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Overview

⚫ Environmental stress can damage plant DNA and reduce crop productivity. Plants
use DNA methylation to help maintain genome stability, but different plants do
not always respond in the same way when this system is disrupted.

⚫ Our research discovered that the response to DNA methylation inhibition
depends not only on the CMT3 gene but also on the plant's genetic background.
We further identified AtNSE3 as a candidate gene associated with this difference.

⚫ This work provides new insights into how plants maintain genome stability and
may support the future breeding of crops that are better adapted to
environmental stress.

How Do Plants Protect Their DNA?
A step toward crops that can better 
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Plants are constantly exposed to environmental
stresses such as heat, drought, salinity, and
ultraviolet (UV) radiation. These stresses can
damage DNA and reduce plant growth. Unlike
animals, plants cannot escape from these
environmental challenges, so maintaining genome
stability is essential for their survival.
DNA methylation is an important epigenetic
mechanism that helps regulate gene expression and
maintain genome stability. However, it remains
unclear why different plants respond differently
when DNA methylation is disrupted. This question
inspired our study.

How do plants protect their DNA under environmental stress?

Why do plants carrying the same mutation show different responses?

Although DNA methylation is essential for maintaining 
genome stability, plants carrying the same mutation do 
not always show the same response. In our preliminary 
experiments, we found that Arabidopsis cmt3 mutants 
displayed opposite responses to DNA methylation 
inhibitors depending on their genetic background. To 
understand this difference, we compared two Arabidopsis 
backgrounds (Col-0 and Ler) carrying the same cmt3 
mutation. After treatment with DNA methylation 
inhibitors, we evaluated plant growth, performed genetic 
mapping, and identified candidate genes associated with 
the contrasting phenotypes. Our goal was to determine 
why the same mutation leads to different responses and 
to reveal the genetic factors underlying these differences.

What Did We Discover?

When Arabidopsis plants carrying the cmt3 mutation were
treated with DNA methylation inhibitors, we observed an
unexpected result. Although both mutants lacked the
same gene, they showed completely different responses
depending on their genetic background. Col-0 cmt3 plants
remained healthy and displayed strong resistance,
whereas Ler cmt3 plants were much more sensitive. This
suggested that the CMT3 mutation alone could not fully
explain the phenotype.
To identify the genetic factor responsible for this
difference, we performed classical genetic mapping. By
crossing resistant and sensitive plants, analyzing the F₂
population, and gradually narrowing the candidate
genomic region, we identified AtNSE3 as a strong
candidate gene associated with the sensitive phenotype.
However, our results also indicated that AtNSE3 is not the
whole story. The enhanced resistance observed in the Col-
0 background is likely influenced by additional genes that
remain to be identified. These findings demonstrate that
genetic background can strongly influence how plants
respond to changes in DNA methylation, highlighting the
complexity of plant stress adaptation.

How Can This Research Help Future Crops?

Our study has shown that genetic background plays
an important role in determining how plants
respond to DNA methylation disruption. Although
AtNSE3 was identified as a candidate gene
associated with the sensitive phenotype, our results
suggest that additional genes are likely involved in
the enhanced resistance observed in the Col-0
background.
Future research will focus on identifying these
unknown genetic factors and understanding how
they interact with DNA methylation pathways to
maintain genome stability under environmental
stress. We also hope to uncover how different
genetic backgrounds shape epigenetic regulation
and influence plant adaptation to changing
environments.
By extending these findings from the model plant
Arabidopsis to crop species, this research may
provide new targets for improving stress tolerance
through modern breeding strategies. Ultimately, a
better understanding of the interaction between
genetics and epigenetics will contribute to the
development of more resilient crops and support
sustainable agriculture in the face of climate change.
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