


Figure 6. Inferred phylogeny, demographic history and root location for Africa rabies virus. (A) MCC phylogeny with branches colored
according to the most probable posterior location of their child nodes; superimposed under the phylogeny lies the inferred demographic history. (B)
Root location posterior probabilities are shown for the standard discrete model (opaque) and for the BSSVS extension with, in addition, distance-
informed priors on the infinitesimal migration rates (transparent). The distance-informed priors in the latter had little impact on the results (data not
shown). Both the height and width of the cylinders are proportional to root location posterior probability; the same colors as the tree branches in (A)
are used. The maps are based on satellite pictures made available in Google Earth (http://earth.google.com.).
doi:10.1371/journal.pcbi.1000520.g006
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table S5). The two most recently derived groups
were the domestic cat and leopard cat lineages
(99 to 100% nDNA BS) (node 7). Support for
inclusion of the pallas cat within the leopard cat
lineage was moderate (76 to 100% nDNA BS)
but included a single insertion/deletion (APP þ
1) (Table 1 and table S7).

Together, each of the eight lineages re-
ceived strong BS and BPP of 100% using nDNA,
with slightly less support for the hierarchical
intralineage relationships (Table 1). A few in-
ternal nodes with lower support must remain as
uncertain (asterisk in Fig. 1), including the posi-
tion of Andean mountain cat within the ocelot
lineage, the branching order of jungle cat and
black-footed cat within the domestic cat lineage,
and the precise hierarchy among Panthera spe-
cies. Support for these relations was low, prob-
ably as a result of inconsistent sorting patterns of
ancestral polymorphisms. Even so, the overall
support of the major nodes is strong, increasing
confidence in the proposed topology (Fig. 1).

The earliest records of the Felinae are
ascribed to late Miocene (È9 Ma) Felis attica
fossils from western Eurasia (15). Estimates of
divergence dates using a Bayesian approach

with 16 fossil calibration dates (9) indicate that
the major felid lineages were established during
a short evolutionary time period (10.8 to 6.2
Ma) (Fig. 1 and Table 1). Within-lineage di-
vergences occurred during the late Miocene and
early Pliocene (6.4 to 2.9 Ma), when sea levels
were generally 90 to 100 m above modern
levels (16). A second major surge in species
differentiation followed from 3.1 to 0.7 Ma,
with the initial appearance of 27 of 37 extant
species that comprise modern felids (Fig. 1 and
Table 1). These late Pliocene-Pleistocene spe-
cies divergence episodes occurred during a
period of relatively low sea levels before the
onset of Pleistocene glacial oscillations (Fig. 2).

We propose a plausible biogeographic
hypothesis of felid evolutionary history (Fig.
2) based on our results and geological events
(16–19). Themost parsimonious scenario implies
that modern felids arose in Asia with the di-
vergence of the Panthera lineage 10.8 Ma and,
subsequently, the bay cat lineage 9.4 Ma. These
dates correspond to extremely low sea levels of
the late Miocene (Fig. 2). An early migration
(M1) occurred 8.5 to 5.6 Ma when a progenitor
of the caracal lineage arrived in Africa. The

second migration (M2) relocated a common an-
cestor to five felid lineages (ocelot, lynx, puma,
leopard cat, and domestic cat) across the Bering
land bridge to North America for the first time,
8.5 to 8.0 Ma (Fig. 2). This New World migra-
tion (M2) would be coincident with a period
when a rich assemblage of Eurasian carnivores
(ursid, procyonid, mustelid, and saber-toothed
felid species) is postulated to have crossed from
Eurasia toNorthAmerica (19) andwould precede
the differentiation of the ocelot, puma, and lynx
lineages 8.0 to 6.7Ma (Fig. 1). The divergence of
the ocelot lineage occurred 8.0 to 2.9 Ma (Table
1, nodes 4 and 23), and further species
differentiation was likely facilitated by the
Panamanian land bridge 2.7 Ma (M3) and faunal
exchange with South America (20). Between 6.7
and 6.2 Ma the domestic cat and leopard cat
lineages probably diverged from Eurasian fore-
bears that either had remained in Asia (split off
from the NewWorld M2 immigrants) or derived
from American migrants that crossed the Bering
land bridge (M4), as has been postulated for
several Canidae and Camelidae species (21).

Today, four major Felidae lineages occur
within zoogeographical regions of their orig-

Fig. 1. Phylogenetic
relations among felid
species and outgroup
taxa depicted in a maxi-
mum likelihood tree [tree
bisection-reconnection
(TBR) search and general
time reversible (GTR) þ
Gþ I model of sequence
evolution from 18,853
bp of nDNA concate-
nated data] (9). Terminal
nodes are labeled with
three-letter codes, scien-
tific name, and common
name, and felid species
are grouped into eight
major lineages. Scientific
names and branches are
color coded to depict
recent and historic zoo-
geographical regions
(Oriental, Palearctic,
Ethiopian, Neotropical,
and Nearctic), as inferred
from current distribu-
tions, fossil records, and
our phylogenetic analy-
ses (1–5, 9). Branches in
black reflect either less
certain historical inter-
pretations or geographic
distributions beyond one
zoogeographic zone.
Nodes 1 to 37 are num-
bered, and an asterisk
indicates relatively low
resolution (Table 1). Estimated divergence dates of lineage-defining nodes (1–7) are in red. Rare insertion/deletions supporting lineages as shared derived cladistic
characters are indicated by an arrow (Table 1).
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Biomolecular sequences

5’-ACGATCGACTGGTATATCGATGCT-3’

5’-ACGAUCGACUGGUAUAUCGAUGCU-3’

DNA

RNA

Protein

X
i
∈{ A,C,G,T }

X
i
∈{ A,C,G,U }

MFINRWLFSTNHKDIGTLYLLFGAW

X
i
∈{ A,R,N,D,C,E,Q,G,H,I,L,K,M,F,P,S,T,W,Y,V }



Size of the Human genome: 3 billion DNA base pairs 

(6x109)

Diameter of average human cell nucleus: 1.7µm 

(1.7x10-6m)

If stretched, one human genome would be about 

2-3m in length.

If stretched, total DNA in a human body would be 

about 70 round-trips between earth and the sun. 
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What is a gene?

Exon 1 Exon 2 Exon 3Intron 1 Intron 2

Stop codonStart codon

DNA

Splice sites

5’
5’3’
3’

5’ 3’
Primary RNA 

transcript

Both the exons and introns 

are transcribed

The introns are

removed

Messenger RNA (mRNA)

Translated to protein

Intergenic DNA
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