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Abstract

A crucial aspect of our comprehension of human evolution is epigenetics, the study of heritable modifications in gene 
function that do not include modifications in the DNA sequence. This intriguing field of study emphasises on how reversible 
and environmental-sensitive mechanisms, such as histone, DNA methylation, and non-coding RNA activity, control gene 
expression and support phenotypic variation. These techniques allow animals to adapt to changing environments without 
experiencing permanent genetic changes, providing a flexible basis for evolutionary processes. Understanding human 
evolution now heavily relies on epigenetics. Since animals can adapt to changing environments without enduring permanent 
genetic changes, evolutionary processes have a flexible basis. Epigenetic modifications have closely linked characteristics such 
as immune system function and brain development throughout human evolution. Epigenetic patterns have been impacted 
by environmental factors like diet, illness, and climate, which has allowed organisms to flourish and procreate in a variety 
of ecological niches. With an emphasis on their function in human evolution, this study explores the molecular mechanisms 
underlying epigenetic control and how epigenetics allows humans to display amazing phenotypic plasticity. The ramifications 
of epigenetic studies in anthropology are also examined, with a focus on how modern humans differ from their hominid 
ancestors and how epigenetics influences cultural and social practices. This review further highlights the revolutionary 
potential of epigenetics in deciphering the intricacies of human evolution by fusing knowledge from genetics, anthropology, 
and environmental studies.
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Introduction

Significant behavioural and phenotypic modifications 
that have allowed species to thrive in various environments 
are hallmarks of human evolution [1]. While genetic 
mutations have long been thought to be the primary cause 
of evolutionary change, epigenetic mechanisms add another 
level of complexity by altering gene expression without 
altering the DNA sequence [2,3]. Environmental cues can 
cause these reversible changes, which could result in heritable 
changes that affect evolutionary pathways. The molecular 

processes behind epigenetic regulation and how epigenetics 
enables humans to exhibit remarkable phenotypic flexibility 
are examined in this review.

Epigenetic Mechanisms

•	 DNA Methylation: Gene silence results from the addition 
of methyl groups to cytosine residues, usually at CpG 
dinucleotides [1].

•	 Histone Modification: Gene and chromatin structure 
are impacted by post-translational modifications of 
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histone proteins, such as acetylation and methylation. 
Transcription may be stimulated or inhibited by these 
modifications [4].

•	 Non-coding RNAs: RNAs that do not code for proteins 

but are involved in the transcriptional and post-
transcriptional control of gene expression. Among other 
things, they take part in RNA interference and chromatin 
remodelling [5].

Figure 1: Here is a schematic diagram illustrating the key epigenetic mechanisms, including DNA methylation [2].

Epigenetics and Phenotypic Plasticity

Phenotypic plasticity is the capacity of an organism to 
modify its phenotype in response to environmental changes. 
Flexibility is increased by epigenetic modifications because 
they allow for reversible changes in gene expression. Studies 
have shown that environmental factors, for instance, can 
affect DNA methylation patterns, leading to phenotypic 
changes that might be sensitive to natural selection.5 
Environmental exposures like pollution or smoking can add 
methyl groups to DNA, silencing or activating specific genes. 
Also, factors like stress or nutrient availability can modify 
histones, altering how tightly DNA is wound and influencing 
gene accessibility [5].

Epigenetic Contributions to Human 
Evolution

Regulatory Evolution: Epigenetic mechanisms have 
significantly influenced human evolution by changing 
patterns of gene expression [3,6]. DNA methylation patterns 
linked to genes involved in brain development have been 
found to differ between humans and other primates, which 
may have an impact on human cognitive abilities. Adaptation 
to Environmental Changes: Epigenetic changes allow for 

quick responses to environmental stresses. For instance, 
people who reside in high-altitude regions exhibit unique 
DNA methylation patterns in genes related to hypoxia 
response [7].

Epigenetics and Disease Evolution

The evolution of disease susceptibility is greatly 
influenced by epigenetic mechanisms, which control gene 
expression without altering the DNA sequence. These 
systems link genetic propensity to environmental influences 
[5]. These include non-coding RNAs and changes to the 
histones. Complex illnesses including cancer and heart 
disease have been linked to epigenetic modifications. In 
cancer, abnormal DNA methylation patterns can either 
activate oncogenes or silence tumour suppressor genes, 
which results in unchecked cell growth and spread [2]. 
The body may inadvertently target its own tissues due to 
dysregulated epigenetic alterations in autoimmune diseases 
such as rheumatoid arthritis. Evolutionary factors influence 
these epigenetic changes, which are not random. For instance, 
certain epigenetic modifications might have improved 
immunological responses to infections, giving organisms a 
survival edge in prehistoric settings.4 However, due of the 
reduced exposure to germs in contemporary environments, 
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these same changes may potentially increase vulnerability to 
autoimmune diseases (a phenomenon sometimes referred 
to as the hygiene hypothesis). Epigenetic modifications, 
such as DNA methylation, histone modification and non-
coding RNA activity, regulate gene activity without altering 
the DNA sequence. These changes can result from factors 
like diet, stress, toxins or lifestyle. For example, epigenetic 
changes have been linked to health outcomes such as 
cancer, cardiovascular diseases, diabetes and mental health 
disorders [4].

Conclusion

A more thorough understanding of human evolution is 
offered by epigenetics, which explains how gene regulation 
and environmental factors have influenced various species. 
Quick adaptations and the current diversity of phenotypes 
have been made possible by epigenetic mechanisms, which 
change gene expression in response to environmental 
stimuli. With further research on epigenetic changes 
and their inheritance, the relationship between genetics, 
environment, and evolution will become more evident.
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