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Abstract—Variation of Mongoloid-specific restriction sites of mitochondrial genome was analyzed in three
territorial groups of Tuvinians. Distribution of mitochondrial DNA haplogroupsA, B, C, and D on the territory
of the Tuva Republic was estimated. The populations studied did not display distinct differentiation in respect
to the mtDNA polymorphism. The specific feature of Tuvinian mitochondrial gene pool was the prevalence of
only one haplogroup C (over 40%), mainly represented by two mitotypes. The high frequency of this haplo-
group makes Tuvinians similar to more northern Siberian populations. On the other hand, the presence of hap-
logroup B indicates that Tuvinians have affinity to ethnic groups of Central Asia.

INTRODUCTION

Indigenous popul ationsinhabiting the large territory
of Siberiaare characterized by diverse ethnic composi-
tion. Specificity of the ethnogeny of certain Siberian
populations, their genetic relatedness, and features of
their population structure are among significant prob-
lems of modern genetics. One of molecular genetic
marker systems routinely used in such studies is the
polymorphism of mitochondrial DNA (mtDNA),
which was comprehensively analyzed in many ethnic
groups. In the early 1990s a number of research groups
performed global screening of the main human racial
groups with respect to restriction polymorphism of
mitochondrial genome. Ancestral mutations, which
were the keys for determination of racial-specific clus-
ters, or haplogroups, were described [1]. It was estab-
lished that in populations of Siberian ethnic groups,
haplogroups A, C, and D predominantly occurred; in
the Far East, haplogroup F was also found [2-5].

In recent years, studies of racial-specific polymor-
phism of mtDNA have become even moretopical, since
they provide information on the origin of the popula-
tions and their demographic history, which is very
important in the light of the modern concept on the
genetics of multifactorial diseases [6]. In addition,
MtDNA mutations leading to human diseases arise in
the background of particular haplogroups. For instance,
the mtDNA 4336C mutation associated with Alzhe-
imer’s disease was attributed to the European haplo-
group H [7]. Since a large part of mtDNA variation is
population-specific, it was suggested that at solution of
the question on pathogenic significance of a certain
mutation, control mtDNA sample belonging to the

same haplogroup as the patient’s mtDNA should be
used [7]. This approach attaches practical importance
to population genetic studies of mMtDNA.

The present study describes distribution of the
“Mongoloid” mtDNA haplogroups A, B, C and D in
three indigenous populations of the Tuva Republic.

MATERIALS AND METHODS

The Tuvinian populations examined inhabited three
regions of the Tuva Republic: the settlement of Kun-
gurtug (Shinaan raion, the southeast); the settlement of
Teeli (Bai-Taiga raion, the west); and the settlement of
Toora-Hem (Todjaraion, the northeast). The samples of
the indigenous Tuvinian population were represented
by the individuals who were maternaly unrelated at
least in the last two generations.

Racial-specific restriction polymorphism was deter-
mined by means of PRC amplification of total genomic
DNA samples, followed by restriction endonuclease
digestion and the separation of the reaction productsin
2% agarose gels. The Alul, BstDEI, and Haelll restric-
tion endonucleases (Sibenzim, Novosibirsk, Russia),
and the Hincll endonuclease (ICN, Promega, United
States) were used. The PCR reaction was carried out
using Tag DNA polymerase and the dNTPs purchased
from Sibenzim and Laboratoria Medigen, Russia. Oli-
gonucleotide primers analogousto that described in [3]
were synthesized in the Institute of Medical Genetics,
Tomsk Research Center, Russian Academy of Medical
Sciences. The dataon deletion in the mtDNA intergenic
regionV, and on the D-loop region polymorphism were
presented earlier [8, 9].
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Interpopulation frequency comparisons were per-
formed using the x? test with Yates's correction and the
STATISTICA 5.0 software package. Gene diversity
(analogous to heterozygosity) was calculated on an
assumption that mtDNA was a single locus with many
dleles h = = Zik:lxinl—l [10]. The proportion of
rare alleles in the population was caculated using the
index suggested by L. A. Zhivotovsky: h, = 1 —

Kk 2
i A X . .
(-Z'TQ [11]. In the formulas described n is a sam-

ple size; k is the number of alleles, and x; is the fre-
guency of thealelei. Thematrices of Nei’sgenetic dis-
tances and the dendrograms reflecting the between-
population distances were caculated using the
PHYLIP 3.5 software package [12].

RESULTS

Diversity of mtDNA haplotypes in Tuvunians. The
data on polymorphic restriction sites associations
showed that in Tuvinians atotal of 13 different haplo-
types were present (Table 1). In addition to haplo-
groupsA, B, C, and D, the haplotype X, defined by the
association of the Ddel 10394/Alul 10397 restriction
sites was revealed. This haplotype belongs to the Mon-
goloid superhaplogroup M, which is determined by this
polymorphism. Since haplotype X isacombined one, it
can contain haplogroups E and G, aswell ascertain lin-
eages of superhaplogroup M. It is necessary to clarify
that this haplotype corresponds to haplotypes X6 and
X7 described in [13], but not to the European haplo-
group X [14]. The remaining haplotypes were assigned
the numbersfrom | toVIIl. By the site association, hap-
lotype | of this group corresponds to the Cambridge
MtDNA sequence [15]. It can include the representa-
tives of the Mongoloid haplogroup F, which was not
examined in this study, and the lineages of possible
European origin. Haplotype |1 can be of European ori-
gin, since it differs from the Cambridge sequence only
by the Ddel 10394 site. Furthermore, the association of
the Ddel 10393+/Alul 10397 sites is not typical to
Mongoloids [1, 16]. Haplotypes 111 and 1V could arise
as a result of a mutation leading to the loss of the
Ddel 10394 and Alul 10397 sites: haplotypelll, against
the background of haplogroup D, and haplotype 1V,
against the background of haplogroup C. Haplotypes
fromV to VIII carry either deletion or insertion of the
intergenic region V. Haplotype V differs from haplo-
group B only by the presence of the Ddel 10394 site. Its
origin could be associated either with recurrent muta-
tion resulted in the appearance of this site, or with inde-
pendent emergence of the deletion. The latest variant
seems most probable in case of haplotype IV, which
differsfrom haplogroup B as much as by the three sites,
and corresponds to haplogroup C. Haplotypes VIl and
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VIl carry theregionV insertion along with site associ-
ation typical to haplogroups C and D respectively.

Distribution of mtDNA haplogroups over the terri-
tory of the Tuva Republic. The Bai-Taiga population
was characterized by highest number of haplotypes
detected (Table 1). In this population the whole haplo-
type spectrum revealed in Tuvinians was represented.
Some specific features of the distribution of the region
V insertion—deletion polymorphism on the Tuva terri-
tory should be mentioned. In the Kungurtug popula
tion, characterized by the lowest deletion frequency of
all populations studied, the deletion was associated
only with haplogroup B. However, the deletion was
also observed in two other Tuvinian populations, which
carried haplotypesV and VI. TheregionV insertion in
the Toora-Hem population was associated with one
haplotype, and in the Teeli population it was associated
with two haplotypes.

Thethree Tuvinian popul ations examined were gen-
erally characterized by similar frequencies of certain
haplotypes. Haplogroup C with the frequency exceed-
ing 40% was most frequent. The frequencies of haplo-
groups A and B were rather low. In the Bai-Taiga pop-
ulation the frequency of haplogroup B was statistically
significantly higher than in the Kungurtug population.
In addition, the Kungurtug population was distin-
guished by the frequency of haplogroup D. In this pop-
ulation this frequency was statistically significantly
higher than in two other populations. The frequency of
haplotype Il (Ddel 10394+) in the Bai-Taiga population
was statistically significantly higher than in other
Tuvinian populations.

Differentiation of haplotypes in respect to the D-
loop polymorphism and diversity of mitochondrial
gene pool in Tuvinians. To analyze genetic heterogene-
ity within the haplogroups, we studied the distribution
of the lineages isolated in different haplogroups by the
polymorphic restriction sites in the D-loop region. The
structure of the D-loop mitotypes was described earlier
[8]. Inthree Tuvinian populations atotal of 48 different
MtDNA lineages, distinguished by 14 polymorphic
restriction sites were revealed (Table 2). Interestingly,
high frequency of haplogroup C was mostly associated
with one lineage, represented by mitotype 1. The fre-
guency of this lineage in Tuvinians overall was 31%.
The frequency of the second shared lineage, haplo-
group C/ mitotype 2 (C/2), was 15%. Thus, about 46%
of al Tuvinian mtDNASs were represented by two lin-
eages. In addition, three lineages with the frequencies
about 5% were found in the Kungurtug population, one
lineage was detected in the Toora-Hem population, and
another three lineages were detected in the population
of Bai-Taiga (Table 2).

Despite the fact that the number of haplotypes
revealed in the Kungurtug population by use of racial-
specific restriction sites was the lowest (Table 1), the
total number of MtDNA lineages (33) revealed in this
population was the highest (Table 2). Furthermore,

No. 6 2001



L€ 'IOA  SOILANTD 40 TVYNYNOCL NVISSNH

9 ON

T00C

Table 1. The structure and frequencies of mtDNA haplotypes revealed in Tuvinians in comparison with other Asian populations (%)

Haplo- Polymorphic sites* :{l}g:;; J{%:O NTSelli7,2 T,‘\’,Vl”fr,%s l\l/\llo:%(()Jlgs, Al\ljtiiaz%s C[\r}uzk%l }[(\joiyfg? Ng,\?":aigns’ Ev:en 45;’3 %%h;]
type [26] [3] N =153
21345 present study [2] [16]
A +[N| -] - 4.49 2.31 2.32 3.05 2.91 357 28.57 3.74 2.04 - 261
B +|D|-| - 1.928 2.31 6.40K 371 7.77 357 - - - -~ 9.80
C + N[+ ]+ 51.92 5385 | 4244 | 4891 14.56 35.71 857 | 28.04 | 3878 58.14 0.65
D —[N|+ |+ 16.67™8|  7.69K 5.24K 0.82 20.39 14.28 7.14 1.87 | 36.74 6.98 3.92
X + | N[+ |+ 10.26 5.38 8.14 8.08 23.30 7.14 12.86 | 46.73 6.12 34.88 37.25
[ +|N| - |- 10.25 18.46 13.96 13.97 22.33 35.71 27.14 — 16.33 — 36.64
Il + | N|+ |- 1.928 3.088 9.88KT| 524 291 - - 18.69 - - 13
1] —IN| -] - 2.56 0.77 0.58 1.31 3.88 - 4.29 - - -~ 0.65
\Y +|N| - |- 0 0 0.58 0.22 — — 11.43 — — — -
\Y +|D|+ |- 0 2.31 6.40 3.06 1.94 - - - - - 3.92
VI + | D|+ |+ 0 0 0.58 0.22 - - — — - — —
VII T I I 0 3.85 1.74 1.75 - -~ - -~ -~ - -
VIII 1|+ |+ 0 0 1.74 0.66 - - - - - - -
h 0.6826 | 0.6682 | 0.7763 | 0.7517

Note: Upper indices show statistically significant frequency differences (p < 0.05) with: B, Bai-Taiga population; K, Kungurtug population; T, Toora-Hem population;
* Polymorphic sites: 1, Haelll 663; 2, Alul 5176; 3, del/ins 8272-8289; 4, Ddel 10394; 5. Alul 10397; 6, Hincll; 7, Alul 13262.
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Table 2. Distribution of different mtDNA lineages (>1%) in Tuvinians*
Haplotype Mitotype Kungurtug (156) | Toora-Hem (130) |  Tesli (172) Overall (458)
number according to [6]
A 1 <1 <1 1.16 <1
3 321 154 1.16 1.97
1 <1 154 291 1.75
B 2 1.28 - - <1
4 - <1 3.49 153
1 32.69 36.92 25.00 31.00
c 2 14.74 13.85 16.86 15.28
6 1.28 3.08 <1 153
7 1.28 - - <1
1 577 154 2.33 3.28
D 2 1.28 - - <1
3 5.77 5.38 291 4.59
4 3.85 <1 - 153
1 - 4.62 291 2.40
2 - - 1.16 <1
X 3 1.92 - <1 <1
5 577 — <1l 2.18
7 1.28 - 2.33 131
1 1.92 231 6.98 3.93
2 1.92 <1 <1 1.09
| 3 1.92 11.54 6.40 6.55
4 - 231 - <1
8 1.92 - - <1
9 1.28 - - <1
1 1.28 - 2.33 131
I 3 <1 - 4.65 197
5 - 231 291 175
Il 2 1.28 — - <1
Vv 1 - <1 6.40 2.62
3 - 154 - <1
Wil 1 - 3.85 1.74 1.75
VIII 3 - - 174 <1
Total number of alleles** 33 24 27 48
Diversity h 0.8607 0.8270 0.8915 0.8686
Proportion of rare aleles hy, 0.33 0.34 0.28 0.41

* Alleles with the frequencies less than 1% in al of the populations (sporadic cases) were not included in the Table.

** Taking into consideration the alleles with the frequencies <1%.

most of these lineages were rare. Thus, the Shinaan
population from the settlement of Kungurtug differs
from other Tuvinian populations by higher diversity
within the haplogroups, because in this population such
lineagesasA, C, D, X, |, and 11 are represented by the
highest number of different D-loop region mitotypes.

The lack of consistent association between most of
the mitotypes formed by the polymorphic sites within
the D-loop region of mtDNA and a particular haplo-
group can be explained by the fact that mutation ratein
the D-loop region is higher than that in the coding
regions of mitochondrial genome. Moreover, in this
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region both direct and reverse mutations leading to
recurrent alterationsin the restriction sitesas aresult of
independent mutation events have been observed. Spe-
cifically, mitotype 1 was found practically in al of the
hapl ogroups analyzed (Table 2).

The value of genetic diversity, calculated based of
the haplotype frequencies determined by the coding
region polymorphisms, varied from 0.66 in Toora-Hem
to 0.77 in Teedli (Table 1). For combined mtDNA lin-
eages, the average value of this parameter in Tuvinians
constituted 0.87. It was the highest in the Bai-Taiga
population (Table 2). The observed distribution of
genetic diversity values was opposite to that observed
earlier at the analysis of the mtDNA D-loop region
polymorphism. According to that data, the highest
degree of genetic diversity was typical to the Kungur-
tug population, while the lowest degree of genetic
diversity was observed in Teeli [8]. The proportion of
rare dleles in different populations varied about 0.3,
and in the pooled Tuvinian sample it constituted 0.4
(the proportion of rare aleles increases at population
pooling [17]).

The effect of contemporary migrations of the Tuvin-
ian gene pool can be estimated based on the data of
demographic studies[18, 19]. Inthe Todjaraion migra-
tion processes have recently intensified [18]. Analysis
of the data on the birthplaces of the individuals exam-
ined showed that the Kungurtug and Bai-Taiga popula
tion samples were for the most part comprised by the
native inhabitants of those settlements, while 38% of
the Toora-Hem population sample was represented by
the inhabitants of other, mostly western and central,
Tuva territories. Correlating the data on individua
birthplaces with the polymorphism of their mtDNASs
showed that the presence of some mtDNA lineages in
the Todja population resulted from migrations. These
lineages were A/mitotype 1 (A/1), D/1 and D/4, X/4,
1/6, 111/3, V/1. After the exclusion of migrants from the
sampl e, the frequency of the most common C/1 lineage
in the population of Toora-Hem increased up to
49.38%, while the frequency of C/2 lineage decreased
to 9.88%. The frequencies of other lineages did not
change considerably, and genetic diversity h was 0.7441.
Thus, contemporary migration processesresulted in the
decrease of the major mitotype frequency and in the
increase of genetic diversity in the population from the
Todjaraion of the Tuva Republic.

Polymorphism of mtDNA in Tuvinians in compari-
son with other Asian populations. Nei's genetic dis-
tances [10] were calculated between Tuvinians and
some other Asian populations listed in Table 1, which
represented the main linguistic groups of Siberia. To
calculate the distances, the frequencies of the main lin-
eages, A-D, Il, and | were used. The values of genetic
distances varied from 0.02 to 1.09. The lowest values
were obtained at comparison of Tuvinian populations
with each other and with northern Altaians (Table 3).
Of three Tuvinian populations examined the highest
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Dendrogram reflecting the degree of genetic relatedness
between the Asian populations (according to Nei's genetic
distances).

distance value was observed between the populations
of Kungurtug and Teeli (0.11), and the lowest value,
between the populations of Teeli and Toora-Hem
(0.03). Generally, Tuvinian populations were closer to
each other and to Altaians than to other Asian popula-
tions.

The dendrogram constructed from the matrix of
genetic distances (figure) showed that al of the
grouped into two distinct clusters. The first cluster
included the populations of Southeastern Asia, Mon-
gols, Koryaks, and Chukchi. The second cluster was
comprised by the three Tuvinian populations, Altaians,
and by dlightly distant from these Evens and Ngana-
sans. Thus, Siberian populations clustered separately
from the populations of Central and Eastern Asia, and
the popul ations from the Pacific coast.

DISCUSSION

Intraethnic differentiation of Tuvinians by mtDNA
polymorphism. According to anthropological studies,
the population of the TuvaRepublic is heterogeneousin
respect to the expression of Mongoloid anthropological
features. The highest degree of manifestation of Mon-
goloid features was typical to the inhabitants of the
southern part of the Republic, where the family names
of Mongoloid origin occurred more frequently (the set-
tlement of Kungurtug [19, 20]). The population of the
western part of the Republic (including the Bai-Taiga
raion) is characterized by relatively weak manifestation
of Mongoloid features [20], and the inhabitants of the
Todja raion (the settlement of Toora-Hem) belong to
the Baikal anthropological type [21].

As shown earlier, Tuvinian populations did not dis-
play clear-cut differences in respect to the mtDNA D-
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Table 3. Nei’sgenetic distances between Tuvinians and other Asian populations according to the data on mtDNA polymor-
phism
Population 1 2 3 4 5 6 7 8 9 10
1 | Kungurtug - 0.0408 | 0.1098 | 0.4020 | 0.1217 | 0.7663 | 0.3869 | 0.0975 | 0.1171 | 1.0696
2 | TooraHem 0.0408 - 0.0266 | 0.4566 | 0.0563 | 0.5832 | 0.4251 | 0.1886 | 0.2208 | 0.8412
3| Tedi 0.1098 | 0.0266 - 0.3343 | 0.0213 | 0.3839 | 0.3630 | 0.2517 | 0.3236 | 0.5075
4| Mongols 0.3960 | 0.3833 | 0.2479 - 0.1616 | 0.2497 | 0.2350 | 0.2939 | 0.5741 | 0.1345
5| Altailans 0.1217 | 0.0563 | 0.0213 | 0.2489 - 0.3034 | 0.3979 | 0.1620 | 0.4023 | 0.4557
6 | Chukchi 0.7663 | 0.5832 | 0.3839 | 0.3404 | 0.3034 - 0.5594 | 0.7578 | 1.3139 | 0.2443
7 | Koryaks 0.3869 | 0.4251 | 0.3630 | 0.1536 | 0.3979 | 0.5594 - 0.6121 | 0.1898 | 0.2648
8 | Nganasans 0.0975 | 0.1886 | 0.2517 | 0.3179 | 0.1620 | 0.7578 | 0.6121 - 0.3409 | 1.0760
9| Evens 0.1171 | 0.2208 | 0.3236 | 0.4480 | 0.4023 | 1.3139 | 0.1898 | 0.3409 - 1.0968
10 | Southeastern Asia | 1.0696 | 0.8412 | 0.5075 | 0.1595 | 0.4557 | 0.2443 | 0.2648 | 1.0760 | 1.0968 -

loop region polymorphisms that could be associated
with their specific anthropological features [8]. Our
analysis of racial-specific polymorphism, however, has
revealed aweakly expressed differentiation, which cor-
responded to the anthropological one. In particular, the
frequency of haplogroup D in Tuvinians from Kungur-
tug was more similar to that in Mongols, than to other
Tuvinian populations. Moreover, in Bai-Taiga popul a-
tion an increased frequency of lineage |, presumably
including the mtDNAs of European origin, was
observed (Table 1). On the dendrogram the Bai-Taiga
population is placed in one cluster with Northern Alta-
ians, which are characterized by South Siberian anthro-
pological type, formed with the participation of the
European component. Nevertheless, Tuvinian popula-
tions tested were characterized by some shared specific
features of MtDNA polymorphism, which distin-
guished them from other Siberian populations. These
are the high frequency of haplogroup C (from 42 to
54%) and the presence of haplogroup B. The first fea
ture defines Tuvinians as a Siberian population and
brings them close to Tungus and Samoyed populations.
The second feature indicates the affinity of Tuviniansto
Turkic and Mongoloid populations. The association of
these two features is specific to Tuvinians, and is prob-
ably a characteristic feature of the population structure
of mtDNA polymorphism in this ethnic groups.

Asmentioned above, in respect to the frequencies of
the main mtDNA lineages, there were no considerable
differences between contemporary population of the
Todjaraion, which included migrants, and the popula-
tion sample comprised only by native inhabitants of
this territory. Hence, the uniformity of Tuvinian popu-
lations in respect to the mtDNA polymorphism is most
likely an ancestral character not associated with con-
temporary migrations. Since mitochondrial gene pool
of Tuvinians is generally characterized only by slight
territorial differentiation, it can be considered as a uni-
form system, which also includes Toja Tuvinians. Our
findings that migrations northwestward from the west

RUSSIAN JOURNAL OF GENETICS Vol. 37

of Tuvaled to an increase of the number of rare alleles
in the Toora-Hem population confirm the existence of a
current gene flow on the territory of the Republic,
which wasfirst described by Yu. G. Rychkov [22]. This
gene flow may be the reason for the increased degree of
genetic diversity observed in Todja Tuvinian popula-
tions.

Genetic diversity, calculated on the basis of the
mtDNA haplogroup frequencies, reflects the ancestral
structure of mitochondrial genome, because haplo-
groups correspond to ancestral lineages that remain
unchanged during many generations. At the sametime,
genetic diversity calcul ated based on the frequencies of
al revealed mtDNA lineages can reflect the current
state of the gene pool, because preservation or elimina-
tion of the new lineages, arising as a result of muta-
tions, depends on migration and stochastic factors. The
h value calculated by use of haplogroup frequencies
(Table 1) wasthe highest in Teeli (0.78). In the Kungur-
tug and Toora-Hem populations, the h values were
lower (0.67-0.68). The genetic diversity values calcu-
lated using the second approach were nearly equal in all
of the three Tuvinian populations (Table 2), favoring
the proposal on the homogeneous action of population
dynamics factors on the whole Tuvaterritory. The most
probable explanation for higher mtDNA haplogroup
diversity revealed in Bai-Taiga population is the histor-
ically formed heterogeneity of the western part of the
Tuva Republic, inhabited by different ethnic groups
[23-25].

Interestingly, in Tuvinian gene pool two main
MtDNA lineages, C/1 and C/2, with summarized fre-
guency of about 50% prevail. Thisfact can reflect some
specific features of the founder population demo-
graphic history, specifically, dramatic decrease of its
population number with subsequent increase, which
resulted in the decrease of genetic diversity and the
dteration of the gene frequencies (the bottleneck
effect). Note that while the total frequency of haplo-
group C in Mongols is lower that in Tuvinians, it is
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mainly represented by mitotypes 1 and 2 [26]. It can be
suggested that appearance of haplogroup Cinthe Altai
and Sayan upland and in the Central Asia dates back to
the same geol ogical period and hasthe common source.
In any case, this component of mitochondrial gene pool
is suggested to be one of the oldest. From the other
hand, the popul ation contains numerous rare mitotypes
(Table 3). As mentioned above, this situation can be the
reflection of intense migrations from other territories.
The confirmation of this suggestion can be found in the
history of Tuva. Over thelast several thousand yearsthe
territory of Sayans and the Minusinsk depression were
invaded by thetribes of different ethnic origin, and even
of different races (see [18] for review).

Genetic relationships between Tuvinians and other
Asian populations. Contemporary Tuvinians along
with Mongols and Buryats belong to Central Asian
anthropological type of Mongoloid race with some
variations in different region of Tuva [19, 21]. How-
ever, Tuvinians are characterized by complex ethnog-
eny, and different heterogeneous ancient tribes, which
replacing one another inhabited the territory of ancient
Tuva, could leave their traces in the gene pool of con-
temporary population.

Taking into consideration the fact that in ancient
times (the Bronze Age) theterritory of Altai and Sayans
was inhabited by Caucasoids [23], it seems interesting
to reveal the presence of presumptive Caucasoid
admixture in the Tuvinian gene pooal. In spite of the fact
that in this study the “Mongoloid-specific” set of poly-
morphic sites was used, haplotypes of presumptive
Caucasoid origin can be isolated by the method of
exclusion. As mentioned above in the Results, these
were haplotypes | and I1. Their summarized frequency
was the highest in the Bai-Taiga population (about
24%), in Toora-Hem it was 21.5%, and in Kungurtug,
about 12%. The average haplotype frequency for Tuva
as awhole was 19%. These findings indicate that max-
imum contribution of Caucasoid component to the
Tuvinian gene pool does not exceed 19%. However,
haplotypes | and Il can also include the lineages of the
Mongoloid origin. Since the frequency of haplotypes |
and Il in other Mongoloid populations, and in Mongols
in particular, is also high (Table 1), it can be suggested
that at least some of the lineagesincluded in haplotypes
I and Il in Tuvinians can be of Mongoloid origin. Thus,
it is likely that Caucasoid admixture in the Tuvinian
gene pool is low. The contribution of the Caucasoid
component seems to be higher in the populations
inhabiting western raions of the republic, wherethe fre-
guency of haplotypes| and I isthe highest, and the fea-
tures of Mongoloid race, according to anthropol ogical
data, are less expressed [19]. Interestingly, the data on
Y chromosome polymorphism showed that about 24%
of Y chromosomesin Tuvinians were of ancient Cauca-
soid origin [27]. This situation can reflect ethnically
differentiated contribution of males and females to the
formation of contemporary gene pool.

RUSSIAN JOURNAL OF GENETICS Vol. 37 No. 6

689

It was established that the territory of Tuva was
inhabited by the ancient Samoyed and Keto-speaking
tribes, whose influence is most pronounced in the
northeast of Tuva [24]. Earlier, it was shown that in
respect to mtDNA D-loop polymorphism Tuvinians are
close to the Samoyed-speaking Sel’kups [8]. The
genetic distances between Tuvinian populations and
Nganasans and Evens are low, which is reflected in the
dendrogram topology (figure),and confirms the partici-
pation of the “northern” component in the Tuvinian
ethnogeny. The studies carried out in some other popu-
lations showed that high frequency of haplogroup C is
typical to the populations inhabiting the territories of
Siberianorth of Tuva[2, 3].

The next stage of the Tuva history was associated
with the invasion of Huns and Turkic tribes. In this
respect note that judging by genetic distances, Tuvin-
ians are very close to Altaians, which belong to Turkic
group (Table 3), and cluster together with them on the
dendrogram (figure). Thus, historical data along with
the results of anthropological studies point to the relat-
edness between Altaians and Tuvinians [19, 23]. These
suggestions are confirmed by the dataon mtDNA poly-
morphism. Earlier studies of length polymorphism of
MtDNA intergenic regionV led to asuggestion that this
polymorphism in Tuvinians is associated with the
Turkic influence [9]. Further studies of this problem
would permit elucidation of the degree of genetic dif-
ferentiation of the Turkic-speaking people. It should be
also noted that insertion in this region in Tuvinians is
associated with haplogroups C and D (see also [28]).
This finding suggests recurrent independent emergence
of the interegenic region V insertion in the history of
humankind.

Numerous data suggest that during the last millen-
nium, nomad Mongolian tribes migrated to the territory
of Tuva. Inview of this, itissurprising that Mongolians
and Tuvinians do not cluster together on the dendro-
gram (figure). Indeed, Tuvinians are remarkably differ-
ent from Mongols with regard to the frequencies of the
main haplogroups. In Tuvinians the frequency of hap-
logroup C is higher, while the frequencies of haplo-
groups D and X are lower than in Mongols (Table 1).
These findings indicate that athough Tuvinian and
Mongolian people are similar in their culture and
anthropological types, there are the differences in the
formation of these populations.

Central Asian ancestry of Native Americans. It was
established that mitochondrial genome of American
Indians can be considered asa* subsample” of Mongol-
oid mtDNA. Its diversity was considerably lower than
that of Asian populations, and furthermore, it wasinflu-
enced by the founder effect. For these reasons, the
search of the Asian ancestry of American Indians, who
are supposed to move to the New World through the
land bridge, which was located in the place currently
occupied by the Bering Strait, has become the subject
of many studies [1-4, 13, 26, 28-30]. However, only a
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few Asian populations possess all of the four main hap-
logroups, A, B, C, and D, found in American Indians.
According to Derenko, et al. [28], confirmed in the
present study, the summarized frequencies of the four
New World-founder haplogroups in Tuvinians was the
highest (over 70%). Taking into consideration ancient
migrations of Mongolian and Turkic tribes to the south
of Siberia (Altai, Tuva, and Buryatia), it can be sug-
gested that the presence of haplogroup B, very scarcein
other Siberian populations, in thisterritory is rather the
result of migrations, than the initial characteristics of
prehistoric populations. Nevertheless, the data on the
ubiquitous presence of haplogroups A, B, C, and D in
Tuvinians support the hypothesis that the ancestors of
American Indians may have originated in Central Asia.
Mongolia along with Altai and Sayan upland could be
the potential locations for the origin of these popula-
tions[13, 26, 28].

Analysis of mtDNA restriction polymorphismin the
three Tuvinian populations showed that, compared to
other Asian populations, this ethnic group is character-
ized by unique diversity and frequencies of the main
MtDNA lineages. The gene pool of Tuvinian mtDNA
contains haplogroups A, B, C, and D, which is typical
to the populations of Central Asia, and supports the
suggestion that American Indians may have originated
in Central Asia. Substantial prevalence of haplogroup C
brings Tuvinians closer to more northern Siberian pop-
ulations. Despite of intense ancient migrations from the
surrounding territories and mutual isolation of Tuvin-
ian tribes at the late 19th—early 20th beginning centu-
ries [24], mitochondria gene pool of Tuvinians repre-
sents a unified structure with weak territorial differen-
tiation.
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