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Abstract—Autosomal gene pools of 27 populations representing 12 ethnic groups of Siberia, Central Asia,
and the Far East have been characterized for the first time using a set of eight polymorphic Alu insertions. The
results of our analysis indicate a significant level of genetic diversity in populations of northern Eurasian and
the considerable differentiation of their gene pool. It was shown that the frequency of the Alu (—) allele at the
CD4 locus was inversely related to the magnitude of the Mongoloid component of the gene pool: the lowest
and highest frequencies of the CD4 Alu deletion were recorded in Eskimos (0.012) and in Russians and
Ukrainians (0.35), respectively. A gene flow analysis showed that Caucasoid populations (Russians, Tajiks,
and Uzbeks), as well as Turkic ethnic groups of southern Siberia (Altaians and Tuvans), Khanty, and Mansi
populations, in contrast to ethnic groups of eastern Siberia and the Far East, have been recipients of a con-
siderable gene flow. A correlation analysis showed that genetic distances determined using polymorphic Alu

insertions were correlated with the anthropological characteristics of the populations studied.
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INTRODUCTION

Ethnogenetic studies aimed at characterization of
gene pool structure of human populations are con-
ducted at multiple research centers throughout the
world. Various systems of genetic markers are
employed to analyze genetic diversity and differentia-
tion, as well as to reconstruct ancient migrations and
the population and demographic history of particular
regions or ethnic groups [1—12]. Populations of Sibe-
ria, Central Asia, and the Far East, which are highly
diverse in their origins and ethnicity, are being exten-
sively investigated using different systems of genetic
markers, e.g., SNPs and microsatellites of the nonre-
combining region of chromosome Y, mtDNA, or
chromosome O haplotypes. However, it is highly
desirable that the array of genetic markers in use be
further extended, since Siberia and Central Asia have
always been regions of contacts among a great variety
of ethnocultural and anthropological entities from
adjacent territories.

Although population genetics studies have lately
been making increasingly extensive use of new geno-
typing approaches, such as genome-wide SNP analy-
sis, new-generation sequencing, or complete mtDNA
and genomic sequencing, classic DNA markers, such
as polymorphic Alu repeats, are still in vogue. The
high information content of these DNA markers, as
well as the accuracy and simplicity of genotyping and
the availability of large databases for comparative
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analysis, makes them an appropriate tool for studying
gene-pool structure at a level sufficient for most prob-
lems of population genetics.

Alu insertion polymorphisms are convenient mark-
ers for this type of studies. Several research centers in
Europe and the United States investigate genetic
diversity of human populations based on Alu repeat
markers. The collected data made it possible to char-
acterize human genetic diversity and to verify major
pathways of human expansion over the Earth [13], as
well as to specify genetic relationships among different
Native American groups [14].

Alu insertions have been in use to study gene pools
of northern Eurasian populations for more than
15 years. In this period, researchers characterized the
general structure of gene pools of different ethnic
groups, including eastern Slavic populations and
indigenous peoples of the Volga—Urals region, the
North Caucasus, and Siberia, analyzed phylogenetic
relationships among these populations and deter-
mined the allele frequencies for different Alu markers.
It was also possible to reconstruct historical genetic
relationships among some of the indigenous peoples of
Russia [2, 15—28].

However, the resulting picture still remains largely
fragmented; it does not fully reflect the general organi-
zation patterns that characterize the gene pool of
northern Eurasia. In addition, to a certain extent,
many ethnic groups are anthropologically and geneti-
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Fig. 1. Geographic location of ethnic groups studied. Here and in other figures, group notation is given according to Table 1.

cally heterogeneous, and population samples used in
previous studies often underrepresented the total gene
pool variation and only partially characterized its
actual diversity. Therefore, although the body of accu-
mulated data is considerable, we believe that it is
important to investigate the regional and intragroup
structure of genetic diversity of different populations
based on at least a few geographically separate samples
for each region.

EXPERIMENTAL

Populations. The study involved 34 population sam-
ples that represent 19 ethnic groups residing in Siberia,
Central Asia, the Far East, and Eastern Europe (Fig. 1,
Table 1), with a total of 2383 individuals. These ethnic
groups represent two major Eurasian racial types
(Caucasoid and Mongoloid) and speak languages
from six different families, i.e., Altaic, Indo-Euro-
pean, Sino-Tibetan, Uralic, Chukotko-Kamchatkan,
Eskimo-Aleutan, and Paleosiberian.

DNA polymorphism was studied using eight Alu
insertion loci, including ACE, FXIIIB, APOAI,
PLAT, PV92, A25, CD4, and D1. DNA was isolated
using conventional techniques [29]. Genotyping was
performed by PCR with subsequent electrophoresis in
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a 2% agarose gel. Statistical analysis was performed
using conventional approaches of population genetics
studies [30—33].

RESULTS AND DISCUSSION

Allele Frequencies and Genetic Diversity
within Populations

All eight loci studied were polymorphic in all pop-
ulations (Table 2); four of them showed a high level of
diversity; i.e., for ACE, PLAT, PV92, and DI, the
He value in the total sample was close to 0.5. In gen-
eral, the spectrum of allele frequencies in indigenous
populations of Siberia was typical for other Asian pop-
ulations; the frequencies of Alu insertions at PV92 and
F13B were relatively high [13, 14, 34]. Populations of
Siberia and Central Asia can be divided in two groups
depending on F13B allele frequencies. The first group
comprises Caucasoid populations (Russians, Ukraini-
ans, Tajiks, Uzbeks) and those of the intermediate
Uralic type (Khanty and Mansi), while the other one
includes all Mongoloid ethnic groups.

In populations of Central Asia, allele frequency
distributions were heterogeneous. The Kyrgyz and
Dungans were characterized with typical Mongoloid
allele distribution patterns, Tajiks were closer to Cau-
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Table 1. Linguistic and anthropological characteristics of the populations studied

Ethnic Population . . Linguistic classification| Racial and anthropo-
Notation | N* Location : .
group (settlement) (family/group) logical type
1 2 3 4 5 6 7
Gorno-Altaisk Alt-GA 31 | Republic of Mongoloid
Altaians, Gornyi Altai (South Siberian)
Northern | Kyrmach-Baigol | Alt-KB 29 | Republic of
Gornyi Altai Altaic/Turkic
Kulada Alt-KU 93 "
Alatians, Kosh-Agach Alt-KA 43 " Mongoloid
Southern (Central Asian)
Beshpel'tir Alt-BE 114 "
Teeli Tuv-TE 129 | Republic of Tuva Mongoloid
(Central Asian)
Tuvans |y nourtug Tuv-KT | 165 |Republic of Tuva |Altaic/Turkic
Toora-Khem Tuv-TH 113 "
Ulan-Ude Bur-UU 60 | Republic
of Buryatia
Khuramsha Bur-HU 60 | Republic Moneoloid
. : . goloi
Buryats of Buryatia Altaic/Mongolian (Central Asian)
Kurumkan Bur-KU 88 "
Aginskoe Bur-AG 78 | Chita oblast
Chara Evk-CH 42 | Chita oblast
Evenks Tungokochen Evk-TN 11 Allltsziiéc/ Manchu-Tun- Mongoloid (Baikalian)
Olekma (Tupik Evk-OL 42 " g
and Maklakan)
Cheriktei Yak-CH 81 |Sakha
. . Mongoloid (Central
Yakuts Dyupsya Yak-DY 64 | Sakha Altaic/Turkic Asian)
Byadi Yak-BY 56 "
Kellog Kek 40 | Krasnoyarsk krai;
Kets Turukhanskii dis- | Paleosiberian/Ket Mongoloid (Baikalian)
trict
North (Kegety, Kir-N 50 | Kyrgyzstan M loid
Taldy-Su . . ongoloi
Kyrgyz y-Su) Altaic/Turkic (South Siberian)
South (Osh) Kir-S 54 | Kyrgyzstan
Uzbeks Osh Uzb 46 | Kyrgyzstan Altaic/Turkic Caucasian
(Pamir-Iranian)
Tajiks Dushanbe Taj 48 | Tajikistan Indo-European Caucasian
(Iranian) (Pamir-Iranian)
Dungans | Tokmak, Aleksan- |Dun 48 | Kyrgyzstan Sino-Tibetan/Chinese | Mongoloid (East Asian)
drovka
Russians | Tomsk Rus-T 112 | Tomsk Indo-European/Slavic | Caucasian
(East European)
Kargala Rus-K 103 | Tomsk oblast
Kazakh | Kosh-Agach Kaz 80 | Republic of Gornyi | Altaic/Turkic Mongoloid (Central
Altai Asian and South
Siberian)
Ukrainians| Kharkov, Poltava Ukr 97 | Ukraine Indo-European/Slavic | Caucasian (East Euro-

pean)
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Table 1. (Contd.)

Ethnic Population Notation | N* Location Linguistig classification| Racial apd anthropo-
group (settlement) (family/group) logical type
1 2 3 4 5 6 7
Chukchi | Lorino, Yanarykot, |Chuk 60 | Chukotka Autono-| Chukotko-Kamchat- | Mongoloid (Arctic)
Novoe Chaplino, mous Okrug kan
Sireniki
Khanty | Tyumen oblast Khant 79 | Tyumen oblast Uralic/Finno-Ugric Uralic
Mansi Tyumen oblast Mans 40 | Tyumen oblast Uralic/Finno-Ugric Uralic
Koryaks Kor 71 | Koryak Autono- | Chukotko-Kamchatkan| Mongoloid (Arctic)
mous Okrug, Ka-
mchatka
Eskimo Igloolik Eskim 123 | Canada Eskimo-Aleut Mongoloid (Arctic)
Nivkh Southern Sakhalin | Nivh 33 | Sakhalin oblast Paleosiberian/nivkh Mongoloid (Sakhalin-
Amur)

* N is number of individuals studied.

casoid populations, whereas Turkic-speaking Uzbeks
had intermediate allele frequencies that tend toward
Caucasoid-type distributions. An interesting phenom-
enon was observed for the CD4 locus, i.e., the fre-
quency of the deletion allele was clearly decreasing
with an increase in the Mongoloid component of the
gene pool. Among the populations of Siberia and Cen-
tral Asia included in our study, the lowest frequency of
the Alu deletion at CD4 was found in the Eskimo pop-
ulation (0.012), which has the strongest Mongoloid
component, while in Russians and Ukrainians, the
frequency of this deletion was the highest (0.35).

The highest level of average expected heterozygos-
ity by the eight Alu loci was observed in Northern Alta-
ians from Kurmach-Baigol (He = 0.4195) and Gorno-
Altaisk (He = 0.4091). In Tuvans, the expected het-
erozygosity was also high, which, as shown previously
in [35], is related to heterogeneity of this ethnic group.
Among the three Tuvan populations studied, the low-
est diversity was observed in the highly isolated popu-
lation of Toora-Khem [36, 37], which is in agreement
with the data on the spread and accumulation of fam-
ily names (tribal groups) [35]. Our data suggesting the
low genetic diversity of the Toora-Khem population
agree with the results of an RFLP analysis of mtDNA
D-loop, but disagree with the data obtained using
classic markers, which detected the highest level of
genetic diversity in the Todzha population [35].

Genetic Differentiation among Populations

The level of diversity among populations was eval-
uated using the genetic differentiation coefficient Ggr,
which reflects the portion of interpopulation differ-
ences in the total genetic diversity within a group of
populations (Table 3). The highest contribution to
interpopulation diversity was associated with differ-
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ences in Alu insertion frequencies at PV92 (Ggr =
12.6%), APOALl (Gsr = 12%), F13B (Gsr = 11.7%),
and CD4 (Ggr = 10.1%). There was little differentia-
tion among the populations studied by the PLAT and
A25 markers (Ggr = 2.1 and 2.2%, respectively).

On the whole, the gene pool of populations that
represent different geographic regions and linguistic
groups of northern Eurasia was highly differentiated:
the mean Gy value was 7.5%. This level of interpopu-
lation genetic differences reflects well the complexity
of the ethno-population system in question. For com-
parison, the genetic differentiation among 34 popula-
tions representing all major geographic regions of the
world determined using polymorphism of Alu inser-
tions was 12.8% [13]. Importantly, very similar levels of
genetic differentiation among human populations are
observed using large random sets of autosomal DNA
markers, including genome-wide panels of hundreds of
thousands SNPs. For instance, when 650000 SNPs
were genotyped in 51 populations from the panel of the
Human Genome Diversity Project, it was found that
interpopulation differences account for 11% of the
worldwide genetic diversity [38]. Our recent evaluation
of genetic differentiation among 36 human populations
(32 Eurasian populations and 4 populations from the
HapMap project) using 200000 SNPs produced a value
of 13.4% [39].

Next, we analyzed the differentiation within indi-
vidual ethnic groups. Among the populations of Sibe-
ria and Central Asia included in our study, the highest
Ggr value was observed in Yakuts (2.1%). In Buryats
and Altaians, the portion of interpopulation differ-
ences was slightly lower (1.98 and 1.7%, respectively),
while in other ethnic groups, it did not exceed 1.5%.
These estimates show that gene pools of indigenous
ethnic groups (Tuvans, Evenks, Kyrgyz) are internally
homogeneous, which can probably be traced back to
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Table 3. Average expected heterozygosity (Hg), interpopu-
lation diversity (Dg7), and genetic differentiation coeffi-

cient (Gg) for each polymorphic locus studied

Locus Hy Hg Dyt Gst, %
ACE 0.4804 0.4536 0.0268 5.57
PLAT 0.4999 0.4893 0.0106 2.1
PV92 0.4910 0.4283 0.0629 12.6
APOAL 0.2246 0.1977 0.0269 12.0
F13B 0.3780 0.3336 0.0444 11.7
A25 0.1600 0.1565 0.0035 2.2
CD4 0.2021 0.1817 0.0204 10.1
D1 0.4842 0.4619 0.0223 4.6

0.3651 0.3378 0.0273 7.5

the ancestry of particular ethnic groups or to the his-
tory of their migrations.

The results of a hierarchical analysis of genetic dif-
ferentiation among territorial, linguistic, and anthro-
pological groups based on Alu insertion polymor-
phisms are shown in Table 4.

For the population of Siberia, which was repre-
sented by 21 populations included in this study, the
genetic differentiation coefficient was 4.4%, which
indicates a rather high level of genetic diversity within

the region. Studies employing immunological and
biochemical markers also demonstrated a high level of
diversity among Siberian populations [40]. The high-
est Fgr=3.6% levels in Eurasia were observed in central
higher than the average Fgp = 3.0% value for northern
Eurasia [40].

Similar Gg values were observed in the populations
of Central Asia and eastern Siberia (2.7 and 2.2%,
respectively). For thousands of years, Central Asia has
been a scene of important genetic and demographic
processes, which explains a considerable portion of
interpopulation differences. Migration processes in
eastern Siberia have been, in contrast, much less
active. Anthropological relationships among Yakuts,
Buryats, and Evenks are closer than among popula-
tions of Central Asia, but the lack of close contact
among these ethnic groups due to territorial separa-
tion also resulted in accumulation of significant inter-
population differences.

In ethnic groups of southern Siberia (Altai and
Sayan Mountains), the portion of interpopulation dif-
ferences was low (less than 1%). Tuvans and Northern
and Southern Altaians speak languages of the same
Turkic group of the Altaic family; the gene pool of this
region can probably be considered homogeneous. The
gene pool of western Siberia, represented by two pop-
ulations of closely related ethnic groups, Khanty and
Mansi, was even more uniform (Gsr = 0.37%) [41].

Table 4. Genetic differentiation within territorial, linguistic, and anthropological groups of populations of northern Eurasia

Group Number of populations Hy Hy Dgr Gst, %
Territorial groups
Siberia 21 0.3568 0.3413 0.0155 4.34
Southern 8 0.3702 0.3675 0.0027 0.72
Western 0.3725 0.3711 0.0014 0.37
Eastern 10 0.3205 0.3133 0.0072 2.25
Far East 0.2764 0.2665 0.0099 3.58
Central Asia 0.3584 0.3487 0.0097 2.70
Eastern Europe 0.3869 0.3857 0.0012 0.31
Linguistic groups
Altaic family 22 0.3534 0.3408 0.0126 3.56
Turkic group 15 0.3613 0.3508 0.0105 291
Indo-European family 4 0.3921 0.3825 0.0096 2.44
Uralic family 0.3725 0.3711 0.0014 0.37
Anthropological groups
Caucasoid racial type 5 0.3936 0.3815 0.0121 3.07
Mongoloid racial type 27 0.3402 0.3272 0.0013 3.82
Uralic racial type 2 0.3725 0.3711 0.0014 0.37

Hr is total genetic variation; Hg is variation among individuals within populations; Ggy is coefficient of genetic differentiation.
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Fig. 2. Ethnic groups of Northern Eurasia in principal component space of allele frequencies. (a) 20 ethnic groups; (b) 16 ethnic

groups.

For the Altaic language family, the genetic differen-
tiation coefficient was 3.6%. Differentiation within
the Turkic group of this family (Gsr = 2.9%) accounted
for 97% of the total differentiation within the family,
the percentage that corresponds to the portion of the
Turkic-speaking group in the total number of Altaic
population.

The evaluation of interpopulation differences
within anthropological groups showed that two large
racial groups, Caucasoid and Mongoloid, had similar
levels of genetic differentiation (Ggr = 3.1 and 3.8%,
respectively).

Genetic Relationships among Populations

The genetic relationship among populations were
studied by principal component analysis and multidi-
mensional scaling. Integral parameters (factors) that
determine the allele frequency variation were identi-

MOLECULAR BIOLOGY Wl. 48 No. 1 2014

fied by principal component analysis. Positions of the
ethnic groups studied in the space of two principal
components are shown in Fig. 2a.

The first principal component was responsible for
17% of total variation and discriminated well between
Slavic groups (Russians and Ukrainians) and all other
populations; the second component reflected 1.7% of
the total variations. The obtained plot contained three
groups that clearly differ in the magnitude of the Cau-
casoid component. The first group included Russians
and Ukrainians, the second one comprised Uralic
populations, and the third one included Mongoloid
ethnic groups.

To investigate the relationships between the popu-
lations of Siberia, Central Asia, and Far East in greater
detail, four ethnic groups speaking Indo-European and
Finno-Ugric languages (Russians, Ukrainians, Khanty,
and Mansi) were excluded from analysis (Fig. 2b). In
the resulting plot, two population groups were identi-
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fied. Of the two Caucasoid populations of Central
Asia, Uzbeks clustered with Altaians, in agreement
with linguistic classification: both these ethnic groups
speak Turkic languages of the Altaic family. Within the
other group, which included Mongoloid populations,
several smaller clusters could be identified. In our
chart, Evenks are positioned near Southern Altaians,
Eskimo are close to Chukchi, and Tuvans are near
Nivkh. Tajiks occupy an isolated position in the prin-
cipal component space, similarly to Eastern European
populations (Russians and Ukrainians) in Fig. 2a,
which probably reflects an ancient Indo-Iranian com-
ponent in their gene pool. The positioning of Kets and
Koryaks is probably related to the presence of an
ancient Paleosiberian component.

Analysis of Gene Flow

Ethnic groups included in this study differ in the
intensity of genetic events (first of all, migrations) they
have experienced, and the respective modern popula-
tions differ in levels of gene exchange with their neigh-
bors. The relative intensity of gene flow in populations
of northern Eurasia was evaluated using the approach
developed by Harpending and Ward [31] based on
Wright’s island model [42].

Figure 3 shows the results obtained in our analysis
of 19 ethnic groups. The solid line represents the the-
oretically expected dependence between the distance
from the centroid and heterozygosity. In populations
lying below this line, gene flows are weaker than theo-
retically expected, while in those above this line, they
are stronger. Our results suggest that Russians, Ukrai-
nians, Tajiks, Uzbeks, Tuvans, Northern Altaians,
Khanty, and Mansi have been recipients of a consider-

able gene flow from external populations. Other pop-
ulations are more isolated. The position of Russians in
the plot reflects the history of the Russian population
of Siberia formed by migrations from European Russia
and the mixed character of populations included in the
study. To explain the fact that Tuvan and Northern
Altaian populations also lie above the expected het-
erozygosity line, it should be noted that these ethnic
groups originated in the circumstances where large
population groups repeatedly migrated across the Altai
and Sayan region in different historical periods and in
the prehistorical time. Peoples of eastern Siberia and
the Far East are characterized with the lowest levels of
gene exchange with other island populations, since
gene pools of eastern Siberian ethnic groups have
probably evolved in the conditions of strong isolation
by distance and were little affected by migrations.

Correlations between Genetic Diversity
and Geographic, Linguistic,
and Anthropological Distances

Correlation analysis was performed using the Man-
tel’s test, which evaluates the extent and significance
of correlation between two matrices that represent
genetic distances among populations or ethnic groups
or any other variation that can be expressed as pairwise
distances [32]. Matrices of genetic, anthropological,
and linguistic distances among populations were con-
structed as described in [2].

We analyzed the correlation between the matrix of
genetic distances based on Alu insertion polymor-
phisms and the matrices of geographic, linguistic, and
anthropological distances (Table 5), and found that
interpopulation divergence by autosomal markers was
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Table 5. Matrix correlation and respective portions of genetic variation

Matrix Correlation Portion Sienificance
coefficient of genetic variation &
Geographic distances 0.5422 0.2945 0.0000
Linguistic distances (classification) 0.3157 0.0990 0.001
Anthropological distances (classification) 0.6170 0.3807 0.0000
Anthropological distances (dermatoglyphics) 0.4047 0.1638 0.002
significantly correlated with differentiation by all REFERENCES

other parameters. The highest levels of significance
were observed for a comparison of the genetic distance
matrix to the matrices of geographic distances and
anthropological classification. The correlation
between genetic and anthropological distances was the
highest (0.617), while genetic and linguistic distances
were correlated with the lowest coefficient (0.316).
The portion of genetic variation associated with
anthropological factors was also the highest (38%).

In general, our results indicate that genetic dis-
tances determined by Alu insertion polymorphisms
have the strongest correlation with anthropological
characteristics of populations in question. This is an
expected finding, since, to a considerable extent, these
characteristics are determined by genetics. In addi-
tion, the pattern of genetic differentiation is signifi-
cantly affected by the territorial factor.

Thus, we have analyzed the gene pools of Northern
Eurasian populations using a set of autosomal Alu
repeat polymorphisms. Our results indicate that gene
pools of populations from different regions differ con-
siderably in genetic diversity, genetic differentiation,
and degree of isolation. Populations of Eastern
Europe, as well as southern and western Siberia, are
characterized by high genetic diversity, strong migra-
tion effects, and a low level of genetic differentiation
among populations. On the other hand, ethnic groups
of eastern Siberia and the Far East show relatively low
genetic diversity levels along with much stronger dif-
ferentiation and little gene flow from external popula-
tions. A phylogenetic analysis suggested that the struc-
ture of the populations' gene pools changes gradually
from west to east, and a correlation analysis indicated
that anthropological and territorial factors have a sig-
nificant impact on the pattern of genetic differences.
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