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Abstract—Y-chromosomal haplogroups composition and frequencies were analyzed in Northern and Southern
Altaians. In the gene pool of Altaians a total of 18 Y-chromosomal haplogroups were identified, including
C3xM77, C3c, DxM15, E, F*,J2,11a, I1b, K*, N*, N2, N3a, O3, P*, Q*, R1*,R1al, and R1b3. The structuring
nature of the Altaic gene pool is determined by the presence of the Caucasoid and Mongoloid components,
along with the ancient genetic substratum, marked by the corresponding Western and Eastern Eurasian haplo-
groups. Haplogroup R1al prevailed in both ethnic groups, accounting for about 53 and 38% of paternal lineages
in Southern and Northern Altaians, respectively. This haplogroup is thought to be associated with the eastward
expansion of early Indo-Europeans, and marks Caucasoid element in the gene pools of South Siberian popula-
tions. Similarly to haplogroup K*, the second frequent haplogroup Q* represents paleo-Asiatic marker, proba-
bly associated with the Ket and Samoyedic contributions to the Altaic gene pool. The presence of lineages N2
and N3a can be explained as the contribution of Finno-Ugric tribes, assimilated by ancient Turks. The presence
of haplogroups C3xM77, C3c, N*, and O3 reflects the contribution of Central Asian Mongoloid groups. These
haplogroups, probably, mark the latest movements of Mongolian migrants from the territory of contemporary
Tuva and Mongolia. The data of factor analysis, variance analysis, cluster analysis, and phylogenetic analysis
point to substantial genetic differentiation of Northern and Southern Altaians. The differences between North-
ern and Southern Altaians in the haplogroup composition, as well as in the internal haplotype structure were

demonstrated.
DOI: 10.1134/S1022795407050110

INTRODUCTION

Ethnic groups of the Altai-Sayan region are espe-
cially interesting for ethnogenetic studies. The gene
pool of the indigenous populations of Southern Siberia
was formed as the result of long and multistage admix-
ture of local gene pools of different Caucasoid and
Mongoloid tribes. Mixing of different Turkic, Mongo-
lian, Ket, and Uralian groups at the basis of the genetic
substratum of ancient Indo-European tribes resulted in
the formation of the varied genetic diversity pattern of
the Altaic populations [1]. Anthropologic heterogeneity
of South Siberian populations can be traced at the
regional, as well as at the intraethnic levels [2, 3].

Altaians represent the indigenous population of the
Altai Republic. Linguistically, they belong to the
Turkic group of the Altaic linguistic family, and are
subdivided by the anthropologists and ethnographers
into two isolated groups of Southern and Northern
Altaians. Altaians were relatively recently consolidated
into one ethnic group. Earlier, they belonged to differ-
ent tribal and territorial subdivisions. The division of
Altaians into Northern and Southern groups was asso-
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ciated with remarkable differences in their ontogeny, as
well as with their development at the bases of composi-
tionally different ancestral components. The differ-
ences between the groups can be traced at the historical,
anthropologic, and linguistic levels [3, 4].

According to the classification of Turkic languages,
Southern Altaians were attributed to the Kypchak
group. A part of Northern Altaic dialects belongs to the
Uyghuric (northeastern) language group [4, 5]. North-
ern Altaians (including three ethnic groups of Kuman-
dins, Chelkans, and Tubalars) were formed as a result
of the interactions between ancient Samoyedic, Ket,
Ugric, and Turkic tribes. Southern Altaians (Altai-
Kizhi, Telengits, and Teleses) were formed as a result of
admixture between Turkic and Mongolian tribes. In
respect of anthropology, Southern Altaians belong to
South Siberian and Central Siberian Mongoloid types.
At the same time, in Northern Altains, Uralian anthro-
pologic type prevails [2, 6, 7].

Despite of intense migrations, structural subdivision
of the Altaic ethnic population underwent through no
dramatic changes during the last century. Analysis of
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the 1897 census showed the isolation of Southern and
Northern Altaians, which was manifested not only in
the names of seoks (tribes), but also in the tribe settling
patterns [6]. Analysis of the tribal composition of Alta-
ians showed that during the last century, their tribal
structure at the level of ethnic groups remained
unchanged [8, 9]. Genetic demographic analysis of
rural populations of the Altai Republic by the surname
and tribal structure suggested that the isolation of the
two groups of Altaians have been preserved till present
[10]. These results, of course, implied the existence of
the genetic differentiation of the two groups of Alta-
ians.

The studies of biochemical markers in the indige-
nous groups of South Siberia, including Altaians, were
rather extensive. Analysis of the frequency distributions
of the phenotypes and genes of the blood group system,
serum proteins, and erythrocytic enzymes revealed the
clear subdivision of Altaians into southern and northern
groups, as well as the presence of local subgroups
within ethnic groups. Taken together, most of the poly-
morphic systems in Altaians were characterized by the
frequencies typical of the Siberian and Central Asian
Mongoloids. At the same time, relative to some of the
genes examined, Altaians occupied the intermediate
position between Caucasoids and Mongoloids, point-
ing to the presence of ancient Caucasoid component,
mostly expressed in Northern Altaians [11-16].

The uniparentally inherited genome components,
mitochondrial DNA (mtDNA) and Y chromosome,
occupy a special place among the genetic marker sys-
tems. Principal importance of the DNA markers of spe-
cific human genome regions lies in the fact that they
provide individual analysis of maternal and paternal
components.

In recent years, mtDNA diversity was extensively
studied in the ethnic groups from South Siberia [17-21].
It was demonstrated that mitochondrial gene pools of
the populations studied were characterized by different
ratios between the Mongoloid and Caucasoid mtDNA
lineages. The frequency of Caucasoid lineages declined
in the direction from the south to the north, and from
the west to the east, which was generally consistent
with the anthropological data [18, 19]. Most of these
lineages have south Caucasoid origin, while the others
belong to east Caucasoid lineages [22].

Studies of the indigenous populations of South
Siberia by use Y-chromosomal DNA markers started
only recently. Analysis of Y-linked microsatellite mark-
ers showed the presence of several major components
in the male gene pool of Tuvinians, which were cate-
gorized as the Caucasoid and Mongoloid components
[23, 24]. Studies of a number of ethnic groups from
Altai-Sayan region (including Altaians) also showed
the presence of profound paleo-Caucasoid component
in their gene pools [25, 26]. These data in general are
consistent with those obtained upon the analysis of
mtDNA.
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The comprehensive studies performed with the use
of biallelic Y-chromosomal markers showed that indig-
enous populations of South Siberia, compared to other
indigenous populations of Siberia, possessed the most
variable haplogroup composition. Furthermore, Alta-
ians were characterized by a high frequency of haplo-
group Rlal, which marked the Caucasoid gene pool
component [15, 26, 27]. However, the pattern obtained
still rather schematically reflected the actual gene pool
structure of Altaians. Effective haplogroup specifica-
tion requires investigations involving additional sam-
ples and possibly larger number of genetic markers.

In the present study, an analysis of the composition
and structure of Y-chromosomal haplogroups, distin-
guished based on the genotyping of 37 biallelic and
seven microsatellite markers of its non-recombining
part, was performed. The data obtained provided char-
acterization of the gene pool structure in Northern and
Southern Altaians. This study is a part of the ongoing
project on the analysis of Y-chromosomal gene pool of
the indigenous populations of Siberia.

MATERIALS AND METHODS

Total DNA for the experiments was isolated from
peripheral blood lymphocytes using standard tech-
niques [28]. Population samples consisting of 146 indi-
viduals representing the indigenous population of the
Altai Republic were examined. The samples were com-
prised of males unrelated in at least three generations.

Northern Altaians (N = 50) were represented by the
samples, formed from the inhabitants of the city of
Gorno-Altaisk (N = 20) and the settlements of Kurm-
ach-Baigol (N = 11) and Turochak (N = 19), Turochak
raion. Southern Alataians (N = 96) were represented by
the samples formed from the inhabitants of the settle-
ment of Kulada (N = 46), Ongudaisk raion; the settle-
ment of Beshpel’tir (N = 43), Chemal’sk raion; and the
settlement Kosh-Agach (N = 7), Kosh-Agachskii raion
of the Altai Republic.

The Y-chromosomal haplogroup composition and
structure was examined using two genetic marker sys-
tems: biallelic loci, mostly represented by SNPs, and
polyallelic, highly variable microsatellites (YSTR).

Using biallelic markers, attribution of the samples to
certain haplogroup was performed. Nomenclature of
haplogroups is as defined by the Y-Chromosome Con-
sortium [29]. Genotyping was performed using a set of
microsatellite markers, and for each sample its individ-
ual STR haplotype was determined. Based on the data
on haplotype composition within the haplogroups, their
internal diversity and detailed phylogenetic relation-
ships were established.

Biallelic markers. Variability of 37 biallelic markers
from the nonrecombining portion of Y chromosome
were investigated, including SRY1532, SRY2627, M1
(YAP), 92R7, DYFI155S2, 12f2, M3 (DYS199), M9,
MI15, M17, M20, M25, M46 (Tat), M70, M77, M§9,
Vol. 43
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Fig. 1. Phylogenetic tree of Y-chromosomal haplogroups identified in the present study.

MI22, Mi124, MI128, MI130 (RPS4Y), M170, M172,
MI173, M174, M175, M178, M201, M207, M217, M223,
M242, M253, M269, P25, P31, P37, and P43 (Fig. 1).

Biallelic markers were genotyped using polymerase
chain reaction (PCR) with subsequent analysis of the
DNA fragments by means of different methods. Most
of the markers were genotyped using RFLP analysis. In
this case, the fragment sizes were determined by use of
agarose gel electrophoresis, or by direct separation of
the products of allele-specific or ordinary PCR, or by
sequencing. Most of the primer sequences for biallelic
markers, with the exception of the specially mentioned
changed variants, were described in the work on the
haplogroup system nomenclature [29].

Genotyping of the YAP, 92R7, DYF 15552, 1212, Tat,
M9, MI17, M25, and M89 loci was performed as
described earlier [30]. Typing of the SRY2627, M124,
MI130, MI170, M172, M173, M174, M178, M201,
M207, M242, M269, P25, and P37 loci is described in
[31]. Markers M3 (DYS199), P43, and SRY1532 were
genotyped as it was suggested earlier [27, 32, 33].

Genotyping of marker M128 (the 2-bp deletion) was
conducted using allele-specific PCR. Each of two
reverse primers was strictly complementary to only one
of the allelic variants and differed from another primer
in its 3'-end structure (M128R1: 5'-CTG TAA ATG
AAA ATA ACT GTG AA-3' and M128R2: 5'-CTG
TAA ATG AAA ATA ACT GAA A-3"). The 334- or
332-bp fragment was present only in one PCR variant
at the annealing temperature of 56°C.
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Genotyping of marker P37 (the C-T transition) was
carried out in the same way. Two different forward
primers were used: (P31F1: 5'-AAT AAG GTT TTT
TTT TGG TTG T-3' and P31F2: 5-AAT AAG GTT
TTT TTT TGG TTG C-3"). The 599-bp fragment was
present only in one PCR variant at the annealing tem-
perature of 58°C.

Markers M70, M217, and M223 were genotyped,
using modified primers, which generated the recogni-
tion sites for the appropriate restriction enzymes in case
of one of the allelic variants.

Marker M70, which was the A—C transversion, was
genotyped using PCR with modified forward primer
(M70F: 5-ACT ATA CTT TGG ACT CAT GTC TCC
ATG AGG-3). In these conditions, in case of the allele C,
there appeared the Haelll recognition site, and the 231-bp
product was cleaved into the fragments of 201 and 30 bp.
Reverse primer was also different from that described
in [29] M70R: 5'-TTT GTC TTG CTG AAA TAT ATT
TTA-3").

Genotyping of marker M217 (the A—C transversion)
was conducted using the modified reverse primer
(M217R: 5-TAT GTA TTT TTC CTT CTG AAC AAT
T-3"). In case of the allele C, the Mfel recognition site
was formed, and the 244-bp product was cut into the
fragments of 219 and 25 bp.

The modified forward primer for genotyping of
marker M223 (the C-T transition) (M223F: 5'-AGT
CTG CAC ATT GAT AAA TTT ACT TAC AAT-3")
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generated, in case of allele 7, the recognition site for the
Mfel restriction enzyme, which cleaved the 172-bp ampli-
fication product into the fragments of 145 and 27 bp.

Genotyping of markers M202, M77, M175, and
M?253 was carried out by use of PCR/RFLP after the lit-
erature search for the restriction sites.

The A-G transition (marker M20) was identified by
the presence of the Sspl restriction site in case of allele A.
The 413-bp product is cleaved in the fragments of 295
and 118 bp.

Marker M77 (the C-T transition) was typed by the
presence in the PCR product of two Dral restriction
sites in case of allele 7. The initial fragment was
cleaved in three parts (243 + 92 + 36 bp). In case of
allele C, only one restriction site was present (the frag-
ments of 335 and 36 bp).

Marker M175, which was the 5-bp deletion, was
identified by the Bst6l site loss in case of the deleted
allele (439 bp), and by the restriction site gain in case
of ancestral allele (355 and 89 bp).

Ancestral allele C of marker M253 (the C-T transi-
tion) leads to the formation of the HindlII restriction
site (fragments of 120 and 180 bp), while the mutant
allele is associated with the restriction site loss. The
sequences of the primers used are presented in [34].

The restriction enzymes and buffers were produced
by SibEnzim (Novosibirsk, Russia) and used in the
conditions recommended by the manufacturer. Analy-
sis of amplified DNA fragments was carried out using
2% (for M20, M77, M128, M175, M253, SRY1532,
P31, and P43) or 3% (for M3, M70, M223, and M217)
agarose gels.

Markers M15 and M 122 were typed by sequencing
of PCR products from the forward primer. PCR product
having only one specific band upon analyzing on agar-
ose gel was used as a template. Sequencing primers
were the same as used for PCR. Sequencing was per-
formed on the ABI Prism 310 automated sequencer
(Perkin-Elmer) using the method of Sanger with Big-
Dye Terminator cycle sequencing kit according to the
protocol of the manufacturer. The fragments were sep-
arated by means of capillary gel electrophoresis.

Microsatellite markers. STR haplotypes were typed
using seven microsatellite markers of nonrecombining
portion of Y chromosome (DYS3891, DYS38911, DYS390,
DYS391,DYS392, DYS393, and DYS394 (DYS19). One of
these markers (DYS$392) is a trinucleotide repeat, and
the others are tetranucleotide repeats. The seven mark-
ers used form the so-called minimum haplotype [35].
This YSTR set is the most comprehensively studied in
different world populations, and it is the main marker
used in population genetic and forensic studies.

Forward primers for each locus were synthesized at
the Perkin—Elmer Oligo Factory (Weiterstadt, Ger-
many), and carried the fluorescent label (HEX, FAM, or
TET). The markers were genotyped as described earlier
[23, 24]. Furthermore, to confirm the coincidence of the
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labeled fragment sizes observed to the number of tan-
dem repeat components, sequencing of the PCR prod-
ucts of all microsatellite loci with the use of a number
of samples analyzed was performed. Sequencing was
carried out from the reverse primers carrying no fluo-
rescent label. Allele nomenclature corresponds to the
generally accepted (for the DYS389I without consider-
ing the three-copied TCTG repeat) [36, 37].

Statistical methods. Genetic relationships between
the populations were examined using factor analysis
and multidimensional scaling. To identify the integral
characteristics (factors) determining the population
gene frequency variation, the method of principle com-
ponents was used [38]. Diagrams were constructed and
analyzed using the STATISTICA 6.0 (StatSoft, United
States) software package. Population genetic diversity,
equivalent to the expected heterozygosity for diploid
data was calculated as in Nei [39]. Population genetic
differentiation was assayed using analysis of molecular
variance (AMOVA) [40]. The F index was used for
biallelic haplogroups, and R, index was used with
YSTR haplotypes; a total of 10000 permutations were
performed. Statistical significance of the differences
between populations in haplogroup and YSTR haplo-
type frequencies was evaluated using the exact test for
population differentiation. Slatkin’s matrices of pair-
wise genetic distances (F' for biallelic haplogroups and
R for YSTR haplotpes) were calculated using 100 per-
mutation steps as implicated in the ARLEQUIN 2.000
software package (http://anthro.unige.ch/arlequin)
[41]. Microsatellite tandem repeat number variance
was assessed using the MICROSAT software program
(http://hpgl.staford.edu/projects/microsat) [42].
Median networks for Y-chromosomal haplotypes were
constructed using the Network v. 4.1.1.1 program
(Fluxus Technology, www.fluxus-engineering.com)
and the median networks method of Bandelt with MJ
(median-joining) [43] and RM (reduced median) algo-
rithms (the € estimator was considered as equal to 0).
The principle of maximum parsimony of the mutation
event number and tree topology was used. To score dif-
ferent mutation rates upon the networks construction,
each STR locus was weighted in accordance with the
calculated values (DYS393 : :DYS392 : DYSI9 :
DYS3891 : DYS38911 : DYS391 : : DYS390 = 10 : 10 :
5:5:2:2:1) [45]. Based on pairwise distances,
genetic distance matrices between the populations were
constructed. Population phylogenetic trees were con-
structed by use of neighbor joining algorithm [46] real-
ized in the PHYLIP software package [47].

RESULTS AND DISCUSSION

Frequencies of Y-chromosomal Haplogroups
in Northern and Southern Altaians

Analysis of the allele distributions for the marker
loci examined in 146 individuals representing the sam-
ples of Northern (Kumandins, Chelkans, and Tubalars)
Vol. 43

No. 5 2007



GENE POOL DIFFERENCES BETWEEN NORTHERN AND SOUTHERN ALTAIANS 555
Table 1. Distribution of Y-chromosomal haplogroups in Altaians
Frequency, %
H Northern Southern
aplogroup
Gorno-Altaisk | Kurmach-Baigol Turochak Beshpel’tir Kulada Kosh-Agach
(N=20) (N=11) (N=19) (N=43) (N =406) (N=T7)
C3xM77 - - - - 2.17 (1) 14.28 (1)
C3c - - - - 2.17 (1) -
D xM15 - - - - 10.87 (5) 14.28 (1)
E - - - 2.33(1) - -
F* - - - 6.98 (3) 2.17 (1) -
Ila - - - 2.33 (1) - -
I1b - - - 2.33(1) - -
12 5.00 (1) - - 4.65(2) 435(2) -
K* - 18.18 (2) 10.53 (2) - 2.17 (1) -
N* - - - - 10.87 (5) -
N2 10.00 (2) - - 4.65(2) - 28.57 (2)
N3a - - 15.79 (3) 2.33 (1) 2.17 (1) -
o3 - - 10.53 (2) 9.30 (4) 4.35(2) 14.28 (1)
p* - - - 2.33 (1) - -
Q* 20.00 (4) 63.64 (7) 26.32 (5) 4.65 (2) 4.35(2) -
R1* 15.00 (3) - - - - -
Rlal 50.00 (10) 18.18 (2) 36.84 (7) 58.14 (25) 52.17 (24) 28.57 (2)
R1b3 - - - - 2.17 (1) -
H 0.7105 £0.0848 | 0.5818 £ 0.1420 | 0.7895 £ 0.0573 | 0.6545 £ 0.0801 | 0.7111 £ 0.0682 | 0.9048 £ 0.1033
0.7510 £ 0.0406 0.6941 £ 0.0518
HYSTR 0.9368 £ 0.0354 | 0.8909 +£0.0918 | 0.9542 £0.0301 | 0.9415 £ 0.0301 | 0.9691 £ 0.0125 | 1.0000 £ 0.0764
0.9281 £ 0.0290 0.9554 +£0.0123

Note: H, haplogroup-based gene diversity value; H YSTR, microsatellite haplotype-based gene diversity value; N, sample size.

and Southern (Altai-Kizhi) Altaians showed the pres-
ence of 18 haplogroups (Fig. 1, Table 1). The gene
pools of the two population samples examined dis-
played substantial differences relative to the lineages of
Y chromosome. In Northern Altaians, only eight haplo-
groups were identified, while Southern Altaians
showed the presence of 17 Y-chromosomal haplo-
groups. Northern Altaians completely lacked lineages
C,D,E, F Ila,I1b, N*, P*, and R1b3, which accounted
for 24% of Y chromosomes in Southern Altaians. On
the other hand, Southern Altaians demonstrated the
absence of lineage R1*, found in Northern Alataians.

The most frequent variant of Y chromosome among
both ethnic groups was haplogroup Rlal, which was
the prevailing among Southern Altaians with the total
frequency of 53%. This haplogroup is widely distrib-
uted on the territory of Eurasia. It is found in the popu-
lations of Central and Eastern Europe, Iran, Pakistan,
Central Asia, and India [48]. By contrast, in Eastern
Asia haplogroup R1al is very rare. The appearance of
haplogroup Rlal in South Siberian ethnic groups is
thought to be associated with the early stages of their
ethnogeny, beginning from the Andronovo cultural
association, as a result of early Indo-European move-
ments to the east, and marks the substrate Caucasoid
Vol. 43
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component of their gene pools. Surprisingly, the pro-
portion of this component is higher among Southern
Alatians, characterized by more expressed Mongoloid
characters. This finding can be, probably, explained in
terms of the genetic drift, which substantially affects Y-
chromosomal markers due to the low effective popula-
tion number of Y chromosomes.

Concerning other Western European (Caucasoid)
haplogroups, it should be mentioned that in Southern
Alatians single cases of haplogroups E, J2, I1a, I1b, and
R1b3 were detected. It can be thus concluded that Cau-
casoid component in Southern Altaians in rather vari-
able. On the contrary, in Northern Altaians this compo-
nent is represented only by haplogroups Rlal and J2.
Haplogroups E and J2 are thought to be associated with
the dispersal of the Middle Eastern farmers during the
Neolithic [49-51]. The presence of these lineages on
the territory of South Siberia is probably associated
with the migratory flows from the Central Asia. The
presence of single chromosomes from the Caucasoid
haplogroups I1a and I1b, for which it is known that dis-
persal of the carriers and formation of contemporary
distribution area took place during recolonization of
Europe from Iberian and Balkan refugees after the Last
Glacial Maximum [52] in Altaians, can have different
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explanations. On the one hand, they can reflect the
recent metisation with Russian immigrants to Siberia.
On the other hand, it seems likely that these lineages
could appear here as early as in the Neolithic, together
with R1al. The possible confirmation of this idea is the
absence of haplogroup R1* (yet undifferentiated lin-
eage R1), found in Northern Altaians, in modern Euro-
pean populations.

Northern and Southern Altaians demonstrate sub-
stantial differences relative to the haplogroup Q* fre-
quencies. In the gene pool of Northern Altaians, it is the
second most frequent haplogroup after R1al (22%); in
Southern Altaians, the proportion of this haplogroup is
significantly lower (4%). In earlier studies, haplogroup
Q* with different frequencies was described in most of
Siberian ethnic groups. With low frequency (1 to 17%;
with the average of 5%) this haplogroup is found in
Middle and Central Asia, India, and Siberia [27, 53].
High frequencies of haplogroup Q* are detected among
Native Americans (up to 25%), where it is the second
most frequent haplogroup after its derivative, haplo-
group Q3 [54]. In Siberia, this haplogroup accounts for
the lion’s share (66%) of the Selkup gene pool [27],
while the highest Q* frequency was detected in Kets
(94%). In other parts of the region the Q* frequency
varies in the range from 5 to 15%. It is suggested that
peak frequency of haplogroup Q* in the region of con-
temporary residence of Kets and Selkups does not point
to this region as to the center of origin of this haplo-
group. It is known that presumptive motherland of the
ethnic groups mentioned above is located in South
Siberia, where their ancestors are thought to have pen-
etrated from Central Asia [55, 56]. These data are con-
sistent with the information on the significant participa-
tion of the Samoyedic ethnic groups in the ethnogeny of
Northern Altaians.

In Northern and Southern Altaians, the frequencies
of haplogroups belonging to clade N are also different.
However, the total proportion of these haplogroups in
both groups is nearly equal (about 10%). It should be
noted, that haplogroups N3a and N2 cannot be unam-
biguously attributed to either West- or East Eurasian.
High frequencies of haplogroup N3a is typical of East
Siberian ethnic groups (Yakuts, Buryats, and Evenks).
Moreover, in Yakut population, the frequency of this
haplogroup constitutes almost 90%. Based on the high
N3a frequency in the populations of Siberia, Zerjal
et al. [57], who were the first to describe polymorphism
of the 7at locus, suggested that the origin of this haplo-
group was associated with Siberia, and its presence in
European populations could be explained by westward
migrations of its carriers. However, further investiga-
tions demonstrated that diversity of the N3a YSTR hap-
lotypes in Finno—Ugric populations of the Volga region
was remarkably higher compared to the populations of
Northern Europe and the ethnic groups of Siberia [58, 59].
From here it follows that the most probable place of ori-
gin of haplogroup N3a is Eastern Europe, and the
migratory roots for the dispersal of this haplogroup are
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determined as from the west to the east. Higher fre-
quency of N3a observed in some populations of Siberia
is the result of genetic drift.

High frequency of haplogroup N2 was observed in
Tuvinians and Khants (personal unpublished results).
According to the literature data, among the ethnic pop-
ulations of Siberia, lion share of N2 was typical of Nga-
nasans (92%), Nentsy (57%), and Dolgans (12%) [27].
In the other ethnic groups, the frequency of this lineage
is marginal. The second N2 distribution area falls at the
Volga—Ural region, where it accounts for 10% of Y-chro-
mosomes in Maris and Chuvashes, 13%, in Komi, and
29%, in Udmurts [60]. Sporadic cases of N2 were
recorded among Russians and in Fennoscandia. It can
be thus suggested that N2 represents the marker of pre-
historical relations between the Siberian and pro-Uralic
populations. The recently described mutation M2174
(not genotyped in the present study) was shown to be
ancestral relative to calde N, as well as to calde O, typ-
ical of Mongoloid populations from the Pacific [61].
The problems of how ancient is this link, where the lin-
eages have diverged, and how the carriers of the undif-
ferentiated N/O appeared in Eastern Europe, the place
of origin of N3a, and probably, of N2, remain unclear.
The lineage, defined in the present study as K* and
accounting for about 8% of the total gene pool of
Northern Altaians, is thought to include the undifferen-
tiated group N/O, marked by mutation M214.

Haplogroups C3xM77 and C3c, present in Southern
Altaians, are among the most frequent in Central Asia
[62], and East Siberia [32, 63, 64]. Furthermore, the
lion share of calde C from the continental Southeast
Asia belongs to this haplogroup. In Siberia, the highest
frequency of haplogroup C was observed among Bury-
ats and Oroches. The haplogroup is also found among
Tungus—Manchurian populations, namely, Evenks,
Evens, and Manchurs. Haplogroups C3xM77 and C3c
are thus the markers of the genetic contribution of Mon-
goloid groups, probably, reflecting the latest contribu-
tion of Mongolian immigrants from the territories of
contemporary Tuva and Mongolia, beginning from the
Hunnu time.

Southern Altians are also characterized by a high
frequency of haplogroup O3. This lineage is mostly dis-
tributed across Southeast Asia and Oceania, where its
carriers penetrated from the continent, and also along
the whole pacific coastline of Eurasia. Clade O is gen-
erally the most abundant variant of Y chromosome,
accounting for almost 80% of all lineages. The highest
O3 frequencies were detected among the Chinese from
the southern provinces (58%), in Chinese from Taiwan
(58%), in Vietnam (45%), Philippines (35%), and
Malaysia (up to 30%) [45, 65—67]. In most of the indig-
enous populations of Siberia the haplogroup is not
detected, or its frequency is marginal. The O3 geo-
graphic distribution pattern makes it possible to con-
sider it as marking the contribution of the Mongoloid
groups to the gene pool of Siberian ethnic groups.
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Analysis of the haplogroup and YSTR haplotype
distributions showed heterogeneity of the populations
examined relative to the level of genetic diversity of
their male gene pool (Table 1). The haplogroup genetic
diversity in Northern Altaians is several times higher
than that in Southern Altaians. This finding can be
explained by the fact that the frequency of one lineage
(R1al) in Southern Altaians constitutes more than 50%.
The microsatellite haplogroup genetic diversity is
somewhat higher in Southern Altaians.

Genetic Relationships between the Populations

Analysis of the data set over the haplogroup fre-
quencies with the help of the method of principle com-
ponents identified three principle components (PCs),
which explained about 95% of the haplotype frequency
variation. The two first PCs in total accounted for about
88% of genetic variation of the ethnic groups examined
(Fig. 2). Maximum values of factor loadings associated
with the first component of the Altaic gene pool varia-
tion fell on the west Eurasian haplogroups E, J2, Ila,
I1b, and R1al. Furthermore, genetic closeness of the
populations relative to this component was determined
by the presence of either higher or lower proportions of
Caucasoid component in their gene pools, as well as by
the diversity of the gene pool components, reaching
maximum values in Southern Altaians from Beshpel’tir
and Kulada.

The second PC explained about 20% of the data
variation. This component, the higher values of which
correlated with an increase of the summarized propor-
tion of Mongoloid haplogroups (maximum values of
factor loadings fell on the haplogroups C3xM77, C3c,
D, and N*), reaching the peak values in Southern Alta-
ians, effectively differentiated the samples of Northern
and Southern Altaians. The data obtained agreed with
the anthropological data on the higher proportion of
Mongoloid component in the gene pool of Southern
Altaians, compared to Northern Altaians.

Another factor, explaining 7.6% of the haplogroup
frequency variation (HFV) was the presence of haplo-
groups Q* and K* in the population Y-chromosomal
gene pool. These haplogroups mark the most ancient
genetic substratum, N2 and N3a, most likely associated
with the Uraloid component. In this case, the loading
falling on haplogroup N2 was negative. Thus, the main
factors determining the gene pool structure of Altaians
are the presence of Caucasoid and Mongoloid compo-
nents along with the share of Paleolithic/Uraloid
genetic substratum.

The multidimensional scaling diagrams of Slatkin’s
R, distances obtained for both haplogroup and YSTR
haplotype frequencies in the samples tested were nearly
identical and clearly differentiated the populations of
Southern and Northern Altaians. For this reason, only a
single diagram, illustrating one of the experiment vari-
ants is presented in the figure (Fig. 3). Phylogenetic
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Fig. 2. Position of Altaians in the space of three principle
components based on Y-chromosomal haplogroup frequen-
cies. (a) First and second principle components; (b) second
and third principle components.

cluster analysis revealed the similar structure of the
genetic relationships between the data of populations
(Fig. 4). Similarly to the multidimensional scaling data,
the samples of Northern and Southern Altaians formed
two individual clusters. The only difference between
the methods used was that the closest samples on the
phylogenetic population tree constructed based on the
haplogroup frequencies were those from Kulada and
Beshpel’tir, while on the tree based on the YSTR hap-
lotype data, the closest samples were those from
Kulada and Kosh—Agach.

Population Genetic Differentiation

Estimates of the significance of among-population
differences performed by use of the exact test for the
population differentiation, revealed statistically signifi-
cant differences between the population samples in
haplogroup frequencies. Comparisons of Northern
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Fig. 3. Multidimensional scaling diagram of Slatkin’s Ry
distances between the populations of Altaians based on the
YSTR haplotype frequencies.

Altaic samples revealed no statistically significant dif-
ferences for the pair of Kurmach-Baigol/Turochak.
The sample from Gorno-Altaisk also was not statisti-
cally significantly different from the samples from
Beshpel’tir and Kosh-Agach. In haplogroup frequen-
cies, all samples of South Altaians were not statistically
significantly different from one another. Analogous
comparison of all samples relative to the YSTR haplo-
types, revealed no statistically significant differences
only for the pair of Kyrmach-Baigol/Kosh-Agach,
which were the smallest in number.

Genetic differentiation of the samples examined
was investigated by analysis of molecular variance
(AMOVA) [40], using two marker systems. First, the
population differentiation was tested relative to the hap-
logroup frequencies, and second, this estimate was per-
formed considering molecular diversity of Y-chromo-
somal microsatellite haplotypes. The AMOVA proce-
dure is based on the analysis of the population genetic
structure by means of the analysis of variance [68—70].
AMOVA makes it possible to score the number of
mutations between the haplotypes, providing more pre-
cise estimation of the repeat number variance. Hierar-
chical analysis of the population genetic structure con-
sists in the identification of the variance share due to
within- and between-group differences at different hier-
archical levels. Calculations were made pooling the
samples into two groups, Northern and Southern Alta-
ians.

The results of calculations made using two marker
systems were noticeably different. Analysis of the hap-
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Fig. 4. Dendrogram of genetic relationships between the pop-
ulations of Altaians based on the genetic distances between
(a) the haplogroups and (b) YSTR haplotypes.

logroup frequencies showed that the proportion of
among-group differences was 5.02%, while the differ-
ences between the populations within the groups
accounted for 3.72%, and the proportion of total
within-population variation was 91.26%. Analogous
calculations made using YSTR haplotype data showed
the higher share of the among-group differences
(8.97%), lower proportion of among-population differ-
ences within the groups (1.54%), and the proportion of
within-population variation of 89.49%. Thus, analysis
of the gene pool structure at the level of Y-chromosomal
haplotypes more clearly identified the differentiation of
Northern and Southern Altaians and showed lower
among-population differences within the groups, com-
pared to the analysis at the level of haplogroup frequen-
cies.

Phylogenetic Analysis of Haplogroup Rlal
in Altaians

Haplogroup R1al accounts for most substantial part
of Y-chromosomal gene pool in Alatians. Detailed
structure of this haplogroup was established through
the construction of a phylogenetic tree using the haplo-
type median network method [43, 44]. Figure 5 shows
the phylogenetic tree for the microsatellite haplotypes
of haplogroup R1al. The size of a circle (the tree nod)
corresponds to the number of the identified samples,
belonging to a haplotype of interest, while the length of
a link between the nods corresponds to the number of
the mutation steps between the haplotypes. Mutated
Vol. 43
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Fig. 5. Phylogenetic tree (median network) of the YSTR haplotypes of haplogroup R1al in Altaians. The size of a circle (the tree
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affiliation of the individual, to whom the sample belongs; Southern Altaians are indicated by black color, Northern Altaians are indi-
cated by white color. The tree branching points not represented by the haplotypes discovered (median vectors) are designated by

grey color.

loci are listed along links. The nod color indicates eth-
nic affiliation of the individual, to whom the sample
belongs. The branching points not represented by the
haplotypes discovered (median vectors) are designated
by small grey circles.

Northern Altaians are characterized by higher
genetic diversity and almost identical repeat number
variance compared to Southern Altaians (Table 2).
However, the mean number of alleles per locus and the
repeat number range was remarkably higher in South-
ern Altaians. It should be noted in this respect that for
the STR loci such parameters as variance and the repeat
number range, characterizing molecular locus varia-
tion, are the more adequate diversity estimates, than
gene diversity, based on the allele frequencies. This sit-

uation can be explained by the fact that analysis of
polyallelic marker systems highly probably can result
in the obtaining of the samples biased relative the total
population. In addition, calculations are made using the
stepwise mutation model, which most adequately cor-
responds to the mechanism of the haplotypes evolution.

Only three R1al haplotypes are common for the two
population groups, pointing to the differences between
their gene pools not only in the haplogroup composition
but also in their internal haplotype structure. In Southern
Altaians 15 samples out of 51, carry the most frequent
haplotype, while among Northern Altaians, this haplotype
was not detected. It is suggested that Southern Alataians
demonstrate the founder effect relative to this haplogroup,
since their median network is characterized by typical

Table 2. Diversity indices for the haplogroup Rlal in Altaians

Ethnic group H Avg Var Avg All Avg Ran
Southern Altaians 0.8955 0.292 3.286 2.714
Northern Altaians 0.9560 0.294 2.286 1.286

Note: H, gene diversity; Avg Var, averaged repeat number variance; Avg All, averaged number of alleles per locus; Avg Ran, range of the

repeat number.
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star-like phylogenetic structure with the prevailing fre-
quency of the founder haplotype, with the allelic structure
of 16-11-18-25-11-11-13 (DYS19-DYS389I-DYS3891l-
DYS§390-DYS391-DYS392-DYS393). Eight haplotypes
of those discovered in Southern Alatians stand only one
mutation step apart from the founder haplotype. This
finding explains the illusive contradiction of the pres-
ence of a large proportion of the “Caucasoid” haplo-
group Rlal in Southern Altaians, which according to
anthropological classification belong to South Siberian
and Central Asian Mongoloid types. There still remains
the question of whether haplotype structure of haplo-
group Rlal revealed is typical only for the samples
examined, or it is typical to Southern Altaians, or even
for the whole South Siberian pool of R1al. Our data on
the R1al microsatellite haplotype diversity in Tuvinian
populations did not show the high presence of South
Altaic founder haplotype (only 1 out 33 Tuvinian sam-
ples belonged to that haplogroup) (personal unpub-
lished results). Among ten South Siberian ethnic groups
examined in [26], the haplotype of interest was fopund
only in Southern Altaians, Teleuts, and Tuvinians.
Moreover, in Altaians it also accounted for 30% of the
samples belonging to R1lal. The sample examined in
the study cited was represented by the inhabitants of
Ust’-Kansk raion (the westernmost region of the repub-
lic), which was rather geographically distant from the
regions examined in the present study. These data allow
conclusion that specific structure of haplogropup Rlal
with the prevailing frequency of one founder haplotype,
described in the present study, is typical to the whole
ethnic group of Southern Altaians, but not to the other
South Siberian ethnic groups.

Thus, in the present study a detailed analysis of the
gene pools of Northern and Southern Altaians was per-
formed using two systems of the genetic markers on
nonrecombining portion of Y chromosome. The results
obtained pointed to the multicomponent gene pool of
the Altai population. It was demonstrated that Northern
and Southern Altaians were characterized by specific
haplogroup composition and frequencies, which
reflected the contributions of the genetic components of
different origin, associated with different migratory
flows. The results of the analysis of variance pointed to
the higher proportion of the among-group differences
compared to the among-population differences within
the groups. These results also suggest significant
genetic differentiation of the indigenous population of
Altai into two population groups, including Northern
and Southern Altaians, respectively. Factor analysis, as
well as cluster and phylogenetic analysis, and multidi-
mensional scaling also suggested subdivision of the
Altaic gene pool. Using haplogroup R1al as an example,
the differences between Northern and Southern Altaians
were estimated, which concerned the haplogroups com-
position and their internal haplotype structure.
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