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ABSTRACT 

The relationship between human genetic diversity and ethnicity is a complex and multifaceted subject 

that offers insights into human history, migration patterns, and biological variation. Genetic diversity is 

significantly greater within ethnic groups than between them, with approximately 85-90% of variation 

occurring within populations. This challenges simplistic notions of racial or ethnic genetic determinism. 

Historical processes, such as the "out of Africa" model of human migration, have influenced genetic 

diversity, with some ethnic groups experiencing limited gene flow and increased endogamy. Cultural 

practices, such as geographical or cultural isolation, have also influenced genetic diversity. Recent 

demographic changes, such as rapid population growth or decline, have also impacted genetic diversity 

patterns. Understanding this relationship has practical implications, particularly in medicine, forensic 

science, anthropology, and conservation biology. However, challenges remain, such as the definition of 

ethnicity, ethical considerations, and the changing landscape of human genetic diversity. 
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INTRODUCTION  

The relationship between ethnicity and genetic 

diversity stands as a cornerstone of modern 

population genetics, offering profound insights 

into human history, migration patterns, and the 

intricate variations within our species1, 2. This 

multifaceted relationship, shaped by a myriad of 

historical, demographic and evolutionary 

factors, has become a focal point for researchers 

across diverse fields, including population 

genetics, anthropology and medicine3. The 

complexity of this relationship stems from the 

dynamic nature of human populations, which 

have been continuously shaped by forces such as 

migration, isolation, admixture and adaptation 

over tens of thousands of years4. Understanding 

this relationship requires a detailed approach that 

considers not only the biological aspects of 

genetic variation but also the social, cultural, and 

historical contexts that define ethnic groups5. It 

challenges us to reconcile our understanding of 

human biological variation with the social 

constructs of race and ethnicity, often revealing 

discrepancies between genetic reality and social 

perception6,7. This field of study not only 

enhances our understanding of human origins 

and diversity but also has significant 

implications for personalized medicine, forensic 

science and our conceptualization of human 

identity in an increasingly globalized world8, 9. 

 

REVIEW METHODOLOGY  

This review employed a structured literature-

based approach to synthesize current knowledge 

on the relationship between human genetic 

diversity and ethnicity. The methodology 

followed established guidelines for narrative and 

systematic reviews to ensure rigor and 

comprehensiveness. Relevant peer-reviewed 

articles, books, and authoritative reports were 

identified through electronic databases including 

PubMed, Scopus, Web of Science, and Google 

Scholar. The search strategy combined keywords 

and Boolean operators such as “human genetic 

diversity,” “ethnicity,” “population genetics,” 

“migration,” “genomic variation,” “cultural 

practices,” and “health implications.” Literature 

published in English from 2000 to 2025 was 

prioritized to capture recent advances in 

genomics, though seminal works published 

earlier were also considered where historically 

relevant. 

The inclusion criteria comprised studies that 

discussed genetic variation within and between 

populations, the role of ethnicity in shaping 

genetic diversity, and the implications of this 

relationship for medicine, anthropology, and 

evolutionary biology. Exclusion criteria 

eliminated studies that lacked primary or 

secondary data, non-peer-reviewed materials, 

and articles with inadequate methodological 

clarity. Reference lists of selected papers were 

screened to identify additional relevant 

publications through a snowballing technique. 

Data extraction focused on key themes including 

historical migration, cultural practices, 

population dynamics, genomic technologies, and 

ethical considerations. Extracted information 

was thematically analyzed and organized to 

highlight patterns, convergences, and debates 

within the literature. Emphasis was placed on the 

complexity of human genetic variation, the 

limitations of race-based interpretations, and the 

broader consequences for scientific research and 

public health. 

 

Fundamental concepts 

Genetic diversity refers to the variety of genetic 

characteristics within a species or population, 

encompassing variations in DNA sequences, 

allele frequencies, and the distribution of genetic 

traits10, 11. When examined through the lens of 

ethnicity, this diversity reveals a rich mosaic of 

human variation that tells the story of our shared 

origins and divergent journeys across the 

globe12. The concept of genetic diversity 

includes several key components: single 

nucleotide polymorphisms (SNPs), which are 

variations in single base pairs of DNA; structural 

variations such as insertions, deletions, and copy 

number variations; and variations in 

mitochondrial DNA and Y-chromosome 

lineages, which provide insights into maternal 

and paternal ancestries, respectively13, 14. The 

distribution of these genetic variations across 

different ethnic groups offers a window into 
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human evolutionary history, revealing patterns 

of migration, adaptation, and admixture. 

However, it is crucial to approach this topic with 

care, recognizing that ethnicity is primarily a 

social construct that doesn't always align neatly 

with genetic population structures1, 15. The 

boundaries between ethnic groups are often fluid 

and can change over time due to social, political, 

and cultural factors, while genetic variation 

tends to follow a more continuous distribution 

across geographic regions16, 17. 

One of the most striking and consistently 

replicated findings in population genetics is that 

genetic diversity is far greater within ethnic 

groups than between them. Numerous studies 

have shown that approximately 85-90% of 

genetic variation occurs within populations, 

while only 10-15% occurs between 

populations18. This fundamental fact underscores 

the genetic similarity of all human populations 

and challenges simplistic notions of racial or 

ethnic genetic determinism. It means that two 

individuals from the same ethnic group may be 

more genetically different from each other than 

either is from someone of another ethnicity. This 

finding has profound implications for our 

understanding of human variation and the 

concept of race. It suggests that the visible traits 

we often associate with ethnicity, such as skin 

colour or facial features, represent only a tiny 

fraction of overall genetic variation and are not 

reliable indicators of genetic ancestry or overall 

genetic similarity. This realization has led many 

scientists to argue that the concept of biological 

races in humans is not scientifically valid. 

Instead, human genetic variation is better 

understood as a complex, interconnected web of 

diversity that reflects our species' history of 

migration, admixture, and adaptation to diverse 

environments19. 

 

Historical perspective: human migration and 

genetic diversity 

The patterns of genetic diversity we observe 

today are the result of complex historical 

processes that have shaped human populations 

over tens of thousands of years20. The "out of 

Africa" model of human migration, strongly 

supported by genetic evidence, provides a 

framework for understanding the broad patterns 

of global genetic diversity. This model posits that 

modern humans originated in Africa and 

subsequently migrated to populate other 

continents in several waves beginning around 

60,000 to 70,000 years ago21. As small groups of 

humans left Africa and populated other 

continents, they carried only a subset of the 

original genetic diversity with them1. This 

"founder effect," combined with genetic drift in 

small populations, led to reduced genetic 

diversity in many non-African ethnic groups1, 22. 

The further populations migrated from Africa, 

the more pronounced this effect became, 

resulting in a general trend of decreasing genetic 

diversity with increasing geographic distance 

from Africa. This pattern is evident in various 

genetic markers, including autosomal DNA, 

mitochondrial DNA, and Y-chromosome 

lineages23. For example, studies have shown that 

African populations harbour the greatest genetic 

diversity, followed by populations in the Middle 

East, Europe, Asia, and finally the Americas and 

Oceania24. This gradient of genetic diversity 

provides strong evidence for the African origin 

of modern humans and offers insights into the 

routes and timing of human migrations across 

the globe. 

 

Adaptive evolution and environmental 

influences 

The story of human genetic diversity does not 

end with the initial out-of-Africa migrations. As 

human populations spread across the globe, they 

encountered diverse environments that exerted 

different selective pressures, leading to adaptive 

evolution. This process has resulted in the 

prevalence of certain genetic variants in specific 

populations, reflecting adaptations to local 

environmental conditions25, 26. A classic example 

is the persistence of lactase production into 

adulthood, which is more common in 

populations with a history of dairy farming, 

particularly in Europe and parts of Africa27. This 

adaptation allows adults to digest milk and dairy 

products, providing a nutritional advantage in 

cultures where these foods are staples27, 28. 
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Other examples of adaptive evolution 

include variations in skin pigmentation, which 

balance the need for vitamin D synthesis with 

protection from UV radiation in different 

latitudes; genetic resistance to malaria in regions 

where the disease is endemic; and adaptations to 

high-altitude environments in populations living 

in mountainous regions29. These adaptations, 

while potentially reducing diversity at specific 

genetic loci, contribute to the overall genetic 

diversity of our species by creating unique 

genetic profiles in different populations. It is 

important to note that while these adaptations 

can be associated with certain ethnic groups, 

they are not uniformly distributed within these 

groups and can also be found at varying 

frequencies in other populations due to 

admixture and convergent evolution30, 31. 

 

Cultural practices and their genetic impact 

The influence of cultural practices on genetic 

diversity cannot be overstated, as social norms 

and traditions have played a significant role in 

shaping patterns of genetic variation within and 

between ethnic groups. Some ethnic groups, due 

to geographical or cultural isolation, have 

experienced limited gene flow and increased 

endogamy (the practice of marrying within a 

specific social group). This can result in lower 

genetic diversity within these populations and 

the prevalence of certain genetic variants, 

including some associated with inherited 

disorders32.  Examples of populations that have 

experienced such effects include the Amish in 

North America, certain Jewish communities, and 

isolated island populations. These groups often 

show distinct genetic profiles that reflect their 

history of isolation and endogamy. 

Conversely, historical events such as trade, 

conquest and migration have led to admixture 

between previously separated populations, 

increasing genetic diversity in many ethnic 

groups.33 The Silk Road, for instance, not only 

facilitated the exchange of goods and ideas but 

also led to genetic admixture across vast 

distances. More recent examples include the 

genetic legacy of the Mongol Empire in Central 

and Eastern Asia and the complex admixture 

patterns in populations of the Americas resulting 

from European colonisation, the African slave 

trade, and subsequent migrations34, 35. These 

historical processes have created intricate 

patterns of genetic diversity that reflect the 

complex social and cultural interactions between 

different ethnic groups over time. Understanding 

these patterns requires an interdisciplinary 

approach that combines genetic analysis with 

historical, archeological, and anthropological 

evidence. 

Recent demographic changes 

Recent demographic changes have also left their 

mark on genetic diversity patterns, often in 

dramatic and rapid ways. Rapid population 

growth or decline can significantly impact 

genetic diversity, altering the frequency of 

genetic variants and reshaping the genetic 

landscape of populations36, 37. A poignant and 

well-studied example is the dramatic reduction 

in genetic diversity among Native American 

populations following European contact. This 

was a result of devastating population declines 

due to introduced diseases, warfare, and 

displacement, which led to genetic bottlenecks 

and the loss of many genetic lineages. The 

impact of this demographic collapse is still 

evident in the genetic profiles of modern Native 

American populations, which show lower 

genetic diversity compared to other continental 

populations38, 39.  

On the other hand, rapid population growth, as 

seen in many parts of the world during the 20th 

century, can lead to the preservation of genetic 

variants that might otherwise be lost to genetic 

drift in smaller populations. Urbanization and 

increased mobility in the modern era have also 

had significant effects on genetic diversity, often 

leading to increased admixture between 

previously separated populations40, 41. This is 

particularly evident in diverse urban centres 

where individuals from different ethnic 

backgrounds intermix, potentially reducing 

genetic differentiation between groups over 

time. These ongoing demographic processes 

continue to shape the landscape of human 

genetic diversity, creating new patterns of 
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variation that reflect our increasingly 

interconnected world1, 4. 

 

Medical implications 

Understanding the relationship between 

ethnicity and genetic diversity has important 

practical implications, particularly in the field of 

medicine. The growing field of 

pharmacogenomics recognizes that genetic 

variations can influence drug metabolism and 

efficacy, sometimes leading to ethnicity-specific 

pharmaceutical guidelines42, 43. For example, 

certain genetic variants affecting the metabolism 

of the anticoagulant warfarin are more common 

in some populations, necessitating different 

dosing strategies44, 45. Similarly, the prevalence 

of genetic variants associated with adverse 

reactions to the HIV treatment abacavir varies 

across ethnic groups, influencing screening 

recommendations46.  

In cancer research, understanding the genetic 

diversity within and between ethnic groups has 

led to the identification of population-specific 

risk factors and potential therapeutic targets47, 48. 

However, it is crucial to approach such 

applications with caution, recognizing the 

limitations of ethnic categories in predicting 

genetic makeup. The use of broad ethnic 

categories as proxies for genetic ancestry can 

lead to oversimplification and potentially missed 

diagnoses or inappropriate treatments. As our 

understanding of genetic diversity grows, there 

is a push towards more personalized approaches 

that consider an individual specific genetic 

profile rather than relying solely on ethnic 

categorizations31, 49. This shift towards precision 

medicine promises to improve healthcare 

outcomes by tailoring treatments to individual 

genetic characteristics while also challenging us 

to move beyond simplistic notions of ethnicity in 

medical practice50. 

 

Applications in other fields 

The study of genetic diversity across ethnic 

groups also provides valuable insights for fields 

beyond medicine, contributing to our 

understanding of human history, evolution, and 

social dynamics20, 26. In forensic science, 

understanding patterns of genetic diversity can 

aid in identification processes, informing the 

development of DNA databases and the 

interpretation of genetic evidence. However, 

great care must be taken to avoid reinforcing 

harmful stereotypes or perpetuating biases in the 

criminal justice system51. In anthropology and 

history, genetic diversity patterns offer a window 

into human migration history and ancient 

population structures, complementing 

archaeological and linguistic evidence.  

Genetic studies have helped reconstruct 

prehistoric migration routes, revealed previously 

unknown population mixing events, and 

provided insights into the origins and 

relationships between different ethnic groups51, 

52. For example, genetic evidence has been 

crucial in understanding the population of the 

Americas, the spread of agriculture in Europe, 

and the complex history of admixture in African 

populations1, 35. In conservation biology, 

principles learnt from studying human genetic 

diversity are applied to protect endangered 

species and maintain biodiversity.53 The study of 

human genetic diversity also intersects with 

social sciences, informing discussions about 

identity, race, and ethnicity in contemporary 

societies54. By revealing the genetic complexity 

underlying social categories of race and 

ethnicity, this research challenges simplistic 

notions of human difference and underscores our 

shared genetic heritage. 

 

Challenges and ethical considerations 

Despite the wealth of knowledge gained from 

studying the intersection of ethnicity and genetic 

diversity, significant challenges remain, both 

technical and ethical. The definition of ethnicity 

itself is problematic from a genetic perspective, 

as genetic diversity exists on a continuum that 

doesn't always align with socially defined ethnic 

categories19. Ethnic groups are often defined by 

cultural, linguistic, or geographic factors that 

may not correspond directly to genetic 

population structure. This mismatch can lead to 

oversimplification or misinterpretation of 

genetic data when broad ethnic categories are 

used as proxies for genetic ancestry55. There are 
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also important ethical considerations in this line 

of research, as findings can be misinterpreted or 

misused to justify discrimination or reinforce 

harmful stereotypes56. 

The history of scientific racism casts a long 

shadow over genetic studies of human 

populations, necessitating careful 

communication of research findings and their 

implications57. Privacy concerns are also 

paramount, as genetic data can reveal sensitive 

information about individuals and their relatives. 

Balancing the potential benefits of genetic 

research with the need to protect individual 

privacy and prevent misuse of genetic 

information remains an ongoing challenge58. 

Additionally, there are technical challenges in 

studying genetic diversity, including the need for 

diverse reference genomes, the complexity of 

analyzing admixed populations, and the 

difficulty of inferring past population dynamics 

from present-day genetic data59. Addressing 

these challenges requires ongoing collaboration 

between geneticists, ethicists, social scientists, 

and community stakeholders to ensure that 

research in this field is conducted responsibly 

and its findings are interpreted and applied 

appropriately60, 61. 

 

CONCLUSION 

The study of the effect of ethnicity on genetic 

diversity reveals a complex picture of human 

biological variation that continues to evolve with 

new research and technological advancements. It 

tells a story of our shared origins, our diverse 

journeys across the globe, and the myriad 

factors, biological, cultural, and historical, that 

have shaped our genetic makeup. This field of 

study challenges us to reconcile scientific 

understandings of human variation with social 

constructs of race and ethnicity, often revealing 

the limitations and oversimplifications inherent 

in these categories. As we continue to unravel 

this complexity, we gain not only a deeper 

understanding of our biological heritage but also 

a greater appreciation for the rich diversity and 

fundamental unity of our species. The insights 

gained from this research have far-reaching 

implications, from improving medical 

treatments to informing policies on diversity and 

inclusion. Moreover, it also underscores the need 

for careful and responsible approaches to 

studying and discussing human genetic diversity, 

recognizing both its scientific importance and its 

potential social impact. As our world becomes 

increasingly interconnected, understanding the 

complex relationship between ethnicity and 

genetic diversity becomes ever more crucial, 

offering a scientific basis for appreciating both 

our differences and our shared humanity.  
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