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ABSTRACT The Yakuts are a Turkic-speaking population of northeastern Siberia and based on archaeological and
ethnohistorical evidence are believed to have originated from Turkic populations in south Siberia.  To investigate this
model, the HVS-I of the mitochondrial DNA control region was sequenced for 144 Yakut individuals representing
seven communities from central Yakutia and compared to HVS-I data for other Asian populations.  Haplogroups C
and D comprise 75.7% of the Yakut sample, with only 9.7% assigned to west Eurasian lineages.  The Ewens-
Watterson homozygosity test revealed a significant deviation (P = 0.045) in the observed frequencies of common
haplotypes relative to the expected values, indicating the genetic effects of a founder event.  This is supported by a
fragmented MJ network dominated by high-frequency haplotypes within haplogroups C and D.  Nested cladistic
analysis identified subhaplogroup D5a as the product of a long distance colonization event and potential founder
lineage for the Yakuts, dating to approximately 1,630 years BP.  SAMOVA analyses and MDS plot of genetic distances
show close genetic affinities between the Yakuts and south Siberian populations, and thus affirming the south origin
model.

INTRODUCTION

The Yakuts are a Siberian population that
primarily lives in the Republic of Sakha (also
known as Yakutia), an automonous region within
the Russian Federation.  They are traditionally
cattle- and horse-breeders who speak a Turkic
language, which differs from the subsistence
patterns and languages of neighboring popu-
lations.  The origins of the Yakuts have been the
subject of much speculation that has been inves-
tigated from different lines of inquiry.  The Yakut
language is considered an isolate within the
Turkic language family, but shares features with
Turkic languages spoken in south Siberia, such
as Tuvan (Schönig 1990).  Furthermore, aspects
of Yakut culture (e.g., pastoralism, clothing,
festivals) suggest ancestral ties to southern
Turkic peoples (Tokarev and Gurvich 1956).
Interestingly, archaeological remains of a semi-
nomadic population from the Lake Baikal region,
identified as the Turkic-speaking Kurykan people,
exhibit close affinities to Yakut culture.  Based
on these similarities, it has been postulated that

a group of Kurykans migrated northwards along
the Lena River to escape Mongol incursions
during the 11th to 13th centuries AD and ultimately
forming the Yakuts of northeastern Siberia
(Alekseev 1996; Kostanstinov 1975; Okladnikov
1970).

Studies based on classical genetic poly-
morphisms have revealed genetic affinities
between the Yakuts and various Tungusic- and
Turkic-speaking populations in Siberia (Boeva
1988; Fefelova 1990; Matsumoto 1988;
Novoradovsky et al. 1993; Pakendorf et al. 1999;
Tarskaia et al. 2002).  More recent investigations
of mtDNA and Y-chromosome variation in the
Yakuts have been conducted.  Federova et al.
(2003) sequenced the HVS-I region for a sample
representing communities throughout the
republic and found evidence supporting a
Mongol/Central Asian origin.  In a paper by
Puzyrev et al. (2003), a sample collected from the
Yakut settlement of Cheriktei was analyzed for
mtDNA and Y-chromosome markers and found
predominantly east Eurasian haplotypes.  And
in a study by Pakendorf et al. (2006), samples for
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the Yakuts, as well as the Yukaghirs and Evenks,
representing a number of villages within the Sakha
Republic and neighboring districts were analyzed
for mtDNA and Y-chromosome variation.  The
mtDNA results support a southern origin for the
Yakuts, whereas the Y-chromosomal data showed
evidence for a strong founder effect and un-
known origins for the majority of Yakut paternal
lineages.  In this paper we contribute to this body
of genetic information by characterizing the
mtDNA variation in seven communities from
central Yakutia and perform inter-population
analyses to further elucidate the genetic structure
of the Yakuts and their origins.

MATERIALS  AND  METHODS

Samples and DNA Extraction: Yakut blood
samples were collected during 2000 from seven

communities located in the central Lena River
watershed of the Sakha Republic: Asyma,
Berdigestiakh, Dikyimdye, Khorobut, Maia,
Nizhny Bestiakh, and Viljujsk (Fig. 1). All
participants provided informed consent, and
details such as name, gender and age were
recorded. The use of these samples was approved
by the University of Kansas Human Research
Committee.  DNA was extracted from whole blood
using the Super Quik-Gene DNA isolation kit
(LBA, University of Kansas), a salting-out
methodology.

The following population data were compiled
from mtDNA studies for comparative analyses
(Fig. 1): Evenk and Yukaghir (Pakendorf et al.
2006), Even (Derenko and Shields 1997), Koryak
and Itelmen (Schurr et al. 1999), Mongol (Kolman
et al. 1996), Oroqen and Daur (Kong et al. 2003),
Han (Yao et al. 2002), Uighur, Kazakh and Kirghiz

Fig. 1. Map of Asia showing the approximate geographic locations of the Yakut samples and
comparative populations analyzed in this study.
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(Comas et al. 1998), Uzbek (M. Zlojutro and R.
Devor, unpublished data), and south Siberian
Buryat, Tuva, Khakass and Altai (Derenko et al.
2003).

mtDNA Sequencing and RFLP Analyses: A
total of 144 Yakut samples were amplified with
primers L15976 and H16401, using the PCR
conditions described by Vigilant et al. (1989).  The
HVS-I amplicons were purified using the
QIAquick Purification Kit (Qiagen) and
sequenced for the light strand at Integrated DNA
Technologies (Coralville, Iowa) using the Big Dye
Terminator ver. 3.1 Cycle Sequencing Kit on the
ABI PRISM 310 Genetic Analyzer (Applied
Biosystems).  The sequences were aligned with
BioEdit software (Ibis Therapeutics) against a
standard mtDNA sequence known as the Cam-
bridge Reference Sequence (CRS) (Anderson et
al. 1981). The HVS-I output ranged from
approximately np 16020 to 16400, however the
sequence information for np 16020 to 16049
lacked consistent quality within the data set and
was thus excluded from further analysis.  Based
on network analyses (see below), samples that
exhibit unusual HVS-I profiles (e.g., excessive
transversions and inter-haplogroup parallelisms)
were re-sequenced for both strands to check for
potential errors. Sequencing problems were
encountered with Yakut samples exhibiting a
16189 T→C transition.  This HVS-I variant, which
is a mutation hotspot and common to several
different haplogroups, creates a homopolymer
of 10 cytosines that causes DNA polymerases to
“stutter” during the sequencing PCR reaction,
resulting in poor sequence data beyond this site.
Therefore, samples carrying this transition were
sequenced in both directions, producing
overlapping data that were combined to create
continuous sequences for np 16050 to 16400.

All sequences were assigned to haplogroups
on the basis of their HVS-I motifs in relation to
sequence data published by Kivisild et al. (2002)
and Derenko et al. (2003).  Assignments were
confirmed through PCR-RFLP analyses of
diagnostic sites for macrohaplogroups M and N
and the major east Eurasian haplogroups A, C,
D, F and G.  Primer sequences, PCR conditions
and enzyme information are provided in Table 1.
Restriction reactions were performed according
to manufacturer recommendations (New England
Biolabs) and typed on 3% 3:1 NuSieve agarose
gels (ISC BioExpress). Subhaplogroup D5, a
common mtDNA lineage in East Asian

populations (Kolman et al. 1996; Kong et al. 2003;
Yao et al. 2002), was identified in the Yakuts by
the loss of 10394 DdeI and 10397 AluI and the
concurrent gain of a 10393 BmrI cut site.  The
intergenic 9 bp COII-tRNALys deletion, a
diagnostic polymorphism for haplogroup B
(Torroni et al. 1992, 1993; Wrischnik et al. 1987),
was typed by gel electrophoresis of the L8239/
H8363 PCR amplicon and confirmed by direct
sequencing.

Statistical Methods: Measures of sequence
variation – haplotype diversity, θ

S
 and θπ – were

calculated for the Yakut sample and comparative
population data using the software program
Arlequin ver. 2.0 (Schneider et al. 2000).  In
addition, Nei’s intermatch-mismatch distances
(D

A
) and the neutrality test statistics Tajima’s D,

Fu’s F
S
 and Ewens-Watterson homozygosity test

(Watterson 1978) were calculated with this
program.  The significance of these values was
evaluated with 1,000 permutations. Multi-
dimensional scaling (MDS) analyses of pairwise
D

A
 values were conducted using the NTSYS

statistical package (Rohlf 2002).  A spatial analysis
of molecular variance was performed with the
program SAMOVA ver. 1.0 (Dupanloup et al. 2002)
to detect the presence of genetic barriers in the
population HVS-I data.  Median-joining (MJ)
networks (Bandelt et al. 1999) were constructed
for each major haplogroup using Network ver.
4.1 (Fluxus Engineering) and incorporated into a
single network based on the known Eurasian
mtDNA phylogeny (Kivisild et al. 2002; Macauley
et al. 1999).  Nested cladistic analysis (NCA)
(Templeton et al. 1995) was performed with the
program GeoDis ver. 2.0 (Posada et al. 2000) to
identify any significant associations between
haplogroups and geography and infer the effects
of population structure (e.g., recurrent gene flow
restricted by the Isolation by Distance model)
and/or population history (e.g., contiguous range
expansion, long distance colonization).  Yakut
haplogroups identified as founder lineages were
dated by converting ρ (rho) statistics calculated
in Network 4.1 into time (years BP) using different
HVS-I mutation rate estimates.

RESULTS

mtDNA Analyses

The HVS-I sequences for 144 Yakuts harbor
53 different haplotypes (k) characterized by 64
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segregating sites (the sequences were submitted
to the online database HvrBase and are available
at http://www.hvrbase.org).  The haplotype
diversity for the HVS-I data is 0.955, and 11.365
and 6.025 for the θS and θπ estimators, respectively
(Table 2).  These diversity values are intermediate
to those exhibited by northeastern Siberian
populations and the elevated diversity levels
displayed by Asian populations further to the
south. The Itlemen and Koryaks of the
Kamchatkan Peninsula and the Evenks possess
the lowest values, whereas the Han have the
highest.

The neutrality test statistics Tajima’s D and
Fu’s F

S
 for the Yakut sequences are -1.462 and -

Table 1:  Primers and restriction enzymes used in PCR-RFLP analyses.

L10270: CCTCTTTACCCCTACCATGAGH10579: ATTATTCCTTCTAGGCATAGTAG 57 a AluI, BmrI, 310
M/N, DdeI
D5
A L535: CCCATACCCCGAACCAACCH725: GGTGAACTCACTGGAAGGGG 57 a HaeIII 191
B L8239: CTTTGAAATAGGGCCCGTH8363: CACTGTAAAGAGGTGTTGG 50 a – 125
C L13204: ACTCTGTTCGCAGCAGH13335: GTGCAGGAATGCTAGG 55 b AluI, HincII 132
D L5147: AAACTCCAGCACCACGH5261: CAAAAAGCCGGTTAGC 55 b AluI 121
F L12217: CAAGAACTGCTAACTCATGCCH12595: TGGAGAAGTAGTCTAGTTTGAA 55 a HpaI 379
G L4738: CCAATCAATACTCATCATTAATAATCH4972: CCTCAACTGCCTGCTATG 61 a HaeII, HhaI 235
a PCR conditions: 94°C for 1 minute (1 cycle); 94°C for 40 seconds (35 cycles); annealing temperature for 30 seconds (35 cycles);
72°C for 45 seconds (35 cycles); and 72°C for 5 minutes (1 cycle) (Rubicz et al. 2003)
b PCR conditions: 94°C for 1 minute (1 cycle); 94°C for 1 minute (35 cycles); 55°C for 1 minute (35 cycles); 72°C for 1 minute
(35 cycles); and 72°C for 5 minutes (1 cycle) (Lalueza et al. 1997)

Haplogroup(s) Primer Sequences (5'→3') T
A

Enzyme Size
(°C)

Table 2: HVS-I diversity values for the Yakuts and comparative populations.

Populations n Language Haplotype Divesity θS θπ

Yakut 144 Turkic 0.955 (0.007) 11.365 (2.912) 6.025 (3.196)
Northeastern Siberia

Even 65 Tungus 0.953 (0.012) 7.378 (2.264) 5.978 (3.202)
Evenk 39 Tungus 0.923 (0.020) 6.150 (2.115) 4.821 (2.672)
Itelmen 46 Kamchatkan 0.921 (0.022) 5.233 (1.795) 4.059 (2.290)
Koryak 147 Kamchatkan 0.923 (0.011) 6.829 (1.873) 5.583 (2.985)
Yukaghir 22 Yukaghir 0.935 (0.032) 7.132 (2.685) 5.355 (2.996)

South Siberia
Altai 110 Turkic 0.982 (0.004) 14.413 (3.758) 6.581 (3.470)
Buryat 91 Mongol 0.990 (0.004) 13.969 (3.767) 5.330 (2.876)
Khakass 53 Turkic 0.972 (0.009) 10.137 (3.097) 6.488 (3.460)
Tuva 90 Turkic 0.964 (0.008) 12.620 (3.442) 6.336 (3.359)

East Asia
Daur 45 Mongol 0.979 (0.009) 12.807 (3.941) 6.665 (3.558)
Han 250 Sino-Tibetan 0.999 (0.001) 20.831 (4.650) 7.667 (3.968)
Mongol 103 Mongol 0.995 (0.002) 14.403 (3.796) 6.435 (3.402)
Oroqen 44 Tungus 0.948 (0.015) 9.195 (2.936) 6.151 (3.310)

Central Asia
Kazakh 55 Turkic 0.990 (0.006) 13.769 (4.057) 6.540 (3.482)
Kirghiz 94 Turkic 0.990 (0.004) 15.444 (4.107) 6.234 (3.309)
Uighur 55 Turkic 0.993 (0.005) 13.769 (4.057) 5.848 (3.148)
Uzbek 47 Turkic 0.996 (0.005) 12.679 (3.873) 5.876 (3.172)

Standard deviation provided in parantheses

25.025, respectively, both of which are significant
at the 0.05 level (Table 3).  Like the diversity
measures, the Tajima’s D score is approximately
intermediate to the values displayed by
northeastern Siberians and Asian populations
to the south, whereas the Fu’s F

S
 for the Yakuts

is similar to the large negative values exhibited
by other Turkic-Mongol populations.  For
selectively neutral systems such as the HVS-I,
negative scores for these two particular measures
have been typically interpreted as evidence for
the genetic effects of population growth (Fu 1997;
Ramos-Onsins and Rozas 2002; Tajima 1989).
However, most human populations display
negative scores, with the exception of certain



THE ORIGINS OF THE YAKUT PEOPLE: EVIDENCE FROM MITOCHONDRIAL DNA DIVERSITY 123

study conducted by Ray et al. (2003), it was
shown that the degree of gene flow experienced
by a population can significantly impact the
scores of Tajima’s D and Fu’s FS, which suggests
that the generally lower densities and migration
rates of hunter-gatherers is the source for their
non-significant negative scores for mtDNA
diversity.  Hence, the evolutionary meaning of
these two neutrality tests is rather ambiguous.

On the other hand, the significant Yakut value
computed for the Ewens-Watterson homo-
zygosity test is more informative. Along with the
Yakuts, only the Han and Kazakhs exhibit
significant values.  This statistical method tests
for deviations in the observed haplotype
frequency spectrum relative to the Ewens
sampling distribution (Ewens 1972) by comparing
the observed homozygosity (Σp2) to the expected
homozygosity of the Ewens distribution.  Two
main types of deviations can be observed: (1)
the most common haplotypes are at higher
frequencies than expected; and (2) common
haplotypes have lower frequencies, with
intermediate frequency haplotypes at higher
levels (Halliburton 2004).  Both deviations may
be due to natural selection or demographic
processes.  In Figure 2, the observed haplotype
frequency spectrum for the Yakut sequences is

Table 3:  Neutrality test statistics for HVS-I data
for the Yakuts and comparative populations.
Populations Tajima’s D Fu’s FS Σp2

Yakut -1.462* -25.025** 0.051*
Northeastern Siberia

Even -0.617 -9.342** 0.061
Evenk -0.738 -3.097 0.101
Itelmen -0.737 -4.266 0.099
Koryak -0.545 -11.105* 0.083
Yukaghir -0.947 -2.838 0.107

South Siberia
Altai -1.752* -24.997** 0.027
Buryat -2.026** -25.391** 0.021
Khakass -1.227 -12.010** 0.047
Tuva -1.624* -22.599** 0.046

East Asia
Daur -1.690* -16.050** 0.043
Han -1.941** -24.419** 0.005**
Mongol -1.794** -25.054** 0.015
Oroqen -1.147 -5.141* 0.073

Central Asia
Kazakh -1.812* -25.149** 0.028
Kirghiz -1.957** -25.129** 0.021*
Uighur -1.985** -25.310** 0.025
Uzbek -1.879** -25.304** 0.025

Significance levels: * P < 0.05; ** P < 0.01

hunter-gatherer groups.  Excoffier and Schneider
(1999) have interpreted this global pattern as a
signal of a Pleistocene expansion that has been
erased in some hunter-gatherers due to post-
Neolithic bottlenecks.  But in a recent simulation

Fig. 2. The expected Ewens haplotype frequency spectrum plotted against the observed haplotype
frequency spectrum for Yakut HVS-I sequences.

Alleles (More Common → Less Common

H
ap

lo
ty

p
e 

F
re

q
u

en
cy

 (
A

b
so

lu
te

)



124 MARK ZLOJUTRO, LARISSA A. TARSKAIA, MARK SORENSEN ET AL.

plotted against the expected frequencies (given
k = 53 and n = 144), revealing six of the most
common Yakut haplotypes with frequencies
greater than expected. The expected homozy-
gosity is 0.0384, which is significantly less than
the observed value of 0.0513 (P = 0.045) and due
to the type 1 deviation for the common
haplotypes.  Based on the current understanding
of Yakut origins, this deviation likely stems from
a founder effect associated with the ancestral
migration to northeastern Siberia that may have
been dominated by a limited number of maternal
lineages.

The mismatch distribution for the Yakut
sequences is primarily unimodal with a peak of six
pairwise differences (Fig. 3), which is considered
a signature of population expansion (Rogers and
Harpending 1992).  The majority of the comparative
populations in this study also exhibit unimodal
mismatch distributions (results not shown).  The
coalescent date for the Yakut HVS-I data derived
from Rogers and Harpending’s mismatch model
(based on the τ parameter calculated by a non-
linear least-squares approach in Arlequin and
using a conservative mutation rate of 16.5% per
nucleotide per million years) is approximately
58,800 years BP (95% CI: 36,000 to 75,700).  This
result is generally consistent with previous studies
that have dated HVS-I data for Eurasian
populations using the mismatch model, indicating
a widespread population expansion of
anatomically modern humans some time during
the Paleolithic period (Rogers 1995; Sherry et al.
1994).  Thus, the unimodality of the Yakut mismatch

distribution is a product of ancient demographic
processes that is not population-specific.

The MJ network for Yakut HVS-I sequences
is presented in Figure 4.  Fifteen haplotypes,
representing 67 individuals or 46.5% of the Yakut
sample, belong to haplogroup C based on the
absence of 13259 HhaI, the presence of 13262
AluI, and the HVS-I motif of 16223T, 16298C and
16327T.  The most common haplotype in the
sample is the root for subhaplogroup C4a that is
exhibited by 19 individuals (13.2%), which is
defined by the transitions 16171G, 16344T and
16357C.  This haplotype is shared with many
Asian populations, including the neighboring
Evenks and Yukaghirs, as well as various
Mongol-Turkic populations from south Siberia.

Seventeen haplotypes, representing 42 Yakut
individuals (29.1%), were assigned to haplogroup
D on the absence of 5176 AluI and HVS-I
transitions 16223T and 16362C.  Three of the
haplotypes belong to a fragmented subha-
plogroup D5a (9.7%) based on the loss of two
diagnostic restriction sites for macrohaplogroup
M, 10394 DdeI and 10397 AluI (both of which are
due to a 10397G transition that concomitantly
creates a BmrI restriction site), and transitions
16189C and 16266T. Subhaplogroup D5a is
predominantly found among south Siberians and
East Asian groups such as the Han, although at
low frequencies (about 1-3%).  The second most
common HVS-I sequence (12 Yakut individuals
or 8.3%) is the D5a lineage exhibiting the
transitions 16092C and 16172C and is
evolutionarily removed from the other two D5a

Fig. 3. Mismatch distribution for Yakut HVS-I sequences.
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singletons by these two mutations.  This common
haplotype is only shared with the Yukaghir and
Mongol samples (each with only a single
sequence) and given its relative isolation within
the Yakut network suggests that it is the genetic
consequence of a population bottleneck.

Overall, haplogroups C and D comprise 75.7%
of the Yakut sample, which is consistent with the
range of frequencies exhibited by other Siberian
groups (from 34.5% in the Altai to 92.3 % in the
Evenks).  The seven most common haplotypes
all belong to haplogroups C and D.  Of the

remaining Yakut sequences, 14.6% belong to east
Eurasian haplogroups A, B, F, G, M and Y.  The
rest (9.7%) were assigned to west Eurasian
haplogroups such as J and T.

Nested cladistic analyses (NCA) were
performed for the major Yakut mtDNA lineages
of haplogroups C and D and included closely
related HVS-I sequences observed in the
comparative population data (note, some D5a
sequences for the Han, Daur and Oroqen were
excluded from the analyses due to the underlying
uncertainty of transversions 16182C and 16183C).

Fig. 4.  Median-joining (MJ) network for Yakut HVS-I sequences.  Each circle represents an observed
haplotype, with its area proportional to its frequency, and the connecting lines describe mutation
pathways.  Transitions are abbreviated to the last three digits of the nucleotide position (np 16050-
16400) and followed by a letter for transversion events to indicate the result of the nucleotide change.
The haplotype with the double asterisk (**) represents the Cambridge Reference Sequence.  Diagnostic
RFLPs were characterized to resolve some of the haplogroup assignments.  The RFLPs are represented
by the following letters: A (+) 663 HaeIII; B (+) 4830 HaeII; C (+) 4831 HhaI; D (–) 5176 AluI; E (–) 7598
HhaI; F (+) 10394 DdeI; G (–) 10394 DdeI; H (+) 10397 AluI; I (–) 10397 AluI; J (–) 12406 HincII; K (+) 13259
HincI; L (–) 13259 HincI; M (+) 13262 AluI; and N (–) 13262 AluI.  The presence (+) or absence (–) of a cut
site is indicated in parentheses.  The intergenic 9 bp insertion and deletion of the COII-tRNALys region
are coded by the letters O and P, respectively.
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This phylogeographic method calculates
statistics for each clade in order to identify
significant geographic differentiation: D

c
 (the

clade distance), measures the geographical range
of a particular clade or haplotype; and D

n
 (the

nested clade distance), compares the geogra-
phical range of a particular clade to that of its
sister clades (Jobling et al. 2004). The nested
cladograms are shown in Figure 5 and were
produced following the methodology outlined
by Templeton and Sing (1993).  From a total of 28
nested clades, seven exhibited significant
associations with geography.  With the aid of an
inference key provided with the GeoDis program,
three main competing explanations are provided
for the significant results: restricted gene flow
(i.e., isolation by distance); population

fragmentation; and range expansion (either
continuous range expansion or long distance
colonization).  Only one of the nested clades that
included Yakut sequences was identified as the
product of a long distance colonization event:
clade II-4 of haplogroup D that exhibits a
significantly large D

c
 difference between internal

and tip clades, with the major Yakut D5a
haplotype represented by clade I-7.

Therefore, subhaplogroup D5a appears to be
a founder lineage for the Yakuts based on the
significant deviation of the common D5a
haplotype from the Ewens frequency spectrum,
its fragmented structure within the MJ network,
and the results of the NCA.  This is further
supported by ancient mtDNA studies, which
have characterized five Yakut skeletal specimens

Fig. 5. Nested cladistic designs for haplogroups C (part A) and D (part B).  Each line represents a HVS-I
mutation, and the open circles indicate observed haplotypes (shaded ones include Yakut sequences),
whereas the black circles are missing haplotypes.  Ovals contain one-step clades (I-1 to I-10), black
rectangles designate two-step clades (II-1 to II-4), and grey rectangles contain three-step clades (III-1
and III-2).
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dating to about 300-400 years BP to this particular
subhaplogroup (Ricaut et al. 2004, 2006).  The
age of D5a was estimated with the ρ (rho) statistic
in order to obtain the age of the Yakut founder
event.  Using the conservative mutation rate of
20,180 years per mutation (Forster et al. 1996), a
date of 5,771 years BP (± 3,532 years) was
calculated.  However, the faster rate of 0.5
mutations per million years per nucleotide based
on pedigree estimates (Howell et al. 2003) yielded
an age of 1,630 years BP (± 997 years), which is
more congruent with archaeological evidence.

A MDS plot of a pairwise D
A
 distance matrix is

presented in Figure 6.  The stress value for the
plot is 0.0975, which indicates a strong goodness
of fit to the original matrix (Kruskal 1964).  Along
the first dimension, the Evenki and Itelmen
represent the extreme positions, with the rest of
the populations clustering in the center.  The
second dimension differentiates the Yakuts and
other Mongol-Turkic groups, along with the
Oroqen and Han, from the indigenous populations

of northeastern Siberia positioned at the bottom
of this axis.  The main finding from the SAMOVA
analyses is also shown in Figure 6.  When the
number of groupings (k) was set within the range
of 2 to 5, the Mongol-Turkic groups, the Oroqen,
and the Han consistently clustered together with
significant φ

CT
 values ranging from 0.0537 to 0.0799

(P < 0.05).  Overall, these results show a close
genetic relationship between the Yakuts and south
Siberian populations, and thus supporting a
southern origin for the Yakut people.

CONCLUSION

The goal of this study was to examine the
origins of the Yakut people based on mtDNA
variation.  The findings are generally consistent
with the results of previous mtDNA studies on
the Yakuts that show evidence of a close genetic
relationship to southern Turkic populations
(Federova et al. 2003; Pakendorf et al. 2006;
Puzyrev et al. 2003).  The majority of the Yakut

Fig. 6.  MDS plot of a DA distance matrix and the primary grouping identified in SAMOVA.  Black circles
and squares represent Turkic- and Mongol-speaking populations, respectively, and open circles are non-
Mongol-Turkic groups.  The curved line indicates those populations that were found to consistently
cluster together in SAMOVA analyses (for k = 2 to 5 groups).
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haplotypes belong to East Eurasian lineages that
include haplogroups commonly found in south
Siberian and Central Asian populations, such as
B, D5a, F, and G2a.  This is reflected in the MDS
plots and SAMOVA analyses that show close
genetic affinities between the Yakuts and south
Siberian populations.  However, the Yakuts and
Tuva are somewhat removed from the other
populations in the Mongol-Turkic MDS cluster
in the direction of the Evenki and Yukaghirs.  And
with Yakut diversity levels that are intermediate
to northeastern Siberians and Mongol-Turkic
groups from south Siberia, these results may be
indicative of some degree of admixture with
indigenous groups and/or differentiation after the
Yakut migration northwards to the Lena river
basin.  The genetic effects of this postulated
founder event are evident from the significant
Ewens-Watterson homozygosity test that is the
product of a type 1 deviation in the Yakut HVS-I
data.  Subhaplogroup D5a is identified as one of
the founder lineages and was dated to approxi-
mately 1,630 years BP, which is earlier than the
founder dates based on the archaeological record.
Overall, the results from this study are congruent
with other investigations and lines of evidence
that point to a southern origin for the Yakut people
that involved a founder event dominated by a
limited number mtDNA lineages within
haplogroups C and D.
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