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Marseille, France; §Laboratoire d’Anthropobiologie, FRE 2960 Centre National de la Recherche Scientifique (CNRS), Université
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Ferrara, Italy; §§Dipartimento di Biologia Sperimentale, Università di Cagliari, Cagliari, Italy; kkLaboratory of Medical Genetics,
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Detailed population data were obtained on the distribution of novel biallelic markers that finely dissect the human Y-
chromosome haplogroup E-M78. Among 6,501 Y chromosomes sampled in 81 human populations worldwide, we found
517 E-M78 chromosomes and assigned them to 10 subhaplogroups. Eleven microsatellite loci were used to further
evaluate subhaplogroup internal diversification.

The geographic and quantitative analyses of haplogroup and microsatellite diversity is strongly suggestive of
a northeastern African origin of E-M78, with a corridor for bidirectional migrations between northeastern and eastern Africa
(at least 2 episodes between 23.9–17.3 ky and 18.0–5.9 ky ago), trans-Mediterranean migrations directly from northern
Africa to Europe (mainly in the last 13.0 ky), and flow from northeastern Africa to western Asia between 20.0 and 6.8 ky ago.

A single clade within E-M78 (E-V13) highlights a range expansion in the Bronze Age of southeastern Europe, which is
also detected by haplogroup J-M12. Phylogeography pattern of molecular radiation and coalescence estimates for both
haplogroups are similar and reveal that the genetic landscape of this region is, to a large extent, the consequence of a recent
population growth in situ rather than the result of a mere flow of western Asian migrants in the early Neolithic.

Our results not only provide a refinement of previous evolutionary hypotheses but also well-defined time frames for
past human movements both in northern/eastern Africa and western Eurasia.

Introduction

A large number of Y chromosome unique event poly-
morphisms (UEPs) has been reported in the last 7 years (Shen
et al. 2000, 2004; Underhill et al. 2000, 2001; Cruciani et al.
2002, 2004, 2006; The Y Chromosome Consortium 2002;
Hammer et al. 2003; Cinnioğlu et al. 2004; Rootsi et al.
2004; Semino et al. 2004; Wilder et al. 2004; Kayser
et al. 2006; Mohyuddin et al. 2006; Sengupta et al. 2006;
Sims et al. 2007) leading to the identification of hundreds
of Y-specific haplogroups. Most of the terminal branches
of the present Y-phylogenetic tree show a geographic distri-
bution, which is essentially limited to specific continental or
subcontinental areas, mainly as a consequence of the reduced

effective population size of the Y chromosome and/or of the

origin of each branch after major peopling episodes (for a re-

view see Jobling and Tyler-Smith 2003). As previously ob-

served (Cruciani et al. 2004), haplogroup E3b1a (E-M78)

escapes this rule, being present at high frequencies in a wide

area stretching from northern and eastern Africa, Europe,

and western Asia (Underhill et al. 2000, 2001; Bosch

et al. 2001, 2006; Cruciani et al. 2002, 2004; Semino

et al. 2002, 2004; Arredi et al. 2004; Behar et al. 2004;

Cinnioğlu et al. 2004; Flores et al. 2004, 2005; Luis et al.

2004; Shen et al. 2004; Alonso et al. 2005; Goncxalves

et al. 2005; Marjanovic et al. 2005; Peričić et al. 2005;

Sanchez et al. 2005; Wood et al. 2005; Regueiro et al. 2006).
Due to the lack of informative UEPs defining addi-

tional nodes internal to this haplogroup, scholars relied

upon the information provided by network analysis of

fast evolving microsatellites in order to identify putative

monophyletic groups of chromosomes within E-M78

(Cruciani et al. 2004; Semino et al. 2004), an approach

which had been successfully used in the past for an initial

molecular dissection of major unresolved haplogroups

(Malaspina et al. 1998, 2000; Scozzari et al. 1999).
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Cruciani et al. (2006) recently reported on the identi-
fication of 6 new UEPs within the E-M78 clade, 4 of which
seem to be relatively common and informative for evolu-
tionary studies. An evaluation of the correspondence be-
tween the subhaplogroups defined by the new UEPs and
the E-M78 clusters previously identified by microsatellite
network analysis, revealed not only a tight correspondence
between the trees generated by the 2 types of markers but
also important discrepancies, underlining once more that
microsatellite-defined clusters cannot always be considered
monophyletic groups of chromosomes (Cruciani et al.
2006).

In the present study, we provide detailed population
data on the distribution of E-M78 binary subhaplogroups
defined by 10 UEPs (2 of which are here described for
the first time) in a sample of 6,501 Y chromosomes belong-
ing to 81 populations mainly from Europe, western Asia,
and Africa. In order to obtain estimates of internal diversity
and coalescence age of E-M78 subhaplogroups and the as-
sociated human migrations and demographic expansions,
we also analyzed a set of 11 microsatellites. The same
set of microsatellites was also analyzed in a sample of Y
chromosomes belonging to the haplogroup J-M12, whose
geographic distribution in Europe strictly overlaps that of
a single E-M78 subhaplogroup. Our results not only pro-
vide a refinement of previous evolutionary hypotheses
based on microsatellites alone but also well-defined time
frames for different migratory events that led to the dis-
persal of these haplogroups and subhaplogroups in the
Old World.

Subjects and Methods
Subjects

The sample comprised 6,501 unrelated male subjects
belonging to 81 populations worldwide. Appropriate in-
formed consent was obtained from all participants. Geo-
graphic origin and sample size for each population are
reported in table 1 and Supplementary figure 1 (Supplemen-
tary Material online).

Molecular Analysis

Samples were obtained from peripheral blood, cul-
tured cells, hair roots, or buccal swabs, and DNA was ex-
tracted using appropriate procedures (either phenol–
chloroform extraction followed by ethanol precipitation
or purification by QlAamp kit from Qiagen, Milan, Italy).

In all, 6,501 Y chromosomes were analyzed for the
M78 marker (present study and Cruciani et al. 2002,
2004) by the method of Underhill et al. (2000). Among
them, 517 chromosomes carrying the M78-derived T allele
were further genotyped for 10 markers defining internal no-
des, following a hierarchical approach. Typing methods for
8 of these markers (M148, M224, V12, V13, V19, V22,
V27, and V32) were previously described (Underhill
et al. 2000, 2001; Cruciani et al. 2006). Two polymorphic
markers (V36 and V65) are here reported for the first time.
The V36 polymorphism is a T to C transition at position 383
of a 449-bp polymerase chain reaction (PCR) fragment am-

plified using the primers V36 forward (5#-tcctctttccact-
taccttcca) and V36 reverse (5#-caaatgcaaatcaccatttagg).
The V65 polymorphism is a G to T transversion at position
77 of a 349-bp PCR fragment amplified using the primers
V65 forward (5#-cctcaacctactaaatgtgaccatg) and V65 re-
verse (5#-atggccacacaattctccat). Both polymorphisms were
genotyped by denaturing high performance liquid chroma-
tography. The M12 polymorphism (Underhill et al. 1997),
defining haplogroup J2b (Sengupta et al. 2006), has been an-
alyzed as described in Cruciani et al. (2002).

In all, 483 of the 517 E-M78 subjects were further
typed for 4 polymorphic dinucleotide repeats (YCAII
and DYS413 duplicated loci) and 7 tetranucleotide repeats
(DYS19, DYS391, DYS393, DYS439, DYS460 [formerly
A7.1], DYS461 [formerly A7.2], and GATA A10) as pre-
viously reported (Cruciani et al. 2004). The same eleven
microsatellites were analyzed in a set of 43 European J-
M12 chromosomes. The DYS392 microsatellite was ana-
lyzed in 101 E-M78 chromosomes using primers reported
by Butler et al. (2002) and the method described by
Cruciani et al. (2002).

Data Analysis

For each haplogroup, phylogenetic relationships
among 11 microsatellite haplotypes were obtained by se-
quentially performing reduced-median and median-joining
procedures (Bandelt et al. 1995, 1999) through the use of
the network 4.1 program (Fluxus-engineering.com, http://
www.fluxus-engineering.com/sharenet.htm). In order to re-
duce reticulations in the network, microsatellites were
weighted proportionally to the inverse of the repeat vari-
ance observed in each haplogroup.

To estimate the time to the most recent common an-
cestor (TMRCA) of haplogroups, we used the 7 tetranu-
cleotide loci and applied the average square distance
(ASD) method (Goldstein et al. 1995), where the ancestral
haplotype was assumed to be the haplotype carrying the
most frequent allele at each microsatellite locus. We em-
ployed a microsatellite evolutionarily effective mutation
rate (Zhivotovsky et al. 2004). However, because the loci
used here and those used by Zhivotovsky et al. (2004) do
not overlap completely, we calculated the microsatellite
mutation rate as follows: we obtained the mean and stan-
dard deviation of the father-to-son mutation rates reported
by Gusmão et al. (2005) for the same loci here used, and
reduced them by a factor 3.6 (i.e., the discrepancy between
the rate estimate obtained from population data and that ob-
tained from father-to-son transmissions [Zhivotovsky et al.
2004]). This resulted in an evolutionarily effective rate x5
7.9 � 10�4 (SD 5 5.7 � 10�4), a figure that was also used
in recalculating the E-M215 coalescence age (data from
Cruciani et al. 2004). Recently, Zhivotovsky et al.
(2006) showed that reduced loss of diversity in an expand-
ing population brings the evolutionarily effective rate closer
to the germ line rate than in constant-size populations.
Thus, in the case of expanding populations, we used a cor-
rection of the 7.9 � 10�4 value, that was calculated as fol-
lows. With reference to figure 2 in Zhivotovsky et al.
(2006), the values of accumulated variance in 200–300 gen-
erations for the scenarios of 1) a single rate for exponential
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Table 1
Frequencies (%) of the Y-Chromosome E-M78 Subhaplogroups in the 81 Populations Analyzed

Population
Number Region and Population N

Frequency of Haplogroup (%)

E-M78 E-M78* E-V12* E-V13 E-V22 E-V32 E-V65

Europe
1 Northern Portuguesea 50 4.00 — — 4.00 — — —
2 Southern Portuguesea 49 4.08 — — 4.08 — — —
3 Pasiegos from Cantabriaa 56 — — — — — — —
4 Asturiansa 90 10.00 — — 5.56 4.44 — —
5 Southern Spaniardsa 62 3.23 — — — 3.23 — —
6 Spanish Basquesa 55 — — — — — — —
7 French Basquesa,b 16 6.25 — 6.25 — — — —
8 Frencha,b 225 4.44 — 0.44 4.00 — — —
9 Englisha,b 28 — — — — — — —

10 Danisha 35 2.86 — — 2.86 — — —
11 Germans 77 3.90 — — 3.90 — — —
12 Polisha 40 2.50 — — 2.50 — — —
13 Czechs 268 4.85 — — 4.85 — — —
14 Slovaks 24 8.33 — — 8.33 — — —
15 Slovenians 104 2.88 — — 2.88 — — —
16 Northern Italiansa,b 94 7.45 — — 5.32 2.13 — —
17 Central Italiansa,b 356 7.87 — 0.28 5.34 1.97 — 0.28
18 Southern Italiansa 141 10.64 — 0.71 8.51 1.42 — —
19 Siciliansc,d 153 13.07 — 0.65 7.19 4.58 — 0.65
20 Sardiniansa,b,e 374 3.48 0.27 0.27 1.07 0.80 — 1.07
21 Estoniansa 74 4.05 — — 4.05 — — —
22 Belarusians 40 — — — — — — —
23 Northern Russiansa,b 82 3.66 — — 3.66 — — —
24 Southern Russians 92 2.17 — — 2.17 — — —
25 Ukrainians 11 9.09 — — 9.09 — — —
26 Moldovians 77 7.79 — — 7.79 — — —
27 Hungarians 106 9.43 — — 9.43 — — —
28 Rumaniansa 265 7.55 — — 7.17 0.38 — —
29 Macedonians 99 18.18 — — 17.17 1.01 — —
30 Continental Greeks 147 19.05 — — 17.69 0.68 — 0.68
31 Greeks from Crete 215 6.51 — 0.93 5.58 — — —
32 Greeks from Aegean Islands 71 16.90 — — 15.49 1.41 — —
33 Bulgariansa 204 16.67 — 0.49 16.18 — — —
34 Albaniansa 96 32.29 — — 32.29 — — —

Northwestern Africa
35 Moroccan Arabsa 55 40.00 3.64 — — 7.27 — 29.09
36 Asni Berbers 54 3.70 — — — 3.70 — —
37 Bouhria Berbers 67 1.49 — — 1.49 — — —
38 Moyen Atlas Berbersa 69 10.14 — — — — — 10.14
39 Marrakech Berbersa 29 6.90 — 3.45 — 3.45 — —
40 Moroccan Jews 50 12.00 — 2.00 2.00 8.00 — —
41 Mozabite Berbersa,b 20 — — — — — — —

Northeastern Africa
42 Libyan Jews 25 8.00 — — 4.00 — — 4.00
43 Libyan Arabs 10 20.00 — — — — — 20.00
44 Northern Egyptians (Delta)a 72 23.61 — 5.56 1.39 13.89 2.78 —
45 Egyptian Berbers 93 6.45 — 2.15 — — — 4.30
46 Egyptians from Baharia 41 41.46 — 14.63 2.44 21.95 — 2.44
47 Egyptians from Gurna Oasis 34 17.65 5.88 8.82 — — 2.94 —
48 Southern Egyptiansa 79 50.63 — 44.30 1.27 3.80 — 1.27

Eastern Africa
49 Amharaa 34 8.82 — — — — 8.82 —
50 Ethiopian Jewsa 22 9.09 — — — — 9.09 —
51 Mixed Ethiopiansa 12 33.33 — — — 25.00 8.33 —
52 Borana/Oromo (Kenya/Ethiopia)a 32 40.63 — — — — 40.63 —
53 Wolaytaa 12 16.67 — — — 8.33 8.33 —
54 Somalia 23 52.17 — — — 4.35 47.83 —
55 Nilotic from Kenyaa 18 11.11 — — — 11.11 — —
56 Bantu from Kenyaa,b 28 3.57 — — — — 3.57 —
57 Western Africaa,b,f 123 0.81 — 0.81 — — — —
58 Central Africaa,b 150 0.67 — 0.67 — — — —
59 Southern Africaa,b 105 — — — — — — —

Western Asia
60 Istanbul Turkisha 35 8.57 — — 2.86 5.71 — —
61 Southwestern Turkisha 40 2.50 — — 2.50 — — —
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population growth and 2) growth with 4 distinct consecu-
tive rates were compared with the amount accumulated in
constant-size populations. This resulted in evolutionarily
effective mutation rates decreased of factors 2.4 and 2.8,
respectively (instead of 3.6), that is, 11.9 � 10�4 (SD 5
8.5 � 10�4) and 10.2 � 10�4 (SD 5 7.3 � 10�4), which
were applied to haplogroups E-V13 and J-M12 found in
Europe. Confidence intervals (CIs) for the ASD (and
TMRCA) were obtained as follows: Mutations on the mi-
crosatellite genealogy were simulated using a Poisson pro-
cess, in which the total number of mutational events was
calculated based on branch length and assuming that muta-
tions at each microsatellite were gamma-distributed with
mean and standard deviation calculated as above. Each mu-
tation increased or decreased allele length by one step (each
with probability 0.5). ASD was then evaluated for the sim-
ulated data and the whole process repeated 1,000 times to
quote the central 95% of values. This method represents
a refinement of that by Thomas et al. (1998) and Scozzari
et al. (2001), as it also takes into account heterogeneity of
mutation rates across loci. An independent dating method
(q statistics; Forster et al. 1996; Saillard et al. 2000) was
also used to assay how robust the time obtained is to choice
of method.

Both dating procedures rely on the appropriate choice
of a haplotype to be considered ancestral, which remains an
uncontrolled source of uncertainty. We observe that the q-
based ages are slightly younger than the ASD-based ones
(fig. 1). The difference is significant only for the root of the
entire haplogroup, this being attributable to the relevant
departure from a star-like structure because of repeated

founder effects (Saillard et al. 2000). Only values obtained
from ASD are quoted in the text.

Haplogroup diversity and its sampling variance were
estimated as in Arlequin 3.0 (Excoffier et al. 2005).

Frequency and variance maps were depicted on a grid
of 44 � 60 lines using the Kriging procedure (Cressie 1991)
through the use of the program Surfer 6.0 (Golden Soft-
ware, Inc., Golden, CO). The map of microsatellite varian-
ces was obtained after pooling data from locations with less
than 3 observations and assigning the resulting figures to
the centroid of the pooled locations. These points are plot-
ted in figure 5.

Results and Discussion
Molecular Dissection of E-M78 Haplogroup

By analyzing a worldwide sample of 6,501 male sub-
jects, we have identified 517 chromosomes belonging to hap-
logroup E-M78, more than twice the number found in
a previous study (Cruciani et al. 2004). These chromosomes
have been further analyzed for the biallelic markers M148
(Underhill et al. 2000), M224 (Underhill et al. 2001), V12,
V13, V19, V22, V27, V32 (Cruciani et al. 2006), V36,
and V65 (present study). Only 2 of the markers analyzed
(V13 and V36) were phylogenetically equivalent, leading
to the identification of a total of 10 distinct haplogroups/para-
groups (fig. 1), with only 5 chromosomes remaining in the
paragroup E-M78*. Four subhaplogroups were either rare
(1 and 2 subjects for E-V27 and E-V19, respectively) or ab-
sent (E-M148andE-M224) in theglobal sample, whereas the

Table 1
Continued

Population
Number Region and Population N

Frequency of Haplogroup (%)

E-M78 E-M78* E-V12* E-V13 E-V22 E-V32 E-V65

62 Northeastern Turkisha 41 — — — — — — —
63 Southeastern Turkisha 24 4.17 — — 4.17 — — —
64 Erzurum Turkisha 25 4.00 — 4.00 — — — —
65 Central Anatoliana 61 6.56 — 1.64 4.92 — — —
66 Turkish Cypriotsa 46 13.04 — — 10.87 2.17 — —
67 Sephardi Turkisha 19 — — — — — — —
68 Palestiniansa 29 10.34 — — 3.45 6.90 — —
69 Druze Arabsa 28 10.71 — — 10.71 — — —
70 Bedouina 28 3.57 — — — 3.57 — —
71 Syrians 100 2.00 — — — 2.00 — —
72 Kurds from Iraq 20 — — — — — — —
73 Arabs from United Arab Emiratesa 40 2.50 — — — 2.50 — —
74 Omanitea 106 0.94 — — — 0.94 — —
75 Adygeia,b 18 — — — — — — —
76 Azeria 97 2.06 — — 2.06 — — —
77 Southern Asiaa,b 300 1.00 — — — 1.00 — —
78 Chinaa,b 206 — — — — — — —
79 Eastern Asiaa,b 41 — — — — — — —
80 Oceaniaa,b 21 — — — — — — —

Central and Southern America
81 Native Americana,b 43 — — — — — — —

Total 6,501 7.95 0.08 1.00 4.45 1.29 0.54 0.60

a This sample, or a subset of it, was previously typed for the M78 marker (Cruciani et al. 2004).
b Sample (or a subset of it) from the Human Genome Diversity Project/CEPH DNA panel (Cann et al. 2002).
c 43 subjects from Sicily (Trapani) analyzed by Cruciani et al. (2004) are included on the sample.
d One E-V13 subject also carries the V27 mutation.
e Two E-V22 subjects also carry the V19 mutation.
f 106 subjects from Burkina Faso analyzed by Cruciani et al. (2002) are included on the sample.
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other haplogroups/paragroups were relatively common (ta-
ble 1 and fig. 2). The E-M78 subhaplogroup identified by
the new mutation V65 includes all but 2 of the chromosomes
previously included in the cluster b and 1 chromosome from

cluster c of the E-M78 microsatellite network (Cruciani et al.
2004), once again underlining the strong but not perfect
correspondence between microsatellite-defined clusters
and UEP-defined haplogroups (Cruciani et al. 2006).

Fig. 1.—Maximum parsimony phylogeny of haplogroup E-M78. Coalescent estimates for the haplogroup E-M78 and major subhaplogroups are
shown on the right. The ASD-based estimates are reported with their 95% CIs (in parentheses); the q-based estimates are reported with their SD (in
parentheses). For haplogroup E-V13, the value obtained on the subset of western Asian samples is reported as this is free from the effect of the
population expansion recorded in Europe (see text). Haplogroup nomenclature as cited in the text is reported at the bottom; n.a. —not available (rare
haplogroups).

Fig. 2.—Maps of the observed haplogroup/paragroup frequencies. (A) E-M78; (B) E-V12*; (C) E-V32; (D) E-V13; (E) E-V22; and (F) E-V65.
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The subdivision of E-M78 in the six common major
clades revealed a pronounced geographic structuring (table
1 and fig. 2): Haplogroup E-V65 and the paragroups E-
M78* and E-V12* were observed mainly in northern
Africa, haplogroup E-V13 was found at high frequencies
in Europe, and haplogroup E-V32 was observed at high
frequencies only in eastern Africa. The only haplogroup
showing a wide geographic distribution was E-V22, rela-
tively common not only in northeastern and eastern Africa
but also found in Europe and western Asia, up to southern
Asia (table 1, fig. 2).

Locating the Origin of Haplogroup E-M78

An eastern African origin for this haplogroup was
hypothesized on the basis of the exclusive presence in that
area of a putative ancestral 12-repeat allele at the
DYS392 microsatellite, found in association with E-M78
chromosomes (Semino et al. 2004). Northeastern African
populations were not represented in that study. In order
to test this hypothesis, we analyzed for DYS392, a geo-
graphically widespread subset of the E-M78 chromosomes
here identified. We observed that the DYS392 12-repeat al-
lele is associated with the majority of the chromosomes be-
longing to the northeastern African E-V12* (15 out of 18)
and to the eastern African E-V32 (21 out of 23), with about
half (9 out of 21) of the E-V22 chromosomes (both in east-
ern and northeastern Africa), with a few of the European E-
V13 (2 out of 23), and with some north-African E-V65 (3
out of 16) chromosomes. These findings show that the
DYS392 12-repeat allele is common in different regions
characterized by high frequencies of E-M78 and suggest
that it was most likely generated by multiple mutational
events occurring in different UEP-defined subhaplogroups.
Thus, the DYS392 allele distribution is not informative to
infer the place of origin of E-M78 chromosomes.

An eastern African origin for haplogroup E-M78 was
also hypothesized on the basis of the frequency distribution
and microsatellite diversity (Cruciani et al. 2004). We may
now test this hypothesis by exploiting the new information
provided by internal biallelic markers and the extensive re-
sampling in which northeastern Africa is covered by a ro-
bust group of 90 E-M78 chromosomes. The frequencies
of E-M78 in northeastern Africa and eastern Africa are not
significantly different (0.25 ± 0.03 and 0.22 ± 0.02,
respectively). As far as the microsatellite diversity is
concerned, the highest mean variances across 7 tetranucleo-
tide loci are those observed in eastern Africa and northeast-
ern Africa (0.50 and 0.46, respectively), but an examination
of the variances at individual loci reveals that in eastern
Africa there is a disproportionate contribution of DYS19
to the mean variance (1.87). This is likely due to a multire-
peat deletion associated with the common eastern African
E-V32 haplogroup (Cruciani et al. 2006 and supplementary
table 1). When this locus is removed from the analysis, we
obtain mean variances across 6 loci of 0.41 and 0.27 for
northeastern and eastern Africa, respectively. Variances
at the 6 individual loci are always higher in the former re-
gion, and this difference is statistically significant for the
microsatellite locus DYS461 (F test for equality of varian-

ces P, 0.05). Finally, a greater diversity of E-M78 binary
subhaplogroups can be observed in northeastern Africa
(0.61 ± 0.04), where all the E-M78 major branches are pres-
ent, than in eastern Africa (0.30 ± 0.08), where only sub-
haplogroups E-V22 and E-V32 are found. E-V22 is
observed at high frequencies in both northeastern and east-
ern Africa, with microsatellite variances of 0.46 and 0.35,
respectively. The other common eastern African subha-
plogroup, E-V32, that represents about 82% of the eastern
African E-M78 chromosomes, is a relatively recent termi-
nal branch of E-V12 (8.5 ky, fig. 1), the remaining E-V12
chromosomes being found almost exclusively in northeast-
ern Africa as paragroup E-V12*. The haplogroups E-V13
and E-V65 are also found in northeastern Africa. Although
an origin for E-V13 outside the region is likely (see below),
E-V65 probably originated in situ as inferred on the basis
of its nearly exclusive presence and diversity. It is also
worth noting that the rare paragroup E-M78* has not been
observed in eastern Africa; moreover, the 2 northwestern
African E-M78* chromosomes are well differentiated
from the 2 northeastern African E-M78* chromosomes
(supplementary table 1, Supplementary Material online)
adding a new argument for a higher haplogroup diversity
in northern Africa.

In conclusion, the peripheral geographic distribution
of the most derived subhaplogroups with respect to north-
eastern Africa, as well as the results of quantitative analysis
of UEP and microsatellite diversity are strongly suggestive
of a northeastern rather than an eastern African origin of
E-M78. Northeastern Africa thus seems to be the place from
where E-M78 chromosomes started to disperse to other
African regions and outside Africa.

A Corridor for Bidirectional Migrations between
Northeastern and Eastern Africa

The evolutionary processes that determined the wide
dispersal of the E-M78 lineages from northeastern Africa to
other regions can now be addressed.

E-M78 belongs to clade E3b (E-M215). On the basis
of robust phylogeographic considerations, an eastern
African origin has been proposed for E-M215 (Underhill
et al. 2001; Cruciani et al. 2004), with a coalescence time
of 22.4 ky (95% CI 20.9–23.9 ky; recalculated from
Cruciani et al. [2004], see Subjects and Methods). A north-
eastern African origin for haplogroup E-M78 implies that
E-M215 chromosomes were introduced in northeastern
Africa from eastern Africa in the Upper Paleolithic, be-
tween 23.9 ky ago (the upper bound for E-M215 TMRCA
in eastern Africa) and 17.3 ky ago (the lower bound for E-
M78 TMRCA here estimated, fig. 1). In turn, the presence
of E-M78 chromosomes in eastern Africa can be only ex-
plained through a back migration of chromosomes that had
acquired the M78 mutation in northeastern Africa. The
nested arrangement of haplogroups E-V12 and E-V32 de-
fines an upper and lower bound for this episode, that is, 18.0
ky and 5.9 ky, respectively. These were probably not mas-
sive migrations, because the present high frequencies of E-
V12 chromosomes in eastern Africa are entirely accounted
for by E-V32, which most likely underwent subsequent
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geographically restricted demographic expansions involv-
ing well differentiated molecular types (fig. 3A). Con-
versely, the absence of E-V12* chromosomes in eastern
Africa is compatible with loss by drift. Possible more recent
episodes of gene flow are associated with the less common
E-V22 subhaplogroup, also present in both northeastern
and eastern Africa, but without a clear pattern of microsa-
tellite molecular differentiation (fig. 3B). It is conceivable
that the Nile river valley has acted as a genetic corridor for
human migrations between northeastern and eastern Africa,
a scenario that is also supported by mtDNA analysis both at
HV1 (Krings et al. 1999) and entire molecule sequence
(Olivieri et al. 2006). There are also other Y-chromosome
haplogroups shared by northeastern and eastern African
populations, that is, E-M123, J-M267, and K-M70
(Underhill et al. 2000, Cruciani et al. 2004; Luis et al.
2004; Semino et al. 2004; Sanchez et al. 2005). However,
unlike E-V12 and E-V22, these haplogroups are also
common in western Asia, where they probably originated
(Cruciani et al. 2004; Luis et al. 2004; Semino et al. 2004).
Thus, it is unclear whether their present geographic distri-
bution in Africa is the consequence of the same evolution-
ary events that involved the E-M78 chromosomes or

whether they have been introduced independently from
western Asia in eastern and northeastern Africa. Only the
molecular dissection of haplogroups E-M123, J-M267,
and K-M70 along with an extensive sampling of populations
from these regions will help in answering this question.

Direct Northern African Contribution to the European
Gene Pool

Previous studies on the Y-chromosome phylogeogra-
phy have revealed that central and western Asia were the
main sources of Paleolithic and Neolithic migrations con-
tributing to the peopling of Europe (Underhill et al. 2000;
Wells et al. 2001). Only sporadic traces of northern African
Y chromosomes were found in the European gene pool,
mainly linked to the presence at low frequencies of the
E-M81 haplogroup in Mediterranean coastal populations
(Bosch et al. 2001; Scozzari et al. 2001; Cruciani et al.
2004; Goncxalves et al. 2005). The molecular dissection
of E-M78 contributes to the understanding of the genetic
relationships between northern Africa and Europe. Several
lines of evidence suggest that E-M78 subhaplogroups E-V12,
E-V22,andE-V65havebeeninvolvedin trans-Mediterranean

Fig. 3.—Microsatellite networks of haplogroups E-V12 (A); E-V22 (B); and E-V65 (C). In network (A), a dotted circle includes all of the E-V12
chromosomes carrying the V32 mutation. Branch lengths are proportional to the number of one-repeat mutations separating 2 haplotypes. Each circle
area is proportional to the frequency of the sampled haplotype.
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migrations directly from Africa. These haplogroups are com-
mon in northern Africa, where they likely originated, and are
observed almost exclusively in Mediterranean Europe, as op-
posed to central and eastern Europe (table 1 and fig. 2). Also,
amongtheMediterraneanpopulations, theyaremorecommon
in Iberia and south-central Europe than in the Balkans, the nat-
ural entry-point for chromosomes coming from the Levant.
Such findings are hardly compatible with a southeastern entry
ofE-V12,E-V22,and E-V65 haplogroups intoEurope.Upper
limits for the introduction of each of these haplogroups in Eu-
rope are given by their estimated ages (fig. 1), whereas lower
bounds should be close to the present times, given the lack of
internal geographic structuring (fig. 3A–C; Cruciani et al.
2004;Seminoetal. 2004).Consideringboth theseE-M78sub-
haplogroups (present study) and the E-M81 haplogroup
(Cruciani et al. 2004), the contribution of northern African lin-
eages to the entire male gene pool of Iberia (barring Pasiegos),
continental Italy, and Sicily can be estimated as 5.6%, 3.6%,
and 6.6%, respectively. Whether lineages E-M123, J-M267,
G-M201, and K-M70, commonly found in both northern
Africa and Europe (Bosch et al. 2001; Arredi et al. 2004;
Cruciani et al. 2004; Semino et al. 2004), were involved in
the samepopulationmovements remains tobeascertained due
to the poor phylogeographic resolution of these haplogroups.

The Haplogroup E-V13: Migrations and Demographic
Expansions in Western Eurasia

Haplogroup E-V13 is the only E-M78 lineage that rea-
ches the highest frequencies out of Africa. In fact, it repre-
sents about 85% of the European E-M78 chromosomes
with a clinal pattern of frequency distribution from the
southern Balkan peninsula (19.6%) to western Europe
(2.5%). The same haplogroup is also present at lower fre-
quencies in Anatolia (3.8%), the Near East (2.0%), and the
Caucasus (1.8%). In Africa, haplogroup E-V13 is rare, be-
ing observed only in northern Africa at a low frequency
(0.9%). The European E-V13 microsatellite haplotypes
are related to each other to form a nearly perfect star-like
network (fig. 4A), a likely consequence of a rapid demo-
graphic expansion (Jobling et al. 2004). The TMRCA of
the European E-V13 chromosomes turns out to be 4.0–
4.7 ky (under 2 different demographic expansion scenarios,
see Subjects and Methods; 95% CI 3.5–4.6 ky and 4.1–5.3
ky, respectively). On the other hand, when only E-V13
chromosomes from western Asia are considered, the result-
ing network (fig. 4B) does not show such a star-like shape,
and a much earlier TMRCA of 11.5 ky (95% CI 6.8–17.0;
fig. 1) is obtained. These results open the possibility of rec-
ognizing time windows for 1) population movements from
the E-M78 homeland in northeastern Africa to Eurasia and
2) population movements from western Asia into Europe
and later within Europe.

The low E-V13 frequency (0.9%) and microsatellite
variance (0.13) in northern Africa do not support an antiq-
uity greater than in western Asia. Thus, the most parsimo-
nious and plausible scenario is that E-V13 originated in
western Asia about 11 ky ago, and its presence in northern
Africa is the result of a more recent introgression. Under
this hypothesis, E-V13 chromosomes sampled in western
Asia and their coalescence estimate detect a likely Paleo-

lithic exit out of Africa of E-M78 chromosomes devoid
of the V13 mutation, which later occurred somewhere in
the Near East/Anatolia. The refinement of location for
the source area of such movements and associated chronol-
ogies here attained may be relevant to controversies on the
spread of cultures (and languages) between Africa and Asia
in the corresponding time frames (Bellwood 2004; Ehret
et al. 2004, and references therein).

As to a western Asia–Europe connection, our data sug-
gest that western Asians carrying E-V13 may have reached
the Balkans anytime after 17.0 ky ago, but expanded into
Europe not earlier than 5.3 ky ago. Accordingly, the allele
frequency peak is located in Europe, whereas the distribu-
tion of microsatellite allele variance shows a maximum in
western Asia (fig. 5). Based on previously published data
(Scozzari et al. 2001; Di Giacomo et al. 2004; Semino et al.
2004; Marjanovic et al. 2005), we observed that another
haplogroup, J-M12, shows a frequency distribution within
Europe similar to that observed for E-V13. In order to eval-
uate whether the present distribution of these 2 haplogroups
can be the consequence of the same expansion/dispersal mi-
croevolutionary event, we first compared the 2 frequency
distributions in Europe (J-M12 frequencies obtained from
both published and new data; supplementary table 2,
Supplementary Material online). We observed a high and
statistically significant correspondence between the
frequencies of the 2 haplogroups (r 5 0.84, 95% CI
0.70–0.92). A similar result (r 5 0.85, 95% CI 0.70–0.93)
was obtained when the series was enlarged with the J-M12
data from Bosnia, Croatia, and Serbia (Marjanovic et al.
2005) matched with the frequencies of E-M78 cluster a
(Peričić et al. 2005) as a proxy for haplogroup E-V13

Fig. 4.—Microsatellite networks of haplogroups E-V13 in Europe
(A), E-V13 in western Asia (B), and J-M12 in Europe (C).
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(Cruciani et al. 2006). We then constructed a microsatellite
network of 43 European J-M12 chromosomes (supplemen-
tary table3,SupplementaryMaterialonline)andfoundaclear
star-like structure (fig. 4C), a further feature shared with E-
V13. This similarity was mirrored by a unimodal distribution
of haplotype pairwise differences for both haplogroups (not
shown). Finally, we used tetranucleotide microsatellite data
in order to obtain a coalescence estimate for the J-M12 hap-
logroup in Europe. By taking into consideration 2 different
demographic expansion models (see Subjects and Methods),
we obtained TMRCA estimates very close to those of E-V13,
that is,4.1ky(95%CI2.8–5.4ky)and4.7ky(95%CI3.3–6.4
ky), respectively. Thus, the congruence between frequency
distributions, shape of the networks, pairwise haplotypic dif-
ferences, and coalescent estimates points to a single evolu-
tionary event at the basis of the distribution of
haplogroups E-V13 and J-M12 within Europe, a finding
never appreciated before. These 2 haplogroups account for
more than one-fourth of the chromosomes currently found
in the southern Balkans, underlining the strong demographic
impact of the expansion in the area.

Either environmental or cultural transitions are usually
considered to be at the basis of dramatic changes of the size
of human populations (Jobling et al. 2004). At least 4 major
demographic events have been envisioned for this geo-
graphic area, that is, the post-Last Glacial Maximum expan-
sion (about 20 kya) (Taberlet et al. 1998; Hewitt 2000), the
Younger Dryas–Holocene reexpansion (about 12 kya), the
population growth associated with the introduction of
agricultural practices (about 8 kya) (Ammerman and
Cavalli-Sforza, 1984), and the development of Bronze tech-
nology (about 5 kya) (Childe 1957; Piggott 1965; Renfrew
1979; Kristiansen 1998). Though large, the CI for the co-
alescence of both haplogroups E-V13 and J-M12 in Europe
exclude the expansions following the Last Glacial Maxi-
mum or the Younger Dryas. Our estimated coalescence
age of about 4.5 ky for haplogroups E-V13 and J-M12
in Europe (and their CIs) would also exclude a demographic
expansion associated with the introduction of agriculture
from Anatolia and would place this event at the beginning
of the Balkan Bronze Age, a period that saw strong
demographic changes as clearly testified from archeological
records (Childe 1957; Piggott 1965; Kristiansen 1998).
The arrangement of E-V13 (fig. 2D) and J-M12 (not shown)
frequency surfaces appears to fit the expectations for a range
expansion in an already populated territory (Klopfstein
et al. 2006). Moreover, similarly to the results reported
by Peričić et al. (2005) for E-M78 network a, the dispersion
of E-V13 and J-M12 haplogroups seems to have mainly
followed the river waterways connecting the southern
Balkans to north-central Europe, a route that had already
hastened by a factor 4-6 the spread of the Neolithic to
the rest of the continent (Tringham 2000; Davison et al.
2006). This axis also served as a major route for the follow-
ing millennia, enabling cultural and material (and possibly
genetic) exchanges to and from central Europe (Childe
1957; Piggott 1965; Kristiansen 1998). Thus, the present
work discloses a further level of complexity in the interpre-
tation of the genetic landscape of southeastern Europe,
this being to a large extent the consequence of a recent
population increase in situ rather than the result of a

mere flow of western Asian migrants in the early Neolithic.
Indeed, Y-chromosomal data from regions to the north
(Kasperaviči�ut _e et al. 2004), northwest (Luca et al.
2007), and west (Di Giacomo et al. 2004) to the Balkans
show signatures of demographic events that match archeo-
logically documented changes in the population size in the
1st millennia BC.

Concluding Remarks

The buildup of the present day male-specific Y-chro-
mosome (MSY) diversity can be viewed as an increase of
complexity due to the repeated addition of new variation to
the preexisting background by 2 main mechanisms: immi-
gration of differentiated MSY copies from outer regions
and accumulation of novel MSY variants generated by
new mutations in loco. The question is whether a DNA
polymorphism, which is able to mark a specific episode in-
deed exists and is known. Recently, Sengupta et al. (2006)
pointed out that combining high resolved phylogenetic hi-
erarchy, haplogroup internal diversification, geography,
and expansion time estimates can lead to the appropriate
diachronic partition of the MSY pool. The DNA content
of the MSY ensures that abundant diversity exists to pro-
ceed a long way in this process of phylogeographic refine-
ment eventually leading to a level of resolution for human
history comparable with, or even greater, than that achieved
by mitochondrial DNA (Torroni et al. 2006).

Supplementary Material

Supplementary figure 1 and tables 1–3 are available
at Molecular Biology and Evolution online (http://
www.mbe.oxfordjournals.org/).
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Cinnioğlu C, King R, Kivisild T, et al. (15 co-authors). 2004.
Excavating Y-chromosome haplotype strata in Anatolia. Hum
Genet. 114:127–148.

Cressie NAC. 1991. Statistics for spatial data. New York: John
Wiley and Sons Inc.

Cruciani F, La Fratta R, Santolamazza P, et al. (19 co-authors).
2004. Phylogeographic analysis of haplogroup E3b (E-M215)
Y chromosomes reveals multiple migratory events within and
out of Africa. Am J Hum Genet. 74:1014–1022.

Cruciani F, La Fratta R, Torroni A, Underhill PA, Scozzari R.
2006. Molecular dissection of the Y chromosome haplogroup
E-M78 (E3b1a): a posteriori evaluation of a microsatellite-
network-based approach through six new biallelic markers.
Hum Mutat. 27:831–832.

Cruciani F, Santolamazza P, Shen P, et al. (16 co-authors). 2002.
A back migration from Asia to sub-Saharan Africa is
supported by high-resolution analysis of human Y-chromo-
some haplotypes. Am J Hum Genet. 70:1197–1214.

Davison K, Dolukhanov P, Sarson GR, Shukurov A. 2006. The
role of waterways in the spread of the Neolithic. J Archaeol
Sci. 33:641–652.

Di Giacomo F, Luca F, Popa LO, et al. (27 co-authors). 2004. Y
chromosomal haplogroup J as a signature of the post-neolithic
colonization of Europe. Hum Genet. 115:357–371.

Ehret C, Keita SOY, Newman P. 2004. The origins of
Afroasiatic. Science. 306:1680–1681.

Excoffier L, Laval G, Schneider S. 2005. Arlequin (version 3.0):
an integrated software package for population genetics data
analysis. Evol Bioinform Online. 1:47–50.

Flores C, Maca-Meyer N, González AM, Oefner PJ, Shen P,
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