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Abstract 

In order to investigate the effect of OsAAP1 gene mutation on chalkiness traits of rice endosperm and the 

microstructure of starch granules in endosperm, we used rice OsAAP1 mutants as experimental materials, with 

the help of ordinary optical microscopes and scanning electron microscopes, the morphological structure and 

arrangement of chalkiness traits and starch granules in the endosperm of Zhonghua 11 rice were observed in rice 

OsAAP1 mutants and controls. The results showed that the chalkiness rate, chalkiness area and chalkiness degree 

in rice endosperm of the OsAAP1 mutants were significantly increased, and the morphological structure, 

arrangement and development of chalkiness traits and starch granules were closely related. Compared with the 

control Zhonghua 11, there were also significant differences in the shape, structure and arrangement of starch 

granules between chalky rice and non-chalky rice. However, there was no significant difference between the 

starch granules in the transparent part of chalky rice and non-chalky rice, and the starch granules in the areas 

with low chalkiness degree developed well. Thus, the OsAAP1 mutation of rice could significantly increase the 

chalkiness traits of rice endosperm, and have an important impact on the morphology, structure and development 

of starch granules in its endosperm. 

Keywords: OsAAP1 gene, mutant, chalkiness trait, scanning electron microscopy, starch granule 

1. Introduction 

Rice (Oryza sativa L.) is one of the most important food crops in the world, with more than half of the world's 

population and more than two-thirds of China's population taking rice as their staple food (Kim et al., 2013; Tian 

et al.,2009). The world's annual rice planting area exceeds 15 million hectares, and the total output is nearly 60 

million tons (Delseny et al., 2001). With the continuous improvement of people's living standards, consumers' 

demand for rice quality has also increased. The contradiction between the growing consumer demand and the 

relative lack of high-quality rice has become increasingly prominent (Peng et al., 2014; Fitzgerald et al., 2009; 

Peng et al., 2020). Rice quality is an extremely complex quantitative trait (Peng et al., 2020; Liu et al., 2010). It 

mainly consists of appearance quality, nutrition quality, processing quality, cooking and eating quality. The 

appearance quality of rice is mainly determined by grain shape or size, transparency and chalkiness (Zhang et al., 

2007; Wan et al., 2008). Chalkiness of rice is the white opaque part formed by the loose arrangement of starch 

particles and protein bodies in endosperm during filling (Shi et al., 2002). According to the different positions of 

Chalkiness Characters on endosperm, it can be divided into belly white, back white and heart white. Chalkiness 

traits mainly refer to the presence or absence of chalkiness and the size of the occupied area in rice, which are 

usually expressed by 3 indicators, namely chalkiness rate, chalkiness area and chalkiness degree. Chalkiness rate 

refers to the percentage of chalky rice grains in the whole rice sample; Chalkiness area refers to the percentage of 
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chalky rice grains in the projected area of the whole grain when the chalky rice grains are laid flat; Chalkiness 

degree refers to the percentage of chalkiness area of chalky rice in the total area of rice grains in the sample (Liu 

et al., 2007). Chalkiness is an important indicator to evaluate the appearance quality of rice. Rice with chalkiness 

not only has poor appearance quality, but also is fragile during processing and fine milling. It has low amylose 

content, low head milled rice rate and high broken rice rate, which directly affects the commercialization and 

market value of rice. At the same time, the chalkiness rate and chalkiness area of rice not only affect its 

appearance quality, but also have a great impact on the processing quality, cooking and eating quality of rice. 

Therefore, analyzing the formation mechanism of chalkiness traits and reducing chalkiness traits of rice have 

important theoretical significance and application value for improving rice quality. It was previously reported 

that the chalkiness traits of rice were controlled by multiple genes (Peng et al., 2021; Tao et al., 2015; Qiu et al., 

2015). there are additive effects and interaction effects between additive effects and environment, and they are 

affected by external environmental factors (Zhang et al., 2012; Liu et al., 2011; Li et al., 2014; Tsukaguchi et al., 

2018; Peng et al., 2020; Mei et al., 2013; Yamakawa et al., 2008; Wan et al., 2005). At present, more than 80 rice 

chalkiness related QTLs or genes have been reported, of which Chalk5 is the first gene cloned to control 

chalkiness traits in natural populations, and some are derived from previous research progress of genes cloned in 

mutants to control chalkiness traits, such as GOTIB, Os-SMKI, FucT, etc. Chalk5 can increase chalkiness rate 

significantly (Li et al., 2011), especially increase the probability of rice belly white formation (Bai et al., 2021; 

Liu et al., 2021; Tang et al., 2022). The breakthrough of rice yield and the improvement of rice quality are 

closely related to the creation, exploration and utilization of rice mutants (Lv et al., 2021; Hu et al., 2021). The 

strategy of screening insertion mutations such as T-DNA insertion and transposon tag can accelerate the analysis 

of the genetic mechanism of important agronomic traits in rice. In this study, rice OsAAP1 mutant and Zhonghua 

11 were used as test materials to observe the chalkiness traits of rice OsAAP1 mutant endosperm and the shape, 

structure and arrangement of starch granules in the mutant endosperm were also observed by scanning electron 

microscopy. Thus, our results will provide a theoretical basis for revealing the formation mechanism of 

chalkiness in rice and cultivating new rice varieties with high quality.  

2. Materials and Methods 

2.1 Test Materials 

The test materials were the T-DNA insertion mutant (RMD mutant library) of rice OsAAP1 gene and the 

corresponding parental control material Zhonghua 11.  

2.2 Test Methods 

2.2.1 Field Planting 

On May 10, 2021, the test materials were sown in the rice experimental field of Xinyang Normal University. The 

mutant of rice OsAAP1 gene and its control Zhonghua 11 were planted in 3 rows, 12 plants in each row, and the 

plant row spacing was 16.5 cm × 26.4 cm. From sowing, transplanting to the final maturity of seeds, rice 

materials are cultivated and managed in conventional fields. After the rice seeds are mature and harvested, they 

are dried naturally, threshed by a single thresher (5TS-150A), and placed at room temperature for 3 months 

before being tested.  

2.2.2 Determination of Chalkiness Traits 

Thresh the harvested rice OsAAP1 mutant and Zhonghua 11, and then count the chalkiness rate and chalkiness 

area of the test materials after threshing. Calculate the chalkiness degree of rice OsAAP1 mutant and Zhonghua 

11 respectively according to the percentage of chalkiness area of chalkiness rice in the total area of rice grains in 

the sample.  

2.2.3 Observation with Ordinary Light Microscope 

Select 100 dried seeds, remove the rice husks, and randomly select 10 of them, including chalky rice, rice with 

white heart, white belly and white back, to make a sample with a thickness of about 0.2 mm; Place the sample 

material on the glass slide and observe it under the ordinary optical microscope. 

2.2.4 SEM Observation 

Fix the rice OsAAP1 mutant of rice and the rice of Zhonghua 11 with tweezers, gently tap the back of the knife 

on the near middle of the rice grain to make it break naturally under pressure, and then cut the broken part with 

the knife to make a sample with a thickness of about 2 mm. Adhere it to the copper sample table with conductive 

adhesive, coat it with platinum on the Eiko-IB5 ion sputtering instrument, and place the sample under the S-4800 

scanning electron microscope (Hitachi, Japan) to observe the back, abdomen and middle of the rice grain section, 



http://jps.ccsenet.org Journal of Plant Studies Vol. 12, No. 1; 2023 

3 

 

Electron microscope images were obtained under high vacuum using an accelerating voltage of 30 kV.  

3. Results and Analysis 

3.1 Identification of OsAAP1 Mutant Genotype 

T-DNA is a piece of mobile DNA located on the Ti plasmid of Agrobacterium tumefaciens or Agrobacterium 

hairy (Hu et al., 2011; Chen et al., 2012). OsAAP1 genotype can be identified by PCR amplification using the 

combination of specific primers on T-DNA and primers upstream and downstream of OsAAP1 gene. Wherein, 

the primer sequence upstream of OsAAP1 gene (F): CGACCAACGTTTGATCATTC, OsAAP1 gene downstream 

primer sequence (R): CAGAGCAAG AACCACTCCTT, T-DNAPrimer sequence （ T-DNA ）：
AATCCAGATCCCCCGAATTA. The conditions of PCR reaction were as follows: pre-denaturation at 94℃ for 

5 min, denaturation at 94℃ for 30 s, annealing at 56℃ for 30~90 s, extension at 72℃ for 10 min after 32 cycles, 

and preservation at 4℃. Detection and analysis of the PCR products using 1.5% agarose gel electrophoresis. 

Electrophoretic detection of the mutant PCR product showed that after PCR reaction with primer f upstream of 

OsAAP1 gene and primer combination of T-DNA, there was no target band in all lanes (Fig. 1-A); When the 

primer r downstream of OsAAP1 gene was combined with T-DNA for PCR reaction, the target band appeared 

(Fig. 1-B); After PCR reaction with primer combinations upstream and downstream of the OsAAP1 gene, there 

was no target band, that is, the obtained rice OsAAP1 mutant was a homozygous genotype single plant.  

 

Figure. 1 Electrophoretic detection of PCR products of OsAAP1 mutant 

A: PCR products amplified by combination of upstream primer F and T-DNA primer; B: PCR products amplified 

by combination of downstream primer R and T-DNA primer; 1-7: Different individual plants of OsAAP1 mutant. 

 

3.2 Detection of Chalkiness Characters of OsAAP1 Mutants 

Compared with the control Zhonghua 11, the chalkiness degree was the largest difference among the OsAAP1 

mutants, followed by chalkiness degree, and the difference in chalkiness area also reached a significant level. 

The chalkiness rate of the OsAAP1 mutant endosperm was 39.7%, which was significantly higher than that of the 

control Zhonghua 11 (6.9%); Chalkiness degree in endosperm of OsAAP1 mutant was significantly higher than 

that of Zhonghua 11, reaching 8.6% (P < 0.01); The chalkiness area of the OsAAP1 mutant was 21.8%, while 

that of Zhonghua 11 was 16.0% (Fig. 2). Compared with the control Zhonghua 11, the chalkiness area, 

chalkiness degree and chalkiness rate in the endosperm of rice OsAAP1 mutant were significantly increased, that 

is, the mutation of rice OsAAP1 gene can significantly increase the chalkiness character of rice. 
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Figure 2. Statistics of chalkiness traits in endosperm of OsAAP1 rice mutant 

The data are based on three biological replications, error bars, s.e.m. Significant differences *P<0.05, **P<0.01, 

*** P<0.001. Significant differences are based on two-tailed t-test. 

 

3.3 Observation on Starch Granules of OsAAP1 Mutants 

The cross-sectional starch granules of rice OsAAP1 mutant were observed with the help of an ordinary light 

microscope. The results showed that among the rice OsAAP1 mutant, there was also rice without chalkiness (Fig. 

3-A); In OsAAP1 mutant rice with chalkiness, there are both heart white (Fig. 3-B) and belly white (Fig. 3-C). 

Compared with Zhonghua 11, the parent material of the OsAAP1 mutant, in the heart white part of the 

endosperm of the OsAAP1 mutant, its Chalkiness granule have a tendency to emit and diffuse around (FIGS. 3-B 

and 3-E); In the ventral white part of the endosperm of the OsAAP1 mutant, the ventral white area is 

significantly larger than that of Zhonghua 11 (Fig. 3-C and 3-F, which is consistent with the statistical result that 

the chalky area of the endosperm of the OsAAP1 mutant is significantly higher than that of Zhonghua 11 (Fig. 2), 

that is, the increase of the chalky area of the endosperm of the OsAAP1 mutant is mainly caused by the obvious 

increase of the ventral white area. It is worth noting that compared with the chalky free part of hua11 in the 

control, the chalky free part of the OsAAP1 mutant of rice has basically the same starch granule distribution and 

arrangement, that is, the starch granules on rice are evenly distributed and relatively large in density, and both are 

well developed (Fig. 3-A and 3-D). The starch granules in the endosperm of OsAAP1 mutant, which is mainly 

composed of heart white and belly white, are unevenly and obviously clustered in a certain part, and the 

aggregation range and dispersion part of starch granules are larger than that of the heart white and belly white 

starch granules corresponding to Hua 11 in the control. For example, the aggregation range of starch granules in 

the ventral white part of OsAAP1 mutant obviously occupies a larger proportion than that of Zhonghua 11 (Fig. 

3-C and 3-F), which makes the distribution of starch granules uneven, and is also the reason why the density of 

mutant endosperm is less than that of Zhonghua 11 in the control. Therefore, the uneven distribution and density 

change of starch granules on the cross section of endosperm of OsAAP1 mutant directly affect the chalkiness 

character of rice; The differences in the distribution of starch granules in the cross-section of rice make it related 

to the formation of chalkiness.  
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Figure 3. Distribution of starch granules on endosperm cross-section of rice 

A-C: OsAAP1 mutant endosperm with non-chalky, white core and belly white; D-F: Zhonghua 11 endosperm 

with non-chalky, white core and belly white; Bars=200 μm 

 

3.4 Morphological Difference of Starch Granules Between OsAAP1 Mutant Chalky Rice and Non-chalky Rice 

In order to further explore the microstructure of the starch granules of chalky rice and non chalky rice in rice 

OsAAP1 mutant, the starch granules of rice OsAAP1 mutant, chalky rice and non chalky rice were observed by 

scanning electron microscope. The results showed that there were significant differences in the arrangement of 

starch granules and the grain type of starch granules in the endosperm cross section of rice OsAAP1 mutant (Fig. 

4). In terms of starch granule morphology, the starch granules in chalky rice are spherical, elliptical and irregular 

polygonal. Especially in the chalky part of chalky rice (Fig. 4-A), the shape of starch granules is mainly 

composed of ellipses and circles; Compared with the starch granules in the transparent part of OsAAP1 mutant 

chalky rice (Fig. 4-B), the arrangement of starch granules in the chalky part is more loose than that in the 

transparent part; Compared with the starch granules of non chalky rice composed of polygons (Fig. 4-C), the 

structural characteristics of starch granules with chalky parts are loose and not compact, while those without 

chalky starch granules are relatively compact. It is worth noting that the starch granules in the transparent part of 

the endosperm chalky rice of OsAAP1 mutant are in the middle of the two (no chalky rice and chalky rice), and 

are composed of ellipses, circles and irregular polygons. Therefore, the formation of chalkiness in OsAAP1 

mutant rice is closely related to the shape and structure of starch granules. 

 

Figure 4. Electron microscopic observation of starch granules in chalky rice and non-chalky rice of OsAAP1 

mutant 

A: Starch granules in chalky part of chalky rice; B: Starch granules in transparent part of chalky rice; C: Starch 

granules of non-chalky rice; Bar=10 μm 
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3.5 Observation on Starch Granule Development in Different Parts of Chalky Rice in OsAAP1 Mutant Grains 

According to the different positions of chalkiness formation in rice endosperm, chalkiness traits can be divided 

into three types: heart chalkiness, belly chalkiness and back chalkiness. Scanning electron microscopic 

observation of different parts of rice OsAAP1 mutant chalky rice showed that there were mainly four states. The 

first type is rice whose starch granules are well developed in the center, abdomen and back of the endosperm, 

that is, no loose starch granules are found in the endosperm (Fig. 5-1). When observed under scanning electron 

microscope magnification of 1000 times, 2000 times and 5000 times, the starch granules are rhombic or equi 

polygonal, with small or no gaps, and are closely arranged and relatively regular (Fig. 5-1). The second state is 

that the gap between starch granules and starch granules in the endosperm center of rice is large. Under the 

scanning electron microscope, it is observed that the starch granules in the chalky part of the chalky rice center 

are spherical or ellipsoidal, with large difference in size and irregular arrangement. Moreover, the arrangement of 

starch granules is loose, and the development of starch granules is relatively poor (Fig. 5-2), but the development 

of starch granules in the abdomen of the endosperm is better; The third state is that the abdominal starch granules 

of rice endosperm are spherical or ellipsoidal, with large differences in size, irregular and loose arrangement and 

poor development, but the starch granules in the center and back of endosperm are relatively well developed (Fig. 

5-3); The fourth state is that the starch granules in the endosperm center and abdomen of rice are loosely 

arranged and poorly developed (Fig. 5-4). Through observation under scanning electron microscope of different 

multiples, it can be seen that the starch granules in the non chalky part of rice OsAAP1 mutant of rice are 

rhombus or isopolygon, with small or no gaps, closely and regularly arranged, and the starch granules are well 

developed, which corresponds to the good appearance quality of rice; For chalky rice, the starch granules in the 

chalky part are spherical or ellipsoidal, with large difference in size, irregular and loose arrangement, poor 

development of starch granules, and unsatisfactory appearance quality of corresponding rice. Therefore, the 

formation of chalkiness in endosperm of OsAAP1 mutant is closely related to the development of starch granules 

in different parts. 

 

Figure 5. Scanning electron microscopic observation of starch granules in different parts of OsAAP1 mutant in 

rice 

1: Starch granules with non-chalky in endosperm; 2: Starch granules in the center of endosperm; 3: Starch 

granules in the abdomen of endosperm; 4: Starch granules on the back of endosperm; A-C: Scanning electron 

microscope magnified 1000 times, 2000 times and 5000 times 
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4. Discussion 

4.1 Chalkiness and Starch Granule Distribution of Rice OsAAP1 Endosperm 

Chalkiness is an important quality trait of rice, which not only affects the appearance quality and processing 

quality of rice, but also affects the cooking and eating quality of rice. The morphological structure of starch 

granules in rice endosperm can be directly observed by scanning electron microscopy, and the appearance 

quality of rice can be preliminarily identified (Liang et al., 1996; Kang et al., 2007; Chang et al., 2006). The 

chalkiness study preliminarily observed the endosperm of the OsAAP1 mutant of rice by scanning electron 

microscopy. It was found that the starch granules in the cross section of the endosperm of rice with high 

chalkiness rate and chalkiness degree were obviously uneven; The starch granules are spherical or ellipsoidal in 

shape, with large difference in size, uneven diameter, irregular arrangement and loose arrangement. However, the 

starch granules without chalkiness or at positions where chalkiness is not obvious are rhombus or equipolygon in 

shape, with small or no gaps between the starch granules, which are arranged tightly and regularly. That is, the 

chalkiness character of the OsAAP1 mutant of rice is closely related to the distribution of starch granules, 

especially with the morphological structure of starch granules in the cross section of rice. The corresponding 

chalkiness rate and chalkiness degree of the parts with more uniform distribution of starch granules in the cross 

section are low, so it is not easy to form chalkiness characters; If the starch granules on the cross section of rice 

endosperm are unevenly distributed, with large gaps and loose arrangement, the corresponding chalkiness rate 

and chalkiness area are higher, which is easy to form chalkiness traits. That is rice OsAAP1 gene not only affects 

rice yield (Ji et al., 2020), but also OsAAP1 mutant leads to a significant increase in chalkiness rate, chalkiness 

area and chalkiness degree of its rice endosperm (Fig. 2). The morphology and structure of starch granule 

distribution and arrangement in rice are closely related to its chalkiness traits (Fig. 3-4). Therefore, in the process 

of rice breeding, the appearance quality of rice can be improved by improving the OsAAP1 gene. 

4.2 Chalkiness and Starch Granule Development of Rice OsAAP1 Endosperm 

With the increase of amylose content in rice, endosperm can form starch granules with different shapes. The 

composition, crystal structure and physical and chemical characteristics of these starch granules are obviously 

different, and they are distributed regionally in endosperm. Chalkiness is the white and opaque part of rice 

endosperm, which can be divided into belly white, heart white and back white according to its occurrence 

location (Hu et al., 2018). In the OsAAP1 mutant of rice, both ventral white and heart white were observed in the 

endosperm. The significant increase in chalkiness area was mainly derived from the obvious increase in ventral 

white area in the OsAAP1 mutant (Fig. 2-3). Some studies have shown that in cereal seeds, the content of 

resistant starch is positively correlated with the content of amylose, and the production of chalkiness is closely 

related to the development status of its seeds (Avella et al., 2002). Through scanning electron microscopic 

observation of different parts of rice OsAAP1 mutant chalky rice, it was found that there were four different 

states of starch in its endosperm (Fig. 5): starch granules were closely arranged with starch granules, evenly 

distributed and well developed, and no chalkiness character appeared in its endosperm; If the distribution of 

starch granules is uneven, the gap between starch granules is large, and the arrangement is loose, the 

corresponding chalkiness rate and chalkiness area are high. If this part is poorly developed, it is easy to form 

chalkiness characters. Therefore, in the endosperm of rice OsAAP1 mutant, there is an important relationship 

between the development of starch granules and the occurrence of chalkiness. 

4.3 Reasons for Chalkiness Traits 

Starch and protein are the main storage materials in rice endosperm, and the relative content of starch and protein 

affects the formation of chalkiness in rice (Rao et al., 2021). The chalkiness character of rice is a complex 

quantitative character. Its inheritance has maternal effect, endosperm effect and cytoplasmic effect, and is 

controlled by multiple genes, which is vulnerable to environmental factors (Lin et al., 2015; Zhou et al., 2009; 

Rao et al., 2020). At present, there are two main views on the mechanism of chalkiness formation: cell theory 

and assimilate flow path theory. Among them, the cell theory holds that the formation of chalkiness in rice is 

mainly due to the fullness but not compactness of endosperm starch granules. The fullness and not compactness 

of spherical or elliptical starch granules make the cells of endosperm starch granules have more gaps, which 

scatter when light is irradiated to form chalkiness. The theory of assimilated product flow and economics holds 

that the formation of rice endosperm is the process of organic assimilates produced by functional leaves being 

transported from the transport organization to the grain. The ability of functional leaves to produce substances 

through photosynthesis, the transport ability of assimilated substance transport organization and the size of the 

grain jointly restrict the accumulation of organic assimilates in the grain (Zhu et al., 2011). Regional and altitude 

conditions, meteorological conditions, soil conditions, fertilizer and water conditions, high concentration of CO2, 
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high concentration of O3 and high temperature all have certain effects on the formation of chalkiness (Wang et al., 

2006; Zhu et al., 2020). That is, chalkiness is not only affected by internal factors, but also by external factors 

(Shi et al., 2020). It is an important direction of quality breeding in the future to explore how different factors 

affect the formation of chalkiness and reduce chalkiness, chalkiness rate and chalkiness degree by reducing 

chalkiness (Ruan et al., 2021; Zheng et al., 2022). The chalkiness character in the endosperm of the OsAAP1 

mutant of rice was significantly increased (Fig. 2). Further observation by scanning electron microscopy 

revealed that the size, distribution and arrangement of starch granules in the chalkiness part had changed 

significantly (Fig. 4), and the development status of starch granules in the white part was poor (Fig. 5), which 

revealed the cause of the chalkiness character in the endosperm of the OsAAP1 mutant from a microscopic 

perspective. Whether the external environment and other factors also affect the chalkiness character of the 

endosperm of OsAAP1mutant needs to be further verified in the later stage.  

5. Conclusion 

The chalkiness rate, chalkiness area and chalkiness degree in rice endosperm of OsAAP1 mutant were 

significantly increased; It was found that the chalkiness of OsAAP1 mutant was closely related to the 

morphology, arrangement and development of starch granules in rice endosperm by scanning electron 

microscopy. That is, the mutation of OsAAP1 gene in rice has an important adverse effect on the morphological 

structure and development of starch granules in rice endosperm, resulting in the emergence of chalkiness. 

Acknowledgments 

This work was financially supported by National Natural Science Foundation of China (U2004141, 31801332), 

Key Project of Science and Technology in Henan Province (222102110141), The Training Plan of Young 

Backbone Teachers in Colleges and universities of Henan Province (2019GGJS162), Key Scientific Research 

Projects of Universities in Henan Province (21A180001，19A180030), Xinyang Innovation Project (20210007), 

Scientific Research Fund Project of XYNU (2022-DXS-131), Research and Innovation Fund for Postgraduates 

of Xinyang Normal University (2021KYJJ55). 

Reference 

Avella, M., Errico, M. E., Rimedio, R., & Sadocco, P. (2002). Preparation of biodegradable polyesters 

highamylose-starch composites by reactive blending and their characterization. Journal of Applied Polymer 

science, 83, 1432-1442. https://doi.org/10.1002/app.2304 

Bai, J. J., Hu, W. B., Wang, L., Zhou, Z., Wang, L. F., Zhao, Z. H., & He, Y. Q. (2021). Mapping and analysis of 

Major QTLs for chalkiness in rice. Hunan Agricultural Science, 12, 5-8. 

https://doi.org/10.16498/j.cnki.hnnykx.2021.012.002 

Chang, H. Y., Kang, H. Q., Fu, H. L., et al. (2006). Study on chalkiness difference and endosperm cytological 

structure of different rice varieties (lines). Journal of Sichuan University (Natural Science Edition), 43(4), 

927-932.  

Chen, R., Yu, F. K., Liu, H. Q., et al. (2012). Creation of male gamete sterile mutant with T-DNA insertion in rice. 

Chinese Rice Science, 26(2), 173-181.  

Delseny, M., Salses, J., Cooke, R., Sallaud, C., Regad, F., … Ghesquière, A. (2001). Rice genomics: present and 

future. Plant Physiology Biochemistry, 39, 323-334. https://doi.org/10.1016/S0981-9428(01)01245-1 

Fitzgerald, M. A., Mccouch, S. R., & Hall, R. D. (2009). Not just a grain of rice: the quest for quality. Trends in 

Plant Science, 14(3), 133-139. https://doi.org/10.1016/j.tplants.2008.12.004 

Hu, C. Q., Liu, H. Q., Li, S. Y., et al. (2011). Preliminary screening of Rice T-DNA insertion promoter capture 

line. Fujian Agricultural Journal, 26(2), 143-146. https://doi.org/10.19303/j.issn.1008-0384 

Hu, P. (2018). Inhibition of starch branching enzyme expression is the enzymatic basis of abnormal starch 

formation in rice endosperm. Yangzhou University. 

Hu, W., Gao, Y., Zhang, Q., et al. (2021). Characteristics and genetic analysis of light green leaf rice mutant. 

Journal of Plant Genetic Resources, 22(1), 194-204. https://doi.org/10.13430/j.cnki.jpgr. 20200603003 

Ji, Y., Huang, W., Wu, B., Fang, Z., & Wang, X. L. (2020). The amino acid transporter AAP1 mediates growth 

and grain yield by regulating neutral amino acid uptake and reallocation in Oryza sativa. Journal of 

Experimental Botany, 16, 16. https://doi.org/10.1093/jxb/eraa256 

Kang, H. Q., & Chang, H. Y. (2007). Chalkiness character and endosperm structure of main parents of Hybrid 

Rice by scanning electron microscope. China Agronomy Bulletin, 23(4), 180-185.  



http://jps.ccsenet.org Journal of Plant Studies Vol. 12, No. 1; 2023 

9 

 

https://doi.org/10.3969/j.issn.1000-6850.2007.04.042 

Kim, J., Kim, B., Lee, J., et al. (2013). Protein content and composition of waxy rice grains. Pakistan Journal of 

Botany, 45(1), 151-156.  

Li, Y. B. (2011). Cloning and functional study of rice grain shape, grain weight gene GS5 and chalkiness gene 

Chalk5. Huazhong Agricultural University. 

Li, Y. B., Fan, C. C., Xing, Y. Z., Yun, P., Luo, L. J., … He, Y. Q. (2014). Chalk5 encodes a vacuolar 

H
+
-translocating pyrophosphatase influencing grain chalkiness in rice. Nature Genetics, 46(4), 389-404. 

https://doi.org/ 10.1038/ng.2923 

Liang, J. K., Wang, X. H., & Lu, N. D. (1996). Scanning electron microscope observation on starch granule 

morphology of hybrid rice and its parents. Chinese Rice Science, 10(2), 79-84.  

https://doi.org/10.16819/j.1001-7216.1996.02.003 

Lin, Z. M., Zheng, D. Y., Zhang, X. C., Liu, Z. H., Wang, S. H., & Dind, Y. F. (2015). Research Progress on 

physiological and molecular mechanisms of Chalkiness Formation in rice. Chinese Rice, 21(4), 114-19.  

https://doi.org/10.3969/j.issn.1006-8082.2015.04.003 

Liu, C. G., Zhou, X. Q., Chen, D. G., Guo, J., Chen, P. L. … Chen, Y. D. (2021). Research progress and prospect 

of functional rice. Guangdong Agricultural Science, 48(10), 87-99.  

https://doi.org/10.16768/j.issn.1004-874X.2021.10.010 

Liu, X., Fu, Y. P., Zhu, H. R., et al. (2007). Physiological and genetic mechanism of chalkiness formation in rice. 

Plant Physiology Communication, 43(3), 569-574. https://doi.org/10.1360/aps07042 

Liu, X. L., Guo, T., Wan, X. Y., Wang, H. Y., Zhu, M. Z., … Wan, J. M. (2010). Transcriptome analysis of 

grain-filling caryopses reveals involvement of multiple regulatory pathways in chalky grain formation in 

rice. BMC Genomics, 11(6), 730. https://doi.org/1471-2164/11/730 

Liu, X. L., Wan, X. Y., Ma, X. D., & Wan, J. M. (2011). Dissecting the genetic basis for the effect of rice 

chalkiness, amylose content, protein content, and rapid viscosity analyzer profile characteristics on the 

eating quality of cooked rice using the chromosome segment substitution line population across eight 

environments. Genome, 54(1), 64-80. https://doi.org/ 10.1007/s00208-002-0374-9 

Liu, Z. H. (2004). Study on genotype difference and grain position effect of chalkiness, phytic acid and protein 

contents of Japonica rice seeds. Hangzhou: Zhejiang University. 

Lv, J., Jiang, X. Y., Liu, J., Xie, W. X., Han, Y., & Shen, F. (2021). Analysis of Starch Physicochemical 

Properties of rice Xinbai mutant xb 1. Journal of Nuclear Agriculture, 35(10), 2214-2222.  

https://doi.org/10.11869/j.issn.100-8551.2021.10.2214 

Mei, D. Y., Zhu, Y. J., Yu, Y. H., Fan, Y. Y., Huang, D. R., & Zhuang, J. Y. (2013). Quantitative trait loci for grain 

chalkiness and endosperm transparency detected in three recombinant inbred line populations of indica rice. 

Journal of Integrative Agriculture, 12(1), 1-11. https://doi.org/10.1016/S2095-3119(13)60199-9 

Peng, B., A, X. X., Zheng, M. Y., Guo, Y., Gu, Y., … Zhou, W. (2020). Detection and classification of waxy gene 

in Yunnan soft rice germplasm. Southwest Agricultural Journal, 33(12), 2693-2701.  

https://doi.org/10.16213/j.cnki.scjas.2020.12.001 

Peng, B., Guo, Y., Zhang, K. X., Peng, J., Song, X. H., … Zhou, W. (2020). Detection and analysis of rice 

quality of Japonica Rice introduced from South Henan. Southwest Agricultural Journal, 33(7), 1337-1344. 

https://doi.org/10.16213/j.cnki.scjas.2020.7.001 

Peng, B., Huang, X. H., He, L. L., et al. (2020). Detection and analysis of amino acid content of special rice 

seeds in Xinyang area. Journal of Xinyang Normal University (Natural Science Edition), 33(1), 46-53. 

https://doi.org/10.3969/j.issn.1003-0927.2020.01.009 

Peng, B., Kong, H. L., Li, Y. B., Wang, L. Q., Zhong, M., … He, Y. Q. (2014). OsAAP6 functions as an 

important regulator of grain protein content and nutritional quality in rice. Nature Communications, 5, 4847. 

https://doi.org/10.1038/ncomms5847 

Peng, B., Zhao, Y., Dong, C., et al. (2021). Detection and analysis of quality traits of Yunnan soft rice in southern 

Henan Province. Journal of Xinyang Normal University (Natural Science Edition), 34(2), 186-194.  

https://doi.org/10.3969/j.issn.1003-0972.2021.02.004 

Qiu, X. J., Yuan, Z. H., Chen, K., Du, B., He, W. J., … Lv, W. K. (2015). Genome wide association analysis to 



http://jps.ccsenet.org Journal of Plant Studies Vol. 12, No. 1; 2023 

10 

 

analyze the genetic basis of Chalkiness in indica rice. Journal of Crops, 41(7), 1007-1016.  

https://doi.org/10.3724/SP.J.1006.2015.01007 

Rao, W. T. (2021). QTL mapping and effect verification of the correlation between appearance quality and 

eating quality of rice. Huazhong Agricultural University. 

Ruan, X. M., Shi, F. Z., Cong, X. H., Du, H. Y., Zhan, X. Ch., … Luo, Z. X. (2021). Comprehensive evaluation 

of mid indica rice quality and analysis of key influencing factors in Anhui Province from 2009 to 2019. 

China Agricultural Science and Technology Guide, 23(5), 108-115.  

https://doi.org/10.13304/j.nykjdb.2020.0754 

Shi, C. H., Wu, J. G., Lou, X. J., Zhu, J., & Wu, P. (2002). Genetic analysis of transparency and chalkiness area 

at different filling stages of rice (Oryza sativa L). Field Crops Research, 76(1), 1-9.  

https://doi.org/10.1016/S0378-4290(02)00011-4  

Shi, Y., Li, Y. L., Yan, Y. F., & Quan, D. X. (2020). Application of endosperm genetic law in rice quality breeding. 

Beijing Rice, 6, 33-35, 61. https://doi.org/10.16170/j.cnki.1673-6737.2020.06.010 

Tang, Y. H., Zhao, Y. F., Lin, J., Wang, Y., Cao, B. Y., … Yang, T. W. (2022). Identification and gene localization 

of lethal mutant in rice seedling stage. Biotechnology Bulletin, 5(4), 1-8.  

https://doi.org/10.13560/j.cnki.biotech.bull.1985.2022-0069 

Tao, Y. J., Xu, M. B., Wang, F., Chen, D., Zhou, Y., & Liang, G. H. (2015). Mapping QTLs for Chalkiness in rice 

using chromosome single segment substitution lines. North China Agricultural Journal, 30(1), 1-8. 

https://doi.org/10.7668/hbnxb.2015.01.001 

Tian, Z. X., Qing, Q., Liu, Q. Q., Yan, A. X., Liu, X. F., … Li, J. Y. (2009). Allelic diversities in rice starch 

biosynthesis lead to a diverse array of rice eating and cooking qualities. Proceedings of the National 

Academy of Sciences of the United States of America, 106(51), 21760-21765.  

https://doi.org/10.1073/pnas.0912396106 

Tsukaguchi, T., & Lida, Y. (2008). Effects of assimilate supply and high temperature during grain-filling period 

on the occurrence of various types of chalky kernel in rice plants (Oryza sativa L.). Plant Production 

Science, 11(2), 203-210. https://doi.org/10.1626/pps.11.203 

Wan, X. Y., Wan, J. M., Weng, J., Jiang, L., Bi, J. C., Wang, C. M., & Zhai, H. Q. (2005). Stability of QTLs for 

rice grain dimension and endosperm chalkiness characteristics across eight environments. Theoretical and 

Applied Genetics, 110(7), 1334-1346. https://doi.org/10.1007/s00122-005-1976-x 

Wan, X. Y., Weng, J. F., Zhai, H. Q., Wang, H. K., Lei, C. L., … Wan, J. M. (2008). Quantitative trait loci (QTL) 

analysis for rice grain width and fine mapping of an identified QTL allele gw-5 in a recombination hotspot 

region on Chromosome 5. Genetics, 179(4), 2239-2252. https://doi.org/10.1534/genetics.108.089862 

Wang, D., Huang, M., Gao, F. Y., Lu, X. J., & Ren, G. J. (2006). Influencing factors and genetic improvement of 

chalkiness in rice. Southwest Agricultural Journal, 19(6), 1189-1194.  

https://doi.org/10.16213/j.cnki.scjas.2006.06.046 

Wang, Y. X., & Yang, L. X. (2020). Response of rice quality to major climate change factors. Journal of 

Agricultural Environmental Sciences, 39(4), 822-833. https://doi.org/10.11654/jaes. 2020-0223 

Yamakawa, H., Ebitani, T., & Terao, T. (2008). Comparison between locations of QTLs for grain chalkiness and 

genes responsive to high temperature during grain filling on the rice chromosome map. Breeding Science, 

58(3), 337-343. https://doi.org/10.1270/jsbbs.58.337 

Zhang, Q. F. (2007). Strategies for developing Green Super Rice. Proceedings of the National Academy of 

Sciences of the United States of America, 104(42), 16402-16409. https://doi.org/10.1073/pnas.0708013104 

Zheng, L. N., Zheng, W. W., Liu, S. J., Chen, L. M., Liu, X., … Wan, J. M. (2012). Genetic relationship between 

grain chalkiness, protein content, and paste viscosity properties in a backcross inbred population of rice. 

Journal of Cereal Science, 56(2), 153-160. https://doi.org/10.1016/j.jcs.2012.05.003 

Zheng, X. L., Zhou, J. Q., Bai, Y., Shao, Y. F., Zhang, L. P., Hu, P. S., & Wei, X. J. (2022). Differences and 

molecular mechanisms of starch and chalkiness quality in different panicles of japonica rice. Journal of 

crops, 48(6), 1425-1436. https://doi.org/10.3724/SP.J.1006.2022.12029 

Zhou, L. J., Jiang, L., Zhai, H. Q., & Wan, J. M. (2009). Research status and improvement strategy of rice 

chalkiness. Heredity, 31, 563-572. https://doi.org/10.3724/SP.J.1005.2009.00563 



http://jps.ccsenet.org Journal of Plant Studies Vol. 12, No. 1; 2023 

11 

 

Zhu, X. T., Hu, R., Chen, D, et al. (2011). Research and improvement strategy of chalkiness in rice. Fujian Rice 

and Wheat Technology, 29(4), 72-78. https://doi.org/10.14088/j.cnki.issn0439-8114.2016.23.003 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 

license (http://creativecommons.org/licenses/by/4.0/). 


