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I. INTRODUCTION 
 

Life exists within constantly changing environments. 

Temperature, availability of nutrients and water, 

competition, predation, pathogens, and other 

environmental factors can influence the survival, 

development, and reproduction of organisms. Yet 

organisms exposed to similar environmental 

conditions do not necessarily respond in identical 

ways. Differences in genetic composition can 

contribute to variation in physiological, 

morphological, developmental, and behavioral 

responses. 

 

Modern biological research increasingly 

demonstrates that genetic and environmental 

factors cannot always be understood independently. 

The effect of a genetic variant may depend on the 

environment in which an organism develops, while 

environmental conditions may produce different 

outcomes in organisms with different genetic 

backgrounds. Such relationships are broadly 

described through genotype-by-environment 

interactions (G×E). 

Adaptation emerges from the interaction between 

organisms and their environments over evolutionary 

time. Genetic variation can allow populations to 

respond to environmental pressures through natural 

selection. At the same time, organisms can exhibit 

phenotypic plasticity—the capacity of a genotype to 

produce different phenotypes under different 

environmental conditions. 

 

II. GENETIC BASIS OF BIOLOGICAL 

VARIATION 
 

Genetic variation is a fundamental component of 

biological diversity. Differences in DNA sequences 

can influence the production, regulation, and 

function of biological molecules and consequently 

contribute to differences among individuals. 

Mutations, recombination, gene flow, and other 

evolutionary processes generate or redistribute 

genetic variation within and among populations. 

 

Natural selection can change the frequency of 

genetic variants when individuals possessing 

particular heritable characteristics have differences 
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in survival or reproductive success. However, the 

biological advantage associated with a genetic 

characteristic is not necessarily constant across all 

environments. A characteristic that provides an 

advantage under one set of environmental 

conditions may have little benefit, or even impose a 

disadvantage, under another. 

 

Therefore, genetic variation should not be 

interpreted simply as a fixed determinant of 

phenotype. Genetic information provides a 

biological potential whose expression can depend 

substantially on developmental and environmental 

conditions. 

 

III. ENVIRONMENTAL INFLUENCE ON 

PHENOTYPE 
 

Environmental conditions can influence organisms at 

multiple biological levels. External factors such as 

temperature, light, water availability, nutrition, 

chemical exposure, pathogens, and social conditions 

can affect cellular processes, development, 

physiology, behavior, and reproduction. 

 

Environmental influence does not necessarily mean 

that environmental conditions permanently alter an 

organism’s genetic sequence. Instead, 

environmental signals can influence how genes are 

expressed and how biological pathways operate. 

Consequently, individuals carrying similar genetic 

information can develop different characteristics 

when exposed to different environments. 

 

The relationship between genotype and phenotype 

can therefore be viewed as dynamic. A genotype 

may provide a range of possible phenotypic 

responses, while environmental conditions influence 

which response is expressed. This concept forms the 

basis of phenotypic plasticity. 

 

IV. PHENOTYPIC PLASTICITY AS A 

BIOLOGICAL RESPONSE 
 

Phenotypic plasticity refers to the capacity of a single 

genotype to produce different phenotypes in 

response to environmental variation. It is an 

important mechanism through which organisms 

respond to changing conditions without requiring 

immediate genetic change. 

 

Plastic responses can occur at different biological 

levels. Organisms may modify physiological 

processes, developmental patterns, morphology, or 

behavior in response to environmental cues. These 

responses may occur during an individual’s lifetime 

and can sometimes improve survival or reproductive 

success. 

 

Plasticity and genetic adaptation should not be 

treated as opposing processes. They can operate 

simultaneously and contribute to the ability of 

organisms to persist in heterogeneous 

environments. 

 

V. GENOTYPE-BY-ENVIRONMENT 

INTERACTIONS 
 

Genotype-by-environment interaction provides a 

framework for understanding why different 

genotypes can respond differently to the same 

environmental change. For example, two genetically 

distinct individuals may experience the same 

temperature increase but display different 

physiological responses. Similarly, different plant 

genotypes may respond differently to drought, 

salinity, or nutrient availability. 

 

A useful conceptual model is the reaction norm, 

which describes the pattern of phenotypic 

expression of a genotype across different 

environmental conditions. When reaction norms 

differ among genotypes, genetic variation exists in 

environmental responsiveness. This provides a 

biological basis for studying variation in plasticity 

and adaptation. 

 

VI. FROM ENVIRONMENTAL RESPONSE 

TO BIOLOGICAL ADAPTATION 
 

Adaptation occurs when heritable characteristics 

that improve fitness under particular environmental 

conditions become more common in populations 

over generations. Environmental conditions create 
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selective pressures, while genetic variation 

determines the range of heritable differences upon 

which selection can act. 

 

The same genetic characteristic may have different 

consequences under different environmental 

circumstances. Environmental heterogeneity can 

therefore promote local adaptation, maintain 

genetic variation, or favor organisms capable of 

responding flexibly to changing conditions. 

 

Plasticity can also influence this process. An 

environmentally induced phenotype may allow an 

organism to survive a new condition before genetic 

adaptation occurs. Adaptation should therefore be 

understood as a dynamic process involving genetic 

variation, environmental conditions, phenotypic 

expression, and selection. 

 

VII. BIOLOGICAL EXAMPLES OF GENE–

ENVIRONMENT INTERACTION 
 

Plants provide clear examples because they cannot 

move away from unfavorable environmental 

conditions. They respond to temperature, water 

availability, light, nutrients, and other environmental 

factors through changes in growth, development, 

flowering, metabolism, and physiology. 

 

Animals can respond through changes in physiology, 

development, morphology, and behavior. 

Temperature, food availability, habitat 

characteristics, and interactions with other 

organisms can influence these traits, while genetic 

differences can determine the magnitude and 

direction of responses. 

 

Human biological characteristics are also influenced 

by interactions between genetic background and 

environmental exposure. Nutrition, environmental 

chemicals, pathogens, and other exposures can 

interact with genetic variation to influence complex 

traits and disease susceptibility. 

 

VIII. ENVIRONMENTAL CHANGE AND 

THE FUTURE OF BIOLOGICAL 

ADAPTATION 

 

Environmental change creates an important 

challenge for biological populations. Changes in 

temperature, resource availability, habitat structure, 

and other ecological conditions can alter the 

selective environment experienced by organisms. 

 

The ability of populations to persist may depend on 

genetic variation, phenotypic plasticity, the rate of 

environmental change, and the ability of populations 

to disperse or alter ecological interactions. Genomic 

and computational approaches can help identify 

genetic variants associated with environmental 

conditions and improve understanding of the 

molecular basis of adaptation. 

 

IX. INTEGRATING GENETICS, ECOLOGY, 

AND EVOLUTION 

 

The relationship between genetics and environment 

demonstrates why biological processes are 

interconnected across different levels of 

organization. Genes influence molecular processes, 

molecular processes contribute to cellular and 

physiological characteristics, environmental 

conditions influence their expression, and natural 

selection acts on phenotypic variation within 

populations. 

 

Understanding adaptation therefore requires 

integration across genetics, molecular biology, 

physiology, ecology, and evolutionary biology. 

Modern genomic and computational technologies 

provide additional opportunities to connect these 

levels and investigate biological responses to 

complex environments. 

 

X. DISCUSSION 
 

The evidence reviewed in this paper indicates that 

biological adaptation cannot be adequately 

explained by considering genetic inheritance or 

environmental influence independently. Instead, 

phenotype emerges through a dynamic relationship 

between genetic constitution and environmental 

context. 

 



 Anusha, International Journal of Science, Engineering and Technology, 

 2026, 14:4 

 

4 

 

 

Genetic variation establishes differences among 

individuals, but environmental conditions influence 

how those differences are expressed and whether 

particular characteristics provide a fitness advantage. 

Phenotypic plasticity provides organisms with a 

mechanism for responding to environmental 

variation within their lifetime, while genetic 

adaptation can produce heritable population-level 

changes over generations. 

 

One important challenge is that biological 

environments are rarely controlled by a single 

variable. Organisms typically experience 

combinations of temperature, nutrients, pathogens, 

competition, and other factors simultaneously. 

Future research therefore needs to consider 

environmental complexity rather than examining 

genetic responses to isolated environmental 

variables alone. 

 

XI. CONCLUSION 
 

The interaction between genetics and environment 

is fundamental to understanding biological variation 

and adaptation. Genetic variation provides the basis 

for heritable differences within populations, while 

environmental conditions influence phenotype, 

fitness, and the direction of natural selection. 

Phenotypic plasticity allows organisms to respond 

flexibly to environmental variation, whereas genetic 

adaptation can accumulate across generations. 

 

Genotype-by-environment interactions demonstrate 

that biological traits cannot always be attributed 

exclusively to either genes or environmental 

conditions. Instead, the effects of genetic variation 

may depend on environmental context, and 

environmental changes may produce different 

outcomes in different genetic backgrounds. 

 

An integrated understanding of genetics, 

environmental biology, plasticity, and evolution is 

therefore essential for explaining how organisms 

respond to changing conditions. 
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