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Abstract—Using the data on mitochondrial DNA (mtDNA) restriction polymorphism, the gene pools of Koreans (N = 164) and Mongolians (N = 48) were characterized. It was demonstrated that the gene pools were represented by the common set of mtDNA haplogroups of East Asian origin (M*, M7, M8a, M10, C, D4, G*, G2,
A, B*, B5, F1, and N*). In addition to this set, mtDNA haplogroups D5 and Y were identified in Koreans while
Mongolians possessed haplogroup Z. Only in Mongolians, a European component with the frequency of 10.4%
and represented by the mtDNA types belonging to haplogroups K, U4, and N1, was identified. Phylogenetic
and statistical analyses of the data on mtDNA variation in the populations of South Siberia, Central, and East
Asia suggested the existence of interpopulation differentiation within these regions, the main role in which was
played by the geographical and linguistic factors. Analysis of the pairwise FST distances demonstrated close
genetic similarity of Koreans to Northern Chinese, which in turn, were clearly different from Southern Chinese
populations. Mongolians occupied an intermediate position between the ethnic groups of South Siberia and
Central/East Asia.

INTRODUCTION
East Asia is one of several world regions, where the
first stages of the development of anatomically modern
humans took place. According to paleontological data,
primary eastern race-forming area was developed on
the territory of the Yellow River and the Yangtze River
basins as early as during Lower Paleolithic [1]. It is
suggested that later (during Upper Paleolithic) the
development of Mongoloid characters, differentially
expressed in the present-day populations inhabiting the
vast territory of Asia began on this area. Analysis of
paleontological data showed that the Central Asian
race-forming area was developed later (during the
Neolithic) within the territory, limited by southern
steppe regions of Transbaikalia, central and eastern
regions of Mongolia, and, probably, by some regions of
Northern China. Beginning from the Bronze Age, Caucasoid groups started colonization of the territories of
Central Asia (till Western Mongolia) and the south of
Siberia. The result of this was the appearance (at the
turn of the Common Era) of the South Siberian raceforming area on the territories of South Siberian steppe
and the north of Central Asia. Within this area, intensive
mixing between Caucasoids and Mongoloids took
place. One of such local population groups has emerged
in the Altai–Sayan Region [1–3].

At the same time, on the territory of China, the most
important region relative to the understanding of the
early stages of the Mongoloid race development, there
are still no paleontological findings, covering a large
time interval (from 40 to 100 thousand years ago) [4].
This is one of the reasons for such great interest to the
results of molecular genetic investigations, permitting
reconstruction of prehistoric (racial genetic and demographic) events based on the genetic analysis of the
present-day and ancient populations. The studies of
mitochondrial DNA (mtDNA) and Y-chromosome variability in East Asian populations showed that the primary colonization of this region by modern humans
happened about 60 thousand years ago, during migrations of ancestral populations from Africa to the south
of East Asia (in accordance with the “southern wave”
model) [4, 5]. The data obtained suggested that colonization of East Asia occurred from the south to the north
and that only during Upper Paleolithic these populations have reached the north of China, Mongolia, and
Siberia. The existing genetic differences between
southern and northern East Asian populations were
probably caused by the loss of genetic diversity during
the process of migration of southern populations to the
north of Asia [4]. Thus, one of the main tasks of ethnic
genetics is investigation of genetic differentiation of the
populations of East and Central Asia with the purpose
of determining the levels of the regional gene pools dif-
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ferentiation. In future, this will enable localization of
the areas of the formation of long-term genetic diversity, corresponding to different stages of East Asian
population differentiation. Also, it will be possible to
reconstruct the main stages in colonization of Central
and Northern Asia.
The data on the mtDNA variation in the populations
of China suggest the existence of genetic differentiation
between the northern and southern Chinese populations. Southern and southeastern Chinese populations
demonstrate higher diversity of the mtDNA types
compared to the populations of Central, East, and
Northeast China. The age of a number of mtDNA haplogroups described in the populations of China is estimated as more than 50 000 years, confirming the
hypothesis on the colonization of the territory of
China about 60 000 years ago [6].
At the same time, many populations of East and
Central Asia, for example, Koreans and Mongolians,
remain poorly studied in respect of the mtDNA markers
distribution. Investigation of classical genetic markers
showed that Koreans displayed maximum genetic similarity to Mongolians [7, 8]. On the contrary, the data on
mtDNA variation pointed to genetic closeness of Koreans to Chinese and Japanese [9, 10]. Recent studies of
the Y-chromosome markers polymorphism showed that
the gene pool of Koreans contained the lineages prevalent both in Northeast and Southeast Asia. Moreover,
relative to the male gene pool structure, Koreans displayed maximum genetic similarity to Manchurians,
Southern Chinese from the province of Yunnan, and
Vietnamese [11]. It can be thus suggested that the population of Korea was formed as a result of multiple
migration events with the substantial genetic contribution from the northern Asian groups, and also from the
populations inhabiting the south and north of China
[11, 12]. It is also suggested that the ancestors of Koreans could have common origin with the ethnic groups
of Northeast Asia, which inhabited vast territories of
the Altai–Sayan and Baikal regions of Southeast Siberia [13].
Mongolians inhabit the territories proposed to represent the origin of Central Asian anthropological type,
prevalent in addition to Mongols, among the majority
of South and East Siberian ethnic populations [3].
Investigations of the mtDNA variation revealed higher
level of the mitochondrial gene pool diversity in the
populations of Mongolia compared to the populations
of Siberia and Southeast Asia [14]. In the meantime, the
data on biochemical markers and nuclear loci variation
along with those on the polymorphism of the main noncoding region of mtDNA, point to an extremely low
level of genetic differentiation characteristic of Mongolian populations [14–16]. The low level of interpopulation differentiation in Mongolians can be probably
explained by specific features of their economic and
cultural life style, and also by active integration and
assimilation processes, which accompanied the formaRUSSIAN JOURNAL OF GENETICS
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tion of the Mongolian ethnic groups. Archaeological
and anthropological data suggest that the territory of
Mongolia could have been already colonized during
Upper Paleolithic. These data also point to the succession of archaeological cultures observed within this
region till the early Middle Ages [3, 5]. Mongolian population was formed under the influence of different
groups (Hunnu, Syanbi, Jujan, Uighurs, Kidans, etc.),
ethnolinguistic and anthropological affiliation of which
still remains controversial. For instance, recent investigations of skeletal remains from the necropolis in the
Egyin Gol Valley (Northern Mongolia) showed that the
population of Xiongnu period (3rd century B.P.–2nd
century A.D.) was characterized by mixed anthropological composition, since 11% of the mitochondrial lineages, identified in the study cited, belonged to western
Eurasian mtDNA haplogroups [17]. Their genetic succession, however, cannot be established due to the lack
of data on mtDNA polymorphism among the ancient
and present-day population of Mongolia and adjacent
territories.
The present study, thereby, was focused on the analysis of the structure and diversity of the mitochondrial
gene pools of Mongolians and Koreans, as well as on
the evaluation of the population differentiation patterns
of the ethnic populations from South Siberia, Central,
and East Asia.
MATERIALS AND METHODS
The sample of Mongolians (48 individuals) was
formed from the inhabitants of different aimaks of
Mongolia. The sample of Koreans (164 individuals)
was comprised of the inhabitants of different provinces
of Korea. Only individuals who were apparently unrelated at least for three generations participated in the
study. Genomic DNA used as the study material was
isolated from the biological tissue samples (blood and
hair bulbs) using standard techniques [18].
Screening for polymorphic sites determining the
main haplogroups of mtDNA types prevalent in the
populations of Eurasia (Table 1) was conducted using
restriction endonuclease analysis of mtDNA fragments
amplified in polymerase chain reaction with the primers suggested in [19, 20]. Restriction fragments were
fractionated by electrophoresis in 8% polyacrylamide
gels. Gels were stained with ethidium bromide and
DNA fragments were visualized in the UV light.
Polymorphism was scored by the presence (+) or
absence (–) of the restriction endonuclease recognition
sites. The mtDNA types were identified in accordance
with the existing classification of the haplogroups of
mtDNA types in the populations of Eurasia [6, 10, 21, 22].
Haplogroups and subhaplogroups of mtDNA types are
defined as monophyletic clusters marked by certain
polymorphism variants (Table 1). In accordance with
the classification, mtDNA haplogroups are denoted by
single Roman letters (excluding haplogroup HV), and
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Table 1. Polymorphic restriction variants determining haplogroups of mtDNA types in the populations of Eurasia
MtDNA haplogroup
M*
C
D*
D4
D5
E
G*
G2
M7
M8a
M10
Z
A
Y
N*
N1
I
W
X
R*
B*
B5
F1
U*
U4
K
HV
V
H
T*
T1
J

Key restriction variants
–12704 MboII; +10394 DdeI; +10397 AluI
–12704 MboII; +10394 DdeI; +10397 AluI; –13259 HincII/+13262 AluI
–12704 MboII; +10394 DdeI; +10397 AluI; –5176 AluI
–12704 MboII; +10394 DdeI; +10397 AluI; –5176 AluI; –3010 FnuDII
–12704 MboII; –10394 DdeI; –10397 AluI; –5176 AluI
–12704 MboII; +10394 DdeI; +10397 AluI; –7598 HhaI
–12704 MboII; +10394 DdeI; +10397 AluI; +4830 HaeII/+4831 HhaI
–12704 MboII; +10394 DdeI; +10397 AluI; +4830 HaeII/+4831 HhaI; –7598 HhaI
–12704 MboII; +10394 DdeI; +10397 AluI; +9820 HinfI
–12704 MboII; +10394 DdeI; +10397 AluI; –16298 MseI; +14465 AccI
–12704 MboII; +10394 DdeI; +10397 AluI; +10646 RsaI
–12704 MboII; +10394 DdeI; +10397 AluI; –16298 MseI
–12704 MboII; +663 HaeIII
–12704 MboII; +10394 DdeI; +7933 MboI
–12704 MboII
–12704 MboII; –12498 NlaIII
–12704 MboII; +10394 DdeI; –12498 NlaIII; +10032 AluI; +16389 BamHI
–12704 MboII; –8994 HaeIII
–12704 MboII; +14465 AccI
+12704 MboII
+12704 MboII; 9-bp deletion in region V
+12704 MboII; +10394 DdeI; 9-bp deletion in region V
+12704 MboII; –12406 HpaI/HincII
+12704 MboII; +12308 HinfI
+12704 MboII; +12308 HinfI; +4646 RsaI
+12704 MboII; +10394 DdeI; +12308 HinfI; –9052 HaeII
+12704 MboII; –14766 MseI
+12704 MboII; –14766 MseI; +4577 NlaIII
+12704 MboII; –14766 MseI; –7025 AluI
+12704 MboII; +15606 AluI
+12704 MboII; +15606 AluI; –12629 AvaII
+12704 MboII; +10394 DdeI; –13704 BstNI

Note: Haplogroups of mtDNA types are designated according to classification from [6, 10, 21, 22].

subhaplogroups within the haplogroups, by the digits
added to the letter code of the group (Table 1). The
mtDNA types that belong to a particular haplogroup,
but yet cannot be attributed to any of the known subhaplogroups, are designated by asterisks.
Statistical significance of interpopulation differences relative to the frequencies of mtDNA haplogroups were evaluated using an exact test of population
differentiation [23]. The indices of mtDNA population
diversity, as well as F-statistics values were calculated
using ARLEQUIN 2.000 software package [24]. Correlation between the genetic, geographical, and linguistic

distances was evaluated using Mantel’s test (100 permutations). Geographical distances were calculated
using Great Circle Distance program (http://www.mercury.demon.co.uk/dist/dodist.html) through the comparison of geographical coordinates. The matrix of
interpopulation linguistic distances was constructed in
accordance with the methods suggested in [25].
For comparative analysis, the data on the frequencies of mtDNA haplogroups in Southern Altaians
(Altai-Kizhi), Khakassians, Buryats, Sojots, Todjins,
Tuvinians, Tofalars, and Western Evenks, reported by
us earlier [26, 27], as well as the data for Hun Chinese
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from northern (Shandong, Liaoning, and Xinjiang [6])
and southern (Yunnan, Hubei, and Guangdong (the cities of Guangzhou [10] and Zhanjiang [6]) provinces of
China were used. The matrix of pairwise FST distances
was used for the presentation of phylogenetic relationships between the populations by means of multivariate
scaling methods realized in STATISTICA 5.0 (StatSoft,
Inc. Tulsa, OK, United States) software package.
RESULTS AND DISCUSSION
The present study continues description of the mitochondrial gene pool structures in ethnic populations of
Northern Asia. Earlier, based on the hypervariable segment 1 (HVS1) sequence variation data and/or restriction analysis of the mtDNA coding sequences, a comprehensive characterization of the mitochondrial gene
pools of ten ethnic population groups from South and
East Siberia, including Southern Altaians (Altai-Kizhi),
Khakassians, Tuvinians, Todjins, Tofalars, Buryats,
Sojots, Western Evenks, Shorians, and Yakuts, was carried out [26, 27]. The total size of the sample examined
was 663 individuals. In the present study, using highresolution restriction analysis of mtDNA, which
included screening of 32 polymorphic sites, determining 32 haplogroups and subhaplogroups of mtDNA,
prevalent in the populations of Eurasia (Table 1), mitochondrial genomes of 212 individuals representing two
ethnic groups of Central Asia (Mongolians) and East
Asia (Koreans) were characterized.
The data on the prevalence of mtDNA haplogroups
and subhaplogroups among Koreans and Mongolians
are demonstrated in Table 2. As shown in the table, the
populations examined were characterized by similar
composition of mtDNA haplogroups, which was also
typical of the other Mongoloid populations of Asia [6,
10, 26, 27, 29]. More than the half of mtDNA lineages
in each of the populations (58.5% in Koreans and
54.2% in Mongolians) belonged to different haplogroups of Asian macrohaplogroup M, which included
haplogroups C, D, E, G, M7, M8, M9, M10, M*, and Z.
It should be noted in this respect that in Koreans, high
frequency (34.76%) of mtDNA lineages belonging to
haplogroup D along with the absence of the lineages
belonging to haplogroup C was observed. At the same
time, the gene pool of Mongolians was characterized by
relatively high frequencies of haplogroups C and D
(16.67 and 10.42%, respectively). Note that in Mongolians only D4 mtDNA types were identified, while in
Koreans haplogroup D also included mtDNA variants
of subhaplogroup D5, which was mostly distributed
among the populations of China (with the frequencies
ranging from 4.8 to 10%), and with the low frequencies
(1.8–2.2%) in the populations of South Siberia [6, 27].
Single mtDNA variants belonging to haplogroup Z,
mostly prevalent in Northeast Asia, were detected only
in the Mongolian sample. Both samples were characterized by low frequencies (1 to 2%) of mtDNA types
from haplogroup M10, which was earlier detected in
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Table 2. Prevalence of mtDNA haplogroups in Koreans and
Mongolians
MtDNA
haplogroup
M*
M7
M8a
M10
C
D4
D5
G*
G2
Z
A
Y
B*
B5
F1
N*
N1
U4
K
h ± s.e.

Koreans (N = 164)
N

%

3
1.83
13
7.93
9
5.49
2
1.22
1
0.61
46
28.04
11
6.71
7
4.27
4
2.44
0
0
15
9.15
2
1.22
17
10.36
17
10.36
8
4.88
9
5.49
0
0
0
0
0
0
0.873 ± 0.015

Mongolians (N = 48)
N

%

2
4.17
2
4.17
2
4.17
1
2.08
8
16.67
5
10.42
0
0
1
2.08
4
8.33
1
2.08
6
12.50
0
0
5
10.42
2
4.17
3
6.25
1
2.08
1
2.08
3
6.25
1
2.08
0.930 ± 0.016

the populations of China with similarly low frequencies
(1.3 to 5.9%) [6]. Single variants of mtDNA lineages
belonging to haplogroup M10 were earlier described in
the gene pools of Altaians and Buryats [27].
The frequencies of haplogroup G mtDNA lineages
in the gene pools of Koreans and Mongolians were 6.71
and 10.42%, respectively. Note that haplogroup G in
Koreans was mostly composed of the mtDNA types
belonging to haplogroup G* (4.27%), while higher frequency of haplogroup G2 mtDNA variants was
observed in Mongolians (8.33%). Earlier, it was demonstrated that subhaplogroup G2 was mostly prevalent
in Central Asia (8.8% as reported in [10]), while it was
practically absent in China and Southeast Asia. In
South Siberia, maximum frequencies of mtDNA types
from haplogroup G2 were observed in Mongolianspeaking Buryats and also in genetically close to them
Sojots (14.3 and 6.7%, respectively) [27]. Thus, the origin and distribution of mitochondrial subhaplogroup
G2 could be associated with the Mongolian-speaking
populations of Central Asia.
MtDNA lineages belonging to East Asian haplogroup M7 were present in the gene pools of Koreans
and Mongolians with the frequencies of 7.93 and
4.17%, respectively. Earlier, it was shown that haplogroup M7 prevailed in China, Vietnam, the Korean Pen2004
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insula, and in the islands of Southeast Asia, while it was
absent in Northeast and Central Asia [10]. The coalescence time for different subhaplogroups of haplogroup M7 is estimated as ranging between 6000 and
18 000 years, which corresponds to the time of the settlement process in the area around the southern coast of
Japanese Sea after the Last Glacial Maximum and
before the onset of the Jomon culture [10].
In Korean and Mongolian samples the frequency of
mtDNA lineages belonging to three other haplogroups
(A, B, and F) of macrohaplogroup R and distributed
predominantly among Mongoloid populations, constituted 34.8 and 33.3%, respectively. Relatively high frequencies of haplogroup A, observed in Koreans
(9.15%) and Mongolians (12.5%) bring these populations close to the populations of China, where the frequencies of mtDNA variants belonging to this haplogroup vary from 4.7 to 16.7% [6]. Haplogroup A was
found in the populations of South Siberia with the averaged frequency of 2.7%, and reaching its maximum
values in Sojots (10%) [27].
The gene pools of both, Koreans and Mongolians,
were characterized by high prevalence of mtDNA types
belonging to haplogroup B, distinguished by the presence of the 9-bp deletion in the mtDNA region V. The
frequency of B lineages in Koreans was 20.7%, and
14.6% in Mongolians. Note that high frequencies of
haplogroup B, varying in the range from 12 to 30.4%,
were found in all samples of Northern and Southern
Chinese examined [6]. The frequency of mtDNA B
types in the Mongolian sample examined earlier was
9.7% [14]. In the populations of South Siberia the frequencies of haplogroup B did not exceed the maximum
value of 7.8% observed in Tuvinians [26]. Haplogroup
B in the populations studied was represented by two
subhaplogroups, B* and B5. In addition to the 9-bp
deletion in the region V, subhaplogroup B5 is characterized by the presence of the +10 394 DdeI variant. In the
gene pool of Koreans, both subgroups were represented
with equal frequencies (10.37%), while in Mongolians,
mtDNA variants belonging to subhaplogroup B* prevailed (10.42%). Predominant distribution of subhaplogroup B*, represented by the B4, B4a, and B4b variants, was observed earlier in the populations of Northern and Southern Chinese. The exclusion is the Chinese
population from the province Xinjiang, in the gene pool
of which the frequency of the mtDNA B5 lineages
exceeds the frequency of the B* lineages (6.4 versus
2.1%) [6].
Note that B* mtDNA types are nearly equally frequent both in the south and east of Siberia, while the
presence of subhaplogroup B5 (with the frequency
lower than 2.5%) is typical only of the gene pools of
Altaians, Buryats, and Sojots [26, 27]. Earlier, it was
demonstrated that mitochondrial haplogroup B represented the most ancient component of the Asian gene
pools (with the evolutionary age of about 56 000 years),
with the possible place of origin and diversification

lying in South China and/or Southeast Asia [6]. Thus,
the high frequency and the marked structure of haplogroup B in the populations of Koreans and Mongolians
indicate a high diversity level and the ancient age of this
gene pool component. This, in turn, favors the earlier
suggestion on the existence of a mitochondrial gene
pool diversity-forming center of Mongoloid populations from Northern Asia on the territories of Mongolia,
Korea, and China [28].
Mitochondrial haplogroup F1, represented in the
populations of Siberia, Central, East, and Southeast
Asia by subhaplogroups F1a, F1b, and F1c occurred
detected in the gene pools of the Korean and Mongolian
populations at frequencies of 4.88 and 6.25%, respectively. Earlier, it was demonstrated that F1a lineages
prevailed in the populations of Southeast Asia, while
F1b mtDNA types were more frequently observed
among the populations of Central and East Asia [10]. In
Chinese, the frequency of F1 variants increased southward, from the minimum values (4%) in the province of
Liaoning to the maximum values (16.3 and 20.2%,
respectively) in the populations of Yunnan and Guangdong (Guangzhou) [6]. In the populations of South
Siberia, F1 mtDNA lineages had high frequencies
(22 and 43%, respectively) in the gene pools of Khakassians and Shorians, while in Altaians their frequency slightly exceeded 8% [26, 27, 29].
In the present study, Caucasoid mtDNA lineages
belonging to haplogroups U and N1 were detected only
in Mongolians. The frequency of U4 mtDNA variants
in the gene pool of Mongolians was 6.25%. These variants were earlier observed among the populations of
Altai–Sayan Region, Altaians and Khakassians, with
the frequencies of 5.5 and 9.4%, respectively [27]. In
addition, a single mtDNA variant belonging to haplogroup K was detected in Mongolians. This haplogroup
was earlier found in some Siberian populations, Shorians, Western Evenks, and Altai-Kizhi, with the frequencies of 2.4, 2.5, and 6.5%, respectively [26, 29]. Haplogroup N1, detected in Mongolians with the frequency
of 2.08%, was earlier found only in Altaians with similar frequency of 2.7% [26]. In general, it should be
noted that Caucasoid component of the Altai–Sayan
gene pools displays substantial diversity, since it is represented by mtDNA lineages belonging to haplogroups
and subhaplogroups H, U2, U3, U4, U5a, U5b, K, J, T*,
T1, I, X, R*, N1a, and HV* [26]. Caucasoid lineages
belonging to haplogroups H, V, J, T*, T1, U2, U4, U5a,
and U7 are also characteristic of the gene pools of
Northwest Siberian populations, Mansi, Nganasans,
and Kets [30, 31]. It should be noted, that excluding
some common mtDNA types (belonging to haplogroups U4, U5a, K, and H), Caucasoid components of
the Altai–Sayan and West Siberian gene pools are substantially different, probably, due to more pronounced
influence on the latter from the side of East European
populations. Thus, high frequencies and diversity of
Caucasoid mtDNA lineages in South Siberian gene
pools support the hypothesis (based on paleontological
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Multivariate scaling of FST -distances between the populations of South Siberia, Central, and East Asia. The samples of Southern
Chinese from Guangzhou and Zhanjiang, province Guangdong are designated as “Guangdong-1” and “Guangdong-2”, respectively.

data) on the early (during the Neolithic, Bronze Age,
and the early Iron Age) penetration of Caucasoids into
South Siberia [2, 3]. In turn, the presence of Caucasoid
U4 lineages in the Mongolian mitochondrial gene pool
enables suggestion that Caucasoids have also penetrated into Mongolia.
Paleoanthropological findings of Pre-Scythian time
from the things-free burial sites in western Mongolia,
and also the findings of later periods, which are characterized by Caucasoid and/or mixed characters enabled
substantial expansion of the Caucasoid race area,
including in it not only the Caucasus, Central Asia, and
South Siberian steppe, but also West Mongolia [3]. For
these reasons, taking into consideration the absence of
Caucasoid mtDNA lineages in the gene pools of Northern and Southern Chinese examined so far [6, 10],
along with the absence of these lineages in Koreans and
Japanese [9], it can be considered that the territory of
Mongolia represents the eastern border of the maternal
Caucasoid lineages distribution in East Eurasia.
Mitochondrial gene pools of the populations examined were characterized by similar diversity values, the
h values for Koreans and Mongolians constituted 0.873
and 0.930, respectively. These mtDNA diversity values
are within the range of h values (0.603 to 0.930)
observed in the populations of South Siberia, and Central and East Asia. Moreover, Mongolians, similarly to
Liaoning (h = 0.929) and Hubei (h = 0.925) Chinese,
and also Altai-Kizhi (h = 0.924) were characterized by
the maximum diversity values among the populations
examined so far.
Comparative analysis of the mtDNA haplogroup
and subhaplogroup frequency distribution patterns in
Koreans, Mongolians, Northern and Southern Chinese,
RUSSIAN JOURNAL OF GENETICS
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and in the ethnic groups of South Siberia revealed high
level of interpopulation differentiation (FST = 8.05%;
P < 0.001). Moreover, despite the fact that in the populations examined similar sets of mtDNA haplogroups
were observed, statistically significant differences (P <
0.05) were observed between almost all population
pairs compared. For instance, Koreans were statistically significantly different from Mongolians, and also
from all South Siberian and Chinese populations,
excluding the sample of Northern Chinese from Liaoning. Mongolians were statistically significantly different from almost all other populations used in comparative analysis, excluding Southern Chinese from Hubei
and Northern Chinese from Liaoning. In turn, Southern
and Northern Chinese were statistically significantly
different from each other. The exclusion was two samples from the northern provinces of Xinjiang and Liaoning, which displayed no genetic differences from
each other, and also from Northern Chinese from Shandong, as well as from Southern Chinese from Yunnan
and Hubei. Taken together, the data obtained indicate
that Central and East Asian populations are characterized by the high levels of genetic diversity along with
substantial gene pool differentiation. High degree of
interpopulation differentiation is also typical of the
indigenous populations of Siberia [27].
The data on mtDNA haplogroup and subhaplogroup
frequency distribution in 17 populations of South Siberia, Central and East Asia, including Korean and Mongolian populations examined in the present study, were
used for the investigation of the evolutionary relationships between the ethnic groups of these regions. The
data on multivariate scaling of the pairwise FST -distance matrix are presented in the figure. As can be seen,
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central position in the space of two dimensions is occupied by Mongolians and Altai-Kizhi, who are characterized by maximum genetic diversity values. Tofalars
and Sojots, demonstrating minimum levels of mtDNA
gene pool diversity among the populations compared
occupy the marginal position on the map. The position
of South Siberian populations reveals no distinct clusters, while in general, in the first dimension they relatively clearly differentiate form the Central and East
Asian ethnic groups. The second dimension, in turn,
clearly differentiates Northern and Southern Chinese
populations. The Korean sample tested forms a separate
cluster together with Chinese from northern provinces
of Shandong, Xinjiang, and Liaoning. Southern Chinese populations form two distinct clusters, one of
which includes Shandong, Xinjiang, and Liaoning samples, while another one contains two samples from the
southernmost province of Guangdong. In general, the
population distribution follows a geographical, rather
than linguistic or anthropological, pattern. Because of
this, it seems reasonable to carry out further investigations of the relationships between the genetic diversity
and geographical and linguistic characteristics of the
populations in the region examined.
As follows from molecular variance analysis
(AMOVA) of mtDNA haplogroups characterizing the
gene pools of the populations examined, the main role
in the observed differentiation of South Siberian, Central and East Asian populations was played by geographical and linguistic factors. Combination of the
populations into regional groups showed that the proportion of intergroup variation was remarkably higher
compared to interpopulation differences within the
groups (6.72 versus 2.76%). Clustering of the populations according to linguistic principle showed that the
proportion of the observed intergroup differences was
also higher compared to the values of the interpopulation differences within the groups (6.12 versus 4% for
linguistic families, and 4.89 versus 4.06% for the groups
within linguistic families). Analysis of the correlation
between genetic distance matrices (FST -distances) and
the matrices of geographical and linguistic distances by
use of Mantel’s test pointed to the existence of statistically significant correlation between the genetic and
geographical distances (r = 0.429; P < 0.001). The partial coefficient of correlation between the genetic and
geographical distances (with constant linguistic differences) was also statistically significant, but at lower
significance level (r = 0.241; P = 0.02). There was also
statistically significant correlation between the genetic
and linguistic distances (r = 0.387; P = 0.003). However, statistically significant correlation between
genetic and linguistic data is not revealed in case of
geographical distance constancy (r = 0.138; P = 0.087),
thereby indicating the determining role of the geographical factors in the development of genetic diversity of the indigenous populations of this region
of Asia.

In conclusion, the approach applied in this study
provided detailed characterization of the mtDNA gene
pool structures in Koreans and Mongolians, and also
enabled determination of their phylogenetic position
among South Siberian, Central, and East Asian ethnic
groups. It was demonstrated that mitochondrial gene
pool of Koreans was represented exclusively by East
Asian mtDNA lineages. At the same time, the gene pool
of Mongolians displayed the presence of Caucasoid
mtDNA lineages with the frequency of 10.4%, favoring
the hypothesis on early penetration of Caucasoids into
the territory of Central Asia. Comprehensive phylogeographic sequence analysis of mitochondrial lineages
revealed among the populations of Central and East
Asia will provide future determination of the origins of
all gene pool components along with the adequate
description of the genetic processes in the populations
studied, as well as the identification of the factors (evolutionary, population, and historical) that had the most
important influence on the formation of the populations
of different regions of Northern Eurasia.
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