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ANCIENT DNA ANALYSIS OF A HOLOCENE BISON FROM THE RAUCHUA 
RIVER, NORTHWESTERN CHUKOTKA, AND THE EXISTENCE 

OF A DEEPLY DIVERGENT MITOCHONDRIAL CLADE
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The remains of a Holocene extinct steppe bison, Bison priscus Bojanus 1827, that died 9.5 thousand years ago,
were discovered on the Rauchua River (Chukotka, Russia) in 2012. Sample F-3246 yielded ancient DNA
and, when compared to other extant and extinct Bison lineages, clustered outside the known bison genetic di-
versity, suggesting that this bison represented a divergent and heretofore unknown lineage of extinct bison.
While this conclusion is supported by a morphological analysis of sample F-3246, additional examples of this
divergent bison phenotype and genotype are required in order to understand its position in bison evolutionary
history. Here, we assemble complete mitochondrial genomes from 26 additional ancient Bison samples from
northern Siberia, aiming to improve the knowledge of the evolutionary history and geographic range of the
Rauchua bison lineage. Surprisingly, we did not identify the Rauchua haplotype in any of the newly tested
bison, including those discovered from the Rauchua River locality. Nonetheless, additional mitochondrial
genomic data from Siberian bison, and a new high-coverage mitogenome recovered from the original Rau-
chua bison (F-3246), confirm the existence of the deeply divergent clade and shed new light on the evolu-
tionary history of bison during the Pleistocene to Holocene transition in Siberia.
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The remains of a Late Pleistocene steppe bison, Bi-
son priscus Bojanus 1827 were discovered by the Rau-
chua River, North-Western Chukotka, Russia, in 2012
(Kirillova et al., 2015). The sample F-3246 was well
preserved, yielded an uncalibrated radiocarbon age of
9497 ± 92 years before present (BP) (AA101271), and
contained sufficient endogenous ancient DNA (aDNA)
to assemble a complete mitochondrial genome with
163x coverage. When compared to data generated from

a large dataset of extant and extinct Bison lineages
from across the Northern Hemisphere, the Rauchua
bison fell outside of, but sister to, known steppe bison
genetic diversity.

Morphology of tubular bones also suggests that
Rauchua specimen differs from most Late Pleistocene
and Holocene bison. The specimen includes an al-
most complete carcass with remains of soft tissues
(Kirillova et al., 2015). Although the specimen is an
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adult bison, it is distinctively more gracile than any
other bison known from Siberia and North America.
While the length of the long bones are similar to other
Pleistocene bison, its metapodials are longer.

The phylogenetic position of the Rauchua lineage,
augmented by additional genetic evidence, led us to
conclude that specimen F-3246 represents an extinct
lineage that diverged from all other bison prior to the
expansion of bison into eastern Beringia around
160,000 years ago (Kirillova et al., 2015; Froese et al.,
2017). Based on the Holocene age of F-3246, its pop-
ulation may have been one of the last to survive past
the Pleistocene in the Northern Siberian refuge.

The goal of our current study was twofold. First,
because the Rauchua bison haplotype was so diverged
from other bison haplotypes, we aimed to replicate
and therefore confirm the results generated previously
from the Rauchua bison using additional bone ele-
ments that were shipped and processed separately.
Second, we aimed to build on the previous results from
the Rauchua bison study to provide new insights into
bison taxonomy and evolution by generating and ana-
lyzing DNA from additional ancient bison remains.
Specifically, we aimed to isolate mitochondrial DNA
from other bison samples from the region of the Rau-
chua River, as well as from newly collected samples
from Chukotka and other locations in the Russian Far
East. Using data recovered from these specimens, we
infer a mitochondrial phylogeny and explore the phy-
logenetic diversity of bison in Western Beringia during
the last Ice Age and the beginning of Holocene warm-
ing, with a particular focus on the divergent Rauchua
lineage.

MATERIALS AND METHODS
We extracted ancient DNA from 29 bison samples

(collection of the “National Alliance of Shidlovskiy
“Ice Age”) from five locations (fig. 1, tabl. 1) follow-
ing the protocol described by (Dabney et al., 2013),
with in-house modifications to reduce contamination
(Korlević et al., 2015). We then prepared double-
stranded DNA sequencing libraries from these ex-
tracts following (Meyer, Kircher, 2010). We cleaned
the resulting libraries with SPRI beads in 18% PEG-
8000 solution and sequenced each on an Illumina
MiSeq machine using the v3 chemistry and a paired-
end 2 × 75 cycle strategy. Most libraries were barcoded
using only one index, although some (F-1267–F-1297)
were dual-indexed to avoid index swaps and incorrect
read identification (Costello et al., 2018). Libraries
were pooled so as to recover at least 500000 reads from
each library. To avoid contamination, all protocols
preceding indexing PCR were executed in the PCR-
free sterile ancient DNA laboratory facility at the Pa-

leogenomics lab, University of California Santa Cruz.
After shotgun sequencing, we then assessed the quality
and authenticity of each DNA extract to learn (1) en-
dogenous content (proportion of DNA assigned to
Bison); (2) library complexity (diversity of molecules
recovered during library preparation); (3) average
DNA fragment length (expected to be less than 100bp
due to DNA fragmentation in samples that are older
than 5000 years); and (4) deamination profile (cyto-
sine damage reflecting DNA degradation, fig. 2).

Using SeqPrep (https://github.com/jstjohn/Se-
qPrep), we removed adapters and then merged reads
that overlapped by at least 15bp and discarded reads
shorter than 28bp to allow confident mapping. We
then mapped all non-discarded reads to the bison
nuclear genome UMD 1.0 (GenBank ID GCF_
000754665.1) using BWA ‘aln’ with the seeding option
disabled and a minimum mapping Phred quality score
of Q>20 (Li, Durbin, 2009). We then checked the au-
thenticity of the aDNA reads (exploring cytosine de-
amination patterns) and the fragment size distribution
using MapDamage2 (Jónsson et al., 2013).

After determining whether each extract was suffi-
ciently well preserved to proceed, we enriched each li-
brary for bison mitochondrial DNA using an in-solu-
tion hybridization capture protocol with bison mitog-
enome RNA baits (Arbor Biosciences, Ann Arbor,
USA, previously MYcroarray), following the MYbaits
recommended protocol versions 2 and 3, except that
the hybridisation step was extended to 36 hours. The
enriched libraries were cleaned and pooled following
the strategy described above, and sequenced on the
Illumina MiSeq.

To process sequenced bait-captured libraries we
followed the same protocol as described above, but us-
ing B. bonasus NC_014044 mitogenome as a reference
for mapping (Zeyland et al., 2012). Finally, we assem-
bled complete mitogenomes using the Mapping Itera-
tive Assembler MIA (Briggs et al., 2009), as described
in (Heintzman et al., 2016).

We aligned the 16 newly assembled Bison mito-
chondrial genomes to a set of 29 previously published
extinct and extant Bison species and other bovids using
Muscle (Edgar, 2004). For phylogenetic reconstruc-
tion, we split the alignments into four partitions and
identified the most appropriate models of nucleotide
substitution for each partition using jModeltest2 (Dar-
riba et al., 2012). The following setup was used accord-
ing to results of the test: HKY + G for protein coding
sequences, HKY + I + G for D-loop, GTR+G for
rRNAs, and HKY + G for tRNAs.

Finally, we performed phylogenetic inference on
the partitioned dataset using RAxML (Stamatakis,
2014) and MrBayes (Ronquist et al., 2012) as de-
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scribed in (Maschenko et al., 2017), but with the nu-
cleotide models listed above.

RESULTS
We extracted aDNA and prepared next-generation

sequencing libraries from four new specimens collect-
ed at the mouth of the Rauchua River (North-Western
Chukotka), eight specimens from the Middle Indigir-
ka River (North Yakutia), and 14 specimens from the
Bilibinsky region, North-Western Chukotka: Maly
Anuy River; Ostrovnovskaya tundra – to the West of
the mouth of the Rauchua River; the East Siberian Sea
coast – 200 km to the West of the Rauchua River
mouth (fig. 1, tabl. 1). In addition, we also re-extract-
ed DNA from three new F-3246 sub-samples (the
original Rauchua lineage individual). Most of the bi-
son samples listed in table 1 were bones, with the ex-
clusion of two samples of horn sheath that are dis-
cussed below. Assembled mitochondrial genomes of
well-preserved specimens were deposited in GenBank
(accession numbers MN049905-MN049913).

As expected, aDNA preservation dramatically var-
ied between samples (tabl. 1). DNA preservation is of-
ten reported as a fraction of sequenced reads that map
to a conspecific or closely related genome (endoge-
nous proportion of DNA) in relation to the fraction of
all other (exogenous, i.e. contaminant) reads that do
not map to the host genome. Sources of exogenous
DNA include co-extracted co-preserved DNA from
plants, animals, and microbes that invade the sample
after death. One of the subsamples of the the original
Rauchua River sample, subsample F-3246/12, was the
best preserved among the three tested, with 55% of re-
covered DNA mapping to the Bison nuclear genome.
Bones sampled from the Middle Indigirka River were

the least well preserved. From this set of samples,
F-1291 and F-1294 (fig. 3, tabl. 1) yielded about 1%
endogenous DNA. Interestingly, both of these are
horn sheath tissue, rather than bone. Samples from
Maly Anuy River, Ostrovnovskaya tundra, and East
Siberian Sea coast show very good DNA preservation
(tabl. 1) based on endogenous bison DNA.

The Rauchua bison lineage was an unexpected
finding. We decided that, as part of our undertaking to
identify additional samples belonging to this lineage,
we would return to the original sample and replicate
these results, using samples that were sent and pro-
cessed entirely independently of the original sample.
We extracted new DNA from this specimen using three
different bones (F-3246/9, F-3246/12, F-3246/13):
right humerus, right fore autopodia, and left ulna. All
three DNA extracts were successfully enriched, pro-
ducing high coverage mitogenomes (tabl. 1). None of
these mitogenomes showed discrepancies with the
original published Rauchua haplotype, suggesting that
the Rauchua bison lineage as reported is valid and is
not an artifact of mitochondrial genome assembly,
contamination, or other sources of error.

Despite poor preservation of bison DNA in half of
the newly processed bison samples, we were able to
enrich most DNA libraries for sufficient quantities of
mitochondrial DNA to assemble mitogenomes to >3x
coverage for 16 samples, which we then used for phy-
logenetic analysis. Both Bayesian and Maximum
Likelihood approaches produced consistent tree to-
pologies (fig. 3). All newly assembled bison mitochon-
drial lineages fall within the known diversity of steppe
bison mitochondrial genomes. None of the new sam-
ples clustered with the original Rauchua lineage, in-
cluding a new sample from the Rauchua River mouth

Fig. 1. The map of Eurasia with sample locations marked with a circle: Middle Indigirka River (North-Eastern Yakutia), Bilib-
insky region (North-Western Chukotka), Rauchua River (North-Western Chukotka).

East Siberian Sea coast

Rauchua river

Maly Anuy river

Indigirka river

Ostrovnovskaya tundra
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(F-4171), the same locality where the original Rauch-

ua bison was found.

Two samples, F-1297 (from the Middle Indigirka

River) and F-4172 (from the Rauchua River mouth),

have very little DNA preserved, and resulted in an av-

erage mitochondrial coverage of around 1x. While we

were unable to include them in our phylogenetic re-

constructions, we were nonetheless able to genotype

these individuals from the portions of the mitochon-

drial genome that were recovered. Using the Rauchua

mitochondrial haplotype and a panel of extinct

B. priscus as a reference, we identified nucleotide sub-

stitutions in the mitochondrial genome that were dis-

tinct from other bison and unique to the Rauchua lin-

eage. Most of these substitutions are located in the cy-

tochrome oxidase unit 1, the gene that has been used

as a barcode for confident identification of various

taxa (Luo et al., 2011). We manually inspected those

fragments of the poorly preserved F-1297 and F-4172

mitochondrial genomes that were covered by a mini-

Table 1. Specimens used in the study

Abbreviations: NAS – National Alliance of Shidlovskiy “Ice Age”, UCSC – University of California Santa Cruz, endogenous DNA –
proportion of non-contaminant Bison DNA, mtDNA – mitochondrial genome. For location details please see the Results section and
fig. 1.

NAS ID UCSC ID Locality
Endogenous 

DNA, %

mtDNA 

coverage (x)

F-1267 SC18.CL011 Middle Indigirka River (North-Eastern Yakutia) 0.46 0

F-1286 SC18.CL010 Middle Indigirka River (North-Eastern Yakutia) 0.2 0

F-1287 SC18.CL009 Middle Indigirka River (North-Eastern Yakutia) 0.24 0

F-1288 SC18.CL007 Middle Indigirka River (North-Eastern Yakutia) 0.21 0

F-1291 SC18.CL001 Middle Indigirka River (North-Eastern Yakutia) 1.08 3.3

F-1294 SC18.CL003 Middle Indigirka River (North-Eastern Yakutia) 1.6 0

F-1295 SC18.CL002 Middle Indigirka River (North-Eastern Yakutia) 0.12 0

F-1297 SC18.CL004 Middle Indigirka River (North-Eastern Yakutia) 0.07 1.2

F-2519 SC14.AE008 Maly Anuy River (North-Western Chukotka) 21.01 223

F-3006 SC14.AE009 Maly Anuy River (North-Western Chukotka) 56.11 837

F-3246/9 SC14.PH043 Rauchua River mouth (North-Western Chukotka) 26.4 4

F-3246/12 SC14.PH043 Rauchua River mouth (North-Western Chukotka) 54.99 128

F-3246/13 SC14.PH043 Rauchua River mouth (North-Western Chukotka) 4.74 12

F-3267 SC14.AE010 Maly Anuy River (North-Western Chukotka) 12.45 22

F-3521 SC14.AE014 Ostrovnovskaya tundra (North-Western Chukotka) 6.9 20

F-3524 SC14.AE015 Ostrovnovskaya tundra (North-Western Chukotka) 22.63 133

F-3531 SC14.AE016 Ostrovnovskaya tundra (North-Western Chukotka) 5.42 13

F-3807 SC14.AE012 Maly Anuy River (North-Western Chukotka) 27.12 139

F-3941 SC14.AE013 Maly Anuy River (North-Western Chukotka) 46.13 480

F-3952 SC14.AE011 Maly Anuy River (North-Western Chukotka) 2.34 7

F-4089 SC14.AE023 East Siberian Sea coast (North-Western Chukotka) 15.3 39

F-4090 SC14.AE022 East Siberian Sea coast (North-Western Chukotka) 11.81 72

F-4091 SC14.AE019 East Siberian Sea coast (North-Western Chukotka) 1.73 17

F-4092 SC14.AE020 East Siberian Sea coast (North-Western Chukotka) 1.05 47

F-4095 SC14.AE018 East Siberian Sea coast (North-Western Chukotka) 9.3 60

F-4171 SC19.CL001 Rauchua River mouth (North-Western Chukotka) 38.28 6

F-4172 SC19.CL002 Rauchua River mouth (North-Western Chukotka) 1.5 1.8

F-4173 SC19.CL003 Rauchua River mouth (North-Western Chukotka) 1.37 0.15

F-4176 SC19.CL004 Rauchua River mouth (North-Western Chukotka) 0.59 0.55
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mum of three reads (to ensure that any differences

were supported by independent reads and not there-

fore due to DNA damage or sequencing error) looking

for informative substitutions. In both samples we iden-

tified 35 informative nucleotide sites that were both

covered by at least three reads and span nucleotide po-

sitions that would have Rauchua-specific substitu-

tions. Neither F-1297 nor F-4172 had the Rauchua al-

lele at any of these positions, and instead both had that

of the main lineage of Siberian bison. These results in-

dicate that both F-1297 and F-4172 are part of the

main lineage of Siberian B. priscus, and not the Rau-

chua lineage. We would like to mention, however, that

only F-1297 was dual indexed to avoid incorrect read

assignment. Base calling of the single-indexed F-4172

library should be interpreted with caution due to a

possibility of index hopping (Costello et al., 2018).

DISCUSSION

The results of this study demonstrate that the Rau-

chua lineage is even more enigmatic than previously

thought. Despite extensive sampling in the northern

Russian Far East, covering most of the territory where

Eurasian steppe bison were present during the Pleisto-

cene–Holocene transition and the Rauchua locality

Fig. 2. Ancient DNA degradation profile of F-1291 from Middle Indigirka (panels a, b) and F-3246/9, the new subsample of the

original Rauchua bison (panel c, d). Deamination profile is shown in the panels a and c. Solid black line – frequency of C to T
substitutions at 5` ends of DNA molecules. Numbers on the x-axis are relative nucleotide positions on each DNA fragment
mapped to the Bison reference nuclear genome. Dotted line – frequency of G to A substitutions. Fragment length distribution is

shown on panels b and d.
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itself, we did not find any new specimens belonging to

the Rauchua bison lineage (fig. 3). Instead, our results

show that the majority of western Beringian Bison

priscus cluster together into a clade within the diversity

of Holarctic Bison priscus mitochondrial genomes, as

described previously (Shapiro et al., 2004; Heintzman

et al., 2016; Froese et al., 2017).

We currently do not know why the population to

which the Rauchua bison belonged is so rare in the pa-

leontological record. It is notable that the Rauchua bi-

son itself has a relatively recent radiocarbon date of

only 9497 ± 92 years BP. The end of the Pleistocene

was marked by megafaunal extinctions across the

globe, with most mainland extinctions in Siberia oc-

curing by 14-10 thousand years ago (Stuart et al.,

2004; Koch, Barnosky, 2006). The Rauchua bison

therefore postdates these extinctions, and is one of the

youngest bison thus far dated from the Russian Far

East (Van Geel et al., 2014; Markova et al., 2015). It is

possible that the Rauchua bison lineage persisted in

more southerly locations during the Pleistocene,

where bones are either not preserved or have yet to be

recovered. The Rauchua lineage may have moved

northward as the climate improved after the transition

into the Holocene, and established populations, albeit

Fig. 3. Maximum likelihood phylogenetic tree reconstructed on complete mitochondrial genomes of various bovids, including

extinct and extant Bison species. Support for major divergences is marked below or above the branches: bootstrap calculated with
RAxML, and posterior probability (in percent, calculated with MrBayes). Both numbers are shown in cases where corresponding
node was supported by both phylogeny reconstruction methods. Divergence of Rauchua lineage is shown with a circle. The new
specimen from Rauchua locality is marked with a star. Mitochondrial genomes assembled in this study are in bold. All previously
published sequences are shown with corresponding GenBank ID numbers. Numbers at the end of sequence names are median

IntCal13-calibrated radiocarbon ages (Reimer et al., 2013).
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briefly, in the region that was previously occupied by

the main lineage of Siberian steppe bison.

Bison is among the most well represented taxon in

Late Pleistocene fossil deposits and among the taxa

best represented by ancient mitochondrial DNA data

(Shapiro et al., 2004; Heintzman et al., 2016; Soubrier

et al., 2016; Palacio et al., 2017; Froese et al., 2017; Za-

zula et al., 2017). This research has revealed several

surprises, including the presence of other cryptic bison

lineages. For example, (Soubrier et al., 2016) reported

a genetically distinct but morphologically indistin-

guishable bison lineage that may have coexisted with

Bison priscus in the Southern Ural region during the

Late Pleistocene. This cryptic lineage, which has been

referred to as Bb1 or Bison schoetensacki, has mito-

chondrial data that is more similar to European bison,

Bison bonasus, than it is to the steppe bison Bison

priscus (Soubrier et al., 2016; Palacio et al., 2017). The

discovery and genetic characterization of both Clade X

and the Rauchua bison lineage highlight the extensive

genetic diversity of this geographically widespread tax-

on, which further paleontological and genetic research

will be necessary to explore. In particular, additional

bison samples from southern regions of Eurasia are

necessary to shed light on evolution of the Bison genus,

and on the divergent Rauchua lineage specifically.

Despite an extremely rich paleontological record,

hypotheses about Bison evolution and taxonomy have

been conflicting for a long time, because of the exten-

sive morphological diversity within the genus (Grange

et al., 2018). While mitochondrial DNA data can pro-

vide new insights into the evolution of this particular

group of taxa, mitochondria represent only a single,

maternally inherited locus. The evolutionary history

revealed by analysis of mitochondrial DNA tells,

therefore, only a part of the evolutionary story of the

species in question. To fully resolve the evolutionary

history of bison, and to fully understand the relation-

ship between the Rauchua lineage and other Siberian

steppe bison, analysis of nuclear DNA will be neces-

sary. Fortunately, some of the samples presented in

this study are sufficiently well preserved to attempt this

work.

The results of our study confirm the existence of

the deeply divergent Rauchua clade and shed new light

on the evolutionary history of bison during the Pleis-

tocene to Holocene transition in Siberia. Future anal-

ysis of samples processed for this study will reveal

when the Rauchua bison lineage diverged from that of

the other bison and whether and to what extent the

Rauchua bison population admixed with other Late

Pleistocene bovids.

ACKNOWLEDGEMENTS

This paper is dedicated to Andrei Sher. The authors are

tremendously grateful to Dr. Sher for his commitment to

paleontology, Arctic ecology, and to applying cutting-edge

tools like genomics to learn more about the ecosystem and

animals he loved. Beth Shapiro in particular is thankful for

Dr. Sher’s willingness to mentor and guide her during the

early stages of her career, and for his many fascinating and

often surprising stories about Pleistocene megafauna, Arc-

tic paleontology, and Joseph and the Amazing Technicolor

Dreamcoat.

We are also thankful to Beth Nelson, Heather Milne,

and Christopher Garrison for technical support and assis-

tance in the laboratory. Alisa Vershinina and Beth Shapiro

were supported in part by National Science Foundation

grant NSF ANS 1417036. Christian Lowson is supported by

the UCSC Kenneth S. Norris Center for Natural History.

REFERENCES

Briggs A.W., Good J.M., Green R.E., Krause J., Maricic T.,
Stenzel U., Lalueza-Fox C., Rudan P., Brajkovic D., Ku-
can Z., Gusic I., Schmitz R., Doronichev V.B., Golova-
nova L.V., de la Rasilla M., Fortea J., Rosas A., Pääbo S.,
2009. Targeted retrieval and analysis of five Neandertal

mtDNA genomes // Science. V. 325. P. 318–321.

Costello M., Fleharty M., Abreu J., Farjoun Y., Ferriera S.,
Holmes L., Granger B., Green L., Howd T., Mason T., Vi-
cente G., Dasilva M., Brodeur W., DeSmet T., Dodge S.,
Lennon N.J., Gabriel S., 2018. Characterization and re-
mediation of sample index swaps by non-redundant du-
al indexing on massively parallel sequencing platforms
// BMC genomics 19: 332.

Dabney J., Knapp M., Glocke I., Gansauge M.T., Weihmann A.,
Nickel B., Valdiosera C., García N., Pääbo S., Arsuaga J.L.,
Meyer M., 2013. Complete mitochondrial genome se-
quence of a Middle Pleistocene cave bear reconstructed
from ultrashort DNA fragments // Proceedings of the
National Academy of Sciences of the United States of
America. V. 110. P. 15758–15763.

Darriba D., Taboada G.L., Doallo R., Posada D., 2012.

jModelTest 2: more models, new heuristics and parallel

computing // Nature Methods. V. 9. P. 772.

Edgar R.C., 2004. MUSCLE: multiple sequence alignment

with high accuracy and high throughput // Nucleic Ac-

ids Research. V. 32. P. 1792–1797.

Froese D., Stiller M., Heintzman P.D., Reyes A.V., Zazula G.D.,
Soares A.E.R, Meyer M., Hall E., Jensen B.J.L., Arnold L.J.,
MacPhee R.D.E., Shapiro B., 2017. Fossil and genomic

evidence constrains the timing of bison arrival in North

America // Proceedings of the National Academy of

Sciences of the United States of America. V. 114.

P. 3457–3462.

Grange T., Brugal J.P., Flori L., Gautier M., Uzunidis A.,
Geigl E.M., 2018. The Evolution and Population Diver-

sity of Bison in Pleistocene and Holocene Eurasia: Sex

Matters // Diversity. V. 10. P. 65.

Heintzman P.D., Froese D., Ives J.W., Soares A.E.R., Za-
zula G.D., Letts B., Andrews T.D., Driver J.C., Hall E.,
Hare P.G., Jass C.N., MacKay G., Southon J.R., Stiller M.,



1098

ЗООЛОГИЧЕСКИЙ ЖУРНАЛ  том 98  № 10  2019

VERSHININA et al.

Woywitka R., Suchard M.A., Shapiro B., 2016. Bison

phylogeography constrains dispersal and viability of the

Ice Free Corridor in western Canada // Proceedings of

the National Academy of Sciences of the United States

of America. V. 113. P. 8057–8063.

Jónsson H., Ginolhac A., Schubert M., Johnson P.L.F, Orlan-
do L., 2013. mapDamage2.0: fast approximate Bayesian

estimates of ancient DNA damage parameters // Bioin-

formatics. V. 29. P. 1682–1684.

Kirillova I.V., Zanina O.G., Chernova O.F, Lapteva E.G.,
Trofimova S.S., Lebedev V.S., Tiunov A.V., Soares A.E.R.,
Shidlovskiy F.K., Shapiro B., 2015. An ancient bison

from the mouth of the Rauchua River (Chukotka, Rus-

sia) // Quaternary Research. V. 84. P. 232–245.

Koch P.L., Barnosky A.D., 2006. Late Quaternary Extinc-

tions: State of the Debate // Annual review of ecology,

evolution, and systematics. V. 37. P. 215–250.

Korlević P., Gerber T., Gansauge M.T., Hajdinjak M., Nagel S.,
Aximu-Petri A., Meyer M., 2015. Reducing microbial

and human contamination in DNA extractions from an-

cient bones and teeth // BioTechniques. V. 59. P. 87–93.

Li H., Durbin R., 2009. Fast and accurate short read align-

ment with Burrows-Wheeler transform // Bioinformat-

ics. V. 25. P. 1754–1760.

Luo A., Zhang A., Ho S.Y., Xu W., Zhang Y., Shi W., Cam-
eron S.L., Zhu C., 2011. Potential efficacy of mitochon-

drial genes for animal DNA barcoding: a case study us-

ing eutherian mammals // BMC Genomics. V. 12. P. 84.

Markova A.K., Puzachenko A.Y., van Kolfschoten T., Kosint-
sev P.A., Kuznetsova T.V., Tikhonov A.N., Bachura O.P.,
Ponomarev D.V., van der Plicht J., Kuitems M., 2015.

Changes in the Eurasian distribution of the musk ox

(Ovibos moschatus) and the extinct bison (Bison priscus)

during the last 50 ka BP // Quaternary International.

V. 378. P. 99–110.

Maschenko E.N., Potapova O.R, Vershinina A., Shapiro B.,
Streletskaya I.D., Vasiliev A.A., Oblogov G.E., Kharlam-
ova A.S., Potapov E., van der Plicht J., Tikhonov A.N.,
Serdyuk N.V., Tarasenko K.K., 2017. The Zhenya Mam-

moth (Mammuthus primigenius (Blum.)): Taphonomy,

geology, age, morphology and ancient DNA of a

48 000 year old frozen mummy from western Taimyr,

Russia // Quaternary International. V. 445. P. 104–134.

Mason T., Vicente G., Dasilva M., Brodeur W., De Smet T.,
Dodge S., Lennon N.J., Gabriel S., 2018. Characteriza-

tion and remediation of sample index swaps by non-re-

dundant dual indexing on massively parallel sequencing

platforms // BMC genomics. V. 19. P. 332.

Meyer M., Kircher M., 2010. Illumina sequencing library

preparation for highly multiplexed target capture and se-

quencing. Cold Spring Harbor protocols 2010:

db.prot5448.

Palacio P., Berthonaud V., Guérin C., Lambourdière J., Mak-
sud F, Philippe M., Plaire D., Stafford T., Marsolier-Ker-
goat M.C., Elalouf J.M., 2017. Genome data on the ex-

tinct Bison schoetensacki establish it as a sister species of

the extant European bison (Bison bonasus) // BMC

Evolutionary Biology. V. 17. P. 48.

Reimer P.J., Bard E., Bayliss A., Warren Beck J., Black-
well P.G., Ramsey C.B., Buck C.E., Cheng H., Lawrence

Edwards R., Friedrich M., Grootes P.M., Guilderson T.P.,
Haflidason H., Hajdas I., Hatté C., Heaton T.J., Hoff-
mann D.L., Hogg A.G., Hughen K.A., Felix Kaiser K.,
Kromer B., Manning S.W., Niu M., Reimer R.W., Rich-
ards D.A., Marian Scott E., Southon J.R., Staff R.A., Tur-
ney C.S.M., van der Plicht J., 2013. IntCal13 and Ma-

rine13 Radiocarbon Age Calibration Curves 0–50000 Years

cal BP // Radiocarbon. V. 55. P. 1869–1887.

Ronquist F., Teslenko M., van der Mark P., Ayres D.L., Dar-
ling A., Höhna S., Larget B., Liu L., Suchard M.A.,
Huelsenbeck J.P., 2012. MrBayes 3.2: efficient Bayesian

phylogenetic inference and model choice across a large

model space // Systematic Biology. V. 61. P. 539–542.

Shapiro B., Drummond A.J., Rambaut A., Wilson M.C.,
Matheus P.E., Sher A.V., Pybus O.G., Gilbert M.T.P.,
Barnes I., Binladen J., Willerslev E., Hansen A.J.,
Baryshnikov G.F., Burns J.A., Davydov S., Driver J.C.,
Froese D.G., Harington C.R., Keddie G., Kosintsev P.,
Kunz M.L., Martin L.D., Stephenson R.O., Storer J.,
Tedford R., Zimov S., Cooper A., 2004. Rise and fall of

the Beringian steppe bison // Science. V. 306. P. 1561–

1565.

Soubrier J., Gower G., Chen K., Richards S.M., Llamas B.,
Mitchell K.J., Ho S.Y.W., Kosintsev P., Lee M.S.Y.,
Baryshnikov G., Bollongino R., Bover P., Burger J., Chi-
vall D., Crégut-Bonnoure E., Decker J.E., Doronichev V.B.,
Douka K., Fordham D.A., Fontana F, Fritz C., Glim-
merveen J., Golovanova L.V., Groves C., Guerreschi A.,
Haak W., Higham T., Hofman-Kamińska E., Immel A.,
Julien M.A., Krause J., Krotova O., Langbein F., Larson G.,
Rohrlach A., Scheu A., Schnabel R.D., Taylor J.F., To-
karska M., Tosello G., van der Plicht J., van Loenen A.,
Vigne J.D., Wooley O., Orlando L., Kowalczyk R., Shap-
iro B., Cooper A., 2016. Early cave art and ancient DNA

record the origin of European bison // Nature Commu-

nications. V. 7. P. 13158.

Stamatakis A., 2014. RAxML version 8: a tool for phyloge-

netic analysis and post-analysis of large phylogenies //

Bioinformatics. V. 30. P. 1312–1313.

Stuart A.J., Kosintsev P.A., Higham T.F.G., Lister A.M.,
2004. Pleistocene to Holocene extinction dynamics in

giant deer and woolly mammoth // Nature. V. 431.

P. 684–689.

Van Geel B., Protopopov A., Bull I., Duijm E., Gill F., Lam-
mers Y., Nieman A., Rudaya N., Trofimova S., Tikhon-
ov A.N., Vos R., Zhilich S., Gravendeel B., 2014. Multi-

proxy diet analysis of the last meal of an early Holocene

Yakutian bison: diet analysis of an early Holocene Yaku-

tian bison // Journal of Quaternary Science. V. 29.

P. 261–268.

Zazula G.D., Hall E., Hare P.G., Thomas C., Mathewes R.,
La Farge C., Martel A.L., Heintzman P.D., Shapiro B.,
2017. A middle Holocene steppe bison and paleoenvi-

ronments from the Versleuce Meadows, Whitehorse,

Yukon, Canada // Canadian Journal of Earth Sciences.

V. 54. P. 1138–1152.

Zeyland J., Wolko L., Lipiński D., Woźniak A., Nowak A.,
Szalata M., Bocianowski J., Słomski R., 2012. Tracking

of wisent-bison-yak mitochondrial evolution // Journal

of Applied Genetics V. 53. P. 317–322.



ЗООЛОГИЧЕСКИЙ ЖУРНАЛ  том 98  № 10  2019

ANCIENT DNA ANALYSIS OF A HOLOCENE BISON 1099

АНАЛИЗ ДРЕВНЕЙ ДНК ГОЛОЦЕНОВОГО БИЗОНА С РЕКИ РАУЧУА, 
СЕВЕРО-ЗАПАДНАЯ ЧУКОТКА: СУЩЕСТВОВАНИЕ РАНО 
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В 2012 г. на реке Раучуа (Чукотка, Россия) был найден скелет Голоценового степного бизона, Bison
priscus. Согласно радиоуглеродной датировке, ему 9.5 тысяч лет. Из образца (F-3246) удалось выде-
лить древнюю ДНК. При генетическом анализе выяснилось, что этот бизон является базальной ли-
нией по отношению к материнским линиям прочих вымерших и современных бизонов. Этот ре-
зультат демонстрирует, что бизон с реки Раучуа принадлежит к ранее неизвестной ранне-диверги-
ровавшей популяции. Хотя этот образец имеет не только генетические, но и морфологически
отличия, он представляет собой единичную находку. Для выявления положения этой генетической
линии в эволюционной истории бизонов необходимы дополнительные данные. В настоящем ис-
следовании мы собрали полные древние митохондриальные геномы для 26 новых образцов Bison
sp., найденных в Северной Сибири, надеясь выяснить эволюционную историю и ареал популяции,
к которой принадлежал бизон с реки Раучуа. Удивительным образом, ни в одном из исследованных
образцов, включая даже новые находки с реки Раучуа, мы не нашли гаплотип Раучуа-бизона. Тем
не менее, дополнительные данные о митохондриальных геномах древне-Сибирского бизона, а так-
же новые митогеномы, реконструированные из оригинального образца F-3246, однозначно под-
тверждают существование ранне-дивергировавшей линии и проливают свет на эволюцию степного
бизона во время Плейстоценово-Голоценового перехода.

Ключевые слова: Степной зубр, древняя ДНК, митохондриальный геном, Плейстоценовая мегафауна
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