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Abstract

The Dominican Republic is one of the two countries on the Hispaniola island, which is part of the Antilles. Hispaniola was affected by

the European colonization and massive deportation of African slaves since the XVI century and these events heavily shaped the

genetic composition of the present-day population. To shed light about the effect of the European rules, we analyzed 92 single

nucleotide polymorphisms on the Y chromosome in 182 Dominican individuals from three different locations. The Dominican Y

haplogroup composition was characterized by an excess of northern African/European lineages (59%), followed by the African

clades (38%), whereas the Native-American lineages were rare (3%). The comparison with the mitochondrial DNA variability,

dominated by African clades, revealed a sex-biased admixture pattern, in line with the colonial society dominated by European

men. When other Caribbean and non-Caribbean former colonies were also considered, we noted a difference between territories

under a Spanish rule (like the Dominican Republic) and British/French rule, with the former characterized by an excess of European Y

lineages reflecting the more permissive Iberian legislation about mixed people and slavery. Finally, we analyzed the distribution in

Africa of the Dominican lineages with a putative African origin, mainly focusing on central and western Africa, which were the main

sources of African slaves. We found that most (83%) of the African lineages observed in Santo Domingo have a central African

ancestry, suggesting that most of the slaves were deported from regions.

Key words: Y-SNPs, Antilles, Dominican Republic, trans-Atlantic slave trade, African ancestry, central Africa.

Significance

Despite the importance of the Dominican Republic in the colonial history of the Caribbeans, little is known about its Y

haplogroup composition. Analyzing informative Y markers in Dominican individuals and comparing them with European

and African samples, we observed a majority of central African Y lineages in the Dominican sub-Saharan component,

suggesting that most of the deported African slaves came from central Africa. We also found a disproportion of European

paternal lineages compared with the maternal ones, because of a sex-biased admixture due to the social dominant role of

European men. Finally, comparing our results with data from other Greater Antilles, we also observed differences between

islands in thepaternal ancestryproportion,possibly related to the regulationsaboutmixedunionsadoptedby thecolonists.
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Introduction

The Antilles is a group of islands forming an arch between the

Florida peninsula and coasts of Venezuela. It is bordered by

the Caribbean Sea to the west and south, the Gulf of Mexico

to the northwest and the Atlantic Ocean to the east and

north. The archipelago is usually divided in Lesser Antilles to

the southeast and Greater Antilles to the northwest, com-

posed of the large islands of Cuba, Hispaniola, Puerto Rico,

Jamaica, and the Cayman Islands.

According to the archeological evidence, the first human

settlements by Native-American people in the Greater Antilles

date back to 8,000–5,000 years ago (Rouse 1992). Between

5,000 and 2,000 years ago, other migration waves from the

American continent arrived in this group of islands, probably

from the Orinoco river basin and through the Lesser Antilles

(Bukhari et al. 2017; Schroeder et al. 2018; Fernandes et al.

2020; N€agele et al. 2020). These human groups were prob-

ably the ancestors of Tainos, the people inhabiting the

Greater Antilles when the European colonists arrived in the

XV century. The exact population size of the Tainos at the

arrival of the European colonists is hard to estimate: numbers

ranging from 100,000 to 1,000,000 have been proposed

(Anderson-C�ordova 1990, 2017; Guitar 2002), although a

recent study based on ancient DNA led to an estimate of

10,000–20,000 individuals (Fernandes et al. 2020). The con-

tact with the Europeans led to a rapid collapse of the Taino

population due to three main concurrent reasons: epidemic of

infectious diseases from the Old World, wars against colonists

or other Caribbean populations and enslavement by

Europeans (Rouse 1992; Bukhari et al. 2017); despite the dra-

matic impact of the European colonization on the Tainos,

footprints of their genetic legacy can be still recognized in

modern Caribbean populations (Moreno-Estrada et al.

2013; Benn Torres et al. 2015, 2019; Bukhari et al. 2017;

Schroeder et al. 2018; Mendisco et al. 2019; Fernandes

et al. 2020; Nieves-Col�on et al. 2020). The Tainos were

exploited to work in the plantations of cotton, coffee, to-

bacco, and sugarcane, at the base of the economy of the

European colonies: with the collapse of the Native population,

the introduction of African slaves to the colonies sharply in-

creased (Curtin 1969; Adhikari et al. 2017).

Nowadays, because of its history of migrations and colo-

nization, the population of the Antilles is a mixture of people

from Europe, America, and Africa, similarly to other American

peoples (Adhikari et al. 2017). Genetic data from autosomes

revealed that the proportion of European, American, and

African ancestry greatly varies among different American

regions, with the Antilles showing a higher degree of

African ancestry compared with other American groups be-

cause of the massive deportation of African slaves by

European colonists (Adhikari et al. 2017).

The analysis of the uniparental markers of the human

genomes, that is the mitochondrial DNA (mtDNA) transmitted

along the maternal lineage and the male-specific region of the

Y chromosome (MSY) with a paternal inheritance, revealed

different patterns reflecting the political organization of the

European colonies in the Americas, that were ruled by

European men with a dominant social role (Adhikari et al.

2017). In general, the maternal lineages show a high propor-

tion of Native-American (30–60%) or African (20–40%) hap-

logroups, whereas the European lineages are less frequent

(�10%) (Moreno-Estrada et al. 2013; Vilar et al. 2014;

Bukhari et al. 2017; Schroeder et al. 2018; Nieves-Col�on

et al. 2020). On the paternal side, most of the Y haplogroups

are of European origin (>70%) or of African origin (20%),

whereas the Native-American lineages are very rare or absent

(Simms et al. 2012, 2013; Vilar et al. 2014; Benn Torres et al.

2015; Mendisco et al. 2019). Among the African Y lineages,

the most frequent is E1b1a-M2, followed by haplogroup B,

consistent with the Y haplogroup distribution in western and

central Africa (Cruciani et al. 2002; Batini et al. 2011; de

Filippo et al. 2011; D’Atanasio et al. 2018), where most of

the African slaves came from (Curtin 1969).

In the Greater Antilles, Hispaniola is the second largest is-

land of the archipelago and represents an interesting case,

being divided into two political entities: Haiti to the west and

the Dominican Republic to the east. The first European colo-

nies in the Antilles were established in the Dominican part of

this island, that was ruled by Spanish until 1697, when Haiti

passed under the French rule (Coupeau 2008). After this

point, the histories of the two halves of Hispaniola partly di-

verged and the present-day Dominican Republic was charac-

terized by economic decline and political instability due to

frequent pirate raids and contrasts with French colonists,

who eventually managed to take the control of some

Dominican regions (Knight 1997). The first decade of the

XVIII century was characterized by struggles due to the un-

stable French rule, until the Spanish colonists re-established

their power. In the meantime, a violent revolution broke up in

Haiti in 1791, eventually leading to the independence of the

former French colony. After another decade of disorders, the

Dominican part of Hispaniola was declared independent in

1821, but it passed under the Haitian control shortly after,

briefly reuniting the Hispaniola island under the same rule

until the Dominican war of independence in 1844 (Guitar

2007).

On the genetic side, the two countries of the Hispaniola

island show differences in the maternal and paternal genetic

composition, possibly due to their different history.

Considering the mtDNA diversity, the Dominican Republic

shows up to 22% of Native-American lineages, whereas

they are virtually absent from Haiti (Bukhari et al. 2017).

Considering the Y lineages too, Haiti and the Dominican

Republic seem to show a slightly different pattern, but a de-

tailed description of the Y haplogroup composition of the

Dominican population is still lacking (Bryc et al. 2010;

Simms et al. 2012, 2013; Ono et al. 2019); nonetheless, the
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analysis of the Dominican Y chromosome variability is of cru-

cial importance to fully understand the effect of the European

colonization and the trans-Atlantic slave trade on the genetic

diversity of the Antilles, considering the important role of

Hispaniola in the colonial Caribbeans and its peculiar history.

To fill this gap in our knowledge, we analyzed 92 Y-SNPs

(single nucleotide polymorphisms) in 182 Dominican individ-

uals from three different locations of the Dominican Republic.

We observed a proportion of European, African, and Native-

American Y haplogroups in line with the other populations

from the Antilles, although some differences are present. To

assess the western African or central African ancestry of the

Dominican samples with a supposedly African Y haplogroup,

we then focus on the ethnic and geographic distribution of

these clades by analyzing the Y-SNPs in a wider set of�5,000

males from our lab collection and extracting the data from

relevant populations of the Phase 3 of the 1000 Genomes

Project (Poznik et al. 2016).

Materials and Methods

The Sample

Our analysis has been focused on 182 males from three loca-

tions in the Dominican Republic: Santo Domingo (N¼ 50),

San Juan de la Maguana (N¼ 76), and Las Galeras (N¼ 56).

We selected these three locations because of their different

population size and geographic location in the Dominican

Republic. Santo Domingo, located on the Dominican southern

coast, is the capital of the Dominican Republic and it was the

first Spanish colony in America. San Juan de la Maguana is

one of the oldest cities of the Dominican Republic, in the

western part of the country. Finally, Las Galeras is a small

village in the east coast of the Saman�a Peninsula (fig. 1).

Blood or saliva samples have been collected on a voluntary

basis more than 20 years ago, after obtaining an appropriate

informed consent and according to all the ethical guidelines in

effect at the time. DNA extraction was performed in our lab at

the Sapienza University of Rome following standard protocols.

A subset of the individuals have already been included in pre-

vious studies on the mtDNA and Y genetic diversity (Bandelt

et al. 2001; Torroni et al. 2001; Salas et al. 2004; D’Atanasio

et al. 2018).

We used the Kruskal–Wallis test (a rank-based nonpara-

metric statistical test) (Kruskal and Wallis 1952) to compare

the absolute frequencies of Y haplogroups in the three

groups.

The haplogroup composition of the Dominican popula-

tions was compared with the haplogroup distribution in 695

European, African, and Admixed individuals from the Phase 3

of the 1000 Genomes Project (Poznik et al. 2016) and in

about 5,000 African and European subjects from our lab col-

lection, collected over the last decades following all the ethical

procedures and already published in our previous studies

(Cruciani et al. 2002, 2004, 2007; Trombetta et al. 2015;

D’Atanasio et al. 2018).

The study was approved by Policlinico Umberto I Ethical

Committee, Sapienza Universit�a di Roma (reference number

1016/10).

Y Haplogroup Analysis

The Y haplogroup affiliation of each subject was assessed by

analyzing a set of 92 Y-haplogroup defining SNPs (supple-

mentary table 1, Supplementary Material online). A subset

of markers was already analyzed for many populations in pre-

vious studies (Cruciani et al. 2002, 2004, 2007, 2010;

Scozzari et al. 2014; Trombetta et al. 2015; D’Atanasio

et al. 2018), whereas the data for most of the Dominicans

and for a subset of people from Western Africa are presented

here for the first time. The markers have been selected on the

basis on their position in the Y phylogeny and their geo-

graphic distribution in Africa, considering the data from

the literature when available (Cruciani et al. 2007;

Santo 
Domingo

San Juan 
de la Maguana

Las Galeras

DOMINICAN REPUBLIC

HAITI

FIG. 1.—Geographic localization of the three sampling places in the Dominican Republic.
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Karafet et al. 2008; Scozzari et al. 2014; Van Oven et al. 2014;

Trombetta et al. 2015; Poznik et al. 2016; D’Atanasio et al.

2018) and have been analyzed using a hierarchical approach.

The DNA fragment around each SNP has been amplified by

PCR and then genotyped by Sanger sequencing, DHPLC, or

RFLP (supplementary table 1, Supplementary Material online).

The frequency data for these SNPs have also been extracted

from African, European, and Admixed populations of the

Phase 3 of the 1000 Genomes Project (Poznik et al. 2016)

(supplementary table 2, Supplementary Material online). We

followed the PhyloTree Y for the haplogroup nomenclature,

reporting the last derived marker after the lineage (Van Oven

et al. 2014).

Y-STR Analysis

For seven Dominican individuals for which the putative place

of origin could not be defined based solely on their Y-SNP

haplogroup affiliation, we analyzed the 27 Y-STR loci of the

Yfiler Plus multiplex (supplementary table 3, Supplementary

Material online). The genotyping was performed on 1 ng of

genomic DNA, according to the manufacturer’s protocol, and

the amplified fragments have been visualized with

GeneMapper IDX v.1.4, after an electrophoretic run on a

3500 XL Genetic Analyzer. The Y-STR profiles of the

Dominican samples have been then compared with available

Yfiler Plus data from Sardinian and from northern, western–

central, and eastern African males belonging to a subset of

individuals reported in supplementary table 2, Supplementary

Material online and previously published (Rapone et al. 2016;

Iacovacci et al. 2017; D’Atanasio et al. 2019; Della Rocca et al.

2020). We reconstructed the relationships among samples in

a dendrogram using a UPGMA approach with the total num-

ber of differences in repeat number as measure of distance

between haplotypes (Manhattan distance), as implemented

by the software PAST v.4.0 (Hammer et al. 2001).

Admixture Analysis

We estimated the relative genetic contribution of central and

western Africans in our Dominican sample using the following

formula [modified from Relethford f2012g]:

MCi ¼
PWi � PDi

PWi � PCi
;

where i is the ith haplogroup considered for the estimate, PWi

and PCi are the frequencies of a specific Y haplogroup in

western Africa and central Africa, respectively, whereas PDi

is the frequency of the same haplogroup among the chromo-

somes of African ancestry in the Dominican sample. MCi is the

proportion of African lineages observed in the Dominican

Republic with a central African ancestry whereas the propor-

tion of admixture from western Africa (MWi) can be estimated

as:

MWi ¼ 1� MCi :

Using this approach, we first estimated MWi and MCi for each

haplogroup being present in the Dominican Republic, central

Africa, and western Africa; then, we estimated the total ad-

mixture values MW and MC and their standard error using the

formulas for several loci from (Chakraborty 1986).

Results

Major Y Haplogroup Composition of the Dominican

Populations

By analyzing a set of 39 basal Y-SNPs we observed a total of

13 main haplogroups among our 182 Dominican samples

(table 1).

The three Dominican locations do not show significant

differences in their Y haplogroup composition as a whole

(Kruskal–Wallis test, P> 0.05), so they will be analyzed as a

single group hereafter.

Considering the worldwide ethno-geographic distribution

of the Y haplogroups observed in our Dominican samples, we

were able to recognize three different ancestry of the paternal

lineages: sub-Saharan African (four haplogroups: B-M60,

E1a-M33, E1b1a-M2, and E2-M75), northern African or

European (six haplogroups: G-M201, I-M170, J1-M267, J2-

M172, R1a-M448, and R1b-M269), and Native-American an-

cestry (one haplogroup: Q-M242). Two of the main lineages

(E1b1b-M215 and T-M70) could not be assigned at this level

of resolution since they are common in both the

Mediterranean and the sub-Saharan region. Because of its

history and the geographic barrier represented by the

Sahara desert, northern Africa is genetically more similar to

southern Europe and Near East than to sub-Saharan Africa

(Henn et al. 2012; D’Atanasio et al. 2018) and, for the aim of

this study, it will be considered as a northern African/

European region. The distribution of the main Y lineages in

the Dominican Republic and the other Greater Antilles islands

are summarized in figure 2.

Among the four sub-Saharan African main lineages, the

most common is E1b1a-M2, that alone reaches frequencies

ranging between 22% and 39% in the three Dominican

groups here analyzed. The remaining Dominican samples

mostly belong to six European lineages, mainly represented

by the western European haplogroup R1b-M269, that was

observed with frequencies ranging from 23% to 40%. The

Native American component is represented by the Q-M242

haplogroup that was rarely observed (highest frequency: 7%).

These observations are in line with previous findings from

other Caribbean islands and central and southern American

populations (Mendizabal et al. 2008; Bryc et al. 2010;

Simms et al. 2012; Vilar et al. 2014; Benn Torres et al.

2015; Poznik et al. 2016; Ono et al. 2019) (fig. 2).
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Major Y Haplogroup Dissection

To further shed light on the continental origin of our E1b1b-

M215 and T-M70 chromosomes and to determine the exact

place of origin of the 13 main haplogroups found in our

Dominican samples, we analyzed a set of 53 additional infor-

mative markers, selected on the basis of their phylogenetic

position and focusing on those able to discriminate among

different African regions (supplementary table 2,

Supplementary Material online).

The E1b1b-M215 haplogroup is a common lineage spread

across three continents: Africa, Asia, and Europe (Chiaroni

et al. 2009; Jobling and Tyler-Smith 2017). We analyzed 18

additional Y-SNPs to unambiguously infer the ancestry of our

7 Dominican E1b1b-M215 chromosomes (supplementary ta-

ble 2, Supplementary Material online). One individual belongs

to the Mediterranean E1b1b-M34 (Cruciani et al. 2004;

Trombetta et al. 2015). Two samples show the derived state

at the V2009 variant, downstream to the V68 SNP and par-

allel to the E1b1b-M78 clade. The E1b1b-V2009 is quite rare

and observed in southern Italy, Sardinia, northern Africa, and

among Fulbe people and it probably originated in Europe

(Trombetta et al. 2015), suggesting a Mediterranean ancestry

of the E1b1b-V2009 Dominican chromosomes. To address

this issue, we produced Y-STRs profiles of these individuals

and reconstructed their relations with published samples from

Sardinia, northern Africa and sub-Saharan Africa using an

UPGMA approach, which confirmed the northern African/

European ancestry of our Dominican individuals (Rapone

et al. 2016; Iacovacci et al. 2017; D’Atanasio et al. 2019).

Within E1b1b-M215, one additional sample shows the de-

rived allele at the marker BY1311 (at position hg19:

17082060), internal to the Mediterranean E1b1b-M78/

V3536 sub-clade (D’Atanasio et al. 2018). The last three chro-

mosomes belong to the northern African E1b1b-M81

haplogroup (Arredi et al. 2004; Sol�e-Morata et al. 2017;

D’Atanasio et al. 2019).

Haplogroup T-M70 is observed at low frequency in Europe,

Africa, and Near East, where probably it originated (Underhill

et al. 2001; King et al. 2007; Nogueiro et al. 2010; Mendez

et al. 2011; Zhong et al. 2011; Marques et al. 2016) (supple-

mentary table 2, Supplementary Material online). The Y-STR

analysis of these chromosomes allowed us to classify them in

the northern African/Europe group, since they form a cluster

with northern Africans individuals.

After the molecular dissection, all our E1b1b-M215 and T-

M70 samples were unambiguously assigned to a northern

African/European ancestry (fig. 2).

Regarding the sub-Saharan lineages, we selected and an-

alyzed five additional markers defining internal lineages of the

B-M60 haplogroup: all B chromosomes in our Dominican

samples belong to the B2b-M109 subclade, that is mainly

observed in central Africa and is very rare in western Africa

(supplementary table 2, Supplementary Material online)

(Cruciani et al. 2002; Wood et al. 2005; Batini et al. 2011;

Barbieri et al. 2012).

The E1b1a-M2 Dominican subjects belong to 15 different

internal lineages (supplementary table 2, Supplementary

Material online). The most frequent E1b1a-M2 subclade is

E1b1a-U174, which is observed at a frequency as high as

21% in our Dominican sample. This clade is common in cen-

tral Africa and it is frequently observed in eastern African and

southern Africa, whereas it is quite rare in western Africa: its

geographic distribution reflect the Bantu expansion, to which

this lineage has been associated (de Filippo et al. 2011; Poznik

et al. 2016). The other E1b1a-M2 lineages are not frequently

observed among our Dominican groups, including the

E1b1a-M2/Z15939 clade, which is found at high frequencies

(30–50%) among western Africans and Fulbe people

Table 1

Frequency of the 13 Main Y Haplogroups in the Three Sampling Locations of the Dominican Republic

Haplogroups Dominicans from

Santo Domingo

Dominicans from

Las Galeras

Dominicans from

San Juan de la Maguana

Total

B-M60 0.020 0.036 0.000 0.016

E-M33 0.020 0.018 0.000 0.011

E1b1a-M2 0.220 0.393 0.382 0.341

E1b1b-M215 0.020 0.036 0.053 0.038

E-M75 0.040 0.000 0.000 0.011

G-M201 0.000 0.018 0.026 0.016

I-M170 0.040 0.054 0.079 0.060

J2-M172 0.200 0.143 0.132 0.154

R1a-M448 0.000 0.000 0.013 0.005

R1b-M269 0.400 0.232 0.303 0.308

T-M70 0.040 0.000 0.000 0.011

Q-M242 0.000 0.071 0.013 0.027

N 50 56 76 182
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(supplementary table 2, Supplementary Material online)

(D’Atanasio et al. 2018).

We analyzed two SNPs internal to the E1a-M33 clade,

namely Z932 and M44. We found no individuals belonging

to the E1a-M44 subclade, which is often observed among

Fulbe people (supplementary table 2, Supplementary

Material online). Our Dominican samples were found to be

E1a-M33* or E1a-Z932, with the former rarely observed and

the latter commonly found in both central and western Africa

(supplementary table 2, Supplementary Material online).

Regarding the African E2-M75 lineage, we analyzed two

internal clades defined by the M41 and M85 Y-SNPs: both

Dominican samples show the ancestral allele at these markers

and belong to the paragroup E2-M75*, which has been

observed in both western and central Africa (supplementary

table 2, Supplementary Material online).

In total, we observed about 59% of Dominican samples

with northern African/European ancestry (11 different hap-

logroups), about 38% of sub-Saharan ancestry (19 hap-

logroups) and less than 3% of Native-American ancestry (a

single haplogroup).

Ancestry Inferences for the African Component of the

Dominican Y Chromosome Diversity

Taking into account the haplogroup distribution of the sub-

Saharan lineages, we tried to assign to a specific sub-Saharan

region our Dominican samples based on their haplogroup

B-M60
E1a-M33
E1b1a-M2

,E1b1b-M215

E2-M75

G-M201
I-M170
J1-M267
J2-M172

Q-M242

R1a-M448
R1b-M343* (xM269)
R1b-M269

Others

CUBA

JAMAICA
HAITI

PUERTO
RICO

DOMINICAN
REPUBLIC

Sub-Saharan African 
ancestry

Northern African/
European ancestry

Na e American 
ancestry

T-M70

FIG. 2.—Y haplogroup distribution of main haplogroups in the Greater Antilles. The larger pies represent the three Dominican populations here

analyzed. Data from the literature (smaller pies) for the Dominican Republic and the other islands of the Greater Antilles are also shown (Mendizabal

et al. 2008; Bryc et al. 2010; Simms et al. 2012; Vilar et al. 2014; Poznik et al. 2016). The Cuban samples from (Mendizabal et al. 2008) classified as R1-

M173* have not been tested for M269 and have been represented with a striped fill. The group “Others” includes all the samples with the ancestral state at

the markers here reported and whose ancestry is unknown. aChromosomes from the literature have been assigned to a northern African/European ancestry

based on the reported ancestry in the publication and/or the geographic distribution of the derived downstream markers, when available. bThese

haplogroups have been assigned to a northern African/European ancestry in our Dominican samples based on successive analyses (see “Major Y

Haplogroup Dissection”).
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affiliation. To this aim, we subdivided the sub-Saharan Africa

in four macroregions: western Africa, central Africa, eastern

Africa, and southern Africa (supplementary fig. 1,

Supplementary Material online). Our aim was to analyze

how the trans-Atlantic slave trade shaped the composition

of the putatively sub-Saharan Y clades: for this reason, we

focused only on the western African and central African mac-

roregions, which have been the main source areas of African

slaves (Eltis and Richardson 2010), ignoring the lineages with

a different sub-Saharan origin (i.e. eastern Africa or southern

Africa) (supplementary table 2, Supplementary Material

online).

Our sample collection includes also nomadic populations,

namely Fulbe, Tuareg, and Bantu. The former occupies a wide

area of the Sahelian belt, stretching from Senegal to Sudan.

Although their origins are still matter of debate, the first

records of their presence place them in western Africa, so

they have been considered of western African origin.

Tuareg are Sahelian nomadic people; however, their northern

African origin is well known (Pereira et al. 2010; Ottoni et al.

2011), so they can be grouped with northern Africans and we

did not include them in this analysis. Bantu people are wide-

spread in sub-Saharan Africa as a consequence of the Bantu

expansion, that begun no more than 5,000 years ago and has

been linked with the spread of agriculture and iron technol-

ogy. The Bantu’s place of origin has been located in central

Africa (between Cameroon and Nigeria), where their expan-

sion started towards eastern and southern Africa (Beleza et al.

2005; de Filippo et al. 2011; Ansari Pour et al. 2013; Campbell

et al. 2014). Taking into account the Bantu influx on the sub-

Saharan people, we classified the Y lineages related to the

Bantu expansion as central African.

To assign each Dominican sample to western or central

Africa, we considered the distribution of their Y hap-

logroup in the African continent, assigning the sample to

one of the two areas if the frequency difference was at

least an order of magnitude. Doubtful cases have been

further dissected analyzing their Y-STR profiles with the

UPGMA approach (supplementary table 3, Supplementary

Material online). This Y-STR analysis allowed us to define

as western African the E1a-M33* individual, whereas it

was not possible to unambiguously assign the E1a-Z932

and the E2-M75 individuals.

Using this frequency approach, we were able to assign 47

Dominican individuals (�26% of our sample) to central

Africa, 14 (�7%) to western Africa and only other 8 individ-

uals have not been assigned (table 2).

Our data suggest a disproportion of central African ances-

try compared with the western African one. Two haplogroups

were particularly informative about the sub-Saharan origin of

our Dominican samples, namely E1b1a-U174 and E1b1a-

Z15939. These two lineages show a clear differentiation be-

tween central and western Africa. E1b1a-U174 is frequent in

central Africa, whereas it is much less common in western

Africa: its distribution in the African continent has been linked

to the Bantu expansion. The E1b1a-Z15939 lineage show a

different distribution, being mainly observed in western

Africa, whereas in central Africa it is virtually observed only

among Fulbe people (supplementary table 2, Supplementary

Material online) (D’Atanasio et al. 2018).

Table 2

Y Haplogroup Frequencies of the Sub-Saharan Haplogroups in the Dominican Republic Compared with Their Frequency in Western and Central Africa and

Ancestry of the Same Y Lineages Inferred from Their Frequencies

Haplogroups Dominican Republic Central Africa Western Africa Ancestry

B2a-M109 0.02 0.07 0.00 Central Africa

E1a-M33* 0.01 0.00 0.00 Western Africa

E1a-Z932 0.01 0.02 0.06 Unknown

E1b1a-CTS10066 0.01 0.00 0.04 Western Africa

E1b1a-M58 0.01 0.00 0.00 Unknown

E1b1a-M10 0.01 0.02 0.00 Central Africa

E1b1a-V2003* 0.01 0.00 0.02 Western Africa

E1b1a-V3224* 0.01 0.00 0.00 Western Africa

E1b1a-U209* 0.02 0.02 0.03 Unknown

E1b1a-M4215 0.01 0.04 0.00 Central Africa

E1b1a-V3862* 0.01 0.02 0.00 Central Africa

E1b1a-V2580 0.04 0.01 0.00 Central Africa

E1b1a-U290 0.02 0.10 0.04 Central Africa

E1b1a-V7937* 0.01 0.00 0.00 Western Africa

E1b1a-M191* 0.02 0.00 0.00 Western Africa

E1b1a-M4313 0.01 0.01 0.00 Central Africa

E1b1a-U174 0.14 0.21 0.03 Central Africa

E1b1a-Z15939 0.03 0.00 0.35 Western Africa

E2-M75* 0.01 0.01 0.01 Unknown
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In both cases, our Dominican sample show frequencies

similar to central Africa for these two clades, further suggest-

ing a predominant central Africa ancestry. To quantify the

relative contribution of the two sub-Saharan regions in the

Dominican people, we estimated its admixture considering

the frequencies of the Dominican Y clades also observed in

central and western Africa. The admixture analysis for the two

sub-Saharan regions resulted in 83% (60.1%) central African

contribution and a 17% (60.1%) contribution of western

Africa with respect to the African haplogroups in our

Dominican sample. These values approximately correspond

to a 32% central African contribution and a 6% western

African contribution after taking into account that the sub-

Saharan component in our Dominican sample is about 38%.

However, our results should be interpreted with the due cau-

tions due to the difference in sample size and extent of sam-

pling areas between our western African and central African

groups.

Discussion

The African Ancestry of the Dominican Y Lineages

The trans-Atlantic slave trade, started by the Spanish colonists

in the XV century and lasted until the XIX century, led to the

deportation in America of about 10 million Africans to be

exploited in the European colonies (Curtin 1969; Adhikari

et al. 2017). It has been estimated from available archival

records that approximately 5 million slaves were deported in

the Caribbean region, with approximately 1 million only in the

Hispaniola island (Voyages: The Trans-Atlantic Slave Trade

Database, www.slavevoyages.org). The large majority of the

African slaves were embarked in the harbors along the west-

ern–central Atlantic coasts from Senegal to Angola (Campbell

et al. 2014), however little is known about the exact place of

origin of the captives. Usually, the trans-Atlantic slave trade is

divided into two main phases: the first one started just after

the European colonization and involved mainly western

African people from the Senegambia, accounting for less

than 20% of all the deported slaves; the second peaked in

the XVIII century and accounted for the large majority of the

trade, deporting people from the Bight of Benin and Biafra

(Eltis and Richardson 2010). Our data from the Y chromo-

some are in line with this scenario, observing a minority of

western African lineages in the Dominican sample, whereas

most of their Y clades seem to come from central Africa.

Interestingly, our results are also in line with data from

mtDNA (Bandelt et al. 2001; Salas et al. 2004; Bukhari et al.

2017) and from genome-wide studies, that showed a larger

amount of haplotypes of putative central African origin in the

Caribbean populations (Moreno-Estrada et al. 2013; Gouveia

et al. 2020); these findings suggest that both enslaved

women and men in the Caribbean came mainly from the

same African regions.

The exact place of origin within the broad central African

region is not easy to state and our resolution level does not

allow us to resolve this. However, some clues points to an

origin from the coastal regions rather than the Sahelian area.

Considering the Y haplogroup composition in our Dominican

sample, we can note that the clades frequently observed in

the Sahel are usually rare or absent. A good example is rep-

resented by some lineages internal to the E1b1a-M2 hap-

logroup, such as E1b1a-M10 and E1b1a-V5280, which are

observed mainly in the Sahelian groups (D’Atanasio et al.

2018). Although the E1b1a-M2 is the most frequent African

haplogroup in the Dominican Republic and in the whole

Caribbean archipelago, these lineages are absent or very

rare (supplementary table 2, Supplementary Material online).

A stronger clue is represented by the American distribution of

the R1b-V88 haplogroup, which is very frequent in the lake

Chad basin and sharply decreases moving west and south

(Cruciani et al. 2010; D’Atanasio et al. 2018). This haplogroup

has not been observed in our Dominican sample and has been

rarely reported from other Caribbean locations (Mendizabal

et al. 2008; Bryc et al. 2010; Simms et al. 2012; Vilar et al.

2014; Benn Torres et al. 2015; Poznik et al. 2016; Mendisco

et al. 2019), in line with a coastal origin of slaves rather than

Sahelian. However, it is worth noting that this lineage was

observed in an African slave dating back to the XVII century

from the Caribbean island of Saint Martin (Schroeder et al.

2015), suggesting that slaves could come from other regions

of the African continent, albeit at a lesser extent compared

with western and central Africa (Heinz et al. 2015; Muzzio

et al. 2018; Ongaro et al. 2019).

Sex-Biased Admixture in the Dominican Republic

The collapse of the Native populations and massive deporta-

tion of Africans heavily shaped the genetic features of the

American people, with different degree of admixture in dif-

ferent areas depending on both the population size and social

factors. Among the Iberian colonists, there was a marked

predominance of males, leading to an early admixture be-

tween Iberian men and Native women. The interethnic ad-

mixture has continued to be common over time in the Iberian

colonies, because of their legislation and patriarchal structure

of the society. Although Europeans were at the top of the

society and interethnic marriage was illegal, exceptions were

allowed (e.g. change of ethnicity affiliation) and there were

no consequences for European men for having children with

native or African women, with a high rate of illegitimacy.

Other elements of social fluidity were the fact that, according

to the Iberian legislation, Native Americans were not officially

slaves, African slaves could be freed under some circumstan-

ces and the mixed individuals were recognized with a distinct

status (Wade 2009; Snyder 2015; Adhikari et al. 2017). All

these aspects led to a higher level of admixture in the Iberian

colonies compared with the British ones, where the slavery
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legislation and rules against interethnic relations were stricter

and the social barriers were stronger (Skidmore 1972;

Adhikari et al. 2017).

This sex-biased admixture is clearly shown by the differ-

ences between the Y and mtDNA haplogroup composition,

with a relatively high proportion of Native Americans and

African maternal lineages compared with the paternal line-

ages, which show a high frequency of European haplogroups

(figs. 2 and 3) (Simms et al. 2012, 2013; Moreno-Estrada et al.

2013; Vilar et al. 2014; Bukhari et al. 2017; Schroeder et al.

2018; Benn Torres et al. 2019; Mendisco et al. 2019; Nieves-

Col�on et al. 2020).

In this context, the Dominican Republic is in line with the

observations from other Caribbean and non-Caribbean

American regions. All the mtDNA African lineages account

for 61% of the maternal haplogroups, with the most frequent

mtDNA lineages being the sub-Saharan L1c, L2a, L3b, and

L3d, all reaching frequencies higher than 10%. The Native

lineages are present at a frequency of 22%, slightly more

than the European maternal clades (19%) (Torroni et al.

2001; Bukhari et al. 2017). From a Y haplogroup perspective,

the European lineages represent the majority of haplogroups,

followed by the African clades and with a very rare presence

of Native clades (fig. 1). This genetic pattern reflects the soci-

ety organization of the Iberian colonies, which the Dominican

Republic was part of, characterized by a high degree of inter-

ethnic relationships between European men and Native

American or African women.

Comparison between the Dominican Republic and Haiti

and Other Antilles

Extending the analysis to the whole Antilles archipelago, the

overall Y haplogroup pattern shows European and African

lineages at high frequencies, with rare or absent Native line-

ages. The relative frequencies of European and African clades

seem to be correlated with the type of colonial rule. In the

British and French colonies, the segregation of slaves was

stronger than in the Iberian territories, the interethnic

marriages prohibited and no rights were recognized to chil-

dren of parents of different ethnicity. Therefore, in the former

British and French territories, the separation between the two

main groups (i.e. European colonists and African slaves) was

sharper and the admixture reduced. For this reason, the

European Y lineages are usually less frequent than the

African ones, partly reflecting the higher number of African

slaves compared with European rulers in the colonies (Simms

et al. 2011; Benn Torres et al. 2015, 2019; Mendisco et al.

2019). An example is represented by the Jamaica island in the

Greater Antilles, under the British rule since 1655 and char-

acterized by a higher proportion of Y African lineages com-

pared with the European ones (Simms et al. 2012). Another

example is represented by Haiti, which shares the Hispaniola

island with the Dominican Republic, although the two coun-

tries have experienced different colonial rules and different

histories. Differently from the Dominican Republic, Haiti

passed under the French rule in 1697. Although the French

law recognized the status of the admixed people (defined

“coloreds,” from the French gens de couleur) and some rights

were allowed to them, the slavery conditions were particularly

harsh and brutal, with a high death rate of the African slaves

and continuously new deportation from Africa. Because of

the harsh conditions of the slaves and on the wave of the

French revolution, a slave rebellion broke out in the colony

that eventually ended with the independence of Haiti and a

massacre of most of the white population (Coupeau 2008).

This is reflected by the mtDNA and Y haplogroup composition

of the Haitians. Considering the mtDNA haplogroup compo-

sition, no Native American lineages are reported and the

European clades are rare (<2%), whereas more than 98%

of the population show an African haplogroup (fig. 3). The Y

haplogroup composition differ from the other American

areas: the African lineages account for 70% of the Y lineages,

with the sub-Saharan E1b1a-M2 clade reaching a frequency

higher than 60%, whereas the European paternal lineages

are less common compared with other former colonies

(25%), and no Native clades have been reported (fig. 1). In

the Dominican part of the island, the haplogroup composition

CUBA
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RICO
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Sub-Saharan African ancestry

Na e American ancestry

Y mtD
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FIG. 3.—Comparison between the ancestry of the Y and mtDNA lineages in the Greater Antilles. mtDNA data are from (Vilar et al. 2014; Bukhari et al.

2017; Ono et al. 2019; Zaidi and Makova 2019), Y chromosome data are the same as in figure 1, collapsing our results for the three Dominican groups with

Dominican data from the literature.
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dramatically changes, with a higher proportion of European Y

lineages (fig. 2) and African mtDNA clades (Torroni et al.

2001; Bukhari et al. 2017).

The difference in the social organization between Iberian

and British (and, at lesser extent, French and Dutch) colonies is

reflected also by genome-wide analysis (Ongaro et al. 2019)

and is also mirrored by the perceived ancestry, characterized

by a high proportion of “mixed ancestry” and lower propor-

tion of European, Native American, and African ancestries in

the former Iberian colonies from central and southern

America (Adhikari et al. 2017). However, in the former

British or French colonies the African ancestry is usually the

most reported. Interestingly, the Dominican Republic is the

only Antillean region with a high proportion of perceived

“mixed ancestry,” similar to the values reported in the former

Iberian colonies from the continent and differently from the

other Antilles, previously under the British, French, and Dutch

rule (Adhikari et al. 2017).

Despite the differences in their relative proportion, the Y

lineages observed in the Antilles (and in former colonial terri-

tories in general) are mainly the same (fig. 1). In particular, the

presence of the same sub-Saharan Y haplogroups seems to

suggest that the trans-Atlantic slavery routes and slave source

regions were largely the same for most of the American col-

onies (Voyages: The Trans-Atlantic Slave Trade Database,

www.slavevoyages.org).

Conclusions

Our analysis of the Y chromosome diversity of the Dominican

Republic allow us to shed light on the colonial history of this

country and of the Greater Antilles in general. First, our results

suggest that most of the African slaves came from central

Africa rather than western Africa, with minor inputs from

other regions. Although our level of resolution does not allow

an analysis of the geographic origins of slaves at a finer scale,

the absence or paucity in the Dominican Republic of Y hap-

logroups frequent in the internal regions of central Africa

points to the coastal regions as main slave source areas.

Second, we observed an excess of European paternal lineages

and Native or African maternal clades due to a sex-biased

admixture, in line with the predominant role of European

males in the colonial society. Third, the frequency of

European or African paternal lineages varies in the Antilles

and seems to be correlated with the type of colonial rule:

the Iberian legislation was less strict as regards interethnic

unions, leading to higher levels of admixture and higher fre-

quencies of European Y haplogroups compared with colonies

formerly under the British (or French and Dutch) rule.

Supplementary Material

Supplementary data are available at Genome Biology and

Evolution online.
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