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ABSTRACT Puerto Rico and the surrounding islands
rest on the eastern fringe of the Caribbean’s Greater
Antilles, located less than 100 miles northwest of the
Lesser Antilles. Puerto Ricans are genetic descendants
of pre-Columbian peoples, as well as peoples of Euro-
pean and African descent through 500 years of migra-
tion to the island. To infer these patterns of pre-
Columbian and historic peopling of the Caribbean, we
characterized genetic diversity in 326 individuals from
the southeastern region of Puerto Rico and the island
municipality of Vieques. We sequenced the mitochondrial
DNA (mtDNA) control region of all of the samples and
the complete mitogenomes of 12 of them to infer their
putative place of origin. In addition, we genotyped 121
male samples for 25 Y-chromosome single nucleotide
polymorphism and 17 STR loci. Approximately 60% of
the participants had indigenous mtDNA haplotypes

(mostly from haplogroups A2 and C1), while 25% had
African and 15% European haplotypes. Three A2 subli-
neages were unique to the Greater Antilles, one of which
was similar to Mesoamerican types, while C1b hap-
logroups showed links to South America, suggesting that
people reached the island from the two distinct continen-
tal source areas. However, none of the male participants
had indigenous Y-chromosomes, with 85% of them
instead being European/Mediterranean and 15% sub-
Saharan African in origin. West Eurasian Y-chromosome
short tandem repeat haplotypes were quite diverse and
showed similarities to those observed in southern
Europe, North Africa and the Middle East. These results
attest to the distinct, yet equally complex, pasts for the
male and female ancestors of modern day Puerto Ricans.
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The Caribbean region is of great interest to anthropolo-
gists because it bore witness to pre-Columbian human
migrations and interactions for several millennia, and
European colonization and forced movement of African
peoples to the area over the past several centuries. Like a
series of stepping-stones connecting the continents of
North and South America (Fig. 1), these islands and their
living inhabitants are key to unraveling the complex proc-
esses and timing of the peopling of the region. In the cen-
ter, and at the crossroads of the Caribbean, rests the island
of Puerto Rico. Puerto Rico is the smallest of the islands
that comprise the Greater Antilles, which extend west
through Cuba, although it is also geographically larger
than all of the neighboring Lesser Antilles to the east and
south of it. As a consequence, the pre-colonial history of
Puerto Rico is closely linked to that of both Antilles archi-
pelagos and the rest of the Caribbean islands.

For six millennia, Puerto Rico was home to various
indigenous groups. The last of these was the Ta�ıno, an
Arawakan speaking horticultural people who occupied
the island and neighboring islets at the time that Chris-
topher Columbus arrived on his second voyage to the
Americas in 1493 (Morisson, 1939). Because of its loca-
tion and size, Puerto Rico was one of the first islands to
be colonized by Spain and later transferred, along with
Cuba, Guam and the Philippines, to the United States
by way of the Treaty of Paris of 1898 that ended the
Spanish-American war (Musicant, 1998). Today, Puerto
Rico remains a Spanish-speaking United States protec-
torate, with a deep genetic connection and a growing
cultural tie to its indigenous Caribbean past.

Most anthropologists agree that multiple waves of peo-
ples traversed and settled the Caribbean (Rouse, 1992),
contributing to the diverse cultural and linguistic tradi-
tions noted by historians in the late 15th century (Las
Casas, 1992). Undoubtedly, the ancestry of Caribbean
peoples was further complicated by the arrival of
migrants from Europe, Africa and Asia over the last 500
years (Rogozinski, 1999). The origins of these indigenous
populations, the timing and directionality of pre-colonial
migrations, and the biological and cultural connections
to different continental and source populations are
issues that are still not well understood.
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Pre-colonial history of the Caribbean

Early Holocene remains from sites in the islands of
Cuba and Trinidad, on either end of the Caribbean island
archipelago, suggest that human entry into the region
may have occurred as early as 7,000–8,000 years ago
(Haag, 1964; Willey, 1956; Rouse, 1992; Wilson, 2007).
Cuba represents the northwestern extent of the Carib-
bean chain of islands, and is approximately 100–120
miles from both the continental extensions of the Yucatan
Peninsula in Mexico and the Florida Keys. It has been
speculated that either one of these areas could have been
an early staging ground for expansion into the Caribbean
regions for indigenous populations (Keegan, 1995; Wilson,
2007; Fitzpatrick and Ross, 2010).

On the other end of the Caribbean island chain is
Trinidad. Parts of Trinidad are located less than 10
miles from the Venezuelan coast, and the island was at
one time attached to the mainland. Geologists suggest
that Trinidad fully separated from the South American
continent between 11,000 and 13,000 years before pres-
ent (YBP) (Bryan, 1973), thus implying that the island’s
first inhabitants may have walked there from mainland
South America. However, the earliest direct evidence of
human occupation on the island is dated to 8,000 YBP,
with the remains of the Banwari Culture representing
the earliest evidence of human occupation on any Carib-
bean island (Rouse, 1992).

The earliest evidence of human occupation on Puerto
Rico, the most distant Caribbean island from any conti-
nental landmass, did not occur for another 2,000 years
(Alegria, 1965). The oldest archaeological site on Puerto
Rico (Angostura) dates to approximately 6,000 YBP and
is thought to be associated with the Ortoiroid culture, a
pre-ceramic culture with lithic ties to the Lesser Antil-
les, specifically Trinidad and northern South America
(Rouse, 1992). Related sites have also been found on the
Virgin Islands to the east (Rouse, 1952, 1992).

Sites belonging to the distinct Casimiroid culture,
which may have emerged in Mesoamerica (Belize and
Honduras; Rouse, 1992), have been unearthed on the
islands of Cuba and Hispaniola (the island that com-
prises the modern countries of Dominican Republic and
Haiti), and dated to the mid-Holocene (4,000 YBP) (Ale-
gria, 1965; Granberry and Vescelius, 2004). Casimiroid
sites have also been uncovered on Mona Island (midway
between Hispaniola and Puerto Rico), as well as on the
southwestern region of Puerto Rico (Ortiz, 1976),
although the Puerto Rican site may only date to 2,000
YBP (Pantel, 1976; Lundberg, 1989). Thus, the island of
Puerto Rico may represent an early point of interaction
between the Ortoiroid and Casimiroid pre-ceramic cul-
tures of the Caribbean (Rouse, 1992).

A few millennia later, populations originating in South
America and possibly ancestral to the Ta�ıno inhabitants

Fig. 1. A map of the Caribbean Basin with an inset map of Puerto Rico. The sampling locations are marked with filled circles.
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of the Greater Antilles are thought to have migrated
north from the Amazon Basin and through the Orinoco
River Valley, reaching the West Indies by way of the
Guyanas and Venezuela around 2,000 YBP (Rouse,
1964). During this time, Saladoid ceramic cultures
reached Hispaniola and Puerto Rico and began expand-
ing into the region (Allaire, 1997; Rouse, 1992), with dis-
tinct ceramic traditions arising in the Greater Antilles
and the Leeward Islands.

The Ta�ıno arose during this process of transcultura-
tion and population interactions around 1,200 YBP. Dis-
tinguished by their ceramics, the Ta�ıno practiced
horticulture and had a strict hierarchical structure of
chiefdoms governed by local leaders known as caciques
(Rouse, 1992). They were the dominant culture of the
Caribbean when Europeans arrived in the late 15th cen-
tury CE, and likely numbered in the hundreds of thou-
sands across dozens of islands at that time (Rouse,
1992). In fact the Spanish identified distinct Ta�ıno chief-
doms and caciques across the entire Caribbean region,
from Cuba and the Bahamas to Jamaica and the Virgin
Islands (Rouse, 1992; Hoogland and Hofman, 1999).
Given their distinct cultural features, the Ta�ıno may
represent a new wave of migration into the region, as
opposed to a cultural shift by an earlier group of Carib-
bean inhabitants (Rouse, 1992). Their linguistic and cul-
tural ties to other Arawakan-speaking groups in South
America (Kaufman, 1994; Campbell, 1997; Granberry,
2013) further indicates that the Ta�ıno likely arrived
from that region. Archaeologists have also theorized that
the Ta�ıno maintained connections with continental popu-
lations in South America during the centuries following
their arrival on the islands (Haag, 1964; Rouse, 1992;
Fitzpatrick and Keegan, 2007). Thus, at the time of
European contact, the Ta�ıno culture may have repre-
sented centuries of interactions among populations from
the north coast of South America and the Antilles.

Around 800 YBP, Carib-speaking groups originating
from the Orinoco River region began moving north
through the Lesser Antilles, coming into contact with
the culturally distinct Ta�ıno (Allaire, 1980; Forte, 2005;
Granberry, 2013). By 600 YBP, the earlier settlers had
likely been supplanted or assimilated in most of the
Lesser Antilles by expanding Carib populations, and
these newcomers were encroaching upon the Virgin
Islands and Puerto Rico when the Spanish arrived in
the late 15th century (Allaire, 1997). Thus, yet again,
Puerto Rico appears to have been a geographic point of
interaction, this time between Ta�ıno and Carib popula-
tions, both of which were flourishing at the time of Euro-
pean contact. In fact, a number of different indigenous
groups were living in the Caribbean at that time, includ-
ing the Caribs, Ta�ınos, and the Ciboney, the latter being
a pre-ceramic culture limited to western Cuba and the
southwestern peninsula of Haiti (Rouse, 1992).

Colonial history of the Caribbean

During the two centuries that followed European con-
tact, the colonial powers of Britain, France, Holland,
and Spain each laid claim to their own Caribbean colo-
nies and maintained sovereignty over these colonies for
several centuries, some even into the present (e.g., the
British Virgin Islands and the Dutch Antilles) (Rogozin-
ski, 1999). The variety of languages spoken across the
region today attest to a “free for all” attitude that the
European colonial powers employed in capturing and

colonizing the Caribbean. During the colonization pro-
cess, all indigenous Caribbean languages were lost, in
part due to indigenous groups being forced to use Euro-
pean languages (Rogozinski, 1999). However, linguists
have long recognized that indigenous words were gradu-
ally adopted by the Spanish colonists of Puerto Rico, the
Dominican Republic and Cuba (Rouse, 1992; Wilson,
1997) and are now part of the Caribbean Spanish
vernacular.

Furthermore, historical accounts suggest that the
European powers governed their colonies in distinct
ways (Rogozinski, 1999). For example, over the course of
hundreds of years across British colonies such as
Jamaica, African slaves replaced the enslaved native
islanders, who were either decimated by armed colonists
shortly after time of contact, or died from deadly patho-
gens introduced from Europe and Africa in the decades
that followed their arrival (Rouse, 1992; Wilson, 1997;
Crosby, 2003; Raudzens, 2003). By contrast, Spain laid
claim to the large islands of Cuba, Hispanola, and
Puerto Rico, and governed each one differently (Rogozin-
ski, 1999). While Hispanola, and specifically the eastern
half known as Dominican Republic, became the Spanish
colonial capital in the Caribbean and most slaves from
Africa were introduced to the region through there,
much of central Cuba and Puerto Rico remained unset-
tled for centuries (Dietz, 1992). The varied colonial prac-
tices across the region differently influenced the cultural
and biological composition of populations from each indi-
vidual island.

During the next few decades, the Spanish crushed sev-
eral Ta�ıno rebellions, and by the late 16th century they
claimed to have all but exterminated the indigenous pop-
ulation from Puerto Rico (Las Casas, 1992). However,
most large Spanish settlements on the island were
restricted to the coasts, including the peninsula on the
north known today as San Juan, with the town of San
Germ�an arising inland in the southwestern region. The
mountainous center and the southeastern regions of
the island remained mostly unsettled by colonists until
the 19th century (Rogozinski, 1999).

Caribbean genetic diversity

Both the pre-Columbian migrations and European
conquest and colonization of the Caribbean ultimately
left their marks on the gene pools of the region’s popula-
tions. Earlier genetic surveys of the circum-Caribbean
have revealed the presence of Native American, African
and West Eurasian mitochondrial DNA (mtDNA) hap-
logroups among its inhabitants (Mart�ınez-Cruzado et al.,
2001, 2005; Benn Torres et al., 2008; Mendizabal et al.,
2008; Simms et al., 2010; Gaieski et al., 2011). For some
of these islands, the indigenous maternal genetic ances-
try exceeds that contributed by non-native populations,
despite the historical claim that indigenous Caribbean
cultures had been exterminated (Las Casas, 1992). In
Puerto Rico (Mart�ınez-Cruzado et al., 2005) and Cuba
(Mendizabal et al., 2008), the frequencies of indigenous
mtDNAs were 61 and 33%, respectively, whereas 28% of
those in Dominica were indigenous in origin (Benn
Torres et al., 2008). More limited work has been done in
Hispaniola to ascertain the genetic composition of popu-
lations there, but estimates suggest that approximately
15% of people in the Dominican Republic and fewer than
5% of people in Haiti have indigenous mtDNAs (Torroni
et al., 2001; Simms et al., 2010; Wilson et al., 2012). In
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both of the countries comprising the island of Hispanola,
African mtDNA lineages are more commonly found. Sim-
ilarly, the majority (>98%) of mtDNAs in Bermuda and
Jamaica, two former British colonies, were African and
West Eurasian in origin (Gaieski et al., 2011; Deason
et al., 2012). By contrast, a limited assessment of
mtDNA variation in the Dutch colony of Aruba found
that 80% of lineages were Amerindian in origin (Toro-
Labrador et al., 2003).

Much less research into the genetic diversity of pater-
nal lineages in Caribbean populations has been con-
ducted. However, the available studies suggest that less
than 2% of individuals from populations in the Spanish
Caribbean (Cuba, Hispaniola and Puerto Rico) carry
indigenous paternal lineages (Mendizabal et al., 2008),
whereas >75% have European and �23% have African
Y-chromosomes, the latter likely being introduced
through the trans-Atlantic slave trade (Salas et al., 2005).
The relative absence of indigenous Y-chromosomes is
likely due to centuries long conflict between the colonists
and indigenous men, decimation from disease, and inter-
marriage between Spanish men and indigenous women
(Rouse, 1992; Magnus, 1995; Guitar, 2000; Martin and
Wasserman, 2005; Benn Torres et al., 2008; Mendizabal
et al., 2008).

Given the known archaeological and linguistic evi-
dence and the historical circumstances surrounding the
peopling of the Caribbean, we characterized the genetic
diversity in Puerto Rico and compared the gene pool of
Puerto Ricans to those from other Caribbean and
neighboring continental populations to infer place(s) of
origin for indigenous Caribbean peoples. We also
assessed the relative genetic contributions of non-native
populations to Puerto Ricans and other Caribbean popu-
lations to determine the impact of European colonization
and the Trans-Atlantic slave trade on the region. Our
findings indicate distinct, yet equally complex, pasts for
the male and female ancestors of modern day Puerto
Ricans.

MATERIALS AND METHODS

Sample and data collection

In November 2010 and May 2011, we undertook two
expeditions to the southeastern region of Puerto Rico.
During these trips, we worked with 326 participants
from the island of Puerto Rico and the neighboring
island of Vieques. The majority of the participants are
members of the Naguake Community, which is currently
seeking state recognition as an indigenous base commu-
nity. After obtaining informed consent, we obtained buc-
cal cell samples from these individuals through either
Omni cheek swabs or mouthwash rinse, and also gath-
ered family history and genealogical information
through interviews. Sample and data collection were
undertaken with approval from the University of Penn-
sylvania IRB #8 and the support of Liga Guakia Taina-
Ke. Samples were extracted in the Laboratory of Molecu-
lar Anthropology at the University of Pennsylvania
using Qiagen QiAmp DNA Mini Kits, following the man-
ufacturer’s protocol.

Molecular genetic analysis

mtDNA diversity. To elucidate the maternal genetic
ancestry of Puerto Ricans, we examined mtDNA varia-
tion in all 326 male and female participants through the

analysis of single nucleotide polymorphisms (SNPs)
using custom TaqMan assays. The SNP analysis
involved screening the samples for markers that identify
the basal structure of the mtDNA phylogeny, as well as
known mtDNA haplogroups (2758G, 4248C, 4580T,
5178A, 6371A, 7028C, 8280G, 8994A, 10034C, 10238C,
10400A, 10550C, 10873G, 11467G, 11719C, 12612G,
12705G, 13263C, 13368A, 13928T, 14766G). All SNPs
were analyzed on an ABI 3130XL Gene Analyzer using
the novel GenoCore multiplex kit following the manufac-
turer’s protocol (Applied Biosystems). The samples were
also screened for additional markers that defined specific
haplogroups and their subgroups with custom TaqMan
assays that were read on an ABI 7900 Real Time PCR
analyzer (Zhadanov et al., 2010; Schurr et al., 2012a).

In addition, for each sample, we sequenced 1121 base
pairs (bp) of the mtDNA control region (CR), including
both hypervariable segments-I and -II (HVS1 and HVS2)
(Zhadanov et al., 2010; Gaieski et al., 2011). All sequen-
ces were run on an ABI 3130XL Gene Analyzer, and
aligned and read with the Sequencher 4.8 software tool
(Gene Codes Corporation). Polymorphic sites were ascer-
tained relative to the revised Cambridge Reference
Sequence (Anderson et al., 1981; Andrews et al., 1999).
The combined data from coding region SNPs and CR
sequences defined the maternal haplogroup and haplo-
types, respectively, for each individual.

We also sequenced the complete mitogenomes for
twelve Puerto Rican participants having indigenous
mtDNA haplogroups (A2, B2, and C1) and distinctive
HVS1 sequences. The mtDNAs were sequenced using a
published method (Rieder et al., 1998), and read as
described above. The resulting mitogenome sequences
were compared to previously published sequences,
including those presented in Phylotree Build 16 (van
Oven and Kayser, 2009), Family Tree DNA (The Cuban
mtDNA Group, 2013; The Puerto Rican Geographical
DNA Group, 2013), and GenBank (Benson et al., 2010),
in order to identify the corresponding branches of hap-
logroups A2, B2, and C1 to which they belonged, hence,
infer the likely continental source for each haplotype.

Y-chromosome diversity. We investigated the pater-
nal genetic ancestry of Puerto Ricans by screening
121 male samples for phylogenetically informative bial-
lelic markers in the non-recombining region of the
Y-chromosome (NRY) that define paternal haplogroups
and their major subbranches. This high-resolution SNP
analysis was undertaken in a hierarchical fashion
according to published information (Y Chromosome Con-
sortium, 2002; Karafet et al., 2008). All markers were
screened using custom TaqMan assays, and scored on an
ABI 7900HT Fast Real-Time PCR System (Zhadanov
et al., 2010; Gaieski et al., 2011; Schurr et al., 2012a).

Paternal haplotypes were further defined through the
analysis of 17 Y-chromosome short tandem repeats (Y-
STRs) that are part of the AmpF‘STR Y-filer PCR
Amplification Kit (Applied Biosystems). A separate mul-
tiplex reaction was also used to characterize six addi-
tional fragment length polymorphisms (M17, M60, M91,
M139, M175, and M186) and two additional Y-STRs
(DYS388, and DYS426). PCR products were run with
GeneScan 500 LIZ Size Standards and read on an ABI
3130xl Gene Analyzer. The combination of SNPs and
STR alleles defined paternal lineages and haplotypes,
respectively, for each male individual.
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Phylogenetic analysis. To infer patterns of diversity
and ages of haplogroups through coalescent time estima-
tion, median-joining (MJ) networks were constructed for
both mtDNA haplogroups A2 and C1 using Network
4.611 software (Bandelt et al., 1999). The weighting
scheme suggested in Bandelt et al. (2002) was used,
where fast-evolving sites were given lower weights rela-
tive to other less mutable sites. For haplogroup age esti-
mation, a rate of 1 mutation every 16,667 years was
used for the extended HVS1 segment of mtDNA [np
16,024–16,390] (Soares et al., 2009). MJ networks were
also constructed and coalescence times were estimated
for haplogroups A2k, A2z, A2*, C1b2 and C1b4, using a
rate of one mutation every 9,058 years for the complete
CR of mtDNA [np 16,024–573] (Soares et al., 2009). All
indels were excluded from this analysis.

We also inferred patterns of diversity and estimated
coalescent times for Y-chromosome haplogroups with
Network 4.611 (Bandelt et al., 1999). MJ networks based
on 17 Y-STRs were constructed for haplogroups E1b1b,
E1b1a, G2a, I, J, and R1b, the most commonly occurring
paternal haplogroups among Puerto Rican males. For
coalescent time estimates, we used a rate of one muta-
tion every 453 years, which was estimated by taking the
inverse per generation mutation rate of each locus multi-
plied by the number of loci and by generation time, or
25 years (Chandler, 2006).

Statistical analysis. Due to the uniqueness of indige-
nous mtDNA lineages in Puerto Rico when compared to
other neighboring Caribbean and continental popula-
tions and the paucity of shared derived haplotypes
among these groups, we employed haplogroup frequen-
cies to measure the inter-population genetic distances.
We estimated FST genetic distances between Puerto
Ricans (this study), Cubans (Mendizabal et al., 2008),
Dominicans [Dominican Republic] (Bryc et al., 2010),
Trinidadians (Benn Torres et al., 2008), Dominicans
[Dominica] (Benn Torres et al., 2008), Bermudians (Gaie-
ski et al., 2011), Yucatec Mayans (Sandoval et al., 2012),
Cherokee and Muskogean-speaking indigenous popula-
tions from the southeastern United States (Bolnick and
Smith, 2003; Bolnick et al., 2006), African-Americans
from Philadelphia (Stefflova et al., 2009), Venezuelans
(Lander et al., 2008), Senegalese (Stefflova et al., 2009),
Angolans (Plaza et al., 2004), and Spanish (Richards
et al., 1998), using Arlequin 2.0 (Excoffier et al., 2005).
These populations were chosen because of their geo-
graphic proximity to Puerto Rico and/or because they
potentially represented source populations for the
island’s genetic diversity. The FST values were plotted in
two dimensions using multi-dimensional scaling (MDS)
in SPSS v. 17.0 (SPSS Inc., 2008).

Similarly, we estimated FST values from Y-chromosome
haplogroup frequencies to assess the paternal genetic
affinities of Puerto Ricans and comparative populations,
using Arlequin 2.0 (Excoffier et al., 2005). The compara-
tive populations included Cubans (Mendizabal et al.,
2008), Bermudians (Gaieski et al., 2011), Trinidadians
(Benn Torres et al., 2008), Yucatec Mayans (Sandoval
et al., 2012), Venezuelans (Martinez et al., 2007),
Tunisians and Algerians (Arredi et al., 2004), Angolans
(Coelho et al., 2009), Moroccans (Semino et al., 2004),
Senegalese (Hassan et al., 2008) and Portuguese and
Spanish (Gonçalves et al., 2005). These populations were
chosen for the same reasons listed above for the compara-

tive analysis of mtDNA data. The resulting FST values
were plotted in two-dimensions using MDS.

RESULTS

mtDNA diversity in Puerto Rico

Analysis of the mtDNAs from 326 male and female
participants yielded 98 distinct HVS1 haplotypes and
153 CR haplotypes from eighteen different haplogroups
(Supporting Information Tables S1–S3). Native Ameri-
can haplogroups (A2, B2, C1, and D1) (Schurr, 2004;
Schurr and Sherry, 2004) comprised most of these line-
ages, with haplogroups A2 and C1 accounting for 51.8%
of the population, and haplogroups B2 and D1 for 4.3
and 0.9%, respectively. Haplogroup X2a mtDNAs were
not present among the Puerto Rican samples. Sub-
Saharan African haplogroups L0, L1, L2, and L3
accounted for 25.8% of the participants, while West Eur-
asian and North African haplogroups (H, J, K, R0a, T,
U2, U5a, U5b1, U6b1, W, and X2) accounted for the
remaining 17.2%.

Native American haplogroups. Haplogroup A2 was
the most common maternal lineage in Puerto Rico,
accounting for 29.8% of the participants and being repre-
sented by 11 distinct HVS1 haplotypes (Table 1). Outside
of the A2 founder haplotype (#1), one of the two most
commonly occurring A2 haplotypes (#7) had two addi-
tional transitions at nucleotide pairs (np) 16,083 and
16,256. Named A2z in Phylotree (Build 16; van Oven
and Kayser 2009), haplotypes belonging to this lineage
also had a transition at np 214 in the HVS2. To date,
A2z has not been reported in any other population with
the exception of Cubans (Mendizabal et al., 2008; The
Cuban mtDNA Group, 2013), and generically labeled
Hispanic Americans from a forensic genetic analysis
(Just et al., 2008). The latter group likely represents
individuals of either Cuban or Puerto Rican descent liv-
ing in the United States, although the exact ethnicity of
these individuals is unclear.

Among Cubans, a variety of A2z haplotypes has been
observed, with some of the most common forms possess-
ing an additional T16126C mutation (also seen in three
Puerto Ricans, haplotype #8; Table 1), or a G16274A
mutation (not seen in Puerto Ricans) (Mendizabal et al.,
2008; The Cuban mtDNA Group, 2013). In this regard,
the published data from Cuba (Mendizabal et al., 2008)
showed a slight discrepancy with other mtDNA data
sets in that some putative A2z samples lacked the
T16083C mutation. This transition defines the hap-
logroup, and appears in all A2z haplotypes in our study,
in those from genome-wide studies on Hispanic popula-
tions (Just et al., 2008; Bryc et al., 2010), and in Cuban
and Puerto Rican samples from Family Tree DNA proj-
ects (The Cuban mtDNA Group, 2013; The Puerto Rican
Geographical DNA Group, 2013). That being said, it is
possible that some A2z haplotypes simply lack the
T16083C mutation.

Another set of very common A2 haplotypes in Puerto
Ricans (#11–12) differed from the founder sequence in
having T179C and A385G mutations in the HVS2 (Sup-
porting Information Table S2). Previously observed in
Puerto Ricans (Mart�ınez-Cruzado, 2010), we have provi-
sionally designated them as belonging to haplogroup
A2*. A2* mtDNAs cannot be distinguished from the A2
founder haplotypes using HVS1 data alone because they
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have no derived mutations in that portion of the mtDNA
genome. This fact limits the number of comparative data
sets that can be searched for this otherwise unique
Caribbean haplotype in other populations. For this rea-
son, we have begun further analysis of this haplogroup
through mitogenome sequencing GenoChip analysis
(Elhaik et al., 2013). A related haplotype (#4), defined by
an additional C16218T transition in the HVS1 (Table 1),
has not been reported outside of Puerto Rico and Cuba
(Mendizabal et al., 2008; The Cuban mtDNA Group,
2013). It also lacks the C64T mutation in HVS2 that is
otherwise found in most Mesoamerican and South Amer-
ican A2 haplotypes (Kemp, 2006; Tamm et al., 2007;
Achilli et al., 2008) (Supporting Information Table S2).

A third A2 haplotype found in Puerto Rico (#5) dif-
fered from the founder sequence by a C16234T mutation
(Table 1). This haplotype could possibly be present in
Mexican-Americans based on an analysis of complete
mtDNA genome sequences (Kumar et al., 2011),
although the defining mutations for this haplotype,
which currently define haplogroup A2f3 in Phylotree
(Build 16), exist outside of the CR (G5585A, A9156G,
G11914A, C14275T, and G15323A). Similar to the two
previously described A2 lineages, this haplotype has not
been identified among any South American populations
(e.g., Alves-Silva et al., 2000; Salas et al., 2008; Lander
et al., 2008).

Most of the remaining A2 haplotypes occurring at
moderate frequency in Puerto Ricans have not been
observed in indigenous Mesoamerican or North Ameri-
can populations, but appear in various groups from con-
tinental South America (Alves-Silva et al., 2000; Salas
et al., 2005; Lander et al., 2008). A number of Puerto
Rican haplotypes belonging to haplogroup A2k were
identified through a combination of CR sequencing,

TaqMan SNP assays and complete genome sequencing
(#17–23) (Supporting Information Tables S2 and S4), with
A2k itself being defined by the T3202C mutation. While
rare in Cubans (<1%; Mendizabal et al., 2008; The Cuban
mtDNA Group, 2013), A2k haplotypes have been
observed among Amazonian populations (e.g., Tamm
et al., 2007; Achilli et al., 2008), suggesting a genetic con-
nection between Puerto Rico and South America.

Although HVS1 haplotype #2 has been found through-
out the Americas (Table 1), we did not observe any exact
matches to its full mitogenome sequence outside of
Puerto Rico in the current published literature (Support-
ing Information Table S4). This observation, along with
the polymorphic nature of the G16129A mutation, makes
identifying the exact origin of this haplotype difficult.
Nonetheless, haplotype #2 is one of the most common A2
mtDNAs in northern South America (e.g., Gomez-
Carballa et al., 2012), although less frequent in Mesoa-
merica (e.g., Kemp, 2006; Salas et al., 2009; Sandoval
et al., 2009).

Haplogroup C1 was the second most common hap-
logroup in our Puerto Rican data set, accounting for
22.1% of mtDNA lineages and seven distinct HVS1 hap-
lotypes (Table 1; Supporting Information Tables S1–S3).
Within this haplogroup, C1b accounted for the majority
of the haplotypes (20.8%). Among Puerto Ricans, this
haplogroup is comprised of the two major sub-groups
C1b2 and C1b4, which are defined by the A263G and
G143A mutations in the HVS2, respectively (Supporting
Information Table S2). An unnamed subgroup of C1b
defined by the A16299G mutation and the subgroup
C1b11, defined by the C16295T mutation, also occurred
among Puerto Ricans, but at low frequency (�1%) (Table
1; Supporting Information Tables S2 and S3). Nearly all
C1b branches have been previously identified among

TABLE 1. Native American HVS1 sequences in Puerto Ricans and comparative populations

# Hg HVS1 sequence (16,0001) PRO CUB MAY ELS SVG TRI VEN COL GUY BRZ SEU

1 A2 111-223-290-319-362 42 6 24 23 6 63 6 1 4 6
2 A2 111-129-223-290-319-362 16 1 1 26
3 A2 111-189-223-290-319-362 1 1 4 1
4 A2 111-218-223-290-319-362 2 3
5 A2 111-223-234-290-319-362 2 1
6 A2 111-223-259-290-319-362 1 1
7 A2 083-111-223-256-290-319-362 15 3
8 A2 083-111-126-223-256-290-319-362 3 2 1
9 A2 083-111-189-223-256-290-319-362 1
10 A2 097-098-111-189-223-290-319-320-362 4 2
11 A2 223-290-319-362 10 1
12 B2 092-189-217-249-312-344 14 1
13 C1 223-298-325-327 43 6 23 10 1 8 6 1 3 6
14 C1 223-295-298-325-327 2 1
15 C1 223-298-299-325-327 4 1
16 C1 223-248-298-299-325-327 1 1
17 C1 223-298-325-327-355 1
18 C1 093-223-298-325-327 1 2 3
19 C1 189-223-298-325-327 1 1
20 C1 086-189-223-298-325-327 1
21 C1 086-189-223-278-298-325-327 16 1
22 C1 077T-086-129-183-189-223-278-

298-325-327
1

23 C1 221-223-261-298-325-327 1
24 D1 223-325-362 3 4 8 1 2 13 1

Totals 186 28 59 27 10 8 102 16 2 26 13

Note: Population Abbreviations abbreviations are as follows: PRO 5 Puerto Ricans; CUB 5 Cubans; MAY 5 Mayans;
ELS 5 Salvadorans; SVG 5 Vincentians; TRI 5 Trinidadians; VEN 5 Venezuelans; COL 5 Colombians; GUY 5 Guyanese; BRZ 5

Brazilians; SEU 5 Native Americans from the southeastern USA.
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indigenous South American populations (Alves-Silva
et al., 2000; Salas et al., 2008; Lander et al., 2008;
Gomez-Carballa et al., 2012). Furthermore, C1b as a
whole is less common than C1c and C1d (the other indig-
enous sub-groups of C1) among Mexican, Cuban, and
native North American populations (e.g., Bolnick and
Smith, 2003; Kemp, 2006; Sandoval et al., 2009).

Haplogroup C1c was identified in several Puerto Rican
participants. This haplogroup is defined by two muta-
tions occurring outside of the CR (G1888A and
G15930A). We discovered the G15930A mutation in hap-
lotype #55 (Supporting Information Table S2) through
extended CR sequencing, and confirmed the presence of
the G1888A mutation in this and other putative C1c
samples (haplotype #54 and 55; Supporting Information
Table S2) using a custom TaqMan assay. However, none
of our Puerto Ricans samples belonged to haplogroup
C1d, which is common in South American (Alves-Silva
et al., 2000; Salas et al., 2008; Lander et al., 2008),
Cuban (Mendizabal et al., 2008), Lesser Antillean (Benn
Torres et al., 2008) and Mexican-American (Kumar
et al., 2011) populations.

As previously seen in Puerto Ricans (Mart�ınez-
Cruzado et al., 2001, 2005), haplogroups B2 and D1 rep-
resented a minority of the indigenous mtDNAs in our
sample. Both B2 and D1 were each represented by a sin-
gle HVS1 haplotype (#12 and #24, respectively) (Table
1). Interestingly, the sole Puerto Rican B2 haplotype
(B2b3) was previously observed in Native Mexicans,
Mexican-Americans, and Amazonian Indians (Alves-
Silva et al., 2000; Kemp, 2006; Sandoval et al., 2009;
Mandarino, 2010; Kumar et al., 2011), as well as Cubans
(Mendizabal et al., 2008). By contrast, the D1 mtDNA
had the HVS1 founder haplotype, making its exact place
of origin and time of arrival difficult to infer.

African mtDNA haplogroups. African haplogroups
comprised 27.6% of the Puerto Rican mtDNAs, with L
haplogroups encompassing the major of them (25.8%).
Among these lineages, haplogroups L1b and L3e were
the most common, accounting for 7.1 and 3.7% of the
Puerto Rican mtDNAs, respectively. In addition, L0a,
L1c, L2a, L2c, L3b, L3d, and L3f were also detected in
the Puerto Rican data set.

Although observed in African-Americans from the
eastern United States (Stefflova et al., 2009), as well as
populations from Jamaica and other former British colo-
nies (e.g., Benn Torres et al., 2008; Gaieski et al., 2011;
Deason et al., 2012), haplogroups L3e and L0a are also
commonly found in Brazilian populations (Alves-Silva
et al., 2000; Bandelt et al., 2001; H€unemeier et al., 2007;
Gonçalves et al., 2007), and are thought to reflect the
arrival of Africans originating in the former Portuguese
colonies of Angola and Mozambique. While present in
only 3.7% of Puerto Rican participants, L3e was repre-
sented by seven distinct HVS1 haplotypes, all belonging
to either subgroups L3e1 and L3e2b (Bandelt et al.,
2001) (Supporting Information Tables S2 and S3). This
diversity of L3e haplotypes could possibly represent the
arrival of Africans on Portuguese slave ships during the
early colonial settlement of the island, as Portugal was
the dominant trans-Atlantic slave trader in the 16th and
17th century (Salas et al., 2005).

By contrast, L1b accounted for 7.1% of Puerto Rican
haplotypes, but consisted of only five different HVS1
haplotypes (Supporting Information Tables S2 and S3).

L1b is commonly seen in African Americans in the
United States (6%) (Stefflova et al., 2009) and in Afro-
Caribbean populations from former British colonies,
such as Jamaica (25%; Deason et al., 2012). This lineage
is also one of the most common haplogroups among Sen-
egalese and other West African populations (Rosa et al.,
2004; Salas et al., 2005; Stefflova et al., 2009). Given its
high frequency and limited diversity, L1b may have been
introduced into Puerto Rico during the late stages of col-
onization and slavery while the British controlled the
trade in the 18th and 19th centuries (Rawley et al.,
2005).

However, a recent analysis of autosomal diversity has
suggested that short autosomal fragments of African ori-
gin in Puerto Rico are likely to have originated in the
Senegambia region, rather than West-Central Africa
(Moreno-Estrada et al., 2013). These results imply that
the slave trade was initially more intensive in the Sene-
gambia region, where L1b mtDNAs are more common,
and then shifted south in the African continent in the
18th and 19th centuries (Curtin, 1969; Lovejoy 2000). If
correct, this scenario implies that L3e haplotypes in
Puerto Rico came with African women captured in
southeastern Africa in the latter stages of the slave
trade.

In addition, five mtDNAs belonged to haplogroup
U5b1b (Rando et al., 1998; Achilli et al., 2004; Rosa
et al., 2004), and were represented by a single haplotype
(#93; Supporting Information Table S3). This lineage
appears in a number of West African populations,
including the Fulbe. Its presence there has been sug-
gested to possibly reflect a Berber expansion into West
Africa (Rosa et al., 2004) or instead a prehistoric back-
migration to sub-Saharan Africa from Eurasia (Cruciani
et al., 2002). Its presence in about 1.5% of all Puerto
Ricans has been considered a product of the African
slave trade (Mart�ınez-Cruzado et al., 2005).

In addition, one mtDNA belonged to haplogroup U6b1
(#94; Supporting Information Table S3). U6b1 is found
only in the Canary Islands and on the Iberian Peninsula
(Maca-Meyer et al., 2003). Current work suggests that
North African settlers likely brought this lineage to the
Canarian archipelago several thousand years ago.
Therefore, its dispersal into the Iberian Peninsula prob-
ably occurred somewhat earlier during the Capsian
period in North Africa (Maca-Meyer et al., 2003).

West Eurasian mtDNA haplogroups. West Eurasian
haplogroups accounted for 16% of Puerto Rican
mtDNAs. Among these, haplogroups U, J, and H were
the most commonly occurring, accounting for 5.2, 3.7
and 3.7%, respectively, of the participants (Supporting
Information Tables S2 and S3). These haplogroups are
commonly found in Western European countries, such as
Spain (Richards et al., 1998; Crespillo et al., 2000;
Simoni et al., 2000), and thus are likely to have origi-
nated there and reached Puerto Rico with the migration
of Spanish women to the island during the colonization
period. However, given the recent influx of North Ameri-
cans into Puerto Rico (Rogozinski, 1999), some hap-
logroups of European origin may have arrived in Puerto
Rico via immigration from the United States. Hap-
logroups K, R0a, T, W, and X2b also occurred at low fre-
quency among Puerto Ricans (Supporting Information
Tables S2 and S3). Although West Eurasian in origin,
these haplogroups are generally less common in Spain
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and Western Europe than other parts of the Mediterra-
nean region (Richards et al., 1998; Crespillo et al., 2000;
Simoni et al., 2000). Thus, they may be indicative of
maternal ancestry from other West Eurasian source pop-
ulations, such as central or northern Europe, or perhaps
North Africa and the Middle East.

Network analysis of mtDNA data. The MJ networks
constructed from haplogroup A2 and C1 HVS1 sequen-
ces showed a distinct pattern (Figs. 2 and 3). While
having large central nodes, both networks also exhib-
ited several branches with high frequency nodes often
separated from the central haplotype by two or more
mutations. The topology of the networks suggested that
these haplogroups arrived on the island from elsewhere
as sets of already derived haplotypes, rather than
reaching the island as founder types and evolving over
time on the island. This pattern also suggested that the
A2 and C1 lineages likely arrived in Puerto Rico at dif-
ferent times.

To better infer the pattern of population diversification
(haplogroup evolution and dispersal) in the Caribbean,
we constructed individual networks for five of the most
common sub-haplogroups in Puerto Rico (A2k, A2z, A2*,
C1b2, and C1b4) using complete CR haplotypes (Fig. 4a–
e) and estimated divergence dates for them (Table 2).
This analysis revealed divergence dates for 9,510 YBP
for A2k and 905 YBP for A2k1. While the estimate for
A2k predates human settlement of the Caribbean, that
for A2k1 is consistent with the arrival of ancestral Ta�ıno
populations in the Greater Antilles. The A2k estimate
further implies both the antiquity of this lineage in
South America and arrival in the Caribbean as a diverse
set of haplotypes. The dates of 4,291 YBP for A2z and
1,906 YBP for A2* were somewhat earlier than the
arrival of ancestral Ta�ıno populations from South Amer-
ica. Interestingly, neither of these haplogroups has been
observed in South America, although they are otherwise
common in Cuba. In fact, these haplotypes appear simi-
lar to those in native populations from North America
that lack the C64T mutation in the HVS2 (Helgason
et al., 2006; Vilar et al., 2011) (Supporting Information
Tables S2 and S3).

The estimated divergence time for haplogroup C1b4
was 3,019 YBP, whereas that for haplogroup C1b2 was
647 YBP (Table 2). The age of C1b4 was consistent with
the earliest archaeological evidence for people on the
island (possibly the Ortoroid cultural period). By con-
trast, the younger age of C1b2 suggested that it arrived
later during the Ta�ıno expansion into the Caribbean, or
possibly even arriving with Carib populations that were
expanding through the Lesser Antilles during the last
millennia. However, C1b2 haplotypes have not been
found in Carib descendant populations in the Lesser
Antilles or northern South America (Benn Torres et al.,
2008; Mandarino, 2010).

Statistical analysis of mtDNA data. Given the low
number of HVS1 haplotypes shared between Puerto
Ricans and other populations (Table 1), the analysis of
genetic variation was carried out comparing the Puerto
Rico data set to other Caribbean and continental source
populations based on haplogroup frequencies. The MDS
plot of pairwise FST estimates revealed that Puerto
Ricans were most similar to Cubans and Venezuelans,
who also have high frequencies of indigenous haplotypes
(Fig. 5). In addition, populations from former British
and Spanish colonies grouped together with African pop-
ulations, in large part because of having significant fre-
quencies of haplogroup L mtDNAs. Overall, the MDS
plot showed a clear separation of the three ancestral
source populations for admixed groups in the Americas
(West Eurasian, Amerindian and African) in the corners
of a triangle. The positions of admixed groups within
that triangle thus reflect the relative genetic contribu-
tions of these three source populations.

Heterozygosity estimates based on indigenous lineages
showed that Puerto Ricans were less diverse than
Cubans (Supporting Information Table S5). This result,
along with the high frequency of haplotypes shared
between the two islands (Table 1), may be indicative of
the directionality of population movements from west to
east across the Greater Antilles, with the Puerto Rican
haplotypes being a subset of those present in Cuba. The
pattern may also be reflective of genetic drift occurring
in Puerto Rico, which is geographically less than a tenth

Fig. 2. A MJ network of A2 HVS1 haplotypes. The asterisk (*)
denotes the founder haplotype (16111, 16223, 16290, 16319, 16362).
The node size reflects the number of individuals having the same
haplotype. Filled circles represent haplotypes observed in this
study, while open circles represent inferred haplotypes not seen in
the Puerto Rican samples.

Fig. 3. A median-joinng network of C1 haplotypes. The
asterisk (*) denotes the founder haplotype (16,223, 16,298,
16,325, 16,327). The node size reflects the number of individuals
having the same haplotype. Filled circles represent haplotypes
observed in this study, while open circles represent inferred
haplotypes not seen in the Puerto Rican samples.
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the size of Cuba. However, Puerto Ricans and Venezue-
lans had the smallest (non-significant) FST value, while
sharing a number of HVS1 haplotypes between them
(#1, 2, 6, 13, 15, 19, 21, and 24; Table 1). These data
clearly point to northern South America as a significant
source of genetic lineages for the island.

Y-chromosome diversity in Puerto Rico

Approximately 84% of the paternal lineages in Puerto
Ricans were of European or West Eurasian origin (Table
3; Supporting Information Tables S6 and S7). Of these,
44.6% belonged to haplogroup R1b, which occurs com-
monly among Western European populations (Myres
et al., 2010). The second most common haplogroup was
E1b1b (17.3%), which is also found in Europe but has a
more Mediterranean and North African distribution than
R1b (Cruciani et al., 2007). In addition, haplogroups G2a
(6%), I2 (4%), J2 (5%), and T (2%) were found at varying
frequencies among Puerto Rican men, with these also
having a North African and Mediterranean geographic
focus (Arredi et al., 2004; Semino et al., 2004; Cruciani
et al., 2007; Rootsi et al., 2012), while haplogroup I1, com-
mon in central and northern Europe (Lappalainen et al.,

Fig. 4. MJ networks of CR sequences for different mtDNA haplogroups observed in Puerto Ricans. (a) A2z (b) A2* (c) C1b2 (d)
C1b4 (e) A2k. The node size reflects the number of individuals having the same haplotype. Filled circles represent haplotypes
observed in this study, while open circles represent inferred haplotypes not seen in the Puerto Rican samples.

TABLE 2. Coalescence Times times for mtDNA haplogroups in
Puerto Rico based on CR sequences

Haplogroup Coalescence time (YBP)

A2k 9,510 6 6,420
A2k1 905 6 905
A2* 1,906 6 1,348
A2z 4,291 6 2,477
C1b2 647 6 373
C1b4 3,019 6 1,423
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2006) occurred in 5% of Puerto Ricans. Approximately
15.7% of participants belonged to a single, yet diverse
sub-Saharan haplogroup E1b1a (Rosa et al., 2007). No
indigenous Y-chromosome haplogroups (e.g., Q-M3,
Q-L54; Dulik et al., 2012a,b) were identified in the 121
male participants.

Network analysis of Y-chromosome haploty-
pes. The MJ networks were constructed from Y-STR
haplotypes belonging to the six major Y-chromosome
haplogroups for Puerto Rican men (E1b1a, E1b1b, G2a,
I1, J2, R1b, and T). The resulting networks had long
branches with a number of missing intermediate nodes
and no clear central node, suggesting that the haplotypes
did not originate on the island (see Fig. 6 as an example).
The coalescence dates for most haplogroups were also
much greater than 500 years (data not shown), suggesting
that the Y-chromosome diversity within each network pre-
dated the arrival of European and African peoples to the
island. Together, these results likely reflect the conse-
quences of the arrival and settlement of men from many
different regions during the European colonization of
Puerto Rico over the course of the past several centuries.

Based on Y-STR networks, the only haplogroup that
may have diversified to some extent on Puerto Rico was
G2a1b. Haplogroup G2a1b is defined by having two
alleles at microsatellite DYS19, a marker otherwise

characterized by just one allele in all other haplogroups.
The coalescence estimate for Puerto Rican G2a1b was
approximately 480 ybp, suggesting it might have arrived
during the early stages of European colonization. By and
large, G2a1b is found in the Mediterranean (including
Corsica, Sardinia, and southern Italy) (Keller et al.,
2012), suggesting that populations from this region may
have been the sources of some of the earliest male set-
tlers to Puerto Rico and the Spanish Caribbean.

Statistical analysis of Y-chromosome data. The
FST analysis of Y-chromosome haplogroup frequencies for
Puerto Ricans, comparative Caribbean and putative
source populations indicated that Puerto Ricans were
again most genetically similar to Cubans and Venezue-
lans, although also very close to Portuguese and Spanish
populations (Fig. 7). This pattern was not unexpected
given the high frequency of West Eurasian haplogroups
in these populations. At the same time, Puerto Rican
men showed a pattern of haplogroup diversity (high fre-
quencies of E1b1b and J2) more similar to that seen in
North African populations (Semino et al., 2004; Cruciani
et al., 2007) than a typical modern Spanish population
(Myres et al., 2010). Furthermore, some of their Y-STR
haplotypes matched those present in Semitic speaking
populations from Morocco and other parts of North
Africa (Semino et al., 2004). Such results suggest a con-
nection between Puerto Rico and North Africa, one pos-
sibly associated with the recruitment of men from those
regions (or the Canary Islands) by the Spanish to colo-
nize the Caribbean.

DISCUSSION

Maternal genetic diversity in Puerto Rico

This study is one of the first to examine genetic diver-
sity in specific municipalities in the southeastern region
(Maunabo, Yabucoa, Las Piedras, San Lorenzo) of Puerto
Rico, as well as Vieques Island. Based on our analysis,
the indigenous mtDNA HVS1 haplotypes from this
region of Puerto Rico were generally similar in type and
frequency to those found in the central and western por-
tions of the island (Mart�ınez-Cruzado et al., 2005;
Mart�ınez-Cruzado, 2010). Although Vieques had a
higher frequency of African haplogroups (42%) and lower
frequency of indigenous haplogroups (45%) compared to
Puerto Rico (24 and 59%, respectively), the majority of
HVS1 haplotypes from Vieques (82%) were also observed
on the mainland.

Fig. 5. A MDS plot of FST estimates based on mtDNA hap-
logroup frequencies. The stress value for the plot was 0.18.

TABLE 3. Y-chromosome haplogroup frequencies among Puerto Rican men

Hg Geographic ancestry N

Frequency (%)

Total (n 5 121) SE Puerto Rico (n 5 110) Vieques (n 5 11)

E1b1a Sub-Saharan African 19 15.7 (19) 15.5 (17) 18.2 (2)
E1b1b West Eurasian 21 17.4 (21) 14.5 (16) 45.5 (5)
G2a West Eurasian 7 5.8 (7) 5.5 (6) 9.1 (1)
I1 West Eurasian 6 5.0 (6) 5.5 (6) 0
I2 West Eurasian 5 4.1 (5) 4.5 (5) 0
J2a West Eurasian 6 5.0 (6) 5.5 (6) 0
R1a West Eurasian 1 0.8 (1) 0.9 (1) 0
R1b West Eurasian 54 44.6 (54) 46.4 (51) 27.3 (3)
T West Eurasian 2 1.7 (2) 1.8 (2) 0

Total 121

Note: The numbers in parentheses indicate the number of haplotypes in each haplogroup.
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The apparent genetic continuity between the two
inter-visible islands was intriguing. Historical records
have suggested that Ta�ınos (Borinque~nos) occupied the
island of Puerto Rico and Caribs occupied the island of
Vieques at the time of European contact, with Caribs
often raiding the eastern Puerto Rico coast (Fewkes,
2009). Whether or not they represented separate genetic
populations, Ta�ıno rebellions against Spanish coloniza-
tion and slavery in the early 16th century led to cessa-
tion of hostilities and possibly some mixing between
Ta�ıno and Carib populations on Puerto Rico as they
responded to Spanish settlement and conquest on the
island (Figueredo, 1978). This mixing could possibly be
reflected in the genetic similarity of individuals living on
Puerto Rico and Vieques.

We also found no clear regional patterns of genetic
variation in eastern Puerto Rico in our data set, in con-
trast to previous studies that suggested some local dif-
ferences based on C1 haplotypes frequencies in west-
central Puerto Rico (Mart�ınez-Cruzado et al., 2005;
Mart�ınez-Cruzado, 2010). While it is possible that,
because of its relatively small size, regional patterns of

variation did not emerge on Puerto Rico prior to Euro-
pean contact, historical records have hinted at differen-
ces between Ta�ıno populations occupying eastern and
western Puerto Rico (Fewkes, 2009). In this regard, any
genetic substructure once present on the island may
have been lost when Europeans arrived, perhaps in part
as a consequence of Ta�ıno rebellions and relocations in
response to Spanish colonial domination (Figueredo,
1978) or the result of disease epidemics and enslave-
ment, which hugely affected the demography of Ta�ıno
populations (Rouse, 1992; Crosby, 2003; Raudzens,
2003). Furthermore, Puerto Rico has had a system of
highways for several decades, making modern cross-
island movement in the 20th century, hence, contact
between individuals, quite easy.

Conversely, efforts to identify the geographic prove-
nience of individual haplotypes originating outside of
Puerto Rico were quite informative. As the Caribbean was
one of the last regions to be settled by indigenous groups
in the Americas (Wilson, 2007; Fitzpatrick and Ross,
2010), we anticipated being able to trace Puerto Rican
indigenous maternal ancestry to certain continental
regions, even after 520 years of European colonization.

The search for the origin of the two of the most common
A2 haplotypes (A2z and A2*) in Puerto Rico took us to
Cuba but no further. The high frequency and diversity of
A2z haplotypes in Cuba suggests that this lineage origi-
nated in Cuba, the largest Caribbean island, and began
diversifying shortly after its arrival there �4,000 YBP,
reaching Puerto Rico by around 2,000 YBP. As noted ear-
lier, haplogroup A2* follows the same distribution. These
patterns suggest that A2z and A2* arrived in Cuba in the
mid-Holocene, and were later brought to Puerto Rico from
the west, prior to the arrival of Ta�ıno groups. Further sup-
port for this view is the absence of these haplogroups in the
Lesser Antilles (Benn Torres et al., 2008) and South Amer-
ica (e.g., Alves-Silva et al., 2000; Lander et al., 2008; Salas
et al., 2008; Gomez-Carballa et al., 2012).

Two possible entry points into the Caribbean via Cuba
are Florida and the Yucatan peninsula. Since A2 is quite
common in Mexico (Kemp, 2006; Sandoval et al., 2009;
Schurr et al., 2012b; Vilar et al., 2013), and Mexico was
the largest population center in North America during the
late Holocene (Haines and Steckel, 2000), it would seem
to be the likeliest source of A2 haplotypes for the Greater
Antilles. However, despite the fact that indigenous Mesoa-
merican groups exhibit well over a hundred distinct A2
HVS1 haplotypes (Kemp, 2006; Salas et al., 2009; Melton
et al., 2013; Vilar et al., 2013), only one of these haplo-
types appears in our Puerto Rican data set. In addition,
the Puerto Rican A2z and A2* haplotypes are missing the
C64T mutation in HVS2, which is present in the vast
majority of A2 types in Mesoamerica (Achilli et al., 2008;
Sandoval et al., 2009; Vilar et al., 2011; Schurr et al.,
2012b; Vilar et al., 2013).

By contrast, A2 haplotypes from United States and
Canada often lack the C64T mutation, and Inuit popula-
tions from the Arctic (haplogroups A2a and A2b) lack it
all together (Achilli et al., 2008; Vilar et al., in review).
These data raise the possibility of different colonization
routes being used to colonize Cuba and the Caribbean.
In this regard, a recent paper suggested that popula-
tions may have migrated across the Arctic coast to reach
and settled the American east coast (O’Rourke and Raff,
2010), and eventually moved south from Florida to the
Bahamas and the Greater Antilles. This model is gener-
ally consistent with the age of and patterns of diversity

Fig. 6. A MJ network of haplogroup E1b1b Y-STR haplotypes.
The node size reflects the number of individuals having the same
haplotype. The key indicates the branch length of a single STR
allele difference between two haplotypes. The likely source popula-
tions for the different branches are labeled in the network.

Fig. 7. A MDS plot of FST estimates based on Y haplogroup
frequencies. The stress value for the plot was 0.14.
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in A2z and A2* in Puerto Rico and Cuba. However,
given the limited number and low resolution of indige-
nous mtDNA data from indigenous Floridians and the
American Southeast (Huoponen et al., 1996; Bolnick and
Smith, 2003), which undoubtedly were reshaped by the
population losses and dislocations resulting from the
1539-42 De Soto expedition (Galloway, 2006) and others
following it, we can only speculate about Florida possibly
being a place of origin for A2z and A2* at this time.

Nevertheless, the presence of distinct A2 haplogroups
in native populations from the eastern United States and
Canada, such as A2i and A2f1 [both have the C64T muta-
tion] (Huoponen et al., 1996; Bolnick and Smith, 2003;
Owings et al., 2012), and their absence in the Caribbean
(Mendizabal et al., 2008; The Cuban mtDNA Group,
2013), indicates a genetic discontinuity between the two
regions. In fact, to date, only a single A2 HVS1 derived
haplotype appears in both the Caribbean and North
America. Defined by a T16249C mutation in addition to
the A2 motif, it appears at low frequencies in Cubans
(Mendizabal et al., 2008; The Cuban mtDNA Group, 2013)
and Chickasaw and Choctaw groups from the southeast-
ern United States (Bolnick and Smith, 2003), while being
absent in Puerto Rico (Mart�ınez-Cruzado et al., 2010, this
study). Based on this evidence, it is likely that these A2
haplotypes arose through recurrent T16249C mutations.

The presence of C1b subhaplogroups in Puerto Rico
suggests a strong genetic link to South America. Hap-
logroup C1b4 in Puerto Rico dates to 3019 YBP, a time
frame coincident with the earliest peopling of the
region from the south by the Ortoroid culture (Rouse,
1992). Haplogroup C1b4 has also been found among
modern Venezuelan populations (Lander et al., 2008;
Gomez-Carballa et al., 2012). In addition to being one
of the most common lineages among Puerto Ricans
(Mart�ınez-Cruzado, 2010, this study), C1b2 has also
been identified in native populations of Brazil (Carde-
nas et al., 2013). In fact, an earlier analysis of Puerto
Rican C1b samples (Mart�ınez-Cruzado et al., 2005)
detected the C1b2-defining G7013A polymorphism in
them, one previously identified in several South Ameri-
can populations through restriction fragment length
polymorphism (RFLP) analysis (Kraho, Macushi, Mar-
ubo, Yanomami; Torroni et al., 1993). Furthermore, the
fact that C1b2 may also represent the main haplotypes
observed in ancient Ta�ıno samples from the Dominican
Republic (Lalueza-Fox et al., 2001) suggests that it
could potentially represent a Ta�ıno maternal lineage
(Achilli et al., 2008; Schurr, 2010). Thus, these genetic
data support a direct link between the Puerto Rican
Ta�ıno and South American Arawakan-speaking tribes
from southern Venezuela and northern Brazil.

Several other subhaplogroups follow the same pattern
and therefore may be associated with the Arawakan
expansion(s). These include Puerto Rican A2k haplo-
types (#17–23), C1b11 (#36), and C1b haplotypes with an
additional A16299G mutation (#34, 35) (Supporting
Information Table S2), all of which appear in South
American populations (Tamm et al., 2007; Achilli et al.,
2008; Salas et al., 2008; Lander et al., 2008; Gomez-
Carballa et al., 2012). The distribution of these lineages
conforms to the well-studied pattern of expansions of
indigenous people to the West Indies through the Ori-
noco River Valley and the northern coast of South Amer-
ica. Other A2 and C1 lineages in Puerto Ricans are
infrequent and less diverse and may be associated with
smaller pre-colonial movements, or possibly post-colonial

transfers from the South American mainland associated
with the post-colonial local slave trade across the Carib-
bean (Salas et al., 2005; Benn Torres et al., 2008).

As these data indicate, Puerto Rico has always been
involved in the larger population dynamics of the Carib-
bean Basin as also seen in the archeological record
(Righter et al. 1997, 2004, Siegel, 2005; Hofman et al.,
2008). However, mtDNA diversity in Puerto Rico probably
also reflects the impact of European colonization, when
Ta�ıno, Carib, and indigenous groups from other parts of
the Americas were killed, relocated and even sold as
slaves (Crosby, 2003; Raudzens, 2003; Salas et al., 2005).
Because these historical events are less than 450-years-
old, any haplotypes that were spread throughout the
region during colonial times would not likely have evolved
new mutations in Puerto Rico, hence, would appear as
single derived types at the tips of branches in the net-
works. This may be the case for the B2 and D1 haplotypes,
along with a few other individual A2 and C1c haplotypes,
that show limited diversity on the island.

Paternal genetic diversity in Puerto Rico

The Y-chromosome results were somewhat unexpected
and reflect a pattern of genetic replacement more
extreme than seen for the mtDNA data. Nearly 85% of
the male haplotypes were of West Eurasian origin and
approximately 15% of sub-Saharan African origin, while
none were clearly indigenous. This pattern strongly con-
trasts with that found for maternal lineages on the
island, suggesting very distinct maternal and paternal
histories for Puerto Ricans.

The absence of indigenous Y-chromosomes in Puerto
Rico is consistent with data from other parts of the Carib-
bean. To date, none have been found among Cubans (Men-
dizabal et al., 2008) or other Caribbean populations (Benn
Torres et al., 2008). While future analyses may eventually
reveal indigenous paternal haplogroups in the Anglo-
phone or Spanish Caribbean, our data reflect a complete
replacement of indigenous paternal lineages with West
Eurasian and African haplogroups through Spanish colo-
nization, engagement in the trans-Atlantic slave, and
colonial control over the past 500 years. Should ancient
DNA research be undertaken with pre-Columbian sam-
ples from Puerto Rico, such as those from the Dominican
Republic (Lalueza-Fox et al., 2001) or Cuba (Lalueza-Fox
et al., 2003), indigenous Y-chromosomes might be identi-
fied in past Ta�ıno populations.

As noted, the vast majority of male lineages are West
Eurasian in origin. However, the Puerto Rican male gene
pool is not an exact replica of that of Spain, the main colo-
nial power on the island. While nearly 100% of Puerto
Rican surnames are Spanish in origin, many have Muslim
and even Sephardic Jewish family histories, as opposed to
Castilian ones (Boyd-Bowman, 1956). Likewise, the high
frequency of haplogroups E1b1b, G2a, I2, and J2 in
Puerto Rican men suggests paternal ancestry from Spain,
North Africa, the Mediterranean and even the Middle
East. Interestingly, certain individual Y-STR haplotypes
from Puerto Ricans were close matches to those from vari-
ous locations including Spain, Sardinia, Algeria, and
Morocco (Cruciani et al., 2007). These observations sug-
gest that the diversity of Puerto Rico Y-chromosome hap-
lotypes reflects the broad geographic ancestry of the men
who sailed on Spanish ships and settled on the island.

The haplotype diversity revealed in the E1b1b Y-STR
network (Fig. 6) also supports the interpretation that
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male immigrants to the Caribbean had diverse ances-
tries, and likely arrived from different places in western
and southern Europe, North Africa, and the Middle East
over the course of the last 400 years. This distribution is
consistent with colonial documents, which indicate that
many of the ships embarking to the Caribbean often
picked up men from the Canary Islands, the Azores and
Madeira to serve on the vessels, and ultimately disperse
throughout the colonies (Fern�andez-Armesto, 1982).
Today, Puerto Rico, as well as other former Spanish colo-
nies in the Caribbean and continental Americas, has
strong historical ties to North Africa, and men from
these regions apparently carried haplotypes common to
those regions to the New World.

The rest of the male lineages belonged to haplogroup
E1b1a. E1b1a is the most common paternal lineage in
West and Central Africa, and represents approximately
90% of the men in those regions (Rosa et al., 2007; Veer-
amah et al., 2010). Thus, this haplogroup is likely to
have been contributed to Puerto Rican populations by
men of African descent through the trans-Atlantic slave
trade (and perhaps through more recent immigration to
the island). An earlier study found a similar E1b1a fre-
quency for Puerto Ricans, in contrast with Dominicans
and Cubans, which had 8% and 10% of E1b1a, respec-
tively (Bryc et al., 2010). These data generally support
the view that Puerto Rico was something of a backwater
colony, leading fewer men with West Eurasian ancestry
to settle there compared to Cuba and the Spanish colo-
nial center of Hispa~nola.

Autosomal variation in Puerto Rico

While the Y-chromosome perspective on Puerto Rican
genetic history argues for a greatly diminished influence
of indigenous males on the island, analysis of autosomal
SNP variation in Puerto Ricans reveals indigenous
genetic ancestry among many of these individuals. Our
initial survey of autosomal genetic variation in Puerto
Rican individuals with the GenoChip (Elhaik et al., 2013)
revealed 10–20% indigenous ancestry informative
markers in all individuals, even those lacking indigenous
mtDNA and Y-chromosome lineages. These results are
consistent with other studies of autosomal variation in
Puerto Rican populations (e.g., Via et al. 2011; Kidd
et al., 2012; Gravel et al., 2013), as well as our analysis of
admixed circum-Caribbean populations (e.g., Bermuda;
Gaieski et al., 2012; Elhaik et al., 2013). They further
demonstrate that autosomal data can be effectively used
to reconstruct Caribbean colonization history, especially
when coupled with data from the haploid mtDNA and Y-
chromosome.
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record elements of Sephardim and Berber Ancestry. Ann
Hum Genet 69:443–454.

GENETIC DIVERSITY IN PUERTO RICO 365

American Journal of Physical Anthropology
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