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Abstract: Questions about the faithful inheritance of the trait popping expansion (PE) in 

popcorn persist even eight decades after the first correlated study was initiated, raising doubts 

with regard to the best-suited breeding plans to obtain consistent genetic progress. The objective 

was to fill this scientific gap by implementing a genetic-statistical system based on analyses of 

segregating and non-segregating generations, for a more thorough examination of the 

partitioning of the genetic variance components in the expression of popping expansion in 

popcorn. Four crosses between popcorn (P) and dent corn (D) inbred lines were used [D29.109 

x P9.4.6; D70H26.1 x P9.4.6; D60H23.1 x P9.4.6; D53H20.2 x P13] to establish the generations 

F1, F2, BC1 and BC2, which were evaluated together with the parents at two locations in the 

Northwest of Paraná, in randomized complete block design with three replications. The parents 

were chosen for their high divergence in PE to adequately establish generations. Additivity in 

PE expression was predominant in all crosses and at both locations. Intrapopulation breeding 

methods are the most suitable for selection gain in PE. Popping expansion can be used as an 

early predictor of promising inbred lines to obtain superior hybrids for popping expansion. 

Backcross methods are realistic and should be preferred in popcorn breeding. It is recommended 

to transfer the PE alleles from popcorn to common maize lines to combine vigor and high 

popping expansion. 
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Introduction 

For nearly eight decades since the release 

of Lyerly's pioneering study (1942), the 

definition of inheritance of popping expansion 

(PE) in popcorn has been a matter of controversy. 

In his classic study, Lyerly showed that the mean 

of parent inbred lines is equivalent to that of the 

F1 generation, which strongly indicates the 

influence of additive inheritance on PE 

expression. About five decades later, in an 

analysis of generation means of two popcorn × 

dent corn crosses, Dofing et al. (1991) found a 

PE decrease caused by dominance effects, 

suggesting that programs that exploit additive 

variation are the most indicated for PE gains. 

Shortly afterwards, the study of Larish and 

Brewbaker (1999) consolidated the possibility of 
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prevalence of additivity for PE, by estimating 

negative heterosis for popping expansion in two 

diallel mating schemes, one composed of 

populations as parents and the other using lines 

as parents. The emphasis of a study of Pereira and 

Amaral Junior (2001), which implemented 

Design I of Comstock and Robinson (1948) in 

the popcorn population UNB-2U, focused on the 

disclosure of the predominance of additivity in 

PE expression. In a next step, these authors 

indicated that the best breeding strategy for 

greater popping expansion would be an 

intrapopulation method. 

On the other hand, molecular marker studies 

identified markers associated with QTLs for 

popping expansion with complete dominance, 

partial dominance and overdominance effects 

(Babu et al., 2006; Li et al., 2017), clearly showing 

the non-exclusivity of additive effects on PE 

expression. More recently, Oliveira et al. (2018) 

observed the influence of dominance effects on 

PE in a diallel analysis of S3 popcorn lines and 

recommended the exploitation of heterosis for 

significant increases in the trait. Moreover, in an 

attempt to better understand PE inheritance, Coan 

et al. (2019) established the popcorn × dent corn 

cross and stated mixed inheritance in PE 

expression. In turn, Santos et al. (2020) developed 

a study to determine the merit and genetic control 

of leaf diseases in popcorn. To this end, they 

evaluated eight lines and 56 hybrids, including the 

reciprocal, derived from a complete diallel mating 

scheme, and detected the genetic component 

dominant variance for PE. 

This ambiguity in the conception of 

inheritance of popping expansion generates a gap 

that strong impacts the advancement of popcorn 

breeding with regard to the key trait of grain 

quality. Consequently, the possibility of an 

advance in the agribusiness of the crop, which 

accounts for an annual turnover of about 1 billion 

dollars in the USA and has a high demand in 

Brazil, is also impaired (Kist et al., 2018). An 

indication of the most suitable breeding program 

must be closely associated with reliable 

knowledge about the trait inheritance. 

In spite of increasing gains in popping 

expansion in intrapopulation breeding programs 

(Pacheco et al., 1998; Pereira and Amaral Júnior, 

2001; Amaral Junior et al., 2013; Vieira et al., 

2017; Guimarães et al., 2019), the existence of 

publications describing dominance effects for PE 

must lead to the recommendation of hybrid 

exploitation with a view to improving the 

popping expansion (Faria et al., 2008; Viana et 

al., 2013; Oliveira et al., 2018; Coan et al., 2019; 

Santos et al., 2020). 

In the studies focused on the identification 

of the expression of popping expansion in 

popcorn, diallel mating design have commonly 

been used. In this case, they are disadvantageous, 

for providing results restricted to the set of parents 

used, which are usually considered to have fixed 

effects. In another study on inheritance of popping 

expansion in popcorn, the nested mating or North 

Carolina design I was used, which tends to 

overestimate additive variance (Halluer et al., 

2010). The reason is that once different female 

parents are crossed with the same male parent, the 

female/male variation source decreases, naturally 

resulting in a lower dominance deviation estimate 

(Gouesnard and Gallais, 1992). 

A more laborious procedure, which 

however generates more reliable estimates of 

variances for inheritance studies, is generation 

analysis. In this system, the F1, F2, BC1 and BC2 

generations are usually established and added to 

the parents (P1 and P2). For capitalizing on the 

variation of different generations, the estimates of 

the variance components become more accurate 

(Kearsey e Pooni, 1998; Hallauer et al., 2010). 

Generation analysis, to date rarely used in 

popcorn inheritance studies, was applied in this 

paper, in an attempt to reliably partition the 

genetic variance into the components of additive, 

dominance and epistatic effects. The purpose was 

to elucidate, by a more reliable procedure, the real 

participation of these components in the 

expression of popping expansion in popcorn and, 

consequently, be able to recommend a more 

credible breeding plans to ensure consistent gains. 

Material and methods 

Six S8 inbred lines (four dent and two 

popcorn) were used, selected for the study 

because of the great divergence in popping 

expansion. Four crosses were made according to 

the genealogies shown in Table 1. 
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Table 1. Genealogy of parent lines for the study of generation analysis of four crosses of dent corn (D) and 
popcorn (P). 

Crosses Origin - dent (D) maize line Origin - popcorn line (P) 

1 
29.109 (derived from a cross of 

the hybrids Penta x P30F53) 
P9.4.6 (derived from the modified 

single-cross hybrid IAC 112) 

2 
70H26.1 (derived from the single-

cross hybrid P30F33) 
P9.4.6 (derived from the modified 

single-cross hybrid IAC 112) 

3 
60H23.1 (derived from the single-

cross hybrid A 2560) 
P9.4.6 (derived from the modified 

single-cross hybrid IAC 112) 

4 
53H20.2 (derived from the single-

cross hybrid Tork) 
GP 13 (derived from the triple-

cross hybrid Jade) 

 

 

During the second growing season of 2015, 

the F1 generation was established to derive the 

six generations. All generations were obtained in 

the first growing season 2015/16, to avoid 

possible differences in seed quality and vigor in 

the experiment. Initially, the parents were selfed 

and crossed, resulting in the parents and F1. With 

the F1 generation of the previous season, F2 was 

generated by selfing F1 plants. Backcrosses were 

made by crossing F1 with the parent lines. 

The field for pollination of the parents and 

F1 plants of the previous season consisted of two 

10.00-m rows for each generation, spaced 0.90 m 

apart. To ensure coincidence of flowering of the 

parents, the second row was sown 10 days after 

the first. The six generations P1, P2, F1, F2, BC1 

and BC2 were established by hand pollination 

and pollen mixing separately for each generation. 

The treatments, consisting of the six 

generations P1, P2, F1, F2, BC1 and BC2 which 

were randomized complete blocks design, with 

three replications. The plots consisting of eight 

5.00- m rows, spaced 0.90 m apart. The evaluated 

area for parents (P1 and P2) and F1, consisted of 

one 5.00-m row; of two 5-m rows for the 

backcross generations (BC11 and BC12) and of 

six 5.00-m rows for F2. Two trials were carried 

out in the Northwest of Paraná, namely at: i) 

Irrigation Technology Center (CTI), of the State 

University of Maringá (UEM), in Maringá 

(latitude 23° 25' S, longitude 51° 57' W; 542 m 

asl), during the 2nd growing season (2016); and 

ii) Experimental Farm Iguatemi (FEI - UEM), in 

the county of Iguatemi-Maringá (23º 25 ’S, 

longitude 51º 57’ W; 550 m asl), during the 1st 

growing season (2016/17).  

To determine popping expansion (PE), a 30 

g grain sample was microwaved in a kraft paper 

bag for 2 min; the popcorn volume was measured 

in a 2,000 mL beaker, and the popped volume 

divided by 30 g, and expressed in mL g-1. For 

this purpose, 30 ears of the generations P1, P2 

and F1 were used; 180 ears of BC1 and BC2; and 

540 ears per cross for F2. The data referring to 

the evaluated traits of each F2 plant were 

subjected to the Lilliefors normality test, which 

estimates adherence to the normal curve, based 

on the mean and deviations from the data set. 

We estimated the components of environ-

mental variance (�̂�Ɛ
2 =

2�̂�𝐹1
2 +�̂�𝑃1

2 +�̂�𝑃2
2

4
); phenotypic 

variance (�̂�𝑓(𝐹2)
2 = �̂�𝐹2

2 ); genetic variance 

(�̂�𝑔(𝐹2)
2 = �̂�𝑓(𝐹2)

2 − �̂�Ɛ
2); additive variance (�̂�𝑎

2 =

2�̂�𝑓(𝐹2)
2 − [�̂�𝑓(𝐵𝐶11)

2 + �̂�𝑓(𝐵𝐶12)
2 ]), where: 

�̂�𝑔(𝐵𝐶11)
2 = �̂�𝑓(𝐵𝐶11)

2 − �̂�Ɛ(𝐵𝐶11)
2 , �̂�𝑔(𝐵𝐶12)

2 =

�̂�𝑓(𝐵𝐶12)
2 − �̂�Ɛ(𝐵𝐶12)

2 , �̂�Ɛ(𝐵𝐶11)
2 =

�̂�𝐹1
2 +�̂�𝑃1

2

2
 and 

�̂�Ɛ(𝐵𝐶12)
2 =

�̂�𝐹1
2 +�̂�𝑃2

2

2
 dominance variance (�̂�𝑑

2 =

�̂�𝑔(𝐹2)
2 − �̂�𝑎

2); heterosis (h =  [
𝐹1−�̅�2

�̅�12
] 𝑋100); 

narrow-sense heritability (ℎ𝑟
2 =

�̂�𝑎
2

�̂�𝑓
2  𝑥 100); 

average degree of dominance (ADD) and number 

of genes that control the trait (𝑛 = [(𝑅2(1 +
0.5𝑘2)]/8�̂�𝑔

2), where R2 is the total amplitude in 

F2 and k= ADD. 

To analyze the genetic effects, the effects 

of the means of all possible homozygotes (�̂� =
1

2
�̅�1 +

1

2
�̅�2 + 4�̅�2 − 2𝐵𝐶̅̅ ̅̅

1 − 2𝐵𝐶̅̅ ̅̅
2); additive 

(�̂� =
1

2
�̅�1 −

1

2
�̅�2); dominant (�̂� =

3

2
�̅�1 −

3

2
�̅�2 −

�̅�1 − 8�̅�2 + 6𝐵𝐶̅̅ ̅̅
1 + 6𝐵𝐶̅̅ ̅̅

2); and epistatic: addi-
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tive x additive (ââ = −4F̅2 + 2BC̅̅̅̅
1 + 2BC̅̅̅̅

2), 

additive x dominant (â�̂� = −�̅�1 + �̅�2 + 2𝐵𝐶̅̅ ̅̅
1 −

2𝐵𝐶̅̅ ̅̅
2) and dominant x dominant effects (�̂��̂� =

�̅�1 + �̅�2 + 2�̅�1 + 4�̅�2 − 4𝐵𝐶̅̅ ̅̅
1 − 4𝐵𝐶̅̅ ̅̅

2). were 

estimated as proposed by Mather and Jinks 

(1974). 

The goodness-of-fit of the model was tested 

by the Gaussian elimination method. The effects 

of both models were subjected to the t-test at 1% 

and 5% probability. Statistical analyses were 

performed using software Genes (Cruz, 2016). 

Results and discussion 

After data normality for popping expansion 

(PE) in F2 was confirmed by the Lilliefors 

normality test (data not shown), the analysis of the 

segregating and non-segregating generation was 

continued. There was a significant effects of the 

generations, p ˂ 0,05, for the four crosses, in two 

locations, for the popping expansion (Tabela 2). 

Table 2. Number of plants (PLA), means and variance estimates (�̂�𝟐) for popping expansion of six generations 
derived from crosses between dent corn (D) and popcorn (P) evaluated in two locations (CTI and FEI) in the 
Northwest of Paraná. 

 D29.109 x P9.4.6 D70H26.1 x P9.4.6 D60H23.1 x P9.4.6 D53H20.2 x P 13 
 CTI 1 CTI 2 CTI 3 CTI 4 
 PLA Means �̂�𝟐 PLA Means �̂�𝟐 PLA Means �̂�𝟐 PLA Means �̂�𝟐 

P1(D) 30 3.16 0.06 30 7.69 0.57 30 3.03 0.19 30 8.24 0.88 

P2 (P) 30 32.43 8.36 30 25.53 0.37 30 22.95 5.29 30 21.91 6.19 

F1 30 7.49 1.07 30 7.49 2.35 30 3.38 0.62 30 9.80 0.61 

F2 531 9.15 25.29 522 13.79 41.37 522 6.57 21.37 528 11.69 41.79 

RC1 180 3.99 3.37 180 7.90 11.38 180 3.45 1.52 180 9.76 20.96 

RC2 180 19.12 23.24 180 19.56 39.57 180 15.63 11.12 180 17.72 33.68 

 FEI 1  FEI 2  FEI 3  FEI 4 

P1 (D) 30 4.42 1.50 30 5.01 1.21 30 6.08 1.93 30 6.56 1.82 

P2 (P) 30 34.67 14.00 30 38.52 4.55 30 39.64 8.98 30 37.98 3.26 

F1 30 11.48 4.79 30 10.59 3.20 30 9.23 2.08 30 17.23 6.03 

F2 540 16.49 55.99 530 17.26 55.57 531 13.49 57.35 531 13.12 43.64 

RC1 180 8.36 17.72 180 10.72 22.19 180 7.22 11.36 180 9.21 17.07 

RC2 180 27.81 45.16 180 27.28 56.98 180 24.02 61.23 180 25.88 50.45 

D: dent; P: popcorn; and BC: backcrosses 

The highest phenotypic variance for PE in 

the F2 generation was naturally expected, due to 

the segregation and recombination of the genes. 

This underlines the reliability of our results, since 

it is the first segregating generation and therefore 

the expression of linkage disequilibrium is strong 

(Table 2). A good inbred line popping expansion 

(PE) should have a mean estimate of at least 30 

mL g-1. Therefore, the lines proved divergent for 

PE, with low mean estimates for the parents 

D29.109, D70H26.1, D60H23.1 and D53H20.2 

(dent corn) and high for the parents P9.4.6 and P 

13 (popcorn), confirming the reliability of the 

high contrast between the parents, which had 

been pre-selected for their origin from different 

genealogies. In this context, if the parents are not 

sufficiently divergent, the biometric interpretta-

tions become compromised, since the environ-

ments effect will be high, biasing the estimates of 

the genetic components. 

The backcrosses tended to be more similar 

to the recurrent parental, as expected, since the 

contribution of favorable and unfavorable alleles 

to the trait depends on the inbred line used. The 

mean PE of the backcrosses of the popcorn inbred 

line was high (Table 2), demonstrating that only 

one backcross was sufficient to recover approxi-

mately 75% of the PE of the recurrent parent. 

The genetic effects based on the means 

showed that the additive-dominant model with 

three estimators (�̂�, �̂�, �̂�) was goodness-of-fit 

test (observed means compared with predicted 

means) to determine the sufficiency and 

significant, p˂0,01, of the model to explain the 

genetic effects of PE of all crosses in both 
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locations (Table 3). Based on the fact the 

goodness-of-fitstatistic additive-dominant model 

can be assumed when it explains more than 90% 

the differences among the generations means to 

PE, the epistatic effects in PE expression would 

be negligible. 

The high estimates of the total coefficient of 

determination (R2) of the additive-dominant mo-

del warrant a clear additive-dominant expression 

in all crosses (D29.109 x P9.4.6; D70H26.1 x 

P9.4.6; D60H23.1 x P9.4.6; D53H20.2 x P 13) in 

the tested locations. The significance of the 

additive-dominant model minimizes the 

importance of the epistatic components and 

highlights the additive and dominance effects, but 

not only the additive effects. 

Environmental variance was estimated 

from data of non-segregating generations (P1, P2 

and F1) of each cross, in each location (Table 4). 

It varied from 3.40 to 11.20% of the phenotypic 

variance, showing that genetic variance, which 

can be partitioned into additive and non-additive 

effects, accounted for the largest effect of 

phenotypic variance. 

Table 3. Gene effects for the additive-dominant model of segregating generations derived from a crosses 
between dent corn (D) and popcorn (P) inbred lines. 

 D29.109 x P9.4.6 D70H26.1 x P9.4.6 D60H23.1 x P9.4.6 D53H20.2 x P 13 

 CTI1 CTI 2 CTI 3 CTI 4 

Effects Est. R² Est. R² Est. R² Est. R2 

�̂� 16.64** 53.59 16.69** 75.95 13.41** 52.57 15.25** 78.38 

�̂� -13.53** 35.51 -8.96** 21.82 -10.38** 32.25 -7.00** 15.64 

�̂� -10.47** 10.88 -8.26** 2.23 -9.93** 15.18 -5.41** 5.97 

R2  0.99  0.97  0.98  0.97 

 FEI 1 FEI 2 FEI 3 FEI 4 

Effects Est. R² Est. R² Est. R² Est. R2 

�̂� 20.86** 59.27 22.20** 61,43 22.14** 58.79 21.35** 63.58 

�̂� -16.46** 37.30 -16.83** 34,66 -16.35** 31.38 -15.54** 34.19 

�̂� -8.53** 3.41 -10.28** 3,90 -13.48** 9.82 -8.60** 2.23 

R2  0.98  0.99  0.99  0.95 

**t test significant at 1 % level. Est.: Estimate, mean (�̂�), additive (�̂�) and dominance (�̂�) 

 

Table 4. Estimates of the genetic parameters (GP) of popping expansion of generations of crosses between 
inbred lines of dent corn (D) and popcorn (P), evaluated in two locations (CTI and FEI) in the Northwest of 
Paraná. 

GP 
D29.109 x P9.4.6 D70H26.1 x P9.4.6 D60H23.1 x P9.4.6 D53H20.2 x P 13 

CTI 1 FEI 1 CTI 2 FEI 2 CTI 3 FEI 3 CTI 4 FEI 4 

�̂�𝒇
𝟐 25.29 55.99 41.37 55.57 21.37 57.35 41.79 43.64 

�̂�Ɛ
𝟐 2.64 6.27 1.41 3.04 1.68 3.77 2.07 4.29 

�̂�𝒈
𝟐  22.65 49.72 39.96 52.53 19.69 53.58 39.71 39.35 

�̂�𝒂
𝟐 23.97 49.09 31.78 31.97 30.11 42.11 28.93 19.76 

�̂�𝒅
𝟐  0.00 0.63 8.17 20.55 0.00 11.47 10.78 19.59 

�̂�𝒓
𝟐(%) 94.77 87.69 76.83 57.53 100.00 73.43 69.24 45.28 

Heterosis (%) -57.92 -41.27 -54.92 -51.29 -74.00 -59.61 -34.99 -22.61 

ADD (Variance)* 0.00 0.16 0.72 1.13 0.00 0.74 0.86 1.41 

Nº of genes 4 4 5 5 3 4 4 6 

*Values between 0 and 1 estimated parcial dominance, and higher than 1 estimated overdominance, ℎ̂𝑟
2(%): narrow-sense heritability, 

ADD: average degree of dominance and Nº of genes: number of genes that control the trait 
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Negative heterosis for PE in F1, as observed 

in all crosses and locations, is undesirable (Table 

4). Negative heterosis is probably being observed 

due to the trend of dominance of the lower value 

(dent) parent over the higher value (popcorn type). 

Negative heterosis estimates were also reported 

by Larish and Brewbaker (1999), in an evaluation 

of parents and F1 of a diallel between populations 

and between popcorn lines. However, positive 

heterosis was reported in PE expression, e.g. by 

Scapim et al. (2002), who observed fluctuations in 

the signs of heterosis estimates in a diallel with 

popcorn varieties, which proves the occurrence of 

bidirectional dominance in the trait expression. 

Positive heterosis for PE was also reported by 

Faria et al. (2008), in a proposal of the use of 

reciprocal recurrent selection in popcorn breeding. 

The analysis of genetic variance showed 

that the additive effect was most relevant for the 

crosses D29.109 x P9.4.6, D70H26.1 x P9.4.6, 

D60H23.1 x P9.4.6, and D53H20.2 x P 13, in 

both locations. Using only popcorn as parents, 

studies by Pereira and Amaral Júnior (2001), 

Scapim et al. (2006) and Silva et al. (2010) 

demonstrate the relevance of additivity in the 

expression of genetic variation for popping 

expansion. 

However, more recently, in some cases, a 

contribution of the dominance effect to trait 

expression was also observed, albeit to a lesser 

extent. This can be explained by the fact that 

according to the germplasm, the dominance 

effects may or may not influence the expression of 

popping expansion. 

Popping expansion is believed to be an 

oligogenic trait (Doffing et al., 1991) with high 

heritability (Pereira and Amaral Junior, 2001; 

Arnholdt et al., 2009), controlled by three to five 

major genes (Ziegler et al., 2001; Lu et al., 2003; 

Senhorinho et al., 2019). Consequently, the 

genotypic variation due to environmental factors 

of this trait is low. Not coincidentally, Yu-Ling 

et al. (2006) observed little phenotypic variation 

between genotypes in an investigation of the 

consistency of QTL for PE in hybrids in different 

environments, regardless of the different 

growing seasons. 

The estimates of narrow-sense heritability 

were higher than 45%, therefore, considered 

medium to high (Hallauer et al., 2010). These 

magnitudes are consistent with those estimated in 

the study of Robbins and Ashman (1984) who 

reported high heritability values for PE in an 

evaluation of the F2 and F3 generations derived 

from popcorn lines crossed with dent and flint 

corn. When using the Design I mating system 

(Nested Design) for the popcorn population 

UNB-2U, Pereira and Amaral Junior (2001) also 

obtained an extremely high estimate of narrow-

sense heritability (87.72%). 

The heterosis estimate was negative in all 

crosses and locations, showing that dominance 

has the effect of decreasing the trait value, 

confirming the evidence cited in the differences 

between the line means of F1 and F2 (Table 4). 

These observations reinforce the study results of 

Arnhold et al. (2010), who identified negative 

dominance in PE control. This favors the premise 

of the typically additive inheritance for popping 

expansion, although not exclusively additive, 

since bidirectional dominance was reported by 

Scapim et al. (2002) and positive heterosis by 

Faria et al. (2008). More recently, based on the 

popcorn × dent corn cross, Coan et al. (2019) 

suggested the occurrence of mixed inheritance 

involving additivity and dominance in the control 

of expression of PE, although with predominance 

of additive gene effects. 

It was possible to conclude, for two 

crosses, that it was a perfect additive gene action 

and all the crosses the estimated additive 

variance was higher than to dominance variance 

(Table 4). It was possible to verify the partial 

dominance variance to some crosses. In 

summary, the additive variance predominated in 

all the crosses, with a minor contribution from 

dominance variance.  

The estimated number of genes indicates 

that PE is controlled by few (3 - 6) genes in the 

tested crosses and locations (Table 4), which 

reinforces that the trait is oligogenic. The 

assumption of oligogeny was further 

corroborated by Johnson and Eldredge (1953) in 

an analysis of crosses of several popcorn with 

dent corn inbred lines, who found that PE can be 
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recovered with two backcrosses followed by 

selection, indicating that the trait is controlled by 

a small number of genes. 

Oligogeny inheritance associated with 

predominant additivity in the expression of PE 

reinforces the assertion that simple methods of 

intrapopulation breeding ensure consistent gains 

for the trait, such as stratified mass or half-sib 

selection methods, for example. On the other 

hand, considering the negligible effect of 

dominance on PE expression but bearing in mind 

its strong influence on grain yield (GY) (Lyerle, 

1942; Larish and Brewbaker, 1991; Pereira and 

Amaral Junior, 2001; Scapim et al., 2002; 

Gerhardt et al., 2019, and remembering that for 

popcorn, simultaneous gains for PE and GY are 

interesting, it is possible to conclude that 

interpopulation breeding methods are most 

convenient for the crop. 

In addition, due to the inheritance pattern 

of popping expansion, this trait can be 

recommended as a predictor for the elimination 

of inbred lines in early selfing generations, 

avoiding the maintenance of unpromising inbred 

lines to crosses. Finally, to obtain vigorous 

inbred lines with high PE, the backcross method 

involving crosses of common maize, dent or flint, 

with popcorn lines is strongly recommended, in 

which the PE is easily recovered in only two or 

three generations of conventional backcrosses, 

without requiring techniques of molecular 

markers at the DNA level. 

Conclusions 

Intrapopulation methods are recommended 

for the development of open-pollinated varieties 

with high popping expansion. 

Popping expansion can be used as an early 

predictor of promising lines to obtain superior 

hybrids for popping expansion. 

Popping expansion is easily recovered in 

backcrosses involving the cross of common 

maize with a popcorn line. 
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