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ABSTRACT The Kalmyks are an ethnic group along
the lower Volga River in Russia who are thought to
have migrated there from Mongolia about 300 years ago.
To investigate their origins, we studied mtDNA and
Y-chromosome variation in 99 Kalmyks. Both mtDNA
HV1 sequences and Y-chromosome SNP haplogroups
indicate a close relationship of Kalmyks with Mongo-
lians. In addition, genetic diversity for both mtDNA and
the Y chromosome are comparable in Kalmyks, Mongo-
lians, and other Central Asian groups, indicating that

The Kalmyks (also known as the Khalmag) currently
live along the western bank of the lower Volga River but
are thought to be the descendants of Oyrats, originating
from west Mongolia (Jungaria). During the late 16th and
early 17th centuries, the deficit of pasture lands and feu-
dal internecine dissension led the large Oyrat tribal
unions of Torgouts and Derbets to migrate to the steppes
of western Siberia (Erdeniev, 1985). After the Yermak
Expedition (1579-1584), these territories came under the
control of Russia, and in 1608 and 1609 the Oyrats gave
their oath of allegiance to the Russian czar. Their des-
cendants settled in the territory circumscribed by the
Ural and Volga Rivers (Fig. 1). In the second half of the
17th century, they formed the Kalmyk Khanate in the
Lower Volga and laid the foundation for the new Mongo-
lian-speaking ethnic group, the Kalmyks (Erdeniev,
1985). There is no evidence from the historical record for
any subsequent migration from Mongolia to this region;
thus the Kalmyks have been isolated for some 300 years
from their presumed parental population.

Little population genetic information is available con-
cerning the Kalmyks. An analysis of classical genetic
markers (blood groups ABO and RH(D), serum proteins
HP, TF, and GC, and red cell enzymes ACP1, PGM1,
ESD, GLO1, and SOD-A) suggested a genetic resem-
blance of Kalmyks with the contemporary Buryats of the
Baikal region of southeastern Siberia and with Mongo-
lians (Galushkin et al., 2002). Polymorphisms of glu-
tathione S-transferases M1 and T1 (GSTM1 and GSTT1)
also suggest similarities between Kalmyks and Buryats
(Popova et al., 2002).

In order to test whether the putative history of a
recent Mongolian origin of the Kalmyks is reflected in
their mtDNA and Y-chromosome gene pools, as well as
to assess whether a bottleneck was associated with the
Kalmyk migration, and the extent of possible subsequent
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the Kalmyk migration was not associated with a sub-
stantial bottleneck. The so-called “Genghis Khan”
Y-chromosome short tandem repeat (STR) haplotype was
found in high frequency (31.3%) among Kalmyks, further
supporting a strong genetic connection between Kalmyks
and Mongolians. Genetic analyses of even recent, re-
latively well-documented migrations such as of the
Kalmyks can therefore lead to new insights concerning
such migrations. Am J Phys Anthropol 128:846-854,
2005.  © 2005 Wiley-Liss, Inc.

maternal or paternal admixture between the Kalmyks
and surrounding populations, we analyzed mitochondrial
DNA HV1 sequence variability, screened the 9-bp deletion
between the mitochondrial tRNAlys and COII genes, and
genotyped 13 biallelic markers and nine short tandem
repeat (STR) loci on the Y chromosome in 99 Kalmyks.
We compared the patterns of mtDNA and Y-chromosome
variation in the Kalmyks with data from their geographic
neighbors and from their putative source population.

MATERIALS AND METHODS
Samples and DNA extraction

In total, 99 cheek-cell samples from unrelated male
individuals were collected in Elista (Republic of Kalmy-
kia, Russian Federation). Informed consent and informa-
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Fig. 1. Map of Russia (above) and Eurasia (below), showing
present location of Kalmyks and area of their putative origin.

tion about birthplace, parents, and grandparents were
obtained from all donors.

Genomic DNA from cheek-cell swabs was extracted
using a salting-out procedure (Miller et al., 1988).

Mitochondrial DNA

The first hypervariable segment of the noncoding
mtDNA control region (HVI) was amplified with primers
115996 and H16410 (Vigilant et al., 1989), as described
previously (Redd et al., 1995). The nested primers
L16001 (Cordaux et al., 2003) and H16401 (Vigilant
et al., 1989) were then used to determine sequences for
both strands of PCR products with the DNA Sequencing
Kit (Perkin-Elmer), following the protocol recommended
by the supplier, and with an ABI 3700 automated DNA
sequencer. Sequences with a C at position 16189 (Ander-
son et al., 1981) usually terminated prematurely at the
“C-stretch” region (positions 16184-16193); these were
sequenced again in each direction, so that each base was
determined twice.

Published mtDNA HV1 sequences were also used from
139 Sakha and 56 Evens (Pakendorf et al., 2003), 46
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Itel'men (Schurr et al., 1999), 36 Tuvinians and 76 Bur-
yats (Derenko et al., 2002), 58 Evenks (Torroni et al.,
1993), 84 Xi’an and 82 Changsha Han Chinese (Oota
et al., 2002), 89 Japanese (Horai et al., 1996), 102 Rus-
sians (Orekhov et al., 1999), 18 Slavs (Maliarchuk et al.,
1995), 55 Kazakhs and 94 Kyrgiz (Comas et al., 1998),
103 Mongolians (Khalkha and Daridanga) (Kolman
et al., 1996), 17 Altaians (Shields et al., 1993), and 13
Mari (Sajantila et al., 1995).

The 9-bp deletion in the COII-tRNAY® intergenic
region was screened in all samples, as described else-
where (Redd et al.,, 1995). For comparative analyses,
published data for this marker were used from Siberia,
Central Asia, and East Asia (Sambungyin et al., 1991;
Harihara et al., 1992; Petrischev et al., 1993).

Y chromosome

Twelve Y-chromosomal SNP markers (M130 (RPS4Y),
M48, M9, M46 (TAT C), M89, M124, M45, M173, M17,
M201, M170, and M172) (Underhill et al., 2000; Zerjal
et al.,, 1997) and the YAP Alu insertion polymorphism
were typed (Hammer and Horai, 1995). The markers
M9, M46, and RPS4Y were typed by means of PCR-
RFLP assays, as described elsewhere (Kayser et al.,
2000; Zerjal et al., 1997). The markers M17, M124,
M170, M172, and M201 were typed using primer-intro-
duced restriction analysis (PIRA)-PCR assays (Yoshimoto
et al.,, 1993), as described previously (Cordaux et al.,
2004). M89 was typed by a PIRA-PCR assay, as de-
scribed previously (Kayser et al., 2000a). New PIRA-PCR
assays were designed for M173, M48, and M45 (Table 1).
The YAP Alu insertion was typed as described previously
(Hammer et al., 1995). Samples were genotyped accord-
ing to hierarchical order of the markers (Underhill et al.,
2000). The Y-SNP haplogroup nomenclature used here is
according to the recommendations of the Y Chromosome
Consortium (2002).

Published Y-SNP data from East Europe and Central
and East Asia were used from 42 Tuvinians, 24 Mongo-
lians, 45 Koreans, 44 Karakalpak, 56 Uzbek (Bukhara),
68 Uzbek (Surkhandarya), 70 Uzbek (Khorezm), 43
Uzbek (Tashkent), 63 Uzbek (Fergana Valley), 45 Uzbek
(Samarkand), 25 Ishkashimi, 30 Bartangi, 44 Shugrian,
31 Yagnobi, 22 Tajik (Koiant), 16 Tajik (Dushambe), 52
Kyrgiz, 40 Dungan, 54 Kazakh, 41 Uigur, 28 Pomor, 49
Russians (North), 89 Russians (Tashkent), and 38 Kazan
Tatar (Wells et al., 2001).

Nine Y-chromosome short tandem repeat (Y-STR) loci
were analyzed: DYS19 (synonymous with DYS394, am-
plified with a different primer set as described else-
where) (Kayser et al., 2001), DYS385a, DYS385b,
DYS389I, DYS389II, DYS390, DYS391, DYS392, and
DYS393. These loci were amplified in pentaplex and
quadruplex PCRs, or alternatively in a single nanoplex
PCR, and analyzed on an ABI PRISM 377 DNA sequen-
cer (Applied Biosystems), as described elsewhere (Kayser
et al., 1997). In order to distinguish genotypes at the dupli-
cated DYS385a and DYS385b loci, an additional PCR was
carried out (Kittler et al., 2003) and analyzed on an ABI
PRISM 377 DNA sequencer (Applied Biosystems).

Statistical analysis

Basic parameters of molecular diversity and popula-
tion genetic structure, including analyses of molecular
variance (AMOVA) and a minimum spanning network
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TABLE 1. PIRA-PCR assays for Y-chromosome SNPs M45, M48, and M173 Y chromosome SNPs*

Marker Primers Restriction enzymes Sizes of digested PCR products

M45 For-AATTGGCAGTGAAAAATTATAGCTA NlalV 128 bp + 23 bp
Rev-AACTCTCCTACTCTGATGAGCA

M48 For-AATTGGCAGTGAAAAATTATAGCTA BstF51 60 bp + 30 bp
Rev-TCAATGTAAATGTTAGTATAAGGATG

M173 For-TTACAATTCAAGGGCATTTAGGA NlalV 129 bp + 23 bp

Rev-AGGTGTATCTGGCATCCGTTA

! Derived state of each SNP is digested by restriction enzyme.

TABLE 2. Parameters summarizing some characteristics of mtDNA HV1 sequence variability in Kalmykians®

No. of Haplotype

Population N haplotypes diversity + SE MPD Tajima’s D Source
Kalmykians 99 85 0.996 + 0.002 6.80 -1.83 Present study
Tuvinians 36 28 0.978 + 0.015 6.89 -1.14 Derenko et al., 2002
Sakha 139 44 0.961 £ 0.007 6.47 -1.20 Pakendorf et al., 2003
Ite'men 46 18 0.929 + 0.022 4.14 -0.57 Schurr et al., 1999
Evens 56 25 0.949 +0.016 5.59 -0.95 Pakendorf et al., 2003
Evenks 58 23 0.936 + 0.017 6.09 -0.98 Torroni et al., 1993
Xi’an (Han Chinese) 84 76 0.997 £ 0.002 5.82 —-1.77 Oota et al., 2002
Changsha (Han Chinese) 82 70 0.995 + 0.003 6.22 —1.87 Oota et al., 2002
Japanese 89 62 0.982 + 0.006 5.01 -1.99 Horai et al., 1996
Buryats 76 58 0.992 + 0.004 7.14 —1.83 Derenko et al., 2002
Russians 102 63 0.964 + 0.012 4.22 -1.99 Orekhov et al., 1999
Slavs 18 18 1.000 + 0.019 4.41 -1.35 Maliarchuk et al., 1995
Kazakh 55 45 0.990 + 0.006 6.64 —1.81 Comas et al., 1998
Kirgiz 94 69 0.989 + 0.004 6.25 —-1.95 Comas et al., 1998
Mongolians 103 82 0.995 + 0.002 6.51 —1.82 Kolman et al., 1996
Mari 13 10 0.949 + 0.051 4.13 —-1.22 Sajantila et al., 1995
Altaians 17 16 0.993 £ 0.023 5.52 —1.25 Shields et al., 1993

Data from some Siberian and Central and East Asian populations are given for comparison. N, sample size; MPD, mean number

of pairwise differences.

for Y-STR haplotypes, were calculated using the software
package Arlequin 2.000 (Schneider et al., 2000). F
values were calculated based on the number of pairwise
differences between HV1 sequences or Y-SNP haplotypes;
the statistical significance of F; values was estimated by
permutation analysis, using 10,000 permutations. The
statistical significance of the correlation between genetic
distance matrices based on mtDNA HV1 sequences and
Y-chromosome SNP-haplogroups was evaluated by the
Mantel test with 10,000 permutations. The STATISTICA
package (StatSoft, Inc.) was used for multidimensional
scaling (MDS) analysis. Network analysis for mtDNA
HVI sequence data was carried out using the software
package NETWORK version 3.1 (Bandelt et al., 1999),
and a neighbor-joining tree of the HV1 sequences was
constructed using PYLIP (Felsenstein, 1993).

RESULTS
MtDNA variation

In total, 377 bp of the mtDNA HV1 region, comprising
nucleotide positions 16024—-16400 (Anderson et al., 1981),
were determined for 99 Kalmyks. For the purposes of
comparing the sequences reported here with published
data, further analyses were restricted to 365 bp (nucleo-
tide positions 16024-16388) of HV1. As a check on the
accuracy of the HV1 sequences, we used the network
method to search for so-called “phantom” mutations (Ban-
delt et al., 2002). No such artifacts were found in the
Kalmykian HVI sequences (analysis not shown). The se-
quences will be deposited in the HVRbase database
(www.HVRDbase.de) at time of publication.

Parameters summarizing some characteristics of
mtDNA HV1 sequence variability in Kalmyks and addi-
tional Central and East Asian and East European popu-
lations are presented in Table 2. The haplotype diversity
was 0.996, among the highest values observed in groups
from this region (Table 2). The mean number of pairwise
nucleotide differences (MPD) was 6.80, which exceeds
the upper limit of the range of MPD values in European
groups (3.15-5.03) (Comas et al., 1997), but is compar-
able to the MPD values for Central Asian groups (5.91—
6.64) (Comas et al., 1998).

Pairwise F; values indicate that the lowest values are
found between Kalmyks and Mongolians (Fy, = 0.007, P
= 0.029), and then between these two groups and Cen-
tral and East Asians. An MDS plot (Fig. 2A) based on
the individual pairwise Fg; values further confirms these
observations: the Kalmyks cluster with Mongolians,
Kazakh, Kyrgiz, Buryats, and some other Central and
East Asian populations. The Eastern European groups
cluster separately from the Kalmyks.

Although these analyses indicate that Kalmyk HV1
sequences as a whole group with Mongolian sequences, it
may be that some individual Kalmyk HV1 sequences are of
east European (or other) origin. We therefore constructed
a neighbor-joining tree (based on p-distances, i.e., the num-
ber of pairwise differences) of the 304 individual mtDNA
HVI sequences from Russians, Kalmyks, and Mongolians.
The majority of Kalmyk HV1 sequences (more then 80%)
clustered with Mongolian sequences, whereas Russian
sequences formed separate branches on the tree, with only
few of the Kalmyk sequences clustered with the Russian
sequences (tree not shown).
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Fig. 2. MDS plots based on pairwise Fy values, showing
relationships among Kalmykian, Eastern European, Siberian,
and Central and East Asian populations. Kalmyks are repre-
sented by a star; Siberian groups by squares; Central Asian
groups by circles; Eastern European groups by diamonds; and
East Asian groups by triangles. A: MtDNA HVI sequence data.
Stress value for MDS plot is 0.092. Names of populations are
abbreviated as follows: Alt, Altaians; Jap, Japanese; Kaz,
Kazakhs; Mon, Mongolians; Tuv, Tuvinians; Kyrg, Kyrgiz; Bur,
Buryats. B: Y-chromosome SNP data. Stress value for MDS plot
is 0.117. Names of populations are abbreviated as follows: Tuv,
Tuvinians; Dung, Dungans; Pom, Pomors; Rus_N, Russians
(North); Rus_T, Russians (Tashkent); Kyr, Kyrgiz; Taj_K, Tajiks
(Koinat); Taj_D, Tajiks (Dushambe); Yag, Yagnobi; Kaz_Tat,
Kazan Tatars; Karak, Karakalpak; Uig, Uigurs; Uz_F, Uzbeks
(Fergana); Uz_S, Uzbek (Surkhadarya); Uz_K, Uzbek (Khor-
ezm); Uz_T, Uzbek (Tashkent); Uz_B, Uzbeks (Bukhara); Shug,
Shugrian; Ishk, Ishkashimi.

The frequency of the COII-tRNAY® intergenic 9-bp
deletion was about 7% in Kalmyks, similar to the fre-
quency observed in Koreans, Mongolians, and Buryats
(Table 3). Since the 9-bp deletion is virtually absent in
Eastern Europe (Table 3), these results further support a
Central-East Asian origin of Kalmyks.

Y-SNP haplogroups

Nine Y-SNP haplogroups were found in Kalmyks (Table
4). The most frequent haplogroups were C* (RPS4Y) and
C3c (M48), followed by K* (M9) and P* (M45); together,
the frequency of these haplogroups was 0.858. Hap-
logroup C* is common in Central Asian and Mongol po-
pulations, but absent in Eastern Europe (Table 4).
Haplogroup C3c occurs at appreciable frequencies only in
Mongolians and Kazakhs, while haplogroup K* is widely
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distributed in virtually all Eastern European and Central
and East Asian groups (Table 4). Haplogroup P* is absent
or present in very low frequencies in almost all Eastern
European and Central and East Asian groups. The com-
mon Y-chromosome haplogroup N3* in Eastern European
groups was found only in one Kalmykian individual out of
99 (Table 4). The other Kamlykian Y-haplogroups oc-
curred at low frequencies (less than 10%). Haplogroup
diversity in Kalmyks (0.773) is as high as in Central
Asian populations (average 0.762) and higher than in
Eastern European groups (average 0.755).

Pairwise Fy comparisons showed a close relationship
of Kalmyks with Mongolians (F = 0.010, P = 0.221); by
contrast, Eastern European and Central Asian groups
were more distant from the Kalmyks (average Fy =
0.224 and 0.164, respectively). The MDS plot (Fig. 2B)
similarly groups Kalmyks with Mongolians, with Kazakhs
as the next most similar group.

The Y-SNP M-201, which distinguishes haplogroup G*
from haplogroup F*, was not analyzed by Wells at al.
(2001) in the populations used for comparison. In our
analyses, these individuals were classified as haplogroup
F*#, although some unknown proportion could in fact be
haplogroup G*. To determine if this inability to distin-
guish between haplogroups F* and G* for some groups
influences the results of MDS and F,; analyses, we clas-
sified all haplogroup G* Kalmykian individuals as hap-
logroup F* and repeated the analyses. The results (not
shown) were essentially identical; thus the inability to
distinguish between haplogroups F* and G* in some
groups does not influence our conclusions.

The sample of Mongolians on which we base our con-
clusion of a close genetic relationship between Kalmyks
and Mongolians is rather small, with only 24 individuals
(Wells et al.,, 2001). Data on Y-SNP haplogroups are
available for a larger sample of Mongolians (147 indivi-
duals) in Karafet et al. (2001). However, that study did
not distinguish between haplogroups C* (RPS4Y) and
C3c (M48), which have frequencies of 0.24 and 0.37,
respectively, in Kalmyks. Since failure to distinguish
between these haplogroups could lead to inaccurate con-
clusions, in the above analyses we used the smaller Mon-
golian data set from Wells et al. (2001), in which
haplogroups C* and C3c were distinguished. Neverthe-
less, to investigate the influence of sample size on our
conclusions, we included the data from Karafet et al.
(2001) by combining haplogroups C* and C3c; the result-
ing MDS plot (not shown) groups Mongolians from both
studies with Kalmyks.

Y-STR haplotypes

Two male-specific alleles were observed at DYS19 in 31
Kalmyks, indicating a regional Y-chromosome duplication
with subsequent microsatellite mutation. Fourteen hap-
lotypes were observed (Table 5), all on the background of
haplogroup C3c. Duplication of DYS19 was previously
observed in Mongolian, Kazakh, and Kyrghiz Y chromo-
somes, albeit at low frequency in Kyrghiz and at higher
frequencies in Mongolians and Kazakhs (C. Tyler-Smith,
personal communication). Moreover, the duplication in
Kazakhs mostly involves alleles 15 and 17, whereas both
Mongolians and Kalymks mostly exhibit alleles 16 and
17 (C. Tyler-Smith, personal communication), further
strengthening the connection between Mongolian and
Kalmykian Y chromosomes.
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TABLE 3. Polymorphism of mtDNA 9-bp deletion in Kalmyks and comparative data from some Siberian, Central and East
Asian, and European populations®

9-bp deletion

Population N n % Source
Kalmykians 99 7 7.07 Present study
North Mongolians 292 23 7.9 Sambungyin et al., 1991
South Mongolians 278 23 8.1 Sambungyin et al., 1991
Japanese 116 18 16.0 Harihara et al., 1992
Koreans 64 5 7.8 Harihara et al., 1992
Buryats 65 5 7.7 Petrischev et al., 1993
Northern Altaians 127 13 10.2 Petrischev et al., 1993
Mansi 75 0 0.0 Petrischev et al., 1993
Eastern Slavs 108 0 0.0 Maliarchuk et al., 1995
Finns 32 0 0.0 Lahermo et al., 1996
Saami 129 0 0.0 Lahermo et al., 1996

IN, sample size; n, absolute number of 9-bp deletions.

TABLE 4. Y-chromosome haplogroup frequencies in Kalmykians and additional populations from Eastern Europe and Central
and East Asia (Wells et al., 2002)*

Haplogroups
E* C* C3c K* N3* P1 p* R1* Rlal* F* e J2* T
Population N YAP RPS4Y M48 M9  M46  MI124 M45  M173 M17 M89  M201  MI172  M170 HD

Kalmykians 99 0.01 0.24 037 0.3  0.01 0.06 0.11 0.0 0.0 0.05 0.01 0.0 0.0 0.773
Tuvinian 42 0.00 0.10 0.07 047  0.02 0.0 0.17 0.02 0.14 0.0 0.0 0.0 0.727
Mongolian 24 0.04 0.13 046 025 0.0 0.0 0.0 0.0 0.04 0.08 0.0 0.0 0.732
Korean 45 0.07 0.16 0.0 0.69 0.0 0.0 0.06 0.0 0.0 0.02 0.0 0.0 0.503
Karakalpak 44 0.0 0.20 0.02 025 0.0 0.07 0.0 0.09 0.18 0.09 0.09 0.0 0.852
Uzbek/Bukhara 56 0.02 0.09 0.0 0.19 0.0 0.02 0.02 0.07 0.25 0.18 0.16 0.0 0.842
Uzbek/ 68 0.08 0.12 0.0 0.17  0.04 0.01 0.04 0.06 0.29 0.03 0.16 0.0 0.846

Surkhandarya
Uzbek/Khorezm 70 0.07 0.06 0.04 014 001 0.01 0.09 0.09 0.30 0.07 0.11 0.01 0.862
Uzbek/Tashkent 43 0.05 0.07 0.0 0.09  0.02 0.02 0.05 0.12 0.28 0.09 0.14 0.07 0.877
Uzbek/Fergana 63 0.06 0.13 0.0 0.13 0.0 0.05 0.05 0.13 0.22 0.07 0.1 0.05 0.885

Valley
Uzbek/ 45 0.02 0.16 0.02 015 0.0 0.02 0.07 0.11 0.13 0.13 0.16 0.02 0.893

Samarkand
Ishkashimi 25 0.0 0.0 0.0 0.12 0.0 0.08 0.0 0.04 0.68 0.08 0.0 0.0 0.530
Bartangi 30 0.0 0.0 0.0 0.0 0.0 0.17 0.13 0.03 0.4 0.23 0.03 0.0 0.763
Shugrian 44 0.11 0.02 0.0 0.16 0.0 0.0 0.14 0.07 0.23 0.16 0.11 0.0 0.868
Yagnobi 31 0.0 0.03 0.0 0.13 0.0 0.0 0.03 0.32 0.16 0.0 0.32 0.0 0.772
Tajik/Koiant 22 0.0 0.05 0.05 0.05 0.0 0.09 0.0 0.0 0.64 0.03 0.09 0.0 0.597
Tajik/Dushambe 16 0.06 0.00 0.0 0.0 0.0 0.06 0.0 0.0 0.19 0.19 0.31 0.0 0.795
Kyrgyz 52 0.00 0.08 0.08  0.10  0.02 0.0 0.02 0.02 0.63 0.02 0.02 0.02 0.585
Dungan 40 0.00 0.03 0.0 0.48  0.03 0.05 0.06 0.05 0.1 0.05 0.13 0.03 0.742
Kazakh 54 0.02 0.09 057 011  0.02 0.02 0.06 0.06 0.04 0.02 0.0 0.0 0.653
Uigur 41 0.00 0.15 0.0 0.19  0.02 0.0 0.07 0.0 0.22 0.12 0.2 0.02 0.854
Pomor 28 0.00 0.0 0.0 0.02 043 0.0 0.0 0.0 0.36 0.04 0.04 0.11 0.698
Russian/North 49 0.02 0.0 0.0 0.02  0.20 0.0 0.0 0.0 0.43 0.02 0.04 0.27 0.716
Russian/ 89 0.03 0.0 0.0 0.06  0.13 0.0 0.0 0.07 0.47 0.03 0.08 0.12 0.736

Tashkent
Kazan Tatar 38 0.03 0.0 0.0 0.09  0.13 0.0 0.05 0.03 0.24 0.13 0.11 0.18 0.869

1 HD, haplotype diversity.

The Y-STR haplotypes In the haplogroup C3c back-
ground exhibit a “star-like” configuration in Kalmyks
(Fig. 3), as observed previously for Y-STR haplotypes In
the haplogroup C3c background in Mongolians (Zerjal
et al., 2003). We estimated a time to most recent common
ancestor (TMRCA) for the Kalmyk Y-STR haplotypes in
the haplogroup C3c background, using the p estimate
(Morral et al., 1994). Assuming a generation time of 30
years, the TMRCA estimate is 855 years (95% confidence
interval limits, ~560-1,160 years), which is in remark-
able agreement with the TMRCA estimate of 860 years
for this haplogroup in Mongolians (Zerjal et al., 2003).

Comparison of mtDNA and Y-chromosome data

With respect to within-population diversity, the Kal-
myks exhibit levels of Y-SNP haplogroup and mtDNA hap-
lotype diversity that are comparable to East and Central
Asian and Eastern European groups (Tables 2 and 5). The
pairwise F value based on Y-SNP haplogroups is lowest
between Kalymks and Mongolians (Fy, = 0.010), followed
by Central Asian groups (average Fy = 0.164) and then
Eastern European groups (average Fgy; = 0.224). Similarly,
based on mtDNA HV1 sequences, the lowest F; value is
between Kalmyks and Mongolians (Fy, = 0.007), followed
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TABLE 5. Y-STR haplotypes in background of Y-SNP C3c haplogroup

Y-STR loci Number of

Haplotypes DYS393 DYS390 DYS394 DYS391 DYS392 DYS385a DYS385b DYS389I DYS389II individuals
1 13 24 16/17 9 11 12 12 11 17 13
2 13 24 16/17 9 11 12 13 11 17 4
3 13 25 16/17 9 11 12 12 11 17 2
4 13 24 16/17 9 11 12 12 12 17 1
5 13 24 16/17 9 11 12 13 12 17 1
6 13 24 16/17 9 11 12 13 11 18 1
7 13 24 16/17 9 11 12 12 11 18 1
8 12 25 16/17 9 11 12 12 11 17 1
9 13 23 16/17 9 11 12 12 12 16 1
10 13 24 16/17 9 11 12 12 11 16 1
11 13 24 17/18 9 11 12 12 11 17 2
12 13 24 15/17 9 11 12 12 11 17 1
13 13 24 15/16 9 11 12 12 11 17 1
14 13 24 15/17 9 11 12 12 11 18 1
15 13 24 15 9 11 12 13 11 17 1
16 13 24 15 9 11 12 13 10 18 1
17 13 24 17 9 11 12 12 11 17 3

OB ©) Kirghiz (Table 6). However, for Y-SNP haplogroups, the

(16)

(1,11-13,17)

(10)

one mutational event

—_—

Fig. 3. Minimum spanning network of Y-chromosome STR
haplotypes in background of haplogroup C3c-M48. DYS19 was
excluded from network analysis because it is duplicated in hap-
logroup C3c. Numbers in parentheses correspond to haplotypes
in Table 5.

again by Central Asian groups (average Fy = 0.05) and
then by East Asian groups (average Fy; = 0.058). However,
the correlation between pairwise F; distances among pairs
of Kalmyks and Eastern European and Central Asian
groups, based on mtDNA and the Y chromosome, was not
statistically significant (Mantel test, Z = 0.168, P = 0.334),
suggesting some differences in the genetic structure of
these groups based on mtDNA vs. the Y chromosome.

The geographic and linguistic structure of Kalmykian,
Eastern European, and Central Asian groups, assessed by
mtDNA and Y-chromosome variation, was further investi-
gated by the AMOVA procedure. For mtDNA, both geo-
graphic and linguistic groupings gave similar results
(Table 6). This is probably because the two groupings are
quite similar, differing only in that geographically Kal-
myks group with Kazakhs, apart from Altaians, Kyrgiz,
and Mongolians, whereas linguistically Kalmyks group
with Mongolians, and Kazakhs group with Altaians and

level of between-population differentiation was much
higher than for mtDNA; moreover, classifying groups on
the basis of geography gave a much better fit to the data
than the linguistic classification, in that the among-group
component was much bigger than the among-populations-
within-groups component for the geographic classification
(Table 6).

DISCUSSION

Both the mtDNA and the Y-chromosome results indi-
cate that Kalmyks are most closely related to Mongo-
lians. This is entirely in accordance with their history,
which indicates that in the early 17th century, large
groups of Oyrat tribes from western Mongolia moved to
their current home in the Volga region (Erdeniev, 1985).
The Derbets were the second largest tribal subdivision of
the Oyrats, followed by Khoshuts. There were also smal-
ler tribal groups such as the Zungars, Khoits, and Tsaa-
tans. They migrated to the left bank of the lower Volga
River and are found now in Russian towns from Astra-
khan to Samara.

The genetic results do not merely confirm the histori-
cal record, but also add additional insights into the Kal-
mykian migration. Levels of genetic diversity for both
the mtDNA and Y chromosome are comparable in Kal-
myks and Mongolians, indicating that there was no loss
of diversity, and hence no bottleneck, associated with
this migration. Even the Y-STR diversity associated with
the C3c haplogroup in Kalmyks is virtually identical to
that reported previously in Mongolians (Zerjal et al.,
2003). Thus, the number of both males and females
involved in the migration of Kalmyks must have been
substantial. This is in contrast with other human migra-
tions for which bottlenecks have been postulated for
either mtDNA or the Y chromosome (or both), such as
the colonization of Polynesia (Kayser et al., 2000a), the
migration of Turkish-speaking Yakuts to Siberia (Paken-
dorf et al., 2002), and the settlement of the New World
(Torroni et al., 1993; Starikovskaya et al., 1998; Bortolini
et al., 2003). Comparing the Kalmyk migration with such
other migrations may therefore shed light on the social or
other circumstances that influence the number of migrat-
ing individuals.
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TABLE 6. AMOVA results according to different classifications®

mtDNA Y-SNP
Among Among
Among populations Within Among populations Within
Classifications groups within groups populations groups within groups populations
Geography 4.40 0.88 94.72 12.22 6.53 81.25
Linguistic 4.54 0.74 94.72 6.62 11.17 82.21

! Geography: Eastern Europe (Russians and Slavs), Central Asia (Mongolians, Kyrgiz, Altaians), and Kalmyks and Kazakhs for
mtDNA. Eastern Europe (Russians/North and Russians/Tashkent), Central Asia (Kyrgiz, Mongolians, and Uzbek), and Kazakh and
Kalmykians for Y-SNPs. Linguistic: Turkic (Altaians, Kyrgiz, and Kazakh), Mongol-Langam (Mongolians and Kalmyks), and Indo-
European (Russians and Slavs) for mtDNA. Turkic (Kazakh, Kyrgiz, and Uzbek), Mongol-Langam (Mongolians and Kalmyks), and
Indo-European (Russian/Tashkent and Russians/North) for Y-SNPs (according to Ethnologue: http:/www.ethnologue.com/).

The genetic results also indicate that there has been
no substantial admixture with Russians, along either
paternal or maternal lines, during the 300 years that the
Kalmyks have been living in close proximity to Russians.
The lack of detectable similarity between Russians and
Kalmyks does not simply reflect insufficient time for
such admixture to have occurred, since European admix-
ture can be readily detected in African-Americans (Kay-
ser et al., 2003), whose time-depth in North America is
comparable to that of Kalmyks in Russia. Other migra-
tions, such as those to Polynesia (Kayser et al., 2000a),
were accompanied by substantial admixture, so it ap-
pears that there are particular social circumstances that
either promote or inhibit admixture. The Kalmyks differ
from Russians in language, religion, and subsistence, but
it is not clear if these factors alone are sufficient to inhi-
bit admixture, as there is evidence for Russian admix-
ture with Yakuts (Pakendorf et al., 2002), who also differ
in language, religion, and subsistence. It may be that
the substantial size of the Kalmyk migration (as evi-
denced by the lack of reduced diversity for either mtDNA
or the Y chromosome) inhibited admixture, but further
comparison of the Kalmyk migration with other migra-
tions is needed to understand the factors that influence
admixture.

The mtDNA and Y-chromosome results are also consis-
tent in indicating some degree of genetic similarity
between Kazakhs and Kalmyks. This contrast between
Kazakh and Russian admixture with Kalmyks leads to
the prediction that the Kalmyk language might show a
greater impact (i.e., borrowing) from Kazakh than from
Russian, or that the Kazakh language might show an
influence of the Kalmykian language. Indeed, despite the
fact that Kazakhs speak a Turkic language, there are
many Mongolian loan words in Kazakh (L. Johanson,
personal communication), although further work is needed
to demonstrate a specifically Kalmykian origin of these
loan words.

An unusual genetic feature of the Kalmyks is the high
frequency of duplicate alleles for the DYS19 locus. While
duplicate alleles at DYS19 were found in Mongolians (C.
Tyler-Smith, personal communication), they are at a
much lower frequency (10.8%) than in Kalmyks (31.3%).
In other populations, duplication of DYS19 is extremely
rare, occurring at an overall frequency of 0.12% based on
7,772 individuals (Kayser et al., 2000b). This unusual
duplication further points to a close relationship of Kal-
myks with Mongolians.

CONCLUSIONS

The genetic results support the historical record in
that they indicate a close relationship between Kalmyks

and Mongolians. Moreover, the genetic results indicate
that the Kalmyk migration involved substantial numbers
of individuals, and that Kalmyks have not experienced
detectable admixture with Russians. Thus, genetic stu-
dies of even such recent, relatively well-documented
migrations as the Kalmyks can provide additional in-
sights into the circumstances surrounding such migra-
tions. Moreover, contrasting the Kalmyk migration with
other migrations that differ in one or more aspects (such
as the colonizations of Polynesia or the New World, both
of which involved substantial bottlenecks) can shed light
on the consequences of human migrations.
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