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Abstract Mitochondrial DNA (mtDNA) variability was studied in a sam-
ple of 179 individuals representing the Czech population of Western Bohe-
mia. Sequencing of two hypervariable segments, HVS I and HVS II, in
combination with screening of coding-region haplogroup-specific RFLP
markers revealed that most Czech mtDNAs belong to the common West
Eurasian mitochondrial haplogroups (H, pre-V, HV*, J, T, U, N1, W, and X).
However, about 3% of Czech mtDNAs encompass East Eurasian lineages
(A, N9a, D4, M*). A comparative analysis with published data showed that
different Slavonic populations in Central and Eastern Europe contain small
but marked amounts of East Eurasian mtDNAs. We suggest that the presence
of East Eurasian mtDNA haplotypes is not an original feature of the gene
pool of the proto-Slavs but rather may be mostly a consequence of admixture
with Central Asian nomadic tribes, who migrated into Central and Eastern
Europe in the early Middle Ages.

Polymorphisms of the mitochondrial genome and nonrecombining regions of the
Y chromosome are now the focus of many population and evolutionary genetics
studies. Analysis of the variation in mitochondrial DNA (mtDNA), which is ma-
ternally inherited and is not affected by recombination, is widely used in studying
the population genetic history and the peopling of different regions of the world.
Previous mtDNA studies have shown that Slavonic- and Baltic-speaking popula-
tions share a common genetic substratum characteristic of Central and Eastern
European populations, such as German and western Finno-Ugric populations
(Malyarchuk et al. 2002; Pliss et al. 2006). Malyarchuk et al. (2003) suggested
that this genetic substratum also penetrates southeastern European populations
(such as the Bosnians and Slovenians), thus reaching territory as far as the West-
ern Balkans. Clustering of most Slavonic populations (Poles, Russians, Sloveni-
ans, Bosnians, Herzegovinians, Macedonians, Serbians, Croatians), with the
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exception of the island populations of Croatians, has also been revealed in the
mtDNA study of southeastern Europeans (Cvjetan et al. 2004).

Meanwhile, Slavonic population samples have been analyzed in different
ways. Some studies covered only mtDNA noncoding hypervariable segment I
(HVS I) or, in addition, HVS II (Malyarchuk et al. 1995; Calafell et al. 1996;
Orekhov et al. 1999; Vanecek et al. 2004; Zupanic Pajnic et al. 2004); other
studies also included coding-region RFLP markers diagnostic of all major
mtDNA clusters present in human populations (Richards et al. 2000; Tolk et al.
2000; Malyarchuk and Derenko 2001; Belyaeva et al. 2003; Cvjetan et al. 2004;
Malyarchuk et al. 2004). Combined HVS I and II sequencing and RFLP analysis
appears to be useful for phylogeographic interpretations of mtDNA variation
data. However, only a limited number of Slavonic population samples—Russians,
Poles, Bosnians, and Slovenians (Malyarchuk et al. 2002, 2003)—have been in-
vestigated using this high-resolution approach. Thus many populations of the
Slavs remain underexplored at the present time. The aim of the present study is
to characterize the mtDNA variation (based on variation of the HVS I and HVS
II sequences typed for the presence of major Eurasian haplogroup-specific RFLP
markers) in a Czech population representing Western Slavs. This study allowed
us to obtain a better characterization of Slavonic mtDNA variability and to extend
conclusions about phylogenetic relationships between European populations and
the ethnic history of the Slavs.

Materials and Methods

Population Samples. A population sample of 179 Czech individuals from
Western Bohemia was studied. All participating individuals were maternally un-
related and originated from the area considered for this study. Appropriate in-
formed consent was obtained from all participants.

mtDNA HVS I and II Sequencing. The total DNA was isolated from blood
samples with a QIAamp DNA Blood Mini kit (QIAgen, Hilden, Germany) ac-
cording to the manufacturer’s protocol. Ten nanograms of DNA was amplified
using primers L15926 and H580, as described previously (Allen et al. 1998).
Sequencing reactions were carried out using the Big Dye Terminator sequencing
kit (Applied Biosystems, Foster City, California) and primers L15996, L29, H7,
H271, H408, and H580 (Allen et al. 1998; Vanecek et al. 2004). Sequencing
products were analyzed on an ABI Prism 310 automatic sequencer (Applied Bio-
systems). The nucleotide sequences from position 15997 to 16400 and from posi-
tion 30 to 407 were determined and compared with the revised Cambridge
Reference Sequence (Anderson et al. 1981; Andrews et al. 1999).

mtDNA RFLP Analysis. To determine the haplogroup status of the control
region sequences, we performed RFLP typing using a restriction endonuclease
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analysis of PCR-amplified mtDNA fragments using the same primer pairs and
amplification conditions as described by Torroni et al. (1996) and Finnilä et al.
(2000). The samples were typed for a set of RFLPs that were diagnostic of all
major Eurasian clusters, on the basis of the hierarchical mtDNA RFLP scheme
(Macaulay et al. 1999; Richards et al. 2000; Yao et al. 2002; Loogväli et al.
2004). The table reporting 33 RFLP markers analyzed in this study can be pro-
vided upon request from B. Malyarchuk. HVS I and II sequences, belonging to
haplogroups N1a, N1b, N9a, U1, U2c, U3, and U5, were identified on the basis
of the mtDNA classification (Kong et al. 2003; Palanichamy et al. 2004; Achilli
et al. 2004, 2005).

Phylogeographic and Statistical Analysis. Genetic variation was analyzed
using methods implemented in Arlequin, version 2.0 (Schneider et al. 2000). The
statistical significance of FST values was estimated by permutation analysis using
10,000 permutations. Multidimensional scaling analysis of pairwise interpopula-
tion FST values was performed by means of the software package Statistica (Stat-
Soft Inc., Tulsa, Oklahoma).

For statistical analysis we used data from the following populations: 200
southern Germans (Lutz et al. 1998); 101 Austrians (Parson et al. 1998); 150
western Germans (Baasner et al. 1998; Baasner and Madea 2000); 104 Sloveni-
ans and 144 Bosnians (Malyarchuk et al. 2003); 436 Poles and 201 Russians
(Malyarchuk et al. 2002); and 50 Finns, 47 Estonians, and 83 Karelians (Sajantila
et al. 1995). For purposes of phylogeographic analysis we used all available pub-
lished data on HVS I mtDNA variability or RFLPs in Slavonic-speaking popula-
tions (in addition to the aforementioned population samples): Bulgarians
(Calafell et al. 1996; Richards et al. 2000); Russians (Malyarchuk et al. 1995;
Orekhov et al. 1999; Richards et al. 2000; Malyarchuk et al. 2002; Belyaeva et
al. 2003; Malyarchuk et al. 2004); Ukrainians (Malyarchuk and Derenko 2001);
Belorussians (Belyaeva et al. 2003); Poles (Richards et al. 2000; Malyarchuk et
al. 2002); Czechs (Richards et al. 2000; Vanecek et al. 2004); Bosnians (Malyar-
chuk et al. 2003; Cvjetan et al. 2004); Slovenians (Malyarchuk et al. 2003; Zu-
panic Pajnic et al. 2004); Croatians (Tolk et al. 2000; Cvjetan et al. 2004); and
Serbians, Herzegovinians, and Macedonians (Cvjetan et al. 2004). We should
note that previously published control region mtDNA sequences in 93 Czech
individuals (Vanecek et al. 2004) do not overlap with the data of the present
study.

Results

The analysis of HVS I and II variation in combination with RFLP typing of
the coding-region haplogroup-diagnostic sites allowed detection of 146 different
mtDNA haplotypes in a total sample of 179 Czech individuals from Western
Bohemia (Table 1; the full data reporting different control region haplotypes in
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Table 1. mtDNA Haplotypes in the Czech Populationa

HVS I (Minus 16000) HVS II Haplogroup N

223-290-319-362 73-152-235-263-309iC-315iC A 1
188-223-362 73-263-309iCC-315iC D4 1
CRS 263-315iC H* 6
CRS 263-309iC-315iC H* 1
CRS 263-309iCC-315iC H* 4
CRS 150-262-263-315iC H* 1
CRS 152-263-315iC H* 1
CRS 152-200-263-309iC-315iC H* 1
93 242-263-309iC-315iC H* 1
93-129-316 152T/C-263-315iC H* 1
111-129-256 93-153-263-309iC-315iC H* 1
114 263-309iCC-315iC H* 1
114-209 263-309iCC-315iC H* 1
126-192 263-315iC H* 1
129 263-315iC H* 1
188-212-245 263-309iC-315iC H* 1
218-278 93-263-315iC H* 1
311 263-315iC H* 1
311 263-309iC-315iC H* 1
324 263-315iC H* 1
CRS 263-315iC H1* 2
CRS 263-309iC-315iC H1* 2
CRS 263-309iCC-315iC H1* 1
CRS 152C/T-263-315iC H1* 1
CRS 200-263-309iCC-315iC H1* 1
93 263-315iC H1* 2
93-263-327-362 259G/A-263-315iC H1* 1
129 263-315iC H1* 1
153-189-193iC-295 263-309iCC-315iC H1* 1
168 263-315iC H1* 1
183C-189-193iC 146-263-309iCC-315iC H1* 1
209 263-315iC H1* 1
239 263-315iC H1* 1
51-162 73-263-315iC H1a 1
51-162-291-304 73-263-315iC H1a 1
162 73-263-309iC-315iC H1a 2
162 73-263-309iCC-315iC H1a 1
80-183C-189-193iC-356 263-309iCC-315iC H1b 1
80-189-193iC-223-356 151-263-315iC H1b 1
183C-189-193iC-356 263-315iC H1b 1
183C-189-193iC-356-362 263-309iCC-315iC H1b 2
185-189-356-362 263-315iC H1b 1
189-193iC-356 152-263-315iC H1b 1
189-193iC-356-362 146-263-309iCC-315iC H1b 1
CRS 249D-263-309iC-315iC H2* 1
CRS 263-309iC-315iC H2* 1
CRS 309iCC-315iC H2* 2
274 263-315iC H2* 2
193-354 93-207-263-309iC-315iC H2a1 1
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Table 1. (Continued)

HVS I (Minus 16000) HVS II Haplogroup N

193-354 150-263-309iC-315iC H2a1 1
193-354 263-315iC H2a1 1
260 263-315iC H4 1
271-304 263-309iC-315iC H5* 1
304 146-263-309iCC-315iC H5* 1
304 150-263-309iC-315iC H5* 1
304 263-309iCC-315iC H5* 1
304 152-263-315iC H5a 1
304 263-309iC-315iC H5a 1
362 239-263-315iC H6 2
193-219-362 204-239-263-309iC-315iC H6 1
261 194-195-263-309iC-315iC H7 1
265 263-309iCC-315iC H7 1
293-311 143-195-263-309iC-315iC H11a 1
293-311 143-195-263-309iCC-315iC H11a 1
293-311 195-263-315iC H11a 1
93-104-311 152-263-309iCC-315iC HV* 1
111-311 146-263-309iC-315iC HV* 1
311 131-152-263-309iCC-315iC HV* 1
86-129-223-391 73-152-199-204-207-239-250-263-309iC-315iC I 1
129-172-223-287-311-391 73-199-203-204-245C/T-250-263-309iC-315iC I 1
129-172-223-311-391 73-189-199-203-204-250-263-315iC I 1
129-172-223-311-319-391 73-189-199-202-203-204-250-263-309iC-315iC I 1
129-223-391 73-152-188-199-204-207-250-263-309iCC-315iC I 1
69-126-145-222-235-

261-271 73-263-295-315iC J1b* 1
69-126-145-222-235-

261-271 73-263-295-309iC-315iC J1b* 4
69-126-145-172-222-261 73-242-263-295-315iC J1b1 1
69-126-145-172-222-261 73-146-200-242-263-295-309iC-315iC J1b1 1
69-126 73-228-263-295-309iC-315iC J1c 1
69-126 73-146-185-188-222-228-263-295-309iC-315iC J1c 1
69-126-186-209 73-185-188-228-263-295-309iC-315iC J1c 1
69-126-186-224 73-152-185-228-263-295-315iC J1c 2
69-126-192 73-185-188-228-263-295-315iC J1c 1
69-126-222 73-146-185-228-263-295-309iC-315iC J1c 1
69-126-287 73-185-228-263-295-315iC J1c 1
69-126-293A/G-311 73-228-263-295-315iC J1c 1
69-126-295G 73-185-204-228-263-295-315iC J1c 1
69-126-355 73-185-188-228-263-295-315iC J1c 1
69-126-390 73-185-228-263-295-315iC J1c 1
69-126-145-231-261 73-150-152-195-215-263-295-309iC-315iC-319 J2a 1
69-126-145-231-261 73-150-152-195-215-263-295-309iCC-315iC-319 J2a 1
93-224-311 73-152-263-315iC K 1
93-224-311 73-195-263-315iC K 1
224-311 73-263-315iC K 1
224-311 73-146-152-263-315iC K 3
224-311-320 73-146-152-263-315iC K 1
172-189-193iC-223-311 73-146-263-315iC M* 2
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Table 1. (Continued)

HVS I (Minus 16000) HVS II Haplogroup N

147A-172-223-248-
320-355 73-152-199-204-263-315iC N1a 1

145-176G-223-390 73-152-263-315iC N1b 1
145-176G-183C-189-

193iCC-223-390 73-152-263-315iC-338 N1b 1
129-223-257A-261 73-150-263-309iC-315iC N9a 1
37-126-294-296-304 73-146-263-315iC T* 1
86-126-294-296 73-263-315iC T* 1
126-153-294 73-150-263-315iC T* 1
126-153-294 73-150-263-309iC-315iC T* 2
126-153-294-296 73-150-200-263-309iC-315iC T* 1
126-172-294-304 73-200-263-309iC-315iC T* 1
126-175G/A-294-296-304 73-263-315iC T* 1
126-182C-183C-189-

193iC-294-296-298 73-195-207-263-315iC T* 1
126-234-294-296-304-357 73-146-263-315iC T* 4
126-292-294-296 73-146-263-309iC-315iC T* 1
126-294-304 73-263-315iC T* 2
126-294-296-304 73-263-309iCC-315iC T* 1
126-163-186-189-294 73-152-263-315iC T1 1
126-163-186-189-294 73-152-195-263-309iC-315iC T1 3
126-163-186-189-294-362 73-152-195-263-309iC-315iC T1 1
51-145-172-184-189-192-

234-294-342 73-152-199-315iC U2c 1
343-362 73-150-263-309iC-315iC U3 1
343-390 73-150-263-315iC U3 1
343-390 73-150-263-309iC-315iC U3 2
134-221-234-356 73-152-195-263-315iC U4a 1
CRS 73-195-263-310 U4a 1
295-356 73-195-263-310 U4a 1
183C-189-193iC-356 73-152-185-189-195-215-263-315iC U4* 1
265-356-362 73-195-247-263-315iC U4* 1
147G-256-270-311 73-263-315iC U5a 2
176-192-256-270-278-399 73-263-315iC U5a 1
189-191iC-192-256-270-

311-362 73-151-152-263-309iC-315iC U5a 1
192-256-270 73-263-309iC-315iC U5a 1
192-256-270-399 73-263-309iC-315iC U5a 2
192-256-270-320-399 73-195-207-263-315iC U5a 1
256-270-399 73-152-263-309iC-315iC U5a 1
93-189-193iC-270 73-150-263-315iC-384 U5b 1
189-192-270 73-150-263-315iC U5b 1
189-192-270-398 73-150-263-315iC U5b 1
189-193iC-270 73-150-152-263-315iC U5b 1
192-311 73-150-263-309iC-315iC U5b 1
270-304 73-150-228-263-315iC U5b 1
146-342 73-263-282-309iC-315iC U8a 1
298 72-199C/T-263-309iC-315iC V 1
298 72-263-309iCC-315iC V 1
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Table 1. (Continued)

HVS I (Minus 16000) HVS II Haplogroup N

298 263-309iCC-315iC V 1
37-298-311 72-195-263-309iC-315iC pre*V1 1
93-223-291-292-325 73-143-152-189-195-204-207-263-315iC W 1
183C-189-193iC-223-278 73-152-153-195-263-295-309iC-315iC X 1
183C-189-193iC-223-278 73-153-195-225-226-263-315iC X 1
189-193iC-223-278 73-153-195-225-226-263-309iC-315iC X 1

a. Mutations are shown by indicating positions relative to the revised Cambridge Reference Se-
quence (Andrews et al. 1999). The nucleotide positions in HVS I and II sequences correspond to
transitions; transversions are further specified. Haplogroup names are given according to the
mtDNA classification (Macaulay et al. 1999; Richards et al. 2000; Palanichamy et al. 2004; Achilli
et al. 2005). The presence of insertions (i) or deletions (D) follows the nucleotide position. Hetero-
plasmic mutations are designated by a slash.

combination with RFLP variants can be provided upon request from B. Malyar-
chuk). Comparison to the revised Cambridge Reference Sequence (Andrews et
al. 1999) showed that 84 and 44 nucleotide positions were polymorphic in the
HVS I and HVS II regions, respectively. To determine the phylogenetic status of
the control region sequences, we performed a restriction analysis of the coding-
region haplogroup-specific sites. As a result, we found that most of the mitochon-
drial haplotypes in our Czech population from Western Bohemia are clustered
into West Eurasian haplogroups HV (H, pre-V, HV*), J (J1, J2), T (T1, T*), U
(K, U2c, U3, U4, U5a, U5b, U8a), N1 (I, N1a, N1b), N2 (W), and X (Table 2).
The frequency of East Eurasian–specific haplotypes in Czechs is low (2.8%).
These haplotypes belong to macrohaplogroups M (D4 and M*) and N (A and
N9a).

The main mitochondrial haplogroup in the Czech population is H, present
in 44% of the Czech samples. Haplogroup H is characterized by a considerable
branching substructure, with several large subclusters (Finnilä et al. 2001; Herrn-
stadt et al. 2002; Achilli et al. 2004; Loogväli et al. 2004; Pereira et al. 2005).
Among the Czechs, 12 H subclusters were found using the RFLP approach de-
scribed by Loogväli et al. (2004). Table 3 shows the distribution of subclusters
H*, H1*, H1a, H1b, H2*, H2a1, H4, H5*, H5a, H6, H7, and H11a revealed in
Czechs and in other European populations. As can be seen, the most frequent H
subgroups (besides the paragroups H* and H1*) in the Czech population are
H1b, H2, H5, and H1a. Recent studies have shown that these subgroups appear
to be more frequent in populations of Eastern and North-Central Europe (Loog-
väli et al. 2004; Pereira et al. 2005). Subclades within H1 subgroups H1a and
H1b are more frequent in Eastern and Central Europe. For instance, subgroup
H1a is characteristic of Germans [especially those from northeastern Germany
(Poetsch et al. 2003)], different Slavonic populations (except for some Balkan
populations, such as Bosnians and Croats), and Finno-Ugric populations (Table
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Table 2. Haplogroup Distribution in Czechs Compared to Other Slavonic Populationsa

Czechs Bosnians Slovenians Poles Russians
Haplogroup (179), N (%) (144), N (%)b (104), N (%)b (436), N (%)c (201), N (%)c

H 79 (44.13) 69 (47.92) 49 (47.12) 197 (45.18) 85 (42.29)
HV* 3 (1.68) 1 (0.69) 0 4 (0.92) 4 (1.99)
pre-V 4 (2.23) 9 (6.25) 7 (6.73) 21 (4.82) 11 (5.47)
pre-HV 0 2 (1.39) 0 0 1 (0.50)
J 21 (11.73) 10 (6.94) 10 (9.62) 34 (7.80) 16 (7.96)
T* 17 (9.5) 5 (3.47) 5 (4.81) 41 (9.40) 18 (8.96)
T1 5 (2.79) 2 (1.39) 1 (0.96) 9 (2.06) 4 (1.99)
K 7 (3.91) 6 (4.17) 4 (3.85) 15 (3.44) 6 (2.99)
U1 0 2 (1.39) 0 0 2 (1.00)
U2 1 (0.56) 0 1 (0.96) 4 (0.92) 3 (1.49)
U3 4 (2.23) 1 (0.69) 2 (1.92) 2 (0.46) 2 (1.00)
U4 5 (2.79) 8 (5.56) 6 (5.77) 22 (5.05) 7 (3.48)
U5a 9 (5.03) 10 (6.94) 8 (7.69) 23 (5.28) 15 (7.46)
U5b 6 (3.35) 7 (4.86) 3 (2.88) 15 (3.44) 6 (2.99)
U7 0 0 0 1 (0.23) 1 (0.50)
U8 1 (0.56) 0 0 2 (0.46) 0
U* 0 0 0 1 (0.23) 0
I 5 (2.79) 4 (2.78) 2 (1.92) 8 (1.83) 5 (2.49)
W 1 (0.56) 2 (1.39) 5 (4.81) 16 (3.67) 4 (1.99)
X 3 (1.68) 2 (1.39) 1 (0.96) 8 (1.83) 7 (3.48)
N1a 1 (0.56) 0 0 0 0
N1b 2 (1.12) 1 (0.69) 0 1 (0.23) 0
N1c 0 0 0 1 (0.23) 0
N9a 1 (0.56) 0 0 0 0
R* 0 0 0 2 (0.46) 1 (0.50)
L1b 0 1 (0.69) 0 0 0
L3 0 0 0 1 (0.23) 0
M 3 (1.68) 2 (1.39) 0 8 (1.83) 3 (1.49)
A 1 (0.56) 0 0 0 0
h � SE 0.78 � 0.03 0.75 � 0.04 0.75 � 0.04 0.77 � 0.02 0.8 � 0.03
i � SE 4.92 � 2.41 4.07 � 2.04 4.07 � 2.05 4.60 � 2.26 4.70 � 2.31

a. Diversity values based on mtDNA haplogroup frequencies (h) and mean number of pairwise
differences between HVS I sequences (i) are shown.

b. Data for Bosnians and Slovenians are from Malyarchuk et al. (2003).
c. Data for Poles and Russians are from Malyarchuk et al. (2002).

3). Subgroup H1b is also typical of Central and Eastern Europeans, being found
at the highest frequencies (more than 3%) in Estonians, Latvians, Czechs, Poles,
and South Germans (present data; Lutz et al. 1998; Malyarchuk et al. 2002; Pliss
et al. 2006).

Haplogroup J is characterized by high frequency in the Czech population
(11.7%) and is represented by subgroups J1b, J1c, and J2a. Among J1b haplo-
types one specific branch, J1b*, is remarkable, because this haplotype is charac-
terized by the HVS I motif 16069-16126-16145-16222-16235-16261-16271,
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which is rare in European populations but is typical in Polish and Spanish Roma
(Gresham et al. 2001; Malyarchuk et al. 2006). Among Europeans this haplotype
has previously been revealed at highest frequency in Czechs (2.3%; Vanecek et
al. 2004). It is noteworthy that the U2c haplotype found in the Czech population
(see Table 1) is also of Asian ancestry, because it has been shown that the distri-
bution of haplogroup U2c is essentially restricted to Indo-Pakistani regions
(Quintana-Murci et al. 2004). In addition, Roma-specific mtDNA haplogroup M5
has been observed in the previously published Czech sample (Vanecek et al.
2004). Moreover, it is curious that the Roma-specific M5 lineages were also ob-
served in other Slavonic populations: Poles (Malyarchuk et al. 2002), Bosnians
(Malyarchuk et al. 2003), and Bulgarians (Richards et al. 2000).

Several haplotypes (2.8%) found in our Czech population belong to East
Eurasian haplogroups A, D4, N9a, and M*. It is noteworthy that almost all Sla-
vonic populations studied to date show the presence of East Eurasian mtDNA
haplogroups. They were found in 1.5% of Russians and 1.6% of Poles (Malyar-
chuk et al. 2002); in 1.4% of Bosnians (Malyarchuk et al. 2003; Cvjetan et al.
2004); and in 2% of Croatians, 1.5% of Herzegovinians, 0.9% of Serbians, and
2.1% of Macedonians (Cvjetan et al. 2004).

To study differentiation of European populations and to determine the posi-
tion of the Czech population among Europeans, we performed an analysis of
molecular variance (AMOVA) on the level of HVS I sequences. For analysis,
populations belonging to different language groups—Slavonic-speaking (Czechs,
Slovenians, Bosnians, Poles, Russians), German-speaking (West Germans, South
Germans, Austrians), and Finno-Ugric-speaking (Finns, Karelians, Estonians)—
were used. Analysis of between-population differentiation revealed that only
0.165% of variation was due to differences among populations ( p � 0.026). Sig-
nificant pairwise FST differences ( p � 0.05) were found only between some
Finno-Ugric populations (Finns and Karelians) and Slavonic and German popula-
tions (Table 4). Therefore the AMOVA results point to a low but statistically
significant level of mtDNA differentiation in the European populations com-
pared. The results of within-group FST analysis indicate that all populations
within linguistically determined groups appear to be homogeneous (with FST val-
ues close to 0 and p � 0.1). Significant differences were observed between popu-
lations when they were treated as three separate groups in accordance with their
linguistic affiliation (FST � 0.22% and FCT � 0.14% with p � 0.03 in both cases;
FSC � 0.08%, p � 0.186) (Table 5). The multidimensional scaling analysis per-
formed on the basis of pairwise FST values (see Table 4) revealed that there is an
apparent differentiation only between Karelians and Finns and the remaining
European populations (Figure 1).

Discussion

According to the AMOVA results based on HVS I variation data, the Czech
population showed no significant differences with neighboring European popula-
tions, except for the most northeastern European populations (see Table 4). De-
tailed analysis of mtDNA structure in the Czech population based on sequencing
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Table 5. AMOVA Results According to Linguistic Classification of European Popula-
tions, Based on mtDNA Variation

Percentage of Variation

Among Populations, Within
Classification Among Groups Within Groups Populations

Linguistica 0.32 0.06 99.62

a. The following language groups were used for classification: Slavonic (represented by Czechs,
Slovenians, Bosnians, Poles, and Russians), German (represented by West Germans, South Ger-
mans, and Austrians), and Finno-Ugric (represented by Finns, Karelians, and Estonians).

of two hypervariable segments in combination with RFLP screening of coding-
region markers revealed that the vast majority of Czech mtDNAs belong to com-
mon West Eurasian haplogroups (H, pre-V, HV*, J, T, U, N1, W, and X). An
important finding of this study is that about 3% of mtDNA haplotypes found in
the Czech population from Western Bohemia are identified as East Eurasian spe-
cific, belonging to haplogroups D4, A, N9a, and M*. Population screening of
East Eurasian mtDNAs observed in Czechs revealed that the closest mtDNA
haplotypes can be found mainly among Bashkirs from the South Ural region and

Figure 1. Multidimensional scaling plot of FST distances between Czechs and the surrounding
European populations based on mtDNA HVS I variation data (stress value 0.054). CZE,
Czechs; POL, Poles; SLO, Slovenians; BOS, Bosnians; RUS, Russians; AUS, Austrians;
SGE, South Germans; WGE, West Germans; EST, Estonians; FIN, Finns; KAR, Kare-
lians.
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Table 6. Frequency of East Eurasian mtDNAs in Gene Pools of Different European
Ethnolinguistic Population Groups

Sample Frequency Haplogroup
Population Size (%) Composition Reference

Germanic-speaking
populations
Germans 333 0.6 D Pliss et al. (2006)
Norwegians 397 0.5 Z Pliss et al. (2006)

Finno-Ugric-speaking
populations
Estonians 409 0.2 D Pliss et al. (2006)
Karelians 83 4.8 D Sajantila et al. (1995)
Finns 580 1.8 Z, D Pliss et al. (2006)
Hungarians 98 1.7 B, M Semino et al. (2000)
Mari 136 7.4 A, M*, C, Z, D Bermisheva et al. (2002)
Mordva 102 2.9 C, D Bermisheva et al. (2002)

Baltic-speaking
populations
Latvians 299 0.3 G Pliss et al. (2006)
Lithuanians 180 0.6 A Pliss et al. (2006)

Slavonic-speaking
populations
Eastern Slavs 526 1.3 M*, C, D, G Malyarchuk et al.

(Russians) (2002, 2004)
Western Slavs 708 1.8 A, N9a, M*, C, D, G Malyarchuk et al.

(Poles, Czechs) (2002); present
study; Vanecek
et al. (2004)

Southern Slavs 1,705 1.2 A, F, D, M* Cvjetan et al. (2004);
(Bosnians, Croatians, Malyarchuk et al.
Herzegovinians, (2003)
Serbians, Mace-
donians, Slovenians)

among Nogays from the North Caucasus [according to data of Bermisheva et al.
(2002, 2004)]. Matching HVS I haplotypes have also been observed in South
Siberian populations, such as the Buryats and Khakassians (Derenko et al. 2003).

Comparative analysis with published data shows that gene pools of differ-
ent Slavonic populations contain small but definite amounts of East Eurasian
mtDNA lineages (Table 6). It is unclear, however, whether this is due to common
ancestry of Slavonic groups or to recent immigration of East Asian mtDNAs.
According to linguistic and archeological data, the split within the Balto-Slavonic
language group occurred at about 1700 b.c., resulting in the proto-Baltic and
proto-Slavonic language groups (Šavli et al. 1996). It is noteworthy that Baltic
populations (Latvians, Lithuanians, and Estonians) have avoided a marked influ-
ence of maternal lineages of East Eurasian origin (see Table 6) (Pliss et al. 2006).
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Only two East Eurasian mtDNA haplogroups, Z1 and D5, are present in the gene
pools of North European Finnic populations, such as Saami, Finns, and Kareli-
ans. Unlike these populations, Slavonic populations in general are characterized
by much more heterogeneous mtDNA composition, defined, in addition to Z1
and D5, by haplogroups A, C, D4, G2a, M*, N9a, F, and Y. Therefore different
scenarios of female-mediated East Eurasian genetic influence on Northern and
Eastern Europeans should be highlighted: (1) The most ancient influence, proba-
bly originating in the early Holocene, was an influx of Asian tribes, which
brought a few selected East Asian mtDNA haplotypes to Fennoscandia (Tambets
et al. 2004); and (2) gradual gene flows during historical times, mostly in the
Middle Ages, were due to migrations of nomadic peoples (such as Huns in the
4th century, Avars in the 6th century, and Mongols in the 13th century) to Eastern
and Central European territories inhabited mainly by Slavonic tribes.

In Central Europe archeologists have found traces of frequent invasions
from the East European steppes dating even to approximately 1500 b.c. (Sedov
1979). In the early Middle Ages Europeans experienced several invasions, the
most important of which was the Avarian one. The Avars were a nomadic Turkic-
speaking people of Eurasia who migrated into Central and Eastern Europe in
the early 6th century. The Avars reached the territories of Wallachia, Pannonia,
Transylvania, and Bohemia, where they established a powerful state (the Avar
Khaganate), which ruled over areas of Eastern and Central Europe and controlled
the Slavs, who had lived in the area before the Avar arrival. Avar rule persisted
over much of the Pannonian plain up to the early 9th century. From that time,
the Avars likely merged with the Slavs (Gimbutas 1971; Sedov 1979).

Therefore it is possible that after Avar rule was destroyed, the Avar maternal
lineages, including East Eurasian ones, were assimilated mainly by the Slavs.
Hence further spreading of Avar mtDNAs in Europe was probably connected
with the Slavonic migrations. Thus it seems that the occurrence of East Eurasian
mtDNA haplotypes in the Slavs is not an original feature of their gene pool but
rather a trace of relatively recent interactions between expanding Slavonic tribes
and their nomadic neighbors in Europe. Meanwhile, the presented data do not
allow us to discriminate between the age of the mtDNA molecules and the age
of their movements into the Czech and other Slavonic populations. Therefore a
much more detailed phylogeographic analysis, requiring the mtDNA variation
data in both the source Asian (including populations from still poorly investi-
gated Siberian and Kazakhstan regions) and the recipient European populations,
is necessary to attain this goal.
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