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Figure 1. Tree of 24 mammals used in the analysis.
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Figure 2. Number of VIPs discovered per year until 2014.
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Figure 3. Patterns of purifying selection in VIPs. (A) Distribution of pN/pS in VIPs (blue) and non-VIPs (pink). The blue curve is the density curve of pN/
(pS+1) for 1256 VIPs. We use pN/(pS+1) instead of pN/pS to account for those coding sequences where pS=0. pN and pS are measured using great
ape genomes from the Great Ape Genome Project (Materials and methods). The pink area represents the superimposition of the density curves for

each of 5000 sets of randomly sampled non-VIPs. (B) Average pN/pS in VIPs (blue dot) versus average pN/pS in non-VIPs (red dot and red 95%

confidence interval) within ten viruses with more than 50 VIPs The number between parentheses is the number of VIPs for each virus. KSHV: Kaposi's
Sarcoma Herpesvirus. HIV-1: Human Immunodeficiency Virus type 1. HBV: Hepatitis B Virus. ADV: Adenovirus. HPV: Human Papillomavirus. HSV: Herpes
Simplex Virus. EBV: Epstein-Barr Virus. Influenza: Influenza Virus. HTLV: Human T-lymphotropic Virus. HCV: Hepatitis C virus. (C) Same as B), but for the
20 most high level GO processes with the highest number of VIPs. The full GO process name for “protein modification” as written in the figure is “post-

translational protein modification”.
DOI: 10.7554/elife.12469.005
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Figure 3—figure supplement 1. Site Frequency
Spectrum of non-synonymous variants in VIPs and non-
VIPs in African populations Red: VIPs. Blue: non-VIPs.
The number pN for non-VIPs is rescaled to the actual
number pN multiplied by the number of VIPs divided
by the number of non-VIPs so that VIPs and non-VIPs
can be compared. The x-axis gives the upper threshold
for each bin. For example for the second bin, the
upper frequency threshold is 0.002 and the lower
frequency is 0.001, which is also the upper threshold of
the first bin.
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Figure 4. Patterns of human adaptation in VIPs. (A) Classic MK test (Materials and methods) for VIPs (blue dot) and non-VIPs (red dot and 95%
confidence interval) for the ten viruses with 50 or more VIPs. (B) Same as A) but for the 20 top high level GO processes with the most VIPs below the
dotted black line. Above the dotted black line: the classic MK test for all VIPs, for non-immune VIPs and for immune VIPs (Supplementary file 1D). (C)
Asymptotic MK test (Materials and methods) for the proportion of adaptive amino acid substitutions (@) in VIPs (blue dots and curve) and non-VIPs (red
dots and curve). Pink area: superposition of fitted logarithmic curves (Materials and methods) for 5000 random sets of 1256 non-VIPs (as many as VIPs)
where the estimated o falls within a’s 95% confidence interval.
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Figure 5. Excess of adaptation across mammals in VIPs The excess of adaptation is measured as the extra percentage of adaptation in VIPs compared
to non-VIPs. For example, if VIPs have 1.5 times or 50% more adaptation, then the adaptation excess is 50%. (A) Thick black curve: average excess of
adaptation in all VIPs. Dotted black curves: 95% confidence interval for the excess of adaptation in all VIPs. Thick grey curve: excess of adaptation in
non-immune VIPs. Dotted grey curves: 95% confidence interval for the excess of adaptation in non-immune VIPs. (B) Virus-by-virus excess of adaptation
in VIPs. Black dot is the average excess and the represented interval is the 95% confidence interval. Excess is shown for BUSTED p<0.5. (C) Excess of
adaptation within the top 20 high-level GO processes with the most VIPs. Excess is shown for BUSTED p<0.5. (D) Proportions of selected codons in
VIPs (blue dot) and non-VIPs (red dot and 95% confidence interval) in the mammalian clades represented by more than one species in the tree. All:
entire tree. Primata: primates. Glires: rodents and rabbit. Cetartyodactyla: sheep, cow, pig. Zooamata: carnivores and horse. Excess is shown for
BUSTED p<0.5.

DOI: 10.7554/elife.12469.008
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Figure 5—figure supplement 1. How to compare VIPs and non-VIPs across mammals Red: part of dN/dS
explained by adaptive evolution. Grey: part of dN/dS explained by neutral evolution. Non-VIP | has the same
amount of purifying selection as the VIP. Non-VIPs number I, Il and IV have the same dN/dS as the VIP. Non-VIP ||
has the same amount of purifying selection as the VIP, non-VIP IIl has less purifying selection (more neutral
evolution) and non-VIP IV has more purifying selection. In all cases, matching by dN/dS would be overly
conservative. Upper arrow: observed dN/dS. Lower arrow: expected dN/dS if there was no adaptive evolution and
only neutral evolution.

DOI: 10.7554/elife.12469.009
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Figure 5—figure supplement 2. Scheme for the permutation test with a target average using the example of
purifying selection. A full explanation of the permutation scheme is provided in Materials and methods. In brief,
we sample non-VIPs that maintain the cumulated average of all sampled non-VIPs within the target interval [dN
(inf);dN(sup)] (blue dots on the scheme). Every fixed number of sampled non-VIPs, we authorize one non-VIPs to
drive the cumulated average outside of the target interval (red dots). When it does happen that the cumulated
average is driven outside of the interval, we sample as many non-VIPs as necessary that decrease or increase the
cumulated average back to the target interval based on whether the cumulated average is above or below the

target interval (grey dots).
DOI: 10.7554/elife.12469.010
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Figure 5—figure supplement 3. Contributions of the number of genes, number of branches and proportion of
selected codons to the excess of adaptation in VIPs. The excess of adaptation could be due to more genes with
evidence of adaptation, more branches per gene with adaptation, and/or a greater proportion of selected codons
per branch. Upper plain line: excess of adaptation in VIPs measured using the proportion of selected codons.
Middle dotted line: excess of adaptation in VIPs measured using the number of branches with evidence of
adaptation. Lower dotted line: excess of adaptation measured by counting the number of genes with evidence of
adaptation.

DOI: 10.7554/eLife.12469.011
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Figure 6. Examples of mammalian orthologs with adaptation spread across clades. (A) Signals of adaptation in eight antiviral proteins with well-known
adaptation across mammals. Red: BS-REL p<0.001. Orange: BS-REL p<0.05. Yellow: BS-REL p<0.1. (B) Top eight antiviral proteins with the highest
number of branches under selection, and no previously know adaption spread across mammals. Note that adaptation was previously found for TRIM21
in primates but no other mammalian clade (Malfavon-Borja et al., 2013). (C) Top eight non-antiviral proteins with well-known functions and the highest
number of branches under selection across mammals. Proteins are ordered according to the number of branches with signals of adaptation.

DOI: 10.7554/elLife.12469.012
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Figure 7. Patterns of adaptation to coronaviruses in aminopeptidase N. (A) BS-REL test results for ANPEP in a tree of 84 mammalian species. Legend is
on the figure. (B) Contact surface with PRCV and TGEV on ANPEP structure (PDB 4FYQ). The figure includes visualizations of all the six different faces of
ANPEP. Legend is in the figure. (C) Excess of adaptation in and near the contact interface with PRCV and TGEV. Within the contact interface plus a
given number of neighboring amino acids (one, five, ten or 20 in the figure), adaptation excess (y axis) is defined as the number of observed codons
with a MEME P-value lower than the P-value threshold on the x axis, divided by the average number of codons under the same P-value threshold
obtained after randomizing the location of adaptation signals over the entire ANPEP coding sequence 5000 times. Dark red curve: adaptation excess
within the contact interface with TGEV and PRCV plus one neighboring amino acid. Red curve: plus five neighboring amino acids. Orange: plus ten
neighboring amino acids. Light orange: plus 20 neighboring amino acids. Numbers in the figure represent the number of adapting codons, and the
stars give the significance of the excess. One star: excess p<0.05. Two stars: p<0.01. (D) Losses and gains of the N-glycosylation across the mammalian
phylogeny.
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