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Abstract 

In many parts of the world, especially sub-Saharan Africa, farmers face tough environmental 

conditions that make cultivation difficult. Issues like unpredictable rainfall, poor soils, high 

temperatures, and salt buildup affect plant growth and reduce yields, adding pressure to already 

strained food systems. Although breeding programs and genetic engineering have improved 

stress tolerance in some crops, they do not fully explain how plants respond quickly to stress or 

pass those responses to the next generation. Recent research highlights epigenetic mechanisms, 

including DNA methylation, histone modifications, chromatin remodeling, and small RNAs, as 

key regulators that help plants adjust gene activity under stress. This review examines how these 

mechanisms influence plant responses to abiotic stress, focusing on stress memory, 

distinguishing between stable and temporary changes, and transgenerational inheritance. It 

draws on peer-reviewed studies from PubMed, Google Scholar, ScienceDirect, and Scopus, using 

targeted search terms related to plant epigenetics and stress adaptation. The review evaluates 

evidence from both model species and crops and considers how tools like epiRILs, 

epimutagenesis, CRISPR-based editing, and epigenome-wide association studies (EWAS) could 

be used in breeding. It also emphasizes the potential for underused crops and low-input farming 

systems. Despite recent progress, many epigenetic responses remain difficult to validate outside 

the laboratory. Efforts should focus on finding practical solutions to meet farmers' needs, 

especially in producing stress-resilient crops. 

Keywords: Epigenetic Regulation, Abiotic Stress, DNA Methylation, Stress Memory, Crop 

Resilience, Epigenome Editing. 

 

 

Introduction 

The harm from abiotic stresses, including droughts, too much salt in the soil, heat waves, 

and poor soil conditions in farming, is as dangerous as the food scarcity found in developing 

countries. As a result of these uncertainties, plant growth slows down and photosynthesis, 

nutrient uptake, and efficient water use are all disrupted (Kul et al., 2021). As a result, 
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farming becomes less productive and regularly puts food security at risk in places frequently 

affected by stress (Arena et al., 2018). With weather and soil conditions more difficult to 

know, these challenges are happening more frequently and intensely (Lesk et al., 2016). It 

has led us to design plants that are capable of living in tough and unpredictable areas. 

(Varshney et al., 2021). This adaptive process is visualized in Figure 1, which outlines the 

progression from stress exposure to genetic and epigenetic responses. 

There is a warning from the Intergovernmental Panel on Climate Change (IPCC, 2022) that 

extreme environmental conditions will likely grow more frequent and severe by the mid-

21st century, especially in tropical and subtropical zones. These regions are projected to 

experience escalating effects of abiotic stress, occurrences that are detrimental to the food 

systems already grappling with limited resilience (Affoh et al., 2022). Salt stress alone 

impacts a significant portion of the world’s irrigated farmland and will continue to limit 

plant resilience in many affected regions (Zörb et al., 2018). Soil nutrient loss is another 

major concern, particularly in some areas of Sub-Saharan Africa and South Asia where land 

degradation is prevalent (Sánchez, 2019). When certain crops like cereals and legumes are 

exposed to hot weather during flowering, the effects may reduce fertilization and result in 

an insufficient number of seeds produced (Zhao et al., 2017).  

Although most biotic stresses are specific to only one crop, abiotic stresses sometimes 

affect various crops all at once, and their effects might add up and become stronger 

(Pandey et al., 2017). Knowing this is now crucial for managing plant stress and improving 

how crops handle stresses (Bailey-Serres et al., 2019). 

Most of the work currently focused on enhancing plant resistance to stress has mainly 

targeted changes at the genetic and molecular levels. In doing so, scholars have discovered 

the roles of DREB, NAC, and WRKY transcription factors, as well as the involvement of 

abscisic acid and MAPK cascades in the plant stress response (Gupta et al., 2020). As part 

of the protein strategy, genes for heat shock proteins, aquaporins, and antioxidant enzymes 

have also been utilized  (Hasanuzzaman et al., 2020). These findings have influenced how 

breeders implement marker-assisted selection and genetic modification methods 

(Varshney et al., 2021). Nevertheless, scientists now recognize that other factors are 

necessary to explain the rapid and instantaneous ways many plants cope with stress 

(Springer & Schmitz, 2017). 

Such a gap in knowledge means epigenetics now acts as an extra level of regulation in plant 

stress biology. Changes in epigenetics do not influence the structure of a plant’s DNA, but 

they can change how genes behave and can be passed to the next generation through 

reproduction in rare cases (Zhang et al., 2018). These mechanisms, which include DNA 

methylation, histone modification, chromatin remodeling, and small non-coding RNAs, 

cause these changes (Lämke & Bäurle, 2017). They help decide how much space DNA takes 

in the cell and activate or inactivate particular genes, helping plants cope with changes in 

their environment (Kumar, 2016). A new study shows that epigenetic regulation helps 

plants respond to stress and allows them to respond better if they are stressed a second 

time (Ashapkin et al., 2020). 
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Various stresses trigger epigenetic changes in plants to decide which genes will be active 

through DNA methylation, leading to the suppression of transposable elements and 

helping control stress-related genes (Zhang et al., 2018). Acetylated or methylated histones 

can restructure the nearby chromatin, influencing how adjacent genes are regulated 

(Sharma et al., 2023).  

Also, chromatin remodeling separates nucleosomes to reveal or hide hidden genes, while 

small RNAs help regulate stress responses by either turning off certain genes or influencing 

DNA methylation effects (Kim et al., 2010). With this system in place, stress-related genes 

in plants can activate or deactivate quickly, without losing the ability to do so again. 

Sometimes, these epigenetic changes are not erased after the stress ends, so the plant 

continues to remember and respond more effectively if the event happens again. 

Researchers call this stress memory because it explains how plants continue using previous 

information about stressful times (Avramova, 2015). The memory for stress management 

stays and lives with them thanks to stable parts of epigenetics such as DNA methylation 

and histone modifications (Crisp et al., 2016). Unlike genetic mutations, these changes do 

not alter the DNA sequence, but they can still influence traits over time, acting as a form of 

non-genetic inheritance (Heard & Martienssen, 2014). Whether these marks are temporary, 

reversible, or long-lasting depends on many factors, and their full role in helping plants 

adapt to abiotic stress is still being studied (Baulcombe & Dean, 2014). 

 

 
Figure 1: Plant stress, vulnerability, genetic intervention, and adaptive recovery. 

Source: Adapted from Kapazoglou et al. ( 2025) 
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Statement of Problem 

Epigenetic regulation has become a crucial layer in plant stress responses, yet its role in 

long-term adaptation remains poorly understood. A key challenge is differentiating short-

term regulatory changes that disappear after stress recovery from those that persist and 

affect the plant’s traits over time. It also remains unclear how some stress-induced 

epigenetic marks evade resetting during reproduction. While transgenerational inheritance 

has been observed, the results are inconsistent and vary depending on species, genotype, 

type of stress, and developmental stage. Most current knowledge comes from studies on 

model plants grown under controlled conditions, with limited evidence from real field 

environments or food crops. Additionally, there is no clear framework yet for how to utilize 

epigenetic markers in crop breeding. This gap continues to hinder the practical application 

of epigenetic tools for developing stress-resilient crops. It remains unclear how these stable 

marks can be translated into indicators that breeders can track and utilize, especially under 

real drought, salinity, or heat stress. Figure 2 illustrates how stress signals can trigger 

epigenetic regulation, leading to adaptive outcomes. 

 

 
Figure 2: Model of stress-induced epigenetic regulation leading to plant adaptation. 

Source: Adapted from Ashapkin et al. (2020). 

 

Objective of the Review 

Objectives of this review include: 

• To examine how DNA methylation, histone modifications, chromatin remodeling, 

and small RNAs regulate plant responses to abiotic stress. 
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• To distinguish between short-term epigenetic responses and longer-term stress 

memory mechanisms. 

• To evaluate the potential for transgenerational inheritance of stress-induced 

epigenetic changes. 

• To explore how epigenetic regulation contributes to plant adaptation and crop 

resilience. 

• To identify key research gaps and challenges in applying epigenetic knowledge to 

breeding and field-level solutions. 

 

Methods 
Peer-reviewed articles were collected to examine how plants regulate gene activity under 

abiotic stress using epigenetic mechanisms. Searches were conducted through databases 

including Google Scholar, PubMed, ScienceDirect, and Scopus, using combined terms such 

as “plant epigenetics,” “abiotic stress,” “DNA methylation,” “histone modifications,” 

“transgenerational inheritance,” and “epigenetic memory.” The search was carried out 

manually without automation tools, and papers were selected based on relevance to the 

molecular processes covered in this review. 

Both original research articles and review papers were included. Review papers helped in 

establishing theoretical frameworks and summarizing existing models, while experimental 

studies were prioritized when describing stress-induced changes in methylation patterns, 

chromatin states, or gene expression under abiotic conditions. The dataset included a mix 

of open-access journals (e.g., PLOS ONE, Plants, IJMS, Frontiers in Plant Science, etc.) and 

subscription-based sources (e.g., Nature Genetics, The Plant Cell, PNAS, and others). Access 

to subscription-based articles was made possible through institutional login or publicly 

shared versions by authors. 

Papers were retained if they presented experimentally supported insights into stress-

induced epigenetic changes, either through methylome analysis, histone mark profiling, 

small RNA studies, or transcriptomic responses linked to chromatin changes. Studies that 

offered evidence of epigenetic persistence, within-generation memory, or inheritance 

through meiosis were especially prioritized. Relevance to food crops, trait expression, or 

environmental resilience guided inclusion, where multiple studies addressed similar 

pathways. 

Over 150 papers were initially considered. After screening for redundancy and clarity of 

evidence, approximately 100 were selected and analyzed in full. Thematic grouping was 

done manually based on the type of mechanism discussed and the species involved. 

Preference was given to studies published after 2015, while earlier foundational works were 

retained when still relevant. Case studies and experimental examples were selected to 

reflect both model plant research and applied outcomes in crops. This review does not 

follow a meta-analytical format but instead applies a structured thematic synthesis that 

links mechanistic knowledge to stress resilience in crops. 
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Discussion 
Regulatory Genes that Govern Abiotic Stress Adaptation 

DNA Methylation: Stress-Responsive Patterns and Functional Targets 

DNA methylation is one of the major epigenetic mechanisms that regulates gene 

expression without altering the underlying DNA sequence. It involves the addition of a 

methyl group to the fifth carbon of cytosine bases and occurs in three sequence contexts: 

CG, CHG, and CHH, where H represents A, T, or C (Zhang et al., 2018). These patterns are 

established and maintained by different enzymes: MET1 preserves CG methylation, CMT3 

maintains CHG methylation, and DRM2 mediates de novo methylation via the RNA-

directed DNA methylation (RdDM) pathway (Law & Jacobsen, 2010). 

Certain regions within the DNA of regulatory elements and transposable elements, which 

affect how genes are expressed, can be affected by changes in DNA methylation triggered 

by abiotic stress conditions (Secco et al., 2015). Under drought, this plant shows both an 

increase and a decrease in methylation at given spots in the genome, mainly near 

transposons and stress regulators (Dowen et al., 2012). 

Through genome-wide analysis, it is apparent that at least 15% of genes that change their 

methylation in drought are near transposable elements, implying a way they may control 

stress-related gene activity (Kim et al., 2012). 

Genes such as RD29A and NCED3, which are involved in the abscisic acid (ABA) signaling 

pathway, exhibit stress-induced changes in promoter methylation that correlate with shifts 

in gene expression (Ding et al., 2013). In Arabidopsis thaliana, drought triggers both gains 

and losses of promoter methylation. In contrast, Oryza sativa shows a more consistent 

pattern of promoter hypermethylation under drought and salt stress, pointing to species-

specific differences in methylation-mediated stress regulation (Dowen et al., 2012). 

Salt stress in Oryza sativa causes more methylation in the promoter regions of ion 

transporter genes, including OsHKT1;5, which manages salt transport into plant shoots 

(Yun et al., 2024). Thanks to a change in epigenetic patterns, plants can tolerate more salt 

and their leaves have less sodium (Wang et al., 2016). There is evidence from bisulfite 

sequencing that methylation changes also occur in non-coding intergenic regions, which 

suggests their involvement in more than just the coding genes (Ferreira et al., 2015). The 

process involves an immediate burst of gene activity and then long-lasting methylation 

holds in place the genes important for coping with stress (Yin et al., 2024). This means that 

DNA methylation seems to control gene activity both immediately and long after a stress 

event in rice (Zhang et al., 2018). 

As a result of heat stress, there is less methylation in the Euchromatin region, which causes 

chromatin to open up and makes it quicker for stress-related genes to turn on (Liu et al., 

2020). In response to cold temperatures, the methylation in transposable elements and 

surrounding regulatory parts increases, which can help control their activeness and the 

stability of the genome through low energy use (Ramakrishnan et al., 2022). Not all 

methylation events silence genes; in some cases, they promote expression by blocking 
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small RNA-mediated silencing or stabilizing chromatin structures like enhancer-promoter 

loops (Zhang et al., 2018). 

A key question in plant epigenetics is the reversibility of stress-induced DNA methylation. 

While many methylation changes are transient and return to baseline after stress recovery, 

others remain stable through mitotic divisions, suggesting within-generation stress 

memory (Wibowo et al., 2016). Evidence for transgenerational inheritance of such marks is 

also growing. Studies in Arabidopsis thaliana, Zea mays, and Oryza sativa show that some 

stress-induced methylation profiles can persist through meiosis and be passed to progeny, 

sometimes correlating with improved tolerance to drought, salinity, or heat (Crisp et al., 

2016; Zheng et al., 2017). These effects, however, are not universal. The stability and 

inheritance of methylation marks depend on genotype, developmental stage, and tissue-

specific patterns, indicating that epigenetic memory is conditional rather than 

deterministic (Heard & Martienssen, 2014). 

Another significant limitation in the study of plant epigenetics is the challenge of linking 

large-scale methylation changes to observable phenotypic outcomes. While high-

resolution methylome maps have become increasingly accessible, the functional 

interpretation of many stress-induced methylation events remains ambiguous, especially 

those occurring in intergenic regions or transposable element (TE)-rich domains, where 

regulatory roles are often indirect or poorly understood (Zhang et al., 2018; Eichten et al., 

2014). Furthermore, a persistent causality dilemma complicates analysis: it is frequently 

unclear whether methylation changes serve as primary regulators of gene expression or 

whether they are downstream consequences of transcriptional shifts triggered by other 

regulatory pathways (Kawakatsu & Ecker, 2019). 

The role of stress-induced methylation changes remains uncertain without direct evidence 

linking them to gene expression and plant traits. Future research should combine 

methylome, transcriptome, and phenotypic data under both controlled and field conditions 

to clarify how specific epigenetic states influence gene regulation and plant performance. 

A key priority is the functional validation of candidate loci, potentially through 

CRISPR/dCas9-based epigenetic editing, to assess whether particular methylation marks 

contribute to stress adaptation (Gallego‐Bartolomé, 2020). Distinguishing between 

adaptive, neutral, and maladaptive epigenetic responses under variable stress 

combinations will be critical for applying these insights in breeding and crop improvement 

strategies. 

 

Histone Modifications and Chromatin Remodeling in Stress Tolerance 

Histone modifications form an important epigenetic layer that shapes gene expression in 

plants under abiotic stress. These chemical changes affect chromatin structure and gene 

accessibility without altering the DNA sequence. Key modifications include H3K4me3, 

H3K27me3, H3K9ac, and H3K9me2. H3K4me3 is linked to gene activation, while H3K27me3 

is associated with stable repression (Nunez-Vazquez et al., 2022). Acetylation at H3K9 

(H3K9ac) relaxes chromatin to support transcription, while dimethylation at the same site 

(H3K9me2) promotes heterochromatin formation and gene silencing (Wang et al., 2024). 
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These marks are involved in chromatin-level control of gene activity during stress and often 

interact with DNA methylation and nucleosome remodeling (Luo et al., 2012). 

The enzymes that regulate these marks include histone acetyltransferases (HATs), 

deacetylases (HDACs), and methyltransferases (HMTs) (Wang et al., 2024). Under stress 

conditions such as drought, salinity, or extreme temperatures, these enzymes adjust 

chromatin states across the genome (Nunez-Vazquez et al., 2022). For instance, salinity 

stress increases H3K4me3 and reduces H3K27me3 at certain genes, boosting their 

expression (Nunez-Vazquez et al., 2022). In Arabidopsis thaliana, the demethylase REF6 

removes H3K27me3 marks under heat stress to activate thermotolerance genes (Cui et al., 

2016). HDA6, a histone deacetylase, modulates H3K9ac levels to regulate ABA-responsive 

genes under salt and drought stress (Chen et al., 2010). 

During times of stress, SWI/SNF family chromatin remodeling complexes are very 

important for gene regulation. OsCHR4 from Oryza sativa, a type of SWI/SNF ATPase 

protein, plays a part in salt and cold tolerance by arranging the nucleosomes at stress-

related genes (Zhao et al., 2020). To manage access to DNA, these complexes move 

nucleosomes and frequently join with histone changes and DNA methylation to control the 

amount of transcription caused by environmental challenges (Clapier et al., 2017; Guo et al., 

2019). Figure 3 illustrates that histone modifications and changes in chromatin structure 

cooperate with DNA methylation to oversee the way genes involved in stress are expressed. 

Despite new research on epigenetics linked to stress, some important details are yet to be 

found. Experts are still unsure exactly how histone marks and DNA methylation 

communicate together, especially during times of persisting stress (Chang et al., 2020). 

Researchers still do not know the complex nature of all these modifications in different 

tissues, and solid studies showing their effect on non-model crops are few.  
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Figure 3: Overview of DNA Methylation and Histone Modification in Plant Abiotic Stress 

Response 

Source:  Adapted from Nunez-Vazquez et al. 2022 

 

Small RNAs and RNA-Directed DNA Methylation (RdDM) 

Small interfering RNAs (siRNAs) and microRNAs (miRNAs) among sRNAs are vital for how 

plants respond to different types of stress. The molecules achieve an exact shutdown of 

genes triggered by different environmental influences and conditions. In plants, they also 

take part in the complicated RNA-dependent DNA methylation pathway (RdDM) that leads 

to silencing of certain genes (Zhang et al., 2018). 

By cutting double-stranded RNAs, DICER-like (DCL) proteins generate small interfering 

RNAs (siRNAs). These siRNAs are then loaded onto ARGONAUTE (AGO) proteins and guide 

DNA methylation of homologous DNA regions through the RNA-directed DNA methylation 

(RdDM) pathway (Matzke & Mosher, 2014). The system is important for preventing the 

action of transposable elements (TEs) and stress-responsive genes under non-living 

conditions such as drought, salinity, and excessive temperatures (Zhang et al., 2018). The 

main components of RdDM, such as RNA Polymerase IV and V, RDR2, DCL3, and DRM2, 

work together to maintain chromatin silencing and genome stability during stress (Borges 

& Martienssen, 2015). 

Most miRNAs are 21-nucleotide units that reduce the expression of genes by either 

destroying target mRNAs or keeping them from being translated (Sunkar et al., 2012). 

Experts have found that several miRNAs can respond to stress in plants. A good example is 

miR393, which focuses on genes needed for sensing auxin and is triggered by high salt or 

water deprivation to mediate plant growth and hormones (Navarro et al., 2006). Similarly, 

miR398 downregulates Cu/Zn-superoxide dismutase (CSD) genes under oxidative stress, 
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fine-tuning the plant's antioxidant defense system (Sunkar et al., 2006). These miRNAs help 

balance energy and stress-response trade-offs in fluctuating environments (Khraiwesh et 

al., 2012). 

While the roles of siRNAs and miRNAs in stress adaptation are increasingly evident, key 

challenges remain. There is limited understanding of how tissue-specific sRNA expression 

contributes to localized stress tolerance (Bartel, 2004). Moreover, the long-term 

persistence and heritability of sRNA-mediated silencing under repeated or prolonged stress 

are not well established (Bond & Baulcombe, 2014). Emerging evidence suggests that 

certain sRNAs may be mobile, moving between tissues to coordinate systemic responses, 

but the biological relevance and regulatory controls of such mobility are not yet fully 

understood (Kehr & Buhtz, 2007). 

To effectively harness small RNA pathways for crop improvement, future research should 

prioritize multi-omics integration and detailed spatio-temporal profiling, especially under 

field conditions and across genetically diverse cultivars (Xie, 2009). Figure 4 provides an 

integrated model of how different epigenetic mechanisms, including sRNAs, contribute to 

short- and long-term stress adaptation. 

 

 
Figure 4:  Conceptual model of epigenetic regulation in plant stress responses. 

Source: Adapted from Abdulraheem et al., 2024 

 

The figure illustrates a layered response to stress, beginning with recognition of abiotic and 

biotic stressors, followed by signal transduction and epigenetic variation. Three 

downstream outcomes of gene expression changes are depicted: short-term responses 
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supporting immediate survival, longer-term adjustments enabling individual adaptation, 

and stable, heritable changes that contribute to population-level adaptation.  

 

Epigenetic Reversibility and Persistence 

Transient vs. Stable Epigenetic Marks 

Epigenetic marks in plants show varying levels of stability in response to abiotic stress. 

Some, like histone acetylation marks (e.g., H3K9ac), are short-lived and quickly induced by 

stress, allowing chromatin relaxation and rapid gene activation (Kim et al., 2015; Charron et 

al., 2009). Others, such as CG-context DNA methylation maintained by MET1, and histone 

trimethylation marks like H3K27me3, are more stable and linked to long-term gene 

silencing beyond the initial stress period (Zhang et al., 2006; Law & Jacobsen, 2010). 

Repeated or prolonged stress can reinforce these stable marks, forming within-generation 

stress memory. In Arabidopsis thaliana, drought induces persistent hypomethylation at the 

RD29A promoter, a key gene in the ABA pathway, resulting in stronger gene activation 

during later stress (Kim, To, Ishida, et al., 2012). This process, known as “priming,” shows 

how earlier stress can leave a molecular imprint that shapes future responses without 

altering the DNA sequence (Crisp et al., 2016). 

The stability of stress-induced epigenetic modifications in plants is influenced by factors 

such as genotype, developmental stage, and tissue specificity. At stages like when seeds 

germinate or meristems form, active mechanisms of DNA remover (ROS1) and histone 

remover (REF6) show that epigenetic reprogramming is controlled, not just something that 

occurs by chance (Sheldon et al., 2008; Qian et al., 2012; Cui et al., 2016). 

It is still unclear if persistent epigenetic marks help or hurt our survival when facing future 

stresses. Certain research shows that retained marks could increase the body’s readiness to 

meet repeated stressors, but other studies believe they simply reflect the remains of old 

chromatin patterns. 

 

Priming and Acquired Stress Tolerance 

Research has found that plants can store memories of past environmental events, which is 

called priming (Crisp et al., 2016). Having undergone priming means that organisms will 

respond more strongly next time they face the same stressor, even if the response is not 

genetic (Hilker et al., 2015). Sessile organisms such as plants need this ability since they 

have to react to continual changes in their surroundings (Bruce et al., 2007). 

Epigenetic changes take place at the molecular level during priming, shaping chromatin so 

genes can be turned on or off without modifying the DNA sequence (as Conrath explained 

in 2011). Part of the primed state involves reorganizing some chromatin into regions that 

remain dormant until stress occurs but are poised for rapid activation when stress 

reappears. These regions are often marked by both activating histone marks (e.g., 

H3K4me3) and repressive marks (e.g., H3K27me3), a bivalent pattern that preserves 

regulatory flexibility (Lämke & Bäurle, 2017). This dual marking encodes molecular memory 

at stress-responsive genes, enabling quicker and more efficient transcriptional responses 

upon re-exposure to similar stress (Ding et al., 2012). 
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After being slightly exposed to cold or slight dehydration, Arabidopsis thaliana promptly 

reactivates the expression of stress genes RD29A and COR15A, a well-known case of plant 

transcriptional memory (Ding et al., 2012). The process is faster and the effects are stronger 

in these genes when the stress is repeated than during the first time they were triggered. 

This represents a state brought about by previous stress, so that molecules left by the stress 

act quickly to promote new genes being turned on (Lämke & Bäurle, 2017). 

Aside from histones, priming may also affect DNA by reducing methylation levels, which 

leads to the production of more small RNAs. Because of these tissue marks, cells can react 

sharply and better when they face another stressful event (Crisp et al., 2016). In many cases, 

these imprints remain through mitotic divisions, supporting within-generation memory and 

allowing plants to respond more quickly and effectively to repeated stress (Luna et al., 

2011). 

Stimulated plants typically produce more antioxidants, greater levels of osmoprotectants, 

and lower salts in their tissues, depending on the stress that affects the species (Fàbregas 

et al., 2018). Because of this, priming helps prevent more cellular injury and increases the 

chances of survival, all at a lower energy cost and without the need for constant protection 

(Sharma et al., 2022). 

Even though priming can help plants cope with stress better, exactly how chromatin 

alterations and small RNAs are involved is not fully known (Bäurle & Trindade, 2020). How 

stable and effective primed states are depends on the type of tissue, how far along 

development is, the environment, and the plant’s genotype (Hilker & Schmülling, 2019). 

Further research is needed to define the biological conditions that support priming, assess 

its consistency across species, and develop strategies for incorporating it into breeding and 

practical stress management in the field (Springer & Schmitz, 2017). 

 

Stress-Type-Specific Epigenetic Dynamics 

Different types of abiotic stress trigger distinct epigenetic changes in plants. Drought often 

causes locus-specific DNA hypomethylation in regulatory regions of stress-related genes 

like RD29A and NCED3, increasing their expression (Kim, To, & Seki, 2012). In contrast, 

salinity tends to cause promoter hypermethylation of genes involved in ion regulation, such 

as OsHKT1;5 in rice, potentially reducing expression to prevent sodium buildup (Zhang et 

al., 2018). Heat stress is commonly linked to a widespread decrease in CHH methylation and 

increased H3K9ac histone acetylation, especially in euchromatic regions. These changes 

loosen chromatin and support rapid activation of heat-responsive genes (Sadler et al., 

2016). 

Epigenetic changes induced by various stresses can be either stable or reversible in different 

ways. After drought stress subsides, these changes often persist, creating a type of within-

generation memory (Sani et al., 2013). Unlike other varieties, heat marks typically disappear 

fairly quickly when the stress is relieved (Kim, To, & Seki, 2012). The aftermath of salinity 

stress may not be easily resolved, and some alterations remain long after the stress has 

ended (Chinnusamy & Zhu, 2009). Certain traits related to environmental stress can also 
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influence how a plant removes or rearranges these changes in chromatin (Kinoshita & Seki, 

2014). 

Studies indicate that each abiotic stress leads to different epigenetic responses in plants. 

They do not use a single approach, but target certain chromatin and DNA methylation that 

depend on the kind and strength of the stress (Lämke & Bäurle, 2017). 

 

Evidence Across Model and Crop Systems 

Research in model species and crop plants shows that abiotic stress can trigger epigenetic 

changes that may be inherited across generations. In Arabidopsis thaliana, stress-induced 

DNA methylation changes, particularly in transposable elements and promoter regions of 

stress-responsive genes, have been observed to persist even when subsequent generations 

are not exposed to stress (Wibowo et al., 2016). Offspring of drought-treated plants often 

carry distinct methylation patterns at loci involved in abscisic acid signaling and 

dehydration tolerance, which may contribute to improved resilience under non-stress 

conditions (Crisp et al., 2016; Secco et al., 2015). 

In maize (Zea mays), a genetically diverse and widely cultivated crop, abiotic stresses such 

as drought and heat stress can induce heritable epigenetic modifications that influence key 

agronomic traits. These stresses lead to stable changes in DNA methylation and histone 

modifications at stress-responsive loci, particularly near transposable elements and small 

RNA clusters (Wang et al., 2016). Some of these epigenetic changes persist across 

generations without further stress exposure, indicating transgenerational epigenetic 

inheritance (Li et al., 2012).  Such inheritance patterns have been linked to altered 

phenotypes in progeny, including shifts in flowering time, enhanced root system plasticity, 

and improved biomass production, traits that confer increased resilience to environmental 

fluctuations (Eichten et al., 2014). 

Not all epigenetic modifications exhibit equal persistence across generations. DNA 

methylation changes in the CG context are often stably inherited, whereas non-CG 

methylation forms, such as CHH methylation, along with histone acetylation marks, are 

typically reset during gametogenesis or early embryonic development (Calarco et al., 2012; 

Martienssen et al., 2008). This differential retention reflects a selective regulatory 

mechanism that allows for the inheritance of stress-adaptive traits while minimizing the 

risk of perpetuating potentially deleterious stress-induced epigenetic states. 

These findings demonstrate that both model plants and crop species can exhibit 

transgenerational inheritance of stress-induced epigenetic modifications. However, the 

stability of these marks, their phenotypic effects, and the molecular mechanisms governing 

their transmission vary substantially across species and stress types (Heard & Martienssen, 

2014; Hauser et al., 2011). Investigating these dynamics under both controlled and field 

conditions is essential to determine the consistency, adaptive value, and applicability of 

epigenetic memory in crop improvement (Springer & Schmitz, 2017). 
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Table 1: Summary of Transgenerational Epigenetic Responses to Abiotic Stress in Model 

and Crop Plants 

Species Type of Epigenetic Change Inheritance Outcome 

Arabidopsis 

thaliana 

DNA methylation at TEs and stress-

responsive gene promoters 

Enhanced drought tolerance in 

progeny 

Oryza sativa  DNA methylation (CG, CHG); histone 

modifications 

Improved salt tolerance and 

phosphorus uptake 

Zea mays  DNA/histone methylation; small 

RNAs at TEs 

Heritable changes in flowering, root 

traits 

 

Mechanisms Supporting Inheritance 

Germline Integrity of Epigenetic Marks 

In plants, the germline arises from somatic cells during late development, allowing stress-

induced epigenetic modifications to be transmitted to the next generation (Heard & 

Martienssen, 2014). Unlike in animals, DNA methylation marks in plants are not fully erased 

during gametogenesis, allowing certain modifications, particularly those in the CG context, 

to persist across generations (Li et al., 2024; Zilberman et al., 2006). This epigenetic stability 

plays a key role in maintaining gene expression patterns and silencing transposable 

elements, thereby safeguarding genome integrity in the offspring (Slotkin & Martienssen, 

2007). 

 Case Study: Epigenetic Modulation of OsHKT1;5 in Rice under Salt Stress 

OsHKT1;5 is found in rice (Oryza sativa) plants and helps the plant tolerate salinity by 

moving excess Na⁺ from its water xylem to the roots. It avoids a build-up of harmful ions 

in the shoots and controls the overall balance of ions during salt stress. Epigenetic 

analysis reveals that the mouth region of OsHKT1;5 is methylated differently in salt-

resistant compared with salt-sensitive varieties of rice. In sensitive cultivars, a rise in CG 

and CHG methylation in their DNA lowers the amount of gene expression, resulting in 

lower ability to keep salt out of the cells and more injury from it. On the other hand, plants 

with tolerant genotypes have less methylation and thus can produce more OsHKT1;5 for 

superior stress tolerance. 

Using both methylome and transcriptome analyses, some researchers (like Wang et al., 

2016) have found that the differences in methylation are related to changes in leaf 

sodium, shoot growth, and stress response in the plants. Some altered epigenetic 

markers here are not reset after the stress is over, supporting the possibility that they 

help an organism withstand future stress. 

This case illustrates how epigenetic regulation at a single gene can modulate stress 

responses in a trait-relevant way. As such, OsHKT1;5 and its methylation profile represent 

a promising target for epigenome-assisted breeding or targeted editing aimed at 

improving salt tolerance in rice. 
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Small RNA-Mediated Inheritance Pathways 

Small RNAs (sRNAs), including small interfering RNAs (siRNAs) and microRNAs (miRNAs), 

are very important as they guide and maintain epigenetic states across generations (Matzke 

et al., 2015). In plants, the RNA-directed DNA methylation (RdDM) pathway utilizes 24-

nucleotide siRNAs to direct de novo DNA methylation at specific genomic loci, leading to 

transcriptional gene silencing (Calarco et al., 2012). These sRNAs move between cells and 

help silence transposable elements and regulate gene expression during development 

(Slotkin & Martienssen, 2007). sRNAs produced in companion cells can also be transported 

to gametes, contributing to the transmission of epigenetic information (Martienssen & 

Moazed, 2015). 

 

Escape from Epigenetic Reprogramming 

Although plants undergo epigenetic reprogramming during reproduction, it is less 

extensive than in animals (Calarco et al., 2012). Some loci, particularly those near 

transposable elements and imprinted genes, are not reset and retain their epigenetic marks 

across generations (Slotkin & Martienssen, 2007). This selective retention is reinforced by 

small RNAs and the RNA-directed DNA methylation (RdDM) pathway, which maintains 

methylation patterns during gametogenesis and embryogenesis (Martienssen & Moazed, 

2015). As a result, stress-responsive epigenetic modifications can be stably inherited 

without altering the DNA sequence (Heard & Martienssen, 2014). 

Table 2. Summary of Key Epigenetic Findings in Plant Abiotic Stress Response and Crop 

Resilience: A Critical Synthesis of Reviewed Literature 

To synthesize the breadth of current research across plant species and stress conditions, 

Table 2 presents a critical comparative summary of key studies investigating epigenetic 

responses to abiotic stress. It highlights the underlying mechanisms, the presence or 

absence of heritable stress memory, and the potential applications of these findings in the 

context of crop improvement 
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Table 2. Summary of Key Epigenetic Findings in Plant Abiotic Stress Response and Crop 

Resilience: A Critical Synthesis of Reviewed Literature 

Study / 

Source 

Plant Species 

/ System 

Abiotic Stress 

Type 

Epigenetic 

Mechanism 

Critical Findings Evidence of Memory or 

Inheritance 

Context & 

Relevance to Crop 

Improvement 

Wibowo et 

al. (2016) 

Arabidopsis 

thaliana 

Drought, osmotic 

stress 

DNA methylation Identified stress-

specific 

hypomethylation 

sites that persisted 

through mitotic 

divisions but were 

restricted in the male 

germline. 

Somatic memory 

confirmed; inheritance 

constrained to specific 

genomic loci. 

Demonstrates the 

importance of 

locus-specific 

methylation 

plasticity in 

adapting to 

recurring stress; 

implications for 

within-generation 

priming. 

Zheng et al. 

(2017) 

Oryza sativa 

(rice) 

Drought (multi-

generation) 

DNA methylation Persistent DMRs 

observed after 

repeated drought 

exposure, linked to 

phenotypic 

improvements in 

offspring. 

Transgenerational 

inheritance is confirmed 

across multiple 

generations. 

Validates 

epimutagenesis as 

a breeding strategy 

for drought 

resilience in rice. 

Ding et al. 

(2013); Crisp 

et al. (2016) 

Arabidopsis 

thaliana 

Dehydration Histone 

modifications, 

DNA methylation 

Classified four types 

of dehydration 

memory genes based 

on transcriptional 

reactivation patterns. 

Stable chromatin marks 

at stress-responsive loci 

suggest memory within 

the somatic lineage. 

Offers a functional 

classification model 

useful for 

predicting gene 

reactivation 

potential. 

Zhang et al. 

(2018); Yin 

et al. (2024) 

Oryza sativa Salt, drought DNA methylation 

(temporal 

dynamics) 

Defined biphasic 

epigenetic response: 

early activation of 

genes followed by 

stable methylation to 

sustain adaptive 

expression. 

Suggests stress memory 

with both transient and 

persistent phases. 

Useful for 

designing temporal 

gene regulation 

systems in crops 

with complex stress 

profiles. 

Cui et al. 

(2016) 

Arabidopsis 

thaliana 

Heat Histone 

modification 

(H3K27me3 

demethylation via 

REF6) 

REF6 removes 

repressive marks at 

thermotolerance loci 

to activate gene 

expression rapidly. 

Memory not tested 

transgenerationally, but 

mitotic stability implied. 

Highlights the role 

of demethylases as 

potential targets 

for thermal 

resilience. 

Guo et al. 

(2019); Zhao 

et al. (2020) 

Oryza sativa Salt, cold Chromatin 

remodeling 

(SWI/SNF ATPase 

OsCHR4) 

SWI/SNF chromatin 

remodelers modulate 

nucleosome 

positioning, 

influencing stress 

gene accessibility. 

No direct inheritance 

tested; impact is 

somatic. 

Promotes 

understanding of 

non-sequence-

based regulation of 

stress gene 

networks. 
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Sani et al. 

(2013) 

Arabidopsis 

thaliana 

Salt (hyperosmotic 

priming) 

DNA methylation, 

histone 

modification 

Established that 

osmotic stress 

priming induces 

durable chromatin 

changes and 

transcriptional 

memory. 

Epigenetic memory 

persisted across multiple 

cell divisions. 

Model for 

developing primed 

crop lines without 

transgenic 

interventions. 

Wang et al. 

(2016) 

Oryza sativa Drought Whole-genome 

methylome 

profiling 

Over 15% of drought-

induced DMRs 

occurred near 

transposable 

elements and 

correlated with 

adaptive gene 

regulation. 

Mixed: some marks 

reset, others persisted. 

Points to the utility 

of TE-adjacent 

epialleles in 

breeding resilient 

rice varieties. 

Quadrana & 

Colot 

(2016); 

Johannes et 

al. (2009) 

Arabidopsis 

epiRILs 

Developmental & 

stress responses 

Stable epialleles 

from ddm1 

mutants 

Epialleles regulate 

complex traits (e.g., 

flowering time, 

pathogen resistance) 

independent of 

sequence variation. 

Epigenetic differences 

stably inherited across 

generations. 

Provides a 

foundation for 

epigenetic 

selection tools in 

breeding pipelines. 

Navarro et 

al. (2006); 

Sunkar et al. 

(2006) 

Arabidopsis 

thaliana 

Salt, oxidative 

stress 

miRNAs (miR393, 

miR398) 

miRNAs fine-tune 

auxin signaling and 

antioxidant defense 

under stress. 

Short-term regulation; 

inheritance not 

documented. 

Useful for rapid 

stress mitigation; 

combinable with 

long-term 

epigenetic 

strategies. 

Zhang et al. 

(2020) 

Tomato, 

Arabidopsis 

General 

developmental & 

stress 

Stable natural 

epialleles 

Identified stable, 

naturally occurring 

epialleles impacting 

fruit ripening and 

stress response. 

Yes, shown to segregate 

independently of DNA 

mutations. 

Promotes non-

GMO trait 

development via 

epiallele-based 

selection. 

Secco et al. 

(2015) 

Oryza sativa Phosphate 

starvation 

DNA methylation Stress-induced 

transcription drives 

temporary 

methylation changes 

near repetitive 

elements. 

Transient changes 

reversed after stress. 

Supports the 

concept of dynamic 

methylation marks 

tuned to 

environmental 

cycles. 

Kim et al. 

(2012); Kim 

et al. (2015) 

Arabidopsis 

thaliana 

Heat, drought, and 

salinity 

Chromatin, 

histone, 

methylation 

Recovery from stress 

involves resetting of 

chromatin status, 

with poised states 

retained for rapid 

reactivation. 

Partially retained 

chromatin states suggest 

preparatory memory. 

Informs the 

development of 

“stress-ready” crop 

cultivars. 
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Incorporating Epigenetic Variation into Crop Breeding 

Although there is more proof that epigenetic traits influence plant growth and survival 

under harsh conditions, these traits are not widely used in traditional plant breeding 

(Varotto et al., 2020). This situation mostly stems from worries about how stable and 

inheritable epigenetic marks are (Quadrana & Colot, 2016). Since epigenetic changes such 

as DNA methylation can be reversed and affected by external stressors, it is less certain how 

they will be passed down through generations (Springer & Schmitz, 2017). 

The use of epigenetics in molecular breeding is limited, according to He et al. (2010), 

because the necessary platforms are still expensive and slow. Various technologies exist, 

but because they need a lot of effort and advanced bioinformatics tools, most of them are 

not practical in normal crop breeding activities (Kawakatsu & Ecker, 2019). Also, it is still 

difficult to distinguish functional changes from those that are merely noise or biologically 

irrelevant in epigenetic analysis. 

Nonetheless, recent studies have shown the potential of epigenetic variation to improve 

complex traits and enhance stress resilience in crops (Springer & Schmitz, 2017). Persistent 

stress-induced modifications, including epigenetic memory, indicate that prior exposure 

can prime plants for stronger responses to recurring stress (Lämke & Bäurle, 2017). Stable 

epialleles affecting traits such as flowering time, biomass accumulation, and grain quality 

have been identified in several major crops, providing concrete targets for selection in 

breeding programs (Quadrana & Colot, 2016). 

Integrating epigenetic information into breeding strategies will require revised frameworks 

for trait evaluation and selection (Pratap et al., 2019). This involves identifying stable 

epigenetic markers that correlate with target phenotypes and show reliable inheritance 

patterns (Gallusci et al., 2016).  

 

Available Tools and Technologies 

Recent technological advances have expanded the ability to study and manipulate 

epigenetic regulation in plants. Among these, epigenetic recombinant inbred lines (epiRILs) 

have become a key tool for investigating heritable epigenetic variation. EpiRILs are created 

by crossing wild-type plants with mutants lacking DNA methylation machinery, such as 

met1 or ddm1 (Johannes et al., 2009). These lines share nearly identical genetic 

backgrounds but carry stable, segregating epigenetic differences. In Arabidopsis thaliana, 

epiRIL studies have identified epialleles that affect traits like flowering time, biomass 

accumulation, and pathogen resistance, demonstrating the phenotypic effects of 

epigenetic variation independent of DNA sequence changes (Cortijo et al., 2014). Similar 

strategies have been applied to tomato and rice, where epiRIL-like populations are being 

explored for traits such as fruit ripening and drought resilience (Zhang et al., 2020; 

Quadrana & Colot, 2016). 

Complementary to epiRILs is the method of epi mutagenesis, which artificially induces 

epigenetic alterations through chemical treatments or targeted disruption of epigenetic 

regulators (Springer & Schmitz, 2017). These approaches can generate novel heritable 
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epialleles and reveal cryptic variation that may otherwise be overlooked in traditional 

breeding pipelines (Li et al., 2014). For example, treatment with 5-azacytidine has been 

used in crops like sorghum and barley to reduce DNA methylation and uncover hidden 

phenotypic plasticity (Wang et al., 2009). 

New CRISPR-based editing technologies have greatly changed the way plant genomics is 

studied (Gallego-Bartolomé et al. 2019). When attached to epigenetic enzymes, 

catalytically inactive dCas9 allows the location-specific addition or removal of epigenetic 

alterations, not DNA alterations. Thanks to this kind of manipulation, researchers can learn 

a lot about how regulators function and may help improve agricultural products by making 

controlled, reversible changes to epigenetics (Papikian et al., 2019). So far, both rice and 

maize have shown promise in research with dCas9, which can influence the timing of 

flowers and how genes are controlled by stress (Zhang et al., 2018). 

Besides, more research groups are using epigenome-wide association studies (EWAS) to 

measure the links between traits and changes in epigenetic features such as cytosine 

methylation and histone modifications among various populations or breeding groups 

(Kawakatsu et al., 2016). If used together with high-throughput phenotyping and genomics, 

EWAS makes it possible to find epigenetic markers valuable for marker-assisted selection 

(Meng et al., 2016). Researchers make efficient use of MethGo, EPIC, and Integrative 

Genomics Viewer (IGV) to support their analysis and understanding of large-scale 

epigenomic datasets (Liao et al., 2015). 

 

Application to Underutilized and Resilient Crops 

Although epigenetic research has mainly been done on important crops, looking into 

epigenetics in understudied plants could have a big impact on the robustness of agriculture 

and the world’s food supply (Gallusci et al., 2016). Many stressed ecotypes and landraces 

grown in difficult conditions have special properties formed by genetics and epigenetics 

(Varshney et al., 2017). Because of these crops, plants can have more epigenetic diversity, 

which helps them deal with drought, heat, and salinity (Springer & Schmitz, 2017). 

Collecting detailed epigenomics data for millet, teff, pigeon pea, or fonio could play a big 

role in quickening their inclusion in breeding activities. If we explored DNA methylation, 

histone modifications, and RNA profiles in these species under various conditions, this 

would allow us to see additional, hidden, adaptive differences and their regulatory 

mechanisms (Zhang et al., 2018). 

In situations where there are few inputs and the environment is always changing in 

agroecological systems, epigenetics is very important. Local adaptation is helped by 

epigenetics, which allows adjustments in a trait without changing the genes themselves 

(Richards et al., 2017). A focus on traditional farming and native crop plants may help detect 

local epigenetic reactions, which can lead to the development of a sustainable type of 

agriculture that thrives with biodiversity and relies little on chemicals (Latzel et al., 2016). 
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Translating Epigenetic Insights from Model Plants to Crops: Barriers and Opportunities 

Although studies on Arabidopsis thaliana and Oryza sativa provide valuable insights into 

epigenetic regulation under abiotic stress (Pandey et al., 2016; Zhang et al., 2018), applying 

this knowledge to new types of crops remains challenging. Using findings from models in 

breeding programs is difficult because of a number of biological and translational hurdles. 

The genome of several staple crops is one of the main challenges to growing them. In wheat 

(Triticum aestivum) and similar polyploid species, the presence of multiple homologs of 

chromosomes makes epigenetic effects harder to see or for them to affect gene expression 

(Kumar & Raju, 2021). Because of polyploidy, detecting these stress-induced epialleles 

becomes more challenging, which also makes epigenetic approaches unreliable. 

Another challenge is the instability of stress-induced epigenetic marks under field 

conditions. While mitotic and even transgenerational memory have been demonstrated in 

controlled environments  (Lämke & Bäurle, 2017), fluctuating abiotic stress, soil 

heterogeneity, and microbial interactions in the field often disrupt or reverse these marks. 

This limits the predictability and scalability of lab-based epigenetic strategies when applied 

in real-world agricultural systems. 

A third barrier is the lack of comprehensive epigenomic data for underutilized crops. Many 

resilient species cultivated in low-input or marginal environments remain underexplored at 

the epigenetic level (da Costa et al., 2024). These crops may harbor valuable stress-

responsive epialleles, yet few resources exist for methylome or chromatin profiling in these 

systems. Without such data, extending epigenetic breeding strategies beyond major crops 

is difficult. 

Overcoming these barriers will require expanded epigenomic reference datasets across 

crop taxa, improved tools for functional epigenetic validation in polyploids, and increased 

field-based studies that connect epigenetic states with adaptive agronomic traits. 

To enable the translational application of current epigenetic insights, it is critical to identify 

the outstanding challenges that constrain their effective deployment in crop stress 

resilience. Table 3 presents a structured synthesis of key unresolved questions in the field 

of plant stress epigenetics. The table integrates biological uncertainties with translational 

gaps, aligning each challenge with a specific research question, proposed methodological 

approach, and an assessment of both feasibility and crop relevance. This framework is 

intended to guide future research priorities and inform strategic investments in crop 

improvement through epigenetic mechanisms. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Afropolitan Journals 

399     Vol. 19, No. 1 2025    African Journal of Agricultural Science and Food Research 

www.afropolitanjournals.com 

Table 3. Unresolved Questions in Plant Epigenetics for Stress Resilience 

Challenge Example Question Suggested Approach Priority / 

Feasibility 

Notes / Crop Relevance 

Inheritance 

consistency 

Why are some methylation 

marks retained while others are 

reset after reproduction? 

Longitudinal epigenomic 

profiling across 

developmental stages and 

generations 

High / Medium Especially relevant to crops with 

rapid reproductive cycles (e.g., 

rice, Arabidopsis) 

Field validation Do epialleles confirmed in 

controlled conditions maintain 

function under diverse 

environmental field conditions? 

Multi-location field trials 

with phenotypic and 

epigenetic monitoring 

High / High Critical for translating lab 

findings into breeding programs 

Editing tools Can dCas9-epigenetic systems 

be used to introduce heritable, 

beneficial epigenetic changes? 

Targeted CRISPR/dCas9-

based modification of 

known stress-responsive 

loci 

Medium / 

Experimental 

Promising for targeted trait 

development in elite varieties 

Epigenetic-

environment 

interaction 

How do multiple simultaneous or 

sequential stressors influence 

epigenetic states and memory? 

Combined stress modeling 

and multi-omics integration 

(methylome transcriptome  

phenotype) 

Medium / 

Challenging 

Important for climate-adaptive 

strategies across crops (e.g., 

maize, millet) 

Application to 

underutilized 

crops 

How transferable are model crop 

findings to orphan or indigenous 

species in marginal 

environments? 

Epigenome mapping and 

marker discovery in stress-

adapted landraces and wild 

relatives 

High / Feasible 

with investment 

Prioritizes crops like fonio, 

pigeon pea, teff, and sorghum 

 

Future Research Directions 

Although major advances have clarified how plants use epigenetic mechanisms to respond 

to abiotic stress, applying these insights to crop improvement remains challenging. As 

emphasized throughout this review, future research must move beyond model species and 

controlled environments. A central goal is to validate these mechanisms under real 

agricultural conditions. This includes testing findings across a wide range of genetic 

backgrounds, environmental settings, and stress combinations. Field trials across multiple 

locations and environmental gradients will be critical to assess whether specific epigenetic 

modifications are consistent, stable, and functionally relevant in crop systems. 

Further research is needed to clarify the temporal and spatial dynamics of epigenetic 

regulation. The maintenance, resetting, and functional interaction of epigenetic marks 

across tissues and developmental stages under changing environmental conditions remain 

poorly understood. High-resolution, long-term datasets ideally spanning multiple 

generations are essential to track the persistence and inheritance of stress-induced 

epigenetic changes. 

Progress will also depend on interdisciplinary collaboration. Integrating epigenetic findings 

with insights from agronomy, plant physiology, climate science, and socioecology can 

support the development of systems-based approaches to crop adaptation. This is 
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especially important in agroecological and low-input systems, where phenotypic plasticity 

and local adaptation drive resilience. 

Finally, the effective use of epigenetic technologies in agriculture requires transparent and 

equitable frameworks. Key issues, including access to epigenetic resources, fair benefit-

sharing with farming communities, and clear communication of each tool’s scope and 

limitations, must be addressed to ensure that research outcomes align with principles of 

fairness and sustainability. 

 

Conclusion 
Epigenetic regulation plays a key role in plant responses to abiotic stress by enabling 

dynamic and sometimes heritable changes in gene expression without altering the DNA 

sequence itself. Mechanisms such as DNA methylation, histone modifications, chromatin 

remodeling, and small RNAs have been shown to mediate not just immediate stress 

responses, but also stress memory and, in some cases, transgenerational inheritance, 

offering a flexible and reversible layer of control over gene activity. While this has been well-

demonstrated in model species and is increasingly studied in crops, major gaps remain. The 

functional relevance, stability, and heritability of many stress-induced changes are still 

unclear, especially under field conditions where environmental variability complicates 

validation. There is also a lack of attention to underutilized crops and landraces that may 

carry useful epigenetic diversity. To move forward, research must go beyond profiling and 

begin to test how these mechanisms work under real-world scenarios, especially in low-

input systems where traditional breeding falls short. Applying this knowledge in breeding 

programs, through epiRILs, EWAS, epimutagenesis, or CRISPR-based approaches, can help 

strengthen crop resilience in the face of climate uncertainty. But for epigenetics to become 

a true tool in agriculture, coordinated efforts are needed to close knowledge gaps, validate 

mechanisms in diverse species and environments, and develop scalable, farmer-relevant 

strategies that link discovery to real outcomes. 

 

Recommendations 

To make epigenetics more practical in the field, researchers need to test these stress-

related markers in real-world conditions across various crop types and stress scenarios. 

Breeders should begin integrating epigenetic screening into their regular selection 

processes, especially for traits like drought, salt, and heat tolerance. Policymakers can 

support this effort by endorsing non-GMO tools and backing crop research that aligns with 

local farming systems. Ensuring that farmers and communities benefit equitably and clearly 

communicating the scope and limitations of these tools are also crucial. 

 

References 
Abdulraheem, M. I., Xiong, Y., Moshood, A. Y., Cadenas-Pliego, G., Zhang, H., & Hu, J. (2024). Mechanisms 

of Plant Epigenetic Regulation in Response to Plant Stress: Recent Discoveries and Implications. 

Plants, 13(2), 163. https://doi.org/10.3390/plants13020163 



 

 

 

 

 

 

Afropolitan Journals 

401     Vol. 19, No. 1 2025    African Journal of Agricultural Science and Food Research 

www.afropolitanjournals.com 

Affoh, R., Zheng, H., Dangui, K., & Dissani, B. M. (2022). The impact of climate variability and change on 

food security in sub-Saharan Africa: Perspective from panel data analysis. Sustainability, 14(2), 

759. https://doi.org/10.3390/su14020759 

Arena, G. D., Ramos-González, P. L., Rogerio, L. A., Ribeiro-Alves, M., Casteel, C. L., Freitas-Astúa, J., & 

Marcos Antonio Machado. (2018). Making a better home: Modulation of plant defensive response 

by brevipalpus mites. Frontiers in Plant Science, 9. https://doi.org/10.3389/fpls.2018.01147 

Ashapkin, V. V., Kutueva, L. I., Aleksandrushkina, N. I., & Vanyushin, B. F. (2020). Epigenetic mechanisms 

of plant adaptation to biotic and abiotic stresses. International Journal of Molecular Sciences, 

21(20), 7457. https://doi.org/10.3390/ijms21207457 

Avramova, Z. (2015). Transcriptional “memory” of a stress: Transient chromatin and memory (epigenetic) 

marks at stress-response genes. The Plant Journal, 83(1), 149–159. 

https://doi.org/10.1111/tpj.12832 

Bailey-Serres, J., Parker, J. E., Ainsworth, E. A., Oldroyd, G. E. D., & Schroeder, J. I. (2019). Genetic strategies 

for improving crop yields. Nature, 575(7781), 109–118. https://doi.org/10.1038/s41586-019-

1679-0 

Bartel, D. P. (2004). MicroRNAs: Genomics, biogenesis, mechanism, and function. Cell, 116(2), 281–297. 

https://doi.org/10.1016/s0092-8674(04)00045-5 

Baulcombe, D. C., & Dean, C. (2014). Epigenetic regulation in plant responses to the environment. Cold 

Spring Harbor Perspectives in Biology, 6(9), a019471–a019471. 

https://doi.org/10.1101/cshperspect.a019471 

Bäurle, I., & Trindade, I. (2020). Chromatin regulation of somatic abiotic stress memory. Journal of 

Experimental Botany, 71(17), 5269–5279. https://doi.org/10.1093/jxb/eraa098 

Bond, D. M., & Baulcombe, D. C. (2014). Small RNAs and heritable epigenetic variation in plants. Trends 

in Cell Biology, 24(2), 100–107. https://doi.org/10.1016/j.tcb.2013.08.001 

Borges, F., & Martienssen, R. A. (2015). The expanding world of small RNAs in plants. Nature Reviews 

Molecular Cell Biology, 16(12), 727–741. https://doi.org/10.1038/nrm4085 

Bruce, T. J. A., Matthes, M. C., Napier, J. A., & Pickett, J. A. (2007). Stressful “memories” of plants: Evidence 

and possible mechanisms. Plant Science, 173(6), 603–608. 

https://doi.org/10.1016/j.plantsci.2007.09.002 

Calarco, Joseph P., Borges, F., Donoghue, Mark T. A., Van Ex, F., Jullien, Pauline E., Lopes, T., Gardner, R., 

Berger, F., Feijó, José A., Becker, Jörg D., & Martienssen, Robert A. (2012). Reprogramming of DNA 

methylation in pollen guides epigenetic inheritance via small RNA. Cell, 151(1), 194–205. 

https://doi.org/10.1016/j.cell.2012.09.001 

Chang, Y., Zhu, C., Jiang, J., Zhang, H., Zhu, J., & Duan, C. (2020). Epigenetic regulation in plant abiotic 

stress responses. Journal of Integrative Plant Biology, 62(5), 563–580. 

https://doi.org/10.1111/jipb.12901 

Charron, J.-B. F., He, H., Elling, A. A., & Deng, X. W. (2009). Dynamic landscapes of four histone 

modifications during deetiolation in Arabidopsis. The Plant Cell, 21(12), 3732–3748. 

https://doi.org/10.1105/tpc.109.066845 

Chen, L.-T., Luo, M., Wang, Y.-Y., & Wu, K. (2010). Involvement of Arabidopsis histone deacetylase HDA6 

in ABA and salt stress response. Journal of Experimental Botany, 61(12), 3345–3353. 

https://doi.org/10.1093/jxb/erq154 

Chinnusamy, V., & Zhu, J.-K. (2009). Epigenetic regulation of stress responses in plants. Current Opinion 

in Plant Biology, 12(2), 133–139. https://doi.org/10.1016/j.pbi.2008.12.006 

Clapier, C. R., Iwasa, J., Cairns, B. R., & Peterson, C. L. (2017). Mechanisms of action and regulation of 

ATP-dependent chromatin-remodelling complexes. Nature Reviews Molecular Cell Biology, 18(7), 

407–422. https://doi.org/10.1038/nrm.2017.26 

Conrath, U. (2011). Molecular aspects of defence priming. Trends in Plant Science, 16(10), 524–531. 

https://doi.org/10.1016/j.tplants.2011.06.004 



 

 

 

 

 

 

 

AJASFR 

     Vol. 19, No. 1 2025    African Journal of Agricultural Science and Food Research              402 

www.afropolitanjournals.com 

Cortijo, S., Wardenaar, R., Colomé-Tatché, M., Gilly, A., Etcheverry, M., Labadie, K., Caillieux, E., Hospital, 

F., Aury, J.-M., Wincker, P., Roudier, F., Jansen, R. C., Colot, V., & Johannes, F. (2014). Mapping the 

epigenetic basis of complex traits. Science, 343(6175), 1145–1148. 

https://doi.org/10.1126/science.1248127 

Crisp, P. A., Ganguly, D., Eichten, S. R., Borevitz, J. O., & Pogson, B. J. (2016). Reconsidering plant memory: 

Intersections between stress recovery, RNA turnover, and epigenetics. Science Advances, 2(2), 

e1501340. https://doi.org/10.1126/sciadv.1501340 

Cui, X., Lu, F., Qiu, Q., Zhou, B., Gu, L., Zhang, S., Kang, Y., Cui, X., Ma, X., Yao, Q., Ma, J., Zhang, X., & Cao, 

X. (2016). REF6 recognizes a specific DNA sequence to demethylate H3K27me3 and regulate 

organ boundary formation in Arabidopsis. Nature Genetics, 48(6), 694–699. 

https://doi.org/10.1038/ng.3556 

da Costa, G. S., Cerqueira, A. F., de Brito, C. R., Mielke, M. S., & Gaiotto, F. A. (2024). Epigenetic Regulation 

in Responses to Abiotic Factors in Plant Species: A Systematic Review. Plants, 13(15), 2082. 

https://doi.org/10.3390/plants13152082 

Ding, Y., Fromm, M., & Avramova, Z. (2012). Multiple exposures to drought “train” transcriptional 

responses in Arabidopsis. Nature Communications, 3(1). https://doi.org/10.1038/ncomms1732 

Ding, Y., Liu, N., Virlouvet, L., Riethoven, J.-J., Fromm, M., & Avramova, Z. (2013). Four distinct types of 

dehydration stress memory genes in Arabidopsis thaliana. BMC Plant Biology, 13(1), 229. 

https://doi.org/10.1186/1471-2229-13-229 

Dowen, R. H., Pelizzola, M., Schmitz, R. J., Lister, R., Dowen, J. M., Nery, J. R., Dixon, J. E., & Ecker, J. R. 

(2012). Widespread dynamic DNA methylation in response to biotic stress. Proceedings of the 

National Academy of Sciences, 109(32), 2183–2191. https://doi.org/10.1073/pnas.1209329109 

Eichten, S. R., Schmitz, R. J., & Springer, N. M. (2014). Epigenetics: Beyond chromatin modifications and 

complex genetic regulation. Plant Physiology, 165(3), 933–947. 

https://doi.org/10.1104/pp.113.234211 

Fàbregas, N., Lozano-Elena, F., Blasco-Escámez, D., Tohge, T., Martínez-Andújar, C., Albacete, A., Osorio, 

S., Bustamante, M., Riechmann, J. L., Nomura, T., Yokota, T., Conesa, A., Alfocea, F. P., Fernie, A. R., 

& Caño-Delgado, A. I. (2018). Overexpression of the vascular brassinosteroid receptor BRL3 

confers drought resistance without penalizing plant growth. Nature Communications, 9(1), 4680. 

https://doi.org/10.1038/s41467-018-06861-3 

Ferreira, L. J., Azevedo, V., Maroco, J., Oliveira, M. M., & Santos, A. P. (2015). Salt-tolerant and sensitive 

rice varieties display differential methylome flexibility under salt stress. PLOS ONE, 10(5), 

e0124060. https://doi.org/10.1371/journal.pone.0124060 

Gallego-Bartolomé, J., Liu, W., Kuo, P. H., Feng, S., Ghoshal, B., Gardiner, J., Zhao, J. M.-C., Park, S. Y., 

Chory, J., & Jacobsen, S. E. (2019). Co-targeting RNA polymerases IV and V promotes efficient de 

novo DNA methylation in Arabidopsis. Cell, 176(5), 1068-1082.e19. 

https://doi.org/10.1016/j.cell.2019.01.029 

Gallego‐Bartolomé, J. (2020). DNA methylation in plants: Mechanisms and tools for targeted 

manipulation. New Phytologist, 227(1), 38–44. https://doi.org/10.1111/nph.16529 

Gallusci, P., Hodgman, C., Teyssier, E., & Seymour, G. B. (2016). DNA methylation and chromatin 

regulation during fleshy fruit development and ripening. Frontiers in Plant Science, 7. 

https://doi.org/10.3389/fpls.2016.00807 

Guo, T., Wang, D., Fang, J., Zhao, J., Yuan, S., Xiao, L., & Li, X. (2019). Mutations in the rice OsCHR4 gene, 

encoding a CHD3 family chromatin remodeler, induce narrow and rolled leaves with increased 

cuticular wax. International Journal of Molecular Sciences, 20(10), 2567–2567. 

https://doi.org/10.3390/ijms20102567 

Gupta, A., Rico-Medina, A., & Caño-Delgado, A. I. (2020). The physiology of plant responses to drought. 

Science, 368(6488), 266–269. https://doi.org/10.1126/science.aaz7614 

https://doi.org/10.1038/ng.3556


 

 

 

 

 

 

Afropolitan Journals 

403     Vol. 19, No. 1 2025    African Journal of Agricultural Science and Food Research 

www.afropolitanjournals.com 

Hasanuzzaman, M., Bhuyan, M. H. M. B., Zulfiqar, F., Raza, A., Mohsin, S. M., Mahmud, J. A., Fujita, M., & 

Fotopoulos, V. (2020). Reactive oxygen species and antioxidant defense in plants under abiotic 

stress: Revisiting the crucial role of a universal defense regulator. Antioxidants, 9(8), 681. 

https://doi.org/10.3390/antiox9080681 

Hauser, M.-T., Aufsatz, W., Jonak, C., & Luschnig, C. (2011). Transgenerational epigenetic inheritance in 

plants. Biochimica et Biophysica Acta (BBA) - Gene Regulatory Mechanisms, 1809(8), 459–468. 

https://doi.org/10.1016/j.bbagrm.2011.03.007 

He, G., Zhu, X., Elling, A. A., Chen, L., Wang, X., Guo, L., Liang, M., He, H., Zhang, H., Chen, F., Qi, Y., Chen, 

R., & Deng, X.-W. (2010). Global epigenetic and transcriptional trends among two rice subspecies 

and their reciprocal hybrids. The Plant Cell, 22(1), 17–33. https://doi.org/10.1105/tpc.109.072041 

Heard, E., & Martienssen, Robert A. (2014). Transgenerational epigenetic inheritance: Myths and 

mechanisms. Cell, 157(1), 95–109. https://doi.org/10.1016/j.cell.2014.02.045 

Hilker, M., & Schmülling, T. (2019). Stress priming, memory, and signalling in plants. Plant, Cell & 

Environment, 42(3), 753–761. https://doi.org/10.1111/pce.13526 

Hilker, M., Schwachtje, J., Baier, M., Balazadeh, S., Bäurle, I., Geiselhardt, S., Hincha, D. K., Kunze, R., 

Mueller-Roeber, B., Rillig, M. C., Rolff, J., Romeis, T., Schmülling, T., Steppuhn, A., van Dongen, J., 

Whitcomb, S. J., Wurst, S., Zuther, E., & Kopka, J. (2015). Priming and memory of stress responses 

in organisms lacking a nervous system. Biological Reviews, 91(4), 1118–1133. 

https://doi.org/10.1111/brv.12215 

IPCC. (2022). Climate change 2022: Impacts, adaptation and vulnerability. IPCC Sixth Assessment Report; 

IPCC. https://www.ipcc.ch/report/ar6/wg2/ 

Johannes, F., Porcher, E., Teixeira, F. K., Saliba-Colombani, V., Simon, M., Agier, N., Bulski, A., Albuisson, 

J., Heredia, F., Audigier, P., Bouchez, D., Dillmann, C., Guerche, P., Hospital, F., & Colot, V. (2009). 

Assessing the impact of transgenerational epigenetic variation on complex traits. PLoS Genetics, 

5(6), e1000530. https://doi.org/10.1371/journal.pgen.1000530 

Kapazoglou, A., Tani, E., Papasotiropoulos, V., Letsiou, S., Gerakari, M., Abraham, E., & Bebeli, P. J. (2025). 

Enhancing abiotic stress resilience in Mediterranean woody perennial fruit crops: Genetic, 

epigenetic, and microbial molecular perspectives in the face of climate change. International 

Journal of Molecular Sciences, 26(7), 3160. https://doi.org/10.3390/ijms26073160 

Kawakatsu, T., Huang, S. C., Jupe, F., Sasaki, E., Schmitz, R. J., Urich, M. A., Castanon, R., Nery, J. R., 

Barragan, C., He, Y., Chen, H., Dubin, M., Lee, C. R., Wang, C., Bemm, F., Becker, C., O'Neil, R., 

O'Malley, R. C., Quarless, D. X., 1001 Genomes Consortium, Schork, N. J., Weigel, D., Nordborg, 

M., & Ecker, J. R. (2016). Epigenomic diversity in a global collection of Arabidopsis thaliana 

accessions. Cell, 166(2), 492–505. https://doi.org/10.1016/j.cell.2016.06.044  

Kawakatsu, T., & Ecker, J. R. (2019). Diversity and dynamics of DNA methylation: Epigenomic resources 

and tools for crop breeding. Breeding Science, 69(2), 191–204. 

https://doi.org/10.1270/jsbbs.19005 

Kehr, J., & Buhtz, A. (2007). Long-distance transport and movement of RNA through the phloem. Journal 

of Experimental Botany, 59(1), 85–92. https://doi.org/10.1093/jxb/erm176 

Khraiwesh, B., Zhu, J.-K., & Zhu, J. (2012). Role of miRNAs and siRNAs in biotic and abiotic stress 

responses of plants. Biochimica et Biophysica Acta (BBA) - Gene Regulatory Mechanisms, 1819(2), 

137–148. https://doi.org/10.1016/j.bbagrm.2011.05.001 

Kim, J.-M., To, T. K., & Seki, M. (2012). An epigenetic integrator: New insights into genome regulation, 

environmental stress responses, and developmental controls by histone deacetylase 6. Plant and 

Cell Physiology, 53(5), 794–800. https://doi.org/10.1093/pcp/pcs004 

Kim, J.-M., Sasaki, T., Ueda, M., Sako, K., & Seki, M. (2015). Chromatin changes in response to drought, 

salinity, heat, and cold stresses in plants. Frontiers in Plant Science, 6. 

https://doi.org/10.3389/fpls.2015.00114 

https://doi.org/10.1371/journal.pgen.1000530
https://doi.org/10.1016/j.cell.2016.06.044


 

 

 

 

 

 

 

AJASFR 

     Vol. 19, No. 1 2025    African Journal of Agricultural Science and Food Research              404 

www.afropolitanjournals.com 

Kim, J.-M., To, T. K., Ishida, J., Matsui, A., Kimura, H., & Seki, M. (2012). Transition of chromatin status 

during the process of recovery from drought stress in Arabidopsis thaliana. Plant and Cell 

Physiology, 53(5), 847–856. https://doi.org/10.1093/pcp/pcs053 

Kim, J.-M., To, T. K., Nishioka, T., & Seki, M. (2010). Chromatin regulation functions in plant abiotic stress 

responses. Plant, Cell & Environment, 33(4), 604–611. https://doi.org/10.1111/j.1365-

3040.2009.02076.x 

Kinoshita, T., & Seki, M. (2014). Epigenetic memory for stress response and adaptation in plants. Plant 

and Cell Physiology, 55(11), 1859–1863. https://doi.org/10.1093/pcp/pcu125 

Kul, R., Ekinci, M., Turan, M., Örs, S., & Yıldırım, E. (2021). How Abiotic Stress Conditions Affect Plant 

Roots. IntechOpen EBooks. https://doi.org/10.5772/intechopen.95286 

Kumar, S. (2016). Epigenetic regulation of abiotic stress tolerance in plants. Advances in Plants & 

Agriculture Research, 5(3). https://doi.org/10.15406/apar.2016.05.00179 

Kumar, S., & Raju, K. (2021). Epigenomic atlas in wheat reveals regulatory elements specifying 

subgenome divergence. The Plant Cell. https://doi.org/10.1093/plcell/koab038 

Lämke, J., & Bäurle, I. (2017). Epigenetic and chromatin-based mechanisms in environmental stress 

adaptation and stress memory in plants. Genome Biology, 18(1). https://doi.org/10.1186/s13059-

017-1263-6 

Latzel, V., Rendina González, A. P., & Rosenthal, J. (2016). Epigenetic memory as a basis for intelligent 

behavior in clonal plants. Frontiers in Plant Science, 7. https://doi.org/10.3389/fpls.2016.01354 

Law, J. A., & Jacobsen, S. E. (2010). Establishing, maintaining and modifying DNA methylation patterns 

in plants and animals. Nature Reviews Genetics, 11(3), 204–220. https://doi.org/10.1038/nrg2719 

Lesk, C., Rowhani, P., & Ramankutty, N. (2016). Influence of extreme weather disasters on global crop 

production. Nature, 529(7584), 84–87. https://doi.org/10.1038/nature16467 

Li, Q., Eichten, S. R., Hermanson, P. J., & Springer, N. M. (2014). Inheritance patterns and stability of DNA 

methylation variation in maize near-isogenic lines. Genetics, 196(3), 667–676. 

https://doi.org/10.1534/genetics.113.158980 

Li, X., Zhu, B., Lu, Y., Zhao, F., Liu, Q., Wang, J., Ye, M., Chen, S., Nie, J., Xiong, L., Zhao, Y., Wu, C., & Zhou, 

D.-X. (2024). DNA methylation remodeling and the functional implication during male 

gametogenesis in rice. Genome Biology, 25(1). https://doi.org/10.1186/s13059-024-03222-w 

Li, X., Zhu, J., Hu, F., Ge, S., Ye, M., Hui Yu Xiang, Zhang, G., Zheng, X., Zhang, H.-Y., Zhang, S., Li, Q., Luo, 

R., Yu, C. S., Yu, J. Z., Sun, J., Zou, X., Cao, X., Xie, X., Wang, J., & Wang, W. (2012). Single-base 

resolution maps of cultivated and wild rice methylomes and regulatory roles of DNA methylation 

in plant gene expression. BMC Genomics, 13(1). https://doi.org/10.1186/1471-2164-13-300 

Liao, W.-W., Yen, M.-R., Ju, E., Hsu, F.-M., Lam, L., & Chen, P.-Y. (2015). MethGo: A comprehensive tool 

for analyzing whole-genome bisulfite sequencing data. BMC Genomics, 16(S12). 

https://doi.org/10.1186/1471-2164-16-s12-s11 

Liu, L., He, D., Wang, Y., & Sheng, M. (2020). Integrated analysis of DNA methylation and transcriptome 

profiling of polycystic ovary syndrome. Molecular Medicine Reports. 

https://doi.org/10.3892/mmr.2020.11005 

Luna, E., Bruce, T. J. A., Roberts, M. R., Flors, V., & Ton, J. (2011). Next-Generation systemic acquired 

resistance. Plant Physiology, 158(2), 844–853. https://doi.org/10.1104/pp.111.187468 

Luo, M., Liu, X., Singh, P., Cui, Y., Zimmerli, L., & Wu, K. (2012). Chromatin modifications and remodeling 

in plant abiotic stress responses. Biochimica et Biophysica Acta (BBA) - Gene Regulatory 

Mechanisms, 1819(2), 129–136. https://doi.org/10.1016/j.bbagrm.2011.06.008 

Martienssen, R. A., Kloc, A., Slotkin, R. K., & Tanurdzic, M. (2008). Epigenetic inheritance and 

reprogramming in plants and fission yeast. Cold Spring Harbor Symposia on Quantitative Biology, 

73(0), 265–271. https://doi.org/10.1101/sqb.2008.73.062 

https://doi.org/10.15406/apar.2016.05.00179


 

 

 

 

 

 

Afropolitan Journals 

405     Vol. 19, No. 1 2025    African Journal of Agricultural Science and Food Research 

www.afropolitanjournals.com 

Martienssen, R., & Moazed, D. (2015). RNAi and heterochromatin assembly. Cold Spring Harbor 

Perspectives in Biology, 7(8), a019323. https://doi.org/10.1101/cshperspect.a019323 

Matzke, M. A., Kanno, T., & Matzke, A. J. M. (2015). RNA-Directed DNA methylation: The evolution of a 

complex epigenetic pathway in flowering plants. Annual Review of Plant Biology, 66(1), 243–267. 

https://doi.org/10.1146/annurev-arplant-043014-114633 

Matzke, M. A., & Mosher, R. A. (2014). RNA-directed DNA methylation: an epigenetic pathway of 

increasing complexity. Nature Reviews. Genetics, 15(6), 394–408. https://doi.org/10.1038/nrg3683 

Meng, D., Dubin, M., Zhang, P., Osborne, E. J., Stegle, O., Clark, R. M., & Magnus Nordborg. (2016). Limited 

contribution of DNA methylation variation to expression regulation in Arabidopsis thaliana. PLoS 

Genetics, 12(7), e1006141–e1006141. https://doi.org/10.1371/journal.pgen.1006141 

Navarro, L., Dunoyer, P., Jay, F., Arnold, B., Nihal Dharmasiri, Estelle, M., Olivier Voinnet, & Jonathan. 

(2006). A plant miRNA contributes to antibacterial resistance by repressing auxin signaling. 

Science, 312(5772), 436–439. https://doi.org/10.1126/science.1126088 

Nunez-Vazquez, R., Desvoyes, B., & Gutierrez, C. (2022). Histone variants and modifications during 

abiotic stress response. Frontiers in Plant Science, 13. https://doi.org/10.3389/fpls.2022.984702 

Pandey, P., Irulappan, V., Bagavathiannan, M. V., & Senthil-Kumar, M. (2017). Impact of combined abiotic 

and biotic stresses on plant growth and avenues for crop improvement by exploiting physio-

morphological traits. Frontiers in Plant Science, 8. https://doi.org/10.3389/fpls.2017.00537 

Pandey, G., Sharma, N., Pankaj Sahu, P., & Prasad, M. (2016). Chromatin-Based epigenetic regulation of 

plant abiotic stress response. Current Genomics, 17(6), 490–498. 

https://doi.org/10.2174/1389202917666160520103914 

Papikian, A., Liu, W., Gallego-Bartolomé, J., & Jacobsen, S. E. (2019). Site-specific manipulation of 

Arabidopsis loci using CRISPR-Cas9 SunTag systems. Nature Communications, 10(1). 

https://doi.org/10.1038/s41467-019-08736-7 

Pratap, A., Gupta, S., Nair, R., Gupta, S., Schafleitner, R., Basu, P., Singh, C., Prajapati, U., Gupta, A., Nayyar, 

H., Mishra, A., & Baek, K.-H. (2019). Using plant phenomics to exploit the gains of genomics. 

Agronomy, 9(3), 126. https://doi.org/10.3390/agronomy9030126 

Qian, W., Miki, D., Zhang, H., Liu, Y., Zhang, X., Tang, K., Kan, Y., La, H., Li, X., Li, S., Zhu, X., Shi, X., Zhang, 

K., Pontes, O., Chen, X., Liu, R., Gong, Z., & Zhu, J.-K. . (2012). A histone acetyltransferase regulates 

active DNA demethylation in Arabidopsis. Science, 336(6087), 1445–1448. 

https://doi.org/10.1126/science.1219416 

Quadrana, L., & Colot, V. (2016). Plant transgenerational epigenetics. Annual Review of Genetics, 50(1), 

467–491. https://doi.org/10.1146/annurev-genet-120215-035254 

Ramakrishnan, M., Zhang, Z., Mullasseri, S., Kalendar, R., Ahmad, Z., Sharma, A., Liu, G., Zhou, M., & Wei, 

Q. (2022). Epigenetic stress memory: A new approach to study cold and heat stress responses in 

plants. Frontiers in Plant Science, 13. https://doi.org/10.3389/fpls.2022.1075279 

Richards, C. L., Alonso, C., Becker, C., Bossdorf, O., Bucher, E., Colomé‐Tatché, M., Durka, W., Engelhardt, 

J., Gaspar, B., Gogol‐Döring, A., Grosse, I., van Gurp, T. P., Heer, K., Kronholm, I., Lampei, C., Latzel, 

V., Mirouze, M., Opgenoorth, L., Paun, O., & Prohaska, S. J. (2017). Ecological plant epigenetics: 

Evidence from model and non‐model species, and the way forward. Ecology Letters, 20(12), 1576–

1590. https://doi.org/10.1111/ele.12858 

Sadler, T., Bhasin, J. M., Xu, Y., Barnholz-Sloan, J., Chen, Y., Ting, A. H., & Stylianou, E. (2016). Genome-

wide analysis of DNA methylation and gene expression defines molecular characteristics of 

Crohn’s disease-associated fibrosis. Clinical Epigenetics, 8(1). https://doi.org/10.1186/s13148-

016-0193-6 

SánchezP. A. (2019). Properties and management of soils in the tropics. Cambridge University Press. 

Sani, E., Herzyk, P., Perrella, G., Colot, V., & Amtmann, A. (2013). Hyperosmotic priming of Arabidopsis 

seedlings establishes a long-term somatic memory accompanied by specific changes in the 

epigenome. Genome Biology, 14(6). https://doi.org/10.1186/gb-2013-14-6-r59 

https://doi.org/10.3389/fpls.2017.00537


 

 

 

 

 

 

 

AJASFR 

     Vol. 19, No. 1 2025    African Journal of Agricultural Science and Food Research              406 

www.afropolitanjournals.com 

Schmitz, R. J., Schultz, M. D., Urich, M. A., Nery, J. R., Pelizzola, M., Libiger, O., Alix, A., McCosh, R., Chen, 

H.-M., Schork, N. J., & Ecker, J. R. (2013). Patterns of population epigenomic diversity. Nature, 

495(7440), 193–198. https://doi.org/10.1038/nature11968 

Secco, D., Wang, C., Shou, H., Schultz, M. D., Chiarenza, S., Nussaume, L., Ecker, J. R., Whelan, J., & Lister, 

R. (2015). Stress-induced gene expression drives transient DNA methylation changes at adjacent 

repetitive elements. ELife, 4. https://doi.org/10.7554/elife.09343 

Sharma, M., Kumar, P., Verma, V., Sharma, R., Bhargava, B., & Irfan, M. (2022). Understanding plant stress 

memory response for abiotic stress resilience: Molecular insights and prospects. Plant Physiology 

and Biochemistry, 179, 10–24. https://doi.org/10.1016/j.plaphy.2022.03.004 

Sharma, M., Sidhu, A. K., Samota, M. K., Gupta, M., Koli, P., & Choudhary, M. (2023). Post-translational 

modifications in histones and their role in abiotic stress tolerance in plants. Proteomes, 11(4), 38. 

https://doi.org/10.3390/proteomes11040038 

Sheldon, C. C., Hills, M. J., Lister, C., Dean, C., Dennis, E. S., & Peacock, W. J. (2008). Resetting of flowering 

locus C expression after epigenetic repression by vernalization. Proceedings of the National 

Academy of Sciences, 105(6), 2214–2219. https://doi.org/10.1073/pnas.0711453105 

Slotkin, R. K., & Martienssen, R. (2007). Transposable elements and the epigenetic regulation of the 

genome. Nature Reviews Genetics, 8(4), 272–285. https://doi.org/10.1038/nrg2072 

Springer, N. M., & Schmitz, R. J. (2017). Exploiting induced and natural epigenetic variation for crop 

improvement. Nature Reviews Genetics, 18(9), 563–575. https://doi.org/10.1038/nrg.2017.45 

Sunkar, R., Kapoor, A., & Zhu, J.-K. (2006). Posttranscriptional induction of two Cu/Zn superoxide 

dismutase genes in Arabidopsis is mediated by downregulation of miR398 and is important for 

oxidative stress tolerance. The Plant Cell, 18(8), 2051–2065. 

https://doi.org/10.1105/tpc.106.041673 

Sunkar, R., Li, Y.-F., & Jagadeeswaran, G. (2012). Functions of microRNAs in plant stress responses. Trends 

in Plant Science, 17(4), 196–203. https://doi.org/10.1016/j.tplants.2012.01.010 

Varotto, S., Tani, E., Abraham, E., Krugman, T., Kapazoglou, A., Melzer, R., Radanović, A., & Miladinović, 

D. (2020). Epigenetics: Possible applications in climate-smart crop breeding. Journal of 

Experimental Botany, 71(17), 5223–5236. https://doi.org/10.1093/jxb/eraa188 

Varshney, R. K., Bohra, A., Yu, J., Graner, A., Zhang, Q., & Sorrells, M. E. (2021). Designing future crops: 

Genomics-Assisted breeding comes of age. Trends in Plant Science, 26(6). 

https://doi.org/10.1016/j.tplants.2021.03.010 

Varshney, R. K., Shi, C., Thudi, M., Mariac, C., Wallace, J., Qi, P., Zhang, H., Zhao, Y., Wang, X., Rathore, A., 

Srivastava, R. K., Chitikineni, A., Fan, G., Bajaj, P., Punnuri, S., Gupta, S. K., Wang, H., Jiang, Y., 

Couderc, M., & Katta, M. A. V. S. K. (2017). Pearl millet genome sequence provides a resource to 

improve agronomic traits in arid environments. Nature Biotechnology, 35(10), 969–976. 

https://doi.org/10.1038/nbt.3943 

Wang, F., Li, C.-H., Liu, Y., He, L.-F., Li, P., Guo, J.-X., Zhang, N., Zhao, B., & Guo, Y.-D. (2024). Plant 

responses to abiotic stress are regulated by histone acetylation. Frontiers in Plant Science, 15. 

https://doi.org/10.3389/fpls.2024.1404977 

Wang, J., Nan, N., Li, N., Liu, Y., Wang, T., Hwang, I., B, L., & Xu, Z. (2020). A DNA methylation reader–

chaperone regulator–transcription factor complex activates oshkt1;5 expression during salinity 

stress. The Plant Cell, 32(11), 3535–3558. https://doi.org/10.1105/tpc.20.00301 

Wang, W., Qin, Q., Sun, F., Wang, Y., Xu, D., Li, Z., & Fu, B. (2016). Genome-Wide differences in DNA 

methylation changes in two contrasting rice genotypes in response to drought conditions. 

Frontiers in Plant Science, 7. https://doi.org/10.3389/fpls.2016.01675 

Wang, X., Elling, A. A., Li, X., Li, N., Peng, Z., He, G., Sun, H., Qi, Y., Liu, X. S., & Deng, X. W. (2009). Genome-

Wide and organ-specific landscapes of epigenetic modifications and their relationships to mRNA 

https://doi.org/10.3389/fpls.2024.1404977


 

 

 

 

 

 

Afropolitan Journals 

407     Vol. 19, No. 1 2025    African Journal of Agricultural Science and Food Research 

www.afropolitanjournals.com 

and small RNA transcriptomes in maize. The Plant Cell, 21(4), 1053–1069. 

https://doi.org/10.1105/tpc.109.065714 

Wibowo, A., Becker, C., Marconi, G., Durr, J., Price, J. S., Hagmann, J., Papareddy, R. K., Putra, H., Kageyama, 

J., Becker, J., Weigel, D., & Gutierrez-Marcos, J. F. (2016). Hyperosmotic stress memory in 

Arabidopsis is mediated by distinct epigenetically labile sites in the genome and is restricted in 

the male germline by DNA glycosylase activity. ELife, 5. https://doi.org/10.7554/elife.13546 

Xie, Z.-H. (2009). The role of endogenous small RNAs in plant stress responses. Hereditas (Beijing), 31(8), 

809–817. https://doi.org/10.3724/sp.j.1005.2009.00809 

Yin, M., Wang, S., Wang, Y., Wei, R., Liang, Y., Zuo, L., Huo, M., Huang, Z., Lang, J., Zhao, X., Zhang, F., Xu, 

J., Fu, B., Li, Z., & Wang, W. (2024). Impact of abiotic stress on rice and the role of DNA methylation 

in stress response mechanisms. Plants, 13(19), 2700–2700. 

https://doi.org/10.3390/plants13192700  

Yun, P., Kaya, C., & Sergey Shabala. (2024). Hormonal and epigenetic regulation of root responses to 

salinity stress. The Crop Journal. https://doi.org/10.1016/j.cj.2024.02.007 

Zhang, H., Lang, Z., & Zhu, J.-K. (2018). Dynamics and function of DNA methylation in plants. Nature 

Reviews Molecular Cell Biology, 19(8), 489–506. https://doi.org/10.1038/s41580-018-0016-z 

Zhang, X., Yazaki, J., Sundaresan, A., Cokus, S., Chan, S. W.-L., Chen, H., Henderson, I. R., Shinn, P., 

Pellegrini, M., Jacobsen, S. E., & Ecker, Joseph R. (2006). Genome-wide high-resolution mapping 

and functional analysis of DNA methylation in Arabidopsis. Cell, 126(6), 1189–1201. 

https://doi.org/10.1016/j.cell.2006.08.003 

Zhang, Y., Wendte, J. M., Ji, L., & Schmitz, R. J. (2020). Natural variation in DNA methylation homeostasis 

and the emergence of epialleles. Proceedings of the National Academy of Sciences, 117(9), 4874–

4884. https://doi.org/10.1073/pnas.1918172117 

Zhao, C., Liu, B., Piao, S., Wang, X., Lobell, D. B., Huang, Y., Huang, M., Yao, Y., Bassu, S., Ciais, P., Durand, 

J.-L., Elliott, J., Ewert, F., Janssens, I. A., Li, T., Lin, E., Liu, Q., Martre, P., Müller, C., & Peng, S. (2017). 

Temperature increase reduces global yields of major crops in four independent estimates. 

Proceedings of the National Academy of Sciences, 114(35), 9326–9331. 

https://doi.org/10.1073/pnas.1701762114 

Zhao, J., Lu, Z., Wang, L., & Jin, B. (2020). Plant responses to heat stress: Physiology, transcription, 

noncoding RNAs, and epigenetics. International Journal of Molecular Sciences, 22(1), 117. 

https://doi.org/10.3390/ijms22010117 

Zheng, X., Chen, L., Xia, H., Wei, H., Lou, Q., Li, M., Li, T., & Luo, L. (2017). Transgenerational epimutations 

induced by multi-generation drought imposition mediate rice plant’s adaptation to drought 

conditions. Scientific Reports, 7(1), 39843. https://doi.org/10.1038/srep39843 

Zilberman, D., Gehring, M., Tran, R. K., Ballinger, T., & Henikoff, S. (2006). Genome-wide analysis of 

Arabidopsis thaliana DNA methylation uncovers an interdependence between methylation and 

transcription. Nature Genetics, 39(1), 61–69. https://doi.org/10.1038/ng1929 

Zörb, C., Geilfus, C. ‐M., & Dietz, K. ‐J. (2018). Salinity and crop yield. Plant Biology, 21(S1), 31–38. 

https://doi.org/10.1111/plb.12884 

 

 

  

https://doi.org/10.3390/plants13192700

	Heritable Epigenetic Changes in Plant Stress Responses: Implications for Crop Resilience
	Introduction
	Methods
	Discussion
	Conclusion
	References

