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INTRODUCTION

In recent years, analysis of the variation of nonre-
combining part of Y chromosome in human popula-
tions attracted increasing attention in association with
investigations in the fields of evolutionary and popula-
tion genetics, as well as in forensic medicine and crime
detection [1]. This interest is mostly determined by dif-
ferent evolutionary rates of the main markers of Y chro-
mosome. These markers are represented by the SNP
loci characterized by single-nucleotide substitutions
with low accumulation rate during the evolution, and
the STR loci, characterized by extremely high micro-
satellite instability [2]. At present, combination of these
approaches for detection of Y chromosome variation is
an effective tool for studying Y chromosome evolution,
as well as for the reconstruction of the ancient history
of humans and timing of its main episodes, and for the
analysis of rather recent population differentiation
events.

Investigations of Y chromosome variation in Rus-
sian populations from Eastern Europe showed that Rus-
sian gene pool contained a set of DNA lineages belong-
ing to Y chromosome groups typical of many popula-
tions of northern and eastern parts of Europe [3–9]. The
data obtained showed that only some Russian popula-
tions (from Pskov and Pomor’e) have demonstrated
substantial similarity to Finno–Ugric and Baltic popu-
lations of Northern and Eastern Europe. However, the
majority of Russian populations cluster together with
Slavic populations (Poles, Ukrainians, and Belorus-

sians) [6]. The latter finding is explained in terms of
specific features of the population genetic structures
examined. The majority of Russian populations, simi-
larly to Ukrainians and Belarusians, are characterized
by the high frequency of haplogroup R1a1 along with
moderate or low frequency of haplogroup N3. At the
same time, some populations, specifically, from Pskov
and Pomor’e, similarly to Finno–Ugric and Baltic pop-
ulations, show the increased frequency of haplogroup
N3 along with the reduced frequency of R1a1.
Although the between-population differentiation of
Russian populations from Eastern Europe has been
characterized (based on polymorphism data at 12 bial-
lelic loci of Y chromosome [6]), extension of the spec-
trum of SNP markers involved in the analysis seems to
be reasonable for further characterization of the genetic
structure of Russian population. In this study, the data
on the distribution of Y chromosome haplogroups
inferred from the analysis of polymorphism at 23 SNP
loci in ten Russian populations from the European part
of Russia are presented.

MATERIALS AND METHODS

Distribution of Y chromosome haplogroups was
examined in Russian populations from Kaluga, Yaro-
slavl, Vladimir, Nizhni Novgorod, Pskov, Tula, Orel,
Belgorod, and Novgorod oblasts. The total size of the
samples tested in the present study constituted 414
unrelated male individuals.
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—Population structure of Russian population from the European part of Russia was investigated by
analyzing the distribution of 23 SNP makers of Y chromosome in Russian populations from Kaluga, Yaroslavl’,
Vladimir, Nizhni Novgorod, Pskov, Tula, Belgorod, and Novgorod oblasts. In the populations studied a total of
14 Y-chromosome haplogroups (E, F*, I, J, K*, N3a, N2, P*, R1*, R1a1, C3, G, H, and A) were discovered, of
which haplogroups R1a1, I, and N3a were the prevailing. Analysis of 

 

Φ

 

 statistics in the populations grouped in
accordance to the dialect subdivision of the Russian language, showed the absence of statistically significant
differences between Russian population groups. Analysis of the Y-chromosome markers distribution patterns
among Russian population (10 population groups) in comparison with the population of Germany (11 popula-
tion groups) and Poland (8 population groups) revealed statistically significant differences between the gene
pools of Slavs (Russians and Poles) and Teutons (Germans).
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In the populations of Novgorod oblast (two samples,
the city of Veliki Novgorod and the settlement of Volot)
distribution of 23 Y chromosome markers was exam-
ined, including M173, M17, SRY-10831, RPS4Y,
M217, M8, M38, SRY-8299, M89, 12f2, M9, M207,
M168, M20, 92R7, Tat, LLY22g, M178, P43, M170,
M52, and M201. Distribution of the 

 

Alu

 

 insertions
(YAP in the locus DYS287), which determine the gene
pool structure in the populations of Northern Eurasia
[10, 11] was analyzed. In the populations from Kaluga,
Yaroslavl, Vladimir, Nizhny Novgorod, Pskov, Tula,
Orel, and Belgorod oblasts, polymorphism at 12 loci
(M8, M17, M38, P43, M52, M168, M170, M173,
M178, M201, M207, and M217) was studied, since
other loci were already analyzed in the previous study
[6]. Polymorphism was determined in accordance with
the scheme of the analysis suggested in [3, 7, 11–17]
using the method of DNA analysis in 8% polyacryla-
mide gels.

The levels of the population genetic differentiation
were evaluated using analysis of 

 

Φ

 

 statistics (AMOVA,
included into the ARLEQUIN 3.0 software package
[18]). The degree of the population partitioning was
analyzed with the help of 

 

Φ

 

 statistics, evaluating
genetic differences among the population groups (

 

Φ

 

CT

 

),

among the populations within the groups (

 

Φ

 

SC

 

), and
total genetic differentiation (

 

Φ

 

ST

 

) [18]. Statistical sig-
nificance of the differences between the values of 

 

Φ

 

 sta-
tistics upon the pairwise population comparisons was
tested using nonparametric permutation approach (a
total of 10 100 permutations) [18]. The matrices of the
pairwise among-population 

 

Φ

 

ST

 

 distances were used
for the analysis of spatial population distribution with
the help of the method of multidimensional scaling
(STATISTICA/w 5.0). For comparative analysis, the
data on the distribution of Y chromosome haplogroups in
the populations of Germany and Poland were used [19].

MATERIALS AND METHODS

Analysis of 23 Y chromosome markers in 10 Rus-
sian populations from the European part of Russia
revealed the presence of 14 Y chromosome haplo-
groups, including E, F*, I, J, K*, N3a, N2, P*, R1*,
R1a1, C3, G, H, and A (Table 1). Among the haplo-
groups tested, haplogroups R1a1, I, and N3a were con-
sidered as most prevalent. In Russians, the summarized
frequency of these haplogroups constituted 78.2%, on
average. Similar frequencies of these three haplogroups
were observed previously in the gene pools of other

 

Table 1.  

 

Prevalence of Y-chromosome haplogroups in the Russian populations from the European part of Russia

Population

 

n

 

E F* I J K* N3a N2 P* R1* R1a1 C3 G H A

Nizhni Novgorod 58 5 
(8.6)

2 
(3.4)

11 
(19.0)

0 0 8 
(13.8)

0 5 
(8.6)

6 
(10.3)

21 
(36.2)

0 0 0 0

Kaluga 42 2 
(4.8)

3 
(7.1)

8 
(19.0)

0 1 
(2.4)

2 
(4.8)

0 0 4 
(9.5)

21 
(50.0)

0 0 0 1 
(2.4)

Tula 43 1 
(2.3)

2 
(4.7)

8 
(18.6)

0 0 5 
(11.6)

0 0 3 
(7.0)

22 
(51.2)

0 1 
(2.3)

1 
(2.3)

0

Volot 40 2 
(5.0)

0 6 
(15.0)

0 1 
(2.5)

6 
(15.0)

0 0 2 
(5.0)

20 
(50.0)

0 0 3 
(7.5)

0

Veliki Novgorod 37 3 
(8.1)

0 4 
(10.8)

0 0 5 
(13.5)

0 1 
(2.7)

3 
(8.1)

20 
(54.1)

0 1 
(2.7)

0 0

Orel 36 0 1 
(2.8)

4 
(11.1)

0 0 7 
(19.4)

0 1 
(2.8)

4 
(11.1)

19 
(52.8)

0 0 0 0

Belgorod 44 3 
(6.8)

0 8 
(18.2)

6 
(13.6)

2 
(4.5)

3 
(6.8)

0 0 1 
(2.3)

20 
(45.5)

1 
(2.3)

0 0 0

Vladimir 51 1 
(2.0)

0 9 
(17.6)

0 0 6 
(11.8)

1 
(2.0)

0 3 
(5.9)

29 
(56.9)

0 2 
(3.9)

0 0

Yaroslavl 23 0 0 1 
(4.3)

0 3 
(13.0)

2 
(8.7)

0 2 
(8.7)

1 
(4.3)

14 
(60.9)

0 0 0 0

Pskov 40 3 
(7.5)

0 7 
(17.5)

0 0 14 
(35.0)

0 0 1 
(2.5)

14 
(35.0)

0 1 
(2.5)

0 0

Russians altogether 414 20 
(4.8)

8 
(1.9)

66 
(15.9)

6 
(1.4)

7 
(1.7)

58 
(14.0)

1 
(0.2)

9 
(2.2)

28 
(6.8)

200 
(48.3)

1 
(0.2)

5 
(1.2)

4 
(1.0)

1 
(0.2)
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Eastern Slavic populations, Belarusians and Eastern
Ukrainians [8].

The data of the AMOVA analysis of among-popula-
tion differentiation (Table 2) point to the low level of
among-population differentiation in Russians in terms
of Y chromosome lineages. Only the structure of the
population from Pskov was statistically significantly
different from the other Russian populations (from
Kaluga, Yaroslavl, Vladimir, Belgorod, and Tula oblasts)
(Table 2). Analysis of the among-population differ-
ences, performed with the help of the exact test, also
pointed to the difference of Pskov and Nizhny
Novgorod populations from other Russian populations
examined (

 

P

 

 < 0.05). Based on Y chromosome haplo-
group distribution patterns in different Russian popula-
tions, it can be concluded that the among-population
differences observed were mainly due to the reduced
frequency of haplogroup R1a1 (down to 35%, approxi-
mately) in Pskov and Nizhni Novgorod samples
(Table 1). In addition, compared to all other Russian
populations, the sample of Pskov oblast was character-
ized by the increased frequency of haplogroup N3a (up
to 35%). It seems likely, that these features determine
genetic specificity of Pskov population (Table 1). It
should be noted, that Novgorod populations (the city of
Veliki Novgorod and the settlement of Volot), despite
their geographical closeness to Pskov population, are
more distant from this population (

 

Φ

 

ST

 

 values consti-
tuted 3.7 and 2.1%, respectively) than from other Rus-
sian populations (Table 2). Similar conclusion on the
genetic position of Novgorod population was made by

Khrunin et al. [20]. The authors, analyzing polymor-
phism at five microsatellite loci of Y chromosome, have
demonstrated that Russians from Novgorod oblast were
close to Russian populations from Kursk oblast, Ukrai-
nians, and Belarusians, and at the same time, distant
from Russians of Arkhangel’sk oblast. The latter popu-
lation is characterized by genetic similarity to Finno–
Ugric populations (Finns and Saami).

The works focused on differentiation of Y chromo-
some lineages in different world populations are at their
beginning. Recently, the data of such analysis were
published for German and Polish populations [19]. In
the study cited, substantial level of genetic differences
between the neighboring populations (

 

Φ

 

ST

 

 = 14.2%)
was reported. The differences observed were mainly
due to the low frequencies of some Y chromosome hap-
logroups (for example, R1a1 and I1b), typical of Slavic
populations, in Germans. Comparative analysis of the
main Y chromosome haplogroups (P*, R1*, R1a1, I, E,
F*, N*, N3, J, and K*) in German, Polish, and Russian
populations (at the level of three population groups),
performed in the present study, showed the high level of
the among-group differentiation: 

 

Φ

 

CT

 

 = 11.68%, 

 

Φ

 

ST

 

 =
12.6%, 

 

Φ

 

SC

 

 = 0.88% (all differences were statistically
significant). The populations groups were different in
terms of the levels of among-population differentiation.
The most homogenous population was that of Poles
(

 

Φ

 

ST

 

 = 0.3%), while German populations were the most
diverse (

 

Φ

 

ST

 

 = 1.4%), and Russian populations occu-
pied the intermediate position (

 

Φ

 

ST

 

 = 0.9%) (Table 3).
Analysis of the among-population differences (the val-

 

 

 

Table 2.  

 

The among-population differentiation of Russian populations from the European part of Russia, based on the 

 

Φ

 

ST

 

distances

Population 1 2 3 4 5 6 7 8 9

1. Kaluga

2. Yaroslavl 0.016

3. Vladimir –0.003 0.007

4. Nizhni Novgorod 0.006 0.044* 0.024

5. Pskov 0.062* 0.090* 0.053* 0.018

6. Tula –0.016 0.012 –0.017 0.005 0.036*

7. Orel 0.001 0.001 –0.008 0.009 0.026 –0.013

8. Belgorod 0.002 0.025 0.009 0.012 0.049* 0.000 0.017

9. Veliki Novgorod –0.005 –0.005 –0.014 0.007 0.037 –0.015 –0.018 0.005

10. Volot –0.004 0.006 –0.016 0.005 0.021 –0.019 –0.013 –0.002 –0.020

 

Note: Statistically significant among-population differences (

 

P

 

 < 0.05) are designated by the asterisks.
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ues of 

 

Φ

 

ST

 

 distances and the results of their multidimen-
sional scaling) showed that Russian and Polish popula-
tions did not differentiate from one another and cluster
apart form German populations (Table 4, figure).

It was demonstrated [19] that populations from east-
ern and western parts of Germany were statistically sig-
nificantly different in terms of Y chromosome haplo-
group composition (

 

Φ

 

ST

 

 = 1.2%; 

 

P

 

 = 0). At the same

time, no genetic differences were observed between the
populations from eastern and western parts of Poland
(

 

Φ

 

ST

 

 = 0.09%; 

 

P

 

 = 0.22). To reveal possible genetic dif-
ferences between Russian populations from Eastern
Europe, an analysis of the 

 

Φ

 

 statistics was carried out
in the populations grouped in accordance with the dia-
lect subdivision of Russian language in the European
part of Russia. It should be noted in this context that
dialect groupings are believed to play an important role
in within-ethnic differentiation of Russians [21]. The
analysis showed that despite higher value of the among-
group differences obtained upon grouping of the popu-
lations in accordance with the distribution of subdia-
lects and patoises of the Russian language (

 

Φ

 

CT

 

 =
0.0032, 

 

Φ

 

SC

 

 = 0.0074, 

 

Φ

 

ST

 

 = 0.0106) in comparison
with the value obtained using the map of dialect zones
(

 

Φ

 

CT

 

 = –0.0022, 

 

Φ

 

SC

 

 = 0.0109, 

 

Φ

 

ST

 

 = 0.0087), in both
cases the among-population differences were not statis-
tically significant (

 

P

 

 > 0.07) (Table 5). These finding
suggest the absence of genetic differences in terms of
the distribution of Y chromosome lineages in Russian
population groups, distinguished based on the linguis-
tic data. Analogous conclusion (

 

P

 

 = 0.083) follows from
the analysis of the differentiation of Russian populations
grouped based on anthropologic data (

 

Φ

 

CT

 

 = –0.0053,

 

Φ

 

SC

 

 = 0.0142, 

 

Φ

 

ST

 

 = 0.0089) (Table 5). In this case pop-
ulations were grouped in accordance with ethnic terri-
torial subdivision of Russian population, based on the
idea on the reflection of anthropological characteristics
of annalistic Slavic tribes in ethnic territorial groups of
contemporary Russian population [22]. The placement
of Pskov population, dramatically contrasting with the
other Russian populations (figure), into a separate
group did not result in the increase of the level of
genetic differentiation (

 

Φ

 

CT

 

 = 0.0023, 

 

Φ

 

SC

 

 = 0.0073,

 

Φ

 

ST

 

 = 0.0096, 

 

P

 

 > 0.07).

Thus, analysis of Y chromosome variation shows
that among-population differentiation of Russians from
the European part of Russia is either absent (based on
the analysis of the SNP distribution patterns), or is very
small (

 

Φ

 

ST

 

 = 1.09% (

 

P

 

 = 0.0003) for 12 microsatellite
loci of Y chromosome [23]). However, as it was dem-
onstrated in the present study, structural similarity of
the gene pools of Russian and Polish populations is so
high, that on the interethnic level of comparisons it is

 

 

 

Table 3.  

 

indices of diversity and among-population differentiation in Germans, Poles, and Russians

Population No. of populations

 

Φ

 

ST

 

h

 

 (range of values)

Germans 11 0.0143 (

 

P 

 

= 0.00) 0.745 

 

±

 

 0.025 (0.65–0.79)

Poles 8 0.003 (

 

P 

 

= 0.13) 0.629 

 

±

 

 0.044 (0.56–0.72)

Russians 10 0.0093 (

 

P

 

 = 0.07) 0.703 

 

±

 

 0.061 (0.62–0.80)

 

Note: The mean values of the genetic diversity index 

 

h

 

 and their errors are presented in accordance with the AMOVA results [18].

 

Table 4.  

 

Comparative analysis of the among-population

 

Φ

 

ST

 

 distances in the populations of Germans, Poles, and Rus-
sians

Population

Range of values for the among-population

 

Φ

 

ST

 

 distances

Germans Poles Russians

Germans 0–0.084 0.045–0.290 0.034–0.290

Poles 0–0.018 0–0.132

Russians 0–0.090

 

 

Table 5.  

 

Genetic differences between Russian populations
grouped in accordance with linguistic (I and II) and anthro-
pological (III) data

Population 
groups

Differences, %

between 
the groups

between the popula-
tions within the groups

within
populations

I 0.32 0.74 98.94

II –0.22 1.09 99.13

III –0.53 1.42 99.11

 

Note: I, populations are grouped relative to subdialects and
patoises of Russian language [21]: southern patois (Bel-
gorod, Orel, Kaluga, and Tula), northern patois (Yaroslavl),
Middle-Russian patois (Veliki Novgorod, Volot, Pskov,
Vladimir, and Nizhni Novgorod). II, populations are
grouped by dialect zones [21]: southwestern zone (Bel-
gorod, Orel, Kaluga, and Tula), northwestern zone (Veliki
Novgorod, Volot, and Pskov), and northeastern zone
(Vladimir, Nizhni Novgorod, and Yaroslavl). III, popula-
tions are grouped according to anthropological data [22]: the
presumptive descendants of Novgorod Slovens (Veliki
Novgorod, Volot, and Pskov), Krivichi (Vladimir, Nizhni
Novgorod, and Yaroslavl), Vyatichi (Kaluga and Tula), and
Severyane (Orel and Belgorod).
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possible to distinguish between the gene pools of Slavs
(Russians and Poles) and Teutons (Germans).
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