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Summary - � e genetic variation observed in the modern European populations can be used to reconstruct 
the history of the human peopling of the continent. In recent times, a great importance has been given to 
uniparental markers such as the Y-chromosome. � is chromosome, which is passed from father to son, does 
not have a counterpart subject to recombination and the only possible source of variation is mutation. � e 
nucleotide changes accumulate over time in the molecule, with no rearrangement among lineages. Lately, 
the D-HPLC technique, which allows the eff ective detection of single nucleotide polymorphisms (SNPs), 
was used to boost the number of available polymorphisms on the Y-chromosome. Since the year 2000, a 
number of studies were aimed both at the reconstruction of Y-chromosome phylogeny and the geographic 
distribution of Y-chromosome variation in Europe. � e distribution of distinctive Y-chromosome lineages 
can also display a correspondence with geography, thus providing patterns of affi  nity and clues concerning 
past human movements. It is therefore possible to recognize the eff ect of the colonization of Europe following 
the Last Glacial Maximum, both from the western Iberian and the eastern Balkan refuges. Other lineages 
show a migratory wave from the Near East, consistent with the demic diff usion model of agriculture. A 
minor east-west genetic cline was proposed as a signal of an expansion from north of the Black Sea, related 
with the diff usion of people speaking languages of the Indo-European family. 

Keywords - Phylogeography, Single Nucleotide Polymorphisms, Non-Recombining portion, Y-chromo-
some, Population genetics.

 Introduction

Since the publication of “� e history and geog-
raphy of human genes” by Cavalli-Sforza and col-
laborators (1994), a pivotal study for human evo-
lutionary genetics focused on divergence among 
human populations using many autosomal inher-
ited traits (e.g. blood types, HLA factors, pro-
teins), an increasing attention has been given to 
DNA markers at uniparental transmission, such 
as mitochondrial DNA (mtDNA) (Richards & 
Macaulay, 2001), and the non recombining por-
tion of Y-chromosome (NRY) (Jobling & Tyler-
Smith, 2003). � e reason of this interest resides in 

their uniqueness in the human genome, being the 
only two haploid segments of the human genome, 
not subject to the rearrangement of recombina-
tion, and consequently inherited linearly identi-
cal through generations. Mutation is the only 
possible source of variation for these two genetic 
systems and nucleotide changes accumulate over 
time in the molecule. All the mtDNAs and NRYs 
of living humans descend by coalescence from a 
single female and male respectively and mutations 
from the common ancestors accumulated along 
lineages can be used for tracking back their evo-
lutionary history.  However, the haploidy makes 
mtDNA and Y chromosome more sensitive to the 
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eff ect of genetic drift which may signifi cantly skew 
the haplogroup frequencies. � is is particularly 
true for the Y chromosome, considering the dif-
ferences between male and female eff ective popu-
lation sizes (Jorde et al., 2000). Furthermore, the 
NRY is far larger than the mitochondrial genome 
(about 60 Mb in respect to 16.569 bp), giving to 
this system huge potentiality for reconstructing 
human evolution, at least from the paternal side. 

Recent advances in molecular biology, namely, 
the development of Denaturing-High Performance 
Liquid Chromatography (D-HPLC) (Underhill et 
al., 1997), improved the knowledge of the phy-
logeny of the Y-chromosome at an extraordinary 
detail, and the number of known polymorphisms 
increased dramatically in the past decade from 
just a handful to over 600 (Karafet et al., 2008). 
� is technique made easy, fast and inexpensive 
the detection of new nucleotide changes in a given 
stretch of DNA, and it was possible to identify 
a large number of biallelic markers, called single 
nucleotide polymorphisms (SNPs) all over the 
molecule. � e mutational event that introduces 
a SNP in the NRY is so rare as to be considered 
unique and recurrent independent mutations are 
practically absent (Underhill et al., 2000). � is 
feature allows a hierarchical approach in recon-
structing the molecular phylogeny, so when diff er-
ent haplotypes share a SNP are considered derived 
from a common ancestor and clustered together 
in a haplogroup. Moreover, fast evolving multi-
allelic markers, such as Short Tandem Repeats 
(STRs), are also present in the Y-chromosome and 
their variability, considering an average mutation 
rate of about 6,9 x 10-4 per generation (25 years) 
(Zhivotovski et al., 2004), can be used to date the 
approximate age of a haplogroup. In addition, 
the combined use of fast evolving STRs can also 
provide further helpful information to dissect the 
evolutionary history of lineages where no down-
stream SNP markers are available.

Early papers used diff erent nomenclatures 
to defi ne haplogroups (Underhill et al., 2000;  
Semino et al., 2000;  Hammer et al., 2001: 
Rosser et al., 2000) and this fact, together with 
the contemporary existence of a STR-based 
classifi cation (Jobling & Tyler-Smith, 2000), 

introduced unwanted source of misunderstand-
ing. To overcome this inconvenient, a strictly cla-
distic nomenclature, paralleled to the one in use 
for mtDNA, has been proposed and now com-
monly accepted (Y Chromosome Consortium, 
2002). � e new system is based on capital letters 
in order to identify the broader clades and a suc-
cession of numbers and letters for lower hierar-
chical levels, thus fl exible enough to allow the 
unambiguous naming of haplogroups defi ned by 
newly discovered downstream markers. However, 
the internal nodes are highly sensitive to changes 
in tree topology and to the addition of new SNPs 
which resolve paraphyletic into monophyletic 
groups. � is occurrence may require the peri-
odical update of the nomenclature (Karafet et al., 
2008), especially for the commonest haplogroups 
such as E, I or J, and creating disorder when com-
paring data between papers published in a dif-
ferent time. Moreover, a lineage showing a root 
SNP, but not presenting any of the derived ones, 
is identifi ed by a * (star) symbol, but it should 
be distinguished by lineages where derived SNP 
were not tested, and this is obviously the case if 
the derived SNP were not yet discovered. For this 
reason, a “star” haplogroup may not have the same 
meaning in diff erent papers. Moreover, to distin-
guish haplogroups where downstream markers 
were assayed but not detected, at the haplogroup 
name is usually added, in brackets, the symbol 
“x” followed by the name of the excluded haplo-
groups. So, to overcome possible ambiguities, it 
is strongly advisable (after a statement of all the 
SNPs assayed, including those not detected) to 
identify a given lineage adding to the haplogroup 
name the last downstream SNP observed. 

� e distribution of haplogroups in a given 
territory is not random, refl ecting the spread of 
human beings in the past. Phylogeographic anal-
ysis confi rms the African origin of Homo sapiens 
(Underhill et al., 2001) and also provides clues 
concerning past human movements at continen-
tal and even regional level. Geographical clines 
of Y-chromosome haplogroups in Europe have 
been reported (Semino et al., 2000; Rosser et al., 
2000) and their distribution can be related to 
archaeological, linguistic and other non genetic 
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data to infer the past events of the peopling of 
the continent. In this work we review papers 
dealing with Y-chromosome variability based on 
SNPs  and focused on Europe and neighboring 
areas (Anatolia, the Caucasus, the Levant and 
North Africa). In order to homogenize the data 
from many studies carried out at various depth 
of analysis, the haplogroup frequencies for all the 
population studied are reported in Appendix 1 in 
a summarized form, tracing back into the main 
haplogroups the sub-clades not analyzed in the 
whole set of the considered papers. � e com-
plete data set is available online at the Journal of 
Anthropological Science website as supplemen-
tary material. Some papers (Weale et al., 2002;  
Di Giacomo et al., 2003;  Dupuy et al., 2006), 
using STRs and/or a limited set of SNPs, could 
not provide the necessary level of resolution to 
be included in the overall analysis but they were 
taken into account for the general discussion. 
Other papers focused on the phylogeny of specifi c 
haplogroups (Di Giacomo et al., 2003;  Rootsi et 
al., 2004;  Semino et al., 2004;  Cruciani et al., 
2004) have been used for the drawing of the fre-
quency maps of the respective haplogroup.

History

Figure 1 shows the phylogenetic tree inferred 
from the data reported in Appendix 1 (see also 
the Supplementary Data available online). � e 
tree does not report all the haplotypes recently 
identifi ed and described at the International 
Society of Genetic Genealogy website. Genetic 
genealogy is a fi eld in exponential growth: in the 
last few years, a number of commercial compa-
nies are off ering tests at aff ordable prices and lot 
of people are becoming more and more interested 
in their ancient origin, supplying DNA samples. 
� eir private laboratories are engaged in active 
research, providing a signifi cant increase in the 
detection of new SNPs and, consequently, new 
haplogroups. However, this review takes into 
account only scientifi c papers referring to popu-
lation studies and Figure 1 reports only haplo-
groups retrieved in these works.

Haplogroup A 
Defi ned by the mutation M91, this hap-

logroup is the fi rst branch of the evolutionary 
tree of mankind and it is diff used in sub-Saha-
ran Africa with higher frequencies in Khoisan 
populations (Underhill et al., 2001). � is hap-
logroup can be sporadically found in south-
ern European populations such as Greeks (Di 
Giacomo et al., 2003;  Capelli et al., 2006) and 
Portuguese (Goncalves et al., 2005), although 
in these studies no downstream markers were 
assayed and European Y-chromosomes belong-
ing to haplogroup A may not be closely related 
with the southern African lineages. An early 
divergence originated the East African sub-
clade A3b2-M13, (Semino et al., 2002) found 
at high percentage in Falasha (Ethiopian Jews) 
(Cruciani et al., 2002;  Shen et al., 2004) and 
consistently observed, although at very low 
frequencies, in Sardinia (Semino et al., 2000;  
Passarino et al., 2001;  Contu et al., 2008). 
However, the extreme rarity of this haplogroup 
does not off er clues about its possible appear-
ance in Europe.

Haplogroup C
� is clade is derivative of the CR super-hap-

logroup, defi ned by the M168 change and rep-
resenting the ancestor type of the “out of Africa” 
event. It is characterized by the mutations M216 
and RPS4Y (also known as M130). It was pos-
sibly originated shortly after M168 and was 
diversifi ed in the early human migration along 
the southern shores of Asia, although it can be 
found nowadays at higher frequencies in north-
ern Eurasia. Its occurrence in Europe, including 
Caucasus and Anatolia, is scarce, and chiefl y lim-
ited to some southern populations (Semino et al., 
2000;  Passarino et al., 2001;  Cinnioglu et al., 
2004;  Nasidze et al., 2004a;  Goncalves et al., 
2005;  Capelli et al., 2006).

Haplogroup E
� e Alu insertion known as YAP+ (or M1), 

together with the SNPs M145 and M203, is 
the common ancestral state of DE super-hap-
logroup, and the E clade identifi ed by M96 has 
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Fig. 1 - Phylogenetic tree of European haplogroups. The nodes defi ned by more than one marker are 
indicated by the symbol: °. Only the marker more commonly investigated is reported. For a complete 
list of the markers see: http://www.isogg.org.



www.isita-org.com

63P. Francalacci & D. Sanna

been considered a “back to Africa” migration 
event (Cruciani et al., 2002). In fact, most of its 
branches such as E1-M33, E2-M75 and E3a-M2 
can be found in Africa and only at very low per-
centage in Mediterranean Europe (Cinnioglu 
et al., 2004;  Capelli et al., 2006;  Bosch et al., 
2006), particularly in the Iberian peninsula 
(Flores et al., 2003;  Flores et al., 2004;  Alonso 
et al., 2005). However, this interpretation has 
been challenged by the discovery of a rare deep-
rooting clade in Nigeria, suggesting an expansion 
from West Africa to Asia (Weale et al., 2003)

� e sub-clade E3b1, defi ned by the mutation 
M35, has a wide distribution in Africa, Near East 
and Europe (Fig. 2a). � is haplogroup probably 
appeared in the Horn of Africa and diff used dur-
ing the Upper Paleolithic and Mesolithic periods 
in the Near East. � e European distribution is 
compatible with the Neolithic demic diff usion of 
agriculture. In fact, two sub-clades, E3b1a-M78 
and E3b1c-M123 (Fig. 2b-c) present a higher 

occurrence in Anatolia, the Balkans and the 
Italian peninsula, closely resembling to the fi rst 
principal component described by Ammerman 
& Cavalli-Sforza (1984) and attributed to the 
spread of farming from the Fertile Crescent in 
Europe. � e other clade, E3b1b-M81 (Fig. 2d) 
is associated with the Berber populations and 
can be found in regions that established a gene 
fl ow with Northern Africa, such as the Iberian 
peninsula (Maca-Meyer et al., 2003;  Flores et 
al., 2004;  Goncalves et al., 2005;  Alonso et al., 
2005;  Beleza et al., 2006), including the Canary 
Isles (Flores et al., 2003), and Sicily (Semino et 
al., 2004;  Cruciani et al., 2004).

Haplogroup F
� is ancient haplogroup, that accounts for the 

majority of non African human Y-chromosomes 
with its derivate haplogroups from G to R, may 
represent a secondary migration out of Africa. 
� e ancestral allele M89 not followed by any 

Fig. 2 - Frequency distribution maps for the haplogroup E. All the maps of this Figure, and of Figure 
3 to 6, are drawn using the software Surfer 8.02, and the color code of the haplogroups follows that 
reported in Figure 8. Legend – a) E3b1-M35; b) E3b1a-M78; c) E3b1c-M123; d) E3b1b-M81. 
The colour version is available online at the JASs web site.
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downstream markers can be found rather homo-
geneously at low frequencies in many European 
populations (Fig. 3a) but it has a clear peak in 
the Caucasus (Nasidze et al., 2004a) and in the 
Middle East (Semino et al., 2000). However, it 
is possible that the occurrence of F*-M89 hap-
logroup might be artfully enhanced by the poor 
analytical resolution of some papers, where not all 
the possible derivate markers were analyzed.

Haplogroup G
� is haplogroup is defi ned by the SNP M201 

and may be originated in Western or Southern 
Asia. Its occurrence in Europe has often been 
related with the Neolithic expansion (Semino et al., 
2000) but the distribution is rather uneven (Figure 
3b), with very high frequency in isolated popula-
tions, such as Caucasian Georgians and Ossetians, 
from 30% to 70%, (Semino et al., 2000;  Nasidze 
et al., 2004a,b) and northern Sardinians (about 
20%) (Contu et al., 2008), possibly indicating an 
ancient Upper Paleolithic widespread presence, 
now restricted to marginal areas.

Haplogroup H
� is seems to be an Indian haplogroup, pres-

ent in Europe almost exclusively in the Balkans, 
carried by the nomadic Gypsies who migrated 
in Europe in historic time from the Indian sub-
continent, with the sub-clade H1a-M82. � is 
mutation has been found in almost 60% of the 
Y-chromosomes of the Macedonian Roma peo-
ple (Pericic et al., 2005b). Other semi-nomadic 
populations of uncertain origin from the Balkans, 
such as the Aromuns are, however, not related to 
the Gypsies, and this is demonstrated by the lack 
of haplogroup H (Bosch et al., 2006).

Haplogroup I
� e haplogroup I, related with haplogroup J 

by common mutations, is characterized by the 
SNP M170. It is a primarily European haplo-
group and may be arrived in Europe in Upper 
Paleolithic with the spread of the Gravettian cul-
ture (Semino et al., 2000). � e overall distribu-
tion presents a frequency cline from eastern to 
western Europe (Fig. 4a) but, given its ancient 

Fig. 3 - Frequency distribution maps for the haplogroups F, G, K and N. Legend – a) F-M89; b) 
G-M201; c) K-M9; d) N3-Tat.
The colour version is available online at the JASs web site
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presence in Europe and consequent local diver-
sifi cation, diff erent sub-clades present clues of 
independent pathways of expansion. 

� e sub-clade I1a-M253 reaches high fre-
quencies in Scandinavia (Rootsi et al., 2004;  
Karlsson et al., 2006;  Lappalainen et al., 2006) 
while it is much less frequent outside northern 
Europe (Fig. 4ab). However, in spite of its rather 
scarce occurrence, this clade has a higher diver-
sity in the south west, suggesting its origin in the 
Iberian refuge during the Last Glacial Maximum 
(LGM) and a further event of repopulation along 
the north-western shores, up to Fennoscandia. 

� e sub-clade I1b1-P37.2, largely repre-
sented in the Balkans (Fig.. 4c), with higher 
occurrence in Croatia (Barac et al., 2003;  Pericic 
et al., 2005a;  Pericic et al., 2005b;  Marjanovic 
et al., 2005), could be spread westward by the 
post glacial migration of people coming from the 
Balkan refuge. 

Another sub-clade, I1b2a-M223 reaches its 
peaks in central Europe, and it is correlated with 
the area of infl uence of Germanic people (Fig. 4c). 

In fact, it reaches its maximum in Germany 
but it is present at appreciable frequencies from 
France, to central-northern Italy, to eastern 
Europe (Rootsi et al., 2004).

An apparent founder eff ect is shown from 
the I1b1b clade, defi ned by the mutation M26, 
that reaches a frequency of about 40% in the 
Sardinians (Semino et al., 2000;  Passarino et al., 
2001;  Capelli et al., 2006;  Contu et al., 2008) 
but it is quite rare elsewhere, and even virtu-
ally absent in the neighboring island of Corsica 
(Scozzari et al., 2001;  Francalacci et al., 2003) 
(Fig. 6d). As for the I1a clade, the rare but 
regular presence of M26 chromosomes in the 
Iberian peninsula (with signifi cant occurrence 
in Basques), in Morocco and in the British Isles 
(Capelli et al., 2003) make its likely source in the 
Iberian refuge during the LGM.

Haplogroup J
 Haplogroup J, defi ned by the 12f2 polymor-

phism, presents an east-west gradient in Europe, 
indicating its arrival from the Near East. However, 

Fig. 4 - Frequency distribution maps for the haplogroup I. Legend – a) I-M170; b) I1a-M253; c) 
I1b1-P37.2; d) I1b2a-M223.
The colour version is available online at the JASs web site.
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the two sister sub-clades, J1 and J2 have a dis-
similar distribution, refl ecting diff erent peopling 
pathways. J1-M267 has its peaks in the Levant 
and in northern Africa and it is closely associ-
ated to the diff usion of Arab people, dropping 
abruptly outside of this area (including Anatolia 
and the Iberian peninsula), even if it shows an 
appreciable percentage in Sicily (Semino et al., 
2004) (Fig.5a). 

� e clade J2, defi ned by M172, has it higher 
frequencies in Anatolia and Mesopotamia, and 
decreases westwards (Semino et al., 2004) (Fig. 
5b). � is haplogroup, particularly with its sub-
clade J2a1b1-M92 (Fig. 5c), presents a similar 
pattern of diff usion of E31b1a-M78 and it is 
apparently correlated to the Neolithic demic 
expansion. Some downstream branches, such as 
J2b-M12 and J2a1b-M67, relatively frequent in 
Greece, southern Italy and western Turkey (Fig. 
5d) are compatible with the infl uence of the 
Greek colonization (Di Giacomo et al., 2004). 
� e presence of J2 haplotypes in central Italy 
may be related to the debated hypothesis of 

an Anatolian origin of the Etruscan people, as 
suggested by mtDNA analysis on modern and 
ancient samples (Francalacci et al., 1996;  Vernesi 
et al., 2004;  Achilli et al., 2007), although it 
could be arrived in the region much earlier fol-
lowing the Neolithic expansion.

Haplogroup K
It is characterized by the mutation M9 and is 

the ancestral haplogroup for most Y-chromosomes 
of northern Eurasia and Americas. � e 
Y-chromosomes belonging to haplogroup K* are 
diff used at low frequencies in many European 
populations, with a slight prevalence in the south 
(Flores et al., 2004;  Marjanovic et al., 2005), but 
further analysis could place them in some of the 
derived clades such as K2-M70. A higher fre-
quency of this haplogroup can be observed in the 
Caucasus (Nasidze et al., 2004a) (Fig. 3c).

Haplogroup L
� is haplogroup, defi ned by the M11 and 

M20 SNPs, is predominantly Indian, but it has 

Fig. 5 - Frequency distribution maps for the haplogroup J. Legend –  a) J1-M267; b) J2-M172; c) 
J2a1b1-M92; d) J2b-M12.
The colour version is available online at the JASs web site.
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also been found at remarkable percentage in 
the Druze community in Lebanon (Shen et al., 
2004). It is also reported, at much lower frequen-
cies, in Turkey (Cinnioglu et al., 2004), and scat-
tered in various southern and central European 
populations (Semino et al., 2000).

Haplogroup N
� is haplogroup, characterized by the muta-

tions LLY22G and M231, is possibly originated 
in the Siberian region (Derenko et al., 2007) and 
carried out in Scandinavia and northern Russia 
by Uralic speaking peoples (Fig. 3d). In fact, 
although its derived clade N3-Tat (also known 
as M46) is prevalent among Finnish and Saami 
people (Tambets et al., 2004;  Lappalainen et al., 
2006;  Karlsson et al., 2006), it is not so frequent 
in Germanic speaking Swedish and Norwegians 
(Weale et al., 2002;  Behar et al., 2003;  Capelli 
et al., 2003;  Karlsson et al., 2006;  Lappalainen 
et al., 2006) and it is only present in one out 
of 181 Icelanders (Helgason et al., 2000). It 
is interesting to notice that the Hungarians, 

who speak a language belonging to the Ugro-
Finnic family, do not show any occurrence of 
Y-chromosomes attributed to haplogroup N 
(Semino et al., 2000), pointing out to a signifi -
cant admixture of the Uralic Magyar invaders 
with the local populations.

Haplogroup P
� is rare haplogroup, defi ned by M45 and 

92R7 among other markers, probably arose in 
northern Eurasia, possibly Siberia, and soon 
gave origin to two sister haplogroups much 
more successful: Q, that encompass with the Q3 
sub-clade almost the totality of the Amerindian 
(not Na-Dene) Y-chromosomes, and R, that 
is the most frequent European haplogroup. 
Y-chromosomes belonging to haplogroup P* are 
sporadically observed in Europe with the only 
signifi cant exception of the Dalmatian Isles of 
Korcula and Hvar, where it reaches a frequency 
of 14.3%, indicating a connection with central 
Asian populations such as the Avars (Barac et 
al., 2003).

Fig. 6 - Frequency distribution maps for the haplogroups R and I. Legend –  a) R1-M173; b) R1b1c-
M269; c) R1a1-M17; d) I1b1b-M2.
The colour version is available online at the JASs web site.
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Haplogroup R
Haplogroup R, characterized by the M207 

change, was originated probably in north west 
Eurasia and it is divided in two sub-clades. � e 
less frequent is R2-M124: this is mainly an Asian 
haplogroup, that can be found only at the edge 
of Europe, such as the Caucasus (Nasidze et al., 
2004b), Turkey (Cinnioglu et al., 2004), and in 
the Sinte Roma (Gypsy) of known Indian origin 
(Wells et al., 2001). Surprisingly, a few R2-M124 
individuals were found in the Tyrrhenian islands 
of Sardinia (Semino et al., 2000;  Passarino et al., 
2001) and Corsica (Francalacci et al., 2003).

� e sub-clade R1, defi ned by the mutation 
M173, is the most common European haplo-
type (Fig. 6a), although its early branches can 
be found also elsewhere, and notably in north-
ern Cameroon (Cruciani et al., 2002), where it 
represents an ancient back migration to Africa 
from Asia. � e European lineages are believed 
to arrive in the Upper Paleolithic, carrying the 
Aurignatian culture (Semino et al., 2000), and 
they were confi ned in southern refuges during 
the LGM. After the withdrawal of the glaciers, 
R1, already diff erentiated in separate sub-clades, 
began to recolonize Europe. � e expansion of 
R1b1c-M269 was originated from the Iberian 
refuge, and it is now typical of western Europe, 
reaching frequencies as high as 85% in Ireland 
(Moore et al., 2006) (Fig. 6b). A sister clade, 
R1b1a-M18 is a private haplogroup of Sardinia, 
where it is present at low frequencies all over the 
island (Contu et al., 2008). Another R1 sub-
clade, R1a1-M17, has a very diff erent distribu-
tion (Fig. 6c), having its maximum in eastern 
Europe with frequencies passing the 50% among 
Slavic people such as Sorbs, Ukrainians, Polish 
and Belarusians, but also in the linguistically non 
Slavic Hungarians  (Semino et al., 2000;  Behar 
et al., 2003). � is haplogroup may be originated 
in the Ukrainian refuge during the LGM but 
its expansion is more likely related to the dif-
fusion of the Kurgan culture, carried by horse-
men speaking proto-Indo-European languages, 
as hypothesized by Semino et al.  (2000). � e 
R1a1-M17 Y-chromosomes reached with sig-
nifi cant percentage Greece in the south, up to 

the island of Crete (Martinez et al., 2007) and 
Scandinavia in the north (Karlsson et al., 2006;  
Lappalainen et al., 2006). � e M17 mutation 
has been consider a marker of the Viking infl u-
ence since it can be found at high frequencies 
in Iceland (Helgason et al., 2000) and in the 
Northern Isles (Shetland and Orkney) (Capelli 
et al., 2003), while its absence is indicative of a 
scant admixture of Norse invaders with the local 
populations, as happened in Ireland (McEvoy et 
al., 2006).

Geography

� e data reported in Appendix 1 have been 
used for describing the European Y-chromosome 
variation. � e Principal Component Analysis has 
been carried out using the XLStat (version 7.5.2) 
package. � e fi rst two principal components, 
accounting for the 25,47% of the total variance, 
clearly separated the peripheral populations 
(Anatolia, the Caucasus, the Levant and North 
Africa) from the more homogeneous proper 
European ones (Fig. 7). � e main discriminant 
contribution is given, in the fi rst component, by 
the J2-M172 haplogroup in respect to I-M170, 
and, in the second component, by E3b1-M35 
in respect to R1-M173. � e fi rst principal com-
ponent (showing the Levantine and Anatolian 
populations on the positive portion of the axis, 
and the northern and western Europeans on the 
negative, with Italians and Balkan population in 
intermediate position) refl ects the main demo-
graphic event of the peopling of Europe: the 
demic diff usion westward of Neolithic farmers. 
However, from the standpoint of Y-chromosome 
variability, this important migration wave seems 
to be limited to the south-eastern European 
areas, while the north-west keeps its ancient 
Paleolithic features. � e second component 
separates the Anatolian and Caucasian regions 
from the Levant and north Africa, two broad 
areas subject to diff erent peopling histories: the 
former characterized by the presence of ancient 
haplogroups, such as F-M89, G-M201 and 
K-M9 and by central Asian infl uence; the latter 
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signed by the admixture between Berber haplo-
groups, such as E3b1b-M81, with markers of 
the Arab expansion, such as J1-M267. � e more 
ancient event, but with reduced demographic 
impact, of the Mesolithic repeopling of Europe 
after the LGM, eastward from the Iberian ref-
uge, and westward from the Balkan (and possi-
bly Ukrainian) refuge, can be seen, less clearly, in 
the second component. In fact, the north-eastern 
populations, characterized by high frequencies 
of I-M170, N3-Tat and R1a1-M17, tend to be 
placed in the positive portion of the axis, while 

the north-westerns populations, showing high 
frequencies of the R1b1c-M269 sub-clade, are 
mainly located in the opposite position. An out-
lier of the European variation is represented by 
the Macedonian Roma people, whose exogenous 
origins is well known. � e third principal com-
ponent (data not shown) separates Sardinia from 
the rest of Europe, having I1b1b-M26 as the 
major contributing variable to this component.

Figure 8 shows the distribution of the main 
haplogroups in Europe, which will be discussed 
in detail below.

Fig. 7 - Plot of the fi rst two principal component carried out on the data reported in Tab.1. For graphic 
clearness, different samples coming from the same region and analyzed by the same Authors have 
been pooled together. Red lines indicate the relative contribution of the variables (haplogroups). 

Legend – IB=Iberian peninsula: 01-03=Basque, 04-07=North Spain, 08-10=Portugal, 11-13=South 
Spain, 14=Canary Isles; BR=British Isles: 01,05=Scotland, 02=England, 03-04=Ireland; CE=Central 
Europe: 01=France, 02=Nederland, 03-04=Germany; EE=Eastern Europe: 01=Czech and Slovakia, 
02=Poland, 03=Hungary, 04=Ukraine; SC=Fennoscandia: 01-03=Scandinavia, 04-05=Finland, 
06-08=Saami, 09=Iceland. – IT=Italian peninsula: 01-03=Central-North Italy, 04=Corsica, 
05-07=South Italy, 08-09=Sicily, 10-13=Sardinia. – BA=Balkans: 01=Romania, 02-05=Former 
Yugoslavia, 06-09=Albania and Macedonia, 10-11=Greece,  12=Aromuns, 13=Macedonian Rom. 
AC=Anatolia and Caucasus: 01-02=Georgia, 03=Armenia, 04=Azerbaijan, 05=South Caucasus, 
06=North Caucasus, 08-10=Turkey; NE=Levant: 01=Cyprus 02-03=Lebanon, 04=Syria, 05=Ashkenazi, 
06=Israel; NA=North Africa: 01=Malta, 02-03=Algeria And Tunisia, 04=Berber.

The colour version is available online at the JASs web site.
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Iberian peninsula
� e region was a refuge during the LGM and 

its Y-chromosome pool refl ects features of isola-
tion, diff erentiation, and subsequent expansion, 
being the source of the Mesolithic repeopling of 
the inhabited areas toward north and east. Among 
the haplogroups here originating, R1b1c-M269 
is particularly important, accounting for the 
majority of western European Y-chromosomes. 
It encompasses the large majority of Basque vari-
ability (Alonso et al., 2005) and it is generally 
predominant everywhere in the region. Although 
relatively infrequent in its territory, the Iberian 
peninsula also originated sub-clades belonging 
to the I haplogroup, such as I1b1b-M26, and 
possibly, I1a-M253, presently showing elevated 
percentages in Sardinia and Scandinavia respec-
tively. Traces of the ancient Neolithic expansion 
wave can be observed mainly in the south (Bosch 
et al., 2001) at a frequency of about 10%, while 
the contribution of a north African gene fl ow is 
negligible (Bosch et al., 2001;  Flores et al., 2004)  
in spite of the long-time Arab rule.

British Isles
� e region presents diff erent paternal ances-

tries in a continuous range from the more autoch-
thonous populations, with a clear Iberian post 
glacial footprint and are characterized by high 
frequencies of R1(xR1a1)-M173 haplotypes, to 
the areas more interested by foreign gene fl ow, 
such as the south-east, that denotes the Anglo-
Saxon infl uence for the higher incidence of the 
I(xI1b2)-M170, and the Scottish Isles, where 
the Viking occupation is documented by the 
signifi cant occurrence of R1a1-M17 (Capelli 
et al., 2003). � e Neolithic markers (E3b-M35 
and J2-M172) are relatively rare in the south 
and virtually absent in Scotland. Ireland shows a 
homogeneous peopling of  predominant Iberian 
origin, while the contacts with the Norse left a 
limited genetic trace (McEvoy et al., 2006).

Central-Eastern Europe
Central Europe has been poorly investigated 

in comparison to other European areas. It is 
characterized by the admixture of the two main 

Fig. 8 - Frequency distribution of the main haplogroups in Europe. 
The colour version is available online at the JASs web site.
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Mesolithic repeopling waves: the Iberian and 
the Balkan, with  R1-M173 and M-170 respec-
tively as the main contributing haplogroups. A 
typical central European marker is I1b2a-M223 
with frequencies approaching 13% in Germany 
(Rootsi et al., 2004). Eastern Europe shows simi-
larities with the central areas of the continent, but 
with a reduced presence of R1-M173, comple-
mented by a signifi cant increase of R1a1-M17 
Y-chromosomes. � is haplogroup, which reaches 
higher value in the Slavic area, was probably origi-
nated in the Ukrainian glacial refuge and spread 
westward and southward up to India (Kivisild et 
al., 2003;  Sengupta et al., 2006) by the Indo-
European speaking people in more recent time. A 
sharp genetic diff erentiation was observed between 
German and Slavic speaking populations, mainly 
due to the prevalence of R1-M173 in Germany 
and R1a1-M17 in Poland (Kayser et al., 2005).

Fennoscandia
� is area presents a clear distention between 

Germanic and Ugro-Finnic populations. 
Norwegian, Swedish and Icelandic samples pres-
ent roughly even distribution of three main hap-
logroups: R1a1-M17 of eastern origin and, from 
the west, I1a-M253 and R1b1c-M269. � e Saami 
and the Finnish populations are characterized by 
a high prevalence of the N3-Tat marker, which 
reaches peaks of more than 70% near the Polar cir-
cle (Lappalainen et al., 2006). � e Y-chromosome 
variability of the Saami shows no evidence of 
aboriginal Siberian populations, indicating a dis-
tinctive European ancestry for this population 
(Tambets et al., 2004).

Italian peninsula
� e Y-chromosome variation in the Italian 

peninsula is clinal, along the north-south axis, with 
the increasing frequency of haplogroups arrived in 
Italy after the arrival of agriculture in the Neolithic 
(Capelli, 2007; Capelli et al., 2007). Northern 
Italy shows similar frequencies with those of 
Central Europe, but with the prevalence of the 
western R1-M173 haplogroup in respect to the 
eastern I-M170, while E3b1-M35 and J2-M172, 
have a reduced weight. On the contrary, these two 

haplogroups are quite common in southern Italy, 
whereas J2-M172 reaches its higher occurrence 
in Europe, indicating a signifi cant impact of the 
gene fl ow carried out by the Neolithic farmers. 
R1a1-M17 is rather rare, both in the north, where 
it probably comes from eastern Europe, and in 
the south, of possible Greek provenience. A cer-
tain occurrence of J2-M172 Y-chromosomes in 
Tuscany has been related to the Etruscan heritage 
of the region (Achilli et al., 2007). � e three major 
islands show a diff erent demographic history: the 
Y-chromosome variability of Sicily shares a com-
mon history with that of southern Italy, enriched by 
an additional Arab contribution; Corsica has simi-
lar frequencies to central-northern Italy, possibly as 
a consequence of a recent gene fl ow that hampered 
an ancient Sardinian connection (Francalacci et al., 
2003); Sardinia, an outlier in European variability, 
has a peopling of ancient Iberian origin and shaped 
by founder eff ect, drift, and divergence of private 
haplotypes (Contu et al., 2008). 

Balkan peninsula
� is region hosted a refuge during the LGM 

and contributed signifi cantly to the repopulation 
of central-eastern Europe. In spite of the remark-
able linguistic stratifi cation of the region, the 
Y-chromosome variation is rather homogeneous 
in the main ethnic groups (Bosch et al., 2006). 
However, a certain diff erentiation can be seen 
between the northern populations, because of 
the remarkable frequency shown by I1b1-P37.2 
(with a peak in Croatia), and southern popula-
tions from Albania, Macedonia and Greece, 
where, as observed in southern Italy, the Near 
Eastern haplotypes J2-M172 and E3b1-M35 
(especially with the sub-clade E3b1a-M78) reach 
high percentage, following the migration of 
Neolithic people in the area.

Anatolia and Caucasus
� e Anatolian peninsula is a bridge between 

Europe and the Mesopotamian region, and it 
was a core area of the development of agricul-
ture. Not surprisingly, the haplogroups linked to 
the Neolithic demic diff usion are quite frequent 
in this area, accounting cumulatively more than 
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the 50% of the Y-chromosome variation with a 
prevalence of J2-M172, E3b1-M78 and E3b3-
M123 clades (Cinnioglu et al., 2004). � e region 
shows also appreciable frequencies of typical 
European haplogroups such as I-M170, pointing 
out to a Balkan gene fl ow, and the main western 
European haplogroup R1b3-M269, indicative of 
an ancient Aurignatian substratum in the pre-
Neolithic Turkey. A weak but noticeable gene 
fl ow from Central Asia is also present, enrich-
ing the Y-chromosome variability of the area. 
� is Asiatic connection is much more apparent 
in the Caucasus region (Nasidze et al., 2004a), 
where the most frequent Y-chromosomes belong 
to the basal hapologroups G-M201, F-M89 and 
K-M9, whose distribution only partially overlaps 
the Neolithic expansion, and they are possibly 
the remnant of an ancient post-glacial peopling.

North Africa and the Levant
� e area presents a rather diff erent 

Y-chromosome landscape, suggesting a genetic 
barrier between the two rims of the Mediterranean, 
in spite of a long history of cultural exchanges. 
� e Berber clade E3b1b-M81 is only sporadically 
observed in the Iberian peninsula and the Arab 
clade J1-M267 has a appreciable occurrence only 
in Sicily (Semino et al., 2004). � e  various Jews 

communities, although sharing a relative com-
mon variability, maintain traces of their historical 
provenience, as the Ethiopian Jews, characterized 
by the east African A3b2-M13 haplogroup (Shen 
et al., 2004), and the Ashkenazy Jews who show 
high frequencies of the eastern European R1a1-
M17 clade (Behar et al., 2003).

Conclusions

� e history of the European populations 
can be understood only by the integration of 
information coming from fi elds as linguistics, 
archaeology and anthropology with genetic data. 
In this regards, the rapid between-population 
divergence of unilinear markers and the ability to 
preserve elements of common ancestry, make the 
mitochondrial genome and the Y-chromosome 
unique tools for investigating migration events 
and relative degree of admixture with pre-exist-
ing populations. In particular, recent technical 
advancement brought the molecular phylogeny 
of Y-chromosome at unprecedented level of 
resolution, allowing a detailed reconstruction of 
the genetic relationships among the European 
regions, spanning from the Upper Paleolithic to 
historic time. 

     Info on the web

http://www.isita-org.com/jass/Contents/ContentsVol86.htm

Complete data set for Y-Chromosome aplogroup frequences in Europe

https://www3.nationalgeographic.com/genographic/ 

National Geographic, “Genographic Project”

http://www.isogg.org/ 

International Society of Genetic Genealogy

http://ycc.biosci.arizona.edu/ 

Y-Chromosome Consortium 

http://www.ysearch.org/ 

Public search engine for Y-chromosome haplotypes modern humans
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Appendix 1 -  Y-chromosome haplogroup frequencies in European populations. The haplogroups are 
defi ned in Figure 1. More detailed information regarding haplogroup distribution is available online 
in the supplementary materials.

  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

Anatolia - Caucasus
Abazinia  24 14   7   29 29     7 14      14  
Aegean Turkey 8 30 6,7    6,7  20  6,7  3,3 13,3 3,3 3,3 10  3,3 20 3,3  
Alagir    23 24       75     4,2 8,3     4,2  8,3
Anatolia C 8 90   1,1  8,9  12,2 1,1 4,4  5,6 28,9 3,3 3,3 5,6  3,3 15,6 5,6 1,1
Ardon    23 28      4 21  32   29 7   4   4  
Armenia  24 10    6  18 11  5   24 7   4  19 6  
Azerbaijan  24 72    6  11 18  3   31 11     11 7  
Black Sea C 8 29   3,4  3,4  10,3  10,3  6,9 27,6   3,4   31  3,4
Black Sea E 8 83   1,2  8,4  15,7  2,4  9,6 19,3 2,4 12 7,2  1,2 14,5 4,8  
Chechenia 24 19   5   32 5     26 11   16   5  
Darginia 24 26    4  27 4  58   4      4   
Digora   23 31      3 74  13   3    6     
Georgia 24 77    3  14 31  4   21 3   4  10 10  
Georgia          2 63      3,2 30,1     33,3 3,2 1,6    14,3 7,9 6,3
Ingushia 24 22      27 27  5   32 5   5     
Istambul 8 81   4,9 3,7 12,3  7,4  9,9  7,4 19,8 3,7 4,9 2,5   14,8 8,6  
Kabardinia 24 59      24 29  10   12 15   7  2 2  
Lezgi (Dagestan)  24 25      32 36      28     4   
Oseetia (Digora)  24 31      3 74  13   3    6     
Ossetia (Ardon)  24 28      4 21  32   29 7   4   4  
Ossetia S. 23 17    18  41      24      12 6  
Rutulia  24 24      58 38     4         
Trace 8 52     15,4  3,8 1,9 11,5  15,4 30,8  1,9    13,5 3,8 1,9
Turkey NE 8 82     14,6  8,5 1,2   12,2 26,8 1,2 3,6 1,2  6,1 13,4 11  
Turkey S 8 33     12,1  9,1  3  15,2 24,2 3  3   21,2 9,1  
Turkey SE 8 43     9,3  14  4,7  7 25,6 4,7  2,3   16,3 11,6 4,7
Turkey              2 30    3,3 13,3 3,3 6,6  3,3   40 6,6 3,3 3,3 3,3  6,6 6,6  
Zamankul    23 23      8,7 60,9     8,7 21,7        
Zil’ga    23 23      4,3 56,5     26,1 13        
                       
Balkan peninsula                       
Albania 4 30     23,3  3,3 6,7 16,7  3,3 16,7 3,3     26,6   
Albania      2 51    2 21,6 4 2  19,6   23,5      17,6 9,8  
Aromuns (Andon Poci – Albania) 4 19     15,8    42,1   5,3      36,8   
Aromuns (Dukasi - Albania) 4 39     17,9  10,3  17,9  2,6 46,2      5,2   
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  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

Anatolia - Caucasus
Abazinia  24 14   7   29 29     7 14      14  
Aegean Turkey 8 30 6,7    6,7  20  6,7  3,3 13,3 3,3 3,3 10  3,3 20 3,3  
Alagir    23 24       75     4,2 8,3     4,2  8,3
Anatolia C 8 90   1,1  8,9  12,2 1,1 4,4  5,6 28,9 3,3 3,3 5,6  3,3 15,6 5,6 1,1
Ardon    23 28      4 21  32   29 7   4   4  
Armenia  24 10    6  18 11  5   24 7   4  19 6  
Azerbaijan  24 72    6  11 18  3   31 11     11 7  
Black Sea C 8 29   3,4  3,4  10,3  10,3  6,9 27,6   3,4   31  3,4
Black Sea E 8 83   1,2  8,4  15,7  2,4  9,6 19,3 2,4 12 7,2  1,2 14,5 4,8  
Chechenia 24 19   5   32 5     26 11   16   5  
Darginia 24 26    4  27 4  58   4      4   
Digora   23 31      3 74  13   3    6     
Georgia 24 77    3  14 31  4   21 3   4  10 10  
Georgia          2 63      3,2 30,1     33,3 3,2 1,6    14,3 7,9 6,3
Ingushia 24 22      27 27  5   32 5   5     
Istambul 8 81   4,9 3,7 12,3  7,4  9,9  7,4 19,8 3,7 4,9 2,5   14,8 8,6  
Kabardinia 24 59      24 29  10   12 15   7  2 2  
Lezgi (Dagestan)  24 25      32 36      28     4   
Oseetia (Digora)  24 31      3 74  13   3    6     
Ossetia (Ardon)  24 28      4 21  32   29 7   4   4  
Ossetia S. 23 17    18  41      24      12 6  
Rutulia  24 24      58 38     4         
Trace 8 52     15,4  3,8 1,9 11,5  15,4 30,8  1,9    13,5 3,8 1,9
Turkey NE 8 82     14,6  8,5 1,2   12,2 26,8 1,2 3,6 1,2  6,1 13,4 11  
Turkey S 8 33     12,1  9,1  3  15,2 24,2 3  3   21,2 9,1  
Turkey SE 8 43     9,3  14  4,7  7 25,6 4,7  2,3   16,3 11,6 4,7
Turkey              2 30    3,3 13,3 3,3 6,6  3,3   40 6,6 3,3 3,3 3,3  6,6 6,6  
Zamankul    23 23      8,7 60,9     8,7 21,7        
Zil’ga    23 23      4,3 56,5     26,1 13        
                       
Balkan peninsula                       
Albania 4 30     23,3  3,3 6,7 16,7  3,3 16,7 3,3     26,6   
Albania      2 51    2 21,6 4 2  19,6   23,5      17,6 9,8  
Aromuns (Andon Poci – Albania) 4 19     15,8    42,1   5,3      36,8   
Aromuns (Dukasi - Albania) 4 39     17,9  10,3  17,9  2,6 46,2      5,2   



80 Phylogeography of Y-chromosome in Europe

  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

Aromuns (Krusevo - Macedonia) 4 43     20,9  7  20,9   11,6      39,5   
Aromuns (Romania) 4 42   4,8  7,1    19   33,3 9,5     26,2   
Aromuns (Stip – Macedonia) 4 65     18,5    16,9   20      44,6   
Bosnia 18 69     10,1  4,4  53,7         26   
Bosnia 19 85     12,9 3,5 3,5  48,2  2,4 9,5 1,2     3,5 15,3  
Braè 22 47     4,3 2,1 6,4  53,2    2,1     34,1   
Croatia Mainland 22 108     5,6 1,9 0,9  37   1,9 1,9   1,9  50   
Croatia        2 58     6,9  1,7  44,8   5,2 1,7     10,3 29,3  
Croatia        18 108     5,6 1,9 0,9  37   1,9 0,9   1,9  50   
Croatia        19 90     8,9 1,1 1,1  73,3   1,1      2,2 12,2  
Cyprus 6 65 3,1    20 9,2   7,7  6,2 36,9 4,6     9,2 3,1  
Greece       2 76   1,3 1,3 22,4 1,3 2,6  7,9   21 1,3 1,3    27,6 11,8  
Greece       4 41     19,5  4,9  19,5   19,5 2,4     34,2   
Herzegovina 18 141     8,5    70,9   1,4 2,8    0,7 15,6   
Hvar 22 91     4,4 1,1 1,1  65,9   3,3 1,1   14,3  15,2   
Korcula 22 132     3,8 1,5 10,6  53   2,3 1,5   6,1  21,6   
Kosovo 18 114     47,4    8   16,7    1,8  25,5   
Krk 22 73     6,8    27,3   10,9      54,8   
Macedonia 4 52     23,1  3,8  28,8   11,5 3,8     27 1,9  
Macedonia 18 79     24 1,3 5,1  34,2   12,6 1,3     20,3   
Macedonia       2 20     15 5   20   15      10 35  
Rom (Macedonia) 18 57     29,8   59,6 5,3   1,8      3,5   
Romania (Constanza) 4 31    3,2 9,7  12,9  41,9   6,5      25,8   
Romania (Ploiesti) 4 36     16,7  8,3 2,8 38,9  2,8 16,7      13,9   
Serbia 18 113     22,3   0,9 36,3   8 7,1     26,6   
Serbia 19 81     22,3 4,9 1,2  35,8   8,7 7,4     6,2 13,6  
                       
British Isles                       
Castlerea 5 43         7 2        90   
Channel Islands 5 128     4 2   21 3 1 1      66 3  
Chippenham 5 51      2   20 2  4      65 8  
Cornall 5 52         12   2      79 8  
Dorchester 5 73     4 1   14  1 3      73 4  
Durness 5 51         14         80 6  
Estern Isles 5 88         25         66 9  
Faversham 5 55     4    11   5      76 4  
Haverfordest 5 59     3    2 2        91 2  
Ireland 26 796     0,9 0,3   10,9 1,1   0,4  0,1 0,5  85,9   

Appendix 1 (continued)
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  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

Aromuns (Krusevo - Macedonia) 4 43     20,9  7  20,9   11,6      39,5   
Aromuns (Romania) 4 42   4,8  7,1    19   33,3 9,5     26,2   
Aromuns (Stip – Macedonia) 4 65     18,5    16,9   20      44,6   
Bosnia 18 69     10,1  4,4  53,7         26   
Bosnia 19 85     12,9 3,5 3,5  48,2  2,4 9,5 1,2     3,5 15,3  
Braè 22 47     4,3 2,1 6,4  53,2    2,1     34,1   
Croatia Mainland 22 108     5,6 1,9 0,9  37   1,9 1,9   1,9  50   
Croatia        2 58     6,9  1,7  44,8   5,2 1,7     10,3 29,3  
Croatia        18 108     5,6 1,9 0,9  37   1,9 0,9   1,9  50   
Croatia        19 90     8,9 1,1 1,1  73,3   1,1      2,2 12,2  
Cyprus 6 65 3,1    20 9,2   7,7  6,2 36,9 4,6     9,2 3,1  
Greece       2 76   1,3 1,3 22,4 1,3 2,6  7,9   21 1,3 1,3    27,6 11,8  
Greece       4 41     19,5  4,9  19,5   19,5 2,4     34,2   
Herzegovina 18 141     8,5    70,9   1,4 2,8    0,7 15,6   
Hvar 22 91     4,4 1,1 1,1  65,9   3,3 1,1   14,3  15,2   
Korcula 22 132     3,8 1,5 10,6  53   2,3 1,5   6,1  21,6   
Kosovo 18 114     47,4    8   16,7    1,8  25,5   
Krk 22 73     6,8    27,3   10,9      54,8   
Macedonia 4 52     23,1  3,8  28,8   11,5 3,8     27 1,9  
Macedonia 18 79     24 1,3 5,1  34,2   12,6 1,3     20,3   
Macedonia       2 20     15 5   20   15      10 35  
Rom (Macedonia) 18 57     29,8   59,6 5,3   1,8      3,5   
Romania (Constanza) 4 31    3,2 9,7  12,9  41,9   6,5      25,8   
Romania (Ploiesti) 4 36     16,7  8,3 2,8 38,9  2,8 16,7      13,9   
Serbia 18 113     22,3   0,9 36,3   8 7,1     26,6   
Serbia 19 81     22,3 4,9 1,2  35,8   8,7 7,4     6,2 13,6  
                       
British Isles                       
Castlerea 5 43         7 2        90   
Channel Islands 5 128     4 2   21 3 1 1      66 3  
Chippenham 5 51      2   20 2  4      65 8  
Cornall 5 52         12   2      79 8  
Dorchester 5 73     4 1   14  1 3      73 4  
Durness 5 51         14         80 6  
Estern Isles 5 88         25         66 9  
Faversham 5 55     4    11   5      76 4  
Haverfordest 5 59     3    2 2        91 2  
Ireland 26 796     0,9 0,3   10,9 1,1   0,4  0,1 0,5  85,9   
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  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

Isle of Man 5 62     2    16         70 13  
Llangefni 5 80     4    4   1 1     89 1  
Llanidloes 5 57     5 4   19   2      66 4  
Midhurst 5 80     1 1   15 3 1 4      74 1  
Morpeth 5 95      2   18  1 3      73 3  
Norfolk 5 121     3    31   2      60 4  
Oban 5 42      2   7         86 4  
Orkney 5 121         14 1      2  64 19  
Penrith 5 90     3 1   18   2      68 8  
Pitlochry 5 41         1   7      80 2  
Rush 5 76         8 3        86 4  
Shetland 5 63         10         66 23  
Southell 5 70     6    18   6      64 5  
Stonehaven 5 44      2   13         79 5  
Uttoxeter 5 84     4 1   18   4      71 2  
York 5 46     4 2   32         57 4  
                       
Central Europe                       
Dutch     2 27     3,7    22,2         70,4 3,7  
French       2 23     8,7 4,3   17,4   13    4,3  52,2   
German     2 16     6,2    37,5         50 6,2  
Germany/Denmark 5 190     3 2   39   3   2   39 12  
                       
Eastern Europe                       
Czech and Slovakia 2 45     2,2  4,4  15,6   8,9 4,4  2,2   35,6 26,7  
Hungary        2 45     8,9  2,2  11,1   2,2  2,2    13,3 60  
Poland    2 55     3,6    23,6         16,4 56,4  
Ukraine           2 50     4  4 2 18   6 2  6 2  2 54  
                       
Fennoscandia                       
Blekinge/Kristianstad 12 41      2,4 4,9  46,3    2,4  2,4 2,4  22 17,1  
Finland S 11 50    4     30      60   4 2  
Finnish Saami 21 69         40,6      55,1   4,3   
Gotland 12 40     2,5    50    5  10 5  15 12,5  
Häme 11 49         36,7      55,1   6,1 2  
Iceland 28 181         34,2      0,6   41,4 23,8  
Karelia N 11 22         18,2      68,2  4,6 4,6 4,6  
Karelia S 11 48         18,7      70,8 2,1   8,3  
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  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

Isle of Man 5 62     2    16         70 13  
Llangefni 5 80     4    4   1 1     89 1  
Llanidloes 5 57     5 4   19   2      66 4  
Midhurst 5 80     1 1   15 3 1 4      74 1  
Morpeth 5 95      2   18  1 3      73 3  
Norfolk 5 121     3    31   2      60 4  
Oban 5 42      2   7         86 4  
Orkney 5 121         14 1      2  64 19  
Penrith 5 90     3 1   18   2      68 8  
Pitlochry 5 41         1   7      80 2  
Rush 5 76         8 3        86 4  
Shetland 5 63         10         66 23  
Southell 5 70     6    18   6      64 5  
Stonehaven 5 44      2   13         79 5  
Uttoxeter 5 84     4 1   18   4      71 2  
York 5 46     4 2   32         57 4  
                       
Central Europe                       
Dutch     2 27     3,7    22,2         70,4 3,7  
French       2 23     8,7 4,3   17,4   13    4,3  52,2   
German     2 16     6,2    37,5         50 6,2  
Germany/Denmark 5 190     3 2   39   3   2   39 12  
                       
Eastern Europe                       
Czech and Slovakia 2 45     2,2  4,4  15,6   8,9 4,4  2,2   35,6 26,7  
Hungary        2 45     8,9  2,2  11,1   2,2  2,2    13,3 60  
Poland    2 55     3,6    23,6         16,4 56,4  
Ukraine           2 50     4  4 2 18   6 2  6 2  2 54  
                       
Fennoscandia                       
Blekinge/Kristianstad 12 41      2,4 4,9  46,3    2,4  2,4 2,4  22 17,1  
Finland S 11 50    4     30      60   4 2  
Finnish Saami 21 69         40,6      55,1   4,3   
Gotland 12 40     2,5    50    5  10 5  15 12,5  
Häme 11 49         36,7      55,1   6,1 2  
Iceland 28 181         34,2      0,6   41,4 23,8  
Karelia N 11 22         18,2      68,2  4,6 4,6 4,6  
Karelia S 11 48         18,7      70,8 2,1   8,3  
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  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

Kola Saami 21 23    8,7     17,4  4,3    39,1   30,4   
Mari       2 46      6,5   4,3    6,5  69,5    13  
Norway 5 201      0,5   28   0,5   1 4  30 34  
Osterbotten  12 40       5  20      65   2,5 7,5  
Ostergotland/Jonkoping 12 41     2,4    31,7  9,8    7,3 2,4  36,6 9,8  
Ostrobothnia N 11 129  0,8       23,3      65,1   4,7 6,2  
Ostrobothnia Swedish 11 58  1,7       46,6      29,3   3,5 19  
Ostrobothnia Swedish 11 25  4       36      40   8 12  
Saami     2 24         41,7      41,7   8,3 8,3  
Satakunta 11 48  2,1       54,1    2,1  27,1   6,3 8,3  
Savo N 11 107         17      78,5   0,9 4,7  
Skaraborg 12 45     2,2    37,8  4,4    2,2 6,7  37,8 8,9  
Swedish Saami 12 38         31,6      44,7   7,9 15,8  
Swedish Saami 21 35      5,7   31,4      37,1   25,7   
Udmurt         2 43     4,7 4,7   7    4,6  30,2   11,6 37,2  
Uppsala 12 55         38,2  5,5  1,8  14,5 1,8  27,3 10,9  
Varmland 12 42       2,4  50  4,8    9,5 2,4  16,7 14,3  
Vasterbotten 12 32     3,1 3,1 6,3  25    3,1  25 3,1  18,8 12,5  
 
Iberian peninsula                       
Açores 15 121    0,8 9,1  8,3  6,6  2,5 10,7 1,7     60,6   
Alentejo 10 65    1,5 18,3  7,7  7,7 3,1 6,2 9,2 1,5     44,6   
Algarve 10 21       4,8  4,8  4,8 9,5      76,2   
Andalusia 2 29     10,3 3,4   3,4   6,9 6,9 3,4    65,5   
Asturie 14 90    11,1 2,2 11,1     3,3 6,7 1,1     64,4   
Basque 9 45     2,2    4,4 4,4        89   
Basque Fr 2 22          9,1  4,5      86,4   
Basque Sp  2 45     2,2 2,2   2,2 4,4        88,9   
Basque      3 168    0,6 3,6 1,8 0,6  1,8 1,2 1,2 0,6 0,6     88,1   
Basque      5 42     2 2   2 5        89   
Beira Interior 10 58     12,3 1,8 8,8  3,5  1,8 3,5 1,8     67,6   
Beira Litoral 10 116     11,3  2,6  3,4 0,9 6 6 4,3 0,9    64,6   
Cadiz 9 28     3,6    3,6 10,7 3,6 14,3 10,7     53,5   
Cantabria 9 70    4,3 8,6  8,6  4,3 1,4 2,9 2,9 4,3     62,7   
Castile 9 21     4,8    14,3 19  9,5      52,4   
Catalonia 9 16      6,2 6,2  6,2  6,2       75,1   
Catalonia      2 24     4,2  8,3  4,2   4,2      79,2   
Cordoba 9 27     11,1    11 3,7  14,7 3,7     55,8   

Appendix 1 (continued)



www.isita-org.com

85P. Francalacci & D. Sanna

  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

Kola Saami 21 23    8,7     17,4  4,3    39,1   30,4   
Mari       2 46      6,5   4,3    6,5  69,5    13  
Norway 5 201      0,5   28   0,5   1 4  30 34  
Osterbotten  12 40       5  20      65   2,5 7,5  
Ostergotland/Jonkoping 12 41     2,4    31,7  9,8    7,3 2,4  36,6 9,8  
Ostrobothnia N 11 129  0,8       23,3      65,1   4,7 6,2  
Ostrobothnia Swedish 11 58  1,7       46,6      29,3   3,5 19  
Ostrobothnia Swedish 11 25  4       36      40   8 12  
Saami     2 24         41,7      41,7   8,3 8,3  
Satakunta 11 48  2,1       54,1    2,1  27,1   6,3 8,3  
Savo N 11 107         17      78,5   0,9 4,7  
Skaraborg 12 45     2,2    37,8  4,4    2,2 6,7  37,8 8,9  
Swedish Saami 12 38         31,6      44,7   7,9 15,8  
Swedish Saami 21 35      5,7   31,4      37,1   25,7   
Udmurt         2 43     4,7 4,7   7    4,6  30,2   11,6 37,2  
Uppsala 12 55         38,2  5,5  1,8  14,5 1,8  27,3 10,9  
Varmland 12 42       2,4  50  4,8    9,5 2,4  16,7 14,3  
Vasterbotten 12 32     3,1 3,1 6,3  25    3,1  25 3,1  18,8 12,5  
 
Iberian peninsula                       
Açores 15 121    0,8 9,1  8,3  6,6  2,5 10,7 1,7     60,6   
Alentejo 10 65    1,5 18,3  7,7  7,7 3,1 6,2 9,2 1,5     44,6   
Algarve 10 21       4,8  4,8  4,8 9,5      76,2   
Andalusia 2 29     10,3 3,4   3,4   6,9 6,9 3,4    65,5   
Asturie 14 90    11,1 2,2 11,1     3,3 6,7 1,1     64,4   
Basque 9 45     2,2    4,4 4,4        89   
Basque Fr 2 22          9,1  4,5      86,4   
Basque Sp  2 45     2,2 2,2   2,2 4,4        88,9   
Basque      3 168    0,6 3,6 1,8 0,6  1,8 1,2 1,2 0,6 0,6     88,1   
Basque      5 42     2 2   2 5        89   
Beira Interior 10 58     12,3 1,8 8,8  3,5  1,8 3,5 1,8     67,6   
Beira Litoral 10 116     11,3  2,6  3,4 0,9 6 6 4,3 0,9    64,6   
Cadiz 9 28     3,6    3,6 10,7 3,6 14,3 10,7     53,5   
Cantabria 9 70    4,3 8,6  8,6  4,3 1,4 2,9 2,9 4,3     62,7   
Castile 9 21     4,8    14,3 19  9,5      52,4   
Catalonia 9 16      6,2 6,2  6,2  6,2       75,1   
Catalonia      2 24     4,2  8,3  4,2   4,2      79,2   
Cordoba 9 27     11,1    11 3,7  14,7 3,7     55,8   
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  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

El Hierro 9 47    4,3 10,6  4,3  2,1  6,4 12,8      59,5   
Entre Douro 10 228    0,8 11,4  6,1  7,5 0,9 3,5 8,3 2,6 0,4    58,9   
Extremadura 10 43     16,2  7  9,3 4,7  4,7      58,1   
Fuerteventura 27 75    2,7 16  2,7  2,7 2,7 4 14,7 1,3     53,2   
Galicia 9 19    5,3 26,3      5,3       63,1   
Gran Canaria 27 78    1,3 18  3,8  5,1 1,3 3,8 5,1 5,1     56,5   
Huelva 9 22    4,5 9    9,2   13,7 4,5     59,1   
Iberia 3 662  0,2  1,8 10,6 0,3 4,5  6 3 2,6 8,8 4,1  0,2 0,5  57,6   
La Gomera 27 92     10,8  5,4  12 8,7 7,6 10,9 1,1     43,5   
La Palma 27 85    2,4 11,8  2,4  4,7 4,7 7 9,4 3,5  1,2   52,9   
Lanzarote 27 97    2 9,3  5,2  7,2 6,2 5,2 10,3 1     53,6   
Lebaniegos 13 37    5   11  5  8 3 8     60   
Leon 9 60     10 1,7 6,7  1,7 1,7 1,7 5 3,3     68,2   
Lisboa 10 62    1,6 12,9  4,8  1,6  1,6 6,5      70,9   
Madeira 15 129 0,8    14  3,2  7  0,8 10,9 3,2 1,6 2,3   56,6   
Malaga 9 26    7,6 23  3,8     15,4      50,2   
Other Cantabrians 13 36    3 17  5  3 3  3      66   
Pasiegos 13 45     18 2 7  2   4      67   
Portugal C 15 102 1   1 14,7  7,8  4,9  4,9 2,9      62,8   
Portugal N 15 101   1 3 20,8 1 5  6,9  1 6,9      54,5   
Portugal N 9 109  0,9  0,9 14,6 0,9 7,3  3,7 1,8 3,7 8,3 1,8   2,8  53,3   
Portugal S 15 10 1  1 1 8 1 7  7  7 11     1 55   
Seville 9 155    0,6 6,4  4  9,7 2,6 3,2 7,8 4,5  0,6   60,6   
Tenerife 27 178    0,6 18  3,9  5,6 1,7 2,2 6,2 6,2     55,6   
Tra Os Montes 10 64     7,8  3,1  9,4 4,7  6,3 4,7     64,1   
Valencia 9 31    3,2 13    9,7 3,2  9,7 3,2     58   
                       
Italian Peninsula                       
Alto Adige 7 34     6  3  6   9 9     68   
Apennines C-N 7 27     14  15  4   22 4     33 7  
Apulia N 7 46     4  13    2 17 4     52 7  
Apulia S 7 71     23 4 11  3  1 24 6     27 1  
Calabria 7 57     16  11  2  4 35      32 2  
Calabria          2 37    2,7 13,5 10,8 8     21,6 2,7 5,4  2,7  32,4   
Campania 7 84    1 18  10  8 2 5 17 8     29 2  
Corsica 16 34     11,8 2,9 11,8  8,8  2,9 2,9 5,9     50  2,9
Elba Island 7 95     7  11  16 4  8      53 1  
Italy C-N 2 50     2  10  8   14      62 4  
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  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

El Hierro 9 47    4,3 10,6  4,3  2,1  6,4 12,8      59,5   
Entre Douro 10 228    0,8 11,4  6,1  7,5 0,9 3,5 8,3 2,6 0,4    58,9   
Extremadura 10 43     16,2  7  9,3 4,7  4,7      58,1   
Fuerteventura 27 75    2,7 16  2,7  2,7 2,7 4 14,7 1,3     53,2   
Galicia 9 19    5,3 26,3      5,3       63,1   
Gran Canaria 27 78    1,3 18  3,8  5,1 1,3 3,8 5,1 5,1     56,5   
Huelva 9 22    4,5 9    9,2   13,7 4,5     59,1   
Iberia 3 662  0,2  1,8 10,6 0,3 4,5  6 3 2,6 8,8 4,1  0,2 0,5  57,6   
La Gomera 27 92     10,8  5,4  12 8,7 7,6 10,9 1,1     43,5   
La Palma 27 85    2,4 11,8  2,4  4,7 4,7 7 9,4 3,5  1,2   52,9   
Lanzarote 27 97    2 9,3  5,2  7,2 6,2 5,2 10,3 1     53,6   
Lebaniegos 13 37    5   11  5  8 3 8     60   
Leon 9 60     10 1,7 6,7  1,7 1,7 1,7 5 3,3     68,2   
Lisboa 10 62    1,6 12,9  4,8  1,6  1,6 6,5      70,9   
Madeira 15 129 0,8    14  3,2  7  0,8 10,9 3,2 1,6 2,3   56,6   
Malaga 9 26    7,6 23  3,8     15,4      50,2   
Other Cantabrians 13 36    3 17  5  3 3  3      66   
Pasiegos 13 45     18 2 7  2   4      67   
Portugal C 15 102 1   1 14,7  7,8  4,9  4,9 2,9      62,8   
Portugal N 15 101   1 3 20,8 1 5  6,9  1 6,9      54,5   
Portugal N 9 109  0,9  0,9 14,6 0,9 7,3  3,7 1,8 3,7 8,3 1,8   2,8  53,3   
Portugal S 15 10 1  1 1 8 1 7  7  7 11     1 55   
Seville 9 155    0,6 6,4  4  9,7 2,6 3,2 7,8 4,5  0,6   60,6   
Tenerife 27 178    0,6 18  3,9  5,6 1,7 2,2 6,2 6,2     55,6   
Tra Os Montes 10 64     7,8  3,1  9,4 4,7  6,3 4,7     64,1   
Valencia 9 31    3,2 13    9,7 3,2  9,7 3,2     58   
                       
Italian Peninsula                       
Alto Adige 7 34     6  3  6   9 9     68   
Apennines C-N 7 27     14  15  4   22 4     33 7  
Apulia N 7 46     4  13    2 17 4     52 7  
Apulia S 7 71     23 4 11  3  1 24 6     27 1  
Calabria 7 57     16  11  2  4 35      32 2  
Calabria          2 37    2,7 13,5 10,8 8     21,6 2,7 5,4  2,7  32,4   
Campania 7 84    1 18  10  8 2 5 17 8     29 2  
Corsica 16 34     11,8 2,9 11,8  8,8  2,9 2,9 5,9     50  2,9
Elba Island 7 95     7  11  16 4  8      53 1  
Italy C-N 2 50     2  10  8   14      62 4  
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  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

Italy S 6 68     26,5 14,7   4,4 1,5 4,4 16,2 2,9   1,5  25 2,9  
Latium NE 7 55     26  13  5   15 2     38 2  
Latium S 7 51     6  12  6 2  25 8     37 4  
Marche C 7 59     5  7  8  5 36      37 2  
Sardinia 17 116 0,9  0,9  9,5 6,9 14,7  3,4 35,3  5,2 0,9     21,5  0,9
Sardinia 25 930    1 8 1 13  2 37 2 10 2     21 1  
Sardinia C 25 103     7,8 1 11,7   36,9 2,9 5,8 1,9     291 2,9  
Sardinia N 25 86     12,9 3,5 20,9   27,9  8,2 7     19,8   
Sardinia S 25 187 0,5   0,5 10,6 1,1 13,9  3,2 31,6 2,7 11,8 1,1     22,4 0,5  
Sardinia           2 77 1,3  1,3  10,4 5,2 14,2  2,6 35,1  5,2 1,3     22,1  1,3
Sardinia            6 81 1,2    9,9 18,5   4,9 25,9 4,9 9,9 1,2   2,5  21   
Sicily 16 51     2 3,9 11,8  3,9  11,8 31,4 3,9     27,5 3,9  
Sicily E 6 87     28,7 4,6   3,4 1,1 6,9 28,7 4,6     19,5 2,3  
Sicily N 6 70   1,4  21,4 11,4   15,7  7,1 11,4 1,4   1,4  25,7 2,9  
Sicily S 6 55     16,4 14,5   5,5   27,3 5,5     29,1 1,8  
Tuscany C 7 41     9  7  5  7 17 2     46 5  
Tuscany S 7 79     12  15  5   19 4     41 5  
                       
North Africa – � e Levant                       
Algeria 6 19     5,3 10,5     31,6 52,6         
Ashkenazi Jews 1 442    0,7 19,7 0,9 9,7  4,1  19 19 2 0,2 0,2 0,5 5,2 11,4 7,5  
Ashkenazi Jews 20 20     20  5    25 15     5 10 20  
Berber 3 75  1,3  2,7 76  2,7     6,7 4     6,7   
Druze 20 20     15      5 25 5 35    10 5  
Lebanon 2 31   3,2  25,8 16,1 3,2  3,2   29  3,2    6,4 9,7  
Lebanon 20 20     30  10    10 40      5 5  
Lebanon (christians) 6 43     16,3 18,6   4,7  9,3 34,9 4,7   7  4,7   
Lebanon (muslims) 6 39     17,9 12,8     30,8 25,6 5,1     5,1 2,6  
Malta 6 90    2,2 8,9 6,7   12,2  7,8 21,1 4,4   1,1  32,2 3,3  
Morocco 20 19     21,1  26,3    10,5 21 10,5     10,5   
Palestine 20 20  5   15  75      5        
Samaritan Jews 20 12     16,7      66,7 16,7         
Syria        2 20    10 10 30  5 5   15      15 10  
Tunis 6 39     51,3 5,1   2,6  23,1 10,3      5,1 2,6  
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Data from: 1) Behar et al., 2003; 2) Semino et al., 2000; 3) Alonso et al., 2005; 4) Bosch et al., 2006; 5) Capelli et al., 
2003; 6) Capelli et al., 2006; 7) Capelli et al., 2007; 8) Cinnioglu et al., 2004; 9) Flores et al., 2004; 10) Beleza et al., 2006; 
11) Lappalainen et al., 2006; 12) Karlsson et al., 2006; 13) Maca-Meyer et al., 2003; 14) Scozzari et al., 2001; 15) Goncalves et 
al., 2005; 16) Francalacci et al., 2003; 17) Passarino et al., 2001; 18) Pericic et al., 2005b; 19) Marjanovic et al., 2005; 20) Shen 
et al., 2004; 21) Tambets et al., 2004; 22) Barac et al., 2003; 23) Nasidze et al., 2004b; 24) Nasidze et al., 2004a; 25) Contu et 
al., 2008; 26) Moore et al., 2006; 27) Flores et al., 2003; 28) Helgason et al., 2000.

  M13 SRY1532 RPS4Y YAP M35 M89 M201 M82 M170 M26  12f2.1 M172 M9 M11 Tat 92R7 M242  M173 M17 M124
Population ref N A BR   C DE E3b1   F G H I I1b1b   J J2 K L   N P Q R1 R1a1   R2   

Italy S 6 68     26,5 14,7   4,4 1,5 4,4 16,2 2,9   1,5  25 2,9  
Latium NE 7 55     26  13  5   15 2     38 2  
Latium S 7 51     6  12  6 2  25 8     37 4  
Marche C 7 59     5  7  8  5 36      37 2  
Sardinia 17 116 0,9  0,9  9,5 6,9 14,7  3,4 35,3  5,2 0,9     21,5  0,9
Sardinia 25 930    1 8 1 13  2 37 2 10 2     21 1  
Sardinia C 25 103     7,8 1 11,7   36,9 2,9 5,8 1,9     291 2,9  
Sardinia N 25 86     12,9 3,5 20,9   27,9  8,2 7     19,8   
Sardinia S 25 187 0,5   0,5 10,6 1,1 13,9  3,2 31,6 2,7 11,8 1,1     22,4 0,5  
Sardinia           2 77 1,3  1,3  10,4 5,2 14,2  2,6 35,1  5,2 1,3     22,1  1,3
Sardinia            6 81 1,2    9,9 18,5   4,9 25,9 4,9 9,9 1,2   2,5  21   
Sicily 16 51     2 3,9 11,8  3,9  11,8 31,4 3,9     27,5 3,9  
Sicily E 6 87     28,7 4,6   3,4 1,1 6,9 28,7 4,6     19,5 2,3  
Sicily N 6 70   1,4  21,4 11,4   15,7  7,1 11,4 1,4   1,4  25,7 2,9  
Sicily S 6 55     16,4 14,5   5,5   27,3 5,5     29,1 1,8  
Tuscany C 7 41     9  7  5  7 17 2     46 5  
Tuscany S 7 79     12  15  5   19 4     41 5  
                       
North Africa – � e Levant                       
Algeria 6 19     5,3 10,5     31,6 52,6         
Ashkenazi Jews 1 442    0,7 19,7 0,9 9,7  4,1  19 19 2 0,2 0,2 0,5 5,2 11,4 7,5  
Ashkenazi Jews 20 20     20  5    25 15     5 10 20  
Berber 3 75  1,3  2,7 76  2,7     6,7 4     6,7   
Druze 20 20     15      5 25 5 35    10 5  
Lebanon 2 31   3,2  25,8 16,1 3,2  3,2   29  3,2    6,4 9,7  
Lebanon 20 20     30  10    10 40      5 5  
Lebanon (christians) 6 43     16,3 18,6   4,7  9,3 34,9 4,7   7  4,7   
Lebanon (muslims) 6 39     17,9 12,8     30,8 25,6 5,1     5,1 2,6  
Malta 6 90    2,2 8,9 6,7   12,2  7,8 21,1 4,4   1,1  32,2 3,3  
Morocco 20 19     21,1  26,3    10,5 21 10,5     10,5   
Palestine 20 20  5   15  75      5        
Samaritan Jews 20 12     16,7      66,7 16,7         
Syria        2 20    10 10 30  5 5   15      15 10  
Tunis 6 39     51,3 5,1   2,6  23,1 10,3      5,1 2,6  


