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ABSTRACT Mitochondrial DNA analysis of Atlantic
European samples has detected significant latitudinal
clines for several clusters with Paleolithic (H) and Neo-
lithic (J, U4, U5a1, and U5a1a) coalescence ages in Eu-
rope. These gradients may be explained as the result of
Neolithic influence on a rather homogeneous Paleolithic
background. There is also evidence that some Neolithic
clusters reached this border by a continental route ( J, J1,
J1a, U5a1, and U5a1a), whereas others (J2) did so
through the Mediterranean coast. An important gene flow
from Africa was detected in the Atlantic Iberia. Specific
sub-Saharan lineages appeared mainly restricted to

southern Portugal, and could be attributed to historic
Black slave trade in the area and to a probable Saharan
Neolithic influence. In fact, U6 haplotypes of specific
North African origin have only been detected in the Ibe-
rian peninsula northwards from central Portugal. Based
on this peculiar distribution and the high diversity �
value (0.014 � 0.001) in this area compared to North
Africa (0.006 � 0.001), we reject the proposal that only
historic events such as the Moslem occupation are the
main cause of this gene flow, and instead propose a pre-
Neolithic origin for it. Am J Phys Anthropol 119:000–000,
2002. © 2002 Wiley-Liss, Inc.

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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Facultad de Biologı́a, Universidad de La Laguna, 38271 Tenerife,
Spain. E-mail: amglez@ull.es

Received 27 September 2000; accepted 17 July 2002.

DOI 10.1002/ajpa.10168
Published online in Wiley InterScience (www.interscience.wiley.

com).

AMERICAN JOURNAL OF PHYSICAL ANTHROPOLOGY 119:000–000 (2002)

tapraid5/c0-phan/c0-phan/c01202/c00619d02a heckt S�17 9/9/02 11:04 Art: 00-1074

© 2002 WILEY-LISS, INC.



(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
for mtDNA sequences (Côrte-Real et al., 1996) and
for cluster-diagnostic RFLP polymorphisms (Ma-
caulay et al., 1999); 60 Moroccan Berbers, 32 non-
Berber Moroccans, 25 west-Saharans, and 30 Mau-

ritanians as detailed in Rando et al. (1998); and 23
Tuareg from Watson et al. (1997). England (EN) was
represented by 92 individuals from Wales, 69 from
Cornwall (Richards et al., 1996), and 100 UK Cau-
casians (Piercy et al., 1993). Scotland (SC) was rep-
resented by 874 sequences from the mainland
(Helgason et al., 2001). Continental Europe repre-
sentatives included: 180 French (FR), 20 from the
mtDNA Concordance database (Miller et al., 1996),
50 from Rousselet and Mangin (1998), and 110 from
Cali et al. (2001); 404 Germans were subdivided as:
South Germany (SG), including 67 individuals from
Hofmann et al. (1997) and 199 described in Lutz
et al. (1998); and North Germany (NG), comprising
105 German and 33 Danish as detailed in Richards
et al. (1996); also included were 50 non-Saami Finns
(FI) from Sajantila et al. (1995) and 323 Norwegians
(NO) from Helgason et al. (2001). Finally, for
the analysis of shared sequence types between
regions, 90 additional North African sequences, 33
French sequences, and one British unpublished se-
quence (J. Larruga, personal communication) were
included.

Sequencing

Total DNA was isolated as described in Rudbeck
and Dissing (1998). PCR was amplified as in Pinto et
al. (1996), and directly sequenced for both comple-
mentary strands as detailed in Rando et al. (1998).
The sequences of 403 bp of the first hypervariable
segment (HVSI) of the control region of the mtDNA,
from position 15997–16399, according to the Cam-
bridge Reference Sequence (CRS; Anderson et al.,
1981), were determined and aligned. To discrimi-
nate for ambiguous haplogroup classification, all in-
dividuals, sorted by sequence motif as H or U* (Tor-
roni et al., 1996), were also analyzed for polymorphic
site 73 (Wilkinson-Herbots et al., 1996). This anal-
ysis involved amplifying a fragment embraced by
primers L29 and H408 as in Vigilant et al. (1989),
using the following PCR conditions: 94°C, 15 sec;
52°C, 15 sec; and 72°C, 15 sec, repeated for 35 cycles,
and restricted with Alw44I. We also screened sam-
ples for the 12308G mutation by using a mis-
matched primer that generates a HinfI site when
the 12308G mutation is present (Torroni et al.,
1996). When ambiguity persisted, the following ad-
ditional sites were tested: AluI site at np 7025 (Tor-
roni et al., 1996), MseI site at np 14766 (Lamminen
et al., 1997), and NlaIII site at np 4577 (Torroni et
al., 1996). To obtain more information for other hap-
logroup classification, several amplified segments
were digested and restricted as detailed in the re-
spective references. Sites tested were: 2349 MboI,
3592 HpaI, 8994 HaeIII, 10394 DdeI, 10397 AluI
(Chen et al., 1995; Torroni et al., 1996), 4216 NlaIII
(Macaulay et al., 1999), and 10871 MnlI (Quintana-
Murci et al., 1999).
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Population comparisons

For the AMOVA analysis (Excoffier et al., 1992),
the populations studied were grouped into the fol-
lowing geographic areas: Northern (Norway and
Finland), Western (Scotland and England), Central
(north Germany, south Germany, and France), Ibe-
rian (Galicia, and north, center, and south Portu-
gal), and northwest Africa. The significance tests of
the variance components were obtained by compar-
ison with a distribution of 1,000 values calculated by
randomization, using the computer program ARLE-
QUIN, version 1.1 (Schneider et al., 1997). Pairwise
population comparisons were estimated as distance
values. It is known that genetic distances between
populations give us a measure of their present affin-
ities, but give no clue about past interactions. For
nonrecombinant systems such as mtDNA variation,
the phylogeographic approach that joins phyloge-
netic clusterings of molecules with their geographic
distribution, diversity, and coalescence times (For-
ster et al., 1996) aims to cover this gap at a global
scale, but has no significant level of quantification
for the present relatedness between close popula-
tions. Several mean distances were used to deal with
this issue, but with inevitable shortcomings. Aver-
aged distances between sequences do not take into
account the fact that nucleotide differences between
sequences belonging to different molecular lineages
could be the same. On the other hand, distances
based only on the relative frequency of different
molecular lineages between populations miss the
sequence heterogeneity existing within lineages.
Distances based on the frequency of identical se-
quences between populations, although not appro-
priate to detect possible ancient connections, seem
the most adequate to fairly well detect relatively
recent gene flow between populations. We chose this
distance for our population comparisons. In this
case, mtDNA was considered as one locus with as
many alleles as different haplotypes detected, and
the linearized FST distance based on allele frequen-
cies was used as implemented in the ARLEQUIN
program. In order to include other published sam-
ples in the comparisons, only the variation between
positions 069–365 was used. Nucleotide diversity
measured as � values (Nei, 1987) was calculated
using the DnaSP program, version 3.0 (Rozas and
Rozas, 1999). The neighbor-joining (NJ) tree (Saitou
and Nei, 1987) was used to depict graphical relation-
ships among populations.

Phylogeographic analysis

All sequences used in this study were sorted into
molecular clusters (haplogroups), as defined in Rich-
ards et al. (2000), but keeping their geographic ori-
gins. Relative frequencies of haplogroups, and
matches within clusters, among and between areas,
were used in conjunction with their previously cal-
culated ages (Richards et al., 2000) and distributions
in Europe to refine the global affinities obtained at

population level. Due to the relatively low frequency
of matches within haplogroups, geographical pat-
terns of haplogroup variation were tested by spatial
correlation, using haplogroup frequency and lati-
tude (represented by that of the main town in each
sampled area) as variables.

RESULTS

Haplotype classification and distribution

The Appendix lists our 342 sampled sequences
according to their haplogroup status. Within haplo-
types classified in superhaplogroup H* by their
HVSI sequences, 4.0% belonged to the U* group,
2.9% to superhaplogroup R*, 1.7% to the pre-HV
cluster, and 0.6% to the HV* cluster according to the
RFLP analysis. However, in comparisons with sam-
ples where this sorting was not possible, we also
grouped them as H*. The haplogroup frequencies
and sample sizes for the populations analyzed are
given in Table 1. The haplotype with the reference
sequence (CRS, Anderson et al., 1981) is the most
abundant haplotype in all samples, although values
range from 11.7% in northwest Africa to 21.7% in
north Portugal.

As expected, sub-Saharan African influence, rep-
resented by haplotypes classified in L and M1 clus-
ters, is important in northwest Africa (26.1%) but
negligible in Europe, with the exception of south
Portugal (11.7%). On the other hand, subhaplogroup
U6, of North African origin (Rando et al., 1998), has
a local presence in Europe, being detected only in
northwest Iberian Peninsula. The differential geo-
graphic distributions of these sub-Saharan African
and northwest African haplogroups in the Iberian
Peninsula are statistically significant: L and M1
clusters are more abundant in south Portugal (�2 �
9.81; P � 0.01), and U6 in northern areas (�2 � 5.83;
P � 0.05). Cluster U5, with coalescence ages in the
early Upper Paleolithic, and a probable European
origin (Richards et al., 2000), reaches its highest
frequencies for its ancestral motives in Britain (�2 �
11.74; P � 0.001) when compared to other continen-
tal areas such as Scandinavia, Germany, France,
and the Iberian Peninsula. On the other hand, hap-
logroup J and the subhaplogroups T1, T2, U3,
U5a1a, and perhaps U5a1 have been considered of
Neolithic influence (Richards et al., 2000). The basal
subhaplogroup J (�2 � 11.22; P � 0.001) also has its
greatest frequency in Britain. In addition, different
J derivatives have different geographic distribu-
tions. For example, J1a (�2 � 8.10; P � 0.01) and
J1b1 (�2 � 13.16; P � 0.001) are more abundant in
northern areas including Scandinavia, Britain, and
northern Germany, whereas J2, with representa-
tives in all southern populations, is only present in
the northern population of Scotland. In a similar
vein, the highest frequencies for U5a1 are in the
north (�2 � 8.03; P � 0.01). Although not statisti-
cally testable due to their low frequencies, similar
trends are also detectable for some subclusters be-
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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
low level of mtDNA genetic structure in the geo-
graphic area analyzed. The bulk of the total variance
(99.7%) is due to differences among individuals
within populations, 0.1% attributable to differences
among populations within areas, and 0.2% to heter-
ogeneity among areas. In spite of this, the geo-
graphic partition among areas is statistically signif-

icant at the 0.01 level. Figure 1a shows the
relationships among populations, based on FST val-
ues listed in Table 2. Northwest Africa is signifi-
cantly different from all other populations; curi-
ously, Finland appears as its most related pair.
However, the cause for this peculiarity is that both
have the lowest frequencies for the CRS sequence,
which accounts for 87% of all matches used in the
calculation of FST distances, masking the effect of
other less frequent haplotypes.

Distances calculated without the CRS (Table 2)
significantly increased the heterogeneity between
populations, and showed somewhat different rela-
tionships among them in the generated NJ tree (Fig.
1b). As expected, northwest Africa continues to be
the most divergent population, but congruently, now
their closest relatives are the Iberian Peninsula

TABLE 1. Frequency of haplogroups and the cambridge reference sequence (crs) in the different populations analyzed1

Haplogroup

Population

FI NO SC EN NG SG FR GA NP CP SP NA

CRS 0.120 0.201 0.164 0.191 0.157 0.154 0.183 0.215 0.217 0.198 0.209 0.117
H*-CRS 0.240 0.263 0.268 0.340 0.364 0.361 0.385 0.422 0.239 0.315 0.265 0.201
V 0.120 0.043 0.035 0.031 0.057 0.045 0.033 0.052 0.065 0.031 0.041 0.049
U1 0.003 0.004 0.003
U1a 0.003 0.006 0.004
U2 0.020 0.008 0.007 0.004 0.014 0.015 0.005 0.019 0.005
U3 0.019 0.019 0.014 0.015 0.005 0.022 0.006 0.010 0.034
U4 0.043 0.026 0.023 0.041 0.019 0.007 0.022 0.012 0.015
U5 0.006 0.011 0.019 0.005 0.005 0.006
U5a 0.009 0.010 0.008 0.008 0.005 0.016 0.006 0.005
U5a1 0.020 0.043 0.025 0.027 0.043 0.019 0.014 0.015 0.011 0.006 0.015 0.009
U5a1a 0.020 0.012 0.023 0.004 0.014 0.015 0.005 0.005 0.019 0.010
U5b 0.040 0.012 0.014 0.004 0.014 0.034 0.009 0.015 0.027 0.019 0.015 0.023
U5b1 0.020 0.009
U6 0.022 0.043 0.019 0.149
U7 0.005
K 0.040 0.056 0.080 0.073 0.079 0.056 0.056 0.052 0.038 0.080 0.061 0.034
J 0.040 0.087 0.076 0.118 0.057 0.056 0.038 0.052 0.016 0.056 0.046 0.032
J1 0.009 0.008 0.004 0.011 0.005 0.011 0.003
J1a 0.009 0.006 0.011 0.050 0.008 0.006
J1b 0.015 0.003
J1b1 0.025 0.023 0.023 0.004 0.005 0.007 0.005 0.005
J2 0.009 0.004 0.009 0.015 0.011 0.019 0.015
T 0.019 0.027 0.023 0.007 0.023 0.028 0.016 0.019 0.005 0.006
T1 0.020 0.009 0.023 0.023 0.036 0.019 0.019 0.007 0.065 0.012 0.020 0.023
T2 0.060 0.043 0.043 0.019 0.021 0.053 0.056 0.022 0.049 0.037 0.031 0.009
T3 0.003 0.005 0.007 0.012 0.010 0.011
T4 0.006 0.002 0.014 0.005
T5 0.012 0.002 0.009 0.007 0.011 0.006 0.005 0.003
B 0.005
N1a 0.001 0.006 0.005
N1b 0.003 0.007 0.008 0.005 0.003
I 0.100 0.025 0.042 0.038 0.007 0.030 0.014 0.027 0.005
W 0.100 0.019 0.013 0.014 0.011 0.028 0.022 0.033 0.012 0.020 0.006
X 0.003 0.021 0.015 0.007 0.011 0.009 0.007 0.019 0.036 0.011
C 0.005
D 0.007
M1 0.001 0.006 0.010 0.023
N/M/L3 0.040 0.003 0.007 0.004 0.007 0.004 0.023 0.015 0.011 0.025 0.020 0.020
L3b 0.007 0.006 0.005 0.023
L3d 0.009
L3e 0.006 0.015 0.011
L1a 0.006
L1b 0.007 0.015 0.012 0.020 0.066
L1c 0.004 0.005 0.006
L2 0.001 0.014 0.007 0.022 0.019 0.041 0.097
Sample size 50.0 323.0 874.0 262.0 140.0 266.0 213.0 135.0 184.0 162.0 196.0 349.0

1 FI, Finland; NO, Norway; SC, Scotland; EN, England; NG, north Germany; SG, south Germany; FR, France; GA, Galicia; NP, north
Portugal; CP, center Portugal; SP, south Portugal; NA, North Africa.
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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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all the matches between northwest Africa and Eu-
rope. Quantitatively, the Iberian Peninsula shares
more matches with Britain than with the Continent,
in particular for H*, I, J1b1, T1, and X, whereas
matches in clusters J, T2, U5a, and V approximate
the Iberian Peninsula to the Continent. In fact, Brit-
ain seems more related to Central Europe for H*,
J1a, J2, T, U3, and X, and to the North for I, J, J1b1,
U4, U5, U5a1a, and V.

The match connection between northwest Africa
and the Atlantic Iberian Peninsula deserves special
attention. At least two different African influences
can be detected on the basis of the geographic areas
and haplogroups implied. On the one hand, there
are matches due to haplotype sharing for sub-Sa-
haran Africa lineages L and M1, affecting mainly
southern Portugal. On the other, there are matches

within the specific northwest African sub-haplogrup
U6 (Rando et al., 1998) that occur only in the north-
ern areas. Furthermore, U6 haplotypes were not
detected in southern Portugal (Table 1).

Latitudinal correlations. Significant latitudinal
correlations were found for several haplogroups (Ta-
ble 4 and Fig. 2). The H* and J2 haplogroups show
strong negative correlations. However, the exten-
sions of the clines are different. The highest frequen-
cies for H* are found in Galicia, decreasing to the
north but also to the south, whereas the J2 gradient
is from south Portugal to the north. On the other
hand, significant positive correlations were found for
subcluster U4, all the Js excluding J1b and J2, and
the recent subclusters U5a1 and U5a1a. Although
gradients for clusters belonging to Js and U5 run

TABLE 3. Frequencies of matches (� 105) between areas for Cambridge Reference Sequence (CRS), common haplotypes (present in all
populations), and rare haplotypes (shared by two or more populations), and percentage (%) of matches between areas for each class1

Populations

NE � BR NE � CE NE � IP NE � NA BR � CE BR � IP BR � NA CE � IP CE � NA IP � NA

CRS
Total 3,234.0 3,137.0 4,062.0 2,236.0 2,800.0 3,626.0 1,996.0 3,517.0 1,936.0 2,507.0
% 81.8 84.9 90.5 88.0 84.3 89.9 87.1 90.3 86.3 90.2
Common
H*-CRS 98.0 110.0 81.0 85.0 101.0 74.0 74.0 101.0 121.0 68.0
V 28.0 35.0 38.0 55.0 21.0 23.0 34.0 29.0 42.0 46.0
U5b 1.0 3.0 3.0 5.0 3.0 3.0 5.0 5.0 6.0 8.0
K 70.0 60.0 69.0 45.0 73.0 85.0 61.0 71.0 49.0 61.0
J 307.0 164.0 100.0 81.0 159.0 97.0 78.0 52.0 42.0 25.0
T 7.0 1.0 2.0 2.0 2.0 5.0 4.0 1.0 0.0 1.0
T1 12.0 12.0 10.0 18.0 13.0 11.0 20.0 11.0 19.0 16.0
Total 524.0 384.0 303.0 290.0 371.0 298.0 275.0 269.0 279.0 226.0
% 13.2 10.4 6.8 11.4 11.2 7.4 12.0 6.9.0 12.5 8.1
Rare
H*-CRS 37.8 32.1 16.5 3.1 42.7 33.5 9.3 27.0 8.3 9.0
V 0.9 2.6 1.5 7.7 0.4 0.9 4.6 2.7
U1a 0.4
U2 0.3 1.2 1.1
U3 0.7 4.3 3.9 1.5 4.4 2.3 1.6
U4 14.9 0.9 7.3 0.3 4.8 4.4
U5 1.2 0.4 0.8 1.3
U5a 0.2 0.1 0.1 0.4
U5a1 7.3 9.1 3.3 9.1 3.3 1.0 3.1 2.4
U5a1a 7.3 9.1 3.3 9.1 3.3 1.0 3.1 2.4
U5b 0.2 0.2
U6 13.7
K 3.3 0.9 1.5 5.1 2.9 0.7
J 0.9 0.9 1.8 0.6 1.8 2.9 0.4
J1 0.9 1.4 1.2 0.9
J1a 2.4 6.9 3.1 5.8 2.5 7.4
J1b1 20.1 3.3 1.8
J2 1.1 2.0 1.8
T 2.4 3.9 0.7 0.8 4.1 0.2 1.3 0.2 2.3
T1 0.8 0.4 0.4
T2 56.4 76.2 72.3 37.7 34.0 0.3 46.0
T3 0.4 0.3 0.5 0.4
T4 0.3
T5 2.9
N1b 0.2 0.5 0.4
I 36.1 19.1 3.7 18.8 4.6 2.9
W 3.8 11.3 2.2 3.7 1.4 2.4 0.8
X 1.7 0.9 1.8 2.6 4.9 0.3 2.9
M1 0.8
N/M/L3 2.1 2.4 1.3 2.7 1.4 2.4
L3b 0.4
L3e 2.4
L1b 0.4
L2 0.4 1.5 0.4 7.1
Total 198.0 175.0 122.0 15.0 150.0 109.0 21.0 109.0 27.0 47.0
% 5.0 4.7 2.7 0.6 4.5 2.7 0.9 2.8 1.2 1.7

1 NE, North Europe; BR, Britain; CE, Central Europe; IP, Iberian Peninsula; NA, North Africa.
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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

Global analysis shows European populations
rather homogeneous at the mtDNA level, differing
significantly only from northwest Africa. Reanalysis
without the CRS, which is responsible for the ma-
jority of matches between populations, significantly
increases the spatial differentiation. This shows

that all European populations shared an ancestral
common background, but that more recent move-
ments had a different impact on different areas.

The haplogroup distribution of matches shows
that the only young subcluster with a widespread
representation is T1, to which coalescence has been
dated at recent Neolithic times (Macaulay et al.,
1999). On the contrary, there was no overall sharing
for U5 haplotypes, i.e., the most ancient subhaplo-
group in Europe (Richards et al., 1996, 1998). The
basic haplotypes, 12308G and 16270T, have only
been detected in Northern Europe, Britain, and
northwest Africa. Since the earliest human settle-
ments in Norway and Finland were dated around
13,000–9,000 years ago (Mellars, 1998), their pres-
ence in this area is most probably the result of an
upward migration from more southern places. Al-
though of Neolithic introduction in Europe, the
northern pattern for basal J can be explained in the
same way.

The significant latitudinal gradients found here
for several mtDNA clusters with very different co-
alescence and expansion ages in Europe (Richards et
al., 2000) were also detected with synthetic maps

Fig. 2. Frequency distribution for some mtDNA haplogroups that showed significant latitudinal clines. Pie charts represent
populations from Table 1. Black indicates frequency of haplogroup H* without CRS. White includes frequencies of Js (excluding J2 and
J1b) and U5a1 plus U5a1a. Gray represents frequency of rest of haplogroups.

TABLE 4. Correlation coefficients (R) and two-tailed
significance values (P) obtained for widespread mtDNA clusters

Cluster N1 R P

H* (without CRS)2 8 �0.97 �0.001
J2 11 �0.85 0.001
Js (without J2 and J1b) 11 0.78 0.005
U5a1 plus U5a1a 11 0.81 0.001
U4 11 0.64 0.036

1 Number of pairs.
2 Cambridge Reference Sequence.

MITOCHONDRIAL DNA IN ATLANTIC EUROPE 7

tapraid5/c0-phan/c0-phan/c01202/c00619d02a heckt S�17 9/9/02 11:04 Art: 00-1074



obtained from classical markers (Cavalli-Sforza et
al., 1994) and for Y chromosome haplogroups (Lu-
cotte and Loirat, 1999; Rosser et al., 2000), which
have been interpreted as a result of the Neolithic
expansion in Europe. A high frequency of H* is the
main characteristic of the Basques, considered a
European Paleolithic isolate (Bertranpetit et al.,
1995), and possibly it was characteristic of all Pa-
leolithic European settlers. The geographic gradient
detected for this main haplogroup may be the result
of a differential impact of posterior migrations on a
common Paleolithic substrate in Europe. As south-
western areas were comparatively more populated
than the north (Mellars, 1998), Neolithic or more
recent waves from the East, where H* has lower
frequencies, could have comparatively more influ-
ence in northern regions. On the basis of archaeo-
logical evidence, it has been proposed that the Neo-
lithic in Europe had both a continental and a
Mediterranean coastal introduction (Renfrew,
1987). This might explain why Portugal and north-
west Africa do not follow the H* gradient, since a
strong Neolithic influence on Portugal, in contrast
with northern Iberia, is well-documented (Martı́-
Oliver, 1998). For the same reason, the negative
gradients for J2 and the exclusive southern presence
of J1b may be explained as signatures of the Medi-
terranean Neolithic wave into the Atlantic border.
On the other hand, the significant positive correla-
tions found for the rest of the Js, and the younger
clusters of U5a1 and U5a1a, are better explained as
the result of the continental penetration of the Neo-
lithic. Finally, Portugal deserves some particular
comments. In comparisons within Europe, north
Portugal has the highest frequency for T1 (�2 �
16.40; P � 0.001), and is the only region in the
Iberian Peninsula where J1 has been detected. At
the other end, the main peculiarity of south Portugal
is that this area harbors the highest frequency of X
in Europe (�2 � 6.90; P � 0.01). With respect to
northwest Africa, the geographically localized distri-
bution of matches and haplotypes of sub-Saharan
African and northwest African origin in the Iberian
Peninsula is noteworthy. This distribution cannot be
totally explained by a historic genetic influence from
the Moslem occupation (Pereira et al., 2000). During
that time, the haplotype composition of northwest
Africa had to be similar to that of the present, and
for this reason, sub-Saharan African L and north-
west African U6 haplotypes should be uniformly
distributed in the Iberian Peninsula. It has been
pointed out that one of the most important demic
influences on northwest African populations from
the Sahara occurred around 7,000 years ago, with
the expansion of the Neolithic culture that flour-
ished at that time in the Sahara (Dutour et al.,
1994). If we admit that this expansion brought, for
the first time, sub-Saharan African haplotypes into
the Maghreb, it seems plausible that they could also
have reached the Iberian Peninsula across the
Gibraltar Strait, meaning that the L haplotypes de-

tected in southern Portugal could be the result of
African Neolithic influence in this region. The pres-
ence of U6 only in the northern Iberian Peninsula
could represent the remnants of a pre-Neolithic expan-
sion from northwest Africa to the Iberian Peninsula.

Some molecular data are congruent with this pic-
ture. The diversity value for U6 is significantly
higher in the Iberian Peninsula (0.0135 � 0.0014)
than in northwest Africa (0.0055 � 0.0007), a find-
ing that cannot be explained by a recent and limited
gene flow. Most probably, other undetected haplo-
groups also participated in this pre-Neolithic north-
west Africa gene flow. It seems, however, that these
African waves did not reach farther than Galicia, as
haplotypes belonging to the U6 lineage have not
been found in other European samples (Richards et
al., 2000). However, with respect to the sub-Saharan
Africa lineages, the recent history of the Black slave
trade carried out by the Portuguese (mainly in the
15th and 16th centuries), with a well-documented
import in southern Portugal (Godinho, 1983), could
also be a plausible alternative to explain the pres-
ence of these African haplotypes in this region
(Pereira et al., 2000). To test this possibility, we
compared the proportion of sub-Saharan Africa hap-
lotype matches between the Iberian Peninsula and
northwest Africa (0.75%) with those of the Iberian
Peninsula and a sample of sub-Saharan Africans
from the Gulf of Guinea. The sample includes 45
Bubis from Bioko and 49 individuals from Sâo Tomé
(Mateu et al., 1997), 32 Yoruba (Watson et al., 1997),
and 72 Equatorial Guineans (Pinto et al., 1996; J.
Larruga, personal communication). The percentage
obtained (0.35%) is roughly half of the former, and in
addition, the majority of them (97%) are also shared
with northwest Africa, although matches between
sub-Saharan and North African samples are only
0.95%. These results suggest that, although both
prehistoric and historical influences likely contrib-
uted to the sub-Saharan African haplotype pool
present in the Iberian Peninsula, the former seems
to be more important. Our results are in agreement
with the gene flow (19.5%) from northwest Africa to
the Iberian Peninsula estimated in a recent study of
variation in the autosomic CD4 locus (Flores et al.,
2000b), and with the evidence of northwest African
male input in Iberia calculated at around 20%, using
the relative frequency of northwest African Y-chro-
mosome-specific markers in Iberian samples (Flores
et al., 2000a). Furthermore, our results clearly rein-
force, extend, and clarify the preliminary clues of an
important mtDNA contribution from northwest Af-
rica into the Iberian Peninsula (Côrte-Real et al.,
1996; Rando et al., 1998; Flores et al., 2000a; Rocha
et al., 1999). On the basis of the L1b frequencies
detected in Spanish and Portuguese samples (2–3%)
and those found in western Africa (10–30%), a sig-
nificant influence (at least 10%) of North Africans in
the Iberian gene pool has also been admitted (Rocha
et al., 1999).
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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).
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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
CRS � � 4 14 19 24
CRS � � � 4
CRS � � � � 2
CRS � � 1 1
093 � � 1
114 � � 1
126 � � � � � � � � 1
129 � � 1 1 1
141 � � 1
147 � � 1
148 � � 1
153 � � 1
172 � � 1
179 � � 1
189 � � � 2 2 2
189 � � � 1
189 � � 1
221 � � � 1
222 � � 1
240 � � 1
261 � � 1
262 � � 1
264 � � 1
265C � � 1
274 � � 1
278 � � � 1
278 � � 1
289 � � 1
291 � � 1
292 � � � � 1
293 � � 2 1
304 � � 1 2 4 1
311 � � � 1 2 1
311 � � 1
320A � � 2
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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

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 � 1
240 298 � 1 1
256 298 � 1
258 298 � 1
298 311 � 1
298 319 � 1
240 298 311 � 1

4 4 0 4
U2 (051 129C)
051 129C 189 362 2 1 1 1

2 1 1 1
U3 (343)
343 390 1 1
343 356 390 2

0 2 1 1
U4 (356)
356 1 2
179 356 1 1

0 2 0 3
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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

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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