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Abstract We have studied the matrilineal genetic com-
position of the Madeira and Agores north Atlantic archi-
pelagos, which were settled by the Portuguese in the 15th
century. Both archipelagos, and particularly Madeira, were
involved in a complex commercial network established by
the Portuguese, which included the trading of slaves across
the Atlantic. One hundred and fifty-five mtDNAs sampled
from the Madeira and 179 from the Acores archipelagos
were analysed for the hypervariable segmentI (HVS-I),
and for haplogroup-diagnostic coding-region RFLPs. The
different settlement histories of both groups of islands are
well reflected in their present day mtDNA pool. Although
both archipelagos show identical diversity values, they are
clearly different in their haplogroup content. Madeira dis-
plays a stronger sub-Saharan imprint, with haplogroups
L1-L3 constituting about 13% of the lineages. Also, the
relative frequencies of L sub-clusters in Madeira and main-
land Portugal suggests that, at least in part, African pres-
ence in Madeira can be attributed to a direct gene flow from
West Africa and not via Portugal. A comparison of the ge-
netic composition of these two archipelagos with the Ca-
nary Islands, specially taking into account that their Euro-
pean source population was essentially from the Iberian
Peninsula, testifies the stronger impact of the North African
U6 cluster in the Canaries. This group is present in Madeira
at a moderate frequency, but very reduced in the Acores.
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Nevertheless the recorded introduction of Canary native
Guanches, who are characterized by the presence of par-
ticular sub-clade U6bl, has left no detectable imprints in
the present day population of Madeira.

Introduction

The previously uninhabited North Atlantic archipelagos
of Madeira and Acores have different settlement histories
since their discovery in the 15th century by the Portuguese.
The colonization process of Madeira and Porto Santo
started in 1420 with an assortment of Portuguese nobles,
Jews, exiles, and convicts. White slaves from the Por-
tuguese colonies in North Africa (especially Arguim in
Mauritania) were introduced, together with Guanches, na-
tives from the Canary Islands. After the discovery of the
Cabo Verde islands (1462) and the beginning of the slave
trade, most slaves brought to Madeira were sub-Saharans
from Senegambia (the West African coast including to-
day’s Senegal and Guiné€) (Carreira 1983; Russell-Wood
1998). Later, slaves were also imported from Angola and
even India. In 1552 they already constituted 10% of the
Madeira population and gradually became landowners,
completely integrated into the society (Pereira 1989). No-
tably, the sub-Saharan and Moorish slaves gained their
free status in Madeira as much as 300 years before the of-
ficial abolition of the slave trade (Pereira 1989). After 1768
the import of African and Asiatic slaves was officially
forbidden. On Madeira, toponyms related to Moors and
sub-Saharans are commonplace. In addition, numerous set-
tlers from the rest of Europe arrived in Madeira, among
them Spaniards (from Galicia and Andalusia), Italians,
French (Flemish and Bretons) and English. At its commer-
cial height, the island (together with Cabo Verde) was an
obligatory stop for ships involved in trade (slave or not)
from the coast of Angola, the east African coast, India and
later to Brazil and the Antilles (Russell-Wood 1998). In
contrast, the sub-Saharan slave component in Porto Santo
has been historically minor. Its settlers were mainly from
the south of Portugal (Algarve), but there are records of
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multiple invasions of the island by North African pirates
(Pereira 1989).

Discovered in 1432, the settlement of the Acores archi-
pelago has been well documented. The end of the 15th cen-
tury witnessed a massive immigration of settlers from main-
land Portugal, and especially from Madeira. It is known
that other Europeans were among the first groups, partic-
ularly the Flemish. Tradition says that people coming from
the centre and south of Portugal settled the eastern group
of islands, whereas the central islands had a larger input
from families coming from the north of Portugal (Men-
donca 1996). Although in the island of Sdo Miguel, the
existence of a large community of Moors is already docu-
mented by a 16th century traveller (Frutuoso 1977), the
number of sub-Saharan slaves in the Acores never reached
the proportions that took place in Madeira.

The main aim of the present work is to analyse within
the historical context mtDNA variation in Madeira and
Acores and to estimate the impact of the likely source
populations, including Portugal, North Africa and Cabo
Verde, in the formation of the present day maternal gene
pool of the islands. We also compare the mtDNA pattern
of these two archipelagos with that of the Canary Islands,
another archipelago mainly settled by Spaniards.

Material and methods
Sampling

A total of 334 blood samples were collected from unrelated males
from the Madeira (n=155) and Acores (n=179) archipelagos whose
maternal ancestors were known to be originally from the same is-
land of the archipelago, at least for three generations. The samples
were collected in military camps with the permission of the Chair-
man of the Army Chief of Staff. All donors were voluntary, gave
informed consent and were submitted to an interview where the re-
search project was explained. The Acores archipelago is usually
divided into three geographic groups of islands (Western, Central
and Eastern group). However, in the present paper all samples are
merged into a single group, but data is available for each island in
separate upon request from the authors. Similarly the data for
Madeira and Porto Santo islands is pooled together (both belong to
the Madeira Archipelago).

HVS-I sequencing

The leukocyte fraction of whole blood was used to extract DNA
using standard methodologies. The mtDNA hypervariable segment
I (HVS-I) of the control region was amplified using the primers
L15996 and H16401 of Vigilant et al. (1989) with the conditions
specified therein. PCR products were sequenced with the same
primers used for amplification in an ABI-377 DNA Automated Se-
quencer (Applied Biosystems). The sequences obtained were
aligned to the Cambridge reference sequence (CRS, Anderson et al.
1981) and differences were reported for nucleotide positions (nps)
16025-16389.

RFLP testing

All digestions were carried out according to the manufacturer’s in-
structions (Promega). Digested fragments were resolved in gels
with specific acrylamide concentrations, depending on the fragment
sizes, and visualized after silver staining. The following polymor-

phic restriction sites were screened: 4577 Nlalll, 7025 Alul, 8994
Haelll, 9052 Haell, 10032 Alul, 10397 Alul, 10871 Mnlil, 12308
Hinfl (generated with a modified primer: Torroni et al. 1996),
12629 Avall, 13704 BstOl, 14766 Msel. The polymorphic positions
were determined by digesting fragments amplified with primers
previously published (Torroni et al. 1996), apart from 10871 Mnll,
12629 Avall and 14766 Msel, which were checked by amplifying
fragment with primers (forward and reverse) 5'-GCCATACTA-
GTCTTTGCCGC-3" and 5'-ATTAGGAGGGGGGTTGTTAG-3’,
5’-GCCACAACCCAAACAACC-3’ and 5-CGGGCGTATCAT-
CAACTG-3’, 5’-CAATGATATGAAAAACCATC-3’ and 5’-CC-
CCCTAATAAAATTAATTA-3’, respectively (Toomas Kivisild,
personal communication).

Phylogeographic analysis

HVS-I haplotypes were assigned to established mtDNA haplogroups
when possessing an unambiguous haplogroup motif (Salas et al.
2002; Richards et al. 2000). All ambiguous cases were tested for
haplogroup-diagnostic RFLPs. The classification of mtDNAs from
the sub-Sahara African clades (L1a—d, L2a—d, L3b, d, e, L3*) fol-
lows Salas et al. (2002). The sub-division of West Eurasia macro-
haplogroup N mtDNAs largely followed Richards et al. (2000).
Haplogroup U5 sub-clades were re-defined on the basis of the in-
formation of complete sequences (e.g. Finnild et al. 2000): U5a is
defined by a non-synonymous transitions at np 14793 and associ-
ates with the HVS-I motif 16256-16270; U5b by is defined by
synonymous substitutions at nps 7768 and 14182, often associated
with the ambiguous motif 16189-16270 in HVS-I. Haplogroup
pre-V was defined as in Torroni et al. (2001).

Comparative data

We searched for haplotype matches within our extensive database
of European and African HVS-I sequences. To represent more pre-
cisely the likely source populations, we used data from Portugal
(Gonzilez et al. 2003; Pereira et al. 2000) subdivided into the north,
central and south, from Cabo Verde (Brehm et al. 2002) and from
North Africa (samples of Morocco, Mauritania and West Sahara
from Rando et al. 1998). Haplogroup frequencies were used to per-
form a principal component analysis of the populations under
study.

Results and discussion

Like in continental Portugal, the most frequent mtDNA
haplogroup in both archipelagos is H, followed by U, T,
and pre-V/V clades (Table 1). Two haplogroups, H and
US alone account for more than one half (169 mtDNAs)
of the individuals. More than 20% of the haplotypes found
in Madeira (14.8% of the samples) belong to sub-Saharan
L and M1 haplogroups, against 8.7% (4.5% of samples)
found in the Acores. Although the haplogroup profiles of
the islands were very similar to mainland Portugal only 13
(of the 43) haplotypes observed in Madeira or Acores had
a match in Portugal (Corte-Real et al. 1996; Gonzilez et
al. 2003; Pereira et al. 2000). This low proportion of hap-
lotype sharing can be due to insufficient sampling in Por-
tuguese source region and, on the other hand, reflect the
wider source in Europe of the founding lineages. Indeed,
when taking the European sample as a whole (Richards et
al. 2000) then the proportion of shared haplotypes of H
reached ~80% (34/43), the unique types being one-step
derivatives of common types throughout Europe.
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Table2 Frequencies of the main haplogroups found in Madeira
and Acores archipelagos, as well as in Portugal, Canary Islands,
Cabo Verde and North Africa (n is the sample number; MA Madeira,

AC Acores, PN Portugal North, PC Portugal Central, PS Portugal
South, NA North Africa, CV Cabo Verde, CA Canary Islands,
ME Middle East)

MA AC PN# PCs PS? NAP Cve CAd

(n=155) (n=179) (n=183) (n=161) (n=195) (n=147) (n=293) (n=300)
H 36.2 45.2 432 48.4 47.2 30.6 0.3 37.6
I 1.3 2.2 2.7 - 0.5 - - 1.0
J 2.6 7.3 4.4 7.5 8.2 6.1 - 7.0
K 6.5 2.8 3.8 8.1 6.1 4.7 - 4.0
T 7.7 10.1 14.2 8.7 7.7 8.2 0.3 12.7
U (except U6) 15.5 15.0 13.6 10.6 8.2 10.2 0.3 10.3
U6 3.9 1.7 4.4 1.9 - 10.2 3.1 14.0
Pre-V 7.1 5.6 6.6 3.7 4.1 4.1 1.0 2.0
W 1.9 2.8 3.3 1.2 2.1 - - 1.0
X 0.6 0.6 - 1.8 3.6 0.7 0.7 2.7
L1 4.5 2.2 - 1.2 2.6 6.1 154 2.0
L2 2.6 0.6 2.2 1.8 4.6 8.8 41.6 1.3
L3* 5.8 0.6 1.1 4.3 4.1 5.4 36.5 3.3
Eurasian (total) 83.3 93.3 96.2 91.9 87.7 74.8 5.4 92.3
Sub-Saharans (total) 14.8 4.5 3.3 8.1 11.8 24.5 93.6 6.7
Other 1.9 2.2 0.5 - 0.5 0.7 0.7 1.0
Gene diversity (£SD) 0.9647 (0.0103) 0.9415 (0.0140)
2Pooled data from Gonzalez et al. (2003) and Pereira et al. (2000)
"Data from Rando et al. (1998)
¢Data from Brehm et al. (2002)
dData from Rando et al. (1999)
Fig.1 Principal component 1.5 e
analysis of mtDNA frequen-
cies. Population codes are as
follows: MA Madeira, AC
Acores, PN Portugal North,
PC Portugal Centre, PS Portu-
gal South, NA North Africa, cA
CA Canary Islands. Axis 1
and 2 extracted 61.59% and
22.71% of the information, PN
respectively

@1 A¢ -
5 mA NA
PC
PS
45—k
axist

Relatively high frequency of sub-Saharan L and M1
haplogroups (14%; Table 2) in Madeira is consistent with
the historical records on slave’s introduction both in the
south of Portugal and in Madeira (Godinho 1965). Also,
the African input in Madeira is significantly higher than in
the Agores (Z=3.26, P<0.0001) and still higher than in the
Canary Islands (P<0.05), which nevertheless also had a
strong introduction of sub-Saharan slave labour. Hap-
logroup M1 is absent or rare in West African and North
African populations (Salas et al. 2002), rendering it possi-
ble that its presence in Madeira is due to an introduction

via mainland Portugal, where related M1 sequences have
been sampled (Gonzilez et al. 2003; Pereira et al. 2000).
Haplogroup US is spread across Europe, but particular
US5b haplotypes have also been found in some sub-Saha-
ran populations among Wolof and Serer (Rando et al.
1998) and Guineans (our data, unpublished).

Both Madeira and Agores were uninhabited before their
discovery contrary to the Canaries, which were populated
by North African Guanches. These autochthonous people
are supposed to date to pre-Neolithic times and show the
presence of a particular U6b1 haplotype characterized by



a transition at np 16163 (Rando et al. 1999). Although the
presence of Guanches in Madeira is well documented, we
could not find the particular “Canary” haplotype in our
Madeiran sample. Notably, all haplotypes with an exact
match between Madeira and the Canaries also appear in
mainland individuals, thus rendering it difficult to estimate
the gene flow among these islands that had tight historical
contacts. The frequency of the typical North-African hap-
logroup U6 is significantly (P<0.0001) higher in Canaries
(14%) than in Madeira (3.9%). From the U6 haplotypes
found in Madeira and Acgores, only one (H141) shows an
exact match in Iberia, not surprisingly in the north of Por-
tugal the region concentrating almost all U6s in Portugal
(Gonzadlez et al. 2003; Pereira et al. 2000). U6 is well rep-
resented in the Canary Islands, but no exact matches with
Madeira and Acores were found, suggesting a parallel gene
flow from North Africa rather than an introduction via the
Canary Islands. The relatively high proportion of matches
between Madeira and the Agores can be explained as a
parallel process of settlement or by direct gene flow be-
tween islands. Settlers from Madeira and Acores were
mainly from the Portuguese mainland, but there was also
a remarkable inflow of north-European people, especially
to Acores (Frutuoso 1977; Mendonga 1996). It is also well
documented that many settlers to the Acores were from
Madeira (Mendonga 1996). Concerning Madeira, there is
an on-going debate over the geographic origin of the Por-
tuguese settlers. From the total haplotype sharing between
Madeira and mainland Portugal, 32% correspond to matches
located exclusively in the north of the country. Although
both archipelagos have similar diversity values (Acores=
0.941+0.14, Madeira=0.964740.010) it is the proportion
of African haplotypes that makes the difference. In fact,
sub-Saharan haplotypes found in Madeira could have
been present in the migrant Iberian population or intro-
duced with the slave trade directly from Cabo Verde. It is
thus necessary to find out if the introduced African haplo-
types are part of the original Iberian mtDNA gene pool or
not. The Arab and Berber presence in Portugal lasting al-
most 700 years could have introduced the sub-Saharan
haplotypes into Iberian Peninsula, but should this be the
case it is less perceivable why these should be concentrated
in the south of the country (Gonzdlez et al. 2003; Pereira
et al. 2000) and why most haplotypes found in Madeira do
not have exact matches in Portugal. The sub-Saharan
component in Madeira is not likely to have its origin in
North Africa, considering the comparatively low propor-
tion of common matches between the two regions. Our
data suggest that the African input, at least in Madeira, is
due to a direct import of slaves from West Africa (whose
haplotypes are not captured in the databases surveyed)
and not an indirect input via Portugal or North Africa.
Principal component analysis (PCA) distinguishes the
populations of North African, Madeira, and Canary Islands
from mainland Portugal and the Acores (Fig. 1). The high-
est weight in the plot is due to the sub-Saharan L lineages
and haplogroup U6. The relatively high proportion of
African lineage clusters L1-L3, U6, and M1 in Madeira
(18.7%) and only 5.1% in the Acores agrees well with pre-
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vious estimates of African admixture based on HLA and
STR markers (Spinola et al. 2002; Fernandes et al. 2003).
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