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Abstract—The genepool structure of Tuvinians was examined in terms of the composition and frequency of
Ychromosome haplogroups in five geographically distanct populations. In the Tuvinian gene pool, a total of
22 haplogroups were identified with six of these, which were the most frequent (C3c, C3*, N1b, N1c1, Q1a3,
and R1a1a). It was demonstrated that eastern regions of Tuva were most different from the other regions in
haplotype frequencies. The evaluation of genetic diversity based on the frequencies of biallelic haplogroups
and YSTR haplotypes revealed very high diversity values for all samples. In general, the genetic diversity values
identified in Tuvinians were the highest for the indigenous ethnic groups of Siberia. The evaluation of the
genetic differentiation of the samples examined using the analysis of molecular variance (AMOVA) showed
that the gene pool of Tuvinians was relatively poorly differentiated with respect to haplogroup frequencies.
Phylogenetic analysis within haplogroup N1b revealed strong founder effect, i.e., reduced diversity and star
like phylogeny of the median network of haplotypes, which formed a separate subcluster exclusive to Tuvin
ians. It was demonstrated that, in Tuvinians, haplogroup N1c1 was the most heterogeneous in haplotype pro
file and consisted of three different haplotype clusters, demonstrating considerable differences of western
population from the rest of the Tuva populations. Phylogenetic analysis of haplogroups revealed common
components for Tuvinians, Khakasses, Altaians, and Mongols.
DOI: 10.1134/S102279541312003X

INTRODUCTION
In recent years, indigenous ethnic groups of Altai–
Sayan region were among the most actively studied by
the specialists in different fields of human population
genetics and medical genetics. Considerable interest
to the problem of identifying the gene pool structure of
South Siberian populations is associated with the
complexity of their ethnogeny. According to anthro
pological data, metisation was the leading factor of
population differentiation on the territory of steppe
and forest steppe parts of South Siberia [1, 2]. The
processes of the assimilation and fusion with the par
ticipation of Mongoloid and Caucasoid population
groups played a major role in the formation of modern
Turkicspeaking populations of South Siberia, includ
ing Tuvinians. In the Neolithic, Bronze, and Early
Iron Ages the territory of Tuva was the part of the hab
itat of ancient Caucasoid population. Later, on this
territory, the cultures of Scythian–Siberian were
developed [3]. The penetration of Central Asian Mon
goloid component to the territory of South Siberia can
be dated back to the 7th–6th age BP. The emergence
of forest, taiga Mongoloid component is also attrib
uted to about this time [1, 4]. In the course of time,
gradual increase of the Mongoloid component, from
the prevalence of Caucasoid component in Scythian
time to the formation of modern Central Asian

anthropological type of Tuvinians in 13th–14th cen
tury AD was observed [3–5]. Genetic relationships
between different population groups on the territory of
Siberia caused by considerable migrations, which
especially intensified during Bronze Age, Early and
Late Iron Age, and Middle Ages, resulted in the for
mation of transitional Mongoloid–Caucasoid popu
lations in the Altai–Sayan region.
At present, Tuvinians are one of the most compact
living population groups of Russia. Moreover, the
Tuvinian gene pool is relatively isolated because the
frequency of intermarriages is very low, even in mixed
populations [6, 7]. In addition, the isolation of certain
indigenous ethnic groups of Tuva caused by geograph
ical factors and the history of their development
should be mentioned. This is because Tuvinians,
unlike other populations of Altai–Sayan upland, are
characterized by endogamy. At the same time, hetero
geneity of tribal composition of Tuvinians was demon
strated [8].
This paper continues a series of studies on the gene
pool structure of the indigenous ethnic groups of Sibe
ria [9–13]. The objective of the present study was to
describe the gene pool structure of Tuvinians, includ
ing its regional and intraethnic subdivision. The inves
tigations were based on the analysis of Ychromosome
haplogroup composition and structure, determined
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with the help of genotyping of a wide set of SNP and
STR markers from nonrecombining portion of the
Y chromosome. Until the present time, the Tuvinian
gene pool was poorly studied using Ychromosome
markers. There are no separate articles on Tuvinians.
Moreover, although the most detailed study on South
Siberian ethnic groups [14] contains information on
rather large population samples of Tuvinians (N =
113) and Todja Tuvinians (36), it is focused on a com
parative analysis at the interethnic level. The genotyp
ing data for Tuvinian population samples are also
reported in the studies aimed at phylogeography and
the origin of different Y chromosome haplogroups
[15–17]. However, these data refer only to certain
components of Tuvinian gene pool. In our earlier
study, we examined Ylinked microsatellite markers in
three geographically distanced Tuvinian populations.
It was demonstrated that the male gene pool of Tuvin
ians contained several components that were assessed
as Caucasoid and Mongoloid [9]. Since then, consid
erably larger population material, along with a higher
number of informative DNA markers became avail
able, which provides the analysis of the Tuvinian gene
pool at the new level.
MATERIALS AND METHODS
Study material was represented by total DNA
extracted from male peripheral blood leucocytes using
standard methods. The population samples with the
total number of 419 individual specimens and repre
senting the indigenous population of the Tuva Repub
lic were examined. The samples were collected in the
settlement of Teely (west of Tuva) (N = 44), the settle
ment of Kungurtug (southwest of Tuva) (N = 48), the
settlement of TooraKhem (northeastern part of Tuva)
(N = 23), and the city of Kyzyl (N = 296). The Kyzyl
samples were assigned to the territorial groups in
accordance to the donor birthplaces. The samples
were divided into five geographically distanced groups
as follows: west (BarunKhemchinsk, BaiTaiga,
DzunKhemchinsk, SutKholsk, and MongunTaiga
raions) (N = 169), center (ChaaKholsk, Tandyn,
KaaKhemsk, Kyzyul, UlugKhemsk, ChediKholsk,
PiiKhemsk, TesKhemsk, Ovyursk, and Erzinsk
raions) (N = 179), east (N = 71), which included the
northeastern (Todzha raion) (N = 23) and southeast
ern (TereKholsk raion) (N = 48) parts of the republic.
The biallelic loci, mostly represented by SNPs, and
polyallelic highly variable microsatellites (YSTRs)
were used as markers. Using biallelic markers, the
attribution of the samples to certain haplogroup was
performed. Nomenclature of haplogroups is as
defined by the YChromosome Consortium [18] with
further modifications [19, 20]. Genotyping was per
formed using a set of microsatellite markers and, for
each sample, its individual STR haplotype was deter
mined. Based on the data on haplotype composition
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within the haplogroups, their internal diversity and
detailed phylogenetic relationships were established.
Biallelic markers. The haplogroup composition was
studied using 60 markers from the nonrecombining
portion of Y chromosome, including M1 (YAP), M3
(DYS199), M7, M8, M9, M12, M15, M17, M20,
M25, M46 (Tat), M47, M56, M64, M67, M70, M73,
M77, M86, M89, M92, M102, M117, M119, M120,
M122, M124, M128, M130, M134, M157, M170,
M172, M173, M174, M175, M178, M198, M201,
M204, M207, M217, M223, M231, M242, M253,
M267, M269, M324, M346, M407, M458, SRY1532,
92R7,DYF155S2, 12f2, P25, P31, P37, and P43. Bial
lelic markers were genotyped using polymerase chain
reaction (PCR) with subsequent analysis of the DNA
fragments by means of different methods as described
earlier [10–13].
Microsatellite markers. Haplotype analysis was car
ried out using 17 microsatellite markers from the non
recombining portion of the Y chromosome (DYS19,
DYS385a, DYS385b, DYS388, DYS389I, DYS389II,
DYS390, DYS391, DYS392, DYS393, DYS426,
DYS434, DYS435, DYS436, DYS437, DYS438, and
DYS439). Fluorescentlabeled primers (HEX, FAM,
TET, and NED dyes used) were produced at Applied
Biosystems. Genotyping of microsatellite markers was
performed using the ABI Prism 310 and ABI Prism
3130x1 genetic analyzers. Primer sequences for
DYS19, DYS389I, DYS389II, DYS390, DYS391,
DYS392, DYS393 were described earlier in [9, 23];
sequences for DYS385a, DYS385b, DYS388, DYS426,
DYS438 were described in [24]; and sequences for
DYS434, DYS435, DYS436, DYS437, DYS439 were
described in [25]. The fragment sizes were analyzed
using the GeneMapper Software. Allele nomenclature
corresponds to the generally accepted (for the
DYS389I without taking into consideration the three
copy TCTG repeat and for DYS437 without terminal
[TCTG]2–[TCTA]4 tandems).
Statistical methods. Genetic relationships among
the populations were analyze using factor analysis
(the method of principal components). Computa
tions and graph construction were conducted using a
STATISTICA 7.0 software package. Genetic diversity
was evaluated using the formula suggested by Nei [26].
The genetic differentiation of the population was
assayed using the analysis of molecular variance
(AMOVA) [27]. Using the Fst coefficient, 10 000 per
mutations of the initial data was performed. The statis
tical significance of the differences between the popu
lations in haplogroup and YSTR haplotype frequen
cies was evaluated using the exact test for population
differentiation (the number of Markov chain steps was
equal to 10 000, the number of steps not taken into
consideration was 1000, and the significance level
was equal to 0.05). The matrices of Slatkin’s pairwise
distances (Fst) were calculated using 100 permuta
tions of the initial data. The calculations were per
2013
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formed in the ARLEQUIN 3.11 software package
(http://cmpg.unibe.ch/software/arlequin3)
[28].
Median networks for Ychromosome haplotypes were
constructed in the Network v. 4.6.1.1 software pro
gram (www.fluxusengineering.com) using the median
network method of Bandelt with the sequential use of
the RM (reduced median) and MJ (medianjoining)
algorithms (the ε estimator was considered to be equal
to 0) [29, 30]. To score different mutation rates upon
the networks constructions, each STR locus was given
a weight proportional to its variability within the hap
lotype array examined.
RESULTS AND DISCUSSION
Frequencies of YChromosome Haplogroups
in Population Samples of Tuvinians
Genotyping of the biallelic marker loci examined
showed the presence of 22 Ychromosome haplo
groups in the gene pool of Tuvinians. Only six haplo
groups (C3c, C3*, N1b, N1c1, Q1a3, and R1a1a)
were identified in all five sample groups. The fre
quency of these haplogroups in the total sample of
Tuvinians constituted more than 5%, and they repre
sented 85% of Ychromosome gene pool of Tuvinians.
The highest number of haplogroups was identified in
the population samples from the group representing
the center of Tuva (20 haplogroups). In the west of
Tuva, as well as in local samples from the south and
southeast of the republic, considerably lower number
of haplogroups was identified. However, most of
Ychromosome lineages characterized by a high fre
quency in the central group of Tuvinian samples were
identified in the populations from other groups. In the
population sample of Todja Tuvinians, only seven hap
logroups were identified (table). On the one hand,
these data suggest more intensive migratory flows from
the outside to the steppe territory of Tuva compared to
mountain–taiga regions of northeast and southeast of
the republic. On the other hand, many rare haplo
groups are represented by single samples, and their
identification can be associated with the larger sizes of
western and central groups of samples compared to the
three other groups. The northeast of Tuva is repre
sented by the least number of haplogroups, which can
probably be associated with the historically formed
isolated position of this region.
In general, population samples of Tuvinians
showed that their gene pool contained far more haplo
groups than in neighboring Altaians [10], Teleuts [12],
Khakasses [13], and Buryats [31]. The assessment of
the differences between the populations in the haplo
type frequencies using hte exact test for population
differentiation revealed statistically significant differ
ences between western, central, and eastern groups in
all pairwise comparisons.
In Tuvinians, the most frequent Ychromosome
variant was haplogroup N1b, which constituted 24%

in the total gene pool. This lineage was the most abun
dant in the groups from the center and south of the
republic. Moreover, in the latter group, almost 39% of
all Y chromosomes belonged to this lineage. In this
respect, it should be noted that no other haplogroup
with such a high frequency was detected in any popu
lation. It seems likely that high frequency of this hap
logroup in modern Tuvinians reflects the contribution
the Samoyedic ethnic groups that previously popu
lated the territory of Tuva to their gene pool.
Haplogroup N1c1 is the second highly frequent
haplogroup in Tuvinians (19% out of all samples). In
the total sample, the frequency of this haplogroup is
only 5% lower than that of haplogroup N1b. More
over, in the west of Tuva, Nic1 was present in about
30% of the samples examined. The distinguishing fea
ture of the populations from the west and northeast of
the republic is that the frequency of haplogroup N1c1
in these populations is higher than that of N1b. At the
same time, in other parts of Tuva, the frequency of
haplogroup N1b is orders of magnitude higher than
that of N1c1. The lowest frequency of haplogroup
N1c1 was observed in the south and southeast of Tuva.
Thus, haplogroups of N group displayed a gradient of
decreasing frequencies, from west to east (for haplo
group N1b) and northwest to southeast (for haplo
group N1c1).
It seems likely that the presence of haplogroup
N1c1 in the gene pool of Tuvinians cannot be associ
ated with any one particular ethnic element. However,
similar to haplogroup N1b, some proportion of this
lineage should reflect the Samoyedic ethnic substra
tum. It can be suggested that, in the gene pool of
Tuvinians, this lineage also marks the contribution of
Ugric tribes.
Haplogroup Q1a3 was found in 14% of all Tuvinian
specimens. This haplogroup was detected with the
highest frequency in the eastern samples (25%), while
it was absent in the samples from the south of the
republic. Q1a3 demonstrated the east–west gradient
of decreasing frequencies. The highest for Tuvinians
frequency of haplogroup Q1a3, observed in mountain
taiga and southeastern regions, as well as in Todja,
probably results from geographic inaccessibility of
these regions and, as a consequence, from relative
genetic isolation of local populations. Under these
conditions, in the gene pool of the Tuva population, the
highest proportion of ancient component was preserved.
Alternatively, this situation can be associated with the fact
that the gene pool of Todja Tuvinians was formed with
more active participation of Kets, who are characterized
by the high frequency of haplogroup Q1a3.
The proportion of haplogroup R1a1a in the total
gene pool of Tuvinians is somewhat lower (12%). This
lineage is characterized by high frequencies in the
populations of South Siberia. Furthermore, R1a1a
dominates in Altaians, constituting 60% [10]. In Kha
kasses, this haplogroup is the second most frequent
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4.4 (8)

13.9 (25)

0.6 (1)

9.4 (17)

–

2.2 (4)

1.7 (3)

0.6 (1)

0.6 (1)

12.8 (23)

27.9 (50)

1.7 (3)

–

0.6 (1)

0.6 (1)

0.6 (1)

0.6 (1)

0.6 (1)

0.6 (1)

2.2 (4)

11.2 (20)

7.3 (13)

Center
(N = 179)

1.4 (1)

18.3 (13)

1.4 (1)

25.6 (18)

1.4 (1)

–

2.8 (2)

–

4.2 (3)
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18.3 (13)

1.4 (1)

–

–

–

–

–
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5.6 (4)
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East
(N = 71)

2.8 (11)

12.3 (53)

0.5 (2)

13.9 (55)

0.7 (3)

2.1 (9)

3.1 (13)

0.2 (1)
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18.9 (77)

24.3 (105)

1.4 (6)

0.2 (1)

0.2 (1)

0.2 (1)

0.2 (1)

0.9 (4)

0.5 (2)

0.2 (1)

1.9 (8)

8.7 (38)

5.48 (23)
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(N = 419)

Frequency, % (N)

–

26.1 (6)

–

30.4 (7)

4.3 (1)

–

–

–

–

17.4 (4)
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–

–

–

–

–

–

–

–

–
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(N = 23)
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–

–
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–

6.3 (3)

4.2 (2)

20.8 (10)

2.1 (1)

–

–

–

–

–

2.1 (1)

–

8.4 (4)

4.2 (2)

6.3 (3)

Southeast
(N = 48)

0.8276 ± 0.0157 0.8601 ± 0.0140 0.8620 ± 0.0212 0.8579 ± 0.0080 0.8221 ± 0.0447 0.8794 ± 0.0247
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R1a1a (M17)

–

3.0 (5)
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4.7 (8)

–

O2 (P31)
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–

28.4 (48)

N1c1 (M178)
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24.9 (42)

N1b (P43)
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–
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0.6 (1)

–
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–
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1.8 (3)

–

D (M15)
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–
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C3c (M48, M77, M86)

C3d (M407)

3.6 (6)

West
(N = 169)

C3* (xM48, M77, M86)

Haplogroup

Distribution of Ychromosome haplogroups in Tuvinians

0.8405 ± 0.0576

3.6 (1)

10.7 (3)

–

–

–

3.6 (1)

7.1 (2)

3.6 (1)

–

7.1 (2)

39.3 (10)

–

–

–

–

–

–

–

3.6 (1)

3.6 (1)

14.3 (4)

3.6 (1)
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(N = 27)
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(28%) [13]. Interestingly, in western Truvinian sample,
the frequency of haplogroup R1a1a was considerably
lower than in the central sample. Based on the close
ness of the Altai, which is populated by the represen
tatives of a more Caucasoid SouthSiberian racial
type, it would be reasonable to expect the west–east
decrease of the R1a1a frequency on the territory of
Tuva. However, this was not observed, and the change
of the haplogroup frequency was rather the opposite,
as the eastern samples demonstrated maximum fre
quency of this haplogroup. At the first glance, the
result obtained is paradoxical. Specifically, in terms of
anthropology, the most Caucasoid population of the
western parts of Tuva displays the minimum of haplo
group R1a1a, while in the most Mongoloid population
of Todja, the maximum of this haplogroup is observed.
In Tuvinians, single samples of the other seven west
Eurasian (Caucasoid) haplogroups were observed (E,
I1, I2a1, J*, J2*, J2a1b1, and R1b*). Thus, in Tuvin
ians, the Caucasoid component is rather diverse, and
probably has east European, as well as Central Asian
origin. The five geographical groups of Tuivinians
demonstrated no statistically significant differences in
the summarized frequencies of west Eurasian haplo
groups, which can be associated with the antiquity of
the distribution of the Caucasoid population over the
territory of formation of the Tuvinian gene pool.
Two Central Asian haplogroups, C3* and C3c, are
the least frequent among Tuvians. The proportion of
haplogrpoup C3* is the highest in the central sample
(7%) and of haplogroup C3c in the southern group
(15%). It has been suggested that, in Tuvinians, haplo
groups C3* and C3c mostly mark the genetic contri
bution of late Mongoloid migrants, which reflects the
contribution of Hun and Mongolian immigrants. In
the Tuvinian gene pool, the southeasttowest clinal
decrease of the frequencies of these haplogroups was
observed. Mongolian nomads penetrated into the ter
ritory of Tuva from the south, gradually spreading to
northern territories. Accordingly, the Mongolizatiion
of the population of Tuva was most expressed in south
ern regions, which indicated the paleontological data
[3], the anthropological characteristics of the modern
population [32], and the linguistic data. The latter
characterize the southeastern dialect formed as a
result of the considerable influence of the Mongolian
language.
Two Eastern Eurasian haplogroups, O3a* and
O3a3s1, in the total sampling have a frequency of 3.1
and 2.1%, and in the southern regions—7.1 and 3.6%,
respectively. In Tuvinians, D, E, I1, I2a1, J*, J2a1b1,
J2*, N*, O*, O2, O3a3c*, and R1b*, which are repre
sented by single samples, haplogroups are rare and
their proportion in total sample constitutes less than
2%. Among these, only haplogroup N* was detected
in two different samples. Haplogroups O3a3c1 and
R1b* have frequencies higher than 2% and belong to
samples that represent three different regional groups.

Population Genetic Diversity
The genetic diversity estimates based on the fre
quencies of biallelic haplogroups and YSTR haplo
types showed very high diversity values in all samples at
both marker systems. The H values obtained (more
than 0.8, for haplogroups, and more than 0.9, for mic
rosatellite haplotypes of Ychromosome) were higher
than those observed in all indigenous ethnic popula
tions of Siberia examined in our studies and elsewhere.
For instance, in neighboring Altaians, the value of this
index was 0.5–0.7 [10]; in Teleuts, it was 0.7 [12]; in
Khakasses, it was 0.2–0.7 [13]; in Buryats, it was 0.5
[14]; in Shorians, it was 0.6 [14]. Thus, Tuvinians,
despite their current endogamy, are characterized by
the highest level of genetic diversity level among Sibe
rian ethnic groups within the marker system chosen.
These findings are probably associated with the fact
that multicomponent composition of Ychromosome
haplogroups in the the Tuvinial gene pool was formed
prior to the formation of endogamous marriage tradi
tions.
An analysis of the haplogroup distributions showed
no noticeable heterogeneity of the samples examined
in the levels of genetic diversity of their male gene
pools. The difference in the genetic diversity values
was small (table). The highest diversity in the compo
sition of the haplogroup in local samples was observed
in the southeast of Tuva, in small population from
hardly accessible mountain territory. The lowest
genetic diversity value was obtained for the western
samples, which is also obviously associated with the
high frequency of haplogroups N1b and N1c in the
northeast of Tuva (Todja).
Previously, using these populations, it was demon
strated that Tuvinians were characterized by the het
erozygote deficiency at the Alu repeat loci, which
probably reflected the relatively high level of inbreed
ing in these populations due to their small number and
high degree of isolation [33]. The genetic demo
graphic analysis of Truvinians showed that they are
characterized by a very high value of the inbreeding
coefficient calculated based on isonymous marriages,
the frequency of which in Tuva is an order of magni
tude higher than in other previously examined indige
nous populations of Siberia examined [6, 7, 34]. The
highest level of inbreeding was observed in the western
sample form the BaiTaiga region, which was com
pletely consistent with the relatively low diversity at
Ychromosome markers.
At the same time, the high level of genetic diversity
in Tuvinian populations was observed by analyzing
classic markers [7], autosome microsatellites, and Alu
repeats [33]. In these conditions, the sample from the
southeast of Tuva often demonstrated the highest level
of genetic diversity.
Genetic diversity of Tuvinians inferred from the
mtDNA haplogroup data was also very high (about
0.94–0.96) [35]. This concordance of the results
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obtained using two uniparentally inherited marker sys
tems deserves special interest and is a reflection of
complex processes of the formation and development
of Tuvinian ethnos, as well as of the specific features of
the sex–age and marriage population structure.

The genetic differentiation of the samples of the
examined population was performed using the analysis
of molecular variance using two independent marker
systems (haplogroup frequencies and the frequencies
of Ychromosome microsatellite haplotypes). Calcu
lations within two marker systems produced almost
the same results. An analysis of the haplogroup fre
quencies showed that the differences between the cen
ter, west and east of Tuva constituted 2.9%, and the
differences among five samples constituted 2.1%. Cal
culations performed using YSTR haplotype data yield
somewhat lower differences 1.5%). These values were
an order of magnitude lower than those obtained for
the neighboring ethnic groups (Altais and Buryats)
[10, 31]. The withinpopulation differences of the five
Tuvinian samples constituted 97.9% (by haplogroup
frequencies) and 98.5% (by haplotypes) of total
genetic variability.
Thus, the AMOVA results indicated the absence of
considerable genetic differences among the three ter
ritorial groups of Tuvinians. This means that, despite
the information on substantial anthropological differ
entiation of the indigenous population of Tuva since
Scythian times, contemporary language differences
between the ethnoterritorial groups of Tuvinians, the
differences in anthropological characters, tribal com
position, and some others, the male part of the Tuvin
ian gene pool is very low differentiated.
This situation can probably be explained in terms
of the long period of time since the last intensive
migrations to Tuva from outside. Tuvinian ethnic
group has long existed as a relatively closed population
system. Specific features of the economic activity left
their marks on the differences in migration activity
between Tuvinian men and women, and despite the
Tuviniantypical endogamy, the differences in the
Ychromosome gene pools between distant from each
other Tuvinian populations were considerably
smoothed out. It can be said with confidence that
migration was the main population dynamics factor,
which played the key role in this process.
An analysis of the same populations with the use of
mtDNA markers demonstrated that mitochondrial
gene pool of Tuvinians was also characterized by low
intraethnic differentiation and could be considered as
a single system [35, 36]. An analysis of autosomal Alu
repeat variations also suggests the integrity of the gene
pool of modern Tuvinians and showed that the popu
lation of the west of Tuva was genetically statistically
significantly different from other Tuvinian populations
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Fig. 1. Position of Tuvinian populations in the space of
principal components based on Ychromosome haplo
group frequencies.

[33]. In turn, an analysis of autosomal STR loci revealed
genetic differences between the northeastern Todja
Tuvinians and the rest of the Tuva population [33].
Genetic Relationships between Populations
An analysis of the data set over the haplogroup fre
quencies with the help of factor analysis (Fig. 1)
showed that the samples from western and central
parts of Tuva were the genetically closest to each other,
which agreed with the data on the genetic closeness of
the population of these two regions with respect to a
complex of marker systems (classic markers, mtDNA,
Alu insertion polymorphism) [7]. The samples from
the northeast and southeast of Tuva were considerably
distant from the first samples. The first principal com
ponent (PC1), which explained 82% of the total vari
ability, effectively differentiated all population sam
ples. In this case, maximum factor loadings fell on the
frequent haplogroups, C3*, C3c, N1b, Q1a3, R1a1a,
as well as on a number of minor haplogroups. In the space
of PC2 (12% of total variability), the samples from the
west and east of the republic were those, maximally dis
tant from each other. The highest factor loadings in this
case fell on haplogroups N1c1 and C3d.
The isolation of southeast and northeast of Tuva
(Todja) from the rest of the republic established is
probably the consequence of geographical isolation of
this region. These data are in good agreement with
anthropological [1–5] and linguistic [6, 7] data.
Phylogenetic Analysis of Haplogroup N1b in Tuvinians
An analysis of the YSTR haplotypes structure and
diversity within the most frequent in Tuvinians haplo
group N1b showed that this haplogroup contained two
individual clusters (Fig. 2). The smaller cluster (I)
2013
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I

*
II
2.89/0.79 KYA

Fig. 2. Median network of the YSTR haplotypes of haplo
group N1b in Tuvinians. The size of a node corresponds to
the number of identified specimens belonging to a given
haplotype. The haplotypefounder of the Tuvanian cluster
is marked with an asterisk. I, II—see text.

consisted of the N1b ancestral haplotype and a num
ber of its derivatives (11 specimens in total). Only few
of the Tuvinian specimens belonged to this cluster. The
second cluster of haplotypes (II) is spaced from the
first cluster by three mutation steps. This cluster is
characterized by starlike phylogeny, which indicates
the strong local founder effect in this Tuvinian lineage
(a total of 118 specimens). Allelic structure of modal
haplotype from the main Tuvinian cluster is 151213
12101623111413118111281011 (marked
by asterisk in the figure).
Haplotypes from this cluster were exclusive to
Tuvinians, and they were not detected upon analysis of
the N1b lineage in other ethnic groups, including
South Siberian Altaians, Teleuts, Khakasses, Shori
ans, and Buryats (personal and literature data available
on 17 YSTR markers). The Fst value calculated for this
haplotype cluster was low (Fst = 4.13%). The exact test
for population differentiation showed no statistically
significant differences between different geographical
groups of Tuvinians with respect to haplogroup N1b. It
can be concluded that, in the Tuvinian ethnic group,
the genetic component marked by this haplogroup is
homogeneous in structure and allele frequencies. The
age estimates for the main Tuvinian cluster range from
2.89 ± 1.24 to 0.79 ± 0.16 thousand years (KYA). Most
of the N1b haplotypes found in Tuvinians do not over
lap with the haplotypes of other South Siberian ethnic
groups. It can be suggested that this component of the
Tuvinian gene pool is associated with the expansion of
Samoyedic tribes on the territory of Tuva.

The structure of haplotype median network
obtained upon phylogenetic analysis of haplogroup
N1c1 in Tuvinians was quite different from the first
one. Haplotypes of this lineage were clearly subdivided
into three haplotype clusters that were approximately
equal in the number of specimens (Fig. 3). The first of
these clusters (I), similar to the smaller cluster of hap
logroup N1b, is the closest to the founder haplotype of
the entire haplogroup (14 samples), and the other two
represent considerable ethnic and geographic specific
ity. Both of them are relatively young and, like N1b,
are a prime example of a “star” phylogeny coupled
with the recent founder effect. The second cluster (II)
(26 samples) combines Tuvinians, Khakasses, and
Shorians [13] and is not found in other Siberian ethnic
groups. The generation time of diversity in Tuvinians is
2.59 ± 0.60/0.78 ± 0.17 thousand years. Founder hap
lotype of the cluster (151212121116231114
13118111281011) stands four mutation steps
apart from the founder haplotype of the whole haplo
group. The first and second haplotype clusters demon
strate no statistically significant frequency differences
in different Tuvinian samples.
The third cluster (III) carries the haplotypes,
which are shared by Tuvinians, Altaians, Buryats, and
a considerable part of the Mongolian sample from the
SMGF database [37]. Age estimates for this cluster
range from 1.69 ± 0.48 to 0.46 ± 0.13 KYA. This clus
ter (modal haplotype 141111121116231114
14118111281010) is distributed mainly in the
western sample (23 specimens out of 34). Interestingly,
in Khakasses, no haplotypes of this cluster were
detected [13]. Obviously, the population expansion,
associated with the distribution of this Ychromosome
lineage occurred much later than the dispersal of the
carries of Tuvinian–Shorian–Khakass N1c1 branch.
The phylogeography of this branch of N1c1 haplo
types can be a consequence of the appearance of the
Mongolian ethnic component in Tuva, Buryatia, and
Altai. In this case, higher frequency of this cluster
observed in western Tuvinian sample in comparison to
the samples from other regions, can be explained in
terms of local founder effect (similarly to the
extremely high frequency of N1b).
Statistically significant differences in the frequen
cies of the N1c1 haplotypes were observed between the
western and all other samples, except Todja. The
extent of genetic differentiation among five geograph
ical groups relative to haplogroup N1c1 was almost
four times higher than the values obtained for haplo
group N1b (Fst constituted 16.89%). This is the most
heterogeneous component of the Tuvinian gene pool.
Thus, in the present study, a detailed analysis of the
Tuvinian gene pool was conducted using genetic
markers from nonrecombining portion of Ychromo
some. The data obtained indicate the multicomponent
composition of the gene pools of the Tuvinian popula
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Fig. 3. Median network of the YSTR haplotypes of haplogroup N1c1 in Tuvinians. I, the main haplotype cluster; II, Tuvinian–
Khakass cluster; III, Tuvinian–Buryat–Mongolian cluster.

tions, as well as to the very high genetic diversity of the
general Tuvinian gene pool. In Tuvinian ethnic group,
statistically significant differences between the sam
ples from western, central, and eastern parts of Tuva
were observed. An analysis of molecular variance
revealed the relatively low proportion of the between
population differences in the total variability of the
Tuvinian gene pool. In addition, the results of this
analysis indicated the low genetic differentiation
between the indigenous populations from western and
central Tuva relative to the markers from nonrecom
bining portion of the Y chromosome. At the same
time, large genetic distance between the samples from
eastern regions of Tuva and the other samples was
demonstrated along with the differences in the degree
of heterogeneity and haplotype profiles within the
most frequent N1b and N1c1 lineages.
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