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species, whereas studies with whole-genome sequencing to investigate admixture in wildlife populations are only now beginning to emerge.
We performed deep, high-throughput sequencing of the
genomes of a polar bear, two ABC brown bears, a non-ABC
brown bear, and an American black bear. We also performed
less-extensive sequencing of 23 other polar bear genomes, including a ∼120,000-y-old specimen. We were able to identify
more than 13 million single nucleotide polymorphisms (SNPs)
that vary among individuals, including 26,000 SNPs within coding
regions of corresponding dog genes that result in amino acid
replacements. By computational predictions of the functional
effect of each amino acid substitution (i.e., single amino acid
polymorphisms), 7,000 were suggested to be damaging.
Our comparative analyses demonstrate that these bear species
evolved largely independently over a period of millions of
years, which is in sharp contrast to the more recent estimates
of polar bear origin (Fig. P1). Moreover, 5% to 10% of the
nuclear genome of the ABC brown bears is most closely related
to polar bears, indicating ancient admixture between the species.
Previously used gene-by-gene sequencing of single nuclear loci
lacked sufﬁcient power to detect such ancient admixture (4).
Our results are consistent with an ancient split between
brown and polar bears approximately 4 to 5 Mya (Fig. P1A),
coinciding with the Miocene–Pliocene boundary, a period of
environmental change that may have launched a radiation of
bear species (5). This initial split was followed by occasional
admixture until recently, leaving a clear polar-bear imprint on
the nuclear genomes of ABC brown bears. Genome-based
analysis of historical ﬂuctuations in effective population size (i.e.,
number of interbreeding bear individuals) strongly indicates that
polar bear evolution has tracked key climatic events since the
Middle Pleistocene; moreover, it suggests that, although the
number of interbreeding individuals polar bears may have been
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considerably larger in the past, there have been signiﬁcant
population decreases during periods of long-term climate
changes (Fig. P1B). A prolonged and considerable bottleneck in
the polar bear population in addition to recent expansions from
small founder populations could explain the observed lower genetic diversity in contemporary polar bears compared with brown
bears. Since their divergence from brown bears, polar bears
have embarked on their own evolutionary pathway and developed their own unique genomic signatures. Thus, we identiﬁed potential regions of genes that may relate to adaptation to
the Arctic environment, including those controlling fatty-acid
metabolism, hibernation, and pigmentation.
Because of the uncertain long-term status of the polar bear
and its charismatic nature, this species has become a focal point
for discussions concerning the impact of global climate change
on biodiversity. Previously, only limited genetic resources have
been available to investigate questions of divergence and adaptation of bears. Here, we describe extensive genome sequence
data from three different species that contribute to a better
understanding of past responses during polar bear evolution and
provide investigators with extensive resources that allow the
formulation of testable hypotheses to establish key morphological and physiological features associated with adaptation to
polar climates.
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