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ABSTRACT The Yakuts are a Turkic-speaking popu-
lation from northeastern Siberia who are believed to
have originated from ancient Turkic populations in
South Siberia, based on archaeological and ethnohistor-
ical evidence. In order to better understand Yakut ori-
gins, we modeled 25 demographic scenarios and tested
by coalescent simulation whether any are consistent
with the patterns of mtDNA diversity observed in pres-
ent-day Yakuts. The models consist of either two simu-
lated demes that represent Yakuts and a South Sibe-
rian ancestral population, or three demes that also
include a regional Northeast Siberian population that

served as a source of local gene flow into the Yakut
deme. The model that produced the best fit to the
observed data defined a founder group with an effective
female population size of only 150 individuals that
migrated northwards approximately 1,000 years BP
and who experienced significant admixture with neigh-
boring populations in Northeastern Siberia. These sim-
ulation results indicate a pronounced founder effect
that was primarily kin-structured and reconcile
reported discrepancies between Yakut mtDNA and Y
chromosome diversity levels. Am J Phys Anthropol
000:000–000, 2009. VVC 2009 Wiley-Liss, Inc.

The Yakuts of northeastern Siberia are a Turkic-
speaking population of about 430,000 who are settled
throughout the Sakha Autonomous Republic (also known
as Yakutia) of the Russian Federation. Traditionally,
Yakuts are a cattle- and horse-breeding people and rep-
resent one of the northernmost Turkic-speaking popula-
tions in the world, which distinctly contrasts the subsist-
ence patterns and languages of other native groups in
the region. Comparative linguistics has revealed close
similarities between the Yakut language and Turkic lan-
guages spoken in the Altai-Sayan region (Ruhlen, 1987),
which suggests that Yakuts have ancestral ties to south-
ern Turkic groups and thus originally migrated to north-
eastern Siberia from areas further to the south. Other
types of evidence support this notion of a southern ori-
gin, including similarities in material culture, elements
in the pastoral economy, celebrated traditions, and reli-
gious beliefs (Tokarev and Gurvich, 1956; Okladnikov,
1970). Moreover, petroglyphs and artifacts attributed to
the ancient Turkic-speaking Kurykans from the Lake
Baikal region display close affinities to Yakut culture.
Based on these archaeological finds, some scholars postu-
late that Yakuts stem from a Kurykan exodus that trek-
ked north along the Lena River system in order to
escape Mongolian incursions during the 11th to 13th
centuries (Okladnikov, 1970; Konstantinov, 1975; Alek-
seev, 1996).
Although it is evident that the most parsimonious

model for Yakut ancestry would necessitate a southern
origin and founder event, the timing of the northern
migration, the size of the founder group and the degree

of genetic admixture with non-Turkic Siberian popula-
tions is less apparent. At Russian contact in the 17th
century, Yakuts were primarily settled in central Yakutia
in the basins of the Lena and Aldan river systems and
had a population size of approximately 30,000–40,000
(Dolgikh, 1960; Forsyth, 1992). In the following centu-
ries, Yakuts expanded beyond this region into neighbor-
ing territories once occupied by various indigenous peo-
ples—namely the Yukaghirs and Tungusic-speaking
Evenks and Evens—and today represent one of the larg-
est and most widespread populations in Siberia.
Several studies have characterized the mtDNA and Y-

chromosome variation in the Yakuts in order to elucidate
their demographic history and genetic relationship to
other Asian populations. Federova et al. (2003) pre-
sented evidence for a Mongol/Central Asian origin for
the Yakuts based on HVS-I data, whereas Puzyrev et al.
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(2003) identified common Yakut Y-chromosome haplo-
types that are closest to haplotypes found in eastern
Evenks and thus suggesting potential admixture with
Tungusic groups. In a paper by Pakendorf et al. (2006),
mtDNA results affirmed a southern ancestry for the
Yakuts, but revealed no conclusive evidence for either a
migration bottleneck or admixture with indigenous peo-
ples. The Y-chromosome data, on the other hand, showed
genetic signatures for a strong founder effect that was
dated to approximately 880 years BP, although the exact
origins of the Yakut paternal lines were not resolved.
And in a recent study by Zlojutro et al. (2008), mtDNA
variation was examined in seven communities from cen-
tral Yakutia and revealed genetic features indicative of a
founder event: fragmented MJ network dominated by
high-frequency haplotypes within haplogroups C and D;
nested cladistic analysis (NCA) that identified a signifi-
cant geographic differentiation for subhaplogroup D5a;
and type 1 deviation for the observed Ewens haplotype
frequency spectrum.
To better understand Yakut origins, and specifically

the nature of the Yakut founder event in northeastern
Siberia, this paper evaluates a series of migration mod-
els through coalescent simulation. The models were
defined by parameters such as effective population size,
growth rate and gene flow, and the resulting simulated
data were compared against the patterns of Yakut
mtDNA diversity reported by Zlojutro et al. (2008). Of
the various models tested, the one producing the highest
likelihood defined a migration event at 1,000 years BP, a
founder group with an effective female population size of
only 150, and significant admixture with neighboring
populations in Northeastern Siberia.

MATERIALS AND METHODS

Yakut sequence data

Measures of Yakut mtDNA diversity examined in this
study are based on HVS-I sequences reported by Zlojutro
et al. (2008). The Yakut samples were collected during
the summer of 2000 from seven communities located in
the central Lena River watershed of the Sakha Republic:
Asyma, Berdigestiakh, Dikyimdye, Khorobut, Maia,
Nizhny Bestiakh, and Viljujsk (see Fig. 1). DNA was
extracted from whole blood using the Super Quik-Gene
DNA isolation kit (LBA, University of Kansas), a salt-
ing-out methodology. A total of 144 samples were suc-
cessfully sequenced for the HVS-I and aligned using Bio-
Edit software (Ibis Therapeutics), which produced a
data set encompassing np 16050–16400 (a total length of
351 bp).

Coalescent simulations

The coalescent program SERIAL SIMCOAL (Anderson
et al., 2005) was used to test different scenarios of Yakut
demographic history. The program constructs simulated
genealogies for demes of n sequences backwards in time
for t generations. Mutations are then randomly distrib-
uted onto the trees by a user-specified mutation model.
The demographic models considered in this study differ
in terms of the number of demes, effective population
sizes, growth rates, gene flow, timing of the Yakut foun-
der event, and mutation rate. Based on recent estimates
for the HVS-I (Meyer et al., 1999), a transition bias of
0.9375 and mutation rate-heterogeneity parameter of

Fig. 1. Map of Asia showing the approximate geographic locations of the Yakut samples analyzed in this study.
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0.26 were used, allowing for variation at each of the 351
nucleotide sites in the 144 simulated sequences.
The SERIAL SIMCOAL output for each of the demo-

graphic models consisted of 1,000 sets of sequence data,
which included statistics such as haplotype number, seg-
regating sites, haplotype diversity, pairwise differences
and Tajima’s D generated in Excel spreadsheets. In
order to evaluate the overall significance of the individ-
ual models, the method described by Belle et al. (2006)
was employed. The empirical likelihood (P) for each of
the observed diversity measures given the parameters of
the different demographic scenarios were computed rela-
tive to the diversity statistics obtained from the simu-
lated data. For instance, if the observed statistic x ranks
as the kth among 1,000 simulated values with a median
of m, the empirical likelihood of that value is repre-
sented by the number simulated values greater than x
(assuming x [ m) and doubling that number to obtain a
two-tailed test. Fisher’s method was used to combine the
probabilities of the individual statistics in order to obtain
an overall test of significance for each model (note, there
is not complete independence between the different
genetic diversity measures). Fisher’s test statistic has a
v2 distribution, where v2 5 22Sln (P). A total of 25 dif-
ferent models were tested (of which 14 are discussed in
detail in the Results section) and under a Bonferroni cor-
rection the significance level becomes P 5 0.05/25 5
0.002. For 10 degrees of freedom (derived from 2k, where
k is the number of measures), the critical value of the v2

for the demographic models is 27.72.

RESULTS

Yakut mtDNA diversity

The Yakut HVS-I data reported by Zlojutro et al.
(2008) comprise 53 different haplotypes (k) characterized
by 64 variant sites. The haplotype diversity for this data
set is 0.955, with values of 11.365 and 6.025 for the yS
and yp estimators, respectively. These scores are inter-
mediate to those exhibited by northeastern Siberian pop-
ulations and the genetically diverse Asian populations
further to the south. The neutrality test statistics Taji-
ma’s D and Fu’s FS have values of 21.462 and 225.025,
respectively, and both are significant at the 0.05 level.
The mismatch distribution for the Yakut sequences is
primarily unimodal with a peak at six pairwise differ-
ences (see Fig. 2), which is considered a signature of pop-

ulation expansion (Rogers and Harpending, 1992; Sherry
et al., 1994). In addition, a minor peak or lip is present
at zero differences.
The observed haplotype frequency spectrum for the

Yakut HVS-I sequences exhibits a type 1 deviation from
the Ewens (1972) sampling distribution (given k 5 53
and n 5 144) where the most common haplotypes are at
higher frequencies than expected (see Fig. 3). The homo-
zygosity of the Ewens distribution is 0.0384, which is
significantly less than the observed value of 0.0513 (P 5
0.045 based on the Ewens-Watterson homozygosity test)
and is largely due to the high frequencies of the six most
common Yakut haplotypes. This deviation likely repre-
sents the genetic consequence of the postulated Yakut
founder event in northeastern Siberia for which a lim-
ited number of maternal lineages appears to have domi-
nated the Yakut founder population (Zlojutro et al.,
2008). Overall, haplogroups C and D make up 75.7% of
the Yakut sample, a mtDNA composition that is gener-
ally consistent with those of other neighboring Siberian
populations. The seven most common Yakut haplotypes
all belong to haplogroups C and D.

Coalescent simulation models

The general design of the various demographic models
tested in this study is illustrated in Figure 4. The three
cone-like structures represent simulated populations or
demes, specifically the Yakuts, Northeast Siberians and
South Siberians. The varying cone diameters correspond
to effective population sizes (Nf) and its change over
time. Historical and archaeological benchmarks are pro-
vided on the left-hand side (e.g., Russian contact), along
with the number of generations from the present day
(T). The models in this study are based on either: two
demes representing Yakuts and a South Siberian meta-
population responsible for giving rise to the Yakut found-
ers; or three demes that also include Northeastern Sibe-
rians that serve as a source of local gene flow into the
Yakut deme. Assuming an isolation-by-distance (IBD)
pattern for mtDNA diversity, which is a reasonable ex-
pectation for prehistoric pastoralist populations, Yakut
admixture would have mostly involved surrounding
Northeast Siberian groups, such as Yukaghirs and
Tungus, and not the highly diverse Turkic- and Mon-
golic-speaking populations located approximately 2,000
km to the south in the Lake Baikal and Altai-Sayan

Fig. 2. Mismatch distribution for Yakut HVS-I sequences (Zlojutro et al., 2008).
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areas. Therefore, a third deme was defined in a subset of
the demographic models that approximate the prehis-
toric conditions of localized gene flow into the Yakut pop-
ulation.
Based on the archaeological record, the first modern

humans settled in South Siberia during the Early Upper
Paleolithic period approximately 30,000–40,000 years BP
and later colonizing the mammoth-steppes of subarctic
Siberia by means of various behavioral adaptations
(Goebel, 1999). This benchmark (30,000 years BP or
1,200 generations, assuming 25 years per generation)
was used as the evolutionary endpoint for the simulated

South Siberian gene pool (note, the coalescence process
is simulated backwards in time). The population size of
the South Siberian founders is not known with any
degree of certainty; however human settlement during
the Middle Pleniglacial was sparse given the environ-
mental constraints of the region (e.g., long cold winters
and patchwork of vegetation zones). Thus, a conservative
effective population size of 100 was used in the models
(note, Nf is approximately N/12 because effective popula-
tion size is typically estimated as one third the census
size and the effective size of mtDNA is one fourth of that
for autosomes).

Fig. 3. The expected Ewens haplotype frequency spectrum plotted against the observed haplotype frequency spectrum for Yakut
HVS-I data (Zlojutro et al., 2008).

Fig. 4. Schematic of the general design of the various demographic models tested in this study. The cone-like structures repre-
sent the change in effective population sizes (Nf) of demes over time for the Yakuts, Northeast Siberians, and South Siberians. The
left-hand margin indicates the timing of historical periods and demographic events, which is estimated by the number generations
to the present day (T). The Nf sizes are provided within the demes at certain time periods. The arrows stemming from the south Si-
berian gene pool indicate the source of founder events related to the origins of Northeast Siberians and Yakuts.

4 M. ZLOJUTRO ET AL.

American Journal of Physical Anthropology



Within Northeastern Siberia, human colonization
occurred later, with Late Neolithic and Bronze Age cul-
tures exhibiting continuity with the traditional cultures
of present day Tungus and Yukaghir groups (Okladnikov,
1956). According to Vasilevich (1969), the northern
Tungus are the descendants of Neolithic populations
that were settled in the Lake Baikal region in South
Siberia approximately 3,000–4,000 years BP and later
migrated northwards in the face of Turkish expansion
into the area. Other scholars argue that Tungus origins
lie further to the southeast in Manchuria and the Amur
River region (Shirokogoroff, 1966; Janhunen, 1996). The
Yukaghirs, who speak a language classified as a linguis-
tic isolate (Comrie, 1981), are considered the remnants
of a once widespread Paleo-Siberian people that experi-
enced extensive admixture with Tungus cultural ele-
ments during the past millennium. For the models, a
deme representing a population aggregate of the
Tungus-Yukaghir peoples of northeastern Siberia was
simulated by defining a founder event in the Bronze Age
(4,000 years BP or 160 generations) with an Nf of 1,000
that stems from the South Siberian meta-population.
The Nf values from Russian contact up to the present

day are based on Russian/USSR census statistics (1897,
1989, and 2002) and historical accounts (cf. references in
Forsyth, 1992). The Yakut effective sizes were estimated
from population data for the districts of central Yakutia,
the region from which the Yakut samples in the Zlojutro
et al. study were collected from. Other mtDNA data sets
from districts outside of central Yakutia were not
included in the present study (Federova et al., 2003;
Pakendorf et al., 2003, 2006) in order to remove any
genetic substructure stemming from the far-ranging geo-
graphic expansions of Yakuts throughout Northeastern
Siberia since Russian contact. Such effects would have
important genetic implications for diversity levels of pe-
riphery versus central demes and would necessitate the
simulation of additional Yakut demes within a spatial
context to accommodate this additional Yakut data (Ray
et al., 2003), and thus the present study focuses on the
population growth in central Yakutia and the timing and
size of the Yakut ancestral migration to this region from
South Siberian sources.

A total of 25 models were tested, of which 14 are dis-
cussed below. For each model, numbered 1 through 14,
1,000 simulations were performed and the means for the
following genetic statistics were calculated from the
sequence data sets (Table 1): haplotype number, segre-
gating sites, haplotype diversity, pairwise differences,
and Tajima’s D. Models 1 through 10 are basic two-deme
scenarios characterizing the Yakut founder event derived
from the south Siberian gene pool. The adjusted parame-
ters for models 1 and 2 include a Yakut founder size (N0)
of 100 individuals and a mutation rate (l) of 0.5 muta-
tions per million years per nucleotide. The timing of the
Yakut founder event is varied between 1,500 years BP
(60 generations) and 1,000 years BP (40 generations) for
the two models, as well as models 3 through 10.
Although the Yakut migration to the north is assumed to
have taken place no earlier than the 11th to 13th centu-
ries AD based on both the Kurykan archaeological record
and the absence of artifacts associated with cattle or
horse-breeding in Yakutia prior to this period (Gogolev,
1993), South Siberia and the Asian steppe lands experi-
enced a series of large-scale population movements of
Turkic peoples during the first millennium AD (e.g., T’u-
Chueh in the sixth century AD) and thus an earlier date
for the Yakut migration (1,500 years BP) was considered.
Overall, models 1 and 2 produced patterns of sequence
diversity that differed substantially from the observed
Yakut sequences. For instance, the average number of
haplotypes for the simulated data from both models is
only about 18, whereas 53 different haplotypes are
observed in the Yakut sample. The only statistic that
resulted in high P values is pairwise differences. The
large, significant v2 values for the models indicate poor
fits to the observed data.
For models 3 through 6, N0 was increased to either

500 or 1,000 individuals. Model 6 has the best fit (signifi-
cant v2 of 39.57), which defines the Yakut founder event
at 1,000 years BP and N0 of 1,000 individuals. However,
the diversity levels of the simulated data remain low rel-
ative to the observed sequences (e.g., average haplotype
number ranges from 28.67 to 36.60). These low levels
became more pronounced in models 7 through 10 that
set N0 at 1,000 individuals and used more conservative

TABLE 1. Parameter values for tested demographic models and empirical likelihood values (P) for summary
statistics computed from 1,000 simulations

Model N0 T0 l M Haplotype no. Seg. sites Hap. div. Pair. diff. Tajima’s D v2

Observed 53 64 0.9553 6.0389 21.4849
1 100 1500 0.5 0 18.679 (0.000) 30.307 (0.000) 0.8369 (0.000) 5.9455 (0.922) 0.2631 (0.004) 80.28
2 100 1000 0.5 0 18.465 (0.000) 32.147 (0.000) 0.8542 (0.000) 6.2341 (0.946) 0.2370 (0.000) 92.21
3 500 1500 0.5 0 28.669 (0.000) 44.603 (0.002) 0.9226 (0.004) 6.8309 (0.540) 20.4500 (0.006) 57.96
4 500 1000 0.5 0 30.055 (0.000) 47.514 (0.006) 0.9299 (0.010) 6.9868 (0.418) 20.5562 (0.002) 56.64
5 1000 1500 0.5 0 34.269 (0.000) 51.223 (0.028) 0.9410 (0.168) 7.1790 (0.332) 20.6780 (0.004) 46.99
6 1000 1000 0.5 0 36.604 (0.000) 54.392 (0.094) 0.9474 (0.396) 7.2047 (0.344) 20.8122 (0.020) 39.57
7 1000 1500 0.05 0 7.700 (0.000) 7.162 (0.000) 0.5198 (0.000) 0.7834 (0.000) 20.8525 (0.218) 95.15
8 1000 1000 0.05 0 8.417 (0.000) 7.861 (0.000) 0.5294 (0.000) 0.8044 (0.000) 20.9722 (0.328) 94.33
9 1000 1500 0.1 0 13.223 (0.000) 13.642 (0.000) 0.7409 (0.000) 1.5371 (0.000) 20.9551 (0.250) 94.88
10 1000 1000 0.1 0 14.273 (0.000) 14.721 (0.000) 0.7439 (0.000) 1.5339 (0.000) 21.0962 (0.368) 94.10
11 1000 1000 0.5 0.005 43.208 (0.034) 58.797 (0.334) 0.9539 (0.960) 7.1849 (0.312) 20.9918 (0.088) 16.22
12 1000 1000 0.5 0.05 60.346 (0.140) 68.742 (0.374) 0.9686 (0.068) 7.3289 (0.232) 21.2739 (0.462) 15.74
13 1000 1000 0.4 0.05 54.676 (0.680) 59.640 (0.412) 0.9621 (0.352) 5.8752 (0.818) 21.4028 (0.844) 5.37
14 150 1000 0.4 0.10 53.008 (0.972) 58.871 (0.352) 0.9518 (0.906) 5.8427 (0.804) 21.3870 (0.760) 3.33

Model parameters: N0, effective population size at time of founder event; T0, time of founder event in years BP; l, mutation rate
per million years per nucleotide; M, proportion of Tungus-Yukaghir migrants per generation.
Abbreviations: haplotype no., haplotype number; seg. sites, segregating sites; hap. div., haplotype diversity, pair. diff., pairwise dif-
ferences. Likelihood values are provided in parantheses. v2 values for Fisher’s test is defined by 22Sln (P). Italicized scores are
those that are not significant.
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HVS-I mutation rate estimates that derive from phyloge-
netic considerations (either 0.05 or 0.10) (Ward et al.,
1991; Hasegawa et al., 1993; Tamura and Nei, 1993),
producing very high v2 scores. At lower N0 values,
genetic variation was almost absent (data not shown).
Clearly, the elevated mutation rate of 0.5 used in models
1 through 6, which is based on estimates derived from
pedigree studies (Howell et al., 2003; Pakendorf and
Stoneking, 2005), generated data that was more concord-
ant to the observed diversity patterns.
In Models 11 and 12, a third deme was simulated, rep-

resenting the Tungus-Yukaghir peoples and a source of
gene flow into the Yakut deme. The parameter settings
of Model 6 were used in these two scenarios, with the
proportion of migrants per generation from the third
deme, M, set at 0.005 and 0.05, respectively. As a result
of the gene flow, both models produced higher levels of
diversity and non-significant v2 values that indicate a
good fit to the observed Yakut data. Higher migration
rates were also tested, but this resulted in weaker fits
(data not shown). In Model 13, the mutation rate was
adjusted to 0.4 in order to depress the genetic variation
of Model 12 to be more akin to the observed data, which
achieved a low v2 of 5.37.
Of the models discussed up to this point, Model 13

exhibits the best fit to the observed Yakut data. How-
ever, when the simulated sequences were then used to
construct an average mismatch distribution and haplo-
type frequency spectrum, this apparent concordance was
not supported. As previously noted, the observed Yakut
sequences exhibit a significant type 1 deviation from the
Ewens haplotype frequency spectrum and a minor peak
centered on zero differences in the mismatch distribu-
tion, two features that are presumably signatures of a
pronounced founder effect and neither of which are evi-
dent in the simulated data for Model 13 (not shown).
The homozygosity for the frequency distribution of the
simulated data is 0.0353, which is less than the values
for both the expected (0.0384) and observed distributions
(0.0513; P 5 0.000). Therefore, in order to generate a
limited number of high-frequency haplotypes in the

simulated sequences, but without depressing the level of
diversity achieved in Model 13, an additional series of
models were tested in which N0 was decreased and M
increased in a stepwise fashion.
From this series of simulations, Model 14 in Table 1

produced the best fit (v2 of 3.33). This model is defined
by a relatively small N0 of 150 and M set at 0.10
migrants per generation. The timing of the founder
event is 1,000 years BP, although the earlier date of
1,500 BP was also tested and produced strong fits. The
means of the genetic statistics for the simulated data are
remarkably close to the observed diversity patterns,
especially for haplotype number (53.008; P 5 0.972) and
haplotype diversity (0.9518; P 5 0.906). More impor-
tantly, Model 14 generated a haplotype frequency spec-
trum that exhibits very high frequencies in the front end
of the distribution (see Fig. 5) and a mismatch distribu-
tion with a minor peak at zero pairwise differences (see
Fig. 6). The homozygosity for the haplotype frequencies
is 0.0499, which produced a high likelihood to the
observed value (P 5 0.880).

DISCUSSION

The demographic models tested in this study are not
exhaustive of all possibilities. The focus of the simulation
study was to characterize the Yakut founder event in
terms of its timing and the number of female founders,
as well as the degree to which subsequent gene flow on a
regional level was responsible for shaping contemporary
Yakut mtDNA variation. However, the SERIAL SIM-
COAL program does not permit the identification of par-
ticular source populations for Yakut admixture, and thus
detailed admixture scenarios were not considered in this
paper, such as the potential genetic impact of Mongolic-
Buryat contact prior to the Yakut migration to North-
eastern Siberia (Pakendorf et al., 2006). Nonetheless,
two main conclusions can be drawn from the simulation
results. First, the higher HVS-I mutation rates esti-
mated from direct observations of mutations arising in
families or deep-rooted pedigrees generated levels of

Fig. 5. The observed Yakut frequency spectrum plotted against the simulated haplotype frequency spectrum for demographic
Model 14.
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genetic variation that are more consistent with the
observed Yakut data. The alternate mutation rate based
on phylogenetic evidence is approximately 10-fold lower
and could possibly be accommodated by the coalescent
models if the rate of migration into the Yakut deme was
extremely high and human settlement of Siberia
occurred much earlier and in larger numbers, two condi-
tions that are not supported by historical or archaeologi-
cal evidence. Clearly, this discrepancy in mutation rates
has important implications for reconstructions of human
evolutionary history and the dating of demographic
events based on mtDNA variation, and as a result has
generated intense debate (Macaulay et al., 1997; Sigur-
oardóttir et al., 2000; Heyer et al., 2001; Hagelberg,
2003; Howell et al., 2003). Many explanations have been
offered to account for these differences, including pater-
nal mtDNA leakage and recombination and the effects of
purifying selection and/or genetic drift on genealogical
versus geological timescales. In addition, mutation rate
heterogeneity within the HVS-I (i.e., ‘‘hot spots’’) is a
likely factor as fast-evolving sites may be preferentially
detected in pedigree studies, whereas phylogenetic com-
parisons generally involve mutations at slowly evolving
sites, with a significant number of the mutations
observed in pedigree data eliminated at the population
level. Therefore, it may be necessary for studies of deep
history to utilize phylogenetically based mutation rates,
while the pedigree-based rates may be more appropriate
for studies of recent history (Macaulay et al., 1997; Ho
and Larson, 2006), such as Yakut ethnogenesis.
The second conclusion that can be drawn from the

simulation results is that the Yakut founder event in
northeastern Siberia likely involved a small female pop-
ulation with an effective size as few as 150 individuals
that experienced notable gene flow from surrounding in-
digenous peoples. This finding is particularly interesting
given the results of previous genetic studies of Yakut
samples that revealed marked differences in the diver-
sity of HVS-I sequences and Y-STR haplotypes. Based on

research by Puzyrev et al. (2003) and Pakendorf et al.
(2006), Yakut Y-STR variation was found to be among
the lowest for Siberian populations, with the vast major-
ity belonging to closely related haplotypes within hap-
logroup N-TatC. This has been interpreted as evidence
for a very strong founder effect in the Yakut paternal
line. On the other hand, Yakut mtDNA sequence diver-
sity is high relative to other Siberian populations (Fed-
erova et al., 2003; Puzyrev et al., 2003; Pakendorf et al.,
2006; Zlojutro et al., 2008). Pakendorf et al. provide
three possible explanations for this contradiction
between the two genetic systems: (1) substantial Yakut
admixture with local women; (2) the Yakut founder pop-
ulation was dominated by related patrilineal clans that
practiced strict exogamy and thus comprised of women
originating from diverse South Siberian groups; and (3)
a large proportion of Yakut men practicing polygyny. But
when considering the significant type 1 deviation in the
haplotype frequency spectrum observed for the Yakut
sequences (see Fig. 3), the second and third explanations
are less satisfactory because it is apparent that the
Yakut mtDNA structure is dominated by two classes of
haplotypes: high-frequency ones within haplogroups C
and D; and low-frequency haplotypes or singletons in the
tail of the distribution that contribute to the overall high
diversity. Complementing the major Y-STR haplotypes
identified in the Yakuts, the high-frequency matrilines
are suggestive of a pronounced founder effect that was
kin structured not only for men but also women. In par-
ticular, subhaplogroup D5a likely represents one of these
founding matrilines, dating to approximately 1,286 to
800 years BP (Pakendorf et al., 2006). This lineage is
dominated by a single high-frequency haplotype (8.3%)
that is closely related to South Siberia mtDNA variants
and has been characterized in both contemporary sam-
ples and the majority of Yakut skeletal specimens dating
from 300 to 400 years BP (Ricaut et al., 2004, 2006).
Therefore, Pakendorf et al.’s first explanation appears to
be the most parsimonious one given the genetic data.

Fig. 6. Mismatch distributions for observed Yakut HVS-I sequences and simulated data for demographic Model 14.
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During the Yakuts’ successful settlement and expansion
throughout the Lena River basin after the northward
migration, admixture with Tungus and Yukaghir females
would have had the effect of introducing greater mtDNA
variation into the Yakut founder population and obscur-
ing the genetic signature of a founder effect that is
clearly evident in the Y chromosome data.
In addition to the diversity levels, Yakut mtDNAs and

Y chromosomes differ in their phylogeographic relation-
ships and potential origins. The mtDNA data is consist-
ent with linguistic and archaeological evidence that
point to a southern origin for the Yakut people. Many of
the Yakut haplogroups are common in South Siberia and
Central Asia, and this is reflected in MDS plots of
genetic distances and SAMOVA trials that demonstrate
close ties between the Yakuts and these southern popu-
lations (Pakendorf et al., 2006; Zlojutro et al., 2008). In
contrast, most of the Yakut Y chromosomes are distinct
from all Asian populations that have been studied to
date. The reasons for this ambiguity in origins are not
entirely clear, but genetic drift coupled with the elevated
mutation rate of Y-STR loci (Kayser et al., 2000) may be
responsible for differentiating the Y chromosomes from
their antecedents in other Siberian populations. Another
possibility is that in the face of repeated Mongol-Turkic
incursions in the steppe lands of Asia, such as Genghis
Khan’s ruthless military campaigns during the 13th cen-
tury, the paternal ancestors of the Yakuts were deci-
mated or reduced to very small numbers and as a result
significantly impacting the phylogeographic patterns of
Y chromosome diversity observed in Siberia today. For
example, in a study of Asian Y-STR haplotypes by Zerjal
et al. (2003), a widespread sublineage of haplogroup C*
revealed Mongolian ancestry based on comparative con-
siderations and produced a coalescent date of approxi-
mately 1,000 years BP, which strongly suggest that it
represents a genetic marker of Genghis Khan’s vast
empire and long-lasting male dynasty. Whether or not
the Yakut ancestors were impacted by this protracted pe-
riod of Mongol warmongering or some other demographic
upheaval is not known, although the archaeological re-
cord for the Kurykan people, the purported ancestors of
Yakuts, presents a precipitous disappearance from the
Lake Baikal region. The exact origins of the Yakut Y
chromosomes therefore remain a mystery and further
research is needed to fully elucidate Yakut evolutionary
history.
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