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Diallel mixed-model analysis of papaya fruit deformities
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ABSTRACT: Changes in the shape of fruits from hermaphrodite flowers due to floral anomalies are quite common. The aim of this study was
to estimate the effects of the general and specific combining ability on the proportions of normal and deformed (carpelloid and pentandric)
papaya fruits in hermaphrodite plants using mixed models. The ‘JS12-N’, ‘Waimanalo’and ‘Golden’ parents showed the potential to decrease
the number of deformed fruits. In contrast, the ‘Maradol x JS12-N’, ‘Maradol x Waimanalo’, ‘Maradol x Golden’, 'JS12-N x JS12-4°, "JS12-N
x Sekati’, ‘JS12-N x Waimanalo’, ‘Waimanalo x JS12-N’, ‘Waimanalo x JS12-4°, ‘Waimanalo x Golden’, ‘Waimanalo x Sunrise Solo 72/12°,
‘Golden x Maradol’, ‘Golden x JS12-N", ‘Golden x Sekati’, ‘Golden x Waimanalo’ and ‘Sao Mateus x JS12-N’ hybrids have the potential to
increase the number of marketable fruits while decreasing the number of carpelloid and pentandric fruits.
Key words: Carica papaya, carpelloidy, pentandry, REML/BLUP.

Analise dialélica via modelos mistos das deformidades em frutos de mamoeiro

RESUMO: Alteragdes na forma dos frutos origindrios de flores hermafroditas sdo bastante comuns. Estas alteragoes sdo provocadas por
anomalias florais. Este trabalho teve como objetivo obter via modelos mistos estimativas de capacidade geral e especifica de combinagdo
para propor¢do de frutos de mamoeiro normais e com deformidades: carpeloidia e pentandria, em plantas hermafroditas. Os genitores
JS12-N’, ‘Waimanalo’e ‘Golden’ apresentam potencial para redugdo de frutos com deformidades. Os hibridos ‘Maradol x JS12-N’, ‘Maradol
x Waimanalo’, ‘Maradol x Golden’, ‘JS 12-N x JS12-4°, ‘JS 12-N x Sekati’, ‘JS 12-N x Waimanalo’, ‘Waimanalo x JS12-N’, ‘Waimanalo x
JS12-4°, ‘Waimanalo x Golden’, ‘Waimanalo x Sunrise Solo 72/12°, ‘Golden x Maradol’, ‘Golden x JS12-N’, ‘Golden x Sekati’, ‘Golden x
Waimanalo’ e ‘Sao Mateus x JS12-N’ apresentaram potencial para aumento do nimero de frutos comerciais e redugdo de frutos carpeldides
e pentandricos.

Palavras-chave: Carica papaya, carpeloidia, pentandria, REML/BLUP.

Brazil is one of the largest papaya (Carica
papaya L.) producers and exporters in the world, and
its production is aimed at the domestic fresh fruit
market as well as the fresh fruit export and industrial
processing markets. This trade favors piriform fruits
from hermaphrodite plants over spherical fruits from
female plants. Therefore, female plants are removed
from orchards as soon as they reach maturity, and
planting is mostly restricted to hermaphrodite plants.
Nevertheless, papaya fruits that are unmarketable due
to their shape also result from hermaphrodite flowers,
and this is caused by floral anomalies including
carpelloidy and pentandry.

Breeders may use several resources and

+ methods to meet the market demands for papaya
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cultivars with desirable agronomic characteristics.
Directed crossing aims to recombine the existing
genetic variability to select improved fruit shapes
(BERNARDO & BOHN, 2007), and diallel crossing
methods, which provide data on the response of
parents to each other and their hybrid combinations,
have commonly been used in genetic breeding
programs (CRUZ et al., 2012).

In papaya plants, mixed-model analysis
remains underused, but its value in estimating
genetic parameters and genotypic values in
segregating populations to select papaya individuals
based on desirable morphoagronomic traits have
been reported in the literature (OLIVEIRA et al.,
2012). The general combining ability estimates
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obtained by VIVAS et al. (2014) using mixed-model
analysis were similar to estimates obtained using the
method proposed by GRIFFING (1956).

Thus, the aim of this study was to identify
the best parents and hybrid combinations to produce
a higher proportion of normal fruits based on
estimates of general and specific combining ability
using linear mixed-model analysis. An experiment
with a complete diallel design was performed at the
Caliman Agricola S/A company in Linhares, Espirito
Santo (ES), Brazil. A total of 56 combinations (F1s
and reciprocals) and their respective parents — four
from the ‘Formosa’ group (‘Maradol’, ‘JS12-N’,
‘JS12-4" and ‘Sekati’) and four from the ‘Solo’ group
(‘Waimanalo’, ‘Golden’, ‘Sunrise Solo 72-12° and
‘Sao Mateus’) — were evaluated in a completely
randomized block design with four replicates, and
each plot consisted of 10 plants (two rows with five
plants each) with a spacing of 2.0 x 1.8m. Treatments
were spaced 3.6m apart.

Three counts of all fruits with marketable
characteristics and deformities (carpelloidy and
pentandry) were performed at 170, 225 and 320 days
after planting, and the mean of the three assessments
was calculated as the percentage of fruits with
marketable, carpelloid and pentandric characteristics.
Percentages of each variable were used to obtain
estimates of variance components in fruit shape
(individual restricted maximum likelihood [REML]
analysis), predicted additive genetic effect of parents
and the specific combining ability of the crosses
using model 36 in Selegen-REML/BLUP (best linear
unbiased prediction) software (RESENDE, 2006).
The predicted genetic values followed the statistical
linear mixed models as follows: y = Xr + Za + Wf +
e, where y is the data vector; r is the replicate effects
vector (assumed fixed) added to the overall mean;
a is the individual additive genetic effects vector
(assumed random); f is the dominance effects vector
(assumed random); and e is the error or residuals
vector (random). Uppercase letters represent the

incidence matrices of these effects.

The mixed-model equation used to
estimate the fixed effects and predict the random
effects resulting from the BLUP procedure follows
(VIANA and RESENDE, 2014):
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The residual variance was lower than
the genetic (additive and dominance) variance in
the percentages of both marketable and carpelloid
fruits. Unsurprisingly, the heritability values, in the
narrow sense of these variables, were 0.56 and 0.67,
respectively (Table 1), and low heritability estimates
and high residual variance were obtained for the
percentage of pentandric fruits. Thus, marketable
fruits are more easily produced, which should result
from a reduction in the number of carpelloid fruits
relative to pentandric fruits.

The estimates of general combining ability
indicated that the ‘Maradol’, ‘JS12-N’, ‘Waimanalo’,
‘Golden’ and ‘Sunrise Solo 72-12’ parents have the
potential to increase the proportion of marketable
fruits and decrease the number of carpelloid fruits,
whereas the ‘JS12-N’, ‘Waimanalo’, ‘Golden’
and ‘Sdo Mateus’ parents reduced the number of
pentandric fruits (Table 2). Furthermore, ‘Maradol’
and ‘Sao Mateus’ can potentially reduce the severity
of powdery mildew in papaya leaves (VIVAS et al.,
2012b), and ‘Maradol’ and ‘Sao Mateus’, together
with ‘JS12-N’, also reduced the severity of phoma
spot (VIVAS et al., 2013). The ‘Golden’, ‘Sunrise

Table 1 - Restricted maximum likelihood (REML) estimates of variance components in the characteristics of papaya fruit shape and the
resulting percentage of normal (marketable) fruits and the percentage of deformed (carpelloid or pentandric) fruits.

Variance component %Marketable fruit
Additive genetic variance 343
Dominance genetic variance 1.52
Residual variance 1.17
Individual phenotypic variance 6.12
Heritability in the narrow sense 0.56 +0.19
Overall mean of the experiment 97.21

%Carpelloid fruit %Pentandric fruit
291 0.03
1.01 0.16
0.42 0.36
434 0.56
0.67 £0.20 0.06 +0.06
2.50 0.29
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Table 2 - Estimates of the effects of general combining ability (predicted additive genetic effect) on the proportions of marketable,

carpelloid and pentandric fruits from eight papaya parents.

Genotypes %Marketable fruit
‘Maradol’ 1.36
‘JS12-N° 1.47
‘JS12-4° -3.40
‘Sekati’ -0.61
‘Waimanalo’ 1.64
‘Golden’ 0.69
‘Sunrise Solo 72-12° 0.08
Sdo Mateus’ -1.22

Solo 72-12° and ‘S3o Mateus’ genotypes have
previously been reported to reduce the severity
of black spot in papaya leaves and fruits (VIVAS

%Carpelloid fruit %Pentandric fruit
-1.44 0.01
-1.19 -0.12
3.11 0.15
0.24 0.14
-1.52 -0.06
-0.56 -0.05
-0.13 0.02
1.49 -0.08

‘Maradol’, ‘JS12-N’, ‘Sekati’, ‘Waimanalo’, ‘Golden’
and ‘Sao Mateus’ were positive for the percentage of
marketable fruits. These varieties showed negative

et al., 2012a). Therefore, it is possible to produce
genotypes with an increased number of normal fruits,
a decreased number of deformed fruits and reduced
disease severity.

S ; estimates for the percentage of carpelloid fruits,
and ‘Maradol’, ‘JS12-N’, ‘Sekati’, ‘Waimanalo’
and ‘Golden’ showed negative Sﬁ estimates for the
percentage of pentandric fruits (Table 3). The highest
divergence in the ‘JS12-4> and ‘Sekati’ parents

A

Considering the Si estimates, those of

Table 3 - Estimates of the effects of specific combining ability on the proportions of marketable, carpelloid and pentandric fruits from
hybrids resulting from the crosses of eight papaya parents.

1 2 3 4 5 6 7 8
Papaya parentes -
%Marketable fruit
1 0.86 0.93 1.01 1.45 0.61 0.39 -0.65 -1.17
2 -0.78 0.82 0.30 1.16 0.18 -1.61 -0.02 -1.24
3 -0.39 -0.03 -0.73 1.04 -1.52 -0.03 0.08 -0.48
4 -3.63 -0.06 -0.77 1.36 -2.56 -1.09 -0.33 1.04
5 -0.08 0.46 2.02 -0.84 0.62 0.44 0.78 -0.77
6 0.75 0.30 -0.37 0.23 0.74 0.57 -0.24 -0.12
7 0.81 -0.23 -0.74 0.12 0.76 -0.26 -0.65 0.33
8 0.24 0.31 -1.68 0.98 0.00 0.33 0.98 0.09
%Carpelloid fruit
1 -0.61 -0.81 -0.82 -1.11 -0.43 -0.21 0.90 1.14
2 0.91 -0.82 -0.10 -0.94 -0.12 1.64 0.14 1.21
3 -0.06 -0.18 0.68 -0.63 0.80 0.22 -0.64 0.60
4 1.85 0.15 0.42 -1.11 1.79 1.15 0.50 -0.86
5 0.27 -0.40 -1.77 1.04 -0.50 -0.33 -0.61 0.85
6 -0.57 -0.29 0.14 -0.07 -0.62 -0.51 0.24 -0.33
7 -0.73 -0.05 1.00 -0.11 -0.59 0.10 0.49 -0.31
8 -0.10 -0.36 1.82 -0.79 0.07 -0.44 -0.90 -0.28
%Pentandric fruit
! 1 -0.19 -0.15 -0.11 -0.23 -0.17 -0.17 -0.19 0.00
-A‘\“ 2 -0.15 -0.11 -0.19 -0.19 -0.13 -0.09 -0.15 -0.08
N 3 0.48 0.19 0.14 -0.28 0.71 -0.16 0.57 -0.12
\"\‘ 4 1.77 -0.06 0.45 -0.09 0.79 0.00 -0.07 -0.16
N 5 -0.17 -0.13 -0.21 -0.12 -0.15 -0.15 -0.17 -0.14
\ 6 -0.17 -0.09 0.24 -0.10 -0.15 -0.10 -0.02 0.33
7 -0.05 0.21 -0.18 0.07 -0.17 0.14 0.18 -0.06
8 -0.16 -0.07 -0.13 -0.17 -0.14 0.03 -0.12 0.06

1 = ‘Maradol’; 2 = ‘JS12-N’; 3 = ‘JS12-4’; 4 = ‘Sekati’; 5 = “Waimanalo’; 6 = ‘Golden’; 7 = SS72-12’; ¢, 8 = Sdo Mateus’.
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A

may be explained by the largest S, distances for
the percentage of marketable and carpelloid fruits
between them.

In terms of the specific combining ability
estimates for the three fruit characteristics, the
following crosses exhibited positive values for the
proportion of normal fruits and negative values for
the proportions of carpelloid and pentandric fruits:
between the ‘Maradol’ parent and the ‘JS12-N’,
‘JS12-4°, “Sekati’, ‘Waimanalo’ and ‘Golden’
parents; between the ‘JS12-N’ parent and the ‘JS12-
4, ‘Sekati’ and ‘Waimanalo parents; between the
‘JS12-4’ parent and the ‘Sekati’ parent; between the
‘Sekati’ parent and the ‘Sao Mateus’ parent; between
the “Waimanalo’ parent and the ‘JS12-N’, ‘JS12-4°,
‘Golden’ and ‘Sunrise Solo 72/12’ parents; between
the ‘Golden’ parent and the ‘Maradol’, ‘JS12-N’,
‘Sekati” and ‘Waimanalo’ parents; between the
‘Sunrise Solo 72/12° parent and the ‘Maradol’,
‘Sekati” and Sdo Mateus’ parents; and between the
‘Sao Mateus’ parent and the ‘Maradol’, ‘JS12-N’,
‘Sekati’ and ‘Sunrise Solo 72/12° parents (Table 3).
Thus, all of these crosses are considered promising
for papaya breeding programs.
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