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Anthropological remains (Kozlowski, 1982) indi-
cate that modern humans arrived in Eastern Europe
around 40,000 years ago. They most probably came
from the Near East, although a more or less simul-
taneous arrival from North Africa to the Iberian
Peninsula has also been suggested (Ferembach,
1986). From the size and localization of their settle-
ments, it has been deduced that European popula-
tions were sparse during the Paleolithic, suffering
important constrictions and expansions due to cli-
matic changes (Mellars, 1998). Notable densities
were reached in the Mesolithic, mainly in southern
areas, although population sizes did not increase
greatly until the introduction of farming into Europe
from the Near East in the Neolithic (Whittle, 1998).
It has been proposed that these Neolithic farmers
gradually displaced the indigenous Mesolithic hunt-
ers and gatherers (Ammerman and Cavalli-Sforza,
1973).

Recently, the molecular variation in mitochon-
drial DNA (mtDNA) has been used to give a mater-
nal genetic perspective of this European demo-
graphic history. Two main approaches have been
used to accomplish this goal. Global quantitative
analyses, such as those based on population genetic
distances (Comas et al., 1997), and spatial autocor-
relation (Simoni et al., 2000), have been congruent
in showing a certain degree of population homoge-
neity in Central Europe and a detectable east-west
clinal variation for the Mediterranean area. All
these data have been interpreted as in agreement

with the Neolithic demic displacement hypothesis,
although it has been pointed out that mtDNA does
not offer the clear picture obtained by the use of
autosomal and Y-chromosome markers. On the
other hand, the establishment of phylogeographic
relationships among mtDNA haplotypes has been a
valuable tool to distinguish several major mtDNA
lineages in west Eurasian populations (Macaulay et
al., 1999).

When the divergence times for the European
founders of these clusters were calculated, it was
found that the bulk of them originated in pre-Neo-
lithic times, whereas those dated in the Neolithic
were only around 15%, considerably reducing the
Near East demic impact into Europe (Richards et
al., 1996; Torroni et al., 1998). Furthermore, prelim-
inary studies on mtDNA diversity in the Iberian
Peninsula compared with other European samples
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(Côrte-Real et al., 1996) showed greater diversity
levels in Southern than in Northern European pop-
ulations. In addition, diversity levels and the geo-
graphic distribution of some autochthonous mtDNA
European lineages revealed that a Paleolithic popu-
lation expansion from Southwestern to Central and
Northern Europe probably occurred after the last
glaciation (Torroni et al., 1998). Finally, moderate
levels of mtDNA gene flow from North Africa to the
Iberian Peninsula have also been detected (Côrte-
Real et al., 1996; Rando et al., 1998; Rocha et al.,
1999).

All the molecular data are congruent with the idea
that the cultural and demic impact from the Near
East in the Neolithic was very attenuated on the
Atlantic edge of Europe, in particular the Iberian
Peninsula. For this reason, it should be at this At-
lantic fringe where the Paleolithic contribution to
modern European populations is expected to be most
conspicuous. In this paper, we studied the mtDNA
variation in samples from the whole Western border
of the Iberian Peninsula to determine the relative
affinities and differences among them and other
European populations. Using both population and
molecular phylogenetic approaches, we further
searched for molecular clues of the past demo-
graphic relationships in this Atlantic area.

MATERIALS AND METHODS

Samples

In this study, 299 individuals from Portugal and
43 from Galicia (Northwestern Spain) were ana-
lyzed. Blood samples from the Portuguese were
taken from voluntary Army donors. Each one was
assigned to a different geographic area, according to
the origin of their most ancient known maternal
ancestor, as follows: North Portugal (NP), 84; Center
Portugal (CP), 78; and South Portugal (SP), 137.
These numbers were respectively enlarged with 100,
84, and 59 individuals from another study (Pereira
et al., 2000). Whenever Portugal was used as a total,
54 individuals from throughout Portugal were added
(Côrte-Real et al., 1996). Galician samples were col-
lected from voluntary donors resident in the Canary
Islands but with all their known maternal ancestors
from Galicia. To enlarge this sample, 92 unrelated
individuals from the same region studied in Salas et
al. (1998) were pooled (GA). When the Iberian Pen-
insula (IP) as a total is analyzed, it refers only to the
pool of the above-mentioned Atlantic regions.

To determine the relative affinities of the IP pop-
ulation with other Atlantic areas, the following sam-
ples were included in the analysis: a pool of 255
already published northwest African (NA) mtDNA
sequences, comprising samples from the following
areas: 85 Berbers from northern Algeria analyzed



Population comparisons

For the AMOVA analysis (Excoffier et al., 1992),



longing to haplogroup T. Thus, T4 shows greater
frequencies in the north, whereas T5 is more prev-
alent in the south. These results show that the west-
ern fringe of Europe is not a homogeneous mitochon-
drial landscape; on the contrary, Paleolithic and
Neolithic linages are heterogeneously distributed
throughout the studied area.

Population affinities

The AMOVA results showed that there is a very



samples. In fact, the latter are, globally, more re-
lated to the Central European samples than to En-
gland and Scotland. However, center Portugal and
north Germany cluster together in spite of their
large geographic distance. Again, an inspection of
the matches between them shows that this affinity is
due to the high frequencies in both for common
haplotypes, mainly in H* and K, and not to specific
matches not shared with other areas.

Within-haplogroup population affinities
Sequence matches distribution within haplo-
groups. In order to keep adequate sample sizes
within haplogroups, we analyzed matches only for
the large geographic areas considered in the
AMOVA analysis. Table 3 indicates that matches
due to the CRS are the overwhelming majority of
matches between areas (87.3 � 3.0%). Furthermore,
all areas share matches due to the basic and more
frequent haplotypes for the following clusters: H*, J,
K, T, T1, U5b, and V, that together summed up an
additional 10.0 � 2.5%. Only 2.7 � 1.6% of the
matches are specific between areas.

With rare exceptions such as the central motives
of U5 and J1a, the Iberian Peninsula participates in

Fig. 1. Neighbor-joining trees constructed from FST distance
matrix, (a) using all haplotypes and (b) excluding CRS. CP,
center Portugal; EN, England; FI, Finland; FR, France; GA, Gali-
cia; NA, North Africa; NG, North Germany; NO, Norway; NP,
North Portugal; SC, Scotland; SG, South Germany; SP, South
Portugal.
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parallel, there is an evident difference in their be-
havior. Finally, some less frequent Caucasian sub-
haplogroups were only detected in localized areas
such as U1a and U5b1 in the north, or U7 and J1b in
the south.

DISCUSSION





In a similar way, and discarding possible genetic
drift effects, our own data allow us to make minimal
estimates of the maternal African pre-Neolithic,
Neolithic, and/or recent slave trade input into Ibe-
ria. For the former, we consider only the mean value
of the U6 frequency in northern African populations,
excluding Saharans, Tuareg, and Mauritanians
(16%), as the pre-Neolithic frequency in that area,
and the present frequency in the whole Iberian Pen-
insula (2.3%) as the result of the northwest African
gene flow at that time. The value obtained (14%)
could be as high as 35% using the data of Côrte-Real
et al. (1996), or 27% with our north Portugal sample.
In the same vein, the Saharan Neolithic gene flow
can be estimated as 13%, taking the actual frequen-
cies for the sub-Saharan African haplogroups (51%)
in southern northwest African samples (Tuareg, Sa-
harans, and Mauritanians) as the frequency of the
African Neolithic, and that of the Iberian Peninsula

(6.8%) as the result of the putative Neolithic mater-
nal gene flow. This value could rise to 23% when
only south Portugal is taken into account. However,
if we admit a recent 10% of slave trade input into
this region, as historically documented (Godinho,
1983), 13% would be left for the putative Saharan
Neolithic gene flow. In spite of the simplicity of the
method, different estimates give congruent results,
that in turn give molecular support to the earlier
hypothesis of prehistoric northwest African influ-
ences in the Iberian Peninsula, proposed on the ba-
sis of archaeological and anthropological affinities
(Barandiarán, 1998).

ACKNOWLEDGMENTS

We thank H. Bandelt for his help and comments.
This study was supported by grants of the DGES
(PB93-0558) and Gobierno de Canarias (COF1999/
019) to V.M.C. The authors are grateful to the Por-

APPENDIX. Hypervariable segment I (HVSI) haplotypes and restriction fragment length
polymorphisms (RFLPs) in Portuguese and Galician samples1

RFLPs

Samples

1 1 1 11
2 3 4 4 7 8 0 0 0 2 4
3 5 2 5 0 9 3 3 8 3 7

7 4 9 1 7 2 9 9 9 7 0 6
3 9 2 6 7 5 4 4 7 3 8 6

HVSI type w j h q q a e c a y g u GA NP CP SP

H*
CRS 1



RFLPs

Samples

1 1 1 11
2 3 4 4 7 8 0 0 0 2 4
3 5 2 5 0 9 3 3 8 3 7

7 4 9 1 7 2 9 9 9 7 0 6
3 9 2 6 7 5 4 4 7 3 8 6

HVSI type w j h q q a e c a y g u GA NP CP SP

320 � � 2 1
335 � � 1
344 � � 1 1
355 � � 1
362 � � � 2 2
093 189 � � 2
093 263 � � 1
093 270 � � � 1
093 319 � � 1
111 311 � � 1
124 220 � � 1
124 362 � � 1
129 242 � � 1
129 362 � � 1 1
188A 189 � � 1
189 262 � � 1
189 356 � � 1 1
192 262 � � 1
213 304 � � 1
220T 311 � � 1
221 291 � � 1
235 291 � � 1 2
269 270 � � � 1
278 311 � � � 1
278 311 � � � 1
292 318 � � � � 1
293 311 � � 1
311 319 � � 1
093 189 293 � � 1
093 189 311 � � 1
114 311 362 � � 1
126 264 362 � � 1
126 361 362 � � 1
129 344 362 � � 1
172 192 311 � � 1
172 233 362 � � 1
180 219 221 � � 1
189 356 362 � � 1
213 254 304 � � 1
217 218 311 1
235 291 293 � � 1
126 291A 355 362 � � 1

22 39 47 66
V (298)
298 � 2
153 298 � 1
189 298 � 1
239 298



RFLPs

Samples

1 1 1 11
2 3 4 4 7 8 0 0 0 2 4
3 5 2 5 0 9 3 3 8 3 7

7 4 9 1 7 2 9 9 9 7 0 6
3 9 2 6 7 5 4 4 7 3 8 6

HVSI type w j h q q a e c a y g u GA NP CP SP

U5a (192 270)
192 270 304 311 1

0 1 0 0
U5a1 (192 256 270)
192 256 270 1
192 256 270 362 1

0 0 0 2
U5a1a (256 270 399)
256 270 1
188 256 270 399 1

0 0 1 1
U5b (189 270)
189 270 1
189 270 � 1
189 192 270 2
189 270 390 1
093 189 192 270 1
093 189 192 270 311 1

0 3 2 2
U6 (172 219)
051 172 219 311 1
172 219 235 278 355 1 1
172 189 219 239 278 362 2

1 1 3 0
K (224 311)
224 311 2 1 4 2
093 224 311 1 1
192 224 311 1
224 234 311 2
224 235 311 1
224 304 311 1
224 311 320 3
093 110 224 311 1
218 224 311 320 1
222 224 311 360 1
093 156 224 240C 311 1

4 4 7 8
J (069 126)
069 126 1 3 1
069 126 150 1
069 126 241 1
069 126 256 1 1
069 126 311 1
069 126 324 366 390 2
069 126 163 266 311 1

1 1 5 6
J1b (069 126 145 222 261)
069 126 145 222 256 261 278 1

0 0 0 1
J1b1 (069 126 145 172 222 261)
069 126 145 172 222 261 1 1

0 1 0 1
J2 (069 126 193)
069 126 193 278 1 3
069 126 193 319 360 1

1 0 1 3
T (126 294)
126 294 1 1 1
126 256 294 296 1
093 126 189 294 296 1

0 3 1 1
T1 (126 163 186 189 294)
037 126 163 186 189 1 1
126 163 186 189 294 2
126 163 171 186 189 294 1
126 163 186 189 261 294 2
126 163 186 189 249 294 311 1 1
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RFLPs

Samples

1 1 1 11
2 3 4 4 7 8 0 0 0 2 4
3 5 2 5 0 9 3 3 8 3 7

7 4 9 1 7 2 9 9 9 7 0 6
3 9 2 6 7 5 4 4 7 3 8 6

HVSI type w j h q q a e c a y g u GA NP CP SP

126 163 186 189 294 304 311 1
1 4 1 4

T2 (126 294 304)
126 294 304 1
126 172 294 304 1
126 294 296 304 2 2 1
051 126 294 296 304 1
093 126 294 296 304 1
126 147 294 297 304 1
126 294 296 304 344 1
126 294 296 304 365 1
093 126 271 294 296 304 1

1 7 2 3
T3 (126 292 294)
126 292 294 296 324 1
126 171 292 294 296 324 1

0 0 1 1
T5 (126 153 294)
126 153 294 1
126 153 274 293 294 296 1

1 1 0 0
N1a (147A/G 172 223 248 355)
086 147A 172 223 248 320 355 � � � � 1

0 0 0 1
N1b (145 176G 223)
145 176G 223 390 1

0 1 0 0
I (129 223 391)
129 223 391 1
129 172 223 311 391 2
129 172 223 293 311 391 1

0 4 0 0
W (223 292)
223 292 1
223 292 311 1
223 292 311 � � � 1
223 292 318 1
223 292 320 1
223 292 362 1 2
192 223 292 325 1
129 209 223 292 295 311 343T � � � � 1

1 4 1 4
X (189 223 278)
189 223 278 4
189 223 278 � � � � � 1
189 209 223 278 � � � � � 1

1 0 0 5
M1 (129 189 223 249 311)
129 189 223 249 311 1
129 186 189 218 223 249 311 1

0 0 0 2
L3 (223)
223 � � � � 1
185 223 1
111 169 193 195 223 243 261 311 1

1 0 0 2
L3b (124 223 278 362)
223 278 362 1
124 189 223 234 278 1

0 0 1 1
L3e (172 223 320)
172 189 223 320 2
172 189 223 320 � 1
172 189 223 248 320 1

0 0 1 3
L1b (126 187 189 223 264 270 278 311)
187 189 223 264 270 278 311 1
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tuguese Army Chief of Staff for allowing the collec-
tion of blood samples covering the whole territory
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