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A B S T R A C T

A screening of 22 DNA polymorphisms has been performed in western Mediterra-

nean populations (Iberian Peninsula, Morocco, and Central Mediterranean Islands).

The analyzed markers correspond to polymorphic sites in several candidate genes for

cardiovascular disease including apolipopoteins and their receptors (APOA1, APOB,

APOE, APOC1, APOC2, LPA, and LDLR), genes implied in the hemostasis regulation

(Factor VII, � and �-fibrinogen, � and � platelet-integrin, tissue plasminogen activator,

and plasminogen activator inhibitor-1), and the angiotensin converting enzyme gene.

The results are presented of a partial analysis carried out in following population sam-

ples: 6 from the Iberian Peninsula, 2 from Morocco, and 3 from Central Islands. The de-

gree of interpopulation diversity was significant and consistent with data from other

kind of genetic polymorphisms. The apportionment of the allele frequency variance sup-

ported a geographic structure into three main regions: Central Mediterranean Islands,

the Iberia Peninsula and North Africa. The genetic distance pattern is compatible with

a south-to-north North African influence in the Iberian Peninsula and a remarkable

gene flow from sub-Saharan Africa into Morocco. Epidemiologicaly, North Africa is cha-

racterized by high frequencies of LPA PNR alleles with high number of repeats (protec-

tive for cardiovascular risk) and high frequencies of the APOE*E4 allele (risk factor) as

compared with European populations.
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Introduction

During the last decades, the main fo-
cus of attention in the study of population
genetic diversity, an important field of bi-
ological anthropology, has switched to mi-
tochondrial DNA and Y chromosome va-
riation1,2 due in part to the theoretical
advantages that uniparental inheritance
and lack of recombination offer to the in-
terpretation of phylogenetic relation-
ships. However, these two regions repre-
sent a very low proportion of the human
genome. They function as single loci (sin-
gle recombination units) and the evolu-
tionary history of a particular gene does
not have to be the same that the history
of human populations. In other terms,
the evolutionary processes leading to pre-
sent population genetic configuration must
have affected the whole genome and, hen-
ce, a real understanding of the genetic
history of populations will depend on the
integrated view of the gene variation tak-
ing into account the evolutionary pecu-
liarities of the different genome regions.
In this way, recent studies on autosomal
DNA sequence variation are providing
different and interesting data on the ori-
gin and history of human populations3

that should be taken into account for a
global explanation of the origin and his-
tory of human groups4.

A small but important part of our ge-
nome is represented by functional genes.
Variation in these genes represented by
»classical polymorphisms« constituted
the first tool used for human population
genetic studies. At present, with the ad-
vent of molecular biology techniques an
extreme supply of genetic markers are
available in this kind of genes. From the
population point of view it may be argued
that the possible implication of selective
forces may be an added drawback for his-
torical interpretations. However, this
should be a challenge rather than a re-
striction since the selection is a real com-

ponent of the human evolutionary history
and, excluding mutation changes incom-
patible with life, its effects on the extant
variation in functional regions are likely
not much higher than in other genome
regions5,6. On the other hand, the popula-
tion distribution of this kind of genes pro-
vide additional information that may be
relevant to the epidemiological knowl-
edge and as a first approach to under-
stand the significance of gene-environ-
ment interactions7 in the configuration of
the biology of human groups.

This paper deals with the population
molecular variation at fifteen functional
genes listed in Table 1 we have scored
through a set of twenty-two polymorphic
markers, in the frame of a collaborative
study on the genetics of human Mediter-
ranean populations that is carrying out
by researchers from Barcelona (Spain),
Cagliari (Italy), El Jadida (Morocco), and
Paul Sabatier (France) Universities. The
analyzed genes are implied in different
metabolic pathways, such as lipid metab-
olism, coagulation and fibrinolysis pro-
cesses, and are candidate genes for car-
diovascular (CVD) diseases. In fact, most
of the markers in this study have been al-
most exclusively tested so far in epidemi-
ological studies searching for CVD sus-
ceptibility gene factors, with a few ex-
ceptions such as the APOE, the VNTR 3’
in APOB, and the three Alu insertions
(ApoA1, ACE, and Tpa25) whose geogra-
phic distribution has been worldwide ex-
amined.

The objectives of the present work are:
1) to explore the variation of this group of
genes functionally related to cardiovascu-
lar susceptibility in general population
samples of Mediterranean origin; and 2)
to determine their usefulness as genetic
tools for the study of human populations
by testing the gene differentiation be-
tween the Iberian Peninsula, central Me-
diterranean Islands, and NW Africa pop-
ulations, and detecting the possible amount
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of gene flow across the two main geo-
graphical barriers, the Mediterranean Sea
in its westernmost part (the Gibraltar
Straits) and the Sahara Desert, which
may have conditioned the settlement and
differentiation in the Mediterranean re-
gion.

Cardiovascular diseases are a major
cause of death in the industrialized world8

showing remarkable regional differences
in incidence9. In Europe, for instance, the
Mediterranean region is characterized by
low CVD frequencies as compared with
other continental areas, and this low rate
has been related with some »protective«
factor, both environmental and/or gene-
tic. Some variants of the makers here an-
alyzed have been associated in some, but
not all, epidemiological studies with in-
creased risk for cardiovascular accidents
usually through its effect on intermediate

risk factors such as plasma lipid, Factor
VII, fibrinogen, and/or plasminogen le-
vels10. At present, the majority of epide-
miological studies providing some infor-
mation on the population distribution of
these polymorphisms have been perfor-
med in central-north European origin
groups. In this context, our study, cen-
tered on Mediterranean areas with differ-
ent CVD prevalences, attempts to fill the
important gap in the geographic varia-
tion of these genes, as a first approach to
understand correlation between popula-
tion genetic variation and differential fre-
quencies of currently important and com-
mon diseases in human populations.

The Mediterranean region embracing
South Europe, Near East, and the north
-Saharan part of Africa has been the tar-
get for interest of human population
scholars for a long time. It is commonly
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TABLE 1
LIST OF THE TYPED GENES AND POLYMORPHISMS IN MEDITERRANEAN POPULATIONS

Genes Symbol OMIM Ch. location Typed markers

Apolipoprotein B APOB 107730 2p24 Ins/del, Asn/ser,
RFLP/XbaI,
EcoRI, MspI,
VNTR 3’

Apolipoprotein E APOE 107741 19q13.2 Isoforms
(RFLP/HhaI)

Apolipoprotein C1 APOC1 107710 19q13.2 RFLP/HincII

Apolipoprotein C2 APOC2 207750 19q13.2 RFLP/AvaII

Low-density lipoprotein
cholesterol receptor

LDLR 606945 19p13.2 RFLP/PvuII

Apolipoprotein (a) LPA 15220 6q27 (TTTTA)n repeat

Apolipoprotein A1 APOA1 107680 11q23 Alu insertion

Angiotensin-converting enzyme ACE 106180 17q23 Alu insertion

Factor VII FVII 227500 13q34 Ins/del; HVR4 re-
peat

Fibrinogen beta-unit FGB 134830 4q28 C/T-148, RFLP/BclI

Fibrinogen alpha-unit FGA 134820 4q28 RFLP/TaqI

Plasminogen activator inhibitor-1 PAI1 173360 7q21.3-q22 RFLP/HindIII

Plaminogen activator, tissue PLAT 173370 8p12 Alu insertion

Platelet integrin, alpha-2B GPIIb 273800 17q21.32 Ins/del (9bp)

Platelet integrin, beta-3 GPIIIa 173470 17q21.32 RFLP/TaqI



accepted that the origin of present popu-
lations living in the northern and south-
ern Mediterranean shores may be traced
back to the independent establishment of
modern humans from the East with a
strong influence of later Neolithic expan-
sions bringing Indo-European and Afro
Asiatic languages on both sides11,12. In-
side this general frame, it is likely that
the genetic composition of most present
Mediterranean groups may be the result
of a complex pattern of isolation periods,
mutual interactions, and recurrent colo-
nizations. In this way, the genetic pecu-
liarities of some populations, such as Sar-
dinia, Basques and other islands, with
regard to other Europeans, have been re-
peatedly related to drift and isolation
processes11,13. A particular issue of the ge-
netic history of Mediterranean popula-
tions concerns the north-south relation-
ships. The mentioned linguistic differen-
tiation has been interpreted as acting as
an isolation factor enhancing the biologi-
cal divergences between South Europe
and North Africa14. On the other hand,
several anthropometric and cultural (Ibe-
romarusian and Capsien cultures) data
are consistent with remarkable circum
-Mediterranean contacts15 since pre-Neo-
lithic times. Historical records concern-
ing, for instance, to Phoenician settle-
ments, Roman conquests, Islamic expan-
sions, including the occupation of the Ibe-
rian Peninsula by North Africans for
more than eight centuries (8th to 15th cen-
turies) document the integration of this
region into the Mediterranean world.
However, the possible demographic im-
pact associated to these population events
is controversial. Recent genetic studies
focusing on this question seem to support
well different interpretations. Opposite
hypotheses claim from a common »paleo
-North African« origin for Iberians and
North African populations16 to a total de-
mographic isolation across the Gibraltar
Straits17. In general, apart from some

HLA data stressing a particular genetic
affinity between Iberians and NW Afri-
ca18,19, most genetic data support a re-
markable differentiation between popu-
lation living in the two Mediterranean
sides20–22, but many of them too (from
classical polymorphisms23, autosomal STR24,
Y chromosome haplogroups25) are consis-
tent with a certain degree of gene flow be-
tween north and south shores of the Med-
iterranean Sea. Any case, both the an-
tiquity of north-south population contacts
and their demographic impact within the
Mediterranean keep being still open que-
stions.

Material and Methods

Population samples

A total of 1,214 autochthonous individ-
uals from 11 populations in the western
half of the Mediterranean were analyzed
(Figure 1). From each population, blood
samples were obtained, preferentially in
rural areas, from unrelated healthy peo-
ple, of both sexes, with their four grand-
parents originated in the same geograph-
ical region, during different campaigns
approved by local Ethical Committees.
Informed consent was obtained from all
participants. The Iberian Peninsula sam-
ples included Basques (n=112; Guipuzcoa
province, N Spain), Pasiegos (n=96; Pas
Valley, N Spain), Central Spanish (n=120;
Avila and Segovia provinces), Catalans
(n=88; Girona province, NE Spain), and
Andalusians (n=100; Almeria and Gra-
nada provinces, SE Spain). The South
Mediterranean samples comprised Mo-
roccan Berbers (n=138; Khenifra region
in Moyen Atlas), Arab-speakers from cen-
tral-south Morocco (n=101; Doukkala re-
gion), and Canary islanders (n=74; Te-
nerife Island). Finally, the Central Medi-
terranean Islands were represented by
samples from Corsicans (n=100), Sardi-
nians (n=187), and Sicilians (n=98).
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Methods

From DNA, extracted from whole
blood according the phenol-chloroform
standard method and amplified by PCR
in a Thermal Cycler (GeneAmp PCR Sys-
tem 9600; Perkin Elmer), a total of 22
polymorphisms (19 biallellic and 3 tan-
dem repeats) were typed using primers
and PCR amplification conditions descri-
bed elsewhere26,27. Agarose electrophore-
sis standard techniques were used for the
phenotype identification of the insertion/
deletion markers in the APOB, FVII, and
GPIIb genes, the Alu insertion polymor-
phisms, and the RFLPs in the APOB,
APOE, APOC1, APOC2, LDLR, LPA,
FGB, FGA, GPIIa, and PAI genes (Table
1) from the corresponding digested frag-
ments. The Asn/Ser substitution at the
4311 of the APOB genes was detected by
ASO methods. The variants of the VNTR
3’ and HVR4 repeat polymorphisms in
the APOB and FVII genes, respectively,

were typed by agarose (2.5%) electropho-
resis and alleles of the (TTTTA)n pen-
tanucleotide in the LPA gene by 10% non-
denaturing polyacrylamide gel electro-
phoresis.

So far the number of polymorphisms
typed has not been completed in all popu-
lation samples (Table 2), in most cases for
sample availability reasons, ranging from
the APOB Asn/Ser substitution and the
LDLR/PvuII analyzed only in the Iberian
samples to the APOE, APOC1, APOC2,
LPA makers that have been determined
in the 11 samples. By populations, five
samples (two from Spain, the three Medi-
terranean Islands, and Moroccan Arabs)
were tested for at least 19 polymor-
phisms. A total of 187 (77.3%) out of the
242 possible (marker x sample) analyses
were done that allow a good representa-
tion of the population variation of the ex-
amined genes.
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Fig. 1. Geographic location of the Mediterranean samples analyzed in the present study.
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Statistical analysis

Allele frequencies were calculated by
direct counting and deviations from Har-
dy-Weinberg expectations were assessed
by an exact test. Haplotype frequencies in
the APOB, Factor VII, Fibrinogen, and
integrin loci, and APOE-C1-C2 cluster
were estimated by the expectation-maxi-
mization algorithm, and linkage disequi-
librium was tested from genotype fre-
quency distributions28. Gene diversity for
population and locus was estimated ac-
cording to the Nei’s methods29. For each
marker, population genetic differentia-
tion was assessed by G and exact tests
and the extent of genetic variation of the
markers analyzed by the Nei’s coefficients
of gene diversity. Calculations were pre-
formed using the Arlequin and Genepop
v.3.3 statistical packages30,31.

Pairwise genetic distances between po-
pulations were estimated according Rey-
nolds coefficient32 for different marker
combinations and represented as neigh-
bor-joining trees (NJ) whose consistency
was checked by bootstrap resampling
analysis (1000 iterations)33. Population
relationships were also depicted by prin-
cipal component analysis (PCA) from the
correlation matrix of the original allele
frequencies.

Population genetic structure was ap-
proached by an Fst hierarchical analysis
of the genetic variance attributable to dif-
ferent geographic population subdivisions
by the analysis of the molecular variance
(AMOVA) using the Arlequin software.
Estimates of gene flow across the Gibral-
tar Straits and Sahara Desert were ob-
tained applying the Bertorelle and Ex-
coffier method34.

Results

All loci were polymorphic in all tested
populations and a total of 70 alleles were
detected, 39 corresponding to biallelic
markers plus APOE and 31 to repeat

polymorphisms (VNTR 3’ APOB: 20 al-
leles; LPA repeat: 7, and FVII/HVR4: 4
alleles). Seventeen out of 187 tests for
Hardy-Weinberg equilibrium showed sig-
nificant departures, but after application
of Bonferroni correction, only five (2.7%)
tests were significant (TPA25, FVII/
HVR4, and GPIIIa/TaqI in Sardinia; PAI/
HindIII in Corsica, and GPIIIa/TaqI in
Moroccan Berbers) that could likely be
explained by random statistical fluctua-
tions. In general, allele frequencies ran-
ged around European values when data
were available35–38. As most conspicuous
features inside the Mediterranean scope
it may be outlined the relatively high fre-
quencies of APOE*E4 allele and LPA al-
leles with high number of repeats found
in North African populations as well as
the different frequency pattern in the
APOC2 locus as compared with Europe-
ans (around 0.5 for each allele)39. From
an epidemiological point of view, high
APOE*E4 frequencies could be an indica-
tor of future increased risk for cardiovas-
cular diseases in these populations tak-
ing into account the rapid social and
lifestyle changes currently occurring in
Morocco, however, the scope of this risk is
difficult to assess since it might be over-
come to some degree by the »protective«
effect reported for LPA alleles with high
number of repeats.

The haplotype variation observed in
the Mediterranean for the five gene re-
gions considered is indicated in Table 3.

The number of different haplotypes is
logically depending on the number and
variability of the loci in each region, being
in our case higher in apolipoprotein than
in hemostasis regions, although the num-
ber of haplotypes with frequencies higher
than 5% is similar in the five regions ana-
lyzed. Linkage disequilibrium was tested
in a total of 23 combinations of pairs of
loci and significant values were found be-
tween markers from the APOB, APOE-C1,
FVII, and Fibrinogen genes with a con-
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siderable variation between populations.
It is noteworthy that the amount of link-
age disequilibrium in the three island
populations from Corsica, Sardinia, and
Sicily was lower than in the remaining
Mediterranean groups (Figure 2).

Gene diversity

A gene diversity analysis (Table 4) in-
dicates that, as expected, the more impor-
tant part of the total genetic variation
found for all markers (Ht=0.385) corre-
sponds to within-population diversity
(Hs=0.378) and only a small, but signifi-
cant, part 2.0% to interpopulation differ-
entiation.

As for within-population diversities,
the average heterozygosity for all 22

markers is 0.378 with a variation range
between 0.178 (APOB/MspI) and 0.778
(APOB/VNTR) clearly depending on the
type of marker (Table 3). The gene diver-
sity differences between markers were
significant (Kruskal-Wallis test, p<0.0001).
Mean population heterozygosities across
markers ranged between 0.354 (Sardinia)
and 0.419 (Sicily), but no significant dif-
ferences between samples were found
(Kruskal-Wallis test, p=0.988).

Between-population heterogeneity as
measured by Gst (a measure equivalent
to Wright’s Fst) and tested by chi-square
is indicated Table 4. The average Gst
value for the 22 markers is 0.020. This
value is of the same order of magnitude
that other reported for other markers40

and even higher than those from hyper-
variable DNA marker previously descri-
bed24, indicating that the analyzed mark-
ers are a useful tool for detecting po-
pulation genetic differentiation even at a
microgeographical level. Sixteen markers
were significantly heterogeneous at the 1
per cent level; an additional four markers
were significant at the 5 per cent level,
and only three markers (APOE/ HhaI,
APOC1/HincII, and LDLR/PvuII) were
not significantly heterogeneous across pop-
ulations.

A hierarchical analysis of the variance
of the allele and haplotype frequencies on
the basis of different geographical popu-
lation subdivisions show a clear geogra-
phic structure of the gene variation. The
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TABLE 3
HAPLOTYPE VARIATION IN THE MEDITERRANEAN REGION

Gene region No. samples
No. haplotypes Haplotypes

>5%Mean Range
APOB(i/d-XbaI-EcoRI-vntr3’) 10 26.2 19–34 5.7

APOE-C1-C2 11 9.2 7–11 3.1

FVII(i/d-HVR4) 7 4.7 4–6 3.3

FG(HindIII-BclI-TaqI) 7 6.4 4–8 3.9

Integrin(TaqI-i/d) 7 4.0 4 4.0
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Fig. 2. Proportion (%) of linkage disequilibrium

in the Mediterranean populations.



61% of the markers exhibit a variance
pattern (within-region variation < between
-region variance) consistent with the
sample classification into three regions:
Iberia, North Africa, and Central Medi-
terranean Islands. The other two tested
population groupings (North/ South and
East/West) are less supported (48% and
26% of all markers, respectively).

Population relationships

The relationships among the seven po-
pulation samples for which more data

were available were examined from ge-
netic distances shown in Table 5. These
populations include Basques and South
Spain from the Iberian Peninsula, Arab-
and Berber-speakers from Morocco, and
Corsica, Sardinia, and Sicily, represent-
ing the three sub-regions from the West-
ern Mediterranean. In order to test the
population information yielded by the two
main kind of genes (apolipoproteins and
hemostasis), calculations were done from
apolipoprotein markers (8 single markers
and two haplotype systems with a total of
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TABLE 4
GENETIC HETEROGENEITY FOR 22 MARKERS IN THE MEDITERRANEAN REGION

Locus No. samples Hs Ht Gst Comp. p

APOB-i/d 10 0.405 0.410 0.013 0.001±0.000

APOB-XbaI 10 0.492 0.495 0.010 0.015±0.004

APOB-MspI 7 0.178 0.181 0.018 0.003±0.001

APOB-EcoRI 10 0.290 0.293 0.011 0.011±0.003

APOB-asn/ser 7 0.350 0.355 0.016 0.001±0.000

APOB-vntr3’ 10 0.778 0.784 0.012 0.000±0.000

APOE-HhaI 11 0.265 0.266 0.006 0.078±0.010

APOC1-HincII 11 0.237 0.239 0.001 0.952±0.007

APOC2-AvaII 11 0.486 0.497 0.021 0.000±0.000

LPA-Penta 11 0.457 0.464 0.014 0.000±0.000

LDLR-PvuII 6 0.370 0.371 0.007 0.152±0.014

Alu-ACE 8 0.447 0.470 0.048 0.000±0.000

Alu-APOA1 8 0.130 0.132 0.017 0.004±0.001

Alu-TPA25 9 0.493 0.500 0.014 0.000±0.000

FVII-i/d 7 0.290 0.302 0.040 0.000±0.000

FVII-HVR4 7 0.394 0.423 0.070 0.000±0.000

FGB-HindIII 7 0.337 0.345 0.022 0.001±0.001

FGB-BclI 7 0.364 0.268 0.016 0.002±0.001

FGA-TaqI 7 0.345 0.351 0.016 0.014±0.004

GPIIIa-TaqI 7 0.375 0.382 0.019 0.001±0.000

GPIIb-i/d 7 0.451 0.460 0.020 0.000±0.000

PAI-HindIII 7 0.481 0.491 0.022 0.003±0.001

Average 0.378 0.385 0.020 0.000±0.000

Hs=mean intrapopulation heterozygosisty; Ht=gene diversity in the entire population;
Gst=gene diversity among populations relative to the total genetic variation in the entire
population; Comp. p = population differentiation tested by an exact test.



71 gene frequencies) and hemostasis mar-
kers (9 single markers and 3 haplotype
systems, with a total of 40 gene frequen-
cies) separately, and then using all mark-
ers together. In the three cases, distance
estimates support a same intra-region
pattern corresponding the lowest values
(from 0.005 to 0.010) to between-Moroc-
can comparisons while the whole formed
by the three Central Mediterranean Is-
lands appears as the more heterogeneous
region (average distances from 0.039 to
0.074). Average between-region distances
show the greatest differentiation between
Iberia and Central Islands (0.0398) from
hemostasis genes, and between North Af-
rica and Central Islands (0.0312 and
0.0374) from both apolipoprotein and all
markers. On the other hand, the lowest
average inter-region distances based on
hemostasis and all loci frequencies corre-
spond to Iberia-North Africa comparisons.
The distances of the two Iberian popula-
tions to Moroccans present remarkable
differences, South Spain showing consis-
tently (in the three analyses) lower dis-
tance than Basques especially to Arab
-speaker Moroccans (from 2 to 5 times
lower). In fact, in most cases distances of
South Spain to the two Moroccan samples
are equivalent, or even lower, than that
between the two Iberian samples (Table
5).

Consistently, the NJ tree in Figure 3
divides the populations in three main
groups: Iberia, Central Islands, and
North Africa. The node clustering North
Africans is well supported according to
the close genetic affinity uncovered by ge-
netic distances whereas the other nodes
show less bootstrap support. A correspon-
dence analysis (data not shown) gave a
similar population pattern to that dis-
played in the NJ tree.
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TABLE 5
GENETIC DISTANCES BETWEEN MEDITERRANEAN POPULATIONS (x 10000)

S. Spain Basques Arabs Berbers Corsica Sardinia Sicily

S. Spain 104/216 133/52 207/129 138/242 110/311 175/253

Basques 171 243/311 307/309 233/481 280/734 212/367

Arabs 75 280 56/106 267/255 218/348 311/260

Berbers 162 314 94 391/389 377/407 310/428

Corsica 210 380 282 429 126/419 131/229

Sardinia 247 548 320 403 332 164/742

Sicily 257 305 322 487 215 597

Above diagonal: distances based on apolipoprotein allele frequencies/distances from hemostasis
makers. Below diagonal: distances based on both kinds of markers.

Fig. 3. Neighbor-joining tree from the genetic

distances based on allele frequencies of 19 po-

lymorphisms.



Discussion

In this paper we have explored the
molecular variation in functional genes
related to cardiovascular diseases in sev-
eral general population samples from
three different areas of the Western half
of the Mediterranean region. The fact
that all markers have not yet typed in all
population samples might affect as much
only side aspects such as the genetic di-
versity of some particular region as the
Iberian Peninsula or the geographical
variation of the LDLR gene, but it does
not determine the results relative to the
objectives of this study. The variation
found in the functional genes examined
reveal a degree of between-population ge-
netic heterogeneity and a pattern of pop-
ulation relationships consistent with that
from other genetic markers that make
them good tools for the study of genetic
differentiation between human groups.
This analysis provides new molecular
data to the knowledge of the genetic
structure of present Western Mediterra-
nean populations corroborating the geo-
graphic structure of the gene variation in
this region. In all the analyses performed,
a clear differentiation of the Central Is-
lands from the rest was detected and
also, even in a lesser degree, between Ibe-
rian and Moroccan populations.

The Central Island samples analyzed
show the greatest genetic distances both
to Iberians and North Africans, appear-
ing Sardinia as the most differentiated
population. The genetic peculiarity of
Sardinia within the European picture is
well known and has been repeatedly evi-
denced from autosomal11 and uniparental
markers41, and interpreted as the result
of periods of genetic drift and geographic
isolation, with a limited genetic impact of
the series of the conquests of the island
during its history42. By regions, our ge-
netic distance analysis reveals that the
group formed by the three island popula-

tions is the most heterogeneous likely re-
lated to different settlement histories and
geographic factors as it has been pointed
out in previous studies13,43. In contrast to
reported mitochondrial data44, our results
do not indicate any particularly closer ge-
netic distance between Corsicans and
Basques in agreement with other auto-
somal surveys.

As far the Iberia to North Africa rela-
tionships, the Spanish samples analyzed
present closer genetic distances to Moroc-
can (average distance 0.0208) than to
Central Mediterranean Island popula-
tions (average distance 0.0324) support-
ing a certain genetic affinity between
populations living on both sides of the Gi-
braltar Straits. Concerning this question,
previous genetic studies and interpreta-
tions are controversial ranging from a
common origin for Iberians and North
Africans16 to a substantial genetic discon-
tinuity of Paleolithic roots14,17. Genetic
similarities between both populations
have been suggested from several HLA
data18,19,45 and other anthropological
traits46. Furthermore, data on Y-chromo-
some25, classical markers23, and autoso-
mal STR24 are consistent with a gene flow
between these regions.

An important historical event was the
conquest of the Iberian Peninsula by
North Africans in the 8th century that
lasted in the southern part of the Penin-
sula for eight centuries and entailed an
important cultural and technological le-
gate although the demographical impact
of this conquest is a controversial issue.
According to historical information, this
North African cultural influence was
stronger in the southern part of the Pen-
insula than in the northern areas, here
represented by the South Spain and
Basque samples, respectively. The fact
that the genetic differentiation of Moroc-
cans from South Spain is lesser than that
from Basques (genetic distances more
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than two times shorter) suggests a cer-
tain correlation between the different
North African influence in the Peninsula
and the genetic variation observed for the
frequencies of the analyzed markers. A
raw estimate34 of the Moroccan gene flow
into South Spain based on the allele fre-
quencies of 20 markers and assuming
Basques and Arab-speaker Moroccans as
parental populations, gives a bootstrap
(10,000 iterations) average contribution
of mR=0.458 (bootstrap S.D.= 0.080). Ob-
viously, a certain bias may be not dis-
carded due to the selection of parental
populations; nevertheless our data indi-
cate a substantial North African contri-
bution to the south part of the Iberia Pen-
insula. Values of the same order of mag-
nitude have been reported from a large
battery of Alu polymorphisms typed by us
in the same populations, but that are dif-
ferent from other genetic studies using
the same kind of polymorphisms17, rais-
ing old questions such as that the histo-
ries of genes and populations have not to
be coincident or the potential sample de-
pendence of population results focusing
on genetically similar groups and/or wide
geographical areas with a relative hetero-
geneity as can be North Africa.

The two Moroccan samples analyzed,
in spite of belonging to different linguistic
groups, show the shortest genetic dis-
tances indicating that these cultural dif-
ferences are not correlated with the pres-
ent data on the variation in the autoso-
mal markers examined and agree with
other studies supporting that the Ara-
bization in NW Africa from the Arab in-
vasions in the 7th and 11th centuries was a
rather cultural than demographic pro-
cess20.

Concerning the sharp differences re-
ported in other studies between North Af-
rican and South European populations,
we assessed the possible sub-Saharan in-

fluence into North Africa as a potential
factor of differentiation. From frequency
data from a Sub-Saharan population
(mainly from an Ivory Coast sample stud-
ied by us for several polymorphisms con-
sidered in the present study) the amount
of Sub-Saharan gene flow into North Af-
rica was 0.277. This value agrees with
previous genetic surveys47,48, suggesting
an alternative factor that may help to un-
derstand the present genetic differences
between the two coasts of the Western
Mediterranean.

In summary, our study of 22 polymor-
phisms in functional genes shows a de-
gree of population diversity that allow a
clear genetic differentiation between hu-
man Mediterranean groups comparable
to other genetic markers and that may be
applied to trace back genetic histories.
The general consistency of the regional
genetic structure found in Western Medi-
terranean confirms the usefulness of this
kind of markers in population studies. Al-
though the potential implication of selec-
tion processes may theoretically repre-
sent an inconvenient for historical in-
terpretations, it is difficult to think of an
effective selective role on the gene varia-
tion here analyzed since the most plausible
selective mechanism should be through
cardiovascular diseases affecting mainly
after the reproductive lifetime. Conse-
quently, data from this study complete
our knowledge of the genetic composition
of Mediterranean human groups provid-
ing a new view on particular and contro-
versial issues such as the genetic influ-
ence across the Gibraltar Straits.
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MOLEKULARNE VARIJACIJE FUNKCIONALNIH GENA I POVIJEST
LJUDSKIH POPULACIJA – PODACI O KANDIDATSKIM GENIMA ZA
^IMBENIKE RIZIKA ZA RAZVOJ KARDIOVASKULARNIH BOLESTI NA
MEDITERANU

S A @ E T A K

Na uzorcima 6 populacija zapadnog Mediterana (Iberijski poluotok, Maroko, otoci
sredi{njeg Mediterana) analizirana su 22 polimorfizma DNK molekule. Analizirani
biljezi smje{teni su na polimorfnim lokusima nekoliko kandidatskih gena za ~imbenike
rizika za razvoj kardiovaskularnih bolesti, uklju~uju}i apolipoproteine i njihove recep-
tore (APOA1, APOB, APOE, APOC1, APOC2, LPA i LDLR), gene uklju~ene u regu-
laciju hemostaze (faktor VII, � i �-fibrinogen, � i � platelet-integrin, tkivni aktivator
plazminogena i inhibitor-1 aktivatora plazminogena) te gen enzima angiotenzin
konvertaze. Prikazani su rezultati djelomi~ne analize koja je provedena na nekoliko
populacijskih uzoraka iz svake regije (6 s Iberijskog poluotoka, 2 iz Maroka te 3 sa
sredi{njih otoka). Stupanj me|upopulacijske razli~itosti bio je zna~ajan i sukladan
podacima drugih geneti~kih polimorfizama. Udio varijance u~estalosti alela podupire
zemljopisnu strukturu u tri osnovne regije: sredi{nji mediteranski otoci, Iberijski
poluotok i Sjeverna Afrika. Geneti~ke udaljenosti podupiru sjevernoafri~ke utjecaje od
juga prema sjeveru Iberijskog poluotoka, te zna~ajan tok gena iz subsaharske Afrike u
Maroko. [to se ti~e epidemiolo{kih osobitosti, Sjevernu Afriku karakterizira visoka
u~estalost LPA PNR alela s visokim brojem ponavljaju}ih sljedova (za{titnih za
kardiovaskularni rizik) i visokom u~estalo{}u APOE*E4 alela (~imbenika rizika) u
usporedbi s europskim populacijama.
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