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ABSTRACT. Two accessions of ornamental pepper Capsicum annuum
L., differing in most of the characters studied, were crossed, resulting
in the F1 generation, and the F2 generation was obtained through self-
fertilization of the F1 generation. The backcross generations RC1 and
RC2 were obtained through crossing between F1 and the parents P1 and
P2, respectively. Morpho-agronomic characterization was performed
based on the 19 quantitative descriptors of Capsicum. The data obtained
were subjected to generation analysis, in which the means and additive
variance (O ), variance due to dominance deviation (o), phenotypic
variance (o2 ), genetic variance (o >) and environmental variance (
o-i ) were calculated. For the full mogel, we estimated the mean effects
of all possible homozygotes, additives, dominants, and epistatics:
additive-additive, additive-dominant, and dominant-dominant. For the
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additive-dominant model, we estimated the additive effects, dominant
effects and mean effects of possible homozygotes. The character fruit
dry matter had the lowest value for broad sense heritability (0.42), and
the highest values were found for fresh matter and fruit weight, 0.91
and 0.92, respectively. The lowest value for narrow sense heritability
was for the minor fruit diameter character (0.33), and the highest values
were found for seed yield per fruit and fresh matter, 0.87 and 0.84,
respectively. The additive-dominant model explained only the variation
found in plant height, canopy width, stem length, corolla diameter,
leaf width, and pedicel length, but in the other characters, the epistatic
effects showed significant values.

Key words: Full model; Additive-dominant model; Additive effects;
Mean analysis; Analysis of variance

INTRODUCTION

Plants of the Capsicum genus have a long history of use in culinary preparations and,
more recently, as ornamental plants. In recent years, with the creation of breeding programs
for plants of the Capsicum genus, there has been a demand to increase diversity within the
types of pepper, both in the ones used in cooking and the ornamental ones. Within this genus,
there is an abundance of genetic diversity for an array of characters such as plant growing hab-
its as well as for characters related to size and color of fruit and leaves, which makes it possible
to meet the demands for the creation of new types (Stommel and Bosland, 2006).

The breeding programs for Capsicum can be developed through the selection of plants
from preexisting populations as well as hybridization. The development of a new variety that
is attractive to the consumer as to high yield of fruit, colorful and erect fruit, and harmonic
canopy is one of the main goals in any breeding program. The first step to a successful genetic
breeding program is the selection of the parents. However, this is also the most expensive
and time consuming step of any breeding program (Geleta and Labuschagne, 2004). Genetic
diversity is considered one of the criteria used in the selection of parents in the production of
a hybrid. Geleta and Labuschagne (2004) showed that parents more closely related genetically
present low heterosis, while crosses between parents of diverging classes tend to show higher
heterosis for fruit and plant size characters.

The knowledge of nature and of the magnitude of genetic effects is of the utmost im-
portance in the process of selection and predicting the behavior of the hybrid and segregating
generations (Cruz and Regazzi, 2001). Thus, the aim of this study was to estimate the genetic
parameters and genetic effects involved in the inheritance of plant size and fruit characters in
a segregating generation of ornamental pepper.

MATERIAL AND METHODS

Two accessions (76 and 77.3) of ornamental pepper Capsicum annuum L. belong-
ing to BGH-UFPB (Active Germplasm Bank of plants of Universidade Federal da Paraiba)
differing in most of the characters studied, were crossed, resulting in the F1 generation, and
the F2 generation was obtained through self-fertilization of the F1 generation. The backcross
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generations RC1 and RC2 were obtained through crossing between F1 and the parents P1 and
P2, respectively. These parents show contrasting characters, namely plant size and color of the
leaves, flowers and immature and mature fruits. Plants from accession 76 (P1) have a smaller
size and larger leaves and fruits than do the ones from accession 77.3 (P2), producing green
foliage, white flowers, green immature fruits, and orange mature fruit. Plants from accession
77.3 are larger in size and have smaller leaves and fruits when compared to the plants from
subsample 76; they also have dark purple leaves and flowers, and their immature fruits are also
purple while mature ones are red. The crosses were carried out in a greenhouse using standard
practices of emasculation (Régo et al., 2012).

The experiments with all the generations were conducted in a greenhouse. The charac-
terization was performed at Laboratoério de Biotecnologia Vegetal of UFPB, in Areia, Paraiba,
Brazil. The seeds were sown in Styrofoam (polystyrene) trays of 128 cells filled with com-
mercial substrate, and when seedlings displayed at least 6 leaves, they were transplanted to
700-mL pots containing commercial substrate. The flower traits were evaluated starting at the
appearance of the first flower in each plant, and plant size and fruit characters were evaluated
starting at the appearance of the first mature fruit. Each plant was characterized individually
according to its flowering and fruiting.

Morpho-agronomic characterization was based on the 19 quantitative descriptors of
Capsicum proposed by IPGRI (1995), using 10 plants of each parent and of the F1 generation,
and 180, 90 and 90 plants of the F2, RC1 and RC2 generations, respectively.

The fruit traits evaluated were pedicel length (cm), fruit length (cm), major fruit diam-
eter (cm), minor fruit diameter (cm), fruit weight (g); pericarp thickness (cm), seed yield per
fruit, and dry matter content (%).

The plant traits evaluated were plant height (cm), canopy width (cm), stem length
(cm), stem diameter (cm), leaf length (cm), petiole length (cm), and leaf width (cm), while the
flower traits evaluated were corolla width and petal width.

The data obtained were subjected to generation analysis, where we calculated the
means and addltlve variance (o- ), Varlance due to dominance deviation (o d) phenotypic
variance (O'f ), genetic variance (0 ), and environmental variance (o- ) as shown below.

Phenotypic variance in F,:

Mean variance:

) ~ D ) ) D ~2 ~2D
52 205 t0p +0p, o Oy t0p an Oy +0p,
m(F2) — 4 > Om(rery = > € O,re) = )

Genetic variance in F2:

A 2 A 2
Og(r2) = =6} 1(F2) ~ Om(r)
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Additive variance:

"2 A2 "2 a2
o, =2 «(F2) [O-g(RCI) + O-g(RC2)]

where:

A2 A2 A2 A2
O

a2 a2
g(rc)) = O pren) T Om(ren o Pgre2) = O f(re2) ~ Omre)

Variance due to dominance deviation:

A2 A2 A2
Oy =0gr2) 0,

Heritability estimates were calculated in the broad (ha2 ) and narrow (hr2 ) sense, and
the average degree of dominance (km ) was also determined.

Broad-sense heritability:

A2
2 = s
a = a2
Orr2)
Narrow-sense heritability:
A2
0=
ro &2
S(F2)
Average degree of dominance:
Pl 42

For the full model, we estimated the mean effects of all possible homozygotes (m),
additives (a), dominants (d), and epistatics: additive-additive (aa), additive-dominant (ad) and
dominant-dominant (dd). For the additive-dominant model, we estimated the additive effects
(a), dominant effects (d) and mean effects (m).

Generation mean analysis for the full model is given below:

m:%3+%g+4ﬁz—2R—C]—2R_cz
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. 1 1

QZER—EB
A 3 3 _ -
d:_EPI _EPZ —F, —8F, + 6RC, + 6RC,

ad = —4F, + 2RC, + 2RC,

ad =—P, + P, +2RC, - 2RC,

dd =P + P, +2F, + 4F, —4RC, — 4RC,

All effects from both models were subjected to a t-test at the 5% level of significance.
All analyses were performed using the Genes statistical software (Cruz, 2006).

RESULTS AND DISCUSSION

There are many published researches that associate some known genes to specific char-
acters in the genus Capsicum (Zewdie and Bosland, 2000; Régo et al., 2009; Bnejdi et al., 2009).
In some of these studies, the inheritance of quantitative characters related to plant morphology
was not described in great detail. However, it has been observed that these characters may not
have monofactorial inheritance as suggested but are in many cases determined by more than one
gene. Plant characters related to plant size or fruiting usually exhibit quantitative inheritances
that show an additional variability in relation to other characters (Wang and Bosland, 2006).

Means and heritabilities

For the characters related to plant size, the parent 77.3 (P2) showed higher means than
did the parent 76 (P1), and the F1 generation showed intermediate values for all traits, except
for plant height and canopy width (Table 1), demonstrating that for these characters, the pre-
dominant type of allelic interaction would be subdominant.

Regarding the stem length, stem diameter, leaf length, pedicel length, and leaf width
traits, the predominant allelic interaction was additive, since the F1 generation displayed in-
termediate means in relation to the parents (Table 1).

Corolla width in the F1 generation was smaller than in the parents, indicating that
overdominance was the predominant allelic interaction, which was confirmed in the analysis
of the F2 generation, which showed transgressive phenotypes to the maximum value of the
parents, thus demonstrating that selection can be done to increase this character.

For the petal width trait, we found an intermediate pattern of the F1 generation in
relation to its parents, indicating that the predominant gene interaction was additive (Table 1).

In the fruit traits studied, the ones that showed overdominance as the predominant al-
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lelic interaction were minor fruit diameter, fruit weight, pericarp thickness, and seed yield per
fruit. All of them also showed maximum transgressive values, demonstrating the occurrence
of F2 generation genotypes with higher means compared to the parents. In fruit length, major
fruit diameter, dry matter percentage, and pedicel length traits, we observed a predominant
additive allelic interaction (Table 1).

Table 1. Mean values and standard deviation of quantitative characters in plant port, flower and fruit in the parents,
F1, F2 and backcrosses RC1 and RC2 obtained through the crossing of Capsicum annuum accessions 76 and 77.3.

Generation  Arithmetic mean  Standard deviation ~ Arithmetic mean  Standard deviation  Arithmetic mean  Standard deviation

Canopy width Leaf width Fruit weight
P1 524 2.79 2.5 0.2 17.0 1.73
P2 22.0 2.64 2.66 0.28 453 2.88
F1 19.8 1.84 2.07 0.24 22.4 8.17
F2 27.2 5.73 2.17 0.37 323 19.73
RCI 31.8 5.73 2.10 0.25 22.1 13.96
RC2 25.8 3.74 2.62 0.38 26.3 15.55
Plat height Corolla width Pedicel length
Pl 64.6 2.08 1.70 0.09 1.00 0.31
P2 303 1.52 1.60 0.01 1.44 0.08
F1 19.3 1.49 1.45 0.10 1.88 0.26
F2 27.1 5.08 1.50 0.21 2.07 0.44
RC1 343 2.25 1.46 0.23 1.56 0.35
RC2 23.7 3.87 1.44 0.12 1.92 0.38
Stem length Petal width Pericarp thickness
P1 16.0 0.90 0.47 0.038 0.016 0.007
P2 10.6 1.15 0.26 0.021 0.016 0.007
F1 12.3 0.94 0.45 0.023 0.049 0.031
F2 12.7 2.25 0.45 0.055 0.048 0.033
RC1 14.3 1.38 0.40 0.045 0.028 0.015
RC2 13.2 2.10 0.43 0.051 0.087 0.035
Stem diameter Fruit length Seed yield per fruit
P1 0.45 0.03 22 0.16 17.0 1.73
P2 0.58 0.03 0.55 0.056 133 2.88
F1 0.52 0.06 1.6 0.28 22.4 8.17
F2 0.79 0.11 1.79 0.55 323 19.73
RCI 0.52 0.07 1.95 0.45 22.1 13.96
RC2 0.56 0.10 1.21 0.45 26.3 15.55
Leaf length Major fruit diameter Fresh matter
P1 9.99 0.20 1.00 0.10 0.18 0.029
P2 6.16 0.28 0.49 0.03 0.06 0.021
F1 6.33 0.68 0.82 0.11 0.29 0.137
F2 7.12 0.99 1.01 0.24 0.61 0.335
RC1 6.98 0.71 1.00 0.19 0.28 0.253
RC2 9.19 1.06 0.61 0.19 0.62 0.254
Petiole length Minor fruit diameter Dry matter
P1 2.84 0.13 0.72 0.025 0.016 0.007
P2 1.60 0.1 0.37 0.047 0.016 0.007
F1 1.80 0.46 0.42 0.079 0.049 0.031
F2 2.35 0.53 0.44 0.099 0.048 0.033
RC1 2.20 0.46 0.44 0.068 0.028 0.015
RC2 2.76 0.46 0.42 0.10 0.087 0.035
Dry matter content
Arithmetic mean Standard deviation
P1 0.09 0.023
P2 0.16 0.045
F1 0.13 0.041
F2 0.11 0.073
RC1 0.14 0.060
RC2 0.15 0.056

P1 = accession 76, P2 = accession 77.3, and RC1 and RC2 are the backcrosses between F1 and 76 (P1) and F1 and
77.3 (P2), respectively.
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Similar results were found by Régo et al. (2011), who identified a predominant additive
interaction for fruit length and major fruit diameter characters working with Capsicum baccatum.

Fruit dry matter had the lowest value for broad sense heritability (0.42) (Table 2),
indicating that this trait is highly influenced by the environment. Narrow sense heritability
for this character was also low (0.39) showing that there was a low correlation between the
phenotypic and genotypic values, and as a result, the phenotypic value is not a reliable mea-
surement for the genotypic value. Therefore, selecting for this character in early generations
may not be efficient.

Table 2. Heritability estimates in the broad and narrow sense for plant size, flower and fruit in segregating
population of ornamental pepper (Capsicum annuum) obtained through crossing between 76 and 77.3 accessions.

Characters 7, K,
Canopy width 0.83 0.56
Plant height 0.89 0.71
Stem length 0.80 0.74
Stem diameter 0.78 0.58
Leaf length 0.72 0.33
Petiole length 0.59 0.51
Leaf width 0.56 0.51
Corolla width 0.82 0.44
Petal width 0.75 0.38
Fruit length 0.84 0.66
Major fruit diameter 0.84 0.75
Minor fruit diameter 0.61 0.33
Fruit weight 0.92 0.57
Pedicel length 0.80 0.62
Pericarp thickness 0.86 0.66
Seed yield 0.90 0.87
Fresh matter 0.91 0.84
Dry matter 0.42 0.39
Dry matter content 0.71 0.71

= broad sense heritability, calculated according to Allard (1960) methodology; 4’ narrow sense heritability,
obtained from the formula proposed by Mather (1949) and Warner (1952).

The characters that showed the highest values for broad sense heritability were fresh
matter and fruit weight, with values of 0.91 and 0.92, respectively, and their narrow sense
heritability values were 0.87 and 0.57, respectively. Therefore, the phenotypic values for these
traits had a high correlation with the genotypic values. Moreira et al. (2010), working with C.
annuum lines, found similar results with genotypic determination coefficient values of 89.45
for fruit weight, 85.94 for fruit length and 85.94 for fruit diameter.

The fruit characters pedicel length, fruit length and major fruit diameter had broad
sense heritability values higher than 0.8 and narrow sense heritability values higher than 0.6.
The values obtained for minor fruit diameter were lower for both broad and narrow sense
heritability, i.e., 0.61 and 0.33, respectively. The relatively low heritability values for this trait
could be explained by the low divergence in the parents selected.

There were transgressive phenotypes in the F2 generation for the maximum value in
pedicel length, fruit length, major and minor fruit diameter, indicating the possibility of devel-
oping advanced lines with larger fruits compared to their parents, which is of great interest for
the breeding of ornamental pepper plants.

The three leaf traits studied showed values higher than 0.5 for broad sense heritability
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and values of 0.33 0.51 and 0.51 for leaf length, petiole length and leaf width, respectively,
for narrow sense heritability. All characteristics displayed transgressive phenotypes for the
maximum and minimum values in the F2 generation, enabling the development of new lines
with larger or smaller leaves and, consequently, the selection of plants with smaller leaves for
ornamental purposes.

For plant size characters, the highest value observed in broad sense heritability was
0.89 for plant height, whereas for narrow sense heritability, the highest value observed was
0.74, for stem length. Other traits, such as canopy width, stem length and stem diameter,
exhibited broad sense heritability values higher than 0.7 and narrow sense heritability values
higher than 0.5. In the F2 generation, transgressive phenotypes for the minimum value of the
parents in all characters were observed, except for stem diameter.

The selection of plants of smaller size is one of the main objectives in the breeding
of ornamental pepper, as well as the selection of plants with larger stem diameter, which is
important to prevent the tipping of plants.

Bento (2011), working with C. baccatum, found broad sense and narrow sense herita-
bility values of 0.43 and 0.25, respectively, for plant height, and for canopy width the author
found equal broad sense and narrow sense heritability values of 0.16, demonstrating very dif-
ferent results from the ones obtained in the present study.

The transgressive segregation observed in all characters, for the maximum values, the
minimum values or for both, indicates that both parents (accessions 76 and 77.3) contribute
alleles to either increase or decrease these traits (Zewdie and Bosland, 2000).

In all characters, except for leaf length and corolla width, the additive variance was
higher than the variance due to dominance deviation, showing that most of the genetic vari-
ance was additive (Table 2). Ahmed et al. (1999), demonstrated that additive genetic variance
was higher in magnitude when compared to dominance deviation variance for fruit length and
diameter, pericarp thickness, seed yield per fruit, and fruit weight, which can ease selection by
simplifying the strategies used in the process.

Generation analysis

The additive-dominant model was adequate to explain the genetic parameters for plant
height, canopy width, stem length, corolla width and leaf width, with R? values higher than
70%. In all these traits, the additive effects as well as the dominance effects were significant
in the #-test at 1% probability. This model was not adequate to explain the genetic parameters
for the other plant size characters.

Martins Filho et al. (2002) found similar results in their study, where the additive-
dominant model was adequate to explain the variance found in canopy width and plant height
in Capsicum.

The additive-dominant model was not enough to explain any fruit traits, except for
pedicel length, indicating that epistatic interactions are important for these characteristics (Ta-
bles 3 and 4). Juhasz et al. (2009) studied agronomic characters in pepper and found signifi-
cant epistatic effects in the genetic control of those traits.

In all traits studied, except dry matter content, significant mean effects were observed
(Tables 3 and 4).

Using the full model for stem diameter and leaf width characters, it was observed that
all genetic effects were significant in the ¢-test at 1% probability. For petiole length, just the
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additive x additive interaction was not significant by the same test.

Petal width did not show any significant dominance effects and dominance-domi-
nance interaction parameters. The selection process would be more effective, since the genetic
effect for this trait was additive. Leaf size is a size plant character of great importance in the
ornamental pepper trade since the leaves influence the canopy harmony.

When the additive effect is significant, the backcross generation means are biased to the
recurring parent, implying that repeated backcrossing and selection could increase or decrease
the desired character, according to the recurrent genotype used (Zewdie and Bosland, 2000).

All genetic effects were significant for major fruit diameter with dominance effect
and additive-dominant interaction standing out. Fruit length and fruit weight traits showed a
predominant additive effect and no significant dominance effect values as well as dominant-
dominant interaction values. Riva (2002) also noted that the full model was the most adequate
to explain the fruit length and fruit diameter traits in C. annuum; however, they found that for
fruit weight, the dominance effects were the most important, diverging from the results found
in this research.

The seed yield per fruit and pericarp thickness both showed significance only in the aa
and ad interaction effects. This behavior can be explained by the fact that these two characters
are very closely related and are probably controlled by the same genes. Results obtained by
Lippert et al. (1966) and Régo et al. (2009) showed similarity for these characters and indi-
cated that variance was controlled by genes acting in additive and non-additive ways (domi-
nance and epistasis).

As for fruit dry matter and fruit dry matter content, the mean effect was not significant
in the #-test at 5% probability, and the additive effects were also not significant.

In minor fruit diameter, all genetic effects were significant, except for aa interaction.
Lippert et al. (1965) showed that variance in the qualitative attributes of pepper was controlled
by genes with non-additive action. On the other hand, Zambrano et al. (2005) showed that ad-
ditive effects were higher than non-additive ones for this specific character in pepper. Régo et
al. (2009) also obtained similar results for this character in C. baccatum.

A very efficient way of decreasing plant height, canopy width, leaf length and width,
pedicel length and pericarp thickness, while increasing stem diameter and corolla width, could
be achieved through repeated backcrossing and selection of desired recombinants from seg-
regating populations, aimed at increasing the frequency of favorable alleles in the population
for these traits.

According to Mather and Jinks (1977), a positive estimate of aa epistatic effect sug-
gests that the gene pair is in an associated form and that only one of the parents contributes to
increasing this character. This behavior pattern was observed in all fruit traits, except for dry
matter content. It was also observed in stem diameter, corolla width and petal width. For all
other characters, positive aa epistatic effects were observed, indicating that the genes were in
dispersed form (Zewdie and Bosland, 2000).

CONCLUSIONS

There are predominantly over dominance and additive allelic interactions for plant
size, which is of great importance for ornamental pepper breeding.
The high levels of heritability found in this work indicated the viability of using selec-
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tion in segregating generations and obtain considerable gains.

The additive dominant model explained only the variation found in plant height, can-
opy width, stem length, corolla diameter, leaf width, and pedicel length, but in the other char-
acters the epistatic effects showed significant values.
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