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Abstract

The Italian peninsula, given its geographical location in the middle of the Mediterranean basin, was involved in the process of the
peopling of Europe since the very beginning, with first settlements dating to the Upper Paleolithic. Later on, the Neolithic revolution
left clear evidence in the archeological record, with findings going back to 7000 B.C. We have investigated the demographic consequences
of the agriculture revolution in this area by genotyping Y chromosome markers for almost 700 individuals from 12 different regions.
Data analysis showed a non-random distribution of the observed genetic variation, with more than 70% of the Y chromosome diversity
distributed along a North—South axis. While the Greek colonisation during classical time appears to have left no significant contribution,
the results support a male demic diffusion model, even if population replacement was not complete and the degree of Neolithic admixture
with Mesolithic inhabitants was different in different areas of Italy.

© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

The hominid presence in the Italian peninsula has
been complex and extended in time. Homo sapiens prob-
ably made his first appearance in this area around 30-
40 K years before present (ybp) (Cunliffe, 2001). Around
11,000 ybp in the Fertile Crescent new resources became
available to humans in the means of domesticated crops

* Corresponding author. Fax: +44 (0) 1865 310447.
E-mail address: cristian.capelli@zoo.ox.ac.uk (C. Capelli).
! Present address: BMR Genomics, Padova, Italy.
2 Present address: DAC Servizio Polizia Scientifica Sezione Genetica
Forense, Via Tuscolana 1548-00173, Roma.

1055-7903/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.ympev.2006.11.030

and animals. The new technology was now able to sup-
port large communities and provided the resources for
a demographic expansion (Cunliffe, 2001). Technology
spread quite fast across the European peninsula, reaching
the western fringes just 4000 years later (Ammerman and
Cavalli-Sforza, 1984). The related demographic impact is
still a matter of debate, but a consensus seems to have
been reached on substantial Neolithic contribution in
the Mediterranean area (Semino et al., 2000; Chikhi
et al., 2001; Simoni et al., 2000). In Italy, Apulia, Cala-
bria and Eastern Sicily were involved since the very
beginning in this process as testified by the first Neolithic
archaeological remains dating to around 9000 ybp. Farm-
ing technology appeared in Central Italy, on both sides
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of the Apennines, and in the North East, in the Po and
Adige Valleys, only 1000 years later. In the remaining
areas, i.e. North and Central West Italy, farming technol-
ogy arrived later, around 6.5K ybp and was characterised
by a marked continuity with earlier Mesolithic groups.
Indigenous communities in fact tended to select specific
aspects of the new technology and integrate them with
their existing ways of life (Cunliffe, 2001). This led to
the presence of two well-defined farming groups in the
peninsula: a North Italian-Tyrrhenian one and a South
Italian-Adriatic one (Cunliffe, 2001). Distribution of
genetic variation in Italy has only been investigated by
a few studies. Barbujani and Sokal (1991) investigated
the presence of genetic barriers within the peninsula by
looking at classic polymorphisms. Interestingly, the zones
of sharp changes in gene frequency were reflected at both
linguistic and geographical level. MtDNA analysis
revealed the presence of clines within the peninsula
(Barbujani et al., 1995), as previously shown also by clas-
sical markers (Cavalli-Sforza et al., 1994). More recently,
a Y chromosome investigation identified a single North—
South major cline across the peninsula, (Di Giacomo
et al., 2003), but pointed to local drift and founder effect
as the main explanations for the observed distribution of
genetic diversity.

Despite the archeological relevance and the fact that its
position in the middle of the Mediterranean but connected
to central Europe provides a preferential location for test-
ing hypothesis related to the peopling of the continent
itself, little efforts have been expended testing demographic
scenarios shaping the currently observed genetic variation
in Italian peninsula. Recently, Barbujani and Goldstein
(2004) and Currat and Excoffier (2005), have both pro-
posed two major models regarding the peopling of Europe:
the demic diffusion model (DD) and the cultural diffusion
model (CD), the major difference among the two being
the demographic impact that Near Eastern farmers had
on the European peninsula. The two models have different
expectations in respect of the pattern of genetic variation
and so concordance with observed results can be tested.

We investigated Italian Y chromosome variation by
sampling a total of 699 chromosomes in 12 different areas
along the peninsula. We genotyped these chromosomes
using 10 microsatellites and 17 unique event polymor-
phisms, defining haplotypes (hpts) and haplogroups (hgs),
respectively. In comparison to the most recent research in
this area (Di Giacomo et al., 2003), we included a much
larger set of markers, a more focused sampling scheme
and larger average population size, a strategy that made
possible a more comprehensive evaluation of the data.
Results point to a distribution of genetic variation along
a North—South axis and support the demic diffusion model.
We discuss how this scenario could be explained by the
admixture of two different groups: the Mesolithic original
inhabitants of the peninsula and the incoming Neolithic
farmers. Implications at continental levels are also
discussed.

2. Materials and methods
2.1. Samples

Samples were selected according to father’s place of ori-
gin. In order to have larger samples, we clustered samples
smaller than 30 individuals with the closest sampling point
within a 30-km radius. Collection was performed using
buccal swabs and blood draws. DNA was extracted by a
modified salting out protocol (Miller et al., 1988). Sample
locations are described in Fig. 1. Sample sizes are in Table
1. TLB, CMA and SAP Y-STR haplotypes have been pre-
viously described (TL, MA and SA, respectively in Capelli
et al., 2006a). For simplicity, as all samples except VLB
were from the Italian peninsula, when referring to Italy
we meant the geographic area of the peninsula, unless
otherwise stated. European UEP and STR available data
were included for comparison (Semino et al., 2000; Flores
et al., 2004; Goncalves et al., 2005; Cinnioglu et al., 2004;
Bosch et al., 2000, 2001; Capelli et al., 2006b; Roewer
et al., 2005).

2.2. Genotypings

Microsatellite variation was investigated by the analysis
of the following 10 microsatellites: DYS 388, 393, 392, 19,
390, 391, 389 I and II and 385—which is a double allele
locus. PCR amplification was performed in two different
multiplexes as previously described (Capelli et al., 2006a).
Genotyped UEPs were as follows: M9, M17, M26, M35,
M78, M81, M89, M173, M170, M172, M201, 92R7, 122,
SRY10831, YAP, RPS4Y, tat. We first genotyped all the
samples using a multiplex containing M173, M17, M172
and M170, following the protocol described in Capelli
et al. (2006b). Then, we genotyped one after the other
M35, M201, 122, M89, M9 (Capelli et al., 2006b). The
M201 marker was genotyped as described in Flores et al.
(2003). Samples ancestral at these markers, were additional-
ly tested for YAP, RPS4Y and SRY10831 (Thomas et al.,
1999; Capelli et al., 2001). Samples derived at M35 were
additionally tested for M78 and MS81. The two markers
were co-amplified using following primers M78F 5'-
tggctgtatgggtttctttga-3’ (label with Hex dye), M78R 5'-
cttattttgaaatatttggaagage-3', M81F 5'-gcactatcatactcagcta-
cacatctc-3’ and MS8IR 5'-ctataatattcagtacaatagtgtcgcac-3’
(label with Ned dye). The PCR products were then digested
using Bsr Bland HpyCH 4 IV restriction enzymes and
scored using a 373 AB automated sequencer. Samples
derived at M9 but not derived at M173 were additionally
tested for tat and 92R7 (Rosser et al., 2000; Capelli et al.,
2006b). A subset of the samples was SNP genotyped as
described in Onofri et al. (2006). Phylogenetic relationships
between markers and nomenclature follow the Y Chromo-
some Consortium (YCC, 2002). In our investigation a num-
ber of Y chromosome STR duplications were found (see
Supplementary material). In particular, we note that, differ-
ing from the previously described DYS19 duplicated chro-
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Fig. 1. Geographical location of the investigated Italian samples. Open circles showed the sample location areas. Sample codes are as follows: AMA,
Apennine Marche; CMA, Central Marche; CTU, Central Tuscany; ELB, Elba Island (Tuscany); NEL, North-East Latium; NWA, North-West Apulia;
SAP, South Apulia; SLA, South Latium; TLB, Tuscany—Latium border; VLB, Val Badia (Alto Adige); WCL, West Calabria; WCP, West Campania.

mosomes, the ones here described were part of hg G instead
of C3b (Zerjal et al., 2003; Nasidze et al., 2005). This will be
presented in a more comprehensive way in a future publica-
tion. Haplotypes containing duplicated loci were not
included in analysis based on STR variation.

2.3. Data analysis

Haplogroup frequencies were estimated by chromosome
counting. European SNP and STRs data included Anatolia
(Cinnioglu et al., 2004), Iberia (Goncalves et al., 2005; Flo-
res et al., 2004; Bosch et al., 2000, 2001), Cyprus, Sicily,
Sardinia, Malta (Capelli et al., 2006b), Albania (Semino
et al., 2000; Pericic et al., 2004; Robino et al., 2002), Greece
(Semino et al., 2000; Parreira et al., 2002). Principal com-
ponent analysis was performed by POPSTR (Henry Har-
pending, personal communication). AMOVA analysis
was performed by the Arlequin package (Schneider et al.,
2000). Spatial correlation analysis was performed using
hg frequencies using the AIDA software (Bertorelle and
Barbujani, 1995). Geographic pattern of genetic variation
were also investigated using Barrier 2.2 (Manni et al.,
2004). Average squared distance (ASD) values were esti-
mated by MICROSAT (Minch, 1996). The ADMIX soft-
ware by Bertorelle and Excoffier (1998) was applied to
estimate the Anatolian vs. West European contribution
to the Italian samples (see Section 3) and performed on
haplogroup frequencies.

3. Results
3.1. Italian Y chromosome haplogroup composition

The 699 chromosomes were SNP genotyped and clus-
tered in 13 different haplogroups (Table 1) following the
Y chromosome genealogy (YCC, 2002). Four haplo-
groups were not observed even if markers defining those
were tested: A, C, N3 and Px(R). Haplogroups
R1*(xRl1al), J2, G and E3bl comprised more than
80% of the total chromosomes. The frequencies in the
entire sample set were 40%, 20%, 11% and 10%, respec-
tively. The remaining haplogroups had frequencies below
7% 1in the total sample, and never above 9% in a single
population (except I"xI1b2 in the ELB sample at 16%).
In all samples except two, WCL and SLA, R1*(xR1al)
was the most common haplogroup. Y-STRs were used
to estimate intra-haplogroup diversity. Locus DYS385
has a duplicated allele pattern that can not be resolved
assigning each allele to the corresponding locus. We thus
decided to exclude DYS385 from STR variance estima-
tion. Similarly, to avoid double estimation of locus var-
iation, repeat number at locus DYS389 II was calculated
by subtracting the number of repeats at DSY389 I.
Intra-haplogroup STR diversity was estimated as the
ASD (Slatkin, 1995; Goldstein et al., 1995a). The values
for the four most common haplogroups are reported in
Table 2.
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The table reports in order: the sample location, the sample code, the latitude of the sampling area and the haplogroup frequencies in percentage (left column) and number of individuals (right column).

In the last raw are reported the sum of the hg frequencies and the related number of chromosomes.

WCL

1 699

0.00

13

3 0.01

75 0.00

14 0.01

140 0.02

3.2. Population structure

Population relationships among Italian samples
were investigated by principal component analysis (data
not shown). Thirty percent of the total variation was dis-
played by principal component 1 (PCI). Haplogroups
R1*(xR1al), J2, and E3bl had the highest loading factors
(+0.21, —0.14, —0.14, respectively) along this axis. We plot-
ted PC1 sample values vs. sample latitudes obtaining a cor-
relation between the two (R* = 0.55). In order to check for
the presence of a geographic pattern of haplogroup distri-
bution, we plotted the frequencies of the three hgs underly-
ing PCI1 in each population vs. the sample latitude. The
regression lines are shown in Fig. 2A. R1%(xR1al) frequen-
cies tend to increase linearly moving north, while E3b1 and
J2 decrease along the same direction. We additionally
investigated the distribution of genetic variation as
expressed by ASD within each of the three haplogroups
(Table 2) and plotted these values vs. the sample latitudes,
as shown in Fig. 2B. The regression line for R1*(xR1al)
showed very little correlation between ASD and latitude,
while both E3bl and J2 showed a linear decrease for
ASD with increasing latitude. We additionally tested how
Italian samples are related to each other within a European
context. Principal component analysis was performed
including European data (Semino et al., 2000; Flores
et al., 2004; Goncalves et al., 2005; Cinnioglu et al., 2004;
Bosch et al., 2000, 2001; Capelli et al., 2006b) (Fig. 3).
European populations are distributed along axis one fol-
lowing a W-SE direction, a result already shown by others
(Semino et al., 2000; Rosser et al., 2000). This pattern has
been interpreted as the result of the admixture of Neolithic
Near Eastern farmers with the European Mesolithic groups
following the demographic expansion that was likely asso-
ciated with the development of agricultural technology
(Semino et al., 2000; Rosser et al., 2000). When included,
the Italian samples do not cluster all together. Northern
and Southern samples in fact tend to show along axis one
negative and positive values respectively, suggesting a clos-
er affinity to Western European populations for the former
and to South—East and South—Central Europe for the lat-
ter, with few exceptions (see below) (Fig. 3). In order to test
this interpretation, we performed the analysis of the distri-
bution of genetic variation (AMOVA) using available Y-
STR European data (Roewer et al., 2005; Cinnioglu
et al., 2004; Parreira et al., 2002; Robino et al., 2002; Pericic
et al., 2004), including the Italian samples. When South
Italian samples were clustered with SouthEast and South-
Central European samples and the Northern groups with
West Europe, the percentage of between group variation
was 6.04% and the within group 1.70% (&, 0.018,
P < 0.01; &, 0.06, P < 0.01), while the exchange of the
Italian groups decreased the between groups variation
and increased the within group value (3.77% and 2.67%
respectively, @ . 0.027, P < 0.01; &, 0.037, P <« 0.01).

The evidence for differential clustering tendency for
North and South samples was confirmed when AMOVA
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Table 2
ASD (average squared distance) values and associated Standard Error (SE) for the four most frequent hgs in each Italian sample
Code Latitude R1*(xR1al) SE 12 SE G SE E3bl SE
VLB 46.47 0.467 0.148 0.278 0.073 0.000 0.000 0.125 0.075
CTU 43.27 0.486 0.140 0.612 0.135 0.611 0.198 0.111 0.068
CMA 42.51 0.298 0.055 0.629 0.263 0.167 0.075 0.167 0.075
ELB 42.48 0.544 0.057 0.758 0.157 0.615 0.222 0.257 0.059
AMA 42.31 0.623 0.166 0.583 0.149 0.406 0.160 0.125 0.078
TLB 42.25 0.701 0.121 0.656 0.232 0.707 0.135 0.347 0.090
NEL 4221 0.529 0.140 0.410 0.093 0.750 0.334 0.297 0.176
SLA 41.29 0.414 0.073 0.837 0.280 0.486 0.153 0.167 0.073
NWA 41.09 0.297 0.058 0.840 0.450 0.120 0.072 — —
WCP 41.07 0.527 0.106 0.892 0.233 0.667 0.226 0.210 0.107
SAP 39.50 0.533 0.126 0.979 0.185 0.383 0.091 0.457 0.140
WCL 39.21 0.500 0.089 0.754 0.201 0.472 0.123 1.062 0.319
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Fig. 2. Regression lines of the hg frequencies/average squared distance (ASD) versus latitude. (a) The regression lines of the latitude values of the selected
samples (X axis) are plotted versus hg frequencies ( Y axis); thick line, hg R1(*xR1al), dashed line, hg J2; dotted line hg E3b1. E3bl hg was absent from the
NWA sample: this data point was not considered; (b) the latitude values (X axis) are plotted vs. ASD (Y axis) within selected hg; thick line, hg R1*(xR1al);
dashed line, hg J2; dotted line, hg E3bl. The E3bl hg was absent from the NWA sample: this data point was not considered.

was conducted on the Italian samples only. Samples were
divided in two groups, broadly defined as North and
South, on the basis of their latitude (above and below

41.50° latitude, Table 3). This grouping displayed a nega-
tive value for the between groups variation (—0.19%, @,
—0.001, P=0.46), with a within group variation of
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Fig. 3. Plot of the principal component analysis conducted on the haplogroup frequencies of the Italian and European samples; Italian samples
investigated in this study are indicated by black diamonds, codes as in Table 1. Open circles, South—-East European samples; open squares, South—Central

European samples; open triangle, West European samples.

Table 3
Grouping schemes followed for the AMOVA analyses (see text)

Latitude PC
North South North

South

VLB
CTU
CMA
ELB
AMA
TLB
NEL
SLA
NWA
WCP
SAP
WCL

X
X

Ll I I T B B
>

L o I T ]
>

2.49% (@ 0.023, P <« 0.01). We then tested a modified
grouping (Table 3, PC column) as suggested by PC plot
(Fig. 3, positive vs. negative values along axis 1) obtaining
a significant percentage of genetic variation between
groups of 2.68% (&, 0.026, P <0.01) and within groups
0.88% (@, 0.015, P« 0.01). The main differences
between the two groupings tested (latitude vs. principal
component based) are the positioning of the central Ital-
ian samples AMA and CMA, and of the southern sample
NWA. Starting from the first grouping tested (by lati-
tude), we checked how moving samples across the groups
influenced the genetic variation distribution. We moved

a 003
X
Q
T
(=
= 0 __—ans
= TRS—ms
<
=]
<
-0.03 - - . .
0-1 1-180 180350 350-550 550-994
distance classes
b o004
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£
= o0
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=]
<
-0.04 ‘ ‘ ‘
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distance classes

Fig. 4. Spatial autocorrelation analysis as performed by AIDA software:
(a) complete Italian dataset; (b) Italian dataset excluding the NWA and
CMA samples. ***P < 0.005; ns, not significant.

the samples singularly from one group to the other and
estimated the amount of genetic variation between and
within groups. The movement of the NWA and CMA
samples changed the between group variation to positive

logenet. Evol. (2007), doi:10.1016/j.ympev.2006.11.030

Please cite this article in press as: Capelli, C. et al., Y chromosome genetic variation in the Italian peninsula is clinal ..., Mol. Phy-




C. Capelli et al. | Molecular Phylogenetics and Evolution xxx (2007) xxx—xxx

80

Q

70 A

60 1

50 1

40 1

30 1

20 1

Anatolian Contribution (%)

10

0

38.00 39.00 40.00 41.00

920

42.00

43.00 44.00 45.00 46.00

Latitude

47.00

804 90%

071 80%
60

504 70%

60%
50%

Anatolian Contribution (%) T

40%

38.00 39.00 40.00 41.00

42.00

43.00 44.00 45.00 46.00

Latitude

47.00

Fig. 5. Admixture analysis: (a) regression lines for the Anatolian genetic contribution to the Italian samples as estimated by the ADMIX software. Dashed
line, regression line estimated for southern Italian samples; dotted line, regression line estimated for Northern Italian samples; continuous line, regression
line estimated for the entire Italian dataset; (b) regression lines estimated for three admixture event with different newcomer contribution, as described in
the Section 3. Admixture proportions are indicated beside each line (see text for description). Dashed and dotted lines are the regression lines estimated for

Southern and Northern Italian samples, respectively.

values (0.69% and 1.50%, respectively) while any other
shuffling maintained negative values. Moving both at
the same time increased the between groups values to
2.89% (@, 0.028, P« 0.01) and decreased the within
groups value to 0.77% (®s. 0.007, P < 0.01). The shuffle
of the AMA sample between the two groups did not have
any relevant effect. CMA and NWA samples result clearly
separated from geographically surrounding samples when
investigated by the Barrier 2.2 Software (data not
shown).This seems to suggest that for samples east of
the Apennines (CMA) the clustering of southern samples
is supported for higher latitudes than west of the Apen-
nines. The NWA sample is clearly representing a geo-
graphical out-group in respect to the other southern
samples (see below). We therefore considered CMA and
NWA as part of South and North Italian peninsula
respectively in the subsequent analysis. Given the incon-
clusive indication of the AMOVA analysis for the AMA
sample, we decided to follow the PC results and consid-
ered this sample as part of the South.

3.3. Spatial correlation analysis

In order to properly test for the presence of clinally dis-
tributed genetic variation, we performed spatial correlation
analysis as implemented in the AIDA software (Bertorelle
and Barbujani, 1995), using hg frequencies. Five classes
of distance were selected in order to have similar number
of comparisons within each class (Fig. 4a).The results are
significant (considering within population diversity) for dis-
tances above 500 km. Shorter distance classes were all non
significant. We also evaluated the influence of each sample
on the observed pattern by excluding the samples one at a
time. The exclusion of CMA or the NWA sample resulted
in a clinal pattern significant for all distance classes, while
the alternative exclusion of the other samples resulted in
one or more than one class not being significant (data
not shown). The simultaneous exclusion of both CMA
and NWA resulted in a very clear clinal pattern (Fig. 4b),
confirming the absence of correlation with latitude for
these samples (see above).
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3.4. Admixture analysis

Given the current proposed models for agricultural tech-
nology spread in Europe [CD vs DD; Barbujani and Gold-
stein, 2004, Currat and Excoffier, 2005], we investigated the
genetic impact that Near Eastern populations might have
had on Italian populations by admixture analysis per-
formed using the ADMIX program (Bertorelle and Excof-
fier, 1998). This software estimates the contribution of two
source population to the tested population, using allele fre-
quencies. In admixture analysis, a major problem is to cor-
rectly identify the source groups. Chikhi et al. (2002) used
data of Basques, Lebanese, Syrians and Turks (Semino
et al., 2000) to investigate the degree of Near Eastern intro-
gression into a large European dataset by the use of a like-
lihood approach (Chikhi et al., 2001). Results suggested
that all European populations probably experienced Neo-
lithic introgression, with admixture values that must have
been larger than 70%. We previously suggested that current
Levantine population might have experienced very strong
Arab introgression (Capelli et al., 2006b). For this reason,
we alternatively selected a large Anatolian data set as rep-
resentative of newcomer Farmers (Cinnioglu et al., 2004).
Linguistic and genetic data support the Basques as descen-
dents from the Palaeolithic inhabitants of Europe (Gam-
krelidze and Ivanov, 1990; Cavalli-Sforza et al., 1994;
Richards et al., 2000; Semino et al., 2000; Wilson et al.,
2001; Chikhi et al., 2002) even if some concerns have been
raised (Alonso et al., 2005). However, it has to be noted
that drift and bottlenecks might have introduced severe dis-
tortions in current Basque populations compared to the
ancient ones (Chikhi et al., 2002; Alonso et al., 2005). In
order to minimise such occurrences, and following previous
results describing limited genetic variation across Iberian
samples (Flores et al., 2004), we have decided to pull
together data from Iberia (Flores et al., 2004; Bosch
et al., 2001) as a representative of the original European
inhabitants. The genetic contribution of Anatolian and
Iberian source populations were estimated in all the Italian
samples by the use of ADMIX. Anatolian contribution
estimates were plotted vs. the corresponding sample lati-
tudes. The regression line from these data shows an inverse
correlation between Anatolian contribution and latitude
(see Fig. 5a). We additionally estimated the regression lines
of the samples when clustered according the PC plot results
(Table 3, PC column). Interestingly the Northern and
Southern samples have two different regression lines, point-
ing to different degree of genetic impact of the newcomers
on the Italian populations. As noted by Chikhi et al.
(2002), admixture expectations can be calculated consider-
ing a very simple admixture model. This model takes into
consideration a number of admixture steps in which the
newcomer populations mix with the original inhabitants
and create a new community, from which a new ‘“admix-
ture wave” is generated. With Py the proportion of farmers
in the admixed population, the newcomer contribution to
each location will decrease in a geometric way from Py

to P, where n is the number of admixture events (Chikhi
et al., 2002). For example, given a Py of 0.9, and consider-
ing a minimum of three admixture events occurring, the
proportion of newcomer ‘“‘genes” will be 81%, 73% and
66%. Following this approach, we plotted the estimated
Newcomers contribution vs. three latitude points, evaluat-
ing the effect of different Py admixture proportions
(Fig. 5b). If compared to the regression lines estimated
from North and South Italian samples, it appears that
the different position of the two lines is related to different
admixture contributions, with Southern samples showing
higher contribution than Northern ones (Fig. 5b, Mann—
Whitney test, P <0.05).

4. Discussion

Two alternative models have been proposed for the dis-
persion of agricultural technology in the European conti-
nent. The CD-cultural diffusion-model suggests a
gradual acceptance of the new technology by the original
inhabitants with little or no admixture with Near Eastern
farmers. The DD-demographic diffusion-model instead
points to substantial genetic introgression of the Near East-
ern populations, supported in their demographic expansion
by the resources offered by the new food producing tech-
nology (Cunliffe, 2001). The two models have clear expec-
tations that can be tested for concordance with the
observed data. In the absence of an incoming population,
as in the case of the CD model, local drift and gene flow
would be the main forces shaping genetic variation. Ran-
dom fluctuation across populations would prevent the
establishment of gradients and no evidence of admixture
would be expected. Gene frequency clines have been indi-
cated as necessary but not sufficient to support the DD
model (Currat and Excoffier, 2005). The distribution of
genetic variation following a population expansion is asso-
ciated with a loss of genetic diversity due to a succession of
small founder effects (Barbujani et al., 1995). The DD mod-
el would then predict that along the direction of dispersal,
frequency and diversity clines would be generated. Given
the population introgression, genetic evidence of admixture
is also expected to be found. We extensively sampled along
the peninsula to specifically address the issue of the distri-
bution of Y chromosome genetic variation in the light of
agriculture diffusion models. When compared to other
European samples, no outgroups were found among the
Italian samples (Fig. 3). The samples in fact are distributed
within the genetic variation shown by other European and
Mediterranean populations. However, a limited degree of
separation among Italian groups emerged along the first
principal component, with Northern Italian samples closer
to western European populations and Southern samples
closer to South East and South Central European groups,
with few exceptions (Fig. 3). This different affinity was also
highlighted by AMOVA analysis conducted on microsatel-
lite variation. Similar results were also shown in the semi-
nal work on classical polymorphisms by Piazza et al.
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(1988). The Italian samples here analysed appear to be
placed within the ES-NW European cline that a number
of previous studies have already described and that has
been considered as compatible with a demographic scenar-
io of admixture between the Near East farmers and the
long-term European Mesolithic inhabitants (Menozzi
et al., 1978; Semino et al., 2000; Rosser et al., 2000). We
have identified clines for three haplogroups, two of which
showed also diversity gradients (Fig. 2).

In the light of Near Eastern gene flow, admixture anal-
ysis revealed Anatolian introgression in most of the Italian
samples. Considering the expectations related to the differ-
ent models proposed for spread of agricultural technology,
these results support the DD model. Despite the presence
of Neolithic genes in the current male Italian population,
the admixture values as estimated by ADMIX suggested
a differential impact of the newcomers across the Italian
samples. The estimated degree of introgression is in fact
not consistent across all areas, with Southern samples expe-
riencing higher Anatolian contribution than Northern sam-
ples (Fig. 5a). A very rough estimation based on Fig. 5b
would suggest a 70-90% contribution for the former and
50-70% for the latter. However, given the number of
assumptions, these values should not be taken as absolute.
The selection as a second source population of a recently
available larger sample of Basques (Alonso et al., 2005)
did not change the observed pattern (data not shown). It
is interesting to note that only one sample (SAP) displayed
an Anatolian genetic contribution not significantly different
from 100% (data not shown). Simulated samples obtained
by re-sampling either Iberians or Anatolians and tested
using the same source populations confirmed the sensitivity
of this approach as these simulated samples were not signif-
icantly different from 0% and 100% Anatolian contribu-
tion, respectively (data not shown). These results
underline that, beside geographically different Near East-
ern contributions, population replacement was not com-
plete across the peninsula. It follows that both Neolithic
and Mesolithic genetic components can be found in current
Italian male gene pool.

It is interesting to note that hg R1*(xR1al) does show a
frequency cline, opposite to the ones shown by J2 and
E3bl, but apparently no diversity gradient is associated
(Fig. 2). We are aware that conclusions drawn on single
haplogroups are subject to bias and should not be equated
to those drawn from entire samples, but we note that pop-
ulations do have different hg composition that might retain
signatures of past demographic events. The Mesolithic
populations had low population density and possibly limit-
ed gene flow across groups (Mithen, 2004). If we assume
that Mesolithic population were characterised by high fre-
quencies of hg R1*(xR1al) (as the case in current Basque
groups, usually considered as representative of the original
inhabitants of Europe) (Semino et al., 2000; Wilson et al.,
2001; but see also Alonso et al., 2005), genetic variation
within this haplogroup would be independent of geograph-
ic sampling and instead mainly shaped by local demo-

graphic history. It follows that RI1*(xRlal) diversity
would not be expected to show clines related to latitude
but instead would be randomly distributed across popula-
tions. The later newcomers as represented by Neolithic
farmers, would have expanded and admixed with these
Mesolithic groups, and generated, as expected, frequency
and diversity clines along the direction of dispersal as
indeed shown by their most representative chromosome
types, E3bl and J2 (Rosser et al., 2000; Semino et al.,
2000, 2004; Cinnioglu et al., 2004). Other less common
haplogroups might have retained the signature of those
events but the current limited sampling size might have pre-
vented their detection. Along the direction of dispersal
(Barbujani et al., 1995), an opposite frequency cline, but
not a diversity one, for hg R1*(xR1al) would be generated.
The observed higher Near Eastern contribution to East
Apennines vs West Apennines samples for northern lati-
tudes is consistent with the archaeological separation exist-
ing among early agricultural areas (Cunliffe, 2001).

The current set of data also provides a first frame for
testing the hypothesis of genetic continuity from Palaeo-
lithic to Mesolithic in Italy through the last Ice age. This
would point to the presence of an Italian Pleistocene refu-
gium, postulated for Iberian, Italian and Balkan peninsulae
for a number of species (Hewitt, 2001; Brito, 2005), but not
proposed for humans (Semino et al., 2000; Rosser et al.,
2000). This inconsistency could be possibly due to the fact
that so far no specific haplogroups have been identified at
Y chromosome level in Italy (Semino et al., 2000). Howev-
er this could be due to lack of resolution in the current set
of markers and other Y chromosome sublineages not yet
characterised might represent a specific marker for the Ital-
ian area. Taking into consideration current European Y
chromosome hg distribution and data presented here, a
possible candidate could be within hg R1*(xR1al). A com-
parison of the genetic variation estimated as the variance of
the repeat scores averaged across loci of this group in both
Iberia and Italy did not show significant difference
(P>0.05, data not shown, Brion et al., 2004; Bosch
et al., 2000, 2001). Looking at the pattern of haplotypes
sharing within hg P [that contains hg R1*(xR1al)], only
28% of those are shared among the two populations. This
value is well below the one estimated when comparing Ibe-
ria with areas re-peopled after last glacial maximum, as the
British Isles (47%) (Capelli et al., 2003). The opposite pat-
tern is instead observed when comparing haplotypes within
haplogroups whose dispersion was probably associated
with different and more recent events, as hg J (data not
shown). This suggests that the R1*(xR1al) variation pres-
ent in Italy appear not to be a subset of the Iberian one.
More extensive analysis would give the opportunity to test
this hypothesis further.

Previous studies using autosomal data described the
presence of a major North—South Cline within the peninsu-
la. Cavalli-Sforza et al. (1994) showed that 27% of the total
genetic variation as shown by classic polymorphisms was
summarized along this axis. When compared to European
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samples, populations from South Italy clustered with Med-
iterannean groups, while the others grouped with West and
Central European populations (Piazza et al, 1988).
Authors suggested the Greek colonization in the South as
the major demographic event shaping observed diversity
(Piazza et al., 1988) on the basis of compatible historical
scenarios. However, this hypothesis was never thoroughly
tested, especially in the light of alternative European sce-
narios proposed by the same authors supporting a Neolith-
ic demic dispersion model (Menozzi et al., 1978;
Ammerman and Cavalli-Sforza, 1984; Cavalli-Sforza
et al., 1994) and taking in consideration that Greece was
the only Mediterranean sample outside Italy included in
the PC analysis (Piazza et al., 1988). Assuming the Greek
diaspora model, South Italian samples should be genetical-
ly closer to Greece than to Anatolia, while the Neolithic
model would not show significant differences. We note that
D. and Au genetic distances are linearly related to time
(Cavalli-Sforza and Edwards, 1967; Goldstein et al.,
1995b). We calculated these genetic distances for WCL,
WCP and SAP samples vs. Anatolia and Greece (Cinnioglu
et al., 2004; Parreira et al., 2002). The three Italian popula-
tions were not only closer to Anatolia than to Greece, but
all values for Anatolia were smaller than those for Greece
(data not shown). This is confirmed also using more specif-
ic regional Greek samples (data not shown, Robino et al.,
2004). Assuming proper identification of the source popu-
lations, these results suggest that in terms of demographic
influence on the paternal Italian gene pool, the role of Neo-
lithic farmers was greater than Greek historical colonisers
of South Italy.

Similarly, given the sporadic and rare distribution of the
E3b2 chromosomes, it is possible to conclude that North
African gene flow, if any, left no significant evidence in
the current Italian Y chromosome pool (Bosch et al.,
2000, 2001; Capelli et al., 2006b).

We finally note that in a recent study, Di Giacomo et al.
(2003) genotyped Y chromosome markers for 524 Italians
sampled in 17 locations. They found that, excluding
R1*(xR1al), no other clines could be identified and con-
cluded that most of the observed variation was due to drift
and founder effects. Local drift has to be expected, due to
local demographic histories. This seems the case of the
NWA sample, as shown by its reduced genetic variation
(Table 2). The NWA sample, despite its localisation in
the South, tends clearly to cluster with Northern popula-
tions, as shown by various analyses. This is driven by the
combination of high hg RI1*(xRlal) frequency and
absence/low frequency of hgs E3bl and J2. In our analyses,
some Y chromosome lineages, despite local drift and gene
flow, still show the signature of dispersal events in the past.
Inspecting the data of Di Giacomo et al., it emerges that
despite a lower number of samples points (12 vs. 17) our
study is characterised by a larger average sample size,
almost twice as much (58 vs. 31). Additionally, while only
one of our samples (AMA) is below their average sample
size, none of theirs is above or close to our average, with

the largest population size in Di Giacomo et al. (2003)
being 48. When we included their samples in our analysis,
we confirmed the clinal distribution for R1*(xR1al), J2 and
DE hgs (in their study only the YAP marker was geno-
typed in the DE lineage so this is the closest approximation
for E3bl)(data not shown). Besides recognising that drift
definitively had a role in shaping current Y chromosome
genetic variation, however we concluded that in Italy more
than 70% of the observed diversity is distributed along gra-
dients and that Anatolian Farmers did have a different
demographic impact on different Italian areas for paternal
lienages.
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