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High Temperature during Grain Filling in Rice (Oryza sativa L.)
Suriyasak Chetphilin

Abstract

Rice is considered as one of the most important crops for global food consumption,
especially in Asian countries. As the global temperature keeps rising, high temperature has
profound effects on rice production. Therefore, adaptive traits to heat stress might be a way to
improve rice yield and quality toward up-coming global warming. “Transgenerational effects”
show that responses to environmental stresses of parent plants could be transferred to offspring.
These effects are observed in wide range of plant species under various stress conditions as an
adaptive strategy for offspring to accustom to new environment. However, the effects of heat
stress during grain filling on offspring’s growth and development are remained to be studied.
Thus, this study aims to elucidate the transgenerational heat stress effects during grain filling
on offspring growth and development under natural condition.

In this study, we proposed the effects of heat stress during grain filling on rice
development and phenotypic changes. First of all, heat stress causes elevated endogenous ROS
content in developing grains, inducing up-regulations of GA biosynthesis, ABA catabolism
and a-amylase gene expression, resulting in chalkiness occurrence. Application of antioxidant,
DTT, could effectively improve grain quality via reducing endogenous ROS content in grains.

Secondly, seeds developed under high temperature showed significantly delayed
germination rates compared to control. This delay in germination was due to changes in
transcriptional levels of ABA metabolism and a-amylase genes during imbibition. DNA
methylation level analysis revealed that hyper-methylation was observed in target genes, whose
promoters contain CpG island for DNA methylation, causing transcriptional repression.

Next, plants developed from heat stressed seeds showed several phenotypic changes
during vegetative growth under natural condition. Higher tiller number and reduced plant
height during development are strategies for plants to produce more seeds per plants, which is
considered as an adaptation toward stress. This phenomenon benefits human-being as it
produces more seeds under the same condition as control, resulting in higher yield with the
same cost. This suggests a novel and sustainable way of improving crop plant cultivation by
using its own adaptation. It is expected that other plants, starting from cereals, might also have

the same ability which is very interesting for study in the next future.



Although it has been known that environmental cues, especially temperature, could
affect heading dates in rice. In Arabidopsis, maternal temperature could affect offspring’s
flowering date. Yet, how the temperature memory of the previous generation influence heading
date of next generation has not yet well-studied. Here, we found a possibility that heading
related-genes might play an important role in a relationship between transgenerational memory
and current day-length environment for the final phenotypic determination.

Finally, heat stressed plants showed significantly higher thermotolerance during grain
filling under heat stress as up-regulated gene expression of starch biosynthesis genes and higher
photosynthetic rates were observed. This resulted in better grain quality in terms of less
chalkiness occurrence under heat stress.

As our study has suggested many advantageous adaptive traits of rice plants treated
with heat stress during grain filling, it has become an interesting thought that other cereal plants
and also dicot plants might also acquire the similar adaptation. Therefore, we wish that this
study would shed light on other interesting and astonishing research to improve world’s

agricultural production toward global warming in the next future.
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