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Abstract This study synthesizes current research to provide a comprehensive understanding of genetic diversity, population
structure, and evolutionary dynamics within and between primate species. Advances in genomic technologies, such as
high-throughput sequencing and comparative genomics, have unveiled significant genetic variation across various primate species,
including endangered ones like the black and white ruffed lemur and Coquerel’s sifaka. Despite their endangered status, these species
exhibit high levels of genetic diversity, underscoring the importance of genomic data in conservation efforts. Key findings from
phylogenomic studies emphasize the need to consider ancestral population variation when interpreting sequence divergence and
evolutionary histories. Genomic data have illuminated long-term evolutionary processes and population dynamics that are otherwise
difficult to observe, providing critical insights into gene regulatory evolution and phenotypic diversity across primates. Unique
insights from case studies, particularly on African great apes, highlight complex demographic histories, including ancient admixture
events, and significant genetic differentiation among populations. These studies underscore the intricate interplay between gene flow,
selection, and genetic drift in shaping primate genomes. This study highlights the crucial role of population genomics in elucidating
the evolutionary mechanisms driving primate diversity and adaptation, offering valuable perspectives for both evolutionary biology
and conservation strategies.
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1 Introduction

Population genomics is a field of study that focuses on understanding the genetic composition of populations and
how it changes over time due to various evolutionary forces such as mutation, selection, recombination, and
genetic drift. This field is significant in evolutionary biology as it provides insights into the mechanisms driving
genetic diversity and adaptation within and between species (Peter et al., 2016). Historically, advancements in
genomic technologies, such as high-throughput DNA sequencing, have revolutionized our ability to analyze
genetic variation at a genome-wide scale, enabling more precise estimates of genetic diversity and
evolutionary dynamics (Osada, 2015). The integration of phylogenetics and population genetics, known as
phylogenomics, has further enhanced our understanding of evolutionary histories and the functional elements
within genomes (Siepel, 2009).

Primates hold a unique position in evolutionary biology due to their close genetic relationship to humans.
Studying primate genomics is crucial for understanding human evolution, as it allows researchers to identify
genetic differences and similarities that have shaped the phenotypic traits of humans and their closest relatives
(Stone and Verrelli, 2006). Primates also exhibit a rich diversity in morphology, behavior, and ecological
adaptations, making them an ideal group for studying the impact of genomic diversity on biological processes
(Kuderna et al., 2023). Furthermore, many primate species are threatened with extinction due to anthropogenic
effects, highlighting the importance of conservation genomics to inform population management and
preserve biodiversity (Orkin et al., 2020).
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This study is to summarize the current knowledge on primate population genomics, focusing on the diversity,
population structure, and evolutionary dynamics of primate species. By synthesizing findings from recent
genomic studies, this study will provide a comprehensive overview of the genetic variation within and between
primate populations and the evolutionary forces shaping this diversity. Additionally, this study will explore the
implications of these findings for understanding human evolution and for the conservation of primate species, and
identify future research directions and challenges in the field of primate population genomics, emphasizing the
need for continued advancements in genomic technologies and analytical methods.

2 Genetic Diversity in Primates

2.1 Intraspecific genetic variation

Genetic diversity within primate species varies significantly, influenced by factors such as population size, habitat
fragmentation, and evolutionary history. For instance, rhesus macaques (Macaca mulatta) exhibit a high level of
nucleotide diversity, approximately 2.5 times greater than that observed in humans. This diversity includes over
43.7 million single-nucleotide variants, which have implications for both functional and non-functional
genomic regions (Xue et al., 2016).

Prado-Martinez et al. (2013) found that chimpanzees, particularly the common chimpanzee, display significant
genetic diversity, with distinct genetic populations identified within the species. For example, the
Nigeria-Cameroon/western and central/eastern populations of common chimpanzees are genetically distinct,
highlighting the complex population history and gene flow within this species. In macaques, whole-genome
sequencing has revealed extensive genetic variation, including numerous variants that affect protein sequences
and gene regulation, underscoring the species’ utility as a model for human disease studies (Xue et al., 2016).
Similarly, studies on lemurs have shown that even critically endangered species like the black and white ruffed
lemur and Coquerel’s sifaka maintain high levels of genetic diversity, suggesting that conservation efforts can be
effective if timely (Perry et al., 2012).

2.2 Interspecific genetic variation

Comparative genomic studies have provided insights into the genetic differences between various primate species.
For instance, humans and chimpanzees, despite sharing 98.7% of their genomic DNA, exhibit significant
differences in gene expression patterns, particularly in the brain, which may underlie the distinct cognitive and
behavioral traits observed between the species (Enard et al., 2002). Additionally, the genetic diversity observed in
great apes, including gorillas and orangutans, has been linked to their population history and varying levels of
inbreeding, which affect their susceptibility to diseases and overall genetic health.

Great apes, such as chimpanzees and gorillas, show extensive genetic variation, with evidence of gene flow and
distinct population structures within species. In contrast, New World monkeys and Old World monkeys exhibit
different patterns of genetic diversity and evolutionary pressures. For example, the genetic diversity in rhesus
macaques, an Old World monkey, is shaped by a large and fluctuating population size, which has led to higher
levels of nucleotide diversity compared to humans (Xue et al., 2016). These differences highlight the varied
evolutionary trajectories and selective pressures experienced by different primate lineages.

2.3 Factors influencing genetic diversity

Mutation, recombination, and genetic drift are fundamental forces shaping genetic diversity in primates.
Mutations introduce new genetic variants, while recombination shuffles these variants, creating new combinations
of alleles. Genetic drift, particularly in small populations, can lead to significant changes in allele frequencies over
time. For example, the high level of genetic polymorphism observed in the common ancestor of the African ape
clade (Homo-Pan-Gorilla) suggests that genetic drift played a significant role in shaping the genetic landscape of
these species.

Population size, habitat fragmentation, and gene flow are critical factors influencing genetic diversity. Large
populations tend to maintain higher levels of genetic diversity due to a greater number of breeding individuals and
reduced effects of genetic drift. Conversely, habitat fragmentation can isolate populations, reducing gene flow and

109



4 International Journal of Molecular Evolution and Biodiversity 2024, Vol.14, No.3, 108-119
EcoEvo Publishere http://ecoevopublisher.com/index.php/ijmeb

increasing the risk of inbreeding. For instance, the extensive inbreeding observed in eastern gorillas is likely a
consequence of habitat fragmentation and reduced population sizes. Gene flow, on the other hand, can introduce
new genetic variants into a population, enhancing genetic diversity and adaptive potential. The genetic
distinctiveness of chimpanzee populations, for example, is partly due to historical gene flow events that have
shaped their current genetic structure.

3 Population Structure in Primates

3.1 Geographical patterns of genetic structure

Geographical patterns of genetic structure in primates are influenced by various factors, including historical
migrations, environmental barriers, and social behaviors. Studies have shown that genetic diversity and
differentiation can vary significantly across different geographic regions. For instance, In gorillas, nucleotide
diversity studies have shown that western lowland gorillas possess the highest levels of genetic diversity among
African apes, which is about twice that of humans (Yu et al., 2004). This high diversity is indicative of substantial
historical population sizes and migrations. In baboons, genome sequencing of six species has revealed multiple
episodes of admixture and introgression, highlighting the complex evolutionary history and geographic structuring
within the genus Papio (Figure 1) (Rogers et al., 2019).
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Figure 1 Papio baboon species (Adopted from Rogers et al., 2019)

Image caption: (A) The appearance and current distribution of each baboon species, and the locations of three well-documented
active hybrid zones are also shown. x1: hybrid zone between P. hamadryas and P. anubis (Phillips-Conroy et al., 1991; Bergman et
al., 2008); x2: hybrid zone between P. cynocephalus and P. anubis (Tung et al., 2008; Charpentier et al., 2012); x3: hybrid zone
between P. kindae and P. ursinus (Jolly et al., 2011); Drawings of each species by S. Nash. (B) Distinguishing features of Papio
species (Adopted from Rogers et al., 2019)

3.2 Social structure and genetic differentiation

Social organization plays a crucial role in shaping the genetic structure of primate populations. In species where
males are the dispersing sex, such as baboons, social structure and behavior can predict molecular genetic
measures of relatedness and reproductive success. For example, in Guinea baboons, female-biased gene flow has
been observed, contrasting with the male-biased dispersal seen in other baboon species. This unique social system
results in a lack of genetic-geographic structuring and higher genetic variation within demes (Kopp et al., 2013).

3.3 Historical demography

Reconstructing the historical demography of primates involves analyzing genetic data to infer past population
sizes and migration events. For instance, studies on baboons have utilized ancient DNA to demonstrate long-term
population continuity in southern Africa, providing insights into the demographic history of the species
(Mathieson et al., 2020). Similarly, nucleotide diversity analyses in gorillas have been used to estimate long-term
effective population sizes, shedding light on their historical population dynamics (Yu et al., 2004).
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We can also apply similar methods to reconstruct the population history of other primate species. For example,
analyzing mitochondrial and nuclear DNA sequences can reveal past population sizes, migration patterns, and the
impact of historical events on genetic diversity. These insights are crucial for understanding the evolutionary
dynamics and conservation needs of these primates.

4 Evolutionary Dynamics of Primates

4.1 Natural selection

Natural selection plays a crucial role in shaping the genetic architecture of primate populations. The detection of
selection signatures in primate genomes involves identifying regions where genetic variation is influenced by
selective pressures. Various methods have been developed to detect these signatures, including long-range
haplotype methods and machine learning approaches, which can identify selective sweeps and other patterns
indicative of selection (Hohenlohe et al., 2010; Liu et al., 2013; Kumar et al., 2022). For instance, the use of
genome-wide scans has revealed widespread genomic signatures of natural selection in hominid evolution,
highlighting the reduction in neutral sequence diversity near conserved features due to selection (McVicker et al.,
2009). Additionally, balancing selection, which maintains genetic diversity within populations, has been
increasingly recognized as a significant driver of diversity, with sophisticated methods now available to detect
its signatures (Bitarello et al., 2023).

Adaptations to various environmental pressures, including diet and disease resistance, are evident in primate
genomes. For example, genes associated with lactase persistence, skin pigmentation, and sickle cell anemia have
been identified as targets of positive selection in human populations, reflecting adaptations to dietary changes and
disease resistance (Rochus et al., 2018). Comparative genomics has also uncovered a role for positive Darwinian
selection in genes involved in immune response, sensory perception, and reproduction, which are critical for
survival and adaptation to environmental challenges (Ellegren, 2008). These findings underscore the importance
of natural selection in driving the evolutionary dynamics of primates.

4.2 Genetic drift and bottlenecks

Genetic drift and demographic fluctuations, such as population bottlenecks, significantly impact genetic diversity
in primate populations. Bottlenecks, which occur when populations experience a drastic reduction in size, can lead
to a loss of genetic variation and an increase in inbreeding. This effect is particularly pronounced in island
primates and endangered species, where limited population sizes exacerbate the impact of genetic drift (Siepel,
2009). The study of demographic history through genome sequencing has provided insights into how these
fluctuations shape genetic diversity and influence evolutionary trajectories (Ellegren, 2008).

Island primates, such as those found in Madagascar, often experience severe genetic bottlenecks due to their
isolated habitats and small population sizes. These bottlenecks can lead to reduced genetic diversity and increased
vulnerability to environmental changes and diseases. Similarly, endangered primate species, such as certain great
apes, face significant genetic challenges due to habitat loss and human activities. Understanding the genetic
consequences of these bottlenecks is crucial for conservation efforts and for maintaining the evolutionary potential
of these species (Ellegren, 2008; Siepel, 2009).

4.3 Gene flow and hybridization

Gene flow, the transfer of genetic material between populations, plays a vital role in shaping genetic diversity in
primates. It can introduce new genetic variants into populations, enhancing genetic diversity and potentially
facilitating adaptation to changing environments. Gene flow can also counteract the effects of genetic drift and
inbreeding, maintaining genetic health in small populations (Ellegren, 2008; Siepel, 2009).

Hybrid zones, where different primate species or subspecies interbreed, provide valuable insights into the role of
gene flow in evolution. For example, hybrid zones in macaques have been studied to understand how gene flow
influences genetic diversity and adaptation. Similarly, introgression, the incorporation of genetic material from
one species into the gene pool of another through hybridization, has been observed in baboons. These examples
highlight the complex interplay between gene flow and hybridization in shaping the evolutionary dynamics
of primates (Ellegren, 2008; Siepel, 2009).
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By examining these evolutionary dynamics, we gain a deeper understanding of the processes that drive genetic
diversity and adaptation in primate populations. This knowledge is essential for both evolutionary biology and
conservation efforts, as it informs strategies to preserve the genetic health and evolutionary potential of primate
species.

5 Genomic Tools and Approaches

5.1 High-throughput sequencing

Advances in high-throughput sequencing technologies have significantly transformed the field of primate
genomics, enabling comprehensive studies of genetic diversity, population structure, and evolutionary dynamics.
Whole-genome sequencing (WGS) has become a cornerstone of these efforts, providing detailed insights into the
genetic makeup of various primate species. For instance, the sequencing of whole genomes from non-model
organisms has revealed patterns of recombination rates, adaptive evolution, and gene family expansions that are
crucial for understanding evolutionary biology (Ellegren, 2014). Additionally, the decreasing cost of sequencing
has made it feasible to sequence entire primate genomes at the population level, which is essential for
conservation genomics (Orkin et al., 2020).

Exome sequencing, which focuses on the protein-coding regions of the genome, has also been employed to
uncover the molecular basis of phenotypic differences among primates. This approach has identified genes under
positive selection that are involved in the conversion of epithelial cells in skin, hair, and nails to keratin,
highlighting the power of targeted capture methods in comparative genomics (George et al.,, 2011). RNA
sequencing (RNA-seq) has further expanded our understanding by revealing substantial genetic variation and gene
expression differences among endangered primates, providing insights into species-specific adaptations and
evolutionary forces (Perry et al., 2012).

5.2 Genomic data analysis

The analysis of genomic data in population genomics involves a variety of computational tools designed to infer
population structure, demographic history, and selection pressures. Population structure analysis helps in
understanding the genetic differentiation among populations, while demographic inference provides insights into
historical population sizes and migration patterns. For example, a comprehensive overview of current population
genomics methods has highlighted more than 100 state-of-the-art tools that can handle whole-genome data,
facilitating the integration of selection into historical frameworks (Bourgeois and Warren, 2021).

Selection scans are another critical aspect of genomic data analysis, aiming to identify regions of the genome that
have been subject to natural selection. These scans have been instrumental in uncovering genes involved in
adaptation and speciation. For instance, the identification of genes under positive selection in primate exomes has
provided valuable information on the evolutionary history and phenotypic diversity of these species (George et al.,
2011). Additionally, the “Simple Fool’s Guide to Population Genomics via RNA-seq” offers a user-friendly
protocol for analyzing high-throughput sequencing data, making these advanced techniques more accessible to
population biologists (Wit et al., 2012).

5.3 Comparative genomics

Comparative genomics involves the analysis of genome sequences from different species to understand their
evolutionary relationships and functional genomics. Genome alignments and phylogenomic analyses are
fundamental tools in this field, allowing researchers to reconstruct the evolutionary history of primates and
identify conserved and divergent genomic regions. For example, genome assemblies for various primate species
have provided new insights into the evolutionary origins of the human genome and the processes involved
(Rogers and Gibbs, 2014). Phylogenomics, which combines phylogenetic and genomic data, has been essential in
unlocking valuable information about evolutionary history and genomic function, despite challenges posed by
variation in ancestral populations (Siepel, 2009).
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Functional genomics approaches, such as the analysis of gene expression and regulatory elements, have further
enriched our understanding of primate evolution. Comparative RNA sequencing has revealed genetic variation
and gene expression differences that are consistent with positive selection, shedding light on the genetic basis of
species-specific adaptations (Perry et al., 2012). Moreover, the creation of a global catalog of whole-genome
diversity from 233 primate species has provided a comprehensive resource for studying the impact of genomic
diversity on biological processes, evolutionary divergence, and conservation efforts (Kuderna et al., 2023).

6 Case Studies in Primate Population Genomics

6.1 Population genomics of African great apes (chimpanzees, bonobos, and gorillas)

Research on the population genomics of African great apes, including chimpanzees, bonobos, and gorillas, has
revealed significant insights into their genetic diversity, structure, and evolutionary dynamics.

Chimpanzees and bonobos exhibit complex demographic histories with evidence of ancient admixture. For
instance, de Manuel et al. found that gene flow occurred from bonobos into the ancestors of central and eastern
chimpanzees between 200,000 and 550,000 years ago, contributing less than 1% to the central
chimpanzee genomes (Manuel et al., 2016). Additionally, studies have shown that chimpanzees have a nucleotide
diversity (pi) of 0.134%, which is higher than that of humans but lower than previously thought (Yu et al., 2003).
Gorillas, on the other hand, exhibit the highest nucleotide diversity among African apes, with a (pi) value
0f 0.158% (Yu et al., 2004).

The genetic structure of chimpanzee populations has been extensively studied, revealing three distinct populations:
western, central, and eastern chimpanzees, with little evidence of gene flow between them (Becquet et al., 2007).
Furthermore, Chaisson et al. (2018) systematically discovered structural changes (length>50 base pairs) through
improved sequence adjacency and detected 614186 primate deletions, insertions, and reversals, each assigned to a
specific primate lineage (Figure 2), providing deeper insights into their evolutionary trajectories.

genome £ L =5 .
assemblies . - Tt .. Chimpanzee 4&

R —

Q = - —— e e == Orangutan
‘ Overlap with gene expression changes
Excitatory Radial %
Structural Population neuron glia
variant detection i
ger!?icg_(ﬁlng Structural
par {0/01 M MR variant
/ - 0|0 @00 ||
Contigs \ ® 104 — —— Insertion
i i —_— ] deletion
I ®_,. 11 — —
/ @ ; 1 | — | Duplication
& ket —

Human reference V)
genome Human specific
structural variant

Figure 2 SMRT assemblies and SV analyses (Adopted from Chaisson et al., 2018)
Image caption: (Top) Contiguity of the de novo assemblies. (Bottom, left to right) For each ape, SVdetection was done against the
human reference genome as represented by a dot plot of an inversion). Human-specific SVs, identified by comparing ape SVs and
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population genotyping (0/0, homozygous reference),were compared to single-cell gene expression differences [range: low (dark blue)
to high (dark red)] in primary and organoid tissues. Each heatmap row is a gene that intersects an insertion or deletion (green),
duplication (cyan), or inversion (light green) (Adopted from Chaisson et al., 2018)
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6.2 Genomic studies on Asian primates (orangutans)

Genomic studies on Asian primates, particularly orangutans, have provided valuable insights into their population
history and adaptive evolution. For example, high-quality genome assemblies of orangutans have enabled the
identification of lineage-specific genetic variations and structural changes (Chaisson et al., 2018). These studies
have highlighted the importance of structural variations in shaping the genetic landscape of orangutans and their
adaptive evolution.

Comparative analyses have also shown that orangutans possess unique genetic features that distinguish them from
other great apes. These features include specific structural variants and gene expression patterns that have evolved
over millions of years (Stone and Verrelli, 2006). Such findings underscore the significance of genomic studies in
understanding the evolutionary dynamics and population history of Asian primates.

6.3 Population genomics of New World monkeys (capuchins, howler monkeys, and marmosets)

New World monkeys, such as capuchins (genus Cebus), howler monkeys (genus Alouatta), and marmosets (genus
Callithrix), have been studied to understand their genetic diversity and evolutionary dynamics. Capuchins, known
for their intelligence and complex behaviors, exhibit significant genetic diversity across their range (Aristide et al.,
2013). Howler monkeys, with their distinct vocalizations and folivorous diet, show genetic differentiation that
corresponds with their geographic distribution. Marmosets, small and socially complex primates, provide insights
into the genetic basis of social behavior and adaptation.

7 Implications for Conservation

7.1 Genetic monitoring and management

The use of genomic data in conservation planning has become increasingly feasible and essential due to
advancements in sequencing technologies and the decreasing cost of genomic analyses. Genomic data can provide
precise estimates of effective population size, inbreeding levels, demographic history, and population structure,
which are critical for conservation efforts (Steiner et al., 2013; Hohenlohe et al., 2020). For instance, genomic
tools can identify genetic loci responsible for inbreeding depression or adaptation to changing environments,
thereby informing strategies to manage adaptive variation and enhance the evolutionary potential of populations
(Harrisson et al., 2014; Hohenlohe et al., 2020).

Genomic data can be used to identify and introduce genetic diversity into small, inbred populations to reduce
inbreeding depression and increase fitness. This approach has been successfully applied in various species, where
the introduction of individuals from a related subspecies increased genetic diversity and improved
population viability (Steiner et al., 2013).

Genomic data can also help manage captive breeding programs by ensuring that genetic diversity is maintained,
which is crucial for the long-term survival of species. For example, genomic analyses have been used to manage
the genetic diversity of captive primate populations, ensuring that they retain the evolutionary potential to adapt to
future environmental changes (Supple et al., 2018; Orkin et al., 2020).

7.2 Identifying conservation units

Defining management units based on genetic data is crucial for effective conservation planning. Genomic data can
reveal fine-scale population structure and historical isolation, which are often not apparent from morphological or
ecological data alone (Coates et al., 2018; Supple et al., 2018). This information can be used to delineate
conservation units that represent unique genetic diversity and evolutionary potential.

Genomic studies have identified distinct genetic populations within endangered primate species, such as lemurs
and lorisoids, which were previously considered a single management unit. For example, the black and white
ruffed lemur and the Coquerel’s sifaka, despite being critically endangered, were found to harbor considerable
genetic diversity, suggesting the presence of multiple conservation units within these species (Perry et al., 2012).
This information is vital for developing targeted conservation strategies that preserve the genetic integrity of each
unit.
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7.3 Addressing challenges in conservation genomics

While the potential of genomic tools in conservation is immense, there are several ethical considerations and
practical challenges that need to be addressed. Ethical considerations include the potential for genomic data to be
misused, the need for equitable access to genomic technologies, and the importance of involving local
communities in conservation decisions (Allendorf et al., 2010; Steiner et al., 2013). It is essential to develop
guidelines that ensure the ethical use of genomic data in conservation. This includes protecting the privacy of
genetic information, obtaining informed consent from local communities, and ensuring that the benefits of
genomic research are shared equitably (Steiner et al., 2013).

Implementing genomic tools in conservation requires overcoming challenges related to computational resources,
sampling constraints, and the interpretation of complex genomic data. Strategies to address these challenges
include investing in capacity building, developing user-friendly computational tools, and fostering collaborations
between conservation biologists, geneticists, and policymakers (Allendorf et al., 2010; Supple et al., 2018).

By addressing these challenges and leveraging the power of genomic data, conservation efforts can be more
precisely targeted and effective, ultimately contributing to the preservation of biodiversity and the resilience of
ecosystems.

8 Future Directions and Challenges

8.1 Emerging technologies

The field of primate genomics is poised to benefit significantly from emerging technologies that promise to
enhance our understanding of primate diversity, structure, and evolutionary dynamics. One such technology is
CRISPR, which allows for precise genome editing and has the potential to elucidate gene function and
evolutionary adaptations in primates (Orkin et al., 2020). Single-cell genomics is another promising technology,
enabling the study of genetic variation at the cellular level, which can provide insights into cellular heterogeneity
and the development of complex traits (Housman and Gilad, 2020). Additionally, environmental DNA (eDNA)
techniques offer non-invasive methods to collect genetic material from primate habitats, facilitating the study of
elusive or endangered species without the need for direct sampling (Orkin et al., 2020).

8.2 Integrative approaches

Combining genomics with other disciplines such as ecology, behavior, and physiology is crucial for a holistic
understanding of primate evolution and adaptation. Integrative approaches can reveal how genetic variations
influence phenotypic traits and how these traits interact with environmental factors. For instance, combining
genomic data with ecological and behavioral studies can help identify the genetic basis of adaptive traits and their
evolutionary significance (Bamba et al., 2018). Interdisciplinary research is essential for addressing complex
questions about primate biology and for developing effective conservation strategies.

8.3 Addressing knowledge gaps

Despite significant advancements, there remain substantial knowledge gaps in primate genomics. One major
challenge is the study of rare and cryptic species, which are often difficult to sample and study due to their elusive
nature and low population densities (Orkin et al., 2020). Additionally, there is a need for more comprehensive
genomic data across a broader range of primate species to fully understand their evolutionary histories and
genetic diversity (Perelman et al., 2011). Addressing these gaps will require innovative sampling methods,
increased collaboration among researchers, and the development of new analytical tools to handle complex
genomic data.

9 Concluding Remarks

The systematic review of population genomics in primates has revealed significant insights into genetic diversity,
population structure, and evolutionary dynamics. Comparative genomic studies have highlighted substantial
genetic variation across primate species, including endangered ones, with some species like the black and white
ruffed lemur and Coquerel’s sifaka showing high genetic diversity despite their endangered status. Advances in
genome sequencing have provided comprehensive data on primate genome content and dynamics, offering
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valuable information about evolutionary origins and processes. Phylogenomic approaches have underscored the
importance of considering ancestral population variation in understanding sequence divergence and
evolutionary histories. Studies have also shown that genetic methods can illuminate long-term evolutionary
processes and population dynamics that are not easily observable. Furthermore, research on gene regulation has
expanded to include a wider range of species, providing insights into the evolutionary processes that govern gene
regulatory evolution and phenotypic diversity.

Population genomics studies are crucial for understanding primate evolution and conservation. They provide a
detailed view of genetic diversity and population structure, which are essential for reconstructing evolutionary
histories and identifying adaptive traits. These studies also offer insights into the genetic basis of species-specific
adaptations and the evolutionary forces shaping genetic variation, such as mutation, selection, recombination,
and drift. Understanding these dynamics is vital for conservation efforts, as it helps identify populations with
significant genetic diversity that may be more resilient to environmental changes. Additionally, population
genomics can inform strategies for preserving genetic diversity and managing endangered species, ensuring their
long-term survival.

The field of primate population genomics is rapidly advancing, driven by new technologies and collaborative
efforts. Future research should focus on expanding genomic studies to include more primate species, particularly
those that are critically endangered or have limited genomic data available. High-throughput sequencing and
functional genomics approaches will enhance our understanding of genotype-phenotype relationships and the
evolutionary processes underlying primate diversity. Collaborative efforts across disciplines and institutions will
be essential for generating comprehensive genomic data and developing effective conservation strategies.
Continued research in this field will not only deepen our understanding of primate evolution but also contribute to
the broader knowledge of genetic diversity and evolutionary dynamics in other species. Encouraging ongoing
research and fostering international collaborations will be key to unlocking the full potential of population
genomics in primates and ensuring the conservation of these remarkable species.

Acknowledgments
The author thanks the two anonymous peer reviewers for their thorough review of this study and for their valuable suggestions for
improvement.

Conflict of Interest Disclosure
The authors affirm that this research was conducted without any commercial or financial relationships that could be construed as a
potential conflict of interest.

References

Allendorf F., Hohenlohe P., and Luikart G., 2010, Genomics and the future of conservation genetics. Nature Reviews Genetics, 11: 697-709.
https://doi.org/10.1038/nrg2844
PMid:20847747

Aristide L., Soto I., Mudry M., and Nieves M., 2013, Intra and interspecific variation in cranial morphology on the southernmost distributed Cebus (Platyrrhini,

Primates) species, Journal of Mammalian Evolution, 21: 349-355.
https://doi.org/10.1007/s10914-013-9249-y

Bamba M., Kawaguchi Y., and Tsuchimatsu T., 2018, Plant adaptation and speciation studied by population genomic approaches, Development, 61: 12-24.
https://doi.org/10.1111/dgd.12578
PMid:30474212

Becquet C., Patterson N., Stone A., Przeworski M., and Reich D., 2007, Genetic structure of chimpanzee populations, PLoS Genetics, 3.
https://doi.org/10.1371/journal.pgen.0030066
PMid: 17447846 PMCid:PMC1853122

Bergman T.J., Phillips-Conroy J.E., and Jolly C.J., 2008, Behavioral variation and reproductive success of male baboons (Papio anubis x Papio hamadryas) in
a hybrid social group, Am. J. Primatol, 70: 136-147.
https://doi.org/10.1002/ajp.20467
PMid: 17724672

Bitarello B., Brandt D., Meyer D., and Andrés A., 2023, Inferring balancing selection from genome-scale data, Genome Biology and Evolution, 15.
https://doi.org/10.1093/gbe/evad032
PMid:36821771 PMCid:PMC10063222

116


https://doi.org/10.1038/nrg2844
https://doi.org/10.1007/s10914-013-9249-y
https://doi.org/10.1111/dgd.12578
https://doi.org/10.1371/journal.pgen.0030066
https://doi.org/10.1002/ajp.20467
https://doi.org/10.1093/gbe/evad032

g A International Journal of Molecular Evolution and Biodiversity 2024, Vol.14, No.3, 108-119
EcoEvo Publishere http://ecoevopublisher.com/index.php/ijmeb

Bourgeois Y., and Warren B., 2021, An overview of current population genomics methods for the analysis of whole-genome resequencing data in eukaryotes,
Molecular Ecology, 30: 6036-6071.
https://doi.org/10.1111/mec.15989
PMid:34009688

Charpentier M.J.E., Fontaine M.C., Cherel E., Renoult J.P., Jenkins T., Benoit L., Barthes N., Alberts S.C., and Tung J., 2012, Genetic structure in a dynamic

baboon hybrid zone corroborates behavioural observations in a hybrid population, Mol. Ecol., 21: 715-731.
https://doi.org/10.1111/§.1365-294X.2011.05302.x
PMid:21988698

Coates D., Byrne M., and Moritz C., 2018, Genetic diversity and conservation units: dealing with the species-population continuum in the age of genomics,

Frontiers in Ecology and Evolution.
https://doi.org/10.3389/fevo.2018.00165

Ellegren H., 2008, Comparative genomics and the study of evolution by natural selection, Molecular Ecology, 17.
https://doi.org/10.1111/§.1365-294X.2008.03954.x
PMid:19140982

Ellegren H., 2014, Genome sequencing and population genomics in non-model organisms, Trends in Ecology & Evolution, 29(1): 51-63.
https://doi.org/10.1016/j.tree.2013.09.008
PMid:24139972

Enard W., Khaitovich P., Klose J., Zollner S., Heissig F., Giavalisco P., Nieselt-Struwe K., Muchmore E., Varki A., Ravid R., Doxiadis G., Bontrop R., and
Paibo S., 2002, Intra- and interspecific variation in primate gene expression patterns, Science, 296: 340-343.
https://doi.org/10.1126/science.1068996
PMid:11951044

George R., McVicker G., Diederich R., Ng S., MacKenzie A., Swanson W., Shendure J., and Thomas J., 2011, Trans genomic capture and sequencing of

primate exomes reveals new targets of positive selection, Genome Research, 21(10): 1686-1694.
https://doi.org/10.1101/gr.121327.111
PMid:21795384 PMCid:PMC3202285

Harrisson K., Pavlova A., Telonis-Scott M., and Sunnucks P., 2014, Using genomics to characterize evolutionary potential for conservation of wild populations,

Evolutionary Applications, 7: 1008-1025.
https://doi.org/10.1111/eva.12149
PMid:25553064 PMCid:PMC4231592
Hohenlohe P., Funk W., and Rajora O., 2020, Population genomics for wildlife conservation and management, Molecular Ecology, 30: 62-82.
https://doi.org/10.1111/mec.15720
PMid:33145846 PMCid:PMC7894518

Hohenlohe P., Phillips P., and Cresko W., 2010, Using population genomics to detect selection in natural populations: key concepts and methodological

considerations, International Journal of Plant Sciences, 171: 1059 -1071.
https://doi.org/10.1086/656306
PMid:21218185 PMCid:PMC3016716
Housman G., and Gilad Y., 2020, Prime time for primate functional genomics, Current Opinion in Genetics & Development, 62: 1-7.
https://doi.org/10.1016/j.gde.2020.04.007
PMid:32544775 PMCid:PMC8170550
Jolly C.J., Burrell A.S., Phillips-Conroy J.E., Bergey C., and Rogers J., 2011, Kinda baboons (Papio kindae) and grayfoot chacma baboons (P. ursinus griseipes)
hybridize in the Kafue river valley, Zambia. Am. J. Primatol, 73: 291-303.
https://doi.org/10.1002/ajp.20896
PMid:21274900
Kopp G., Silva M., Silva M., Fischer J., Brito J., Regnaut S., Roos C., and Zinner D., 2013, The influence of social systems on patterns of mitochondrial DNA

variation in baboons, International Journal of Primatology, 35: 210-225.
https://doi.org/10.1007/s10764-013-9725-5
PMid:24523566 PMCid:PMC3915079

Kronenberg Z., Fiddes 1., Gordon D., Murali S., Cantsilieris S., Meyerson O., Underwood J., Nelson B., Chaisson M., Dougherty M., Munson K., Hastie A.,
Diekhans M., Hormozdiari F., Lorusso N., Hoekzema K., Qiu R., Clark K., Raja A., Welch A., Sorensen M., Baker C., Fulton R., Armstrong J.,
Graves-Lindsay T., Denli A., Hoppe E., Hsieh P., Hill C., Pang A., Lee J., Lam E., Dutcher S., Gage F., Warren W., Shendure J., Haussler D., Schneider
V., Cao H., Ventura M., Wilson R., Paten B., Pollen A., and Eichler E., 2018, High-resolution comparative analysis of great ape genomes, Science, 360.
https://doi.org/10.1126/science.aar6343
PMid:29880660 PMCid:PMC6178954

117


https://doi.org/10.1111/mec.15989
https://doi.org/10.1111/j.1365-294X.2011.05302.x
https://doi.org/10.3389/fevo.2018.00165
https://doi.org/10.1111/j.1365-294X.2008.03954.x
https://doi.org/10.1016/j.tree.2013.09.008
https://doi.org/10.1126/science.1068996
https://doi.org/10.1101/gr.121327.111
https://doi.org/10.1111/eva.12149
https://doi.org/10.1111/mec.15720
https://doi.org/10.1086/656306
https://doi.org/10.1016/j.gde.2020.04.007
https://doi.org/10.1002/ajp.20896
https://doi.org/10.1007/s10764-013-9725-5
https://doi.org/10.1126/science.aar6343

g A International Journal of Molecular Evolution and Biodiversity 2024, Vol.14, No.3, 108-119
EcoEvo Publishere http://ecoevopublisher.com/index.php/ijmeb

Kuderna L., Gao H., Janiak M., Kuhlwilm M., Orkin J., Bataillon T., Manu S., Valenzuela A., Bergman J., Rousselle M., Silva F., Agueda L., Blanc J., Gut M.,
Vries D., Goodhead 1., Harris R., Raveendran M., Jensen A., Chuma 1., Horvath J., Hvilsom C., Juan D., Frandsen P., Schraiber J., Melo F., Bertuol F.,
Byrne H., Sampaio 1., Farias 1., Valsecchi J., Messias M., Silva M., Trivedi M., Rossi R., Hrbek T., Andriaholinirina N., Rabarivola C., Zaramody A., Jolly
C., Phillips-Conroy J., Wilkerson G., Abee C., Simmons J., Fernandez-Duque E., Kanthaswamy S., Shiferaw F., Wu D., Zhou L., Shao Y., Zhang G.,
Keyyu J., Knauf S., Le M., Lizano E., Merker S., Navarro A., Nadler T., Khor C., Lee J., Tan P., Lim W., Kitchener A., Zinner D., Gut 1., Melin A.,
Guschanski K., Schierup M., Beck R., Umapathy G., Roos C., Boubli J., Rogers J., Farh K., and Bonet T., 2023, A global catalog of whole-genome
diversity from 233 primate species, BioRxiv.
https://doi.org/10.1126/science.abn7829
PMid:37262161

Kumar H., Panigrahi M., Panwar A., Rajawat D., Nayak S., Saravanan K., Kaisa K., Parida S., Bhushan, B., and Dutt T., 2022, Machine-learning prospects for

detecting selection signatures using population genomics data, Journal of Computational Biology : A Journal of Computational Molecular Cell Biology.
https://doi.org/10.1089/cmb.2021.0447
PMid:35639362

Liu X., Ong R., Pillai E., Elzein A., Small K., Clark T., Kwiatkowski D., and Teo Y., 2013, Detecting and characterizing genomic signatures of positive

selection in global populations, American Journal of Human Genetics, 92(6): 866-881.
https://doi.org/10.1016/j.ajhg.2013.04.021
PMid:23731540 PMCid:PMC3675259

Manuel M., Kuhlwilm M., Frandsen P., Sousa V., Desai T., Prado-Martinez J., Hernandez-Rodriguez J., Dupanloup I., Lao O., Hallast P., Schmidt J.,
Heredia-Genestar J., Benazzo A., Barbujani G., Peter B., Kuderna L., Casals F., Angedakin S., Arandjelovic M., Boesch C., Kiihl H., Vigilant L.,
Langergraber K., Novembre J., Gut M., Gut 1., Navarro A., Carlsen F., Andrés A., Siegismund H., Scally A., Excoffier L., Tyler-Smith C., Castellano S.,
Xue Y., Hvilsom C., and Marqués-Bonet T., 2016, Chimpanzee genomic diversity reveals ancient admixture with bonobos, Science, 354: 477-481.
https://doi.org/10.1126/science.aag2602
PMid:27789843 PMCid:PMC5546212

Mathieson I., Abascal F., Vinner L., Skoglund P., Pomilla C., Mitchell P., Arthur C., Gurdasani D., Willerslev E., Sandhu M., and Dewar G., 2020, An ancient
baboon genome demonstrates long-term population continuity in Southern Africa, Genome Biology and Evolution, 12: 407-412.
https://doi.org/10.1093/gbe/evaa019
PMid:32022848 PMCid:PMC7197492

McVicker G., Gordon D., Davis C., and Green P., 2009, Widespread genomic signatures of natural selection in hominid evolution, PLoS Genetics, 5.
https://doi.org/10.1371/journal.pgen.1000471
PMid: 19424416 PMCid:PMC2669884

Orkin J., Kuderna L., and Marqués-Bonet T., 2020, The diversity of primates: from biomedicine to conservation genomics, Annual Review of Animal

Biosciences.
https://doi.org/10.1146/annurev-animal-061220-023138
PMid:33197208

Osada N., 2015, Genetic diversity in humans and non-human primates and its evolutionary consequences, Genes & Genetic Systems, 90(3): 133-145.
https://doi.org/10.1266/ggs.90.133
PMid:26510568

Perelman P., Johnson W., Roos C., Seuanez H., Horvath J., Moreira M., Kessing B., Pontius J., Roelke M., Rumpler Y., Schneider M., Silva A., O’Brien S.,
and Pecon-Slattery J., 2011, A Molecular Phylogeny of Living Primates, PLoS Genetics, 7.
https://doi.org/10.1371/journal.pgen.1001342
PMid:21436896 PMCid:PMC3060065

Perry G., Melsted P., Marioni J., Wang Y., Bainer R., Pickrell J., Michelini K., Zehr S., Yoder A., Stephens M., Pritchard J., and Gilad Y., 2012, Comparative
RNA sequencing reveals substantial genetic variation in endangered primates, Genome Research, 22(4): 602-610.
https://doi.org/10.1101/gr.130468.111
PMid:22207615 PMCid:PMC3317143

Peter J., and Schacherer J., 2016, Population genomics of yeasts: towards a comprehensive view across a broad evolutionary scale, Yeast, 33: 73-81.
https://doi.org/10.1002/yea.3142
PMid:26592376

Phillips-Conroy J.E., Jolly C.J., and Brett F.L., 1991, Characteristics of hamadryas-like male baboons living in anubis baboon troops in the Awash hybrid zone,
Ethiopia, Am. J. Phys. Anthropol, 86: 353-368.
https://doi.org/10.1002/ajpa.1330860304
PMid: 1746643

Prado-Martinez J., Sudmant P., Kidd J., Li H., Kelley J., Lorente-Galdos B., Veeramah K., Woerner A., O’Connor T., Santpere G., Cagan A., Theunert C.,
Casals F., Laayouni H., Munch K., Hobolth A., Halager A., Malig M., Hernandez-Rodriguez J., Hernando-Herraez 1., Priifer K., Pybus M., Johnstone L.,
Lachmann M., Alkan C., Twigg D., Petit N., Baker C., Hormozdiari F., Fernandez-Callejo M., Dabad M., Wilson M., Stevison L., Camprubi C., Carvalho
T., Ruiz-Herrera A., Vives L., Melé¢ M., Abellé T., Kondova I., Bontrop R., Pusey A., Lankester F., Kiyang J., Bergl R., Lonsdorf E., Myers S., Ventura
M., Gagneux P., Comas D., Siegismund H., Blanc J., Agueda-Calpena L., Gut M., Fulton L., Tishkoff S., Mullikin J., Wilson R., Gut I., Gonder M., Ryder
0., Hahn B., Navarro A., Akey J., Bertranpetit J., Reich D., Mailund T., Schierup M., Hvilsom C., Andrés A., Wall J., Bustamante C., Hammer M., Eichler
E., and Marqués-Bonet T., 2013, Great ape genetic diversity and population history, Nature, 499: 471-475.
https://doi.org/10.1038/nature12228
PMid:23823723 PMCid:PMC3822165

118


https://doi.org/10.1126/science.abn7829
https://doi.org/10.1089/cmb.2021.0447
https://doi.org/10.1016/j.ajhg.2013.04.021
https://doi.org/10.1126/science.aag2602
https://doi.org/10.1093/gbe/evaa019
https://doi.org/10.1371/journal.pgen.1000471
https://doi.org/10.1146/annurev-animal-061220-023138
https://doi.org/10.1266/ggs.90.133
https://doi.org/10.1371/journal.pgen.1001342
https://doi.org/10.1101/gr.130468.111
https://doi.org/10.1002/yea.3142
https://doi.org/10.1002/ajpa.1330860304
https://doi.org/10.1038/nature12228

g A International Journal of Molecular Evolution and Biodiversity 2024, Vol.14, No.3, 108-119
EcoEvo Publishere http://ecoevopublisher.com/index.php/ijmeb

Rochus C., Tortereau F., Plisson-Petit F., Restoux G., Moreno-Romieux C., Tosser-Klopp G., and Servin B., 2018, Revealing the selection history of adaptive
loci using genome-wide scans for selection: an example from domestic sheep, BMC Genomics, 19.
https://doi.org/10.1186/s12864-018-4447-x
PMid:29357834 PMCid:PMC5778797

Rogers J., and Gibbs R., 2014, Comparative primate genomics: emerging patterns of genome content and dynamics, Nature Reviews Genetics, 15: 347-359.
https://doi.org/10.1038/nrg3707
PMid:24709753 PMCid:PMC4113315

Rogers J., Raveendran M., Harris R., Mailund T., Leppéld K., Athanasiadis G., Schierup M., Cheng J., Munch K., Walker J., Konkel M., Jordan V., Steely C.,
Beckstrom T., Bergey C., Burrell A., Schrempf D., Noll A., Kothe M., Kopp G., Liu Y., Murali S., Billis K., Martin F., Muffato M., Cox L., Else J.,
Disotell T., Muzny D., Phillips-Conroy J., Aken B., Eichler E., Marques-Bonet T., Kosiol C., Batzer M., Hahn M., Tung J., Zinner D., Roos C., Jolly C.,

Gibbs R., and Worley K., 2019, The comparative genomics and complex population history of Papio baboons, Science Advances, 5.
https://doi.org/10.1126/sciadv.aau6947
PMid:30854422 PMCid:PMC6401983
Siepel A., 2009, Phylogenomics of primates and their ancestral populations, Genome Research, 19(11): 1929-1941.
https://doi.org/10.1101/gr.084228.108
PMid:19801602 PMCid:PMC2775601
Steiner C., Putnam A., Hoeck P., and Ryder O., 2013, Conservation genomics of threatened animal species, Annual Review of Animal Biosciences, 1: 261-281.
https://doi.org/10.1146/annurev-animal-031412-103636
PMid:25387020
Stone A., and Verrelli B., 2006, Focusing on comparative ape population genetics in the post-genomic age, Current Opinion in Genetics & Development, 16(6),
586-591.
https://doi.org/10.1016/j.gde.2006.09.003
PMid:17010600
Supple M., and Shapiro B., 2018, Conservation of biodiversity in the genomics era, Genome Biology, 19.
https://doi.org/10.1186/s13059-018-1520-3
PMid:30205843 PMCid:PMC6131752
Tung J., Charpentier M.J.E., Garfield D.A., Altmann J., and Alberts S.C., 2008, Genetic evidence reveals temporal change in hybridization patterns in a wild
baboon population, Mol. Ecol, 17: 1998-2011.
https://doi.org/10.1111/1.1365-294X.2008.03723.x
PMid: 18363664
Wit P., Pespeni M., Ladner J., Barshis D., Seneca F., Jaris H., Therkildsen N., Morikawa M., and Palumbi S., 2012, The simple fool’s guide to population

genomics via RNA-Seq: an introduction to high-throughput sequencing data analysis, Molecular Ecology Resources, 12.
https://doi.org/10.1111/1755-0998.12003
PMid:22931062

Xue C., Raveendran M., Harris R., Fawcett G., Fawcett G., Liu X., White S., Dahdouli M., Deiros D., Below J., Salerno W., Cox L., Fan G., Ferguson B.,

Horvath J., Horvath J., Horvath J., Johnson Z., Johnson Z., Kanthaswamy S., Kanthaswamy S., Kubisch H., Liu D., Platt M., Platt M., Smith D., Sun B.,
Vallender E., Wang F., Wiseman R., Chen R., Muzny D., Gibbs R., Yu F., and Rogers J., 2016, The population genomics of rhesus macaques (Macaca
mulatta) based on whole-genome sequences, Genome Research, 26: 1651-1662.
https://doi.org/10.1101/gr.204255.116
PMid:27934697 PMCid:PMC5131817

Yu N, Jensen-Seaman M., Chemnick L., Kidd J., Deinard A., Ryder O., Kidd K., and Li W., 2003, Low nucleotide diversity in chimpanzees and bonobos,
Genetics, 164(4): 1511-1518.
https://doi.org/10.1093/genetics/164.4.1511
PMid:12930756 PMCid:PMC1462640

Yu N, Jensen-Seaman M., Chemnick L., Ryder O., and Li W., 2004, Nucleotide diversity in gorillas, Genetics, 166, 1375-1383.
https://doi.org/10.1534/genetics.166.3.1375
PMid: 15082556 PMCid:PMC1470796

Disclaimer/Publisher’s Note:

The statements, opinions, and data contained in all publications are solely those of the individual authors and contributors and do
not represent the views of the publishing house and/or its editors. The publisher and/or its editors disclaim all responsibility for any
harm or damage to persons or property that may result from the application of ideas, methods, instructions, or products discussed in

EcoEve Publishere the content. Publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

119


https://doi.org/10.1186/s12864-018-4447-x
https://doi.org/10.1038/nrg3707
https://doi.org/10.1126/sciadv.aau6947
https://doi.org/10.1101/gr.084228.108
https://doi.org/10.1146/annurev-animal-031412-103636
https://doi.org/10.1016/j.gde.2006.09.003
https://doi.org/10.1186/s13059-018-1520-3
https://doi.org/10.1111/j.1365-294X.2008.03723.x
https://doi.org/10.1111/1755-0998.12003
https://doi.org/10.1101/gr.204255.116
https://doi.org/10.1093/genetics/164.4.1511
https://doi.org/10.1534/genetics.166.3.1375

	1 Introduction
	2 Genetic Diversity in Primates
	2.1 Intraspecific genetic variation
	2.2 Interspecific genetic variation
	2.3 Factors influencing genetic diversity

	3 Population Structure in Primates
	3.1 Geographical patterns of genetic structure
	Geographical patterns of genetic structure in prim

	3.2 Social structure and genetic differentiation
	3.3 Historical demography

	4 Evolutionary Dynamics of Primates
	4.1 Natural selection
	4.2 Genetic drift and bottlenecks
	4.3 Gene flow and hybridization

	5 Genomic Tools and Approaches
	5.1 High-throughput sequencing
	5.2 Genomic data analysis
	5.3 Comparative genomics

	6 Case Studies in Primate Population Genomics
	6.1 Population genomics of African great apes (chi
	6.2 Genomic studies on Asian primates (orangutans)
	7 Implications for Conservation
	7.1 Genetic monitoring and management
	7.2 Identifying conservation units
	7.3 Addressing challenges in conservation genomics

	8 Future Directions and Challenges
	8.1 Emerging technologies
	8.2 Integrative approaches
	8.3 Addressing knowledge gaps


	9 Concluding Remarks


