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

In this work we focus on a microsatellite-defined Y-chromosomal lineage (network 1±2) identified

by us and reported in previous studies, whose geographic distribution and antiquity appear to be

compatible with the Neolithic spread of farmers. Here, we set network 1.2 in the Y-chromosomal

phylogenetic tree, date it with respect to other lineages associated with the same movements by

other authors, examine its diversity by means of tri- and tetranucleotide loci and discuss the

implications in reconstructing the spread of this group of chromosomes in the Mediterranean area.

Our results define a tripartite phylogeny within HG 9 (Rosser et al. 2000), with the deepest branching

defined by alleles T (Haplogroup Eu10) or G (Haplogroup Eu9) at M172 (Semino et al. 2000), and a

subsequent branching within Eu9 defined by network 1±2. Population distributions of HG 9 and

network 1±2 show that their occurrence in the surveyed area is not due to the spread of people from

a single parental population but, rather, to a process punctuated by at least two phases. Our data

identify the wide area of the Balkans, Aegean and Anatolia as the possible homeland harbouring the

largest variation within network 1±2. The use of recently proposed tests based on the stepwise

mutation model suggests that its spread was associated to a population expansion, with a high rate

of male gene flow in the Turkish–Greek area.
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

The non-recombining portion of the human Y

chromosome (NRPY) represents, together with

mtDNA, a uniparentally inherited polymorphic

system. This property is also associated with the

ability of the NRPY to detect high levels of

structuring within and between populations,

thus providing a first framework to be compared

with weaker patterns detected by markers with

alternative modes of inheritance. The final goal is

the description of the history of populations in

terms of the different realizations of the dispersal

of lineages at loci that represent different

portions of the genome (Owens & King, 1999;

Sykes, 1999; Bertranpetit, 2000; Lell & Wallace,

2000; Renfrew et al. 2000; Barbujani &

Bertorelle, 2001).

Major advances in understanding the build-up

of the overall DNA variation of NRPY include:

(a) the reconstruction of unequivocal phylogenies

based on different sets of indel and single

nucleotide polymorphic (SNP) binary markers

(Karafet et al. 1999; Santos et al. 1999, Hammer

et al. 2000; Rosser et al. 2000; Underhill et al.

2000) and (b) the estimation of the antiquity of

lineages based on either the infinite site mutation

model for binary markers or the stepwise mu-

tation model at microsatellite loci (Shen et al.

2000; Thomson et al. 2000; Forster et al. 2000;

Stumpf & Goldstein, 2001).

A strong structuring of the extant populations

of Europe, the Middle East and North Africa has

recently been confirmed by analyses of inde-

pendent sets of binary indel and SNP markers of

the NRPY (Semino et al. 2000; Rosser et al.

2000). In addition, the combined use of binary

and microsatellite markers (Malaspina et al. 1998,

2000) has enabled clarification of the phylo-

geography in this area, based on an approach

which partitions the microsatellite variability

into the binary-defined lineages (de Knijff, 2000)

and takes into account multirepeat mutations

disrupting the regular stepwise process. In fact,

uncommon microsatellite multirepeat muta-

tional events which could be regarded as a

disturbance in the regular process of accumu-

lation of variation are instead an important

resource, since they may identify groups of

chromosomes with a common ancestry (Forster

et al. 1998; Kayser et al. 2001) that cannot

otherwise be recognized by binary markers.

All the above studies have identified clear

patterns in the geographic distributions of haplo-

types or haplogroups as well as sharp genetic

boundaries, and have proposed models for the

underlying population movements. In this con-

text, the integration of all the available markers

into a single phylogeny could increase the

number of detectable lineages to attain a better

description of the molecular evolution of the

NRPY, and to address specific questions con-

cerning the peopling of the area being examined.

In this work we focus on a lineage (network

1±2) we have identified and reported in previous

studies (Malaspina et al. 1998, 2000) whose

geographic distribution and antiquity appear to

be compatible with the Neolithic spread of

farmers. Here, we set network 1±2 in the NRPY

phylogenetic tree, date it with respect to other

lineages associated with the same movements by

other authors (Eu9, Eu10, Semino et al. 2000;

Med, Hammer et al. 2000; HG 9, Rosser et al.

2000; Quintana-Murci et al. 2001), suggesting

that the different sublineages contributing to

HG9 probably had different evolutionary his-

tories in the Mediterranean area.

  

Subjects

An overall number of 1802 males from Europe,

West Asia and Egypt was collected from a total

of 55 sampling locations. To obtain suitable

sample sizes, the local samples were pooled

according to nationality except for the

Mediterranean Islands, which were kept separate

from the mainland countries to which they

belong in view of their possible isolation. A total

of 24 sample pools was thus gathered. Many of

the local samples are a subset of those described

previously (Malaspina et al. 1998, 2000; Stefan et

al. 2001), although minor discrepancies in the

number of subjects can occasionally be found.
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Fig. 1. Simplified version of the NRPY maximum
parsimony network by Rosser et al. (2000) showing
haplogroups 1, 2, 7, 26 and YAP­. Arrows represent the
biallelic defining mutations at the indicated loci. Haplo-
group 9 is represented by a dashed ellipse. Sublineages
within HG 9 correspond to haplogroups Eu10 and Eu9
(Semino et al. 2000) and to network 1±2.

Additional samples described here for the first

time include: two local samples from the

Azerbaijan Republic, collected in Baku and

Lenkoran, respectively; one sample collected

around the city of Aleppo, Syria; an enlargement

of the sample of Spanish Basques from the

province of Guipuzcoa; four and seven samples

from the different administrative districts of the

Island of Crete and mainland Greece, respect-

ively; one sample from the Aegean Island of

Mitilene; one sample of Russians from the Perm

region (Russian Federation); one sample from

the region of Erzurum (Eastern Turkey); one

sample from Bulgaria, collected in Varna; three

samples from different provinces of Central and

Southern Italy.

Markers

The presence of the rearrangement defining

haplogroup 9 (HG 9) of Rosser et al. (2000) was

detected by failure in producing an 88 bp

fragment in the PCR assay described therein.

This rearrangement is also detectable as an 8 kb

TaqI band detectable by probe p12f2 (Casanova

et al. 1985), making HG 9 coincide with haplotype

Med by Hammer et al. (2000). With the exception

of the previously typed Romanian local samples

(Stefan et al. 2001), the assay was applied as a

new typing to all carriers of the ancestral allele

states at both the YAP insertion (Hammer &

Horai, 1995) and DYS257 (Hammer et al. 1998)

(Fig. 1). All subjects were typed for the DYS413

dinucleotide microsatellite system (Mathias et al.

1994; Malaspina et al. 1997).

A subset of HG 9 males was typed for

microsatellites DYS388 and DYS390 as a duplex

PCR under the conditions described by Thomas

et al. (1999). They were also typed for tri-

nucleotide DYS392 and tetranucleotide DYS393

under the conditions described by Perez-Lezaun

et al. (1999). Allele size was determined by

comparison with specimens previously typed

(Caglia' et al. 1997; Perez-Lezaun et al. 1999).

Primers were 32-P end labelled and PCR

products resolved on 6% polyacrylamide gels.

The T-G transversion at M172 (Underhill et al.

2000) was assayed by PCR followed by dot–blot

hybridization with the 32-P labelled 17-mer ASO

probes 5«-TTTTAAGTCAAGCATCA-3«(G allele)

and 5«-TGATGCTTTACTTAAAA-3«(T allele).

Hybridization was carried out in 5¬SSPE, 0±5%

SDS, 5¬Denhardt’s solution at 43 °C for 2 h.

Filters were washed in 5¬SSPE, 0±1% SDS at

43 °C.

Statistical analyses

All calculations were performed with SSPS

v. 6±1. Indexes to test the null hypothesis

of population constant size were calculated
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according to eqs. 1–3 by Reich & Goldstein (1998)

and eqs. 5 and 7–8 by King et al. (2000).

An estimate of the microsatellite mutation

rate for the loci here used was obtained by

pooling the data available in the literature

(Heyer et al. 1997; Bianchi et al. 1998; Foster et

al. 1998; Kayser et al. 2000). Six mutational

events in a total of 2958 meioses were observed,

giving an average mutation rate (µ) of

2±03¬10−$. Confidence interval (CI) was calcu-

lated as µ³1±96[µ(1®µ)}N ]"/#, where N is the

number of meioses, thus obtaining the interval

0±41–3±65¬10−$.



Phylogenetic relationships

Chromosomes grouped into network 1±2 are

identified by short CA repeats (% 18) in both

PCR fragments at DYS413. All chromosomes

within this group can be linked to each other in

a network by assuming insertion or deletion of a

single CA unit in one of the fragments. By the

same criterion, they could not be linked to any

other chromosome in a sample of 1801 chromo-

somes (Malaspina et al. 2000) from Western

Eurasia and North Africa.

Of the 250 network 1±2 chromosomes identified

in the present survey (see below), 249 belong to

HG 9. A single subject from Azerbaijan produced

an 88 bp amplification product under the con-

ditions by Rosser et al. (2000), and therefore was

not considered as HG 9. The molecular basis of

this result is currently under investigation.

Additional 154 chromosomes were identified as

HG 9 but showed DYS413 fragment sizes outside

the network 1±2 range.

All of network 1±2 chromosomes carried the

derived G allele at M172, with the exception of

the single non-HG 9 subject who carried M172-T.

Both G and T alleles were found among the rest

of HG 9 chromosomes.

Based on the observation that the derived

12f2 8 kb allele is shared by haplogroups Eu9

and Eu10 (Semino et al. 2000), we assigned to

these haplogroups HG 9 chromosomes with M172

alleles G and T, respectively. Our results then

define a tripartite phylogeny within HG 9, with

the deepest branching represented by haplo-

groups Eu10 and Eu9, and a subsequent

branching defined by network 1±2 (Fig. 1).

Population distributions

Table 1 reports the absolute and relative

frequencies of HG 9 in the 24 national and island

sample pools. A clear trend can be observed

across the continental mainland, with the highest

frequencies in Central and South West Asian

countries, decreasing westward in the Balkan

and Italian peninsula and dropping sharply in

Central, Western and Northern Europe. Three

island populations appear to be genetic outliers :

Crete contrasts for its peak frequency of .40 with

the rest of Greece, whereas Sardinia and Sicily

contrast with Italy for their low frequencies.

Table 1 also reports the absolute and relative

frequencies of network 1±2. Among the con-

tinental sample pools the highest frequencies are

observed in Azerbaijan and Turkey. Overall,

the dependence of the relative frequencies on

geography parallels that of HG 9, with some

notable exceptions. These can be better visu-

alized when the frequency of network 1±2 is

reported as a percentage of HG 9 (Table 1, last

col. ; Fig. 2). Four countries of Central and

Western Europe are characterized by null contri-

butions to a low (! 0±15) HG 9 frequency (the

value of the Basques is not reliable due to a single

network 1±2-HG 9 observation). Oman, Syria

and UAE are characterized by high (" 0±35) HG

9 frequencies and by an intermediate (15–40%)

contribution of network 1±2. All other sample

pools with HG 9 frequencies& 0±20 are charac-

terized by large (" 50%) contributions of net-

work 1±2, which reach approx. 80% in the large

samples from Crete and Continental Italy. Over-

all, the proportions of network 1±2 within HG 9

are highly heterogeneous (χ#¯ 168, 23 ..,

p! 10−&) and both the sampling method and the

geographical structuring of their variation ex-

clude the possibility that they are due to local

drift}founder effects.
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Table 1. Haplogroup 9 and network 1.2 absolute and relative frequencies in 24 sample pools

Geographic region
sample

No. of local
sub-samples

No. of
subjects

HG9
(freq.)

Network 1±2
(freq.)

Network 1±2
as % of HG9

Central Western Asia
Azerbaijan Rep. 2 58 22 (0±379) 14 (0±241) 63±6
Syria 1 54 20 (0±370) 8 (0±148) 40±0
Cont. Turkey 5 186 65 (0±349) 37 (0±199) 56±9
Cyprus (Turkish) 1 46 13 (0±283) 11 (0±239) 84±6

South Western Asia
Iran 1 6 1 (0±167) 1 (0±167) 100
Oman 1 13 5 (0±385) 2 (0±154) 40±0
United Arab Emirates 1 34 13 (0±382) 2 (0±059) 15±4

North Africa
Egypt 2 46 11 (0±239) 4 (0±087) 36±4

South Eastern Europe
Romania 7 165 22 (0±133) 15 (0±091) 68±2
Bulgaria 1 39 9 (0±231) 6 (0±154) 66±7
Albania 1 45 11 (0±244) 3 (0±067) 27±3
Cont. Greece 8 182 37 (0±203) 20 (0±110) 55±6
Crete 5 205 82 (0±400) 66 (0±322) 80±5
Mitilene 1 28 8 (0±286) 5 (0±179) 62±5

South Central Europe
Cont. Italy 8 202 54 (0±267) 43 (0±213) 79±6
Sicily 1 23 2 (0±087) 1 (0±043) 50±0
Sardinia 2 56 9 (0±161) 4 (0±071) 44±4

South Western Europe
Spain (Basques) 1 85 1 (0±012) 1 (0±012) 100
Portugal 2 44 2 (0±045) 0 0

Central Europe
U.K. 1 20 1 (0±050) 0 0
Czech Rep. 1 46 3 (0±065) 1 (0±022) 33±3
Slovak Rep. 1 23 3 (0±130) 0 0

Northern Europe
Rep. of Moldova 1 72 2 (0±028) 0 0
Russian Fed. 3 124 7 (0±056) 5 (0±040) 71±4

We may then conclude that the HG 9 dis-

tribution in the surveyed area is not due to the

uniform spread of people from a single parental

population, since it appears as a collection of

lineages with different evolutionary histories.

Diversity analysis

With the aim of determining the most likely

region of origin for network 1±2, and its antiquity

with respect to the other lineages within HG 9,

we haplotyped a geographically representative

subset of 207 chromosomes for the DYS388,

DYS390, DYS392 and DYS393 microsatellites.

Allele size distributions are markedly unimodal

at all four loci, suggesting the signature of an

expanding population (Fig. 3).

Mean and variance of allele sizes are reported

in Table 2 for the sample pools with meaningful

size (n& 15), as well as for larger geographic

aggregations. The largest variances, after

averaging across the four loci, are found in

Continental Greece, Crete and Romania (" 0±40),

followed by Continental Turkey (0±36) and Italy

(0±32). A super-pool consisting of all typed

network 1±2 chromosomes from West Asia,

except Turkey, produced the low value of 0±31.

Considering that the area from which a popu-

lation spread is generally characterized by a

comparatively higher genetic variance than the

areas colonized later (Wooding & Ward, 1997;

Barbujani, 2000), these data identify the

Balkans, Aegean and Anatolia as the possible

homeland harbouring the largest variation

within network 1±2, with decreasing values both

east}south-east and west of it.

Within network 1±2 the commonest haplotype

by far is 15-23-11-12 at loci DYS388-DYS390-

DYS392-DYS393, which accounts for 38%

(78}207). The second and third most common
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Fig. 2. Pie charts of HG 9 and network 1±2 frequencies in 24 sample pools in Europe, West Asia and North
Africa. Black sectors indicate network 1±2 frequencies. Grey sectors indicate frequencies of the rest of HG
9 chromosomes. Three discrete pie sizes are used for samples consisting of ! 25, 25–100 and " 100 subjects.

haplotypes are characterized by the gain of a

single unit at DYS388 (24 chromosomes) and the

loss of a unit at DYS390 (15), as compared to the

major haplotype, respectively. Except for Crete,

the analysis of the sampling locations of each

haplotype does not reveal any particular

clustering of peculiar molecular types in specific

areas.

A founder effect in Crete

Within network 1±2, two relevant haplotypes

related by the gain}loss of a single repeat unit are

haplotypes 15-25-11-12 and 15-26-11-12. The

first was observed in 6 subjects, 5 from Crete and

one from Northern Turkey, whereas the second

was observed in 8 subjects, all from Crete. An

additional feature of this latter group of chromo-

somes is the presence of the DYS413 pattern

(CA)18-(CA)16. In the entire study this pattern

was observed in 21 subjects only, 18 of whom are

from Crete. Within the island, 9}18 (as compared

to 31}205 sampled chromosomes) were from the

Western district of Chania. As a consequence of

the excess presence of the 25 and 26 repeat alleles

at DYS390, the high average variance value for

the 60 network 1±2 chromosomes sampled in

Crete (Table 2) is strongly affected by the large

value of DYS390. We attributed the above

findings to a recent founder or drift effect and

therefore did not include the Cretan sample for

analysis of population expansion and compara-

tive dating.

Analysis of population expansion

Allele size distributions were used to test the

null hypothesis of a constant population size

during network 1±2 spread (Reich & Goldstein,

1998; King et al. 2000). Among the tests to

evaluate departures from the above assumption,
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Fig. 3. Allele size distributions at four microsatellite loci in 207 network 1±2, 37 other Eu9 and 52 Eu10
chromosomes.

the imbalance test produced ln β
"

and ln β
#

values of ®0±601 (p' 0±05) and ®0±18 (n.s.),

respectively; the within-locus k test produced

negative values at all loci (p¯ 0±055) and the

interlocus g test produced the value of 0±329

(p! 0±05). We may then conclude that the spread

of network 1±2 was accompanied by a demo-

graphic population expansion.

Comparative dating

In order to compare the diversity attained by

network 1±2 with that of its parental lineages (see

above), we haplotyped 37 HG 9 chromosomes

carrying G at M172 (Eu9) but not belonging to

network 1±2 and 52 HG 9 chromosomes carrying

the ancestral allele T at M172 (Eu10). The two

groups display a unimodal allele size distribution

at DYS390, DYS392 and DYS393 although a

shift in the modal allele is observed at DYS390

(Fig. 3). In both groups DYS388 produces ragged

distributions with modes at 15, 17 (other Eu9

chromosomes) and 13, 16 repeats (Eu10).

Among the Eu9 chromosomes not belonging

to network 1±2, the commonest haplotype

(15-24-11-12) at loci DYS388-DYS390-DYS392-

DYS393, respectively, accounts for 40±5% (15

chromosomes), whereas among the Eu10 chromo-

somes the commonest haplotype (16-23-11-12)

accounts for only 26±9% (14 chromosomes). Eu9

chromosomes not belonging to network 1±2
produced an average variance similar to network

1±2 whereas the Eu10 chromosomes produced

a value nearly double that (Table 2). This

difference can be considered significant, since

two out of four F ratios for variance comparisons

are significant at p! 0±01 (in both Eu10 vs. Eu9

and Eu10 vs. network 1±2).

By assuming a linear relationship between

accumulation of variance and time (Thomas et al.

1998), the figure of 2±03¬10−$ as the average

mutation rate at microsatellites and its con-

fidence interval of 0±41–3±65¬10−$, the age of

network 1±2, and of the rest of Eu9 and Eu10

lineages, can be estimated at 195 (CI 108–963),

182 (CI 101–902) and 417 (CI 232–2067)
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Table 2. Mean and variance of repeat size at four microsatellite loci in network 1.2, other Eu9 and

Eu10 chromosomes

Chromosomes
Sample

No. of
typed chr.

Mean
Variance

DYS388 DYS390 DYS392 DYS393 Avg.

Network 1±2
Cont. Turkey 31 15±32 22±97 11±03 12±03

1±09 0±30 0±03 0±03 0±3625
Rest of West Asia 23 14±91 23±30 11±00 12±22

0±45 0±22 0±00 0±54 0±3100
All West Asia 54 15±15 23±11 11±02 12±11

0±85 0±29 0±02 0±25 0±3525
Romania 15 14±87 23±13 11±07 12±20

0±98 0±41 0±07 0±17 0±4075
Cont. Greece 19 15±21 22±89 11±11 12±16

1±06 0±54 0±10 0±25 0±4870
Crete 60 15±08 23±58 11±00 12±02

0±31 1±47 0±00 0±05 0±4570
Balkan penins. (Greece excl.) 24 15±00 23±21 11±04 12±12

0±96 0±52 0±04 0±37 0±4737
All Balkan peninsula 43 15±09 23±07 11±07 12±14

0±99 0±54 0±07 0±31 0±4775
Cont. Italy 19 15±00 22±58 11±00 12±42

0±33 0±37 0±00 0±59 0±3225
All Network 1±2 207 15±11 23±16 11±02 12±13

0±62 0±84 0±02 0±24 0±4300
All Network 1±2 (Crete excl.) 147 15±12 22±99 11±03 12±18

0±74 0±49 0±03 0±31 0±3950
Other Eu9

All areas 37 14±89 23±68 11±05 12±05
0±93 0±39 0±11 0±05 0±3700

Eu10
All areas 52 15±58 23±10 11±00 12±25

2±56 0±36 0±16 0±31 0±8475

generations, respectively. Stumpf & Goldstein

(2001) recently discussed an estimation method

which allows for a length-dependent mutation

rate. We did not consider this refinement here, in

view of the very slight differences (! 0±7 repeats)

in the mean allele size at each locus across the

three lineages (Table 2). Assuming an average

generation time of around 25 years (Aris-Brosou

& Excoffier 1996), the figures reported above

roughly translate into 4900 (CI 2700–24000),

4550 (CI 2500–22500), and 10400 (CI 5800–

51700) years, respectively.



In previous studies we hypothesized that a

group of chromosomes (network 1±2) defined

solely on the basis of the pattern at dinucleotide

microsatellites could represent a monophyletic

lineage stemming from a rare multirepeat

deletion event. This hypothesis was supported

by phylogeographical observations (Malaspina

et al. 1998). Here we show that such a hypothesis

resists the more stringent definition of lineages

based on rare or unique events binary poly-

morphisms, since network 1±2 falls entirely in

HG 9 and shows a subset of chromosomes within

Eu9. The present work provides a solid overview

of the network 1±2 distribution, based on large

population samples. Furthermore it provides

new data for the description of the HG 9

frequency over a wide area, including the

Mediterranean islands, complementing those of

Rosser et al. (2000) and Quintana-Murci et al.

(2001). Our data were obtained on entirely

independent population samples and show full

agreement with those for the shared geographic

areas or countries.
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As far as HG 9 is concerned, the population

data by Semino et al. (2000) show large variations

in the relative proportions of Eu9 and Eu10

across Europe and the Middle East, with a

progressively larger contribution of Eu9 as one

moves westward. Our data fit with this trend,

since we found Eu9:Eu10 ratios not greater than

1:1 in Syria, the Arab peninsula and Egypt, but

up to 12±5:1 in the Balkans and the Italian

peninsula. Moreover we show that this trend is

accounted for by a subset of Eu9, network 1±2.

Overall, our data suggest that two indepen-

dent evolutionary processes led to the current

distribution of HG 9 chromosomes in Europe and

in the Mediterranean area. Quintana-Murci et al.

(2001) identified Northern Iran as the possible

focal area from which HG 9 has dispersed.

Chromosomes belonging to network 1±2 probably

underwent further differentiation in relative

isolation, and their current distribution reflects a

more recent gene flow. This latter process seems

to have originated in the Turkish-Greek area

with further spread to the West and a partial

back migration to the East}South East. The

absence of obvious geographical confinement of

network 1±2 haplotypes points towards a massive

and rapid exchange of people across the Turkish-

Greek area. Hammer et al. (2000) described the

features of a common Jewish and non-Jewish Y-

chromosomal pool in the Middle East, charac-

terized by high HG 9 frequencies. Network 1±2 is

a relevant component of this pool. By typing a

limited number of Italian Cohanim (A. N. un-

published obs.) for the STRs used here, we

determined that the Cohen Modal Haplotype

(‘an important component in the sharing of

Ashkenazic and Sephardic Israelite Y chromo-

somes’, Thomas et al. 2000) does indeed belong to

network 1±2.

The two phases of HG 9 dispersal seem to be

widely separated in time, too. For network 1±2,

the use of tri- and tetranucleotide haplotyping

produced a more recent dating estimate than the

one based on dinucleotide STRs (Malaspina et al.

2000). The number of chromosomes haplotyped

here does not allow us to distinguish the diversity

of network 1±2 from that of its immediate

parental lineage (Eu9-non network 1±2). On the

other hand, the diversity of the Eu10 lineage is

remarkably and significantly greater.

The dating values for HG 9 by Quintana-Murci

et al. (2001) are likely to be affected by the

presence of network 1±2 chromosomes in their

data. Their major HG 9 haplotype in Iran shares

alleles DYS388-15, DYS390-23, DYS392-11 and

DYS393-12 with the major haplotype found in

network 1±2, whereas major haplotypes in the

rest of Eu9 and Eu10 chromosomes differ at

DYS390 and DYS388, respectively. Moreover,

we have already reported an overall frequency

of 5±5% for network 1±2 among Pakistanis

(Malaspina et al. 2000).

Translating diversity values into absolute

dating figures could give clues to link the

observed genetic patterns with archaeologically

documented population processes. Unfortu-

nately, absolute dating figures are heavily

affected by great uncertainties in mutation rates

and ignorance of generation time resulting from

life-styles of past human societies (Stumpf &

Goldstein, 2001). In this context comparative

diversity analysis indicates an older HG 9 and a

more recent network 1±2 dispersals. Semino et al.

(1996) first hypothesized that the overall HG 9

frequency pattern in Europe marked the Neo-

lithic spread of farmers, this view also being

shared by Rosser et al. (2000). Hammer et al.

(2000) proposed that more recent sea migrations

of the Phoenicians could also have contributed to

it. Our two step model includes high rates of male

gene flow across the lands of modern day Turkey

and the lower Balkan peninsula, with the spread

of sublineages of HG 9 whose age is one half of

that of the entire HG 9. The age difference of

these lineages, as approximate as it may be,

suggests that they have not been carried to

where they are at present by a single large-scale

dispersal of early Neolithic farmers from the

Levant (Ammerman & Cavalli-Sforza, 1984).

Finally, further complexity can be hypo-

thesized for the overall HG 9 spread: the bimodal

allele size distributions at DYS388 can be

interpreted as the result of secondary population

expansions. Also, the lower network 1±2 diversity
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at the western edge of the area of high HG 9

frequencies, represented by Continental Italy, is

compatible with later events including, as pre-

viously proposed (Cavalli-Sforza et al. 1993;

Sokal et al. 1997), the Greek colonization.
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