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Abstract. Percentage of grains with chalkiness (PGWC) controlled by multi-genes is 

one of the main appearance quality of rice. The selection among the offspring using 

genetic separation directly influences quality improvements of hybrid rice. The present 

study focused on the segregation of PGWC, using Huanghuazhan as the female parent 

and CS197 as the male parent to construct hybrid rice F2 population. Molecular markers 

were used for genotype analysis among the extremely low and high PGWC individuals 

from the F2 population. The results revealed that the genotypes of 10 extremely low 

PGWC individual plants were 80.00% and 3.33% identical to that of Huanghuazhan 

and CS197, respectively. Genotype and phenotype of the most 10 individual plants 

were similar to Huanghuazhan. On the contrary, the genotypes of 10 extremely high 

PGWC individual plants were 37.78% and 32.22% identical to that of Huanghuazhan 

and CS197, respectively. Genotype and phenotype of the most of 10 individual plants 

were the similar to CS197. The extremely low and high PGWC individuals had high 

coincidence with the corresponding F2:3 family lines in phenotype and genotype. This is 

the first report on the genetic separation of PGWC in Huanghuazhan. 

Introduction 

Over the past half century, rice production has made a second major leap, so that rice 

basically meets people's demand for food [1]. However, rice breeders ignored the 

improvement of rice quality, which caused the poor quality of cultivated varieties.  

Imported rice with good quality has impacted on China's rice industry. Therefore, 

improving the international competitiveness of China's rice quality is becoming the 

main goal of Chinese scientific research workers. High PGWC is one of the most 

important factors of poor rice quality [2-3]. In the practice of hybrid rice breeding, the 

genetic separation of F2 generation of hybrids was the largest. The selection of strain 

was difficult, especially the quantitative traits. The PGWC is a quantitative trait 

controlled by multiple genes. Therefore, it is important to study the genetic separation 

of PGWC for the breeding of new high quality hybrid rice varieties and the creation of 

materials. 

 Rice chalkiness is resulted from insufficient seed filling influencing the light 

transmission [4]. Studies have shown that PGWC is a quantitative trait controlled by 

multiple genes. Kuo et al. [4] revealed that chalkiness was significantly affected by 

additive and dominance effects, and the additive effect was more important than the 
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dominant effect, based on a 6×6 complete double-row hybridization design. Huang et al. 

[5] studied the compounding ability of indica rice. The results showed that the 

chalkiness and grain strength were affected by the general combining effect. In another 

word, the effect of gene additive effect was small, whereas the effect of special 

combining effect was greater.  

The present study focused on the coincidence mechanism of individual phenotype 

and genotype of hybrid F2 isolates, which were constructed by the high quality rice 

cultivar Huanghuazhan as the female parent and CS197 as the male parent, using 

phenotypic identification, molecular markers, chalky starch morphological observation 

by SEM. The aim is to lay the foundation for the breeding of high quality varieties. 

Materials and Methods  

Plant Materials and Field Experiment 

Huanghuazhan with low PGWC from the Rice Research Institute of Guangdong 

Academy of Agricultural Sciences was used as the female parent. CS197 with high 

PGWC from Chongqing Normal University was used as the male parent.   In winter of 

2013, the group of hybrid combinations was constructed in Hainan. In the spring of 

2014-2016, the F1, F2 and F2:3 generations were planted at the Bishan Mountain 

Experimental Base of Chongqing Normal University. F2 hybrid population with 120 

individuals was constructed from Huanghuazhan and CS197. 

Trait Measurement of PGWC 

The measurements of PGWC of rice were followed by the "High-quality Rice" of 

People's Republic of China National Standard (GB/T17981-1999) determination of 

PGWC. One hundred samples (N) were randomly selected from the whole milled rice 

samples and then placed on the chalky observation equipment to count those chalky rice 

grains and calculated PGWC. After three parallel, the average value was used as the 

trait value. 

DNA Extraction and SSR Labeling 

DNAs were extracted using the CTAB [6] method and agarose gel elec-trophoresis. 

Results 

Chalky Grain Fraction Molecular Genetic Separation 

Nine of the 46 primer pairs with polymorphism between the parents (i.e. Huang 

Huazhan and CS197) were finally screened. The markers were consistent with the 

genotype of Huang Huazhan (white bars), and of CS197 (black bars) (Fig 1A). The 

proportion of the heterozygous genotype (diagonal bars, Fig 1A) in 10 grains with low 

PGWC was 80.00%, 3.33% and 16.67%, respectively. The proportion the heterozygous 

genotype (diagonal bars, Fig 1A) in 10 grains with high PGWC was 37.78%, 32.22% 

and 30.00%, respectively. The chalky grain rate of the chalky chrysanthemum was 

5.66-11.00%, with an average of 9.00%, which was consistent with the rate of 

chrysanthemum grain rate of 10.32%. The chalky grain rate of chalky chrysanthemum 

was 75.00-82.67%, with an average of 78.90%, which was close to the parental CS197 

chalky grain rate of 81.67%.  
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The F2:3 families of F2 population were identified by molecular marker and 

phenotypic identification. The results showed that F2:3 families with low chalky grain 

rate of F2 population were still expressed as low chalky grain fraction of 3.67- 27.33%, 

with an average of 12.80%. The chalkiness rate of the majority of families was slightly 

increased, and the number of families was slightly decreased. The results of the two 

generations were similar. In particular, the 9 markers detected the markers consistent 

with the genotype of Huanghuazhan (Fig 1A, B). F2 population of 10 high chalky grain 

rate extreme single plant corresponding F2:3 family of phenotype and genotype 

similarity is higher. The markers consistent with the genotype of the two extremes were 

similar to those in F2 and F2: 3 families. RM1297, RM1068, RM1378, RM234 ratio is 

greater than 3, more suitable for PGWC of molecular marker assisted selection. 

A Genotype and phenotype of extreme population of F2 population    B Genotype and phenotype of extreme population of F2-3 population 

Fig 1.  Genotypes and phenotypes of extreme individual plant of F2 and F2:3 family lines. The white, black 

and diagonal bars denote the genotype of Huanghuazhan, CS 197 and heterozygote respectively. 

Genetic Separation of Phenotypes of PGWC 

The PGWC of CS197 and Huanghuazhan were 81.67% and 10.33%, respectively. 

There were 5.66-82.67% of the chalky grain size distribution in the F2 population, 

31.67% in the largest range of PGWC, and 3.33% in the smallest interval of 80-90%, 

with an average value of 35.27% lower than the F1 average of 39.33%, the coefficient of 

variation was 57.13%. The broad sense heritability was 26.31%, while the narrow 

heritability sense was 17.21%. The environmental variance was 42.10%, and the 

average dominant degree was 0.78. The super-parent strain genotype Huanghuazhan 

accounted for 75%, that of CS197 was 11.11% and that of heterozygosity was 13.89%. 

The quality traits of 10 extremely low PGWC were similar to those of parental 

Huanghuazhan, while those of 10 extremely high PGWC were similar to those of 

parental CS197 (Table 1).  
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Table1 .  Quality traits of extreme single plant in F2 populations of Huanghuazhan / CS197. ACE, area of 

chalky endosperm ; BR, Brown rice percentage; HR, Head rice percentage ; AC, Amylose content ; 

GL ,Grain length ; GW, Grain width ; LWR, length-width ratio ; GS, grain shape. 

 

Discussion 

The PGWC is one of the main appearance qualities of rice. Huanghuazhan in china has 

been approved by Guangdong, Hunan, Hubei, Guangxi, Hainan, Jiangxi, Zhejiang, 

Chongqing and Shanxi provinces. It is the first rice varieties of grade I based on national 

standard promoted in large rice area of southern China. PGWC of Huanghuazhan was 

very low, and the results from Guangdong and Hunan were 4%. Prepareing the hybrid 

combinations based on Huanghuazhan to study the phenotypic and genotypic 

conformational mechanisms of PGWC in F2 isolates is important to improve the 

selection efficiency of chrysanthemum grain yield in hybrid offspring, and to utilize 

Huanghuazhan and hybrid rice quality breeding.  

With the development of genomics and molecular marker technology, the researchers 

used QTLs to locate PGWC genes in various populations, which were proved be 

distributed on 12 chromosomes in rice [2-3,7-9]. Liu et al. [12] detected three major 

QTLs affecting the PGWC on the 5th, 8th and 10th chromosomes using the RIL 

population. Tan et al. [8] used F2 population to detect QTLs associated with PGWC on 

chromosomes 1, 3, 5, 6 and 7. In this study, Using the molecular marker detection and 

phenotypic identification in the F2 population of extreme individuals and the 

corresponding F2:3 families, the results found the two generations of similar results, 

with a high degree of compliance. It is shown that the selection efficiency of chalky 

grain rate can be improved by double selection of phenotype and molecular marker.  

In the practice of hybrid rice breeding, the greater the separation of the F2 generation, 

the greater chance of selecting the target strain. Breeding selection is difficult, 

especially the low trait. In this study, the chalkiness rate of hybrid F2 population was 

5.66-82.67%, and was continuous distribution. The maximum value was close to 

81.67% of CS197 and the lowest value is lower than the PGWC of parents 

Huanghuazhan, accounted for 10.32%. PGWC distribution of the largest interval of 
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20-30% accounted for 31.67% and the smallest interval of 80-90% of the strains 

accounted for 3.33%. PGWC distribution trend to female parent Huanghuazhan with 

low PGWC.  Chio [13] also found that the chalkiness of the hybrid was influenced by 

the maternal effect and showed a sense of inheritance. 

Reducing chalky grain rate is important for improving rice quality. Although the 

PGWC is affected by genetic and environmental effects, it is important to explore the 

genetic mechanism of PGWC genes in its offspring by studying the genetic separation 

of PGWC, which can play an important role in hybrid rice quality breeding.  In this 

study, the PGWC of the individual isolates of the F2 isolates was analyzed. The 

phenotypic characterization of the low PGWC and high PGWC F2 and F2:3 families was 

observed by Statistical Analysis. The phenotypic and genotypic mechanisms were 

studied, and the low PGWC lines were used as hybrid parents. The application of 

phenotype and genotype to the prediction of heterosis, effective selection of low PGWC 

lines will reduce the blindness selection, and has an important role in high quality rice 

breeding     

Conclusion  

The results revealed that the genotypesand and phenotype of 10 extremely low PGWC 

individual plants were the similar to Huanghuazhan.  Phenotype of the most 10 

extremely high individual plants were similar to CS197. 
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