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his article explores the transformative role of epigenetic regulation in plant biology,

moving beyond the traditional view of DNA as a static blueprint. It examines how
environmental triggers—such as drought, salinity, and ozone stress—induce mitotically and
meiotically heritable changes in gene expression without altering the underlying nucleotide
sequence. By discussing key mechanisms like DNA methylation, histone modification, and
RNA interference, the article illustrates how plants utilize a "molecular memory" to achieve
developmental plasticity and rapid adaptation. Through case studies in foxtail millet and rice,
the text highlights how these "epimarks™ can be passed across generations (transgenerational
memory), providing a biological basis for enhanced crop resilience. The article concludes by
emphasizing the potential of epigenetic editing as a sustainable tool for developing climate-
smart crops capable of surviving an increasingly unstable global environment.

Introduction

For decades, the biological world operated under a strict rule: your genes are your destiny.
We believed that the DNA sequence inherited from parents was a fixed blueprint, and any
changes to that blueprint would take thousands of years of evolution to manifest. However, a
silent revolution is occurring in the fields of agriculture and plant physiology. We are
discovering that plants possess a sophisticated "molecular memory" that allows them to adapt
to scorching droughts or toxic pollutants in real-time—and then pass those survival "tips"
down to their seeds. This phenomenon is known as epigenetics. It is the study of heritable
changes in gene expression that do not involve alterations to the underlying DNA sequence.
If DNA is the hardware of a computer, epigenetics is the software that decides which
programs (genes) to run and which to keep closed.

The Ghost of Lamarck: A Scientific Revival

In the early 19th century, Jean-Baptiste Lamarck famously proposed that a giraffe’s neck
grew longer because it stretched to reach high leaves, and this acquired trait was passed to its
offspring. While Darwinism and Mendelian genetics eventually sidelined this "inheritance of
acquired characteristics," epigenetics is bringing a modernized version of Lamarck’s ideas
back to the spotlight. We now know that while a plant’s DNA sequence remains the same, its
epigenome—a set of chemical "on/off" switches—can be reshaped by the environment.
When a plant survives a heatwave, it doesn't just recover; it "tags" its DNA with chemical
markers that act as a memory of the event.

The Molecular Toolkit: How Plants Edit Their Responses
Plants use three primary mechanisms to manage their developmental plasticity and stress
memory:

PRgri grticles ISSN: 2582-9882 Page 281

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O


mailto:shubhabbsr01@gmail.com

parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

Mohanty et al. (2026) Agri Articles, 06(01): 281-283 (JAN-FEB, 2026)

1. DNA Methylation: This is the addition of a methyl group to the DNA molecule, usually
at cytosine bases. Think of it as a molecular "mute” button. When a plant faces stress like
high salinity, it can methylate genes that promote leaf growth to conserve energy for
survival.

2. Histone Modification: DNA is wrapped around proteins called histones. By adding or
removing chemical tags (like acetyl or methyl groups) to these histones, plants can
"tighten™ or "loosen™ the DNA. A loose wrap allows genes to be read easily (activation),
while a tight wrap hides them away (silencing).

3. Small RNAs: These tiny molecules act as a fine-tuning dial for the "volume™ of gene
expression. They can intercept and destroy genetic messages (MRNA) before they are
ever turned into proteins.

Lessons from the Field: Millet and Rice

Recent case studies have provided concrete evidence of how this memory works across
generations.

The Foxtail Millet Experiment

In a 2024 study on foxtail millet, researchers exposed plants (the SO generation) to ozone
stress. They found that the plants didn't just suffer; they underwent widespread DNA
demethylation—essentially "unlocking” certain genes to cope with the toxic air.
Remarkably, when the seeds of these plants (the S1 generation) were grown, they showed
even higher sensitivity and more frequent methylation changes than their parents. The stress
effects were cumulative, meaning the plants were becoming "pre-programmed" for an ozone-
heavy world.

Rice: Remembering the Drought

Similarly, research into rice genotypes revealed a "biological basis™ for resilience. Drought-
tolerant varieties like Sahbhagidhan 1 were found to increase their 5-methylcytosine content
during water shortages. Even when returned to normal water conditions, these "stress-
primed” plants maintained higher methylation levels. They were essentially keeping their
"defense shield" up, ready for the next drought, and passing that shield to their progeny.

Developmental Plasticity: The Flexible Survivor

Plants are stationary; they cannot run away from a shadow or a salty patch of soil. This makes
developmental plasticity—the ability to change physical traits in response to environmental
cues—vital for their survival. Epigenetics allows for a "soft" regulatory layer. For instance,
vernalization is the process where plants “remember" the long cold of winter to ensure they
only flower when the warmth of spring is truly here. A gene called FLC acts as a brake on
flowering. During winter, epigenetic tags are added to this gene to keep the brake "on™ until
the appropriate time. Once spring arrives, the brake is released, and the plant blooms.

The Future: Climate-Smart Crops

The implications of this research for global food security are massive. As climate change
makes weather patterns more unpredictable, we cannot rely solely on the slow pace of
traditional breeding. By using advanced tools like CRISPR/Cas9, scientists can now perform
"epigenetic editing". Instead of changing the DNA sequence—which can be controversial and
difficult—we can precisely target and change the "epimarks". This allows us to "pre-
program" crops to be drought-resistant or salt-tolerant without ever altering their fundamental
genetic code.

Conclusion

Plants are much more than passive organisms; they are dynamic, "intelligent” systems
capable of recording their history within their own cells. Understanding epigenetic regulation
allows us to see how life balances the rigid stability of the genetic code with the flexible
demands of a changing environment. As we unlock the secrets of transgenerational memory,
we move one step closer to a future where our crops are as resilient as the wild ecosystems
they originated from.
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