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Abstract 

 

To elucidate the effect of high temperature on grain filling metabolism, rice developing 

caryopsis was exposed to high temperature during milky stage. Comprehensive gene screening 

by 22K microarray and differential hybridization, and following expression analysis by 

semi-quantitative RT-PCR revealed that several starch synthesis-related genes such as GBSSI, 

BEIIb, and a cytosolic pyruvate orthophosphate dikinase (cyPPDKB), and 13-kD prolamin 

genes were down-regulated by high temperature whereas those for starch-consuming 

α-amylases and HSPs were up-regulated. Biochemical analyses of starch showed that the high 

temperature-ripened grains consisted of decreased content of amylose and long chain-enriched 

amylopectin, which might be attributed to repressed expression of GBSSI and BEIIb, 

respectively. Ripening under high temperature resulted occurrence of grains with chalky 

appearance and decreased weight. The possible metabolic pathways affected by high 

temperature and their relevance to grain chalkiness are discussed. 

 

Media summary 

 

Transcriptome analysis revealed deficiency of starch accumulation in rice grain ripened under 

high temperature. 
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Introduction 

 



High temperature during the grain-filling stage causes deleterious effect on the yield and quality 

of crop product (Peng et al. 2004). For japonica cultivars of rice, temperatures higher than 26°C 

render chalky grain appearance as well as reduction of grain size. Severely chalky rice grains 

are inferior for polishing quality and palatability, thus only achieving low sale prices, which is 

one of the recent problems for Japanese rice-producing farmers. To circumvent quantitative and 

qualitative losses of crop production by forthcoming global warming, studies concerning 

physiological effects of elevated temperature on grain filling are indispensable. In order to 

comprehend the effect of high temperature on the wide rage of grain-filling metabolic steps 

simultaneously, we employed transcriptomic approaches by using DNA microarray. 

 

Methods 

 

Rice ‘Nipponbare’ plants were exposed to 33°C/28°C (high temperature treatment) or 

25°C/20°C (control) from 5 to 20 days after flowering (DAF). During the course of grain filling, 

developing caryopses were sampled for RNA extraction. For microarray analysis, a rice 22-K 

custom oligo DNA microarray kit (Agilent Technologies) was used. The gene expression level 

was confirmed by quantitative RT-PCR analysis. At maturity, appearance quality of brown rice 

was determined by a rice grain image analyzer. Amylose content was measured by an iodine 

colorimetric method (Juliano 1971). Amylopectin branch structure was determined by 

HPAEC-PAD analysis by the method of Nagamine and Komae (1996). 

 

Results 

 

Rice grains ripened under high temperature showed chalky appearance as well as decrease of 

grain weight, which is accompanied by accumulation of immature starch granules in the 

endosperm. The chalky grains contained less amylose and amylopectin enriched with longer 

side chains than the translucent grains ripened under the normal temperature. High temperature 

affected expression of genes involved in starch metabolism, storage protein synthesis, and stress 

responses. Among them, starch synthesis-related genes such as GBSSI, BEIIb, and a cytosolic 

pyruvate orthophosphate dikinase (cyPPDKB), and 13-kD prolamin genes were down-regulated 

by high temperature, whereas those for starch-consuming α-amylases and Heat shock proteins 

(HSPs) were up-regulated. 
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Figure 1. Ratio of expression level for 33°C/28°C to 25°C/20°C during 8-30 DAF of starch 

metabolism-related genes determined by quantitative RT-PCR. 

 

Conclusion 

 

High temperature rendered altered starch composition; decreased content of amylose and long 

chain-enriched amylopectin in the endosperm of grains, which might be attributed to the 

perturbed gene expression, especially repressed expression of GBSSI and BEIIb, respectively. 

For grain chalkiness caused by high temperature, decreased expression of GBSSI, BEIIb and 

cyPPDKB as well as induced expression of α-amylase genes might be involved, since mutation 

of GBSSI, BEIIb and cyPPDKB, and overexpression of amylases has been all reported to result 

in chalky grains (Nishi et al. 2001; Kang et al. 2005; Asatsuma et al. 2006). Further study is 

required to determine specific funtion of the respepective genes for grain filling under high 

temperature. 
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