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Abstract The native peoples of Gorno Altai in southern Siberia represent
a genetically diverse population and have been of great interest to anthropo-
logical genetics. In particular, the southern Altaian population is argued to
be the best candidate for the New World ancestral population. In this study
we sampled Altai-Kizhi from the southern Altaian village of Mendur-
Sokkon, analyzed mtDNA RFLP markers and HVS-I sequences, and com-
pared the results o other published miDNA data from Derenko et al. (2003)
and Shields et al. (1993) encompassing the same region. Because each inde-
pendent study uses different sampling techniques in characterizing gene
pools, in this paper we explore the accuracy and reliability of evolutionary
studies on human populations. All the major Native American haplogroups
(A, B, C, and D) were identified in the Mendur-Sokkon sample, including a
single mdividual belonging to haplogroup X. The most common mtDNA
lineages are C (35.7%) and D (13.3%), which is consistent with the haplo-
group profiles of neighboring Siberian groups. The Mendur-Sokkon sample
exhibits depressed HVS-I diversity values and neutrality test scores, which
starkly differs from the Derenko et al. (2003) data set and more closely
resembles the results for neighboring south Siberian groups. Furthermore,
the multidimensional scaling plot of D, genetic distances does not cluster
the Alta1 samples, showing different genetic affinities with various Asian
groups. The findings underscore the importance of sampling strategy in the
reconstruction of evolutionary history at the population level.

To identify differences among various samples from the same geographic area
and to investigate the effect of independent sampling on the reconstruction of
human evolutionary history, we examined multiple data sets from a key region
of southern Siberia, the Gorno Altai of the Altai Republic. This semi-autonomous
republic of Russia 1s situated in Eurasia, adjacent to China, Mongolia, Kazakh-
stan, and Russian Siberia. In language, culture, geographic distribution, and genet-
ics, the Altaian tribes can be divided into two distinct groups: the Northern
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Figure 1.  Map of Siberia and location of Mendur-Sokkon village.

Altaians and the Southern Altaians (Levin and Potapov 1964). The Chelkans,
Kumandins, Tubalars, and Maimalars represent the Northern Altaian ethnic
groups. The Southern Altaian groups consist of the Altai-Kizhi, also referred to
as “proper Altai,” the Teleuts, and the ‘Telenghits (Derenko et al. 2003). The
focus of the present study, the village of Mendur-Sokkon, lies in the Southern
Altaian region (Figure 1).

The rich history of the Gorno Altai contributes to its significant anthropo-
logical interest, especially regarding the peopling of the Americas across the
Bering land bridge. For more than 50,000 years the region has experienced con-
tinuous Homo habitation, judging from several Middle Paleolithic Mousterian
sites (Goebel 1999). The Altai was at the crossroads between Europe and Asia,
with population movements and invasions from Mongolia, China, and Russia.
Archeological evidence reveals that since the 5th and 6th centuries B.C., the Altai
have had cultural contact with Mongolians in the form of both trade and invasion
(Levin and Potapov 1964). In addition, historical texts document that the Altai
have maintained trade connections with the Chinese. In 1756 the Altai estab-
lished cultural and political contacts with the Russians, who were expanding into
Siberia (Levin and Potapov 1964).

As the diverse ethnic history of the region would suggest, the Altaian
mtDNA gene pool displays a complex mixture of East Asian and West Eurasian
lineage (Derenko et al. 2001a, 2003). This region is of particular importance
with regard to the peopling of the New World because it is the only region outside
the Americas where all five founding New World mtDNA haplogroups—A, B,
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C, D, and X—have been identified (Derenko et al. 2001b). For this reason the
Altai region has been an area of intense interest to anthropological geneticists,
and several field investigations have been conducted by various research teams.

Qur goals in this paper are to genetically characterize the Southern Altaian
population of Mendur-Sokkon village by using both mtDNA RFLP and HVS-I
data and to compare these results with other published studies of the Altai
(Shields et al. 1993; Derenko et al. 2003) and surrounding populations. In this
paper we also address the reliability of sampling and genetic analysis of popula-
tions from the same geographic region by determining whether the multiple
mtDNA data sets from the Altaian population yield similar diversity scores and
phylogenetic results.

Materials and Methods

Population: The Altai-Kizhi of Gorno Altai.  Approximately 60,000 native
people live in the Gorno Altai region. The indigenous Altaian population is com-
posed of various distinct Turkic-speaking groups to which the Altai-Kizhi belong
(Levin and Potapov 1964). The Altaian valleys between the surrounding moun-
tains of the Altai-Sayan range provide exceptional grazing grounds, and these
pastures are used today by the Altai-Kizhi, a pastoral, seminomadic people who
traditionally subsist by herding cattle (Crawtord et al. 2002).

The sample consists of 98 individuals from the village of Mendur-Sokkon.
Informed consent was obtained by the Russian members of the research team
when the samples were collected in 1994. The village population numbers ap-
proximately 1,000 individuals subdivided into three major patrilineal clans (Irkit,
Kipchak, and Todosh) plus a number of smaller clans.

The three Altaian samples considered here are referred to as Altai 1 (pres-
ent study of Mendur-Sokkon), Altai 2 (Shields et al. 1993), and Altai 3 (Derenko
et al. 2003). The surrounding populations used for comparison with the Altai
samples consist of Kirghiz, Kazakh, Uighur, Khakassians, Tuva, Sojots, Buryats,
Mongol, Han Chinese, and Russians (Figure 2).

mtDNA Analysis. DNA was extracted from the blood samples using a stan-
dard phenol-chloroform technique (Birren et al. 1997). The DNA samples were
analyzed for mtDNA haplogroups corresponding to Asian- and European-
specific lineages. Using standard PCR methods, we analyzed amplified mtDNA
fragments for diagnostic variant sites using restriction fragment length polymor-
phisms (RFLPs). Table 1 identifies the polymorphic sites and the restriction en-
zymes used for the mtDNA haplogroup designations.

Restricted fragments were separated and typed by electrophoresis on 3%
NuSieve agarose gels. Gels were stained with ethidium bromide, and DNA frag-
ments were visualized using an ultraviolet transilluminator. Sequencing of the
mtDNA HVS-I from nucleotide position 16151 to 16383 was performed at Inte-
grated DNA Technologies on an ABI 310 capillary sequencer to further delineate
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Figure 2.  Geographic locations of southern Siberian populations [adapted from Derenko et al.
(2003) and Comas et al. (1998)]. Populations: KR, Kirghiz; KZ, Kazakh: UG, Uighur:
AL, Altaians; KH, Khakassians; TV, Tuva; ST, Sojots; BR, Buryats.

haplogroup membership into individual haplotypes. Region 1615116383 was
the longest consecutive sequence that encompassed the largest number of suc-
cessful runs. Failed runs were also attempted using the reverse primer in addition
to the forward primer, without success. The failed runs were likely caused by
sample degradation, which prevented successful sequencing; thus 61 samples
were used in the HVS-I analyses.

Analytical Methods

Diversity Measures. Gene diversity,

n S,
)

6., and #_were calculated for the sequence data in the Altai and the comparative
population data set using Arlequin, version 2.0 (Schneider et al. 2000). The pa-
rameter # equals 2N, u for haploid genetic systems, where N, is effective popula-
tion size and w is the mutation rate. The two @ estimators are derived from
different aspects of the mtDNA sequence data, each providing an alternative
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Table 1. Polymorphic Sites Determining mtDNA Haplogroups

miDNA Group Restriction Sites

A + 633 Haelll

B — 8250 Haelll

C + 10394 Ddel, + 10397 Alul, — 13259 Hincll, + 13262 Alul
D + 10394 Ddel., + 10397 Alul, —5176 Alul

E + 10394 Ddel, + 10397 Alul, — 7598 Hhal

F | — 12406 Hpal/Hincll

G + 10394 Ddel, + 10397 Alul, + 4830 Haell, +4831 Hhal
H — 7025 Alul

I — 4529 Haell, + 8249 Avgll., + 16389 BamHI, + 10032 Alul
J — 13704 BstNI

K — 9052 Haell

M + 10394 Ddel, + 10397 Alul

T + 13366 BamHI

U + 12308 Hintl

X — 1715 Ddel, + 14465 Accl

picture of past evolutionary processes. #,, the mean number of pairwise differ-
ences between sequences, and s both reflect recent and ancient demographic
events, but ¢ has been more responsive to changes in effective population size
during recent history (Rogers and Harpending 1992; Helgason et al. 2000).

Median-Joining Network Analysis. Median-joining network analysis was car-
ried out, and phylogenetic networks were constructed by hand with the aid of
Network, version 4.0 (Fluxus Engineering; available at http://www.fluxus-
engineering.com) for 61 sequences from Mendur-Sokkon village. The median-
joining algorithm used generates the most parsimonious tree composed of pro-
portionately sized circles that represent observed haplotype frequencies (Bandelt
et al. 1995, 1999). It resolves parallelisms and reversals with a compatibility
argument justified by character-state frequency criteria.

Mismatch Distributions. Mismatch distributions were constructed using the
program IWAVE (Sherry et al. 1994). These distributions were used to identify
characteristics in the genetic structure of natural populations that can be attrib-
uted to the action of demographic processes (Kingman 1982). Two common sig-
natures of population growth are starlike genealogies (Slatkin and Hudson 1991)
and unimodal distributions of pairwise differences (mismatch distributions) (Har-
pending et al. 1993). Mismatch distributions for the three Altai population sam-
ples, as well as the distributions for the comparative population data sets, were
constructed.

Coalescent dates were computed using the Tau (7) parameter from Rogers
and Harpending's mismatch model using the HVS-I mutation rate (u) of 16.5%
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per nucleotide site per million years (Ward et al. 1991). Because 7was estimated
from the mismatch distribution for the total sample, the corresponding coalescent
date is not population specific (i.e., relating to ethnogenesis) but 1s more a reflec-
tion of the demographic processes that molded the Asian mtDNA landscape due
to the disproportionate influence of intermediate- and high-frequency variants of
the ancestral branches between the major haplogroups on the modal value of a
mismatch distribution.

Neutrality Test Statistics. The statistics Tajima’s D (Tajima 1989a, 1989b)
and Fu's F, (1997) were used to test for departures from the null hypothesis of
constant population size. Tajima’s D is defined as

é?r o HA%
D= —r : (2)

HS =35 oy (3)

and S is the number of segregating sites in the sample.

The F, statistic is based on the probability of observing a random neutral
sample with a number of alleles (k) similar to or smaller than the observed value,
aiven the observed number of pairwise differences, taken as an estimator of €. If
there is an excess of rare alleles, a product of a starlike genealogy, then F; will
have large negative values. Both measures were calculated using Arlequin, ver-
sion 2.0. The statistical significance was tested by generating random samples
under selective neutrality and population equilibrium using a coalescent simula-
tion algorithm, with p values representing the proportion of random statistics less
than or equal to the observation (Hudson 1990).

Multidimensional Scaling. Multidimensional scaling (MDS) was performed
using the software package NTSYS (Applied Biostatistics, Port Jefferson, New
York) on Nei’s intermatch-mismatch distance (D,) matrices (Nei and Li 1979) to
provide a two-dimensional representation of the genetic relationships between
the various populations considered in this study.

Results

mtDNA Haplogroups. European populations are mainly composed of 10
mtDNA haplogroups: HV, H, V, J, T, U, K, I, W, and X. The common Asian
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Table 2. Mitochondrial DNA Haplogroup Frequencies in Mendur-Sokkon (n = 98)

miDNA Haplogroup Haplogroup Frequency (%)

A 5.1
B 2.0
& 3
D 133
F
G
M

3.1
5.1
(not C, D, E, or G) 10.2
7]

H

J 2.0
K 4.1
U 6.1
X 1.0
O

.

ther 5.1

haplogroups are A, B, C, D, E, E G, Y, Z, and M (Derenko et al. 2001a). As the
Altaians’ diverse ethnic history would suggest, the Altaian mtDNA gene pool
displays both European and Asian mtDNA components. The mtDNA haplo-
groups present in Mendur-Sokkon are summarized in Table 2 and were identified
through RFLP analyses.

Twelve 1dentified haplogroups are present in the Mendur-Sokkon popula-
tion, with 5.1% of the sample set unclassified. The most common haplogroup 1s
C (35.7%), followed by D (13.3%) and “other” M haplogroups (10.2%), that is,
samples possessing the + 10394 Ddel and + 10397 Alul sites that define macro-
haplogroup M but not belonging to haplogroups C, D, E, or G. One individual in
the sample of the community exhibited haplogroup X.

mtDNA Sequences. The mtDNA HVS-I sequences found in the Mendur-
Sokkon sample are listed in Table 3, based on the nucleotide range 16151-16383,
and are referenced against the Cambridge Reference Sequence (Anderson et al.
1981).

Haplogroups are listed in the far left-hand column, with the frequency
(number of sequences shared by individual samples) of each haplotype indicated
in the adjacent column. Thirty different haplotypes were identified, representing
32 transitions and 2 transversions. Figure 3 displays the median-joining network
of the Mendur-Sokkon mtDNA sequence data.

The network displays proportionately sized circles, which represent ob-
served haplotype frequencies. The reticulation observed within haplogroup C
indicates an unresolved evolutionary pathway, with the parallel lines representing
the same mutation. The network also displays starlike components within haplo-
groups C and D, which are features typically associated with an expanding popu-
lation. Outside haplogroups C and D, a large degree of fragmentation with long
internal branches is observed, which may be suggestive of gene flow.
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Table 3. Mendur-Sokkon mtDNA HVS-I Sequence Data
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Figure 3. Mendur-Sokkon median-joining network. a = + Haelll 663; b = + Haell 4830,
c = +Hhal 4831;d = —Alul 5176; ¢ = — Hhal 7598, [ = + Ddel 10394; g = + Alul
10397; h = + Hinfl 12308; i = — Hpal/Hincll 12406, j = —Hincl 13259; k = + Alul
13262: 1 = 4+ Acel 14465.

Table 4 contains a comparison of the numbers of shared haplotypes (each
haplotype 1s counted only once) among the three distinct samples from the Altai
and various Eurasian populations.

Altar 1 and Altal 3 share the greatest number of common haplotypes (9),
whereas Altai 2 shares no haplotypes with Altai 3 and has only one haplotype in
common with Altai 1. The Altai 2 sample is based on only 17 individuals,
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Table 4. Shared Haplotypes Among Altai and Eurasian Populations (np 16151-16383)

Altai 1 Altai 2 Alrai 3
Altal 1 - ] 9
Altai 2 ] B 0
Altar 3 9 0 ~
Buryat 3 3 5
Tuva i 1 7
Mongaol o 2 |
Kazakh 3 2 &
Kirghiz 4 ] 3
Uighur 2 1 5
Han 3 0 15
Russian 2 E J

whereas the Altai 1 and Altar 3 samples are based on 61 and 110 individuals,
respectively; thus individuals from Altai 1 and 3 are more likely to share common
haplotypes. Mongol and Han Chinese sequences reflect their historical connec-
tions with the Altai population by sharing 17 and 18 haplotypes with the three
combined Altal samples.

Measures of HVS-I sequence diversity are summarized in Table 5 for the
three Altai samples, along with the south Siberian, central Asian, Chinese, and
Russian populations.

The two @ indexes are derived from different aspects of the mtDNA se-
quence data, each providing an alternative picture of past evolutionary processes.
All the populations in Table 5 display a negative Tajima’s D, indicating popula-
tion expansion. However, two of the three Altai samples fail to exhibit statisti-
cally significant deviation from 0 (p <0.05). Fu’s F; values for all three Altai
samples deviate significantly from the model and provide additional evidence of
population expansion. Gene diversity, a measure equivalent to expected heterozy-
gosity, for the three Altai samples ranges from 0.946 to 0.993. The gene diversi-
ties are graphically represented in Figure 4.

[t appears that the Altal 1 sample more closely resembles Tuva and Khakas-
sian populations than the other two Altai samples. Altai 2 and Altai 3 more
closely resemble Mongol, Kazakh, Kirghiz, Uighur, and Han Chinese popula-
tions.

Mismatch distributions are used to identify characteristics of genetic struc-
ture in natural populations that can be attributed to the action of demographic
processes (Kingman 1982). Mismatch analyses of the three Altai samples show
unimodal peaks, which are predicted for expanding populations (Figure 3).

The distribution of the Altai 1 sample has a mode of 4 and has an additional
minor peak at i = 1, this differs from the other two Altal samples, which exhibit
modes of 5 and have no secondary minor peaks. Although the Altai 1 distribution
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Figure 5.  Mismatch distribution of Altai population samples. Bold solid line, Altai 1; squares,
Altai 2; circles, Altai 3.
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Figure 6.  Mismatch distribution of Mendur-Sokkon (Altai 1) vs. other Eurasian populations. Bold
solid line, Altai 1; filled squares, Han; open squares, Buryat: filled circles, Tuva; open
circles, Khakassian; X’s, Mongols: triangles, Sojot.

appears more ragged than those of the other Altai samples, Harpending’s ragged-
ness index (Harpending 1994) is not significant ( p > 0.05) for this distribution.
When the Altai 1 distribution is compared to the distributions ot other Eurasian
populations (Figure 6), 1t appears to be qualitatively more similar to the distribu-
tions of the Tuva, which also display a minor peak at i = 1, and the Sojots, with
a small peak at ; = 0. Similar to Altai 1, neither the Tuva nor the Sojots were
significant for the raggedness index.

Coalescent dates in Table 6 were calculated from the 7parameter estimates
based on mismatch analyses for the three Altai samples and the other compara-
tive populations.

Overall, the ages range from 67,300 to 95,500 B.p., with the exception of
the Russians, which have a later coalescent date (47,300 B.p.), consistent with the
findings for other European populations (Richards et al. 2000). Interestingly, the
dates for the three Altai samples are remarkably close, ranging from 74,100 to
79,700 B.P., and thus appear to be less affected by sampling than other population
genetic statistics.

Multidimensional Scaling. In the MDS plot of genetic distances (Figure 7),
Altai 2 and Altai 3 cluster separately from Altai 1 along the first dimension and
show closer genetic ties to the Central Asian cluster that includes the Mongols.
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Table 6. Coalescent Dates for Altai and Eurasian Populations

Population T(95% CI)* Age — 15% Rate (95% Cl)
Altai 1 5.182 (2.105-6.938) 74,100 (30,100-99.300)
Altal 2 5.283 (3.025-6.874) 75.600 (43,300-98.,300)
Altai 3 2.074 (4.127-6.104) 79,700 (59,000-87,300)
Khakassian 5.778 (2.691-7.484) 82,700 (38,500-107,100)
Tuva 6.208 (2.814-8.820) 89,700 (40,300-126,300)
Sojot 5.267 (2.187-7.969) 75.400 (31.300—114.000)
Buryat 4718 (2.723-5.823) 67,500 (39.000-83.300)
Mongol 53.662 (3.979-6.377) 81.000 (56,900-91.,200)
Kazakh 5.880 (3.213-7.954) 854,100 (46,0001 13,800)
Kirghiz 5432 (3.545-6.319) 77,700 (50,700-90,400)
Uighur 4,707 (3.058-6.131) 07,300 (43,700-87.,700)
Han 6.677 (5.347-7.150) 85,500 (76.500-102.300)
Russian 3.309 (1.587-5.598) 47.300 (22.700-80,100)

4. Estimation of coalescence time in units of mutation (1/2g) was calculated using the Rogers and
Harpending (1992) mismatch model.

The first dimension also separates the Russian sample as an outlier with
respect to the other populations. Along the second dimension, the three Altai
samples display a pattern of relatedness by clustering together. Overall, the Altai
| sample appears to cluster most closely with the Tuva. With the stress value of
0.0715, according to Kruskal (1964), this MDS plot fits well with the original D,

distance matrix.

Discussion

Our primary goals in this paper were to examine the maternal ancestry of
the Southern Altai population of Mendur-Sokkon using both mtDNA RFLP and
HVS-I1 data and to compare the results of the current study with those of other
studies of the Altal and surrounding populations. The results show that Mendur-
Sokkon does indeed resemble the other Altal samples, but it also is similar genet-
ically to the neighboring Tuva population.

Sampling methodology and the criteria used to define a population are
critical to the successful and reproducible characterization of distinct groups. The
sequence data of Derenko et al. (2003) are a compilation of both Southern Al-
taian and Northern Altaian samples, even though they have been identified as
two distinct groups based on language, culture, geographic distribution, and ge-
netics. The combining of data from both Southern and Northern Altaian popula-
tions may have obscured some population structure and may have contributed to
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Figure 7.  Multidimensional scaling plot of D, distances.

the differences seen between Derenko’s data and the Mendur-Sokkon data. HVS-
I & values show depressed levels for Mendur-Sokkon and the Shields et al. (1993)
Altai data set relative to the Derenko et al. (2003) Altal data set, which exhibits
values closer to the Mongols and Central Asian Turkic groups. Neutrahity test
statistics show a similar trend to the ¢ values, as the Derenko et al. (2003) sample
has larger negative scores for Tajima’s D and Fu’s F, which are both significant
at the P = 0.05 level. This finding, along with the ¢ values, is probably the conse-
quence of combining the Northern and Southern Altaian genetic elements in a
single sample, thus inflating its diversity as well as its neutrality test scores be-
cause of the inclusion of more low-frequency haplotypes and their corresponding
singleton variants.

Effects of different sampling methodology are also apparent when calculat-
ing gene diversity. The lower gene diversity observed in Mendur-Sokkon can be
attributed, at least in part, to the fact that the sample was obtained from a single
village, whereas the other two Altai samples are composed of more than one
village. With regard to the shared sequences, the small sample size of the Shields
et al. (1993) study fails to identify the relationship between the Altaian popula-
tion and the Han Chinese. Without this information a portion of the ancestral
picture of the Altaian population is missing.

Despite the differences between the Altai samples, the coalescent dates are
similar. Even though these coalescent dates are not specific to the Altai region but
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are more a reflection of the initial colonization and expansion into the Eurasian
landmass, their similarity 1s reassuring because it is unlikely that inadequate sam-
pling will disrupt the deep interior branches of the Altai’s actual mtDNA struc-
ture.

The importance of the Altaian region is evident when addressing the peo-
pling of the New World. The five founding haplogroups, A, B, C, D, and X, found
in Native American populations are also present in the Altai (Starikovskaya et
al. 2005), suggesting that the Altaian population is a likely ancestral population
to Native Americans. It should be noted that the Native American haplogroup X
1$ a specific subhaplotype (X2a) not presently found outside the New World (Re-
idla et al. 2003). The Altaian haplogroup X has been postulated to hold an inter-
mediate position between European and Native American haplogroup X lineages
(Derenko et al. 2001b). Alternative theories suggest that the haplogroup X
mtDNAs found in the Altai are not related to the Native American lineages and
are explained by recent gene flow from Europe or West Asia into the Altai region
(Reidla et al. 2003). Because Native American haplogroup X sequences have
been designated as a subgroup that is phylogenetically distinctive from Eurasian
haplogroup X, the ancestral origin of this Native American lineage remains un-
resolved.

In summary, Mendur-Sokkon exhibits depressed 6 estimates and gene
diversity scores relative to other Altai samples, which demonstrates Mendur-
Sokkon’s similarity to some neighboring south Siberian populations and may
suggest the effects of a population bottleneck, perhaps a genetic signature of
Russian contact and the corresponding decline in native Siberian population num-
vers (Forsyth 1992). The Derenko et al. (2003) Altai mtDNA data, on the other
hand, are more consistent with the statistics of groups with known histories of
expansion, such as the Mongols, and likely represent an artifact of the sampling
strategy, which involved greater geographic coverage of the Altai region. Thus
independent sampling of a single population can result in a different picture of a
population’s evolutionary history.
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