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Abstract
This study aims to clarify the uncertainties of the African maternal origin of the Puerto
Rico modern population that occurred during the slave trade. Haplogroup L3e was
chosen for this study because it combines the properties of being one of the most frequent
Sub-Saharan haplogroup (17%) within our Puerto Rican present population at the same
time that it presents distinct sub-haplogroups with uneven distributions in the African
continent. The mitochondrial DNA haplogroup L3e is characterized by the gain of the
restriction site 2349 Mbol or Dpnll within the Afro-Eurasian paragroup L3 (-3592 Hpal).
Restriction site polymorphisms and Hyper Variable Sequence-1 (HVS-I) screening in
haplogroup L3e define five principal sub-haplogroups (L3el, L3e2, L3e3, L3e4 and
L3e5). Thirty-five L3e samples were classified into L3e sub-haplogroups. Because
Puerto Rico African heredity suggests a mainly West African origin, we expected that the
most frequent sub-haplogroup would be L3e2, which is the most frequent in Western
Africa. However, the most frequent L3e mitochondrial DNAs in Puerto Rico belongs to a
Restriction Fragment Length Polymorphism (RFLP) type shared by L3el and L3e2b.
Sequencing showed a higher frequency of L3el among our present population, leaving
L3e2 as second most frequent and L3e4 and L3e3 as the least frequent sub-haplogroups.
Principal Component Analysis and an equation based on a Bayesian approach of the sub-
haplogroup frequency distribution suggest that the L3e origin is more similar to
Mozambique than to any other African region. The study of the sub-haplogroups is
important because these have not been characterized for Puerto Rico and the information
provided by them may shed light on the geographic origins of African slaves sent to

Puerto Rico from the 16" to 19" century.



Resumen

Este estudio tiene como objetivo clarificar el origen Africano de la herencia materna
en la poblacion actual de Puerto Rico como resultado del trafico de esclavos. El
haplogrupo L3e se escogio para este estudio porque combina las siguientes
caracteristicas: es el mas comudn haplogrupo del Sub-Sahara (17%) entre la poblacion
presente de Puerto Rico y a la misma vez presenta una distribucion distintiva de sus sub-
haplgrupos entre las regiones de Africa continental. El haplogrupo de ADN mitocondrial
L3e esta caracterizado por la ganancia del sitio de restriccion de la enzima Mbol o Dpnll
en la posicion 2349 dentro del paragrupo L3 (-3592 Hpal). Los polimorfismos de los
sitios de restriccién y haplotipos segun el HVS-I dentro del haplogrupo L3e definen cinco
sub-haplogrupos principales (L3el, L3e2, L3e3, L3e4 y L3e5). Treintay cinco muestras
L3e fueron caracterizadas para sus sub-haplogrupos. Ya que la herencia Africana en
Puerto Rico sugiere ser mayormente del Oeste de Africa, nosotros esperabamos que el
haplogrupo L3e2 fuera el de mayor frecuencia, el cuél es el mas comdn en el Oeste de
Africa. Sin embargo, los mtDNAs de L3e mas frecuentes en Puerto Rico pertenecen a un
grupo RFLP compartido por los sub-haplogrupos L3el y L3e2b. Usando anélisis de
secuencias se llego al resultado de que el sub-haplogrupo L3el fue el mas frecuente en
nuestra poblacién actual, dejando L3e2 como el segundo mas frecuente, L3e4 como el
menos frecuente y L3e3 con tan solo una muestra. El analisis de componentes principales
y la ecuacién bayesiana de los sub-haplogrupos L3e sugieren que su origen es mas
similar a Mozambique que ninguna otra region Africana. Este estudio de los sub-

haplogrupos es importante porque estos no han sido estudiados para Puerto Rico y su



estudio puede aclarar el origen demografico del trafico de esclavos hacia Puerto Rico

durante los siglos 16 al 19.
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INTRODUCTION

The first African slave was brought to Puerto Rico by Juan Ponce de Ledn in
1508. According to historical sources and through almost four centuries, most of these
slaves were obtained from the west coast of Africa from Senegal to Angola, although
many were captured from tribes residing very much inside the continent, and by the end
of this period a strong trade was established from Mozambique. However, historical
records are deficient and the contribution of the various African regions to the Puerto
Rican gene pool from mtDNA is very useful to shed light on the uncertainties.

The mtDNA is a very highly used molecule in phylogeographic studies for its
unique and very desirable qualities: circular DNA molecule, relatively small, maternal
heritage only, does not recombine and with a high mutation rate (Cann et al., 1987). The
use of specific markers found in the mtDNA can clarify the phylogeographic history of
the Puerto Rican African gene pool. Martinez-Cruzado et al. (2005) suggested in their
study of the phylogenetic history of the Puerto Rican population, that the African
contribution to Puerto Rico tends to be mostly from West Africa. Also, they calculated
that 27.2% of the mtDNA in the present Puerto Rico population is of Sub-Saharan
African heritage. Other studies suggested that sub-haplogroup L3e2, a mainly West
African sub-haplogroup, is predominant among the African Americans of the Caribbean
(Salas et al., 2002). For these studies they used principal component analyses (PC) based
on HVS-I sequences in these populations, and suggested that African American
populations were more similar to those of West Africa than to those of other regions of
the continent. On the other hand, studies using frequencies of different mtDNA sub-

haplogroups distinctive of African populations, and analytical tools often based on



Bayesian approaches have been able to estimate the contribution of African ancestors to

admixed populations (Mendizabal et al., 2008).



JUSTIFICATION

The aim of this study is to better understand and explain the origins of our African
heritage. The L3e samples represent 4% of the Puerto Rican mtDNA and 17% of that of
Sub-Saharan mtDNA origin. Among all African haplogroups, L3e is particularly
ubiquitous. Thus, information related to geographic origin can be obtained from this
haplogroup through its subdivisions. Its sub-haplogroups are L3el, L3e2, L3e3, L3e4 and
L3e5 (Behar et al., 2008). The Fst value for L3e sub-haplogroups in Africa is 0.17. By
contrast, most Fst values for intercontinental comparisons fluctuate between 0.09 and 0.13.
Therefore, being able to use these sub-haplogroups to determine our historic African
demographic process during the slave trade, will help to understand better the contribution
of the African slaves to our present Puerto Rican population. Thus, the objective of this
study is to reach a more comprehensive estimate of the contribution of different African
regions to the Puerto Rican mitochondrial gene pool by means of studying L3e sub-
haplogroups frequency distribution in Puerto Rico. | have analyzed the L3e sub-
haplogroups within the Puerto Rican population using a four enzyme polymorphism assay
comprising the following enzymes and sites: Avall (5260), Alul (5584), Haelll (9553) and
the isochizomer of Mbol, Dpnll (14869) (Table 1). In addition, the HVS-I sequence of
twenty-four L3e samples will be determined. The frequency variation of the sub-
haplogroups within and among populations in Africa, using the Fsr overall, have helped us
differentiate African samples variation distributed within versus among the populations
studied. Then, the frequency of each of these sub-haplogroups have been used in a
Principal Component Analysis (PCA) to study genetic similarity among populations. This
helped us compare the distribution of our present African gene pool to the African

continental regions. Finally, by using a Bayesian phylogenetic analysis of L3e we have



estimated the relative contribution of different African regions to the Puerto Rican gene

pool.



LITERATURE REVIEW

Slave trade to the Americas

The Puerto Rico African heritage finds its origin in the slave trade. At least 11
million people, in their majority from the regions of West and Central Africa were
forcibly moved to European and American destinations during the 15th-19th centuries
(Thomas, 1997). The imported slaves that came to the Island were from the West coast of
Africa, from Senegambia to Cameroon, but also from Congo, Angola, and even
Mozambique (Alvarez-Nazario, 1979). Extensive trading from Sub-Saharan Africa
started with the Portuguese trading slaves around 1502 (Thomas, 1997). Although
Europeans did not usually adventure inside Africa, the trade included Central African
people that were captured often by African slave merchants and then stored as
merchandise in the west coast of Africa including the islands of Bioko and Sao Tomé
before departing to the Americas. Once slaves arrived to America they interbred with
Amerindians and Europeans (Gonzélez et al., 2006). There are little or no records of
dates, births and deaths nor geographical information on the origin of African slaves.
Therefore, the use of molecular genetics, like the mitochondrial DNA, will help us
understand better the geographic sources of the slave trade in relationship to our present
African American heritage in the current population of the Island.

Historical records and documentation during that time do not help us to establish
the geographic origin of African Americans. Based on PC analyses of haplogroup
frequencies in Puerto Rico and tribes around Africa, Martinez-Cruzado et al. (2005)
suggested that the origins of African mtDNAs in Puerto Rico were mainly from Western
Africa. Also the data presented by Salas et al. (2004), through their PC analysis, showed

that the African American, Sao Tomé, and Caribbean samples were closer to Western



Africans. However, it is now known that one of the main haplogroups used by Martinez-
Cruzado et al. (2005), L3e, is subdivided into five haplogroups that have distinct
geographic distribution within Africa (Bandelt et al., 2001; Cerny et al., 2007).
Therefore, | am extending this work by identifying further Puerto Rican mtDNAs of

haplogroup L3e in search of a more precise estimate of African origins of Puerto Rico.

Mitochondrial DNA analysis

The mitochondrial DNA (mtDNA) has proved to be an excellent tool in the study
of human population history, frequently providing geographic-specific mutations and
informative data to figure out historic demographic processes. The mtDNA is a circular
chromosome that contains 37 genes in 16,568 base pairs (Andrews et al., 1999). These
genes codify for proteins involved in oxidative phosphorylation, and for mitochondrial
rRNAs and tRNAs. The endosymbiotic theory established that this organelle arose from a
prokaryote that lived inside a primitive eukaryote. This theory has being reviewed by
many authors (Lang et al., 2009).

The mitochondrion is inherited from the mother only (Giles et al., 1980). It does
not recombine, and thus maintains its human group identity in mixed populations such as
that of Puerto Rico. In addition, its rapid mutation rate allows the accumulation of
sufficient mutations to perform statistical analyses with sufficient power in the study of
recent populations such as humans without requiring the analysis of a prohibitive number
of samples.

For evolutionary studies researchers often utilize the control region of the

mtDNA. The control region is a non-coding region that contains two hypervariable



regions known as HVS-I and HVS-11, which span from positions 16051 to 16400 and 68
to 263, respectively (Soares et al., 2009). These regions are the most variable, and thus
the most effective at providing information. They represent only 7% of the mtDNA, but
accumulate approximately 30% of all mutations. The variability of the mutation rate at
different sites in these regions is very high, often causing parallel and reverse mutations
in different branches of the evolutionary tree. These facts create a problem of large
standard errors when constructing phylogenetic relationships based on genetic distances
(Richards et al., 2002).

Restriction fragment length polymorphisms (RFLPSs) studies are efficient to identify
the different lineages because specific restriction markers have been identified for most
haplogroups, which are monophyletic groups typically defined by such haplogroup’s
specific restriction markers. For example, the African haplogroup LOa is defined by a 9bp
deletion between the genes for the second subunit of the cytochrome oxidase and the
tRNA"* (Salas et al., 2002). However, it is difficult to estimate the age of these
haplogroups, not only because of the variability in the mutation rate among different
sites, but because informative sites even for the complete mtDNA are few. Such age
estimates are based on the diversity found within haplogroups. Various authors have
agreed that a large sample size can better resolve age estimates (Richards et al., 1996,
2002; Saillard et al., 2000).

Other studies have relied on the comparison of mitochondrial genomes deposited
in genetics databases such as GenBank. Pereira et al. (2009) analyzed the complete
sequence of 5140 complete human mtDNAs and concluded that protein-coding genes
have less variation. Analyses of mtDNA coding region and HVS-I and HVS-II sequences

have provided us significant information to determine phylogeography of different



mtDNA haplogroups (Bandelt et al., 2001). On the other hand, it has also left us with a
lot of controversies about evolutionary theories as the one discussed by Howell et al.
(2004). In this study of haplogroup L sequences, the non clock-like evolution of
haplogroup L2 was described. Their analysis of maximum likelihood branch lengths
found that its lineages evolve at different rates. However, L1 and L3 sequences showed
clock-like evolution. In order to estimate more precisely the time frame of
phylogeographic changes using the molecular clock of the human mtDNA, Soares et al.
(2009) used a calibration method that corrects the time dependency of the mtDNA
mutation rate by estimating empirically the level of selection versus variation at any time
depth within the phylogenetic tree and using this to correct the estimates from the linear
clock. They concluded that human mtDNA mutations do not behave linearly, most likely
because of purifying selection and saturation and that assuming a linear approach will

result in an overestimation of coalescence times near the tips of phylogenetic trees.

Phylogeographic patterns of African heritage

Genetics, linguistics and anthropology have been combined to compensate for the
lack of records that were kept from the centuries of slave trade (Shiver & Kittles, 2004).
The study of linguistics has been key in the study of African populations. There are four
main macro-families: the Niger-Kordofanian, Afro-Asiatic, Nilo-Saharan and the
Khoisan (Tishkoff et al., 2009). The Niger-Kordofanian is spread across a broad portion
of Africa and it includes the Bantu family with more than 500 languages and the greatest
geographic distribution in Africa. Afro-Asiatic languages are spoken across North Africa,
the Horn of Africa and the Middle East; Nilo-Saharan is spoken in Sudanic, Sahara, and

eastern Africa, and the Khoisan family covers 30 languages spoken by about 300,000-



400,000 people most of them in the South of Africa (Tishkoff et al., 2009). The Khoisan
languages, which contain click-consonants, are spoken by San and Hadza of Tanzania
according to Tishkoff et al. (2007 and 2009). Also, the Khoisan languages are the most
ancient, but the Bantu expansion seems to have replaced Khoisan-speaking populations in
most of Sub-Saharan Africa. The Bantu expansion originated in eastern Nigeria and
western Cameroon (the core of the dispersal) (Salas et al., 2002). From there, it spread
east and south to cover all of Central Africa and reaching South Africa regions, where
Khoisan is still spoken in addition to very small clusters that are left in Central Africa
(Quintana-Murci et al., 2007). The controversy about the linguistic studies is how this
dispersal took place; if it was a slow exodus of small groups or a rapid population
movement.

According to Salas et al. (2002), because the population is highly homogenous
with respect to their mtDNA, analysis of PCA and AMOVA suggest a common origin or
high levels of gene flow between the groups, or both. They also state that because of
pronounced founder effects in the networks, substantial numbers of complex processes of
the Bantu expansion involved events that resulted in short-range dispersals.

The African markers identified: LO, L1, L2 and L3, start to clarify the Bantu
expansions and also the Atlantic slave trade migrations. LO is at the root of Sub-Saharan
MtDNAs. It is approximately 150,000-170,000 years old (Salas et al., 2002).

Starting with LOa (defined by a 9-bp deletion), this haplogroup has been identified as an
eastern Bantu marker (Mishmar et al., 2003). Only two major sequences characterized
L0a2, the distribution of which is mainly Central Africa. It is common in African
Americans, suggesting that this haplogroup was a significant part of the Atlantic slave

trade.



The L1 clade is represented by L1b found mainly in Western Africa, where it
seems to have originated. L1c seems represented by carriers from Angola and its clade
L1c3 in Bioko and Mozambique. Lastly, L1e is entirely of Central African provenance
(Salas et al., 2002).

The haplogroup L2 is divided into L2a to L2e. Of these, L2a is the most frequent
and widespread in Africa and among African Americans (Salas et al., 2002). It is
characterized by its transition at nucleotide position (np) 16294 and the presence of a
Haelll site at np 13803. The estimated age of L2 is 70,000 years.

L3 includes all Eurasian variation and is an important marker of Sub-Saharan
African distribution (Salas et al., 2002). The L3 estimated origin is East African. It
includes sister haplogroups L3b and L3d, which are predominantly West African. But
L3e is the most widespread, frequent and ancient of all L3 clades (Salas et al., 2002). L3e
originated in central or eastern Africa and according to Soares et al. (2009), its coalescent
time is estimated at ~65,000 years before present.

L3f and L3g are rare and virtually restricted to East Africa. It seems that L3f1 have
spread at an early date into West Africa. Meanwhile, L3g is from Tanzania but included
only a small sample (Salas et al., 2002). In Puerto Rico, Viera-Vera (2006) studied all
Sub-Saharan haplogroups finding L3e, L1b, and L2a as the most frequent in a sample set

representative of the Puerto Rican present population.

L3e sub-haplogroup analysis
Phylogeographic analysis of mtDNA haplogroups define the composition of the
diverse groups that are part of modern African populations, which can be classified into

linguistic categories (explained in the previous section). Identification of RFLPs in the
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coding region of the mtDNA and control region sequence haplotypes has facilitated
comparisons between African populations and American populations of African origin.
Bandelt et al. (2001) recommend that a combination of multiple mtDNA analyses
including RFLP and HVS-I and HVS-I1I information should be used as a more
comprehensive way to classify these haplogroups more precisely and better determine the
geographic region that they represent.

Bandelt et al. (2001) studied eight RFLPs sites for L3e: 5260 Avall, 5584 Alul,
9253 Haelll, 9553 Haelll, 13100 Mspl, 13803 Alul, 14869 Mbol and 15812 Rsal. They
divided L3e into 4 sub-haplogroups: L3el, L3e2, L3e3, L3e4 and sometimes into further
sub-haplogroups. The loss of Mbol at np 14869 was unique for L3e2a. The gain of Aval
restriction site at 5260 separated L3e3 and L3e4 from the rest of the sub-haplogroups,
plus the loss of Alul restriction site at np 5584 was distinct for L3e4. Finally, the loss of
the Haelll restriction site at np 9553 was only found in L3e3. The only two groups that
this RFLP analysis could not separate were L3el and its sub-haplogroup L3ela from
L3e2 and its sub-haplogroup L3e2b. Due to that reason, we are using HVS-I haplotypes
to differentiate among samples that RFLPs fails to identify.

Using HVS-1 sequencing the groups were divided into seven categories: L3el
(characterized by a transition at np 16327), L3ela (16185), L3e2 (16320), L3e2a (16320
and 16286), L3e2b (16172, 16189 and 16320), L3e3 (16265T), and L3e4 (16264). Also,
more recently, L3e5 has been described by Cerny et al. (2007). It is distributed across
North Africa and it is estimated to be 7100 years old. It is absent in Sub-Saharan African
and African-American samples, which indicates very low contribution to the Atlantic
Slave trade. Therefore, it is not included in this study for further analysis. This sub-

haplogroup is characterized by two transitions in the HVS-I at np 16041 and 16223

11



(Torroni et al., 2006). Finally, Bandelt et al. (2001) used HVS-II sequences to confirm
the HVS-I categories.

In this study | have assessed the L3e samples for identification of the four sub-
haplogroups: L3el, L3e2, L3e3 and L3e4 using RFLP for the distinctive np 5260 Avall,
5584 Alul, 9553 Haelll and the isochizomer of Mbol, Dpnll (14869) (Table 1). | have
also sequenced HVS-I1, and for confirmation, some samples of the HVS-11 were
sequenced, as well.

The previous studies on African populations used for comparison in this study are
the following (Table2): from West Africa, including Senegambia (Bandelt et al., 2001,
Hinemeier et al., 2007; Chen et al., 2000), Senegal (Batini et al. 2007), Mali and
Mauritana (Gonzalez et al., 2006; Ely et al. 2002); from West Central Africa, including
Cameroon, Nigeria, Mbuti Pigmies and Biaka Pygmies (Bandelt et al., 2001; Silva et al.
2006; Chen et al. 2000; Veeramah et al. 2010); Sao Tomé (Mateu et al., 1997; Batini et
al., 2007); Mozambique (Pereira et al., 2001; Salas et al., 2002), and Angola (Plaza et al.,
2004). L3el, L3e2 and L3e3 are very common among southeastern Bantu speakers.
L3el is established throughout Sub-Saharan Africa and Salas et al. (2002) suggested a
West Central African origin, it is rare among West Africans from this sub-haplogroup
are derived two sub-clades: L3ela and L3elb. L3ela is the result of Bantu family gene
flow and has a high frequency among Khwe populations. Its distribution is southeastern
Africa; meanwhile L3elb is extensively widespread and its corresponding HVS-I
sequence motifs is 2223-325D-327 (Salas et al., 2004). L3e2 is the most common sub-
haplogroup in Central Africa and West Africa. The Mbol site at np 14869 seems to
partition L3e2 into two sub-clades: the loss characterizes L3e2a, while the

complementary clade, L3e2b, appears to be defined by transitions at np 16172 and 16189

12



in its HVS-I haplotype. The sub-clade L3e2a is found mainly in Central Africa, and has a
particular transition in HVS-11 at np 198 (Salas et al., 2002). On the other hand, the sub-
clade L3e2b is found at a high frequency in West-Central African regions, and at small
frequencies in southeastern Africa, although it is widespread through the African
continent and also is found in high frequency in a Caribbean sample (Santo Domingo)
and Brazilian samples (Bandelt et al., 2001). L3e3 is primarily Angolan, but it has a high
frequency in Southeast Africa. L3e3 is found in Brazil, West-Central African regions and
North Eastern Africa. L3e4 is a small clade present in East, and Central Africa, with only
no samples found so far in Angola. However, it accounts for approximately 20% of all
L3e mtDNAs in West Africa.

We focused on the Puerto Rican L3e geographic origin from Africa (Figure 1).
For this study I divided Africa into the following regions and populations from previous
studies (Table 2): West Africa, including Bantu-speaking, from Senegal, Senegambia,
Mandenka, Wolof, Mali and Mauritana; West Central Africa including samples that are
from Mbuti Pygmies, Biaka Pygmies, Nigeria, Cameroon and other Non-Atlantic West
Central Africa; Sao Tomé, Angola and Mozambique. We compared the frequency of the
sub-haplogroup L3e2 in Puerto Rico, because it is found in high frequency among other

Caribbean populations (Salas et al., 2002).

Region Profiles

L3e mtDNA sub-haplogroups have been studied in depth in the literature, to the
extent that variation shows strong phylogeographic structure among African continental
regions (Bandelt et al., 2001; Salas et al., 2002; Soares et al., 2009). The use of L3e sub-

haplogroups can explain the migration events that occurred during the slave trade from

13



Africa to America. Therefore, using phylogeographic structure analysis of these sub-
haplogroups we can better understand the specific events that occurred during this time,
to the point of being able to assign continent origin of our present African mtDNA
heritage in Puerto Rico.

The use of principal component analysis (PCA) in our study can help us achieve that
objective. PCA gives us the opportunity to compare the L3e sub-haplogroup distribution
in the modern Puerto Rican population with that of various African populations,
suggesting the populations that most contributed to the slave trade to Puerto Rico. PCA is
a fast and effective way to diagnose population structure (Zhu and Yu et al. 2009). PCA
identifies polymorphisms representing strong variations and cluster samples inside stable
haplogroup clusters (Alexe et al., 2008). Moreover, PCA summarizes variation observed
across all markers into a number of underlying component variables. It organizes
individual coordinates along axes of variation, describes the weight of each sub-
haplogroup in each individual component and is able to make computational analyses of
a large number of markers. On the other hand, it needs large sample sizes to capture most
of the variation and it has a very low dimensional manifold (Zhu and Yu 2009).

Another approach employed that can be useful for phylogeographic structure
analysis was used by Mendizabal et al. (2008). In his study of Cuban genetic admixture,
they had the objective to determine the contribution of different continents to the Cuban
mMtDNA and Y chromosome gene pool. For this, they devised a Bayesian approach-based
equation. The advantage of using the Bayesian computation is that it will give us a
relative numeric estimate of the contributions of different African continental regions to
Puerto Rico, based on the L3e sub-haplogroup frequencies in Puerto Rico and in African

regions. It has a disadvantage, in which it can overestimate the contribution of regions of
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very low contribution, and similarly underestimate the contribution of regions with very
high contributions.

Finally, I will use the Overall Fsr value from the PCA calculations to estimate the
level of variation between L3e African populations relative to the variation within
populations. A very high Fsr, suggesting large differences between populations, will
suggest that this approach should be effective in distinguishing the possible African

origins of the L3e mtDNAs in Puerto Rico.

OBJECTIVE

Considering the advantages and disadvantages discussed above, | am confident
that by using these methods the following questions about the events that took place
during the Atlantic Slave trade can be answered: what is the origin of the L3e sub-
haplogroup in Puerto Rico and which combination of contributions of different African
regions to Puerto Rico may such geographic origin? Thus, the objective of this study is to
reach a more comprehensive estimate of the contribution of different African regions to
the Puerto Rican mitochondrial gene pool by means of studying L3e sub-haplogroups

frequency distribution in Puerto Rico.
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MATERIALS AND METHODS
Population
Two-hundred and twenty Puerto Rican mtDNA individual samples were characterized for
an African origin (Martinez-Cruzado et al., 2005). Restriction site assays provided 37 of
these samples as belonging to mtDNA haplogroup L3e, defined by the gain of the
restriction site 2349 np Mbol within Afro-Eurasian super haplogroup L3 (-3592 Hpal).
The 37 samples, together with other 3 L3e samples collected later in Vieques and directly
sequenced by a group of undergraduate students under Dr. Martinez Cruzado, were

further analyzed in this study (Table 3).

RFLP screening

We employed the classification of the L3e sub-haplogroups established in Bandelt et
al. (2001), which combines HVS-I and RFLP information. Four enzyme restriction site
assays were performed using the following enzymes and sites: Avall (5260), Alul (5584),
Haelll (9253) and the isochizomer of Mbol, Dpnll (14869) (Tablel). The primers and
amplification reaction conditions used by this study were described by Bandelt et al.
(2001) (Table 4).

The restriction digests were performed according to the manufacturer’s

conditions, and the DNA fractioned in a 3% agarose gel with PhiX174DNA-Hae 111
Digest (New England Bio Labs N3026L) as molecular weight marker. The agarose gels

were stained with ethidium bromide and photo-documented under UV light.
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HVS-I screening

The HVS-I region was amplified through PCR using primers L15829
(CATCCGTACTATACTTCACAAC) and H16345 (GGGACGAGAAGGGATTTGAC),
also L16219 (TGCTTACAAGCAAGTACAGCA) and H34
(ACCAAATGCATGGAGAGCTCC). The PCR reaction contained 1X Buffer without
MgCl; (Sigma P-2317), 2mM MgCl,, 4 mM dNTP, 1.3uM each primer, 8uL of DNA
sample from hair root extract (Martinez-Cruzado et al., 2005), 0.45 U of Taq DNA
polymerase (Sigma), 0.03 mg BSA (New England Bio Labs) in a total volume of 25 pL.
The amplification conditions included one cycle of 5 minutes at 94°C followed by 35
cycles of 30 seconds at 94°C, one minute at 55°C, and 1.5 minutes at 72°C. One
extension cycle of 10 minutes at 72°C completed the amplification. After confirming
appropriate amplification through agarose gel electrophoresis, the amplicons were
purified using the High Pure PCR Product Purification Kit (Roche Diagnostics Corp.) as
instructed by the manufacturer.

Cycle sequencing was performed using the Big Dye 3.1 Terminator Kit (Applied
Biosystems) as instructed by the manufacturer. Reaction conditions were as follows:
0.5ul Buffer 5x, 0.5ul Big Dye, primer at 1uM and 3 pl of Sng/uL of Purified PCR
product in a total volume of 5 ul. Amplification conditions were 96° C for one minute,
35 cycles of 96°C for 15 seconds, 50°C for 15 seconds and 60°C for 4 minutes. Finally,
samples were kept at 4°C. Primers used for sequencing were L15854

(CCTAATCCTAATACCAACTATC) and H16526
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(GGGAACGTGTGGGCTATTTAGG). Resulting fragments were purified through
ethanol precipitation. Automated sequencing was performed using an ABI 3130 Genetic
Analyzer. Obtained sequences were aligned to the revised CRS (Andrews et al., 1999)

using the OMIGA 2.0 (GCG) program.

Phylogeographic analysis

The L3e sub-haplogroups were analyzed for phylogeographic specificity using only
sequences with confirmed L3e status as described before by Bandelt et al. (2001) from
previously published data (see Table 2). The African geographical regions were West
Africa (Senegambia, Senegal, Mandenka, Wolof, Mali and Mauritana), West-Central
Africa (Mbuti and Biaka Pygmies, Nigeria, Cameroon and other Non-Atlantic West
Central samples), Angola, Sao Tomé, and Mozambique.

The resulting L3e sub-haplogroup frequencies were compared with those of other
populations in the African regions. Using Fst overall measurements we describe the
distribution of the variation within and between populations in Africa. Fst and Principal
Component Analyses (PCA) were calculated using the POPSTR program of Henry
Harpending (University of Utah).) The probability of the L3e origin from each African
sub-continental region was estimated using an equation based on a Bayesian approach,

previously explained by Mendizabal et al. (2008).
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RESULTS

RFLP

In our RFLP, we used four enzymes that let us differentiate three L3e sub-haplogroups:
L3e2, L3e3 and L3e4. The only ambiguity of this test was the incapacity to differentiate
between L3el and L3e2b. Of the 40 samples, three never amplified and three others
(from Vieques) were sequenced directly and never subjected to RFLP. The RFLP
analysis let us identify 20 of the remaining 34 samples that amplified, about 54% of the
samples. Table 5 contains all the samples and their resulting RFLP data. Each sample is
codified by letters as explained above (see Table 3). Fourteen samples were classified as
L3el or L3e2b (38%), four as L3e4 (11%), and only two samples were L3e2a (5%).
Samples for which not enough data was collected from the RFLP assay (14 samples,

38%) were classified as not determined (ND).

HVS-1 screening

Using 22 sequences of the hypervariable region, we were able to confirm and clarify
many ambiguities of the RFLP. Eleven of them belonged to the group of 14 for which
not enough RFLP data had been collected and had thus been classified as ND. Of these,
eight belonged to the sub-haplogroup L3el, one to L3e2a, one to L3e3, and one to L3e4.
In addition, we were able to sequence six of the 14 mtDNA samples that were previously
classified as to either L3el or L3e2b. Of these, three were confirmed to be L3el and
three L3e2b. We were also able to sequence one of the samples that we had not been
able to amplify for RFLP (FE2) and classified to L3el. Finally, we sequenced four

samples for confirmatory purposes. Two belonged to L3e2a and two to L3e4, and all
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were confirmed correspondingly. Table 6 contains the 22 HVS-I sequences, listed as a
motif relative to the CRS.

Adding to all this information were the samples from Vieques, two of which were
shown to belong to L3e2b and one to L3e4, we finished with 12 L3el, three L3e2a, five
L3e2b, one L3e3, and six L3e4. These are summarized in Table 7. In addition, we had
eight samples that we knew from the RFLP analysis that they belonged to either L3el or
L3e2. Because ignoring those samples would bias our results toward an underestimation
of L3el and L3e2 in Puerto Rico, we used the ratio of L3el:L3e2a already obtained
(12:5) to predict that the 8 samples would be distributed into six belonging to L3el and
two to L3e2. Therefore, the total of L3el and L3e2 samples were raised to 18 and 10,
respectively.

In conclusion, the distribution of L3e sub-haplogroups in the Puerto Rico present
African derived population is as follows: 51.4% (SD: 4.5%) to L3el, 28.6% (SD: 2.8%)

to L3e2, 17.1% (SD: 2.9%) to L3e4 and 3.7% (SD: 0.5%) to L3e3.

Phylogeographic analysis
The Fsr value for our African populations overall is 0.17, which represents a

significant difference among populations. This difference should allow us to distinguish
among African populations using L3e sub-haplogroups (Table 2). Puerto Rican L3e
distribution has more L3el and is similar to Sao Tomé, Mozambique and Angola (Figure
1), followed by L3e2 which is more frequent in the West and West-Central Africa. There
is also a high frequency of L3e4 which again confirms the West African origin.

Table 8 pools the samples used from previous studies (Table 2) into African

geographic regions, and it includes the results of this study. These data were used to
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make the statistical analyses for Principal Component Analysis (PCA), the Bayesian
approach equation, and to calculate Fsr.

Using the analysis of Principal Components (PC) we compared the frequency among
the L3e sub-haplogroups identified in the representative sample of our present Puerto
Rican population. The first PC captured 78% of the variance and the second one 18%,
which placed Puerto Rico closer to Mozambique than to any other region of Africa
(Figure 3A). The PC1 vs PC3 captured 82% of the variance and it also grouped closer
Puerto Rico and Mozambique (Figure 3B). The sub-haplogroups that explain this PCA
are L3el and L3e2 (Figure 3C). The next analysis included Sao Tomé, an island that
became inhabited only after the start of the slave trade, when it was used to store slaves
before their long journey to the Americas. The analysis resulted with PC1 capturing 76%
of the variation, PC2 20% and PC3 4% (Figure 4A). Therefore, PC1 vs. PC2 (Figure 4A)
represents 96% of the variance and PC1 vs. PC3 80% (Figure 3B). The comparison of
PC1 vs. PC2 places Puerto Rico almost equidistant between Sao Tomé and Mozambique,
at the center of an apparent cluster. Figure 4C shows which haplogroups are mostly
responsible for the variation present in PC1 and PC2. PCL1 is determined mostly by L3el
and L3e2. Therefore, PC1 separates better the Mozambique and West Africa
populations, which are the ones clustered by their high frequency of one of these two sub-
haplogroups and low frequency of the other. Puerto Rico is placed closer to Mozambique
because of its higher L3el frequency.

We next explored the effects of adding all the African haplogroups to this analysis
(Table 9). When this is done, the variation contained in the first PC lowers to 54% and in
the second to 18% (Figure 5 A). Also, the Fst value is lower, 0.031. On the other hand, it

reveals a weaker association between the Puerto Rican African population and West
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Africa than with other African continental region. As expected, in this analysis it was
found close to Sao Tomé. Interestingly, Mozambique and Angola populations are similar
to each other than to any other continental region. Most of the L3 haplogroups clustered
near the center of the graph accounting for the central positions of West Central Africa
and Sao Tomé (Figure 5B and 5C). L0Oa and L2a are contributing to Mozambique and
Angola cluster, while Puerto Rico’s position to the top and right of the graph seems to be
determined mostly by its high frequency of L1b and L3d.

Finally, if we compare L3e distributions with the Africa sub-continental regions
using the Bayesian approach equation we can infer the putative origin of these samples
within the African continent. Thus, the putative origin of the Puerto Rican African L3e
samples sequences could be distributed as follows: 29.14 % (SD: 7.7%) to Mozambique,
26.1% (SD: 7.4%) to West Africa, 23.1% (SD: 7.1%) to West Central Africa and 21.7%

(SD: 6.7%) to Angola (Figure 2).
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DISCUSSION

The overall Fsr for L3e is 0.17, allowing us to explore the phylogeographic origin
of Puerto Rican L3 samples. L3e3 is represented with only one sample in Puerto Rico,
and although, L3e2 and L3e4 are also present in the Puerto Rican population, in this
study the highest in frequency is L3el. It can be inferred that L3e Africans from the
slave trade to Puerto Rico were concentrated in these groups and that this explains its
distribution in Puerto Rico, where the majority of slaves were brought to San Juan first
and then disseminated through the Island (Alvarez-Nazario, 1979). Therefore, we
determined phylogeographic difference across African continent of these sub-
haplogroups, just as it has been reported by other authors (Gonzalez et al., 20063 and
Veerahmabh et al. 2010)

The presence of a higher proportion of L3el is present in other American
populations that also experienced dramatic demographic shift during the African slave
trade, similar to that in Brazil (Hunemeier et al., 2007). This should not be surprising,
because Brazil’s own slave trade companies had their biggest slave factories in Angola
and Mozambique, which are the African regions with the highest L3el frequencies.
Given the low number of samples and high standard deviations, my results are not
inconsistent with previous studies that suggest a meaningful West African origin
(Martinez-Cruzado et al. 2005). However, it suggests a stronger affinity to Mozambique
than previous studies. According to historical records the slave trade took place mainly in
West Africa and Central Africa, where slaves were taken from Senegal to Cameroon in
the West, Angola in the South and Mozambique in the Southeast. Sao Tomé was an

intermediate point during the slave trade and as expected it is closer in L3e frequency
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with Puerto Rico. On the other hand, Sao Tomé was not included in the Bayesian
approach equation because our interest was to determine the continental African origin.
Recent publications have raised the number of samples for which data is
available, especially in West Central Africa, and it was therefore appropriate for us to
reconstruct a new PCA plot using all haplogroups, together with the L3e sub-haplogroups
that we found in Puerto Rico. Figure 3 shows that Puerto Rico is not clustering any more
with West Africa and West Central Africa, although it is still closer to West Africa.
According to PCA, Puerto Rican population L3e samples distribution is more similar to
Mozambique and Sao Tomé than to any other geographic zones. Only in Mozambique
and Angola L3el mtDNAs are more frequent than L3e2, and this is exactly what is found
in Puerto Rico. This is critical because our Principal Component (PC) analysis comprises
96% of the variance (PC1 vs. PC2), and it is evident that most of the variation can be
defined in terms of L3el and L3e2 frequencies (Figures 1C and 2C), although the
expectations were that L3e2 should be the most frequent, according to Salas et al. (2001
and 2004), because of its highest frequency in the Caribbean regions explored by these
authors, in Puerto Rico is second in frequency. Also, samples from Santo Domingo
(Martinez-Cruzado, personal communication) that also show a far higher frequency of
L3el than L3e2. Therefore, it is becoming evident that at least in those Spanish Antilles
were the slave trade ended early (such as in Santo Domingo) or where it was weak and
controlled by foreign companies (Puerto Rico), L3el outnumbers L3e2. By contrast, in
Cuba, a survey covering all provinces identified 11 L3e2 mtDNAs and only two
belonging to L3el (Mendizabal et al., 2008). This study shows that Puerto Rico’s L3e

haplogroup is closer to Mozambique (Figure 2A).
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One important caveat to keep in mind is that the samples used from previous
studies reflect small L3e numbers, and these might not be representative of such large
populations. This is especially true for Angola, for which only 9 L3e mtDNAs have been
published. With so few samples and its higher frequency of L3el, its L3e profile is
statistically undistinguishable from that of Mozambique. Furthermore, because of its
small effective population size, mtDNA haplogroups are highly susceptible to drift and
may show large frequency differences between closely related tribes.

It is known that the sample sets of the previous studies were not systematically
selected to be representative of their respective populations. Moreover, the slave trade
itself surely was highly biased toward the capture of certain peoples within their
geographic zones. Therefore, only the use of very high numbers of samples obtained
from various places within and across different regions of Africa could provide strong
confidence to conclusions on African origins through mtDNA studies. Because the
Puerto Rico sample set has been randomly and systematically selected to be
representative of the Puerto Rico population, my main contribution to our knowledge on
this subject is the partition of Puerto Rico’s L3e haplogroup into its sub-haplogroups. As
further data is obtained, especially from Africa, their origin in that continent will be
determined with more confidence.

However, the data available suggests a strong Mozambique-Angola contribution
to L3e in Puerto Rico. For instance, the frequency of L3e in Puerto Rico, 18%, is much
higher than its 11% frequency in West Africa. Only West Central Africa (22%) and
Angola (21%) show higher frequencies than Puerto Rico. West Central Africa is the only
continental region were sampling has been well represented, with 1806 samples. Among

these samples, L3e2 is twice as frequent as L3el. Therefore, it is reasonable to conclude
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that Puerto Rico’s higher L3e frequency may be due to significant contributions from
Angola and Mozambique, where the L3e frequency is 17%.

Because these regions have higher L3e frequencies, it should not be surprising
that Puerto Rico’s L3e sub-haplogroup distribution is more similar to Mozambique than
to West Africa, even when West Africa may have been the major contributor to Puerto
Rico overall. Sao Tomé is off the coast of northern Gabon, and thus it was used to store
mostly African slaves from West Central Africa, and from Angola in a lesser extent.
This fact is confirmed with the PCA plot constructed with all haplogroups (Figure 4A),
where Sao Tomé is found far closer to West Central Africa, and then to Angola, than to
any other region. The similarity of Sao Tome to West Central Africa is repeated in the
PCA plot of Figure 3, where only L3e samples are accounted for. In that plot, Puerto
Rico falls equidistant between Sao Tomé and Mozambique, suggesting its L3e mtDNAs
represent a combination from both groups. As Sao Tomé may possess highly significant
contributions from Angola, it will be reasonable to expect that the origin of most L3e
mtDNAs in Puerto Rico is in Angola and Mozambique.

As PCA, the Bayesian approach equation assigns the same weight to populations
with very dissimilar sample sizes. In addition, it may overestimate the contribution of
regions with low contributions, and may underestimate that of regions of high
contribution. The latter seems not to be a problem in this study, as all four continental
regions were estimated to contribute from 21.7 to 29.1% of the Puerto Rico L3e pool.
This is further evidence that, unlike L1b, the most common African haplogroup in Puerto
Rico, which is far more frequent in West Africa than in any other region of the continent
(Table 9), L3e in Puerto Rico is the product of significant contributions from all African

regions.
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Now that ancestry-informative markers have become available, it may be possible
to make a stronger association between mtDNA haplogroup and African region of origin.
Because the African Slave Trade started in West Africa, and moved later to West Central
Africa, and later to Angola and Mozambique, which were the regions most exploited
after the first one or two decades of the 19" century, it may be expected that Puerto
Ricans with African ancestries centered in Angola and Mozambique may exhibit a higher
African ancestry than those whose African origins are rooted in West Africa.
Accordingly, chromosomal segments of African ancestry may be larger, on average,
among Puerto Ricans with L3e mtDNAs than those with L1b mtDNAs.

The distribution of L3e sub-haplogroups clearly represents 17% of our present
Puerto Rican population and it suggests that the origin is more closely to Mozambique
according to PC analyses, but the estimation of Bayesian approach establishes the West
Coast as an equally important region, according to our slave trade traditional history. The
representation of these data is limited by the fact that our samples size is small, and so it
is in populations across Africa, although the Puerto Rican sample was randomly selected
to be represented of Puerto Rican population.

In fact, the PCA that considered all haplogroups showed a stronger affinity of
Puerto Rico for West Central Africa than for any other region, and the least affinity to
Mozambique. This is in big contrast relative to the results using only L3e mtDNAs that
showed that Mozambique and West Africa were nearly equally contributors to our L3e in
Puerto Rico. This could be explained if Mozambique had a far higher frequency of L3e
mtDNA that West and West Central Africa. In that case, our selection of L3e mtDNAs
would have biased our sample set toward Mozambique. However, L3e frequencies in

West Central Africa, Angola, and Mozambique are 22.0%, 20.9%, and 16.6%,
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respectively. Thus, if the data we have from those regions, and if the slave trade as well
would have selected samples truly representative of their respective regions, we would
have expected our L3e samples set to be biased toward West Central Africa and Angola,
and clearly they are not. Rather, these regions show higher affinity to Puerto Rico only
when all haplogroups are considered. It is tempting to suggest that women belonging to
the L3e haplogroup may have been targeted for the slave trade in Mozambique, and

spared in West Central Africa.
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CONCLUSION

We conclude that the use of mtDNA variation is a very efficient tool to trace
back the maternal heritage of African origin but it may need large sample size or
representative sample sets. The Fsr overall value established the differences among L3e
African population helping us in the process to compare the variation of them with our
present Puerto Rican population. The distribution of L3el and L3e2 through the African
continent is around the Southeast and West African regions, respectively. Sequencing
analysis showed that our samples have a higher frequency of L3el, which can be
explained because the Atlantic slave trade included populations that were not only from
Western Africa. It is important to consider that from all four sub-haplogroups, L3e2
followed in frequency in Puerto Rico, then L3e4 with six samples and finally, L3e3 was
represented by only one sample.

The variation closeness of Mozambique to Puerto Rico observed in our PCA shed
light on how this Southeast African region contributed to the slave trade to Puerto Rico.
The common region of Sao Tomé, where many Africans from the slave trade stopped
before their trip to the Americas, was also confirmed through our PCA analysis because it
is the closest group from all African geographic regions to Puerto Rico. Finally, the
results from the Bayesian approach equation confirmed historical and previously
published data (Martinez et al., 2005) that our slave trade main mtDNA gene pool
contribution is from West Africa. It also established Mozambique as an equally
contributor of our mtDNA gene pool and it let us interpret better the results from PCA.

These two analyses, although different, in our case complement each other giving us
a better understanding on historical records that are very poor in details such as

geographic and communities contributing to the slave trade to Puerto Rico.
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RECOMMENDATIONS
Our analysis of mtDNA suggests that populations of southeastern Africa, like
Mozambique, have played an important and persistent role in the slave trade to Puerto
Rico. It also gave us new insights into how the slave trade took place. It is important to
explore the contribution of other haplogroups within paragroup L to see if the same
correlation could be established, studies of other haplogroups and their sub-haplogroups
can help in this objective. Other haplogroups with high Fsr, such as L2a (Fst = 0.30) and
L3d (Fst = 0.34), which are also in high frequency in Puerto Rico, could also contribute
to explain the demographic changes that took place during the African slave trade.

Comprehensive studies of the human mtDNA genome analyzing single nucleotide
polymorphisms (SNPs) using RFLPs have been proven to be an excellent tool, as well as
sequences of HVS-1 and HVS-I11. Next, to take advantage of new technologies such like
Next Generation Sequencing (NGS), complete mtDNA sequences can be made available,
thus, allowing to measure diversity across African populations and also the average
number of pairwise nucleotide differences to determine similarity.

Analyses derived from NGS, such as Admixture mapping can also help in this
endeavor of understanding admixed populations like Puerto Ricans. Africa is by far the
continent with the highest diversity. Ancestry-informative-markers (AlMs) that could
distinguish unambiguously between different zones of the continent must exist, and these
could be used for a better understanding of the African Slave Trade. It is important to
undertake such studies because mtDNA only traces the maternal lineage. Thus, this
study only registers female African migrations to Puerto Rico. Male African migrations

could be addressed through Y-chromosome studies. However, the Y-chromosome has
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particularly little diversity in Africa, and thus autosomal studies based on AIMs may hold

more promise.
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Table 1. RFLP 4 enzyme analysis for L3e in Puerto Rican samples
This table shows the unresolved groups L3el, L3ela and L3e2b and the characterized
sub-haplogroups L3e2a, L3e3 and L3e4.

Hae
Sub- I Avall Alul Dpnll
haplogroups (9553) (5260) (5584) (14869)
L3el + - + +
L3ela + - + +
L3e2 + - + +
L3e2a + - + -
L3e2b + - + +
L3e3 - + + +
L3e4 + + - +

Table 2. Mitochondrial DNA sequences used in the present study
including their geographic origin, sample size, and reference

Geographical origin (Code) n Reference
Puerto Rico (PR)
Puerto Rico 35 Present study
Puerto Rico 164 Viera-Vera, 2006
West Central Africa (WCA)
Non-Atlantic WCA 19 Bandelt et al. 2001
Cameroon 42 Batini et al. 2007
Mbuty Pygmies and Biaka 98 Chen et al. 2000
Pygmies
Cameroon 3 Silvaet al. 2006
West Africa (WA)
Mali 122 Gonzalez et al. 2006
Mali 78 Ely et al. 2002
Senegambia 12 Bandelt et al. 2001
Senegal 5 Batini et al. 2007
Mandenka and Wolof 171 Chen et al. 2000
Mauritana 28 Gonzélez et al. 2006
Angola (A)
Angola 43 Plaza et al. 2004
Mozambique (M)
Mozambique 112 Pereira et al. 2001
Mozambique 280 Salas et al. 2002
Sao Tomé (ST)
Sao Tomeé 36 Batini et al. 2007
Sao Tomeé 48 Mateu et al. 1997
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Table 3. Puerto Rican samples used in the present study

Geographic
Geographical Origin Area Code n
Mayaguez West A 2
Moca West C 1
Caguas Center F 4
San Lorenzo Center G 1
Pefiuelas South K 1
Toa Baja North L 1
Bayamon North M 2
Carolina North N 3
Humacao East ) 1
Cayey Center P 4
Yauco South Q 4
Guaynabo Center S 1
Barranquitas Center U 2
San Sebastian West \% 1
San Juan North W 5
Patillas South Z 1
Vega Alta North o 3
Vieques East ) 3
Total 40

Table 4. Primers sequences used in this study

Primers
Test Sequences
L29 SEQUENCING GGTCTATCACCCTATTAACCAC
H580 SEQUENCING TTGAGGAGGTAAGCTACATA
L15829 SEQUENCING CATCCGTACTATACTTCACAAC
H34 SEQUENCING ACCAAATGCATGGAGAGCTCC
L16219 SEQUENCING TGCTTACAAGCAAGTACAGCA
H16345 SEQUENCING GGG ACG AGA AGG GATTTG
AC
L15854 SEQUENCING CCTAATCCTAATACCAACTATC
H16526 SEQUENCING GGGAACGTGTGGGCTATTTAGG
L9445 HAE I11 ACCTGTCCAAAAAGGCCTTC
H9587 HAE I11 GTGTTTAGGAGTGGGACTTC
L5120 AVA Il AND TAACTACTACCGCATTCCTA
ALU I
H5652 AVA Il AND AGTCCCATTGGTCTAGTAAG
ALU I
L14885 DPN 11 ATGGCTAGGAATAGTCCTG
H14711 DPN 11 CAACCACGACCAATGATATG
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Table 5. RFLP tested for L3e sub-haplogroups in Pueto Rican samples

Sub-
Samples/Enymes Haelll Avall Alul Dpnll haplogroup
AE4 + + - + L3e4
AF3 T S S ety
L3el or
CB3 + 0 * * L3e2b
FB3 + _ + + ND
L3el or
FD1 * i * * L3e2b
FF4 + + - + L3e4
L3el or
GD7 * } * * L3e2b
KA2 + + + + ND
L3el or
LD10 + - * * L3e2b
MF4 + 0 + + ND
MH2 + _ + - L362a
L3el or
NB7 * - * + L3e2b
L3el or
NF2 * - * * L3e2b
L3el or
NF4 * - - * L3e2b
L3el or
OB3 * - * * L3e2b
L3el or
PB6 + - * * L3e2b
L3el or
PC1 * - * * L3e2b
L3el or
PC2 * - * * L3e2b
L3el or
QA9 * - * * L3e2b
QA17 + + + + ND
L3el or
QB3 * - * * L3e2b
SA1l + _ + + ND
UB14 + 0 + + ND

46



Sub-

Samples/Enymes Haelll Avall Alul Dpnll haplogroup
ucs + o+ o+ ND
VB7 + 0+ 4+ ND
WD1 ¥ 0+ o+ ND
WE4 + 0+ 4+ ND
wiL + o+ o+ ND
WIS + 0+ 4 ND
WO1 + + + - L3e2a
ZB3 + + - + L3e4
aB4 + + - + L3e4
aB6 * + o+ F ND
aB15 + 0 + + ND
S1° No No No No L3e2b
50 No No No No L3e2b
53° No No No No L3ed

°This samples are from Vieques and they were sequenced directly without RFLP

testing. ND=no data.
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Table 6. HVS-I sequences from L3e sub-haplogroups, listed by motif relative to CRS

Clade/
Population Sub-
Code HVS-1 haplogroup
L3el
FD1 16223, 16327 L3el
FE2 15942, 16223, 16327 L3el
GD7 16223, 16327 L3el
KA2 16223, 16327 L3el
MF4 16185, 16223, 16327 L3ela
NF2 15942, 16093, 16223, 16327 L3el
SAl 15942, 16223, 16327 L3el
UB14 15942, 16189 L3el
UC5 16223, 16327 L3el
VB7 16223, 16325d, 16327 L3elb
WD1 16185, 16223, 16327 L3ela
WEA4 16223 L3el
L3e2
CB3 16223, 16320 L3e2a
MH2 16223, 16320 L3e2a
QA9 16172, 16189, 16223, 16320 L3e2b
QB3 16223, 16320, 16324 L3e2a
Wil 16223, 16320 L3e2a
wo1 16223, 16320 L3e2a
L3e3
QA17 16265T L3e3
L3ed
AE4 16051, 16223, 16264, 16519 L3e4
FF4 16223, 16264, 16291 L3e4
aB6 16223, 16264, 16291 L3e4

48



Table 7. Summary of Results from RFLP assay and Sequencing analysis in Puerto Rico

Sub-
Populations Haplogroups
L3el L3e2 L3e3 L3e4
Puerto Rico (PR) 12 8 1 6

Table 8. L3e haplogroup distribution in Puerto Rican and African geographic regions
from samples of the present study and previous studies.

Sub-
Populations Haplogroups
L3el L3e2 L3e3 L3e4
Puerto Rico (PR) 18 10 1 6
West-Africa (W) 3 27 3 9
West Central Africa 118 221 45 13
(WCA)
Angola (A) 5 1 3 0
Mozambique (M) 43 6 9 7
Sao Tomé (ST) 5 6 0 2
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Table 9. Major sub-Saharan African mtDNA haplogroups and their distributions in the Puerto Rican populations and 5 African
geographic regions from samples of the present study and previous studies.

Populations Sub-Haplogroups
[%2]
g % (8 g 4] o] o X o o] (&) je) X o] °© Y (@] e c_j
33333 3273 333333 33 333 F
Puerto Rico (PR) 8 10 1 6 2 1 49 22 1 30 6 7 1 1 15 21 3 1 4 199
West-Africa (W) 3 21 3 9 21 5 78 14 37 45 19 51 3 22 18 14 5 0 0 374
West Central Africa (WC) 118 221 45 13 83 102 155 202 16 353 63 55 16 78 83 78 120 0O 0O 1806
Angola (A) 5 1 3 0 O 6 2 7 0 11 3 0 0 O 0o 2 1 2 0 43
Mozambique (M) 43 6 9 7 0 103 5 22 0 136 6 3 3 6 12 29 2 0 0 392
Sao Tome (ST) 5 6 0 2 O 4 3 43 0 122 3 2 0 1 1 1 1 0 0 8
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§8o Tome

and ROOgRs,

Figure 1. Map of Africa and Puerto Rico. L3e sub-haplogroups distributions acrooss
Africa and in Puerto Rico are represented by the pie charts. Puerto Rico is similar to
Mozambique and Sao Tomé. The pie charts area are proportional to sample size. The

shaded countries represent the populations used for comparison in the present study.



Figure 2. Bayesian approach of L3e haplogroup origin in Puerto Rico. The African
continent contribution to the L3e sub-haplogroups in our present Puerto Rican population

are as follows: Mozambique (M), West Africa (WA), West Central Africa (WCA) and

Angola (A).
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Figure 3. Analysis of Principal Components among Puerto Rican L3e sub-haplogroups
and their relative comparison with their distribution in continental Africa. A.PC1 vs.
PC2 covers 96% of the variance. B.PC1 vs. PC2 covers 80% of the variance. C. Shows
the Allele frequencies of the L3e analysis for the corresponding PCA. Geographic
areas: West Central (WC), Mozambique (M), Angola (A), West (W) within Africa and

Puerto Rico (PR).
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Figure 4. Analysis of Principal Components among Puerto Rican L3e sup-haplogroups
and their relative comparison with their distribution in Africa. A. PC1lvs PC2; B.PC1 vs
PC3; C. All the corresponding L3e sub-haplogroups. Abbreviations as in Figure 2. ST =
Sao Tomé.
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Figure 5. PCA among all Puerto Rican African Sub-Saharan phylogeographic regions
and their relative comparison with the phylogenetic haplogroups. A. Shows geographic
areas in this study within PC1vs PC2; B. PC1 vs PC3; and C. All Sub-Saharan
haplogroups including the L3e sub-haplogroups.
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