Variation of HLA class Il genes in the Nganasan and Ket, two aboriginal

Siberian populations
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Summary

Allelic frequencies at the three most polymorphic loci of
the HLA class II region (DRB1, DQA1 and DQB1) were
determined in the Nganasan and Ket, the remnants of the
two most ancient groups in the Lower Yenisey River/
Taimyr Peninsula region in northern Siberia. By single-
stranded conformational polymorphism typing, verified
by sequencing, 19 HLA-DRB1-DQA1-DQB1 haplotypes
and 15 HLA-DRB1, seven DQAT1 and 11 DQB1 alleles
were found. The most frequent alleles were DRB1*1301
(23.5%), DQA1*0103 (29.4%), *0501/03/05 (29.4%),
and DQB1%0301/09 (32.4%) in the Ket, and DRB1*0901
(25%), DQA1*0301 (39.6%), and DQB1*0301/09
(37.5%) in the Nganasan. The distribution patterns and
comprehensive phylogenic analysis based on the haplo-
type frequencies of 17 Siberian populations suggest that
the founders of both the Ket and the Nganasan came from
Palaeolithic populations in the Altai-Sayan Upland.

Introduction

The archaeological record of northern Eurasia suggests
that southern Siberia was populated by modern humans
at least 40 000 years before present (YBP) (Vasiliev et al.,
2002). However, it then took millennia to develop the bio-
logical and cultural adaptations necessary for the occupa-
tion of, and survival in, the Siberian Arctic zone, including
the Lower Yenisey region and the Taimyr Peninsula. The
populations of the Taimyr Peninsula appear to be related
to those occupying the Altai-Sayan Upland, where the
earliest modern Siberians underwent profound differenti-
ation fomented by relatively moderate climatic conditions
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and rich and diverse natural resources. This affinity is
indicated by archaeological, anthropological and genetic
evidence (Simchenko, 1976; Khlobystin, 1998; Derbeneva
et al., 2002).

Extensive studies of global populations have shown
that common HLA haplotypes shared by populations on
different continents and in different geographic regions
arose, if not before the emergence of modern humans,
then at least immediately after the African exodus
(Clayton & Lonjou, 1997; Uinuk-ool et al., 2003). These
ancient (Dawkins et al., 1991) or ‘frozen’ (Klein et al.,
1991) HLA haplotypes have presumably remained
untouched by recombination since the time of their
emergence. The distribution of haplotype frequencies in
anthropological isolates has been largely determined by
lineal dispersion followed by genetic drift (Takahata,
1991). Consequently, the frequencies can be used to
elucidate the genetic history of human populations.

In our previous studies (Grahovac et al., 1998; Uinuk-
ool et al., 2002), we determined the frequencies of HLA
class II genes in 15 indigenous Siberian populations and
demonstrated, by comprehensive phylogenetic analysis,
that Asians separated into two clusters, one of which
encompassed nearly all Siberians and all Native Americans,
while the other consisted of the remaining Asian popula-
tions. The divergence time of these two clusters was
estimated as 24 000-21 000 YBP. This estimate is at odds
with archaeological data, which indicate that the initial
human occupation of Siberia by modern humans occurred
45 000-40 000 YBP (Goebel & Aksenov, 1995; Goebel,
1999). The discrepancy could be explained by assuming
that part of the HLA diversity originally present in the
previously studied, relatively large populations might have
been lost. This diversity could, however, still be present in
small tribal populations of presumably very ancient
origin. A few such populations still remain in Siberia, and
they are largely restricted to the Arctic and Subarctic
regions. In this paper we have therefore examined the
variation at HLA class IT loci (DRB1, DQA1, and DQB1)
in the remnants of two ancient groups, the Ket in the
Lower Yenisey River Basin and the Nganasan in the
adjacent Taimyr Peninsula. The frequencies of the alleles
obtained were compared with those characteristic of
the Ket in the Middle Yenisey region, and with those of the
indigenous populations inhabiting western, southern, and
eastern parts of Siberia. Together, these data provide
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Figure 1. Map of Siberia showing the location of populations from whi

additional insights into the genetic relationships among
the Siberian populations and between the linguistic groups
of indigenous Siberians.

Materials and methods

Populations

Traditionally, the Ket comprised a few hunting and
gathering tribes inhabiting the boreal forest zone of the
Yenisey River basin (Alekseenko, 1967; Dolgikh, 1960).
At present, they number several hundred individuals,
most of whom have been assimilated by Russian settlers
or merged with their western neighbours, the Selikups.
The latter have a similar culture to the Ket but a different
language. The language family of the Ket remains un-
defined, although some similarities to Tibetan languages
have been noted (Ruhlen, 1988; Shimkin, 1994). In this
study, we used blood samples drawn from 17 unrelated
Ket currently residing in Turukhansk but representing the
Lower Yenisey territorial group by their origin or place of
birth (Fig. 1) (Derbeneva et al., 2002). The remnants of
the Southern (Upper) Ket, whose ancestors are believed to
have originated from the Altai-Sayan region, have been
almost totally integrated into the surrounding unrelated
populations. The only exception is a small settlement,
Sulamai, in which an original Ket population has survived
into the 21st century. The data set obtained by analysis of

ch blood samples were collected.

the HLA class II loci in 22 Ket from Sulamai has been
published elsewhere (Grahovac et al., 1998).

The Nganasan are direct descendants of the reindeer-
hunting tribes scattered across northern Siberia since
the early Neolithic (Simchenko, 1976; Khlobystin, 1998).
Their language is part of the Uralic linguistic family.
Throughout the 19th and 20th centuries the Nganasan
exchanged marital partners with their western neigh-
bours, the Entsi (former Yenisey Samoyeds; Dolgikh,
1952; Simchenko, 1976). The Entsi, now on the brink of
extinction, originally inhabited the mouth of the Yenisey
River. The current population size of the Nganasan,
including those who merged with the Entsi, does not
exceed 500 individuals. In this study we used 24 blood
samples drawn from unrelated Nganasan and Entsi
residing in the town of Dudinka (Derbeneva et al., 2002).

DNA extraction and polymerase chain reaction (PCR)

Venous blood was collected in vacutainers containing
citric acid-dextrose as an anticoagulant. Genomic DNA
was extracted from the buffy coat using the Qiagen DNA
extraction kit (Qiagen, Hilden, Germany). PCR amplifi-
cations were carried out with the primers used by Uinuk-
ool et al. (2002). The reaction was set up in 1 X reaction
buffer (Qiagen), 2 mm of each of the four deoxynucleosi-
detriphosphates, 2 uMm of each of the two primers, 200 ng
of genomic DNA template, and 2.5 units of HotStar

© 2004 Blackwell Publishing Ltd, European Journal of Immunogenetics 31, 43-51



Taq DNA polymerase (Qiagen). The amplification
programme consisted of 15 min of initial denaturation at
95 °C, followed by 35 amplification cycles of denatura-
tion at 94 °C for 1 min, primer annealing at 54-62 °C
(primer dependent), and primer extension for 1 min at
72 °C. The reaction was completed by a primer extension
step at 72 °C for 10 min. The amplifications were carried
out in the PTC-100 and PTC-200 Programmable Thermal
Controllers (M] Research, Biozym, Hessisch Oldendorf,
Germany).

Single-stranded conformation polymorphism
(SSCP) analysis

SSCP analysis (Orita et al., 1989) was performed using
the GeneGel Excel 12.5/24 Kit (Amersham Biosciences,
Freiburg, Germany) under the conditions recommended
by the manufacturer. Six-microlitre aliquots containing the
specific PCR product were mixed with 6 pl of formamide-
dye solution (88% formamide, 10 mm EDTA, 0.01%
bromphenol-blue, and 0.01% xylene cyanol), heat-
denatured at 95 °C for 5 min, and cooled rapidly in ice
water for 5 min. Eight microlitres of the denatured DNA
solution was loaded onto GeneGel Excel 12.5/24 gels.
The electrophoresis conditions were 10 min at 200V,
10 mA, 5 Wandthen3 hat375V, 15 mA, 10 Wat 15 °C
(Mohabeer efal., 1991; Kimura & Sasazuki, 1992;
Kimura ef al., 1992). The DNA was visualized using the
DNA Silver Staining Kit (Amersham Biosciences).

Subcloning of PCR products and sequencing

The PCR products were separated by 1.5% low-melting-
point agarose gel electrophoresis. PCR fragments of the
expected size were extracted from the gel with the help of
the QIAquick gel extraction kit (Qiagen) and subcloned
into the pGEM-T vector using the pGEM-T Easy Vector
System (Promega, Mannheim, Germany). Plasmid DNA
was isolated using the Qiagen Plasmid isolation kit
(Qiagen). DNA was sequenced using the ThermoSeque-
nase Primer Cycle Sequencing kit (Amersham Biosciences)
with reverse and universal primers annealing to the
multiple cloning sites of the pGEM-T Easy vector.
Sequencing was carried out on the LI-COR Long ReadIR
4200 DNA sequencer (LI-COR Biosciences, Bad
Homburg, Germany). The sequences were aligned with
the help of the sEQrup program (Gilbert 1995).

Statistical and phylogenetic analyses

Allele frequencies were obtained by direct counting.
Three-loci haplotypes were either identified by family
studies (using 16 samples from the Tuva population; data
not shown) or inferred indirectly from homozygotes at
one, two or all three loci, taking into account allele
frequencies at the heterozygous loci.

Heterozygosities (H) were calculated as

2 -1
H= ”Zn (1-3 )
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where 27 is the number of chromosomes examined in the
population and x; is the frequency of the ith allele (Nei,
1987). The expected homozygosity was computed as 1 — H.

Dendrograms of populations were computed from allele
frequency data by the neighbour-joining method (Saitou
& Nei, 1987) using D, distances (Nei et al., 1983), which
were obtained by the angular transformation of two points
in a multidimensional space representing two populations.
The distances were computed using the formula

roomj

1 —
Dy=1- ;sz‘elxi/yz’/
j i

where 7 is the number of loci, 772; the number of alleles at
the jth locus, and x;; and y, the frequencies of the ith allele
at the jth locus in populations X and Y, respectively.
In comparative computer simulations, the D, distance
was shown to be more efficient in obtaining a correct tree
topology than other distance measures, particularly when a
small number of loci were examined, apparently because
of the smaller coefficient of variation (Nei et al., 1983;
Takezaki & Nei, 1996).

Results and Discussion

Each genomic DNA sample extracted from the Ket
and Nganasan blood samples was used to amplify by
PCR exon 2 of three HLA class II loci: DRB1, DQA1 and
DQBI1. PCR products were analysed by the SSCP method
and samples showing different patterns were sequenced.
In this manner, all the alleles of all the samples were
identified on the basis of their sequences and are referred
to by the designations of the HLA Nomenclature
Committee (IMGT/HLA Sequence Database: http:/
www.ebi.ac.uk/imgt/hla/index.html). Frequencies of the
alleles were computed and used for phylogenetic analyses.
In all cases, the observed frequencies of homozygotes
did not deviate significantly from those expected under
Hardy—Weinberg equilibrium (data not shown).

In the populations tested, 15 DRB1, seven DQA1 and
11 DQB1 alleles were found (Tables 1-3). At the DRB1
locus, 10 and 13 alleles were found in the Ket and
Nganasan populations, respectively. All these alleles were
previously found in other Siberian populations (Grahovac
et al., 1998; Uinuk-ool et al., 2002). Most of the shared
alleles at the DRB1 locus in the Ket and Nganasan
samples (*0701, *0801, *1101, *1201/06 and *1403)
were also common in the populations tested in the other
two studies of Siberian populations (Grahovac et al., 1998,
Uinuk-ool et al., 2002). One of these alleles (DRB1*1403)
is specific for central and east Asia; the others are present
mostly in Old World populations and are absent or rare
in Amerinds (for references, see Fig. 2 legend). Alleles
DRB1*1106, *1401, *0101, *0401 and *0403 were
found only in the Nganasan and alleles DRB1*0404
and 0408 only in the Ket.

The sample of 17 Ket individuals showed a similar
distribution of allelic frequencies to the sample of 22 indi-
viduals of a different Ket population typed in our previous
study (Grahovac et al., 1998). Of the 10 alleles found in
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Table 1. DRB1 allele frequencies (%) in two Siberian populations

Table 3. DQB1 allele frequencies (%) in two Siberian populations

Ket Nganasan Ket Nganasan
F (%) F (%) F (%) F (%)

Allele n (2n = 34) n (2n = 48) Allele n (2n = 34) n (2n = 48)
0101 - - 1 2.1 0201/02° 4 11.8 5 10.4
0401 - - 1 2.1 0301/09° 11 324 18 375
0403 - - 6 12.5 0302 3 8.8 6 125
0404 1 2.9 - - 03032 1 2.9 12 25
0408 2 6 - - 0401 4 11.8 1 2.1
0701 4 11.8 5 10.4 0501 - - 1 2.1
0801 4 11.8 1 2.1 0502 - - 1 2.1
0901 1 2.9 12 25 0503 - - 1 2.1
1101 3 8.8 8 16.7 0601 1 2.9 - -
1106 - - 1 2.1 0602/06111° 10 29.4 2 4.2
1201/06° 6 17.7 6 12.5 0603/14 - - 1 2.1
1301 8 23.5 2 4.2
1401 - - 2 4.2 n, number of alleles; F, frequency. ® These alleles could not be
1403 2 5.9 2 4.2 distinguished by the methods used.
1501 3 8.8 1 2.1

n, number of alleles; F, frequency. ° These alleles could not be
distinguished by the methods used.

Table 2. DQAT1 allele frequencies (%) in two Siberian populations

Ket Nganasan
F (%) F (%)
Allele n (2n = 34) n (2n = 48)
0101/04/05° - - 3 6.3
0102 1 29 1 2.1
0103 10 29.4 2 4.2
0201 4 11.8 5 10.4
0301/02/03° 5 14.7 19 39.6
0401 4 11.8 1 2.1
0501/03/05° 10 29.4 17 35.4

n, number of alleles; F, frequency. ° These alleles could not be
distinguished by the methods used.

each of these two populations, eight were shared and two
were different. The frequencies of the latter two alleles
were low and it is therefore possible that the alleles might
have been missed in one or the other population. The
DRB1%1201/06 allele was found at a high frequency in
both populations, but the frequency of the DRB1*1301
allele was higher (23.5%) in the present population
compared to that studied previously (5%). By contrast,
the frequency of the DRB1%1403 allele was lower in the
present population (5.9%) than in the population studied
earlier (30%). If not a result of a sampling error, this dif-
ference could indicate divergence of the two populations.

Of the 13 alleles found in the Nganasan, the most
frequent was DRB1%0901 (25%), which occurs in
south-east Siberia at higher frequencies than in other parts
of northern Asia (Uinuk-ool et al., 2002). Moreover, the
Nganasan also had a low frequency of the DRB1*1106
allele (2.1%), which is otherwise present only in south-east
Siberia. This finding could indicate that gene flow from

south-east Siberia might have occurred during the
formation of the Nganasan gene pool.

At the DQAT1 locus, six alleles were found in the Ket
and seven alleles in the Nganasan populations (Table 2).
The most frequent alleles were DQA1%0301/02/03
(39.6%) and DQA1*0501/03/05 (35.4%) in the Ngana-
san,and DQA1*0103 and *0501/03/05 (29.4% for both)
in the Ket. In our earlier study the Ket population had a
higher frequency of the DQA1%0301/02/03 allele (24%)
than of the DQA1*0103 allele (13%). However, the
frequencies of the DQA1*0501/03/05 alleles in the two
Ket populations were almost the same (30 and 29.4%).

At the DQBI1 locus, seven and 10 alleles were obtained
in the Ket and Nganasan, respectively. The most frequent
allele in both populations was DQB1*0301/09 (Table 3),
which is frequent in Asia and America. The second most
frequent allele was DQB1*0602/06111 in the Ket and
DQB1%03032 in the Nganasan. These two alleles are
frequent in central Siberian populations and in east
Siberian populations, respectively.

Haplotypes were assigned on the basis of the haplotypes
defined in a family study of a Tuvan population (Uinuk-
ool et al., 2002) and of homozygotes found in the present
populations. In total, 19 HLA-DRB1-DQA1-DQB1
haplotypes were defined (Table 4), eight of which were
identical to those obtained in the family study. Most of the
haplotypes have a worldwide distribution and probably
represent old haplotypes that originated before human
expansion onto different continents. Six haplotypes are
more specific for different populations: they are present in
a few populations with low frequencies and probably
arose later after differentiation of the populations.

There are two haplotypes, one (DRB1*0403-DQA*
0301/04/05-DQB*0302) present in the Nganasan (12.5%)
and in most Siberian populations, and another (HLA-
DRB1*0404-DQA1*0301/04/05-DQB1*0302) found
in the Ket of the present study (2.9%) and in the Mansi
(2.9%), Buryats (4%), Negidals (5.7%), Ulchi (0.7%)
and Koryaks (0.5%) of earlier studies (Grahovac et al.,
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Figure 2. Neighbour-joining tree of human populations based on gene frequencies at two HLA class Il loci, DRB1 and DQB1. The sources of
population frequency data used (numbers in bracket) are as follows: (1) Fort et al. (1998); (2) Renquin et al. (2001); (3) Pimtanothai et al. (2001);

(4) Doherty et al. (1992); (5) Jungerman et al. (1997); (6) Sanchez-Velasco et al. (1999); (7) Lindblom & Svejgaard (1992); (8) Kapustin et al. (1999);
(9) Muro et al. (2001); (10) Saruhan-Direskeneli et al. (2000); (11) Arnaiz-Villena et al. (1999); (12) Grubic et al. (1995); (13) Uinuk-ool et al. (2002);
(14) Mizuki et al. (1998); (15) Munkhbat et al. (1997); (16) Amirzargar et al. (2001); (17) Mack et al. (2000); (18) Mizuki et al. (1997);

(19) Chandanayingyong et al. (1997); (20) Geng et al. (1995); (21) Hashimoto et al. (1994); (22) Grahovac et al. (1998); (23) Monsalve et al. (1998);
(24) Cerna et al. (1993); (25) Layrisse et al. (2001); (26) Hollenbach et al. (2001); (27) Krylov et al. (1995); (28) Leffell et al. (2002). In the notation of
the original study (Mack et al., 2000), Hawaii 1 and Hawaii 2 were Hawaii 38 and Hawaii 13, and PNG Lowlander 1 and PNG Lowlander 2 were PNG

Lowland and PNG Lowland MV, respectively. PNG, Papua New Guinea.

1998; Uinuk-ool ez al., 2002). These haplotypes could
also be observed on other continents, but they are found
at the highest frequencies in some populations of Native
Americans.

In the Ket we could define 13 haplotypes, of which
the haplotypes HLA-DRB1*1201/06-DQA1*0501/03/
05-DQB1*0301/09 and HLA-DRB1*1301-DQAT*
0103-DQB1%0602/06111 were the most common, with
frequencies of 17.7 and 23.5%, respectively. The first of
these two haplotypes is common worldwide but occurs
at the highest frequencies in Asia. It is present in Siberia

in all populations at high frequencies. The second haplo-
type, in contrast, has thus far only been found in the
African Amhara population (Fort et al., 1998), Iranians
(Amirzargar et al., 2001), Siberian Mansi (2.9%) and
Tuvans (3.4%) (Uinuk-ool et al., 2002). Both haplotypes
have been confirmed by a family study in the Tuvan
population.

The two most common haplotypes in the Nganasan
were  HLA-DRB1*09012-DQA1*0301/04/05-DQB1*
03032 (25%) and HLA-DRB1*1101-DQA1*0501/03/
05-DQB1*0301/09 (18.75%). The former is the most
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Table 4. DRB1-DQA1-DQB1 haplotype frequencies in two Siberian
populations (%)

Ket Nganasan
DRB1 DQA1 DQB1 (2n = 34) (2n = 48)
0101 0101/04/05° 0501 - 2.1
15011/12°  01021/22° 0602/06111° 2.9 2.1
15011 0103 0601 2.9 -
15011 0103 0602/06111° 2.9 -
0401 0301/02/03*  0301/09° - 2.1
0401 0301/02/03° 0302 2.9 -
0403 0301/02/03* 0302 - 12.5
0404 0301/02/03° 0302 29 -
0408 0301/02/03° 0302 2.9 -
1101 0501/03/05°  0301/09° 8.8 18.75
1201/06" 0501/03/05°  0301/09° 17.7 12.5
1301 0103 0602 235 2.1
1301 0103 0603/14° - 2.1
1401 0101/04/05° 0502 - 2.1
1401 0101/04/05° 0503 - 2.1
1403 0501/03/05°  0301/09° 5.9 4.16
0701 0201 0201/02° 11.8 10.4
0801 0401 0402 11.8 2.1
09012 0301/02/03* 03032 2.9 25

® These alleles could not be distinguished by the methods used.

frequent haplotype in east Siberian populations (Uinuk-
ool et al., 2002) and is otherwise found elsewhere in Asia,
but it is rare in Europe and in Native American popula-
tions. The latter is a common haplotype, with the highest
frequency in European populations.

Using the frequency data from the three loci, three
kinds of tree were constructed. The first was based on the
frequencies of DRBI1 alleles (not shown), the second on
DRB1 and DQBI1 frequencies (Fig. 2), and the third on
DRB1, DQA1 and DQBI1 frequencies (Fig. 3). The
populations used for the trees included those from a
previous study (Uinuk-ool et al., 2002), but several new
populations were added: Iranian, Murcian, Yucpa, Yupik
Eskimo, Cameroonian, Aka Pigmy and Bantu Congolese
(for references, see Fig.2 legend). Almost all added
populations cluster according to their geographical origin
and language, with some exceptions probably caused by
gene flow between the populations (Figs 2 and 3).

On all the trees, the Nganasan cluster together with the
Tofalar and Todja populations from south Siberia, as well
as with the Evenki and Ket from north-western Siberia
(Grahovac et al., 1998; Uinuk-ool et al., 2002). This find-
ing is in agreement with the historical and linguistic data
available on these populations. The Nganasan language
belongs to the Samoyedic language group, which the
Tofalars and Todjas spoke originally. Only recently did the
Tofalars and Todjas adopt the Turkish language of their
neighbours, the Tuvans (Levin & Potapov, 1964). These
observations support the notion that one of the northern-
most populations of Siberia, the Nganasan, originated in
south Siberia, but were later pushed to the north by
invading new populations (Forsyth, 1992). The sharing
of certain elements of material culture, such as reindeer

breeding, also indicates an affinity of the Nganasan to the
Tofalars and Todjas. The clustering of these populations
supports the southern origin of the Samoyed-speaking
ethnic groups in the Sayan Mountains.

On all dendrograms, the Ket cluster with the popula-
tions described above. This clustering, too, is in agreement
with ethnographical data. The Ket are the only people
who speak the Ket language, which is unrelated to any
other language. Several tribes speaking this language
inhabited the valley of the Yenisey River from south to
north. After the Russian invasion in the 17th century most
of them mixed with Russians, Tungusic-speaking Evenki,
and Turkic-speaking tribes and lost their culture and
language. Only the more northern Ket tribes retained their
original language. It appears that some of the extinct
southern Ket-speaking tribes were involved in the ethno-
genesis of the Tofalar and Todja people (Vanshtain, 1961;
Levin & Potapov, 1964). This mixing probably explains
why these populations cluster together on the HLA trees.

The mitochondrial DNA (mtDNA) diversity of the
same samples, determined by Derbeneva et al. (2002),
indicates the presence of both Asian (A, C, D and Z) and
Caucasian (H, H2, H3, HS8, U2, U4, U5, U7, J2 and W)
haplogroups. The authors conclude that the high diversity
and frequencies of H and U haplogroups represent traces
of ancient, undifferentiated Upper Palaeolithic popula-
tions of modern Homo sapiens. In the present study, the
Ket and Nganasan do indeed show a minor admixture of
Caucasoid alleles. Similarly, the Mansi and Buryat
populations tested in our previous study (Uinuk-ool et al.,
2002) showed high frequencies of Caucasoid HLA alleles.
Unfortunately, the HLA polymorphism does not allow us
to make inferences about the Neolithic origin of these
alleles because the mutation rate in HLA genes is low
compared to that of mtDNA and most of the HLA alleles
now in existence originated in Africa or soon after the
emigration of the ancestral population of Homo sapiens
out of Africa. Indeed, in none of the studies of Siberian
populations have new HLA alleles been found. The differ-
ences found among the populations in most cases are
attributable to different distributions of the alleles and
their different frequencies. It is therefore difficult to deter-
mine whether the European alleles found, for example, in
the Mansi population (Uinuk-ool et al., 2002) came from
ancient Eurasians or whether they are the result of recent
Russian admixture.

In summary, the geographic distribution and phylogeny
of DRB1, DQA1 and DQB1 alleles suggest that the
founding populations of the Nganasan and Ket originated
in southern Siberia during the late Palaeolithic-early
Neolithic period, and this suggestion is consistent with
archaeological, anthropological and genetic (mitochon-
drial) evidence (Simchenko et al., 1976; Khlobystin, 1998;
Vasiliev, 2000; Derbeneva et al., 2002).

The similarity in the composition of the HLA class II
polymorphism between the two Ket populations sampled
from different locations (present study and Grahovac
et al., 1998) and the grouping of both the Ket and the
Nganasan populations with south and central Siberian
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et al. (2001).

populations, supported by historical and anthropological
information, indicate that the obtained data are reliable
despite the small sample size. However, to obtain more
complete information about the genetic diversity of
Siberian populations, and thus to resolve the discrepancies
between the divergence time of Siberian populations from
other Asians and the archaeological dating of the occupa-
tion of Siberia, more samples should be tested.
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