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ABSTRACT: One hundred years after Columbus arrived in America in 1492, Amerindian population had fallen from 80 to 8
million in North and South America. The main causes were new microbes, slavery conditions and war. The people of San Basilio
de Palenque (Colombia), close to Cartagena, in the Colombian Caribbean Coast, were established by runaway African slaves who
built a refuge in San Basilio. The Spanish governors pressured the Spanish monarchs in Madrid to grant freedom to the Africans of
San Basilio de Palenque, who became the first free Africans in the Americas. They speak the only Bantu-Spanish Creole and
preserve African genetic traits according to HLA genes. Research also examined Cubans from Havana, showing that around 12%
of the typical Amerindian HLA genes are present in Havana’s population. Cubans’ blood contains Amerindian genes in spite of
that Amerindian physical traits do not exist now in the Cuban population. Amerindian HLA and other genes analyses and other
cultural traits observed in Mexico—such as those of the Pacific Mayo/Y oreme and the Atlantic Huastecan/Teenek groups—suggest
that the initial peopling of the American continent occurred much earlier than traditionally proposed, and that there was a
bidirectional exchange of populations between the Pacific and Atlantic in relation to Europe (finding in America of European
Paleolothic Solutrean traits) peoples may have occurred.
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1. Introduction on Studies Ethnicities
1.1. HLA Analysis of the First Free African Community in the Americas: The Case of San Basilio de Palenque, Colombia

Colombia has a complex ethnic composition where the Amerindian population is probably underestimated, due to
mixing or isolation in remote regions [1]; nevertheless, latent Amerindian genetic markers have also been identified in
other populations within the same geographical area (such as Cuba) [2], which shows that phenotypic characters can be
quickly lost in the Amerindians within a mixture of Caucasoid and/or African genetics. The population currently studied
is an isolated one of African origin, living in the town of San Basilio de Palenque, near Cartagena (called Cartagena de
Indias in Spain), which is the most important Atlantic seaport in Colombia (Figure 1). The Spanish brought African
slaves to South America mainly through the port of Cartagena de Indias at a time when Amerindians were dying rapidly
due to forced labor and diseases recently brought by the Spanish (smallpox, measles, influenza, among others). This
situation led the Amerindian population to be reduced from approximately 80 million to 8 million individuals within a
century of Columbus’s arrival in the Americas in 1492 AD, spanning from Alaska to Patagonia [3].

https://doi.org/10.70322/natanthropol.2025.10018
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Figure 1. Geographical representation of the Colombian Afro-American population studied (San Basilio de Palenque, Department
of Bolivar, near Cartagena de Indias).

Enslaved Africans transported to Cartagena frequently escaped and sought refuge in the nearby Maria Mountains,
where they established self-fortified settlements. One of these, founded in the 17th century, became known as San
Basilio de Palenque. These self-reliant Africans helped other slaves who were being taken en masse by Spanish ships
to the port of Cartagena to flee. “Palenque” is a generic designation used in Mexico and the Caribbean/Atlantic coastal
regions to refer to settlements established by African slaves who escaped from Spanish colonizers. The African
community of San Basilio de Palenque increased rapidly with newly arrived Africans fleeing and the struggle with the
Spanish became more intense due to the increase of the slave trade. The Spanish Crown was forced to issue a Royal
Decree in 1691 in Madrid (Spain) that guaranteed the freedom of the Africans in San Basilio de Palenque. This freedom
was achieved in 1713 after many struggles and intense upheavals, the year in which this town became the first free
African community in the Americas [4]. Haiti became a free Republic some 100 years later.

1.2. Cuba Island

At the beginning of the Holocene, Cuba was closer to the Florida Keys and the Bahamas Islands [5] because the
sea level was lower between those places (Figure 2). However, although a migration of people from the north of the
Mississippian culture would have been possible, no archaeological data corroborated this [6]. In fact, the first
archaeological sites in Cuba date back to 4000 years before Christ, and remains found have been proven to have been
brought by people from the Yucatan Peninsula, Mesoamericans. However, no route of arrival is excluded, including
that of Florida. These people who arrived in Cuba were hunter-gatherers [6]. Simultaneously, non-agricultural
populations from both North and South America also migrated into the Caribbean, including Cuba [6]. These two
population types coexisted on the island of Cuba for an extended period until approximately 500 B.C., when new groups,
particularly the Arawaks from Venezuela, arrived carrying ceramic and agricultural technologies that subsequently
disseminated throughout the Caribbean [6]. By the time of Columbus’s arrival in 1492 A.D., numerous complex
chiefdoms, or cacicazgos, were established in Cuba and other islands [6].



Nature Anthropology 2025, 3, 10018 3of 12

! . BAHAMAS EUROPEANS

L Ges2am —

4000 BC AFRICAN SLAVES

-
LA ESPANOLA

- - -
SAMAICA PUERTO RICO
-
LESSER ',
ANTILLES ¢

Figure 2. Map of the island of Cuba and the surrounding Caribbean. Prehistoric and historic migrations and their timing are indicated.

At the onset of the Spanish invasion, Cuba was inhabited by two distinct Amerindian groups. According to
Bartolomé de las Casas, the pre-agricultural Ciboney, who lived in the westernmost part of the island, and the
agricultural Tainos [5]. The latter were speakers of the Arawak language of South America. Other anthropophagous
warrior Amerindians lived in the small islands of the Antilles and were considered a threat by the other Amerindians of
the Caribbean [5]. Soon, Cuban Amerindians were disappearing due to conditions of slavery, war (against the Spaniards)
and diseases of Spanish origin (mainly smallpox, measles and influenza).

1.3. HLA Gene Studies in Amerindian Teenek and Mayan Populations

It has been postulated that the first native Amerindians migrated from Asia via the Bering Land Bridge between
approximately 30,000 and 12,000 years ago. This hypothesis is supported by cultural, morphological, and genetic
affinities observed between American and Asian populations. Siberia [7] and Mongolia [8] were proposed as the most
likely places of origin of population migrations from Asia.

Greenberg first postulated the Three Wave Theory to explain the settlement of the Americas with three ancestral
populations [9]. The peopling of the Americas is often described in terms of three major waves: Amerindians,
encompassing most North and South American indigenous populations (~12,000 years ago); Na-Dene groups, including
Athabascans, Navajos, and Apaches (~8000 years ago); and Eskimo-Aleut populations (~6000 years ago). Genetic
analyses of these groups, including studies of the Y chromosome, other nuclear DNA markers, and mitochondrial DNA
[10-12], provide support for the Three-Wave Model. However, additional mitochondrial DNA studies have suggested
[13,14] proposed that only one wave from Mongolia/northern China gave rise to the earliest Native American ancestors [8,15].

It is now recognized that the much debated settlement of America is much more complex and ancient: it is not a
unidirectional gene flow from Asia to America through the Bering Strait, but is due to an exchange of people between
America, Asia and the Pacific islands [16—18]. In addition, Africans [19] and Europeans [20,21] may also have
contributed to the settlement of the Americas via the Atlantic Ocean.

The Mexican Teenek or Huastec people live in the state of San Luis Potosi in northeastern Mexico and settled there
approximately 600 years BC [22]. They speak the Teenek-Huasteco language, which is classified within the Totonacan
branch of the Mayan language family [22]. Due to their geographic location near the Atlantic Ocean, this group was
one of the first to maintain contact with the Spaniards in 1519 (Figure 3). They were captured and enslaved, being
transported to the Antilles, primarily to Hispaniola (present-day Dominican Republic and Haiti) and Cuba, between
1523 and 1532 [22]. Following the 16th century, most Teenek territories experienced significant decline and have since
remained relatively isolated for cultural reasons. The Spanish, led by Hernan Cortés in Mexico and Francisco Pizarro
in Peru, along with Portuguese, British, and other European colonizers during the 16th century, drastically reduced the
populations of the indigenous peoples of North and South America—including Amerindians, Na-Dene, and Eskimo
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groups—from approximately 80 million to 8 million within a century, primarily as a result of infectious diseases (such
as smallpox, measles, and influenza), enslavement, and armed conflict [3,16].
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Figure 3. Map of Mexico showing where Teenek (San Vicente Tancuayalab, Huasteca region, San Luis de Potosi state) and Mayo
(Capomos city, Sinaloa state) samples were collected. (Cities are represented with lowercase letters and States are represented with
capital letters).

It is now accepted that the much debated settlement of America is not a unidirectional gene flow from Asia to
America through the Bering Strait, but is due to an exchange of people between America, Asia and the Pacific islands
[16—18]. In addition, Africans [19] and Europeans [20,21] may also have contributed to the settlement of America. In
the present work, we studied the HLA genetic profile of the Mayo Amerindians of the northwestern coast of Mexico
(state of Sinaloa) [23,24]. They speak their own language, Mayo, a branch of the Nahua/Aztec linguistic group. They
call themselves Yoremes and probably come from a population settlement in the Colorado River Basin further north.
The genetic relationship of the Mexica/Aztecs to the Mayos is uncertain, as the Mexica imposed their language on many
other genetically unrelated ethnic groups [25]. The arrival of the Spaniards, led by Hernan Cortés, to the Mexican
Empire in 1519, led to its destruction due to warfare and disease brought by the invaders [26].

2. Detailed Methodology Used for HLA Genetic Studies
2.1. Sample Selection

After signing an informed consent form, peripheral blood was collected from selected individuals of each Amerindian
ethnicity studied. The blood was collected using a vacuum tube system and preserved with EDTA as an anticoagulant.

The selected individuals had to meet two main characteristics: their ancestors of at least two generations had to
have been born in the place where the samples were collected, and all of them had to speak the characteristic language
of the place.

This study analyzed 42 unrelated healthy individuals from San Basilio de Palenque (3500 inhabitants in 2010;
10°06' N, 75°11" W; Figure 1). All participants and their four grandparents were lifelong residents of this village and
provided written informed consent to participate in the study. They speak a unique language, unparalleled anywhere
else in the world: Bantu (Kongo or Kikongo, also known as Spanish Creole in Colombia) [1].

Seventy-eight unrelated healthy volunteer donors were studied in Cuba. They were chosen from the database of
the BETERA laboratories (Centro Banco de Sangre Marianao, Havana, Cuba); regardless of race, sex or any other
difference between individuals, individuals classified as Caucasoid (67%), Mixed (21%) or black (11%) [2] were chosen.

Also, sixty unrelated Amerindians of the Mayo ethnicity volunteered to donate blood after signing the consent
form; they lived in the town of Capomos, Municipio del Fuerte, in the state of Sinaloa (northwestern Mexico). At least
two generations prior to the selected individuals lived in the same area, spoke the typical Mayo Nahua language and
had a markedly Amerindian physiognomy.
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A total of fifty-five healthy, unrelated individuals from the Teenek ethnic group were genotyped for their HLA
class I and class II alleles. All participants resided in the village of San Vicente Tancuayalab, located in the Huasteca
region of San Luis Potosi, Mexico. Although consanguineous pedigrees are prevalent in this community, only unrelated
individuals were selected for the study.)

2.2. HLA Typing and DNA Sequencing

High-resolution typing of HLA class I (A and B) and HLA class II (DRBI1) alleles was conducted using the PCR-
SSOP-Luminex technique [27]. This methodology involves three main steps: (a) PCR amplification using specific
primer pairs supplied by the manufacturer (Luminex Corporation, Austin, TX, USA). All primers are 50% biotinylated
and designed to target exons 2 and 3 for HLA class I genes, or exon 2 for HLA class II genes; (b) hybridization, in
which the biotin-labeled PCR products are denatured at 97 °C and subsequently hybridized to complementary DNA
probes bound to beads; and (c) HLA allele assignment, wherein the hybridized complexes are analyzed using the
Luminex platform. This system detects the fluorescence intensity of each oligoprobe bound to the biotin-labeled PCR
product, and the associated software assigns HLA alleles for each sample based on the hybridization pattern [27].
Automated sequencing of HLA-A, -B, and -DRB1 genes (ABI PRISM 3700/ABI PRISM 3730, Applied Biosystems,
Foster City, CA, USA) was performed only when PCR-SSOP typing produced ambiguous results [28].

2.3. Statistical Analysis

Statistical analyses were conducted using Arlequin v2.0 software, kindly provided by Excoffier and Slatkin [29].
This program was used to calculate allele frequencies for HLA-A, -B, -DRBI1, and -DQB1 and assess Hardy—Weinberg
equilibrium and linkage disequilibrium among the detected alleles. The significance level (p) for comparisons was
determined as described by Imanishi et al. [19].

Phylogenetic relationships were inferred through dendrograms constructed using the Neighbor-Joining method
[30], based on genetic distances (DA) between populations [31], implemented in DISPAN software (version 2.3a) and
visualized with GNKDST and TREEVIEW [32,33]. Additionally, three-dimensional correspondence analysis, with a
two-dimensional representation, was performed using VISTA v5.05 [34]. Correspondence analysis is a geometric
technique that provides a global view of the relationships among populations according to HLA (or other) allele
frequencies. This approach relies on the variance of DA genetic distances between populations, analogous to classical
principal component analysis, and allows for statistical visualization of population structure.

3. A Summarized Example of Results
3.1. Dendrogram and Correspondence Analysis in Inhabitants of San Basilio de Palenque

Two types of analyses were conducted to compare HLA frequencies of the Colombian African-American
population with those of other global populations: (1) using pooled DRB1 and DQB1 data, and (2) using DRB1 data
alone. A combined analysis of HLA class I or simultaneous class I and II allele frequencies was not feasible, primarily
due to the lack of available class I data in different related groups such as blacks from Cauca, Providencia and Choco
(Colombia) [35] and others such as African Americans from New York City [36]. The DRB1 and DRB1-DQBI1 study
was performed to compare our Colombian African American HLA population frequencies with those of many world
populations. Figure 4 represents an HLA-DRB1 neighbor-joining tree and shows how our Colombian African American
population was clustered together with other Negroid populations and was also close to Mediterranean populations, as
seen in the correspondence analysis (Figure 5).

The closest populations to our Colombian Afro-American group are the North American blacks, followed by West
African populations such as the Senegalese and the Bubis of Bioko Island (Gulf of Guinea). Mediterranean populations
follow West African populations in terms of genetic distance (black Africans and Mediterraneans share a fairly similar
HLA profile) [37]. Amerindians showed distant genetic distances compared to our San Basilio de Palenque group.
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Figure 4. Neighbour Joining dendrogram showing the relationship between African-American Colombians (shaded) and other
African-American, African, Caucasoid, Oriental and Amerindian groups. Genetic distances between populations (DA) were
calculated using high-resolution HLA-DRBI1 frequencies. Data for other populations were taken from the literature [2,16,17,19]; (For
NaDene populations definition, which is based on languages and other populations details, see ref. [9] and
http://www.allelefrequencies.net/pop6001a_gsb.asp; https://en.wikipedia.org/wiki/Na-Dene languages, accesed on 29 August 2025).
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Figure 5. Correspondence analysis showing an overview of the relationship between Negroid (brown), Amerindian (green),
Siberian, Na-Dene and Eskimo (red), Asian (orange) and European/North African (yellow) populations [2,16,17,19]. (For NaDene
populations  definition, which is based on languages and other populations’ details, see ref. [9] and
http://www.allelefrequencies.net/pop6001a_gsb.asp; https://en.wikipedia.org/wiki/Na-Dene languages).
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3.2. Dendrogram and Correspondence Analysis in Cubans

A study was done with HLA-DRBI1 alleles to compare the Cuban population’s HLA frequencies with those of
Polynesians, Melanesians, and Micronesians without DQB1 analysis. Figure 6 presents a neighbor-joining tree based
on HLA-DRBI allele frequencies, illustrating that the Cuban population clusters with Mediterranean populations while
remaining distinct from Amerindian and East Asian populations. This pattern is similarly observed in the
correspondence analysis based on HLA-DRB1 and DQBI1 allele frequencies (Figure 7).

Genetic distance analyses indicate that the Cuban population clusters closely with Mediterranean and European
populations (Figure 7). In particular, the smallest genetic distances are observed with French, Berber, and Spanish
populations, followed by Russians, Algerians, and Spanish Basques. In contrast, Amerindian and East Asian
populations exhibit considerably greater genetic distances from Cubans.

About 12% of the Cuban population of Havana was found to carry Amerindian genes [16].
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Figure 6. Neighbour Joining Dendrogram showing the relationship between the Cuban population (highlighted with red box) and
other Amerindian, Na-denes, Eskimo, Asian, Negroid, Polynesian and European populations. Genetic distances between
populations (DA) were calculated using HLA-DRB1 genotyping [2,16,17,19]. (For NaDene populations definition, which is based
on languages and other populations’ details, see ref. [9] and http://www.allelefrequencies.net/pop6001a_gsb.asp;
https://en.wikipedia.org/wiki/Na-Dene languages).
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Figure 7. Correspondence analysis provides a comprehensive overview of the relationships among Cuban (highlighted with red circle),
Amerindian, Na-Dene, Eskimo, Asian, African, and European populations, based on HLA-DRB1 and DQBI allele frequencies across
multiple dimensions (two-dimensional representation). The colors represent an approximate grouping of populations [2,16,17,19]. (For
NaDene populations definition, which is based on languages and other populations’ details, see ref. [9] and
http://www.allelefrequencies.net/pop6001a_gsb.asp; https://en.wikipedia.org/wiki/Na-Dene languages, accesed on 25 August 2025).

3.3. Mayos and Teenek

Genetic distance analyses indicate that the Mayo population is closely related to other groups in Mesoamerica and
South America. Specifically, the Kogi (11.20 x 10, Colombia), Teenek (11.38 x 10, Mexico), Maya (13.17 x 10,
Guatemala), Arsarios (18.13 x 10, Colombia), Mazatec (20.44 x 10, Mexico), and Mixteco (23.20 x 10, Mexico) exhibit
the smallest genetic distances, followed by the Eastern Toba, Arawak, Seri, Nahua, and other Amerindian populations.
A marked clustering is observed among all Amerindians, separated from other groups of the world (including the Na-
Dene and Eskimo) (Figures 4—7). Both Teenek/Huastecos and Mayos/Yoremes cluster with Amerindians, showing
neither geographic nor genetic proximity (results not shown) [23,38,39].

4. Conclusions from Our Studies in These Particular Models
4.1. The Genetics of San Basilio de Palenque

It has been documented that populations originating from the Gulf of Guinea underwent significant expansion into
central, eastern, and southern Africa around 400 A.D. [40,41]. Many Bantu-speaking tribes subsequently dominated the
sub-Saharan region, displacing or assimilating numerous other groups. For example, Pygmy populations were confined
to the forests of central Africa, while the San (Bushmen) were restricted to the southwestern margins of the continent,
particularly in present-day Namibia, alongside the Hottentots, a group of mixed San and Bantu ancestry [41]. We can
find several alleles and haplotypes specific to some African populations (Nubians, Bubis, Zulus) [19,42,43] in both
South American and North American blacks. Some classic West African alleles, such as A*30 and B*42, are present
in Bubis [43], Zulus [44], Colombian blacks (from the Pacific coast) [45] and Senegalese [46] but absent in the San
Basilio de Palenque population; this could be because the alleles have been lost due to genetic drift or during the possible
formation of new HLA class I-II alleles/haplotypes in America [47]. Senegalese and Bubis from Bioko Island cluster
together with African Americans from the north and south [34]. Figures 4 and 5 show that the San Basilio de Palenque
group is also close to the North American blacks, but also that they are markedly separated from the Amerindian
populations, demonstrating that there has been no gene flow between the two groups.

Although people from Affrica settled in America working and living alongside Amerindians for almost five
centuries, gene flow from Amerindians to black populations is almost non-existent according to our data; there is a low
frequency of classic Amerindian HLA alleles in African American peoples [35,36,48,49]. In this study, three typical
Amerindian alleles, DRB1*04:03, DRB1*04:11 and DRB1*16:02 were present at very low frequencies in African



Nature Anthropology 2025, 3, 10018 9of 12

Americans, which is consistent with previous studies finding very low genetic admixture between Amerindians and
African Americans in Colombia [50].

4.2. The Admixture of Aboriginal and Foreign Genes in Cuba

Analysis of alleles and haplotypes indicates that the majority of the contemporary Cuban population carries
predominantly Caucasoid alleles, consistent with the island’s historical record. Following 1492, the Spaniards
established the encomienda system [51], granting Spanish landowners control over groups of Amerindians forced into
labor. Harsh working conditions, warfare, and diseases introduced by Europeans rapidly decimated the Amerindian
population in Cuba. Nevertheless, traces of their original genetic heritage persist, including HLA-DRBI alleles such as
04:03,04:04,04:07, 04:11, 08:02, and 16:02, with DRB104:10* appearing at very low frequency and also observed in
Mesoamerican and other Pacific populations. In response to the dramatic decline of the Amerindian population and
under pressure from figures such as Father Bartolomé de las Casas, the Spanish monarchy enacted protective laws for
Amerindians as early as 1542 [51]; however, these regulations were largely unenforced and not carried out in Cuba.
Furthermore, European settlers continually brought Amerindians and African slaves to the island after 1492. These
demographic dynamics likely contributed to the preservation of genetic markers from enslaved populations, as reflected
in the study of contemporary Cuban HLA genes.

About 12% of the Cuban population (which apparently show only African and European phenotypes, and not
Amerindian) of Havana was found to carry Amerindian genes. [16]

4.3. Teenek, Mayos and the Settlement of the Americas

Mitochondrial DNA analyses suggest that all Amerindian mitochondrial lineages were isolated in Asia prior to
their migration into the Americas, occurring at least 7000—15,000 years ago. These studies further propose that the
isolation region was likely Beringia [52]. In addition, an entry of people (and therefore genes) from Asia through the
Pacific coast of America [53] has been proposed based on all the archaeological, anthropological and genetic data that
have been studied.

A trans-Pacific route for the settlement of the Americas from Asia or Polynesia has also been proposed, supported
by the presence of HTLV-1 virus strains with identical sequences in Japan and along the northern coast of South
America [54], and by the observation that certain HLA alleles may have been introduced via this same route [1,55]. In
the Teenek population, six distinct HLA-A alleles and eight HLA-B alleles were identified, most frequently being HLA-
A02, HLA-A68, HLA-B35, and HLA-B39. Twelve HLA-DRBI1 alleles were detected, of which HLA-DRB104:07
exhibited the highest frequency. The most common HLA-DQB1 alleles were DQB103:02 and DQB103:01. Allele
families with frequencies above 10% included four HLA-A alleles (HLA-A02, HLA-A68, HLA-A24, and HLA-A31),
four HLA-B alleles (HLA-B35, HLA-B39, HLA-B40, and HLA-B52), three HLA-DRBI1 alleles (HLA-DRB104:07,
HLA-DRB114:06, and HLA-DRB104:11), and two HLA-DQBI1 alleles (HLA-DQB103:02 and HLA-DQB103:01).
The high frequencies of these alleles have been previously reported in other Amerindian populations, including
Mexicans [38,39,56].

HLA class I and class II alleles in Mayos had already been found in other Amerindian population [23,28,39]. In
particular, HLA-DRB1*04:07 and -DRB1*14:06. In addition, the most frequent extended HLA-A-B-DRB1-DQB1
haplotypes have been found in high frequencies in other Amerindians [17]. The presence of the HLA-B*48 allele in
this population is surprising. It has not been found in other Mexican Amerindians, but is present in South American
Andean populations such as Aymara, Quechua and Lamas [23,38,39,57], and also in Amerindians and
Canadian/Alaskan Asian Americans. All Amerindians examined who carry HLA-B*48 are found near the Pacific coast
of North and South America, suggesting the existence of a direct genetic exchange of Pacific Islanders/Asians with
early inhabitants of the Americas, which has been confirmed in subsequent studies [18,23,38,39,57—60]. In addition,
the second most frequent HLA-A allele was HLA-A*24, most likely HLA-A*24: 02, which is specifically widespread
in high frequency in indigenous Amerindian, Pacific Islander and Pacific Asian peoples, including Aleuts, Yupik of
Alaska, Japan, Taiwan, Australia, New Zealand, Papua New Guinea, South China and other Pacific Islands
[38,39,58,59]. This input of genes from the Pacific Islands must now be considered as unidirectional or bidirectional
when studying the early inhabitants of the Americas and the settlement of the continent. In addition, new evidence
delays the time of settlement of the Americas because human presence has been detected earlier than postulated in
Monteverde (Chile), Pedra Furada (Brazil) and recently in California, where a 130,000-year-old human archaeological
site has been found [61].



Nature Anthropology 2025, 3, 10018 10 of 12

In other words, the settlement of America could have been very complex and multifocal (across the North, South,
East and West of the continent) in different periods and times, similar to and sometimes contemporary with the
settlement of Europe and Asia.
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