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MITOGENOME ANNOUNCEMENT
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ABSTRACT
We present a complete sequence and an annotation of the mitochondrial genome of the woolly mam-
moth (Mammuthus primigenius) found in 2012 on Maly Lyakhovsky Island (North-Eastern Siberia, Russia).
The genome was 16,851 bp long and contained 13 protein-coding, 22 tRNA, and 2 rRNA genes. It was
AT reach (61.3%) with A¼ 32.9%, T¼ 28.4%, C¼ 25.3%, and G¼ 13.4%.
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A partial carcass of a woolly mammoth female adult
(Mammuthus primigenius) was found on the Maly Lyakhovsky
Island (74�13'N, 141�03'E) of the New Siberian Islands archi-
pelago in 2012. The remains contained relatively well-pre-
served soft tissues in some parts of the body. The anatomy,
morphology, haematology, histology, and composition of
intestinal microbial communities of this specimen were
described in Grigoriev et al. (2017). To examine the level of
DNA integrity in the specimen, and to study its phylogenetic
relationships with other woolly mammoths, the tissue sam-
ples were collected for DNA extraction and sequencing of
complete mitochondrial genome. The specimen is stored in
the Mammoth Museum of North-Eastern Federal University
(number 1589).

Samples of trunk muscle tissue were taken with sterile
scalpel and scissors. Bone fragments were taken from a bra-
chial bone and a rib. DNA isolation from each sample was
performed using the PrepFiler BTA Forensic DNA Extraction
Kit (Applied Biosystems/Thermo Fisher Scientific Co.,
Waltham, MA), DNA IQ System (Promega Corporation,
Madison, WI) and phenol–chloroform purification with modifi-
cations. An appropriate negative control was used at
every step.

PCRs were carried out in GeneAmp PCR System 9700
(Applied Biosystems, Foster City, CA) using a set of primers
covering whole mitochondrial genome and specifically
designed for this study using Primer3 program (Untergasser
et al. 2012). Sequencing was performed on an ABI 3130XL
automatic sequencer (Applied Biosystems) using the Big-
DyeVR Terminator 3.1 kit (Applied Biosystems) and the same
primers that were used for PCR amplification. The detailed
DNA extraction protocol, amplification conditions, and primer
sequences are provided in supplementary materials (available
at https://doi.org/10.6084/m9.figshare.6157850).

All available complete and partial mitochondrial genomes
of other mammoths were downloaded from GenBank, aligned
using Clustal Omega (Sievers et al. 2011) and trimmed manu-
ally for repetitive regions and gaps. The phylogenetic trees
were generated using the maximum likelihood (ML) method
and IQ-TREE 1.6.3 (Nguyen et al. 2015) with 1000 ultrafast
bootstrap replicates.

We were able to amplify the fragments up to 1500 bp
long (Figure S2 in Supplementary material) confirming a rela-
tively good DNA preservation considering the age of the spe-
cimen (32480–32930 years; Grigoriev et al. 2017). To the best
of our knowledge, the only study, where similar level of
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amplification efficiency was achieved for a DNA, was per-
formed on genomic DNA extracted also from the muscle tis-
sue of a mammoth (Rogaev et al. 2006).

The mitogenome of our M. primigenius specimen was
16,851 bp long (NCBI GenBank accession number MF770243)
and based on annotation included 13 protein-coding, 22
tRNA, and 2 rRNA genes in a typical vertebrate gene order.
Short tandem repeats (ACGCAT)�40 were found between con-
served sequence block 1 (CSB1) and CSB2 of the control
region. It is difficult to estimate certain number of repeats
due to possible polymerase stuttering or real heteroplasmy
(Rogaev et al. 2006).

Woolly mammoths belonging to the two major phylogen-
etic lineages are known to occur in North-Eastern Siberia
(Chang et al. 2017). The studied specimen was clustered

together with the members of ‘Clade 1’ (as defined in Chang
et al. 2017; Figure 1).
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Figure 1. Maximum likelihood phylogenetic tree of Mammuthus primigenius based on 16,444 bp long alignment of 137 publically available mitogenomes including
the studied specimen from Maly Lyakhovsky Island highlighted in bold font. Asian elephant (Elephas maximus) was used as an out-group. The best-fit substitution
model TN93þ Fþ R3 averaged for a whole mitogenomes alignment was chosen according to Bayesian information criterion among 286 tested models in
ModelFinder (Kalyaanamoorthy et al. 2017). GenBank accession numbers and ultrafast bootstrap values above 70 are presented in the tree.
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