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Abstract 

 

Genome-wide patterns of selection in pre- and post-European contact Caribbean populations 

By Elizabeth K. Wagman 

 

 In recent years, the study of human population genetics has opened up the possibility to 

reconstruct ancestral and physiological changes from a biological perspective. Supplementing 

historical and cultural analyses, the use of ancient and modern genomes can improve our 

understanding of complex turning points in human history. Beginning in the late 15th century in 

the Americas, colonization acted as a powerful selective pressure on the genomes of Indigenous 

populations due to the rapid influx of novel pathogens, shifting labor and agricultural practices, 

and a population wipeout. In this study, recent methods from the field of computational 

genomics will be applied to pre- and post-contact Caribbean populations to examine ancestral 

cluster components, visualize demographic history, and investigate positive selection on genes 

involved with a multitude of functions. Demographic analyses were conducted using principal 

components analysis, maximum likelihood trees, and model-based cluster analysis to estimate 

population substructure. Following demographic analysis, allele frequency-based selection scans 

were performed to identify gene candidates for positive selection. In the ancient cohort’s 

selection scan, variants associated with genes coding for proteins involved in skin pigmentation 

lightening and tumor suppressor pathways exhibited signs of positive selection. Moreover, in the 

contemporary Caribbean cohort, polymorphisms associated with a number of genes linked to 

DNA repair, maintenance of genomic and cellular stability, immune system regulation, and 

immune cell development and activation showed positive selection signals. Given the colonial 

history of the Caribbean islands, as well as the complex pattern of migration and admixture 

between Indigenous American, European, and African populations, it is expected that genes 

related to cell repair, genomic stability, and immune regulation exhibit signs of positive selection 

in the modern Caribbean cohort. Taken together, the results of the demographic analyses and 

selection scans, alongside a review of the relevant literature, supports a more holistic 

understanding of post-colonial Caribbean legacies and the lasting impact of European 

colonization on contemporary populations in the region. 
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 1 

Introduction 

The colonization of the Caribbean during the 15th century marked a turning point in the 

socioeconomic, cultural, and demographic history of the region. Settlement by many European 

countries not only brought the onslaught of slavery across the Atlantic, but also the introduction 

of novel pathogens, such as the L4 tuberculosis lineage, bubonic plague, measles, smallpox, 

mumps, chickenpox, influenza, cholera, diphtheria, typhus, malaria, leprosy, and yellow fever 

(Brynildsrud et al. 2018; Jones 2003; Martin and Goodman 2002). Many diseases originating in 

the pre-Columbus Americas were originally theorized to be largely chronic and episodic, with 

many deaths also attributed to nutritional insufficiencies (Larsen 1994).  

Following initial contact by Christopher Columbus in 1492, and subsequent contact periods 

between Europeans and Indigenous individuals, many Indigenous groups were infected rapidly 

and simultaneously with novel pathogens, causing what Alfred Crosby coined as “virgin soil 

epidemics” (Crosby 1976). While not entirely unidirectional in the nature of infection, this 

sudden change in environmental conditions brought on by European colonization in the 

Caribbean may have served as a powerful selective pressure on the immune system within 

Indigenous populations (Larsen 1994). 

Due to recent computational, biomolecular, and methodological advancements in the 21st 

century, the field of genomics can now be applied to the study of both ancient and modern 

populations, illuminating many demographic and evolutionary events that are not covered in 

historical texts (Shapiro and Hofreiter 2014). The study of ancient DNA allows researchers to 

disentangle complex hominin histories, and, in conjunction with rapidly developing sample-

processing and analytical methods, can provide a fairly reliable picture of ancient history (Slatkin 

and Racimo 2016). When examined alongside paleoarcheological, historical, and anthropological 
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findings, the study of ancient and modern human genomes helps paint a more complete picture 

of demographic patterns, evolution, and major events in human history. 

The field of ancient genomics has only recently been applied to population studies in the 

Americas and within Indigenous communities. Owing to poor ancient DNA preservation in the 

Caribbean climate, few studies have been done investigating genomic insights. In the past, 

studies have been performed using mitochondrial DNA, but this does not sufficiently represent a 

comprehensive picture of the population history due to its limitation to short fragments of the 

maternal line (Shapiro and Hofreiter 2014). Therefore, the genomic story of European 

colonization in the Caribbean remains incompletely understood. It was not until recently, in a 

work by Fernandes and colleagues in 2021, that pre-contact Indigenous nuclear genomes 

originating in the Caribbean were published with open access (Fernandes et al. 2021). While the 

data represented are only portions of the whole genome (using ‘1240K’ capture), this marks a 

turning point in the study of Caribbean ancestry using ancient genomics due to the availability of 

nuclear DNA. 

Using ancient nuclear DNA from Indigenous individuals, carbon-dated to pre-European 

contact, and modern nuclear DNA from individuals with Puerto Rican ancestry from Puerto 

Rico, the present study will construct a population-specific history using multiple computational 

methods (Fernandes et al. 2021). Primary investigation will include various demographic 

analyses, including a principle component analysis, maximum likelihood tree modeling, and 

population structure inference (Chiu et al. 2022; Pickrell and Pritchard 2012; Zheng et al. 2012). 

These computational methods will allow further exploration of the relationships between ancient 

Caribbean and modern global populations from the 1000 Genomes Project and the Simons 

Genome Diversity Project (Auton et al. 2015; Mallick et al. 2016). Selection scans using an 
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allele frequency-based method will be used to ascertain whether population-specific positive 

selection has occurred between the pre- and post-contact Caribbean cohorts, namely on genes 

associated with immunological functions (Cheng, Mailund, and Nielsen 2017). A literature 

review of the relevant anthropological, archaeological, and historical texts surrounding European 

contact with the Americas has been included as a comparative tool to supplement and support 

genomic findings. This investigation into the historical, anthropological, and genomic insights of 

the colonization of the Caribbean islands will help shed light on the processes that have shaped 

the current landscape of Indigenous Caribbean ancestry. 
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Literature Review 

a. The Pre-Columbian period and the immunological history of the Caribbean 

Archaeological evidence suggests the peopling of the Caribbean occurred roughly 8,000 

calibrated years before the present (cal yr B.P.) (Keegan and Hofman 2017). Around 2,800 

cal yr B.P., groups spread across the Caribbean islands, starting what is known as the 

Ceramic Age (Nägele et al. 2020). During this time, a diverse set of new pottery and 

agricultural techniques were developed, further differentiating emerging Indigenous cultures 

across the Caribbean. By the time European settlers arrived in the Caribbean in the late 15th 

century, there were distinct Indigenous communities across the islands.  

 When Columbus landed in the Bahamas in 1492, he first encountered the Taíno, an 

Indigenous group living in the Greater Antilles, the northern Lesser Antilles, and the 

Bahamas (present day Cuba, Jamaica, Haiti, the Dominican Republic, Puerto Rico, and the 

Virgin Islands). Speaking the Arawakan language, the Taíno people are thought to have 

originated from groups around the Orinoco River in South America (Schroeder et al. 2018). 

They developed a rich culture in the region known as present-day Hispaniola, with formally 

structured villages, intensified farming practices, and distinct material art and ritual, revealed 

in the archaeological record through evidence of bone and shell craftsmanship (“Taíno 

Culture History” 2017). The Indigenous Taíno can be further broken down into different 

cultural subdivisions, with the most complex and developed societies and the Chican-

Ostionoid material culture associated with the Central or “Classic” Taínos in Hispaniola. 

“Western” Taínos, sometimes referred to as Lucayans, are linked to Ostionoid-Meillacan 

material tradition, and lived in central Cuba, Jamaica, the Bahamas, and parts of Hispaniola. 
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Finally, “Eastern” Taínos occupied regions of the Virgin Islands and the Leeward Islands of 

the Lesser Antilles (“Taíno Culture History” 2017). 

 A number of additional Indigenous groups lived in the Caribbean alongside and 

following the Taíno during the pre-Columbian period. The first group to settle the Caribbean 

islands in roughly 300 B.C. was known as the Ciboney. The Kalingo people, also referred to 

as the Carib in the colonial record, were the last Indigenous group to migrate to the 

Caribbean as settlers were encountering native groups (Beckles 1992). The Kalingo started 

their migration into the Caribbean in roughly 1000 A.D., and were in the midst of conquering 

land from the Taíno in the Greater and Lesser Antilles as Europeans arrived in the northern 

Caribbean, which resulted in their depiction in the colonial archive as an aggressive people 

(Ross et al. 2020). 

 While the arrival of European settlers in the late 15th century certainly brought a wave of 

infectious disease and novel pathogens to Indigenous communities in the Americas, such as 

the L4 tuberculosis lineage, bubonic plague, measles, smallpox, mumps, chickenpox, 

influenza, cholera, diphtheria, typhus, malaria, leprosy, and yellow fever, current research in 

the developing fields of paleomicrobiology and paleogenomics have illuminated a much 

more complex picture of the immunological history of the pre-contact Americas (Brynildsrud 

et al. 2018; Martin and Goodman 2002; Jones 2003; Joseph and Lindo 2022). Much of the 

previous literature surrounding records of immunology in the pre-Columbian period was 

informed by subjective narratives told by European colonial missionaries. It is clear now, 

through evidence-based research, that there was not a unidirectional transfer of all pathogens 

from Europe to the Americas (Joseph and Lindo 2022). Instead, there existed a diverse 

microbiological landscape in the Americas predating European contact. While the traditional 
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theory of one-way infection does hold true in some specific cases, it is important to question 

and further investigate long-standing narratives surrounding colonization, infectious disease, 

and selective pressures. 

 Tuberculosis (TB), transmitted between humans by the bacterium Mycobacterium 

tuberculosis through respiratory droplets, primarily affects the lungs through mechanisms of 

tissue damage. However, the origin of TB infection is highly contested. The leading theory in 

the 20th century was a zoonotic origin of TB from M. bovis in Europe during the transition to 

domestic cattle in the Neolithic Age (Barbier and Wirth 2016; Buzic and Giuffra 2020). This 

assumption was also informed by a colonial-centric approach to the historical record; owing 

to the extreme decimation of Indigenous populations following European contact, it was 

concluded that TB did not exist in the Americas due to a lack of immune response (Stead et 

al. 1995). However, according to recent studies in paleomicrobiology using next generation 

sequencing (NGS) techniques, the narrative of the origin of TB has shifted from European-

borne to one that resulted from zoonosis in the Americas. That said, a study by Brynildsrud et 

al. (2018) showed that the L4 tuberculosis lineage, the most common strain today, originated 

in Europe, and patterns of infection coincided with waves of colonization in the Americas. 

Thus, it is plausible that TB existed within Indigenous populations in the Caribbean prior to 

European contact, but was outcompeted by the L4 European lineage following contact (Bos 

et al. 2014; Brynildsrud et al. 2018). 

 With the recent advancements in molecular genomics and NGS, researchers are now able 

to paint a clearer picture of the history of infectious disease in the Americas among 

Indigenous populations. Previous analyses, such as Crosby’s model of “virgin soil 

epidemics,” have theorized that the majority of modern infectious diseases did not exist in 
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the Americas prior to European colonization (Crosby 1976). Informed by missionary reports 

and colonial records, it was previously thought that morbidity and mortality in the pre-

Columbus Americas were due to chronic and episodic diseases, nutritional insufficiencies, 

and sexually-transmitted bacterial infections (Larsen 1994). As evidenced by the example of 

TB, while the L4 lineage brought to the New World on waves of colonization certainly 

devastated Indigenous communities, it may not have been the first strain of TB to exist 

globally, evidenced by older strains of TB in fossilized animal and human remains in the 

Americas (Bos et al. 2014; Brynildsrud et al. 2018; Lee et al. 2012; Rothschild et al. 2001). 

Previously established narratives of the origin and transmission of specific diseases 

associated with European colonization, such as TB, have been complicated by developments 

in the fields of paleogenomics and paleomicrobiology. While the introduction of European-

borne pathogens—as well as other factors such as social reorganization and warfare—did 

cause a significant Indigenous population decline, Crosby’s virgin soils hypothesis has been 

put into question. Population decrease alone is not sufficient evidence to conclude that 

Indigenous communities were not exposed to diseases like TB prior to colonization (Joseph 

and Lindo 2022; Lindo et al. 2016). 

b. Post-contact Caribbean: Genetic and social legacies 

As shown by recent studies co-analyzing ancient and modern Caribbean populations, 

there is evidence of genetic continuity of Indigenous ancestry through time in present-day 

Caribbean genomes. A study by Schroeder and colleagues in 2018 showed that the native 

American components of some modern Caribbean genomes are closely genetically related to 

the ancient Taíno, “demonstrating an element of continuity between pre-contact populations 

and present-day Latino populations in the Caribbean” (Schroeder et al. 2018). While modern 
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Caribbean genomes are admixed due to gene flow, colonialism, and migrations, there is 

evidence of a lasting Indigenous American ancestral component in modern individuals, 

which will be explored in greater depth in later demographic analyses using maximum 

likelihood trees and model-based cluster analysis. 

 Previous research has demonstrated that the amount of Indigenous ancestry varies 

dramatically across the islands in modern Caribbean populations (Gravel et al. 2013). Some 

individuals have a greater Native American ancestral component than others, ranging from 

10-15%, alongside a majority of European and African ancestry, due in large part to the 

colonial history of the region. European settlers displaced the vast majority of Indigenous 

Caribbean communities by the mid-16th century, simultaneously importing large enslaved 

African populations by means of the trans-Atlantic slave trade for colonial agriculture 

production (Bryc et al. 2010). Despite the large amount of admixture observed in modern 

Caribbean genomes (in this thesis, modern Puerto Ricans from the 1000 Genomes Study), the 

ancestral cluster that aligns with Indigenous American ancestry exhibits clear similarities to 

Arawakan speakers (originating in northeast South America) and the ancient Taíno 

(Schroeder et al. 2018). 

 Alongside these definitions and delineations of indigeneity established by studies in 

population genomics, it is important to recognize the effects of colonialism on Indigenous 

identity in the post-contact Caribbean. The cultural diaspora of the contemporary Caribbean 

can only be understood in the context of ethnic identity, informed by African, Indian, 

Chinese, Syro-Lebanese, Portuguese, Spanish, French, Dutch, and English influences from 

colonial settlers and the import of enslaved and indentured human labor through systems of 

exploitation (Murdoch 2021). It is also important to recognize the Caribbean region and the 
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formation of identity in the context of the successive inflows and outflows of populations; 

“[i]t is this arc of encounter and transformation that allows us to posit the Caribbean as both a 

diasporized and a creolized society, where the complex process of ethnocultural admixture 

mediated the commingling of peoples from elsewhere that provided the framework for 

regional identity” (Murdoch 2021). While the use of genomic data and population 

demography can help researchers quantify Caribbean ancestry, it is even more vital to 

consider the sociopolitical underpinnings of contemporary Caribbean identity, as informed 

by patterns of colonization, migration, and cultural interconnectedness. 

c. Human population genetics 

Newly emerging technologies and methods in the field of human population genetics and 

the study of ancient DNA allow researchers to better understand the complex history of 

human migration, social organization, and natural selection. The underlying goal of 

population genetics is “to infer the past history of populations and describe the evolutionary 

forces that have shaped their genetic variation” (Tataru et al. 2017). Moreover, not only does 

the field provide us with the technical tools needed to research concrete scientific hypotheses 

regarding genetic data, but when used in conjunction with paleoanthropological and 

archaeological findings and historical texts, researchers can draw broader conclusions about 

human culture. While the foundational principles of the field have existed since the mid-20th 

century, after the first whole human genome was sequenced and published in 2001, the field 

of population genetics was opened up to new breakthroughs (Lander et al. 2001; Venter et al. 

2001). Since 2001, thousands of high-coverage genomes have been published and studied, 

including those of modern and ancient global human populations, non-human primates, and 

other organisms. 
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Specifically, studies using ancient and modern DNA can be used to illuminate trends of 

natural selection during critical points in history. Computational methods in the field have 

allowed researchers to search for specific loci or haplotypes that have been conserved over 

time in specific populations (Slatkin and Racimo 2016). This phenomenon, also known as 

positive selection, is defined as “the tendency of beneficial traits to increase in prevalence 

(frequency) in a population” and is the driving force behind adaptation (Schaffner and Sabeti 

2008). In this thesis, the example of European colonization in the Americas is used as the 

historical framework for the selection scan analyses on pre- and post-contact Caribbean 

cohorts.  

This study includes an allele frequency-based method (“Ohana”), which uses a likelihood 

ratio test to discern alleles in a given population that have strongly deviated from a genome-

wide covariance structure (Cheng, Mailund, and Nielsen 2017). Ohana relies solely on the 

genomic data to infer ancestral population assignments of each sample based on allele 

frequencies, instead of requiring the input of assigned population labels to each individual 

genome or the use of phased genomes for haplotype information. It also uses the results of a 

cluster analysis to determine the number of ancestral populations. Ohana was utilized to 

highlight the variants that deviated most strongly from the genome-wide covariance 

structure, which generates likelihood ratios for each locus in the dataset. A higher likelihood 

ratio signifies a strong deviation from the genome-wide covariance structure among multiple 

individuals, which indicates a high probability of a positive selection signal. 

d. Previous ancient genomic research in Caribbean population history 

A number of various studies have been conducted in the field of ancient genomics and 

population demography with regard to the peopling of the Caribbean, although analyses are 
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restricted due to poor ancient sample preservation in the Caribbean island environment 

(Schroeder et al. 2015). Additionally, much of the prior research has been limited due to the 

use of mitochondrial DNA (mtDNA) (Lalueza-Fox et al. 2001; 2003; Mendisco et al. 2015; 

Moreno-Estrada et al. 2013). The use of solely mtDNA in genomic research is insufficient to 

paint the full picture of a population’s history due to representation of only fragments of the 

maternal line (Shapiro and Hofreiter 2014). With the advancement of molecular genomic 

laboratory techniques and archaeological preservation, more studies are done using nuclear 

DNA, which contains both maternal and paternal genetic information, thus improving the 

quality of published data. 

With the development of improved sequencing techniques came the recent publication of 

high-quality genome-wide data from ancient individuals from the Caribbean. Specifically, an 

article by Fernandes and colleagues reported 174 newly sequenced genomes from pre-contact 

individuals from the Bahamas, Haiti and the Dominican Republic (together, Hispaniola), 

Puerto Rico, Curaçao, and Venezuela, which were co-analyzed with 89 previously published 

genomes. The goal of that study was to assess the interconnectedness of different cultures 

across the islands. Fernandes et al. also performed studies to investigate the effective 

population sizes and social structure during the Ceramic Age (Fernandes et al. 2021). This 

publication provided the basis upon which this thesis was built; the demography studies and 

selection scans outlined below contain the partial genomes of 19 pre-contact ancient 

Caribbean individuals initially reported by Fernandes and colleagues (Table S1).  

In addition to the ancient Caribbean samples introduced above, this study includes 101 

modern whole-genomes from individuals with Caribbean heritage in order to provide a 

temporal comparison to the pre-European contact cohort (Table S2). These samples were 



 12 

obtained from the 1000 Genomes Project, and are part of the Puerto Rican in Puerto Rico 

dataset (Auton et al. 2015). Additional samples from the 1000 Genomes Project and the 

Simons Genome Diversity Project were used to supplement relevant demographic analyses 

and selection scans (Mallick et al. 2016) (Table S3). 

e. Broader applications, implications, and ethics 

In such an emerging field like population genomics, there is still much discussion 

surrounding the applications and impacts of scholarship and research among the scientific 

community and the general public alike. While the main goal of population geneticists is to 

answer the question of how populations vary through time and space, there are also useful 

applications of findings to the field of public health and precision medicine (Roberts et al. 

2021). Moreover, as shown by its use in this study, population genomics can serve as a 

supplement to previously established historical and archeological records, providing further 

evidence of the biological impacts of selective pressures like colonization.  

With the increased accessibility of at-home ancestry testing and advancing technologies 

in population genomics, there has been a reversion to older schools of thought that conflate 

molecular genetic data with notions of identity. Especially when it comes to discussions 

surrounding indigeneity, these recent scientific developments seem to trump Indigenous 

peoples’ own culturally-bound definitions of identity. As stated by TallBear in her review of 

the intersections between indigeneity and genomics, “indigenous peoples’ ‘ancestry’ is not 

simply genetic ancestry evidenced in ‘populations’ but biological, cultural, and political 

groupings constituted in dynamic, long-standing relationships with each other and with living 

landscapes that define their people-specific identities and, more broadly, their indigeneity” 
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(TallBear 2013). This is a crucial distinction to keep in mind as we explore the impacts of 

colonization on Indigenous populations in this study.  

More directly, studies in population genetics tend to misrepresent Indigenous ancestry by 

solely focusing on the biological basis of difference from the colonial population. In most 

research, geneticists differentiate and recognize Indigenous groups as those distinct from 

invading colonial powers, therefore being less admixed and biologically and culturally tied to 

a geographic land base compared to other global populations. These outsider formulations of 

indigeneity “cannot account for resistance to the state and indigenous attempts to survive and 

flourish that underpin contemporary indigeneity” (TallBear 2013). Further, these definitions 

and classifications entirely omit the way “Indigenous” is used by native peoples to emphasize 

their relationships to the original peoples globally, united not on a biological or racial front 

but by colonial similarities throughout history. Oftentimes, the field of molecular 

anthropology and population genetics recasts indigeneity as simply a population 

categorization without deep consideration of the complex historical, social, and cultural 

underpinnings of identity. 

Historically, ideas of race, ethnicity, and science have been intertwined, embodied in the 

infamous eugenics movement. Conceptualized by Francis Galton at the turn of the 20th 

century and later weaponized by the Nazi regime during World War II, the eugenics 

movement brought to light a dangerous conceptualization of racial categories and cultural 

evolution, postulating that some races are “superior” to others, or, in other words, more 

evolved. Backed by developing statistical testing, phrenology, and heredity studies, this 

popular pseudoscientific claim came at the detriment of many different individuals, who 

suffered from persecution, discrimination, and in some cases, sterilization (Turda 2022). 
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Today, while the negative relationship between racial identity and science has been largely 

dismantled, population geneticists still need to reconcile the social and biological 

construction of race in the presentation of global populations in their research, specifically in 

the representation of human diversity. As the field of population genetics attempts to make 

inferences regarding racial identity and indigeneity through demographic studies, we must 

carefully examine the positionality of the researcher, the categorization of human groups, and 

the broader sociocultural implications of these claims on the conceptualization of identity as 

a whole. 
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Methods 

a. Principal components analysis (PCA) 

Eigenvectors were calculated for individuals in the ancient and modern Caribbean 

cohorts with outgroup samples from Europe, East Asia, Africa, and the Americas after 

removing missing data using Plink v1.9 (--remove-indels, --max-missing 1.0). The 

SNPRelate Bioconductor R package v3.15 was used for pruning the whole genome dataset 

for SNPs (single nucleotide polymorphisms) in linkage disequilibrium using the 

snpgdsLDpruning() option. Linkage disequilibrium describes the degree to which one allele 

of a genetic variant is correlated to an allele of a different nearby variant; it is important to 

prune SNPs in linkage disequilibrium in order to prevent false positive signals of statistical 

association between SNPs (Bush and Moore 2012; Slatkin 2008). The first two principal 

components (PC1 and PC2) were visualized with the snpgdsPCA() option, using default 

parameters (Zheng et al. 2012) (Figure 1B). The PCA was used to visualize the relatedness of 

the individuals in the dataset, and to remove three outliers from the modern Caribbean cohort 

that did not align with the modern Caribbean cluster. 

b. Ancestry clustering 

A model-based clustering demographic analysis was performed using the likelihood-free 

approach introduced in a recent publication by Chiu et al. SCOPE uses latent subspace 

estimation and alternating least squares to infer admixture fractions from individual allele 

frequencies (Chiu et al. 2022). To estimate K, the number of ancestral populations in the 

dataset, the K value was chosen with the lowest cross-validation index from the 

ADMIXTURE program after testing K=2 through K=8 (Alexander, Novembre, and Lange 

2009) (Figure S1). K=4 was discovered to have the lowest cross-validation index, which 
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meant that a model containing K=4 ancestral clusters best fit the dataset. The SCOPE 

program was then run using K=4 ancestral clusters (--k 4) with default parameters and 

visualized with PONG (Behr et al. 2016) (Figure 1C). Two iterations of the dataset were run 

using the SCOPE program: one including the full dataset, and one without the ancient 

Caribbean cohort. Due to the partial genome availability of the ancient samples (samples 

were sequenced using ‘1240K’ capture methods) as opposed to whole genome availability, 

we were not able to properly present the findings of the entire dataset under the parameters of 

SCOPE. This represents one limitation of the ‘1240K’ capture method of DNA extraction 

and sequencing that appears in later demographic analyses. 

c. Ancestry clustering for maximum likelihood trees 

The TreeMix program was applied to the dataset to create maximum likelihood trees 

from the allele frequency data. The Mbuti from the Simons Genome Diversity Project dataset 

was used to root the tree using the command --root Mbuti (Mallick et al. 2016). Linkage 

disequilibrium was accounted for by grouping 𝑀 adjacent sites with the –k option. 𝑀 was 

chosen such that a dataset with 𝐿 sites will have approximately 𝐿/𝑀 ≈ 20,000 independent 

sites. Following the analysis 𝑚=1, we performed a global rearrangement (with the -global 

option). Admixture scenarios were considered with 𝑚=0, 𝑚=1, 𝑚=2, 𝑚=3, and 𝑚=4 

migration events for the full dataset of ancient and modern Caribbean individuals (Figure 

S2). Each migration model was run with 10 replicates, and the trial with the highest 

likelihood was chosen to depict the maximum likelihood tree for the given migration 

scenario (Pickrell and Pritchard 2012) (Figure 2). 
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d. Selection scans 

The selscan program, contained within a suite of programs called Ohana, is an allele 

frequency-based selection scan and uses a likelihood ratio test to discern alleles in a given 

population that have strongly deviated from a genome-wide covariance structure (Cheng, 

Mailund, and Nielsen 2017). This program does not require the input of assigned population 

labels to each individual genome, nor does it utilize phased genomes for haplotype 

information. Alternatively, Ohana relies solely on the genomic data to infer ancestral 

population assignments of each sample based on allele frequencies. It also uses the results of 

a cluster analysis to determine the number of ancestral populations.  

Two Ohana selection scans were conducted, one for the ancient Caribbean cohort and one 

for the modern Caribbean cohort, and two outgroups were included (Utah residents with 

Northern and Western European ancestry (code CEU) and Yoruba in Ibadan, Nigeria (code 

YRI)) from the 1000 Genomes Project (Auton et al. 2015). To estimate K, the number of 

ancestral populations in the tree, the K value was chosen with the lowest cross-validation 

index from the ADMIXTURE program after testing K=2 through K=15 (Alexander, 

Novembre, and Lange 2009). K=3 was used, which aligns with the number of distinct major 

population groups used as input in the Ohana program (Caribbean test population, and CEU 

and YRI outgroup populations). VCFtools was used to prepare the VCF by filtering sites out 

of Hardy-Weinberg Equilibrium with a p-value below 10e-4 and removing indels and 

missing data. The dataset was then downsampled at random to 5% of the original variants to 

estimate the correlation structure of each individual to the population tree. Then, using 

Ohana’s qpas function, we inferred component covariances to produce admixture-corrected 

allele frequencies. Ohana’s selscan function was utilized to highlight the variants that 
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deviated most strongly from the genome-wide covariance structure, which generates 

likelihood ratios for each locus in the dataset. A higher likelihood ratio signifies a strong 

deviation from the genome-wide covariance structure, which equates to a stronger positive 

selection signal. Due to the nature of this population-specific scan (as opposed to a global 

estimate of covariance), the method requires a scalar addition of 10 (h=10) to the position of 

the covariance matrix that corresponds to the focal population of the selection scan (ancient 

or modern Caribbean in this case).  

After sorting the results of the selscan function in order of decreasing likelihood ratio (the 

genetic loci with the strongest selection signal listed at the top), the ANNOVAR program 

was utilized to annotate the Ohana results (Wang, Li, and Hakonarson 2010). This program 

identified and recorded the gene names associated with the chromosome and positions of the 

selection candidates, as described in the Results section. The top genetic hits for both the 

ancient and modern Caribbean selection scans are visualized using Manhattan plots and 

histograms depicting the distribution of the likelihood ratio scores created using the qqman R 

package (Turner 2014) (Figure 3). 
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Results 

a. Demographic analyses 

This study includes 19 ancient genomes from Indigenous individuals across the 

Caribbean islands predating European contact (Table S1) and 101 modern individuals from 

the Puerto Rico cohort in the 1000 Genomes Project (Auton et al. 2015; Fernandes et al. 

2021) (Table S2, Figure 1A). To facilitate a selection study with continuity between 

population groups, we conducted demographic analyses. We created a principal component 

analysis (PCA), maximum likelihood trees, and model-based cluster analysis to estimate 

population substructure (Chiu et al. 2022; Pickrell and Pritchard 2012; Zheng et al. 2012). 

The maximum likelihood trees were constructed including the 19 ancient Caribbean samples. 

Due to the incomplete nature of the ‘1240k’ capture genomic data available for individuals 

from this region, they were not able to be included in the cluster analyses. This 

incompatibility of genomic capture data with certain demographic modeling tools represents 

one limitation of this study.  

The PCA includes a modern Caribbean cohort, ancient Caribbean cohort, and individuals 

with African, American, East Asian, and European ancestry from the Simons Genome 

Diversity Project (SGDP) dataset (Mallick et al. 2016) (Figure 1B). The ancient Caribbean 

group (green) is observed to overlap with some of the modern Caribbean individuals (dark 

blue), demonstrating shared ancestry. Nearby are the Europe (purple) and Americas (red) 

clusters, which align with the region’s historical narrative including Indigenous American 

ancestry and post-European colonization admixture. The cluster analysis, including the 

modern Caribbean cohort and individuals from the SGDP, revealed four distinct ancestral 

clusters (K=4) (Chiu et al. 2022). The modern Caribbean individuals exhibit predominantly 
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European ancestry (red), with smaller proportions of African (green) and Indigenous 

American (aqua) ancestry as well (Figure 1C).  

Our maximum likelihood trees yielded similar results; the modern Caribbean cohort 

formed a branch adjacent to European populations from England and Spain, in close 

proximity to populations from the Americas (Pickrell and Pritchard 2012). Moreover, there is 

a contribution from the Quechua to the modern Caribbean population shown by the migration 

arrow. The Quechua are the descendants of the Indigenous people of Peru; while many are 

native to Peru, there are contemporary communities living in Ecuador, Bolivia, Chile, 

Colombia, and Argentina as well. Many modern Caribbean populations have mixed 

Indigenous, African, and European ancestry due to colonization starting in the late 15th 

century, demonstrated by the cluster analysis and maximum likelihood trees and supported 

by the historical record (Moreno-Estrada et al. 2013; Sans 2000). The ancient Caribbean 

individuals can be seen forming a branch with the Piapoco, which is an Arawakan speaking 

Indigenous American population from eastern Colombia and western Venezuela (Figure 2). 

These results are consistent with previous demographic analyses done comparing genomes 

from Ceramic Age ancient Caribbean individuals to modern Indigenous American 

populations (Fernandes et al. 2021).  

  



 21 

Figure 1. Demographic analysis. 

A. Map of population locations for ancient and modern Caribbean individuals. 

B. Principal components analysis showing first two principal components, including 

individuals from this study and individuals from Africa, Europe, East Asia, and the 

Americas obtained from the SGDP dataset. 

C. Visualization of cluster analysis at K=4, which exhibited the lowest Bayesian 

information criterion (BIC) value. 
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Figure 2. Maximum likelihood tree generated by TreeMix (𝑚=3) showing ancestry relationships 

between Caribbean cohorts and individuals in the SGDP dataset.  
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b. Selection scans 

After determining an ancestral connection between the ancient and modern Caribbean 

cohorts using demographic analyses and historical inference, I performed an allele 

frequency-based selection scan to identify gene candidates for positive selection (Cheng, 

Mailund, and Nielsen 2017). Due to a significant amount of admixture in the modern 

Caribbean population due to the effects of colonization, an admixture-aware method was 

used to account for this extensive gene flow (Cheng, Mailund, and Nielsen 2017). The Ohana 

program is a more effective way of detecting positive selection signals in admixed 

populations due to its utilization of cluster analyses to determine the number of underlying 

ancestral populations. Using this method, we were able to predict the genome-wide global 

covariance matrix, visualized using a Newick tree. If an allele in the Caribbean populations 

differed significantly from the predicted genome-wide covariance model, measured by a 

likelihood ratio test, then it was assumed to be under positive selection. 

However, given the three-way admixture (majority European, followed by African and 

Indigenous American ancestries) in the contemporary Caribbean cohort, it is likely that the 

selection scan is only detecting ancient selection in Europeans (Figure 1C). This represents 

one limitation of this study; while the Ohana program does account for admixture in the 

target population, this method is not fully effective given the specific modern genomic 

dataset used. Future directions include a repetition of the modern Caribbean natural selection 

scan using genomes from individuals with a greater percentage of Indigenous ancestry. The 

results from this scan are included below to serve as a temporal comparison to the ancient 

Caribbean cohort. 
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Among the strongest selection signals in the ancient Caribbean cohort were intergenic 

and intronic SNPs associated with the SLC24A5 and SLC45A2 genes, respectively. Both the 

SLC24A5 and SLC45A2 genes play a key role in skin pigmentation pathways, specifically in 

skin lightening (Basu Mallick et al. 2013; Crawford et al. 2017; Hernandez-Pacheco et al. 

2017). Additionally, an intronic polymorphism associated with the FBXO31 gene had a 

positive selection signal in the ancient Caribbean selection scan. FBXO31 encodes for a 

protein involved in the response to DNA damage and functions as a tumor suppressor by 

promoting oncogenic MDM2 degradation, resulting in an increase in p53 levels (a tumor 

suppressor protein) (Malonia et al. 2015). 

In the modern Caribbean cohort, many top genes under positive selection are related to 

cell replication, repair, and immunological functions. Intronic SNPs of the ZRANB3 and 

MCM6 genes, for example, are associated with DNA replication fork formation and 

maintenance of genomic stability (Ciccia et al. 2012; Weitzman and Fradet-Turcotte 2018; 

Zeng et al. 2021). Additionally, intronic polymorphisms of the R3HDM1 and DARS1 genes, 

and an intergenic polymorphism of the BMP4 gene have been correlated to functions of the 

immune system, such as T cell regulation and cellular sensors in viral infections (Feng et al. 

2022; Huang et al. 2021; Liu et al. 2022) (Table 1). In a recent study investigating potential 

crosstalk genes involved in immunological mechanisms in two inflammatory diseases, 

researchers found that the R3HDM1 gene was positively correlated with type 1 T helper 

(Th1) cells in both diseases (Liu et al. 2022). Th1 cells are immune cells that “activate 

macrophages and are responsible for cell-mediated immunity and phagocyte-dependent 

protective responses” (Romagnani 1999). In addition, the DARS1 gene codes for an 

aminoacyl-tRNA synthetases (aaRSs), which are essential enzymes in translation by linking 
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amino acids onto their cognate tRNAs during protein synthesis (Feng et al. 2022). aaRSs play 

a key role in immune cell maturation, transcription, recruitment, and activation through 

complex cellular mechanisms and downstream processes. Additionally, aaRSs are crucial in 

host viral and bacterial responses by upregulating the production of pro-inflammatory 

cytokines, activating macrophages, and inducing chemokine production and phagocytosis 

(Nie et al. 2019).  

Included in Table 1 is an expressive quantitative trait loci (eQTL) analysis, which 

identifies genetic variants that directly affect the expression of another gene (Lonsdale et al. 

2013). Additionally, the genes of interest with the highest likelihood ratios are visualized 

using a Manhattan plot, with the highlighted peaks representing the genes under strong 

positive selection and the chromosome number depicted on the x-axis (Turner 2014) (Figure 

3). The top 0.012% of SNP selection candidates for the ancient Caribbean cohort and the top 

0.000037% of SNP selection candidates for the modern Caribbean cohort are depicted in 

supplementary tables S5 and S6. Included alongside the Manhattan plots are histograms 

depicting the distribution of the likelihood ratio scores for the selection scans. 

 

  

https://www.zotero.org/google-docs/?uopAkV
https://www.zotero.org/google-docs/?wl9isn
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Table 1. SNPs of interest under high probability of selection described in the Results section. 

Related to Figure 3. 

Chr* Pos* Annotated 

gene 

eQTL** rsID Derived allele 

frequency in 

ancient cohort 

Derived allele 

frequency in 

modern cohort 

15 48400199 SLC24A5 SLC12A1 rs2675345 0.789474 0.197115 

5 33952106 SLC45A2 TTC23L-AS1 rs185146 0.0263158 0.677885 

16 87394386 FBXO31 RP11-482M8.3 rs1834022 0 0.100962 

2 136138627 ZRANB3 MCM6, TMEM163, 

DARS-AS1, UBXN4, 

MAP3K19, DARS, 

CCNT2 

rs3940549 1 0.798077 

2 136608646 MCM6 DARS-AS1, UBXN4, 

DARS, CCNT2, 

MAP3K19 

rs4988235 N/A 0.206731 

2 136429366 R3HDM1 MCM6, TMEM163, 

DARS-AS1, UBXN4, 

MAP3K19, DARS, 

CCNT2, ZRANB3 

rs62168795 N/A 0.793269 

2 136707982 DARS1 MCM6, DARS-AS1, 

UBXN4, MAP3K19, 

ZRANB3 

rs6754311 1 0.793269 

14 54711654 BMP4 N/A rs72709956 N/A 0.125 

*Hg19 coordinates 

**(Lonsdale et al. 2013) 
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Figure 3. Selection scans highlighting the strongest signals of positive selection. 

Ohana selscan Manhattan plot and histogram of the allele distribution of the 

corresponding likelihood ratio (lle ratio) for the ancient Caribbean cohort (A) and modern 

Caribbean cohort (B).  
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Discussion 

 This study aimed to contribute to previous archaeological, historical, and anthropological 

investigations into the population history of the Caribbean, with particular attention to post-

colonial shifts in demography and genetic processes. The PCA, maximum likelihood trees, and 

model-based cluster analysis described in the above Results corroborate previous studies 

illustrating the relationship between pre- and post-European contact Caribbean populations, as 

well as exhibit the complexities of admixture and global population relatedness in the modern 

Caribbean cohort (Gravel et al. 2013; Schroeder et al. 2018).  

Specifically, the results of the PCA align with previously established insights into ancient 

and modern Caribbean ancestry (Zheng et al. 2012) (Figure 1B). The ancient cohort 

(Caribbean_Ancient), represented by the light green color, is shown to cluster directly over the 

modern cohort (Caribbean_Modern) in dark blue. Also clustering near a portion of the modern 

Caribbean cohort are individuals from Europe shown by a purple color. This can be 

contextualized using the broader colonial history of the Caribbean basin, as well as with the 

maximum likelihood trees and cluster analyses from the present study (Bryc et al. 2010; 

Murdoch 2021). Moreover, the Indigenous American cohort, shown in red, clusters nearby the 

modern and ancient Caribbean individuals, illuminating a more distant shared ancestral 

relationship between them. Despite extensive admixture from African populations which began 

during the trans-Atlantic slave trade, the African individuals (black) clusters away from the 

modern Caribbean cluster. This is likely due in part to African populations having generally 

greater levels of genetic diversity, fewer SNPs in linkage disequilibrium, and extensive 

population substructure compared to other populations around the world (Campbell and Tishkoff 
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2008). Additionally, there is no African source population that represents the direct ancestry of 

those enslaved and transported to the Caribbean basin in this analysis. 

Postcolonial admixture is also exhibited genetically in maximum likelihood trees and 

model-based cluster analysis in order to estimate population substructure (Pickrell and Pritchard 

2012). In the maximum likelihood tree constructed using the full dataset of individuals with 𝑚=3 

migrations, the ancient Caribbean cohort is seen forming a branch with the Piapoco population, 

an Arawakan speaking group originating in eastern Colombia and western Venezuela. The 

ancient Caribbean and Piapoco diverge from another branch containing Chané (Arawakan-

speakers from Paraguay, Brazil, Bolivia, and Argentina), Karitiana (Indigenous Brazilian), and 

Surui (Indigenous Brazilian) populations.  

These results are consistent with the results from Fernandes and colleagues, who found 

that the Piapoco contribute to the greatest proportion of ancestry to ancient Caribbean individuals 

from the Ceramic Age using 1- and 2-way qpAdm modeling, TreeMix, and qpGraph tests. These 

results help support hypotheses regarding the original peopling of the Caribbean from northeast 

South America roughly 6,000 years ago (Fernandes et al. 2021). However, the maximum 

likelihood tree containing these findings must be carefully considered and reevaluated using 

whole-genome data for ancient Caribbean individuals. Further research directions using high 

quality ancient whole-genomes from the Caribbean could be explored given technological 

advancements in preservation and genetic sequencing of highly-degraded samples.  

In the same tree, the modern Caribbean individuals are shown forming a branch alongside 

individuals from England and Spain, which is expected given the colonial history of the region. 

Forming an adjacent cluster of branches are Indigenous populations from the Americas (Figure 

2). The modern Caribbean cohort is also shown to have a migratory contribution from Quechuan 
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individuals, who are descendants of Indigenous Peruvians, and have communities in Peru, 

Ecuador, Bolivia, Chile, Colombia, and Argentina today. On the maximum likelihood tree, 

Quechuan individuals branch in close proximity to the ancient Caribbean individuals, the Chané 

(Indigenous Argentinians), and the Mayans (from Central America). One explanation for this 

relatedness could be due to a population split in northeast South America during the early 

peopling of the continent and migration to the Caribbean islands (Lindo et al. 2018).   

Due to the incomplete genomic sequencing of the ancient Caribbean individuals and the 

data parameters required for ancestry cluster modeling, the ancient Caribbean cohort was not 

included in the final demographic model-based cluster analysis (Cheng, Mailund, and Nielsen 

2017). In the visualization of the cluster analysis, individuals from East Asia (blue) are shown on 

the left side of the figure, followed by populations from the Americas (aqua), Africa (green), 

Europe (red), and the modern Caribbean samples (Caribbean_Modern), revealing four distinct 

ancestry clusters (K=4) (Figure 1C). In the modern Caribbean cohort, the predominating 

ancestral cluster aligns with the European population, followed by proportions of African and 

Indigenous American ancestry. Few modern Caribbean genomes had East Asian ancestral 

components. These observations, alongside the maximum likelihood trees, align with previous 

historical and cultural constructions of contemporary Caribbean ancestry following colonization 

(Schroeder et al. 2018). 

Moreover, the findings from the allele frequency-based natural selection scans in both the 

ancient and modern Caribbean cohorts highlight gene candidates for positive selection (Figure 3; 

Tables 1, S5, and S6). This can inform us of the impact of a selective pressure, such as European 

colonization, on the individual genome and genetic adaptation. Individuals living in the 

Caribbean following European contact undoubtedly underwent many cultural and physiological 
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changes in the face of genocide, large waves of settlement, and agricultural shifts to the 

landscape through slave labor and plantation development. The present study aimed to highlight 

the genetic foundations of these phenotypic adaptations. However, due to the limited 

effectiveness of this natural selection scan method with highly admixed populations, the scan 

described below for the modern Caribbean cohort may be detecting positive selection signals on 

SNPs from the ancestral European component of the modern Caribbean genome. These tests 

should be replicated using unadmixed modern Caribbean genomes in a future study. 

In the selection scan performed for the ancient Caribbean individuals, among the 

strongest selection signals was an intergenic SNP associated with the SLC24A5 gene, and an 

intronic SNP associated with the SLC45A2 gene. Both are implicated in pathways affecting skin 

pigmentation, specifically skin lightening. Skin pigmentation is essential to protect the body 

against harmful UV radiation. The production of melanin by melanocytes, the skin’s main 

pigmentation molecule, is regulated by complex interactions and is involved in many other 

bioregulatory and metabolic pathways, both in the skin and in other organ systems. Skin color 

varies widely across global populations, and is strongly correlated with latitude due its protective 

effects against UV radiation. Additionally, many other selective pressures have impacted the 

variation of skin pigmentation in different regions, such as protection against folate photolysis, 

appropriate vitamin D level maintenance, and improving the skin barrier’s ability to retain water 

and provide cutaneous antimicrobial defense (Hernandez-Pacheco et al. 2017). 

At first glance, positive selection on skin lightening genes does not align with the 

environment of the Caribbean basin, which is located near the equator and has a high amount of 

UV radiation. However, there is genetic evidence demonstrating that the light pigmentation 

variant at SLC24A5 was introduced into East Africa by gene flow from non-Africans prior to the 
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peopling of the Caribbean (Crawford et al. 2017). The SLC24A5 and SLC45A2 genes contribute 

to the genetic basis of lighter skin pigmentation in European populations, suggesting a genetic 

drift event, such as the founder effect, between ancestral European and Caribbean populations 

(Basu Mallick et al. 2013). Another explanation for this observation is convergent evolution, or 

the independent evolution of specific genetic adaptations in distinct populations over time. 

Further directions include the application of a program called RFmix, which is a method of 

investigating ancestral components for specific SNPs of interest using haplotype phased genetic 

data (Maples et al. 2013). However, this program requires the use of a phased dataset, which 

requires high-coverage genomes. With improved sequencing methods, higher-coverage ancient 

Caribbean genomes could be produced and analyzed using RFmix in a future study. 

Moreover, an intronic polymorphism associated with the FBXO31 gene exhibited signs of 

positive selection for the ancient Caribbean cohort. FBXO31 codes for an F-box protein, which is 

responsible for regulating levels of the murine double minute 2 protein (MDM2) in the body. 

MDM2 functions as an oncogene, coding for a protein that downregulates p53 function, which 

plays a critical role in tumor suppression. When cells are under stress, such as during DNA 

damage events, p53 levels increase and induce many protective biological responses. MDM2 is 

important in the degradation of p53 under normal cellular conditions; the function of the 

FBXO31 F-box protein in regulating the levels of MDM2 is crucial to the functioning of the 

downstream tumor suppressor p53 (Malonia et al. 2015). Positive selection on such a gene in the 

ancient Caribbean cohort could signify an upregulation in protective cellular defense 

mechanisms and the promotion of anti-tumor development. 

In the modern Caribbean cohort, many top genes under positive selection are related to 

cell replication and DNA repair, which aligns with the region’s cultural and physiological 
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adaptive history to colonization. The upregulation of cellular repair mechanisms would likely 

prove to be advantageous for individuals living in the aftermath of colonization due to the 

increase in novel infectious diseases brought to the Caribbean by Europeans. Among the top 

genetic candidates for positive selection are intronic SNPs of the ZRANB3 and MCM6 genes. 

The ZRANB3 gene is recruited by poly-ubiquitinated proliferating cell nuclear antigen (PCNA) 

to promote DNA replication fork restart following replication arrest. ZRANB3 helps maintain 

genomic stability at stressed or collapsed replication forks by mimicking stalled replication forks 

and disassembling unnecessary recombination intermediates (Ciccia et al. 2012). The ability to 

repair stalled or collapsed replication forks and protect genomic integrity is a crucial protective 

function of the cell against viral and bacterial infections, such as Listeria monocytogenes 

(Benedetti et al. 2021; Weitzman and Fradet-Turcotte 2018). Additionally, the MCM6 gene plays 

a significant regulatory role in DNA replication, thus helping to sustain the cell cycle (Zeng et al. 

2021). It codes for one of six proteins in the minichromosome maintenance (MCM) family, 

which is a heterohexameric DNA helicase involved in the initiation of DNA replication and 

elongation (Schrader et al. 2005; Zeng et al. 2021). Studies have also implicated MCM family 

proteins in DNA damage response, transcription, and chromatin structure (Forsburg 2004). The 

functions of MCM6 all contribute to the maintenance of genomic stability in the cell, which, 

similar to ZRANB3, helps protect an individual from viral or bacterial infection.  

Moreover, some of the top genetic hits for the natural selection scan in the modern 

Caribbean cohort have direct immunological functions. Intronic polymorphisms of the R3HDM1 

and DARS1 genes, and an intergenic polymorphism of the BMP4 gene indicated strong positive 

selection signals. The protein-coding R3HDM1 gene has been associated with Th1 immune cells; 

these cells help activate the body’s immune response against intracellular pathogens, such as 
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viruses and bacteria (Liu et al. 2022; Romagnani 1999). The DARS1 gene also has an 

immunological function, coding for a protein that mediates the attachment of amino acids to their 

corresponding tRNAs (in this case, L-aspartate to tRNA). Studies have also demonstrated that 

tRNA acylation networks are involved in mediating cholera and tuberculosis progression (Duffy 

et al. 2019; Ellis et al. 2015). 

SNPs associated with the BMP4 gene also exhibited positive selection signals in the 

modern Caribbean cohort. BMP4 encodes for a protein that is understood to promote bone 

regeneration and regulate T cell development in the thymus. BMP4 also moderates glycolysis of 

T cells after activation, which is a crucial function for high-energy activation and cytokine 

production (Huang et al. 2021). As described in earlier sections, European colonization brought a 

vast number of novel infectious diseases into the New World, which decimated Indigenous 

populations and placed a large selective pressure on surviving native and imported populations. 

Given the colonial history of the Caribbean islands, as well as the complex pattern of migration 

and gene flow, it is expected that genes related to cell repair, genomic stability, and immune 

regulation and response exhibit signs of positive selection in the modern Caribbean population. 
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Conclusion 

 The goal of this study was to explore the genomic data that underpins Caribbean cultural 

identity. Through various demographic analyses and genome-wide selection scans, I hoped to 

shed light on the social and biological complexities of colonization, slavery, and indigeneity in 

the Caribbean basin. As the PCA, maximum likelihood trees, and model-based cluster analysis 

illustrated, modern Caribbean genetic ancestry is mostly comprised of European ancestry, 

followed by African and Indigenous American ancestral components. After establishing genetic 

continuity between the ancient and modern Caribbean cohorts, natural selection scans were 

performed to further illuminate genetic variants under positive selection. Among the SNPs under 

positive selection in the ancient Caribbean cohort were two related to skin pigmentation 

lightening pathways, which raises further questions regarding gene flow, admixture, and the 

peopling of the Caribbean (Crawford et al. 2017). In the modern Caribbean selection scan, a 

number of genetic variants exhibited signs of positive selection, including those associated with 

genes related to DNA repair, replication, and immune regulation.  

This result is expected given the broader context of Caribbean colonial history. 

Beginning in the 16th century, European colonization placed a large selective pressure on the 

surviving Indigenous and enslaved African populations in the Caribbean, which undoubtedly led 

to social and physiological adaptations. The purpose of the natural selection scan was to provide 

genetic evidence for the aforementioned adaptations. Positive selection on protein-coding genes 

related to cellular repair and immune function in the modern Caribbean cohort illustrates an 

adaptive genetic history following the introduction of novel pathogens post-colonization.  

To further this line of inquiry, additional research should be done in the collection and 

sequencing of pre-contact Caribbean genomes. As described in earlier sections, this study 
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includes only portions of the ancient Caribbean genomes, as opposed to the whole-genome 

sequences used for all modern individuals. As genetic sequencing techniques improve for highly 

degraded samples, we will be able to provide a more complete picture of the demographic 

landscape of Caribbean ancestry. Moreover, given the vast amount of admixture in the modern 

Caribbean cohort, investigation into the ancestral components for specific SNPs of interest using 

haplotype phased genetic data using the RFmix program would help further explain the origins 

of these genetic adaptations (Maples et al. 2013). Further, replication of the natural selection 

scan with a modern Caribbean cohort with a higher proportion of Indigenous ancestry should be 

performed to confirm the positive selection candidates outlined in this study due to the limited 

compatibility of the Ohana program with highly admixed populations. Finally, given the 

evidence for the existence of TB in the Americas prior to European contact, further research into 

human-pathogen coevolution with regard to TB and other infectious diseases could contribute to 

our understanding of the mechanisms by which colonization decimated Indigenous populations 

(Joseph et al. 2023). 
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Supplemental Information 

 

Supplementary Table S1. Information about sequencing, geographic locations, carbon dating, and 

mean read depth for the ancient Caribbean population cohort. Related to Figures 1, 2, and 3. 

 
Sample ID Population 14C BP Mean read depth Reference 

I12344 Dominican 

Republic  

1200-1400 [based on three 

direct dates from the site]* 

8.05 Fernandes et 

al. 2021 

I12347 Dominican 

Republic  

1200-1400 [based on three 

direct dates from the site]* 

9.95 Fernandes et 

al. 2021 

I12350 Dominican 

Republic  

1200-1400 [based on three 

direct dates from the site]* 

7.49 Fernandes et 

al. 2021 

I13189 Dominican 

Republic  

855 ± 20 4.91 Fernandes et 

al. 2021 

I14992 Dominican 

Republic  

536 ± 18 6.84 Fernandes et 

al. 2021 

I15973 Dominican 

Republic  

600-1600* 5.15 Fernandes et 

al. 2021 

I8118 (SM) Dominican 

Republic  

690 ± 20 4.9 Fernandes et 

al. 2021 

I13207 Dominican 

Republic  

1200-1700 [based on two 

direct dates from the site]* 

4.53 Fernandes et 

al. 2021 

I13208 Dominican 

Republic  

710 ± 20 4.49 Fernandes et 

al. 2021 

I13318 The 

Bahamas 

900-1500* 4.38 Fernandes et 

al. 2021 

I13319 The 

Bahamas 

900-1500* 4.38 Fernandes et 

al. 2021 

I13320 The 

Bahamas 

900-1500* 4.38 Fernandes et 

al. 2021 

I13321 The 

Bahamas 

900-1500* 4.37 Fernandes et 

al. 2021 

I13322 The 

Bahamas 

900-1500* 4.26 Fernandes et 

al. 2021 

I13323 Puerto Rico 785 ± 20 4.22 Fernandes et 

al. 2021 

I13324 Puerto Rico 900-1300* 4.21 Fernandes et 

al. 2021 

I13326 Puerto Rico 800-1100* 4.1 Fernandes et 

al. 2021 

I10758 Curaçao 720 ± 20 4.96 Fernandes et 

al. 2021 

I12575 Haiti 800-1200* 5.31 Fernandes et 

al. 2021 

*Indicates cultural dating 
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Supplementary Table S2. Information about modern Caribbean population cohort (Auton et al. 

2015). Related to Figures 1, 2, and 3.

 
Sample ID Reference  Sample ID Reference 

HG00740 1000 Genomes Project (PUR)  HG00551 1000 Genomes Project (PUR) 

HG01161 1000 Genomes Project (PUR)  HG00638 1000 Genomes Project (PUR) 

HG01173 1000 Genomes Project (PUR)  HG00731 1000 Genomes Project (PUR) 

HG01197 1000 Genomes Project (PUR)  HG00736 1000 Genomes Project (PUR) 

HG01200 1000 Genomes Project (PUR)  HG00743 1000 Genomes Project (PUR) 

HG01205 1000 Genomes Project (PUR)  HG00640 1000 Genomes Project (PUR) 

HG01248 1000 Genomes Project (PUR)  HG01094 1000 Genomes Project (PUR) 

HG00554 1000 Genomes Project (PUR)  HG01102 1000 Genomes Project (PUR) 

HG00732 1000 Genomes Project (PUR)  HG01107 1000 Genomes Project (PUR) 

HG00737 1000 Genomes Project (PUR)  HG01162 1000 Genomes Project (PUR) 

HG00637 1000 Genomes Project (PUR)  HG00553 1000 Genomes Project (PUR) 

HG01089 1000 Genomes Project (PUR)  HG01167 1000 Genomes Project (PUR) 

HG01104 1000 Genomes Project (PUR)  HG01174 1000 Genomes Project (PUR) 

HG01111 1000 Genomes Project (PUR)  HG01198 1000 Genomes Project (PUR) 

HG01177 1000 Genomes Project (PUR)  HG01326 1000 Genomes Project (PUR) 

HG01191 1000 Genomes Project (PUR)  HG01092 1000 Genomes Project (PUR) 

HG01204 1000 Genomes Project (PUR)  HG01097 1000 Genomes Project (PUR) 

HG01393 1000 Genomes Project (PUR)  HG01105 1000 Genomes Project (PUR) 

HG01398 1000 Genomes Project (PUR)  HG01047 1000 Genomes Project (PUR) 

HG01058 1000 Genomes Project (PUR)  HG01054 1000 Genomes Project (PUR) 

HG01060 1000 Genomes Project (PUR)  HG01049 1000 Genomes Project (PUR) 

HG01247 1000 Genomes Project (PUR)  HG01061 1000 Genomes Project (PUR) 

HG01072 1000 Genomes Project (PUR)  HG01051 1000 Genomes Project (PUR) 

HG01088 1000 Genomes Project (PUR)  HG01066 1000 Genomes Project (PUR) 

HG01077 1000 Genomes Project (PUR)  HG01073 1000 Genomes Project (PUR) 

HG01095 1000 Genomes Project (PUR)  HG01063 1000 Genomes Project (PUR) 

HG01325 1000 Genomes Project (PUR)  HG01080 1000 Genomes Project (PUR) 

HG01110 1000 Genomes Project (PUR)  HG01085 1000 Genomes Project (PUR) 

HG01286 1000 Genomes Project (PUR)  HG01070 1000 Genomes Project (PUR) 

HG01414 1000 Genomes Project (PUR)  HG01075 1000 Genomes Project (PUR) 

HG01312 1000 Genomes Project (PUR)  HG01082 1000 Genomes Project (PUR) 

HG01305 1000 Genomes Project (PUR)  HG01395 1000 Genomes Project (PUR) 

HG01052 1000 Genomes Project (PUR)  HG01164 1000 Genomes Project (PUR) 

HG01064 1000 Genomes Project (PUR)  HG01403 1000 Genomes Project (PUR) 
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Sample ID Reference  Sample ID Reference 

HG01069 1000 Genomes Project (PUR)  HG01171 1000 Genomes Project (PUR) 

HG01083 1000 Genomes Project (PUR)  HG01176 1000 Genomes Project (PUR) 

HG01413 1000 Genomes Project (PUR)  HG01183 1000 Genomes Project (PUR) 

HG01402 1000 Genomes Project (PUR)  HG01188 1000 Genomes Project (PUR) 

HG01190 1000 Genomes Project (PUR)  HG01079 1000 Genomes Project (PUR) 

HG00734 1000 Genomes Project (PUR)  HG01086 1000 Genomes Project (PUR) 

HG00739 1000 Genomes Project (PUR)  HG00742 1000 Genomes Project (PUR) 

HG01302 1000 Genomes Project (PUR)  HG01168 1000 Genomes Project (PUR) 

HG01311 1000 Genomes Project (PUR)  HG01170 1000 Genomes Project (PUR) 

HG01323 1000 Genomes Project (PUR)  HG01182 1000 Genomes Project (PUR) 

HG01392 1000 Genomes Project (PUR)  HG01187 1000 Genomes Project (PUR) 

HG01405 1000 Genomes Project (PUR)  HG01098 1000 Genomes Project (PUR) 

HG01412 1000 Genomes Project (PUR)  HG01101 1000 Genomes Project (PUR) 

HG00641 1000 Genomes Project (PUR)  HG01303 1000 Genomes Project (PUR) 

HG01048 1000 Genomes Project (PUR)  HG01308 1000 Genomes Project (PUR) 

HG01055 1000 Genomes Project (PUR)  HG01396 1000 Genomes Project (PUR) 

HG01067 1000 Genomes Project (PUR)  
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Supplementary Table S3. Outgroup samples utilized from the SGDP dataset (Mallick et al. 

2016). Related to Figures 1 and 2. 

 

Sample Population 

S_Mbuti-1 Africa 

S_Mbuti-2 Africa 

S_Mbuti-3 Africa 

B_Mbuti-4 Africa 

S_Gambian-1 Africa 

S_Gambian-2 Africa 

S_Yoruba-2 Africa 

S_Esan-1 Africa 

S_Yoruba-1 Africa 

S_Esan-2 Africa 

S_Mandenka-1 Africa 

S_Mandenka-2 Africa 

S_Mende-1 Africa 

B_Mandenka-3 Africa 

B_Yoruba-3 Africa 

S_Mende-2 Africa 

S_Chane-1 Americas 

S_Surui-1 Americas 

S_Surui-2 Americas 

S_Karitiana-1 Americas 

S_Karitiana-2 Americas 

S_Piapoco-1 Americas 

S_Piapoco-2 Americas 

S_Pima-1 Americas 

S_Pima-2 Americas 

S_Mayan-1 Americas 

S_Mayan-2 Americas 

S_Mixe-2 Americas 

S_Mixe-3 Americas 

S_Mixtec-1 Americas 

S_Mixtec-2 Americas 

S_Quechua-3 Americas 

S_Quechua-2 Americas 

B_Karitiana-3 Americas 

Sample Population 

B_Mixe-1 Americas 

S_Quechua-1 Americas 

S_Han-2 East_Asia 

S_Dai-3 East_Asia 

S_Han-1 East_Asia 

S_Hezhen-1 East_Asia 

S_Hezhen-2 East_Asia 

S_Dai-2 East_Asia 

S_Dai-1 East_Asia 

S_Japanese-1 East_Asia 

S_Japanese-2 East_Asia 

S_Japanese-3 East_Asia 

S_Korean-2 East_Asia 

S_Korean-1 East_Asia 

B_Dai-4 East_Asia 

B_Han-3 East_Asia 

S_Bulgarian-2 Europe 

S_English-1 Europe 

S_English-2 Europe 

S_French-1 Europe 

S_French-2 Europe 

S_Basque-1 Europe 

S_Hungarian-2 Europe 

S_Hungarian-1 Europe 

S_Bergamo-1 Europe 

S_Bergamo-2 Europe 

S_Tuscan-2 Europe 

S_Tuscan-1 Europe 

S_Norwegian-1 Europe 

S_Polish-1 Europe 

S_Spanish-1 Europe 

S_Spanish-2 Europe 

B_Crete-1 Europe 

B_French-3 Europe 
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Supplementary Table S4. Outgroup samples utilized for the natural selection scans (Auton et al. 

2015). Related to Figure 3. 

 

Sample Population 

code 

Reference 

NA12828 CEU 1000 Genomes 

Project 

NA12830 CEU 1000 Genomes 

Project 

NA12842 CEU 1000 Genomes 

Project 

NA12873 CEU 1000 Genomes 

Project 

NA12878 CEU 1000 Genomes 

Project 

NA12546 CEU 1000 Genomes 

Project 

NA12414 CEU 1000 Genomes 

Project 

NA12399 CEU 1000 Genomes 

Project 

NA11832 CEU 1000 Genomes 

Project 

NA12717 CEU 1000 Genomes 

Project 

NA11894 CEU 1000 Genomes 

Project 

NA11919 CEU 1000 Genomes 

Project 

NA11933 CEU 1000 Genomes 

Project 

NA11995 CEU 1000 Genomes 

Project 

NA12006 CEU 1000 Genomes 

Project 

NA12044 CEU 1000 Genomes 

Project 

NA12748 CEU 1000 Genomes 

Project 

NA12750 CEU 1000 Genomes 

Project 

NA12234 CEU 1000 Genomes 

Project 

NA12762 CEU 1000 Genomes 

Project 

Sample Population 

code 

Reference 

NA19200 YRI 1000 Genomes 

Project 

NA18489 YRI 1000 Genomes 

Project 

NA18504 YRI 1000 Genomes 

Project 

NA19130 YRI 1000 Genomes 

Project 

NA18511 YRI 1000 Genomes 

Project 

NA18516 YRI 1000 Genomes 

Project 

NA18523 YRI 1000 Genomes 

Project 

NA19213 YRI 1000 Genomes 

Project 

NA18508 YRI 1000 Genomes 

Project 

NA18510 YRI 1000 Genomes 

Project 

NA19225 YRI 1000 Genomes 

Project 

NA18522 YRI 1000 Genomes 

Project 

NA18876 YRI 1000 Genomes 

Project 

NA18908 YRI 1000 Genomes 

Project 

NA18910 YRI 1000 Genomes 

Project 

NA18915 YRI 1000 Genomes 

Project 

NA18934 YRI 1000 Genomes 

Project 

NA18933 YRI 1000 Genomes 

Project 

NA19092 YRI 1000 Genomes 

Project 

NA19201 YRI 1000 Genomes 

Project 
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Supplementary Figure S1. Scope cluster analysis visualizations with K=2–8 (Chiu et al. 2022).  
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Supplementary Figure S2. Highest likelihood TreeMix scenarios for 𝑚=0, 1, 2, and 4 migration 

events (Pickrell and Pritchard 2012). 
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Supplementary Table S5. Top 30 annotated SNPs under high probability of selection from Ohana 

selection scan on ancient Caribbean cohort (Cheng, Mailund, and Nielsen 2017; Wang, Li, and 

Hakonarson 2010). 

 

Chr* Position* Likeliood Annotated gene 

15 48400199 8.941E+00 LINC01491(dist=261766),SLC24A5(dist=12988) 

11 19620227 8.85E+00 NAV2 

11 19696415 8.42E+00 NAV2 

14 79244045 8.30E+00 NRXN3 

7 137529578 7.90E+00 DGKI 

11 70734035 7.87E+00 SHANK2 

16 87394386 7.76E+00 FBXO31 

15 48218411 7.63E+00 LINC01491(dist=79978),SLC24A5(dist=194776) 

11 19629129 7.54E+00 NAV2 

3 188694749 7.50E+00 TPRG1-AS1(dist=29321),TPRG1(dist=195011) 

12 56565392 7.37E+00 SMARCC2 

5 33952106 7.32E+00 SLC45A2 

5 33954880 7.32E+00 SLC45A2 

11 19622823 7.32E+00 NAV2 

14 32183849 7.32E+00 NUBPL(NM_001201574:c.-731730>0) 

3 188838591 7.29E+00 TPRG1-AS1(dist=173163),TPRG1(dist=51169) 

10 83670102 7.22E+00 NRG3 

11 19700177 7.19E+00 NAV2 

1 1249187 7.16E+00 INTS11 

9 117108665 7.10E+00 AKNA 

7 130742066 7.10E+00 LINC-PINT 

1 120463230 7.09E+00 NOTCH2,NOTCH2NLC 

1 120505996 7.09E+00 NOTCH2,NOTCH2NLC 

4 26585311 6.98E+00 TBC1D19(dist=235) 

4 83991529 6.89E+00 COPS4 

3 66539628 6.86E+00 LRIG1 

18 67691520 6.80E+00 RTTN 

6 107990428 6.79E+00 SOBP(dist=7918),SCML4(dist=32930) 

9 117112884 6.72E+00 AKNA 

9 117112886 6.72E+00 AKNA 

*Hg19 coordinates 
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Supplementary Table S6. Top 30 annotated SNPs under high probability of selection from Ohana 

selection scan on modern Caribbean cohort (Cheng, Mailund, and Nielsen 2017; Wang, Li, and 

Hakonarson 2010). 

 

Chr* Position* Likelihood Annotated gene 

2 135954797 1.32E+02 ZRANB3 

2 136138627 1.32E+02 ZRANB3 

2 136176540 1.28E+02 ZRANB3 

15 32777439 1.27E+02 GOLGA8O(dist=29604),WHAMMP1(dist=34610) 

2 136429366 1.26E+02 R3HDM1 

14 106331658 1.26E+02 MIR4539(dist=5074),FAM30A(dist=52180) 

2 135837906 1.24E+02 RAB3GAP1 

2 135907088 1.24E+02 RAB3GAP1 

2 136381348 1.24E+02 R3HDM1 

2 136098560 1.23E+02 ZRANB3 

2 136608646 1.19E+02 MCM6 

2 136616754 1.19E+02 MCM6 

2 136707982 1.19E+02 DARS1 

2 136328890 1.17E+02 R3HDM1 

2 136352327 1.17E+02 R3HDM1 

14 106330474 1.12E+02 MIR4539(dist=3890),FAM30A(dist=53364) 

18 55441724 1.12E+02 ATP8B1 

2 136825272 1.10E+02 DARS-AS1(dist=60160),CXCR4(dist=46647) 

2 136617805 1.07E+02 MCM6 

11 38526006 1.05E+02 LINC02760(dist=549793),LINC02759(dist=113808) 

2 136823866 1.04E+02 DARS-AS1(dist=58754),CXCR4(dist=48053) 

18 55441626 1.03E+02 ATP8B1 

8 105083842 1.03E+02 RIMS2 

4 6239015 1.02E+02 LINC02495(dist=3352),WFS1(dist=32562) 

11 38556519 1.01E+02 LINC02760(dist=580306),LINC02759(dist=83295) 

3 195365807 1.00E+02 APOD(dist=54996),LOC105374297(dist=7699) 

3 195365815 1.00E+02 APOD(dist=55004),LOC105374297(dist=7691) 

15 23227285 1.00E+02 WHAMMP3(dist=18928),GOLGA8IP(dist=27957) 

8 96454433 9.94E+01 C8orf37-AS1 

2 4053881 9.86E+01 LOC105373394(dist=31011),LINC01249(dist=621927) 

*Hg19 coordinates 

 


