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Abstract A study of five Short Tandem Repeat (STR) loci was undertaken using 
samples of unrelated individuals with Azorean ancestry, born in the island of S. 
Miguel. Markers were analysed by PCR, followed by PAGE (CD4, TPO and 
VWA) or using a Genetic Analyser (F13A1 and MBPB). The results obtained 
revealed that two of the markers studied (VWA and MBPB) were not in agree-
ment with the Hardy-Weinberg expectations. Population differentiation tests dem-
onstrated a higher number of significant differences observed between S. Miguel 
and samples from the North and South of Portugal than between S. Miguel and 
Centre Portugal. The Neighbour-Joining tree showed a clear separation between 
sub-Saharan populations and all the other populations. Further analyses suggest 
genetic affinities between S. Miguel and one of the North African samples. These 
results are in agreement with mtDNA data as well as with historical reports in 
which the contribution of Moorish slaves to the founding population of S. Miguel 
is frequently evoked.

Key-words S. Miguel (Azores); population genetics; STRs; PCR; population dif-
ferentiation. 

Resumo Um estudo sistematizado de cinco loci do tipo Short Tandem Repeat 
(STR) foi desenvolvido, usando amostras de indivíduos não-aparentados com 
ascendência açoriana, naturais da ilha de S. Miguel. Os marcadores genéticos foram 
amplificados por PCR e analisados em PAGE (CD4, TPO e VWA) ou recorrendo 
a um Genetic Analyser (F13A1 e MBPB). Os resultados obtidos revelaram que 
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dois dos marcadores estudados (VWA e MBPB) não se encontravam de acordo 
com o formalismo de Hardy-Weinberg. Testes de diferenciação populacional 
demonstraram um maior número de diferenças significativas entre S. Miguel e o 
Norte e Sul de Portugal do que entre S. Miguel e o Centro de Portugal. A árvore 
genética, construída pelo método de Neighbour-Joining, evidencia uma separação 
clara entre as populações sub-sarianas e as restantes populações. Outras análises 
efectuadas sugerem uma afinidade genética entre S. Miguel e uma das populações 
do Norte de África. Estes resultados vão ao encontro quer dos dados obtidos 
para o mtDNA quer aos relatos históricos nos quais a contribuição de escravos 
mouriscos para a população fundadora de S. Miguel é frequentemente evocada.

Palavras-chave S. Miguel (Açores); genética populacional; STRs; PCR; difer-
enciação populacional.

Introduction

The Azores is an archipelago formed by 9 islands, clustered in 3 geo-
graphical groups (Centre, Western and Eastern). It is located in the North 
Atlantic Ocean, approximately 2000 Km away from Mainland Portugal. 
With a global area of 2344 km2 and 243 895 inhabitants (SREA, 2001), 
the Azores were uninhabited when first discovered by the Portuguese in 
1432. The island of S. Miguel, included in the Western group, is the more 
populated (131.510 according to the census of 2001 (SREA, 2001)) and 
was one of the first islands to be settled (Matos, 1989). The contribution 
of the several populations involved in the settlement process it is not clear, 
mostly because the historical sources do not provide sufficient informa-
tion. Nevertheless, a consensus exists on the fact that the main group of 
settlers originated from mainland Portugal and from Madeira Island.

Although a great investment is taking place in the genetic profiling of 
several European populations, the genetic characterization of the Azorean 
populations is recent. The first studies concerned classical markers namely 
enzymatic polymorphisms (see eg. Santos et al., 1992; Santos and Amorim, 
1994). The pioneer use of DNA markers for the Azorean populations was 
undertaken only by 1998 (Corte-Real et al., 1998; Prata et al., 1998).

Short Tandem Repeats (STRs) are widely used as effective tools for 
individual and population genetic characterisation, as well as to examine 
genetic relationships between populations. Among other features, their 
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ubiquity in the human genome, their high polymorphism and the possi-
bility of amplification by PCR techniques, made possible a large implanta-
tion of this kind of markers in genetic studies. The purposes underlying 
this study were: 1) To report on the allelic frequencies of five STR loci 
(CD4, TPO, VWA, F13A1 and MBPB) in the Island of S. Miguel; 2) To 
establish a comparative study, aiming to investigate the presence of genetic 
differentiation between the present sample and other populations; and 3) 
To calculate genetic distances and to construct genetic trees aiming to: (i) 
understand the genetic context of the S. Miguel population relatively to 
other populations; (ii) infer aspects of the population history of this Island.

The historical reports on the peopling of the Azorean Archipelago 
allow us to predict that each island or group of islands may present spe-
cific genetic characteristics, since there are indications of a differential 
contribution from distinct groups of settlers. The results obtained in the 
present study together with others obtained for the remaining islands 
should contribute to the genetic characterisation of the Azorean popula-
tions, and allow advances in the understanding of its structure. Further-
more, this study provides new data that can be used for the improvement 
of a specific database for this population.

Methodology

Sampling
Buccal swabs were collected from unrelated individuals born in S. Miguel 
Island (Azores), with Azorean ancestry confirmed up until the third gen-
eration (great-grandparents born in the Azorean Archipelago).

DNA markers and loci
In the present study, five STR loci were analysed. Four of them are char-
acterized by a tetrameric repeat motif and one (CD4) is characterized by 
a pentameric repeat motif. The motifs and respective locations of these 
loci are as follows:

– CD4: (AAAAG)n, surface of the antigen cd4 gene (12p12-pter);
– TPO: (AATG)n, intron 10 of the thyroid peroxidase gene (2p23-2pter);
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– VWA: (TCTA)n, intron 40 of the von Willebrand factor gene 
(12p12-pter);

– F13A1: (AAAG)n, intron 1 of the human coagulation factor XIII, 
A1 polypeptide (6p24-p25);

– MBPB: (TGGA)n, myelin basic protein gene, locus B (18q23-qter).

DNA extraction
DNA extraction was performed according to the chelating resin method, 
as described by Lareu et al. (1994).

PCR amplification
Amplification of the markers in study was made accordingly to primers 
and conditions described in Table 1. 

Electrophoresis
For CD4, TPO and VWA, PCR products were separated on a discontinu-
ous horizontal electrophoresis system as described by Luis and Caeiro 
(1995). Visualisation was undertaken by the silver staining method accord-
ing to Budowle et al. (1991) and genotyping was carried out through side-
by-side comparison, using previously typed samples as references. For 
F13A1 and MBPB, an ABI 310 Genetic Analyser from Perkin-Elmer was 
used. Fragment sizes were determined automatically using the GeneScan 
software, also from Perkin-Elmer.

Table 1. Amplification primers and conditions for the markers under study (n = 35 cycles).

Markers Primers
Pre-

denaturation
Denaturation Annealing Elongation

Final 
Extension

CD4
Edwards et al. 

(1991)
94º C, 5 min 95º C, 30 s 58º C, 1 min 72º C, 1 min 72º C, 7 min

TPO
Anker et al. 

(1992)
94º C, 5 min 95º C, 30 s 60º C, 1 min 72º C, 1 min 72º C, 7 min

VWA
Kimpton et al. 

(1992)
95º C, 5 min 95º C, 30 s 54º C, 1 min 72º C, 1 min 60º C, 30 min

F13A1
Polymeropoulos 

et al. (1991)
95º C, 11 min 95º C, 30 s 58º C, 1 min 72º C, 1 min 60º C, 45 min

MBPB
Gusmão et al. 

(1996)
95º C, 2 min 95º C, 30 s 58º C, 1 min 72º C, 1 min 60º C, 30 min
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Analyses 
All statistical analyses were undertaken using the following statistical 
packages: ARLEQUIN version 2000 (Schneider et al., 2000); GENE-
POP version 3 (Raymond and Rousset, 1995a); PHYLYP version 3.5c  
(Felsenstein, 1993); SPSS 11.0 (SPSS Inc., 1989-1999).

Intra-population analyses
Allele frequencies were estimated and values for the expected number of 
heterozygotes were evaluated for each marker. Hardy-Weinberg equilib-
rium (HWE) was tested by an exact test (Guo and Thompson, 1992), for 
all markers. For markers yielding p-values lower than 0.01, a score test 
was performed to evaluate the hypothesis of a homozygotes excess (Rous-
set and Raymond, 1995).

Inter-population analyses
For all markers, a population differentiation exact test (Raymond and 
Rousset, 1995b) using allelic frequencies was carried out, to com-
pare data obtained in this study with data available for other Euro-
pean and African populations. Genetic distances between populations  
(Cavalli-Sforza and Edwards, 1967; Reynolds et al., 1983) were esti-
mated from allelic frequencies of markers TPO and VWA and were used 
to construct a Neighbour-Joining (Saitou and Nei, 1987) tree; the robust-
ness of the tree was accessed by means of 10 000 bootstrap replications  
(Felsenstein, 1985). The number of markers used for tree reconstruction 
was limited by data availability (only for TPO and VWA a set of pop-
ulation data common to both markers could be compiled). The matrix 
resulting from the genetic distances between populations was represented 
in a bi-dimensional chart by means of Multidimensional Scaling (MDS) 
analysis.

Results and Discussion

Intra-population analyses
In Table 2 the allelic frequencies obtained for each marker are reported. 
Values for observed and expected heterozygosity and values of signifi-
cance for the Hardy-Weinberg Equilibrium (HWE) are also presented.
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Two out of the five markers analysed (VWA and MBPB) presented 
significant values, for the HWE test. The score tests computed for these 
two systems showed that differences between observed and expected het-
erozygosis were significant only for MBPB (p=0.009). This result dem-
onstrates an excess of homozygotes in our sample. Although the number 
of individuals typed for this marker can be considered acceptable as rep-
resentative of the sub-population analysed in this study it is, nevertheless, 
reduced (n=32). Thus, the implications of this finding will have to be 
substantiated with an enlargement of the sample.

Table 2. Allelic frequencies, heterozygosity values and p-values for the HWE, for the five 
markers analysed in S. Miguel Island.

Allele
CD4

(n = 113)
TPO

(n = 102)
VWA

(n = 69)
F13A1
(n = 37)

MBPB
(n = 32)

3.2 - - - 0.0405 -

5 0.4646 - - 0.1757 -

6 0.2389 0.0049 - 0.3649 -

7 0.0044 0.0098 - 0.4054 0.4531

8 0.0044 0.4608 - - -

9 0.0044 0.1569 - - 0.1719

10 0.2257 0.0245 - - 0.0781

11 0.0044 0.3284 - 0.0135 0.1719

12 0.0221 0.0147 - - 0.1094

13 0.0265 - - - 0.0156

14 0.0044 - 0.1377 - -

15 - - 0.1159 - -

16 - - 0.2101 - -

17 - - 0.2826 - -

18 - - 0.2029 - -

19 - - 0.0507 - -

H
0

0.646 0.686 0.826 0.649 0.531

H
e

0.752 0.732 0.808 0.683 0.818

p 0.163 0.056 0.003* 0.795 0.007*

H
0 

- Observed heterozigosity; H
e 

- Expected heterozigosity; p - Hardy-Weinberg equilibrium (exact test probability based on 3000 
dememorization steps); * - significant values (p ≤ 0.01).
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Inter-population analyses
Population differentiation tests were performed using all 5 markers (Table 3). 
Markers CD4, TPO and MBPB were the ones showing more differentia-
tion between populations whereas for VWA only 5 out of the 21 popu-
lations analysed presented a significant differentiation relatively to our 
sample. 

On what concerns the results obtained in the comparisons made 
with mainland Portugal, and considering all markers, a higher number of 
significant differences was observed between S. Miguel and the samples 
from North and South Portugal. These results contrast with the situation 
verified for Centre Portugal where only a significant result was obtained 
for marker CD4. However, no differences were detected between the three 
regions of Mainland Portugal (data not shown).

A Neighbour-Joining tree built using markers TPO and VWA is pre-
sented in Figure 1. Although population differentiation tests were carried 
out using geographically distinct subpopulations of Mainland Portugal 
(North, Center and South), the topology of the genetic trees reconstructed 
by using these subpopulations demonstrated a very poor statistical sup-
port, as assessed by bootstrap analysis (results not shown). Therefore the 
genetic tree presented in this work was obtained using the polled data for 
Mainland Portugal.

N. Berbers

0.01

Madeira2

M.Arabs1

S.Tomé

Guiné

C.Verde

S.Miguel

Portugal

Astúrias

Galiza

74

100

74

74

50

50
75

Figure1. Neighbour-Joining tree (Saitou and Nei, 1987) constructed from Cavalli- 
-Sforza and Edwards (1967) genetic distances, using markers TPO and VWA. Numbers 
in branches are bootstrap probabilities for 10 000 resamplings. Reynolds et al. (1983) 
genetic distances produced a tree with essentially the same topology, but with lower 

bootstrap values.
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The tree shows two main clusters, one formed exclusively by sub- 
-Saharan populations and the other containing North African and European 
populations. This separation is strongly supported by bootstrap analysis 
(probability of 100%). In the group formed by North African and European 
populations, the North African samples appear to be the more differenti-
ated. However the topology of this group is difficult to clarify because in 
the juncture points that involve North African populations, the bootstrap 
values are relatively low (50%). The fact of this tree is unrooted, makes 
difficult the evaluation of the positioning of each population included in 
the main European cluster relatively to the African populations. Thus, the 
positioning of S. Miguel and the evaluation of its affinities with European 
and African populations is not straightforward.

Using genetic distances we performed a Multidimensional Scal-
ing (MDS) analysis (Helgason et al., 2001). The result clearly shows an 
affinity between S. Miguel and the Moroccan Arabs (Figure 2). When 
this analysis was performed with the subdivisions of Mainland Portugal,  
S. Miguel showed proximity with the sample of South Portugal and 
Moroccan Arabs (Figure 3).
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Figure 2. Multidimensional scaling chart of genetic distances.
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In summary, the affinity with one of the North African population 
included in the analysis (MArabs1) is put forward by the MDS. Fur-
thermore, this affinity is supported by the fact that the S. Miguel sample 
showed relatively high frequencies of alleles 8 and 9 from TPO and 15 
from VWA. In fact, these alleles are representative of gene flow between 
European and African populations (Dios et al., 2001). Also, mitochondrial 
DNA data generated by our research group shows the presence of North-
-African lineages in the population of S. Miguel (Santos et al., 2003). 
This evidence agrees with historical reports regarding the contribution of 
Moorish slaves to the founding population of S. Miguel. The inclusion in 
this study of other populations that potentially contributed to the Azorean 
gene pool may clarify the relationships observed in the genetic trees.

This study provides new data concerning the genetic variability of 
the Azores and allows the inference of aspects on the settlement history 
of the Azorean populations. Nevertheless, to fully access the genetic pro-
file of the Azorean populations it will be necessary to increase both the 
sample size and the set of markers used, as well as to integrate data from 
other genetic systems (mtDNA and Y chromosome polymorphisms). Fur-
thermore, the use of non-genetic data in the inference of the population 
history of the Azores Islands is a priority, since specific issues concern-
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Figure 3. Multidimensional scaling chart of genetic distances.
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ing the origins of the Azorean populations can only be addressed using 
biodemographic data, currently being systematized in a large population 
database (Alves et al., 2000). As fully demonstrated by several authors 
(see for ex., Lasker, 1954; Mielke and Swedlund, 1993) this kind of data 
will surely provide high quality information that can strongly support the 
genetic variation found.
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