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Y-Chromosome Lineages in São Tomé e Prı́ncipe Islands:
Evidence of European Influence
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ABSTRACT The Y-chromosome haplogroup composition of the population of São Tomé e
Prı́ncipe (STP) archipelago was analyzed using 25 biallelic markers and compared with popula-
tions of different origins from Europe, Africa, and the Middle East. Two main Y-chromosome
haplogroups were found: E3a, very common among sub-Saharans accounts for 84.2% of the pa-
ternal lineages and R1b, typical of West Eurasia, represents 8.7% of the overall male popula-
tion. Nevertheless, we detected in the population of STP a significant heterogeneous distribu-
tion of R1b among the two main ethnic groups of the archipelago: Forros (10.3%) and Angolares
(6.6%). Together, haplogroups known to be prevalent in West Eurasia reach 12.5% of the chro-
mosomes analyzed unequally distributed among the two groups: Forros present 17.7% while
Angolares display only 8.2% of west Eurasian haplogroups. Our findings suggest that, despite
its sub-Saharan genetic background, a relevant contribution of European paternal lineages is
present in nowadays STP population. This influence has shown to be stronger in Forros than in
Angolares, which could be explained by the social isolation that these have last experienced
through their history. Am. J. Hum. Biol. 19:422–428, 2007. ' 2007 Wiley-Liss, Inc.

Polymorphisms in the human Y-chromosome,
namely base substitutions and insertion/dele-
tions, are especially useful on the detection of
male migration and admixture patterns
(Bosch et al., 2001; Shen et al., 2000; Under-
hill et al., 1997, 2000). Y-chromosomal biallelic
markers have been extensively used in order
to provide a paternal historic view of relation-
ships between populations (Cruciani et al.,
2002; Hurles et al., 1999; Malaspina et al.,
2001; Scozzari et al., 1999; Semino et al., 2000;
Underhill et al., 2000, 2001). São Tomé e Prı́n-
cipe (STP) islands, located in the Gulf of
Guinea, 300 km from the West coast of Africa,
were discovered uninhabited by Portuguese
sailors in 1470 (Peres, 1960). These islands
were settled by a myriad of people from differ-
ent origins of Africa and Europe. The first pop-
ulace was composed mainly by sub-Saharan
African slaves from the Gulf of Guinea, Congo
and Angola, recruited to work in local planta-
tions, and in a minor extent Portuguese. In
the first centuries after their discovery STP
acted as an outpost for slave trade between
Africa and the Americas. Besides Portuguese,
other Europeans were involved on this trade
along the coast of Africa, namely French,
Spanish, Dutch, and English, which could
have contributed in a minor scale to the pres-
ent-day genetic pool of islanders (Neves,

1989). Since the beginning of the settlement
process, Portuguese males were allowed to
blend with female slaves (Garcia, 1966) and
slaves from several geographic and ethnic ori-
gins could mix together as well (Tenreiro,
1961). In the 19th century, because of a new
economic cycle supported by coffee and cacao
plantations, the islands received a new wave
of sub-Saharan African people recruited from
Cabo Verde archipelago, Angola, and Mozam-
bique (Barata, 1966). The majority of São
Tomé population speaks Forros, a mixed dia-
lect between Portuguese and Bantu languages
used by liberated slaves, known as Forros,
considered the most ancient African inhabi-
tants of the archipelago (Henriques, 2000;
Tenreiro, 1961). Mancó and Tonga are two
other ethnic groups that use Portuguese and
African mixed languages; the former are
mostly from Prı́ncipe island and the latter
descends from people arrived in the 19th cen-
tury after slave abolition. The Angolares com-
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munity that inhabits São Tomé Island has
resisted to miscegenation and still maintains
their one own Bantu language. The origin of
the Angolares people remains unknown and
popular belief tells they are descends of the
survivors of a slave shipwreck in the middle of
the 16th century roaming from the West coast
of Africa (Henriques, 2000; Romana, 1997).
Most probably Angolares are just fugitive
slaves from the sugar-mills who escaped colo-
nial control by taking refuge in the most inac-
cessible forest of the South-Eastern region of
São Tomé (Seibert, 1998).
The Archipelago of STP is thus an interest-

ing model to study admixture of populations
from genetically different backgrounds, espe-
cially Africa and Europe. Previous studies on
mtDNA of STP population revealed that the
maternal influence was almost completely of
sub-Saharan origin, clearly belonging to a
West African cluster (Mateu et al., 1997; Tro-
voada et al., 2004). A study on b-globin haplo-
types and eight autosomal markers (APOA1,
AT3, FY, LPL, OCA2, RB1, Sb19.3, and GC)
indicated that the peopling of São Tomé pro-
vided the combination of diverse African con-
tributions and European admixture (10.7%)
that emerged from the overseas population
relocations promoted by the Atlantic slave
trade (Tomas, 2002). A previous study on
seven Y-chromosome STR loci detected haplo-
types, most likely of European ancestry on
São Tomé e Principe, showed statistically sig-
nificant differences between Angolares and
Forros (Trovoada et al., 2001).
The main aim of the present work was to

analyze the Y-chromosome gene pool of the
present-day STP population and to quantify
the relative paternal input of European and
African origin. We have intended to search for
genetic differentiation between Angolares and
Forros, the two main and most ancient ethnic
groups of this archipelago.

MATERIALS AND METHODS

Population sample

The population included in this study con-
sisted of 150 unrelated males from the archi-
pelago of STP (Fig. 1) (Forros: 68 samples;
Angolares: 61 samples; Mancó: 14 samples;
and Tonga: 7 samples). Blood samples were
collected with informed consent from volun-
teer males, which could unambiguously certify
that all relatives back to three generations
were from this archipelago. For comparisons
of the Y-chromosome profiles prevailing in

these islands we used published data on Euro-
pean (Capelli et al., 2003; Cruciani et al.,
2004; DiGiacomo et al., 2004; Hammer et al.,
2000; Nebel et al., 2001; Semino et al., 2000,
2004; Underhill et al., 2000), North African
(Arredi et al., 2004; Bosch et al., 2001; DiGia-
como et al., 2004; Luis et al., 2004), Middle
Eastern (Cinnioğulu et al., 2004; Cruciani
et al., 2004; DiGiacomo et al., 2004; Semino
et al., 2002; Underhill et al., 2000), and sub-
Saharan African populations (Gonçalves et al.,
2003; Semino et al., 2000, 2002).

DNA extraction and Y-chromosome typing

Genomic DNA was isolated from whole
blood containing EDTA using the Chelex
standard method (Lareu et al., 1994) and the
sequence tagged-site (STS) containing Y-bi-
allelic markers were amplified with primers
described in Underhill et al. (2000, 2001) and
Cinnioğulu et al., (2004). Genotyping was
done by restriction fragment length polymor-
phism analysis or direct sequencing. The fol-
lowing SNPs were screened: M1, M2, M9,
M14, M45, M89, M91, M94, M96, M168,
M170, M173, M201, M207, P2, P25, and SRY-
1532. The following binary markers were
assayed but derived alleles not observed: M31,
M32, M33, M35, M69, M75, M304, and P36.

Data analysis

In this study we follow the haplogroup no-
menclature proposed by the Y Chromosome
Consortium (2002) for Y-chromosome typing.
Frequencies of Y haplogroups and gene diver-
sity measures were obtained using Arlequin
v2.000 (Schneider et al., 2002). These frequen-
cies were used for comparisons with other pop-
ulations and employed in an analysis of molec-
ular variance (AMOVA) using Euclidean dis-
tances between all pairs of haplogroups
(Excoffier et al., 1992). The total genetic varia-
tion between the populations was partitioned
into hierarchical levels of grouping, and var-
iance components were tested for significance
by nonparametric randomization tests using
10,000 permutations. Principal component
analysis (PCA) of Y haplogroup frequencies
from STP and published data from European
and African populations was performed by
using the MVSP v.3.12 statistical package,
and the position of each population was plot-
ted in two dimensions. The relative contribu-
tion of other populations to the present day
population of STP, taking as \parental" the
populations of West sub-Sahara, North West
Africa, East Africa, Middle East, and Iberia,
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was evaluated by employing the program
ADMIX 2.0 (Dupanloup and Bertorelle, 2001)
that compute the admixture coefficient (mg)
described by Bertorelle and Excoffier (1998).
All runs of ADMIX 2.0 were carried out fitting
10,000 random bootstrap samples.

RESULTS AND DISCUSSION

Y-chromosome variation

The biallelic markers used in this study
identified eight haplogroups among the popu-
lation of STP (Fig. 1). The most frequent hap-
logroup found is E3a (84.2%) also the most
widespread clade in sub-Saharan Africa and
by far the most frequent one in West African
populations (Semino et al., 2000, 2002; Under-
hill et al., 2001) emphasizing the origin of the
main settlers of these islands. The particular
spatial distribution pattern of E3a has been

associated with the agricultural expansion of
Bantu speakers (Underhill et al., 2001). Hap-
logroup E3a, defined by M2 mutation, is most
common among Angolares (90%) than Forros
(76.5%) ethnic groups. This clade reaches 80%
among Senegalese (Semino et al., 2002), 71%
of the Guinean paternal lineages, but only
15.9% in Cabo Verdeans (Gonçalves et al.,
2003). E3a lineages also have a marginal fre-
quency in the Canary Islands (Flores et al.,
2003) and are absent in Europe (Semino et al.,
2000) and Iberia (Bosch et al., 2001; Gonçalves
et al., 2005). The second most common hap-
logroup in São Tomé e Principe is R1b (8.7%),
a typical haplogroup from Western Europe,
most likely carried by Portuguese settlers
suggesting their genetic contribution to this
population. R1b is more predominant among
Forros (10.3%) than Angolares (6.6%) ethnic
groups. Clade R1 is the most frequent and

Fig. 1. Phylogenetic tree of Y-chromosome haplogroups found in São Tomé e Prı́ncipe population. Haplogroup
defining mutations assayed in this study are shown along branches. Gray indicates mutations assayed but not
found. Table shows absolute frequencies. RF, Relative frequencies; SD, Standard deviation.
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widespread Y-chromosomal haplogroup in
Europe (*50%), probably having a Eurasian
origin that traces back to the earliest coloniza-
tion of Europe and West Asia (Semino et al.,
2000). Two major sub-clades of this hap-
logroup, R1a and R1b, encapsulate all R1 hap-
logroups in Europe (Cruciani et al., 2002;
Rosser et al., 2000; Semino et al., 2000). West
Europeans almost completely lack R1a, but
show the highest frequency of R1b. Iberian
populations, in particular, show 77% of R1b
lineages and 1% or less of R1a lineages (Bosch
et al., 2001). Haplogroup R1b was found to be
the most dominant Y chromosomal lineage in
Portugal, including the North Atlantic archi-
pelagos of Azores and Madeira, covering more
than half (55%) of the Y chromosomal lineages
in each population (Gonçalves et al., 2005).
More than 17% of Caboverdean Y-chromo-
somes are R1b, a West European influence in
the archipelago settlement process (Gonçalves
et al., 2003).
Other haplogroups found in STP show only

marginal frequencies (Fig. 1). Haplogroup I,
also a characteristic clade for many different
European populations, constitute 2% of STP
population. Among Forros this percentage
reaches 4.4%. Haplogroups P* and G, with a
Eurasian origin, and F*, Middle East origin,
were found in only one individual each in STP.
Considering haplogroups of West Eurasian or-
igin (R1b, F*, G, I, and P*) found in STP, For-
ros shows a higher frequency (17.6%) than
Angolares (8.2%).
Haplogroup A2, one of the basal clades in

the Y-human phylogenetic tree, typical in sub-
Saharan Africans at modest frequencies
(Semino et al., 2002; Underhill et al., 2000,
2001; Y Chromosome Consortium, 2002), con-
stitutes 1.3% of our samples.

Population structure and PCA

An AMOVA including the total population
of STP as well as both main ethnic groups in
separate (Forros and Angolares) with pub-
lished data from populations pooled by differ-
ent geographic regions yield the results pre-
sented in Table 1. The lower percentage of var-
iance is clearly between STP and the West
sub-Saharan populations, revealing once more
the main origin of the settlers of these islands.
Group population pair wise differences were
all statistically significant (P < 0.0001). An
AMOVA between Forros and Angolares show
that the main variance found is attributed to
differences within the two groups (97.7%) and

only 2.3% of variance were attributed to differ-
ences among them (FST value of 0.023, P ¼
0.066). Differentiation among Forros and
Angolares was not statistically significant (P
¼ 0.26) in opposition to the results obtained in
a previous study on Y-Chromosome STR’s
(Trovoada et al., 2001).
The PCA (Fig. 2) join STP with sub-Sahar-

ans but with a clear tendency of proximity to
West Eurasian populations. A PCA constructed
with Forros and Angolares plot together these
groups with STP overall (data not shown).

Admixture estimates

The admixture coefficient (mg) between the
hybrid population of STP and some presumed
parental populations was estimated using
ADMIX 2.0 (Table 2). The program takes into
account molecular information from any num-
ber of parental populations to compute the
admixture coefficient (mg), which estimates
the proportion of each parental population to
a \hybrid" population. High values of mg may
be considered as an indicator of previous gene
flow between populations. In this sense, the
high value of mg when West sub-Saharan is
taking as parental shows that these popula-
tions were the major genetic source for the
STP present population. North West Africa,
and in a low degree Middle East, appear also
as another candidate region for gene flow to
STP. East Africa and Iberia admixture coeffi-
cient were negative to STP, which means no
admixture. When considering STP population
groups, Forros and Angolares, we come across
different degrees of gene flow. Forros show a
positive value of admixture with Iberia (de-
spite with a higher standard deviation value),
even higher than North West Africa, in opposi-
tion to Angolares who reveal no admixture
with Iberia and East Africa. Angolares pres-
ent also the highest admixture coefficient
value with West sub-Saharans (Table 2).

TABLE 1. AMOVA (FST) results of variation among
populations grouped according to geography and STP

overall, STP Forros, and STPAngolares

West
sub-Sahara

East
Africa

North
Africa Europe

STP overall 0.13 0.43 0.56 0.57
STP Forros 0.098 0.37 0.496 0.501
STPAngolares 0.15 0.44 0.57 0.59

P < 0.00001 in all FST values.
Populations used for comparison were recovered from Bosch
et al. (2001) and Semino et al. (2000). West Sub-Sahara: Guinea,
Senegal; East Africa: Ethiopia, Sudan; North Africa: West Sa-
hara, Morocco, Lybia; Europe: Iberia 1, Andalusia Iberia, Cata-
lonia, France, Italy.
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The present admixture analysis has an in-
herent lack of power since we used only a sin-
gle locus. Only a simultaneous analysis of sev-
eral loci could provide more reliable admix-
ture estimates (Dupanloup and Bertorelle,
2001). However this analysis suggests the
main parental populations involved in STP
hybrid population.
Despite the present day STP paternal leg-

acy is mainly of West sub-Saharan origin, as
suggested by AMOVA, PCA, admixture coeffi-
cient and haplogroup frequencies, the West
Eurasian genetic contribution is far to be con-
sidered marginal. Haplogroup R1b is the
clearest evidence of this influence in STP
islands. R1b, with an occurrence of 55% in the

Portuguese population (Gonçalves et al.,
2005), was also found in Cabo Verde as a
result of West European influence, where it
reaches a higher frequency (17%) (Gonçalves
et al., 2003), than in STP (8.7%). Together,
haplogroups known to be of West Eurasian or-
igin (R1b, I, P*, G, and F*) reach a value of
12.5% in STP. This frequency is not similar
between the two group populations we are
considering: Forros present 17.7% whereas
Angolares only 8.2%.

Data obtained on SNP Y-Chromosome sug-
gests a relevant contribution of West Eurasian
paternal lineages in STP today’s population.
This influence appears to be stronger on For-
ros than Angolares, which could be explained

Fig. 2. Principal component analysis of the relative frequencies of Y-chromosome haplogroups from São Tomé e
Prı́ncipe and several other populations retrieved from the literature and used for comparison. Axis 1 extracted 35%
and axis 2 extracted 15% of the total variation. Populations are as follows: SE, Senegal; GU, Guinea; CAF, Central
Africa; KO, Khoisan; SU, Sudan; ET, Ethiopia; NWA, Northwest Africa; PT, Portugal; FR, France; IT, Italy; AND,
Andalusia (Spain); CAT, Catalonia (Spain); and STP, São Tomé e Prı́ncipe (for references see material and meth-
ods).

TABLE 2. Admixture coefficient (mg) and Standard Deviation (SD), using the program ADMIX 2.0, between the
hybrid populations STP overall, Forros or Angolares and some group populations thanking as parental

Parental

Hybrid

STP overall Forros Angolares

West Sub-Saharan 1.14 (0.05) 1.04 (0.07) 1.23 (0.057)
North West Africa 0.11 (0.08) 0.0002 (0.11) 0.21 (0.076)
Middle East 0.10 (0.04) 0.05 (0.046) 0.14 (0.037)
East Africa �0.32 (0.11) 0.12 (0.17) �0.49 (0.103)
Iberia �0.03 (0.04) 0.03 (0.06) �0.087 (0.055)

10,000 bootstrap.
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by the isolation that these latter maintained
through centuries. The lower level of gene di-
versity on Angolares (0.185 6 0.065) corrobo-
rates this hypothesis.
In opposition to previous results on Y-chro-

mosome STR loci (Trovoada et al., 2001) our
data on Y-Chromosome SNP’s did not reveal
statistically significant differences between
Forros and Angolares. The percentage of
European admixture found in a study on b-glo-
bin haplotypes and eight autosomal markers
(10.7%; Tomas et al., 2002) is quite similar to
the present study (12.5%), despite Forros show
a higher European influence (17.7%).
Considering previous studies (Mateu et al.,

1997; Trovoada et al., 2001, 2004) and the
present data, we conclude that STP popula-
tion, despite its sub-Saharan African main
input lineages, presents a relevant European
genetic component, most evident on Forros.
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de Estudos de História do Atlântico.
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São Tomé. Brief Papers n85/98. Lisboa: CESA.

Semino O, Magri C, Benuzzi G, Lin A, Al-Zahery N, Batta-
glia V, Maccioni L, Triantaphyllidis C, Shen P, Oefner P,
Zhivotovsky L, King R, Torroni T, Cavalli-Sforza L,
Underhill P, Santachiara-Benerecetti S. 2004. Origin, dif-
fusion and differentiation of Y-chromosome haplogroups
E and J: Inferences on the Neolithization of Europe and
later migratory events in the Mediterranean area. Am J
Hum Genet 74:1023–1034.

Semino O, Passarino G, Oefner P, Lin A, Arbuzova S, Beck-
man L, De Benedictis G, Francalacci P, Kouvatsi A, Lim-
borska S, Marcikiae M, Mika A, Mika B, Primorac D,
Santachiara-Benerecetti A, Cavalli-Sforza L, Underhill
P. 2000. The genetic legacy of palaeolithic Homo sapiens
sapiens in extant Europeans: A Y chromosome perspec-
tive. Science 290:1155–1159.

Semino O, Santachiara-Benerecetti A, Falaschi F, Cavalli-
Sforza L, Underhill P. 2002. Ethiopians and Khoisans
share the deepest clades of the human Y-chromosome
phylogeny. Am J Hum Genet 70:265–268.

Shen P, Wang F, Underhill PA, Franco C, Yang WH, Roxas
A, Sung R, Lin AA, Hyman RW, Vollrath D, Davis RW,
Cavalli-Sforza LL, Oefner PJ. 2000. Population genetic
implications from sequence variation in four Y chromo-
some genes. Proc Natl Acad Sci USA 97:7354–7359.

Tenreiro F. 1961. A ilha de São Tomé. Memórias da Junta
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