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Abstract The article presents the results of the first regular
study of Russian populations by sequencing the control region of
mitochondrial DNA (mtDNA). The sequenced region is the most
variable on mtDNA molecule and is commonly used for
population and evolutionary studies. Russians form one of the
largest ethnic groups (more than 129 million). However, their
genetic diversity had only been characterized with RFLP and
biochemical markers, although there are already established
mtDNA sequence databases for many ethnic groups of the world.
We have obtained sequence data from 103 individuals living in
three Russian regions: Kostroma, Kursk, and Rjazan. The
sequenced fragment analyzed is 360 bp in length (positions from
16024 to 16383). Fifty nine nucleotide positions have been found
polymorphic in Russians, among those were 57 transitions and
two transversions. One individual is found having two insertions
of two cytosines between positions 16184 and 16193. Among 64
different mitotypes identified in the study 52 were unique in these
samples. The index of genetic diversity (Nei, 1987) for Russians
is 0.96. This value is within the established range for European
populations (0.93 to 0.98). Genetic distances calculated from our
data show that Russians form a cluster with Germans,
Bulgarians, Swedes, Estonians, and Volgo-Finns are more
distant from Karelians and Finns, and much more differ from
Turks and especially Mongolians.
© 1999 Federation of European Biochemical Societies.
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1. Introduction

Mitochondrial DNA (mtDNA) take a special place among
high polymorphic genetic systems. The known nucleotide se-
quence, high level of variability and matrilineal kind of he-
redity allow to use mtDNA as an universal instrument in
solving evolutionary and population genetic problems. Thus,
mtDNA represents one of the most informative systems for
inter- and intraspecific study of human genetic diversity.

The main non-coding region (control region) is a most var-
iable part of mtDNA. The region contains origin of mtDNA
replication and promoters for transcription [1]. Differences
between individuals in the region are mainly presented by
single nucleotide substitutions. More than half of these sub-
stitutions are located in the hypervariable segment I (HVSI).
The comparative analysis of this segment was used in many
population studies.

Nucleotide sequences of HVSI mtDNA have been obtained
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for many human populations in the world. The data on mi-
totype diversity of various ethnic and regional groups are
widely used for studies of descendance and differentiation of
ethnic groups, reconstruction of migrations and demographic
processes.

Comparatively low level of pairwise differences and the
specific geographic profile of mitotype distributions show
that the European populations have a common ancestor [2].
However the ethnic history of the Eastern Slavs is not clear. It
is supposed that Eastern Slavs could assimilate local tribes
during outspreading into new areas.

Anthropological studies indicate the presence of the Finno-
Ugric and Baltic components in ethnogenesis of the Eastern
Slavs [3]. Thereby there is a great interest in revealing mtDNA
diversity in Russians and comparing the data with those
known for other populations from Europe.

The published data of mtDNA polymorphism in Russians
are mainly based on analyses of restriction fragment length
polymorphism (RFLP) [4-7]. However, resolution of RFLP is
limited to the part of sequence presented in the recognition
sites, and thus not all mitotypes can be revealed by this meth-
od. As for mtDNA sequences, there have not been published
data except for a small sample (24 individuals) that was not
sufficiently informative since it represented a mixture from
different regions of Russia [8]. In this study we present data
on nucleotide sequences of HVSI mtDNA region for 103 in-
dividuals from three regions of Russia and compare them to
some close ethnic groups.

2. Materials and methods

The blood samples from 103 Russian individuals were collected on
the territory of three regions in European part of Russia: Kostroma
(N=55), Ryazan (N=14) and Kursk (N=34).

DNA samples were prepared as follows. 200 ul of whole blood were
mixed with 300 pl of a buffer (100 mM Tris-HCI (pH 8.0), 10 mM
EDTA, 100 mM NaCl, 1% SDS and 0.2 ug/ml proteinase K) and
incubated at 37°C for 12-16 h. Then DNA was purified with phe-
nol-chloroform extraction and concentrated by ethanol precipitation
[9].

The following primers were used for amplification of HVSI:
L15997: 5'-CACCATTAGCACCCAAAGCT-3" and H16401: 5'-TG-
ATTTCACGGAGGATGGTG-3" [10], where ‘L’ and ‘H’ refer to
‘light’ and ‘heavy’ strands of mtDNA respectively and numbers in-
dicate the 3’ base according to the Cambridge reference sequence of
human mtDNA [1]. Amplification was carried out in 25 pl of reaction
mixture, containing 25 mM Tris-HCI, pH 8.4, 50 mM KCI, 1.5 mM
MgCly, 0.2 mM of each dNTP, 5 pmol of each primer, 100-200 ng of
total DNA and 0.5 units of Taq polymerase. The amplification con-
ditions (30 cycles) were the following: 94°C for 1 min, 50°C for 1 min,
72°C for 1 min, followed by final 5 min extension at 72°C.

PCR products were purified on 2% agarose gel followed by extrac-
tion with ‘QIAEX II’ kit (Qiagen).
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Fig. 1. Identified types of HVSI mtDNA control region. Only variable sites are shown. Numbers of positions shown according Cambridge
reference sequence of human mtDNA without prefix ‘16’ [1].
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Table 1
Haplogroup frequencies (%) calculated for Russians compared to
the published data for Europe in whole (Richards, 1996)

Haplogroup Russians Europe
1 54 62

2 20 20

2A 8 12

2B 12 8

3 4 5

4 5 7

5 7 7
Other 10

Sequencing of the purified PCR products was performed on Ap-
plied Biosystems 373A DNA sequencer using ‘ABI Prism’ kit, con-
taining FS polymerase, according to the manufacturer’s protocol.
L15997 oligonucleotide (see above) was used as the sequencing primer
in most cases. In some cases (transition in position 16189) H16401
oligonucleotide (see above) was used as primer.

Published data for Bulgarians [11], Finns, Karelians, Volgo-Finns,
Estonians, [12], North Germans, Swedes [13], Turks [11,14], and Mon-
golians [15] have been used in this study for comparison.

Mitotype diversity (H) can be estimated by H=(1—=x?)N/(N—1)
[28], where x is the frequency of each mitotype and N the number of
individuals, i.e. nucleotide sequences. The average pairwise difference,
1, has been calculated on the base of all N(N—1)/2 possible pairwise
comparisons using software DNASP 2.2. The mean number of pair-
wise differences between all possible pair sequences (D;, see below)
may be used as a different measure of genetic diversity within a pop-
ulation [10,16].

Genetic distances between populations were estimated as
D= D;—(Di+D;)/2, where D; (Dj) is the within population diversity,
the average value of pairwise differences between sequences drawn
from population i (j), and Dy is the between population diversity,
the average of pairwise differences between sequences drawn from
each population i and j. The dendrogram was constructed using UP-
GMA algorithm with SYSTAT program.

3. Results

Nucleotide sequences of HVSI (16024-16383) were ob-
tained for 103 Russians individuals. Among 360 sites of the
sequenced segment, 59 were found to be polymorphic. Of the
variable sites, 57 nucleotide substitutions were transitions.
Transversions were observed at two sites. The estimated tran-
sition:transversion ratio was 29:1, this agrees with other data
obtained for humans [10]. Interestingly, one individual had
insertion of two cytosines in region 16184-16193; the length
polymorphism in this region has been already described ear-
lier [17].

Sixty four different mitotypes have been identified among
the 103 individuals. Fifty two of them (81%) were unique (Fig.
1). The latter value corresponds well to that for European

Table 2
Genetic distances between Russians (from our data) and some other
populations

Ethnic group Genetic distance with Russians

Swedes —0.00006
Estonians —0.00005
Volgo-Finns —0.00003
Bulgarians —0.00003
Germans 0.00003
Karelians 0.00005
Finns 0.00010
Turks 0.00122
Mongolians 0.00221
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Fig. 2. Distribution of pairwise nucleotide differences for Russians
and Mongols.

populations, 77% (Richards, 1996). The most frequent mito-
type (16.5%) for the studied region of mtDNA was the Cam-
bridge reference sequence [1]; in most European populations
this mitotype has close frequencies [2].

In the previous article Richards et al. [2] offered classifica-
tion of European mitotypes using the reduced median net-
work. This classification is based on pooling mitotypes in
five major lineage groups. In the examined group of Russians,
the haplogroups defined by Richards et al. [2] occurred with
frequencies close to those obtained for Europeans (Table 1).

Three mitotypes of Russian samples were previously shown
to be presented in Mongolian populations. Mitotypes 33 and
47 belong to Mongoloid haplogroup C [19] and occurred in
different Mongoloid populations [18,15]. Mitotype 26 was not
found in Mongoloid populations; however, it probably origi-
nated from a Mongoloid mitotype because it contains substi-
tutions similar to those for Mongolian mitotypes; at the same
time it substantially differs from European mitotypes. The
presence of these mitotypes in the examined Russian samples
might indicate the (direct or indirect) influence of Mongoloid
populations on the ethnogenesis of Russians.

The ethnospecific mitotypes were also found in Finno-Ugric
populations [12]. These mitotypes have transitions in positions
16144, 16189, 16270 compared to the Cambridge reference
sequence and have different frequencies in different Finno-
Ugric populations. For example, in Finns this combination
of transitions occurs with frequency 2%, in Karelians with
frequency 6%. In other populations of the world this motif
was not found. The analyzed group of Russians contains one
‘Finno-Ugric’ mitotype (mitotype 31). This confirms anthro-
pological data about the contribution of Finno-Ugric popu-
lations in the ethnogenesis of Eastern Slavs [3].

Turks

Finns —

Karelians

North Germans
Russians
Bulgarians
Estonians
Volgo-finns

Swedes

Mongolians

Fig. 3. UPGMA tree, built on a base of obtained genetic distances.
The length of branches corresponds to genetic distance value.
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Table 3

Restriction site frequencies of control region HVSI for Russians from different regions of Russia compared with Europeans in whole

Enzyme Restriction site Eastern Slavs Russians of Russians of Old Believers Europe Our data
position and of Magadan city [6] center and south of  Siberia [7] of Siberia [7] [2,27] (N=103)
polymorphism type (N=T1) Russia [5] (N=122) (N=126) (N=130) (N =520)

EcoRV (+)16274 14.1(10) 8.9(11) 6.4(8) 6.909) 1.9(10) 1.0(1)

Haelll (+)16254 0.0(0) 0.8(1) 1.6(2) 0.0(0) 2.9(15) 0.0(0)

Kpnl (—)16129 7.0(5) 14.8(18) 10.3(13) 12.2(16) 4.8(25) 5.7(6)

Rsal (—)16126 32.4(23) - 7.9(10) 16.8(22) 20.2(105)  21.2(22)
(—)16156 0.0(0) 1.6(2) 0.0(0) 0.0(0) 0.42) 0.0(0)
(—)16208 0.0(0) 2.5(3) 1.6(2) 0.8(1) 0.4(2) 0.0(0)
(—)16303 12.709) 10.6(13) 10.3(13) 6.909) 5.6(29) 12.5(13)
(—)16311 12.7(9) - 7.2(9) 14.3(19) 12.9(67) 12.5(13)

Sau3Al (+)16145 1.4(1) 0.0(0) - - - 0.0(0)
(+)16215 0.0(0) 3.3(4) - - - 0.0(0)

Mitotype diversity in the total sample of 103 individuals
occurred to be 0.96, which is within the range for European
populations (from 0.93 to 0.98 [2]). Another measure of pop-
ulation diversity, the mean value of nucleotide differences,
calculated for all Russian individuals was 4.27 and is also
within the range for Europeans [2].

The distribution of pairwise differences for different popu-
lations can be different and reflects some specific ancient dem-
ographic processes in these populations [20-22]. It is theoret-
ically proven that a unimodal distribution of pairwise
differences occurs in a population that had exponential
growth periods in its demographic history. If a population
had constant size over long time the distribution is expected
to be multimodal [23]. This distribution in the analyzed Rus-
sian samples is unimodal (Fig. 2) and indicates the presence of
population growth in the preceding history. It should be noted
that the distribution found previously for Eastern Slavs was
bimodal [24]. However, that sample was rather small (18 in-
dividuals) and such a bimodality could not be significant;
additionally, it was collected in Magadan city among migrants
from quite different regions of Russia [24] and thus was a
mixture of possibly different distributions. The unimodal dis-
tribution is common for most European populations. This
might be related with their active population growth in the
upper paleolith [20]. Since the modal value of pairwise differ-
ences correlates with the duration of exponential population
growth [20], it can be drawn from data that Mongolians
started to grow much earlier than Russians (Fig. 2).

For estimating the genetic position of Russians among oth-
er ethnic groups of Europe and Asia genetic distances between
Russians and some other populations have been calculated
(Table 2) and interpreted by constructing a dendrogram
(Fig. 3). The estimated genetic distances between Russians
and most European populations were insignificant except for
Karelians and Finns; the latter occurs to be genetically dis-
tinct from other Europeans [12].

A different way of data analysis is the use of frequencies of
restriction sites. They have been calculated on the base of
nucleotide sequences obtained and then compared with pre-
viously published data for Russians and Europeans [5-7]. The
data (Table 3) show a tendency to heterogeneity among Euro-
pean populations for polymorphic restriction site (—)16126
Rsal. Interestingly, there is a significant heterogeneity among
Russian populations at this site (x?>=12.1 with d.f.=7).
Therefore there exist some differences between Russian re-
gions in mtDNA pools.

4. Conclusion

According to the above mtDNA diversity analysis, Rus-
sians of the Eastern-European plain are close to the European
ethnic groups; the same conclusion was obtained by using
biochemical markers [25,26]. Additionally, our analysis shows
some influence of Finno-Ugric ethnic group on the Russian
mitochondrial pool. Our data also show that Russian popu-
lations are heterogeneous, this corresponds to anthropological
data [2]. Further mtDNA analysis of samples from other re-
gions of Russia is needed to understand the genetic structure
of Russian populations.
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