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SUMMARY 

 

The availability of sorghum varieties with good cooking quality will increase its use as a food source 

and for industrial needs. Amylose content is one of the biochemical characteristics that influence 

cooking quality. This study aimed to scrutinize the inheritance patterns of agronomical traits and 

amylose content in segregating the sorghum population. The field experiment was conducted from 

February to July 2022 at Cikarawang Experimental Field, IPB University, Bogor, Indonesia. The three 

F2 populations, Pulut 3 × Kawali (372 plants), Pulut 3 × Soraya 3 IPB (340 plants), and Pulut 3 × PI-

150-20A (363 plants) and their parental genotypes were evaluated. The three populations showed 

significant variations in agronomic traits. The panicle weight has a heritability value of 63% in Pulut 3 

× Kawali, 36.7% in Pulut 3 × Soraya 3 IPB, and 59.8% in Pulut 3 × PI-150-20A. The waxy and non-

waxy type segregation was apparent in F3 population seeds, with a 15:1 ratio in the Pulut 3 × Soraya 

3 IPB and Pulut 3 × PI-150-20A populations. Meanwhile, a 1:1 ratio was evident in the Pulut 3 × 

Kawali population.  Selection could be conducted for waxy type at early generation followed by 

selection for yield at later generation. 

 

Keywords: Sorghum (S. bicolor L.), cereal, breeding, genetic variations, segregating populations, 

starch, waxy 

 

Key findings: The research produced information on genetic control of yield and sorghum (S. bicolor 

L.) type based on amylose content. This information would assist the food crop breeders in designing 

a breeding program for selection methods and criteria for developing high-yielding varieties and low-

to-medium amylose content. 
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INTRODUCTION 

 

Sorghum (Sorghum bicolor L. Moench) is one 

of many cereal crops serving diverse purposes, 

including food (Xiong et al., 2019; Meena et 

al., 2022), feed (Beretta et al., 2021), and 

bioenergy sources (Suryaningsih and Irhas, 

2014). Furthermore, grain sorghum is a viable 

alternative to rice, offering a comparable 

processing and cooking experience similar to 

Oryza sativa. The nutritional content of 

sorghum is equivalent to other cereals (Queiroz 

et al., 2015). Then again, sorghum surpasses 

other cereals in its antioxidant compound 

content (Zhao et al., 2022). Additionally, 

sorghum is a gluten-free food exhibiting a 

relatively lower glycemic index (Moraes et al., 

2015). Furthermore, sorghum can serve as a 

source of functional carbohydrates to mitigate 

the risk of degenerative diseases. 

Apart from breeding for yield 

improvement (Wirnas et al., 2021), pests, and 

disease resistance (Rifka et al., 2020; Dinanty 

et al., 2022), breeding for grain quality 

improvement has become an imperative 

breeding goal in sorghum. The diverse array of 

products derived from sorghum necessitates 

distinct grain characteristics, consequently 

influencing the crop ideotype. Particularly for 

human consumption, especially as a rice 

substitute, eating quality becomes a preference 

attribute for consumers. This quality 

encompasses stickiness, hardness, 

appearance, and taste, predominantly shaped 

by the physicochemical composition of the 

grain (Wang et al., 2015; Li and Gilbert, 

2018). One noteworthy physicochemical 

property is starch, consisting of amylose and 

amylopectin (James et al., 2003). Grains with 

markedly low amylose content exhibit 

stickiness, moisture, and tenderness upon 

cooking, while those with intermediate levels 

manifest fluffiness, softness, moisture, and 

tenderness. In contrast, grains with high 

amylose content exhibit fluffiness, dryness, 

and firmness post-cooking (Arif et al., 2013). 

Sorghum classification can consist of low 

amylose content percentage (<2%), medium 

(10%–20%), and high (>20%) (Puspitasari et 

al., 2012). 

Sorghum varieties with elevated 

amylose content are readily available, while 

those with medium (approximately 20%) 

amylose content remain scarce. Consequently, 

a need to develop high-yielding sorghum 

varieties with medium amylose content will 

address diverse consumer preferences. The 

extensive exploration of inheritance patterns of 

amylose content has progressed in cereals, 

such as rice (Kitara et al., 2019) and maize 

(Zhang et al., 2020). However, sorghum’s 

quantitative and qualitative inheritance of 

amylose content attained limited attention. 

Therefore, a genetic study is crucial as an 

initial step to determine the breeding mode for 

amylose content and facilitate yield 

improvement. 

 Breeding initiatives pursued enhancing 

the amylose content in sorghum, employing 

germplasm characterization activities 

(Rachman et al., 2022; Suroya et al., 2023). 

The waxy allele examination in the sorghum 

germplasm of Indonesia reveals that the 

majority carries the wxa and wxc alleles. Among 

the 58 genotypes assessed, five landraces 

emerged as bearing the waxy alleles wxa or 

wxc, with amylose content varying between 

5.6% and 23.3% (Suroya et al., 2023). 

Nevertheless, these five genotypes 

demonstrate limited yield potential. Within 

breeding programs, these landraces can 

function as a genetic resource for enhancing 

amylose content by crossing them with high-

yielding varieties, thus producing a segregating 

population characterized by elevated yield 

potential and amylose content. 

 Previous investigations have 

successfully acquired a segregating population 

from the hybridization of waxy and national 

(non-waxy) sorghum varieties. This work 

additionally conducted a genetic analysis of 

sorghum varieties, considering their amylose 

content and the heritability of agronomical 

traits within diverse sorghum populations to 

enhance the existing knowledge. The primary 

objective of this study is to scrutinize 

sorghum’s agronomical traits and amylose 

content inheritance patterns. 
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MATERIALS AND METHODS 

 

Genetic material and experimental site 

 

The field experiment transpired from February 

to July 2022 at the Cikarawang Experimental 

Field and Plant Breeding Laboratory, IPB 

University, Bogor, West Java, Indonesia, 

situated at 175 masl. The study utilized three 

F2 populations derived from the crosses Pulut 3 

× Kawali, Pulut 3 × Soraya 3 IPB, and Pulut 3 

× PI-150-20A, with four corresponding 

parental populations, Pulut 3, Kawali, Soraya 3 

IPB, and PI-150-20A. Pulut 3 represents local 

Indonesian sorghum from Nusa Tenggara Barat 

Province; Soraya 3 is part of the IPB University 

breeding collection; Kawali is a released 

variety, and PI-150-20A is an accession from 

the International Crops Research Institute for 

the Semi-Arid Tropics (ICRISAT). The collective 

planting of these populations with their 

respective parents formed a cohesive 

experimental subset. 

 

Procedure 

 

Field experiment 

 

The F2 population planting with its parental 

lines in distinct plots had a 75 cm × 20 cm 

spacing, each accommodating one seed per 

planting hole. Dolomite application ensued a 

month before planting with a dose of 1 t ha-1. 

Urea (45% N), KCl (60% K2O), and SP36 (36% 

P2O5) are the fertilizers used with doses of 150 

kg ha-1, 100 kg ha-1, and 100 kg ha-1, 

respectively. One-third of the urea fertilizer 

treatment was a basal dose, with the 2/3 parts 

given four weeks after planting. All the 

recommended agronomic and plant protection 

methods proceeded accordingly. Thirty plants 

from each parent, selected as samples, 

encompassed all F2 genotypes. 

 Harvesting materialized when the 

seeds had hardened, indicative of a black layer 

at the base of the seeds. Field observations, 

encompassing morphological, physiological, 

and agronomic traits, continued on yield and 

related characteristics. Thirty plants from each 

parent served as samples, with all F2 

genotypes. 

Iodine staining 

 

Sorghum grains sustained iodine staining 

based on a method described by Pedersen et 

al. (2004).  

 

Data analysis 

 

The data analysis to determine the mean 

values of each characteristic succeeded within 

the tested population. Gene action estimation 

for agronomic traits continued based on the F2 

distribution analysis, considering skewness and 

kurtosis values using the Statistical Tool for 

Agricultural Research (STAR) v2.0.1 developed 

by IRRI (Gulles et al., 2014). The 

determination of heritability values and genetic 

coefficient of variation was according to: σe
2 = 

(σP1
2 + σP2

2)/2; σp
2 = σF2

2; σg
2 = σp

2 – σe
2; hbs

2 

= σg
2/σp

2; GCV = σe
2/x, with the variables 

representing: σg
2 = genotype variance; σe

2 = 

environmental variance; σp
2 = phenotype 

variance; hbs
2= broad-sense heritability; GCV 

= genotypic coefficient of variation; and x = 

general mean. 

The sorghum seed type, characterized 

by amylose content—specifically low amylose 

content (waxy type) and high amylose content 

(non-waxy type)—underwent a Genetic 

Mendelian analysis. The proposed hypothesis 

suggests that the sorghum type is governable 

by genes located within the nucleus, involving 

two alleles, Wx and wx. 

 

 

RESULTS AND DISCUSSION 

 

Parental genotypes performance 

 

This study used Pulut 3, Kawali, Soraya 3 IPB, 

and PI-150-20A as the parental lines and 

assessed agronomical traits to see a variation 

of each line compared with its F2 populations. 

All parents, except for PI-150-20-A, have 

higher mean plant height values than the mean 

plant height of all parents. For stem diameter, 

both Pulut 3 and PI-150-20A have a stem 

diameter higher than all parents do. For leaf 

area, the mean value for all parents is 490.3, 

indicating that only Kawali and PI-150-20A 

have a leaf area higher than the mean of all 
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Table 1. The general mean value of each and four parental lines for agronomic traits. 

Characteristics Pulut 3 Kawali Soraya 3 IPB PI-150-20A Mean 

Plant height (cm) 169.4 178.2 163.8 124.7 159.0 

Stem diameter (cm) 1.9 1.8 1.6 2.0 1.8 

Leaf area (cm2) 465.9 507.3 466.8 521.3 490.3 

Leaf number 12.3 13.6 11 11.2 12.0 

Panicle diameter (cm) 7.9 5.0 5.6 6.9 6.4 

Panicle length (cm) 27.5 25.1 21.4 19.3 23.3 

Panicle weight (g) 65.8 84.3 86.3 88.6 81.3 

100-grain weight (g) 2.6 2.7 3.0 3.2 2.9 

 

parents. On the leaf number, Kawali and Pulut 

3 have leaf numbers of 13.6 and 12.3, 

respectively, both exceeding the mean of all 

parental plants (12). Regarding panicle 

diameter and length, Pulut 3 has higher mean 

values than the mean of all parents.  

Meanwhile, Soraya 3 IPB and Kawali 

have lower panicle diameter length values. For 

mean panicle weight, all parents except for 

Pulut 3 have mean values higher than the 

mean of all parents (81.3 g), with PI-150-20A 

at 88.6 g, Soraya 3 IPB at 86.3 g, and Kawali 

at 84.3 g. In terms of 100-grain weight trait, 

all parents except for Pulut 3 (2.6 g) have 

mean values lower than the mean of all 

parents (2.9 g), namely, PI-150-20A (3.2 g), 

Soraya 3 IPB (3.0 g), and Kawali (2.7 g) (Table 

1). 

 The parental characterization study 

conducted by Rachman et al. (2022) revealed 

only the parent Pulut 3 exhibited a waxy trait. 

Therefore, we selected Pulut 3 as the female 

parent and crossed it with the other three 

parents, each of which demonstrated superior 

agronomic traits compared with Pulut 3. The 

resulting F1 progeny’s subsequent subjection to 

self-pollination generated F2 plants and F3 

seeds population for assessing segregation and 

trait inheritance about agronomic and waxy 

characteristics. The outcomes of these 

analyses follow: 

 Selecting parental lines is crucial for 

identifying suitable parents for commercial 

hybrid varieties and improving specific traits, 

such as higher yield and stress tolerance 

(Chung and Liao, 2022; Swarup et al., 2020) 

and seed quality. Specifically, this study 

pursued sorghum with high productivity and 

waxy grain. This work discerned variations in 

agronomical characteristic performance in 

three parental lines.  

Plant height is an influential 

morphological and developmental phenotype 

that directly indicates overall plant growth and 

can serve as a crop breeding methods indicator 

(Joshi et al., 2023). Manipulating plant height 

in sorghum and other cereals is essential for 

improving desirable traits, such as crop yield. 

Furthermore, in sorghum, plant height is a 

measurable trait directly affecting the yield 

(Wirnas et al., 2021).  

The parental line Pulut 3, which 

contributes to the waxy trait, has appeared to 

exhibit low yield potential. These findings 

suggest that the hybridization of Pulut 3 with 

other lines can yield recombinants and foster 

broader genetic diversity concerning amylose 

content and yield-related traits. 

 

F2 population performance 

 

In this study, three F2 populations used came 

from the hybridization involving Pulut 3 (a local 

variety) as the female parent and Kawali, 

Soraya 3 IPB, and PI-150-10-20A as the male 

parents. The highest plant height and broadest 

leaf area was the F2 population of Pulut 3 × 

Kawali. The mean leaf numbers of the three 

populations were relatively close, ranging from 

11.6 to 12.2, as well as, the stem diameters 

(2.0 and 2.3 cm) and 100-grain weights (2.4 

and 2.6 g). The population with the largest 

mean panicle diameter was Pulut 3 × PI-150-

20A, measuring 8.8 cm with a range of 2.9–

15.7 cm. The highest mean panicle length was 

visible in the F2 population of Pulut 3 × Soraya 

3 IPB at 29.9 cm, with a range of 10.5–37 cm, 

followed by Pulut 3 × PI-150-20A at 29.5 cm 

with a range of 20–35.5 cm. The F2 population 
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of Pulut 3 × Kawali exhibited the maximum 

mean and range for panicle weight at 88 g and 

19.1–185 cm, respectively (Table 2). 

 In this study, the average 

measurements for plant height, leaf area, stem 

diameter, panicle length, and panicle weight 

within the F2 population, with the fresh panicle 

weight and dry weight of Pulut 3 × Kawali, 

surpassed the mean values observed in both 

parental lines. In contrast, the mean value for 

leaf number is comparatively lower than that of 

both parental lines. Furthermore, intermediate 

mean values within the F2 lie between those of 

the two parents, exemplified by panicle 

diameter and 100-grain weight (Table 2). 

 The F2 generation resulting from the 

crossbreeding a cross of Pulut 3 × Soraya 3 

IPB exhibited higher mean values in leaf area, 

stem diameter, panicle diameter, and panicle 

length than both parents did. However, the 

mean F2 values for 100-grain weight were 

lower  compared to both parents. The F2 

population traits, such as plant height, leaf 

number, neck panicle length, fresh panicle 

weight, and dry panicle weight, were within the 

values observed for both parents (Table 2). 

 In contrast, the F2 population resulting 

from the cross of Pulut 3 × PI-150-20A 

displayed mean F2 values within the range 

observed for the parents for leaf number, 

panicle diameter, neck panicle length, fresh 

panicle weight, and dry panicle weight. Mean 

F2 values exceeding those of both parents 

emerged for plant height, stem diameter, and 

panicle length, while leaf area, fresh panicle 

weight, and 100-grain weight occurred to be 

lower than the values observed for both 

parents (Table 2). 

Table 2. F2 populations’ mean of agronomic characteristics. 

Characteristics 
Mean   

 

STDV 
F2 population range 

 Pulut 3 × Kawali 

Plant height (cm) 198.3 ±  47.1 89.0 – 349.7 

Leaf area (cm2) 545.5 ±  124.9 199.1 – 888.3 

Leaf number  11.6 ±  1.4 6.0 – 17.0 

Stem diameter (cm) 2.0 ±  0.4 0.9 – 3.0 

Panicle diameter (cm) 6.8 ±  1.5 2.3 – 11.4 

Panicle length (cm) 28.6 ±  3.5 14.2 – 39.0 

Panicle weight (g) 88.0 ±  30.8 19.1 – 185.0 

100-grain weight (g) 2.6 ±  0.4 1.2 – 3.8 

  Pulut 3 × Soraya 3 IPB 

Plant height (cm) 167.5 ±  28.2 103.0 – 330.0 

Leaf area (cm2) 473.7 ±  113.0 166.7 – 808.3 

Leaf number  12.2 ±  1.3 7.0 – 15.0 

Stem diameter (cm) 2.0 ±  0.5 0.7 – 3.09 

Panicle diameter (cm) 7.5 ±  1.9 1.0 – 12.7 

Panicle length (cm) 29.9 ±  3.0 10.5 – 37.0 

Panicle weight (g) 67.1 ±  25.9 8.3 – 215.8 

100-grain weight (g) 2.4 ±  0.4 1.1 – 3.7 

  Pulut 3 × PI-150-20A 

Plant height (cm) 171.3 ±  30.8 89.2 – 298.0 

Leaf area (cm2) 516.1 ±  98.5 185.3 – 796.1 

Leaf number  12.2 ±  1.2 9.0 – 15.0 

Stem diameter (cm) 2.3 ±  0.5 0.7 – 3.5 

Panicle diameter (cm) 8.8 ±  1.6 2.9 – 15.7 

Panicle length (cm) 29.5 ±  2.5 20.0 – 35.5 

Panicle weight (g) 81.6 ±  24.4 11.3 – 185.2 

100-grain weight (g) 2.6 ±  0.4 1.4 – 3.5 
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 Studying the F2 population provides 

valuable insights into genetic and phenotypic 

variability, genetic control, , aiding in 

developing improved crop varieties with 

desirable agronomical traits. The higher mean 

value of F2 than its parents indicate the 

presence of F2 segregants with phenotypic 

traits superior to both parents. This 

phenomenon  due to the segregation and 

recombination of genes resulting from the 

crossbreeding of the two parents, leading to 

the emergence of phenotypes distinct from the 

parents. These individuals become 

transgressive segregants. The occurrence of 

transgressive segregants in the F2 population is 

due to the control of  additive  gene action  

 

Inheritance of agronomical traits 

 

Estimating gene actions on traits can proceed 

by examining the distribution of values within a 

segregating population using two parameters-

skewness and kurtosis. Skewness values depict 

gene actions, whereas kurtosis values describe 

the number of genes controlling a particular 

trait.  

Plant height and panicle weight control 

come from complementary epistasis in the F2 

population of Pulut 3 × Soraya 3 IPB and Pulut 

3 × PI-150-20A. However, in the Pulut 3 × 

Kawali population, the action of dominant 

genes controls them. Leaf area and plant 

diameter in Pulut 3 × Kawali and Pulut 3 × 

Soraya 3 IPB results from the action of additive 

genes, whereas in Pulut 3 × PI-150-20A, 

duplicate epistasis dominated leaf area and 

panicle diameter by complementary epistasis. 

The leaf number trait in Pulut 3 × Kawali, Pulut 

3 × Soraya 3 IPB, and Pulut 3 × PI-150-20A  is 

effected by complementary epistasis, duplicate 

epistasis, and additive genes, respectively. 

Additive genes controlled stem diameter in 

Pulut 3 × Kawali, while dominant ones in Pulut 

3 × Soraya 3 IPB and Pulut 3 × PI-150-20A. 

Panicle length in the F2 population of Pulut 3 × 

Kawali gained dominance by additive epistasis, 

with the other two F2 populations, Pulut 3 × 

Soraya 3 IPB and Pulut 3 × PI-150-20A, 

controlled by duplicate epistasis gene action. 

For the 100-grain weight trait, a dominant 

gene action controls the F2 population of Pulut 

3 × Kawali, while additive gene action controls 

the F2 populations of Pulut 3 × Soraya 3 IPB 

and Pulut 3 × PI-150-20A (Table 3). 

Additive gene action plays a role in leaf 

area and panicle diameter traits in the Pulut 3 

× Kawali and Pulut 3 × Soraya 3 IPB 

populations while influencing the 100-grain 

weight trait in the Pulut 3 × Soraya 3 IPB and 

Pulut 3 × PI-150-20A populations (Table 3). 

Additive gene action implies that the observed 

phenotypes exhibit a high level of heritability in 

their progeny (Daudi et al., 2021). 

Table 3. Gene action, heritability, and coefficient of genotypic variance of agronomic characteristics 

on three F2 sorghum populations. 

Traits 

Pulut 3 × Kawali Pulut 3 × Soraya 3 IPB Pulut 3 × PI-150-20A 

Gene 

action 

hbs
2  

(%) 
GCV (%) 

Gene 

action 

hbs
2 

(%) 

GCV 

(%) 

Gene 

action 

hbs
2 

(%) 

GCV 

(%) 

Plant height D 91.1 22.7 CE 72.2 14.3 CE 80.4 16.1 

Leaf area A 70.0 19.1 A 59.5 18.4 DE 37.6 11.7 

Leaf number CE 42.8 7.8 DE 31.1 6.0 A 49.6 6.7 

Stem diameter A 36.6 10.8 D 72.7 20.2 D 67.8 12.9 

Panicle diameter A 50.1 15.8 A 60.1 19.7 CE 81.2 16.4 

Panicle length AE 70.2 10.1 DE 56.6 7.5 DE 8.40 2.4 

Panicle weight D 63.3 27.9 CE 36.7 23.4 CE 59.8 23.1 

100-grain weight D 70.9 13.6 A 60.4 12.5 A 74.3 11.6 

Note: hbs
2 = broad-sense heritability; GCV = genotypic coefficient of variation; A = additive; D = dominant; CE = 

complementary epistasis; AE = additive epistasis; DE = duplicate epistasis. 
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 Non-additive gene actions, such as 

dominance and epistasis, are crucial in nearly 

all observed traits within the three tested 

populations (Table 3). Non-additive gene 

actions result in higher mean phenotypic 

values in the F2 generation than the parents; 

however, a significant portion of these traits 

may be uninherited in the progeny 

(Trikoesoemaningtyas et al., 2017). Dominant 

gene actions are particularly influential in the 

Pulut 3 × Kawali population’s several 

agronomic attributes, including plant height, 

neck panicle weight, dry panicle weight, and 

100-grain weight. The dominance effect on 

these traits indicates that early-generation 

selection is less effective and must defer to 

later generations (Salem et al., 2020). 

 Epistatic gene actions control 

numerous characters in the Pulut 3 × PI-150-

20A population. The types of epistatic gene 

actions identified in this study include additive, 

complementary, and duplicate epistasis. 

Complementary epistasis can enhance 

heterosis, increasing diversity, while duplicate 

epistasis has the opposite effect (Yudilastari et 

al., 2018). Noteworthily, favorable trait 

performance manifestation may not necessarily 

reappear in subsequent generations when 

epistatic gene actions govern these traits 

(Maryono et al., 2019). Most sorghum 

agronomic traits in three populations exhibit 

moderate to high broad-sense heritability, 

except for panicle length in the Pulut 3 × PI-

150-20A population. High broad-sense 

heritability values indicate that genetic factors 

controlled a significant proportion of the 

observed phenotypic variation.  

Another parameter for assessing the 

genetic diversity level of a population for a 

given trait is the genetic coefficient of variance 

(GCV). The GCV values for several sorghum 

agronomic traits in the three populations 

(Table 3) attained categories as moderate to 

high for leaf number in all three populations 

and panicle length in the Pulut 3 × Soraya 3 

IPB and Pulut 3 × PI-150-20A populations. 

The traits, such as plant height, panicle 

diameter, and 100-grain weight, manifest 

elevated heritability across all F2 populations, 

displaying values spanning from 72.2% to 

91.1%, 50.1% to 81.2%, and 60.4% to 

74.3%, respectively. Leaf area and panicle 

length traits exhibit heightened heritability, 

specifically in Pulut 3 × Kawali and Pulut 3 × 

Soraya 3 IPB populations, recording values of 

59.5% and 70% for leaf area and 56.6% and 

70.2% for panicle length. Similarly, panicle 

weight demonstrates notable heritability in 

Pulut 3 × Kawali and Pulut 3 × PI-150-20A 

populations, registering values of 70.2% and 

56.6%. Meanwhile, the stem diameter trait 

displays elevated heritability in F2 populations 

of Pulut 3 × Soraya 3 IPB and Pulut 3 × PI-

150-20A, with values of 72.7% and 67.8%, 

respectively (Table 3).  

 

Inheritance of amylose content 

 

This study discloses the  variability of amylose 

content in the parental cross seeds and F3 

population (Figure 1). Waxy sorghum was 

distinct with a brown-reddish endosperm 

through iodine staining, as shown in the Pulut 

3. Meanwhile, non-waxy sorghum exhibited a 

dark blue endosperm in Kawali, Soraya 3 IPB, 

and PI-150-20A (Figure 1A). Figure 1B showed 

that the F3 population seed had diverse waxy 

and non-waxy potentials. 

 
 

Figure 1. Sorghum amylose content variation based on iodine staining. A. parental seeds; B. F3 

population seeds. 
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The waxy and non-waxy type 

segregation was evident in F3  seeds, with a 

15:1 ratio in the Pulut 3 × Soraya 3 IPB and 

Pulut 3 × PI-150-20A populations, with a 1:1 

ratio identified in the Pulut 3 × Kawali 

population (Table 4). Reports of a segregation 

ratio of 1:1 for waxy and non-waxy traits also 

came from Boyles et al. (2017) in RILs 

sorghum populations. The observed differences 

in Mendelian ratios among the three 

populations may be due to genotype variations 

in the Pulut 3 population. Based on Mendelian 

genetic analysis, we predicted a one-pair 

dominant gene controlled Pulut 3 × Kawali, 

with Pulut 3 × Soraya 3 IPB and Pulut 3 × PI-

150-20A regulated by two pairs with dominant 

duplicate genes.  

Amylose is one of the polymers 

composing starch in the endosperm. The 

amylose content in the endosperm of seeds is 

paramount in determining grain-eating quality 

(Sompong et al., 2011). Rapid qualitative 

assessment of amylose content can  be 

detected through the iodine staining approach. 

The selection of the staining method  was 

based on its simplicity and cost-effectiveness, 

rendering it highly suitable for initial screening 

or large-scale population studies.  

The analysis of the inheritance of the 

waxy trait in the data obtained, based on the 

method developed by Pedersen et al. (2004), 

is referred to as Mendelian genetic analysis. 

Several assumptions underlying Mendelian 

genetic analysis include the control of the waxy 

trait by a pair of genes, namely, the Wx and 

wx alleles, where the Wx allele is dominant to 

wx, with both alleles found on the nucleus 

chromosome. The production of amylose in 

grain starch, identified as a Mendelian inherited 

trait (Boyles et al., 2017), has regulations of 

the well-characterized waxy (Wx) gene 

situated on chromosome 10, encoding granule-

bound starch synthase I (McIntyre et al., 

2008). 

The genotype classification of Pulut 3  

as a waxy landrace with an average amylose 

content of 6.30%. Various tests on the 

amylose content of Pulut have revealed 

divergent results, assumably due to the 

inherent heterogeneity within the landrace 

population. Consequently, the waxy genotype 

in Pulut 3 may manifest in either Wxwx or 

wxwx forms, as indicated by staining tests 

revealing a reddish-brown coloration in the 

endosperm. 

The research findings revealed that the 

waxy trait inheritance comes from the female 

parent. F3 genotypes classified as waxy 

resulted in 50% or more  for all three 

populations tested. Given the maternal effect, 

the waxy genotype can probably possess the 

following genotypes: WxWxwx, Wxwxwx, or 

wxwxwx. Amylose synthesis gains control from 

the Wx locus in cereal plants, which will 

manifest in the endosperm (Denyer et al., 

2001). The presence of maternal effect in the 

inheritance of the waxy trait in sorghum 

constitutes crucial information for the 

enhancement of amylose content in sorghum. 

The monogenic nature of the waxy trait 

facilitates its straightforward introgression, 

particularly upon the development of elite, 

high-starch genotypes (Boyles et al., 2017). 

 The amylose biosynthesis regulation 

came from the granule-bound starch synthase 

(GBSS) enzyme, whereas the starch-branching 

enzyme (SBE) controlled amylopectin (Huang 

et al., 2021). The phenotypic characteristics of 

the stained endosperm implied the presence of 

these two polymers, thus indicating the genetic 

control of traits by two gene pairs in this study. 

 The waxy gene is a recessive gene 

resulting from a mutation of the gene encoding 

granule-bound synthase I (GBSS I) enzyme. 

This gene exists on chromosome number 10. 

GBSS I is crucial in amylose synthesis, and 

mutations in this gene lead to the loss of 

amylose synthesis capability (McIntyre et al., 

2008). Based on the mutational positions of 

the GBSS I gene, four types of mutant alleles 

have appeared, namely, wxa, wxb, wxc, and 

wxd (Lu et al., 2013). 

 

 

CONCLUSIONS 

 

The results showed a variation caused by 

genetic factors in agronomic characteristics in 

the three populations tested. The panicle 

weight has a heritability value of 63% in Pulut 

3 × Kawali, 36.7% in Pulut 3 × Soraya 3 IPB, 

and 59.8% in Pulut 3 × PI-150-20A. The waxy 
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and non-waxy type segregation was evident in 

F3 population seeds, with a 15:1 ratio in the 

Pulut 3 × Soraya 3 IPB and Pulut 3 × PI-150-

20A populations, while a 1:1 ratio was distinct 

in the Pulut 3 × Kawali population. 
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