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ABSTRACT 

Environmental stressors such as climate change, pollution, and habitat degradation increasingly challenge 

Indian biodiversity. Epigenetic modifications - heritable changes in gene expression without DNA sequence 

alterations - offer a rapid mechanism by which organisms may respond to these pressures. This review 

synthesizes current knowledge on epigenetic responses to environmental stressors in Indian plants, animals, 

and microbes, focusing on DNA methylation, histone modifications, and non-coding RNAs. Evidence for 

transgenerational inheritance and ecological consequences of epigenetic memory is evaluated. The review 

highlights the ecological relevance of epigenetics in facilitating adaptation, transgenerational plasticity, and 

ecosystem resilience. Challenges and future research directions are discussed to integrate epigenetics into 

conservation strategies in India’s rapidly changing environments. 
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INTRODUCTION 

      Environmental changes such as rising temperatures, increased pollution, and habitat disturbances are 

major challenges for biodiversity worldwide, particularly in ecologically diverse countries like India. 

Traditional evolutionary adaptation through genetic mutation is often too slow to cope with rapid 

environmental shifts (Hoffmann & Sgrò, 2011). Epigenetics provides a complementary mechanism allowing 

organisms to modulate gene expression in response to stress, sometimes across multiple generations, without 

altering the DNA sequence itself (Bird, 2007). 

 

http://www.ijcrt.org/


www.ijcrt.org                                                      © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882 

IJCRTBK02003 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 18 
 

       Epigenetic regulation involves mechanisms like DNA methylation, histone modifications, and non-

coding RNAs (Chinnusamy & Zhu, 2009). These modifications can regulate gene activity dynamically, 

enabling organisms to ‘remember’ environmental conditions and transmit adaptive phenotypes across 

generations (Jablonka & Raz, 2009). Such epigenetic memory has been documented in various taxa but 

remains underexplored in the context of Indian ecosystems, where unique climatic, geographic, and 

anthropogenic pressures prevail. 

        This review aims to synthesize evidence of epigenetic responses to environmental stressors in Indian 

species, with a focus on: (1) mechanisms of epigenetic regulation, (2) types of environmental stressors 

inducing epigenetic changes, (3) evidence for heritability of these changes, and (4) ecological and 

evolutionary implications. 

 

Mechanisms of Epigenetic Regulation 

DNA Methylation 

DNA methylation, the addition of methyl groups to cytosine residues (in CpG dinucleotides), is a key 

epigenetic mechanism that can silence or activate genes (Law & Jacobsen, 2010). In plants, methylation 

occurs in CG, CHG, and CHH contexts (where H = A, T, or C), influencing stress response gene expression 

(Zhang et al., 2018). In animals, methylation primarily targets CG sites and regulates development and stress 

responses (Sarkar et al., 2018). 

 

Histone Modifications 

Post-translational modifications of histone proteins (e.g., acetylation, methylation, phosphorylation) alter 

chromatin structure and accessibility, influencing gene transcription (Kouzarides, 2007). These changes can 

be reversible and responsive to environmental cues, mediating dynamic gene regulation in response to stress 

(Zhao et al., 2019). 

 

Non-coding RNAs 

Small non-coding RNAs, including microRNAs and small interfering RNAs, regulate gene expression post-

transcriptionally and can participate in establishing epigenetic marks (Morris & Mattick, 2014). They have 

been implicated in plant and animal stress responses, modulating phenotypic plasticity. 

 

Environmental Stressors Triggering Epigenetic Responses in Indian Species  

Pollution 

India faces widespread pollution, including heavy metals, pesticides, and industrial chemicals, affecting 

ecosystems (Singh et al., 2014). Studies in Indian rice varieties have shown altered DNA methylation 

patterns under heavy metal stress (e.g., arsenic and cadmium), potentially conferring tolerance (Kumar et al., 

2015). Similarly, pesticide exposure has been linked to histone modifications in local insect populations, 

affecting reproduction and survival (Patil & Kulkarni, 2017). 
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Climate Stress (Temperature and Drought) 

Monsoon variability and rising temperatures impose drought and heat stress on Indian flora and fauna. For 

instance, drought-tolerant Indian rice cultivars exhibit stable DNA methylation changes linked to stress 

memory (Wang et al., 2017). In amphibians from Western Ghats, heat stress induced histone acetylation 

changes associated with altered gene expression in stress response pathways (Shinde et al., 2020). 

 

Habitat Disturbance and Biotic Interactions 

Deforestation and urbanization disrupt habitats, altering biotic interactions. Epigenetic responses to altered 

predator-prey dynamics have been noted in Indian freshwater fish species, where DNA methylation changes 

correlate with stress hormone regulation (Joshi et al., 2019). Microbial communities in polluted soils show 

shifts in small RNA profiles affecting antibiotic resistance genes (Patel et al., 2021). 

Evidence Across Taxa 

Plants 

Indian plants, especially staple crops like rice and wheat, have been the focus of epigenetic studies under 

environmental stress. Methylation-sensitive amplified polymorphism (MSAP) analyses reveal genome-wide 

methylation changes correlating with stress tolerance (Kumar et al., 2015; Singh et al., 2018). 

Transgenerational epigenetic inheritance has been reported in some cultivars, maintaining stress tolerance 

across generations (Chaudhary et al., 2020). 

 

Invertebrates 

Studies on Indian insect species exposed to pesticides have demonstrated altered histone acetylation patterns 

and microRNA expression, suggesting epigenetic plasticity (Patil & Kulkarni, 2017). Freshwater 

invertebrates like Daphnia exhibit DNA methylation changes under heavy metal exposure, impacting 

reproduction (Reddy et al., 2016). 

 

Vertebrates 

Research on Indian fish and amphibians documents stress-induced epigenetic modifications linked to altered 

gene expression in response to environmental toxins and temperature fluctuations (Joshi et al., 2019; Shinde 

et al., 2020). Some evidence exists for heritable transmission of stress responses, though data are limited. 

 

Microbes 

Environmental microbes in Indian soils and water bodies show epigenetic regulation of stress response 

genes, including those conferring antibiotic resistance (Patel et al., 2021). Small RNA-mediated silencing 

mechanisms contribute to microbial adaptation in polluted environments. 

 

Ecological and Evolutionary Implications 

Epigenetic modifications provide a rapid mechanism for Indian species to respond to environmental stress 

without relying solely on slower genetic mutations (Richards et al., 2017). This can facilitate 

transgenerational plasticity, allowing offspring to inherit stress adaptations. Such mechanisms may 
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influence niche shifts, population dynamics, and community structure, ultimately affecting ecosystem 

resilience. In agriculture, harnessing epigenetic variation could improve crop stress tolerance, supporting 

food security under climate uncertainty (Chaudhary et al., 2020). Conservation strategies integrating 

epigenetic information may better predict species’ adaptive potential in fragmented and polluted habitats. 

 

Challenges and Future Directions 

 Limited longitudinal and multigenerational studies in Indian species constrain understanding of 

epigenetic heritability. 

 Methodological heterogeneity complicates cross-study comparisons; standardized epigenomic tools 

are needed. 

 Integration of epigenetic data into ecological models is nascent but crucial for predicting biodiversity 

responses. 

 Collaborative efforts to map epigenetic landscapes across India’s diverse biomes will illuminate 

adaptive capacity. 

 Ethical considerations in manipulating epigenetic traits for conservation or agriculture require 

attention. 

 

CONCLUSION 

Epigenetic mechanisms play a crucial role in mediating Indian species' responses to environmental stressors, 

enabling rapid phenotypic plasticity and potential transgenerational inheritance. This review highlights the 

importance of integrating epigenetics into ecological and conservation research in India to address 

challenges posed by environmental change. Future research should prioritize standardized methodologies 

and focus on multigenerational studies to unlock the full ecological significance of epigenetic memory. 
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