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Introduction: 

For decades, genetics was largely 

understood through a simple principle: DNA 

carries the instructions that determine 

biological traits. The sequence of nucleotides 

in the genome provides the fundamental 

information required for growth, development, 

reproduction, immunity and adaptation.But 

biology is more complex than the DNA 

sequence   alone.  Two   animals   with  similar  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

genetic backgrounds can show remarkable 

differences in growth, fertility, disease 

response, milk production, feed efficiency or 

ability to cope with environmental stress. If 

their DNA is similar, what explains these 

differences?One important part of the answer 

lies in a fascinating layer of biological 

regulation known as epigenetics.Epigenetics 

refers  to  molecular   processes   that   regulate  
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How the environment can influence gene activity without changing the DNA sequence? 
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gene activity without changing the 

underlying DNA sequence. In simple terms, 

the genome contains the instructions, while the 

epigenome helps determine which 

instructions are used, when they are used 

and how strongly they are expressed. 

The Genome Is Not the Whole Story 

Almost every cell in an animal contains 

essentially the same genetic information. Yet a 

muscle cell behaves very differently from a 

liver cell, an immune cell or a mammary gland 

cell.The reason is that different cells use 

different sets of genes.Epigenetic mechanisms 

are among the systems that help regulate this 

selective gene activity. Major epigenetic 

mechanisms include DNA methylation, 

histone modifications, chromatin 

remodeling and regulation by non-coding 

RNAs. Together, these processes influence the 

accessibility of DNA and the activity of 

genes.A simple analogy is to imagine the 

genome as a vast library. The DNA 

represents the books stored in that library, 

while the epigenetic system acts like a 

sophisticated group of librarians. The books 

themselves remain largely unchanged, but the 

librarians determine which books are opened, 

which remain closed and which are consulted 

frequently.In this way, epigenetics helps 

explain how the same genome can produce 

different cellular functions and biological 

responses. 

DNA Methylation: Small Chemical Marks 

with a Major Influence 

Among the best-studied epigenetic 

mechanisms is DNA methylation.DNA 

methylation involves the addition of methyl 

groups to DNA, particularly at cytosine bases 

within CpG sites. Depending on its genomic 

location and context, DNA methylation can 

influence the activity of nearby genes.An 

important feature of epigenetic regulation is its 

dynamic nature. Unlike a change in the DNA 

sequence, many epigenetic modifications can 

change during development and in response to 

physiological or environmental 

conditions.This makes epigenetics especially 

important in animal science, where animals 

continuously experience changes in nutrition, 

temperature, stress, disease and management. 

When the Environment Meets the Genome 

An animal does not live in a controlled 

laboratory environment. Throughout its life, its 

genome interacts with its 

surroundings.Nutrition, temperature, stress, 

disease, management practices and 

developmental conditions can influence 

molecular pathways involved in gene 

regulation.This is particularly important for 

livestock because many economically 

important traits are complex. Growth, milk 

production, fertility, feed efficiency, 

immunity, meat quality and environmental 

adaptation are influenced by interactions 
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among genotype, environment and 

management.Therefore, studying DNA 

sequence alone may not always provide a 

complete explanation for differences in 

phenotype.Epigenetics provides another layer 

of biological information—one that helps 

connect the relatively stable genome with the 

changing environment. 

Epigenetics and Livestock Production 

The study of epigenetics is becoming 

increasingly important across livestock 

species, including cattle, buffalo, sheep, goats, 

pigs and poultry.Epigenetic regulation has 

been investigated in relation to several 

important biological processes, including: 

 growth and development, 

 reproductive performance, 

 embryonic development, 

 mammary gland development and milk 

production, 

 metabolism, 

 immune function, 

 disease responses, 

 nutritional adaptation, and 

 responses to environmental stress. 

For animal breeders, this raises an 

important possibility: phenotypic variation 

may reflect not only differences in DNA 

sequence but also differences in how genes 

are regulated and expressed.This concept is 

particularly relevant to indigenous livestock 

breeds.Indian cattle and buffalo breeds have 

evolved and been maintained under diverse 

climatic, nutritional and management 

conditions. Their ability to tolerate heat, utilize 

variable feed resources and maintain 

productivity under challenging environments 

is the result of complex biological 

processes.Understanding the interaction 

between genetic and epigenetic regulation 

could provide newinsights into these adaptive 

phenotypes. 

Nutrition: More Than Just Fuel 

One of the most fascinating areas of 

livestock epigenetics is the relationship 

between nutrition and gene 

regulation.Nutrients do more than provide 

energy and raw materials for growth. Certain 

nutrients and their metabolites participate in 

biochemical pathways that can influence 

epigenetic processes.This raises an intriguing 

possibility: the nutritional environment 

experienced during early life, pregnancy or 

parental development may influence 

subsequent biological outcomes through 

epigenetic mechanisms.Research involving 

maternal nutrition, paternal nutrition, gametes 

and early embryos is therefore receiving 

increasing attention. However, such findings 

need to be interpreted carefully. Although 

nutritional conditions can influence epigenetic 

patterns, the persistence of these changes and 

their effects across generations are complex 
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questions that require further experimental 

validation. 

Epigenetics and Environmental Adaptation 

The growing challenge of climate 

change provides another compelling reason to 

study epigenetics in livestock.Heat stress can 

affect growth, reproduction, immunity, health 

and productivity. Animals respond to high 

temperatures through a complex network of 

physiological, cellular and molecular 

mechanisms. Epigenetic regulation is 

increasingly being investigated as one 

component of this response. Changes in DNA 

methylation, chromatin structure and gene 

regulation may contribute to differences in 

how animals respond to environmental 

stress.In the future, such information could 

potentially help researchers identify molecular 

biomarkers associated with environmental 

adaptation and resilience.This has particular 

relevance for countries such as India, where 

livestock production is closely connected to 

high temperatures and considerable variation 

in environmental conditions. 

Could Epigenetics Transform Animal 

Breeding? 

Animal breeding has progressed from 

traditional selection based on phenotype and 

pedigree to marker-assisted selection and, 

more recently, genomic selection.Genomic 

selection has revolutionized modern breeding 

by allowing breeders to use genome-wide 

genetic information to predict the genetic 

potential of animals.But an important question 

remains: 

Could epigenetic information complement 

genomic selection? 

In the future, breeders may potentially 

integrate several layers of biological 

information:DNA sequence + epigenome + 

gene expression + phenotype + 

environmentSuch an integrated approach 

could provide a more comprehensive 

understanding of complex traits, particularly 

those strongly influenced by environmental 

conditions.However, epigenomic selection is 

still an emerging concept. Before epigenetic 

information can be routinely incorporated into 

breeding programs, researchers will need large 

datasets, standardized sampling procedures, 

tissue-specific information, longitudinal 

studies and robust validation across 

populations and generations.Thus, epigenetics 

should currently be viewed as a promising 

complementary layer of information, rather 

than a replacement for conventional genomic 

selection. 

Is Epigenetics the Same as Inheritance? 

This is perhaps one of the most 

fascinating—and frequently misunderstood—

aspects of epigenetics.Epigenetic changes can 

persist through cell divisions and are essential 

for maintaining cellular identity. However, not 

every epigenetic modification is transmitted 

111 



  

 E-ISSN: 2583-5173                 Volume-5, Issue-4, September, 2026 

New Era Agriculture  
Magazine 

 

to the next generation.During the formation 

of germ cells and early embryonic 

development, extensive epigenetic 

reprogramming takes place. Many epigenetic 

marks are erased, although certain genomic 

regions can escape this reprogramming. 

Therefore, the idea that an environmental 

experience in one generation will 

automatically be inherited by the next 

generation through epigenetic mechanisms is 

an oversimplification.Evidence for stable 

transgenerational epigenetic inheritance in 

mammals remains an active area of research. 

Interesting findings have been reported in 

livestock, but distinguishing genuine 

transgenerational inheritance from other 

biological and environmental effects requires 

carefully designed experiments. 

The Future Is Multi-Omic 

Modern animal genetics is moving 

rapidly beyond the study of DNA sequence 

alone. Technologies such as whole-genome 

sequencing, DNA methylation profiling, 

transcriptomics, chromatin-accessibility 

assays and other multi-omics approaches 

are allowing researchers to examine biological 

systems at multiple levels.This creates a new 

way of thinking about animal genetics Instead 

of asking only:“Which genetic variants does 

this animal possess?”researchers can 

increasingly ask“Which genes are active, 

how are they regulated, and how does the 

environment influence their activity?”This 

shift is particularly valuable in livestock 

science, where phenotype is the result of a 

complex interaction among genotype, 

environment, development, nutrition and 

management. 

A New Perspective on Animal Genetics 

Epigenetics does not replace 

genetics—it adds another layer to our 

understanding of genetics.The DNA 

sequence provides the biological blueprint, 

while epigenetic mechanisms influence how 

that blueprint is interpreted. Developmental 

stage, nutrition, environmental conditions and 

physiological state can all interact with these 

regulatory systems and contribute to variation 

in phenotype.For animal geneticists and 

breeders, this opens an exciting new 

perspective.The livestock of the future may not 

be evaluated solely on the basis of what genes 

an animal carries, but also through a deeper 

understanding of how those genes are 

regulated and expressed under real-world 

conditionsAs genomics, epigenomics, 

transcriptomics and other technologies 

continue to converge, the greatest opportunity 

may lie not in studying these biological layers 

independently, but in understanding their 

interaction. 

 The genome provides the blueprint. 

 The epigenome helps interpret the 

blueprint. 
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 The environment influences the 

conversation. 

Understanding this conversation may 

represent one of the next important steps in 

modern animal genetics and breeding—

bringing us closer to a more complete 

understanding of why animals differ, how they 

adapt and how their biological potential can be 

sustainably improved. 
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