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Phylogeographic Analysis of Mitochondrial DNA in Northern

Asian Populations

Miroslava Derenko, Boris Malyarchuk, Tomasz Grzybowski, Galina Denisova, Irina Dambueva,
Maria Perkova, Choduraa Dorzhu, Faina Luzina, Hong Kyu Lee, Tomas Vanecek,

Richard Villems, and Ilia Zakharov

To elucidate the human colonization process of northern Asia and human dispersals to the Americas, a diverse subset
of 71 mitochondrial DNA (mtDNA) lineages was chosen for complete genome sequencing from the collection of 1,432
control-region sequences sampled from 18 autochthonous populations of northern, central, eastern, and southwestern
Asia. On the basis of complete mtDNA sequencing, we have revised the classification of haplogroups A, D2, G1, M7,
and I; identified six new subhaplogroups (14, Nle, G1c, M7d, M7e, and J1b2a); and fully characterized haplogroups N1a
and G1b, which were previously described only by the first hypervariable segment (HVS1) sequencing and coding-region
restriction-fragment-length polymorphism analysis. Our findings indicate that the southern Siberian mtDNA pool harbors
several lineages associated with the Late Upper Paleolithic and/or early Neolithic dispersals from both eastern Asia and
southwestern Asia/southern Caucasus. Moreover, the phylogeography of the D2 lineages suggests that southern Siberia
is likely to be a geographical source for the last postglacial maximum spread of this subhaplogroup to northern Siberia
and that the expansion of the D2b branch occurred in Beringia ~7,000 years ago. In general, a detailed analysis of mtDNA
gene pools of northern Asians provides the additional evidence to rule out the existence of a northern Asian route for

the initial human colonization of Asia.

The territory of northern Asia is of crucial importance for
the study of early human dispersal and the peopling of
the Americas. Recent findings about the peopling of
northern Asia reconstructed by paleoanthropologists and
archaeologists suggest that modern humans colonized the
southern part of Siberia 45,000-35,000 years ago. It seems
that almost all of northern Asia, including extreme north-
eastern Siberia, had been colonized by modern humans
by ~15,000 years ago."”* Over the past few years, a number
of genetic studies about populations from different parts
of Siberia were conducted.*'* Molecular evidence suggests
that ancestral Native American populations may have
emerged from this region of northern Asia, since several
maternally and paternally inherited genetic lineages pre-
sent in both Siberia and the Americas appear to have
evolved in that region of northern Asia.*'*'® Recent stud-
ies have also revealed the presence of both eastern and
western Eurasian lineages in gene pools of modern pop-
ulations of southern Siberia, a pattern that probably re-
flects a complex history of population movements and
interactions since the Paleolithic period.*'"'*'* However,
such issues as timing, origin, and routes of founding mi-

grations to Siberia and the Americas remain ambiguous
and controversial.

Because of a new phase of development of genetic stud-
ies that is based on complete mitochondrial genome anal-
yses, our chances to improve the phylogenetic resolution
of the mtDNA tree and, consequently, to define the timing
and direction of human dispersions more precisely are
occurring repeatedly. The emergence of complete mtDNA
sequences made it possible to reconstruct the phylogenies
of African, European, Oceanian, eastern Asian, southeast-
ern Asian, and Indian lineages and to gain detailed insight
into human evolution and pioneer settlement processes.'*-
** Meanwhile, such systematic analyses have not yet been
available for northern Asian populations. Recent analyses
of a large data set of eastern Asian complete mtDNA se-
quences have provided a significant refinement of the
eastern Asian mtDNA phylogeny,”** which is undoubt-
edly useful for northern Asian mtDNA phylogeny recon-
struction. Nevertheless, to date, only two studies dealing
with complete mtDNA variation in northern Asian pop-
ulations have been published.”'* The first study reported
the analysis of complete mtDNA sequences of haplogroup
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Figure 1.

D2 that are fixed in the gene pool of the Aleuts of the
Commander Islands.” The second study presented the set
of different mtDNA lineages characterizing the gene pools
of aboriginal populations from the Altai-Sayan Upland
and the Lower Amur/Sea of Okhotsk regions.'* Both stud-
ies focused primarily on the peopling of the Americas,
whereas the problems of initial human colonization of
northern Asia fell beyond the scope of those studies.
Recent models based on mtDNA evidence suggest a sin-
gle human dispersal out of Africa by a southern coastal
route to India and farther, to East Asia and Australasia.?®
29303335 However, the early arrival in southern Siberia
of Upper Palaeolithic technology from the Middle East
(~40,000 years ago) has often been interpreted as support
for the existence of another migration route from Africa
toward East Asia through the Levant and farther along the
northern Asian route through central Asia and southern
Siberia.*® This scenario suggests that unique mtDNA lin-
eages that cannot be derived from southern and south-
eastern Asian variation should be found in northern and
central Asian populations.*” It is worth noting, however,
that mtDNA-variation studies of modern Siberian popu-
lations have shown a lack of basal M, N, and R lineages
in the mtDNA tree of northern Asians.®'"** This should
be considered a strong argument against the northern
Asian-route model. Meanwhile, we should mention that
both population coverage of Siberian ethnic groups and
a range of phylogenetic resolution of mtDNA data ob-
tained so far were insufficient for a definitive conclusion.
To elucidate the human colonization process of northern
Asia, as well as human dispersals to the Americas, we use
here the complete genome-sequencing approach, in ad-
dition to control-region sequencing combined with re-

Population sample sites, with sample sizes given in parentheses

striction analysis of the mtDNA coding region, to study
mtDNA variation in a large number of populations repre-
senting northern, central, eastern, and southwestern Asia.

Material and Methods
Subjects

Sampling locations are shown in figure 1. A total of 1,432 DNA
samples were analyzed and comprised 107 individuals from south-
western Asia (82 Persians from eastern Iran and 25 Kurds from
northwestern Iran), 44 individuals from central Asia (Tajiks from
Tajikistan), 150 individuals from East Asia (47 Mongolians from
Ulaanbaatar and 103 Koreans from South Korea), and 1,131 in-
dividuals from northern Asia (295 Buryats and 99 Khamnigans
from Buryat Republic, 105 Tuvinians from Tuva Republic, 118
Evenks [45 East Evenks from Buryat Republic and 73 West Evenks
from the Krasnoyarsk region], 36 Yakuts from Sakha [Yakutia]
Republic, 82 Shors from the Kemerovo region, 57 Khakassians
from Khakassian Republic, 214 South Altaians [90 Altaian-Kizhi,
71 Telenghits from Altai Republic, and 53 Teleuts from the Ke-
merovo region]|, 110 Kalmyks from Kalmyk Republic, and 15
Chukchi from Anadyr, Chukotka Autonomous Okrug). Each sam-
ple comprises unrelated healthy donors from whom appropriate
informed consent was obtained.

Sequencing and RFLP Typing

The first hypervariable segment (HVS1) (from positions 15999 to
16400) was sequenced in all samples, and HVS2 (from positions
30 to 407) was also sequenced in Chukchi, Telenghits, East Ev-
enks, Tuvinians, Buryats, Khamnigans, Kalmyks, Koreans, Mon-
golians, Persians, Kurds, and Tajiks, as described elsewhere."" Se-
quences were aligned to the revised Cambridge Reference Se-
quence (rCRS).*” Any unusual mutations (transversions or tran-
sitions at sites with a low relative mutation rate) were rechecked.
The sequences with uncertain phylogenetic status were selected
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for complete mtDNA sequencing. RFLP screening was used to
resolve haplogroup status in a hierarchical scheme as follows:
haplogroups M (+10397 Alul and +10394 Ddel), N (—10397 Alul
and —10394 Ddel), R (+12704 Mboll), A (+663 Haelll), C (—13259
Hincll), D (—5176 Alul), D1 (—2093 Bst4CI), D4 (—3010 FnuDII),
D2 (—7493 Eco1301), E (—=7598 Hhal), G (+4831 Hhal), F1
(—12406 Hpal), M7 (+9820 Hinfl), M9 (+3391 Haelll), M10
(+10646 Rsal), X (+14465 Accl), HV (~14766 Msel), H (—7025
Alul), U (+12308 Hinfl), U4 (+4646 Rsal), K (—9052 Haell), T
(+13366 BamHI and +15606 Alul), T1 (—12629 Avall), W (—8994
Haelll), 1 (—4529 Haell, —8250 Haelll, and +10032 Alul), N1
(—12498 Nlalll), V (+4577 Nlalll), and HVOa (+15904 Msel). Hap-
logroup B affiliation was checked by screening for the 9-bp de-
letion in the COII/tRNA""* region, and haplogroup J1b2a affilia-
tion was checked by sequencing position 10410 within the frag-
ment 8910-10649. Sequence classification into mtDNA haplo-
groups was based on generally accepted nomenclatures,**>*
with several improvements.

Complete mtDNA Sequencing

A total of 71 mtDNAs representing 36 subhaplogroups were se-
lected for complete sequencing (table 1). These samples include
several mtDNAs (6 Koryaks, 1 Evenk, 3 Russians, 1 Polish, and 3
Czechs) from our collection, added for comparative purposes. The
mtDNA genomes were amplified and sequenced by means of the
procedures described by Torroni et al.>! Sequencing reactions were
run on Applied Biosystems 3130 Genetic Analyzer. Sequences were
edited and aligned by SeqScape software, version 2.5 (Applied Bio-
systems), and mutations were scored relative to the rCRS.* The
71 complete sequences have been submitted to GenBank (acces-
sion numbers EF153771-EF153833, EF397558-EF397562, and
EF486517-EF486519).

Data Analysis

Descriptive statistical indexes, the Tajima’s D*! and Fu’s Fs** neu-
trality tests (for HVS1 and HVS2 sequence data) and the analysis
of molecular variance (AMOVA)* (for HVS1 sequence data) were
calculated using Arlequin software, version 3.01.* Principal-com-
ponent (PC) analysis was performed using STATISTICA software,
version 6.0, with mtDNA haplogroup frequencies as input vectors.

The complete mtDNA phylogeny was reconstructed manually
and was verified by use of the median-joining algorithm with
Network, version 4.1.0.9 (Free Phylogenetic Network Software).*
For phylogeny construction, the highly variable site 16519 and
the length variation in the poly-C stretches at nucleotides 16180-
16193 and 309-315 were not used. Haplogroup divergence esti-
mates p and their SEs were calculated as the average number of
substitutions in the mtDNA-coding region from the ancestral se-
quence type.***” To estimate the time to the most recent common
ancestor of each cluster, the evolutionary rate corresponding to
5,140 years per substitution in the coding region® was used. In
addition to our 71 newly collected mtDNAs, 21 additional com-
plete genomes from the literature®'*19222426.27.4849 yyere employed
for the tree reconstruction.

Results
mtDNA Haplogroup Profile

The complete RFLP haplotypes and HVS1 and HVS1/HVS2
sequence data of the 1,432 individuals from northern, cen-
tral, eastern, and southwestern Asia and the detailed hap-

Table 1.

Sample and Ethnic

Origin of 71 Complete mtDNA

Sequences

Sample Haplogroup Origin
Ch 1 A2a Chukchi
Ch9 A2a Chukchi
Ch 5 A2b Chukchi
Ch6 A2b Chukchi
Ch 11 A2b Chukchi
Krk 39 A2b Koryak
Br 334 A4 Buryat
Br 393 A4 Buryat
Br 523 A4 Buryat
Br 568 A4 Buryat
Cz_25_1V A4 Czech
Khm 16 A4 Khamnigan
VN 65 Ada Russian
Alt 163 Adal Altaian-Kizhi
Br 390 A4al Buryat
Br 552 Adal Buryat
Br 627 A4al Buryat
Br 442 A4b Buryat
Evk 42 A4b Evenk
Br 406 A4c Buryat
Br 575 A4c Buryat
Khm 66 Ad4c Khamnigan
Alt 178 A4d Altaian-Kizhi
Kor 97 A5a Korean
Br 643 A5c Buryat
Khm 43 A5c Khamnigan
Br 618 A8 Buryat
Br 324 C1 Buryat
Br 412 D2a Buryat
Br 608 D2a Buryat
Ch 2 D2b Chukchi
Khm 27 D2a Khamnigan
Yak 44 D2a Yakut
Br 636 D3 Buryat
Kor 38 Glala Korean
Alt 145 Glalb Altaian-Kizhi
Ch3 G1b Chukchi
Ev 23 G1b Evenk
Krk 115 G1lb Koryak
Krk 120 G1lb Koryak
Krk 35 G1lb Koryak
Krk 41 G1lb Koryak
Kor 33 Glc Korean
Br 405 I4 Buryat
Alt 194 J1b2a Altaian-Kizhi
Br 363 J1b2a Buryat
Br 345 M7a2 Buryat
Br 423 M7b1 Buryat
Khm 83 M7b1 Khamnigan
Kor 19 M7c1 Korean
Kor 53 M7c1 Korean
Khm 51 M7c2 Khamnigan
Br 365 M7c2a Buryat
Br 646 M7c2a Buryat
Br 311 M7d Buryat
Khm 47 M7d Khamnigan
Cz_32_III M7e Czech
Vo 20 N1a Russian
Br 312 N1al Buryat
Cz_61_III Nlal Czech
Bg_ 11 Nlal Russian
Pl 348 Nic Polish
Br 397 Nie Buryat
Alt 16 X2e Altaian-Kizhi
Alt 208 X2e Altaian-Kizhi
Br 561 X2e Buryat
TL 715 X2e Teleut
Khm 6 Y1 Khamnigan
Krk 28 Y1a1l Koryak
Br 621 Y2 Buryat
Khm 2 Y2 Khamnigan
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logroup classification are reported in a tab-delimited txt
file, which can be imported into a Microsoft Excel spread-
sheet (online-only). The samples fall into 91 haplogroups
or paragroups (unclassified lineages within a clade) within
the three major non-African haplogroups M, N, and R; the
single Persian mtDNA belongs to the sub-Saharan hap-
logroup L2a. Table 2 shows the haplogroup distribution
within the populations studied. The eastern Eurasian com-
ponent is represented by haplogroups A, N9a, and Y,
which belong to the major haplogroup N; by haplogroups
B, F, R9, R11, and R*, which belong to macrohaplogroup
R; and by different branches of macrohaplogroup M, such
as C, D, G, M*, M3, M7-M11, M13, and Z haplogroups.
The latter lineages were shown to be widespread among
northern and eastern Asians and, to a lesser extent, central
Asians.'**3%3 All populations of northern and eastern
Asia exhibit the prevalence of eastern Eurasian lineages,
with frequencies ranging from 69% in Telenghits to 100%
in Koreans and East Evenks. Haplogroups C and D are the
most common in northern and eastern Asia, accounting
together for 24%-87% of lineages in populations studied.
The only exception is the Chukchi sample, which shows
the highest frequency of haplogroup A (73%). One of the
most common haplogroups in northern and eastern Asian
populations is haplogroup B, which falls into two main
clades, B4 and BS. The majority of B lineages in northern
Asia fall within haplogroup B4, whereas haplogroup BS is
more frequent among Koreans and Mongolians. Haplo-
group G and its subgroup G2 occur with the highest fre-
quencies (>8%) in Mongolic-speaking populations, such
as the Mongolians, Buryats, Khamnigans, and Kalmyks. It
is also worth noting that haplogroup F exhibits very high
frequency only in two populations: Shors (41%) and Khak-
assians (25%).

Most northern and eastern Asian populations (with the
exception of Koreans and East Evenks) indicate a signifi-
cant contribution of the western Eurasian mtDNA compo-
nent. The proportion of these mitochondrial lineages is
considerably higher (>22%) in the western part of south-
ern Siberia (in populations of Shors, Khakassians, Tuvi-
nians, and Telenghits) than in the eastern part. In north-
ern Asia, the western Eurasian mtDNA component dis-
plays numerous lineages belonging to major haplogroups
H,HV,V, ], T, U, I, N1, and X. Among them, haplogroups
H, J, and U are the most frequent. Populations from south-
western (Persians and Kurds) and central (Tajiks) Asia have
a number of other western Eurasian mtDNA haplogroups
not found (or very rare) in northern and eastern Asian
populations (W, N2, ROa, R2, HVOa, HV2, U1, U2b, and
U7a) but characteristic of the Indo-Pakistani region.****
Some western Eurasian haplogroups observed at low fre-
quencies in northern Asian populations are also present
in central and southwestern Asian populations. For in-
stance, haplogroup U4 is absent in Persians and Kurds and
is present in Tajiks (at a frequency of 6.8%), whereas hap-
logroup USa is found (at a frequency of 4.9%) only in
Persians. In general, the western Eurasian mtDNA com-

ponent clearly predominates in central and southwestern
Asian populations, found at a frequency of >65% in each
population studied. The eastern Eurasian lineages in cen-
tral and southwestern Asian populations are represented
by haplogroups A4, B4, BS, C, D4, DS, G2a, G3, M10, Y,
and Z. Their proportion is much higher in Tajiks (in total,
31.8%) than in Kurds and Persians (12% and 13.5%, re-
spectively). It is noteworthy that subgroup B4b1 (defined
by mutations at positions 16086 and 16136, in addition
to the B4b general motif), which is characteristic of pop-
ulations of southern Siberia and Mongolia, was also found
in northeastern Iran among Persians (at a frequency of
2.4%). Conversely, subgroup J1b2—which is relatively fre-
quent in Indo-Iranian populations,****—was found, for in-
stance, at frequencies of 12% and 3.7% in our Kurd and
Persian samples, respectively, and is present at a marked
frequency (~3%) in Altaian populations (both in Telengh-
its and Altaians-Kizhi).

Population Summary Statistics

HVS1 and HVS2 sequences have been used to gain infor-
mation about internal population diversity (tables 3 and
4). Overall, HVS1 presented slightly higher values of se-
quence diversity and a higher number of different hap-
lotypes, segregating sites, and average number of nucle-
otide differences than did HVS2. Most populations dem-
onstrate similar sequence-diversity values, with the Chuk-
chi showing the lowest (0.781 for HVS1/0.467 for HVS2)
and the Kalmyks, Kurds, and Tajiks showing the highest
(0.997/0.959, 0.993/0.972, and 0.995/0.983, respectively).
The low diversity exhibited by the Chukchi is also evident
in the low mean number of pairwise differences observed
both in HVS1 and HVS2 (4.381 and 1.657, respectively).
These are among the lowest values of all the populations,
which otherwise ranged from 5.970 in Kurds to 7.002 in
Telenghits (for HVS1) and from 1.618 in East Evenks to
3.840 in Kurds (for HVS2).

As shown in tables 3 and 4, the studied populations
exhibited similar neutrality test results for both HVS1 and
HVS2 data. The southwestern Asian Persians, central Asian
Tajiks, eastern Asian Koreans, and northern Asian popu-
lations of Kalmyks, Buryats, Khamnigans, and Telenghits
yielded significantly negative values for both Tajima’s D
and Fu’s Fg neutrality tests. The Kurds, Tuvinians, West
Evenks, Khakassians, Altaians-Kizhi, and Teleuts exhibited
significantly negative Fu’s Fs values and unimodal mis-
match distributions (not shown), but the Tajima’s D sta-
tistic was not significantly different from 0. This contrast-
ing pattern may be the result of mutation-rate heteroge-
neity along the HVS1 and HVS2 regions; this effect has
been shown to confuse the signature of population ex-
pansion in Tajima’s test, leading to higher D values.> For
the East Evenks, Yakuts, Shors, and Chukchi, both neu-
trality tests gave nonsignificantly negative values (tables
3 and 4), and the mismatch distribution was unequivo-
cally multimodal (data not shown), thus rejecting the hy-
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pothesis of population growth and pointing to the strong
effects of drift and/or the small sample sizes for these
groups.

The basal mtDNA haplogroup frequencies of the 18 pop-
ulations were used as input vectors to perform a PC anal-
ysis. Figure 2 shows the PC plot for the first two PCs, which
account for 47.5% and 14.1% of the total variation, re-
spectively. When the one outlier, the Chukchi, is ignored,
geographic grouping of populations is apparent in the di-
agram. The first PC (PC1) reveals mainly a southwest-to-
northeast cline by separating a group of Indo-European-
speaking populations of southwestern and central Asia
(Persians, Kurds, and Tajiks) from the Altaic-speaking pop-
ulations of northern and eastern Asia. The latter, in turn,
constitute two distinct clusters with Kalmyks, Mongolians,
Buryats, Khamnigans, Shors, Telenghits, Teleuts, and Ko-
reans in the upper right and Altaians-Kizhi, Tuvinians,
Yakuts, and two groups of Evenks in the lower right parts
of the plot. PC2 essentially displays the outlier genetic
position of the Chukchi, who are clearly separated from
the other populations studied.

AMOVA confirmed that the southwest-to-northeast pat-
tern seen in the PC analysis is highly significant. When
the populations were split into three groups relative to
their geographic location (Persians, Kurds, and Tajiks as
the southwestern Asian/central Asian group; Chukchi as
the northeastern Asian group; and the remaining pop-
ulations as the northern Asian/eastern Asian group), the
difference among the three groups was found to be 5.96%
of the total variation (P<.0001). This difference was still
significant (3.19%; P<.0001) when a major northern
Asian/eastern Asian group was further subdivided into
four other regional groups (Tuvinians, Shors, Khakassians,
Altaians-Kizhi, Teleuts, and Telenghits as southern Siber-
ians; Yakuts and western Evenks as central Siberians; Bur-
yats, Khamnigans, Kalmyks, and eastern Evenks as eastern
Siberians; and Mongolians and Koreans as eastern Asians).
However, a significant difference was also found when
populations were separated, according to language, into
Indo-European— and Altaic-speaking groups (3.6%; P <
.0001). Therefore, the division by linguistic and geo-
graphic affiliations is reflected in mtDNA variation of the
population studied.

Phylogeography of Western Eurasian Haplogroups

The average frequency of mtDNAs from western Eurasia
among northern Asian populations analyzed (with con-
sideration of our previously published data'!) is 16.3%.
Meanwhile, in the most-western Altaian (Altaians-Kizhi,
Teleuts, and Telenghits) and western Sayan (Shors and
Khakassians) populations, their frequency is greater (>25%)
than that in populations of eastern Sayan (Tuvinians, Tod-
jins, and Tofalars) and, especially, Baikal (Buryats, Kham-
nigans, Sojots, and eastern Evenks) regions. Western Eu-
rasian contribution to the northern Asian mitochondrial
gene pool can be broadly divided into three different com-

ponents. The first is represented by haplogroups Hla, H1b,
H11la, U4, US5a, USb, U8a, V, T1, and K, which are, in
general, characteristic of eastern European populations.**
5% It is likely that these mtDNA lineages were carried to
southern Siberia from the Volga-Ural region, where they
occur at relatively high frequencies. Some of these ma-
ternal lineages are also present at high frequencies in west-
ern Siberia (for instance, haplogroups U4, H1b, T1, and
USa).® The second component comprises haplogroups HV,
U3,]J1b2, X, H8, and H20, which are typical of populations
of western Asia and the Caucasus region.>***° The re-
maining component, found in southern Siberian popula-
tions, is represented by haplogroups H2a1, H6a, J1b1, N1a,
and UZ2e, which are present at relatively low frequencies
both in eastern Europe and western Asia. It should be
noted, however, that haplogroups H6a and H2al, as well
as H8 and U3, may have been involved in the Late Upper
Paleolithic population expansion in the southern Cau-
casus and the Near East.>**®*% Therefore, one can suggest
that populations from this area had an impact on the
mitochondrial gene pool of southern Siberians. In sum-
mary, the composition of mtDNA lineages of western Eu-
rasian origin revealed in southern Siberian populations
allows us to suggest that there were at least two migrations
into southern Siberia, one from eastern Europe and the
other from western Asia/the Caucasus. Traces of both mi-
grations associated with different mtDNA haplogroups
were detected in all southern Siberian regional groups,
with minor influence on the most northeastern of the
eastern Sayan populations.

To further elucidate the origin of western Eurasian lin-
eages found in mitochondrial gene pools of northern
Asians, complete genome sequencing of particular mt-
DNAs was performed. Haplogroup X is found in both west-
ern Eurasians® and some northern groups of Native Amer-
icans,®! but it is absent in northern Siberian and eastern
Asian populations,*>°" which are genetically and geo-
graphically closest to Native Americans. Among Siberians,
haplogroup X mtDNAs were detected in Altaians of south-
ern Siberia’ and Evenks from central Siberia.*® All Siberian
haplogroup X sequences, along with the majority of south-
ern Caucasian X mtDNAs, belong to the X2e clade, whereas
Native American X sequences constitute the distinctive
X2a clade.”® On the basis of extensive phylogeographic
analysis of the haplogroup X subclades, Reidla et al.*® sug-
gested that the Near East was likely to be a geographical
source for the spread of subhaplogroup X2, with the as-
sociated population dispersal that occurred around or after
the last postglacial maximum (LGM). They also suggested
that Altaians had relatively recently acquired haplogroup
X2 (<6,700 years ago). In the present study, we have con-
siderably extended the population screening of haplo-
group X mtDNAs and have detected single X2e lineages
in Buryats and Teleuts (in addition to Altaians-Kizhi’) from
southern Siberia and in Kurds from northwestern Iran (see
our txt file [online-only] and table 2). To obtain further
information about the extent of haplogroup X diversity,
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Table 3.

Diversity Indexes and Neutrality Tests for the Studied Populations, Based on HVS1-Variability Data

Population n H® (SE) K (%)* s Pic (SE) 0, (95% CI) Tajima’s D (P)" Fu's Fs (P)f
Persians 82 .987 (.005) 62 (76) 79  6.192 (2.972) 114.10 (7.73-187.89) —2.03 —25.18

Kurds 25 .993 (.013) 23 (88) 36  5.970 (2.946) 133.80 (44.79-45.042)  —1.41 (.076) —18.02

Tajiks 44 995 (.006) 39 (89) 67  6.314 (3.052)  16.77 (73.29-382.2) —2.10 —25.21
Koreans 103 .984 (.007) 77 (75) 80  6.511 (3.104) 149.81 (96.80-236.12)  —1.90 —25.04
Mongolians 47 994 (.006) 40 (85) 65  7.709 (3.656) 157.02 (75.30-351.29)  —1.72 —24.94
Kalmyks 110 .997 (.002) 92 (84) 81  6.605 (3.143) 287.42 (178.33-477.81) —1.88 —24.99
Buryats 295 990 (.002) 154 (52) 92  6.014 (2.874) 129.31 (101.93-164.00) —2.00 —24.71
Khamnigans 99 .990 (.004) 71 (72) 81  6.169 (2.957)  11.96 (72.63-171.79)  —1.98 —25.13
Tuvinians 105 .960 (.008) 43 (41) 58  6.248 (2.990)  27.43 (18.37-4.69) —1.48 (.061) —22.70

East Evenks 45 902 (.022) 14 (31) 24  5.414 (2.658) 6.58 (3.43-12.29) — .04 (.499) — .61 (.429)
West Evenks 73 .952 (.013) 31 (42) 47  5.982 (2.885) 2.11 (12.45-32.22) —1.24 (.106) ~11.66
Yakuts 36 .898 (.034) 18 (50) 27  4.835 (2.415)  13.66 (7.16-25.92) —.89 (.199) —5.46 (.026)
Shors 82 .839 (.035) 29 (35) 50  6.359 (3.045)  15.57 (9.70-24.66) ~1.19 (.117) —7.40 (.034)
Khakassians 57 .980 (.008) 38 (67) 52  6.683 (3.2) 48.66 (28.63-83.84) —1.39 (.788) —24.45
Altaians-Kizhi ~ 90  .982 (.004) 48 (53) 59  6.364 (3.044)  41.06 (26.99-62.46) —1.47 (.063) —25.11
Teleuts 53 .980 (.007) 33 (62) 49  6.361 (3.063)  36.38 (21.19-63.03) —1.49 (.062) —18.62
Telenghits 71 .986 (.005) 49 (69) 76  7.002 (3.329)  68.63 (42.24-113.09)  —1.87 —25.02
Chukchi 15 .781 (.102) 7 (47) 18 4.381 (2.292) 4.50 (1.72-11.56) — .85 (2.219) .36 (.604)

* Sample size.

® Sequence diversity.

¢ Number of different haplotypes and percentage of sample size.
¢ Number of segregating sites.

¢ Average number of pairwise differences.

f

ALl P values are <.05 (for Tajima’s D) and <.02 for Fu's F), except where noted.

four mtDNAs (from two Altaians-Kizhi, one Teleut, and
one Buryat) were completely sequenced and were com-
pared with the only published X2e sequence from the
southern Caucasus.*® A maximum-parsimony tree (fig. 3)
reveals that southern Siberian X2e mtDNAs form a sepa-
rate cluster defined by two coding-region mutations (3948
and 13327). In addition, two samples share one cod-
ing-region mutation at position 7853, although all four
southern Siberian genomes have identical HVS1/HVS2 se-
quences. It should be considered, however, that a muta-
tion at position 3948 was also identified in one Georgian
individual of haplotype X (GEO05**), who was character-
ized by the —3944Tagql variant. At the same time, the
southern Caucasian X2e subhaplogroup, represented by a
single Georgian mtDNA in figure 3, differs from the root
of haplogroup X2e by three coding- and two control-re-
gion transitions. Thus, taking into account the high level
of divergence within the entire X2e branch, it is likely
that X2e haplotypes could have been present in southern
Siberia for 13,364 + 3,707 years.

In southern Siberian populations, haplogroup N1 con-
sists mainly of two related groups: N1a and I. Haplogroup
I is present at low frequencies in different western Eura-
sian? and central Asian®* populations, and it is also de-
tected in populations of Altai-Sayan and Baikal regions of
southern Siberia (at 0.5%-1.2%). Haplogroup N1a is rare
but widespread in Eurasia and North Africa,® but, in Si-
beria, it is observed only among Altaians (1.2%) and Bur-
yats (0.2%). It is noteworthy that N1a haplotypes revealed
in southern Siberia belong to the central Asian Nla sub-
cluster, which comprises the mtDNA lineages found also
in central Asia and in the South Ural and Volga regions.®
This subcluster probably originated in the central Asia/

southern Siberia region, because it was found in a 2,500-
year-old Scytho-Siberian burial in the Altai region.®>*
Meanwhile, Nla is very rare in modern populations of
central Asia (in Turkmens, Karakalpaks, and Uzbeks), as
well as in southwestern Asia (in Iranians and Indians).>*
54,64

To reconstruct the phylogeny of haplogroup Nla, we
sequenced mitochondrial genomes of four individuals
from populations of northern Asia and Europe (fig. 3). The
Nla tree shows two major phylogenetic branches. The
most ancient eastern African/southern Asian branch con-
tains mtDNA characterized by the 16147G variant re-
vealed in Russian individual Vo020, whereas the European/
central Asian branch (designated “N1lal”) is characterized
by transitions at positions 3336, 16147 (giving the 16147A
variant), and 16320. It is worth emphasizing that almost
all N1al sequences analyzed (with an exception of sample
CH#65 studied by Herrnstadt et al.”*) belong to the sub-
cluster defined by the transition at position 8164 and the
back mutation at position 2702. This subcluster consists
of the central Asian branch represented by the Buryat sam-
ple (Br312) and European samples (Russian Bgl_I and
Czech Cz61_I11, joined by mutation at position 9300) and
shows a coalescence time of 11,993 + 4,533 years. This
finding suggests that the dispersal of subhaplogroup N1lal
could be associated with interactions of European and
southern Siberian/central Asian populations from Neo-
lithic times.

It seems important that southwestern Asian populations
(according to data reported elsewhere®**) also share the
other members of haplogroup N1-N1b (in Iran and Pak-
istan), N1c (in Iran), and N1d (in India and Pakistan),
pointing to southwestern Asia as the source of lineage
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diversification within haplogroup N1. In this context, our
finding of a previously unobserved ancestral node of hap-
logroup I phylogeny in the Baikal region is very intriguing.
This lineage, named here as “Nle,” was revealed in the
Buryat population. Complete genome sequencing has
demonstrated that haplogroup Nle appears to be a sister
branch of haplogroup I and has allowed us to identify four
mutations (at positions 250, 4529, 8251, and 15924) rep-
resenting an N1el trunk. Therefore, the only coding-re-
gion mutation at 10034 remains diagnostic for haplo-
group . Figure 3 also demonstrates the other examples of
completely sequenced mtDNAs that allowed resolution of
some questions regarding the N1-family evolution. Sub-
group I4 coding- and noncoding-region markers are now
available. Additionally, for the first time to our knowledge,
we give here an example of the complete mitochondrial-
genome sequence of haplogroup Nlc (fig. 3).

In southern Siberian populations, haplogroup J is rep-
resented in all but one subject by subhaplogroup J1 hap-
lotypes. Among them, subhaplogroup J1b, defined by mu-
tations at positions 5460, 8269, 13879, 16145, 16222, and
16261, prevails. Subcluster J1b1, bearing a key mutation
at HVS2 position 242, was revealed in different regions of
south Siberia—in Altai (0.6%), western Sayan (4.2%), and
eastern Sayan (1.7%). Meanwhile, subcluster J1b2, char-
acterized by HVS2 mutation at position 271, is present
almost solely in Altaians (2.8%). Until now, there has been
only one completely sequenced J1b2 individual of Indian
origin.?® Thus, the addition of two Siberian individuals
(Altaian-Kizhi and Buryat) allowed us to find the J1b2-
diagnostic mutation, which occurs only at position 271
(fig. 3). All studied southern Siberian individuals fall into
a separate subcluster defined by transversion T—A at po-
sition 10410 and a back mutation at site 16222. To check
the possibility of in situ origin of this mtDNA subcluster,
the polymorphism at position 10410 was studied in Kurd
and Persian individuals carrying HVS1/2 J1b2 haplotypes
similar or identical to those revealed in southern Siberians.
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ps ® 061 1y o KH
3 . ¢
@ SH MN
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Figure 2. PC plot based on haplogroup frequencies for the 18

population samples. Populations are coded as follows: PS = Per-
sians, KU = Kurds, TJ = Tajiks, Ko = Koreans, MN = Mongolians,
KM = Kalmyks, BR = Buryats, KN = Khamnigans, TV = Tuvinians,
EE = East Evenks, WE = West Evenks, YK = Yakuts, SH = Shors,
KH = Khakassians, AL = Altaians-Kizhi, TL = Teleuts, TG =
Telenghits, and CH = Chukchi.

All of them were found to be characterized by the 10410A
marker (txt file [online-only]), indicating that J1b2 lin-
eages reached southern Siberia, most probably from Iran,
where the frequency of this subcluster seems to be rela-
tively high.%***

Phylogeography of Eastern Eurasian Haplogroups

One of the most common haplogroups in northern and
eastern Asia is haplogroup A, which falls into two main
(A4 and A5) and several minor (A3, A6, and A7)
subclades.>*” The frequency of haplogroup A in eastern
Asia is generally between 5% and 10%. Similarly, in central
Asia, it accounts for <10% of the mtDNAs of eastern Asian
origin.®® Importantly, only one subclade of A, A4, is pre-

Table 4. Diversity Indexes and Neutrality Tests for the Studied Populations, Based on HVS2-Variability Data

Population n H* (SE) K (%)° s Pic (SE) 0, (95% CI) Tajima’s D (P)f Fu's Fs (P)°
Persians 85 .951 (.014) 47 (55) 37 3.156 (1.650) 42.44 (27.59-65.36) -1.71 —26.38

Kurds 26 .972 (.021) 20 (77) 21  3.840 ( 1.994)  37.88 (16.96-88.94) —~1.09 (.147) ~14.84

Tajiks 44983 (.009) 33 (75) 30 3.680 (1.897) 58.31 (31.10-112.88) —1.64 —26.00
Koreans 105 .956 (.012) 50 (48) 41  2.775 (1.480)  36.78 (24.80-54.37) -1.98 —26.66
Mongolians 50 .951 (.016) 27 (54) 18 2.676 (1.449 23.19 (13.35-4.29) —1.21 (.115) —24.14
Kalmyks 109 .959 (.009) 50 (46) 40  2.841 (1.509)  35.17 (23.83-51.71) -1.92 —26.58
Buryats 296  .924 (.010) 70 (24) 59 2.504 (1.354 28.64 (21.43-37.97) —2.14 —26.50
Khamnigans 99  .941 (.016) 42 (42) 29  2.595 (1.401)  27.02 (17.87-4.59) ~1.76 —26.79
Tuvinians 104  .935 (.010) 28 (27) 23 2.595 (1.401) 12.24 (7.73-19.04) —1.47 (.062) —17.86

East Evenks 45 .695 (.069) 9 (20) 9  1.618 ( .976) 3.10 (1.45-6.33) —1.01 (.164) —2.18 (.149)
Telenghits 76 .917 (.021) 33 (43) 33  2.485 (1.356)  21.64 (13.57-34.25) —2.13 —26.85
Chukchi 15 467 (.148) 4 (27) 6  1.657 (1.031)  1.43 (.46-4.12) —.36 (.384) .83 (.675)

* Sample size.
® Sequence diversity.

¢ Number of different haplotypes and percentage of sample size.

¢ Number of segregating sites.
¢ Average number of pairwise differences.
.

AllL P values are <.05 (for Tajima’s D) and <.02 for Fu's F;), except where noted.
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Figure 3. The phylogenetic tree of complete mtDNA sequences of haplogroups N1, X2e, and J1b. The tree is rooted in haplogroup N.
Mutations are scored relative to the rCRS.* The information of the reported samples is presented in table 1. Seven additional complete
sequences were taken from the literature,??*“*% and particular sequences from these articles are referred to as CH, MP, MR, and NMM,
respectively, followed by a number sign (#) and the original sample code. For subhaplogroups 11, I2, and I3, only diagnostic mutations
are shown, according to the classification.?>?*?® For sample CH#230,% only coding-region information is available. Mutations are shown
on the branches and are transitions unless the base change is explicitly indicated. Deletions are indicated by a “D” after the deleted

nucleotide position. Underlined nucleotide positions occur at least twice in the tree.

sent in northern Asia, where it is rare even though it was
found in the majority of populations studied.>'"'* Sub-
haplogroup A4 includes the A2 subcluster, which appears
at the highest frequencies (>68%) in the northeastern Si-
berian populations of Chukchi and Eskimos.*® In contrast
to A4, the other subclades of haplogroup A are found pre-
dominantly in Korea and Japan.?”* It has been proposed
recently®” that haplogroup A can display further region-
specific subclades, but only a fraction of A4 can be as-
signed to subclades with use of the HVS1/HVS2 motifs of
the four completely sequenced A4 (excluding the Native
American A2) mtDNAs. To verify this possibility, we an-
alyzed a large set of northern and eastern Asian haplo-
group A lineages, using complete mtDNA sequencing.

A tree of 31 complete haplogroup A mtDNA sequences
is illustrated in figure 4, which also incorporates informa-
tion from four mtDNA genomes published elsewhere."*
1927 The phylogenetic analysis confirmed a large number
of independent basal branches, some giving rise to sub-
clades that have several basal subbranches themselves.
Among these subclades, representatives of three (A2, A4,

and AS) of six previously proposed subhaplogroups (A2-
A7%) were present. In our sample, we detected three A5
mtDNAs characterized by two substitutions (8563 and
11536). One of these lineages (Kor97) belongs to the ASa
subgroup, with two additional mutations (at positions
7694 and 15109). Two remaining AS lineages (Br643 and
Khm43) have been assigned to the ASc subhaplogroup
thatis defined by 16129 and 16213 substitutions. It should
be noted that transition at position 12816, indicated as
“ASc specific,”*>% is absent in both of our Siberian AS5c
samples, thus suggesting that the 12816 mutation may be
population specific. We have defined one novel subgroup,
designated “A8,” by three control-region mutations (64,
146, and 16242) shared with the Ket33 sequence.'* We
have also defined several subhaplogroups within the A4
branch. The following novel subhaplogroup names were
assigned to these clades: A4a (1442-9713-16249), A4b
(12720-14290-16189), A4c (200), and A4d (151). Among
these newly defined subgroups, A4a appeared to be the
most frequent in our sample, encompassing four Siberian
and one Russian mtDNAs, as well as one Japanese sam-
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Figure 5.

Phylogenetic tree of complete mtDNA sequences of haplogroups C1, G1, and D4. The tree is rooted in haplogroup M. For

subhaplogroup D2b, only diagnostic mutations for specific lineages are indicated, according to data reported elsewhere.® D2 and D2b
coalescence-time estimates were obtained with consideration of the whole diversity within D2b subclusters. For additional information,

see the figure 3 legend.

ple.” Interestingly, all four A4a Siberian samples share mu-
tation at position 4928, thus allowing us to define the
Siberian-specific A4al branch with coalescence age of
6,425 + 2,873 years. The A2 subgroup is represented in
the tree by six Chukchi and one Koryak, all sharing six
mutations (146, 152, 153, 8027, 12007, and 16111) in its
basal branch. Since two Chukchi samples (Ch1 and Ch9)
harbor the 16192 mutation, they have been categorized
as an A2a subgroup, whereas three Chukchi (ChS and Ché
from the present study and Ch6971 from the study of
Ingman et al.””) and one Koryak (Krk39) who shares the
16265 mutation have been categorized as an A2b sub-
group, as proposed by Helgason et al.*® Our phylogenetic
analysis reveals that both these subgroups can be defined
now by coding-region mutations—A2a has one coding-
region substitution at position 3330 in addition to 16192,
whereas A2b has a mutation at position 11365, distinctive
of this subgroup, in addition to 16265. The coalescence
time of the A2b clade is 3,084 +1,781 years ago, which
is very close to the value obtained from HVS1 data
(3,000 + 1,400 years).*” The coalescence time of the entire
subhaplogroup A2 is 8,077 = 2,435 years ago, but it

should be noted that this value corresponds only to the
western Beringian component of A2.

The other Beringian subhaplogroup D2 was previously
considered to have a limited distribution, restricted to Na-
Dene, Aleuts, Chukchi, and Eskimos.”'* Geographic spec-
ificity and diversity of D2 lineages are thought to support
the refugial hypothesis that assumes that the founding
population of Eskimo-Aleut originated in Beringian/
southwestern Alaskan refugia during the early postglacial
period.”' Extensive screening of mtDNA variability in
northern Asian populations demonstrates that, besides
Chukchi, where D2 mtDNA lineages account for 13%, sub-
haplogroup D2 occurs in populations of southern Siberia
with frequencies ranging from 0.7% in Buryats to 2.9% in
Tuvinians (table 2). Moreover, our results of complete
mtDNA sequencing have significantly changed the to-
pology of D2 and have showed that this subhaplogroup
constitutes two different clusters with contrasting geo-
graphic distribution (fig. 5). The first cluster, designated
here as “D2a,” is represented by two Buryat, one Kham-
nigan, and one Yakut mtDNAs, all sharing four mutations
(195, 5004, 9181, and 16092) in its basal branch. The sec-
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ond cluster, which we designate here as “D2b,” includes
at least three subclades, with various mtDNA lineages re-
vealed in Aleuts, Siberian Eskimo, and Chukchi. D2b is
distinguished by mutation at position 11959. Two mu-
tations in the coding region (7493 and 8703) and two
mutations in the control region (16129 and 16271) make
up the root of the entire D2 clade. The coalescent time of
the entire D2 haplogroup is estimated as 12,028 + 1,234
years ago, whereas the age of its D2b subclade dates to
7,034 + 976 years. Hence, our finding of the southern Si-
berian—specific D2a subcluster testifies to a southern Si-
berian rather than Beringian origin of haplogroup D2
lineages.

We have also completely sequenced one C1 genome
that represents the haplogroup C1 characteristic of Native
Americans and that rarely occurs in some Asian popula-
tions.®”” The sequence of Buryat (Br324), together with the
only published C1 genome of Ulchi from the Lower Amur
region,'* forms a separate cluster, defined by transitions
at positions 3826 and 7598 in the coding region and 16356
in the control region (fig. 5). It should be noted that the
Buryat C1 genome displays two additional mutations (93
and 5774), pointing to a certain divergence within the
Asian-specific branch of C1.

Haplogroup M7, which is characteristic of eastern Asian
populations, has not been found in northeastern Asia.**
3,68 Tt is also very rare in central Asians.**® This haplo-
group has been detected in Island Southeast Asia, China,
Vietnam, Korea, and Japan, as well as among Mongols,
the western Siberian Mansi, and the southern Siberian Bur-
yats, Todjins, Khamnigans, and Telenghits.®'?7:3051:%
M7a, M7b2, and M7clb are found almost exclusively in
Korea and Japan, and M7b1 is characteristic of Chinese
populations, whereas M7c1c is specific to Island Southeast
Asia.**® In the current study, we revised the classification
of haplogroup M7 that was defined elsewhere****”° as hav-
ing two major branches: M7a, characterized by five cod-
ing-region (2626, 2772, 4386, 4958, and 12771) and one
control-region (16209) transitions, and M7b’c, character-
ized by 199 and 4071 transitions. In our survey of almost
1,500 samples across southwestern, central, eastern, and
northern Asia, we found a specific mtDNA lineage that
seemed to be prevalent in southern Siberians. One Kham-
nigan, one Telenghit, and three Buryat samples harbor an
HVS1 motif (16129-16152-16179-16192-16223-16362)
that was not present in other studied populations and
published data sets. Information from complete mtDNA
sequencing reveals that, besides M7 haplogroup-specific
mutations, samples Khm47 and Br311 share mutations at
sites 958, 12358, 14053, and 14314 and therefore may
represent a new subgroup within the M7 haplogroup. We
designate this lineage “M7d” (fig. 6). Our phylogenetic
tree points to 5351, 5460, 7684, 7853, 12405, and 16129
as the basal mutations for the M7b'd clade, whereas, 150,
4048, 4164, 6680, and 16297 are common only to the
M7b subgroup. The M7a classification remains as pro-
posed elsewhere,* whereas mutations at positions 199 and

4071 now define the large clade M7b'cd’e. Haplogroup
M7c is redefined here as requiring only two coding-region
mutations (4850 and 5442). Another three transitions (at
positions 146, 11665, and 12091) may characterize the
enlarged M7ce branch, which includes also the highly
divergent mtDNA found in one Czech individual and is
here designated “M7e.” Unfortunately, the lack of other
M7e representatives in our and published data sets does
not allow us to describe the M7e-specific coding-region
motif. It is noteworthy that, within M7c2, we identified
a new Buryat-specific subcluster, M7c2a, defined by tran-
sition at position 15884 and a back mutation at position
16295.

Haplogroup Y, distributed predominantly in northeast-
ern Asia,>**”! where it is found in Itelmens (4.3%), Koryaks
(9.7%), Evenks (10.8%), Nivkhs (64.9%), and Ainu (22%),
is much less frequent in southern Siberia, where it is found
in Buryats, Sojots, Tuvinians, Todjins, Khamnigans, and
Evenks with frequencies ranging from 1.4% to 8.9%."" It
has been suggested that haplogroup Y has evolved in the
lower Amur River region of southeastern Siberia, where it
was found with considerable frequencies in Ulchi (37.9%),
Negidals (21.2%), and Udegeys (8.7%)."* The occurrence
of haplogroup Y mtDNAs in Japanese and Koreans was
explained by gene flow from the Ainu or other Siberian
groups who have these mtDNAs.® Interestingly, the over-
whelming majority of Y mtDNAs revealed so far belong
to the Y1 subhaplogroup defined by two transitions—at
positions 3884 and 16266. The Y2 branch—distinguished
by six coding (482, 5147, 6941, 7859, 14914, and 15244)
and one HVS1 (16311) mutations—is much less frequent,
found in Japanese (0.3%),” Koreans (0.3%),”> Taiwanese
aboriginals (1.4%),*° Buryats (0.3%), and Khamnigans
(2%). With relatively high frequencies (1.2%-12.9%), hap-
logroup Y2 has been recently found in Island Southeast
Asia, where it is thought to be linked with the mid-Ho-
locene “Out of Taiwan” dispersal.” To assess the nature
and extent of subhaplogroup Y2 variation, we have se-
quenced two southern Siberian complete mtDNAs and
compared them with the only published Y2 mtDNA from
Japan.” As shown in figure 4, mtDNAs Br261, Khm2, and
HN249”” harbored a string of mutations specific for hap-
logroup Y2 and further characterized by a unique com-
bination of mutations distinctive of each branch. The di-
versity of Y2 is apparently high, since all three lineages
are different. The age of Y2 is dated to 8,567 = 3,831 years,
thereby suggesting the Neolithic expansion of these lin-
eages in eastern Asia and southern Siberia.

With our newly collected sequences, it was also possible
to gain more insight into the phylogeny of haplogroup
G, which was considerably refined recently®® but is still
poorly understood in terms of its subgroup variation.
Thus, haplogroup G1b was previously characterized by the
HVS1 mutations only, but now we have defined this hap-
logroup by two coding-region mutations (12361 and
12972) accompanying the transitions at 16017 and 16129.
The subhaplogroup G1b dates to 14,392 = 3,855 years
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Figure 6.
information, see the figure 3 legend.

ago, which provides further evidence of post-LGM expan-
sion within northeastern Asia. Inside haplogroup G1, a
new subclade named “G1c,” with characteristic mutations
at positions 593 and 9966, has been identified on the basis
of the sharing of mutations between our data and the data
of Kong et al.** (fig. 5).

Discussion

Our analysis of 1,432 mtDNA sequences from 18 south-
western, central, eastern, and northern Asian populations
shows that the highest variation is observed in popula-
tions located both in the southwestern Asia and the Altai-
Sayan region of southern Siberia, thus highlighting these
regions as places where western Eurasian lineages inter-
acted with eastern Eurasian genetic components. The co-
existence of different genetic lineages in these areas may
have resulted from various migrations from diverse geo-
graphical sources at different times, beginning with the
early human settlements in the Paleolithic era. In addi-
tion, the southern Siberian region is characterized by the
traces of recent migration events, such as the northward
expansion into subarctic and arctic regions that occurred

Phylogenetic tree of complete mtDNA sequences of haplogroup M7. The tree is rooted in haplogroup M. For additional

after the LGM. In this respect, the phylogeographic struc-
ture of the D2 subhaplogroup observed so far in the cir-
cumarctic populations appears to be only more compli-
cated. Here, we demonstrate that a separate subclade of
D2 is present in Buryats, Khamnigans, and Yakuts and
consequently points to the southern Siberian rather than
Beringian origin of haplogroup D2 lineages. The possible
split between southern Siberian D2a and Beringian D2b
mtDNA clades may have been ~12,000 years ago, whereas
the Beringian-specific D2b branch, with a coalescent age
of ~7,000 years, appears to be the consequence of popu-
lation expansion that occurred exclusively in Beringia. It
seems that the same expansion was responsible for gen-
erating diversity within another Beringian-specific hap-
logroup, A2. Our results confirm the subdivision of A2 into
A2a and A2b clades, which are defined here by coding-
region mutations.

The high-resolution analysis of selected complete mt-
DNAs in Buryats reveals the presence of subhaplogroup
C1, which is phylogenetically most related to Native
American C1. This conclusion confirms that Native Amer-
ican C1 really has its Asian counterparts and points to the
presence of this subhaplogroup in the mtDNA pool of the
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Siberian progenitors of Paleoindians. In contrast to the
haplogroup C1 mtDNAs, haplogroup D1, which is con-
sidered to be one of the founder haplogroups for the Amer-
icas, is not found in our data set. Although we identified
the single D4 lineage with a mutation at 16325, which is
diagnostic for Native American haplogroup D1, in Te-
lenghits from the South Altai region, the lack of the second
D1-specific mutation at 2092 does not permit us to assign
this lineage to D1. This observation is concordant with
the previous conclusion® about the absence of haplo-
group D1 mtDNAs in Asia.

As mentioned above, the significant influx of western
Eurasian mtDNA lineages was revealed in southern Sibe-
rian populations. In the present study, new western Eu-
rasian subhaplogroup N1le, which is most closely related
to haplogroup I, was identified in Buryats. The phylogeny
of another four western Eurasian haplogroups found in
southern Siberia (I4, J1b2, Nla, and X2e) was recon-
structed with the use of complete-genome data. Western
Eurasian haplogroups found in gene pools of southern
Siberians demonstrate an obvious link between popula-
tions of Siberia and those of western Asia, the Caucasus,
and eastern Europe. It is noteworthy, however, that com-
plete genome-based coalescence times for haplogroups
X2e,J1b2, and N1a suggest that their post-LGM flows from
the west. Similarly, the possible dispersal from eastern Asia
to southern Siberia has been dated on the basis of hap-
logroups M7 and Y mtDNA phylogenies. Late Upper Pa-
leolithic and/or early Neolithic dispersals may explain the
distribution of haplogroups M7c2, M7d, and Y2, which
are almost entirely restricted to Baikal-region populations
and are dated to ~14,000, ~13,000, and ~9,000 years ago,
respectively.

In addition, a detailed analysis of northern Asian
mtDNA phylogeography has confirmed the lack of lin-
eages ancestral to major Furasian haplogroups M, N, and
R in southern Siberia, thereby providing supplementary
evidence to rule out the existence of a northern Asian
route. Further complete genome-based studies will be ex-
tremely informative for revealing spatial patterns attrib-
utable not only to primary colonization events and late-
glacial expansions but also to more-recent events of gene
flow.
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