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Abstract. Panicle branching trait of rice is one of the key factors in 
detemining grain yield. This study was aimed to elucidate the genetic 
inheritance pattern of the tertiary rice panicle branches trait. Six rice 
populations i.e F1, F1R, F2, F2R, BC1P1, and BC1P2 generation including 
parental lines were generated as materials. The experiment was conducted 
at IPB University, Bogor, Indonesia from April 2017 to February 2019. 
Several parameters of genetic inheritance was observed. The result 
revealed that the inheritance of the tertiary panicle branching was 
controlled by many genes with the high broad-sense heritability and the 
moderate narrow-sense ones. Based on the scaling test, it was observed 
that additive dominant model did not fit to the number of tertiary branches 
and the number of grains of tertiary panicle branches. These phenomenons 
suspected may due probably to the effect of epistasis. In the advanced 
analysis employed by using the joint scaling test revealed that the gene 
action of the number of tertiary branches and number of grains on the 
tertiary branches were additive and additive×additive. 

1 Introduction 
The economic and related-traits generally included into quantitative traits. Rice panicle 
branching is one of the traits that related to rice economic trait. Rice yield is determined by 
panicle size and structure [1]. A large number of rice spikelet increased because of 
accommodation of extra those by secondary branches like in New Plant Type (NPT) rice 
[2]. In the last few recent years many researchers has conducted study in rice panicle 
branching and the mechanism of its formation [3].  

Rice researchers has carried out the experiment related to panicle branching. Mohapatra 
studied about how to effort breeding program by changing plant type in favour of extra 
heavy-panicles through physiological approach [2]. This study has been initiated as early as 
1987. Long before this study, there had been a report that the inheritance of panicle types of 
rice grouped by the nodal distribution pattern of the number of spikelet on the secondary 
panicle branches. The result of those study indicated that the genetical factor was 
controlling the number of spikelet per primary panicle branch.  It was also reported that the 
Su-1, Su-2 and Act genes was predicted as regulatory genes. These genes were predicted to 
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be stimulated by Ssp genes, and controlled the structural genes. Eventually, initiation and 
growth of the spikelets on the lower secondary branches were expressed. Recently, Yang et 
al. [4] studied panicle related genes through biochemical analysis, and it was revealed that 
there were complex regulations. MiR156 as transcriptional regulation influenced many 
panicle related genes.  

The primary branches, secondary branches, and tertiary branches of panicle traits of F2 
and F2R population analysed by skewness and kurtosis [5]. The results showed that the 
third of panicle branching traits had the broad-sense heritability of 0.91 – 0.97 in F2 
population, and 0.86 – 0.87 in F2R population. All these traits were controlled by multiple 
genes. Primary panicle branches was controlled by additive gene, the same case also 
reported by Ramadhan [6]. Meanwhile secondary and tertiary panicle branches were 
controlled by additive and complementary epistatic genes. 

References that was explaining about tertiary panicle branches and its inheritance 
pattern was still rare. How the tertiary panicle branches inherited was still not explained. 
How the effect of maternal, the broad-sense heritability and narrow-sense heritability of 
tertiary panicle branches were still not known well. Inheritance pattern method will 
elucidate the genetical and environment variance more thoroughly. The present research 
was undertaken to understand the inheritance pattern of tertiary rice panicle branches 
involving contrasting parents in panicle branching traits.  

2 Materials and methods 
The experiment was conducted at IPB research station, Dramaga Bogor, Indonesia from 
April 2017 until February 2019. Genetic material used in this experiment were IPB158-F-5 
as the first parent (denote as P1) and IPB180-F-12 as the second parent (denote as P2). The 
parents were distinct panicle characteristics as shown in Table 1.  

Table 1. Panicle characteristics of parents selected for crossing 

Parents Panicle characteristics 
IPB158-F-5 many tertiary branches, short panicle,  
IPB180-F-12 few/absent tertiary branches, long panicle, included as heavy panicle 

As parents, P1 and P2 were planted in plastic pot, each were 20 plants. The F1 generation 
was formed by crossing of P1/P2, while F1R generation was obtained reciprocally. The F1 
population was planted in plastic pot to obtain F2 seed, and F2R was derived from F1R. 
BC1P1 was obtained from crossing of F1/P1, and BC1P2 was from F1/P2. The populations 
used as treatment in the inheritance pattern experiment were P1, P2, F1, F1R, F2, F2R, BC1P1, 
and BC1P2 in the third season. The third season experiment was conducted at controlled rice 
field. 

The traits observed were number of tertiary branches per panicle (NTB), number of 
grain on  tertiary branches per panicle (NGT), and tertiary branches grain number  
percentage (%NGT). The observation was done to whole individual plants of all 
populations, and each was observed three panicles (according to the previous study, three 
panicles per plant was enough to be a sample in the homogenous population). While in the 
heterogenous population (F2 and F2R) were observed four panicles per plant.  

Data was analyzed by using STAR and PBTools softwares from IRRI (open source). 
Number of controlling gene was estimated by using STAR to analyse skewness and 
kurtosis of F2 and F2R population. The equation of skewness and kurtosis according to Roy 
method as presented by Herawati et.al. [7] as follows: 

 
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  

∑ (𝑌𝑌𝑌𝑌 − 𝑌̅𝑌)3𝑁𝑁
𝑖𝑖=1
(𝑁𝑁 − 1)𝑆𝑆3  (1) 
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𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 =  
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(2) 

 
where,  
Yi = i-th genotype value, 
 𝑌̅𝑌 = means genotype,  
S = standard deviation 
N = number of observation.  
Advanced analysis for skewness and kurtosis value were counted through Z test statistic. 

 𝑍𝑍𝑍𝑍 =  
𝑆𝑆

𝑆𝑆𝑆𝑆𝑆𝑆
 (3) 

 𝑍𝑍𝐾𝐾 =  
𝐾𝐾

𝑆𝑆𝑆𝑆𝐾𝐾
 

 
(4) 

 
where, 
S = skewness,  
K = kurtosis, 
SES = standard error of skewness, 
SEK = standard error of kurtosis, according to two ways critical test for ZS and ZK were 
Z0.05/2 = 1.96 and Z0.01/2 = 2.75.  

The significant of skewness is based on Z value, H0 is accepted (non-significant) if -
1.96  Z  1.96 and -2.75  Z  2.75 at significant level of α 0.05 and 0.01 respectively. 
Skewness value indicates epistatic effect, while kurtosis value indicates the number of gene 
which has a role in controlling a trait. Epistatic effect will be absent if skewness value = 0, 
skewness > 0 indicates that gene action is complementary epistatis, and skewness < 0 
indicates that duplicate epistatic gene action is present. Trait which is controlled by many 
genes is indicated by kurtosis value of -3 <kurtosis<3 and the trait which is controlled by 
little genes, will be > 3 or < -3 in kurtosis value. The distribution of -3 <kurtosis< 3 will 
form mesocurtic, > 3 leptocurtic and < -3 platicurtic curve.  

Estimation of broad-sense and narrow-sense heritability value is counted based on 
population data of P1, P2, F1, F2, BC1P1 and BC1P2 based on J. Warner method. According 
to El-Hashash [8], this method could display a higher significant in narrow-sense 
heritability analysis. Broad-sense heritability value estimation use population P1, P2, F1 and 
F2: 

 
ℎ𝑏𝑏𝑏𝑏

2 =  
𝜎𝜎𝑔𝑔

2

𝜎𝜎𝑝𝑝
2  𝑥𝑥100% (5) 

Where, 
𝜎𝜎𝑝𝑝

2 =  𝜎𝜎𝐹𝐹2
2  

 

𝜎𝜎𝐸𝐸
2 =  

𝜎𝜎𝑃𝑃1
2 +  𝜎𝜎𝑃𝑃2

2 + 𝜎𝜎𝐹𝐹1
2

3  

 
𝜎𝜎𝑔𝑔

2 =  𝜎𝜎𝑝𝑝
2 −  𝜎𝜎𝐸𝐸

2 
 
𝜎𝜎𝑝𝑝

2         : phenotypic variance 
𝜎𝜎𝐸𝐸

2        : environment variance 
𝜎𝜎𝑔𝑔

2        : genotypic variance 
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Narrow-sense heritability value estimation use is counted by formulae: 
 
 ℎ𝑛𝑛𝑛𝑛  

2 = 2𝜎𝜎𝐹𝐹2
2 −(𝜎𝜎𝐵𝐵𝐵𝐵𝐵𝐵1

2 +𝜎𝜎𝐵𝐵𝐵𝐵𝐵𝐵2
2 )

𝜎𝜎𝐹𝐹2
2  × 100% (6) 

 
Where, 
𝜎𝜎𝐹𝐹2

2             : Variance of F2 population (phenotypic varian) 
𝜎𝜎𝐵𝐵𝐵𝐵𝐵𝐵1

2         : Variance of BC1P1 population, backcross of F1/P1  
𝜎𝜎𝐵𝐵𝐵𝐵𝐵𝐵2

2         : Variance of BC1P2 population, backcross of F1/P2  
 

While the genetical model was estimated using scaling test and joint scaling test. 
Scaling test is used for testing the presence of gene interaction, while joint scaling test for 
estimating the genetical model in a traits inheritance pattern through generation mean of the 
six population based on Singh and Chaudary method as used by Said [9].  Using six 
population i.e P1, P2, F1, F2, BC1P1, BC1P2 and its reciprocal population P1, P2, F1R, F2R, 
BC1P1, BC1P2, the genetical model can be defined. The full model can be divided into two 
type, i.e set A define as the model using additive-dominance gene action, and those set B 
using dominance-dominance gene action. The formulae of set A (7) and set B (8) as 
follows: 

 Y = 0 + m + a + d + aa + ad (7) 
 Y = 0 + m + a + d + aa + dd (8) 
 
All these genetical model was analised by using PBTolls.  

3 Result and discussion 
Mean of all populations studied is presented at Table 2. All population showed large (>30) 
coefficient of variation (CV) in tertiary panicle branches traits. The CV value described a 
variation in a trait was being observed [10]. The value of CV presented the reliability of the 
experiment through the level of treatments accuracy. The lower CV value, the higher 
precision rate of an experiment [11]. The value of CV that can be accepted will be vary 
according to the nature of the traits are being studied. Based on this explanation, it could be 
estimated that tertiary branches panicle traits showed instability and had a broad variation 
in nature. This case also supported by a broad range of the lowest and the highest of 
observed value. The large value of CV in the trait of tertiary panicle branches has also been 
reported by Rahayu et al. [12] at 70.07% in F2 and 34.65% in F2R population which were 
resulted from crossing of IPB175-F-7-2-1/IPB175-F-31-2-1. 
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Table 2. Estimated generation means and standard deviation, variance, CV, and range value 
of P1, P2, F1, F1R, F2, F2R, BC1P1 and BC1P2 population for tertiary panicle 

branches traits in rice 

Population n Traits Means±SD Variance CV (%) Range 

P1 115 NTB 7.3 ± 2.99 8.91 40.82 1.7 - 16.3 

  
NGT 18.8 ± 8.23 67.65 43.80 3.7 - 42.3 

  
%NGT 6.9 ± 2.52 6.33 36.29 1.7 - 13.9 

P2 84 NTB 5.7 ± 3.18 10.14 56.11 0.3 - 12.3 

  
NGT 13.5 ± 8.29 68.67 61.24 0.7 - 32.7 

  
%NGT 4.9 ± 3.12 9.74 64.06 0.5 - 15.7 

F1 15 NTB 8.5 ± 4.67 21.82 54.89 4.0 - 22.7 

  
NGT 21.8 ± 12.40 153.83 57.01 8.7 - 58.0 

  
%NGT 7.1 ± 2.95 8.71 41.77 4.0 - 14.9 

F1R 15 NTB 10.7 ± 3.93 15.46 36.71 4.7 - 18.3 

  
NGT 26.7 ± 9.82 96.38 36.72 10.7 - 47.0 

  
%NGT 8.3 ± 2.62 6.86 31.76 4.4 - 14.1 

F2 376 NTB 8.4 ± 5.15 26.54 61.04 0.0 - 26.3 

  
NGT 22.2 ± 13.10 171.46 59.10 0.0 - 72.7 

  
%NGT 6.9 ± 3.44 11.80 50.00 0.0 - 21.1 

F2R 194 NTB 9.4 ± 5.65 31.97 59.89 0.0 - 28.8 

  
NGT 23.9 ± 15.06 226.69 62.98 0.0 - 75.8 

  
%NGT 7.3 ± 3.72 13.81 50.69 0.0 - 18.9 

BC1P1 12 NTB 7.7 ± 2.86 8.17 37.83 3.7 - 13.7 

  
NGT 19.2 ± 8.20 67.32 42.68 7.7 - 37.3 

  
%NGT 6.7 ± 2.63 6.89 39.14 2.8 - 10.3 

BC1P2 27 NTB 9.4 ± 4.96 24.56 53.03 1.0 - 21.3 

  
NGT 23.4 ± 13.32 177.42 56.96 2.0 - 53.3 

    %NGT 7.0 ± 3.59 12.90 51.24 1.0 - 15.5 

P1 = parent 1, P2 = parent 2, F1 = hybrid, F1R = reciprocal hybrid, F2 = F1 descent; F2R = F1R descent, 
BC1P1 = backcrossing of F1 to parent 1, BC1P2 = backcrossing of F1 to parent 2; n = plant number 
observed; SD = standard deviation; NTB = number of tertiary branches per panicle, NGT = number of 
grains on tertiary branches per panicle, %NGT = number of grains on tertiary branches per panicle 
percentage; CV = coefficient of variation 

The maternal effect in F1 and F1R population did not exist according to t-test analysis. 
There was no difference in both populations. The p-value was > 0.05 indicated that 
maternal effect or sitoplasmic inheritance was not presence in the inheritance pattern of 
tertiary panicle branches. (Table 3). The absence of maternal effect means that the crossing 
offspring of P1/P2 will be the same with P2/P1. 

Table 3.  Homogeneity of variance of F1 and F1R population, maternal effect, and result of 
t-test of P1 vs P2 and F2 vs F2R for tertiary panicle branches traits in rice 

Traits 

Homogeneity of 
variance 

Population p-value t-test 

 2 p-value F1 F1R F1vsF1R P1vsP2 F2vsF2R 

NTB 0.39 0.53 8.5 ± 4.67      10.7 ± 3.93      0.24 3.68** -2.06* 
NGT 0.73 0.39 21.8 ± 12.40     26.7 ± 9.82     0.31 4.43** -1.38ns 
%NGT 0.19 0.66 7.1 ± 2.95 8.3 ± 2.62 0.35 6.84** -1.44ns 
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NTB = number of tertiary branches per panicle, NGT = number of grains on tertiary branches per 
panicle, %NGT = number of grains on tertiary branches per panicle percentage; ** = significant at p 
0.01, * = significant at p 0.05, ns = non-significant at p 0.05 

The tertiary panicle branches showed high value of broad-sense heritability, 
respectively 0.63 for NTB, 0.60 for NGT and 0.54 for %NGT (Table 4). While the high-
value of narrow-sense heritability only showed in the NTB trait (0.55), the remains were 
0.40 for NGT and 0.21 for %NGT (Table 4). This criteria followed to Sulistyo’s et al. 
report [13] which divided heritability into three classes, i.e high (> 0.5), moderate (0.2 - 
0.5) and low (< 0.2). The high heritability in number of tertiary panicle branches trait had 
also been reported by Rahayu et al. [5] at 0.97 in F2 population and 0.86 F2R population. 
The high broad-sense and narrow-sense heritability indicated that the traits will be highly 
response to selection [14].  

Table.  4  Shapiro-Wilk normality of F2 and F2R population and the value of heritability 

Traits 
SW value Heritability 

F2 F2R h2
bs h2

ns 

NTB 0.99** 0.94** 0.63 0.55 

NGT 0.96** 0.93** 0.60 0.40 

%NGT 0.98** 0.97** 0.54 0.21 

NTB = number of tertiary branches per panicle, NGT = number of grains on tertiary branches per 
panicle, %NGT = number of grains on tertiary branches per panicle percentage, ** = significant at p < 
0.05, h2

bs = broad-sense heritability, h2
ns = narrow-sense heritability 

The plant samples observed were 376 for F2, and 194 for F2R population to form a 
continuous distribution. The tertiary panicle branches trait reached maximum segregation in 
F2 and F2R population. The performance of F2 segregating population in tertiary panicle 
branches trait is presented at Fig.1. Fig. 1 revealed that it was true there were maximum 
segregation on the tertiary panicle branches trait. The parents character of tertiary panicle 
branches trait and its intermediate character appeared in this generation. This phenomenon 
was similar to segregation on the trait of secondary panicle branches at 24.1 – 43.6 
branches per panicle as had been reported by Bacha et al. [15]. Based on Shapiro-Wilk 
normality test, F2 and F2R population showed abnormality distribution in all tertiary panicle 
branches traits (Table 4). Sihaloho et al. [16] declared that abnormality distribution also 
shown by skewness value which was not equal to zero. The abnormality of value 
distribution was caused by the presence of non-additive gene contribution. 
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The high broad-sense and narrow-sense heritability indicated that the traits will be highly 
response to selection [14].  

Table.  4  Shapiro-Wilk normality of F2 and F2R population and the value of heritability 

Traits 
SW value Heritability 

F2 F2R h2
bs h2

ns 

NTB 0.99** 0.94** 0.63 0.55 

NGT 0.96** 0.93** 0.60 0.40 

%NGT 0.98** 0.97** 0.54 0.21 

NTB = number of tertiary branches per panicle, NGT = number of grains on tertiary branches per 
panicle, %NGT = number of grains on tertiary branches per panicle percentage, ** = significant at p < 
0.05, h2

bs = broad-sense heritability, h2
ns = narrow-sense heritability 

The plant samples observed were 376 for F2, and 194 for F2R population to form a 
continuous distribution. The tertiary panicle branches trait reached maximum segregation in 
F2 and F2R population. The performance of F2 segregating population in tertiary panicle 
branches trait is presented at Fig.1. Fig. 1 revealed that it was true there were maximum 
segregation on the tertiary panicle branches trait. The parents character of tertiary panicle 
branches trait and its intermediate character appeared in this generation. This phenomenon 
was similar to segregation on the trait of secondary panicle branches at 24.1 – 43.6 
branches per panicle as had been reported by Bacha et al. [15]. Based on Shapiro-Wilk 
normality test, F2 and F2R population showed abnormality distribution in all tertiary panicle 
branches traits (Table 4). Sihaloho et al. [16] declared that abnormality distribution also 
shown by skewness value which was not equal to zero. The abnormality of value 
distribution was caused by the presence of non-additive gene contribution. 

 

 

 

 

 

 

 

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.  The performance of tertiary panicle branches of F2 as a descent of crossing of 
IPB158-F-5/IPB180-F-12. Number of tertiary panicle branches: (a) little, (b) moderate and 
(c) many 
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Table 5.  Estimation type of gene action and number of controlling genes by using 
skewness dan kurtosis 

Traits Skewness Kurtosis Zs ZK Gene action 
Number of 
controlling 

genes 

F2 population 
     

NTB 0.65 0.35 5.16** 1.39**  
aditif, complementary 
epistatic  

many 

NGT 0.77 0.51 6.08** 2.01* 
aditif, complementary 
epistatic 

many 

%NGT 0.66 0.88 5.22** 3.50** 
aditif, complementary 
epistatic 

many 

F2R population 
     

NTB 0.91 0.62 5.21** 1.79tn 
aditif, complementary 
epistatic 

many 

NGT 0.98 0.77 5.57** 2.20* 
aditif, complementary 
epistatic 

many 

%NGT 0.50 -0.21 2.85** -0.62tn 
aditif, complementary 
epistatic 

many 

NTB = number of tertiary branches per panicle; NGT = number of grains on tertiary branches per 
panicle; %NGT = number of grains on tertiary branches per panicle percentage; ZS = statistical test of 
Z skewness; ZK= statistical test of Z kurtosis; * = significant at p 0.05;** = significant at p 0.01 

The simplest method to predict gene action was by using skewness and kurtosis. The 
skewness and kurtosis analysis gave the preliminary explanation that all tertiary panicle 
branches traits were controlled by additive and complementary-epistatic gene action both in 
F2 and F2R population (Table 5). All the traits were controlled by multiple genes. Similar 
information also reported by Rahayu et al. [5] that the skewness and kurtosis analysis had 
resulted the information that tertiary panicle branches traits were controlled by additive and 
complementary-epistatic gene action with multiple genes. The presence of complementary-
epistatic would increase the value of variance, but in contrast the duplicate epistasis would 
decrease the value of variance, with the central measure was variance when the epistasis 
was not present. For instance, epistasis and complementary gene action played an important 
role in kilo-grain weight of rice [17]. In the contrary, Qian et al. [18] confirmed that 
duplicate epistasis would decrease the value of variance because of reduced of expression.  

Table 6.  The result of scaling test of crossing IPB158-F-5 × IPB180-F-12 

Traits 
Scaling test 

A B C 

NTB -0.71tn±2.063 4.51*±2.28 3.75tn±2.67 

NGT -2.09tn±5.77 11.48*±6.11 12.79*±7.05 

%NGT -0.59tn±1.71 2.08tn±1.73 1.54tn±1.73 
NTB = number of tertiary branches per panicle; NGT = number of grains on tertiary branches per 
panicle; %NGT = number of grains on tertiary branches per panicle percentage; A = P1 scaling test; B 
= P2 scaling test; C = F1 scaling test; * = model does not fit at α 0.05; tn = model fit at α 0.05 

NTB and NGT traits did not fit to additive-dominant model because the significant t-test 
value presented at one of the three A, B, and C scale based on scaling test. Therefore it was 
predicted that there was epistatic effect at both traits. While %NGT trait was not significant 
in A, B and C scale, so this traits was predicted to fit to additive-dominant model (Table 6). 
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Based on this result, only NTB and NGT traits would be continued in the mean generation 
analysis by using joint scaling test.  

Table 7.  Estimation of genetical model of rice tertiary panicle branches traits by using joint 
scaling test based on generation mean of P1,P2, F1, F2, BC1P1, BC1P2 and P1,P2, 

F1R, F2R, BC1P1, BC1P2 

Traits Model goodness of fit         
p-value 

regression          
p-value 

NTB Based on P1, P2, F1, F2, BC1P1 and BC1P2 population  
Set A 1 Y = 0 + m + a + d + aa + ad 0.502 0.024 

 2 Y = 0 + m + a + aa + ad 0.755 0.000 
 3 Y =  0 + m + a + aa 0.224 0.000 
 4 Y =  0 + m + aa 0.003 0.000 
 5 Y =  0 + m 0.000 0.000 

Set B 1 Y =  0 + m + a + d + aa + dd 0.042 0.074 
 2 Y =  0 + m + a + d + dd 0.121 0.004 
 3 Y =  0 + m + a + d 0.107 0.000 
 4 Y =  0 + m + d 0.002 0.000 
 5 Y =  0 + m 0.000 0.000 

NTB Based on P1, P2, F1R, F2R, BC1P1 and BC1P2 population  

Set A 1 Y =  0 + m + a + d + aa + ad 0.422 0.032 
 2 Y = 0 + m + a + d + aa 0.499 0.002 
 3 Y =  0 + m + a + aa 0.502 0.000 

Set B 1 Y =  0 + m + a + d + aa + dd 0.448 0.030 
 2 Y =  0 + m + a +aa + dd 0.619 0.001 
 3 Y =  0 + m + a + aa 0.502 0.000 

NGT Based on P1, P2, F1, F2, BC1P1 and BC1P2 population  

Set A 1 Y =  0 + m + a + d + aa + ad 0.702 0.014 
 2 Y =  0 + m + a + aa + ad 0.929 0.000 

Set B 1 Y =  0 + m + a + d + aa + dd 0.055 0.071 
 2 Y =  0 + m + a + aa + dd 0.155 0.004 
 3 Y =  0 + m + a + aa 0.292 0.000 

NGT Based on P1, P2, F1R, F2R, BC1P1 and BC1P2 population  
Set A 1 Y =  0 + m + a + d + aa + ad 0.479 0.030 

 2 Y =  0 + m + a + aa + ad 0.515 0.002 
 3 Y =  0 + m + a + aa 0.160 0.000 
 4 Y =  0 + m + aa 0.000 0.000 

Set B 1 Y =  0 + m + a + d + aa + dd 0.055 0.081 
 2 Y =  0 + m + a + aa + dd 0.132 0.005 
 3 Y =  0 + m + a + aa 0.160 0.000 
 4 Y =  0 + m + aa 0.000 0.000 

NTB = number of tertiary branches per panicle; JGT = number of grains on tertiary branches per 
panicle; fit model was in bold type in the appropriate trait of each set. 

Advanced analysis of mean generation which was involving more populations (F2, F2R, 
BC1P1, and BC1P2) through joint scaling test had given further information. The fit model 
between observed and expected value was showed by p-value of non-significant goodness 
of fit (p-value  0.05) and resulted significant regression model (p-value < 0.05) (Table 7). 
If there were more than one model showed the fit model, the simplest model was selected.  

The genetic estimation of tertiary panicle branches was run based on generation mean 
analysis of P1, P2, F1, F2, BC1P1 and BC1P2 and its reciprocity P1, P2, F1R, F2R, BC1P1, and 
BC1P2. Set A was full model of generation mean analysis of Y = 0 + m + a + d + aa + ad, 
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while set B was full model of Y = 0 + m + a + d + aa + dd. The genetic component 
estimation through generation mean analysis had revealed that NTB and NGT were 
controlled by additive and additive×additive interaction gene action. This model appeared 
three times from two sets (set A and set B) from two population groups (P1, P2, F1, F2, 
BC1P1, BC1P2 and P1, P2, F1R, F2R, BC1P1, BC1P2). The additive×additive gene action was 
caused by the presence of a pair of non-allelic gene and showed that parents’ alleles was 
associated or dispersed [19].  

From the three analyses of generation mean through skewness, scaling test, and joint 
scaling test we got the information that tertiary panicle branches traits were inherited by the 
interaction among locus or known as epistasis. Epistasis is defined as interaction that occur 
among segregation loci [20]; [21]. Epistasis has effects on a plant phenotype [22]. In the 
traits of %NGT, we could see the presence of epistasis effect through skewness analysis, 
but in-depth analysis through scaling test was proven that %NGT was controlled by the 
intra-locus interaction or known as additive-dominant effect. The %NGT is an indirect trait 
which was resulted from the comparison of NGT with total grains per panicle. This trait 
will give the information about tertiary panicle branches contribution to yield.  The use of a 
traits percentage also has been reported by Subbulakshmi et al. [23] in predicting gene 
action that control between grains and peeled grains percentage. This trait was controlled 
by dominant and dominant-dominant interaction gene action.  

4 Conclusion 
There was no maternal effects in the inheritance of tertiary panicle branches traits. All the 
tertiary panicle branches traits showed a large broad-sense heritability, while the narrow-
sense heritability was moderate, except the number of tertiary panicle branches per panicle 
was high. The abnormal distribution was showed in F2 and F2R population. Based on the 
kurtosis analysis, it was revealed that tertiary panicle branches traits were controlled by 
multiple genes. According to skewness analysis, scaling, and joint scaling test, it was 
obtained the information that the number of tertiary panicle branches and number of grains 
in the tertiary panicle branches traits were controlled by among locus interaction (epistasis), 
while the percentage of grains in the tertiary panicle branches was controlled by additive 
and complementary-additive gene action based on skewness analysis, but by using the in-
depth analysis through scaling test, it was controlled by additive and dominant gene actions.  
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