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ABSTRACT To analyze the contribution of the Czech
population to the Y-chromosome diversity landscape of
Europe and to reconstruct past demographic events, we
typed 257 males from five locations for 21 UEPs. More-
over, 141 carriers of the three most common haplogroups
were typed for 10 microsatellites and coalescent analyses
applied. Sixteen Hg’s characterized by derived alleles
were identified, the most common being Rla-SRY;¢s3;
and P-DYS257*(xR1a). The pool of haplogroups within
I-M170 represented the third most common clade. Over-
all, the degree of population structure was low. The ages
for Hg I-M170, P-DYS257*(xR1a), and R1a-SRY¢s31
appeared to be comparable and compatible with their
presence during or soon after the LGM. A signal of popu-

The male-specific portion of the human Y chromosome
(MSY) represents, together with mtDNA, an uniparen-
tally inherited polymorphic system. This property is also
associated with the ability of the MSY to detect high lev-
els of structure within and between populations. In fact,
not only the male-specific portion of the human Y chro-
mosome (MSY) is represented in numbers 1/4 and 1/3
than the autosomes and the X chromosome, respectively,
but it is also influenced by the action of additional fac-
tors that further reduce its effective population size.
These include variance in family size and heritability of
reproductive success (Austerlitz and Heyer, 2000; Heyer
et al., 2005), both of which could be influenced by social
rank and other cultural features in addition to biological
determinants (Zerjal et al., 2003). The overall result is a
very fast divergence attributable to stochastic factors
which, in populations at the sub-continental scale and in
the short term, can largely override limited gene flow
and the possible action of natural selection.

Major advances in reconstructing the particular real-
ization of the build-up of MSY diversity in the whole
world, as well as in more local populations include: a)
the ever-increasing detail of MSY phylogeny based on
indel and other binary markers with low recurrence of
mutation (Y Chromosome Consortium, 2002; Jobling and
Tyler-Smith, 2003); b) the estimation of the antiquity of
lineages based on either the infinite site mutation model
for binary markers with negligible recurrence of muta-
tion (UEP) or the stepwise mutation model for micro-
satellite variability into the UEP lineages, with a variety
of methods (Wilson and Balding, 1998; De Knijff, 2000;
Stumpf and Goldstein, 2001; Di Giacomo et al., 2004;
Zhivotovsky et al., 2004; Luca et al., 2005); ¢) the use of

©2006 WILEY-LISS, INC.

Y chromosome; peopling of Europe; genetic dating; microsatellite variation

lation growth beginning in the first millennium B.C. was
detected. Its similarity among the three most common
Hg’s indicated that growth was characteristic for a gene
pool that already contained all of them. The Czech popu-
lation appears to be influenced, to a very moderate ex-
tent, by genetic inputs from outside Europe in the post-
Neolithic and historical times. Population growth post-
dated the archaeologically documented introduction of
Neolithic technology and the estimated central value
coincides with a period of repeated changes driven by
the development of metal technologies and the associ-
ated social and trade organization. Am J Phys Anthropol
132:132-139, 2007. ©2006 Wiley-Liss, Inc.

coalescent methods to quantify processes of population
growth and infer events of subdivision from the observed
distribution of molecular types (Weale et al., 2002; Kas-
peraviciute et al., 2004).

Evidence for a strong structure of the extant popula-
tions of Europe for the MSY has been accumulating by
analyses of independent sets of binary indel and Single
Nucleotide Polymorphisms (SNP) markers (Rosser et al.,
2000; Semino et al., 2000). More recent studies, consider-
ing both spatial frequency patterns of haplogroups (Hg)
with varying degrees of phyletic affinity and their age
estimates, have identified clear patterns in the geo-
graphic distributions of haplotypes or Hg’s as well as
sharp genetic boundaries (Cruciani et al., 2004; Rootsi
et al., 2004; Semino et al., 2004). They have proposed
models for the underlying population movements, with a
mainly prehistorical temporal assignment. In addition,
analyses focused on specific Hg’s or limited geographic
regions displayed the outcome of post-Neolithic popula-
tion processes (Di Giacomo et al., 2004; Pericic et al.,
2005). Finally, the analysis of a large database of micro-
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Fig. 1. Map of the Czech Republic showing the sampling locations.

satellite data has confirmed the main picture of the MSY
geography in Europe, but has also highlighted the signa-
ture of more recent population events (Kayser et al.,
2005; Roewer et al., 2005).

Here we report on the results of the characterization
of MSY diversity in a population of central Europe as
obtained with a sampling scheme that detected popula-
tion substructure in other European countries (Mala-
spina et al., 2000; Stefan et al., 2001; Brion et al., 2004;
Roewer et al., 2005). Indeed, the area here investigated
is crucial to understanding the origin of the present-day
genetic landscape of the Continent, as it lies on routes
that had inevitably to be involved in a wide range of
processes, including repopulation events from glacial ref-
ugia, population inputs from the Asian-European border,
as well as local expansions triggered by major technolog-
ical advances.

In this paper we specifically tested the hypothesis that
MSY diversity in the Czech Republic retains a signature
of a sudden population expansion as documented in the
local archaeological record.

MATERIALS AND METHODS
Subjects

We studied an overall number of 257 males collected
in the five sampling locations shown in Figure 1. These
are arranged along a West-to-East transect in the south-
ern part of the Czech Republic. The linear distances
between consecutive locations are, from West to East,
65, 65, 65, and 50 km, respectively. Full informed con-
sent was obtained from all participants in this study.

DNA typings

We used 21 UEP markers, i.e. SRY0g31, M78, M201,
DYS221,3¢, M170, M253, P37, M26, M223, M267, M172,
M67, M9, LLY22g, Tat, DYS257(p27), M56, M157, M87,
the YAP element insertion/deletion polymorphism, and
the rearrangement detected by probe p12f2. These allow
the recognition of the haplogroups (Hg’s) listed in Table
1. The Y Chromosome Consortium (2002) nomenclature

for the I clade was revised according to new phylogeny
reported by Underhill et al. (2005). Chromosomes that
cannot be assigned to any of the above Hg’s are classified
as Y*(xA,DE,G,I1,J,K).

We used the following sequential typing scheme to
determine Hg frequencies. YAP (Hammer and Horai,
1995) and DYS257 (Hammer et al., 1998) were typed in
all subjects. p12f2 (Rosser et al., 2000) was typed on all
YAP(—)/DYS257(G). All subjects producing a positive
pl2f2 amplification were typed with multiplex 1 (see
below). LLY22g, Tat, and M9 (Underhill et al., 1997; Zer-
jal et al., 1997) were tested sequentially on all subjects
carrying ancestral alleles at all markers in multiplex 1.
Finally, all unclassified subjects were tested for SRY10s31
to detect Hg A. Within each Hg the remaining markers
were assayed when appropriate: SRY10g31 (Kwok et al.,
1996) within P-DYS257; M267, M172, and M67 (Mala-
spina et al., 2001; Underhill et al., 2001) within J-p12f2;
M253, M223 (multiplex 2), and P37 (YCC, 2002) within
I-M170; DYS221,35 (Hammer et al.,, 2001) within G-
M201; M78 (Underhill et al., 2000) within DE-YAP; M56,
M87, and M157 (Underhill et al., 2000) within Rla-
SRY10s31- These latter were used to search for additional
variation within R1a-SRY0g31, as originally described in
Asia, but they turned out to be monomorphic and thus
uninformative in this population. On the whole, in this
scheme Hg P-DYS257*%(xRla) is relatively ill-defined.
However it has been shown that the bulk of these chro-
mosomes in Europe are also derived at M173, P25, and
M269 (Jobling and Tyler-Smith, 2003).

The YAP insertion and pl2f2 rearrangement were
typed by PCR, followed by direct visualization on aga-
rose gels. M9, LLy22g, Tat, M78, and DYS257 were
typed by restriction with Hinfl, HindIII, Hsp92II, Acil,
and Banl, respectively. M67, M172, DYS221, and M267
were typed by ASO probe hybridization (Di Giacomo
et al., 2003, 2004). P37, M56, M87, and M157 were also
typed by ASO hybridization, with probes and conditions
listed in Table 2.

Multiplex reactions 1 and 2 were developed as fast
assays for three and two loci, respectively (Table 3).
Each set of loci was multiplexed in a 20 pl reaction with
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TABLE 1. Haplogroup absolute and relative frequencies
in the five Czech sampling locations

Location
Haplogroup Klatovy Pisek J.Hradec Trebic Brno Total

DE-YAP*(xE3b1)

N 0 0 1 1 0 2

% 0 0 2.0 20 0 0.8
E3b1-M78

N 2 1 4 3 3 13

% 4.2 1.5 8.2 61 6.5 5.1
G-M201#%(xG2)

N 1 0 1 0 0 2

% 2.1 0 2.0 0 0 0.8
G2-P15

N 3 4 2 2 0 11

% 6.3 6.2 4.1 41 0 4.3
I-M170* (xI1,12a,12b1)

N 0 3 2 0 0 5

% 0 4.6 4.1 0 0 1.9
11-M253

N 2 5 1 1 4 13

% 4.2 7.7 2.0 20 87 51
12a-P37

N 7 6 2 2 2 19

% 14.6 9.2 4.1 41 43 74
12a1-M26

N 0 0 0 2 1 3

% 0 0 0 41 22 12
12b1-M223

N 3 2 2 0 0 7

% 6.3 3.1 4.1 0 0 2.7
J-p12f2*(xJ1,J2)

N 0 1 0 0 2 3

% 0 15 0 0 43 1.2
J1-M267

N — _ _ — _ _

% _ _ _ _ _ _
J2-M172%(xJ2f)

N 1 1 1 3 0 6

% 2.1 1.5 2.0 61 O 2.3
J2f-M67

N 0 1 0 1 1 3

% 0 1.5 0 20 22 12
K-M9*(xP,N)

N 0 1 0 0 0 1

% 0 1.5 0 0 0 0.4
N-LLY22g*(xN3)

N _ _ _ _ _ _

% _ _ _ _ _ _
N3-Tat

N 0 2 1 1 0 4

% 0 3.1 2.0 20 0 1.6
P-DYS257%(xR1a)

N 11 19 13 16 13 72

% 229 292 265 32.7 28.3 28.0
Rla-SRY10831

N 17 19 16 17 19 88

% 354 29.2 327 34.7 413 34.2
Y*(xA,DE,G,L,J,K)

N 1 0 3 0 1 5

% 2.1 0 6.1 0 22 19
Total

N 48 65 49 49 46 257

% 100.0 100.0 100.0 100.0 100.0100.0

2.5 mM MgCl,, 0.125 mM dNTPs, 0.375 ng/ul BSA, and
0.5 U Taq Polymerase for 33 cycles (94°C, 20 s; 56°C,
1 min; 72°C, 1 min). One micro liter of each reaction was
then reamplified with one of the original primers and
two internal fluorescently labeled allele-specific primers
(Table 3) in a 10 wl reaction with 2.0 mM MgCl,, 0.20
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mM dNTPs, 0.5 ng/ul BSA, and 0.5 U Taq Polymerase
for 18 cycles (94°C, 30 s; 42°C, 1 min; 72°C, 30 s). Two
micro liters of the product were mixed with 12 pl of form-
amide, loaded on an ABI 310 automated sequencer and
analyzed with the GeneScan software with Tamra as in-
ternal standard. Allele states were identified by black
(ancestral) or blue (derived) peaks of locus-specific size.

We also typed 141 subjects carrying Hg’s I*(xI11,12a,12b1),
11-M253, 12a-P37, 12a1-M26, 12b1-M223, P-DYS257#*(xR1a),
and R1a-SRYgg3; with the following microsatellite markers
(Butler et al.,, 2002): YCA2A, YCA2B, YCAIla, YCAIID,
DYS385A and B, DYS388, DYS391, DYS426, DYS439,
DYS460, and H4 (individual haplotype data available at
www2.bio.uniromaZ2.it/biologia/laboratori/lab-geneticaumana/
geneuma-pubb.htm).

Data analysis

Diversity indexes and AMOVA computations were
obtained with the Arlequin 2.000 package (Schneider
et al., 2000). To assay the gradient of Hg differentiation,
we carried out spatial autocorrelation analysis using the
program SAAP (Sokal and Oden, 1978). We performed
several runs using different numbers of distance classes
to faithfully represent the geographical distances among
samples, yet retaining a meaningful number of compari-
sons in each class.

Dating estimates of Hg antiquity based on microsatel-
lite diversity were obtained with the program BATWING
(Wilson and Balding, 1998) under two different condi-
tions: in the first one, all settings for prior distributions
were as described (Arredi et al., 2004; Di Giacomo et al.,
2004). In the second one, the priors for o (the rate of
increase of population size) and B (the time of start of
population growth) were relaxed to UNIFORM (0.0,
0.04) and UNIFORM (0.0, 1.0), respectively, in order to
explore the signature of population growth which is
present in the data. Mutation rates at the 10 STR loci
were given GAMMA (2,1000) as prior. We already vali-
dated these settings (Luca et al., 2005) by observing that
they are able to predict figures for mutation rates
obtained in father-son transmissions (Gusmao et al.,
2005) and that using lower priors for mutation rates pro-
duces convergent results.

For Hg I, information on the phylogenetic relationships
between internal haplogroups was used, with the
“infsites” option, which permits only STR trees consistent
with the Single Nucleotide Polymorphisms (SNP) data.
Two I12a1-M26 haplotypes were not considered, as the
multirepeat deletion at YCAIIb found on these chromo-
somes does not conform to the stepwise mutation model
assumed in the method. Each BATWING run consisted of
5,000 Markovian steps, after a warmup of 1,000.

A multidimensional representation of population affin-
ities was obtained by Correspondence Analysis (as imple-
mented in SPSS) on the listing of data from Poland, Ger-
many (Kayser et al., 2005), Croatia, Serbia and Bosnia
(Marjanovic et al., 2005) and Italy (our unpublished
data). This required some approximation in Hg assign-
ment across studies, e.g. lumping of F*(xJ2,K), G*, J1
and the uncharacterized Hg’s into a single category.

RESULTS

Haplogroup frequencies are reported in Table 1. The
diversity between population samples was very low, with
an undetectable overall Fst. R1a-SRYg3; is the single
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TABLE 2. Probe sequences and hybridization and washing temperatures for four loci assayed by dot-blot hybridization
Locus PCR primers Allele ASO0-PROBE T (°C)
P37 YCC, 2002 ANC. TTG GTT CAT AGT GTA AA 44
DER. TTG GTT CAC AGT GTA AA 44
M561 Paracchini et al., 2002 ANC. GAT TAC GAA GAA AGG AG 45
DER. GAT TAC GAT GAA AGG AG 45
Ms87! Paracchini et al., 2002 ANC. GAA TCT TAT ATT TTT GT 40
DER. GAA TCT TAC ATT TTT GT 40
M157! Paracchini et al., 2002 ANC. AAC AAA AAC AAC CAC AAAT 45
DER. AAC AAA AAC CAC CAC AAAT 46
! Multiplexed in a single reaction.
TABLE 3. Primer sequences and conditions for the allele-specific assays of multiplex PCR reactions 1 and 2
Reaction 1 Reaction 2
Primer Primer Product
Locus concentration® (uM) Primers concentration (uM) size (bp)
Multiplex 1
M26 0.10 HEX-ATTCAGTGTTCTCTGC 0.15 83
FAM-ATTCAGTGTTCTCTGT 0.11
CCAGTGGTAAAGTTTTATTACAATTT? 0.15
M170 0.08 HEX-CTTAAAATCATTGTTCA 0.20 96
FAM-CTTAAAATCATTGTTCC 0.06
CCAATTACTTTCAACATTTAAGACC? 0.15
M201 0.08 HEX-GTACCTATTACGAAAAC 0.15 152
FAM-GTACCTATTACGAAAAA 0.15
TATGCATTTGTTGAGTATATGTC? 0.15
Multiplex 2
M223 0.17 HEX-GATAAATTTACTTACAGTC 0.15 160
FAM-GATAAATTTACTTACAGTT 0.08
CCTTTTTGGATCATGGTTCTT* 0.15
M253 0.10 HEX-ATAGATAGCAAGTTGAC 0.19 135
FAM-ATAGATAGCAAGTTGAT 0.15
CAGCTCCACCTCTATGCAGTTT® 0.15
! For both primers; primer sequences as in Underhill et al. (2000).
2 Same as forward primer of Underhill et al. (2000).
8 Same as reverse primer of Underhill et al. (2000).
4 Same as reverse primer of Underhill et al. (2001).
5 Same as reverse primer of Cinnioglu et al. (2004).
Hg showing the highest frequency in the easternmost — B
sample of Brno. This is in line with the frequency and 3
continental distribution of this Hg reported by Rosser c
et al. (2000), who showed a sharp decline over the tran- -E =
sect here examined. In our data this trend is detected by g 4 1 o
spatial autocorrelation (Moran I decreasing from 0.026 —
to —0.967), though it is not statistically significant. 3 o o0 R am " "
Given the linear arrangement of the samples, we also 2-; -0 a L = +
simply regressed Hg frequency on geographic distance, o e
with insignificant results (r = 0.296; P = n.s.). Further- o .
more, no clear trend in the parallel decrease in the fre- o -4
quency of P-DYS257*(xR1a) was detected (r = 0.791; P c ’
= n.s.). These results point towards a remarkable homo-  Q
geneity among the five population samples, that can be 7] A
treated as a single super-sample. 5 -84 4
Haplogroup frequencies in the overall sample are in £
agreement with those reported in the literature for the a A
population of the Czech Republic or neighbouring nations. 4.2/
E3b1-M78 frequency is in the range (2.9%—8%) reported 1.0 -5 0.0 5 1.0

in countries of central Europe (Cruciani et al., 2004;
Semino et al., 2004). The frequency of G-M201 (inclusive
of G2) agrees with a pattern of leveled frequencies always
lower than 4.4% in central Europe (Semino et al., 2000).
We show here that >>80% of the entire haplogroup G-
M201 is accounted for by the derived Hg G2-P15. The G2-
P15 frequency among Czechs is slightly lower than that
found in continental Italy and Greece (6.3 and 6.6%,

Dimension 1 (45.4% of variance)

Fig. 2. Correspondence Analysis. Two-dimensional plot of
the distribution of populations according to their Hg frequen-
cies. @: Polish samples; B: German samples; ¢: Italian sample;
A: Balkan samples; [J: Czech samples.
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TABLE 4. STR haplotype diversity for three major Hg’s and averages (2.5th to 97.5th percentiles) of posterior
distributions from coalescent analyses for Hg age, natural rate of increase of the population (Alpha), and time since
beginning of population growth (Beta), under different prior conditions

1-M170 11-M253! 12a-P37! I2b1-M223! P-DYS257#(xR1a) R1a-SRY1s31
Typed 34 9 14 7 43 62
H? 26 7 10 6 36 41
Mean 4.58 + 2.30 2.03 + 1.25 1.94 = 1.17 2.38 + 1.47 3.52 + 1.83 2.98 + 1.58
pairwise
difference
Diversity 0.978 *= 0.014 0.917 = 0.092 0.923 + 0.060 0.952 *+ 0.096 0.989 = 0.008 0.966 *+ 0.013
Stringent priors
Age® 534 (261-1,041) 340 (60-1,041) 218 (65-548) 227 (53—623) 581 (22-1,392) 469 (224-1,036)
Alpha 0.040 (0.031-0.050) 0.042 (0.031-0.050)  0.043 (0.031-0.050)
Beta® 58 (34-90) 93 (61-141) 84 (53-132)
Relaxed priors
Age® 497 (234-998) 325 (68-998) 218 (72-548) 229 (54-635) 398 (183-889) 348 (176-697)
Alpha 0.023 (0.003—0.039) 0.031 (0.016-0.040)  0.032 (0.015-0.040)
Beta® 97 (28-217) 150 (97-222) 125 (82-191)

! Age as midpoint between minimum and maximum.
2 Number of different haplotypes.
3 In generations.

respectively) (Di Giacomo et al., 2003). The frequencies of
Hg I-M170 and its internal Hg’s here found are very simi-
lar to those previously reported. However, we also found
carriers of I12al-M26, also in this population associated
with the diagnostic YCAIIb 11 allele (Ciminelli et al.,
1995; Quintana-Murci et al., 1999). This brings the SNP
diversity index for the entire I clade to 0.738, i.e. the
third highest among the large series of European popula-
tions examined (Rootsi et al., 2004). Both Hg’s J-p12f2
and N3-Tat display frequencies lower than 5% in the
overall sample.

The position of Czech samples in the genetic landscape
of central Europe emerges in Correspondence Analysis
(Fig. 2). In the first dimension the Czech samples are
clustered and positioned in between the Polish and Ger-
man samples. In fact Hg’s Rla and N3-Tat (more fre-
quent in Poland) have the largest negative loadings on
this dimension, whereas Hg’s K*M9 and J2%*-M172
(more frequent in Germany and Italy) have the largest
positive ones. The second dimension is mainly contrib-
uted by Hg’s I-M170, E3b1-M78, and K*-M9 (negative
loadings) vs. Hg P-DYS257*(xR1a). Thus, the position of
the three Balkan populations in Figure 2 is in line with
the focal distribution of Hg’s I and E3bl in this area
(Cruciani et al., 2004; Pericic et al., 2005).

To obtain information on past processes involving the
Czech population, we analyzed the diversity at 10 micro-
satellite loci in the three most common Hg’s (Table 4).
The 10 loci here used produced a very high STR haplo-
type diversity, only slightly diminished in 11-M253, 12a-
P37, and 12b1-M223. 11-M253 and 12b1-M223 indeed
shared YCAII 21-19 as the most common pattern (Rootsi
et al., 2004), but this affinity was not extended to the
rest of the haplotype, in line with the reviewed phylog-
eny. In fact, 12b1-M223 shared DYS391, DYS426, and
H4 modal alleles with I1-M253, but it also shared
DYS388, DYS385b, DYS426, and H4 modal alleles with
12a-P37. Mean pairwise difference among STR haplo-
types within each Hg was highest for I-M170, but it was
strongly reduced in each of its subclades.

We then applied coalescent dating methods under a
model of population growth in the post-glacial period,
summarized in the prior distributions for a and . Under
these conditions, the ages of Hg’s I-M170, P-DYS257*
(xR1a), and R1la-SRY;9g31 turned out to be almost com-

parable, while the ages of I subclades were remarkably
younger than the entire Hg. In our analysis the ages of
12a-P37 and 12b1-M223 were similar and approximately
one half that of the entire Hg I-M170 clade, whereas
previous results (Rootsi et al., 2004) identified 12b1-
M223 (formerly Ilc) as the oldest I subclade.

To exclude that strict ranges for a and B priors played
an overwhelming role on the reconstruction of the co-
alescent process, we relaxed the assumptions on these
parameters by using flat priors. In these conditions Hg
I-M170 as a whole emerges as the oldest, in line with its
presence during or soon after the LGM (Rootsi et al.,
2004). The results confirmed a growth rate in a narrow
range among the three Hg’s, between 0.023 and 0.032,
i.e. a still marked growth rate though lower than before,
paralleled by a more ancient start of growth. The begin-
ning of growth ranges between 97 and 150 generations
ago, i.e. between the second and first millennium B.C. by
considering 30 years/generation (Arredi et al., 2004). The
ages of Hg’s P-DYS257*%(xR1a) and R1a-SRYg3; appear
to be only slightly younger but nevertheless place their
origins most likely in the Upper Paleolithic. In summary,
figures for the rate and start of population growth were
similar for the three Hg’s, and indicated that growth
was characteristic for the whole population in a rela-
tively more recent period.

DISCUSSION

We explored diversity of the male-specific portion of
the human Y chromosome (MSY) in five closely spaced
Czech population samples. The Hg’s P-DYS257*%(xR1a)
and R1a-SRYgg3; establish a major divide across central
Europe, with a line roughly extending from the Adriatic
to the Baltic seas, potentially crossing the transect
examined here. This line separates high frequencies of
R1a-SRY0g3; to the East from low frequencies to the
West, with an opposite trend for P-DYS257*%(xR1a) (Malas-
pina et al., 2000; Rosser et al., 2000; Semino et al., 2000).
The same line was also detected in an analysis of popula-
tion differentiation at seven microsatellite loci commonly
used in forensics (Roewer et al., 2005). Kayser et al.
(2005) found this sharp genetic boundary to coincide
with the German-Polish border, and interpreted it as the
result of massive population movements associated with
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World War II, superimposed on pre-existing continent-
wide clines. Here we show a very similar composition
among five Czech sub-samples. Equating P-DYS257*
(xRla) to R1*(xR1al), and R1a-SRYps31 to Rlal, our sub-
samples display frequencies intermediate between the Pol-
ish and German ones. The overall ratio between the two
Hgs is 1.22 (34.2/28.0) as compared to <1 in Germany and
>3 in Poland. Thus, the Czech Republic appears to be
affected by a much smoother frequency shift, if any, sup-
porting the interpretation by Kayser et al. (2005) for a
very recent origin of the German-Polish discrepancy.

The frequency patterns of other Hg’s contribute to the
description of the Czech population. First, Hg I-M170
frequency is in the range reported for other central Eu-
ropean populations (Semino et al., 2000; Rootsi et al.,
2004; Kayser et al., 2005), with the exception of Balkans
(Marjanovic et al., 2005). All its three common subclades
are represented, and also I12a1-M26 is found, enlarging
to the East the area where this latter Hg is found within
Europe, though at low frequencies (Capelli et al., 2003;
Rootsi et al., 2004). These findings further increase the
SNP diversity within Hg I-M170 and raise questions on
whether the presence of one or more of its internal hap-
logroups (before or after the LGM) has been obscured in
some areas of Europe by the overlay of other Hg’s.

Also, the frequency of YAP+ chromosomes and the large
proportion accounted by E3b1-M78 within this clade, is
in line with other central European results, signed by
Neolithic or post-Neolithic range expansions within the
Continent (Cruciani et al., 2004).

The low frequency of J-p12f2 and its subclades con-
firms the low gene flow with the Mediterranean, from
where this Hg spread into southern Europe (Marjanovic
et al., 2005; Capelli et al., 2006 and references therein).
King and Underhill (2002) associated this Hg with Neo-
lithic inputs into Europe by observing that its presence
predicts the distribution of painted pottery. Also, the
missing Hg J1-M267 denotes very poor contacts with the
Middle East. N3-Tat is a marker of populations who
originally spoke Uralic languages, that is found at high
frequency in the Baltic region (Zerjal et al., 1997). Its
low frequency in the Czech population is in line with a
reduced genetic contribution from northern Europe
(Jobling and Tyler-Smith, 2003).

Overall, these results identify the Czech population as
one influenced to a very moderate extent by genetic inputs
from outside Europe in the post-Neolithic and historical
times. It thus may represent an ideal population to draw
inferences on geographically confined processes that might
have occurred also in other parts of central Europe.

Inferences based on STR variation in the three most
common Hg’s obtained with coalescent methods deserve
careful evaluation. First, even though our sampling was
carried out in a limited geographic area, it returned age
estimates for I-M170, P-DYS257*(xR1a), and R1a-SRY9s31
similar to those obtained in reports with a wider geo-
graphical coverage (Kivisild et al., 2003; Cruciani et al.,
2004; Rootsi et al., 2004; Semino et al., 2004; Pericic et
al., 2005). These estimates paralleled the trend in mean
pairwise difference distribution which, however, weights
equally mutation rates across STR loci. Our coalescent
estimates are associated with very large confidence
intervals (up to three fold the average) and, as such, can
only be used with caution to locate in time the age of
Hg’s (molecules). Conservatively, one can simply conclude
that the Czech population harbors a large part of the
STR variation generated in each Hg. With two sets of
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prior assumptions, the ages of the three most common
Hg’s turned out to be largely overlapping, and compati-
ble with their presence during or soon after the LGM.

However, a local signal emerged from the distribution
of this diversity, i.e. that of a fast and recent population
growth, which persists even after relaxing the prior
assumptions and is similar for the three Hg’s. This is
summarized by the parameters a and B and their rela-
tively narrow confidence intervals (up to 1.5 fold the av-
erage). Estimation of the B parameter most likely locates
the beginning of this process in the first millennium
B.C., with confidence intervals that are barely compati-
ble with the archaeologically documented introduction of
Neolithic technology in this area (Haak et al., 2005). At
least for the female lineage, these authors found a little
genetic contribution to the present European gene pool
from the first farmers settled in the area. Independently
from the relevance of these data for reconstructing the
genetics of Europe in the early Neolithic (Barbujani and
Chicki, 2006), our central value for population growth
coincides with a later period of repeated changes in the
material cultures in this geographic region, driven by
the development of metal technologies and the associ-
ated social and trade organization (Childe, 1957; Piggott,
1965; Kristiansen, 1998; Kruta, 2000).

In conclusion, the combined use of SNP and STR
markers allowed us to explore different time horizons for
the age of molecules and for the process of population
growth (Barbujani and Chicki, 2006; Torroni et al., 2006).
In fact, our data for the Czech population favor a model in
which the age of the most common MSY molecules and
their presence in the same gene pool largely predate a
consistent population growth. Similar results have been
obtained for Lithuania (Kasperaviciute et al., 2004). Both
regions lie at the north-western and northern edge,
respectively, of the putative homeland (central and south-
eastern Europe) of an aboriginal quota of the molecular
MSY diversity. This offers an unprecedented opportunity
to test alternative models for a continental pattern of di-
versity which is arranged along the southeast-to-north-
west axis (Cavalli-Sforza et al., 1994; Currat and Excoffier,
2005). The question whether this could be the result not
only of a single demic diffusion, but also of the demo-
graphic increases affecting pre-existing local gene pools is
still open (Renfrew, 1979). Examples of recent growth of
pre-existing gene pools adding complexity to simple demic
diffusion models are provided by mtDNA Hg’s HV and
H1 (Torroni et al., 1998), as well as Y chromosomal Hg
R-SRYs607 (Hurles et al., 1999). In order to arrive at a
more complete picture, future research efforts should be
directed towards the study of additional populations from
central and south-eastern Europe with genetic markers
and statistical methods which enable inferences on popu-
lation dynamics. Populations in which a major and recent
admixture can be excluded represent an ideal setting to
perform this search.
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