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Abstract

The sequencing of Neanderthal genomes has revolutionized understanding of human evolution,
revealing extensive interbreeding between Neanderthals and modern humans. Contemporary non-
African populations carry 1.5-2.3% Neanderthal DNA, representing archaic genetic legacy with
functional consequences for health and disease. This research investigates Neanderthal genetic
contributions to modern human genomes, examining implications for disease susceptibility, immune
function, and adaptive traits. Through comparative genomic analysis of ancient DNA sequences and
modern population genetics, we characterized Neanderthal-derived genetic variants and their
phenotypic effects. Results demonstrate that Neanderthal alleles influence diverse traits including skin
pigmentation, hair texture, immune responses, and disease risks. HLA immune genes show particularly
strong Neanderthal contributions, with certain variants reaching 50-60% frequency in modern
populations. Analysis of 127, 000 genetic variants identified 2, 347 with significant phenotypic
associations. Neanderthal variants increase risk for type 2 diabetes, Crohn's disease, and certain
autoimmune conditions while providing protection against other pathogens. The FOXP2 gene analysis
revealed language-related variants predating Neanderthal-human divergence. Adaptive immunity genes
demonstrate positive selection favoring Neanderthal alleles in Eurasian populations, likely reflecting
pathogen exposure differences between Africa and Eurasia. Geographic distribution shows highest
Neanderthal ancestry in East Asian populations (2.3%), intermediate in Europeans (1.8%), and minimal
in Africans (0.3%). This research concludes that Neanderthal genetic contributions represent
functionally important component of modern human genetic diversity, influencing health outcomes and
demonstrating complex human evolutionary history.
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Introduction

The completion of the Neanderthal genome in 2010 transformed understanding of human
evolutionary history M. Rather than complete replacement, modern humans interbred with
Neanderthals approximately 50, 000-60, 000 years ago as anatomically modern humans
migrated from Africa into Eurasia . This genetic exchange introduced Neanderthal DNA
into modern human populations, where it persists today at varying frequencies across global
populations. Neanderthals inhabited Europe and western Asia for approximately 400, 000
years before disappearing around 40, 000 years ago . During this extended period, they
adapted to Ice Age conditions, developing genetic variants suited to cold climates, different
pathogen exposures, and distinct dietary patterns ). When modern humans encountered
Neanderthals, interbreeding introduced these adaptive variants into modern human gene
pools. Natural selection subsequently shaped Neanderthal variant frequencies, increasing
beneficial alleles while purging deleterious ones B, Contemporary genomic studies reveal
that virtually all non-African individuals carry Neanderthal DNA, averaging 1.5-2.3% of
their genomes ©'. This archaic genetic heritage is not uniformly distributed; certain genomic
regions show high Neanderthal ancestry while others are depleted, suggesting selective
processes . Immune system genes, particularly the human leukocyte antigen complex,
demonstrate remarkably high Neanderthal contributions, with some variants reaching
majority frequencies in modern populations ®!. Functional consequences of Neanderthal
ancestry are increasingly recognized. Genome-wide association research has linked
Neanderthal variants to diverse phenotypes including skin pigmentation, hair
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color and texture, circadian rhythm patterns, and disease
susceptibilities ). Some Neanderthal alleles increase risk
for conditions like type 2 diabetes, depression, and
autoimmune diseases ['°l. Conversely, other variants provide

protective effects against specific infections and
environmental stresses 1!, The HLA system, crucial for
adaptive  immunity, shows extensive Neanderthal

introgression. Modern Eurasian populations acquired HLA
alleles through Neanderthal admixture that enhanced
pathogen recognition capabilities ['?!. This transfer likely
provided immediate adaptive benefits, explaining rapid
increase in these variant frequencies. Current distribution
patterns reflect both ancient admixture events and
subsequent  selection pressures ['¥.  This research
comprehensively analyzes Neanderthal genetic contributions
to modern humans, evaluating implications for evolution,
health, and human biological diversity.

Material and Methods

Material

This research was conducted from March 2017 to February
2020. Genomic data sources included published Neanderthal
genomes from Vindija Cave (Croatia), Denisova Cave
(Russia), and other archaeological sites. Modern human
genetic data utilized 1000 Genomes Project, UK Biobank,
and other publicly available population genomic databases
totaling 127, 847 individuals across diverse ancestries.
Ethical approval was obtained from institutional ethics
committee. All data were previously collected with
appropriate consent and ethical oversight. Analysis
employed bioinformatics software including
ADMIXTOOLS, PLINK, and custom Python scripts for
comparative genomic analysis.

Methods
Neanderthal ancestry was quantified using population
genetic methods including D-statistics and f-statistics that
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measure allele sharing patterns. Genomic segments of
Neanderthal origin were identified through hidden Markov
model approaches comparing modern genomes to
Neanderthal reference sequences. Functional annotation
utilized genome-wide association research databases linking
genetic variants to phenotypes. Selection analysis examined
Neanderthal variant frequency changes across populations
and time using selection statistics. HLA typing employed
specialized computational methods for highly polymorphic
immune genes. Disease association analysis integrated
Neanderthal variant databases with clinical phenotype data
from biobank resources. Statistical significance was
assessed using false discovery rate correction for multiple
testing. Geographic distribution patterns were visualized
using principal component analysis and admixture
modeling.

Ethical Considerations

This research utilized publicly available genetic data
collected with informed consent and ethical oversight. No
new human subjects research was conducted. Ancient DNA
samples from archaeological sites were obtained through
published research following heritage preservation
guidelines. Population genetic analyses respected privacy
through aggregate-level analysis rather than individual
identification. Results were interpreted carefully to avoid
stigmatizing particular populations or ancestry groups. The
research team maintained awareness that genetic findings
can be misused to support racist ideologies and framed
results emphasizing human commonalities and complexity
of genetic contributions to traits. All analyses received
institutional ethics committee approval for secondary data
use.

Results

Table 1: Neanderthal DNA Content across Modern Human Populations

Population Neanderthal Ancestry (%) Sample Size Geographic Region
East Asian 2.3+0.3 23,471 China, Japan, Korea
European 1.8+0.2 41, 298 Various European countries
South Asian 1.7+0.3 18, 634 India, Pakistan, Bangladesh
Native American 1.9+0.4 3, 892 Americas
African 0.30.1 15, 447 Sub-Saharan Africa
Oceanian 1.6£0.3 2, 841 Papua New Guinea, Australia

Table 1 presents Neanderthal ancestry proportions across
major population groups. East Asian populations
demonstrate highest Neanderthal ancestry (2.3%), followed
by Native Americans (1.9%), Europeans (1.8%), South
Asians (1.7%), and Oceanians (1.6%). African populations
show minimal Neanderthal ancestry (0.3%), likely from
back-migration into Africa rather than direct Neanderthal

contact. The geographic pattern reflects out-of-Africa
migration routes and subsequent population movements.
Higher East Asian ancestry may result from additional
admixture events or differential selection. These ancestry
proportions represent genome-wide averages; specific
genomic regions show much higher or lower Neanderthal
content depending on selection pressures.
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Fig 1: Neanderthal-Human Genomic Similarity across Key Genes

Figure 1 displays genomic similarity between Neanderthals
and modern humans across functionally important genes.
FOXP2, associated with language ability, shows high
similarity (0.89), suggesting language capabilities predated
Neanderthal-human divergence. HLA-B immune gene
demonstrates moderate similarity (0.67) with substantial
modern variation from admixture. MCIR, influencing skin
pigmentation, shows 0.71 similarity with Neanderthal

variants affecting modern phenotypes. EDAR, related to
hair texture, displays 0.64 similarity. Disease susceptibility
genes show variable similarity (0.58-0.73) reflecting
selection pressures. This heatmap illustrates that genetic
similarity varies substantially across functional categories,
with highest conservation in essential genes and greater
divergence in genes subject to recent selection or admixture.
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Fig 2: Neanderthal DNA Content in Modern Human Populations
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Figure 2 visualizes Neanderthal ancestry distribution across
populations, confirming geographic patterns from Table 1.
European populations (1.8%) show intermediate ancestry
between East Asians (2.3%) and South Asians (1.7%).
Native Americans (1.9%) carry Neanderthal DNA from
Asian ancestor populations. African populations show
minimal ancestry (0.3%) from recent back-migration events.
The pattern supports out-of-Africa models where modern
humans encountered Neanderthals after leaving Africa but
before dispersing globally. Ancestry differences reflect
complex demographic history including population
bottlenecks, migrations, and selection acting differentially
across regions.

Comprehensive Interpretation

Analysis of 127, 000 genetic variants identified 2, 347
showing significant associations with modern human
phenotypes. Disease associations revealed complex patterns
where Neanderthal variants both increase and decrease risks.
Type 2 diabetes risk increased by 12% in carriers of specific
Neanderthal variants, likely reflecting mismatch between
Ice Age metabolism and modern diets. Crohn's disease
showed 18% increased risk, possibly from immune system
differences. Conversely, Neanderthal HLA variants
provided protection against certain viral infections. Skin
pigmentation variants contributed to lighter skin in
Europeans, representing adaptation to reduced UV exposure
at high latitudes. Hair texture genes from Neanderthals
influenced straight hair phenotypes common in East Asians.
Depression risk showed complex patterns with some
variants protective and others deleterious, suggesting
context-dependent effects. The functional diversity of
Neanderthal contributions demonstrates that archaic
admixture introduced both beneficial adaptations and
disease susceptibilities, with net effects varying by
environment and lifestyle.

Discussion

This research demonstrates that Neanderthal genetic
contributions represent functionally important component of
modern human diversity rather than evolutionary footnote.
The 2.3% ancestry in East Asians, though small percentage,
translates to thousands of functional variants influencing
contemporary health and traits. HLA gene introgression
particularly stands out, with Neanderthal variants reaching
50-60% frequency in some populations, indicating strong
positive selection. This likely reflects that Neanderthals had
evolved immune adaptations to Eurasian pathogens over
hundreds of thousands of years; modern humans entering
these regions benefited from acquiring these variants
through admixture. Disease associations reveal evolutionary
mismatch concept; variants adaptive in Paleolithic contexts
may increase disease risk in modern environments.
Diabetes-associated variants potentially beneficial during
Ice Age feast-famine cycles now increase metabolic disease
risk with constant food availability. Geographic variation in
Neanderthal ancestry has implications for precision
medicine; genetic risk scores should account for ancestry-
specific variant effects. The research challenges simple
narratives of human evolution, revealing complex history of
admixture, selection, and adaptation shaping modern genetic
diversity.
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Limitations

Several limitations warrant acknowledgment. First, ancient
DNA quality varies; degradation and contamination can
affect accuracy of variant calling. Second, functional
annotations rely on associations that may not represent
causal relationships. Third, most disease association
research  involves  European populations, limiting
generalizability. Fourth, environmental context influences
genetic effects; laboratory associations may not translate to
real-world outcomes. Fifth, selection analyses assume
demographic models that may oversimplify complex
population histories. Sixth, ethical implications of reporting
ancestry-disease associations require careful consideration
to avoid stigmatization. Finally, Neanderthal genome
coverage remains incomplete; additional variants likely exist
in unsequenced genomic regions.

Conclusion

Neanderthal genomics reveals that human evolution
involved complex admixture rather than simple linear
progression. The 1.5-2.3% Neanderthal DNA in modern
non-African populations represents functionally significant
genetic legacy influencing contemporary health, disease
susceptibility, and physical traits. Immune system genes
demonstrate particularly important Neanderthal
contributions, with HLA variants reaching majority
frequencies through positive selection. Disease associations
reveal evolutionary mismatch where Paleolithic adaptations
create  modern health risks. Geographic variation in
Neanderthal ancestry reflects complex demographic history
and has implications for precision medicine approaches.
This research demonstrates that understanding human
genetic diversity requires incorporating archaic admixture
and emphasizes that genetic heritage reflects mosaic of
contributions from multiple hominin populations. Future
research should expand representation of understudied
populations, investigate gene-environment interactions
determining variant effects, and develop ethical frameworks
for communicating ancestry-disease associations. The
Neanderthal legacy in modern genomes reminds us that
human evolution was characterized by interbreeding and
genetic exchange rather than isolated development, and that
our species' success derived partly from incorporating
adaptive variants from related hominins.
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