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Summary

The Mediterranean region has been characterised by a number of pre-historical and historical demographic events
whose legacy on the current genetic landscape is still a matter of debate. In order to investigate the degree of
population structure across the Mediterranean, we have investigated Y chromosome variation in a large dataset of
Mediterranean populations, 11 of which are first described here. Our analyses identify four main clusters in the
Mediterranean that can be labelled as North Africa, Arab, Central-East and West Mediterranean. In particular, Near

Eastern samples tend to separate according to the presence of Arab Y chromosome lineages, suggesting that the

Arab expansion played a major role in shaping the current genetic structuring within the Fertile Crescent.
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Introduction

The Mediterranean basin has witnessed a number of
dramatic demographic events throughout time. The area
has been peopled since the very beginning of the human

diaspora from the Africa continent. The archeological
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sites of Skhul and Qafzeh in the Middle-East (Stringer
& Gamble, 1993) contain the oldest Homo sapiens re-
mains outside Africa, dating to 90—-100000 years before
present (yBP), and Southern Greece, Sicily and South
Coastal Spain were peopled well before 10-12000 yBP.
By 9000 yBP agricultural development occurred in the
Near East and this new technology spread throughout
Europe in the next millennia (Cunliffe, 2001). The de-
mographic effects the Neolithic revolution had on the
European peninsula are still a matter of debate among
both geneticists (Barbujani ef al. 1998; Chikhi et al. 1998;
Richards et al. 2000; Simoni et al. 2000; Semino et al.
2000; Rosser et al. 2000; Torroni et al. 2001; Chikhi et al.
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2002; Richards et al. 2002) and archaeologists (Ammer-
man & Cavalli-Sforza, 1984; Zvelebil & Zvelebil, 1988),
even though in the frame of hypothesis testing, actual
available data seems to support a Neolithic Demic Dif-
fusion (NDD) scenario (Barbujani & Goldstein, 2004).
The complexity of Mediterranean genetic history is tes-
tified also by the number of historical events occur-
ring in this area: the foundation of Greek colonies in
the west Mediterranean (South Italy, Spain and coastal
France; Burn, 1990), Phoenician and Carthaginian
settlements (Cunliffe, 2001), and the creation of the
Roman Empire, which at its peak dominated the en-
tire Mediterranean coast. Later in time, the Arab con-
quest had a major historical impact, starting from the
Arabian Peninsula, moving through the Near East and
finally reaching North Africa, the Iberian Peninsula
and Sicily (Dussaud, 1955; Finley, 1968; Ricci, 1984,
Abun-Nasr, 1987; Hitti, 1990). The numbers of popu-
lation contacts that occurred along the Mediterranean
coast following commercial routes (Braudel, 1998) are
an additional element, suggesting that the gene flow
across groups was very large and that it possibly erased
genetic differences across the basin. A recent study of
Y chromosome variation in Mediterranean populations
showed the distinctiveness of North Africans compared
to the rest of the Mediterranean, but failed to find any
heterogeneity among other Mediterranean populations
(Quintana-Murci et al. 2003). Using a more formal in-
ferential framework, Chikhi et al. (2002) estimated the
current degree of Neolithic component in European
populations, and revealed similar Near Eastern con-
tributions in Mediterranean and continental European
samples. Flores et al. (2004) investigated the structure
within Iberia and included in their analysis a group of

samples representing Mediterranean populations. The

Figure 1 Geographic origin of the investigated samples.
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North African populations tended to separate clearly
from other samples, with some indication of structure
between Near East and Mediterranean samples, but sub-
stantial homogeneity within Northern Mediterranean
groups was observed. Nebel et al. (2002) reported the
presence of Arab markers in some Near Eastern popula-
tions, possibly as a result of the Arab expansion, but did
not specifically question if this had any effect on popu-
lation structure within the Near East, and Hammer et al.
(2000) pointed to a common male origin for Jews and
Middle Easterners.

So far little attention has been devoted to difterences
within the Near East populations and across Mediter-
ranean groups. The current set of data now makes it
possible to specifically address this issue.

Here we explicitly assess Mediterranean genetic struc-
ture by analysing Y chromosome distribution in 11 dif-
ferent populations with a battery of both fast and slow
evolving markers (Fig. 1). A total of 656 Y-chromosomes
were typed for 6 Y linked STRs and 16 Unique Event
Polymorphisms (UEPs). Additionally, we included pub-
lished Y chromosome data for SNPs (58 populations)
and STRs (34 populations) (Bosch et al. 1998, 2001;
Nebel et al. 2001; Semino et al. 2000; Malaspina et al.
2001; Wilson et al. 2001; Luis et al. 2004; Flores et al.
2004; Cinnioglu et al. 2004; Thomas et al. 2000; Arredi
et al. 2004).Our analyses revealed significant structure in
the Mediterranean Y chromosome gene pool, in par-
ticular pointing to structure within the Middle East due
to the presence of an Arab genetic component, a result
also supported by a reanalysis of published mtDNA and
autosomal markers (Richards et al. 2002; Thomas et al.
2002; Plaza et al. 2003; Rosenberg ef al. 2002).

Materials and Methods

Samples

Geographic origin of populations genotyped in this
study is indicated in Figure 1. The Sicilians, a subset
of Sardinians and Tunisian sample origins have already
been described (Romano et al. 2003; Ciminelli et al.
1995; Comas et al. 2000; Plaza et al. 2003). Sample sizes
are as in Table 1. Haplogroup and haplotype published
data included in the analyses are described in Table 1.
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Y Chromosome Genotypings

Y-STRs were genotyped as described in Thomas
et al. (1999) and included DYS388, DYS393, DYS392,
DYS19, DYS390 and DYS391 loci. UEPs were geno-
typed using monoplex and multiplex reactions (Table 2).
YAP, SRY 10831, SY81 and SRY 4064 were genotyped
following published protocols (Thomas et al. 1999).
RPS4Y polymorphism was genotyped as described in
Capelli et al. (2001). Tat and 122 markers were scored as
indicated in Rosser et al. (2000). All other markers were
genotyped as described below. The genealogical rela-
tionship between the selected markers is shown in Figure
2, following the Y Chromosome Consortium nomen-
clature (2002). PCR was carried out in a final volume of
10 pl. The reaction contained 1X buffer (HT Biotech,
Cambridge), 200 uM dNTPs, and 0.13 units of Tag
polymerase enzyme (HT Biotech, Cambridge), as well
as 9.3 nM TagStart Antybody (Clontech). The cycling
conditions were 94° C for 5 minutes, and then 35 cycles
at 95°C for 40 sec, 59°C/58°C/55°C for 40 sec and
40 sec at 72°C, with a final incubation at 72°C for 10
minutes. For the M173/M17/M172/M170/M9/92R7
multiplex, the final concentration of MgCl, was
2.2 mM. Primers and Endonucleases are shown in
Table 2. Restriction reactions were performed follow-
ing the supplier’s information (New England Biolabs,
Beverly, Mass.)

The PCR mix preparation was performed following
suggestions described in Thomas et al. (1999).

Appropriate allelic control DNAs where included to
confirm successful restriction reaction conditions. The
digested products were run on a 377 ABI instrument
(Applied BioSystems, Foster City, CA).

The M173/M17/M172/M170/M9/92R 7 multiplex
was firstly genotyped in all the samples. M9 derived
samples, ancestral at 92R7, were also tested for tat. M9,
M170, M172 underived samples were tested for M89,
12f2 and M35. Samples ancestral at these markers were
additionally tested for SRY 10831, YAP and RPS4Y.
YAP derived samples ancestral at M35 were tested for
SRY 4064 and SY81. M26 was tested only on M170
derived chromosomes.

Two chromosomes found in Cyprus, ancestral at M89
and YAP markers, could not be tested for RPS4Y and
SRY10831. Haplotype comparison with unpublished
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data suggested considering them as hg A. Similarly, due
to DNA not being available, three Djerba chromosomes,
underived at M9, 122, M170, were assigned to hap-
logroups E3b (1 chromosome) and FxIJK (2 chromo-
somes) by haplotype comparison with fully genotyped
available samples. For hgs analysis, chromosomes were
clustered in 8 groups following genealogical informa-
tion: DE; Y* (xA,D,E,J.K); P*(xR1al); J*(x]2); J2; A;
K*(xP), R1al.

Statistical Analysis

Principal Components (PC) analysis was performed on
haplogroup frequencies by using POPSTR software
(Henry Harpending, pers comm.). Geographic struc-
turing of variation was assessed using AMOVA as im-
plemented in the Arlequin software (Schneider et al.
2000). AMOVA analysis was performed taking in con-
sideration STR data only and using Rst genetic distance
(Slatkin, 1995). Samples included in the analyses are in-
dicated in Table 1. MtDNA PC analysis was perfomed
on a set of published data (Richards et al. 2002; Thomas
et al. 2002; Plaza et al. 2003) Admixture estimations
were calculated by LEA and ADMIX software (Chikhi
et al. 2001; Bertorelle & Excoftier, 1998; Dupanloup
& Bertorelle, 2001) using hg information (i.e. binary
markers only) and considering the E3b North African
modal type as separate from the rest of the E3b group.
Selected autosomal data from Rosenberg ef al. (2002)
was investigated by the use of the STRUCTURE pro-
gram (Pritchard et al. 2000). Each STRUCTURE run
was performed twice with a burn-in and run length of
200,000 each.

Results and Discussion

Mediterranean Population Structure

‘We analysed 16 biallelic markers (otherwise known as
Unique Event Polymorphisms - UEPs) identifying hgs
(Fig. 2, Table 3), and 6 Y linked microsatellites (Thomas
et al. 1999) defining hpts (Appendix). To include addi-
tional data from other reference populations (Table 1)
Y chromosome PC analysis (Fig. 3a) was performed
with a lower level of resolution, collapsing the 14 ob-
served haplogroups into 8 haplogroups, as described in
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Table 1 Geographic origin of all the samples included in the Y chromosome and STRs analyses. Codes, sample sizes and references
are indicated. na: not available

Haplogroup data Haplotype data Code Sample size Reference
Central-East Mediterranen
East Sicily East Sicily ESC 87 this study
South-West (SW) Sicily South-West (SW) Sicily SWS 55 this study
North-West (NW) Sicily North-West (NW) Sicily NWS 70 this study
South Italy South Italy SIT 68 this study
Sardinia Sardinia SAR 81 this study
Malta Malta MAL 90 this study
Cyprus Cyprus CYP 65 this study
Turkey na TRS 20 Semino et al. 2000
na Turkey 68 Wilson et al. 2001
na Turkey 523 Cinnioglu et al. 2004
Turkey-1 na TR1 52 Cinnioglu et al. 2004
Turkey-2 na TR2 29 Cinnioglu et al. 2004
Turkey-3 na TR3 83 Cinnioglu et al. 2004
Turkey-4 na TR4 82 Cinnioglu et al. 2004
Turkey-5 na TRS5 43 Cinnioglu et al. 2004
Turkey-6 na TR6 33 Cinnioglu et al. 2004
Turkey-7 na TR7 90 Cinnioglu et al. 2004
Turkey-8 na TRS 30 Cinnioglu et al. 2004
Turkey-9 na TR 81 Cinnioglu et al. 2004
West Mediterranean (Iberians) Cinnioglu et al. 2004
Seville na SEV 155 Flores et al. 2004
Huelva na HUE 22 Flores et al. 2004
Cadiz na CAD 28 Flores et al. 2004
Cordoba na COR 27 Flores et al. 2004
Malaga na MAG 26 Flores et al. 2004
North Portugal na NPF 109 Flores et al. 2004
Leon na LEO 60 Flores et al. 2004
Galicia na GAL 19 Flores et al. 2004
Cantabria na CAN 70 Flores et al. 2004
Valencia na VAL 31 Flores et al. 2004
Castile na CAS 21 Flores et al. 2004
Madeira na MAD 129 Goncalves et al. 2005
Acorres na ACO 121 Goncalves et al. 2005
North Portugal na NPC 101 Goncalves et al. 2005
Central Portugal na CPC 102 Goncalves ef al. 2005
South Portugal na SPC 100 Goncalves et al. 2005
Basques Basques BAS 42 Bosch et al. 1998; 2001
Catalans Catalans CAT 14 Bosch et al. 1998; 2001
Andalusians Andalusians AND 37 Bosch et al. 1998; 2001
Middle East and Arabian Peninsula
Oman Arabs Oman Arabs OMA 121/122° Luis ef al. 2004
na Syria 72 Wilson et al. 2001
Syria na SYR 20 Semino et al. 2000
na Yemen 76 Wilson et al. 2001
United Arab Emirates na UAE 33 Malaspina et al. 2001
Iraq na IRQ 139 Al-Zahery et al, 2003
Palestinians Palestinians PAL 143 Nebel et al. 2001
Beduins Beduins BED 32 Nebel et al. 2001
Muslim Kurds Muslim Kurds MKU 95 Nebel et al. 2001
Kurdish Jews Kurdish Jews KJE 99 Nebel ef al. 2001
Ashkenazi Jews Ashkenazi Jews AJE 79 Nebel et al. 2001
Sephardic Jews Sephardic Jews SJE 78 Nebel et al. 2001
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Table 1 (continued)

Mediterranean Y Chromosome Population Structure

Haplogroup data Haplotype data Code Sample size Reference
Muslim Lebanese Muslim Lebanese MLE 39 this study
Christian Lebanese Christian Lebanese CLE 43 this study
North Africa
Algeria Arabs Algeria Arabs AAR 35 Arredi ef al. 2004
Algeria Berbers Algeria Berbers ABE 19 Arredi ef al. 2004
North Egypt North Egypt NEG 44 Arredi et al. 2004
South Egypt South Egypt SEG 29 Arredi ef al. 2004
Egypt Arabs Egypt Arabs EAR 147/148" Luis ef al. 2004
Tunisia Tunisia TUA 148 Arredi et al. 2004
Tunisia Tunisia TUN 39 this study
Djerba Jews Djerba Jews DJE 19 this study
Moroccan Arabs Moroccan Arabs MAR 44 Bosch ef al. 1998; 2001
Moroccan Berbers Moroccan Berbers MBA 60 Bosch et al. 1998; 2001
Saharawis Saharawis SAH 29 Bosch et al. 1998; 2001
Total populations 59 34
Total individuals 3807 2692

" Haplogroup/haplotype available individuals.

the Methods section. PC results were shaped by hgs
P* (xR 1al), J*(xJ2) and DE along axis one (loading fac-
tors: 0.484, —0.292, and —0.299, respectively) and by
hgs J2 and DE on axis 2 (loading factors: 0.253 and
— 0.324, respectively). The PC plot suggested the pres-
ence of four main groups (Fig. 3a): 1) North Africa,

2) Near East/Arabs (including Muslim Lebanese and
Ashkenazi Jews), 3) Central-East Mediterranean group-
ing, including Christian Lebanese and 4) West Mediter-
ranean. A population differentiation test was performed
using an analogue of the Fisher Exact Test as imple-
mented in the Arlequin software (Schneider et al. 2000)

4 sry o1
var L L resay 4
SRy4064 | 4 122 wmnod T™Ww
mss | svs1| w72 | M6 | 1 or7 q
4 v
| M17
E3b E*(xE3a,E3b) C J2 I1b2 P*(xR1) Rlal N3

A E3a DE*xE) J*xJ2) I*(xI1b2) F*xLJ,K) RI1*(xRlal) K*xP,N3)

Figure 2 Genealogical relationships of the selected UEPs. Nomenclature as suggested by YCC (2002).
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on hgs frequencies, using the same 8 hgs tested for PC
analysis. The pattern of population similarities paral-
leled that displayed by PC analysis, with populations in
the same cluster being mostly not significantly difterent
from each other (P > 0.05, data not shown). Population
relationships were also investigated by the use of mi-
crosatellite variation on a total of 34 populations (Table
1). Analysis of the distribution of molecular variation on
STRs haplotypes (performed using Arlequin software;
Schneider et al. (2000)) was also consistent with the four
group clustering suggested by the PC analysis, with the
lowest within groups variation (1.57%) and largest be-
tween groups variation (7.70%, ®st 0.077, P < 0.01).
Clustering of the West and Central-East Mediterranean
populations lowered the intergroup variation to 6.95 %
and increased the intragroup value to 2.35% (P < 0.01).
Following a geographical clustering scheme as indicated
in Table 1, genetic variation showed a between groups
value of 5.18% and a within groups percentage of 3.06
(P < 0.01). Finally, clustering the North African Arab
samples with the Arab cluster of Figure 3a displayed a
between groups value of 6.18% and a within groups
percentage of 2.71 (P < 0.01).

We also evaluated the degree of differentiation shown
by Mediterranean populations by performing PC anal-
ysis on previously published mtDNA haplogroup data
(Richards et al. 2002; Thomas et al. 2002; Plaza et al.
2003). In general agreement with the Y chromosome
results, a Mediterranean, an Arab and a North African
cluster were apparent (Fig. 3b). Contrary to the Y chro-
mosome PC plot (Figure 3a) West and Central Mediter-
ranean samples did not cluster independently, while
a certain tendency to separate was shown by Middle
Eastern samples. Mediterraneans and North Africans
were closer to each other than to Arabic populations
(Bedouins and Yemenite), a result previously interpreted
as a signature of female mediated gene flow across the
Mediterranean basin (Plaza et al. 2003). Near Eastern
Arab populations (Palestinians, Jordanians and Syrians)
did not cluster with the Arabians and were instead closer
to Mediterranean populations. This result is in contrast
with the Y chromosomal data, where Arabian and non-
Arabian Arabs grouped together (Fig. 3a). Sex mediated
differential contacts between the Arabian peninsula and
the Near East could be responsible for the different ob-
served pattern. In the Middle East, only Bedouins seem

© University College London 2005

Table 3 Population Y hg frequencies (in brackets absolute number of chromosomes) investigated in this study. No hg D and N3 chromosomes were found

Mediterranean Y Chromosome Population Structure
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Figure 3 a)Y chromosome hgs Principal Components plot. Codes as in Table 1; b) MtDNA hgs
Principal Components plot. Codes for Figure 3b as follows: MAR, Moroccan Arabs; SBE, South
Berbers; MOZ, Mozabites; SAH, Saharawis; TUN, Tunisians; MBE, Moroccan Berbers; AND,
Andalusians; BAS, Basques; CAT, Catalans; CSP, Central Spanish; GAL, Galicians; VAL, Valencians;
POR, Portuguese; NPO, North Portuguese; CPO, Central Portuguese; SPO, South Portuguese; IBE,
Iberians; CIT, Central Italians; SIT, South Italians; SIC, Sicilians; TUS, Tuscans; SAR, Sardinians;
AJE, Ashkenazi Jews; MJE, Moroccan Jews; TUR, Turks; JOR, Jordanians; PAL, Palestinians; SYR,
Syrians, YEM, Yemenites; BED, Bedouins. Indicated are the percentages of genetic variation
expressed by each principal component.
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to have had extensive contacts with Arabians, as in both
mtDNA and Y chromosome analyses they cluster to-
gether. Recently Rosenberg ef al. (2002) published an
investigation of world-wide populations genotyped at
almost 400 microsatellite loci. They assessed population
differentiation using the clustering scheme implemented
in the STRUCTURE software (Pritchard et al. 2000).
Using the same approach we focused our attention on
samples present in their dataset that are comparable to
ours, namely Sardinians and Italians, Mozabites from
North Africa, Bedouins and Palestinians. Previous anal-
ysis revealed independent clustering on Basques from
other European samples (Rosenberg et al. 2002); there-
fore, in order to make the computation time feasible, we
did not include this group in our analysis. Several runs
were performed and the highest likelihood values were
obtained when testing a number of clusters K >= 4.
These K values were associated with overlapping like-
lihood values across runs, so that it was not possible to
identify the most likely number of clusters (data not
shown). However, in all these cases at least three differ-
ent groups were present: group 1 clustered the majority
(over 70%) of Italians and Sardinians, and a small part of
Bedouins and Palestinians; group 2 was represented by
almost 90% of North Africans; and group 3 contained
the majority of Palestinians and a subset of Bedouins.
Additional groups were composed by subsequent subdi-
vision of the Bedouin sample. Clusters 1, 2 and 3 broadly
mirrored Mediterranean, North African and Arab Y
chromosome and mtDNA groupings. Taking into con-
sideration the independent clustering of Basques from
other European samples (Rosenberg et al. 2002), the
four clustering scheme suggested by Y chromosome
analysis seems to be supported also at an autosomal
level. Additional groups, almost exclusively represented
by Bedouins, were also observed. These additional clus-
ters most likely reflect specific gene flow or drift occur-
ring in Bedouins. Richards et al. (2003) found genetic
evidence of female gene flow from Sub-Saharan Africa
into Near East Arab populations, resulting from the slave
trade. When we included in the STRUCTURE analysis
the available Sub-Saharan samples from Rosenberg ef al.
(2002), the three African populations (Bantu-speaking
Kenians, Yoruba and Mandenka) strongly clustered to-
gether, with a minor portion (not above 10%) of North
African and Bedouins. Assuming correct identification
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of source populations, this suggests minor Sub-Saharan

contribution to current Near East Arab populations.

Near East, Jewish communities and
Arabians: evidence of Arab male genetic
contribution to Levantine populations

The independent clustering of Near Eastern Arab and
non-Arab populations is driven by J*(x]J2) frequen-
cies, above 30% in all populations in the Arab group
(Table 1 and Semino et al. 2004). Nebel et al. (2002)
suggested this group (H71 in their nomenclature) as a
possible marker of the Arab expansion in the Southern
Levant and North Africa. The authors found a J*(x]2)
haplotype mainly restricted to Arab populations or Ara-
bised ones (Galilee Modal Haplotype, GMH, Nebel
et al. 2000), and virtually absent from Jewish groups and
the North Mediterranean coast (this study and Nebel
et al. 2001). The same haplotype has also been iden-
tified in various North African groups (this study and
Bosch et al. 2000, 2001) and it is the modal hpt in Syria
and Yemen (Thomas et al. 2000). J* (xJ2) hg frequency
has an important influence on the distribution of pop-
ulations on the PC plot axis 2, the axis along which
Arab and Arabian populations tend to cluster. These
populations also show high frequencies for the GMH
and its one microsatellite mutational step neighbours.
J*(xJ2) and GMH appear then to be non-randomly dis-
tributed across populations, and together may represent
a signature for Arabian influence. Interestingly, consid-
ering the two Lebanese samples, the Muslims contained
GMH and its one microsatellite mutation step cluster
at frequencies of 4.6% and 14%, respectively, while on
the contrary the Christians displayed only the GMH
(2.5%). Hg J* (xJ2) frequencies in Muslim and Christian
Lebanese were 31% and 9%, respectively.

Nebel et al. (2002) suggested a “working model” with
two main waves of contacts between the Near East
and the Arabian peninsula. An earlier Near East ex-
pansion toward the Arabian Peninsula during Neolithic
time would be identified by types shared also with Jew-
ish communities, while Arabian and Near East group
uniquely shared types could be instead related to a more
recent population movement, following the dispersion
of nomadic tribes out of the Arabian peninsula.
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Arabian male admixture with Near East populations
could explain the independent grouping of these from
Mediterranean populations, as shown by Y chromosome
data. The different pattern shown by mtDNA (Fig. 3b),
with non-Arabian Arabs clustering with Mediterranean
groups, suggests that Arab introgression had different ef-
fects in difterent groups possibly due to sex-biased gene
flow.

This scenario has important implications also on the
investigation of the origin of Jewish communities. Ge-
netic variation in Jewish populations has been inves-
tigated in several recent papers using different genetic
systems (e.g. Hammer et al. 2000; Nebel et al. 2001;
Thomas et al. 2002; Behar et al. 2003). Basing their
analysis on Y chromosome variation, Hammer et al.
(2000) recently found similarity between Near East-
ern and Jewish communities, and suggested a com-
mon Near Eastern origin for all these groups. We have
focused on Mediterranean and Near Eastern popu-
lations and highlight a significant separation between
“Arabian” Near Easterners and Jewish populations.
Both PC and AMOVA analyses suggest a more com-
plex scenario, with Sephardic and Kurdish Jews closer
to Mediterraneans, and Djerba and Ashkenazi in-
stead showing a higher affinity to Arab populations. A
larger Djerban Jewish sample confirms this observation
(Leonardi et al. personal communication). These results
contrast with those of Hammer ef al. (2000). However,
the main differences between the two investigations are
the specific focus on Mediterranean populations and the
additional level of resolution within hg J, offered by the
inclusion of the M172 marker and microsatellite data.
Hg ] frequencies are in fact similar across Jewish com-
munities and Near Easterners, while ]2 and J* (xJ2) hgs
frequencies highlight important differences. Hg J* (x]2)
is always more frequent (sometime even as much as
twice as frequent) than J2 in the “Arabian” Near East-
ern populations, while J2 is more frequent than J*(x]2)
in the Jewish populations (Table 2; Nebel ef al. 2001;
Cinnioglu et al. 2004; Luis et al. 2004; Semino et al.
2004) The inclusion of genetically different worldwide
populations such as Sub Saharan African, European and
North African in the MDS analysis by Hammer et al.
(2000) probably favoured the clustering of broadly sim-
ilar populations such as Near Easterners and Jews, due

to their high hg J frequencies (between 28% and 84%).
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All the Europeans included in their analysis had low hg ]
frequencies except the only two Mediterranean samples,
Italy and Greece, which were in fact the closest to Near
Eastern/Jews in their MDS analysis. The heterogeneity
we observed between the Jewish groups included here
and the Near East populations might be related to the
independent genetic histories and European admixture
(Thomas et al. 2002; Nebel et al. 2002; Behar et al. 2003),
and to male specific Arabic gene flow into Arab Near

Eastern populations.

North Africa, West and Central
Mediterranean clusters

Genetic distinctness of North African populations has
been shown by a number of investigations (Arredi et al.
2004; Bosch et al. 2001; Flores et al. 2004; Rosser et al.
2000). This uniqueness seems to be only partially related
to SubSaharan gene flow, as little introgression from this
area has been suggested (Salas ef al. 2004; Bosch et al.
2001). North African populations show little Y chro-
mosomal variation, a result interpreted as a consequence
of the Neolithic expansion (Arredi et al. 2004). North
African populations have E3b frequencies above 50%
(Table 1 and Bosch et al. 2001; Arredi et al. 2004), while
this hg is not above 29% in other Mediterranean and
European samples (Table 1, Semino ef al. 2000, 2004,
Rosser et al. 2000). The E3b North African types are
mostly derived from the M81 marker, while European
E3b types are defined by the M78 marker (both not
included in our UEP panel) (Semino et al. 2004).

Very limited North African gene flow to Europe
seems to have occurred (Bosch et al. 2001). In order to
quantitatively estimate the North African male genetic
introgression on the northern shores of the Mediter-
ranean basin, we used likelihood and least-square ap-
proaches, as implemented in the LEA and ADMIX
software (Chikhi et al. 2001; Bertorelle & Excoffier,
1998; Dupanloup & Bertorelle, 2001). We selected Mo-
roccan Berbers/Basques (Bosch ef al. 2000, 2001) and
Tunisian/Southern Italians, respectively, as possible rep-
resentatives of the source populations for the Iberian
and Sicilian samples. Hpt 44, modal in North Africa
(see appendix and Bosch et al. 2000; 2001; Arredi
et al. 2004) has been considered as separate from the
rest of the E3b chromosomes. The median likelihood
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estimations ranged between 0.15 and 0.271, while
the ADMIX values were between 0.004-0.21. The
two different approaches support a scenario with lim-
ited genetic contribution of North African popula-
tions, in agreement with their independent clustering
in the STRUCTURE analysis, and as suggested also
by mtDNA and Y chromosome analysis (Figure 3a, 3b;
Plaza et al. 2003) and in agreement with previous data
(Bosch et al. 2001; Cruciani et al. 2004).

Of interest is the genetic separation that West
Mediterranean samples from Iberia display vs. Central
and East Mediterranean samples, as shown in this study
by Y chromosome SNPs and STRs analyses and by au-
tosomal data (Rosenberg et al. 2002). Investigation of the
mtDNA distribution of genetic variation instead seems
to support a more homogeneous situation for European
Mediterranean populations. Higher female than male
gene flow across populations and/or difterence in pop-
ulation sizes of breeding individuals between the two
genders have been suggested as possible explanations for
this observation (Seielstad ef al. 1998; Dupanloup et al.
2003). The observed autosomal independent clustering
(Rosenberg et al. 2002) could possibly be due to unique
characteristics of the Basque population, but not of all of
Iberia, and reflects drift occurring in this group. A more
exhaustive sampling and genotyping of multiple genetic
systems for the same individuals from populations from
this area and from other European populations would

help to clarify this issue.

Conclusions

The significant genetic structuring of populations fac-
ing the Mediterranean basin into three groupings, Near
Eastern Arab, Mediterranean and North African, is re-
lated to the demographic processes that have occurred
since first populating the area. The distribution of Ne-
olithic technologies was probably paralleled by demo-
graphic expansion in the Mediterranean basin, and sub-
sequent westward migration by Phoenicians and Greeks
contributed to the distribution of Y chromosome types
of most likely Near East origin. The Arab conquest
in particular appears to have had a dramatic influence
on the East and South Mediterranean coasts, with dif-
ferential sex-related gene flow playing a major role in
the distribution of genetic variation. The presence of
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Arab Y chromosome lineages in the Middle East sug-
gests that most have experienced substantial gene flow
from the Arabian peninsula. This result raises the issue of
the correctness of identifying all Near Eastern popula-
tions as reliable representations of the original Neolithic
groups that expanded from the Middle East towards the
European peninsula.

The identified genetic structure raises important is-
sues not only for historical but also for medical genet-
ics. Differential distribution of malaria resistance variants
among Mediterranean populations is well known, and
thought in part to be the result of local selection pressure
(Tishkoff et al. 2001;Verrelli et al. 2002). The presence of
structure as identified by multiple genetic systems sug-
gests that other polymorphisms might be not randomly
distributed as a result of the indicated demographic phe-
nomena. In particular, variants involved in the response
to drug metabolism are important candidates for such
investigation, and indeed some of them, for example
the CYP2D6 and PKU genes, show significant differ-
ences across European and Mediterranean populations
(Bradford, 2002; Cali’ et al. 1997). More detailed sam-
pling and investigation focused on this area will be crit-
ical for extensive evaluation of the degree of population
structuring present, and the demographic processes that

have shaped them.
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Table A1l
Hpt DYS DYS DYS DYS DYS DYS Hg

388 393 392 19 390 391 CYP DJE MLE CLE SAR SIT ESC NWS SWS MAL TUN n

1 9 13 11 13 24 10 E3b 1
2 9 14 12 15 23 11 F* (x1,].K) 1
3 10 12 11 15 23 10 J2 1
4 10 13 11 13 24 10 E3b 2
5 10 13 13 15 24 12 R1*(xR1al) 1
6 10 14 11 15 22 9 F* (xL,],K) 1
7 11 13 11 15 22 11 A 1
8 11 13 13 14 23 10 K* (xP,N3) 1
9* 11 14 10 16 22 10 A 1
10 11 14 11 13 24 10 A 1
11 12 11 14 14 22 10 K* (xP,N3) 1
12 12 11 14 14 25 10 K* (xP,N3) 1
13 12 12 11 13 23 11 E3b 1
14 12 12 11 13 24 9 E3b 1
15 12 12 11 13 24 10 E3b 1
16 12 12 11 14 24 10 J2 1
17 12 12 11 14 24 11 R1*(xR1al) 1
18 12 12 11 15 23 10 F* (xL,],K) 2
19 12 12 13 13 24 10 R1*(xR1al) 1
20 12 12 13 13 26 11 R1*(xR1al) 1
20 12 12 13 14 23 10 K*(xBN3) 1

22 12 12 13 14 23 10 RI1*(xRlal) 2 1
23 12 12 13 14 23 11 RI1*(xRlal)
24 12 12 13 14 24 10 R1*(xRlal)
25 12 12 13 14 24 11  RI1*(xRlal)
26 12 12 13 14 25 10 RI1*(xRlal) 1 1
27 12 12 13 14 25 11  RI1*(xRlal)

)

)

28 12 12 13 15 25 10 RI1*(xRlal

|G Y U N U SV T Sy NG QU NG Y S YN U (5 S U N Y VUSSR S O T G SN

29 12 12 13 15 25 11  RI*(xRlal 1 1
30 12 12 14 14 23 10 P*(xR1) 1

31 12 12 14 14 23 10 K*(xPN3) 1

32 12 12 14 14 24 10 RI1*(xRlal) 2 1
33 12 12 14 15 24 11 R1*(xRlal) 1

34 12 12 15 14 24 10 RI1*(xRlal) 1

33 12 13 10 13 24 10 E3b 1

36 12 13 10 14 23 10 P*(xR1) 1

37 12 13 10 15 22 11 F&JK) 1
33 12 13 11 9 24 11 E3b 1

39 12 13 11 13 21 8  E3b 1

40 12 13 11 13 22 10 E3b 11
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Mediterranean Y Chromosome Population Structure

Table A1 (continued)

Hpt DYS DYS DYS DYS DYS DYS Hg

388 393 392 19 390 391 CYP DJE MLE CLE SAR SIT ESC NWS SWS MAL TUN n
41 12 13 11 13 23 9  E3b 1 2 3
42 12 13 11 13 23 10 E3b 2 1 303 9
43 12 13 11 13 23 11  E3b 1 1
44 12 13 11 13 24 9  E3b 1 1 4 1 15 22
45 12 13 11 13 24 10 E3b 3 2 5 6 4 3001 24
46 12 13 11 13 24 11  E3b 1 1 1 1 1 5
47 12 13 11 13 24 12 E3b 1 1
48 12 13 11 13 25 9  E3b 1 1 2
49 12 13 11 13 25 10 E3b 12 3 1 7
50 12 13 11 13 25 11  E3b 11 2
51 12 13 11 14 22 10 F&IJK) 11 2
52 12 13 11 14 23 10  I"(xI1b2) 1 1
53 12 13 11 14 23 11  E3b 2 2
54 12 13 11 14 24 9  E3b 1 1
55 12 13 11 14 24 10 E3b 3 2 2 2 11 11
56 12 13 11 14 24 11  E3b 1 1
57 12 13 11 15 21 10 F&IJK) 1 1
58 12 13 11 15 22 9  F&JK) 1 1
50 12 13 11 15 22 10 F&JK) 2 11 4
60 12 13 11 15 22 11 F&JK) 1 1
61 12 13 11 15 24 9  E3b 1 1
62 12 13 11 15 24 10 E3b 11 2
63 12 13 11 15 25 10 Rial 1 1
64 12 13 11 15 25 10 E3b 1 1
65 12 13 11 15 25 11 Rilal 11 1 3
66 12 13 11 15 26 11 Rial 1 1
67 12 13 11 16 22 10 F&IJK) 1 1
68 12 13 11 16 23 10 F&IJK) 3 1 4
0 12 13 11 16 24 10 Rial 1 1
70 12 13 11 16 24 10 E3b 1 1
71 12 13 11 16 25 10 Rlal 1 3 4
72 12 13 11 16 25 11 Rial 1 1 2
73 12 13 11 17 21 11  Ed 1 1
74 12 13 12 13 23 10 FEJK) 1 1
75 12 13 12 13 24 10 E3b 1 1
76 12 13 12 13 25 10 E3b 1 1
77 12 13 12 14 23 10 F(IJK) 1 11 3
78 12 13 12 15 21 10 F(IJK) 1 1
79 12 13 12 15 24 11  RI1*(xRlal) 1 1
80 12 13 12 16 21 9  F&JK) 1 1
81 12 13 12 17 22 9  E*(xE3aE3b) 1 1
82 12 13 13 13 22 10 K*(xPN3) 1 1
83 12 13 13 13 23 10 K*&xPN3) 1 11 3
84 12 13 13 13 23 11 F®&IJK) 1 1
85 12 13 13 13 23 12 RI1*(xRlal) 1 1
86 12 13 13 13 24 9  K*(xPN3) 1 1
87 12 13 13 13 24 10 K*(xPN3) 1 1
88 12 13 13 13 24 11 RI*(xRlal) 1 1 2
89 12 13 13 13 25 11 RI1*(xRlal) 1 1
90 12 13 13 14 23 9  K'&xPN3) 1 1
91 12 13 13 14 23 10 RI1*(xRlal) 1 1 302 7
92 12 13 13 14 23 11 RI1*(xRlal) 2 1 1 3 3 10
93 12 13 13 14 23 12  RI1*(xRlal) 11 1 3
94 12 13 13 14 24 9  K*(xPN3) 1 1
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Table A1 (continued)

Hpt DYS DYS DYS DYS DYS DYS Hg

388 393 392 19 390 391 CYP DJE MLE CLE SAR SIT ESC NWS SWS MAL TUN n
95 12 13 13 14 24 10 FELJK) 1 1 4 1 11
9% 12 13 13 14 24 11 RI*(xRlal) 2 3 15
97 12 13 13 14 24 12 RI*(xR1al) 1 1
98 12 13 13 14 25 10 RI*(xRlal) 1 1
99 12 13 13 14 25 11 RI*(xRlal) 1 2 5
100 12 13 13 15 23 10 P*&R1) 1 1
101 12 13 13 15 23 10 K*(xPN3) 1 1
102 12 13 13 15 23 10 RI*xR1lal) 2
103 12 13 13 15 23 11 K*(xPN3) 1 1
104 12 13 13 15 23 11 RI1*(xRlal) 1 1 3
105 12 13 13 15 23 12 K*(xPN3) 1
106 12 13 13 15 24 10 RI1*(xRlal) 1 1
107 12 13 13 15 24 11 K*(xPN3) 1
108 12 13 13 15 24 11 RI*xR1lal) 1 2 1 1 8
109 12 13 13 15 24 12 RI*(xRlal) 1 1 2
110 12 13 13 16 25 10 Rial 1 1
111 12 13 14 14 23 10 RI*(xRlal) 1 1
112 12 13 14 14 23 11 RI*(xRlal) 1 3
113 12 13 14 14 24 10 RI*(xRIal) 1 2
114 12 13 14 14 24 11 RI*(xRlal) 1
115 12 13 14 15 24 11 RI1*(xRlal) 2
116 12 13 15 13 22 10 P*&R1) 1
117 12 13 15 14 23 11 RI*(xRlal) 1
118 12 14 10 14 23 10 P*&R1) 1 2
119 12 14 10 15 22 10 F&LJK) 2
120 12 14 10 15 23 10 P*&xR1) 1 1
121 12 14 11 13 23 10 E3b 1 2
122 12 14 11 13 24 9  E3b 1 1 1 4
123 12 14 11 13 24 10 E3b 2 3
124 12 14 11 13 25 9  E3b 1
125 12 14 11 14 22 10 F&LJK) 3
126 12 14 11 14 23 10 FEIJK) 1 1
127 12 14 11 15 21 10 F&IJK) 3 5
128 12 14 11 15 22 9  F&LJK) 1 1
120 12 14 11 15 22 10 J'&2) 1 1
130 12 14 11 15 22 10 F&IJK) 2 3 2 1 9
131 12 14 11 15 22 11 F&LJK) 2 2
132 12 14 11 15 23 9  FEIJK) 1 1
133 12 14 11 15 23 10 F&IJK) 1 2 4
134 12 14 11 15 23 11 F&LJK) 1
135 12 14 11 15 24 10 E3b 1
136 12 14 11 16 23 10 F&IJK) 1 1
137 12 14 11 17 22 11 FEJK) 1 1
138 12 14 12 15 22 10 F&IJK) 1
139 12 14 12 15 23 9  FEIJK) 1 1
140 12 14 12 16 24 10 F&LJK) 1
141 12 14 13 13 24 11 RI*(xRlal) 1 1
142 12 14 13 14 23 10 K*(xPN3) 1 1
143 12 14 13 14 23 10 P*R1) 1 1
144 12 14 13 14 24 10 RI*(xRlal) 1 2
145 12 14 13 14 24 11 RI*(xRlal) 1 1
146 12 14 13 15 22 10 K*(xBPN3) 1
147 12 14 14 14 25 10 K'xPN3) 1 1
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Mediterranean Y Chromosome Population Structure

Table A1 (continued)

Hpt DYS DYS DYS DYS DYS DYS Hg

388 393 392 19 390 391 CYP DJE MLE CLE SAR SIT ESC NWS SWS MAL TUN n
148 12 15 11 13 23 10 E3b 11 2
149 12 15 11 14 21 10 F&JK) 1 1
150 12 15 11 15 23 10 F&IJK) 2 2
151 12 15 11 16 22 10 FEIJK) 1 1
152 12 15 11 16 23 10 FIJK) 1 1
153 12 15 11 16 24 10 Rlal 1 1
154 12 15 13 14 23 10 I*(xI1b2) 1 1
155 12 15 13 14 23 10 F&IJK) 1 1
156 13 12 11 14 24 9 C 1 1
157 13 12 11 16 22 10 RI*xRlal) 1 1
158 13 12 11 17 22 10 I*(xI1b2) 1 1
159 13 12 13 14 25 11 RI1*(xRlal) 6
160 13 12 13 14 26 10 RI*xRlal) 1 1
161 13 12 13 14 26 11 RI1*(xRlal) 1 1
162 13 12 13 15 23 10 J2 1 1
163 13 13 11 13 24 11 E3b 1 1
164 13 13 11 14 23 10 E3b 2 2
165 13 13 11 14 24 10 E3b 2 2
166 13 13 11 15 22 10 F(IJK) 1 1
167 13 13 11 15 23 10 I*(xI1b2) 1 1
168 13 13 11 15 23 10 I1b2 1 1
169 13 13 11 15 23 11  1ib2 1 1
170 13 13 11 15 24 10 E3b 1 1
171 13 13 11 15 24 11 I"(xI1b2) 1 1 2
172 13 13 11 15 25 10 1ib2 1 1
173 13 13 11 15 25 11 I*(xI1b2) 1 1
174 13 13 11 16 23 10 I1b2 5 5
175 13 13 11 16 23 11 I'xI1b2) 1 1 2
176 13 13 11 16 24 9  I*(xI1b2) 1 1
177 13 13 11 16 24 10 I1b2 1 1
178 13 13 11 16 24 10 TI'xI1b2) 1 2 3
179 13 13 11 16 24 11 TI"'(xI1b2) 1 1 2
180 13 13 11 16 25 10 I*(xI1b2) 1 1
181 13 13 11 17 23 10 1ib2 5 5
182 13 13 11 17 24 10 I1b2 1 1 2
183 13 13 11 17 24 11 F®&JK) 1 1
184 13 13 11 17 25 10 T*(xI1b2) 1 1
185 13 13 12 15 23 10 I*(xI1b2) 1 1 2
186 13 13 12 16 24 11 I"(xI1b2) 1 1
187 13 13 13 14 23 11 RI*(xRlal) 1 1
188 13 13 13 14 24 10 R1*(xRlal) 1 1
189 13 14 11 15 22 10 F&IJK) 1 1 2
190 13 14 11 15 22 11  FEIJK) 1 1
191 13 14 11 15 24 10 I*(xI1b2) 1 1
192 13 14 11 15 24 11 TI'(xI1b2) 1 1
193 13 14 11 16 23 10 I1b2 4 4
194 13 14 12 14 22 10 TI*(xI1b2) 1 1
195 13 14 12 15 23 10 I*(xI1b2) 1 103 1 6
196 13 14 12 16 23 10 I*(xI1b2) 1 1
197 13 14 13 13 24 11 RI1*(xRlal) 1 1
198 13 14 13 15 22 10 I*(xI1b2) 1 5
199 13 14 13 15 22 11 I"(xI1b2) 1 1
200 13 14 13 16 22 10 I*(xI1b2) 2 2
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Table A1 (continued)

Hpt DYS DYS DYS DYS DYS DYS Hg

388 393 392 19 390 391 CYP DJE MLE CLE SAR SIT ESC NWS SWS MAL TUN n
201 14 12 11 14 23 9 J2 1 1
202 14 12 11 14 23 10 ]2 1 1
203 14 12 11 14 23 11 ]2 2 2
204 14 12 11 14 24 10 ]2 1 2 1 1 5
205 14 12 11 14 25 10 ]2 1 1
206 14 12 11 15 23 10 ]2 1 1 2 4
207 14 12 13 14 24 10 R1"(xRl1al) 1 1
208 14 13 11 13 24 10 E3b 1 1
209 14 13 11 14 22 10 TI"(xI1b2) 1 1
210 14 13 11 14 25 10 E3b 1 1
211 14 13 11 15 23 10 I1b2 1 1
212 14 13 11 16 23 10 I"(xI1b2) 1 1
213 14 13 11 16 24 11 TI"(xl1b2) 1 1
214 14 13 11 17 23 10 TI*(xI1b2) 2 2
215 14 13 12 15 22 11 TI*"(xI1b2) 1 1
216 14 13 13 14 23 10 R1"(xRlal) 3 3
217 14 14 12 15 23 11 I* (xI1b2) 1 1
218 15 12 11 13 22 9 ]2 1 1
219 15 12 11 13 24 10 J'®2) 2 2
220 15 12 11 14 20 10 ]2 2 2
221 15 12 11 14 22 9 ]2 1 1
222 15 12 11 14 22 10 ]2 1 2 1 1 1 1 7
223 15 12 11 14 22 11 ]2 1 1
224 15 12 11 14 23 9 ]2 1 2 3
225 15 12 11 14 23 10 ]2 7 2 4 2 6 3 24
226 15 12 11 14 23 11 J®?2) 2 1 4 1 8
227 15 12 11 14 24 10 ]2 1 2 1 1 3 11
228 15 12 11 14 24 11 ]2 1 1 2
229 15 12 11 14 25 11 ]2 1 1
230 15 12 11 15 22 10 ]2 1 1 2
231 15 12 11 15 23 10 ]2 1 3 1 4 9
232 15 12 11 15 24 10 ]2 1 1 1 1 4
233 15 12 11 15 24 11 ]2 1 1
234 15 12 11 15 25 10 J'2) 1 1
235 15 12 11 16 23 10 ]2 2 1 3
236 15 12 11 16 24 11 ]2 3 3
237 15 12 11 16 24 12 ]2 1 1
238 15 12 12 15 24 10 ]2 1 1
239 15 12 14 14 24 10 J'&2) 1 1
240 15 12 15 14 23 10 J'&2) 1 1
241 15 13 11 14 22 10 ]2 1 4
242 15 13 11 14 23 10 ]2 1 2 3
243 15 13 11 14 24 11 ]2 1 1
244 15 13 11 15 22 10 ]2 1 1
245 15 13 11 15 22 11 ]2 1 3 4
246 15 13 11 15 23 10 F&LLK) 1 1
247 15 13 11 15 23 10 ]2 1 1 1 3
248 15 14 11 15 23 10 F®&LLK) 1 1
249 16 12 11 13 24 10 ]2 1 1
250 16 12 11 14 22 10 ]2 1 1
251 16 12 11 14 22 10 J'®2) 1 1
252 16 12 11 14 22 10 ]2 1 1
253 16 12 11 14 23 9 J (x]2) 1 1
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Mediterranean Y Chromosome Population Structure

Table A1 (continued)

Hpt DYS DYS DYS DYS DYS DYS Hg

388 393 392 19 390 391 CYP DJE MLE CLE SAR SIT ESC NWS SWS MAL TUN n
254 16 12 11 14 23 10 J'=]2) 3 3
255 16 12 11 14 23 10 J2 1 1 1 1 4
256 16 12 11 14 23 10 J'&2) 1 1 2 3 2 5 14
257 16 12 11 14 23 1 J2 1 1
258 16 12 11 14 23 11 Jx2) 1 1 1 3
259 16 12 11 14 23 12 J xJ2) 1 1
260 16 12 11 14 24 10 J'xJ2) 1 1
261 16 12 11 15 23 9 J2 2 1 3 1 1 8
262 16 12 11 15 23 10 J*&J2) 1 1 2
263 16 12 11 15 23 10 J2 1 2 3
264 16 12 11 15 24 9 J2 1 1
265 16 12 11 15 24 9 J (x]2) 2
266 16 12 11 15 24 10 J2 1 1 2
267 16 12 11 16 23 9 J2 1 1
268 16 12 12 14 23 10 J2 1 1 2
269 16 12 12 14 23 10 J']2) 1 1 2
270 16 13 11 15 22 10 J*&J2) 1 1
271 16 14 11 14 23 10 J*J2) 1 1
272 17 12 11 13 23 11 J®2) 1 1
273 17 12 11 14 22 11 JEJ2) 1 1
274 17 12 11 14 23 10 J*xJ2) 1 1 2 4
275 17 12 11 14 23 1 J2 1 1
276 17 12 11 14 23 11 JEJ2) 2 1 3 6
277 17 12 11 14 24 10 J2 1 1
278 17 12 11 14 24 10 J ]2) 1 1
279 17 12 11 15 23 10 J2 1 1
280 17 12 11 15 23 10 J'J2) 1 1
281 17 12 11 15 23 11 J&]2) 2 2
282 17 12 11 16 25 10 J2 1 1
283 17 12 11 17 23 9 ]2 1 1
284 17 12 11 17 23 10 J'=]2) 1 1
285 17 13 11 14 23 10 J2 1 1
286 18 12 11 14 22 9 J x]2) 1 1
287 18 12 11 14 22 11 J&]2) 1 1
288 18 12 11 14 23 10 J2 1 1
289 18 12 11 14 23 11 J&J2) 1 1
290 18 12 11 15 23 10 J J2) 1

65 19 39 43 81 68 87 70 55 90 39 656
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