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and host phylogenies exactly match (Fig. 1B),
and viral branch lengths are significantly correlated with mammalian divergence times [R2 =
0.74; P < 0.0001, robust to the exclusion of the
sloth branch and of primates (7)]. See (3) for
details.
The descendants of foamy
viruses that infected ancestral
mammals during the Cretaceous
thus diverged in concert with
their hosts throughout the Cenozoic and have persisted in a
surprisingly unchanged form until today, supporting the idea that
evolutionary constraint can maintain viral genomic conservation
over many millions of years
despite exceptionally high shortterm rates of mutation (8). Furthermore, SloEFV’s identification
indicates that retrovirus accessory
genes and mammalian mechanisms of innate immunity will be
best understood when considered
as the joint products of macroevolutionary conflict played out
over a geological time scale.

etroviruses are unusual
among microorganisms
in leaving a “fossil record”
in the form of endogenous viral
insertions within their hosts’ genomes. However, insertions before the radiation of mammalian
orders lack both retroviral accessory genes and contemporary infectious relatives (1) and thus
provide limited insight into the
coevolution of complex retroviruses and mammalian innate
antiviral responses (2). We have
found that foamy viruses, complex retroviruses currently infecting many mammals, are present
within the genomes of sloths.
By combining phylogenetic, genomic, and biogeographic methods, we have established that
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