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Abstract — Mutational processes of mitochondrial genome
in Vertebrates remain unclear. In order to understand them
better we obtained mutational spectra, which contain
information about single nucleotide substitutions occurred in
neutral within-species polymorphisms, uncovering key
mutagens of mitochondrial DNA. Here, we analyzed
mutational spectra of Actinopterygii and hibernating
mammalian species and observed that frequencies of A>G
substitutions are sensitive to temperature.
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Introduction

The mutation process is one of the key drivers of
evolution. By understanding the rules of mutagenesis, we
better learn what distribution of mutations selection we can
work with. More and more is found out about the factors
affecting the mutagenesis of the nuclear genome: there are
many discovered specific mutational signatures of various
exogenous (UV light, tobacco smoke ...) and endogenous
(DNA polymerase errors, repair enzyme activity) factors.
However, for the mitochondrial genome (mtDNA), progress
is relatively slow: the main factors (exogenous and
endogenous) that determine the specific rules of mtDNA
mutagenesis are still unknown. The majority of strong
mutagens well known for the nuclear genome (for example,
UV-light) do not act the same for mtDNA, which makes
mtDNA mutagenesis unique and extremely important,
because it is associated with an understanding of selection
process of different animal species and largely determines
the rate of appearance of human somatic mutations. The
global goal of our project is to understand the rules of
mtDNA mutagenesis in vertebrates and humans.

IL. RECONSTRUCTION OF MUTATIONAL
SPECTRA IN VERTEBRATE SPECIES

Following the idea that somatic variants in mtDNA are
informative to trace different cellular lineages in our body
[3] we hypothesized that mtDNA mutational spectrum,
defined as a relative frequencies of mtDNA single-
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nucleotide substitutions, may be used not only for cellular
tracing, but may contain information about cellular features
and specific functional signatures of a given cell.

In our recent work [1] we firstly analyzed somatic
mtDNA mutations from human cancers and healthy human
tissues and then focusing on mammalian species we
analyzed polymorphic synonymous substitutions in four-
fold degenerate sites and found out that mtDNA mutational
spectrum indeed is sensitive to several metabolic and
ecological properties on all levels (cellular, tissue and
organismal). We observed one universal trend: ratio of A to
G transitions (A>G, heavy chain notation) positively
correlates with cellular and organismal longevity. Focusing
on mammals, we observed that the fraction of A>G is higher
in long- versus short-lived species. This led us to propose
that deamination of adenine (the main cause of A>G
transitions) is more intense in long-lived (aged) oocytes,
typical for long-lived species.

Results

Here, we extend our analyses towards cold-blooded
vertebrates, because substitution frequencies can be affected
also by body parameters such as temperature [6], while first
dataset represented only uniform species regarding
temperature. Analyzing mtDNA mutational spectrum of up
to one hundred Actinopterygii species (N=128) with known
longevity (mean maturation time, Tm) and median
temperature of environment [5] we observed that the
frequency of A>G transitions positively correlates with
temperature (results are robust to phylogenetic inertia),
while the effect of longevity is only marginally significant.
(Fig. 1) Taking into account the fact that observed
substitution frequencies can shape specific nucleotide
content in neutral positions we analyzed additionally
synonymous nucleotide frequencies in more than three
hundred (N=302) whole mitochondrial genomes of
Actinopterygii species. As expected we observed decrease
of A fraction with increasing temperature, which can be
long-term result of A>G substitutions (Fig. 2).
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Altogether, we conclude that A>G is sensitive to both
temperature and lifespan, with temperature predominantly
shaping variation in mtDNA mutational spectrum of
poikilotherms, while longevity is the main factor in
homeotherms. To prove this, we compared hibernating
mammalian species (HibDay in fig. 3), Monotremata
species and Marsupials species (MonoMarsHG in fig. 3)
with nonhibernating placental ones (Warm in fig. 3)
(N=350), controlling for generation length [2, 4]. We
observed a increased fraction of A in hibernating,
Monotremata, Marsupial species, in line with their expected
decreased temperature.
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Multiple models were performed for all analyses to
improve results. Taking into account that A>G is one of the
most common transitions in mtDNA we conclude that the
whole mtDNA mutational spectrum is associated with
temperature and longevity. This new information should be
taken into account in numerous ecological, population and
evolutionary projects where mitochondrial genes are the
most frequently used markers.
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