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ABSTRACT The Altaian Kazakhs, a Turkic speaking
group, now reside in the southern part of the Altai
Republic in south-central Russia. According to historical
accounts, they are one of several ethnic and geographical
subdivisions of the Kazakh nomadic group that migrated
from China and Western Mongolia into the Altai region
during the 19th Century. However, their population
history of the Altaian Kazakhs and the genetic relation-
ships with other Kazakh groups and neighboring Turkic-
speaking populations is not well understood. To begin
elucidating their genetic history, we analyzed the
mtDNAs from 237 Altaian Kazakhs through a combina-
tion of SNP analysis and HVS1 sequencing. This analy-

sis revealed that their mtDNA gene pool was comprised
of roughly equal proportions of East (A-G, M7, M13, Y
and Z) and West (H, HV, pre-HV, R, IK, JT, X, U) Eura-
sian haplogroups, with the haplotypic diversity within
haplogroups C, D, H, and U being particularly high.
This pattern of diversity likely reflects the complex inter-
actions of the Kazakhs with other Turkic groups, Mongo-
lians, and indigenous Altaians. Overall, these data have
important implications for Kazakh population history,
the genetic prehistory of the Altai-Sayan region, and the
phylogeography of major mitochondrial lineages in Eur-
asia. Am J Phys Anthropol 136:278–293, 2008. VVC 2008

Wiley-Liss, Inc.

Kazakhs emerged as a unique ethno-linguistic group
in the 13th century AD (Golden, 1992) after invading
the region that now encompass modern Kazakhstan. At
that time, many tribes of Turkic and Mongolian origin
inhabited this region (Golden, 1992). The Kazakh ethnic
identity, which was distinguishable by a distinctive
Kipchak Turkic idiom, emerged in this complex socio-
cultural environment (Golden, 1992). However, the
Kazakhs did not form a unified Khanate like other
Turkic speaking groups. Instead, during the 15th and
16th centuries, they were subdivided into three major
tribal confederations, including the Greater (Ulu), Mid-
dle (Orta) and Lesser (Kishi) Jüzs, or Hordes (Golden,
1992; Togan, 1994; Soucek, 2000) (see Fig. 1). This divi-
sion likely occurred through already existing tribal lines,
and marked a political, as well as a geographical, split.
The predecessors of the Altaian Kazakhs apparently

emerged when groups from the Kerei tribe of the Middle
Horde migrated into northwestern China and western
Mongolia from central Kazakhstan in the 18th century
(Golden, 1992). These groups subsequently established a
seasonal nomadic life-style in the Altai-Sayan region,
Xinjiang, and western Mongolia (Gladney, 1996). It is
possible that, under the pressure of Russian migrations
into traditionally Kazakh lands in the 19th century,
other Kazakh groups may have been forced to follow the
initial example of the Kerei tribe. Later in the 19th cen-
tury, some segments of Chinese and Mongolian Kazakhs
moved into the region encompassing the northern slopes
of the Altai-Sayan Mountains (Gladney, 2003).
Until the late 19th century, Altaian Kazakhs main-

tained a traditional, seminomadic, way of life, and

remained relatively isolated from neighboring indigenous
groups within south Siberia (Konovalov, 1986; Gladney,
1996; Oktiabrskaya, 1997). After a frontier treaty
between China and Russia was established in 1864,
many tribes became sedentary and abandoned their
traditional nomadic way of life (Samaev, 1991). This
political division also divided the Altaian Kazakhs into
separate clans, which now reside in remote mountainous
parts of northern China, Mongolia, and the Altai Repub-
lic (Konovalov, 1986; Derevianko et al., 1994). Neverthe-
less, most Kazakh families in the region continue to live
in yurts and move their herds seasonally, and appear to
maintain some contact with other Kazakhs groups in
south Siberia (Derevianko et al., 1994; Gladney, 1996;
Oktiabrskaya, 1997).
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In light of its complex population history, and because
the Altai-Sayan region is considered to be the ancestral
homeland of Turkic speaking populations (Golden, 1992),
we conducted an analysis of mitochondrial DNA
(mtDNA) variation in Altaian Kazakhs. Through this
analysis, we investigated several questions about their
history. The first is their genetic relationships with
Kazakh groups living outside of the Altai region, and
what they indicate about the origin of this population.
The second is the influence of the Mongolian expansion
on the genetic diversity of populations from the Altai-
Sayan region. A third concerns the genetic affinities of
Altaian Kazakhs with other Turkic-speaking groups,
such as Uighurs, Kirghiz and indigenous Altaians, and
what they indicate about Turkic expansions. At a
broader level, we were interested in providing a fuller
description of genetic variation in Central Asian popula-
tions, as previous studies describing mtDNA diversity
generally used limited data sets, leaving an incomplete
picture of human phylogeography in the region.
Our results indicate that the Altaian Kazakhs have an

extraordinarily diverse mtDNA gene pool compared to
other Central Asian populations, with most of the known
East and West Eurasian lineages being present in them.
This level of diversity likely reflects the general antiq-
uity of the haplotypes present in this region, and the
complex biological and cultural origin of the Kazakhs, as
well as gene flow from different populations over the
past millennium.

MATERIALS AND METHODS

Populations and samples

In 1999–2002, ethnographic fieldwork and sample col-
lection were carried out in several Altaian Kazakh set-
tlements within the southern part of the Altai Republic
(see Fig. 2). A total of 227 Kazakh individuals living in
Kosh-Agach, Cherny Anuy, Turata, and Zhan Aul vil-
lages donated samples at that time. Because of their geo-
graphic proximity, we grouped individuals from Cherny

Anuy and Turata into a single unit (CHAN) for compari-
son with those from Kosh-Agach (KOSH) and Zhan Aul
(ZHAN). In addition, 10 samples collected from Kazakh
individuals during fieldwork in the northern Altai
Republic in 2003 (NKAZ) were included in the analysis,
increasing the sample set to a total of 237 individuals.
Blood samples were drawn from all participants with

informed consent under the human subjects guidelines
of the Institute of Cytology and Genetics in Novosibirsk,
Russia. Additional human approval was obtained at the
University of Pennsylvania to conduct the genetic analy-
ses of these samples. Genealogical data were also
obtained from each person at the time of sample collec-
tion to ensure that the individuals were unrelated
through at least three generations, and assess the level
of admixture in these communities.
For comparative purposes, we examined haplogroup

and HVS1 sequence information from Kazakhs, Kirghiz
and Uighurs (Comas et al., 1998; Yao et al., 2004), Mon-
golians (Kolman et al., 1996; Yao et al., 2004), and
Turkic-speaking indigenous Altaians (Zhadanov et al.,
2007) (see Fig. 2). In addition, we analyzed mtDNA vari-
ation in 89 Mongolian samples obtained from individuals
living in western Mongolia. We included these data
because previous studies of Mongolians either did not
include much coding region SNP data (Kolman et al.,
1996) or included samples obtained in Xinjiang (Yao
et al., 2004). The latter point is important because of the
known diversity of ethnic groups living in Mongolia,
including the Khalkhs (e.g., Nyambuu, 1992; Katoh
et al., 2005).

Molecular methods

Total DNA was isolated from whole blood using a
standard phenol-chloroform extraction protocol. The
mtDNAs from the 237 Altaian Kazakhs and 89 Mongo-
lians were then surveyed for sequence variation through
HVS1 sequencing, with variable positions between bp
16,000–16,500 being determined relative to the revised
Cambridge Reference Sequence (rCRS) (Anderson et al.,

Fig. 1. Map of Kazakhstan
showing the locations of the
three hordes, or tribes, of Kazakhs.
Modified after the ‘‘Kazakh Hor-
des’’ map in Bregel (2000).
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1981; Andrews et al., 1999). Amplified sequencing tem-
plates were purified through SAP/ExoI digestion, and
then cycle sequenced using BigDyeTM Terminator Pre-
Mix, v. 3.1 (Applied Biosystems). After purification with
Centri-Sep columns (Princeton Separations), the DNA
sequences were read on ABI 3100 Gene Analyzers at the
University of Pennsylvania Core Sequencing facility. All
sequence data were aligned and analyzed using
Sequencher 4.0TM software (Gene Codes). In addition, all
Altaian Kazakh samples were screened for a set of SNPs
located in the coding region of the mtDNA genome that
define the major West and East Eurasian haplogroups
(Richards et al., 1998; Schurr et al., 1999; Herrnstadt
et al., 2002; Quintana-Murci et al. 2004; Tanaka et al.,
2004) through a PCR-RFLP approach (Table 1).

Haplogroup assignments

The HVS1 sequence data were initially used to define
the sub-branches of these haplogroups, using reference
information from previously published Kazakh, Kirghiz,
Mongolian, and Uighur data (Kolman et al., 1996;
Comas et al., 1998; Yao et al., 2004). Although there is
still no consensus for naming some minor subha-
plogroups, we followed the nomenclature of Tanaka et al.
(2004) for East Eurasian haplogroups, and that of De-
renko et al. (2003) for West Eurasian lineages that were
seen in Central Asian and Siberian populations but not
described in Tanaka et al. (2004). For the Eurasian hap-
lotypes that were not identified through this approach,
we used published information in Achilli et al. (2004)
and Palanichamy et al. (2004) to make haplogroup
assignments.

Statistical analysis

Haplotype diversity (h), nucleotide diversity (p) and
the analysis of molecular variance (AMOVA) (Excoffier
et al., 1992) were estimated using Arlequin 3.00

(Excoffier et al., 2005). In addition, we estimated neu-
trality indexes, such as Tajima’s D (Tajima, 1989a) and
Fu’s Fs (Fu, 1997), with the same software. While ini-
tially designed to detect signs of positive selection, under
the assumption of neutral evolution, these tests can be
used to estimate the neutrality of genetic variation (i.e.,
to detect population expansions (or reductions) (Tajima,
1989b).
To estimate the genetic distances between Altaian

Kazakhs and other Central Asian populations, we gener-
ated pairwise FST values from HVS1 sequences using
the population pairwise distance method of Reynolds
et al. (1983) and the Nei and Li (1979) estimate of the
average number of differences between populations
(ARLEQUIN; Excoffier et al., 2005). For these calcula-
tions, we assumed Tajima and Nei’s (1984) model for nu-
cleotide substitution. To visually represent the genetic
relationships between populations, we used multidimen-
sional scaling (MDS) to plot the pairwise FST values in
two-dimensional space (SPSS 11.0 software). Likewise,
we utilized principal component analysis (PCA) to visu-
alize the differences in haplogroup frequencies between
populations (SPSS 11.0 software).
We also used an analysis of molecular variance

(AMOVA) with our data to determine the nongenetic
influences on genetic variation in these populations. For
these calculations, the Altaian Kazakhs and other popu-
lations were grouped based on their linguistic, ethnic,
geographical or religious affiliations. Three geographic
groupings were considered: (1) West of the Altai Moun-
tains (Uighurs, Kazakhs and Kirghiz); (2) Proximate to
the Altai Mountains (Altaians and Altaian Kazakhs);
and (3) East of the Altai Mountains (Mongolians). We
also compared the diversity in Turkic speakers
(Kazakhs, indigenous Altaians, Kirghiz, Uighurs) rela-
tive to Mongolic speakers (Mongolians) (language), as
well as in different ethnic groups (Kazakhs, Mongolians,
Uighurs, indigenous Altaians). To better understand the
influence of religious affiliation on the genetic diversity

Fig. 2. Map of Central-East Asia showing the locations of the Altaian Kazakhs and other regional populations analyzed in this
study. The population abbreviations are as follows: Altaian Kazakhs (AKAZ) and Mongolians (SMNG) from this study; Mongolians
from Kolman et al. (1996) (KMNG); Southern and Northern Altaians (SALT and NALT) from Zhadanov et al. (2007); Kazakhs
(CKAZ), highland and lowland Kirghiz (CKIR) and Uighurs (CUIG) from Comas et al. (1998); and Kazakhs (YKAZ), Mongolians
(YMNG) and Uighurs (YUIG) from Yao et al. (2004). The map is modified after Figure 1 in Yao et al. (2004).
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of these populations, we also divided them into Muslim
(Uighurs, Kirghiz, and Kazakhs) and non-Muslim and
Burkhanist/Buddhist (Mongolians, indigenous Altaians)
groups.

Phylogenetic analysis

The combination of SNP and HVSI sequence data for
each individual was used to construct a network of hap-
lotypes using Network 4.0 (Bandelt et al., 1995, 1999).
The weighting scheme suggested in Bandelt et al. (2002)
was used with slight modifications. According to this
schema, hypervariable sites such as 16093, 16129,
16189, 16311 and others, were given lower weights rela-
tive to other less mutable sites. Networks were created
using both median joining and reduced median joining
approaches to test the effect of removing terminal reticu-
lations from the phylogenetic branches. To highlight key
mutations occurring along these branches, we redrew
the median joining networks by hand. The framework
for haplogroup assignment in this network was based on
networks compiled by Tanaka et al. (2004), Starikov-
skaya et al. (2005), and Palanichamy et al. (2004).

RESULTS

mtDNA diversity in Altaian Kazakhs

Haplogroup diversity. Virtually every known West and
East Eurasian haplogroup was present in the Altaian
Kazakhs (Table 2). East Eurasian lineages made up �66%
of the total, whereas West Eurasian lineages constituted
34% of the Altaian Kazakh genetic diversity. The East Eur-
asian haplogroups included those deriving from both mac-
rohaplogroups M (C, D, G, M7, M8, and Z) and N (A, B, F,
N9, and Y) (Macaulay et al., 1999; Schurr et al., 1999;
Torroni et al., 2001; Yao et al., 2002). The West Eurasian
haplogroups derived from both macrohaplogroup N (I, J,
N1, T, W, and X) and R (HV, H, R1, and UK) (Richards et
al., 2000; Quintana-Murci et al., 2004).
Interestingly, certain haplogroups were confined to

particular settlements (Table 2). For instance, R1 was

present in only CHAN and Z appeared in only KOSH,
while both N1a and N9a were nearly exclusive to ZHAN.
In addition, the more frequent haplogroups, such as B,
C, and D, also differed in their distribution in the
Altaian Kazakh settlements. Haplogroup B represented
14% of the mtDNAs in ZHAN, whereas this lineage
appeared at much lower frequencies in the other two set-
tlements. Similarly, D comprised nearly 25% of the
mtDNAs in ZHAN, but appeared at a much lower fre-
quency in CHAN (Table 3).
These data, and particularly the somewhat higher fre-

quencies of West Eurasian H and R, may reflect the dis-
tinct demographic history of the Cherny Anuy settlement.
This location was established by Christianized Kazakhs
in the 19th Century, and has experienced considerable
admixture with ethnic Russians since that time (Karih,
2000). The higher frequencies of G2a and R may also hint
at founder effects or the relative isolation of this popula-
tion compared to other indigenous groups within the Altai
region. Overall, the geographic localization of mtDNA
haplogroups suggests differences in the events that
shaped the genetic composition of these settlements.
Lookingmore broadly at patterns of haplogroup variation,

a comparison of the three Kazakh populations (Altaian,
Kazakhstan, Xinjiang) showed them to have a similar
mtDNA composition consisting of mainly East Eurasian
haplogroups. In fact, haplogroups A, B, C, D, F1, G2a, H, and
Mwere present in all of them, suggesting that these lineages
represent the common maternal gene pool from which these
different Kazakh populations emerged (Table 3). Even so,
there were also some notable differences between them.
Altaian Kazakhs had higher frequencies of HV, T, U, and Z
mtDNAs than the other two Kazakh groups, who had gener-
ally higher frequencies of West Eurasian lineages, not to
mention that only Altaian Kazakhs had N1a haplotypes.
Furthermore, as indicated above, Altaian Kazakhs simply
had more haplogroups present in their mtDNA gene pool
compared to the groups from Kazakhstan and Xinjiang.
These differences again implied that the population history
of the Altaian Kazakhs was somewhat distinctive from those
of the other twoKazakh groups.

TABLE 1. Single nucleotide polymorphisms (SNPs) analyzed in Altaian Kazakhs

Hg SNP/Polymorphism Primers (50-30) Tm (Co) Size

A 663/1HaeIII 663 534-553/725-706 59 191
B 9-bp Del* 8188-8207/8366-8345 49 116
C 13263/2HincII 13259 13001-13020/13403-13384 45 402
D 5178A/2AluI 5176 5151-5170/5481-5464 55 330
E 7598/2HhaI 7598 7367-7384/7628-7610 49 261
F 12406/2HincII 12406 12385-12405/12576-12595 55 191
G 4833/1HaeII 4830 4651-4670/4952-4934 49 301
H 7028/2AluI 7025 6890-6909/7131-7115 47 241
HV 14766/2MseI 14766 14407-14424/14810-14791 51 403
I, X 1719/2DdeI 1715 1615-1643/1899-1879 54 284
I 4577/2NlaI 4577 4500-4519/4678-4659 51 178
J 13708/-BstOI 13704 13537-13556/13851-13832 51 314
K 9055/2HaeII 9052 8925-8953/9100-9081 53 175
M 10400/1AluI 10398 10279-10296/10569-10550 51 290
N 10398/1DdeI 10304 10279-10296/10569-10550 51 290
N 10873/2MnlI 10871 10718-10738/10930-10911 55 212
R 12705/1MboII 12705 12599-12618/12785-12766 51 186
T 15928/2MspI 15928 15838-15857/16159-16141 51 321
T 15607/1AluI 15607 15409-15428/15728-15709 51 319
UK 12308/1HinfI 12308 12104-12124/12338-12309 53 234
V 4529/2HaeII 4529 4500-4519/4678-4659 51 178
Y 7933/1MboI 7933 7871-7890/8020-8001 51 149

* This mutation is detected by directly sizing the PCR amplicons, not through RFLP analysis.
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TABLE 2. mtDNA haplotypes in Altaian Kazakhs

# Hg SNPs HVS1 Sequence CHAN KOSH ZHAN NKAZ Total

1 A 663-10873 147A-223-242-290-319 1 1
2 A 663-10873 086-187-223-231-290-319 1 1
3 A2 663-10873 124-290-319-362 1 1
4 A2 663-10873 189-223-256-290-319-356-362 1 1
5 A2 663-10873 223-290-319-325-362 1 1 2
6 A2 663-10873 223-290-319-362 1 3 4
7 B4 10873-12705-9bpDel 189-217-261 1 2 3
8 B4a 10873-12705-9bpDel 129-189-261 2 2
9 B4a 10873-12705-9bpDel 189-194C-195-217-261-266G 2 2
10 B4b 10873-12705-9bpDel 086-136-154-189-217-218 1 3 4
11 B4b 10873-12705-9bpDel 086-154-189-217-218 1 1
12 B5 10873-10398-12705-9bpDel 111-140-189-261 1 1
13 B5 10873-10398-12705-9bpDel 129-189-234-243-278 2 2
14 B5 10873-10398-12705-9bpDel 140-189-243 1 1
15 B5 10873-10398-12705-9bpDel 140-189-234-243-278 1 1
16 B5 10873-10398-12705-9bpDel 111-140-189 1 1
17 B5 10873-10398-12705-9bpDel 111-140-189-234-243 1 2 3
18 B5 10873-10398-12705-9bpDel 111-140-189-234-243-278 1 1
19 C 10398-10400-13263 093-129-223-298-327 1 1
20 C 10398-10400-13263 093-129-223-289-298-327 1 1 2
21 C 10398-10400-13263 129-150-223-298-327 1 1
22 C 10398-10400-13263 129-223-298-327 1 1
23 C 10398-10400-13263 223-298-311-327 1 1
24 C* 10398-10400-13263 223-298-327 3 1 2 1 7
25 C4a 10398-10400-13263 167-171-223-298-327-344-357 2 1 3
26 C4b 10398-10400-13263 223-291-298-327 2 2 4
27 C5 10398-10400-13263 093-223-261-288-298 2 2
28 C5 10398-10400-13263 093-223-288-298-327-390 2 2
29 C5 10398-10400-13263 148-223-288-298-327 1 1
30 D 5178A-10398-10400 051-213-223-362 1 1
31 D 5178A-10398-10400 111-187-223-362 1 1
32 D 5178A-10398-10400 172-223-311-362 1 1
33 D 5178A-10398-10400 172-362 1 1
34 D 5178A-10398-10400 223-232-290-362 1 1
35 D 5178A-10398-10400 223-232-362 1 1
36 D 5178A-10398-10400 223-278-295-362 1 1
37 D 5178A-10398-10400 223-311-362 2 2
38 D* 5178A-10398-10400 223-362 2 2
39 D4 5178A-10398-10400 176-223-343-362 1 1
40 D4a 5178A-10398-10400 129-158-223-234-260-292-311-362 1 2 3
41 D4a 5178A-10398-10400 129-223-256-362 2 2
42 D4b 5178A-10398-10400 093-172-173-215-223-319-362 1 1
43 D4b 5178A-10398-10400 223-284-319-362 1 3 4
44 D4 5178A-10398-10400 223-245-362 1 1
45 D4 5178A-10398-10400 223-245-362-368 1 1
46 D4 5178A-10398-10400 185-189-224-245-292-362 1 1
47 D4 5178A-10398-10400 224-245-292-362 2 2
48 D4 5178A-10398-10400 167-172-174-223-287-362 1 1
49 D4 5178A-10398-10400 174-223-362 1 3 4
50 D4 5178A-10398-10400 140-223-274-311-362 1 1
51 D4 5178A-10398-10400 223-294-362 1 1
52 D4 5178A-10398-10400 223-274-311-362 1 1
53 D4 5178A-10398-10400 218-223-362 1 1 2
54 D5 5178A-10397-10398-10400 148-189-223-362 1 1
55 D5a 5178A-10397-10398-10400 051-164-172-189-223-266-362 2 2
56 D5c 5178A-10397-10398-10400 188Ci-193Ci-223-311-316-362 2 2
57 F1a 10873-12406-12705 129-172-304 4 4
58 F1a 10873-12406-12705 129-172-304-311 3 1 4
59 F1b 10873-12406-12705 129-189-194C-195-304 1 1
60 F1b 10873-12406-12705 189-304 2 1 3
61 F1b 10873-12406-12705 172-179-189-232A-249-304-311 1 1 2
62 F1b 10873-12406-12705 172-179-189-232A-249-304-311-354 1 1
63 F1b 10873-12406-12705 189-232A-249-304-311 1 1
64 F2a 7828-10873-12705 092A-291-304 1 1
65 G 4833-10398-10400 223-294-362 2 2
66 G2 4833-10398-10400 093-223-274-278-287-362 1 1
67 G2 4833-10398-10400 192-223-278-362 3 3
68 G2 4833-10398-10400 223-234-278-309-362 1 1
69 G2a 4833-10398-10400 223-227-278-362 5 3 8
70 G2a 4833-10398-10400 169-223-227-265C-278-362 1 1
71 G2a 4833-10398-10400 093-223-227-234-278-309-362 1 1 2

(continued)
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TABLE 2. (Continued)

# Hg SNPs HVS1 Sequence CHAN KOSH ZHAN NKAZ Total

72 G4a 4833-10398-10400 189-223-265C-274-362 2 2 4
73 H 7028-10873-12705-14766 184 1 1
74 H 7028-10873-12705-14766 189 1 1 2
75 H 7028-10873-12705-14766 209 1 1
76 H 7028-10873-12705-14766 261 1 1
77 H 7028-10873-12705-14766 351 1 1
78 H 7028-10873-12705-14766 129-260-261 1 1
79 H 7028-10873-12705-14766 129-260-261-309 2 2
80 H 7028-10873-12705-14766 192-261-289 1 1
81 H 7028-10873-12705-14766 278-292 1 1
82 H 7028-10873-12705-14766 311 2 1 1 4
83 H 7028-10873-12705-14766 CRS 2 2 2 6
84 H 7028-10873-12705-14766 354 1 1
85 H 7028-10873-12705-14766 176 1 1 2
86 H 7028-10873-12705-14766 093 1 1
87 HV 10873-12705-14766 129-249-311 1 1
88 I 1715-10398-10873 129-223 1 1
89 I 1715-10398-10873 129-172-223-311-391 2 2
90 I 1715-10398-10873 129-223-391 2 2
91 J 10398-10873-12705-13708 069-092-126-193-261 1 1
92 J 10398-10873-12705-13708 069-126-260Ai-299 1 1
93 J* 10398-10873-12705-13708 069-126 2 2
94 J2a 10398-10873-12705-13708 069-126-145-231-261-290 1 1
95 J2a 10398-10873-12705-13708 069-126-145-231-239-260-261-311 1 1
96 J2b 10398-10873-12705-13708 069-126-193-300-309 1 1
97 M 10398-10400 126-185-223-325 1 1
98 M 10398-10400 126-223-325 1 1
99 M 10398-10400 129-152-153-179-192-223-362 1 1
100 M 10398-10400 129-152-179-192-223-362 1 2 3
101 M 10398-10400 221-223-266 1 1
102 M13 10398-10400 145-168-188-223-257-311 1 1 2
103 M7b 10398-10400 129-192-223-297 1 1
104 M7c 10398-10400 223-278-295-362 1 1
105 M8a 10398-10400 184-223-298-319 1 1
106 M9a 10398-10400 223-234-291-316-362 1 1
107 N1a 1715-10398-10873 147A-172-181-189-223-248-320-355 1 1
108 N1a 1715-10398-10873 147A-172-189--223-248-320-355 1 1
109 N1a 1715-10398-10873 147A-172-189-223-248-320-355 4 4
110 N1a 1715-10398-10873 147A-172-223-248-320-355 1 1
111 N1b 1715-10398-10873 145-176G-223-390 1 1
112 N9a 10873 131G-223-257A-261 1 1
113 N9a 10873 111-129-223-257A-261 1 1
114 N9a 10873 172-223-257A-261 2 2
115 R 10873-12705 304 1 1
116 R 10873-12705 192-304-309-390 1 1
117 R1 10873-12705 278-311 5 5
118 T1 10873-12705-15607-15928 093-126-163-186-189-294-296 1 1
119 T2 10873-12705-15607-15928 126-189-292-294-296 1 1
120 T2 10873-12705-15607-15928 126-294-296-304-362 1 1 2
121 U 10873-12308-12705 93 2 1 3
122 U 10873-12308-12705 126-304 2 2
123 U 10873-12308-12705 129-189-234 1 1 2
124 U 10873-12308-12705 129-189-234-292-311-327 1 1
125 U 10873-12308-12705 174-189-192-289-311 1 1
126 U 10873-12308-12705 189-234-292-311-327 1 1
127 U1 10873-12308-12705 189-249 2 2
128 U3 10873-12308-12705 148-311-343-390 1 1
129 U4 10873-12308-12705 356 1 1
130 U4 10873-12308-12705 356-362 2 2
131 U5a 10873-12308-12705 192-256-270-304-399 1 1
132 U5a 10873-12308-12705 192-256-270-399 1 1
133 U5a 10873-12308-12705 192-241-256-270-287-304-325-399 1 1
134 U5a 10873-12308-12705 256-270-399 2 2
135 W 10873 223-292 1 1
136 Y 1719-7933-10873 126-231-266 1 1
137 Y 1719-7933-10873 126-231-266-278 1 1
138 Z 10398-10400 185-223-260-298 1 1

Total 54 45 128 10 237

CHAN, KOSH and ZHAN are southern Altai Republic villages; NKAZ, Kazakhs from the northern Altai Republic.
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Haplotype diversity. Additional insights into the pat-
tern of genetic diversity in Altaian Kazakhs were
obtained through HVS1 sequencing. The sequencing of
237 Altaian Kazakh mtDNAs revealed a total of 138 dis-
tinct haplotypes, with six of them appearing in individu-
als from the northern Altai Republic (Table 3). While the
three settlements in the southern Altai Republic had
many haplogroups in common, the frequencies of individ-
ual haplotypes differed considerably between them. In
fact, only two haplotypes (#25 and #83) were present in
all three settlements. Otherwise, CHAN and KOSH
shared four haplotypes, CHAN and ZHAN shared eight
haplotypes, and KOSH and ZHAN shared 15 haplotypes.
These patterns were supported by the summary statis-

tics. Nei’s D estimates showed that CHAN (D 5 0.975 6
0.010) was less diverse than KOSH (D 5 0.993 6 0.007)
or ZHAN (0.994 6 0.002) (Appendix A). Similarly, the
FST distances between CHAN and ZHAN, and between
CHAN and KOSH, were small but significant (0.022 and
0.012, respectively). Thus, despite their general similar-
ity in terms of haplogroup frequencies, these settlements
showed genetic differences between them at the haplo-
type level.
We also calculated the neutrality indexes, Tajima’s D

(Tajima, 1989a) and Fu’s Fs (Fu, 1997), to look for evi-
dence of population expansions. For CHAN, Tajima’s D

and Fu’s Fs values were significantly negative (P \
0.05), whereas KOSH and ZHAN had significantly nega-
tive Fu’s Fs values but insignificant Tajima’s D values
(P [ 0.05). Such results suggested that the Altaian
Kazakhs had undergone a recent population expansion,
particularly those living in CHAN. However, similar con-
tradictions between Tajima’s D and Fu’s Fs values were
observed in previous studies of Central Asian popula-
tions (Quintana-Murci et al., 2004), and explained as
reflecting the influence of the heterogeneous mutation
rate along the HVS1 on the Tajima’s D estimates (Aris-
Brosou and Excoffier, 1996).
In spite of the evidence for their heterogeneity, the FST

values did not allow us to statistically distinguish the
three settlements from each other. Thus, for all subse-
quent analyses, the data from these locations were
combined and treated as coming from a single Kazakh
population.

Phylogeography of Altaian Kazakh mtDNAs

The network of Altaian Kazakh mtDNAs confirmed
the considerable diversity of both East and West Eura-
sian haplogroups in this population (see Fig. 3).
Haplogroups D and H each exhibited a wide array of
haplotypes, suggesting the recent expansion of these

TABLE 3. Haplogroup frequencies in selected Turkic- and Mongolic-speaking populations of Eurasia

n 5 54 n 5 45 n 5 128 n 5 10 n 5 237 n 5 55 n 5 53 n 5 89 n 5 103 n 5 49 n 5 95 n 5 55 n 5 47
Hg CHAN KOSH ZHAN NKAZ AKAZ CKAZ YKAZ SMNG KMNG YMNG CKIR YUIG CUIG

C 16.7 8.9 5.5 50.0 10.5 7.3 13.2 18.0 14.6 10.3 12.6 1.8 6.4
Z 2.2 0.4 1.8 11.3 3.4 4.9 1.1
M8a 2.2 0.4 1.9 1.0 6.4
D 5.6 11.1 21.1 10.0 15.6 16.4 13.2 29.2 19.4 18.4 20.0 16.4 6.4
D5 2.2 3.1 2.0 1.8 2.2 4.9 2.0 4.3
G 1.6 0.8 1.9 2.2 1.0 4.1
G2 5.6 2.2 0.8 2.1 1.0 6.1 1.8
G2a 11.1 2.2 3.1 4.6 5.5 1.9 4.5 5.8 6.1 8.4 10.6
G4 4.4 1.6 1.7 2.1
M 3.7 2.2 3.1 3.0 5.5 3.8 7.9 3.8 4.2 3.6 2.1
M7 1.6 0.8 1.9 2.0 5.5 6.4
M9a 0.8 0.4 1.8 1.9 1.0 2.0 2.1 1.8
M13 2.2 0.8 0.8 2.0
N9a 3.1 1.7 1.9 1.1 1.0 2.0 3.2 1.8
Y1 1.9 2.2 0.8 1.8 1.9
A 3.7 6.7 3.9 4.2 9.1 3.8 3.4 4.9 8.2 4.2 7.3 4.3
R 13.0 2.5 3.2 12.7
B4 1.9 2.2 7.8 5.1 3.6 3.8 6.8 2.0 3.2 1.8
B5 1.9 2.2 6.3 4.2 1.8 2.2 2.9 3.2 5.5
F1 9.3 4.4 7.0 6.8 3.6 5.6 4.5 4.9 10.3 2.1 7.3 6.4
F2 10.0 0.4 1.9 2.2 1.0 8.2
N1a 2.2 4.7 3.0
N1b 0.8 0.4
I 1.9 4.4 1.6 2.1 1.9
W 0.8 0.4 3.6 1.1 6.4
T 4.4 1.6 1.7 7.3 7.5 2.2 1.0 1.1 1.8 2.1
J 5.6 4.4 0.8 10.0 3.0 1.9 6.7 5.3 4.3
U 8.9 4.7 3.4 1.8 2.9 9.1 8.4
U1 3.7 0.8 1.0 3.2 1.8
U3 0.8 0.4
U4 1.9 1.6 1.3 1.8 3.9 2.0 5.5 4.3
U5 3.1 10.0 2.1 1.8 3.8 1.1 6.2 1.1
K 1.6 0.8 3.4 1.0 3.6 2.1
HV 0.8 0.4 5.5 5.6 2.0 6.3 4.3
H 13.0 15.6 7.8 10.0 10.5 16.4 7.5 5.6 1.9 4.1 14.7 10.9 10.6
Other 1.8 3.8 2.0 1.1 2.1

CKIR 5 highland and lowland Kirghiz populations from Comas et al (1998). ‘‘Other’’ haplotypes belong to haplogroups or their
branches not listed in the table.
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lineages, whereas other haplogroups, such as A, B, F,
and G, had a different pattern in which deep, differenti-
ated branches appeared, implying a long-term presence
for them in the region.
Looking closer at haplotype differentiation within hap-

logroup C, we observed a number of distinct sub-
branches. These included previously identified clusters
of C4a, C4b, and C5, as defined by the 16357, 16291,
and 16288 mutations, respectively (Tanaka et al., 2004)
(Table 2; Fig. 3). C4a is particularly widespread in north-
ern Asia, being seen in a number of indigenous Siberian
populations (Schurr et al., 1999; Derenko et al., 2003;
Pakendorf et al., 2003; Schurr and Wallace, 2003; Stari-
kovskaya et al., 2005). A few of the haplotypes also
appeared to be unique to the Altaian Kazakhs.
A similar pattern was observed in haplogroup D,

where the previously defined branches of D4a, D4b, D4d
and D5 were present (Tanaka et al., 2004) (Table 2;
Fig. 3). Overall, haplogroup D was the most diverse
mtDNA lineage in the Altaian Kazakhs, and exhibited a
number of unique haplotypes. In addition, the presence
of the distinctive D5c haplotypes in the Altaian Kazakhs
was very interesting, as our work suggested that D5c
represents a genetic connection between indigenous
Altaian and Japanese populations (Dulik et al., 2007),
which, in the case of the Altaian Kazakhs, may reflect
gene flow with these Altaian populations.
Haplogroup H was also quite diverse, with its haplo-

types clustering around a central node. In fact, the nodal
haplotype, defined by the rCRS, was the most frequent
of these in the Altaian Kazakhs. The one exception to
this pattern was the branch defined by the 16261 transi-
tion, which showed some degree of reticulation. Such a
degree of diversity was consistent with the introduction
of this lineage into Central Asia during the Neolithic,
as observed with ancient DNA data (e.g., Lalueza-Fox
et al., 2004), and the general antiquity and diversity of
this haplogroup in Eurasia as a whole (Richards et al.,
2000; Achilli et al., 2004).
Haplogroup B also showed considerable haplotypic di-

versity, despite being less frequent than some of the
other haplogroups in Altaian Kazakhs. Subhaplogroups
B4 and B5 encompassed all of these mtDNAs, with the
most common haplotype in the Altaian Kazakhs (#10;
Table 3) belonging to B4b. The frequency of this particu-
lar haplotype was intriguing because it had not previ-
ously been observed in other Kazakh populations sur-
veyed for mtDNA variation (Comas et al., 1998; Yao

et al., 2004), although the frequency of haplogroup B
was fairly similar amongst them, and was not observed
in indigenous Altaian or Mongolian groups. At the same
time, the overall frequencies of B4 and B5 in the Altaian
Kazakhs were consistent with those observed in Mongo-
lians, Kirghiz and Uighur populations from the sur-
rounding regions (Table 3).
Haplogroup N1a was also present in the Altaian

Kazakhs. Seeing as how there were no occurrences of this
lineage in other Kazakh populations or neighboring popu-
lations (Kolman et al., 1996; Comas et al., 1998; Yao et
al., 2004), this finding was intriguing (Table 3). The hap-
lotypic variation within the seven N1a samples was rela-
tively high (Table 2), with these haplotypes belonging to
both the European and Central Asian branches of this
haplogroup, as recently defined by Haak et al. (2005).
Thus, the source of N1a haplotypes in Altaian Kazakhs
was unclear, although they seemed to have originated
west of this part of Central Asia (Gokcumen et al., 2007).

mtDNA diversity in Central Asia

The observed gene diversity in Altaian Kazakhs was
very similar to that observed in other Kazakhs, indige-
nous Altaians, Uighurs and Kirghiz, and Mongolians
(Table 4; Appendix B). For these comparisons, we used
haplotype information for Mongolian populations from
published sources (Comas et al., 2004; Yao et al., 2004)
and our analysis of 89 Mongolian samples, in which 60
different haplotypes were identified (Appendix C). Over-
all, these data were consistent with the general trend
showing that Central Asian populations are genetically
more diverse than the surrounding populations (e.g.,
Wells et al., 2001; Quintana-Murci et al., 2004). The
slightly higher diversity in the Altaian Kazakhs
compared to western Kazakh populations could possibly
be attributable to recent admixture with Mongolians or
other Turkic speaking groups, who would have contrib-
uted new genotypes to this population.
To visualize the extent of genetic diversity among

these populations, we plotted pairwise FST values esti-
mated from HVS1 sequence data through MDS analysis
(see Fig. 4). Not surprisingly, Altaian Kazakhs clustered
together with other Kazakh populations, with which
they showed a similar haplogroup composition. The
Uighurs and Kirghiz living in eastern Kazakhstan were
also genetically proximate to the Altaian Kazakhs. By
contrast, the Altaian Kazakhs were quite genetically dis-

TABLE 4. Summary statistics for Central and East Asian populations

AKAZ CKAZ YKAZ CUIG YUIG CKIR SMNG KMNG YMNG SALT NALT

Sample size 237 55 53 56 47 93 89 103 49 264 222
# Haplotypes 139 45 47 46 43 70 61 83 38 75 61
Gene

diversity
(S.E.)

0.997
(60.001)

0.990
(60.006)

0.996
(60.005)

0.992
(60.005)

0.995
(60.006)

0.990
(60.004)

0.990
(60.003)

0.995
(60.002)

0.988
(60.007)

0.975
(60.003)

0.964
(60.004)

Mean #
pairwise
differences

6.725 6.163 6.425 5.695 6.193 6.107 6.249 6.624 6.129 6.179 7.031

Tajima’s D
(P-value)

21.899
(0.002)

21.853
(0.008)

21.835
(0.008)

22.013
(0.007)

21.883
(0.009)

21.957
(0.002)

21.904
(0.010)

21.829
(0.014)

21.694
(0.024)

21.573
(0.027)

21.150
(0.115)

Fu’s Fs

(P-value)
224.625
(0.000)

225.234
(0.000)

225.174
(0.000)

225.349
(0.000)

225.230
(0.000)

225.166
(0.000)

225.143
(0.000)

225.011
(0.000)

225.244
(0.000)

224.711
(0.000)

224.584
(0.001)

Population abbreviations are as follows: Altaian Kazakhs (AKAZ) and Mongolians SMNG) from this report; Mongolians from
Kolman et al. (1996) (KMNG); Northern Altaians (NALT) and Altaian-Kizhi (AKIZ) from Zhadanov et al. (2007); Kazakhs (CKAZ),
Kirghiz (CKIR) and Uighurs (CUIG) from (Comas et al. 1998); and Uighurs (YUIG) and Kazakhs (YKAZ) from Yao et al. (2004).
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tinct from indigenous Altaian populations. The latter
groups were also positioned at some distance from other
Central Asian populations, although the Southern
Altaians, which occupy the same region as the Altaian
Kazakhs, clustered closest to Mongolians. These observa-
tions suggested that there has been relatively little
admixture between Altaian Kazakhs and indigenous
Altaians after the former group immigrated into the
Altai region. On the other hand, the relatively small
genetic distance between Mongolian groups and Altaian
Kazakhs suggested a more direct genetic interaction
between them.
The PCA plot of haplogroup frequencies showed a

slightly different picture than that produced by the MDS
approach (see Fig. 5). It revealed a strong clustering of
Kazakh groups, as previously observed, and the close
positioning of Kirghiz to the Kazakhs. However, Uighur
groups, as well as Mongolians and Altaians, were sepa-
rated from them. This difference in clustering in the
MDS and PCA plots was not entirely unexpected, as the
latter takes into account only the haplogroup frequencies
and ignores the haplotypic differences within them.
In an effort to further delineate possible population

interactions and genetic affinities, we determined the
extent of haplotype sharing among Central Asian popu-
lations (Table 5). The Altaian Kazakhs were found to
share 19 haplotypes with Kazakhstan Kazakhs and 11
with Xinjiang Kazakhs, but only six appeared in all
three of them. These six haplotypes included the founder
haplotypes for C (#24) and D (#38), as well as one each
from F1b, G2a, T2b, and Z. Thus, despite overall similar-
ities at the haplogroup level, each of the Kazakh groups
was somewhat differentiated at the haplotype level.
Similar patterns were seen in comparisons with other

Central and East Asian populations. The Altaian Kazakhs
shared an average of 11 haplotypes with each Mongolian
group, 10 haplotypes with the Kirghiz, and 10 with each
Uighur group. In all cases, however, only a subset (3–4)
was shared by all of the populations being compared.
The rCRS and the haplogroup D founder type (#38) were

the most consistently shared haplotypes between the
Altaian Kazakhs and other Central and East Asian pop-
ulations.
The AMOVA results also shed light on patterns of

genetic variation in this region (Table 6). To begin with,
the linguistic affiliations of these populations did not
produce any significant variances between these groups,
with most (�98%) of the observed variation occurring
within them. In contrast, religious affiliation provided a
small but significant difference between groups (1.41%),
as did ethnicity (1.39%). These two values were intrigu-
ing, and could indicate the effect of kinship structures in
shaping of the overall genetic diversity in the region.
Similarly, geography accounted for small but significant
of within group variation (1.58%), which increased
(1.69%) when the Altaian Kazakhs were added to their
hypothetical region of origin, southwest of the Altai
Mountains. Conversely, when Altaian Kazakhs were an-
alyzed according to their current geographic location, the
within group variation became nonsignificant. Regard-
less of the category being analyzed, however, almost all
of the genetic variation was shared across populations,
suggesting that either gene flow between the populations
was considerable, or they originated from a common an-
cestral gene pool.

DISCUSSION

Maternal genetic diversity in Altaian Kazakhs

The population history of the Altaian Kazakhs is com-
plex, as seen in their diverse mtDNA composition. The
specific combination of haplogroups and haplotypes
within the Altaian Kazakh population distinguishes it
from that seen in the linguistically related Kazakhs to
the west and south (Xinjiang), and their geographical
neighbors, indigenous Altaians. Yet, they share a set of
eight different haplogroups, and a set of six haplotypes,
amongst them, implying they have some degree of com-
mon genetic ancestry.
At the same time, the Altaian Kazakhs show evidence

of population subdivision. The CHAN settlement is

Fig. 4. A multidimensional scaling plot (MDS) of the genetic
distances estimates for Central Asian populations and Altaian
Kazakhs. The populations represented on the plot are Altaian
Kazakhs and Mongolians from this study; Mongolians from Kol-
man et al. (1996); Southern and Northern Altaians from Zhada-
nov et al. (2007); and Kazakh, Kirghiz and Uighur groups from
Comas et al. (1998). All population designations are the same as
those indicated in Figure 2. The stress value for this plot is
0.0583. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

Fig. 5. Principal components analysis (PCA) plot of based on
mtDNA haplogroup frequencies in Central Asian populations
and Altaian Kazakhs (see Table 3). All population designations
are the same as those indicated in Figure 2. [Color figure can be
viewed in the online issue, which is available at www.interscience.
wiley.com.]
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genetically distinctive from the other two, KOSH and
ZHAN, in terms of its overall genetic diversity, hap-
logroup composition and haplotype sharing. These find-
ings could suggest that (a) multiple groups of Kazakhs
migrated into the Altai region, (b) there is some clan or
population structure in the Altaian Kazakhs, or (c)
Kazakh groups have recently become differentiated due
to population admixture and/or founder events. In light
of their limited period of residence in the Altai-Sayan
region, the intra-population differentiation seen in the
Altaian Kazakhs probably developed before their arrival
in this region, since they are not genetically close to in-
digenous Altaian groups.
Thus, it seems likely that such diversity reflects their

having a heterogeneous ancestry dating back to pre-
Turkic Central Asia, and perhaps to recent population
interactions in China, Mongolia and the Altai region
over the past three centuries. Evidence in support of the
latter interpretation is the presence of haplogroups M7,
M8, M13, N1a, and R1 in one of the three settlements to
the exclusion of the others. On the other hand, ethno-
graphic and demographic information also suggests that
differences between CHAN and KOSH/ZHAN could be
partly attributable to historical conversion and admix-
ture with Russian populations by members of CHAN
(Konovalov, 1986; Oktiabrskaya, 1997; Karih, 2000).

Although the diversity indices and FST values suggest
that each Altaian Kazakh settlement has experienced a
distinct population history that defines its contemporary
genetic make-up, they could not be statistically distin-
guished from each other, i.e., as subgroups separate from
the entire Kazakh population. One explanation for this
finding is that Kazakhs share a common biological
ancestry, as seen in the sharing of haplogroups and hap-
lotypes, but one that was later structured through clan
divisions in the subsequent centuries, as suggested for
the Y-chromosome variation in Central Asian popula-
tions (Chaix et al., 2004). However, this interpretation
must be tested with additional genetic data (e.g., Y-chro-
mosome and autosomal) and the further review of demo-
graphic information from Altaian Kazakh populations.

Common maternal ancestry of Turkic populations

Current data suggests that the spread of Turkic lan-
guages occurred through cultural diffusion, rather than
a population expansion resulting in the replacement of
autochthonous genetic lineages, at least in the maternal
context (Comas et al., 1998; Quintana-Murci et al.,
2004). This interpretation receives support from the ob-
servation that Altaic speaking populations share a com-
mon set of paternal haplotypes (Wells et al., 2001).

TABLE 5. Haplogroup sharing in selected Central Asian populations

HVS1-Seq Hg AKAZ CKAZ YKAZ SMNG KMNG YMNG CKIR CUIG YUIG

223-290-319-362 A2 4 1 1 1 1
189-194C-195-217-261-266G B4a 2 1
140-189-243 B5 1 2
111-14-189-234-243-278 B5b 1 1
223-298-327 C 7 6 2 5 1 1
223-298-311-327 C 1 1 1 1 1
129-223-298-327 C 1 1 1 1 1 1
093-129-223-298-327 C 1 1 1 2 1
167-171-223-298-327-344-357 C4a 3 1 1 1 1
093-223-288-298-327-390 C5 2 1
148-223-288-298-327 C5 1 2
223-362 D 2 3 1 3 2 3 6 3 2
223-232-29-362 D 1 1
223-294-362 D 1 3 1 1 1
176-223-343-362 D4 1 2
223-245-362 D4d 1 1
223-245-362-368 D4d 1 2 1
224-245-292-362 D4d 2 1
172-179-189-232A-249-304-311 F1b 2 1 1 2
189-232A-249-304-311 F1b 1 2 1 2 1
189-304 F1b 3 1
093-223-227-234-278-309-362 G2a 2 1 1 1 1
223-227-278-362 G2a 8 3 1 2 1
184 H 1 2
189 H 2 1 1
CRS H2 6 4 2 1 2 5 2 1
311 H11 4 1 1 1 1
354 H2a 1 1 2
129-223 I 1 1
129-172-223-311-391 I1 2 1
129-152-153-179-192-223-362 M 1 1
111-129-223-257A-261 N9a 1 1 1
093-126-163-186-189-294-296 T1a 1 1
126-294-296-304-362 T2b 2 1 1
356 U4 1 1 1 3 2
223-292 W 1 1 1 3
126-231-266 Y1b 1 1
185-223-26-298 Z* 1 1 1 1

Population abbreviations are defined in the legend of Table 4.
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Under such a scenario, while dispersing throughout Cen-
tral Asia, Turkic groups (men) married women from local
populations (Quintana-Murci et al., 2004), with religious,
economic and political traditions developing differently
among Turkic groups, especially after their westward
expansion in the 10–11th centuries (Golden, 1992).
In this study, we also find that all Turkic and Mongolic

groups possess a common set of maternal haplogroups
(C, D, G2a, H), and a minimal number of haplotypes
from these lineages at appreciable frequencies. However,
the overall patterns of haplotype sharing amongst these
groups vary considerably. This finding is not necessarily
incompatible with the cultural diffusion model per se,
but implies that present day Turkic-Mongolic ethnic
groups emerged from a common mtDNA pool that was
widely distributed in Central and East Asia.
These data more generally support previous interpreta-

tions of the genetic diversity in Central Asian populations.
For instance, Quintana-Murci et al. (2004) documented
that linguistic traditions do not correlate with mtDNA di-
versity among the present day populations living in the
‘‘Southwest Corridor’’ and ‘‘Central Asia’’, and our data
indicate the same trend. On the other hand, religious tra-
dition and ethnicity showed small but significant within-
group variance. These findings suggest some influence of
current cultural practices on genetic variation in Turkic
groups, and perhaps also the religious and socio-economic
differences between indigenous Altaians and Altaian
Kazakhs (Badenkov, 2002; Halemba, 2003). In addition,
tribal and clan connections, rather than strictly ethnic
ones, may have played an important role in shaping the
genetic structure within Central Asia.

Genetic prehistory of Central Asia

Our study reveals several genetic patterns on different
temporal levels in Central Asia. The first is the decrease
in East Eurasian haplogroup frequencies in a westward
direction, and the opposite trend for West Eurasian hap-

logroups. From a more local perspective, however, the
spatial distribution of individual haplogroups and their
haplotypes does not show the same pattern. Thus, it
would be inaccurate to attribute the pattern of Central
Asian genetic diversity to a single sweeping population
event (but see Comas et al., 1998).
Instead, this pattern likely emerged through the com-

bined effects of multiple population interactions that
occurred at different periods of time. Such interactions
would include the movement of Samoyedic speakers to
northwest Siberia, the entry of West Eurasian steppe
populations several millennia ago, the westward expan-
sion of the Huns (Xiongnu), and later expansions of
Turkic and Mongolic groups between the 9th and 13th
centuries (Golden, 1992; Hiebert, 1994; Soucek, 2000;
Frachetti, 2002; Renfrew, 2002).
The second is the occurrence of admixture between

neighboring populations throughout the history of the
Central Asian steppe. During and after their expansions,
Turkic and Mongolic populations may have contributed
to the gene pool of many other Central Asian popula-
tions, thereby creating genetic links between previously
isolated groups. In addition, under the domination of
these groups, the political and cultural landscape of Cen-
tral Asia was remade. In fact, the emergence of the
Kazakhs as a distinct group may partly attributable to
the political and cultural landscape of 13th Century
Kazakhstan, which was under the rule of the Golden
Horde at that time (Golden, 1992).
These ever-changing economic and cultural interac-

tions, along with the emergence of new subsistence pat-
terns and technological developments (e.g., pastoral
nomadism, oasis agriculture) (Bulliet, 1975; Hiebert,
1994) helped to create new social systems and connec-
tions between groups in this region (e.g., Frachetti,
2002). For instance, war-like nomadism, which gave rise
to massive and ethnically diverse armies, greatly influ-
enced the Central Asian genetic landscape (e.g., Ren-
frew, 2002). Similarly, during the Bronze Age, the Cen-

TABLE 6. AMOVA of mtDNA haplotypes in Central and East Asian populations

Source of variation Degrees of freedom Percentage of variation P-value

Ethnicity
Among group 4 1.39 0.019 6 0.004
Among population within group 6 0.73 0
Within populations 1257 97.88 0
Language
Among group 1 20.10 0.641 6 0.013
Among population within group 9 1.95 0
Within populations 1247 98.15 0
Religion
Among group 1 1.41 0.016 6 0.004
Among population within group 9 1.10 0
Within populations 1247 97.49 0
Geography (Altaian Kazakhs in their hypothetical origin west of the Altai)
Among group 3 1.69 0
Among population within group 7 0.55 0
Within populations 1257 97.76 0

Ethnicity: Group 1 5 Kazakhs (AKAZ, CKAZ, YKAZ); Group 2 5 Uighurs (CUIG, YUIG); Group 3 5 Kirghiz (CKIR); Group 4 5
Mongolians (YMNG, KMNG, SMNG); Group 5 5 Altaians (NALT, SALT); Religion: Group 1 5 Muslim (AKAZ, CKAZ, YKAZ,
CUIG, YUIG, CKIR); Group 2 5 Non-Muslim (YMNG, KMNG, SMNG, NALT, SALT); Language: Group 1 5 Turkic (AKAZ, CKAZ,
YKAZ, CUIG, YUIG, CKIR, NALT, SALT); Group 2 5 Mongolic (YMNG, KMNG, SMNG); Geography: Group 1 5 Southwest of Altai
(AKAZ, CKAZ, CUIG, CKIR); Group 2 5 Altai (NALT, SALT); Group 3 5 South of Altai (YKAZ, YUIG, YMNG); Group 4 5 Mongo-
lia (KMNG, SMNG); When the Altaian Kazakhs were removed from the Geography analysis, the corresponding Among Group value
was 1.58, p 5 0.007. However, when they were placed in their current geography and subjected to this AMOVA, the corresponding
Among Group value was 0.33, p 5 0.421.
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TABLE A1. Genetic diversity in Altaian Kazakh Villages

CHAN KOSH ZHAN

Gene diversity 0.975 6 0.010 0.993 6 0.007 0.994 6 0.002
Sample size 54 45 128
# haplotypes 34 39 88
Mean pairwise differences 6.325 6 3.046 8.895 6 4.177 10.565 6 4.845
Tajima’s D 21.673 21.551 21.156
Fu’s Fs 221.919 224.765 224.320

TABLE A2. FST estimates for Altaian Kazakh settlements

CHAN KOSH ZHAN

CHAN * 0.046 0.001
KOSH 0.012 * 0.487
ZHAN 0.022 20.001 *

Numbers in bold face are statistically significant (P\ 0.05).
CHAN, Cherny Anuy; KOSH, Kosh Agach; ZHAN, Zhan Aul.

TABLE B1. FST Estimates for Central Asian populations

AKaz CKaz YKaz CUig YUig CKir SMon KMon YMon AKiz NAlt

AKaz * 0.425 0.051 0.099 0.613 0.593 0.000 0.011 0.446 0.000 0.000
CKaz 0.000 * 0.124 0.488 0.917 0.540 0.007 0.132 0.629 0.000 0.000
YKaz 0.006 0.006 * 0.014 0.373 0.124 0.097 0.188 0.103 0.011 0.002
CUig 0.004 20.001 0.016 * 0.432 0.031 0.000 0.007 0.089 0.000 0.000
YUig 20.002 20.007 0.001 20.000 * 0.746 0.026 0.205 0.605 0.000 0.000
CKir 20.001 20.001 0.005 0.010 20.003 * 0.012 0.084 0.681 0.000 0.000
SMon 0.017 0.016 0.006 0.030 0.012 0.010 * 0.090 0.012 0.001 0.000
KMon 0.006 0.004 0.003 0.014 0.003 0.005 0.004 * 0.343 0.000 0.000
YMon 20.000 20.003 0.008 0.008 20.003 20.003 0.016 0.001 * 0.000 0.000
AKiz 0.033 0.036 0.015 0.053 0.029 0.027 0.014 0.019 0.032 * 0.000
NAlt 0.031 0.035 0.021 0.044 0.029 0.027 0.024 0.024 0.029 0.012 *

The numbers in boldface are statistically significant (P\ 0.05).
The FST values were estimated using the Tajima and Nei (1984) correction for nucleotide substitution. They appear above the diago-
nal, and the associated P values appear below it.

TABLE C1. mtDNA haplotypes in Mongolians

# Hg SNPs HVS1 sequences n # Hg SNPs HVS1 sequences n

1 A 10873 093-223-290-293G-319 1 31 D4b 10398-10400 093-171-223-319-362 1
2 A 10873 223-242-290-319 1 32 D4b 10398-10400 192-223-290-319-362 1
3 A4 10873 223-290-292A-319-362 1 33 D4b 10398-10400 223-319-362 3
4 B5 10873-10398-12705 126-140-189-311 1 34 D5a 10397-10398-10400 189-223-266-362 2
5 B5b 10873-10398-12705 140-189-243-260-278 1 35 F1 10873-12705 108-129-162-172-304 1
6 C 10398-10400 069-093-129-150-223-298-327 1 36 F1 10873-12705 124-148-290-304-309-390 1
7 C 10398-10400 093-129-223-298-327 2 37 F2b 10873-12705 203-304 2
8 C5 10398-10400 093-223-288-298-327 1 38 F1a 10873-12705 129-162-172G-304-311 1
9 C5 10398-10400 093-223-288-298-327-390 1 39 F1b 10873-12705 189-232A-249-304-311 1
10 C2 10398-10400 093-223-298-325-327-356 1 40 G2a 10398-10400 223-227-274-278-293-362 1
11 C 10398-10400 129-184-223-239-298-327-355 1 41 G2a 10398-10400 223-227-278-362 3
12 C 10398-10400 129-223-239-298-327 1 42 G3 10398-10400 223-265-274-362 2
13 C 10398-10400 129-223-298-327-434 1 43 H 10873-12705 311 1
14 C5 10398-10400 164-223-261-288-298 1 44 H 10873-12705 093-311 2
15 C4a 10398-10400 167-171-223-298-327-344-357 1 45 H 10873-12705 rCRS 2
16 C4a 10398-10400 171-223-298-327-344-357 1 46 J 10873-10398-12705 069-126-193 1
17 C* 10398-10400 223-298-327 4 47 J 10873-10398-12705 069-126-362 2
18 D 10398-10400 042-214-223-362 2 48 J 10873-10398-12705 069-126-366 3
19 D 10398-10400 093-223-232-290-362 3 49 K 10873-10398-12705 093-224-311 1
20 D 10398-10400 093-232-290-362 1 50 K 10873-10398-12705 224-311-368 1
21 D 10398-10400 171-223-311-362 1 51 K 10873-10398-12705 224-311 1
22 D 10398-10400 174-223-241-362 1 52 M 10398-10400 215-223-274 1
23 D 10398-10400 223-224-245-292-362 2 53 M 10398-10400 203-223-304 2
24 D 10398-10400 223-256-311-316-362 1 54 M8 10398-10400 189-223-298-355-362 1
25 D 10398-10400 223-286-362 1 55 M8c 10398-10400 093-223-261-288-298 3
26 D 10398-10400 223-287-362 2 56 N9a 10873 111-129-223-257A-261-273T 1
27 D 10398-10400 223-294-362 1 57 T 10873-12705 078-126-294-296 2
28 D 10398-10400 223-262 3 58 U5 10873-12705 256-270-320-299 1
29 D4 10398-10400 245-362-368 1 59 W 10873 223-292 1
30 D4a 10398-10400 129-152-179-192-223-362 2 60 Z 10398-10400 129-185-223-224-260-298 3

Total 89
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tral Asian steppe, which was a barrier for population
movement, became an important landscape for economic,
political and, consequently, genetic interaction between
Eurasian groups (Hiebert, 1994; Comas et al., 1998;
Wells et al., 2001). In the later periods, the establish-
ment of the Silk Road also facilitated links between the
East and West (Comas et al., 1998, 2004; Whitefield,
1999; Yao et al., 2004).
Within Central Asia, the spatial distribution of specific

maternal sublineages is complex. For instance, the
presence of D5c in the Altaian Kazakhs may reflect
admixture with indigenous Altaians or Mongolians, and
certainly indicates ancient genetic connections between
indigenous Altaians and Japanese, probably as a conse-
quence of Altaic expansions in North Asia (Dulik et al.,
2007). Similarly, subhaplogroup C4b, which is wide-
spread in Siberia, does not appear in Kazakhs from
Kazakhstan. Thus, its presence in the Altaian Kazakhs
probably reflects recent admixture with populations from
Xinjiang or Mongolia.
Another interesting finding is the considerable fre-

quency and diversity of N1a haplotypes in Altaian
Kazakhs. This haplogroup appears in geographically wide-
spread populations, but is generally rare in Eurasia and
Africa (Haak et al., 2005). Interestingly, Ricaut et al.
(2004) reported a HVS1 sequence from a 2,500-year-old
Altaian individual that also appears in four Altaian
Kazakh individuals (#110; Table 2). In addition, we identi-
fied an N1a haplotype in a single Altai-kizhi individual
(Zhadanov et al., 2007). Thus, the presence of this hap-
logroup in Central Asia may date back to the initial expan-
sion of modern humans into eastern Eurasia.
Recent aDNA studies have also shed light on Central

Asian population history. For instance, the Altaian
Kazakhs possessed almost all of the haplotypes appear-
ing in seven individuals from Bronze/Iron Age Kazakh-
stan (Lalueza-Fox et al., 2004). However, linking these
ancient people with Altaian Kazakhs in terms of ethnic-
ity or language is difficult, as both Turkic languages and
the Kazakh ethnic identity emerged considerably later
than the Iron Age (Golden, 1992). In addition, there are
several unique haplotypes among Altaian Kazakhs that
differ slightly from more widely observed West and East
Eurasian haplotypes to which they are closely related.
Given the considerable time depth of Central Asian
genetic diversity, these haplotypes are likely to be
unique to this region. Overall, it appears that this region
has been not only a recipient but also a contributor of
East Eurasian genetic diversity.

CONCLUSIONS

Our results reveal that the Altaian Kazakhs are one of
the most genetically diverse groups in the region with
their mtDNA pool encompassing most of the major East
and West Eurasian lineages. This level of diversity likely
reflects the general antiquity of the haplotypes present
in this region, as well as population interactions and
gene flow over the past several millennia. In addition,
our study suggests that the genetic composition of the
Kazakhs preceded the development of their distinct eth-
nic identity, and perhaps even the emergence of Turkic
languages. This interpretation supports the emerging
hypothesis that Central Asian genetic structure has
been shaped mainly by clan social organization (Chaix et
al., 2004).

While the great maternal genetic diversity within the
Altaian Kazakhs demonstrates the richness of Central
Asian population history, it provides a singular view of
biological variation in this group. Our ongoing analyses
of paternal and autosomal genetic variation in Altaian
Kazakhs will surely reveal new insights into its complex
history, and contribute to our understanding of the way
in which human groups formed, moved and interacted
within the Altai-Sayan region.
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