlation coefficient was equal to 0.72 (P < 0.01), which means that the dendrogram
satisfactorily represented the information contained in the distance matrix; in this work
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groups were separated at 70% dissimilarity; the threshold was established at the point of
abrupt change in the dendrogram branches, as recommended by Cruz et al. (2012).
abrupt

Figure 1. UPGMA dendrogram of 11 onion genotypes derived from three crossing methods (A1: self-fertilization
self fertilization
of a plant, B2: intercrossing of two plants and C3: intercrossing of three plants), obtained by Euclidian distance
matrix. Cophenetic correlation coefficient:
coefficien 0.72**. Subtitle: Genotype 1, 2 and 3= GRxGR; Genotype 4, 5 and 6=
IP--1;
1; Genotype 7, 8 and 9= IP-2xIP
IP 2xIP-3;
3; Genotype 10, 11 and 12= IP-3xIP-2;
IP
2; Genotype 13, 14 and 15= BUC;
Genotype 16, 17 and 18= GRxIP-1;
GRxIP 1; Genotype 19, 20 and 21= GRxBOT-1;
GRxBOT 1; Genotype 22, 23 and
and 24= GRxBOT-2;
GRxBOT
Genotype 25, 26 and 27= GRxBOT-3;
GRxBOT 3; Genotype 28, 29 and 30= GRxBOT-4;
GRxBOT 4; Genotype 31, 32 and 33=
CRxBOT
CRxBOT-1.

By examining, the UPGMA dendrogram in Figure 1 is possible observe that Groups
I and IV were made up by 23 out of a total of 33; groups II was made up by GRxBOT-4
GRxBOT and
CRxBOT 1; group III by the genotypes descendants of the CRxBOT-1,
CRxBOT-1;
CRxBOT
IP-11 and BUC
parents. In addition, group VI composed by GRxBOT-2
GRxBOT 2 and group VII by IP-1
IP were
completely separated from each other and from the others.
Despite the onion genotypes narrow genetic base, González-Pérez
González Pérez et al. (2015) also
have observed divergence between groups of genotypes using UPGMA algorithms. As well,
Tocher method have been satisfactorily applied to expose the divergence between groups of
onion genotypes (Akter et al., 2015; Khosa and Dhatt, 2015; Rivera et al., 2016).
Genetics and Molecular Research 18 (4): gmr18256
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Genotype clustering followed two trends. First, according to the pedigree, were
greater similarity among individuals with the same backgrounds was expected. Secondly,
grouping tendency
tendency was according to crossing methods; there was a concentration of
individuals descending from the interbreeding of plants (B2 and C3) into groups I and IV. It
was not possible to detect group trends, differentiating between crosses between two or
three plants (Figure 1).
PCA graphic dispersion revealed six groups (Figure 2). Eigenvalues regarding the
first two main components explained 88.36% of total variation. Main component 1 alone
comprised 52.13% of variability. According to Cruz et al. (2012), a satisfactory
satisfactory
interpretation of the observed variability requires that the first main components comprise at
least of 80% of total variation of the characters set; that was obtained to first two main
components in this work. Therefore, genetic divergence observed
observed was satisfactory described
by the graphically representation. PCA reduces the dimensionality of data containing a large
set of variables. This is achieved by transforming the initial variables into a new small set of
variables without losing the most important information in the original data set. These new
variables correspond to a linear combination of the originals and are called principal
components (Hair, 2005).

Figure 2.
2 Principal components distribution of 11 onion genotypes derived from three crossing methods (A1: selffertilization of a plant, B2: intercrossing of two plants and C3: intercrossing of three plants), in a bi-dimensional
bi dimensional
plan defined by the first two main components based in 23 phenotypic traits. *Number of accesses present in each
cluster revealed by Tocher's optimization algorithm, as suggested by Tocher in RAO (1952).

Therefore in this work, the initial set of 23 variables was resumed into PC1 axis
corresponding the first principal direction along which the samples show the
the largest
variation, and PC2 axis that was the second most important direction and it is orthogonal to
the PC1 axis; the genotypes were distributed according its dissimilarity between each other,
by the Toucher method.
Genetics
netics and Molecular Research 18 (4): gmr18256
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The clustering observed by the UPGMA method agreed with the Toucher method.
Groups were formed according to the pedigree; differences between the methods were
related to the separation of the genotypes according to the crossing methods (A1, B2 and
C3). By observing the genotypes distribution in the scatter plot (Figure 2), it was possible to
identify GRxBOT-2 and GRxBOT-4 as more divergent in the Cartesian plane, "BUC" and
"GRxBOT-3". These results agree with those obtained by UPGMA, which indicates how
feasible such methods are in the identification of divergent onion genotypes.
Based on pedigree analysis, we observed a shorter distance between genotypes
originated from interbreeding of plants, as compared to genotypes of plants originated from
self-fertilization, which reinforce the idea that crossing may have increased the divergence
among the genotypes. This may have occurred, especially if the same genetic loci are
contributing to the evolution of these traits, due to the increased gene flow provided by
plant cross-linking. In this way, the results indicate that for a proposed solution of sib
among a few plants, crosses between the different genotypes may offer segregant lineages
with genetic constitutions of interest, providing less loss of vigor due to inbreeding with
greater genetic divergence.

CONCLUSIONS
The crosses between two and three plants (B2 and C3) for production of segregant
generations provided greater divergence among the genotypes, compared to self-fertilization
(A1). Therefore, important traits such as bulb production per plot, fruit fixation, and
resistance to disease caused by Alternaria and seed weight per umbel can be used to assess
divergence and for selection of onion lineages among segregant populations.
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