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To investigate which aspects of contemporary human Y-chromosome variation in Europe are characteristic of
primary colonization, late-glacial expansions from refuge areas, Neolithic dispersals, or more recent events of gene
flow, we have analyzed, in detail, haplogroup I (Hg I), the only major clade of the Y phylogeny that is widespread
over Europe but virtually absent elsewhere. The analysis of 1,104 Hg I Y chromosomes, which were identified in
the survey of 7,574 males from 60 population samples, revealed several subclades with distinct geographic distri-
butions. Subclade I1a accounts for most of Hg I in Scandinavia, with a rapidly decreasing frequency toward both
the East European Plain and the Atlantic fringe, but microsatellite diversity reveals that France could be the source
region of the early spread of both I1a and the less common I1c. Also, I1b*, which extends from the eastern Adriatic
to eastern Europe and declines noticeably toward the southern Balkans and abruptly toward the periphery of
northern Italy, probably diffused after the Last Glacial Maximum from a homeland in eastern Europe or the
Balkans. In contrast, I1b2 most likely arose in southern France/Iberia. Similarly to the other subclades, it underwent
a postglacial expansion and marked the human colonization of Sardinia ∼9,000 years ago.
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Haplogroup (Hg) I-M170 is a component of the Eu-
ropean Y-chromosome gene pool, accounting, on aver-
age, for 18% of the total paternal lineages. Its virtual
absence elsewhere, including the Near East, suggests that
it arose in Europe, likely before the Last Glacial Max-
imum (LGM) (Semino et al. 2000).
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Previous studies revealed that Hg I reached a fre-
quency of ∼40%–50% in two distinct regions—in Nor-
dic populations of Scandinavia and, in southern Europe,
around the Dinaric Alps—each showing different back-
ground STR modal haplotypes (Semino et al. 2000; Pas-
sarino et al. 2002; Barać et al. 2003). In addition, sub-
clade I-M26 (Underhill et al. 2000) reaches a very high
frequency (∼40%) (Semino et al. 2000; Passarino et al.
2001; Francalacci et al. 2003) in Sardinia, particularly
in the “archaic area” (Cappello et al. 1996; Zei et al.
2003), and is associated with the peculiar YCAIIb-11
allele (Ciminelli et al. 1995; Caglia et al. 1997; Quin-
tana-Murci et al. 1999; Malaspina et al. 2000; Scozzari
et al. 2001). Overall, these observations suggest that Hg
I could have played a central role in the process of human
recolonization of Europe from isolated refuge areas after
the LGM and suggest the likelihood that a comprehen-
sive phylogeographic study should be able to localize the
in situ origin and spread of principal male founders.

In the present study, the M170 ArC transversion,
which defines Hg I, was assessed in a total of 7,574
subjects, including 6,095 Y chromosomes from 48 Eu-
ropean populations and 1,479 individuals from 12 pop-
ulations of surrounding regions (the Near East, Maca-
ronesia, Central Asia, and the Caucasus). The results are
reported in table 1, together with 407 additional mem-
bers of Hg I out of 3,859 Y chromosomes extracted from
the literature. Of the 1,104 Y chromosomes from the
present study (1,060 from European subjects and 44
from the adjacent regions) that showed the derived
M170 C-allele, 236, representative of the entire collec-
tion, were first examined for all the Hg I mutations
known to date—namely, M21, M26, P37, M72, M223,
M227, M253, M258, M284, and M307, whose phy-
logenetic relationships are illustrated in figure 1A. Ge-
notyping was performed in a hierarchical way, and meth-
ods are provided in the legend to figure 1. The M258
and M307 mutations were observed in all of the Hg I
and I1a Y chromosomes, respectively, whereas the M21,
M72, and M284 mutations were not found. Thus, all
of these were subsequently omitted in the remainder of
the survey. To evaluate the differentiation of the I sub-
clades (fig. 2), 533 Hg I Y chromosomes from 34 pop-
ulation samples were examined for the microsatellites
DYS19, DYS388, DYS390, DYS391, DYS392, and
DYS393 (Roewer et al. 1992, 1996; Thomas et al. 1998,
1999); 183 of the same chromosomes (from 20 popu-
lations) were also genotyped for the DYS389 (Roewer
et al. 1996), YCAIIa, and YCAIIb (Mathias et al. 1994)
loci; and 128 were also genotyped for the 49a,f system
(for a review, see Poloni et al. [1997]). The results ob-
tained were used to construct the network illustrated in
figure 2. The STR and 49a,f data are available upon
request.

Hg I accounts for more than one-third of paternal line-

ages in two distinct regions of Europe: among Scandi-
navian populations and in the northwestern Balkans
(table 1; fig. 1B). Relatively high frequencies are also char-
acteristic of some French regions, like Low Normandy
and southern France. Interestingly, a lower frequency of
haplogroup I distinguished the Baltic-speaking Latvians
(7.0%; 90% CI 3.8%–13.2%) from their northern neigh-
bors, the Finnic-speaking Estonians (18.6%; 90% CI
14.6%–23.4%). Similar cases of even more significant
frequency change over a short geographic distance occur
between the southern Slavic-speaking populations and
their adjacent neighbors: namely, the Slovenians versus
the northern Italians (38.2%; 99.9% CI 19.5%–60.2%
vs. 4.6%; 99.9% CI 1.4%–11.7%), and Macedonians
versus Greeks (30.0%; 95% CI 19.1%–43.8% vs.
13.8%; 95% CI 10.1%–18.5%).

As reported in table 1 and illustrated in figure 1A,
three subhaplogroups, defined by the M253 (I1a), P37
(I1b), and M223 (I1c) markers, account for 95% of the
Hg I Y chromosomes, and the remaining subhaplo-
groups belong to paragroup I*.

Subhaplogroup I1a is mostly found in northern Europe,
with its highest frequencies in Scandinavian populations,
where it accounts for 88%–100% of Norwegian, Swed-
ish, and Saami M170 lineages. I1a has a decreasing gra-
dient from its peak frequency in Scandinavia toward both
the Urals and the Atlantic periphery (fig. 1C). Its I1a4
subclade has been found mainly as single observations
scattered in eastern and southeastern Europe. Since the
Scandinavian Peninsula was completely depopulated dur-
ing the LGM, two main European refugia, the Iberian
Peninsula/southern France and the Ukraine/Central Rus-
sian Plain (Dolukhanov 2000), can be considered as pos-
sible source regions of Scandinavian I1a chromosomes.
Although Hg I occurs in the Ukraine at a higher incidence
(22%) than in western Europe (11% in France), the vir-
tual absence in Scandinavia of the most represented east-
ern European I1b* subclade, together with the higher I1a
microsatellite diversity background, point to western Eu-
rope as the source of the Scandinavian I1a chromosomes,
since the STR diversity of I1a decreases from western to
eastern Europe, showing a significant negative correlation
( ; significance level 0.99) with longitude. Inr p �0.63
France, I1a is the leading subclade, representing 45% of
the Hg I lineages, which, however, occur in a focal rather
than clinal pattern. Hg I is more frequent in Low Nor-
mandy (I p 23.8%; I1a p 11.9%) and southern France
(I p 15.8%; I1a p 5.3%), whereas it has a much lower
occurrence in the Poitier and Lyon interior regions (I p
4.0%; I1a p 2.0%). Interestingly, subclade I1a shows a
distribution similar to the second PC of the synthetic maps
based on classical genetic markers (Cavalli-Sforza et al.
1994) and reveals a significantly positive correlation with
mtDNA haplogroups V and U5b ( ;r p 0.47 r pV U5b

; significance level 0.999), which have been sug-0.60
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Table 1

Frequencies of Haplogroup I and its Subhaplogroups

REGION AND POPULATION

SAMPLE

SIZE

HG I
FREQUENCY OF I SUBHAPLOGROUPa

(%)

hbN % I* M170 I1a* M253 I1a4 M227 I1b*P37 I1b2 M26 I1c M223

Western Europe:
Portuguesec 303 16 5.3 1.3 1.3 .7 .3 1.6 .808
Andalusianc,d 103 4 3.9 2.9 1.0
Catalanc,d 32 1 3.1 3.1
Basque (Spanish, French)c,d 100 6 6.0 6.0 .000
Bearnaisc 26 2 7.7 7.7
French (Southern France)c 38 6 15.8 5.3 5.3 5.3 .800
French (Low Normandy)c 42 10 23.8 4.8 11.9 2.4 4.8 .733
French (Lyon, Poitier)c 99 4 4.0 2.0 1.0 1.0
Swissc 144 11 7.6 .7 5.6 1.4 .473
Irish (Rush)e 76 8 10.5 NT NT NT NT 2.6 NT
Welshe 196 16 8.1 NT NT NT NT .5 NT
Englishe 945 174 18.4 NT NT NT NT .7 NT
Scottishe 178 20 11.2 NT NT NT NT NT
Scottish (Scottish Isles)e 272 45 16.5 NT NT NT NT .4 NT
Germanc,d 16 6 37.5 25.0 12.5 .733
Dutchc,d 30 8 26.7 16.7 10.0 .535
Danishf 194 75 38.7 NT NT NT NT NT NT

Macaronesia:
Madeiran (Portugal)c 132 6 4.5 1.5 .7 .7 1.5 .866
Azorean (Portugal)c 121 7 5.8 1.6 2.5 1.6 .762
Cape Verde Islandersc 201 1 .5 .5

Southern Europe:
Italian (northern Italy)c 194 9 4.6 2.6 1.0 1.0 .688
Italian (central Italy)c 196 14 7.1 1.0 2.0 1.0 3.0 .747
Italian (Calabria)c,d 148 8 5.4 2.0 .7 .7 .7 1.4 .857
Italian (Albanese origin)c 78 5 6.4 1.3 1.3 3.8
Italian (Apulia)c 78 2 2.6 1.3 1.3
Italian (Sicily)g 51 4 8.8 NT NT NT NT NT
Italian (Sardinia)c,d 142 60 42.3 40.9 1.4 .098
Corsicang 34 1 3.9 NT NT NT NT NT

Balkans:
Slovenianc 55 21 38.2 3.6 10.9 1.8 20.0 1.8 .663
Croat (mainland)c,d,h 189 72 38.1 .5 5.3 .5 31.2 .5 .312
Bosnianc 100 42 42.0 2.0 40.0 .092
Albanianc 106 25 23.6 2.8 17.0 3.8 .581
Macedonian (northern Greece)c 50 15 30.0 2.0 8.0 2.0 18.0 .600
Romanianc 361 80 22.2 .8 1.7 17.7 1.9 .356
Moldavianc 60 17 28.3 3.3 21.7 3.3 .411
Gagauz (Moldova)c 79 25 31.6 2.5 24.1 5.1 .406
Greekc,d 261 36 13.8 1.5 2.3 8.4 1.5 .590

Northern Europe:
Swedish (South Sweden)c 168 68 40.5 .6 35.7 .6 3.6 .216
Swedish (North Sweden)c 57 15 26.3 26.3 .000
Norwegianc,i 72 29 40.3 38.9 1.4 .058
Saamic,j 35 11 31.4 2.9 28.6 .182

Baltic:
Estonianc,j 210 39 18.6 14.8 .5 2.9 .5 .310
Latvianc,j 86 6 7.0 4.7 1.2 1.2 .600

(continued)
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Table 1 (continued)

REGION AND POPULATION

SAMPLE

SIZE

HG I
FREQUENCY OF I SUBHAPLOGROUPa

(%)

hbN % I* M170 I1a* M253 I1a4 M227 I1b*P37 I1b2 M26 I1c M223

Central-eastern Europe:
Polishc,d 191 34 17.8 5.8 1.0 9.9 1.0 .593
Czech and Slovakc,d 198 27 13.6 .5 4.5 .5 7.1 1.0 .635
Hungarianc,d 162 37 22.8 .6 9.9 11.1 1.2 .588
Byelorussianc 147 28 19.0 .7 2.7 15.0 .7 .373
Ukrainianc,d 585 128 21.9 .2 4.8 .3 16.1 .5 .415
Russian (northern, Pinega)c 127 6 4.7 .8 3.9 .333
Russian (Kostroma region)c 53 10 18.9 6.0 9.4 3.7 .688
Russian (Smolensk region)c 120 13 10.8 1.7 9.1 .283
Russian (Belgorod region)c 144 24 16.7 3.5 12.5 .7 .634
Russian (Cossacks)c 97 22 22.7 1.0 4.1 15.5 2.0 .515
Russian (Adygea)c 78 19 24.4 1.3 5.1 16.7 1.3 .508
Russian (Bashkortostan)c 50 3 6.0 4.0 2.0
Udmurtc,d 132 3 2.3 NT NT NT NT NT NT
Mordvinc 83 16 19.3 12.0 2.4 4.8 .566
Komic 110 5 4.5 3.6 .9
Chuvashesc 80 9 11.3 7.5 1.3 2.5 .555
Tatarc 123 6 4.9 1.6 .8 2.4 .733

Near East:
Turkishc,d,k 741 38 5.1 1.1 .9 2.3 .7 .723
Lebanesec,d 66 3 4.5 1.5 1.5 1.5
Jewishc,d 150 2 1.3 .7 .7
Iraqic,l 176 1 .6 .6
Iranianc 83 0

Caucasus, Central Asia:
Nogaysc 61 3 4.9 4.9
Adygeisc 138 6 4.3 1.4 2.9 .533
Karachaisc 70 5 7.1 7.1
Northern Caucasianm 114 7 6.1 NT NT NT NT NT NT
Southern Caucasianm 249 10 4.0 NT NT NT NT NT NT
Georgianc,d 63 0
Central Asiann 984 15 1.5 NT NT NT NT NT NT

a NT p not tested.
b Haplogroup diversities (h) were calculated as described by Nei (1987) if more than five Y chromosomes belonged to haplogroup I.
c Sample examined in the present study. When a sample includes subsamples previously tested for the M170 mutation, the relative references

are also reported. The Turkish sample includes also data from Cinnioğlu et al. (2004). The Udmurt samples are from the present study (89
individuals with 0 Hg I individuals) and from Semino et al. (2000).

d Semino et al. (2000).
e Capelli et al. (2003).
f Sanchez et al. (2003).
g Francalacci et al. (2003).
h Barać et al. (2003).
i Passarino et al. (2002).
j Tambets et al. (2004).
k Cinnioğlu et al. (2004).
l Al-Zahery et al. (2003).
m Nasidze et al. (2003). Northern Caucasians include Kabardinians, Ingushians, Chechenians, and Abazinians; southern Caucasians include

Armenians, Georgians, and Azerbaijanis.
n Wells et al. (2001). Central Asians are a pool of populations from Kazakhstan, Tajikistan, Turkmenistan, Uzbekistan, and Kyrgystan.



Figure 1 A, Phylogram of Hg I and its subclades within the context of the superhaplogroup F. Mutation labeling follows the Y Chromosome
Consortium nomenclature (Y Chromosome Consortium 2002; Jobling and Tyler-Smith 2003). Markers M21 and M72 (Underhill et al. 2001)
and the three new markers—M258 (a TrC transition at position 123), M284 (ACAAdel at position 105), and M307 (a GrA transversion at
position 282)—were examined in a subset of 236 Y chromosomes, representative of the entire collection, by using the DHPLC method. The
primers used for the new markers were as follows: F, 5′-tatatagcatatgttaaatgtttaggt-3′ and R, 5′-gacttttgaataatttgcatctttc-3′ for M258; F, 5′-
ggcagttttcatttaagcaga-3′and R, 5′-agcgaaactttcagcacttc-3′ for M284; and F, 5′-ttattggcatttcaggaagtg-3′ and R, 5′-gggtgaggcaggaaaatagc-3′ for
M307. When the DHPLC method was not used, M170 was detected as described by Ye et al. (2002); M253 was detected by using published
primers (Cinnioğlu et al. 2004) and restriction analysis with HincII; P37 was assayed by TaaI digestion using the primers given by YCC (2002);
and M223, M26, and the novel M227 (a CrG transversion at position 157) were studied by sequencing using published primers (Underhill et
al. 2001) and the primers F, 5′-gagtgccaagctgaggatg-3′ and R, 5′-tccttgcagccgctgaggag-3′, respectively. A minority ( ) of widely geographicallyn p 67
distributed Hg I Y chromosomes (table 1) not tested for M258 and not harboring derived alleles at the sites M253, P37, and M223 were
aggregated into paragroup I*. B–F, Frequency distribution of haplogroup I (B) and its subclades: I1a (C), I1c (D), I1b* (E), and I1b2 (F). Maps
were obtained by applying the frequencies from table 1 in Surfer (version 7) software (Golden Software).
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Figure 2 Network of haplogroup I. The network was obtained by using the biallelic markers and six STR loci (DYS19, DYS388, DYS390,
DYS391, DYS392, and DYS393) in 533 Hg I chromosomes from 34 populations (Andalusian, Basques [French and Spanish], Bearnais, French
[southern France, Low Normandy, Lyon, and Poitier], Swiss, Dutch, Italian [northern Italy, central Italy, Calabria1, Calabria2 of Albanese
origin, Apulia, and Sardinia], Croat, Bosnian, Albanian, Macedonian, Moldavian, Gagauz, Greek, Swedish, Norwegian, Saami, Estonian, Polish,
Czech, Slovak, Hungarian, Ukrainian, Turkish, and Jewish). The phylogenetic relationships between the 58 microsatellite haplotypes (out of
the 156 observed) with frequency 11 were determined by using the program NETWORK 4.0b (Fluxus Engineering Web site). Networks were
calculated by the median-joining method ( ) (Bandelt et al. 1995), weighting the STR loci according to the average of their relative variability� p 0
in the haplogroup I subclades and after having processed the data with the reduced-median method. Circles represent microsatellite haplotypes.
Unless otherwise indicated by a number on the pie, the area of the circles and the area of the sectors are proportional to the haplotype frequency
in the haplogroup (the smallest circle corresponds to two individuals) and in the geographic area indicated by the color. The inset reveals, in
more detail, the relationship between I1b2 and I1b* in a subsample of 103 Y chromosomes from 20 populations. The network was determined
as described above but, in this case, in addition to the above mentioned six STR loci, the YCAIIa, YCAIIb, and DYS389 microsatellites and
the 49a,f system were also considered. Here, the smallest circle of the network corresponds to a single Y chromosome. Very stable YCAII motifs
characterize both I1b* (YCAIIa-21/YCAIIb-21) and I1b2 (YCAIIa-21/YCAIIb-11), supporting the hypothesis that single-banded patterns and
very short alleles are due to deletion events rather than stepwise mutations.

gested to mark a postglacial population expansion from
Iberia (Torroni et al. 1998, 2001; Tambets et al. 2004).

A different scenario has to be envisioned for subhap-
logroup I1b*, which is the most frequent clade in eastern
Europe and the Balkans. It reaches its highest incidences
in Croatia (31%) and Bosnia (40%), encompassing al-
most 80%–90% of I (table 1). In western Europe, its
subclade I1b2 (M26) (fig. 1F) (Semino et al. 2000; Bosch
et al. 2001; Capelli et al. 2003; Maca-Meyer et al. 2003)
is found at a very low frequency (!5%), except in Sar-
dinia (41%), Castile (19%) (Flores et al., in press), Bear-

nais (8%), and in the Basques (6%). Although subclade
I1b2 and the paragroup I1b* (the latter present at mar-
ginal frequencies) co-occur west of the Italian Apennines,
only I1b* is present east of the Adriatic. I1b* Y chro-
mosomes rapidly dissipate west of the Balkans—they are
virtually absent among Italians, Germans, French, and
Swiss (table 1; fig. 1E)—but extend eastward at notable
frequencies among Slavic-speaking populations. This
finding suggests that, similar to I1a, I1b* also may have
expanded from a glacial refuge area. However, this area
was most likely located in eastern Europe or the Balkans.
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Table 2

Haplotype Diversity of I1a and I1b*

POPULATION

DIVERSITY OFa

I1a I1b*

French .972 …
Italian .933 …
Swiss .750 …
Norwegian .809 …
Saami .806 …
Swedish .926 …
Estonian .895 .867
Hungarian .884 .746
Ukrainian .782 .802
Czech and Slovak .857 .904
Polish … .818
Croat .830 .845
Bosnian … .929
Gagauz (Moldova) … .900
Moldavian … .410
Turkish .800 .755

a Haplotype diversity values were calcu-
lated according to Nei (1987), using the
STR (DYS19, DYS388, DYS390, DYS391,
DYS392, and DYS393) haplotype frequencies
only when more than five Y chromosomes
were found to belong to either I1a or I1b*.

In central and eastern Europe, subhaplogroups I1a
and I1b show overlapping frequency gradients, although
with opposite post-LGM spreading. The divergent dis-
tributions of I1b2 and I1b* suggest that their separation
occurred before the LGM and that the M26 mutation
arose in a I1b Y chromosome from western Europe, most
likely in a population in Iberia/southern France. The
exceptionally high incidence of I1b2 in the archaic zone
of Sardinia (Cappello et al. 1996; Zei et al. 2003) can
be explained by the presence of I1b2 chromosomes
among the first humans who colonized the island,
∼9,000 years ago, followed by isolation and genetic
drift. The extremely low frequency of I1b2 in the Scan-
dinavian Peninsula, where the “western European” I1a
Y chromosomes account for the large majority of Hg I,
suggests, in addition, that the ancestral western Euro-
pean population(s), characterized by the M26 mutation,
probably played a minor role in the colonization of that
region. A geographic and genetic subdivision within the
broad western refuge area, together with differences in
initial sample size, genetic drift, and expansions, could
also explain the quite different distribution of Hg I sub-
haplogroups with respect to the west-east decreasing
gradient displayed by R1b, the most frequent subhap-
logroup in western Europe.

The high STR diversity of the I1b* lineages in Bosnia
supports the view that the P37 SNP might have been
present in the Balkan area before the LGM, as previously
proposed by Semino et al. (2000). Diversity h values
based on STR haplotypes for I1a are highest near Iberia
but vary substantially in different populations (table 2).
For I1b*, conversely, the highest h values are in the Bal-
kan populations—among Bosnians (0.93) and Croats
(0.85)—coinciding with the area of its frequency peak,
but equally high values were also observed for Czechs
and Slovaks (0.90). The lowest h values of I1b* were
detected among Turks (0.76) and in our Moldavian sam-
ple (0.41).

Subhaplogroup I1c (fig. 1D) covers a wide range in
Europe, with the highest frequencies (∼5%–12%) in
northwestern Europe and lower frequencies elsewhere.
Its geographic and linguistic correlations across the con-
tinent were insignificant. However, the 49a,f system and
the microsatellites YCAIIa-YCAIIb reveal that I1a and
I1c harbor an identical compound haplotype (49a,f
Ht12/YCAIIa-21/YCAIIb-19), which is different from
those of I1b* (49a,f Ht10/YCAIIa-21/YCAIIb-21) and
I1b2 (49a,f Ht12/YCAIIa-21/YCAIIb-11). These results
indicate that subhaplogroups I1a and I1c may be part
of a single monophyletic clade whose deep biallelic mu-
tations are still undefined and that they probably share
a common history of expansion. This scenario is also
supported by the high positive correlation between the
geographic distributions of I1a and I1c ( whenr p 0.75
Fennoscandia is excluded; significance level 0.999).

Anatolia is at the easternmost fringe of the spread of
haplogroup I, where it is found at higher frequencies in
the regions that are geographically closer to Europe (Cin-
nioğlu et al. 2004). This observation, combined with a
low haplotype diversity in Turkey plus exact haplotype
matches with Europe, suggests that haplogroup I Y chro-
mosomes in Turkey are due to migrations from Europe,
as has been argued for a fraction of the Turkish mtDNAs
(Richards et al. 2000).

A temporal interpretation of the phylogeography
based on the results of the STR length variation in
the individual subhaplogroups of I (Zhivotovsky et al.
2004) is reported in table 3. The age of STR variation
for I* was estimated as years, a value24,000 � 7,100
that is very close to the population divergence time
( years). This finding supports the earlier23,000 � 7,700
suggestion that haplogroup I originated from a pool of
European pre-LGM, middle Upper Paleolithic Y chro-
mosomes (Semino et al. 2000). Our time estimates hint
that its initial spread in Europe may be linked to the
diffusion of the largely pan-European Gravettian tech-
nology ∼28,000–23,000 years ago (Djindjian 2000; Per-
les 2000). On the other hand, these values represent the
lower limit of the age of M170 mutation. The precedent
mutation (M89) (fig. 1A) defines the overarching su-
perhaplogroup F, whose representatives span the entire
non-African gene pool, likely predating the peopling of
Europe (some 40,000–50,000 years ago). Potentially
more informative are the estimates of subclade diver-
gence times. Thus, it appears that I1a, I1b, and I1c all
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Table 3

Age Estimates and Divergence Times of Haplogroup I Subclades

AGE ESTIMATE OR

DIVERGENCE TIME

HAPLOGROUP I SUBCLADE

I* I1a I1b* I1b2 I1c

Time since subclade divergencea … 15.9 � 5.2b 10.7 � 4.8b 9.3 � 7.6c 14.6 � 3.8b

Age of STR variationd 24.0 � 7.1 8.8 � 3.2 7.6 � 2.7 8.0 � 4.0 13.2 � 2.7
Time since population divergencee 23.0 � 7.7f 6.8 � 1.9g 7.1 � 2.5 7.9 � 3.6h 11.2 � 2.3i

a The times, in thousands of years, when the subclades I1a, I1b*, and I1c diverged from I*, as well as when
I1b2 diverged from I1b*, were estimated by using the TD estimator: (Zhivotovsky et al.T p (D � 2V )/2wD 1 0

2001, 2004). Here, D1 is the average squared difference between two alleles sampled from two populations; V0

is the within-population variance in the number of repeats in the ancestral population prior to its subdivision,
estimated as a half square difference between the allele repeat scores at the founder haplotypes; and w is the
effective mutation rate of 0.00069 per locus per 25 years (Zhivotovsky et al. 2004).

b Divergence from I*.
c Divergence from I1b*.
d The age of STR variation of a subclade was estimated as the average squared difference in the number of

repeats between all sampled chromosomes and the founder haplotype, divided by w. Ages of STR variation
within clades I and I1b were estimated by using I* and I1b* Y chromosomes, respectively. This makes them
statistically independent from the STR variation of their subclades, although they could be still biased because
of uncertainties on founder haplotypes.

e The age of population expansion (divergence), estimated with TD, letting , gives its upper bound.V p 00

Time since population divergence was analyzed only in populations with a sample size of at least five individuals;
the estimates give an upper bound for the time of population expansion (divergence).

f Since all populations, except the Turks, were represented within I* by fewer than five individuals each, only
two samples were compared: Turks versus “Others.”

g Obtained by comparing Croat, Czech, Estonian, French, Hungarian, Norwegian, Saami, Swedish, Swiss,
Turkish, and Ukrainian populations.

h Since all populations, except the Sardinians, were represented within I1b2 by fewer than five individuals
each, only two samples were compared: Sardinians versus “Others.”

i Because of the small sample size for each separate population, we used five combined samples—namely,
southern European (Albanian, Calabrian, central Italian, Sardinian, southern French), northern European (Nor-
wegian, Swedish, Estonian, Dutch), eastern/central European (Hungarian, Croat, Czech, Slovakian), western/
central European (French–Low Normandy, French-Lyon, northern Italian, Swiss), and southern/eastern European
(Gagauz, Turkish, Ukrainian).

diverged from I* in the Late Upper Paleolithic/Meso-
lithic period (table 3), possibly during the recolonization
of Europe after the LGM. However, the expansion phase
of I1a and I1b, displaying contrasting phylogeographies,
seems to have occurred later, around the early Holocene.
Only the less frequent subclade I1c, spread thinly over
much of Europe, from Mordvin in the Volga region to
southern France (table 1; fig. 1D), shows a somewhat
earlier age for its STR variation (table 3), suggesting that
the corresponding mutation arose earlier.

In conclusion, although haplogroup I represents only
a single piece in the puzzle of European genetic variation,
its essential continental specificity and the clearly defined
phylogeographic patterns of its subclades contribute
uniquely to understanding the human settlement of Eu-
rope. Haplogroup I provides an exceptional record of
European-specific paternal heritage, including pre-LGM
differentiation followed by contraction, isolation, and
subsequent post-LGM expansions and spread. Still, the
wide CIs in the time estimates dictate caution in defin-
itively linking the phylogeography of this haplogroup
with known prehistoric and historic scenarios. None-
theless, the I1a data in Scandinavia are consistent with

a post-LGM recolonization of northwestern Europe
from Franco-Cantabria, whereas the expansion of I1b*
in the east Adriatic–North Pontic continuum probably
reflects demographic processes that began in a refuge
area located in that region.
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